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● African VLBI Network (AVN) 

● Conversion / New build 

● Readiness for SKA 

 

 

African VLBI  Project 

Background 
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● Kuntunse Antenna (25 km N of Accra, Ghana) 

• Built  in 1979 – TIW Systems /Spar (Canada) - GDSatcom 

• One of 9 similar antennas around the world (INTELSAT)  

• Out of service since 2007 (Vodafone) 

 

Ghana Conversion 

Background 
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● Crane collapsed during BUS lift (19 Mar 1980) 

 

Background 
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● 220 Ton wheel and track, Beam Wave Guide 

● 32m Diameter (F/D = 0.32) 

● Elevation operational range 5 to 85 deg 

● Azimuth (-8  to  327 deg wrt N) 

● Dual drive on sector gear (elevation) 
• Elevation slew rate ( 0.27 deg/s @ motor rated speed) 

● Dual drive on wheel/track (azimuth) 
• Azimuth slew rate (0.29 deg/s @ motor rated speed) 

● Max operational wind speed (80mph – de-rated to 30mph for commissioning) 

● Survival at stow (120 mph) 

 

Main Characteristics of Antenna Structure 

Background 
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Conversion process (ideal) 
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Antenna Specifications 
Conversion from Telecoms to Radio Astronomy Role 

Feature 

Original 

Specification / 

Role 

Deterioration  

AVN 

Specification at 

18 GHz  

Modification(s) 

Main reflector surface 

accuracy @ 60° 
0.12 mm RMS 

Damage/repairs/

removals 

1.3mm RMS  

(η= 0.4) 

Holography measurements + adjustments if 

required 

Elevation slew rate 0.27°/s N/A 0.27°/s Servo motors (0.38°/s max) 

Azimuth slew rate 0.29°/s N/A 0.29°/s Servo motors (0.41°/s max) 

Lifetime 30 years 

38 years 

(last 10 years not 

operational) 

15 years since 

conversion 

 Corrosion treatment 

 Repainting of entire structure 

 Pintle bearing pad 

upgrade/replacement 

 Updated maintenance 

schedule/training/reporting 
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Antenna Specifications 
Continued 

Original 

Specification / 

Role 

Deterioration  

AVN 

Specification at 

18 GHz  

Modification(s) 

Azimuth concentricity N/A 
Pintle bearing 

pads worn out 
< 4.3mm 

- Lifting and re-centring of antenna structure 

- Concentricity monitoring 

- Full 360° azimuth pintle bearing 

Duty cycle  
Geostationary 

telecoms  

Virtually 

stationary 

Radio-astronomy – 

500, 000 cycles 

(VLBI + Single dish 

HartRAO) 

- Quad leg / subreflector support                   

replacement 

- Azimuth pintle bearings – intermediate 

- Azimuth pintle bearings  permanent 

 

Azimuth Range 
+/-170° from due 

South 
Maintenance 

-8° CCW / 327° 

CW from North 
+/- 305° from North 

Pointing accuracy 0.0025° Track level? 0.0018° 
Antenna Steering Control System (including 

track level compensation) 

Tracking accuracy 0.0025° Track level? 
0.0048° RMS 

(Initial) 

Antenna Steering Control System (including 

track level compensation ) 
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Major Modifications 
Antenna Centring 

Unconventional pintle bearing – 4 pintle “shoes” 
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Major Modifications 
Antenna Centring 
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Major Modifications 
Antenna Centring 



www.ska.ac.za 

Shock absorber / structure replacement 

Major Modifications 
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● Stripped down to bare metal at corroded areas 

● Pre-primed (Al filled epoxy Interseal  670 HS ) – bare metal areas 

● Primed  (Al filled epoxy paint – Interseal  670 HS) – everywhere 

● Intermediate coat (Epoxy – Interseal 670 unfilled) – everywhere 

● Top coat (Polyurethane Interthane 990 )- Everywhere except 
• Quad leg internal diameter 
• Beam wave guide internal diameter 

 

● +/- 2400 Liters of paint ( 4 months – crew of 10 people) 

Corrosion treatment and re-painting 

Major Modifications 
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Corrosion treatment and re-painting 

Major Modifications 
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Quad leg structure / subreflector support frame 

Major Modifications 
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Quad leg structure / subreflector support frame 

Major Modifications 
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● Re-manufacture in Ghana using GAEC workshop and staff 

● Re-engineered to suit manufacturing facilities and bending stiffness (circular vs. elliptical) 

● Impose limitation of 70 deg elevation movement due to safety concern during development 

● Circular sections (qty = 32) rolled from flat plate sourced in Ghana 

● 2 people produced entire structure over 4 month period 

● Major QA/QC effort  

 

 

Quad leg structure / subreflector support frame 

Major Modifications 
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●Quality Assurance / Quality Control 
• Material Certification  (South Africa) 

• On site - weld process recording 

• Weld qualification samples 

• Weld quality NDT  - 3 weld configurations(South Africa)  

• Welder certification to AWS D1.1 

• 100% dye penetrant / 100% X-ray inspection (circular welds) 

• 100% dye penetrant / 10% X-ray inspection (longitudinal welds) 

• 100% dye penetrant (pipe to flange / gussets) – AWS certificated weld 
visual inspection  

 

 

Quad leg structure / subreflector support frame - QA 

Major Modifications 
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Quad leg structure / subreflector support frame -  Training 

Major Modifications 
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Quad leg structure / subreflector support frame -  Training 

Major Modifications 
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Quad leg structure / subreflector support frame – Training & Certification 

Major Modifications 
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Quad leg structure / subreflector support frame – Material Certification 

Major Modifications 
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Quad leg structure - manufacturing 

Major Modifications 
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Quad leg structure - manufacturing 

Major Modifications 
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Quad leg structure - manufacturing 

Major Modifications 
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Quad leg structure - manufacturing 

Major Modifications 
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Quad leg structure - manufacturing 

Major Modifications 
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Quad leg structure - replacement 

Major Modifications 
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Quad legs - installation 

Major Modifications 
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Quad legs - installation 

Major Modifications 
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Quad legs - installation 

Major Modifications 
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Quad legs - installation 

Major Modifications 
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Quad legs - installation 

Major Modifications 
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Quad legs - installation 

Major Modifications 
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Quad legs - installation 

Major Modifications 
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Antenna Steering Controller System (ASCS) - Development 

Major Modifications 
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ASCS - Development 

Major Modifications 
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● Development of RFI shielded cabinet 

● Development of control hardware architecture  (Based  on KAT-7 telescope) 

● Development and commissioning of a system qualification test rig 

● Software development and qualification 

● System qualification, RFI measurements, packing and shipping to site 

● On site integration and  commissioning (safety and functionality testing) 

● On site performance optimisation (control loops) 

 

Development outputs 

Major Modifications - ASCS 
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Test rig commissioning and qualification (Cape Town) 

Major Modifications - ASCS 
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On site integration 

Major Modifications - ASCS 

Original DC motor – 450 kg Servo motor – 50 kg 
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Pointing error (Antenna Structure level) 

Performance predictions 
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● Two types of error sources 
• Correlated errors: Errors which can be predicted by analysis and which are 

repeatable (e.g. gravity deflection) 

• Random errors: Errors which we only know the range (min, max) of  (e.g. 
encoder accuracy) 

●Compensation 
• Repeatable errors can be compensated for (pointing model) 

• Some random errors can be eliminated /minimised(e.g. drive train backlash) 

● Pointing error budget – summation of correlated and random errors based 
on analyses to predict subsystem error. 

 

Pointing error/Surface error 

Performance predictions 
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● Initial operations will 
be at 5.6 – 6.7 GHz 
(HPBW = 0.0096 deg) 

 

Pointing error (Antenna Structure level) 

Performance predictions 
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● Simulation – 3D CAD model from original 2D drawings (components, subassemblies) 

 

Pointing error (Antenna Structure level) 

Performance predictions 
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● Simulation – 3D CAD model from original 2D drawings – (Sub-assemblies, Main Assembly) 

 

Pointing error (Antenna Structure level) 

Performance predictions 
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● Simulation – 3D CAD model to Finite Element Model 

 

Pointing error (Antenna Structure level) 

Performance predictions 
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● Simulation – Load Cases 

Pointing error (Antenna Structure level) 

Performance predictions 
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Simulation : Deformation to Surface Error/Pointing Offset 

Performance predictions 
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Global deformation                           Dish deformation field                        Surface error – best fit 

Simulation : Deformation to Surface Error 

Performance predictions 
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Surface Error / Pointing Accuracy 

Performance predictions 

● Surface Error – 1.02mm (Requirement is 2.5mm RMS) 
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Surface Error / Pointing Accuracy 

Performance predictions 
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Azimuth encoding error – “Wheel slip” 

Current Issues 

● Encoder mounted to shaft of idler (non-driven) wheel 

● Wheel-slip due to wheel alignment error 
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Azimuth encoding error – “Wheel slip” 

Current Issues 

● Intermediate fix  : Infrared reset switch to reset cumulative error once per day 
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Azimuth encoding error – “Wheel slip” 

Current Issues 
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Stiction points – azimuth rotation 

Current Issues 
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Azimuth encoding error/ Stiction points 

Current Issues 

● Long Term Solution – 360 deg bearing / gear driven encoder 
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Track Level Compensation 

Currently Developing 
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+/- 305° Azimuth Cable Wrap 

Currently Developing 
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+/-305° Cable Wrap Testing Rig – Cape Town 

Currently Developing 
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Microwave Holography 

Currently Developing 
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Thank you - Questions? 
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Contact information 

Japie Ludick 
Functional Manager: Mechanical Engineering 

Email: japie@ska.ac.za 
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SARAO, a business unit of the National Research Foundation. 

  
The South African Radio Astronomy Observatory (SARAO) spearheads South Africa’s activities in the Square Kilometre Array Radio 

Telescope, commonly known as the SKA, in engineering, science and construction. SARAO is a National Facility managed by the National 
Research Foundation and incorporates radio astronomy instruments and programmes such as the MeerKAT and KAT-7 telescopes in the 
Karoo, the Hartebeesthoek Radio Astronomy Observatory (HartRAO) in Gauteng, the African Very Long Baseline Interferometry (AVN) 

programme in nine African countries as well as the associated human capital development and commercialisation endeavours.  
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