
A PROJECT TO BUILD AN 8.4GHz RADIO TELESCOPE Volume II

Joe Martin
updated:  May 18, 2021 

Contents  (continued from volume I)

5.  4.6m DISH PREPARATION AND INSTALLATION (continued)      (page # not referenced to vol I)

5.2 DISH BASE STRUCTURE AND SITE PREPARATION (continued) 2

5.3 DISH ARRIVAL AND ASSEMBLY 4

6. AZ/EL MOUNT FABRICATION –  4.6m DISH 20

6.1 AZ MOUNT FABRICATION 20

6.2 AZ MOUNT INSTALLED 35

6.3  EL MOUNT AND TRANSITION TO DISH BACK STRUCTURE 37

6.3.1  TRANSITION DESIGN 37

6.3.2 FOUR-TUBE CROSS PIECE FABRICATION 45

6.3.3 VERTICAL POST GUSSETS 53

6.3.4  INSTALLING FOUR-TUBE CROSS PIECE 54

6.3.5 SERVO BEARING TORQUE PLATE FABRICATION 56

6.3.6  SERVO-MOTOR-DRIVEN EL BEARING INSTALLATION 58

6.3.7 NON-DRIVEN TORQUE PLATE FABRICATION AND INSTALL 59

6.3.8  TRANSITION BOX FABRICATION 61

1 



5.2 DISH BASE STRUCTURE AND SITE PREPARATION (continued from Volume I)

The photo below shows the first concrete pad being worked after pouring.  

Figure II-1.  Pouring/working the concrete foot pads. 

The photo below shows the completed concrete pour.  The forms will remain in place for a week or two
to let the concrete set sufficiently well before removing them.  Removal of the forms will transfer the 
weight of the steel support structure directly to the J-bolts so it is important to let the concrete cure a bit
before transferring weight from the forms to the J-bolts lest the bolts move under load.  
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Figure II-2.  Concrete pour is completed.  The yellow apparatus seen in the photo is a rented electric 
concrete vibrator used to remove porosity in the concrete during the pour.  

The photo below shows the concrete forms removed after a 10 day waiting period. The area has been
dressed to permit access to the structure to install the AZ/EL mount and dish assembly when those
components are ready to be installed.
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Figure II-3. Forms have been removed and the area dressed for further assembly/installation work.
The concrete work is now complete.
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5.3  DISH ARRIVAL AND ASSEMBLY   (continuation of Section 5 of Volume I)

The dish and the available associated components have now been transported to the telescope site.  As 
it happens, the assembly nuts and bolts for the dish are missing as are two of the three primary “node 
brackets” for the back structure.  Other original structural components for the dish may also be missing.
Of course, all of the missing parts will need to be replaced by fabricating suitable replacements.  The 
photo below shows the dish and structural components that have been transported to the site.  

Figure II-3.  The twelve reflecting surface petals and various structural components for the 4.6m dish 
have been transported via trailer to the radio telescope site, as shown above.  Replacements for all 
missing components will be fabricated or otherwise obtained as necessary. Thankfully most of the 
basic structure is present and what is present appears on initial inspection to be serviceable.      
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The next step in assembling the dish is to inventory the parts obtained and to determine what structural 
components are missing to determine what additional parts must be fabricated.  Further, an additional 
structure must be designed and fabricated to permit mating of the dish and its back structure to the 
AZ/EL mount.  The new mating structure will (likely) include provisions for counter-weight balancing 
of the dish.  

During the inventory process of the transported components the weight of each of the parts will be 
obtained so that a final weight estimate for the dish assembly may be obtained.  The weight information
(and center of mass information) of the intended final configuration will be required to determine a 
proper counterweight design for the final dish assembly.  

The photo below shows initial assembly of the center ring structure of the back structure of the dish.

6 



Figure II-4.  Attaching the support arms onto the center ring of the back structure for the dish.

The photo below shows the center ring assembly attached to the triangular base of the back structure.  
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Figure II-5.  Center ring supports and triangle beams of the back structure are bolted together.

The next step is to begin assembly of the dish support sections of the back structure itself.  The photo 
below shows the dish support sections partially assembled.  

Figure II-6.  Partial assembly of the back structure of the dish.  

At this point is has become evident that we are missing the structural components that allow attachment
of the six longer angled supports to the corners of the triangular base.  The upper ends of the long 
angled supports are bolted onto the dodecahedron rim in this view in accordance with the original back 
structure design so those ends of the supports are no problem.  The shorter angled supports are bolted 
onto the triangular base and the upper dodecahedron rim in accordance with the original back structure 

8 



design but nothing in the hardware we have presently will allow the longer angled supports to be 
attached to elements at the triangle base lower corners.  To determine how attachment of the longer 
angled supports onto the triangle corners can be achieved satisfactorily, assembly of the dodecahedron 
back structure will be completed with all supports in place so that it will be easier to visualize a 
possible alternative method of attachment for the lower ends of the six support arms onto the triangle 
base.  At this point the missing attachment brackets are not viewed as a serious problem.  A suitable 
alternative mounting arrangement will be designed and fabricated.   

The photo below shows that we are missing a back structure rim bracket. 
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Figure II-7.  Missing a back structure rim bracket so it must be fabricated. 

The photo below shows how the rim bracket will be fabricated from a piece of steel bar. 

Figure II-8.  The first step in fabricating the rim bracket is to drill the bolt holes and mark the 1/8” 
steel bar where it needs to be cut.  
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After cutting along the lines marked with soap stone in the previous photo. The piece is heated with a 
torch while in a vise and bent to the proper angle by hammering the half extending above the vise until 
the desired angle is achieved.  The photo below shows the completed bracket bolted to the mating 
bracket.  
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Figure II-9.  The newly fabricated rim bracket (right side in the photo) is shown with the mating 
bracket.  The angle is adjusted to match the angles of the dodecahedron back structure rim.  
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The photo below shows the assembled back structure of the dish.  As it happened it was not necessary 
to fabricate new brackets for the six longer angled strut members after all.  All that was necessary was 
to bend the lower ends of the struts to make them match up with the bolts of the the other members. 

Figure II-10.  Assembled back structure for the dish.  

We note that the back structure by itself is not particularly stiff without the reflecting panels installed.  
It is therefore clear that the design of this dish antenna relies on the strengthening aspect of installed 
panels to provide the required additional strength and stiffness to the overall antenna assembly.  I had 
hoped to postpone installing the reflecting panels until after the mating structure to the AZ/EL mount 
was designed, fabricated, and mounted but with the panels being used  in the antenna design to add 
strength to the overall structure it will be best to install the panels before 
designing/fabricating/mounting the AZ/EL mating structure.  Otherwise we can’t be sure that the 
mating structure will be properly positioned as it seems that the back structure alone can be distorted 
relatively easily when the reflecting panels are not installed.  Once the panels are installed it is expected
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that the completed assembly will be stiffer and stronger than the back structure is alone.  Installation of 
the reflecting panels is therefore the next task to complete.  

The photo below shows detail of how the dish reflector petals are connected to the rim of the back 
structure.
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Figure II-11.  Connection detail showing how the dish reflector petals are connected to the top rim of 
the back structure.  The petals are “sandwiched” between the rim brackets and bolted through twice.

15 



The photo below shows the first two petals bolted together and installed onto the back structure.  

Figure II-12.  Initial two reflector petals bolted together and installed onto the back structure.
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The two photos below show the back side and top side of the reflector panels when four panels were 
installed, part way through the petal installation process.  

Figure II-13.  Back side view of the petal assembly.  Four of twelve petals have been installed in this 
photo.  
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Figure II-14.  Top side view of the petal assembly.  Four of twelve petals have been installed in the 
photograph.  

The photo below shows all reflecting panels installed onto the dish back structure.  
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Figure II-15.  All reflecting panels are bolted together onto the back structure. Note the three panels 
with oblong pass-through holes for the feed horn support arms.  The feed horn support arms will 
attach to the steel back structure later.  

The pass-through hole near the “Scientific Atlanta” label will be oriented top center when the dish is 
pointed at the horizon.  This choice results in one side of the underlying steel triangle support structure 
to be horizontal at the bottom and a vertex of the triangle to be at top center when the dish is pointed at 
the horizon.    
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The diameter (D) of the dish measures 4.63 meters (in two orthogonal measurements across the rim) 
and measures 86 cm deep (d) from the plane of the dish rim to the vertex of the dish.  Using these two 
measurements the focal length (f) for the dish may be calculated as shown below:  

f = D^2 / (16 d) = (4.63 * 4.63) / (16 * 0.86) = 1.56 meters (61.4”)

which yields an f/D ratio for this dish of 

 f/D = 1.56 / 4.63 = 0.33

We note that because the f/D ratio is smaller than the value of the 8.6m dish (f/D = 0.43), the 4.6m dish 
is “deeper” than the 8.6m dish that we’ve been feeding with a flush-mounted Chaparral scalar ring feed
horn.  Thus, it is clear that to achieve proper illumination for this dish we will need to move the scalar 
ring back a bit away from the exit plane of the cylindrical wave guide portion of the feed to achieve a 
wider beam pattern that will more optimally illuminate this dish than a flush mounting yields.  This 
difference is merely a nit in the overall scheme of things, of course, as the performance with this f/D 
ratio can easily be optimized by making sun noise measurements at various positions of the scalar ring 
and using the position that yields the greatest peak sun noise to background noise.  I thought I’d 
mention the f/D measurements as the measurements to determine f/D for this dish have just now been 
made and it is reasonable I think to record them here and also to record the results of the f/D 
calculation.  

Now that the main structure of the dish and back structure are assembled it is necessary to identify a 
method of moving the resulting relatively heavy assembly around as needed.  Based upon earlier 
measurements of the weights of the individual pieces of the assembly used in the construction, the total 
weight of the present assembly is roughly 675 lbs.  As it happened, I did not use some of the structural 
components of the original design as they were specific to the fixed-position, earth station mounting 
design and were therefore not relevant to the AZ/EL configuration that we will be using.  Eliminating 
those elements from our assembly reduces the weight from the 1300 lb weight stated in the operator’s 
manual for the dish.  

We intend to move the dish from the assembly area to the welding area and then on to the concrete base
structure by employing two 11’ long, 6” wide steel channel beams as extensions for the fork lift 
implement of our tractor.  The photo below shows the two extension beams in position under the dish 
with the fork lift ready to slide into the channels.  
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Figure II-16.  Fork lift extension beams are in position to be used to lift and move the dish assembly. 

The photo below verifies that the tractor is able to lift and move the dish assembly as will be needed 
during subsequent assembly and installation operations.  
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Figure II-17.  Verification that the dish assembly can be lifted and adequately moved by the tractor 
using fork extensions on the forklift implement.     

Note the use clamps on the forks to prevent tilting of the extensions away from the forks and use of a 
safety chain at the top of the forklift structure that prevents the dish from inadvertently tilting away 
during motion of the tractor.  

6.  AZ/EL MOUNT FABRICATION – 4.6m DISH

6.1  AZ MOUNT FABRICATION

The azimuth mount for the 4.6m dish will be fabricated and attached to a 12” diameter king post that 
bolts onto the steel base structure (shown earlier) which in turn has been bolted onto the four 
previously described concrete pads.  The AZ mount consists of a servo-motor-driven slewing bearing 

22 



which will be bolted onto a ½” thick plate that will be welded onto the king post using four 6” wide 
steel channel pieces to space the plate above the plane of the end of the king post to allow access to the 
underside of the plate after the plate has been welded onto the king post spacers.  The channel spacers 
are shown positioned, but not yet welded, on the king post in the photo below. 
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Figure II-18.  Steel spacers are shown that will be welded to the king post and used to raise the AZ 
mounting plate above the end of the king post, to permit access to the underside of the AZ bearing.  

The azimuth mounting plate will be welded atop the spacers.  The spacers permit access to the 
underside of the mounting plate where the AZ encoder and slewing bearing attachment nuts will be 
located.  The plate will be circular and cut from ½” thick steel plate stock using a plasma torch.  The 
plate diameter is arbitrarily chosen to be 18” diameter, large enough to comfortably accommodate the 
bolt circle of the slewing bearing which will be bolted atop the plate.  To enable a smooth circular cut, a
torch guide has been fabricated from angle steel with a ¼” diameter hole at one end, located and 
loosely bolted at the center of the proposed 18” circle, and a 7/8” hole at the other end with a 9” 
separation between the hole centers.  The 7/8” hole will capture the torch head to enable a circular cut 
to be made in the plate as the steel angle is rotated through a circle.  The plate stock and torch guide are
shown in the photo below:

     Figure II-19.  AZ mount ½” thick steel plate stock and fabricated plasma torch guide.  
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The photo below shows the guide being rotated as the plasma cutter cuts through the steel plate, 
yielding a circular plate from the stock material.  

Figure II-20.  Using a plasma torch cutter with a home-made torch guide to cut an 18” diameter circle 
from ½” thick steel stock to form the lower mounting plate for the AZ slewing bearing.  
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The photo below shows the completed circular cut.  

Figure II-21.  Circular plate for the top of the king post assembly has been cut.  
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A bolt circle will now be marked and drilled to accept the sixteen 5/8” diameter bolts that will attach 
the AZ slewing bearing to this plate after the plate is welded onto the king post spacers shown earlier.  
Also the center hole will be enlarged to allow easy pass through of the ¼” diameter AZ encoder shaft 
that will come down from the top side of the AZ slewing bearing to attach to the AZ encoder which will
be mounted to the underside of this plate later.  The arrangement will become more clear in subsequent 
photographs.  

The photo below shows the finished lower AZ bearing mounting plate.  The plate contains holes for the
slewing bearing attachment bolts, two threaded holes to accept the AZ encoder assembly bolts, and a 
central hole to allow the AZ encoder shaft to pass through from above to the encoder assembly. 

Figure II-22.  Completed lower AZ slewing bearing plate.  
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The photo below shows the AZ lower plate fitted onto the king post spacers which are temporarily 
clamped into place so that the spacers can be tack welded to the plate.   

         Figure II-23.  Slewing bearing lower plate fitted onto the clamped king post spacers, temporarily.
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Once the spacers are tack welded to the plate, the plate/spacer assembly will be removed, inverted, and 
the spacers welded solidly to the under side of the plate.  Then the welded assembly will be put back 
onto the king post and the spacers welded permanently to the king post.  Although it is not obvious in 
the photo, the galvanized coating on the king post under the spacers has been ground away exposing 
the bare steel to avoid creating the toxic fumes that are created when galvanized metal is welded.  After
welding, the top portion of the king post where the spacers are located will be painted black, the AZ 
slewing bearing will be mounted to the plate and the AZ encoder assembly will be installed under the 
plate.  

The photo shows the lower AZ bearing plate assembly and AZ mount spacers welded to the king post 
and painted.  
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Figure II-24.  Lower azimuth bearing plate and spacers welded to the king post component and 
painted. 

The two photos below show the upper and lower sides, respectively, of the AZ slewing bearing 
mounted onto the bearing support plate.  
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Figure II-25.  Top view of the mounted slewing bearing. The EL mount will bolt into the large ring of 
empty holes shown here.  
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Figure II-26.  Underside view of mounted AZ slewing bearing assembly.  The azimuth encoder will be 
mounted to the underside of the plate centered on the large hole visible in this photo.  
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The photo below shows the completed servo-motor-driven azimuth drive mount.  The assembly is now 
ready to be installed onto the lower base structure that is located on the concrete support pads shown 
earlier.  
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Figure II-27.  The completed azimuth drive assembly, shown here without the azimuth encoder which 
will be installed later underneath the slewing bearing support plate.  The AZ servo motor and first gear
reduction section (256:1)  are visible in this photo.  

The azimuth absolute encoder assembly will be added to this assembly after the EL drive is mounted to
the top of the AZ slewing bearing. The direct-drive AZ encoder shaft threads into the center of the base 
plate of the EL mount which will be bolted to the top of this assembly.  The AZ encoding shaft will 
then extend downward through the AZ slewing bearing plate to connect directly to the azimuth encoder.

6.2  AZ MOUNT INSTALLED

The photo below shows the AZ mount/king post assembly installed on the base structure.
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Figure II-28.  The completed AZ mount, including slewing bearing and king post, is installed.
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The site structure is now ready to receive the EL mount and dish assembly when they are finished.  

6.3 EL MOUNT AND TRANSITION TO DISH BACK STRUCTURE

6.3.1  TRANSITION DESIGN

The structural transition design for the elements that couple the AZ/EL mount to the dish back structure
is shown in the drawing below: 

Figure II-29.  The structure that will couple the AZ/EL mount to the dish and its back structure is 
shown.  The portion of the design that needs to be fabricated is shown in blue.  

The  structural components that will couple the AZ/EL mount to the dish back structure will be 
constructed from 2.5” square steel tube with ¼” wall thickness.  These components include the 
attachments to the dish back structure triangle base, attachments to the EL slewing bearings, and the 
counter weight box assemblies.  

It was decided , after helpful discussions with Larry Pignolet N1AXB, that the original triangle base 
material of the dish back structure was insufficiently strong to serve as attachment elements to the 
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AZ/EL mount and would likely bend under the loads presented to it.  Therefore, the existing triangle 
made from 2.5” x 3.5” x ¼” thick angle steel will be reinforced by permanently welding a 3” square 
steel tube of 3/16” wall, 10’ long, along and into the angle of each side of the triangle material.  This 
will stiffen and substantially strengthen the triangle base and provide a significantly improved surface 
to attach the transition component by bolting the rectangular transition corners to the triangle using four
¾” diameter bolts, one at each corner of the transition rectangle, with the bolts passing through the 
strengthened triangle material.   Each 3” sq tube section  added to the triangle will add an additional 
106 lbs to the back structure weight for a total of 318 lbs added to the triangle weight.  

For elements on the dish side of the EL rotation axis, rough center of mass moment arm distance and 
weight estimates, including dish and dish back structure, are approximately 32” from the EL axis of 
rotation and 1900 lbs, respectively.  This moment arm will require that the counter balance system 
which at present has a lever arm of 52” will need about 1200 lbs of counter weight to balance the dish.  

The weight of the steel elements comprising the two counter weight boxes and their attachment pieces 
to the EL axis of rotation is approximately 700 lbs, leaving about 500 lbs or so weight that must be 
added to the counter weight boxes to balance the dish assembly.  The present plan is to use solid 
“cinder blocks” for the counter weights.  These types of blocks are commonly used in sections of block
wall and block fence construction and are readily obtainable from local suppliers.  Each of the blocks 
weighs approximately 30 lbs and have typical dimensions of 8” x 16” x 4”.  Thus, it is expected that 
approximately 500/30 =16 counter weight blocks will be needed to balance the dish on the mount.  This
number of blocks will easily fit into the two counter weight boxes shown in the drawing.  Note that the 
boxes can easily accommodate more than twice that number of blocks should it be necessary at some 
point to do so.  These counter weight estimates have ignored the contributions that will come from the 
feed horn support arms and feed horn assemblies, but these contributions are small compared to the 
principal structural elements that are considered in this preliminary analysis. 

The initial weight and counter balance numbers seem reasonable and will be refined after the 
transition/counter-weight components are fabricated and will be based upon the actual materials that 
are incorporated into the finished structures.  Also, the moment arm contribution of the feed system will
be added to the counter balance calculations when that system is fabricated and mounted.  

The drawing above permits reasonable estimates of other critical aspects of the needed design.  For 
example, in addition to how much counter weight will be needed, the required height of the vertical 
post supporting the cross piece to which the EL slewing bearings are mounted can be determined to 
achieve a suitable elevation angle range for the dish.  

Using the dimensions for the elements that are illustrated in the drawing it is shown that the dish should
be able to point to any angle within a 90 degree (i.e., vertical) to -10 degree (i.e., 10 degrees below 
horizontal) angular range for elevation.  Note that it is desirable to be able to point the dish below the 
horizon by 5 degrees or so to enable suitable ground noise measurements to be made by the telescope.  
Such measurements will be needed to adequately characterize the performance of the telescope later.  
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It has been noted that the principal triangle portion of the original dish back structure is built from 
material that is not strong enough to permit AZ/EL operation of the dish.  In particular, the material of 
the triangle flexes when the weight of the dish with its back structure is applied by lifting the dish 
assembly with forks from underneath the triangle as was shown in a previous photo.  An AZ/EL mount 
would utilize “pick points” on the triangle to attach to the dish and those points would undesirably flex 
with the current triangle structure unless the triangle is strengthened.  To strengthen the triangle and 
minimize such distortions, it has been decided to weld 3” square steel tubing with 3/16” wall along and 
into the existing steel angle material.  The photo below shows initial fitting of new steel into the 
existing angle material of the triangle.  

39 



 Figure II-30.  New steel is shown clamped into the original triangle base of the dish back structure in 
preparation for welding.  All three sides will be modified similarly.   
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New steel is shown clamped along one side of the triangle in preparation for welding to the triangle.  
All three sides of the triangle will be similarly modified to strengthen the triangle.  

After thinking about the welding step of the triangle support beams it seems desirable to postpone the 
welding and instead drill the “pick point” holes through both the original angle material of the triangle 
and the new 3” sq tube of the support beams before welding the new beams into the angle material as it
would be more difficult to make the holes if the materials were already welded together.  Therefore 
drilling of the four ¾” diameter “pick point” holes through the triangle materials is underway.  The 
photo below shows how the drilling of the pick point holes is being done on the 3” square tubes.

Figure II-30.  Drill set up for making the ¾” diameter “pick point” holes in the 3” square tube 
material of the bottom member of the triangle dish support structure.   
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The photo below shows that the bottom side of the triangle has been drilled with ¾” diameter holes at 
the two pick points on this triangle member.  The two holes that are visible in the photo pass through 
the original angle material as well as the 3” square tube so that a ¾” bolt can be used at these positions 
to attach the rest of the transition structure to the AZ/EL mount later.  A pick point hole on each of the 
two remaining sides to the triangle have yet to be drilled at this moment but are in the cue for drilling.  

Figure II-31.  View of the bottom member of the triangle structure which shows that the two pick point 
holes on this member have been drilled.  

Bolts will be inserted through the four pick point holes during welding to ensure that alignment of all 
holes through the triangle materials will remain true during welding of the triangle materials.       

After drilling the two initial holes I became concerned that the complete AZ/EL design has yet to be 
completed, meaning it is unclear that some changes in the portion of the design that has been done so 
far might need to be changed, including the bolt hole positions that I just drilled.  Therefore, I have 
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decided not to drill any more holes until completing the technical drawings of the complete design to 
ensure that I don’t waste effort drilling holes that may be in an incorrect position.  

The LibreCAD drawings of the final version of the AZ/EL mount have now been completed.  The back 
side view and side view of the design are shown in the image below: 

Figure II-32.  Finalized CAD drawing of the 4.6m dish AZ/EL mounting scheme.  

Thanks to several useful discussions between Larry and I, the final design of the AZ/EL mount has 
evolved and is improved over the initial design.  The new design differs significantly from the version 
shown earlier, principally in the simplification of the EL bearing mountings and the greatly increased 
strength of the EL rotation portion of the design in terms of providing much greater torque strength.  
The increased torque strength is due to the use of two “torque plates” (shown in blue in the drawing) at 
the ends of the rectangular transition box.  These plates are constructed from 3/8” thick steel plate and 
will be welded to the transition box.  The EL bearings will be mounted directly onto these torque plates 
using sixteen 5/8” diameter bolts on each outside bearing face.  Another fifteen 5/8” diameter bolts on 
the opposite bearing face on each bearing will attach the bearings to the cross member shown on top of 
the vertical post support.  Together the cross member and vertical support post form the “tee” in the 
AZ/EL design.  

The EL bearings that will be used are shown in the photo below.  
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Figure II-33.  The two EL slewing bearings that will be used in the EL portion of the AZ/EL mount are 
shown.  The weights of  the non-driven bearing and servo-motor-driven bearing are 35 lbs and 118 lbs,
respectively.   The bolt hole circles are identical on the two bearings.  
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The bearing on the right in the photo is a servo-motor-driven slewing bearing identical to that used in 
the AZ mount.  The bearing on the left is a non-driven slewing bearing.  The bearings will be mounted 
directly onto the torque plates, one at each end of the transition rectangle as shown in the drawing 
above.  The gear teeth on the outer rim of the non-driven bearing will not be used in this mount design. 

Now that the complete design of the AZ/EL mount, including the transition and counter-weight 
sections, is complete drilling of the triangle support structure previously begun can resume.  The  
details, including dimensions and relative positions of the critical components, are now specified in the 
design.  It is expected that no major changes to the design will be needed hereafter and that only small 
modifications, if any are needed at all, will be straightforward to implement.  At least that’s the plan.  

6.3.2 FOUR-TUBE CROSS PIECE FABRICATION

Examination of the AZ/EL design shows that a critical component of the design is the tee structure to 
which the dish and counter weight components attach.  Note that the vertical post and cross piece of the
tee will undergo large bending and torsion loads and also will require precision fabrication so that the 
azimuth and elevation motions of the mount are not coupled but rather exist as independent motions.  
Further, as the EL bearings mount directly onto the ends of the cross piece it is important that the cross 
piece be constructed carefully and cut squarely to provide the required orientations of elements 
attached to it.   Due to the large loads that will exist on the cross piece it must be fabricated such that it 
can withstand such loads.  

An initial idea of using a single round pipe or single square steel tube for the cross piece was rejected 
because of insufficient strength issues of such materials, due principally to the limitations of size 
imposed by the dimensions of the bolt circles of the bearings.  Namely, the cross piece must be able to 
fit into the area defined by the bearing bolt circle leaving room for the nuts, washers, and bolts that will
pass through the bolt holes.  This restriction limits the size of elements that can be used for the cross 
piece.  To increase strength over a single element cross piece it has been decided to use a cross piece 
that is fabricated by welding four heavy wall steel tubes together to form the cross piece.  The 
advantage of such a structure is that it naturally contains “additional” internal support within the 
welded piece due to the multiple walls that exist inside the final structure.  The scheme settled upon in 
our design is shown in the drawing below. 
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Figure II-34.  Four-tube cross piece design that allows room for bolts, nuts, and washers that will pass 
through the bearing plate. The four-tube design provides increased strength over a single element cross
piece.  The drawing shows that the use of 2” square steel tube with ¼” wall thickness fits well into the 
area defined by the bearing bolt circles.  

To fabricate the cross piece four steel square tubes were cut to the approximate length of the desired 
cross piece, the tubes were clamped and welded together in pairs; both sides were welded.  The tubes 
are shown welded together in pairs in the photo below.  
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Figure II-35.  A pair of 2” diameter ¼” wall tube assemblies created by welding two tubes together.  

The two pairs were then clamped together to form a four-tube structure as shown in the photo below.
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Figure II-36.  Two pairs of tubes clamped for welding to form a four-tube structure.  
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The photo below shows the four-tube structure after welding.  All four sides are “stitch”welded; 
meaning that the welds are not continuous along the entire length of the tubes.  Generally it is 
unnecessary to weld the entire length of such structures as stitch welds provide strengths nearly as 
strong as a continuous weld provides without using excessive welding supplies and welding time.  The 
principal strength of the cross piece in this case comes from the tubes used, not the strength of the 
welds attaching the tubes together.    
 

Figure II-37.  The four-tube structure is shown after being stitch-welded together.    
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With regard to welding such tubes together, note that a natural groove is formed at the rounded corners 
of the individual tubes when they are clamped together.  This is advantageous in that it automatically 
creates a geometry for a “root” weld to be laid down in the groove as is typically done when high-
strength welds are desired.  A second-pass “cap” weld is then laid down on top of the root weld to form 
a high-strength final result.    

The ends of the cross piece need to be cut precisely square to permit a true perpendicular attachment of 
the bearing plates to the cross piece.  The photo below shows the result of such a cut.  
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Figure II-38.  Precision cut of the four-tube cross piece to provide a suitable mating surface for a 
bearing plate.  
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The 4-tube cross piece will be welded onto an 18” square 3/8” thick steel plate which in turn will be 
welded onto the vertical post portion of the tee.  The vertical post assembly has been cut to 19” per the 
drawing and the square plate has been cut.  The photo below shows the cross piece, mounting plate, 
and vertical post assembly (the post is upside down in this photo).  

Figure II-39.  Four-tube cross piece, mounting plate, and vertical post section positioned for fitting of 
gusset plates.  
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The vertical post and plate pieces are positioned upside down in the above photo to permit fitting and 
welding of the vertical post assembly to the plate and fitting  and welding of strengthening gusset 
plates.  After these components are welded together the vertical post/plate/gussets assembly will be 
turned upright to permit welding of the 4-tube cross piece onto the top of the plate.  Strengthening 
gusset plates will be fabricated and welded to the cross piece and plate top as well to add strength and 
rigidity to the tee assembly as a whole and to counter-act any tendency of the cross piece to “roll” in a 
direction perpendicular to the long axis of the cross piece under the various loading stresses the tee will
experience.  

The 4-tube cross piece will be positioned onto the square plate such that the center of the cross piece 
will be offset slightly from the center of the plate/vertical post assembly along its long axis enough to 
compensate for the difference in thickness of the two EL slewing bearings that will be attached to the 
ends of the 4-tube cross piece.  The offset will ensure that once the bearings are attached to the cross 
piece ends the vertical post will be centered between the outer surfaces of the two bearings, as shown in
the drawing.  

6.3.3  VERTICAL POST GUSSETS

The vertical post has been strengthened by adding gusset plates to both the underside of the square top 
plate and to the topside.  The underside gussets were cut from 3/8” thick steel plate.  Topside gussets 
were fabricated from 5” x 3.5” angle steel 3/8” thick.  The top and bottom gussets significantly 
strengthen and stiffen the vertical post and the square top plate.  The photo below shows the present 
state of the vertical post assembly.  
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Figure II-40.  Vertical post assembly completed except for welding the 4-tube cross piece to the top of 
the square plate.  

The vertical post assembly is now complete except for adding the 4-tube cross piece to the top plate.  
The  position of the 4-tube assembly will depend upon the precise distance between the outer bearing 
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plates of the EL bearings.  The EL bearings will be installed after the inner bearing plates are fabricated
and welded onto the 4-tube cross piece and the EL bearing installed onto the inner bearing plates.  The 
center of the square plate top will be made to coincide with the half distance between the outer bearing 
plates measured along the 4-tube cross piece, i.e., not precisely the mid point of the 4-tube cross piece 
because of the thickness difference between the two slewing bearings that will be used. 

It should be noted that it will be necessary to “notch” one of the lower gusset plates to allow negative 
elevation angles to be accessed without the transition box beam colliding with the gusset plate.  The 
gusset plate to be notched is the longer plate left of the center post in the photo above. 

It is expected that the vertical post assembly is now sufficiently strong to handle the large loads that 
will be applied to it.  As noted earlier, the vertical post assembly will bolt directly onto the top of the 
AZ bearing that has already been installed on the concrete pad base structure previously shown. 

6.3.4  INSTALLING FOUR-PIECE CROSS PIECE

The inside bearing plates for the 4-tube cross piece have been cut and drilled to accept fifteen 5/8” 
diameter bearing bolts each and have been welded onto the 4-tube cross piece.  The cross piece is 
presently being welded into position  on the vertical post assembly.  The photo below shows the present
state of progress. 
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Figure II-41.  The inside bearing plates have been fabricated and welded onto the cross member and 
the cross member is being welded onto the vertical post assembly.  

Note that the blank position of the bolt circle on the near bearing plate is positioned in a “downward” 
orientation.  This will result in the servo-motor assembly of the driven EL bearing being horizontal 
when the vertical post assembly is mounted onto the AZ slewing bearing.  This orientation for the EL 
servo motor assembly is consistent with the orientation of the AZ servo motor assembly which is also 
horizontal.    

6.3.5  SERVO TORQUE PLATE FABRICATION

The photo below shows that the torque plate for the servo-motor-driven EL slewing bearing has been 
cut and drilled and is ready for painting and assembly onto the EL bearing.  
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Figure II-42.  The torque plate for the servo-motor-driven EL slewing bearing has been cut and drilled 
and is now ready for painting and installation onto the EL slewing bearing.  
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It should be noted that the scratch marks showing center were not used to locate the bolt hole positions.
The marks were made after the hole positions were located and were used to verify that lines through 
opposite side holes converge on a single point.  If they did not converge it would be a good indication 
that an error occurred during placement of the holes.  No error was detected.  

6.4.6  SERVO-MOTOR-DRIVEN EL BEARING INSTALLATION

The photo below shows the servo-motor-driven EL slewing bearing being installed onto the tee section 
of the AZ/EL mount.  

Figure II-43.  The servo-motor-driven EL slewing bearing is shown being bolted onto the tee structure 
of the AZ/EL mount.  

The torque plate for this side will be bolted onto the servo-motor driven portion of the EL bearing after 
the bearing is installed.  
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6.3.7  NON-DRIVEN TORQUE PLATE FABRICATION AND INSTALL

The photo below shows that the non-driven torque plate has been fabricated and installed on the non-
driven/free-turning bearing.  

     Figure II-44.  Non-driven torque plate has been fabricated and installed on the free turning bearing.
The inside surface of the driven torque plate and bearing is at the far end of the cross piece.  
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The photo below shows the outside view of the driven torque plate and the inside views of the non-
driven torque plate and free-turning bearing at the far end of the cross piece.  

Figure II-45.  Outside surface view of the driven torque plate.  Inside surface of the non-driven torque 
plate is at the far end of the cross piece in this view.  
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Note that the two torque plates are not at the same angle in the previous two photos.  This is because 
one freely rotates at the moment and the other is locked into an arbitrary angle due to the gearing of the
servo-motor drive.  Power supplies to drive the servo were not handy at the time to position the torque 
plate to a particular angle.  This angle simply corresponds to the bolt holes used when mounting the 
plate to the servo-driven bearing.  The torque plates will be joined together via the transition box soon.  
The transition box will be fabricated in situ, i.e., while the plates are bolted onto the bearings to ensure 
proper alignment of the transition box, torque plates, and support tee.    

6.3.8  TRANSITION BOX FABRICATION

The transition box will be fabricated directly onto the torque plates while they are installed on the EL 
slewing bearings.  To begin it is necessary to move the driven EL slewing bearing torque plate to a 
suitable angle, in this case I arbitrarily selected local horizontal as the reference angle to be used during
the fabrication.  Local horizontal is determined using a bubble level on the upper edge of the torque 
plates.  The upper edges on both torque plates as they are installed on the tee assembly currently are 
factory cut edges, therefore they are reasonably straight and flat making it straightforward to use a 
magnetic bubble level on those edges to determine when the rotation angles of the plates are horizontal.

It is first necessary to use the servo-motor to drive the driven EL torque plate to a horizontal angle.  To 
do this it is necessary to put together a temporary electrical means to drive the servo motor.  This is 
done using two independent power supplies to simulate the voltages and signals that the tracking 
computer will provide.  The two needed voltages are 24 VDC to operate the servo control module and 5
VDC to simulate a computer command to move the dish in EL.  The two power supplies and temporary
connections using clip leads to the servo control module inputs are shown in the photo below.  
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Figure II-46.  Power and control voltages shown temporarily connected to the servo control module to 
allow movement of the driven EL bearing/torque plate.  The top edge of the torque plate has been 
moved to horizontal by rotating the driven EL bearing as necessary with the temporary electrical 
connections.  

The servo control module is temporarily held at a convenient location on top of the servo motor by a 
welding clamp.  This is not the final location of the control module but rather only a convenient 
arrangement for the time being.  A magnetic bubble level was used to determine the desired rotation 
angle to horizontal.  The magnetic bubble level is shown in the photo below.  

62 



Figure II-47.  A magnetically attached bubble level is used to indicate that the top edge of the driven 
torque plate is at the arbitrarily selected horizontal angle that will be used during fabrication of the 
transition box.  

The non-driven torque plate also needs to be set to horizontal during fabrication of the transition box.  
The magnetic bubble level was used again to determine when the non-driven torque plate is similarly 
aligned with horizontal, as shown in the photo below.  
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Figure II-48.  The non-driven torque plate is rotated into an angle that results in the top edge of the 
plate being horizontal, indicated by the centered bubble in the magnetic bubble level.  

The non-driven torque plate was rotated into a horizontal angle by raising/lowering the hydraulic lift 
table as needed.  It was noticed, however, that the hydraulic lift table does not remain precisely at the 
desired lift height under load, it slowly drifts downward.  That is an unfortunate circumstance but not a 
particularly serious one.  The issue will be resolved by using the lift table to initially place the torque 
plate at the desired height and angle (using the bubble level) then cribbing under the torque plate with 
fixed wooden supports to keep it at the desired height during fabrication of the transition box.  The 
hydraulic lift table will be removed from the non-driven torque plate end of the cross piece and will 
instead be used between the torque plates to lift the various beams into place for welding.   

A simple replacement “fix” for the lift tables that slowly leak off is a hydraulic “spreader” to hold the 
torque plate angle at horizontal, as shown in the photo below. 
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Figure II-49.  Using a hydraulic spreader to hold the free-turning torque plate horizontal while 
working on the transition box.  

To begin fabricating the transition box it is necessary to move the steel material to the shop.  As it 
comes in 20’ lengths and weighs about 130 lbs, it is convenient to use the tractor with forks to move it 
as shown in the photo below. 
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Figure II-50.  Moving a 20’ long piece of steel square tube to the shop to be used in fabricating the 
transition box.  

The fabrication will begin by cutting one of the long lengths of the transition box.  This is done by 
positioning the long piece onto the metal saw as shown in the photo below. 
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    Figure II-51.  Positioning the steel tube onto the metal saw for cutting.  

After marking the length to cut, the material is slid into position for cutting, as shown in the photo 
below. 
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Figure II-52.  Steel tube shown in position to be cut.  

After cutting to length the tube ends and the edge of the torque plate are ground at an angle to make a 
groove to weld into when placed on the torque plate.  This is shown in the photo below
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Figure II-53.  The tube ends and the torque plate edges were ground to form a groove to weld into.  The
photo shows the tube placed into position for welding.  

A long side of the transition box is put into position for welding as shown in the photo below. 
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Figure II-54.  A long side of the transition box is put into position for welding.  The hydraulic lift cart 
can hold the beam in place long enough to tack weld the beam in place.  

It should be noted that the first and second long sides of the transition box will be tack welded into 
position rather than securely welded initially to prevent the torque plate from becoming warped during 
final welding.  The tack welds on one end are shown in the photo below.  
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Figure II-55.  The first long side of the transition box is tack welded in place. 

The photo below shows the second long side tack welded into position to support the torque plate 
corners.  
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Figure II-56.  Second long side of the transition box is tack welded into place to support the corner of 
the torque plate helping to keep warping to a minimum during further welding.  

The photo below shows the two initial long sides of the transition box welded on three sides at each 
end.  
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Figure II-57.  The two initial long sides of the transition box are welded on three sides at each end.  

The photo below shows the two initial long sides of the transition box after welding on three sides of 
each beam.  
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Figure II-58.  Assembly after two of the long sides of the transition box have been welded on three 
sides at the ends of each long beam.  

The photo below shows adding a third long beam of the transition box to the assembly.  
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Figure II-59.  Adding a third long side of the transition box to the assembly.  

After the third side was welded on three sides the EL assembly was rotated to allow easy welding 
access to the fourth side of the long beams of the transition box, as shown in the photo below. 
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Figure II-60.  The EL drive was manually activated to rotate the assembly to allow easy welding access
to the fourth side of the three long beams.  

The fourth long side of the transition box has been added similarly to the other three.  The photo below 
shows the four long sides of the transition box welded in place.  
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Figure II-61.  Four long sides of the transition box have been welded into place on the torque plates.  
The EL motion assembly is now oriented in what will be the “bird bath” position for the dish.    

The short end pieces of the transition box are being cut and fitted into position.  The result of welding 
along the lengths of the short tubes will be that the strength and stiffness of the torque plates are 
increased.  

The photo below shows how the end pieces of the transition box are being fabricated. 
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Figure II-62.  End pieces of the transition box are cut to fit and clamped into place for welding.  

One end of the transition box is now completed, as shown in the photo below.  
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Figure II-63.  One end of the transition box is completed and welded to the torque plate.  

Fabrication of the transition box end pieces for the other end is underway. 
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The photo below shows the completed transition box installed onto the tee structure.  The assembly is 
laying down to begin checking clearances between the transition box and various gussets.  

Figure II-64.  Transition box installation is shown completed.  The EL mount tee structure including 
the transition box is shown laying down to begin checking actual clearances with regard to the various 
gussets and other components of the structure that could in principle restrict or obstruct the full range 
of elevation angles that are desired for the EL mount.  

This is the end of volume II in the project progress reports.  Volume III of the progress reports will 
begin with EL mount clearance checking.  
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