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             The quality of services offered by a satellite strongly depends on the performances of its antennas which have to respect   

             stringently the expected specifications. This aspect is even trickier since the characteristics of the antenna may change with the 

environment of integration. Indeed, the platform sometimes contributes significantly to the radiation and must therefore be included in the antenna analysis. 
 

The rigorous analysis of an antenna mounted on a satellite over a wide frequency band leads to multi-scale problems very consuming in computing 

ressources. Traditional rigorous time domain method such as FDTD cannot be applied to solve this kind of problem because of the oversampled areas that 

considerably increase the computation time and memory ressources.  

  

Subgridding techniques developped to overcome these limitations often generate instabilities. In order to analyse a telemetry antenna in a complex nearby 

environment we propose to use a multi-scale technique which doesn't suffer from this limitation :  the Dual-Grid FDTD. 
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II. TEST CASE DESCRIPTION 
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Telemetry antenna parameters : 
 

Choke horn antenna (4 concentric rings 

fed by a circular waveguide) 

 

Size : D X h : 274 mm X 29 mm  

Waveguide diameter : 28 mm 

 

Operating frequency fo = 8.3 GHz 

Bandwith of analysis = [7 GHz ; 12 GHz] 
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III. DG-FDTD PRINCIPLE 
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Second step :  

Coarse simulation of the surrounded antenna 
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IV. NUMERICAL RESULTS 

First step : isolated antenna simulation  
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Computation Time : 61h 

Memory ressources : 30 Go RAM 

Directivity of the total Electric field in the Φ = 90° 

plane  at  the operating frequency 

Directivity of the total Electric field in the Φ = 90° 

plane over the frequency band of  analysis 

FDTD volume for the first step 

Z 
Y 

X 

Φ 

θ 

Nx = 580 cells 

Ny = 420 cells 

Nz = 140 cells  

Computation Time : 18h 

Memory ressources : 11 Go RAM 

Fig. (a), Fig. (b) and Fig. (c) show 

respectively  the comparison at 7 GHz, 

8.3 GHz and 12 GHz of the directivity in 

the Φ = 45° plane between the isolated 

antenna and the surounded one. 

FDTD volume for the second step 

dt = 4.571e-12 s 

Analysis duration : 1.15e-7 s 

Second step : surrounded antenna simulation  

Fig. (b) 
Fig. (c) 

V. CONCLUSION 

The scattering element generates a 

shadowing effect that affect the 

radiation pattern for θ > 65°. 

Bandwith of analysis : [7GHz ; 12GHz]   dt = 9.141e-13 s 

Analysis duration : 4e-8 s 

     DG-FDTD demonstrates its ability to simulate a  

     multi-scale problem with strong interactions 

between the antenna and its environment. 

Thanks to this test case the demonstration has been made DG-FDTD is 

able to simulate an electricaly large structure over a wide frequency band. 
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Excitation : linear along X axis 
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A classical FDTD simulation of this problem using a fine enough mesh to describe 

the antenna (λmin/ 50 mesh) would take a comptation time of several years !   
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Fig. (a) 


