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ABSTRACT. We discuss the criteria for com- /
paring and planning the technical and economic
characteristics of large parabolic reflector
antenna systems and other types used in radio-
astronomy and deep space communications. We gen-
eralize the experience galned in making and
optimizing a series of highly efficient parabolic
antennas in the USSR, including the original /107
INA -1500 radio telescope having a dlameter of
64 m, and we indicate several ways for further
improving the complex characteristics of similar
antennas.

We show how our results can be applied in
planning the characteristics of radiotelescopes
which are now being built, in particular, the
TNA -8000 with a diameter of 128 m.

\

One of the main problems at the present time in equipping and
designing for long-term radioastronomical and applied research 1is
that of extending the sensitivity of radiotelescopes and increasing
their number. Consequently, it is important to optimize the arrange-
ment of instruments combined together as interferometers and aper-
ture synthesis systems. Increasing the sensitivity of the individual

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




,rédiotelesqopes combined together allows us to lncrease the number
of sources observed and to decrease the time needed for the obser-
vations. Also, given a limited amount of observing time, we can
increase tﬁe positional accuracy. By selecting the most economic
and highly efficient antennas, we will be able to solve these

" problems more quickly.

In the USSR in the past there has been great progress with
respect to the research, development, and bullding of highly effi-
cient radiotelescopes [1 - 6]. However, equipping radiotelescope
installations for astronomy has been held back in the USSR because
of the large amount of labor and high cost, and also because of
unreliable tecnnical and economic estimates for the large instru-
ments being planned.

At the present time, besides the development of the technical
aspects of radiotelescopes (efficiency, band width, and angular and
flux resolution), the improvement of the scientific and technical
principles for constructing radio-astronomical installations has
acquired even greater current interest. It 1is very important to
devélop a methodical approach for improving the mechanical, techni-
cal, and economic characteristics of radiotelescope installations

based on the experience of Soviet industry.

This report emphasizes fully steerable parabolic antennas
which can be used singly or in groups, and which can be used in
comparing technical and economic characteristics for other types
of antennas. The optimization of separate antennas combined to

form interferometric and aperture synthesis systems and construction

of .the required space-frequency characteristics is a separate prob-
lem and wlll not be discussed here.

The extenslve experience gained in developing the Soviet THA
antenna series for satellite and space communication is of great
importance in analyzing the most promising antenna systems at this
time. 1In addition, the first TNA-1500 series radictelescope with a
diameter of 64 m for use in the centimeter range can be compared
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with other Soviet fully steerable parabolic reflectors, and with
those built by otner nations as well.

Turning now to the basic question, first of all we introduce
the comparison and evaluation criteria which wlll indicate the
procedures for optimization of antenna systems. The optimlzation
of the antenna-receiver and the guiding system 1s independent of the
antenna type, dimensions, and wavelength range, and can be expressed
' by the efficiency coefficlent (EC):

Sapd

" 3 — Tl"
i 3  Sreom e

Tmo

where, besides the efficiency (n) and the surface coefficient (SC)
allowing for the accuracy in guiding the beam (K), we introduce
a system/coefflcient based on the noise temperature (TC, Kp =

Q?L). Here, Tw and Tw are used to designate the corresponding
w

actual and potential values of the total noise temperature of the
system at the receiver input over the range of working position
éngles with the components: Twma — actual antenna noise ( Twmaois

due only to sky noise in the direction of the main lobe radiation
pattern); Tu. — uhf channel noise (Tume=0), and Ty.,, — receiver
nocise (Twape 1s taken to be the temperature of a maser ampliflier (MA)
cooled down to the temperature of liquid helium).

To evaluate the individual contributions of the antenna.and
recelver to the overall noise temperature of the system, the
coéfficient Kp, in turn, can be expressed in terms of partial
.coefficients for the antenna with emiéter (Kra) and for the uhf
recelver channel (Krm):

K —l\rn T.0p »

where:

Tul.lO 5 Tm.nno : Tmo
Kra = . A
Tm.n -+ Tm.npo Tlﬂ a -+ Tm.npo

K p = Tul.n =fs Tul.npo = 7‘lull o Tu:.npo
T.n -
NTwat Twapt Tuinp Tw
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‘Table 1 contains the parameters for a serles of modified Soviet
and foreign antennas used in radioastronomy and deep space communi-
cation. The table does not give the pa:rsmeters for the large, high-
precision parabolic antennas (R['-22, FIAN, D = 22 m; Parkes,
Australia, D = 56 m; Green Bank, U.S.A., D = 42 m; Haystack, U.S.A.,
D = 37 m, etc.) which represent the first stage in the development
of.large, fully steerable parabolic antennas. The original technical

B
’.J
(]
O

features of thesc examples are given in the table, but 1t is diffi-

cult to discuss these parameters in terms of their modernization,
pecause there is little new data and no additional features would be

introduced.

According to Table 1, the best Soviet examples have attained the
world standard according to the surface coefficient (nK~0,7+0,75, and
at the limit of the ¥£ﬁ§875.65), but continue to lag behind the
world standard according to the noise temperature coefficient
(K2<045—0,25 versus 0.6 - 0.3). This is also true for the individual

coefficients Kra and Kimp (K:a<0,65—07, while with regard to Krup

the comparison is approximately 1.5 times worse). The use
coefficients for most antennas lie below 0.25 - 0.15, as opposed to

0.35 = 0.3 for the best examples.

The basic limitations in increasing TC and EC, first of all,

are primarily related to inadequate mastery of reliable, operational,

o TIPS AN A2 AT N S R P, S 17 Y

‘ low-nois2 Soviet amplifiers (LNA), construction features which would
pe:mit thelir optimum arrangement into antennas with an overall
increase in the uhf channel parameters as well. There are also
several possibilities for increasing Kra by further improving the

precision in the construction of the reflector systems and by de-

A S o

creasing the scattering at the base of the irradiated system and
at the edge of the reflector.

The connection between the technical and economic characteris-

tics is extremely important when making comparative evaluations

according to the criteria for large antenna complexes. Important
generalizations from experience can be made by analyzing the
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accumulated and systematized empirical data, technical and cconomic,
for uncovered Soviet parabolic antennas.

" The approximate cost structure for high precision fully
steerable, large-scale parabolic reflectors 1s given in Table 2.
Table 3 contains the approximate relationship between cost and mass
for the most expensive centimeter-range reflector system elements
with a solid surface, as a function of reflector dlameter. This is
giVen for the most probable operating conditions. The curves in
Pigures 1 and 2 show the actual masses P and costs C (circles
indicate empirical data, and crosses indicate the actual data) from
the manufacture of specific reflector systems and supporting steer-
ing equipment (SSE), and their approximate corresponding relation-

ships.
TABLE 2
Fraction of manufacturing and ereo -
Eion cost, %, to the total cost
System elements Lor various dimensions
Average
dimensions dimensions
(D =15-30 m)| (D = 50= 150 m)
Antenna-feeder (AF) 15
40 I 25
Electric drive guiding system 25
Reflector 15 ) j 20
: ) 50 ’ ) 85
Supporting steering equipment (SSE) without 35 J 3B )
electric drive
Construction part 10 t 20

The scatter which occurs in the example parameters in relation
to the approximating curve shows a correlation with the equipment
characteristics (increasing or decreasing the rigidity and accuracy
of the reflector systems, the load-carrying capacity and SSE pre-
cision, the relationship between the size of the metal structure

@ e




'l
\
: TABLE 3%
]
'j? , “Cost, C lCost per 1 m? surface G,
i
System elements 'h:h i | eometrical | TOTAL
Rt .~ |Manufac- Assembly| - (Km0 3 ANy
w2 (K~ 0,0)
= ltme ’ AMEg.  Assembly ’
Py | | | | |
Reflector (excluding ! , 04.’ | oe | | :
tooling=-up) 250 8D | +0,16) D' |(0.54—-041) (027—0.20) (1,35~1.04)
Prar—at 1 )
SSE (excluding tooling=-up) f ] } e , ; | §
« without electric drive s 07D ! 0,850* | 09 | 045 | 2.3 3
| | | ! ]
! ‘ ' : ’
i | | | l I
| ; ’ ;
Antenna ; ? " i
structures e h 0,60 Dt i 0,77 . | L7
| - | i
| i
| | |
Total (without guiding system) (TS0 @292 | @028 14,96—4,65) i
| i |
| | ‘
System total | - ; (3.0+2,85) D ! (3,8=3,6) | (6,4=6,1)
* -
Commas in numbers represent decimal points.
'
and its mechanisms whose separate cost for a one-ton mass differs
by a.factor of three and more, the speed and reliability of the
guidance drive gears, etc.). The amount of scatter in the points '
agrees with the approximating curves. The empirical relationships /113 ¢
. !

shown in Tables 2 and 3 correspond to the actual construction-of
»

different antennas with diameters ranging from 2.5m to 64 m, built

over.the last 20 - 25 years.

iing to the statistical data, the structural mass is

Q
NHTO :‘v“ ~ )l S B & » i ¢ l v +ha swwmiha af rhe ratt] an N 3 334
approximately proportiona CO tThe Ccude Ol the reliector antenna

. o . N LY YR

diameter an ¢he cost is approximatel proportional to the SQUarc
) MMA > >
~

the reflector antenna dlameter. These data pertain to two simli-

O,
lar theoretical families of curved Py(D) and Cy(D). In both
families, each curve corresponds to a fixed reflector construction

design system with SSE [e.g., the Bonn radiotelescope system
(D = 100 m) or the FIIN, RT -22 radiotelescope system], indicated
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by the index i, and characterized by a power low of the type Qi=q:D™
(Figure 3). The exponent 1s nearly constant within the limits of
each family, and for mass and cost is equal to wmp=32 and me= 2,6,

respectively [7, 8].

Each specific construction design system is optimized only for a
definite relationship between the welght load, wind load, and
dynamic load which depends on the antenna dilameter. Therefore, the
actual mass P=¢D"™ and cost C=g9.D™¢ relationships over a broad range
of antenna diameters intersect the family of theoretical curves oe-
cause of the change in construction design, and have different

exponents wmp=3 and Mmc~2,

Of course, this relationship is not suitable for all .antenna
system elements. A number of less expensive elements (antenna feed
systems, bulding equipment, angular confrol and compensation for
deformation, etc.) do not satisfy this arproximation. Nevertheless,
in practice not only the metal construction and mechanisms, but adso




“the system as a whole will have a quadratic relationship between
cost and reflector diameter, or a linear relationship between cost
-and antenna area:

c.nAsmn(A-;"—nK)o'.
where A N 6.0 = 6.5 for K = 0.6.

The data given above was used to predict the cost of the "Orbit"
antehqa array (TNA-57, D - 12 m), and was found during the completion
phase of tne constructionof the TNA-1500 radiotelescope (D = 54 m)
(Figure 4). The prediction error
for theTNA -57 antennas was 10 -
15%. In the building of the first
TNA-ISOO antenna, there was no
significant departure from the

. predicted cost of 10 - 11 million
rubles (even though the manufac-

ture of all the basic equipment for
the.radio telescope and its errec-
tion were in practice completed in

lé?“, and the cost was determined

according to the actual expense).

) I . T
The data given in Table 3 may e A ey
‘undergo further improvement in the :;‘cl“;§§;ﬁ">;fﬁ ;é
optimization process for construc- ;\ -'531§§\55‘§;:3ﬂJV o
) tion designs of individual types of RNCRY ;’ \SH\ "f “-/f’
antenna system equipment and the i f?'gl‘ fﬁhpf:' f'“_:
technology for their manufacture g 1Ac\(w§[':t.,g\.3
and erection. For example, by : ~ﬁafﬁmf'_-»v,¢
: A ol I,
transferring the production of the e o ﬂwx1323;~
reflecting system steel framework P S Jfﬂ‘é?{l;f
to specialized metal construction | R w;;;;;iJJAu".
shops, we can lower the framework A s :: ¥ f o it
cost by a factor of two, and the L;@,«ég;;;élfﬂﬁﬂztjli.&‘
éost of the reflector system as a -
whole by one-third (excluding Figure 4

10




the tboling-up cost, which amounts to about one third of the cost
of a single reflector).

Based on practical experience, the following approximate rela-
tionships were established for other parameters in the unifiled
construction of parabolic antennas:

T I

— maximum electric drive speed, deg/sec, w=150/D (for the

vgloéity range (0.5 - 2.0) 103 and diameter D, m);

— electric drive power rating, kW, Wax00607;

-
A\

— SSE directional accuracy including the compensation system, /1
A0~ 20,5/ (10—15) =[(5—15)/D)’ .

The linear relationship between the cost of parabolic antennas
“and their effective area allows us to use the concept of cost per

2 :
1l m~ of effective area, and we can discuss this universal parameter

for a wide range of antenna diameters.

We have already discussed the technical and economic charicter-
istdics for the antenna part of the system. Tae LNA 1s also included '
in the number of expensive antenna elements which directly determine \
the overall efficlency. The cost and sensitivity of this equipment |
are both interdependent. INowever, the very limited data witn regard
to concrete industrial examples of this equipment make this rela-
tionship less precise than for the antenna elements discussed above.
Nevertheless, 1t 1s possible to put the relationship for the input
units with a closed cooling cycle in the following analytic form:

Cnp ~ B/Tm,np for Tm.np > T.n.r.pO.

where B = 6000 for continuing construction and B = (20,000 - 25,000) .
‘for the ink*tial batches.

derived
The Cdemmﬂ/relatﬁgyship includes the variation in the optimal
ange
type of LNA with Twup /in the same way that the P(D) and C(D)

TR B B P, 5 9 12 [ R e
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relationships for antennas include the variatlon of construction
decisions with change of their diameter, which we discuceed earlier.

By using the relationships for antenna cost C, and LNA cost Cup ,

along with a given efficicncy 2=Sue/Tm, we can find the optimum valuesor

Sspp.our and Tmmposr which correspond to minimum system cost.

‘ The fact 1s that the system efficiency 9 can be reallzea for
different combinations of Swe and Tw. Thus, the overall system
cost C=Ca+Cyp for different combinations of Swue and Tw will not be
the same. By varying one of the parameters Tay Sspe. Cop @and C, for a
fixed 3, we can find the minimum overall s/stem cost C from the

equation:
a( 2
ac ac, a(A3T,,) x )
— N e ] e L L] = ——aE L -
9Cap ‘Jcnp+ 0Cap 3 ; 4 0Cup i
l . *
= AB3 (- T +i="0.
“ap.onr

From our approximation, it follows that:

Cnp.om" o l’ AB3 w 7I‘m.np.cm'r": ]/E/.—A.a-
Syab.one = I n Twa + Tm.tp) 5 = VBS/A H Cionr = Asw.onr-

In practice, it 1s more advantageous to take somewhat larger
values for Tump and Sws, since the accuracy and economy of LNA
' operation usually turns out to be less than for antennas. Besldes
this, in practice the choice of these parameters 1s dictated by the
avallability of equipment with similar characteristics.

As an example, in Table 4 we give the optlimum system parameters
for two values of the efficiency, 1 and 50. Thus, we have
N Twa+Tunp~35K and K = 0.6. In particular, the table Indicates
that the application of relatively more expensive (experimental)
LNA samples makes a better contrfbution toward increasing antenna
dimensions than does the achievement of high LNA efficlency.

12°
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By using these data, 1t 1s also possible to solve the reverse
_problem: determining the maximum radlotelescope efficlency for a

tigod coet.

.

.

.

: TABLE 4%
Efticiency 3 w/K
: \ System parametors 80 80 i | \
) . (LNA | (LNA (LNA | (LNA exper.) :
sories) l oxper.) | _serios)
Bt T T T A B 0,2 0,38 .
Plaindins &8 W 8,2 %0 87 :
g 2000 2200 65 02
Du". L () o8 ' 12 ' 14,8
x . : \
/ : l
oo { 12 13,2 0,42 | 0,89
\ Cons ’ 19,4 { 16,88 0,62 } 0,9
' I !
s L 270 318 | 60 | 9

)
SCcommas in numbers represent decimal points,

~ The optimization method described here la good for antennas
which are not too large, and whose cost ls commensurate with the
doat of more asensitive LNA or lesa (Tarop s B 8=10 K,  Cupuane &1, 20,0)
Usually these systems are characterlsed by an efflolency 951040 o +
a serles of LNA when N Twat Tuep&(164-40) K over the poasition angle
range. This corresponds to reflector dlameters D< (32+4) m. In
practice, further improvement in the optimum antenna system

efficiency is possidble only by fncreasing the antenna dlameter. fhia

means that it 1s economically advisable to employ recelvers with the 117
3

highest possible sensltlvity. The limiting values for I3 and

the experimental LNA examples are ghifted toward larger values,

The cost per unit efficlency of a system for average (D<<I2+-43)

and large antennas ls, respectlvely,

Clomncp = S0 e A (1 T o+ T+ 2V ABD

B TR R RRRRRRRRTTTTTER IR Rrmmmemmew™
e S



and
Clonr.c Arm.uuu -+ Blsrm.mm .

. The actual cost per unit efficlency falls monotonically in proportion
to increasing system efficiency. However, this lowering of the cost
is of little significance with respect to Qhe parameters for average

.and large antennas:

B I !
3»47 mﬂu+%£Y ~ (15 =3),
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1.e., Swe>(6000—900) me and D>I(85—-35) m;

fade.l o v

w4 np. s

i.e. Swpe>1300 me and D>50 m.

Thus, we would expect a significant economic savings by increas- /118
in the area of large-size antennas (2>50 m). A further extenslon of
the efficiency will primarily be determined by the technical require=-
ments and possibilities of applying new economlc construction and
Qechnological designs. In this connection, the limliting character-
istics of high-efficiency guidance and focal-angle deformation
compensating systems, which ensure the necessary working wavelength,

are of.major 1importance.

The restrictions in relation to the limiting wavelength for
high-precision construction, without shielding, are characterilzed
at the present time by the least overall operational errors: for

“the beam guldance system A0ywm= (6—=10)” , and for the reflector system
gedmétry Awie= (0,5--1). The values chosen for A0uww and Aww are borne
out by the experience from constructing Sovliet and forelgn antennas
in the centimeter and millimeter range, for which the Increased
accuracy has not led to their sharply increased cost [3, 10, 11].
Assuming the admissible conditlons
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and ,nuﬁlneuuna into these equatlona the values for My and Aww,
- we¢ obtaln Qm...s(sooo-aooo)w and M2 (1-1.5) om,

3 Consequently for MR d=8 om, we can caloulate the economla varla=
tiona for radlotelescopes with dlameters up to approximately 150 m,
and the additlonal extension of the minlmum working wavelength allowa
ud to increase the antenna dlmenslons even further,

In this connectlion, 1t ahould be noted that one of the growing
questiona concerning the technical and economlo optimization of
different types of antennas is the appearance of a relationahip
between the mass and coat of antennas having a fixed alze, and the
minimum working wavelength and allowable efflolency losses. In view
of the cholce for eaoh Aww for optimum construction, there 1s a
mlnimuﬁ coat of conatruction., Out of necesslty, hlgh precision
conatruction should be fitted with protective ahielding, whlch should
be included in the overall conatruction complex undergoling technlcal 7

and economlic optimizavion,

Data whioh 1s atill being developed from astronomloeal tranaita,
as well as data concerning the cverflelent for use when workling in

dﬂﬁ or another wavelength range, including the value for radloveie= 119

oo L e bl

abope information, would permit us te chooae A and the type of
gonstruction for eaoh alze and olass of antenna which was eoconoml=
cally justifled. We emphasize the lmportance off even now developing
a single methodical approach for acoumulating and subsequently q
analyzlng these data. The orlterlia suggeated above may serve as a

baala for auoh an approaach,

In the last few yeara, a large new radloteleacope project has
been started, the INA -8000 (R=128) with a dimaeter of 28 m, Oup
acoumulated practical experlence is belng used in the pro¢ess, and

new dealgna are belng worked out for further optimlizing the con-

atruction of simllar radlotelescopes., Thls ls belng done not ondy
with respect to precialon oharacteristiocs, but alao for complex
technleal and economlc characterlatlos,

S
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Figure’B is a model for a basic radiotelescope design, an
assumed constructionally-autonomous system with a deformation law
ensuring a high degree of homology in the antenna shape. Special
_aptention was glven to creating optimum operating conditions for the
rerléqtor framework. The design preserves the favorable properties
of yielding capacity which, for example, is characteristics of the
- INA -1500 or the 100-meter Bonn
radiotelescope (FRG). At the same
"time, 4in contrast, this design
allows the elevation-rotation axes
ﬁo be located at any point, includ-
'ing‘the reflector center of gravity.
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In this way, there are no restric-
tions on the height of the reflector
franiework in its central part, on
which its rigidity depends.
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The position of the elevation-
" rotation axes 1s the optimum varia-
tion in this direction, such that
they pass through the reflector system center of gravity. In this
cése, the necessity of constructing counterweights which often
exceed' the mass of the reflector systems is no longer important.

As a'result, a significant (by a factor of two) decrease in the mass
rotating in the vertical plane is achieved, and a decrcase in the
moments of inertia. The moment of inertia is also decreased as a
result of the significant shortening of the distances to the
elevation axis. In addition, this construction arrangement leads
to a significant decrease in the wind moments, which are due to the
convergence of the exteraal wind force with the rotation axis.
Predictions concerning the mass and cost of the RT -128 are given

in Table 5.

) Due to the improved design for operating the elevation axis in
comparison with the TNA-1500, the relfector mass is assumed to be
decreased by a factor of about 1.3. In addition, because of the

'arrangement of the elevation axis and the reflector system center

16




TABLE 5
s Manufacturing cost,| Erection cost,
No. Antenna system elemtns Mass, t |thousands of thousands of
rubles rubles
' F@undation and base - 500 200
“Reflector system:
reflecting surface 500 2,900 1,150
X load-carrying sturcture 4,100 4,700 1,900
3. Steering system:
. load=carrying structure 6,200 6,900 2,700
supports and mechanisms 2,500 8,600 3,400
4. Equipmenc.cabs and mainten-
: ance system 500 700 250
S Orientation system with
electric drive - - 800
6. Ahtenna—feeder - 300 100
. Guiding7system with elec-
! tric drive - 2,400 700
‘Total for radiotelescope 27,000 11,000
‘of gravity,

can also be reduced by about a factor of two.

According

the mass of the supporting construction and mechanisms
com=-

TOo a

parison with the design of the TNA-1500 and the approximations made

earlier in the complex optimization of the RT'=-120 sysiem, it is

possible to reduce the overall SSE mass by about a factor of 2

(see Table 6).

is the largest, about 35 - 40 million rubles.

Radio=-

i - |
Structural system acc.
telescope | o telescope type

Structural mass, t

diameter, m; | framework | mechanism
TNA -1500 | 750 ﬂ 3250
64
TNA .8000 (RT-128) | 400 } 800
TNA 1500 i -~ 6500 | 25 000
128
TNA 8000 (RT128) | 4600 ] 8700
T S PP v >r —— —— ~—

o
The cost estimate for the TNA-8000 antenna system

Main reflectorSUpport structure,

o
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TABLE 7*

Wind velo-| Total avg. Partial coefficient for decreas-
city at quadratic ing SC from shape distortion and
ht. h = 10 distortion,| corresponding S, in the position

m above mm (orien- of the radiotelescope axis to
Earth's tation w. the horizontal for wavelength A,
surface, | Bg up to cm
o
m/sec 60 s e N
|
0,84 0,69 ' 0,20 I
N 1, ~— : : | E
: 4 1,09.10¢ | 0,76+ 10¢ ‘ 0,26+ 10¢ "
|
0,95 0,76 0,44 | 0,10
10 0,6
: . 1,23.10¢ | 0,98-1Q¢ ‘ 0,67.10¢ I 0,13-10%
2 | 3% TR T | 5
75 | 085 20 | 02 %8 | _5.F
l 1,29.10¢ ' 1,11.10¢ 0,68-10¢ ll 0.20-10¢
| |
] 00 | ;
1 0,88 0,60 | 0,20
) 0,50 I - -
| Lot | Tt | 0o { 0,26-10°

*
Commas in numbers represent decimal points.

. Some idea of the decrease in SC for the RT -128 radiotelescope
influenced only by construction factors in the use of homologous
principles, and characterized by the partial coefficlent Mwouer ,
is given in Table 7. Along with fxemern , Table 7 contains the com-

puted values of the equivalent geometirical areas Smu=mfioucrpdcon L0 CON=-

structing a reflector system which takes into account shape dis-
tortion on a wavelength scale. For example, from Table 7, we can
.see that, under the condition of about half the maximum wind velo-

v

city, the structures are able to maintain a sufficiently efficilen

ct

working reflector at wavelengths up to 8 mm, having a partial loss

“only -when the shape is distorted by a factor of about 1l.5.
The RT =128 construction scheme can also be successtully applied
to smaller diameter antennas (D>25—45°'M) whose weight loads clearly
dominate over other loads, whose homology remains sufficiently high,
and whose focus-angle deformation system does not significantly com-

plicaﬁe the antenna system. The computed results for the TNA -8000
radiotelescope project create preconditions for the further accuracy

18




3

“of the approximate relationships between cost, mass, and antenna
dlameters baued on a more profound optimization. The final solutlion
to this queation is possible only at the Inltlal radlotelescope
construction stage when the flirst empirlical data become avallable.

f
N . #

. In addition to the new progressive construction designs, the
realization of specific construction and technological principles
has 1mport&nt significance for further lmprovements in the economy
of large antenna structures.

‘

Among these principles, for example, is the cholce of antennas
with a minimum overall number of axes of rotation and movable con-
struction elements, which require electromechanical and electronic
gulidance equipment. This makes 1t possible to reduce the f{raction
of the cost for the mechanisms and guldance systems in relation to
the less expensive elements, metal construction. The application of
unified examples of this construction will allow us to increase
their operational accuracy.

One way to speed up the construction of radiotelescopes and to
improve their economle characteristics 1s to simplify their metal
construction and assembly technology. In particular, the rcilwesal
to assemble moat ~f thr large T™NA -1500 units at the factory and the
B *

Ak} » ¥y
ficant

transfer of this operation to the erection site led to a sign
decrease in the amount of mechanical preparation of their inter-
mediate butt joints which were only necessary for transporting the
dismantled assemblies. Thus, 1L became possible to do away with
their being hauled from the factory to the site as large, low-mass
blocks.

At the same time, a =pecially developed operational method for
assembly orientation av the site ensures the required accuracy of
She metal construction without the accumulation of errors. Because
of the more economical use of transport, there is less of a problem
in the factory industrial area for assembly of the large structures,
and an uninterrupted erection cycle 1s assured at the silte without
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haVihg to solve the problem of keeping precise track of the delivery /123
and erection schedules.

It should be mentioned that the same technological principles
“have already been used in constructing other types of non-antenna
metal structures [11]. However, in our experience in the Soviet
Union regarding the building of large parabolic antennas, this is
.tﬁe first time such a method has been adopted. It is a significant
‘improvement over the traditional methods for assembly and erection.

Our experience in producing the first TNA-1500 radiotelescope
has confirmed the advisability of these construction and technologi-
cal designs not only for subsequent TNA -1500 production, but also
for larger structures such as the T™A-8000 radiotelescope.
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