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History 

 

• Kuntunse Antenna (25 km North West of Accra, Ghana) 

• Built  in 1979 – TIW Systems (Vertex – GDSatcom) 

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

• Out of service since 2009 (Vodafone) 

• Identified as suitable conversion in 2012 
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Antenna Characteristics 

• 220 Ton wheel and track, Beam Wave Guide 

• 32m Diameter (F/D = 0.32) 

• Elevation operational range 5 to 90 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) 

• Survival at stow (120 mph) 
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 Feature 
Original 

Specification  
Deterioration  

AVN 

Specification 

at 6.7GHz  

Modification(s) 

Main reflector surface 

accuracy @ 60° 
0.12 mm RMS 

Damage/repairs/

removals 

2.5mm RMS  

(η= 0.4) 

Holography measurements + 

subreflector adjustments 

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 

(8 years non 

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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Original 

Specification 
Deterioration  

AVN Specification 

at 6.7 GHz  
Modification(s) 

Duty cycle  
Geostationary 

satellite 

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 

-8° CCW / 327° CW 

from North 
+/- 305° from West 

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

(including track level compensation) 

Tracking accuracy N/A Track level? 
0.0048° RMS 

(Initial) 

Antenna Steering Control System 

(including track level compensation ) 
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Feasibility  

 

 

Antenna Safety 
• Primary Structure / Reference 
• Energy absorbing systems 
• Control system 
Antenna Performance 
• Surface accuracy of reflector system 

(Main and subreflector) 
• Optical alignment (Main/sub/BWG 

mirrors) 
• Pointing performance 
• Tracking performance 
Antenna lifetime/reliability 
• Maintenance / Spares /Support 
 

Main Drivers 
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Feasibility  
Main drivers – Condition of Track and Track Bed 

 

 

•Track segments – fatigue cracks (+/- 2 million wheel rotations – Medicina) 

 

•Track bed configuration plays a major role 
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Feasibility  
Main drivers – Condition of Track and Track Bed 
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Feasibility  
Main drivers – Azimuth Pintle Bearing 

 

 

Unconventional pintle bearing – 4 pintle “shoes” 
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Feasibility  
Main drivers – Corrosion of primary structure 

 

- Long term structural integrity as well as integrity during conversion 
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Feasibility  
Main drivers – Condition of main reflector and subreflector surfaces 

 

- Adjustment ? 
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Feasibility  
Main drivers – Antenna Steering Control System 

 

- Performance / Maintainability / Support ? 
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● Two types of error sources 

• Correlated errors: Errors which can be predicted by 
analysis and which are repeatable 

• Random errors: Errors which we only know the range 
(min, max) of  

● 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/simulation to predict 
subsystem error. 

● Tracking – ADAMS/Simulink co-simulation 

 

Pointing / Tracking 

Performance predictions 
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• Performance predictions (Pointing error) 
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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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• Unconventional pintle bearing – 4 pintle “shoes” 
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• Antenna Centring 
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• Antenna Centring 
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• Long term – Azimuth Bearing/Encoder 

Encoder – gear driven off 

main bearing outer race 
Existing pintle ring 

Flexure plates 

Existing alidade 

structure 
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• Shock absorber / structure replacement 



MAJOR MODIFICATIONS 

Jan 2019 

• 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 ) 

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

• Corrosion treatment and re-painting 
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• Corrosion treatment and re-painting 
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• Fungus growth 
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• Quad leg structure / subreflector support frame 
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• Quad leg structure / subreflector support frame 
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Quad leg structure / subreflector support frame 
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Quad leg structure / subreflector support frame 

 

 
Quality Measures  
•Material Certification  (South Africa) 
•On site - weld process recording 
•Welder certification to AWS D1.1 
•100% X-ray inspection (circular welds) 
•10% X-ray inspection (longitudinal welds) 
•100% dye penetrant (pipe to flange / 
gussets) – AWS certificated weld visual 
inspection  
• +/- 400m of welding 
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• Welder training intervention 
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• Quad leg structure / subreflector support frame 
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• Quad leg structure - manufacturing 
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• Quad leg structure – manufacturing and QA 
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Quad leg structure - manufacturing 

Major Modifications 
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Quad legs - installation 

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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Antenna Steering Controller System (ASCS) - Development 

MAJOR MODIFICATIONS 
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ASCS Test rig commissioning and qualification (Cape Town) 

MAJOR MODIFICATIONS 
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ASCS On site integration 

Original DC motor – 450 kg Servo motor – 50 kg 

MAJOR MODIFICATIONS 
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+/- 305° Azimuth Cable Wrap 

MAJOR MODIFICATIONS 
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Tracking – Elevation (Control System Performance) 

PERFORMANCE CHECKS 



www.ska.ac.za 

 

 

 

 

 

Tracking – Elevation (Control System Performance – including structure deflection) 

PERFORMANCE CHECKS 
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Photogrammetry 

RMS = 2.7mm  

PERFORMANCE CHECKS 
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Microwave Holography 

•RMS = 1.88mm (Main and subreflector), EL = 80 deg 

•Subreflector axial position low by 48mm 

PERFORMANCE CHECKS 
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Questions? 



Contact information 

Japie Ludick 

Functional Manager : Mechanical 

Engineering 

Email: japie@ska.ac.za 
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