
 

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

 
 

2021-03-25  Page 1 of 142 

 

   

 

ngVLA 6m Antenna Concept Design Document  
Document Number ............................................................................... ngVLA6-0000-002-CDD-002 

Revision: ......................................................................................................................................... A 

Author ................................................................................................................................... G. Lacy 

Date ................................................................................................................................ 2021-03-25 

Status ....................................................................................................................................... Final 

Classification .................................................................................................................. Unrestricted 

 
Prepared By Name G. Lacy Signature 

 
 

Organisation NRC 
Reviewed By Name Gordon Lacy Signature 

 
 

Organisation NRC 
Name Nathan Loewen Signature 

 
 

Organisation Sightline 
Engineering 

Name Gordon Lacy Signature 
 

 
Organisation NRC 

Approved By Name Scott Roberts Signature 
 

 
Organisation NRC 

Issued By Name Gordon Lacy Signature 
 

 
Organisation NRC 

 

 

 

 

 
[This document describes concept design for the ngVLA 6m Antenna Design project.] 





 

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

 
 

2021-03-25  Page 3 of 142 

 

TABLE OF CONTENT  

1 INTRODUCTION ............................................................................................................... 12 
1.1 Purpose of Document ............................................................................................ 12 
1.2 Scope of Document ............................................................................................... 12 
1.3 Intended Audience ................................................................................................. 12 
1.4 Design Context ...................................................................................................... 12 

2 APPLICABLE AND REFER ENCE DOCUMENTS ............................................................ 14 
2.1 Applicable Documents ........................................................................................... 14 
2.2 Reference Documents ........................................................................................... 14 

3 OPERATIONAL CONTEXT  .............................................................................................. 15 
3.1 Operational Environment ....................................................................................... 15 

4 DESIGN OVERVIEW ........................................................................................................ 18 
4.1 Elevation Rotating Assembly ................................................................................. 26 

4.1.1 Primary Reflector Surface ....................................................................... 26 
4.1.2 Backup Structure .................................................................................... 30 
4.1.3 Secondary Support ................................................................................. 33 

4.2 Mount .................................................................................................................... 40 
4.2.1 Overview ................................................................................................. 40 
4.2.2 Design Evolution ..................................................................................... 41 
4.2.3 Structure ................................................................................................. 43 

4.3 Bearings ................................................................................................................ 44 
4.3.1 Azimuth Bearing ..................................................................................... 44 
4.3.2 Elevation Bearings .................................................................................. 46 

4.4 Drives .................................................................................................................... 49 
4.4.1 Azimuth Drives ........................................................................................ 50 
4.4.2 Elevation Drives ...................................................................................... 51 

4.5 Braking, Travel Stops and Locking Pins ................................................................. 54 
4.5.1 Travel Stops ........................................................................................... 55 
4.5.2 Locking Pins ........................................................................................... 59 

4.6 Utilities Distribution ................................................................................................ 61 
4.7 Encoders ............................................................................................................... 67 
4.8 Equipment Platform ............................................................................................... 69 
4.9 Mass Estimate ....................................................................................................... 70 









 

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

 
 

2021-03-25  Page 7 of 142 

 

Figure 4-17:  Isometric of the secondary structure ........................................................................ 35 

Figure 4-18:  Secondary side truss (earlier version shown, but concept is the same) .................... 36 

Figure 4-19: Secondary kinematic support .................................................................................... 37 

Figure 4-20:  Feed and indexer support ........................................................................................ 38 

Figure 4-21:  6m elevation structure weight and C of g. ................................................................ 38 

Figure 4-22: Mount concept .......................................................................................................... 40 

Figure 4-23: Early concepts for slewing ring (left) and wheel and track (right) mounts .................. 41 

Figure 4-24: Topology evolution .................................................................................................... 42 

Figure 4-25: Structural elements, exploded ................................................................................... 43 

Figure 4-26: Slewing ring types - single row four-point contact (left), cross roller (middle), three-
row roller (right) ...................................................................................................... 44 

Figure 4-27: Azimuth bearing arrangement ................................................................................... 45 

Figure 4-28: Elevation bearing arrangement ................................................................................. 46 

Figure 4-29: Elevation bearing cut sheet ....................................................................................... 47 

Figure 4-30: Elevation bearing linear guide cut sheet .................................................................... 48 

Figure 4-31: Azimuth drives .......................................................................................................... 50 

Figure 4-32: Rack lubrication system example .............................................................................. 51 

Figure 4-33: Elevation drive integration with ERA ......................................................................... 52 

Figure 4-34: Elevation drive assembly .......................................................................................... 53 

Figure 4-35: Elevation axis tow-link reaction geometry ................................................................. 54 

Figure 4-36: Travel stop bumper preliminary selection .................................................................. 56 

Figure 4-37: Azimuth travel stop arrangement .............................................................................. 57 

Figure 4-38: Azimuth topple block assembly ................................................................................. 57 

Figure 4-39: Azimuth travel stop functionality for 0deg to +270deg (CCW) travel .......................... 58 

Figure 4-40: Azimuth locking pin assembly, exploded ................................................................... 59 

Figure 4-41: Azimuth locking pin integration.................................................................................. 60 

Figure 4-42: Elevation locking pin integration ................................................................................ 60 

Figure 4-43: NRAO cabling plan ................................................................................................... 61 

Figure 4-44: Utility distribution overview ........................................................................................ 63 

Figure 4-45: Azimuth utility wrap ................................................................................................... 64 

Figure 4-46: Azimuth utility wrap, plan view .................................................................................. 64 



 

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

 
 

2021-03-25  Page 8 of 142 

 

Figure 4-47: Elevation utility wraps ............................................................................................... 65 

Figure 4-48: IGUS E-chain preliminary selection for azimuth (left) and elevation (right) wraps ...... 66 

Figure 4-49: Heidenhain RCN 8000 encoder ................................................................................ 67 

Figure 4-50: Azimuth encoder integration ..................................................................................... 68 

Figure 4-51: Elevation axis encoder integration ............................................................................ 68 

Figure 4-52: Equipment platform ................................................................................................... 69 

Figure 5-1: Stand-alone mount FEM ............................................................................................. 71 

Figure 5-2: Mode shapes .............................................................................................................. 74 

Figure 5-3: Frequency vs azimuth bearing tilting stiffness ............................................................. 75 

Figure 5-4: Wind load coordinate system ...................................................................................... 76 

Figure 5-5: Wind coefficients as a function of wind azimuth angle and antenna elevation angle ... 77 

Figure 5-6: Deflection under 50m/s survival wind loads plus gravity .............................................. 81 

Figure 5-7: Mount stresses under 50m/s survival wind load plus gravity ....................................... 81 

Figure 7-1: Roller pinion components ............................................................................................ 87 

Figure 7-2: Azimuth direct drive motor packaging ......................................................................... 88 

Figure 7-3: Azimuth direct drive motor (orange) vs gearmotor (red) size comparison .................... 89 

Figure 7-4: Elevation direct drive motor (orange) vs gearmotor (red) size comparison .................. 90 

Figure 7-5: Elevation axis direct drive motor dimensions............................................................... 91 

Figure 7-6: Azimuth axis, direct drive rotor and stator concept from Phase ................................... 92 

Figure 7-7: Azimuth axis, direct drive integrated concept from Phase ........................................... 92 

Figure 7-8: Segmented azimuth drive concept .............................................................................. 94 

Figure 7-9: Elevation axis, direct drive concept ............................................................................. 95 

Figure 7-10: Direct drive brake calliper .......................................................................................... 97 

Figure 7-11: Frequency vs azimuth drive stiffness ........................................................................ 99 

Figure 7-12: Frequency vs elevation drive stiffness ....................................................................... 99 

Figure 9-1 Design iteration 00 (90 degrees) ............................................................................ 108 

Figure 9-2 Design iteration 01 (90 degrees) ............................................................................ 109 

Figure 9-3 Design Iteration 02 (90 degrees) ............................................................................ 109 

Figure 9-4 Design Iteration 03 (90 degrees) ............................................................................ 110 

Figure 9-5 Design Iteration 03 (15 degrees) ............................................................................ 110 

Figure 9-6 Integrated FEA model of the 6m dish (53 degrees elevation angle) .................... 111 





 

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

 
 

2021-03-25  Page 10 of 142 

 

Figure 9-29 Secondary surface distortion plots (left) 90�¹ elevation error is 12���Æ�“ (right) 
15�¹ elevation error is 12���Æ�“ .............................................................................. 128 

Figure 9-30 Secondary reflector surface distortion due to various elevation angles 
(upper left) at 90�¹ elevation angle error is 14���Æ�“, (upper right) 53�¹ elevation 
angle error is 17 �Æ�“, (lower left) 15�¹ elevation angle error is 15���Æ�“ .............. 129 

Figure 9-31 Secondary reflector surface distortion due to thermal bath of 
¢�� 
L 
Û
Ù�¹�ñ (left) 
at 90�¹ elevation angle, (right) at 15�¹ elevation angle ........................................ 130 

Figure 9-33 DEFORM elements are added to the tubes (in red circle) to show the adjustment 
performed in the tube end bolts. Current adjustment is set to 0.1 mm. ................. 137 

Figure 9-34 (Left) Surface distortion at 90 degrees without adjustment (Right) Surface 
distortion at 90 degrees after adjustment ........................................................ 138 

Figure 9-35 (Left) Surface distortion at 15 degrees without adjustment (Right) Surface 
distortion at 15 degrees after adjustment ........................................................ 138 



 

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

 
 

2021-03-25  Page 11 of 142 

 

LIST OF ACRONYMS AND ABBREVIATIONS  

BUS BackUp Structure 

CTE Coefficient of Thermal Expansion 

DVA Dish Verification Antenna 

ERA Elevation Rotating Assembly 

FE Finite Element 

FEA Finite Element Analysis  

BUS Inner Backup Structure 

ngVLA next generation Very Large Array 

NRAO National Radio Astronomy Observatory (USA) 

NRC National Research Council (Canada) 

OBUS Outer Backup Structure 

PE Pointing Error 

QISO Quasi-Isotropic 

RF ??? 

RMS Root Mean Square 

SPEM Systematic Pointing Error correction Model 

SBA Short Baseline Array 

SRC Single-piece Rim-supported Composite 

VLA Very Large Array 

XEL Cross-elevation 



 

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

 
 

2021-03-25  Page 12 of 142 

 

1 INTRODUCTION  

1.1 Purpose of Document  

The purpose of this document is to describe the design concept of the National Research Council of 
Canada (NRC) Next Generation Very Large Array (ngVLA) 6m Antenna as called out in Statement of 
Work NRC ngVLA 6m Antenna Study, [AD02].  

1.2 Scope of Document  

This document describes the current status of the design concept for the 6m antenna. It is an interim 
report intended to show the design concept that will be taken forward to a Conceptual Design Review 
at a TBD date. 

This document describes the operational context of the design and the operating conditions as defined 
in the ngVLA Short Baseline Array SBA Antenna: Preliminary Technical Specifications, [AD01] and 
ngVLA: System Environmental Specifications [AD04]. 

�x The project assumptions and risks are presented with their status and mitigation plans. 
�x Methods of accounting for system budgets are described, error budgets and initial analysis 

results for key performance requirements are presented. 
�x Production logistics concepts are described for manufacturing and assembly. 
�x Finally a summary of the key future tasks is provided. 

1.3 Intended Audience  

This document is expected to be used by the NRC ngVLA Antenna Design Team, National Radio 
Astronomy Observatory (NRAO) ngVLA Antenna Integrated Product Team and the ngVLA System 
Engineering and Management Team.  

1.4 Design Context  

NRC has conducted three design studies for the ngVLA; an initial community study based on DVA1/2 
15m optics, [RD02], in 2017 and then two conceptual designs in 2018; a 6m, [RD03] and an 18m, 
[RD04], in parallel. Due to the relative cost impacts for the project, 214 x 18m antenna could constitute 
~50% of the overall project cost vs <5% for the 19x  6m antennas, a much greater emphasis was put 
on the 18m design. The 6m antenna design presented in [RD03] was based on the extensive 18m 
development and an existing mount designed for 10m satcom antennas. The ngVLA 6m and 18m 
antennas, essentially, must meet the same requirements (other than optical surface sizes); however, 
designing the 18m antenna to meet these requirements is much more difficult than the 6m. Given 
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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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2 APPLICABLE AND REFER ENCE DOCUMENTS 

2.1 Applicable  Documents  

 

The following documents at their indicated revision form part of this document to the extent specified 
herein.  

Table 2-1 Applicable Documents  

Ref No  Document/Drawing 
Number  Document Title  Revision  

AD01 020.47.05.00.00-0001-SPE ngVLA Short Baseline Array SBA Antenna: Preliminary 
Technical Specifications 

2 

AD02 020.25.00.00.00-0004-
SOW 

Statement of Work NRC ngVLA 18m Antenna Study - 
Phase 2 

 

AD03 101-0000-001-REG-001 ngVLA 6m Antenna Risk Register A 

AD04 020.10.15.10.00-0001-SPE ngVLA: System Environmental Specifications  

2.2 Reference  Documents  

The following documents provide useful reference information associated with this document. These 
documents are to be used for information only. Changes to the date and/or revision number do not 
make this document out of date. 

Table 2-2 Reference Documents  

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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