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‘The—eifect of~sme"i structural displacements in parabolic
- reflecterzv aseianidsmed.  Axial and lateral feed displacements
. and in Cassegrain systems similar displacements and rotation of
the secondary are considered. The resultant aperture phase error,
- loss_-"n:f'_;g::iﬁ.,—.'.znd_;ﬁee_tn,'diSplacement are presented.
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I. Introduction

It is frequently required to set up structural specifications for
large parabolic reflectors. The tolerance of the surface,. of the
feed focus and of the Cassegrain subreflector, if any, are impor-
tant parameters that markedly affect the cost of the stru;:ture.

For an intelligent decision the effect of these deviations on the
antenna gain, on the boresight shift and on the radiation paftern
must be obtained. In general, this can be done by the evaluation
of the radiation integral with and without the mechanical distortions.
'i‘his, however, is a complex procedure especially for non-axially
"symmetric distortions and requires computer programming. It is
the purpose of this papér to determine the aperture phase distri-
bution due to the mentioned distortions when they are very small
compared to the dimensions of the system. This knowledge per-
mits us to use existing 1iterature2’3 to estimate the pattern distor-
tion and in addition when the phase dévia;tions' are small in radian
‘measure tc;m determine the loss of gain.

The subject of antenna surface tolerance has been considered
elsewhere4 and will not be repeated here, e};cept to note for com-
.pleteness tha.;: the gain loss due to+a surface rms error e
(one-half the rms path length) is: o

| L (4*&"@.) -
._Cff._ = & >~ | <1)
o
This simple formula holds for any smooth aperture illumination and
is valid for large gain losses (several db)5 provided the surface

errors are uniformly distributed over the aperture.
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II. Analzs is

We wish to determine the aperture phase front deviation when

the feed is displaced either axially or Iaterailly and in Cassegrain
systems when the subfeflecto_r is similarly displaced or rotated
about its vertex. This is done by determining the path length
error of a general ray from the feed to the aperture plane by
geometric optics considering the angle of incidence and the slope
of the reflecting surface. The mathematics is tedious, but
straight forward with surprisingly simple final results (see

Appendix for example). They are given in Table I for various
—
system displacements. The main reflector or subreflector rotations

—_——

are taken abot;t the reflector vertices. The Appendix also defines

( " the geometry and summarizes the relations of the various surfaces
permitting the pa;th length error to be expressed in terms of the
aperfure radial coordinates, .For the Cassegrain geometries the
reader will find it instructive to consider the values in the table
for the limiting cases of unity and very high magnifications where
the results are physically obvious.

The gain of a circular aperture with an arbitrary phase error

S (]-‘,cP) may be written as

2T 2.

A S(r, <)

o e L Folel ndwdp| (2)
e = & A,
- S RIGEIBEEPEES

o

where /ﬁ‘?)ls the aperture illumination function.



: : ' co
R ! . |
LA 1
_ | !

“ : S
: ! i |
! ] o i

1

|

i

i

i

]
|
m
”
i
i

s 203

TS A
f Loty

o8
.,i.?.’.‘,__‘,,_f.
. 8O
‘3.5'0_5
/3 0

i e

]

T
P h
LS T

43—"

7e*

SET
Té8

f,

| deoafmvi +9g e fo-o|xy

elvdia VO LG4

C0Y m@@s@ +90 WIT | XV

m_uoou W@ :@ﬂ\.,m@ﬁ“i V4

X ~ /YL
95

%@80?@ # Ao\%%i\ Av

AV =Ty
: M.\,\
_%*8\%\,\\\“

{

. wa%\%&ﬂ\* m\&q&

o, o T
Proo %N@\m MN\BN\

PO WVOLL LS

- pov
I OADY AT

Q@S Nw ns\xﬂ 3

rod v xv

X T8I TLE
22U 2D S0 __
2 AL o4 m&m

Q@_wﬁ ....Qxf

(200 -1) \A_.,q |

\A.Q - TIX

WACEEEER)

trroubSe0t

2 yor0y

\\N&&\mvﬁ\n\b@. %

{
1

]
, . : !
' t R 1
. : i m i
B : : b
/ . i ;
2 IR i !
2 . . . . i 1
... . /a\//n * _ i ﬁ_
£ . ' /! H _. I
: -~ . o

CHOTFT
C

HALDNVT T

77 |
H m i

——

/ “.m.\@?\



-\J%ﬂMp {{“‘l&ﬂm@_& S T A g iy mpa

/..

F -

£

e i i Rl

: T . TR
b ST A Rt 1t R i R e

/‘ X i For small phase errors the exponential may be expanded in

/ ~a power series with the result that the ratio of the gain to the

s

no-error gain Go is:

| \w“}

where 7 i o 1 _ _ /&
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Axial Loss due to Axial Displacement (ALAD)

Axial displacements of the feed in focal fed or Cassegrain

2 ( "/z@ N
| 4+ (R/QQ)?* (4)

The phase error is axially symmetric and consists of second and

systems lead to phase errors of the type:

8":‘- 3}{—@-—'(\%0@@} = (ZKA)

higher even power terms.. For an illuminatin taper of r-ﬂ(ﬂ): /- Q/t'?*

the loss of pain (3) can be evaluated in closed form and written as:.



Go 3 (ALY
| | 2

where ALAD is a correction factor depending on the illumination

taper and the focal length.. ALAD approachés ‘unity in the limit

of long focal length and uniform illumination. It is given in Fig. 1.

‘It should be noted that the gain loss is proportional to the square
of the axial displacement and the inverse fourth power of the effec-
tive focal length or in Cassegrain systems to the inverse fourth
pdwer of the magnification.

For the more complex axial displacement of the Cassegrain
subreflector, it is necessary to evaluate (3) with the table indi-
cated phase error. This may be done by numerical integration;
however, as a practical matter, a very accuratc result is obtained
by using a pure square law phase error with the same rim value;

that is using the value .A.LAD (Q, oo ).,

Axial Loss due to Lateral Displacement (ALLD)

Lateral displacement of the feed causes a boresight beam shift
with a consequent loss of axial gain.

The aperture phase errors are of the type:

o
I

N SRR sr)"

i Kttt o A i Rt e i i i e e R i
- _ | . 5
| ( aT flx) '
& _ { . ALAD (3)

LAY NuuB cosd = 2,1 A ﬂ/-xeg_”co@jo (¢
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‘ and the axial loss is:

--._%_.-—._—.- | 2(%2) ALL;D -
et

where the correction factor ALLD is given in Fig. 2.
For the more complex subreflector lateral displace-ment or
reflector rotations the axial loss must be determined from (3}

- by numerical integration using the tabulated values.

Beam Peak ILoss due to Lateral Displacement {BPLLD)

( , ' Frequen"cly"che specifications on the lateral displacements or
subreflector ‘rotations can be relaxed by repositioning the entire
ant;anna. to the new beam pe-ak position. This occurs in radio
a.str.onomy, and in many radico relay and radar applications.

To find the beam peak we express the aperture phase error
with respect to a plane inclined at an arbitrary angle ”e'” to
the aperture. Inseftion in (3} and then differentiation with respect
to ”9"' to find the maximum gain will obtain the boresight angle
{ . .

3!9 Il.
in

The phase error may be written as:

= 2w ch Jn @ Coa- = Z5 A Mt B, Coacﬂp—j
PN < |

where for generality the summation includes several lateral dis-

—_ R
placement terms. As % = O and letting kk::}y.f,,‘g(-} we have
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with the result

: I-__an TL?JC%E |
0. LTVOAY _ 5 4
'?n S _?(Tq h}‘Sdﬁ ” . "‘Fm

S/J

wof

where—BD ‘?“ is the beam deviation factor3’6
o FOr¥de
P
- o1+ (%/29)
BOL =

8‘01‘3@ Fed R

The-BD-?“ depends on the aperture taper and the focal length
and is given in Fig. 3 for our parabolic illumination. Equation (8}
indicates that the beam displacement is the sum of the component .

terms. On this boasis we can prepare Table II giving the beam

displacements for the various reflector and feed displacements.
[T
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Knowing the beam positicm we can determine the gain loss
from (3} as our phase error for a lateral feed displacement
i‘s: . - ‘
S= 211‘& BRDE - l X con - (qj
= 2 5 a

For the parabolic illumination the loss of gain at beam peak

may be evaluated in closed form and written:

(Q‘!TA\?"
2/ BPLLD
18(

D

E -
' Go ‘

where the correction factor BPLLD is given in Fig. 4. Again
for the more complex subreflector displacements the gain loss

must be determined by numerical integration of (3).

III. Discussion

In any paper using an approximation technique it is necessary
to discuss the accuracy of the results. A; structural strains
are exceedingly small compared to the aperture dimensions, the
expansions leading to the phase errors arc certainly permitted.

The results as given in Table I then may be used with confidence

P

in determlmng the radiation characteristics (pattcrn and gain) by
the use of the radiation intcgral. However, the use of the expon-

ential expansion in Equation (2) is much more restrictive. As
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we use only the first three terms, we would expcct our further

.analysis to be valid only for aperture rim phase errors of less

than a radian. Fortunately, comparison of these results wifh the
exact 501u1:i0n7 for a uniform aperture with a quadratic ph'ase
error ilarge f/D} indicates agreement within 0.1 db for a rim
phase erroxi of 90 degrees corresponding to a 1.0 db gain loss.
The explanation for this lies in that only a small part of.the aper-
ture is subject to the large phase errors. Necvertheless, the gain
expansion must be used with caution.

It is also of interest to note the relative gain reductions of
th.e displacements termed ALAD, ALLD and BPLLD. For a typical
f/D of 6.4 the re;lative sensitivity of these displacements is
respectively: 0,051, 0.78 and 0.0033. The tight folerance re-
quired of the axial lt.JSS lateral displacement is not surprising as
we are off the beam peak. This may not be recquired in systems
where boreéight correction is permitted. Similarly the beam peak

loss due to lateral displacement may be an insufficient criteria

as other factors such as coma lobe pattern distortions4 may be

the determining specification. In all cases where stringent pattern
specifications exist comprehensive radiation pattern calculations
are necessary using the phase error results of Table I.

When several displacements exis.t simultancously, which is
usually the case, the resultant phase error may be obtained by
adding arithmetically the corresponding errors in Table I. This

provides an effective means of error compensation when crrors
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of the same type are involved. For example, an outward axial

movement of the Cassegrain subreflector may be compensated by

a similar but greater movement outward of the primary feed.
Additionally a lateral movement or subreflector droop may be
compensated'by a subreflector rotation. These compensations
are never complete. Although the resultant phase errors are
given as combinations of the values in Table I, the resultant gain
reduction and radiation pattern distortions must be obtained

generally by computer calculations when the phase errors are

.significani~

Although the phase errors of various displacements are addi-

tive, the gain reductions are not if they are of the same type as

they may add constructively or compensate. However, gain reduc-
tions of errors of different type — axial, lateral and random —

are additive as may be seen. by substitution in (3).

- IV.  Illustrative Example s

<atop

Rusch, Slobin and Sterlzried 8 investigated a nutating
Cassegrain subreflector. Their dish diameter was 60 inches
and the focal-length 25.6'". The Cassegrain magnification was
7.08 and "c-a" was 3.17 inches. A HPBW of about 10 minutes
of arc w.as obtained at 90 Ge. The subreflector was nutated
through a half anglte of 2.06 © about a point 0.6 inches behind
the subreflector. It is rgquil°ed to find the displaced beam position

.and the Ioss of gain.

D I LAY - FOhy < = S M s 4 v ot T L



TN e S Lo i, e L0 e 58 o hiene s S Y e 15 i AR i o s 0, g i L i o U Pl LY

16

- The subreflector nutation is equivalent to a rotation about its

vertex of 2.06 2 and a displacement of:

S 0.6" (2.06) —- o0.oz/6"
o 573

Combining the two types of displacements from Table II with

opposite sign we have:

"Aor(c-a)[ ,f o _/_«g‘\__g{ l Ax‘
&9 [sof + &0 ] BO#-AX gpr] =

2.06(3.17 083-&/?/ /OOfw«v(’oso 2/ 7_.
57.3 (g:f.e) [ 256 708 25 6)f

O.Ce75ES racfions = 26 mmw‘d’u—

The measured beam peak displacement reported was 27.75 minutes .

Similarly the aperture path length error is obtained from Table 1

s

as:

AO‘((C‘@QM@@*%M%]“ AX Aﬁ?@-ﬂ@}g@]/@dé%

-

Remdving the linear phase tilt due to the beam shift of 24 minutes

we obtain the phase error shown in Fig. 5. Calculated gain loss by
the use of Eq. {3} is 0.15 db. Additional gain loss occurs due to the
increased spill-over of the displaced subreflector. No measured

. gain figure was reported.
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