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5. Detailed calculations

5.1 Calculation of front end efficiencies
5.1.1 Introduction.

The aperture efficiency of a reflector antenna () is linked to the
directivity of the antenna through the equation

B 47 A

D= 2 n (5.1)

where D is the directivity and A is the area of the aperture. An
efficiency of unity corresponds to the case, where the aperture
ilumination is constant in both amplitude and phase. Since many
factors contribute to the actual illumination of the aperture, e.g.
multiple scattering from the subreflector and the support
structure, it is not in general possible to associate the efficiency
with the front-end design alone. To do so requires that certain
simplifications are introduced. More precisely, in the following the
efficiencies of the front-ends will be calculated based on the
assumption that they are illuminating an equivalent paraboloid
with the equivalent focal length (f,) of 96000mm, and diameter
equal the real main reflector. The front-end is assumed to be
placed in the focal point of the equivalent paraboloid. Furthermore
we shall consider the gain of the antenna to include the effect of
power loss due to spill-over and cross-polarisation. The equation
we consider is therefore

47 A

Gco - \2 Nspill—over Tlpolarisation Tlamplitude Tlphase- (52)

where the efficiency for the co-polar gain (G,,) has been divided
into explicit values for spill-over loss, polarisation loss, loss due to
amplitude variations and loss due to phase variations over the
aperture of the equivalent paraboloid.

5.1.2 Front-efficiency versus system efficiency.

To understand how the approximations introduced in Section 5.1.1
influence the relationship between the front-end efficiencies and
the aperture efficiency of the entire ALMA antenna, a small
experiment will be introduced, using 230 GHz as a representative
frequency. Consider first the nominal ALMA design, a feed in the
external focus illuminating the subreflector through a hole with
radius 375mm, and a centre cone on the subreflector to redirect
the radiation of the main reflector. The feed is assumed to emit a
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Gaussian beam with a 12 dB taper at the edge of the subreflector
(3.58°). Ignoring the support structure, the maximum gain is 88.20
dBi. Consider next a geometry where there is no hole in the main
reflector (ignoring the problem of blocking) and no centre cone on
the subreflector. The maximum gain would be 88.26 dBi. Consider
finally the equivalent paraboloid with the same feed at the focus.
The maximum gain is 88.32 dBi. The total spill-over in the three
cases vary with only 0.01 dB, so the difference in gain must be
acribed to variations in the illumination of the aperture. In
particular, the difference between the two latter cases show, that
the scattering from the subreflector occurs in a region where the
field from the feed still retains Gaussian properties, so a not
insignificant phase variation occurs in the aperture, whereas for
the equivalent paraboloid the phase in the aperture is almost
exactly constant. With this caveat we proceed to define the
formulas for each of the four efficiencies of the front-ends.

5.1.3 Efficiency formulas.

The efficiency of the equivalent paraboloid illuminated by a
particular front-end is calculated as the ratio of certain integrals
over the aperture. Since the subtended angle of the aperture seen
from the feed is small, we shall replace the aperture integrals with
integrals over the solid angle (2, defined through

21 Om
Q= / dw = / / sin 0dOdo = 27 (1 — cos(6,,)). (5.3)
Q o Jo

with 6,, = 3.58°. Thus the aperture, A, and the equivalent focal
length, fj, are connected through the approximate formula:

A = f2Q. The effects on the efficiencies of transmission losses in
filters and windows cannot be included exactly, but estimates are
given in Section 4.11.

We shall calculate the following four integrals:

1) I;: integral of total power over (2

2) I,: integral of co-polar power over )

3) I5: integral of co-polar amplitude over (2

4) I,: absolute value of integral of co-polar (complex) field over €2,
where it is assumed that all fields are normalized such that the
total power emitted by the feed is 4.

11:/ |Eyor|2dw. (5.4)
Q

12_/ |E|*dw. (5.5)
Q

13:/ B, |dw. (5.6)
Q
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L= |/Ecodw|. (5.7)
Q

The four efficiencies introduced in (5.2) are now defined through:

Nspill—over = i—; (5.8)
Npolarisation = % (5.9)
Namplitude = Qj—i (5.10)
Nphase = %- (5.11)

G 1n (5.2) then becomes

G _f_gﬁ (5.12)
co_)\Q 4- .

When data from the example in Section 5.1.2 are entered, the gain
calculated is within 0.01 dB of the result for the equivalent
paraboloid.

5.1.4 Efficiency results.

The formulas from Section 5.1.3 will now be used to calculate the
efficiencies of the front-ends, for which data are available, at the
centre frequency of the relevant band, and the results will be
compared to efficiencies of an exact Gaussian beam feed at the
same frequency. The data for the Gaussian feeds are listed in
Table 5.1.
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Band Phase front radius [mm] | Beam radius [mm]
Band 1, 31.3 GHz | -21275.52166 57.32333442
Band 2, 78 GHz -0.1207552e14 22.29008727
Band 3, 100 GHz | oo 18.61469643
Band 3, 116 GHz | oo 16.05453645
Band 4, 144 GHz | c© 12.45339595
Band 5, 187 GHz | oo 9.598899539
Band 6, 243 GHz | o 7.4490
Band 7, 324 GHz | -69030708.46 5.588136287
Band 8, 442 GHz | o 4.094947923
Band 9,661 GHz | oo 2.728968572

Table 5.1

Gaussian beam parameters.
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Figure 5-1 Radiation patterns for front-end (full curve)
and Gaussian beam feed (dotted curve).
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Figure 5-2  Radiation patterns for front-end (full curve)
and Gaussian beam feed (dotted curve).

In Figures 5-1 through 5-3 the patterns of the pertinent front-end
are shown (x and y cuts) and compared to the pattern of the
corresponding Gaussian feed (x cut only, since x and y cuts are
identical).

Finally Table 5.2 lists all the calculated efficiencies.
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Band Nsp—over | Tlpol Tamp Tlphase Ntot
Band 1, 31.3 GHz

Gauss beam 0.9363 | 1. 0.8671 | 0.9996 | 0.8116
Band 2, 78 GHz

Gauss beam 0.9252 | 1. 0.8800 | 1. 0.8142

Band 3, 100 GHz
x-polarisation 0.9015 | 0.9993 | 0.8614 | 0.9934 | 0.7709
y-polarisation 0.9015 | 0.9993 | 0.8614 | 0.9934 | 0.7709
Gauss beam 0.9488 | 1. 0.8492 | 1. 0.8057
Band 3, 116 GHz
x-polarisation 0.8895 | 0.9938 | 0.9208 | 0.9824 | 0.7997
y-polarisation 0.8897 | 0.9937 | 0.9209 | 0.9827 | 0.8000
Gauss beam 0.9489 | 1. 0.8490 | 1. 0.8056
Band 4, 144 GHz
x-polarisation 0.9500 | 0.9983 | 0.9151 | 0.9995 | 0.8674
y-polarisation 0.9500 | 0.9983 | 0.9151 | 0.9995 | 0.8674

Gauss beam 0.9366 | 1. 0.8668 | 1. 0.8118
Band 5, 187 GHz
Gauss beam 0.9369 | 1. 0.8663 | 1. 0.8117

Band 6, 243 GHz
x-polarisation 0.9538 | 0.9996 | 0.9049 | 0.9996 | 0.8625
y-polarisation 0.9538 | 0.9996 | 0.9049 | 0.9996 | 0.8625
Gauss beam 0.9398 | 1. 0.8625 | 1. 0.8106
Band 7, 324 GHz
x-polarisation 0.9370 | 0.9932 | 0.9018 | 0.9996 | 0.8389
y-polarisation 0.9377 | 0.9932 | 0.9033 | 0.9995 | 0.8409

Gauss beam 0.9399 | 1. 0.8624 | 1. 0.8106
Band 8, 442 GHz
Gauss beam 0.9398 | 1. 0.8626 | 1. 0.8106

Band 9, 661 GHz
x-polarisation 0.9332 | 0.9878 | 0.8959 | 0.9976 | 0.8239
y-polarisation 0.9320 | 0.9878 | 0.8961 | 0.9975 | 0.8229
Gauss beam 0.9386 | 1. 0.8641 | 1. 0.8111

Table 5.2 Efficiencies for front-ends.
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Band 7, 324 GHz Band 9, 661 GHz
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Figure 5-3  Radiation patterns for front-end (full curve)
and Gaussian beam feed (dotted curve).

5.1.5 Conclusion.

When the results in Section 5.1.4 are compared to the
requirements, it can be concluded that, at the centre frequencies of
the bands, 7pii—over €Xceeds 80% as required in all bands. Also
Ntaper = NamplitudeMphase €Xceeds the required 80% in all bands.
However, 1,1arisation does not exceed 99.5% in Bands 7 and 9, but
does so in all other bands. The total efficiency exceeds 80% as
required in all bands, except Band 3.

5.2 Calculation of entire optical system beams

The far field from the entire optical system has now been
calculated in a square region around the main beam. The width of
the square region is around +5 times the 3-dB beamwidth at the
centre frequency of each band.

For each band the front-end beams presented in Chapter 4 and
gaussian beams have been used as source and located in the
positions summarised in Table 5.3.

As a comparison the fundamental mode Gaussian beam has been
extracted from the result of the gaussian mode analysis of the
front-end optics and this gaussian beam has been used as a source

for comparison. The data for these Gaussian beams are given in
Table 5.4.

In all bands the pattern reference points are the same as the ones
for the front-end patterns except for bands 3 and 4 where the axial
movement ("Along axis in Table 5.3) has not been done for the

0.0 05 1.0 15 20 25 3.0 deg3s 00 05 1.0 15 20 25 3.0deg35
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Band (p,z) Azimuth | Tilt Along axis
1 (255 mm, 0 mm) 135° 2.480° | 270.253 mm
2 (255 mm, 0 mm) -135° | 2.480° | 70.066 mm
3 (188 mm, 39 mm) -80° 1.809° | 64.77 mm
4 (196 mm, 39 mm) 80° 1.893° | 245.11 mm
5 (245 mm, 0 mm) -45° 2.38° | -15.013 mm
6 (245 mm, 0 mm) 45° 2.385° | -15.00 mm
7 (100 mm, 0 mm) 0° 0.970° | -50.01 mm
8 (100 mm, 0 mm) -90° 1.010° | -50.008 mm
9 (100 mm, 0 mm) 90° 0.940° | -27.00 mm
Table 5.3 Reference positions for front-end patterns
Band | Frequency | Beam radius | Phase front radius
GHz mm m
1 31.3 57.32 00
2 78 22.29 00
3 84 22.47 -2.598
3 100 18.91 -2.101
3 116 16.34 -1.718
4 125 19.50 -0.5408
4 144 18.15 -0.4689
4 163 16.98 -0.4191
5 187 9.599 00
6 211 8.579 00
6 243 7.449 00
6 275 6.582 00
7 275 6.584 00
7 324 5.588 00
7 373 4.854 00
8 385 4.701 00
8 442 4.095 00
8 500 3.620 00
9 602 2.996 00
9 661 2.729 00
9 720 2.505 00
Table 5.4 Gaussian pattern parameters. For band 3 and

4 the Gaussian beam parameters refer to the

centre of mirror 2
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gaussian beams.

Prior to the calculations the position of the subreflector has been
optimised by

e adjusting the subreflector tilt in the antenna axis-source plane
so that the rays reflected in the subreflector hit the main reflector
symmetrically around the central hole and

e moving the subreflector along the antenna axis so that the focus
of an incoming plane wave reflected in main then sub falls at the
position of the source (Table 5.3). The tilt/movement data for each
band are listed in Table 5.5.

Band | Subreflector tilt | Subreflector axial shift
1 1.4° 0.85 mm
2 1.2° 0.26 mm
3 0.9° 0.32 mm
4 1.0° 0.90 mm
5 1.2° -0.08 mm
6 1.2° -0.06 mm
7 0.6° -0.15 mm
8 0.5° -0.20 mm
9 0.5° -0.09 mm
Table 5.5 Subreflector position correction for each band -

positive axial shift is away from main reflector

Calculation have been done assuming two polarisations: linear
polarisation in the plane containing the source and the antenna
axis (px) and linear polarisation perpendicular to this plane (py).
In the calculations linear components in the same two planes have
been retrieved.

The analysis has been done assuming 3 geometries:

e No struts
o AEM struts
e Vertex struts

In Table 5.6 the peak directivity values in band 1 are listed.

Frequency | Pol. | Source | No struts | AEM struts | Vertex struts

No struts, cross

31.3GHz | px | Gauss | 70.74 dBi | 70.54 dBi 70.58 dBi

27.92 dBi

Average 1:3vel of stj"ut cases .0.20 dB .0.16 dB
rel. to "no strut” cases

Table 5.6 Peak directivity values for the band 1 frequency

In Table 5.7 the peak directivity values in band 3 in each of the
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cases are listed.

Frequency | Pol. | Source | No struts | AEM struts | Vertex struts | No struts, cross
84 GHz px | front-end | 79.20 dBi | 78.99 dBi 79.03 dBi 45.80 dBi
84 GHz py | front-end | 79.20 dBi | 78.99 dBi 79.04 dBi 46.01 dBi
84 GHz px Gauss | 79.38dBi | 79.17 dBi 79.22 dBi 33.80 dBi
100 GHz | px | front-end | 80.76 dBi | 80.56 dBi 80.60 dBi 45.69 dBi
100 GHz | py | front-end | 80.77 dBi | 80.57 dBi 80.61 dBi 45.76 dBi
100 GHz | px Gauss | 80.89dBi | 80.68 dBi 80.73 dBi 35.40 dBi
116 GHz | px | front-end | 82.24 dBi | 82.05 dBi 82.10 dBi 55.52 dBi
116 GHz | py | front-end | 82.27 dBi | 82.08 dBi 82.13 dBi 55.64 dBi
116 GHz | px Gauss | 82.19dBi | 81.98 dBi 82.04 dBi 36.67 dBi

Average level of strut cases -0.90 dB .0.15 dB
rel. to "no strut” cases

Table 5.7

Peak directivity values for band 3 frequencies

In Table 5.8 the peak directivity values in band 4 in each of the
cases are listed.

Frequency | Pol. | Source | No struts | AEM struts | Vertex struts | No struts, cross
125 GHz | px | front-end | 83.15 dBi | 82.95 dBi 82.99 dBi 52.66 dBi
125 GHz | py | front-end | 83.15dBi | 82.95 dBi 82.99 dBi 52.66 dBi
125 GHz | px Gauss | 82.87dBi | 82.65 dBi 82.70 dBi 37.72 dBi
144 GHz | px | front-end | 84.10 dBi | 84.20 dBi 84.23 dBi 53.45 dBi
144 GHz | py | front-end | 84.10 dBi | 84.20 dBi 84.23 dBi 53.44 dBi
144 GHz | px Gauss | 84.10dBi | 83.89 dBi 83.92 dBi 38.94 dBi
163 GHz | px | front-end | 85.48 dBi | 85.28 dBi 85.32 dBi 54.19 dBi
163 GHz | py | front-end | 85.49 dBi | 85.28 dBi 85.32 dBi 54.18 dBi
163 GHz | px Gauss | 85.17dBi | 84.96 dBi 85.00 dBi 40.02 dBi

Average level of strut cases -0.20 dB .0.17 dB
rel. to "no strut” cases

Table 5.8

Peak directivity values for band 4 frequencies

In Table 5.9 the peak directivity values in band 5 in each of the
cases are listed.

Frequency | Pol. | Source | No struts | AEM struts | Vertex struts | No struts, cross
187 GHz | px | Gauss | 86.38 dBi | 86.17 dBi 86.21 dBi 43.26 dBi
Average level of strut cases 091 dB 0.17 dB
rel. to "no strut” cases

Table 5.9

Peak directivity values for band 5 frequency

In Table 5.10 the peak directivity values in band 6 in each of the
cases are listed.
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Frequency | Pol. | Source | No struts | AEM struts | Vertex struts | No struts, cross
211 GHz | px | front-end | 87.66 dBi | 87.47 dBi 87.52 dBi 53.15 dBi
211 GHz | py | front-end | 87.67 dBi | 87.47 dBi 87.52 dBi 53.18 dBi
211 GHz | px Gauss | 87.40dBi | 87.19 dBi 87.26 dBi 44.30 dBi
243 GHz | px | front-end | 88.91 dBi | 88.71 dBi 88.74 dBi 53.32 dBi
243 GHz | py | front-end | 88.91 dBi | 88.71 dBi 88.74 dBi 53.35 dBi
243 GHz | px Gauss | 88.63 dBi | 88.42 dBi 88.45 dBi 45.48 dBi
275 GHz | px | front-end | 90.00 dBi | 89.80 dBi 89.83 dBi 53.54 dBi
275 GHz | py | front-end | 90.00 dBi | 89.80 dBi 89.83 dBi 53.57 dBi
275 GHz | px Gauss | 89.69dBi | 89.48 dBi 89.51 dBi 46.52 dBi

Average level of strut cases -0.90 dB .0.16 dB
rel. to "no strut” cases

Table 5.10

Peak directivity values for band 6 frequencies

In Table 5.11 the peak directivity values in band 7 in each of the
cases are listed.

Frequency | Pol. | Source | No struts | AEM struts | Vertex struts | No struts, cross
275 GHz | px | front-end | 89.83 dBi | 89.63 dBi 89.67 dBi 66.63 dBi
275 GHz | py | front-end | 89.85 dBi | 89.65 dBi 89.69 dBi 66.69 dBi
275 GHz | px Gauss | 89.74dBi | 89.54 dBi 89.58 dBi 38.96 dBi
324 GHz | px | front-end | 91.32dBi | 91.12 dBi 91.17 dBi 67.72 dBi
324 GHz | py | front-end | 91.33 dBi | 91.13 dBi 91.18 dBi 67.77 dBi
324 GHz | px Gauss | 91.17dBi | 90.96 dBi 91.02 dBi 40.41 dBi
373 GHz | px | front-end | 92.59 dBi | 92.39 dBi 92.43 dBi 68.75 dBi
373 GHz | py | front-end | 92.59 dBi | 92.39 dBi 92.44 dBi 68.77 dBi
373 GHz | px Gauss |92.39dBi | 92.19 dBi 92.23 dBi 41.43 dBi

Average level of strut cases .0.20 dB .0.15 dB
rel. to "no strut” cases

Table 5.11

Peak directivity values for band 7 frequencies

In Table 5.12 the peak directivity values in band 8 in each of the
cases (only Gaussian beams) are listed.

Frequency | Pol. | Source | No struts | AEM struts | Vertex struts | No struts, cross
385 GHz | px | Gauss | 92.67dBi | 92.47 dBi 92.51 dBi 41.78 dBi
442 GHz | px | Gauss | 93.87dBi | 93.67 dBi 93.71 dBi 43.02 dBi
500 GHz | px | Gauss | 94.94 dBi | 94.74 dBi 94.78 dBi 44.01 dBi

Average level of strut cases -0.20 dB .0.16 dB
rel. to "no strut” cases

Table 5.12

Peak directivity values for band 8 frequencies

In Table 5.13 the peak directivity values in band 9 in each of the
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cases are listed.

Frequency | Pol. | Source | No struts | AEM struts | Vertex struts | No struts, cross
602 GHz | px | front-end | 96.60 dBi | 96.40 dBi 96.44 dBi 75.31 dBi
602 GHz | py | front-end | 96.60 dBi | 96.40 dBi 96.44 dBi 75.34 dBi
602 GHz | px Gauss | 96.56 dBi | 96.35 dBi 96.39 dBi 45.72 dBi
661 GHz | px | front-end | 97.45dBi | 97.25 dBi 97.27 dBi 76.09 dBi
661 GHz | py | front-end | 97.44 dBi | 97.24 dBi 97.26 dBi 76.12 dBi
661 GHz | px Gauss |97.36dBi | 97.16 dBi 97.18 dBi 46.57 dBi
720 GHz | px | front-end | 98.21 dBi | 98.01 dBi 98.02 dBi 76.82 dBi
720 GHz | py | front-end | 98.20 dBi | 98.00 dBi 98.02 dBi 76.83 dBi
720 GHz | px Gauss |98.11dBi | 97.90 dBi 97.91 dBi 47.26 dBi

Average level of strut cases -0.90 dB 0.17 dB
rel. to "no strut” cases

Table 5.13

Peak directivity values for band 9 frequencies

In Table 5.14 a comparison between the Gaussian
(fundamental-mode) beam and the beam coming out of the

analysis of the front-end is done by comparing the peak levels of
the far field from the complete antenna.

Band | Frequency | Gauss rel. to front-end
3 84 GHz +0.18 dB
3 100 GHz +0.13 dB
3 116 GHz -0.06 dB
4 125 GHz -0.29 dB
4 144 GHz -0.31 dB
4 163 GHz -0.32 dB
6 211 GHz -0.27 dB
6 243 GHz -0.29 dB
6 275 GHz -0.32 dB
7 275 GHz -0.09 dB
7 324 GHz -0.15 dB
7 373 GHz -0.20 dB
9 602 GHz -0.05 dB
9 661 GHz -0.09 dB
9 720 GHz -0.11 dB
Table 5.14  Level of far field beam peak when using

Gaussian feed as source relative to level when
using calculated front-end beams (positive
values mean "Gaussian is better”) - average for
“no struts”, ’AEM struts” and "Vertex struts”

It is seen that in most of the cases the peak level obtained using
the Gaussian beam as the source is lower that the peak level
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obtained by using the front-end pattern as source. To illustrate the
reason for this the far field pattern of the Gaussian beam has been
compared to the far field pattern of the analysed front-end design.
Furthermore, the field distribution on the surface of the
subreflector using these two source models has been compared in
the following graphs by means of a surface cut through the
telescope axis.
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In Figures 5-4 and 5-5 this comparison has been done at 100 GHz.
In Figure 5-4 the black curve indicates the Gaussian beam
(rotationally symmetric), the full red curve indicates the front-end
field in the plane containing the source and the telescope axis
(positive angles away from axis) and the dashed red curve
indicates the field in the plane perpendicular to that.

f=100 GHz

35
dBi E
30
25
20
15

10 -

-10 -5 ) 5 deg 10

Figure 5-4  Farfield from Gaussian fundamental mode and
from associated front-end at 100 GHz

In Figure 5-5 the black curves indicate the subreflector surface
field coming from the Gaussian beam and the red curves the
subreflector surface field from the front-end beam. The full curves
are in the plane containing the source and the dashed curves are
in the perpendicular plane where the Gaussian pattern will be
symmetric.

The general trend is that the peak of the Gaussian pattern is
higher than that of the front-end beam, however, the front-end
beam is wider so that a greater percentage of the power is hitting
the subreflector which will give rise to a higher peak of the far
field beam from the telescope. In the 100 GHz” case the Gaussian
beam is ”a little bit better” according to Table 5.14. This is in
agreement with the pattern in Figure 5-5 where the "front-end”
field is only slightly higher than the "Gaussian” field in the zone
around 250 mm from the telescope axis. In Figures 5-7, 5-9, 5-11
and 5-13 the "front-end” field is considerably higher than the
“Gaussian” field in this region, hence, more power is incident on
the subreflector and the telescope far field beam is higher.
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f=100 GHz
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Figure 5-5  Subreflector aperture field from Gaussian
fundamental mode and from associated
front-end at 100 GHz

In Figures 5-6 and 5-7 the same comparison has been made at 144
GHz.

f= 144 GHz
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Figure 5-6 = Farfield from Gaussian fundamental mode and
from associated front-end at 144 GHz
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Figure 5-7  Subreflector aperture field from Gaussian
fundamental mode and from associated
front-end at 144 GHz

In Figures 5-8 and 5-9 the same comparison has been made at 243
GHz.

F = 243 GHz
35 1 1

dBi” 3
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T T T
-10 -5 0 5 deg 10

Figure 5-8  Farfield from Gaussian fundamental mode and
from associated front-end at 243 GHz
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f=243 GHz
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Figure 5-9  Subreflector aperture field from Gaussian
fundamental mode and from associated
front-end at 243 GHz

In Figures 5-10 and 5-11 the same comparison has been made at
324 GHz.
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Figure 5-10 Farfield from Gaussian fundamental mode and
from associated front-end at 324 GHz
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Figure 5-11 Subreflector aperture field from Gaussian

fundamental mode and from associated
front-end at 324 GHz

In Figures 5-12 and 5-13 the same comparison has been made at

661 GHz.
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f=661 GHz
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Figure 5-12 Farfield from Gaussian fundamental mode and

from associated front-end at 661 GHz

The field from the entire optics has been calculated as described in
the beginning of this section and a contour plot of the copolar
component is shown in Figure 5-14 in the case of f = 243 GHz and
assuming no struts.

The cross polar component looks as shown in Figure 5-15.

The calculation has been repeated with the AEM struts included
in the analysis. The result is shown in Figures 5-16 (copolar) and
5-17 (cross polar).
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f=661 GHz
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Figure 5-13 Subreflector aperture field from Gaussian
fundamental mode and from associated
front-end at 661 GHz
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Figure 5-14 Copolar farfield from entire optical system
assuming no struts at 243 GHz, px
polarisation, front-end data - maximum
directivity 88.91 dBi
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Figure 5-15 Cross polar farfield from entire optical system
assuming no struts at 243 GHz, px
polarisation, front-end data - maximum
directivity 53.32 dBi
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Figure 5-16 Copolar farfield from entire optical system
assuming AEM struts at 243 GHz, px
polarisation, front-end data - maximum
directivity 88.71 dBi
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Figure 5-17 Cross polar farfield from entire optical system
assuming AEM struts at 243 GHz, px
polarisation, front-end data - maximum
directivity 53.16 dBi

Finally, the calculation has been done with the Vertex struts
included in the analysis. The result is shown in Figures 5-18
(copolar) and 5-19 (cross polar).

10.0 Created on: Mon Sep 17 14:49:08 2

=L RS
o700

L ek, 1)
-0.0010
e

=135 QLS
-0.0015 =i LA -0.0005 u

Figure 5-18 Copolar farfield from entire optical system
assuming Vertex struts at 243 GHz, px
polarisation, front-end data - maximum
directivity 88.74 dBi
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Figure 5-19 Cross polar farfield from entire optical system
assuming Vertex struts at 243 GHz, px
polarisation, front-end data - maximum
directivity 53.21 dBi

Presented as pattern cuts a comparison has now been made
between the farfield assuming no struts, AEM struts and Vertex
struts. The result is shown in Figure 5-20 as regards the ¢ = 0.0°
plane (containing two AEM struts). Due to the fact that this plane
contains two AEM struts the AEM strut field is significantly
different from the "no struts” field whereas the "Vertex struts”
pattern is closer to the “no struts” pattern.

In Figure 5-21 the same comparison is done in the ¢ = 45.0° plane
(containing two Vertex struts). For the same reason as above the
Vertex pattern is now most different from the "no struts” pattern.

In Figure 5-22 the comparison is done in the ¢ = 90.0° plane
(containing two AEM struts). Again the AEM pattern is most
different from the "no struts” pattern.

Finally, in Figure 5-23 the comparison is done in the ¢ = 135.0°
plane (containing two Vertex struts) showing the same situation
as in Figure 5-21.

5.2.1 File name convention

For all the cases presented in the tables above field data for
generating contour plots are provided in files. The name of the
files describe the content in the following way:

band{integerl} f{integer2} p{stringl} {string2}Struts {string3} uv.grd
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Phi= 0 deg —AEM strutphne
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Figure 5-20 Copolar farfield from entire optical system
assuming No struts (black), AEM struts (red)
and Vertex struts (green) at 243 GHz, px
polarisation, front-end data - phi = 0 degrees
(AEM strut plane)

Phi= 45 deg —Vertex strut and feed phane
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Figure 5-21 Copolar farfield from entire optical system
assuming No struts (black), AEM struts (red)
and Vertex struts (green) at 243 GHz, px
polarisation, front-end data - phi = 45 degrees
(Vertex strut plane and source plane)
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Phi= 90 deg —AEM strutplkne
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Figure 5-22 Copolar farfield from entire optical system
assuming No struts (black), AEM struts (red)
and Vertex struts (green) at 243 GHz, px
polarisation, front-end data - phi = 90 degrees
(AEM strut plane)

Phi= 135 deg —Vertex sttut plane
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Figure 5-23 Copolar farfield from entire optical system
assuming No struts (black), AEM struts (red)
and Vertex struts (green) at 243 GHz, px
polarisation, front-end data - phi = 0 degrees
(Vertex strut plane)
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H f=100 GHz (band 3) 7=0.0375; T\, »=9.7K; T,..=32K H
Feed dep. G P, P, P, Tior G/T

0.0 mrad | 80.89 | 0.9473 | 0.0468 | 0.0059 | 43.230 | 64.532
1.0 mrad | 80.89 | 0.9473 | 0.0468 | 0.0059 | 43.230 | 64.532
1.5 mrad | 80.89 | 0.9473 | 0.0469 | 0.0059 | 43.204 | 64.535

Table 5.15  Impact on G/T of source depointing

H f=144 GHz (band 4) 7=0.0438; T 04, ,=11.3K; 7,..=51K H
Feed dep. G P, P, P, Tior G/T

0.0 mrad | 84.10 | 0.9472 | 0.0483 | 0.0045 | 63.460 | 66.075
1.0 mrad | 84.10 | 0.9474 | 0.0482 | 0.0044 | 63.434 | 66.077
1.5 mrad | 84.10 | 0.9475 | 0.0483 | 0.0042 | 63.382 | 66.080

Table 5.16  Impact on G/T of source depointing

where
integerl indicates the band number (1 through 10)
integer2 indicates the frequency in GHz

stringl is "x” if polarisation is in the plane containing telescope
axis and source and it is ”y” if it is perpendicular to that plane

string2 is "No” if struts are not included in the analysis, it is
"AEM?” if it is AEM struts and it is "Vertex” if it is Vertex struts

string3 is "Gauss” if theoretical Gauss parameters are used for
the source and it is "FrEnd” if the result of front end analysis is
used for the source.

5.3 Calculation of aperture efficiency and G/T

Following the procedure in Section 3.1.3 the G/T calculation have
been done at one frequency in 5 bands for a realistic pointing error
of the source. Common to all cases is that the selected source
pointing error gives rise to almost no change in the G/7'. In order
to investigate how much source pointing error is "needed” in order
to give rise to serious GG/T degradation, larger source depointing
values have been included in the analysis in Band 6 (5.17). It
shows that depointing values up to 5 mrad can be tolerated.
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H f=243 GHz (band 6) 7=0.0598; T, ,=15.3K; T,..=55K H
Feed dep. G P, P, P, Tior G/T
0.0 mrad | 88.63 | 0.9354 | 0.0617 | 0.0029 | 71.036 | 70.115
1.0 mrad | 88.63 | 0.9349 | 0.0622 | 0.0029 | 71.036 | 70.115
1.5 mrad | 88.63 | 0.9346 | 0.0625 | 0.0029 | 71.036 | 70.115
5.0 mrad | 88.58 | 0.9306 | 0.0667 | 0.0027 | 70.985 | 70.068
10.0 mrad | 88.45 | 0.9191 | 0.0780 | 0.0029 | 71.036 | 69.935
20.0 mrad | 87.96 | 0.8749 | 0.1215 | 0.0036 | 71.213 | 69.434

Table 5.17  Impact on G/T of source depointing

H f=324 GHz (band 7) 7=0.1239; T\, ,=30.8K; T,...=75K H
Feed dep. G P, P, P, Tior G)T

0.0 mrad | 91.17 | 0.9346 | 0.0631 | 0.0023 | 106.348 | 70.903
1.0 mrad | 91.17 | 0.9346 | 0.0631 | 0.0023 | 106.348 | 70.903
1.5 mrad | 91.17 | 0.9345 | 0.0631 | 0.0024 | 106.372 | 70.902

Table 5.18  Impact on G/T of source depointing

H f=442 GHz (band 8) 7=0.5350; T, ,=109.3K; T,..=196K H
Feed dep. G P, P, P, Tior G/T
0.0 mrad | 93.87 | 0.9349 | 0.0633 | 0.0018 | 305.587 | 69.019

Table 5.19  G/T figure at one frequency in band 8

H f=661 GHz (band 9) 7=1.3203; T ¢, ,=193.4K; T,..=140K H
Feed dep. G P, P, P, Tior G/T
0.0 mrad | 97.36 | 0.9355 | 0.0630 | 0.0015 | 333.513 | 72.129

Table 5.20  G/T figure at 661 GHz in band 9

H f=720 GHz (band 9) 7=1.3334; T 04, ,=194.3K; T,..=140K H
Feed dep. G P, P, P, Tior G/T
0.0 mrad | 98.11 | 0.9358 | 0.0630 | 0.0012 | 334.390 | 72.867

Table 5.21  G/T figure at 720 GHz in band 9
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5.4 Reflector deformations and beam
performance

5.4.1 Presentation of the geometrical surface deformations

The main reflector surface will deform due to gravitation, wind
and thermal gradients. Examples of all three types of distortions
have been provided to TICRA. In each case the deformation is
defined by means of two files. In the first file the nominal position
in x,y and z of a number of points on the reflector are listed. In the
second file the deformation is given by the deviation of the same
points in z, y and z. This is sufficient to define the reflector surface
shape.

It should be noted that the deformations provided are related to
the support structure, but it assumed that they will be directly
transferred to the reflector surface.

5.4.1.1 Deformations for the AEM antenna

First the deformations due to gravitation for 0° elevation is
considered. Figure 5-24 shows the deformed surface relative to the
nominal paraboloid. The unit on the z-axis is mm. It is seen that
there is significant difference, in the order of 0.5 mm at the edge.

From the deformed surface it is possible to find a best fit
paraboloid. It has six degrees of freedom: the vertex position in
x,y and z, the focal length and the axis direction. TICRA uses an
iterative method to determine the best fit paraboloid whereas
AEM uses a deterministic approach. It has been checked that the
two methods give exactly the same result.

Figure 5-25 shows the best fit paraboloid relative to the nominal
paraboloid and it is seen that most of the deviations in Figure 5-24
are very well represented by the best fit paraboloid. In other
words, the reflector deformations change the nominal paraboloid
into another paraboloid. Figure 5-26 shows the remaining surface
errors as the difference between the real deformed surface and the
best fit paraboloid. The maximum deviation is here only about
50pm and the rms error has been calculated to 12um.
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Figure 5-24 The deviation between the nominal paraboloid
and the deformed reflector, 0° elevation.
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Figure 5-25 The deviation between the nominal and the
best fit paraboloid.
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Figure 5-26 The deviation between the deformed reflector
and the best fit paraboloid.

Figures 5-27 and 5-28 show the deviation between the deformed
reflector and the best fit paraboloid for the elevation angles
15°,30°,45°,60°, 75° AND 90°. It is clearly seen that there is a very
gradual change from 0° elevation to 90° elevation.

Figure 5-29 shows three additional cases:

top: a temperature variation of 10°C in the y-direction (this case
is abbreviated “GY”)

middle: a temperature change of 20°C of the complete antenna
(this case is abbreviated “T20”)

bottom: a wind load case (this case is abbreviated “W06”)

The results in Figure 5-29 show that the temperature gradient
and the wind case have very small influence on the reflector shape
whereas the uniform temperature change, “T'20”, has a noticeable
influence.

The results for the best fit paraboloid are summarized in Figure
5-30, indicating the focal length, the vertex position and the
direction of the best fit paraboloid axis. The right column in the
table shows the rms value of the ray path length error due to the
reflector deformations. This number is approximately twice the
rms error of the reflector surface shape.

For the RF calculations for the AEM antenna to be presented in
Section 5.4.3 the four most interesting cases have been selected:
gravitation for the elevation angles 0°,45° and 90° and the uniform
temperature case, “T20”.
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Surface focal length Vertex Main axis rotation Aperture
distortions change change X y z around x around y rms

mm df/F mm mm mm mRadians | mRadians mm

AEM
gravity cases
elevation angles

0° -0.0054 -1.128E-06 | -0.0372 -1.8028 -0.2234 -0.2097 -0.0166 0.0240
15° 0.0687 1.431E-05 -0.0369 -1.7960 -0.3092 -0.2018 -0.0167 0.0234
30° 0.1393 2.903E-05 -0.0331 -1.6797 -0.3701 -0.1753 -0.0149 0.0218
45° 0.1997 4.160E-05 -0.0275 -1.4493 -0.4065 -0.1391 -0.0123 0.0195
60° 0.2466 5.138E-05 -0.0203 -1.1196 -0.4165 -0.0919 -0.0084 0.0169
75° 0.2759 5.748E-05 -0.0140 -0.7157 -0.3959 -0.0370 -0.0043 0.0143
90° 0.2876 5.992E-05 -0.0044 -0.2636 -0.3509 0.0226 0.0002 0.0135

Thermal cases
gy -0.0006 -1.294E-07 0.0000 0.0202 0.0001 -0.0001 0.0000 0.0007
t20 -0.1125 -2.344E-05 | -0.0120 0.0428 2.1310 -0.0061 -0.0013 0.0140
Wind case
w06 -0.0098 -2,040E-06 | -0.0365 -0.0141 0.0101 -0.0071 0.0093 0.0023

Figure 5-30 The parameters for the best fit paraboloid.

5.4.1.2 Deformations for the Vertex antenna

The information about the surface deformations for the Vertex
antenna has been provided to TICRA in almost the same format as
for the AEM antenna and the determination of the best fit
paraboloid has been carried out in the same way. A total of 14
cases have been provided and the best fit paraboloid parameters
are summarised in the table in Figure 5-34. The nine most
interesting cases are illustrated in the following plots.

Figure 5-31 shows the deviation between the gravity deformed
reflector and the best fit paraboloid for the elevation angles 0°, 50°
and 90°.

Figure 5-32 shows three wind cases. The influence from the wind
is seen to be quite small.

Figure 5-33 shows three temperature cases. The plots show that
the most serious impact happens for a uniform change of the
temperature of 20°.

For the RF calculations for the Vertex antenna to be presented in
Section 5.4.4 the five most interesting cases have been selected:
gravitation for the elevation angles 0°,50° and 90°, the side wind
from 50° for 0° elevation (the lower plot in Figure 5-32) and the
uniform temperature case (the lower plot in Figure 5-33).
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Figure 5-32 The deviation between the deformed reflector
and the best fit paraboloid.
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Figure 5-33 The deviation between the deformed reflector
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Surface focal length Vertex Main axis rotation Aperture
distortions change change X y z around x around y rms
mm df/F mm mm mm mRadians | mRadians mm
Vertex
elevation angle 0°
gravity -y 0.0001 2.809E-08 0.0248 -3.7290 -0.1578 -0.4919 0.0055 0.0266
front wind 0.0398 8.299E-06 0.0000 -0.0248 -0.0113 0.0010 0.0000 0.0010
side wind 90° -0.0054 -1.124E-06 | -0.0838 0.0020 0.0031 -0.0009 0.0149 0.0014
side wind 50° 0.0356 7.425E-06 -0.0325 -0.0081 -0.0115 0.0037 0.0053 0.0018
temp gradient 2.3K4  0.0049 1.028E-06 0.1857 -0.1744 -0.0135 0.0165 -0.0012 0.0073
temp gradient 6Ky 0.0265 5.524E-06 -0.0001 0.0672 0.3628 -0.0955 0.0000 0.0041
temp gradient 4Kz 0.0534 1.112E-05 -0.0002 0.0718 0.3633 -0.0948 0.0000 0.0042
temp -20 -0.2034 -4.238E-05 0.0005 1.8500 -0.0319 -0.0059 0.0002 0.0141
elevation angle 50°
gravity z 0.9241 1.925E-04 0.0160 -2.4479 -0.5209 -0.3404 0.0062 0.0228
front wind 0.0356 7.410E-06 0.0000 0.0203 -0.0065 0.0076 0.0000 0.0015
side wind 90° -0.0054 -1.124E-06 | -0.0869 0.0025 0.0016 -0.0006 0.0130 0.0014
elevation angle 90°
gravity z 1.2051 2.511E-04 0.0063 -0.1853 -0.5588 0.0271 0.0040 0.0204
front wind -0.0055 -1.136E-06 0.0000 0.0754 0.0006 0.0148 0.0000 0.0013
side wind 90° -0.0054 -1.124E-06 | -0.0895 0.0000 0.0006 0.0000 0.0116 0.0014

Figure 5-34 The parameters for the best fit paraboloid.
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5.4.2 OQOverview of RF calculations

The surface distortions presented in the previous sections will
influence the radiated beam. The beams will be calculated for two
frequencies, 243 and 720 GHz, and for two the principal
polarisations of the feed.

The calculated beams will be stored on files and delivered to ESO.
The table in Figure 5-35 shows all the files for surface distortion
calculations. For all these calculations it is assumed that the
subreflector position and tilt relative to the best fit paraboloid are
unchanged compared to the un-deformed case.

Similarly, the table in Figure 5-36 shows the files for the panel
distortion calculations. It should be mentioned here that, whereas
the surface distortions are deterministic, the panel distortions are
random with a given rms value. The panel distortions are
therefore modeled by a random number generator, and in this case
it is not meaningful to investigate both polarisations.
Consequently, only the x-polarisation is calculated for the panel
distortions. For the same reason the feed is located at the antenna
focal point for all the panel distortion calculations.
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File nomenclature Frequency | Polarization | Manufactor distortion elevation
|for surface deformations [GHz] direction [degrees]
f243_px_AEM.grd 243 X AEM

f243_px_AEM_grav_00.grd 243 X AEM gravity 0
f243_px_AEM grav_45.grd 243 X AEM gravity 45
243 px_AEM grav_90.grd 243 X AEM gravity 90
f243_px_AEM_temp.grd 243 X AEM Uniform temp T20
243 py AEM.grd 243 y AEM

1243 _py_AEM_grav_00.grd 243 y AEM gravity 0
f243_py_AEM_grav_45.grd 243 y AEM gravity 45
243 py AEM grav 90.grd 243 y AEM gravity 90
f243_py_AEM_temp.grd 243 y AEM Uniform temp T20
f243_px_VERTEX.grd 243 X VERTEX

1243 _px_VERTEX_ grav_00.grd 243 X VERTEX gravity 0
243 px_VERTEX grav_50.grd 243 X VERTEX gravity 50
f243_px_VERTEX grav_90.grd 243 X VERTEX gravity 90
1243 px_VERTEX temp_00.grd 243 X VERTEX | absolute temp dT=-20° 0
1243 _px_VERTEX_ wind_00.grd 243 X VERTEX | 6m/s side wind from 50° 0
f243_py_VERTEX.grd 243 y VERTEX

243 py VERTEX grav 00.grd 243 y VERTEX gravity 0
f243_py_VERTEX grav_50.grd 243 y VERTEX gravity 50
f243 py VERTEX grav_90.grd 243 y VERTEX gravity 90
f243_py_VERTEX_ temp_00.grd 243 y VERTEX [ absolute temp dT=-20° 0
1243 py VERTEX wind 00.grd 243 y VERTEX [ 6m/s side wind from 50° 0
f720_px_AEM.grd 720 X AEM

f720_px_AEM grav_00.grd 720 X AEM gravity 0
f720_px_AEM grav_45.grd 720 X AEM gravity 45
f720_px_AEM_grav_90.grd 720 X AEM gravity 90
f720_px_AEM_temp.grd 720 X AEM Uniform temp T20
f720_py_AEM.grd 720 y AEM

f720_py_AEM_grav_00.grd 720 y AEM gravity 0
720 py AEM grav 45.grd 720 y AEM gravity 45
f720_py_AEM_grav_90.grd 720 y AEM gravity 90
f720_py_AEM_temp.grd 720 y AEM Uniform temp T20
f720_px_VERTEX.grd 720 X VERTEX

f720_px_VERTEX grav_00.grd 720 X VERTEX gravity 0
f720_px_VERTEX grav_50.grd 720 X VERTEX gravity 50
f720_px_VERTEX grav_90.grd 720 X VERTEX gravity 90
f720_px_VERTEX_ temp_00.grd 720 X VERTEX | absolute temp dT=-20° 0
f720_px_VERTEX_wind_00.grd 720 X VERTEX [ 6m/s side wind from 50° 0
f720_py VERTEX.grd 720 y VERTEX

f720_py_VERTEX grav_00.grd 720 y VERTEX gravity 0
f720_py_VERTEX grav_50.grd 720 y VERTEX gravity 50
720 py VERTEX grav 90.grd 720 y VERTEX gravity 90
f720_py_VERTEX temp_00.grd 720 y VERTEX | absolute temp dT=-20° 0
f720_py_VERTEX_wind_00.grd 720 y VERTEX | 6m/s side wind from 50° 0

Figure 5-35 The file names for the different surface

deformation calculations.
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|File nomenclature Frequency |Polarization| Manufactor distortion

for panel deformations [GHz] direction

f243_px_AEM_panel.grd 243 X AEM none
f243_px_AEM_panel_mount.grd 243 X AEM mounting inaccuracies
243 _px_ AEM_panel _manufact.grd 243 X AEM manufacturing errors
f243_px_VERTEX_ panel.grd 243 X VERTEX none
f243_px_VERTEX panel_mount.grd 243 X VERTEX | mounting inaccuracies
f243_px_VERTEX_panel_manufact.grd 243 X VERTEX | manufacturing errors
f720_px_AEM_panel.grd 720 X AEM none
f720_px_AEM_panel_mount.grd 720 X AEM mounting inaccuracies
f720_px_AEM_panel_manufact.grd 720 X AEM manufacturing errors
f720_px VERTEX panel.grd 720 X VERTEX none
f720_px_VERTEX panel_mount.grd 720 X VERTEX | mounting inaccuracies
f720_px_VERTEX_panel_manufact.grd 720 b VERTEX | manufacturing errors

Figure 5-36 The file names for the different panel distortion

calculations.
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5.4.3 RF calculations for the AEM antenna
5.4.3.1 Surface deformations

This section contains the results for the surface deformations and
they are summarised in the tables in Figure 5-37 and 5-38 for the
frequencies 243 and 720 GHz, respectively. The tables give the
results both for the nominal antenna with and without struts as
well as for the selected deformation cases with struts. The tables
show the direction of the beam maximum, the change in direction
due to deformation and the beam peak level in dBi. The column
shows the rms error calculated from the peak gain decrease.

In order to illustrate the influence of the surface deformations
Figures 5-39 to 5-46 show, as an example, the contour plots and
three pattern cuts both for the nominal antenna and for
gravitation deformation at 0° elevation and at both frequencies. It
is clearly seen that the surface deformations are much more
critical at the highest frequency.
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AEM struts Beam direction | direction change ||Beam peak]difference]Aperture distortion
mRadians mRadians Co Co delta rms

243 GHz u v du dv dBi dB mm

x-pol

no struts -0.8513| -0.8513 88.90

nominal -0.8513| -0.8513 88.71

gravity 00 -0.8680( -0.6628] -0.0168| 0.1885 88.65 -0.06 0.023

gravity 45 -0.8637| -0.7289] -0.0124| 0.1224 88.68 -0.03 0.016

gravity_90 -0.8510( -0.8762] 0.0003| -0.0250 88.70 -0.01 0.009

uniform temperature T20 -0.8520( -0.8443] -0.0007| 0.0070 88.69 -0.02 0.013

y-pol

no struts -0.8513| -0.8513 88.90

nominal -0.8513| -0.8513 88.71

gravity 00 -0.8680( -0.6628] -0.0168| 0.1885 88.65 -0.06 0.023

gravity 45 -0.8637| -0.7289] -0.0124| 0.1224 88.68 -0.03 0.016

gravity_90 -0.8510( -0.8762] 0.0003| -0.0250 88.70 -0.01 0.009

uniform temperature T20 -0.8520( -0.8443] -0.0007| 0.0070) 88.69 -0.02 0.013

Figure 5-37 Table showing the results at 243 GHz for the

AEM antenna.

AEM struts Beam direction | direction change || Beam peak |difference|Aperture distortion
mRadians mRadians Co Co delta rms

720 GHz u v du dv dB dB mm
x-pol
no struts 0.0000{ -0.4808 98.21
nominal 0.0000{ -0.4808 98.01
gravity_00 -0.0167( -0.2923] -0.0167| 0.1885 97.51 -0.50 0.0225
gravity_45 -0.0124| -0.3584] -0.0124 0.1224 97.65 -0.36 0.0191
gravity_90 -0.0002 -0.5057] -0.0002| -0.0249 97.81 -0.20 0.0142
uniform temperature T20 -0.0014| -0.4739] -0.0014| 0.0069 97.82 -0.19 0.0139
y-pol
no struts 0.0000{ -0.4808 98.20
nominal 0.0000{ -0.4808 98.01
gravity_00 -0.0167( -0.2923] -0.0167| 0.1885 97.50 -0.51 0.0227
gravity_45 -0.0124 -0.3584] -0.0124 0.1224 97.64 -0.37 0.0194
gravity_90 -0.0002[ -0.5057] -0.0002| -0.0250 97.80 -0.21 0.0146
uniform temperature T20 -0.0013| -0.4740] -0.0013 0.0068 97.81 -0.20 0.0142

Figure 5-38 Table showing the results at 720 GHz for the
AEM antenna.
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243 GHz, x pol, AEM, Nominal with struts
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Minimum value is 5.87 - Maximum value is 88.70

Figure 5-39 Contour plot of the nominal beam at 243 GHz
for the AEM antenna with struts.
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90 L N L B

dBi

L L ‘ ‘ N R R
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Figure 5-40 Pattern cuts through the maximum of the
nominal beam at 243 GHz for the AEM antenna

with struts.
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243 GHz, x pol, AEM struts, elevation 0, gravity distortion
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30.0 %

50.0

90.0
15 -1.0 -05 u [mRad]

Minimum value is -5.56 - Maximum value is 88.64

Figure 5-41 Contour plot of the beam at 243 GHz for the
AEM antenna with struts. Surface
deformation: gravitation at 0° elevation

243 GHz, AEM, elevation 0°, gravity distortions
90 L L L B

dBi

-0,03 -0,02 -0,01 0 0,01 0,02 0,03
0/(°)

Figure 5-42 Pattern cuts through the maximum of the beam
at 243 GHz for the AEM antenna with struts.
Surface deformation: gravitation at 0° elevation
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720 GHz, x pol, AEM, Nominal with struts
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Figure 5-43 Contour plot of the nominal beam at 720 GHz
for the AEM antenna with struts.
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Figure 5-44 Pattern cuts through the maximum of the
nominal beam at 720 GHz for the AEM antenna
with struts.
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Y 4

0.2 -0.1 0.0 0.1 u[mRad]
Mimimum value 1s 0.36 - Maximum value 1s 97.51

Figure 5-45 Contour plot of the beam at 720 GHz for the
AEM antenna with struts. Surface
deformation: gravitation at 0° elevation

720 GHz, AEM, elevation 0°, gravity distortions
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dBi
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Figure 5-46 Pattern cuts through the maximum of the beam
at 720 GHz for the AEM antenna with struts.
Surface deformation: gravitation at 0° elevation
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5.4.3.2 Panel alignment and deformations

The influence of the panel gaps was investigated in Section 2.4,
and it was found that this effect is very small when the surface
shape and alignment of the panels is ideal.

In this section both panel deformation and panel alignment will be
investigated. The table in Figure 5-47 is from the document
"ANTD-3300000-3-049-REP.pdf” and it shows the different
contributions to the total surface errors. The table is divided in
four groups where the first is related to the shape of the panels
and the third is related to the mounting accuracy of the panels.

Based on the numbers in this table it was decided to model the
panel shape error as a smooth random distortion all over the
reflector with an rms error of 8 ym and a correlation distance
approximately equal to the panel size, in this case 1.09 m. The
shape of these distortions are illustrated in Figure 5-48.

DAY | NIGHT DAY _|_ NIGHT
STEADY
PANELS’ IN MICRONS IN MICRONS
MANUFACTURING 4.5 4.5 4.5 4.5
AGING 2.0 2.0 2.0 2.0
GRAVITY 5.3 5.3 5.3 5.3
WIND 0.8 1.9 0.9 21
ABSOLUTE TEMPERATURE 0.8 1.6 0.8 1.6
TEMPERATURE GRADIENT 3.8 0.0 3.8 0.0
TOTAL PANEL RSS [ 8.2 7.6 8.3 7.7
BACKUP STRUCTURE” |
GRAVITY (IDEAL) 8.8 8.8 8.8 8.8
GRAVITY (Departure from ideal) 2.0 2.0 2.0 2.0
WIND 0.9 2.1 1.1 2.3
ABSOLUTE TEMPERATURE 7.0 7.0 7.0 7.0
TEMPERATURE GRADIENT 0.7 0.0 0.7 0.0
AGING and MOISTURE 2.0 2.0 2.0 2.0
TOTAL BACKUP RSS _| 1.7 11.8 1.7 11.8
PANEL MOUNTING”
ABSOLUTE TEMPERATURE 2.0 2.0 2.0 2.0
TEMPERATURE GRADIEN! 2.0 0.0 2.0 0.0
PANEL LOCATION IN PLANE 3.0 3.0 3.0 3.0
PANEL ADJUSTMENT PERP. TO PLANE 2.0 2.0 2.0 2.0
GRAVITY 0.0 0.0 0.0 0.0
WIND_ 0.0 0.0 0.0 0.0
TOTAL MOUNTING RSS| 4.6 4.1 4.6 4.1
SECONDARY MIRROR
MANUFACTURING 5.8 5.8 5.8 5.8
GRAVITY 0.1 0.1 0.1 0.1
WIND 0.1 0.1 0.1 0.1
ABSOLUTE TEMPERATURE 1.0 1.0 1.0 1.0
TEMPERATURE GRADIENT 0.1 0.0 0.1 0.0
AGING 2.0 2.0 2.0 2.0
ALIGNMENT (coma error) 1.7 1.7 1.7 1.7
TOTAL SECONDARY MIRROR RSS 6.5 6.5 6.5 6.5
TOTAL ERROR EXCLUDING SURFACE ALIGNMENT 16.3 16.0 16.3 16.1
SURFACE ALIGNMENT ERROR (HOLOGRAPHY) | 10.0 10.0 10.0 10.0
UNANTICATED ERRORS 2.0 2.0 2.0 2.0
TOTAL SURFACE ACCURACY ERROR 19.3 19.0 19.3 19.0

Figure 5-47 Table showing the various sources of reflector
surface errors

Each panel is attached at five attachment points and the accuracy
at these points is assumed to be 5 ym. A random number
generator is used to model the attachment point positions. The
mounting errors are modeled by tilting each panel individually,
without changing its shape, such that it passes through the five
points in the best possible way. The principle is illustrated in
Figure 5-49 where the errors are increased by a factor 10000.

The calculation of the influence of the panel errors including the
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struts is very complicated and time consuming. Since the impact
from the panel errors is small it is calculated for the antenna
without struts and then the panel error field is added to the
nominal pattern with struts.

The following Figures 5-50 to 5-57 show contour plots and pattern
cuts for the two types of panel errors separately: the
manufacturing errors affecting the shape of the panels and the
alignment errors affecting the orientation of the panels. The
pattern cuts show the nominal pattern without panel errors in
black, the pattern with errors in red and the difference field in
green.

The reduction in gain at 243 GHz due to the panel errors is 0.02 dB
and 0.00 dB for manufacturing and alignment errors, respectively.
The corresponding numbers at 720 GHz are 0.18 and 0.03 dB.
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10.0 243 GHz, AEM Panels with manufacturing error
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Figure 5-50 Contour plot of the beam at 243 GHz for the
AEM antenna with panel manufacturing errors

243 GHz, AEM, panels with manufacturing errors
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Figure 5-51 Pattern cuts at 243 GHz for the AEM antenna
with panel manufacturing errors
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243 GHz, AEM Panels with mounting inaccuracies
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Figure 5-52 Contour plot of the beam at 243 GHz for the
AEM antenna with panel alignment errors

243 GHz, AEM, panels with mounting inaccuracies
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Figure 5-53 Pattern cuts at 243 GHz for the AEM antenna
with panel alignment errors
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Mimimum value 1s -1.75 - Maximum value is 97.96

Figure 5-54 Contour plot of the beam at 720 GHz for the
AEM antenna with panel manufacturing errors

720 GHz, AEM, panels with manufacturing errors
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Figure 5-55 Pattern cuts at 720 GHz for the AEM antenna
with panel manufacturing errors
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720 GHz, AEM Panels with mounting inaccuracies
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Figure 5-56 Contour plot of the beam at 720 GHz for the
AEM antenna with panel alignment errors

720 GHz, AEM, panels with mounting inaccuracies
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Figure 5-57 Pattern cuts at 720 GHz for the AEM antenna

with panel alignment errors
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5.4.4 RF calculations for the Vertex antenna
5.4.4.1 Surface deformations

This section contains the results for the surface deformations and
they are summarised in the tables in Figure 5-58 and 5-59 for the
frequencies 243 and 720 GHz, respectively. The tables give the
results both for the nominal antenna with and without struts as
well as for the selected deformation cases with struts. The tables
show the direction of the beam maximum, the change in direction
due to deformation and the beam peak level in dBi. The column
shows the rms error calculated from the peak gain decrease.

In order to illustrate the influence of the surface deformations
Figures 5-60 to 5-67 show, as an example, the contour plots and
three pattern cuts both for the nominal antenna and for
gravitation deformation at 0° elevation and at both frequencies. It
is clearly seen that the surface deformations are much more
critical at the highest frequency.
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VERTEX struts Beam direction| direction change || Beam peak|difference]Aperture distortion
mRadians mRadians Co Co delta rms

243 GHz u v du dv dBi dB mm

x-pol

no struts -0.8513| -0.8513 88.90

nominal -0.8513( -0.8513 88.75

gravity 00 -0.8456( -0.4050] 0.0056 0.4463 88.67 -0.08 0.027

gravity 50 -0.8447( -0.5408] 0.0066 0.3104 88.69 -0.06 0.023

gravity_90 -0.8468| -0.8795] 0.0045| -0.0282] 88.70 -0.05 0.021

absolute temperature dT=-20K -0.8513| -0.8263] -0.0001 0.0250 88.73 -0.02 0.013

elevation 0, 50 deg side wind 6m/s -0.8463( -0.8549] 0.0050| -0.0037 88.75 0.00 0.000

y-pol

no struts -0.8513( -0.8513 88.90

nominal -0.8512( -0.8513 88.75

gravity 00 -0.8457( -0.4050] 0.0056 0.4463 88.67 -0.08 0.027

gravity_50 -0.8447( -0.5408] 0.0066 0.3104 88.69 -0.06 0.023

gravity_90 -0.8468( -0.8795] 0.0045| -0.0282] 88.70 -0.05 0.021

absolute temperature dT=-20K -0.8513( -0.8263] -0.0001 0.0250 88.73 -0.02 0.013

elevation 0, 50 deg side wind 6m/s -0.8463( -0.8549] 0.0050| -0.0037 88.75 0.00 0.000

Figure 5-58 Table showing the results at 243 GHz for the
Vertex antenna.

VERTEX struts Beam direction | direction change|| Beam peak|difference|Aperture distortion
mRadians mRadians Co Co delta rms

720 GHz u v du dv dBi dB mm

x-pol

no struts 0.0000{ -0.4808 98.21

nominal 0.0000{ -0.4808 98.05

gravity_00 0.0057| -0.0345] 0.0057| 0.4463 97.36 -0.69 0.0264

gravity_50 0.0063| -0.1704] 0.0063| 0.3104 97.46 -0.59 0.0244

gravity_90 0.0040{ -0.5091] 0.0040| -0.0283 97.55 -0.50 0.0225

absolute temperature dT=-20K 0.0002[ -0.4559] 0.0002| 0.0248 97.97 -0.08 0.0090

elevation 0, 50 deg side wind 6m/s 0.0049( -0.4845] 0.0049( -0.0037 98.04 -0.01 0.0032

y-pol

no struts 0.0000{ -0.4808 98.21

nominal 0.0000| -0.4808| 98.06

gravity_00 0.0057| -0.0345] 0.0057 0.4463 97.35 -0.71 0.0268

gravity_50 0.0064[ -0.1705] 0.0064| 0.3103 97.45 -0.61 0.0249

|gravity790 0.0041{ -0.5092] 0.0041| -0.0284 97.54 -0.52 0.0229

absolute temperature dT=-20K 0.0002[ -0.4560] 0.0002| 0.0248 97.96 -0.10 0.0101

elevation 0, 50 deg side wind 6m/s 0.0050( -0.4845] 0.0050| -0.0037 98.03 -0.03 0.0055

Figure 5-59 Table showing the results at 720 GHz for the
Vertex antenna.
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10.0 243 GHz, x pol, VERTEX, Nominal with struts
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Minimum vahie is 2.09 - Maximum value is 88.74

Figure 5-60 Contour plot of the nominal beam at 243 GHz
for the Vertex antenna with struts.
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Figure 5-61 Pattern cuts through the maximum of the
nominal beam at 243 GHz for the Vertex
antenna with struts.
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243 GHz, x pol, VERTEX struts, elevation 0, gravity distortion
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Mimimum value 1s -10.63 - Maximum value 1s 88.66

Figure 5-62 Contour plot of the beam at 243 GHz for the
Vertex antenna with struts. Surface
deformation: gravitation at 0° elevation

243 GHz, VERTEX, elevation 0°, gravity distortions
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dBi

-0,03 -0,02 -0,01 0 0,01 0,02 0,03
0/(°9)

Figure 5-63 Pattern cuts through the maximum of the beam
at 243 GHz for the Vertex antenna with struts.
Surface deformation: gravitation at 0° elevation
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Minmimum value 1s 2.42 - Maximum value 1s 98.05

Figure 5-64 Contour plot of the nominal beam at 720 GHz
for the Vertex antenna with struts.
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Figure 5-65 Pattern cuts through the maximum of the
nominal beam at 720 GHz for the Vertex
antenna with struts.
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90.0 720G Hz, x-pol, VERTEX struts and gravity at elevation 00
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0.0
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0.2 0. 0.0 0.1 u[mRad] 0.2
Mimimum value 1s 8.04 - Maximum value 1s 97.36

Figure 5-66 Contour plot of the beam at 720 GHz for the
Vertex antenna with struts. Surface
deformation: gravitation at 0° elevation

720 GHz, VERTEX, elevation 0°, gravity distortion
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Figure 5-67 Pattern cuts through the maximum of the beam
at 720 GHz for the Vertex antenna with struts.
Surface deformation: gravitation at 0° elevation
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5.4.4.2 Panel alignment and deformations

The details about the panel errors for the Vertex antenna design
have not been provided to TICRA. In the following it is therefore
assumed that the errors are the same as for the AEM antenna.
The panel shape error will be modeled as a smooth random
distortion all over the reflector with an rms error of 8 ym and a
correlation distance approximately equal to the panel size, in this
case 0.57 m. The shape of these distortions are illustrated in
Figure 5-68.
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Figure 5-68 Surface shape illustrating the panel
manufacturing errors

The following Figures 5-69 to 5-76 show contour plots and pattern
cuts for the two types of panel errors separately: the
manufacturing errors affecting the shape of the panels and the
alignment errors affecting the orientation of the panels. The
pattern cuts show the nominal pattern without panel errors in
black, the pattern with errors in red and the difference field in
green.

The reduction in gain at 243 GHz due to the panel errors is 0.02 dB
and 0.00 dB for manufacturing and alignment errors, respectively.
The corresponding numbers at 720 GHz are 0.17 and 0.02 dB.
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243 GHz, VERTEX Panels with manufacturing ervors
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Figure 5-69 Contour plot of the beam at 243 GHz for the
Vertex antenna with panel manufacturing
errors
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Figure 5-70 Pattern cuts at 243 GHz for the Vertex antenna
with panel manufacturing errors
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243 GHz, VERTEX Panels with mounting maccuracies
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Figure 5-71 Contour plot of the beam at 243 GHz for the
Vertex antenna with panel alignment errors
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Figure 5-72 Pattern cuts at 243 GHz for the Vertex antenna
with panel alignment errors
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Figure 5-73 Contour plot of the beam at 720 GHz for the
Vertex antenna with panel manufacturing
errors
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Figure 5-74 Pattern cuts at 720 GHz for the Vertex antenna
with panel manufacturing errors
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720 GHz, VERTEX Panels with mounting inaccuracies
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Figure 5-75 Contour plot of the beam at 720 GHz for the
Vertex antenna with panel alignment errors
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Figure 5-76 Pattern cuts at 720 GHz for the Vertex antenna
with panel alignment errors
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