LARGE ANTENNA SYSTEMS FOR PROPAGATION STUDIES
By Ira Kamen, Vice President
General Bronze Corporation
Valley Stream, New York

The large parabolic antenna systems to be de-
scribed represent the state in the art which had
to be achieved in order to provide antenna sys-
tems for the NBS Central Radio Propagation Labora-~
tory propagation studies. WBS bas a three to six
year responsibility for compiling data and making
investigations in a program, sponsored by the Alr
Force, vwhich will promilgate a standard communi-
cation handbook. This handbook is pointed toward
developing accurate reference material so that

any group desiring to establish a commumication
station anywhere in the world, will bave avails-
ble all the data necessary for the site selection
and construction of gestter commmication stations,
The date to be assembled during these propagation
studies will include informetion on those param-
eters whieh must be known for the effective loca-
tion and operation of the station.

Large antenna systems of the type shown in Figure
1, are required to make reliable measurements of
the total refraction of radio propagation through
the entire earth's atmosphere. The general study
as to reliability and the measurement technigues
employed in the scatter commmication art is de-
seribed thoroughly in the October 1955 Scatter
Propagation issue of the IRE, The scope of the
measurementes to be made by KBS will involve col-
lecting valid data confirming those fundamentals
vwhich cover Pgth Geometry, surface refractive

IRE October 1955 issue this data must be collect-
ed by the proper application of large antenna
systems.

The NBS site locations between Boulder and
Haswell in Colorasdo, were selected for the
VHEF/UBF work as it provides the terrain condi-
tions vwhich are required to develop the necessary
propagation data.

KBS, in evaluating its requirements, established
the following fundamentel specifications which
the writer digested from the NBS advertised bid
for large paraboloidal antenmas for propegation
studies. These antenna specifications anticipate
the environmental conditions in the area as well
as the operational requirements.

ARNTENNA REFLECTOR SPECIFICATIONS
FOR PROPAGATION STUDY WORK

The prefabricated paraboloidal reflector shall be
made of aluminum &]loy and shall have a diameter
of 60 feet and focal length of 25 feet. The
surface material shall consist of perforxated
alupinum, maximm diameter of opening to be 0.25
inches. The maximm deviation of surface from a
true parabolic shape shall be no greater than
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+ 1/4 inch at any point on its surface. This
parabolie reflector is to operate with full pre-
cision in winds up to 30 mph and slightly reduced
precision in winds up to 50 mph. Slightly re-
duced precision shall be interpreted as * 3/4 inch,
The reflector, when properly secured, shall be -
capable of withstanding winds up to 120 mph, with
a mximm radisl ice formation of three inches.
The precision and rigidity is to be carried into
and apply to the entenna supporting structure.

Reflector Mount Specifiecations:

The pedestal is to be of sufficient height so
that the rim of the reflector will be at least
five feet above the ground when the antenna is
directed at any point on the horizon. The pedes-
tal forming the tower shall form & closed trun-
cated conical shaped housing. (The closed-in
tower of the type shown in Figure 1, which sup-
ports the pedestal, allows electronic equipment to
be installed in rooms that can easily be built in
the tower at various levels).

The azimth drive shall consist of a ring gear
with bearing and shell include & servo motor which
drives, through an appropriste gear reducer, a
pinion gear which meshes with the ring gear, The
8ervo motor output sball contain an azimith brake,
A second pinion gear will be required on the ring
gear which actuates a feed-back system that shall
contain high speed synchro generators with a ta-
chometer generator. :

‘The elevation drive agsenbly shall be mounted on &

platform on the ring gear of the szimuth drive
assembly. The drive will eonsist of a pair of
screw jacks mounted on trunnions, and shall be
driven by & servo motor comnected by means of a
gear train. On the motor shaft shall be mounted
an elevation brake and tachometer gemerator. The
motor, brake and tachometer generator shall be
housed in a weatber-tight case., A sector gear
shall be provided, vhich by precision gearing
shall drive the elevation feed-back system, Two
high speed synchro generators are required.

The drive assenbly shall provide complete azimath
coverage and elevation coverage, and shall extend
from minus three degrees to plus one-hundred de-
grees, The drive shall have a contimously veri-
able speed adjustment range of from 0 to 36 de-

grees per minute of time. This shall be a servo

controlled drive system vhich shall permit control
by & computer or programmer in addition to manual
control. The settling time for a ten degree step
on position change for either elewation or azimith
shall not exceed 15 seconds for a meximum slewing
rate of 36 degrees per minute of time.

The drive system sball be operable from 120/208
volt, 60 cycle, 3 phase, 4 wire power source.

Back lash or free motion of the drives shall be
limited to that which will permit position repeat-
ability to be maintained to within plus or minus



two minutes of arc. A tracking accuracy of plus
or minus 2 minutes, as well as a static position
accuracy of plus or mimus 2 minutes is required.

A control system shall be provided to permit oper-
ation of the drive system from a remote location.
The pnecessary controls end indicators shall be
mounted in a suitable cabinet and be appropriately
labeled,

Direct reading position indicating dials shall be
provided to indicate, at & remote station, orien-
tation of the antemma relative to an arbitrary
zero setting both in azimmth and elevation.

These indicating dials shall be ezlibrated in de-
Zrees and minutes and shall be accurate to within
cne minute of arc. Provision shall be mede for
zero-getting the dials relative to any antenna
orientation,

Iimit switches shall be installed in the drive
circuits so as to prevent accidental damage to
the antenna. They shall be so designed that they
will not become inoperative cor will not operate
unnecessarily in the presence of icing or deep
wet, or blowing snow.

The bearings, motors, and other vulnerable parts
shall be fully enclosed to permit trouble-free

operation over indefinite periods of time under
conditions of severe blowing dust and sand.

The drive mechanism and limit switches shall be
operable at temperatures ranging from mimus 20
degrees F. to 120 degrees F.

The supporting structure reflector and feed sys-
tem shall be designed to allow the antenma to
operate at full precision in winds of 30 mph and
at reduced precision with ne
stowed; the antenna must be capable

%mdlﬁo withs.mg;mra-
dial ice (Density 50 lbs/cu. ft.) formation of
three inches,

(Figure 2 shows the pedestal which drives the
antenns shown in Figure 1 and the operation which
conforms with the specification).

Antepna Feed System Specification for Tllumi-
nating the 60' Propagation Study Reflectors:

The antepns Feed Systems shall be supplied and
shall be such as to be easily installed and
easily removed for replacement., The feed shall
be such that the voltage standing wave ration
shall be no greater than 1.3 to 1 over a 6 me
band when operating the antenna from a 50 ohm
source. The system shall eitber be tunsble over
a range of 5% of the center frequency or meet
these specifications over this renge. The feed
systems described herein shall provide an aper-
ture 11lumination such that the energy at the

Transmitting Feed Systems:

These systems shall consist of a suitable radia-
tor fed by air dielectric 50 ohm coaxial trans-
mission line and shall meet KETMA specifications.
RETMA 3-1/8 inch rigid coaxial line shall be sup-
plied from the primery feed to & location a few
feet above the ground. For the transmitting an-
tenns, rotary joints will be required which are
capable of withstanding b kw of power. This
line shall run along the main fiberglass spar
from the primary feed through the reflector sur-
face and to a2 location at the axis of the torgue
tube. From this location the 3-1/8 inch coax
shall be routed to the center of the pedestal
where the second rotaty joint shall be installed.
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The final run shall be inside the pedestal from
the rotary Joint to a location a few feet above
the Radius bends shall be used in place
of mitred joints.

Power Delivered to Antenna: & kw ow
Gain: A minimm of 43 ab relative to an
isotropic radistor. .

At least 20 db below main lobe.

Half-power Beamwidth: No greater than 1.2°.

Width Between First Nulls:

No more than 3.5.

b. Frequency: 233 me
Polarization: Horizontal

Power delivered to the Antenna: 2 kw cw
Gain: A minimm of 30 db relative to an
isotropie radiator.

Side Lobes: At least 20 db below mein lobe.
Half-power Beamwidth: No greater tham 5.2°.
ﬂdthwmmlla: 160
Receiving Feed Systems:
The feed system shall inelude two T/8 inch Beliax
cables from the primary feed to
feet above the grownd. The two
strapped to the fiberglass spar and pess through




is

left-
to
rotary

the reflector at a location where
attached, One line shall be route
hand end of the torque tube and the
right-hand end of the torque tube.
Joints will be necessary, one at each end of the
torque tube and on its axis., The two cables shall
then be carried to the center of the pedestal
vhere a double rotary joint shall be used. This
rotery joint sball be on the azimith axis. The
two lines shall then run inside the pedestal from
the rotary Joint to a loeation a few feet above
the ground. .

a., Frequency:

°5
¢
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1046 me

Polarization: Dual polarized to permit simul-
taneous reception of both horizontal and ver-

tical polarized signals.

Gain: A minimom of 30 db relative to an
isotropic radiator,

8ide Lobes: At least 20 db down from main

Half-pover Beamwidth: No greater than 5.2°,

Width Between First Nulls: Ko greater than
160,

The sbove is the general NBS propagation study
requirement which meets the state of the art.
These performance specifications were exceeded by
the equipment to be described.

The designers in reevaluzsting these key points of
specification decided to approach the maximum
which could be realized in the state of the art
80 that the performance of the system could be
extended for future HBS X-band studies which
would extend the versatility of the system for
the Government's end requirement as propagation
studies are planned in the overall hendbook pro-
gram. However, the KBS X-band studiee would be
limited by the surface accuracy of the large pa-
rabolas. The large antenna systems to be de-
seribed are now in operation at Boulder and
Haswell, end have met and exceeded many of the
performance specifications outlined im the fore-
going; specifically, the surface accuracy was’'
improved to allow X-band operation. In order. to
develop the propagation antennas shown in Figure
1, it was necessary to make an analysis of both
the structural and mechanical design considera-
tions under the environmental conditions in econ~
Junction with the control system necessary for
precision positioning of the large antenna sys-
tems, The following is the analysis which pro-
milgated the designed products:

STRUCTURAL AND MECHANICAL DESIGN OF LARGE
ARTENNA REFLECTORS AND MOUNTS UNDER ..
SPECIFIC ENVIRONMENTAL CONDITIONS: =

The National Bureau of Standards antenna design
bears the severe environmental conditions of
baving to survive 120 wph winds with a three inch

o
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ice load. This antenna system has to operate
within the tolerances applied to the antenna
against a 50 mph wind load. Under this operating
condition, the design was made to realize a re-
flector surface accuracy of better than A /16 the
wavelength from the focal point to any point on
the reflector. Another criteria for determining
the condition under which the reflector is
“working", is that the deflection shsall be na more
than 3/k of an inch under the climatic operating
conditions of 50 mph wind lcad. By setting up
tight deflection requirements a reflector can be
built that will be capable of withstanding very
severe wind loads; l.e., the very low stresses
required at the operating wind load in order to
keep deflection at a low value, will result in
moderate stresses at very severe wind loads.

Two views of the actual antenna reflector which
incorporates those features of design and manufac-
ture that allow compliance with the severe en-
virommental specifications are shown in Figures 3
and b, It may be noted, by referring to these
figures that the design consists of the following
components: the ring truss, which acts as the
main supporting structure; the flat truss, which
acts as the reflector supporting strueture; the
reflector panels, which provide the reflecting
surface, end the three fibreglass feed supports.
The ring truss is a triangular structure that car-
ries the main load of the assembly. It has been
designed to the specific shape and configuration
shown to produce a unit that is capable of analysis
by recognized methods. The fibreglass feed sup-
ports, called spars, shown in Figure 5, are spe-
cifically designed to preclude sag so that the
antenna radiastor and its position of accurate
focus does not change due to rigorous operation or
aging, This feat is accomplisbed by supporting
the ends of the spars on the heavy rigid main
structural support ring. The other end of the spar
is provided vith a moment connection that will pre-
vent rotation under loeding conditions. These
spars are so designed that they can support a
1,000 pound cupola and feed with a maximum deflec-
tion of .01l5. A thorough investigation hed to be
made with those engaged in plastics research so
that NBS could be guaranteed that these spar sup-
ports would maintain with full relisbility their
physical integrity under the rigorous operating
envircnmental conditions over the 1ongevity expect-
ed for these antenna systems.

Considerable study was made of the design of t.hi.s
structure, and its production tooling and fabri-
cation was based upon the availability of large
machine tools. By virtue of the tooling, the an-
tenna's reflecting surface could be made up by
assembling only three different sizes of panels,

as may be noted by a close inspection of Figures 1
This design and associate tooling, besides
cutting costs of production, solved a pajor problem
of field replacement, since any panel is inter-
changeable with &ny other panel. This interchange-
ability can only be realized by precise production
tooling. Further, the truss sections, which form
the backbone of the design, are also standardized
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and interchangeable, should they become dameged
in the field. This is important, as experience
bas shown, that field damage is common in remote
areas with minimum gkilled labor available or
accidents due to installation work being done
under arduous conditions. Figure 6a through
Figure 6e show the installation and assembly of
the NBS antenns gystem which can be made in ac-
cordance with the sequence of stages indicated to
produce the product shown in Figure 1 by four men
in six days with the assistance of a crame and
normal installation tools, assuming good weather,
and all material available at the installation
site.

By reference to Figure 1, it may be noted that
the reflector is linked to the antenna mount by
means of a tubular steel shaft forming the eleva-
tion axis. This shaft is commected to the pedes-
tal proper by means of & yoke, which acts to
carry the loads imposed on the reflector down to
the main azimuth bearing. The drive system uti-
lized to give motion about the elevation axis
congists of a pair of ball-screw-jacks linked to
a servo controlled drive system. This same drive
system is employed to give rotation gbout the
azimith axis. In this case, the drive system
meshes with a gear cut on the main support bear-
ing. In order to provide faster rates for track-
ing applications, the screw-jacks employed for
elevation adjustment would be replaced by a large
sector gear., The mechanical system, as desigped
against the rigid environmental specifications,
will allow the application of 90' or larger an-
tennas under less severe environmental conditions,
or under the weather protection of a radome. A
detailed study has enabled the design engineers
to set up a table of designs for various sizes of
reflectors wnder specific parameters
which fimction with adaptions of this pedestel.

- In this way, a single design and production prin-
eiple is employed to develop & number of antenn=
gystem equipment which can be used for
numerous applications involving propegation and
space studies, including satellite tracking. By
relatively simple gear changes the antemna drive
gpeeds may be adjusted ford, .2, or .5 rpm.
Motor changes are necessary for the higher track-
ing rates. :

SERVO SYSTEM FOR PRECISION CONIROL OF
LARGE ANTENNA SYSTEMS

The requirements of an effective servo control for
large antenpas are:

1; Smooth tracking at all speeds.
2) Rapid tracking.
3} High accuracy.

L) High speed slewing.
5) Reliability.

The- RBS specification dictated that a separate
low power servo motor, and high power slew motor,
be used, These reasons for this were that sexvo
motors having the power required to drive the an-
tenna at the required slew speeds are generally

not available, and if a special motor were to be
built, the price would be prohibltive; and that
when the power requirements for slew mode are low
enough for a servo motor to be used, it is gener-
ally not desirable to do so because the speeds of
the servo motor at signal levels would be too low.
It is generally preferable to operate the servo
motor mear maximun speeds for maximum tracking
rates as this will provide smooth tracking oper-
ating at the lower speeds. The problem is still
further compounded by the requirement for compli-
cated gearing and clutching arrangements when two
motors are reduired. A satigfactory solution to
the above was found in the eddy-current clutech
System.

As & major control component, it would be fairly
safe to say that the use of the eddy current
clutch in the closed loop control of large anten-
ne systems is a relatively new and 1ittle used
technique, The eddy-current clutch consists of
an output memrber and an ioput member where use is
made of the fact that a metallic disk rotating in
a magnetic field has eddy-currents induced in it,
and electromagnetic forces are set up between the
eddy-currents and the magnetic field, therefore,
mounting an electromegnetic yoke to the shaft of
& drive motor, which is considered the input mem-
ber rotating at constant speed, and a metal disk,
which serves as the output member, to the load
shaf't, power may be transferred from the driven
shaft to the load through electromegnetic forces.

" The amount of power transmission between the input

member and the member will be proportional
to the magnetic field, which in turn is propor-
tional to the clutch excitation.

The use of the eddy-current clutch for the large
antenna system epplication affords several dis-
tinct advantages:

A} There is & smooth transmission of power
from the very lowest of speeds until slew
smeds.

B) There are no commtators or slip rings, as
there are on D.C. motor drives, and so higher
reliability, and R.F. noise-free operation, is
obtained. This R.F. noise-free condition is
vital to propagation study work where the
researcher is working with incremental signals.

C) The drive motor is continually turning at
full speed. Thus, by utilizing the inertis of
the motor, higher accelerations may be achieved
with & smeller motor than would normally be
necessary.

D) The servo system is made independent of the
characteristics of the motor, and is dependent
only-on the elutch,



TRANSFER FUNCTION, WHICH CAN BE MADE VERY GOOD.

A brief linearized analyesis of the eddy-current
cluteh is shown below:
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speed to feedback voltage.

The torque developed is & function of the drive
motor speed and the clutch field current. Since
the drive motor speed is kept constant,

£ (L, &'n)=~Kp

Thus:

T=Xp(s)

Since the torgue developed is a function of the
slippage of the clutch, the higher ths velocity
of the load shaft, the greater voltage being fed
back, producing a smaller torque. This accounts
for the negative sign in the feedback transfer
function. is merely the proportionality con-
stant relating the output speed to the feedback
1’011:892. . )
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For high performance and fast response systems,
it is desirable toc have Te as small as possible,
In the eddy-current clutch now in use, Te = 0,1
sec. However, through special construction, this
could be made better,

The system using the eddy-current cluteh was
built for the National Bureau of Standards. The
N.B.S., 60' antenna is positioned to an accuracy
of 1 minute of arc while trdacking at 0.1 T.p.m.
in winds up to 30 m.p.h. Although these were
minimm regquirements, tests made on the system
show much better performance under environmental
conditions.

The transmission is a 2-speed (FINE-COARSE) syn-
chro system, thue giving & high accuracy data
transmission system. The amplified signal is fed
to a pair of eddy-current clutches., Tachometer
feedback is used to maintain system stability.

The system built for N.B.S, contains a Speed Pro-
grammer. The Speed Programmer permits the follow-
ing operating conditions:

A) Set the antennsa to any desired position.
B) Drive the antenns at any desired velocity.

C) Repidly slew the antenna system into
position for missile tracking.

Speed programming is accomplished by driving the
synchro transmitter by means of an instrument )
servo. The speed of the servo is determined by an
accurately calibrated reference voltage, The
position servo driving the antenna system is then
used to track the output of the rate servo.



Tracking and speed programming could also have
been accomplished by feeding rate information
directly to the receiver, and using it in a rate
mode, However, by using a separate rate servo,
the aceuracy in tracking can be made insensitive
to verying wind loads and component gain changes.
In eddition, although the effective gear ratio
changes in the elevation axis, the use of special
non-linear pots is avoided.

Tn the N.B.S. system, 2 means was provided where-
by the antenns system mey be controlled either
from a remote source, or from a local console.
The advantages of this from a testing or servic-
ing viewpoint is obvious.

THE SPECIFIC ANTENNAS EMPLOYED FOR THE
NATIONAL BUREAU OF STANDARDS REQUIREMENT:

While the physical design of the fibreglass sup-
ports of the units, shown in Figure 5 can handle
the loads of a wide band antenna radiator network,
8 conical scanner, or & monopulse feed system,
security requirements preclude an analysis of
these applications at this time. -Therefore, the
discussion which follows is confined to the re-
quirements which were met by antenns designs
specifically made for the N.B.S. propagation
studies. The N.B.S. antenna systems consist of
three (3) separate sixty foot paraboloidal re-
flectors with associated feeds. One antenna will
be used for transmitting; the other two for re-
ceiving., Two separate fregquency bands are em-
ployed, one centered at 233 m:/sec, and the other
at 1046 me/sec. The bandwidth is narrow, and
amounts to * 2-1/2% about the center frequencies
atmsmted. The reflector is made of aluminum
alloy «of mesh type construction. The respective
feeds are located 25 feet in front of the vertex,
and held rigidly by a fibreglass spar construction,

itting antenna operates at both 233 me
> bands. The 233 mc band is achieved by
o:‘.' two British slot fed dipoles
ectors at the focal point of
'saaho'uninl'im'e'r. The latter fre-
sﬁccaapnshedumtbcdzpolesmm-
ed yith a horn feed. At the 233 wmc band, the
polsrizatiop is horizontal, the pwu- delivered
to the is 2 kv ¢w, the gaifl {5 1 @,
side lobes are at least 20 db ¢ fiiin lobe,
mwmmmuhsvmtmmmuu
planes, and the null beawwidth is 119, At the
1046 me band, the: ¥74tidh is linear, but can
be oriented in any at€ftude’ from vertical to hori-
zontal, The power delivered to the antenna is
hxwev rminisll-s‘db, side lobes are at

be hslf-poﬁegbemi&th
151.}'_"’, ﬂﬁnheam‘idthisai.rimﬁv
picun-esthepe.ﬁwat dbséri'bed

mmmiﬁngmd&malm Each one
will operate at both frequency bands by feed re-
placement. The 233 mc receiving feed is identical
to the transmitting ai arrey. The 1046 me
feed is a bipolarized hdfn. Consequently, there
will be meximum sensitivity to either vertical or
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horizontal polarizations. Microwave characteris-
tics of gain, pattern, and impedance, are the
same as those mentioned in conjunction with the
transmitter deta.

Mr. A. F. Barghausen, the Electronics Engineer at
N.B.S., reported that the applicetion of large
antenna systems in the coming fiscal year would be
employed for the following evaluations:

Long Path Obstacle Gain:

The intent of which is to investigate the charac-
teristics of fading signals at 100 mc and 1000 me
over the very rough terrain with a high angle to
the horizon. The angle selected for test may be
5° or more. As may be noted from Figure 1, it is
expected to use the upper antenne located on Table
Mesa, North of Boulder, looking toward the West
into the high mounteins,

Medium Bandwidth Studies:

The purpose of this program is to evaluate the
medium bandwidths at L00 me and 1000 me over seat-
ter paths. N.B.S. plans to transmit and receive
at slightly different frequencies, which may be
variasble, and investigzte the amount of frequency
separation that.can be realized before the two
signals become uncorrelated., This investigation
will be conducted at both 400 and 1000 me and mul-
tiple feeds will be required as the radiating
source.

Toss in Antenna Gain:

The purpose of this investigation will be to deter-
mine the path antenns gain at 400 mc and 1000 me
by using antenna sizes ranging from the small 6°
antemnas to the 60' antemnas described in this
manuscript.

Antenna Patterns:

An investigation will be made to carefully deter-
mine the normal petterns at various freguencies of
the 60 foot antenna to accurately evaluate the
amount of back and side lobes present in connection
with solving commmnication site problems.

Diversity Studies:

A study will be made of the comparison between
signels received on spaced antemnas at 400 and
1gmbym1wingtheprmm.eotspuedim-
s -

Phase Stability Studies:

The intent is to study the mean value of the elec-
trical length of the Boulder-Haswell path and its
variation by means of phase measurement techniques
at 400 mc using the 60 foot diameter antemnas.
Reference is made to the paper by J. W. Herbstreit
and M. C. Thompson in the October 1955 issue of the
Proc. I.R.E. for a detailed explanation.



Figure 9 shows a 250' antenna system design simi-
lar to the Jodrell Bank installation. This de-
sign and others of sizes from 60 feet to 210 feet
are being scheduled for interstellar space pro-
gram investigations in the near future. At time
of writing, & 210 foot parabolic antenna system
has been funded for 1960 installation in
Australia,

Feed systems of the type shown in *Figure 10,
vhich function from 300-3000 me, are typical for
the 250 foot antenna function where broadband
operation is necessary for the wide scope of
operetions planned for future space investigation
programs, These larger parsboloids have a 100
foot focal length so that the F/D ratio will be
high enough to favor design of a feed system over
the wide frequency range. While the smalier pa-
rabolas (60' -~ 140') antennas may allow secondary
measurements to be made; the designer of the feed

systems for the larger antennas must meke complete
primary pattern measurements over the wide band of
frequencies involved if he is to effectively esti-
mate the performance of the complete reflector and
feed system.

There is considerable antemna research being done
in 811 frequency bands as the art expsnds and
more knowledge is gained. However, all future
vork anticipates the need for large paraboloidal
antenns, systems. These large antenna systems of
the types described are destined to picket the
earth as we race for leadership end continue in-
vestigations into the mysteries of the universe.

* "A Wideband Antenna System for Solar Noise
Studies-~IRE, Jen. 1958".
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Fig. 6e.

Fig. 6d.
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Fig. 8b, H plane
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Fig. 10,



