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Background: QinetiQ

Birth of ar

The Daventry Experiment
confirms that aircraft can be
detected using radio-waves.

Q

Pro nched

Britain’s first satellite ‘Prospero’
launched, thanks to work done
at Farnborough.

Q

1982
Night Vision

Night vision goggle technology
developed and rushed into service
for the Falklands War.

Q

This slide relates to QinetiQ and predecessor companies.

Portsdown’s Ralph Benjamin invents the technology
that went on to produce the trackball/mouse
technology for computer screens we all use today.

Background
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1946
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1961
Largest indoor Tank
The Maneuvering Tank (now known as the

Ocean Basin) at Gosport, Hampshire opens;
the largest freshwater indoor tank in Europe.

Q

k Vertical Take Off and Landing
2016 flight

SPO-

Used in clean up Protecting the public in soft
operation at Fukushima. target mass transit areas.
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Liquid Crystal Display
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Background: QinetiQ Obsidian™radar

» Specifically developed for detection and
discrimination of UAVs
- Low MDV
- High Doppler resolution

» comprises 5 independent staring X Band
phased array radars
- giving 3D coverage over half a hemisphere

« All 5 faces integrated into a single
enclosure

* High track update rate

QINETIQ

Background: QinetiQ RIA team

Wind turbines have the potential to interfere with radar systems. The QinetiQ Radar Impact
Assessment (RIA) team's main aim is to provide high quality, technically sound advice to all
stakeholders in the wind energy industry, to understand and control radar impacts

* Where: 26 countries (Europe, USA,
Canada, New Zealand, and South
Africa

* When: 2002 to present

«  What: Most radar, navigation aids and
telecommunications...

* Customers: 700+ studies for 250+
Customers (wind farm developers,
radar ANSPs, Government)
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The problem
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The problem

» Wind turbines can have an unwanted impact on radar systems (and other systems)
* Main impacts are clutter and shadowing

Shadgwing (blockage) Clutter
' e Ll

.

i er,ar;/;.;,z(z,.,,l-,‘,,/,_‘,” i

iy, 1

g e T el Wiy i
Wﬁ”” e ETTEA

mmmmmmm

QINETIQ



COMMERCIAL IN CONFIDENCE

The problem

» Clutter example — Germany — average rain data

QINETIQ

Google earth
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The problem

» Clutter example — Germany — average rain data + turbines
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Google earth
:
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Mitigations

* There are many
options m—)

* Why do we need
to consider
stealth?

(cance!
significant parts)

Mitigation options
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Mitigations

Mitiga. n
Options

Change scan
strategy

Mitigations

» Operational Mitigations
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Mitigations
Repower to
. " . Remove reduce
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Stealth wind turbines
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Stealth: technologies

Stealth: Strengths and Weaknesses

Stealth
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Stealth: Strengths and Weaknesses

* What are the
strengths and

weakness of each

option?

+ Examples follow —
not exhaustive, just

for illustration

Stealth: Strengths and Weaknesses

+ Weight...

O Example strength

O Example weaknesses
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Stealth: Strengths and Weaknesses

* Weight
+ Complexity...

o Example strength
o Example weaknesses

Stealth: Strengths and Weaknesses

+ Weight
+ Complexity
* Maturity...

O Example strength
o Example weaknesses
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Stealth: Strengths and Weaknesses

Weight
Complexity
Maturity
Cost...

o Example strength
o Example weaknesses

Stealth: Strengths and Weaknesses

+ Weight

+ Complexity

* Maturity

* Cost

* Performance...

O Example strength
o Example weaknesses
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Stealth: Strengths and Weaknesses [¢ w ) Paint, rubber

sheet
* Weight D — Cancellation I Resistive
» Complexity (JransmissiveL I Absorption ool
* Maturity Passive
« Cost Tem / \ [ Plasma | " Structural )
» Performance materials Stealth
- Bandwidth AT
* Maintenance
° ShadOWIng Local (modify

Active

surface reflection)

"= Range deception

jamming
Cancellation
Component
(cancel [ (Chaff)
O Example strength significant parts) Global (cancel
o Example weaknesses vehicle RCS)
QINETIQ
/.
P ——
Stealth: Strengths and Weaknesses (Jaumann Iayers ) Paint, rubber
sheet
* What is practical? P Cancellation Resistive
TP (Transmissive ) T — - taper
* QinetiQ is aware of \ | Fansmissive SK I Absorption [
these: perhaps Passive
others? / \ | Plasma | ' Structural
Meta /
materials Stealth
materials C——
[ Shaping ]
==
Local (modify .
surface reflection) Active K Range deception
jamming

Cancellation
Component

(cancel
O Pracical / proven significant parts) Global (cancel
vehicle RCS)

(Chaff)

QINETIQ



Stealth: proven performance

+ Data from QinetiQ 60.0
database. Maximum
and “average” values| .,
for aircraft, ships,

wind turbines € 20.0
2 20.
« Caution: mix of =
. (@]
frequencies, % 0.0
methods,
polar|§at|on, angles, 20.0
elevations ....
-40.0
0.0

Stealth: RCS
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Conventional
aircraft and ships

Conventional
aircraft and ships
Stealth aircraft
and ships
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Conventional
aircraft and ships
Stealth aircraft
and ships

Conventional
aircraft and ships
Stealth aircraft
and ships

Stealth wind
turbines
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Summary

* Can apply same
technology to
turbines as used for
aircraft and ships

» Similar performance
achieved: reduction,
not “invisible”

 RCS is a distribution,
not a single value

35 Stealth Wind Turbines | 2018

Summary

* Can apply same
technology to
turbines as used for
aircraft and ships

» Similar performance
achieved: reduction,
not “invisible”

* RCS is a distribution,
not a single value

» Can repower with
larger turbines with
no increase in RCS

36 Stealth Wind Turbines | 2018

COMMERCIAL IN CONFIDENCE

RCS (dBsm)

o0 QINETIQ

40.0

20.0 -

Stealth aircraft

-20.0 | ships

RCS (dBsm)

-40.0 ‘ ‘ \ ]
0.0 5.0 10.0 15.0 20.0 25.0
Log Length (dBmetres)
COMMERCIAL IN CONFIDENCE
COMMERCIAL IN CONFIDENCE
00 QINETIQ

40.0

20.0

Stealth aircraft

-20.0

-40.0 \ \ ‘

0.0 5.0 10.0 15.0 20.0
Log Length (dBmetres)

25.0

COMMERCIAL IN CONFIDENCE

QINETIQ

QINETIQ



Case Study: Ensemble
Eolien Catalan
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Case study: Ensemble Eolien Catalan

Measurement

Simple Model

Speed
(CwT)

* Proposed EDF EN windfarm, T

Perpignan, south of France e 2
» Meteo France prescribed Jr
acceptable level of interference

ve = By

* Project not viable with
conventional turbines

* QinetiQ Stealth Wind Trubine o
(SWT) technology used to develop ’
turbines

» Operational turbines validated with
measurement
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Case study: Ensemble Eolien Catalan

» World-first stealth wind farm opened in 2016 (EDF EN Ensemble Eolien
Catalan wind farm, France)

« 96MW — 35 stealth turbines

 All turbines use QinetiQ SWT technology to mitigate impact on nearby weather
radar (S band — 2.8GHz)

- © EDF EN
s|2018
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