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TEMPERATURE DEFORMATIONS OF THE MIRROR OF A
RADIO TELESCOPE ANTENNA

V. I. Avdeyev, S. A, Grazh, K. Kh, Kozhakhmetov,
V. I, Kostenko

1. Resolving Equations and Their Solution

Figure 1 shows a general form of a mirror consisting of 19 ident:’fcal
parts -~ '"lobes.'" The position of an arbitrary point A on the middle surface
of the "lobe" is determined by the angles # and ¢, and the angles §, and §,
correspond to parallel edges of the "lobes'" and ¥, and Y,,, correspond to the
meridional edges (Fig. 2). The mirror consists of 19 "lobes", i.e., k 12.

Therefore, we obviously have

%él ‘_1‘70;/"' '?" - (1.1)

In the case of arbitrary thermal influence, the thermoelasticity equa-

tions for the "lobes" may be written in the form {1, 2]:
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Us & -- the V. V. Novozhilov functions [2];

ﬁ" ‘9‘ -- main radii of curvature for the lobe;

*Numbers in the margin indicate pagination of original foreign text.



~= imaginary unit;
~- Young modulus; (b,

E
V -~ Poisson coefficient, "bO, ’%
Ny s &

e A (1.5)
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& U7, (1.6)

where o is the linear expansion coeffieicnt; T —- temperature.

The meridional edges of .the "lobe" are free. The functions
U= Ulcosbe,
FefFleossy, [ - (1.7)
satisfy the corresponding conditions at these edges. We assume that within the

limits of each "lobe" the temperature is distributed according to the law

T T «Ttusby. (1.8)

wvhere the quantities Té and Ti for each meridion are selected in accordance with

the given temperature field for the mirror:

T =T, +Tcos9P, (1.9)

2'0='21(.7'01+ng) 4 2;"3!'(224'?0:):

T=80°c, T,=-120°C,

(1.10)

The system of equations (1.2) for the first component on the right side of (1.9)

is reduced to the equation [3] (symmetric case)

g
ol gepop S e, o

and for the second component -- to the equation [1] (anti-symmetric case)
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The following notation is used in (1.11) and (1.12):

G, = Ehv; - i L\ (1.13)
W £4 V+£-Y177”£; v, (1.14)

where ¥, and K are the revolution angle of the normal and the stress function
in the case of symmetric deformation of the "lobe'; w and ¥ ~-- displacement
function and stress function in the case of anti-symmetric deformation of the

"lobe"; h -- thickness of the "lobe'",

‘ . .
\?-‘-.m‘ Ry 2"03—0. (1.15)

where Ro are the radii of curvarture at 8 = 0,

£ R, at -3 ,00.
e RYR, at & = 30°,
i.e., noe 2RIV ., a3, (1.16)

Applying the method of reference equation [4] to the equations (1.11) and (1.12),

we obtain their solution:
Gy = (&) Lflr-id:) berRE ~(Zpe id))dei A6+
*(Gy-1a,)&er25 - 14+ i0y) keiA6)s
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where sin‘s
r A 28 (1.19)
A - < nE) = finzo "
53r.f-£:ir-l€r‘x-£££x -~ Thomson functions;
Civly e 0po0, 0 C,.t;, .b, , G, —- integration constants.

Scparating the real and imaginary parts of the solution (1.17) and (1.18) with
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allowance for (1.13) and (1.14), we will have the resolving functions .

0 .
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2. Displacement of the Lobe

Figure 3 shows the displacements of points on the middle surface of the

"lobe'" whose positive directions are shown in this flgure and have the form [3]:
Up = Upg) +Upylosps )

"ve = Ugp) *Usgu)C08 o \

W = W, +Wcose s (2.1)
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In (2,2) and (2,3), we use the notation

where
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The prime over the Thomson functions designates their derivative with respect to 8;

D'y By J; -~ constants to be determined.

3, Determiratioa of the Constants J‘-,c;_('i =1,2,348) and

-Dj (/.'I.o 2-’_)

The internal contour (&= &,) of the "lobe" is rigidly fastened, and the

externsl contour is free. Therefore, we have the following conditions on their

contours:
For determining the constants ai:
63@} - v’ s 0 at o 8y v (3.1)
’ T‘o} - "@). o] at ‘ L 9' )
To determine the constants ai:
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Substituting (3.3) into (3.1) with allowance for (1.20), and substituting (3.4)

into (3.2) with allowance for (1.21), we obtain:

a) the system of equations for a:
HyQe =Rz +As dy=Au @y ® 4,y .
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We may determine the constants J, from the conditions on the internal

fixed contour of the "lobe'":

e"0 a Gag,.,.

o =0 9.6, .

¢

These conditions give:
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Thus, the displacements of the "lobes" are completely determined analytical-

ly.

(3.13)

(3.14)

(3.15)

(3.16)



4. Numericql Results

The formulas (2,1) with asiowance for (2.2) and (2.3) were used to cal~-
culate the value of the displacenent of the "lobes" of the reflecting surface
(mirror) of an antenna as a function of the angle & and ¥ for the tempera-
ture field (1,8), which were made in accordance with the given field (1.9) for
each calculated value of &, The following initial data were assumed for a

mirror made of the material AMgbé=M,

Ea 7.2-1.’.‘3 (kg/mz). ok a 23.3.10-5 (1/degree)
) e 0,33; ha 2,5 (um); Ry = ISSOV_T(IN)S
5, = 5%0', 8, = 30°,

The calculation results for the normal displacement W of ~he "lobes'", whose loca-
tion with respect to the origin of the angle ¥ is shown in Fig. 4, are givem in
the table.
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TABLF.
Displace-| g, 590" guIC® | 6159 6uw20°| Om2s® | Bu3®| ¢ "Lobe"
ment | © Number
0 0,00 | 0,25 0,45 0,72 1,15 15°
0 9,09 0,23 0,42 0,66 1,09 2s° 1. O
0 0,07 0,20 0,38 0,60 1,01 359 ’
_0 0,05 | 0,15 0,28 0,44 0,82 45°
0 0,05 0,15 0,28 C.48 0,82 459
- 0 0,03 0,09. [ 0,I5 0,2 0,49 59 1. X
W 0 -0,3 | -0,00 | -0,14 | -0,26 | -0,50 65° '
(un) 0 0,06 | -0,16 | -0,30 | -0,45 -0,82 759
0 -0,06 -0,16 -0,30 «0,45 -0,%2 759
0 -0,63 | -0,22 | -0,37 | -0,6I | -I,08 8s° L. IX
o | 011 | -0.26 | -0 | 0.7 | -1.30 959 )
0 -0,13 -0, 32 -0,58 -0,92 -1,50 105°
0 -0,13 | =0,32 -0,58 | =0,92 -1,50 1059
0 -0,16 | ~0,37 | -0,68 | -I,07 | -I,68 | 115° | 1y o
0 «0,18 | =0,42 0,77 -I,18 -1,85 125°
0 -0 | -0,47 | -0,88 | 1,30 | -2,00 | I35°
Displace=| g4 500 | ou10°| 81| 0w20° | 025 03P ¢ | wigpem
Number
0 0,21 .| ~0,47 -0,84 -1,30 -2, 335°
0 -0,23 | ~0,51 | =0,92 | ~I,39 | =2,08 | Ias° Y. 30
0 -0,24 | ~0,55 | =0,97 | =l,46 | =2,27 | 1Is5° '
0 ~0,26 - 3,60 -I,0I -1,51 -2,23 165°
0 =0,26 ~0,60 ‘| =I,0I -1,51 -2,23 165°
\" 2 0 0,27 ~0,64 -1,05 -1,55 -2,27 1759
() 0 -0,2? «0,65 ~1,06 -1,58 «2,30 180° b 54
0 -0,27 -0, 64 ~1,05 «1,55 -2,27 165°
0 =0,26 =0, 60 =1,01 «1,51 -2,23 195°
0 0,0 0,25 0,45 0,72 0,13 3457
0 0,12 0,28 0,49 0,76 1,20 3559
0 0,13 0,30 0,51° 0, 1,24 g b o+
¢ 0,12 0,28 0,49 0,76 1,20 ] 59 ,
0 0,09 0,25 0,45 0,72 1,13 | Is° )
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Fig, 1. General form of the antenna mirror

Fig, 2. Coordinates of an arbitrary point on
the middle surface of the "lobe."
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Fig. 3., Displacement of points on the middle
surface of the "lobe."

gt . , :

Fig. 4, Location of "lobes" with respect to the
origin (e 0
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