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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

¢ 4 4 4 I

Summary and Conclusions
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36 WTs >~7/9km _t_° THR NAVCOM =7

= dvma

Close wind turbines in the radiation field of ILS, DVOR and ATC-radar
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., 36 WTs >~7/9km to THR

\lAmsterdam Schiphol : | Close wind turbines in the radiation field of ILS, DVOR and ATC-radar
EMWT 2017 Braunschweig 4/43 %




NAVCOM 7
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1% large WP
2003/2004
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49 Windgenerators - DVOR/TACAN

ispaO4pr.doc 10/04
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kordvorerr49wg1.dsf 06/03

Windpark and DVOR/TACAN - Korea
Bearing error in 7500ft MSL , 49 windgenerators
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A _ Windfarm Gangwon Korea
T Project 2003
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AV OO o Turkey: CVOR/DME and 24 WTs on a hill, d>8.9km
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NAVCOM 7 Leipzig Airport LEJ -

: & DVOR and ASR - Numerous WTs in close Distance
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DVOR/DME Vjer/Spain and very close windfarm of wind turbines

data of turbines estimated

hub height local 80m
rotor diameter 70m

26 wind turbines (2017) DVOR/DME

coastal radar

;g j&——— ca. 840m ————pi

[ o i - v 2
NAVCOM
Consult
DWOR_Vejer_Photo.dsf 11417
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DVORTAC CRP and eX|st|ng close wind turbines (11/2011)
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B: DVOR: 15km - 10km > 7km

> g

Belgocontrol veut aider a développer les parcs éoliens en
Belgique

Jeudi 28 septembre 2017

L
L
*

par un bureau d'étude externe. Pour protéger les radiobalises, les zones interdites ont éte

reduites d'un rayon de 5 km a 3 km et les zones ou une limitation en nombre est
d'application ont €té réduites de 10 km a 7 km.

]

]

]
» Les zones oranges nécessiteront toujours une analyse. En fonction des dangers
potentiels, 'analyse sera effectuée par un bureau d'étude externe (entre autres dans

la zone de 10-16 km autour d’un radar secondaire) ou par Belgocontrol méme (par
ex. dans la zone de 3-7 km autour d'une radiobalise).
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EC Regulation No. 216/2008 <-> SES (Regulation #1070/2009)

REGULATION (EC) No 216/2008 OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL

of 20 February 2008

on common rules in the field of civil aviation and establishing a European Aviation Safety Agency,
and repealing Council Directive 91/670/EEC, Regulation (EC) No 1592/2002 and Directive
2004/36/EC

(d) to assist Member States in fulfilling their obligations under the
Chicago Convention, by providing a basis for a common interpre-
tation and uniform implementation of its provisions, and by
ensuring that 1ts provisions are duly taken into account in this
Regulation and in the rules drawn up for its implementation;

=> yearly audits of the member states by EASA
=» periodic audits by USOAP ICAO
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Visual Comparison
Skyline Frankfurt Main - Wind-Turbine(s)
DVORTAC/DME FFM

WEA
Tower 185/ 200m ,=~_H,_.. 200m
1 \ -
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. Messeturm

— - - Vlsual Comparlson
= {

Wﬁm ]2 & = skyiine Frankfurt Main, Tower 185 (PWC) - WT V126

e et T ‘*:"; o Sy Distance relative to DVORTAC/DME FFM
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Frankfurt am Main - DVORTAC FFM

NAVCOM
S DVOR Bearing-Error; orbit height 2000ft, radius=10nm

Tower 185 (height 200m)
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W Decisive Components of Approval/Rejection
Consult WTs - Windfarms

EMWT2017prl.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

EMWT 2017 Braunschweig
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NAVCOM =7 System Simulations for ATC-Systems
o 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 / Designh on Computers by Software + System Knowhow

= Tests and Measurements not possible/feasible or too expensive

> Fast, reliable and accurate computer simulations

EMWT 2017 Braunschweig 19/43 Javeom Consult



3D-modelling of 3D-modelling of 3D-modelling of
system/antenna object (turbine) ground / terrain

3D-scattering field calculations Nearfield /
modern numerical methods Farfield

NAVCOM Effects / Distortions ?
=t (ICAQ) specifications

EMWT 2017 Braunschweig 20/43 laveom Consult



The real life problem, System + Environment
airport, enroute; ILS-LOC/GP, VOR/DVOR, MLS, ASR.SSR, .

Theoretical analysis - Selection process
system related pre-processing, medeling, approximations
Multilayer. Green

FMM (1Q) F'E
“leanvergence? humped runways, .
snowrain,glas, ...
@ System Pnst -processing

Filtering, sampling. R}(-antenna,

v

System results, System parameter
Annex 10; DDM, bearing error, mod%, PFE,CMN, ...

Hybrid
combinations

data bases
A/C.cranes materiaks ..

e
‘.-
.ﬂ""

—'-

4" GO/GTD/UTD

Iarge objects, ground, ,

POJIPO, EPO

medium objects, aireraft,...

Mol mrefpatch
cranes, alrcraft

Irrtiwgbeslm Lelof

proposals, actions design.installation

Fig. 2: The process flow of system simulations by the integrated hybrid approach

Gerhard Greving Latest Advances and Results of Complex Numerical Simulations for Navaids and
Landings Systems; IFIS 2002 (International Flight Inspection Symposium), Rome Italy
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NAVCOM Numerical System Simulations THSS
Consult An Integrated Hybrid System Simulation approach

inthybsim15.dsf 06116

it | System

: The real life problem, System + Environment - in advance : pre-processing

| \airport, enroute; ILS-LOC/GP, VOR/DVOR, MLS, DME/TACAN, ASR,SSR, SMR,weather radar, ADradar, VOF, / ¢ Landing Systems,
( SMGCS, comm ... ( Navaids, Radar,

! t | VHF/UHF comm

0 : Modeling
---------- Theoretical analysis - Selection process —————————e—

--------- system related pre-processing, modeling, approximations -l Leymm——

data bases
A/C,cranes,materials,...

GO/GTD/UTD
arge objects, ground, .
N
Multilayer, Green
show.rain.glass, ...

Numerical Methods
Antennas,
scattering objects
ground effects,
wave propagation

oM, wire/patch ™\ ML-F|
cranes, aircraft, converg
windmills ... _

MM

System Post-processing
Filtering, sampling, RX-antenna, ...

PO, IPO, EPO

medium objects, aircraft,
windmills, ...

modules per system

Nearfield spectral CVOR/DVOR

proposals, actions

System
post-processing
System
parameter

System results, System parameter

Annex 10;: DDM, bearing error, mod%, PFE,CMN ,

design,installation
range error, monopulse error, false target/track, S/N ... 9
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3D-Models and DVOR-antenna

LEJ A380-hangar

radar

DVOR

crane
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i i
A380-800
cable barge-HKG
wind
HKG turbine

NAVCOM =7
e Consult

3d-models9.dsf 10/16

HKG

models not scaled
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Systems and 3D-objects
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3d-models_sys.dsf 09/14
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NAVCOM ~7

Systems, 3D-objects and Numerical Methods ===
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NAVCOM =7 3D-modelling of WTs

EMWT2017prl.doc 12/17

= mast

= hub

= blades

= Often metallic worst case

EMWT 2017 Braunschweig 26/43 Javeom Consult
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ca. 200m

Fully metallic 3D-models

NAYCO
Consult
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NAvCOM Examples of Simulations - Results

Consult

EMWT2017prl.doc 12/17

= Navigation

= Radar

=

= Validation by measurements
Validation by many years of successful operation

: NAVCOM
EMWT 2017 Braunschweig 20/43 N



NAVCOM == Validation and Verification of Methods/Results
o Guidelines

MRRS2008pr.doc 09/08

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

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

e Use only of proven and generally applicable numerical
methods

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

e Carefully and consequently following the rules and limitations
of the applied method €-> requires deep knowhow

: NAVCOM
EMWT 2017 Braunschweig 30/43 N



Example : Very close shelter and objects; CVOR (-Navigation-system

VOR-antenna on counterpoise

50
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YO ot ~ DVORMIC
114 existing + 9 V126 planned up to 15km

planned
/‘\\
..

5000

-5000

South / North [m]

-10000

| | I 1 ] I ] |
-5000 0 5000 10000

WeStl EaSt [m] DVOR_MIC_123WEAs_geo

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)

ca +5° Elevation. T9.6mMSL 2 e i ,...,..\ . —
F._ 60 [ Silos - 3D-model‘r~
Silo complex s ! ' | . |

X [m]

NAVCOM =7 DVOR - Simulations vs Measurements
oo i st DVOR bearing error by silos on orbit 10nm, 3400ft MSL

+5.0 simulations by MoM and new spectral method _
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e Ba o ST L | (geographio 2009
| |
0° 51!)° 100° 150° 200° 250° 300° 35;0° DVOR MIC
' |
' |
|

10.0 NM-Orbit round | NAV1:
4 0B-MAR-06 | FII, .
{—— measurement - -

includes a major number of close wind turbines
i ! | i

measurement noise I

I
| |
1 I
| | ]
| |
| |
| | |
- +

(magnetic)

A BER A

v

EMWT 2017 Braunschweig 33/43 Javeom Consult



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

NAVCOM
Ay Ot DVOR Belgocontrol - Control Tower
azimuth error, measurement TX1 vs. simulation
measurement by: direction générale de I'Aviation, France
5 — tower distance 360m, cabin roof height 18m
15 F 2010
b DVOR CVR
|§; g :. - E A B = A B = M e = g Belglen
S, 0.5 . . ‘
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Example :

Very close cylindrical tower and MSSR (-Radar)

NAVCOMZ= 7 SSR at the NATS Great Dun Fell Site - monopulse azimuth error

straight metalic cylmder(dlam1 .5m/5), dist. 60m/2002, height 45m/147))
comparison between " (calc., line; measurement dots)
and NAVCOM Consult numerical simulations (dashed blue)

0®&s — - -
M M NAVCOM simulation
ﬂ —~— L Ig?.ﬁ‘:éagﬁ:‘n o modelling parameters:
i (Bessel/Hankel) | ¢ M eioht: 15m
e conditions unknown A cosec el. pattern
= CEI i L U { calculation .
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# " al prediction of obstacle shadowing on secondary
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: NAVCOM
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4 ATC-Radar, 4 DVOR/DME in Hongkong; Planning of the wind farms HEC/CLP
» Example offshore
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NAVCOM
Consult
1

0.8

&3
o

bearing error [°]
o
S

0.2

DVOR Disturbance of a Wind Turbine (E101)

Max. Bearing Error of a Sector Area at 4000ft Height - Different Hub Heights

i [hub height

——— 9Om
—_— (== = 99m
e 135mM
— (== = 135m
149m
= 135m

peak value
99%
peak value
99%
peak value
99%

DVOR antenna
position Om
counterpoise:

N diameter:30m,
height:4m

frequency:115MHz

]

Enercon E101

rotor
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= "Primary Radar” 2D vs MSSR 3D :
WTSs 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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W Weather Radar WR - Relative electrical Field Strength
Scatterer E101 at 10km distance

Antenna:
pencil beam az(-3dB):1°, el(-3dB): 1°
horizontal polarisation

1 = main beam direction (+)
C elevation=0.5°
B3 azimuth =0°
0.9 = position (x/y/z): Om/0m/39m
i frequency = 5.64Ghz
[ Calculation: rel. electr. field strength
[ z at radial direction from radar
L distance radar - calculation plane
O 5 30km
ground parameter: £ =10, =0.015/m
4.5 reference:
4 relative to the undisturbed case
p— 35 with ground for each single point
e . ' Scatterer: Enercon E101
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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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The Air-Traffic works along international ICAO-rules
(Chicago-Treaty/Convention <> EASA)
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N e Summary / Recommendations
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= 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

= Meanwhile long-term knowhow and experience for WTs
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