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  Introduction  -  (inter-)national examples 
 
  Building applications for WTs  (nav, rad, comm) 
  Major problems:  CVOR/DVOR, PSR, ADV     Why? 
 
  Numerical system simulations   Why?  Background 

 
 

  3D Modelling of the Systems and Wind Turbines 
 
  Remarks to the applied numerical IHSS-methodology  
 
  Examples; Validation and Verification of Simulations 
 
  Summary and Conclusions   
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1st large WP 
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  49 Windgenerators  -  DVOR/TACAN 
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Windpark and DVOR/TACAN - Korea
Bearing error in 7500ft MSL , 49 windgenerators kordvorerr49wg1.dsf  06/03
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 B: DVOR:  15km  10km  7km 
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EC Regulation No. 216/2008     SES  (Regulation #1070/2009) 
 
 
 
 
 

 
 
 
 

 
 
 
 
 

   yearly audits of the member states by EASA  
   periodic audits by USOAP  ICAO 
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  Decisive Components of Approval/Rejection 
  WTs - Windfarms 
               EMWT2017pr1.doc  12/17    

 
 
 
 

   Which (international) Rules/Specifications are applicable ? 
e.g.  for navaids:  ICAO Annex 10 acc. Chicago Convention 

 
   Which distortions are present ? 

Flight check  and/or simulations 
 
   Numerical 3D Simulations acc. “state-of-the-art” methods 
 
   Physical Correct superposition or de-composition of errors 

  complex vector fields, random components; rss 
 
   Applications of common specs/rules    EASA  No. 216/2008 
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  System Simulations for ATC-Systems 
  Why ?    Benefit ? 

                    IFATSEA2008pr.doc  10/08 
 
 
 

  To know the system performance in advance 
before the objects are build    new Terminal, new Tower etc. 
before the objects appear       A380 

 
 

  Siting and Installation Design Studies  
  Which antennas or systems have to be installed for a given scenario 
  Where and how to install the Systems   (e.g.  ILS GP on 3D ground) 
 
 

  Study / Design on Computers by Software + System Knowhow 
 
  Tests and Measurements not possible/feasible or too expensive  
 
 

   . Fast, reliable and accurate computer simulations .  



20/43 EMWT 2017  Braunschweig  

 

 



21/43 EMWT 2017  Braunschweig  

 
 



22/43 EMWT 2017  Braunschweig  

 



23/43 EMWT 2017  Braunschweig  

 

 



24/43 EMWT 2017  Braunschweig  

 

 



25/43 EMWT 2017  Braunschweig  

 



26/43 EMWT 2017  Braunschweig  

 
 

  3D-modelling of WTs 
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  mast 
 

 
  hub 

 
 
  blades   

 
 
  often metallic worst case 
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Numerical 3D-Model of a large Enercon E101;  2 Versions 
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Three different 3D-models of very large fully metallic wind-turbines (200m class) 
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  Examples of Simulations  -  Results 
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  Navigation 
 

 
  Radar 

 
 
   

 
 
  Validation by measurements 
  Validation by many years of successful operation 
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 Validation and Verification of Methods/Results  
 Guidelines 

                    MRRS2008pr.doc  09/08 
 
 
 

 Continuous comparison with available (reliable) measure-
ments.  

 Application of knowhow, plausibility and experience,  
minimizing the probability of wrong/erroneous results. 

 Use only of proven and generally applicable numerical 
methods 

 Cross-check with other methods and other tools if available 
and possible. 

 Carefully and consequently following the rules and limitations 
of the applied method    requires deep knowhow  
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..Example :   Very close shelter and objects; CVOR (-Navigation-system).. 
 

  
 
 

 2006 
 VOR BRE 
 
Verification of methodology 
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DVOR MIC; Layout of 123 WTs min up to 15km 
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..Example : Very close silo-complex (320m) to a DVOR (-Navigation-system).. 
 

 

  
 
 

 
 
 
 
 
 

 2009 
 DVOR MIC 
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.Example 3:  Very close control-tower (360m) and DVOR (Navigation-system). 
 

 
 
 
 
 
 
 
 
 

 2010 
 DVOR CVR 
Belgien 
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..Example :   Very close cylindrical tower and MSSR (-Radar).. 
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  Further Examples  -  Some Results 
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  ”Primary Radar” 2D  vs  MSSR 3D :   
WTs positioned on radials  no advantage  IRS2015 

 

“visibility” of WTs by turning blades   no distortion 
                    task 

      mitigation      “blanking” 
           “substitution”, interpolation 

“range azimuth gating” 
Radar is not “blind” behind WTs  (some range reduction) 

 
 
  Weather Radar :  Precipitation error in the back of WTs  
        point objects vs  volume objects  
       No relevant errors for realistic distances 
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ERAD 2014:  Interference field 20km in the back of the WT within the -3dB-main-
beam of the WR (distance 10km) 
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  Summary / Recommendations  
                    EMWT2017pr1.doc  12/17 
 
 
 
 

  Presentation of remarkable discrepancies  nat./internat.  
 

 

  Presentation of Powerful numerical simulation scheme  
 

 

  Validation by agreement with (FI-)measurements  
And long-term successful operation 

 

  Agreement works as “mutual validation” (“completeness”) 
 

 

  Application for almost 20 years by (inter-)national projects 
 

 

  Often effects of WTs are over-estimated and exaggerated 
 

 

  Meanwhile long-term knowhow and experience for WTs 
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