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limited resources the bulk of design and analysis effort had therefore been put into the 18m design 
with the understanding that there will very low risk in meeting the requirements with the 6m design by 
the application of the same design concepts. Therefore the design study contained a minimal amount 
of analysis of the performance of the 6m. Its ability to meet the requirements is inferred by analogy to 
the 18m design. The exception is the close packing requirement of 11m centre to centre for the 6m 
antenna. This unfortunately was overlooked in that design study and so the 6m design presented did 
not meet the requirement. 

Post the PDR held in October 2018 NRAO requested NRC to progress the 6m design addressing the 
close packing issue. This document outlines the work performed thus far and presents the current 
state of the design. 
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Statement of Work NRC ngVLA 18m Antenna Study - 
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make this document out of date. 
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Ref No  Document/Drawing Number  Document Title  Revision  

RD01 101-0000-004-PLN ngVLA 18m Antenna Preliminary Production Plan A 

RD02  ngVLA Memo 26 15m Design Study  

RD03 101-0000-001-CDD ngVLA 18m Antenna Concept Design Document B 

RD04 102-0000-001-CDD ngVLA 6m Antenna Concept Design Document A 

RD05  20210611-NRC_DRAO_FE_Model_Report-01.pdf  
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4 DESIGN OVERVIEW 

The design produced in the previous study, [RD04], was based around an existing mount designed for 
a 10m satellite communications antenna and a scaled down version of the 18m elevation assembly. 
This configuration required the elevation axis to be significantly offset from the azimuth axis in order to 
allow the bottom of the primary reflector to clear the pedestal at low elevation angles. This offset 
meant that the shortest baseline that could be achieved was 14.8m, Figure 4-1, the requirement of 
11m could not be met by the design. 

 
Figure 4-1 Previous 6m Design showing minimum baseline of 14.8 m  

The Phase 2 design presented in this document began by determining the geometry required to meet 
the minimum baseline of 11m and then developing a structure based on that geometry.  The defined 
optical geometry sets the envelope of the elevation assembly; primary and secondary reflector sizes, 
shapes and relative locations. In order to meet the requirement the distance from the extreme points 
of the elevation assembly to the elevation axis plus any offset of the elevation axis from the azimuth 
axis must be <11m/2. To determine the location of the axes on the elevation assembly Ø11m circles 
centred on the extreme ends of the primary and secondary reflectors were sketched on the model, 
Figure 4-2, the area outlined in red delineates the zone the two axes must pass through. 
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Figure 4-2 Location of Elevation Axis to meet 11m minimum spacing.  

This geometry could obviously not be accommodated with the reference design, Figure 4-3.  

 

Figure 4-3  Geometry  required to meet 11m baseline.  
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It was recognized that the required geometry looked very much like that of the 15m design study that 
was produced by NRC in ngVLA Memo #26, Figure 4-4. In that design the elevation axis was placed 
very close to the rim of the primary reflector with a wraparound azimuth structure supported on a 
wheel and track.  

 

Figure 4-4 NRC 15m Design Study  

The proposed design presented in this document utilizes a yoke-style mount supported on a slewing 
ring and pedestal with a single piece rim supported primary reflector supported on a monocoque BUS 
with steel sub-frames.  Figure 4-5 to Figure 4-9 show the latest iteration of the proposed ngVLA-6m 
design. A close packing distance of 10.6m has been achieved, Figure 4-6 shows the sweep radius for 
the elevation structure. 

Note that rack and pinion drives are shown for both the azimuth and elevation axis, however the drive 
type has not been selected and further discussion on drives is provided in 6. 
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Figure 4-5: 6m Antenna Design Concept  
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Figure 4-6: Antenna side view at 16deg elevation  
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Figure 4-7: Antenna  side view at 88deg elevation  
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Figure 4-8: Antenna front view  
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Figure 4-9: Antenna plan view  

 

 
The following sections detail the development work and current status of this design. 
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(OBUS) legs.  Additionally the BUS monocoque must resist loads from the drive arc which can be 
considered as a support point but only in the tangential direction. 

 

 

Figure 4-13:  BUS structure  

The carbon monocoque is constructed with multiple transverse and longitudinal bulkheads to better 
handle localized loads fed into it by the OBUS and at the tripod attachment points along with the drive 
arc.  This structure could be fabricated from steel, but because the elevation axis is positioned so 
close to the primary surface (and because the primary and secondary structures are all carbon fibre), 
it would be impossible to counterbalance this weight without adding counterweights above the primary 
surface.  With a carbon monocoque, the Cg of the current design is very close to the elevation axis. 

The CTE of the carbon monocoque, which would be mostly cored with foam core to increase panel 
stiffness, will be very close to steel (10 versus 12ppm per oC).  This provides a fairly good CTE match 
between it and the steel mount which minimizes stresses and distortions through temperature 
changes. 

4.1.2.2 Outer Back Structure (OBUS)  

Figure 4-14 shows the OBUS, consisting of the red legs connecting the primary surface to the BUS. 
On the DVA dishes and the 15m design study these legs are individual, with some occurring as 
triangulated pairs to insure rotational stability about the Z axis. For the ngVLA-6m the OBUS to uses 
(primarily) single legs that are orientated approximately radially and relies on just two pairs of 
diagonalized legs to constrain X and Y translation and Z rotation, Figure 4-14, and Figure 4-15. 

If the dish was radially symmetric the OBUS could also be radially symmetric and all the OBUS legs 
could be identical and radially oriented.  This means they could all be triangulated pairs and would not 
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Figure 4-15:  Bott om view of the elevation structure  

4.1.3 Secondary Support  

Secondary support is quite different to the DVA reflector due to the ngVLA-6m being a feed-down 
design and the size and mass of the feed package relative to the 6m primary reflector (it is the same 
as used on the 18m antenna). However the length of the feed support structure is much less than on 
the larger antenna designs and because the primary is so much smaller, it is possible to position a 
straight feed leg from the secondary support structure to the elevation bearing structure without 
intersecting the optical path.  This same feed support leg on the DVA design had to be positioned a 
large distance off the central plane of symmetry (the X-Z plane) which complicated the structure.   

Figure 4-16 shows the secondary support structure in profile.  The principle elements are the carbon 
fibre truss (gray) which stands on the two support points on the BUS, the forward feed legs (blue) 
which connect the truss to the elevation bearing structure, the secondary mounting structure (gray and 
green), the secondary reflector (yellow), and the feed package (not shown).   
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Figure 4-16:  Secondary support structure in profile  

 

4.1.3.1 Base support of secondary structure  

Figure 4-17 shows the four point support of the secondary structure.  In concept it is similar to the DVA 
except that for the ngVLA-6m the support points are connected directly to the BUS and not connected 
through the rim of the primary as on the DVA dishes.  This helps to further reduce distortions in the 
primary surface.  However, the secondary load cannot be fully isolated from the primary because 
everything is connected together through the BUS, but the improvement in strain reduction in the 
primary surface is quite significant. 
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Figure 4-17:  Isometric of the secondary structure  

4.1.3.2 Side Trusses  

On the DVA design the feed and secondary support structure consisted mostly of carbon tubes with 
separate end connectors. In principle this is fairly easy to implement except that the end connectors 
can get complicated especially where multiple tubes connect.  In an effort to reduce this complexity 
the 6m design incorporates more planer truss structures such as the side truss.  Figure 4-18 shows 
the side truss structure (latest iteration, optimized using topology optimization techniques).  This is 
relatively easy to mould from carbon fibre and would consist of two parts, the base part and the lid with 
a shoe-box joint. Where other structures are to be connected to this truss additional reinforcement 
such as more local laminate layers, bulkheads, or metallic plates would be added to take care of local 
high stresses and strains (these details are TBD). 
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Figure 4-19: Secondary kinematic support  

4.1.3.4 Feed package and indexer support  

(Initial Concept): The feed package and indexer support would be through a corrugated composite 
platform designed to be adequately stiff where the indexer rails attached to the platform.  This 
structure would also act as a diagonal brace between the two feed and secondary support trusses.  
Figure 4-20 shows the proposed structure. Connections at the platform ends would be through-bolts 
into embedded backing plates inside the side trusses (details TBD).  Similarly connections to the 
indexer would be through-bolts.  This is another reason to adopt a corrugated versus a cored 
structure; the ability to easily accommodate through-bolts and to reinforce for local loads. 

(Current Concept): A new concept by Sightline Engineering incorporates transverse steel truss 
structures for the support of the linear indexer mechanism. 
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Figure 4-20:  Feed and indexer support  

4.1.3.5 Weight and Centre of Gravity  

The preliminary weight and C of g of the elevation structure is as illustrated in Figure 4-21. 

 

Figure 4-21:  6m elevation structure weight and C of g.  
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The origin in Figure 4-21 is the elevation axis.  The total mass of the elevation structure including 
feeds and counterweight is 3343kg.  Currently there is a 462kg counterweight shown, but this will 
change depending on where the auxiliary equipment (such as the vacuum pump, etc.) is located.   
Figure 4-21 shows a vacuum pump located to the left of the elevation axis on top of the BUS, but at 
the moment it has zero mass in the model.  If it and some of the other auxiliary equipment can be 
located to the right of the elevation axis, then the mass of the counterweight can be reduced.  
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4.2 Mount  

4.2.1 Overview  

The proposed mount design utilizes a yoke-style mount supported on a slewing ring and pedestal, 
Figure 4-22. A key restriction on the ngVLA 6m design is the close-packing specifications, which 
necessitate that the elevation axis is located very close to the rim of the dish in order to limit the sweep 
envelope of the ERA and secondary support.  Having the elevation axis at this location requires that 
the mount has very widely spread yoke arms to support the elevation axis, and thus the yoke is much 
larger relative to the dish compared to most radio telescopes.  

  

Figure 4-22: Mount concept  
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4.2.3 Structure  

Error! Reference source not found. shows the breakdown of the main structural elements.  The 
lements shown all have bolted interfaces to one another.  The main yoke element and pedestal 
structures will have machined mounting interfaces at the azimuth bearing and drive interfaces.  
Additional machining operations may be required to achieve locally flat bolted interfaces.   

l 

Figure 4-25: Structural elements, exploded  
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4.3 Bearings  

4.3.1 Azimuth Bearing  

The azimuth bearing utilizes a slewing ring that is nominally 2.0m in diameter.  General requirements 
for the slewing ring are zero tilting backlash which is achieved by preloading the balls or rollers, and 
high tilting stiffness.  Common rolling element arrangements for slewing rings are shown in Figure 
4-26 and include 1) single-row ball bearings 2) cross roller bearings and 3) three-row roller bearings.  
Slewing rings generally increase in stiffness and cost in this order. 

       

Figure 4-26: Slewing ring t ypes - single row four -point contact (left), cross roller (middle), 
three -row roller (right)  

The bearing size and type are governed by stiffness requirements.  A preliminary stiffness 
specification of 6.0e+9 N-m/rad was used in order to limit the influence of bearing stiffness on point 
error (this is described further in the analysis section below).  SKF and Rotek were both consulted for 
bearing selection based on this specification.  SKF proposed a cross-roller bearing which achieved 
this stiffness via high preload.  Rotek proposed a three-row roller bearing which could achieve this 
stiffness with zero preload.  Rotek also indicated that the single-row and cross-roller options were both 
reasonably close to meeting the stiffness specification, and could be considered an option in the 
future.   
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Figure 4-27 shows a general arrangement of the azimuth bearing relative to the pedestal and yoke 
structures.  The bearing shown is a cross-roller type bearing with an external gear (not shown) for the 
azimuth drive.  The gear and bearing are protected from the exterior environment via a removable skirt 
and brush seal. 

 

Figure 4-27: Azimuth bearing arrangement  
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4.3.2 Elevation Bearings  

The general arrangement of the elevation bearings is shown in Figure 4-28.  The elevation bearings 
utilize spherical roller bearings to release moments.  One of the bearings is fixed axially, and the other 
is floating axially with axial release provided via a linear rail mount.  The linear rail allows a very low 
friction axial release while restraining rotation of the elevation bearing about its axis.  The bearing size 
is currently set based on the ERA dish stub shaft diameter of 110mm; this size provides a large 
margin on bearing capacity under operational and survival conditions. 

 

Figure 4-28: Elevation bearing arrangement  
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Figure 4-29: Elevation bearing cut sheet  
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Figure 4-30: Elevation bearing linear guide cut sheet  
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4.4.1 Azimuth Drives  

Figure 4-31 shows the azimuth drive arrangement.  The pinions interface with an external gear on the 
slewing ring.   Lubrication for the gears will be provided by means of passive, automatic lubrication 
units with lubrication pinions as shown in Figure 4-32 

 

Figure 4-31: Azimuth drives  
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Figure 4-33: Elevation drive integration with ERA  
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Figure 4-34: Elevation drive assembly  

The tow-link approach has two main benefits.  Firstly, it ensures that the reaction forces into the ERA 
from the drive system are purely tangential, as illustrated in the left side of Figure 4-35.  The contact 
geometry between the pinion and gear results in both radial and tangential force components, as 
illustrated in the right side of Figure 4-35.  The radial components are reacted by the cam-followers 
such that there is no net radial load acting on the ERA.  This eliminates deflections in the ERA due to 
radial loading from the drives.  Secondly, the pinion tooth engagement is governed by the tolerances 
between the rack and the running surface for the cam-followers, which are both contained in a single 
machined part.  This relaxes the overall assembly-level run-out tolerances on the rack and ensures 
correct tooth engagement. The main drawback of the tow-link approach is the additional complexity.  If 
the above advantages do not warrant the complexity based on additional analysis of the ERA then the 
gearboxes can be rigidly mounted with adjustment provisions for fine tooth alignment. 
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Figure 4-35: Elevation axis tow -link reaction geometry  

It is noted that a similar tow-link arrangement is used on the GBT elevation drive.  In that case the tow 
link utilizes two spherical bearings, as opposed to two cylindrical bearings, and as such the articulating 
assembly requires lateral rollers as well to constrain the drive assembly laterally and in yaw.  This has 
the benefit that it accounts for axial misalignment of the elevation gear, however this additional 
complexity may not be warranted on the much smaller ngVLA 6m antenna. 

 

 

4.5 Braking, Travel Stops and Locking Pins  

Table 4-1 lists requirements related to travel limits and mechanical safety devices.   

Table 4-1: Requirements for travel limits and mechanical s afety devices  

Parameter Req.  Description 

Hardware limits  SBA1702  The antenna shall be equipped with mechanically-driven 
switches to inhibit operation outside its safe operating 
limits 
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Figure 4-36: Travel stop bumper preliminary selection  

The integration of the bumpers into the elevation drive assembly is shown in Figure 4-34 above. For 
the azimuth axis travel stops a topple block arrangement is required to achieve the +/-270 degree 
rotation range.  This is depicted in Figure 4-37 to Figure 4-39. 
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Figure 4-37: Azimuth travel stop arrangement  

 

Figure 4-38: Azimuth topple block assembly  
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Figure 4-39: Azimuth travel stop functionality for 0deg to +270deg (CCW) travel  
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4.5.2 Locking Pins  

Locking pins are designed for stowing the telescope when not in use and are sized to prevent any 
rotation during survival conditions.  The proposed design uses hardened pins which are driven into a 
bushing via an integrated machine screw jack.  The jacks are conservatively sized to engage or 
disengage the pin while the pin is loaded against survival level wind.  This conservative sizing should 
prevent the chance of jammed pins.  Figure 4-40 shows an exploded view of the azimuth locking pin 
assembly.  The elevation lock is similar. 

 

 

Figure 4-40: Azimuth locking pin assembly, exploded  
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Figure 4-41 and Figure 4-42 show the azimuth and elevation locking pin integration, respectively.  For 
the elevation locking pin the receptacle is integrated into the drive rack, with receptacles provided at 
the survival stow position (EL=88deg) and maintenance position (EL=16deg). 

 

Figure 4-41: Azimuth locking pin integration  

 

Figure 4-42: Elevation locking pin integration  
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4.6 Utilities Distribution  

Figure 4-43 shows the preliminary cabling plan provided by NRAO.   

 

Figure 4-43: NRAO cabling plan  
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Figure 4-44 shows an overview of the mount utility distribution system.  The dark purple represents 
flexible utility chain, and the light purple represents rigid utility distribution tray. 

 

Figure 4-44: Utility distribution overview  
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Figure 4-45 and Figure 4-46 show the azimuth utility wrap assembly. 

 

Figure 4-45: Azimuth utility wrap  

 

Figure 4-46: Azimuth utility wrap, plan view  
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Figure 4-47 shows the elevation utility wrap assembly. 

 

Figure 4-47: Elevation utility wraps  
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Figure 4-50: Azimuth encoder integration  

 

Figure 4-51: Elevation axis encoder integration  
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4.8 Equipment Platform  

Figure 4-52 shows the equipment platform.  Preliminary size is 6.5m x 2.0m. NRAO-supplied 
equipment is shown on the right side of the platform.  NRAO access envelopes are shown with partial 
transparency based on NRAO-supplied interface data.   

Mount-supplied electrical cabinets are shown on the left side of the platform, size is notational only 
and TBD. 

 

 

Figure 4-52: Equipment platform  
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4.9 Mass Estimate  

Table 4-3 shows the mass estimate for the mount, which is currently estimated at just over 20 tonnes.  
The mass estimate for the main components is based on the CAD weight plus 20% allowance for 
structural detail not modelled such as fasteners, welds, paint, stiffeners.  No additional contingency is 
included in the estimate below. 

 

Table 4-3: Mass Estimate  

 

 

 
  

Description Mass Notes
[kg] FIXED AZ EL

Structure
Pedestal 3821 3821 Includes AZ wrap support 
Yoke - main weldment 8185 8185 Includes skirts, hatches
Yoke - tripods 1717 1717 Includes EL bearing and EL drive tripods
Equipment platform 1666 1666 Frame, deck, guardrails, ladders

15390
Mechanical

Azimuth bearing 1620 810 810
Elevation bearings 150 150 Bearing, housing
Azimuth drives 575 575 Gearmotor, pinion, mounting plate
Elevation drive ass'y 682 682 Gearmotor, pinion, mounting frame, tow-link
Elevation gear rack 204 204 Gear sector, mounting sector, end plates
Misc: locking pins, bumpers, encoders 300 300 Allowance

3531
Electrical & Payloads

NRAO-supplied equipment 599 599 Per NRAO drawing 020.30.03.10.00-0001-DWG-Env. Vol. Mass & Loc. Reqs-A
Mount electrical cabinets 400 400 Allowance
Cable wraps, cable tray, wiring 500 500 Allowance (~25m x (10kg/m tray/wrap + 10kg/m cable/hosing))

1499

TOTAL - Mount 20420 Estimate without margin

TOTAL - ERA 3302 3302 Per DRAO, Feb 4, 2020
TOTAL - Telescope 23722 4632 15584 3506

Location
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Figure 5-3 shows the effect of azimuth bearing tilting stiffness on the natural frequency.  It can be seen 
that increasing the tilting stiffness beyond the current specified value only results in a minor increase 
in frequency, so there are limited returns for using a stiffer bearing.   

 

Figure 5-3: Frequency vs azimuth bearing tilting stiffness  
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5.3 Wind Loads  

Wind load coefficients on the ERA were taken from NRC-supplied spreadsheet 101-0000-000-MOD-
001 Wind Loads Model (RD02).  This file was developed based on  NRC Offset Reflector wind tunnel 
test data, and previously used by NRC in the development of the ngVLA 18m antenna, and has been 
adapted to the ngVLA 6m antenna.   Wind load coefficients are used in subsequent estimates of 
mount pointing error and survival stress analysis. 

Figure 5-4 shows the coordinate systems used for the wind data.  Figure 5-5 shows 6-DOF wind 
coefficients as a function of wind azimuth angle and antenna elevation angle.  It can be seen in Figure 
5-5 that the largest wind loads are fore-aft wind loads (CFP) when the dish is at low elevation angles, 
and the wind is coming from a frontal direction. 

 

Figure 5-4: Wind load coordinate system  
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Figure 5-5: Wind coefficients as a function of wind azimuth angle and antenna elevation angle  
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For an initial estimate of wind-induced pointing error, 10m/s wind forces were applied to the FEM and 
the resulting rotation of the ERA was measured.  This was carried out for 6 wind load cases 
corresponding to the maximum wind forces in the FX, FY, FZ, MX, MY and MZ directions.  The results 
are shown in Table 5-2 below.  It can be seen that Case 1, which corresponds to the maximum value 
of FX (frontal wind), results in the highest mount rotation at 5.56 arcsec, which consumes 56% of the 
10 arcsec error budget.  This error corresponds to the simplified case of the wind increasing from 0m/s 
to 10m/s without any referencing.  The magnitude of force corresponding with a wind increase from a 
10m/s steady wind to a 15m/s gust is 25% larger.  More detailed evaluation methods will be required 
in future design phases. 

Table 5-2: Mount rotation under wind and temperature gradient loads  

 

Temperature gradient cases were also run with gradients of 10C/6m applied to the mount in x, y and z 
directions.  These correspond to cases 7 to 9 in Table 5-2.  At this point these values are simply 
placeholders.  Calculations for expected thermal gradients under various referenced and absolute 
pointing scenarios will need to be developed and used as input to pointing error calculations and 
requirements for thermal control.  

Wind Load Parameters
Wind speed [m/s] 10.0
Air density [kg/m^3] 1.225
Primary diameter [m] 6.0
Primary area (ellipse) [m^2] 34.9

Load Cases
-wind load coefficients per 19007-CLC-002-A

Case 1 2 3 4 5 6 7 8 9
Case type WIND WIND WIND WIND WIND WIND THERMAL THERMAL THERMAL
Case label CFX_Max

(fore-aft)
CFY_Max
(lateral)

CFZ_max
(vertical)

CMX_max
(roll)

CMY_Max
(pitch)

CMZ_Max
(yaw)

dTX dTY dTZ

Elevation angle [deg] 30 90 80 90 90 20 -            -            -            
Wind azimuth angle [deg] 40 110 10 100 180 90 -            -            -            
Wind coefficient, CFx [ ] 1.33 -0.31 0.84 -0.17 -0.46 -0.07 -            -            -            
Wind coefficient, CFy [ ] 0.03 0.14 0.00 0.13 0.02 0.01 -            -            -            
Wind coefficient, CFz [ ] -0.07 0.42 -0.94 0.24 0.47 -0.01 -            -            -            
Wind coefficient, CMx [ ] 0.01 -0.16 0.03 -0.17 0.00 0.02 -            -            -            
Wind coefficient, Cmy [ ] 0.09 -0.08 -0.02 -0.04 -0.19 0.02 -            -            -            
Wind coefficient, CMz [ ] 0.07 -0.09 0.02 -0.10 0.00 -0.21 -            -            -            
Temperature gradient, dTX [0C/m] -            -            -            -            -            -            0.17 0.00 0.00
Temperature gradient, dTY [0C/m] -            -            -            -            -            -            0.00 0.17 0.00
Temperature gradient, dTZ [0C/m] -            -            -            -            -            -            0.00 0.00 0.17

Mount Rotation due to Wind
-rotations below are measured at ERA origin

ROTX [arcsec] -0.04 -1.19 0.10 -1.25 -0.08 0.03 -            -            -            
ROTY [arcsec] 5.55 -2.10 3.57 -1.08 -3.98 -0.01 -            -            -            
ROTZ [arcsec] 0.37 -0.53 0.11 -0.60 0.01 -1.10 -            -            -            
Total rotation (RSS) [arcsec] 5.56 2.47 3.57 1.76 3.99 1.10 -            -            -            

Mount Rotation due to Temperature Gradient
ROTX [arcsec] -            -            -            -            -            -            0.00 2.44 0.00
ROTY [arcsec] -            -            -            -            -            -            -2.65 0.00 0.11
ROTZ [arcsec] -            -            -            -            -            -            0.00 -0.01 0.00
Total rotation (RSS) [arcsec] -            -            -            -            -            -            2.65 2.44 0.11





 

ngVLA6-0000-002-CDD-002 
Revision: A 

 
 

2021-03-25  Page 81 of 142 

 

Sample deflection and stress results are shown below for the case of gravity load plus 50m/s frontal 
wind load.  The results indicate stresses will be less than 20Mpa (2900psi), indicating very large 
margin of safety (greater than 10:1).   

 

Figure 5-6: Deflection under 50m/s survival wind loads plus gravity  

 

Figure 5-7: Mount stresses under 50m/s survival wind load plus g ravity  
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5.6 Foundation Analysis  

The foundation conceptual design utilizes a shallow slab foundation with preliminary dimensions 5.0m 
x 5.0m x 0.6m.  A square footing is assumed for initial sizing, however a circular footing can be 
considered in future design phases. 

Geotechnical information for the site was provided in a 1999 report for the ALMA antennas (RD03).  
The proposed foundation design for that project was based on a cylindrical slab footing supported by 
an additional three piers bearing at depth of approximately 6m.  In order to limit settlement, it was 
recommended that bearing pressure at the base of the piers be limited to 287kPa (6000psf).  No 
information was provided for recommended bearing pressure for shallow foundations.  

For the survival wind load of 50m/s the calculated bearing pressure for a 5.0m x 5.0m slab foundation 
is approximately 60kPa (1250psf).  This is will likely provide an adequate bearing pressure for a 
shallow slab foundation, but this should be confirmed via a project-specific geotechnical study. 

Soil stiffness data from RD03 was also used to estimate impact of soil stiffness on pointing error.  The 
soil shear modulus in RD03 is listed as 35Mpa (5ksi) at depths from 1-2m.   At 10m/s normal operating 
wind the foundation tilt is estimated at 0.2 arcsec, which is 2% of the 10 arcsec referenced pointing 
error requirement.  Thus, soil stiffness is not a major consideration in overall antenna pointing. 
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6 CALCULATIONS  

Table 6-1 lists calculation files prepared by Sightline for the mount conceptual design.  These files are 
included as an appendix to this report. 

 

Table 6-1: Calculation listing for concept design  

Calculation Number Description 

19007-CLC-001-A Mount mass budget 

19007-CLC-002-A Wind loads 

19007-CLC-100-A Foundation calculations 

19007-CLC-200-A Rack and pinion calculations 
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Table 7-3: Azimuth drive specifications �± �³�+�\�E�U�L�G�´���G�U�L�Y�H���R�S�W�L�R�Q 

 

The following images show how the direct drive motors package. 

 

Figure 7-2: Azimuth direct drive motor packaging  

As shown in the following image, the direct drive motor is larger than the gearmotor assembly.  This 
makes packaging more difficult, particularly with regard to placement of the motor flange relative to the 
slewing bearing and pinion, but it is still feasible without significant structural redesign.  If the pinion is 
moved further away from the motor flange (to provide clearance with the slewing bearing), additional 
support of the motor shaft may be required. 
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Figure 7-3: Azimuth direct drive motor (orange) vs gearmotor (red) size comparison  

7.3.2 Elevation Axis  

The motors proposed for the elevation axis are the same style TK series units as the azimuth drives, 
albeit with a slightly smaller size.  Details of the proposed motors are provided in Table 7-4. 

Table 7-4: Elevation drive specifications �± �³�+�\�E�U�L�G�´���G�U�L�Y�H���R�S�W�L�R�Q 
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Figure 7-5: Elevation axis direct drive motor dimensions  

7.4 Option 3: Direct Drive  

The direct drive option provides non-contact drive system for both axes.  Again, Phase USA was 
consulted to provide preliminary specification of the azimuth and elevation drives.  This drive system 
has two fundamental benefits: 

1. No mechanical contact or wear items 
2. Increased control capability and better control system bandwidth due to minimized mechanical 

compliance  

7.4.1 Azimuth Axis �± Internal Drive  

For the azimuth axis, Phase proposed two supply options: 1) supply of only the stator and rotor for 
integration by the telescope designers, or 2) supply of an integrated package with the slewing bearing.  
Figure 7-6 shows the basic rotor and stator components, and Figure 7-7 integrated concept. 
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Figure 7-6: Azimuth axis, direct drive rotor and stator concept from Phase  

 

Figure 7-7: Azimuth axis, direct drive integrated concept from Phase  
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