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1. INTRODUCTION
This document is an attempt to provide real-time progress reports in the project to realize an 8.4GHz
capability at my amateur radio observatory in Espanola, NM, USA while the project is actually in
progress. Rather than wait until the project is at an end to write a summary about it, this effort is to
provide updates regarding the project as the updates occur, adding information to this document as the
project proceeds and perhaps editing and improving text that was hurriedly written earlier. The reasons
for observing at 8.4 GHz are twofold for us:
1) to satisfy our curiosity regarding the transmissions beamed toward earth in that frequency range
from spacecraft, including transmissions from a variety of space vehicles orbiting the moon and a
variety of planets in our solar system and from vehicles during their journeys to various destinations in
the solar system. The ultimate goal is to decode some of those transmissions as a technical exercise
principally and, more simplistically, to see if we can build a system that is sensitive enough to even
detect the presence of such signals,
and
2) to attempt to detect some of the known magnetars that emit signals in the 8.4 GHz frequency range.
The ultimate goal is to perform simultaneous observations at 8.4GHz and 1.4 GHz of a magnetar using
two parabolic antennae. The 8.4 GHz antenna will initially be a 2.4m diameter parabolic dish (f/D ~
0.4) which, depending upon success or failures as the station development proceeds, may be replaced
by a 4.6m diameter dish. The 1.4GHz antenna consists of an 8.6m parabolic dish (f/D = 0.43) and this
system is already in place and functioning well. The magnetar J1809-1943 has already been detected
here using the 1.4 GHz system.
The 8.4GHz radio telescope will will initially consist of a 2.4m diameter parabolic dish mounted onto a
short (existing) tower section, as illustrated in the roughly-to-scale diagram below.
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Figure 1. A simple sketch of the proposed 2.4 m dish installation showing gross clearances and
expected range of elevation travel.

2. MECHANICAL CONSTRUCTION OF THE TELESCOPE
2.1 THE 2.4m PARABOLIC DISH
As mentioned above, our initial focus is to utilize a 2.4m parabolic dish antenna at 8.4 GHz. We were
fortunate to have acquired, for free, a used parabolic dish antenna that had been used in some
microwave range to receive transmissions from satellites for television channels. It is not known what
frequencies were used with this antenna previously but the dish is a single piece of spun aluminum and
seems to (perhaps) be suitable for use in our target range of 8.4 GHz. Testing during our project will
reveal whether the surface accuracy of this dish is actually suitable for work at 8.4 GHz, of course.
The figure below shows our initial setup to measure the f/D of the dish and to construct a suitable
feedhorn support structure for it. The dish is a prime focus dish.
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Figure 2. Initial measurements and fabrication of a feed horn support structure for the 2.4m dish.
2.2 AZIMUTH/ELEVATION DRIVE FABRICATION
The project involves creation of a suitable azimuth/elevation drive system for the 2.4m dish. The
challenge is to construct such a drive system that is not only capable of steering the 2.4m dish
accurately but also to be strong enough and capable enough in terms of precise positioning for use with
the the 4.6m dish later if we desire to replace the 2.4m dish with the 4.6m dishThe AZ/EL drive, once
fabricated, will be mounted atop the existing short (8’ high) tower section shown below.
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Figure 3. Short tower upon which the AZ/EL drive assembly (and dish) will be mounted.
As it happened, the existing bolt-hole circle on the top of the short tower matches the AZ slewing
bearing assembly I plan to use. The holes in the bolt circle were too small however so I drilled them to
accept the larger bolts of the AZ slewing bearing drive (shown later)
2.3 ELEVATION DRIVE
The 2.4m dish came with a worm-gear driven mechanism to move the dish in one direction, I believe
this mechanism allowed the television viewer the capability to move the dish from on satellite to
another. The mechanism is shown in the photo below and is bolted directly onto the back of the dish.
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Figure 4. Worm-gear-driven sector gear which will be used for elevation motion on the new AZ/EL
assembly. The worm gear is driven by a 36 V DC motor via a right-angle gear reducer. Voltages less
than 36V applied to the motor result in slower motion along the sector gear. Applying opposite
polarity voltage results in motion in the opposite direction.
2.4 AZIMUTH SUPPORT STRUCTURE AND DRIVE
The azimuth drive assembly will have the elevation assembly mounted onto a 36” vertical support post,
as shown in the sketch shown earlier. The vertical support post will need to be at least 36” in length to
provide for the desired elevation angle range of -5 degree to 90 degrees. The post originally used for
the 2.4m dish is a 6” diameter steel pipe with a 1/8” thick wall. A short section of it is shown in the
photo below.
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Figure 5. A short section of the original 6” pipe used to support the 2.4m dish. The thin wall structure
is insufficiently strong to handle the expected wind loads so a modification /strengthening/stiffening of
the pipe section to be used will be necessary.
The steel post by itself does not seem strong enough for this present application and certainly would
not be able withstand the (wind) loads applied to it by a 4.6m dish without bending, breaking, or
flexing. Therefore a significant strengthening/stiffening modification was applied to the post, as well
as adding a 3/8” thick steel flange plate with bolt holes to match the slewing bearing hole pattern
shown later.
2.4.1 AZ SLEWING BEARING
The AZ slewing bearing upon which the flange plate will be mounted is shown below. The flange plate
assembly will include the aforementioned (not yet shown), strengthened, vertical support post, EL drive
assembly, and dish.
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Figure 6. AZ slewing bearing with closed-loop servo-motor drive. The outer ring of bolts will accept
the flange plate and vertical post which in turn supports the EL drive assembly and dish. The inner
ring of bolts attach to the top of the short tower shown earlier. The servo-motor is a 3-phase DC
motor, max voltage of 24 VDC which results in 1900 rpm from the motor. The overall gear reduction of
the assembly is 15,616 : 1 for each revolution of the servo motor. The worm-gear drive provides 61:1
reduction and the section between the servo motor and the worm gear section provides a 256:1
reduction, resulting in the final 15,616:1 drive ratio.
2.4.2 AZ FLANGE PLATE FABRICATION
Fabrication of the flange plate is shown in the photos below.
The flange plate was hand-cut from a 3/8” thick steel plate by hand using an oxyacetylene torch.
Holes were then drilled through the plate to form a bolt hole circle that matches the slewing bearing
pattern. Two ¼” diameter holes were drilled in the plate to allow water to drain out should any water
get into the vertical support pipe. The vertical support pipe will be welded onto the flange plate.
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Figure 7. Drilling the bolt holes in the flange plate to match the outer bolt hole circle of the AZ
slewing bearing.

The photo below shows the drilled flange plate mated to the slewing bearing before the vertical support
post is welded to the flange plate.
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Figure 8. Drilled flange plate is shown fitted to the AZ slewing bearing. The flange plate contains two
¼” diameter water drain holes and a center hole drilled and tapped to accept a ¼”-20 rod which will
connect through a flexible coupling to the AZ absolute encoder which will be mounted below and onto
the top plate of the tower. The position of the planned vertical support post is marked with soap stone.
2.4.3 AZ DRIVE VERTICAL POST STRENGTHENING
The plan to strengthen the 6” diameter steel vertical support post which will support the elevation drive
mechanism and the dish consists of welding eight 6” long x 3” wide x 1/8” thick “gusset” plates onto
the flange plate and four 36” long 2” wide x 1” deep steel channel pieces along the length of the 6”
diameter post. This arrangement is shown in the photo below with the components “tack welded” into
place prior to final welding.
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Figure 9. The method of strengthening the vertical support post consists of welding gusset plates and
lengthwise channel steel members along the length of the 6” diameter vertical post as shown
temporarily “tack welded” into place before final welding.
The completed vertical post strengthening result is shown in the photo below. The bottom of the
strengthened assembly will bolt directly onto the topmost surface of the AZ slewing bearing. The top
of the strengthened vertical post assembly will be trimmed to fit and welded onto the EL motion
assembly. This will be shown in detail in the next section.
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Figure 10. The welded, partially completed, AZ drive vertical support post which has been
substantially strengthened. The bottom flange of this assembly will be bolted onto the top surface of
the AZ slewing bearing. The top of this assembly will be trimmed and welded to the EL drive assembly
which in turn is bolted to the dish.
2.4.4 ATTACHING VERTICAL POST TO THE EL DRIVE ASSEMBLY
The top end of the vertical post needed to be cut to fit the shape of the EL drive cross member when the
drive is in bird bath position (EL = 90 degrees). This has been done and is shown in the photo below.
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Figure 11. The top end of the vertical support post has been trimmed to fit the shape of the EL drive
cross member. The vertical post is now ready for the cross member (with dish attached) to be lowered
onto the vertical post and welded into position.
The photo below shows the vertical post and cross member welded together and additional
strengthening parts added to the assembly.
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Figure 12. This photo shows the final welding of the top end of the vertical post to the EL drive cross
member.
With the top end welding completed, the entire EL drive support structure is now ready for clean up
and painting. The assembled EL drive , including the vertical support post and flange plate to mate to
the AZ slewing bearing, is shown below installed onto the dish.
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Figure 13. EL drive welding completed and the EL drive is shown attached to the dish. The completed
EL drive, including the vertical support post, strengthening components, and flange to mate to the AZ
drive slewing bearing, and the dish itself are now ready for clean up and painting.
2.4.5 FINISHED ELEVATION DRIVE ASSEMBLY AND DISH
The photo below shows the completed EL drive assembly and dish after cleanup and painting. The unit
is ready to be mounted on top of the AZ slewing bearing on the tower.
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Figure 14. This photo shows the completed EL drive assembly attached to the dish after both have
been cleaned and painted. This unit is now ready for mounting onto the AZ slewing bearing on the top
of the tower.
2.4.6 AZ DRIVE SERVO MOTOR ISSUES
As shown earlier the azimuth drive consists of a motor driven worm gear configuration that in turn
drives the slewing bearing upon which the EL drive assembly and dish will be mounted. As the
slewing bearing assembly was obtained used without any documentation it was necessary to determine
exactly what kind of motor this is and what must be used to drive it.
First, the size and shape of the motor housing itself suggests that this motor is either a stepping motor
or a servo motor of some type and not a simple DC or AC motor. The motor has a data plate attached
to it that helps a great deal in understanding what this motor is by giving the manufacturer, model
number for the motor, and a variety of performance values for it. The figure below shows the data
plate (actually a sticker):
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Figure 15. Data plate of the azimuth slewing bearing motor.
The data plate shows that this motor was manufactured by (or perhaps for) Jiangyian Kinematics Mfg.
Co. Ltd. and a website URL is given. A visit to the website shows that this slewing bearing is likely an
“LP” version of their products but no mention of the motor itself is given that I could find. Other
information on the motor data plate include the following:
model: 24LH-1900-0.7-K
rated voltage: 24 VDC
rated speed: 1900 rpm
intermittent torque: 0.7 N-m
stall torque: 1.4 N-m
no load current: <= 1.2 A
intermittent current: <= 7.5 A
peak current: <= 15.5 A
IP: 55
The inclusion of these data on the data plate is the second big clue that this motor is not a simple DC
motor, rather it is instead a servo motor or a stepping motor of some variety. The first clue is the square
shape of the motor housing itself, which is strongly suggestive of a servo or stepper motor and not the
typical cylindrical housing of a simple DC or AC motor. One approach that could be taken to learn
more about this motor would be to try to contact the Jiangyian Kinematics company directly to see if
they would be willing to take the time to answer my questions. However, this is not the approach that
comes first to my mind as I would expect there to be delays in getting to an appropriate person at that
company and delays in obtaining any useful information from them in what I would consider a timely
fashion, if they would be willing to talk with me at all. My approach is (as usual for me) to go forward
by analyzing the motor and trying to determine myself what it is and what is needed to run it for my
project without incurring such delays and frustrations.
After a bit of online research I learned that a stepper motor and a servo motor are not at all the same
thing and that this motor is most likely a servo motor and not a stepper motor. Clues to this are given
by the number and sizes of the wires coming out of the back of the motor. In this particular motor
housing there were two multi-pin connectors, neither of which do I have plugs to mate with them.
Therefore I will remove these connectors use different connectors that I happen to have instead. The
figure below shows the rear of the motor with the connector housing removed and the wires
disconnected from the two connectors.
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Figure 16. Wires coming from the rear of the AZ drive motor. The 4 large size wires were connected to
the power connector and the five small wires were connected to the encoder connector.

The 4 larger size wires were connected to the power connector and the 5 small wires were connected to
the encoder connector. These are color coded as indicated below:
Power connector wires:
Yellow w/green stripe
White
Blue
Yellow
Encoder connector wires:
Red
Black
Yellow
White
Blue
It is our task to determine from these wires what kind of motor this is and to learn how to successfully
drive it. The task may sound daunting at first but a little testing of the resistance and connectivity of
the wires will enable us to learn what we need to know about this motor, along with the information
that is provided on the data plate of course.
Here’s what I found regarding resistance and connectivity of the motor wires:
Power wires:
White: low resistance (~0.1 ohm) to Blue and Yellow wires (i.e., this is a motor winding)
Blue: low resistance (~0.1 ohm) to White and Yellow (a motor winding),
Yellow: low resistance (~0.1 ohm) to Blue and White (a motor winding)
Yellow w/green stripe: not connected to any other wire, physically attached to the
housing and is therefore ignored in this analysis
Encoder wires:
Red: 19 Meg-ohms to Black (+ to Red, - to Black),
“infinite” resistance to all other wires,
“infinite” resistance to Black (- to Red, + to Black)
Black: “infinite” resistance to all wires (except + to Red and – to Black as noted above)
Yellow: “infinite” resistance to all wires
White: “infinite” resistance to all wires
Blue: “infinite” resistance to all wires
So how do we interpret these measurements? Let’s examine the motor wire measurement results first.
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Note that there are only three motor wires. We can ignore the Yellow w/green-stripe wire as it is
simply connected to the motor housing and has no connectivity at all to the other motor wires. A little
research showed that three-phase servo motors have 3 wires so that is a big clue that this is a servo
motor and not a stepper motor. Stepper motors typically have 5 or 6 motor wires depending upon
whether the stepper is a bi-polar or uni-polar motor. As this motor contains only 3 motor wires it is
clearly a servo motor and not a variety of stepper motor. Since all three wires appear to be connected
together it is almost certainly a 3-phase motor, and not a motor with separate, individual winding pairs.
There are 5 encoder wires as noted above. These are most probably output wires and power wires for
three Hall effect sensors. Typically, power for Hall effect encoders utilize a red wire and black wire for
the power with the red wire being +5VDC and the black being its reference wire at 0VDC. The
remaining three wires are then the three Hall effect sensor outputs. Hall effect sensors typically have
either 0VDC output or 5VDC output when the Hall effect power source (5VDC) is applied between
the red and black power supply wires. 5 VDC output if a sensor is near a motor shaft-position magnet
and 0 VDC if it is not near such a magnet.
The measurement results combined with the motor data plate information make it clear that the
motor/encoder combination here is in fact a 24 V, 3-phase DC servo system. As such it should be able
to be driven with any of several models of servo motor drivers. Two such drivers are the Parker
OEM770X module and the Parker OEM670T module. As I happened to have one of each of those
modules (purchased a week or so earlier from an eBay seller for about $40 USD) I decided to try to
operate the system using one or the other.
After downloading the user guides for both servo motor drivers from these two URLs :
https://www.parker.com/parkerimages/emn/0_OEM770X_Rev_A_Entire.pdf
and
https://www.parkermotion.com/manuals/OEM670/OEM670_UG.pdf
and studying them both it became clear that either SHOULD be able to drive the AZ slewing gear
system. The principal difference between them, from a user’s standpoint, is that the OEM770X model
contains both a motor driver board and a controller board whereas the OEM670T model contains only a
motor driver board. Interestingly, the motor driver boards in both cases appear to be identical and take
a -10VDC to +10VDC command input signal to run the servo motor. The OEM770X is designed to
communicate via an RS-232 interface which via an internal microprocessor takes commands sent to it
via the RS-232 serial path from the user to create a suitable -10VDC to +10VDC command signal that
is applied to the motor control board.
I was not able to get the OEM770X to respond to commands sent to it via an RS-232 connection to my
computer other than to echo back the commands sent to it. Otherwise, it seemed to be aware of the
difference between incorrect wiring of the Hall effect sensor wires and motor wires to the board by
illuminating the two diagnostic red and green LEDs on the motor control board. After much testing
and trying various unsuccessful approaches to make the unit work according the descriptions in the
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user’s guide I finally decided that there might be a problem in the microprocessor in this particular unit
that prevents proper communications via the RS-232 serial connection and/or in the communications
between the controller board and the motor control board. That being the situation I moved on to
examining the OEM670T servo drive module instead.
Initially with the OEM670T board connected as described in its user’s guide I was not able to make the
AZ servo motor move but after trying numerous combinations of Hall effect sensor output wire
ordering and motor connections to the 10-pin header I was finally able to get the motor to run in
response to a DC command voltage being applied to the command input lines as described in the user’s
guide. Two photos of the successful test setup are shown below. One showing the whole setup
including the two power supplies (in the rack) being used, a 24VDC supply to run the OEM670T via
the blue and red wires and a low-voltage (showing 2.3V) DC supply to supply the command voltage
being applied via the red and yellow clip leads to the 10-pin header. The red jumper wire enables the
module as described in the user’s guide. Higher voltage on the +command line input causes the AZ
servo motor to run faster, negative voltage causes the servo motor to run in the opposite direction, and
0 voltage stops the servo motor.
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Figure 17. AZ servo motor test setup using a Parker OEM670T servo motor driver module, a 24VDC
external power supply, and a -10V to +10V variable DC supply (showing 2.3 V in the photo) as a
command voltage supply.
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Figure 18. Close up view of the motor, encoder, and command control wiring connections on the
OEM670T module hat proved successful for the module to run the AZ servo motor as described in the
OEM670T user’s guide.
As I was able to get only the OEM670T module to properly drive my AZ servo motor I will use it and
save the OEM770X for another day.
However, testing of the wiring isn’t complete just yet! It may be of interest that there are 36 different
wiring combinations that are possible with the three encoder output wires and three motor winding
wires. Of all these only 6 combinations will actually cause the motor to run; 3 of those combinations
will cause the motor to run clockwise and 3 of those will cause the motor to run CCW. I need the
motor to run clockwise when a positive command voltage is applied. This will turn the dish in a
clockwise fashion (e.g. moving the dish from, say, the southern meridian toward the west). I have
determined through trial and error which combinations result in the clockwise motion with positive
commands but it isn’t clear which of the three combinations I should use. Are they identical in
performance? I don’t know.
I have read somewhere (I don’t recall exactly where unfortunately) that it is expected that 3
combinations of wiring for a particular motor model will have only one correct wiring order, the other
two that turn the motor in the correct direction will have lower torque than the optimal wiring order. I
do not see that mentioned in the OEM670T user’s guide so I’m not sure it applies to the servo driver
module and motor combination used here. Nevertheless, I wanted to check to see if I can detect any
differences between the 3 wiring orders by using the diagnostic current output of the servo motor driver
module. The OEM670T has a “motor current output” signal that allows one to use an oscilloscope or
meter to monitor the current being delivered to the motor coils. As that seems to be the only diagnostic
output available (except for a “fault” output detection, which is useless for what I want to know, of
course) I decided to observe that current output with an oscilloscope for all three wiring orders to see if
I can detect any hint in the traces of which, if any, of the three is the “correct” wiring order. The three
traces corresponding to the three wiring orders are shown below.
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Figure 19(a,b,c). The three images above (top, middle, bottom) are oscilloscope traces corresponding
to the current-output signal from the OEM670T while driving the AZ servo motor using the three
different wiring orders for the encoder wires and motor winding wires. The traces were collected to
see if any significant differences exist when using the different wiring orders that achieve clockwise
slew bearing motion with positive command inputs. No obvious differences exist in these
measurements, suggesting that any one of the three wiring orders may be used to drive my dish in the
clockwise direction with a positive command voltage applied to the OEM670T +command input pin (command input pin grounded in this test).
Frankly, I do not see any significant differences in the oscilloscope traces that would lead me to believe
that one of the three wiring orders is better than the other two. With no way for me to actually measure
torque of the highly geared system I will assume and conclude, for now anyway, that any of the three
wiring orders that I examined will work adequately for my AZ drive system.
Now, with the successful conclusion of the testing of the servo drive motor and servo motor drive
combination the complete AZ/EL mount can be mounted onto the tower. AZ and EL encoders will be
mounted onto the dish (for EL) and AZ drive plate (for AZ) after the AZ/EL mount is installed on the
tower. Subsequent to that, it will be necessary to devise a method of providing from the control room
to the tower a suitable -10V to +10V command voltage to the OEM670T module from the dish tracking
program but that should be straight forward using the very versatile Weeder Technologies control
boards that I already have in place for controlling the 8.6m dish, and previously the 4.3m dish.
2.5 MOUNTING THE DISH
One of the oftentimes non-trivial aspects of putting up a new dish is the physical mounting of it once
the associated components have been fabricated. In this case the “associated components” include the
AZ drive assembly, the EL drive support structure, i.e., the strengthened vertical post that we described
in detail earlier, and of course the dish itself. As this document is supposed to report not only successes
during the project but also failures encountered I have done so here by including description of a
problem that occurred during the mounting of the dish. The solution that was implemented is also
described.
To begin the dish mounting process the AZ slewing bearing (with servo motor attached) was bolted
onto the top of the tower. No problem. It was heavy but the job was made easy by loading the bearing
into the front bucket of a small tractor/backhoe and using the tractor to raise the bearing to a level near
the top of the tower then sliding the bearing onto the tower top and bolting it in place.
The plan was then to use the tractor front-end bucket to move the assembled EL motion assembly, with
dish attached, to the tower location and raise the entire assembly above the tower top and gently lower
it onto the tower. The figure below shows the EL assembly/dish chained to the tractor, ready for
moving. So far so good.
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Figure 20. EL motion assembly and dish shown chained to the front-end bucket of a tractor/backhoe
for moving to the tower location.
The next step was to raise the entire assembly to the top of the tower but this is where the problem
arose. As you can see in the photo below that the tractor was unable to clear the top of the tower with
the slewing bearing in place. I had previously measured how high the tractor could raise the assembly
and determined that the range of motion of the tractor would be sufficient but I neglected in my plan to
consider that the slewing bearing adds another 4” or so to the tower top. This oversight turned out to
be important, of course.

45

46

Figure 21. The tractor vertical height limit for the front bucket motion was almost sufficient to
accomplish the job, but not quite, because the slewing bearing mounted on the top of the tower adds an
additional 4” to the required motion. The photo shows the problem with the tractor bucket at its
maximum height.
I tried several times to simply push the dish onto the top of the slewing bearing anyway but invariably
the top ring of the slewing bearing would move and rotate slightly causing a misalignment of the top
holes of the bearing ring with the underlying threaded holes in the bearing. With nothing to take the
weight of the dish/EL assembly off the bearing ring after it was pushed onto the bearing it was not
possible to reposition the bearing ring to align with the threaded holes. The applied weight to the
bearing ring was too great to be able to rotate the ring relative to the underlying threaded holes. Keep
in mind this was a one-person job, no other helpers were available.
I tried several other approaches too, such as laying half a dozen or so solid concrete blocks in front of
the tractor tires on the approach the the tower and driving the tractor onto them to raise the front of the
tractor (and the bucket too of course) but that approach proved to be rather unstable in the soft dirt so I
decided a different solution was required. The instability was that the dish assembly oftentimes tended
to lean to one side or the other while pushing it onto the slewing bearing and, in addition, since the
tractor could not raise the bucket any higher, if I was successful in getting the load pushed onto the
slewing bearing there was as considerable downward pressure being applied to the misaligned bearing
ring because the dish was still chained to the bucket. This pressure rendered it impossible to rotate the
slewing bearing top ring to align with the underlying threaded holes, even if I could’ve managed to
unchain the assembly from the bucket. That would’ve been quite unwise to do, of course, so I didn’t
attempt it.
The solution that was implemented to solve this problem, shown in the photo below, involved
removing the EL assembly/dish from the bucket temporarily and using the tractor to haul dirt and
deposit it temporarily in front of the tower to build up a platform made of dirt that the tractor could then
drive up onto to load the EL/dish assembly onto the tower.
The platform approach worked fine as is shown in the photo below, with ample vertical reserve height
of the bucket to be able to hold the EL/dish assembly slightly above the slewing bearing ring without
touching the ring. This then allowed the bearing ring to be easily aligned with the underlying threaded
holes and the bucket was then able to be lowered sufficiently close to the ring to allow bolts to be
inserted through the EL assembly bottom plate, through the movable bearing top ring, and into the
threaded holes of the slewing bearing.
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Figure 22. Gaining additional lifting height of the tractor bucket by building a temporary dirt platform
for the tractor to drive up onto to place the EL assembly/dish onto the tower.
The result of the dish mounting task is shown below.
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Figure 23. The AZ/EL mount and dish are mounted onto the tower. The temporary dirt platform will
probably be removed eventually or spread around the tower base to make the area around the tower
level.
The aspect ratio of the photo makes it appear that the entire structure might not be stable/stiff but it is
quite solid, with the tower in concrete for several feet below the surface. The strengthened vertical post
seems quite solid as well. Time will reveal whether or not this mounting arrangement will ultimately
be suitable for this project or not, of course.
2.6 MOUNTING THE AZ AND EL ENCODERS
The azimuth/elevation encoders used for this project are US Digital absolute encoders
(https://www.usdigital.com); model A2-S-B-D-M-D for azimuth and model A2T-S-S-D for elevation.
Both encoders are 12-bit encoders and communicate to the control room via an RS-485 style bus.
Further, both are configured to operate in the high-resolution mode providing approximately 0.08
degree angular resolution in both axes. The output signals from both encoders are on the same bus,
each encoder with its own user-assigned address on the bus.
The azimuth encoder is an absolute rotary shaft encoder and the elevation encoder is an absolute
inclinometer. Mounting of the EL inclinometer is extremely simple as the only relevant consideration
in mounting it is that the rotation plane of the inclinometer should be aligned with the elevation tilt
axis. In this project the inclinometer was simply clamped to one side of the EL axis dish support plates
as shown in the photo below.

51

52

Figure 24. Elevation encoder mounted onto the EL drive support plate.
Mounting of the AZ encoder is not as simple in that care must be taken in how the rotary shaft encoder
is coupled to the azimuth rotational axis of the dish. There are several methods of accomplishing
coupling to azimuth rotational motion including direct-coupling of the encoder to the primary rotating
part of the mount and a variety of indirect-coupling methods in which the rotary shaft of the encoder is
connected to the azimuth drive axis via gears, belts, friction wheels, or other means of transferring
azimuth motion to the encoder shaft. Without question direct coupling is much preferred over any
indirect method because direct coupling is simply more accurate. Sometimes, of course, direct
coupling is simply not physically possible to achieve but in this project it is straightforward due to the
design of the AZ/EL mount.
Direct coupling of the AZ drive motion is achieved via a ¼” brass shaft that is threaded upward into the
center hole of the base plate of the EL support assembly. The lower end of the brass shaft is then
guided by a ¼” bore pillow bearing assembly that keeps tendencies of the shaft center to move from the
actual rotation axis to a minimum. The lower end of the brass shaft is then attached to the top half of a
three-part flexible coupling. The bottom half of the flexible coupling is in turn connected directly to
the shaft of the rotary shaft encoder. The AZ mounting components are shown in the photo below
along with the AZ rotary shaft encoder.
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Figure 25. AZ encoder mounting components and the AZ encoder. The threaded brass rod will couple
rotation of the base plate of the EL-assembly to the AZ encoder via a guide bearing and a 3-piece
flexible coupling.
The photo below shows the brass coupling rod after it has been threaded onto the EL base plate.

Figure 26. The brass AZ coupling rod is shown threaded onto the base plate of the EL assembly.
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The photo below shows the installation of the pillow bearing that keeps the brass rod centered as it
passes through the encoder mounting plate.

Figure 27. The installed pillow bearing is shown with the brass AZ coupling rod passing through.
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The photo below shows the AZ encoder installed and coupled to the brass rod via the 3-piece flexible
coupling. Also shown is a section of waterproof material the the shaft of the AZ encoder passes
through to keep any water that might get on the coupling shaft from leaking into the encoder body via
the shaft.

Figure 28. This photo shows the 3-piece flexible coupling to the AZ encoder and a water shield that
the encoder shaft passes through to prevent water from flowing down the encoder shaft into the
encoder body.
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The completed installation of the AZ encoder is shown in the photo below.

Figure 29. This photo shows the competed AZ encoder installation from below.
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Both AZ and EL encoders have been installed now and have been connected to the bus lines. A quick
check in the control room using the dish tracking program verifies that both encoders are working
properly. A screenshot of the tracking program display is shown below.

Figure 30. This screenshot of the tracking program display verifies that both AZ and EL encoders are
functioning properly.
2.7 CHECKOUT OF THE COMPLETED AND INSTALLED AZ/EL MOUNT
The fabrication and installation of the AZ/EL mount for the 2.4m dish was finished by connecting the
power and control cables to the respective drive motor for EL and the servo driver module for AZ. An
initial check that the dish can be moved as expected from the control room shows that EL motion and
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EL position encoding both work properly. However, applying power and command signals to the servo
driver module from the control room does not move the dish in azimuth. Troubleshooting of the AZ
drive connections will be done tomorrow to try to resolve the problem.
The problem turned out to be incorrect ordering of the servo motor Hall sensor wires and motor
winding wires. By trial and error, I have determined that only one of the three sensor/motor winding
wire combinations will successfully turn the dish. The other two combinations that on the bench turned
the slewing bearing clockwise do not turn the slewing bearing when the actual intended load is
connected; they do not produce sufficient torque to move the slewing bearing when the load is present.
This result verifies that the statement to this effect that I read earlier is in fact correct. There is only
one combination of 3-wire sensor wires with the 3 motor winding phases that will work correctly; only
1 out of the 36 possible combinations of those wires is correct.
With the proper wiring order of the sensor wires and motor winding wires it is now possible to steer the
dish in azimuth from the control room.
To obtain an initial calibration of the AZ and EL encoders the dish was remotely steered from the
control room until the dish pointed toward the sun, with the shadow of the feedhorn mounting ring
centered on the center hole at the vertex of the dish as shown in the photo below. Once centered the AZ
and EL encoders were forced to output the azimuth and elevation angles predicted for the sun by the
tracking program, respectively. This provides a reasonably accurate initial calibration of the two
encoders.
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Figure 31. Initial calibrations of the AZ and EL encoders were performed by remotely steering the dish
to point directly toward the sun such that the shadow of the feedhorn mounting ring is centered on the
hole at the vertex of the dish. The AZ and EL encoders were forced to output the angles predicted by
the tracking program for the sun at that moment.
2.8 INSTALLATION OF THE FEEDHORN MOUNTING HARDWARE
The feedhorns that are to be used with this dish will be mounted into a 6” diameter PVC cylindrical
tube, as will be discussed in detail later. The adjustable brackets to mount the tube were clamped onto
the center ring of the feedhorn support structure, as shown in the photo below.
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Figure 32. Three adjustable brackets were installed on the feedhorn mounting ring with U-bolts. The
brackets allow X-Y-Z positioning of the tube containing the feedhorn and amplifiers. The tube will be
held onto the brackets with hose clamps.
The feedhorn mounting tube is shown in the photo below temporarily mounted onto the support ring to
check for fit. The transmission lines and power cables for the LNAs, LO module, and IF amplifiers
that are in the feedhorn mounting tube have been installed.
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Figure 33. An initial check for fit shows that the adjustable ring hardware for mounting the feedhorn
tube is satisfactory. The IF coaxial transmission lines and power cables for the components in the tube
have been installed in this view.
During installation of the feedhorn tube it was noticed that the mechanical mounting of the feedhorn
support ring will not be adequate. Namely, with only moderate force the ring could be shifted out of
the desired plane. This is due to the single point attach point method used to connect the ring with the
square feedhorn support arms. A method to stiffen this connection will need to be devised as the
current configuration would allow the feedhorn to move under wind loading. Design of that
mechanical change is underway presently.
The photo below shows the completed fabrication of the four new steel attachment brackets that will
connect the existing square feedhorn support arms to the feedhorn support ring. The empty hole in
each bracket accommodates the existing bolt through the support arms that pass through the support
ring.
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Figure 34. Steel “tee-brackets “ that have been fabricated to connect the feedhorn support arms to the
feedhorn support ring, providing more strength and stability than the single bolt on each arm currently
provides.
The U-bolts clamp onto the support ring and the two bolts of each bracket (one is already on each
support arm on the dish) attach the brackets to the support arms.
The photo below shows the attachment brackets installed onto the feedhorn support arms and feedhorn
mounting ring.
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Figure 35. The steel attachment brackets are shown installed onto the feedhorn support arms and
feedhorn mounting ring. These strengthen and stiffen the feedhorn mounting ring position so that the
feedhorn will not move after it is mounted onto the feedhorn mounting ring.
3. INSTALLATION AND INITIAL CHECKOUT OF THE LBNF FEEDHORN
The LNBF feedhorn has now been mounted onto the dish. The designation “LNB” means that the
circuitry within it contains a low-noise amplifier, a local oscillator (LO) and mixer, filters, and perhaps
even IF amplifiers as well. The “F” indicates that the unit comes complete with its own feedhorn input
section. This particular one also included a multi-ring Chaparral scalar ring to widen the bandwidth of
the unit. The input frequency was designed to be in the 8.4GHz range with a local oscillator frequency
of 7.310 GHz. This yields an IF output frequency of 1.130 GHz for an input frequency of 8.440 GHz.
The unit has been modified to be optimum when receiving vertically polarized input signals.
I have disabled the internal LO circuitry because the fundamental frequency of the LO happens to fall
in the middle of the 1130 MHz IF frequency range that I wish to use and therefore I have modified the
hardware to accept an external LO instead. The entire feedhorn assembly, including an external LO
module, fits into a 6” diameter PVC tube 24” long for weather protection.
The assembled LNBF/LO/weather tube is shown mounted onto the 2.4m dish in the photo below.
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Figure 36. The LNB-F feedhorn with its external local oscillator module and external IF amplifiers
inside the PVC weather protection tube is shown mounted onto the feedhorn support ring.
The first thing to do after mounting a feedhorn assembly is to determine the optimum mounting
position for the feedhorn within the mounting fixture of the dish. The input of the horn is ideally put at
the focal point of the dish, i.e, the phase center of the feedhorn should be positioned at that point.
Usually the phase center position of a feedhorn such as this is very near the plane of the inner
cylindrical waveguide section; that is, at the end of the inside tube of the scalar ring. Finding the
optimum position is most effectively accomplished, at least for amateurs such as we are, by making
sequential measurements of sun profiles at different mounting locations of the feedhorn. That is, this is
done by observing the peak signal level as the dish pointing direction is swept through the sun position.
As the focal point of the dish is defined in three dimensions x, y, and z positions it is oftentimes
challenging to find that point empirically but it is important to do, as well as one can. Centering the
feedhorn tube in the circular mounting ring usually takes care of determining the x and y directions
(roughly), leaving the z direction as the only, and by the way the most important, position to worry
about. With a prime focus dish such as this dish is, this alignment operation is relatively
straightforward as one can visually detect gross misalignment in the ring (in the x/y plane) and the PVC
tube can be moved in and out (i.e., along the z direction) along a line toward the vertex of the dish,
making sun profile observations at incremental positions along the z direction.
The alignment process described above is easily implemented by making temporary marks on the PVC
tube that are referenced to some fixed point on the mounting fixture. Each mark represents a position
along the z-axis of the dish. In this case the reference was taken as x-y plane containing the feedhorn
mounting ring. The photo below shows the marks that were used for determining the optimum
position for the feed along the z-axis. The numbers near each line are the peak values (in dB relative to
the baseline noise level of the profile measurement) of the sun profiles that were measured at the
positions of the marks.
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Figure 37. Z-axis position marks and peak values of the associated sun profiles collected when the
PVC tube was positioned with the mark in the x-y plane of the feedhorn mounting ring. The optimum
z-axis position of the feed, in this case, is approximately at the line near the “12” label.
The figure below shows the sun profile that was collected when the PVC tube was located at the “12”
mark in the previous photo.

74

75

Figure 38. The upper panel shows the sun profile produced as the dish was swept in azimuth through
the sun position with the PVC tube positioned at the “12” z-axis mark.
The peak value of a sun profile one observes will of course depend upon the current solar flux, which
continually changes. However, solar flux typically is approximately constant over time intervals brief
enough for the alignment measurements described here to be performed. Therefore, the relative peak
values one obtains in alignment methods such as this can be used to determine the approximate
optimum z-axis position for a feedhorn as long as all the measurements are made within minutes of
each other, which in this case they were. The asymmetry in the sun profile reveals that the feedhorn is
not exactly centered in the feedhorn ring. This will be corrected before the telescope performance
measurements are performed.
4. TELESCOPE CHARACTERIZATION
The initial characterization of the performance of the telescope is done with the feedhorn centered in
the feed mounting ring and its position optimized along the z-axis of the dish. This has now been
accomplished reasonably well. Proper centering of the feedhorn is verified by observing the shadow of
the feed assembly on the surface of the dish when the dish is pointing at the sun, as shown in the photo
below.
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Figure 39. Proper centering of the feedhorn can be verified by observing that the shadow of the feed
assembly is centered upon the vertex position of the dish when the dish is pointed at the sun, as shown.
4.1 SUN PROFILE
A simple method for evaluating the performance of the telescope is to make sun profile measurements.
The results of such a profile measurement for this telescope is shown in the plot below.
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Figure 40. Normalized plot of the received noise level as the telescope was scanned through the
position of the sun. The 8800 MHz solar flux level was 227 sfu when the profile was collected.
The sun profile reveals several important items regarding the telescope performance. An important
feature of the profile is the shape of the profile. In a perfect system the profile should be symmetrical
about the peak. As you can see, the profile above is not perfectly symmetric about the peak but the
asymmetry is not bad and the side lobes are low and approximately equal on both sides of the peak.
These features of the profile indicate that the feedhorn is reasonably well positioned with respect to the
dish.
A second important feature to notice about the measured profile is the angular width of the profile. If
the dish and feed were perfect and the feedhorn perfectly positioned the resulting beam pattern of the
dish would have an angular full-width-at-half-maximum value of
FWHM (ideal) = arcsin (1.22 * wavelength / dish diameter)
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(1)

This value is the width of the profile that would result from an optimum measurement of a point source
with an ideal dish. The FWHM of a profile collected by scanning through a point source of emission
using a perfect 2.4m dish and an ideal feed should therefore be
FWHM (ideal) = arcsin (1.22 * 0.035 meter / 2.4 meters) = 1.04 degrees.
Note that the FWHM of the measured profile is 1.2 degrees, not precisely the value calculated above
for the ideal case but the measured value is reasonably close to the ideal case given the fact that the
dish and feed are not perfect and the sun is not a point source, all of which will tend to broaden the
FWHM of the measured profile with respect to the ideal case. This measured value of FWHM relative
to the ideal case indicates that the feed position used and dish are performing adequately well.
A third important feature to notice about the measured sun profile is the value of the peak of the profile
relative to the baseline noise level at a position away from the peak. This value can be used to estimate
a common figure of merit, G/T, for the telescope, where G is gain of the antenna and T is the
temperature equivalent of the received cold-sky noise level.
It can be shown (see for example: http://www.setileague.org/articles/g-t.htm) that
G/T = (Y-1) * (8 * pi * k * L) / (S * Lam^2)

(2)

where
k = Boltzmann’s constant ( 1.38E-23 W/Hz/K),
Y = noise power rise from baseline to peak of the profile (not in dB!)
S = solar flux (SFU x 10^-22 W/m^2/Hz), and
Lam = wavelength in meters
L = beam size correction factor = 1 + 0.38 * (Ws /Wa)^2
where Ws = apparent diameter of the source at the observation frequency
Wa = 3 dB beamwidth of the dish pattern
The parameter Y is frequently referred to as the “Y-factor”. Converting the logarithmic dB rise to a
power level rise
Y = 10^(dB / 10) = 10^(12.3 / 10) = 16.98

(a power ratio, no units)

then using Eqn. 2 at 8.4 GHz and obtaining S from the Australian Space Weather Services solar flux
monitoring site
https://www.sws.bom.gov.au/World_Data_Centre/1/10
the solar flux at 8800 MHz (near our 8400 MHz measurement frequency) during the measurement was
S = 227 sfu, Ws = 0.5 degree, Wa = 1.2 degree.
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L = 1 + 0.38 * (0.5 / 1.2)^2 = 1.066
G/T = (16.98 -1) * (8 * pi * k * 1.066) / (227 * 10^-22 * 0.035^2) = 212.4
and expressed in dB,
G/T (dB) = 10 log10(G/T) = 23.3 dB
Another useful measurement to make when characterizing a new telescope is a cold-sky-to-ground
measurement. This type of measurement can be used to estimate the system temperature of the
telescope. It involves pointing the telescope toward cold sky (typically the Galactic North Pole, for us)
recording the noise level then lowering the pointing direction to the earth. This has been done for the
telescope with the results shown in the plot below:

Figure 41. Cold sky to ground measurement at 8.4 GHz using the 2.4 m dish.
System temperature, Tsys, is straightforwardly obtained from the ratio of ground noise to cold sky
noise power levels. The ratio of ground noist to cold sky noise is commonly referred to as the Y-factor
ratio, defined as
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Y = ground noise power level / cold sky noise power level = (Tg + Tsys) / Tcs + Tsys) (3)
where
Tg = noise temperature of the grounded
Tcs = noise temperature of cold sky
Tsys = system noise temperature of the telescope
Rearranging Eqn 3,
Tsys = (Tg – Y * Tcs) / ( Y – 1)

(4)

The dB difference observed in a cold-sky-to-ground measurement is related to Y in the following
manner:
dB_diff = 10 * log10 (ground noise power level / cold sky noise power level) = 10 * log Y = 5.4
Therefore the Y-factor value is
Y = 10^(dB_diff / 10) = 10^(5.4 / 10) = 3.47

(5)

On the day of the measurement the outside temperature, Tg, was 286 K (56F) and the cold sky
temperature at 8.4 GHz in the Galactic North Pole direction is about 4 K (so I am told). Using these
values in Eqn 5, the system temperature of the telescope is then approximately
Tsys = (286 – 3.47 * 4) / (3.47 – 1) = 110 K
4.2 MOON PROFILE
The image below shows the profile produced as the pointing direction of the telescope was moved
through the position of the moon. The baseline noise level to peak moon signal difference is about 1.1
dB, qualitatively demonstrating a moderate level of sensitivity for the telescope.
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Figure 42. Profile generated as the pointing direction of the telescope was moved through the position
of the moon. The signal increase due to the thermal emission from the moon is about 1.1 dB.
4.3 2.4m TELESCOPE PERFORMANCE CONCLUSIONS
The peak sun noise to baseline noise measurement, peak moon noise to baseline noise measurement,
and cold-sky to ground noise measurements all being a little low indicate that the performance of the
2.4m telescope at 8.4 GHz is marginal. Realizing that this could be due to any of several physical
factors including dish illumination not being optimal, noise figure of the 1st amplifier being lower than
optimum, and/or dish surface accuracy not being quite good enough for work at 8.4 GHz an effort was
undertaken to determine which were the most severely degrading factors in this case.
First, dish illumination effects were examined by fabricating several cylindrical waveguide extensions
that were each inserted, in turn, into the Chaparral scalar ring, new feed z-axis position optimized for
the new exit aperture of the cylindrical waveguide section, and the resulting peak sun noise to baseline
noise level was measured. Using extensions of ½”, 1”, and 1-1/2” it was observed that all three
extensions degraded the peak sun noise to baseline noise difference compared to the result when the no
extension was used, i.e, when the exit aperture of the cylindrical waveguide section is flush with the
other scalar rings, having no protrusion of the cylindrical waveguide section out of the plane of the
scalar rings. Thus, non-optimum dish illumination was eliminated as being a significant performance
limiting issue for the 2.4m telescope.
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Second, the noise figure of the LNBF feed was measured on the bench at 8.4 GHz using an HP8970B
noise figure meter in fixed-external-LO-mixer mode and compared with the results of a commercial
LNB module specified as being 0.7 dB NF at 7.5 GHz. The LNBF feed measured 1.4 dB NF at 8.4
GHz with the setup whereas the commercial LNB measured 1.7 dB noise figure at 7.5 GHz.
Understanding that measurements at microwave frequencies with this setup is quite sensitive to
calibration and interconnection effects the absolute values of the measurements were not taken to be
particularly relevant, rather, the relative values of the measurements between the two modules were
considered to be the relevant factor. As the noise figure of the LNBF module shows lower than that of
the LNB module, using the same calibration and interconnections, it was concluded that the noise
figure of the LNBF module at 8.4 GHz is somewhat better than the noise figure of the known-good
commercial LNB at 7.5 GHz. The results of these measurements strongly suggest that there is nothing
particularly wrong with the 1st amplifier stages in the LNBF feed and eliminates poor noise figure as
being the culprit in the marginal performance observed with the 2.4m telescope.
The results of these two observations leave the possibility that imperfect surface accuracy of the 2.4m
dish is most likely the most severe degrading factor as the source of the marginal telescope
performance. Therefore, it is decided that the 2.4m dish will be abandoned for use in this project and
the 4.6m dish option will be pursued instead.
5.0 4.6m DISH PREPARATION AND INSTALLATION
Preparation for the 4.6m dish involves stripping the tower of the 2.4m dish and all the hardware and
wiring associated with it. This has now been done. Next, as the 4.6 dish and the to-be-fabricated steel
back structure for it will obviously weigh considerably more than the 2.4m dish and will have a much
higher wind load, consideration of how to strengthen the tower itself must be thought through as a
single section of Rohn-55 tower is not likely to be strong enough for the job.
One option to strengthen the tower would be to weld steel I-beams along each of the tower legs along
with horizontal cross bars between the I-beams. Another option would be to add two more tower
sections to the assembly resulting in a triangular three-tower-section support structure for the dish with
the dish slewing bearing mounted to a top plate that spans all three tower sections. I have decided to
implement the three-tower-section option as I believe it will be stronger and a better end result for the
larger dish installation.
For azimuth motion the same servo-motor-worm-gear-driven slewing bearing assembly that was used
for azimuth motion for the 2.4m dish installation will be used. To implement this I will use standard
commercial top plates for each of the three tower sections and then bolt a larger steel plate on top of
those such that the larger plate spans all three of the towers. The slewing bearing will be mounted to
the center of the larger top plate.
For elevation motion a different scheme will be implemented from what was used on the 2.4m dish
installation. In this case, as the weight and wind load will be higher for a 4.6m dish, a servo-motorworm-gear-driven bearing will be used for elevation motion that is identical to the azimuth slewing
bearing except that it will be rotated 90 degrees with the elevation axis passing through the bearing and
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attached to the bearing via a bearing plate similar to the one used for azimuth motion except that the
orthogonal post will pass completely through the bearing center hole.
At the moment, the 4.6m dish is not assembled nor is it on site so detailed measurements of it are not
possible for me. I will transport the dish in a week or so to this site but until that time a few things can
nevertheless be accomplished that will aid in planning the installation.
One of the aspects of the installation plan that needs to be examined at least in a preliminary fashion is
the reasonableness of trying to use the servo-motor-driven-slewing bearing for elevation motion. In
particular, the range of the torque performance envelope with respect to acceptable dish assembly
center of mass weights and the associated moment arms producing torque to the elevation rotation axis
should be examined given the servo motor torque information that is on the motor data plate and the
known gear reduction specifications of the gearing modules installed on the slewing bearing. As was
shown in a previous photo, the servo motor specifications for torque are:
Stall torque = 1.4 N-m
Intermittent torque = 0.7 N-m
Converting these values a more useful nomenclature for me to work with, namely foot-pounds, they
become
Stall torque = 1.03 ft-lbs
Intermittent torque = 0.516 ft-lbs.
The torque multiplying feature of the gear reduction modules is two fold, there is a 256:1 gear reducer
following the servo motor and a 61:1 worm gear ratio on the bearing drive. These combine to yield a
total of:
Gear reduction ratio/torque multiplication factor = 256 * 61 = 15,616
As we do not want to operate this dish using torque values anywhere near the Stall Torque limit, as that
is the torque which would result in an immovable motor shaft, we will use the Intermittent Torque
specification for this examination. An Intermittent Torque specification for a servo motor is the torque
value that the motor can provide continuously using intermittent pulses to achieve the rated RPM of the
motor, 1900 RPM in this case.
The maximum torque value that can be successfully applied to the elevation rotation axis and still have
the servo motor operate normally will then be:
Maximum acceptable torque load = 0.516 x 15,616 = 8057 ft-lbs
This torque value allows us to calculate an “implementation envelope” to use as a guide for
determining an allowable total dish weight and an associated lever arm for the dish assembly that will
be applied to the elevation rotation axis. This is shown in the figure below:
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Figure 43. Maximum allowable dish assembly weight versus lever arm associated with the center of
mass of the dish assembly based upon the servo-motor-gear-driven EL assembly torque specification.
Weights that fall below the blue line are weights that should be acceptable for the dish assembly when
used with the servo-motor-drive system, assuming “no wind” conditions.
The estimated value of maximum allowable dish weight + back structure weight for the elevation
portion of the AZ/EL mount can be determined from the above diagram by looking at the weight
associated with the estimated lever arm distance from the elevation axis of rotation. The value shown
for maximum allowable weight assumes no wind conditions of course. For practical use a substantial
margin should be allowed to account for the maximum expected winds but the diagram above
nevertheless provides a rough guide as to how heavy a dish with its back structure may be without
exceeding the torque limit of the elevation servo-motor-drive unit.
In this 4.6m dish project case, it will be necessary to weigh the actual components of the dish and
assembly and estimate the lever arm distance of the center of mass to determine where within the above
described envelope the system lies. Values within the area of the plot that lie below the blue line are
acceptable. It is at least gratifying at this stage to observe that the allowable weights are likely to be
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large enough to accommodate reasonable-value weights and reasonable lever arm distances for the final
dish assembly. This information will help during the planning of the dish back structure and mounting
arrangement for the dish.
5.1 MODIFICATIONS TO THE ELEVATION DRIVE ASSEMBLY
The elevation drive assembly will use as much of the structure of the previous EL mount assembly as
possible even though the EL drive will be powered quite differently from the previous EL mount and
major modifications will be required. As mentioned, the EL drive will implement a servo-motor-driven
bearing identical to the servo drive bearing used in the azimuth mount assembly. The elevation servomotor-driven bearing is shown in the photo below.
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Figure 44. Elevation servo-motor-driven bearing that will be used in the 4.6m dish elevation drive
assembly. It is identical to the servo-driven bearing that is used in the azimuth drive assembly.
.
Modifications to the previous 2.4m elevation drive assembly will be somewhat extensive, changing not
only the method of driving elevation motion but also in how the axis of rotation of the motion is
supported structurally. In particular, two EL bearings will be used to support the elevation rotation
axis, one being the servo-motor-driven bearing at the shorter end of the horizontal supporting member
and an undriven-similar-size bearing at the longer end. The previous strengthened vertical post
assembly will be used again in the new assembly design but with some modifications. In particular, the
central support structure of the EL assembly will remain basically unchanged except that bearing
flanges will be welded onto the horizontal member ends to allow the two EL bearings to be bolted onto
the horizontal member. The starting point for the modifications is the stripped vertical support
structure as shown in the photo below.
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Figure 45. EL mount starting point for the modifications that will be implemented to support the 4.6m
dish assembly.
After examining various potential approaches to using the existing off-centered axis, oddly rotated
rectangular horizontal portion of the starting configuration from the original state of the EL assembly, I
decided that this current configuration is too odd to try to force into a configuration that ‘might’, or
possibly ‘might not’, work acceptably well for the 4.6m dish. So instead, I made the decision to simply
cut off the strange components and begin afresh with a clean beginning point for the top end of the EL
mount.
The two photos below show how the top end was cut off using a metal saw and the resulting assembly,
respectively. The EL assembly is now in a state from which a better, hopefully more conventional, top
end for the EL mount assembly and EL rotation bearings may be fabricated onto it.
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Figure 46. Cutting the top end off of the EL assembly to achieve a more conventional starting point for
the EL horizontal section and EL axis bearings.
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Figure 47. Cleanly cut top end of the EL assembly, ready for a new horizontal member and bearing
support design to be fabricated and added onto it.
Further progress on the project will have to await arrival of the dish on site so that measurements can
be made on the supporting back structure of the dish to allow the design of a suitable attachment to the
EL drive to be made. Due to inclement weather (snow in Colorado) the retrieval of the dish is
presently postponed until April 10-11.
5.2 DISH BASE STRUCTURE AND SITE PREPARATION
After some consideration, I have decided to use a single-post base structure to support the AZ/EL
mount instead of a 3-tower-section mount. I happened to have such a structure on hand, which was a
gift from a friend a number of years ago but one that I never used until now. I believe it will be a
stronger, better mounting for the 4.6m dish compared to my initial thought of using three Rohn-55
tower sections. The base structure is shown in the photo below. The distance between opposite steel
pads is 12’ and the vertical pipe is ~12” OD (10” ID) galvanized steel tower pipe.
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Figure 48. Galvanized steel base structure. The structure will sit atop, and be bolted to, four concrete
pads; one under each steel foot pad. The concrete anchor bolts used will allow height adjustment and
correction for any tilt error in the final dish support structure that may initially be present.
The steel base structure will be bolted onto four, steel-bar reinforced concrete support pads, 3’ L x 2’ W
x 3’ H which will be poured such that the top surfaces of the concrete pads are at approximately ground
level and the foot pads of the steel structure are positioned in the center of the top surfaces of the
concrete. The concrete pads will be poured into wooden forms that I have fabricated. The lower
sections of the four wooden forms are shown in the photo below. An additional wooden 6” high top
rim will be attached to each form after the base forms are positioned and leveled in the ground holes.
The top 6” rim will be removed after the concrete is poured and set, leaving a suitable final edge for the
top of the pads.
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Figure 49. Lower sections of the four concrete forms that will define the four concrete pads to which
the steel base structure will be bolted.
The photo below shows the site area where the concrete pads will be poured. A transit is being used to
establish a local level reference plane, marked with yellow ribbon on the four temporary vertical teeposts.
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Figure 50. Site preparation for the four concrete pads. The wooden concrete forms are temporarily
placed into the holes and will be carefully leveled, referenced to the horizontal plane defined by the
yellow ribbons on the four temporary tee-posts seen in the photo near each hole. A transit, seen in the
photo, is used to define the locations of the tee-posts and yellow ribbons.
Two strings will be tied between opposite tee-posts, a fixed distance down from the yellow ribbon
positions but slightly above ground level. The two crossed strings will provide reasonably accurate
level reference lines near the wooden form boxes to make leveling the forms while in the hole easier.
The 6” form rim will be constructed and mounted such that it can be easily removed after the concrete
has set. The purpose of the removable rim is to provide a means to create a nice edge to the final pad
structure. The lower sections of the forms will remain underground after the pour and will eventually
decay harmlessly.
After the forms are leveled and the previously mentioned 6” rim added, steel reinforcement bars in the
form a structural cage, will be put into each box before the concrete pour to strengthen the final pad
structure. Also, dirt will be filled and compacted into the holes on the outside of the boxes before the
concrete is poured, to support the forms against the outward pressure that will accompany the concrete
pour. Each form will contain approximately two thirds of a cubic yard of concrete; a cubic yard of
concrete weighs a bit more than 4,000 pounds.
The status after leveling and adjusting the height of each box and back filling the forms with supporting
dirt, and after adding the temporary 6” top rim forms is shown in the figure below.
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Figure 51. Form bases have been leveled and adjusted for proper height and the 6” temporary top rim
forms have been added.
Next the re-bar cage elements will be cut from ½”-diameter straight-piece re-bar stock and wired
together to form reinforcement cages that will be placed into each form. The photo below shows the
cut-off saw used for cutting the steel re-bar stock.
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Figure 52. Chop saw used for cutting the steel re-bar stock.
The photo below shows a completed re-bar cage, wired together with 16.5 gauge steel tie wire.
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Figure 53. A re-bar cage, sized to allow 2” or space between the cage sides and concrete form sides.
The photo below shows a re-bar cage installed in the concrete form.
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Figure 54. A steel re-bar cage installed in the wooden concrete form.
After installing the four re-bar cages the four “foot plates” of the steel support structure will be drilled
to accept two ¾” diameter concrete anchor J-bolts each, as shown in the photo below.
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Figure 55. Drilling a hole in the foot plate to accept the ¾” diameter J-bolts. This foot plate has one
J-bolt installed. Consecutively larger drills are used sequentially to get to the final ¾” hole size,
beginning with a small drill.
The photo below shows the steel support structure will all J-bolts installed.
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Figure 56. J-bolts are now installed on the steel support structure and it is now ready to be placed
onto the concrete forms.
The next step is to set the steel support structure onto the concrete forms with the appropriate vertical
spacing between the foot plates and the tops of the forms to allow the concrete to be smoothed under
the foot plates when the concrete is poured and to allow room to adjust the lower leveling nuts of the
foot plates after the concrete has set.
The photo below shows the steel base structure in position, ready for the concrete pour. Note that the
steel structure is raised about 3” above the intended top surface of the concrete pads. This additional
height above the top trim forms provides the required space to permit adjusting the tilt-adjustment nuts
on the foot plates after the concrete has set.
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Figure 57. The steel base support structure has been positioned onto the forms, with the J-bolts in
place for the concrete pour.
Leaving the steel support structure in place during the concrete pour, with the J-bolts installed, insures
perfect alignment of the J-bolts with the holes in the foot pads. Before the pour occurs, the steel
structure will be secured to the crossing boards that have already been screwed onto the forms to insure
that the structures do not move during the concrete pour even if the support is accidentally bumped
during the activity of pouring the concrete. Total amount of concrete that will be needed for this pour
is 2.5 cubic yards, a bit more than 10,000 lbs of concrete.
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