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Understanding Wind Turbine Amplitude Modulation 
Noise in the ‘Far-Field’ 

Results of The RenewableUK Amplitude 
Modulation Research Project
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RELEVANCY TO AQPER SYMPOSIUM
ENERGY 2.0  - a changing world

• already huge success, 
particularly for wind

• greater ‘push-back’ 
from residents

• increased focus on 
planning process & 
community engagement

• address noise concerns

• Amplitude Modulation!



AQPER - 20 February 2014

1.1 What is Amplitude Modulation (AM)

‘Amplitude Modulation’, also known as ‘blade swish’, is simply 
modulation of the sound pressure level at a wind turbine’s blade 

passing frequency
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SO WHAT IS ‘AMPLITUDE MODULATION’ (AM)?
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NEAR-FIELD AM – BLADE SWISH: MECHANISM

Stefan Oerlemans NLR

Turbulent 
boundary layer

Trailing edge

Wake
Airfoil
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NEAR-FIELD AM – BLADE SWISH: PERCEPTION
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‘Other’ Amplitude Modulation (OAM) - 2007

• at some sites AM is apparent at 
residential distances (‘far field’)

• observed levels of 5 – 10 dB!

• despite rarity, complaints 
vociferous - genuine nuisance?

• damaging to reputation of the 
wind industry

• erodes public support

• reduces chances of planning 
success

• ‘other’ amplitude modulation 
- OAM
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HOW WIDESPREAD IS THE ‘AM’ PROBLEM? - 2007

Key findings:

• 27 of 133 have had noise 
complaints at some point

• 239 complaints in total, with 152 
from single site 

• 81 complainants in total

• only 1 wind farm designated  
‘statutory nuisance’ 

• AM a factor at 4 sites

• complaints subsided at 3 of these 
due to remedial action

• occurs 7 – 15 % of time

• very low incidence
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BERR, August 2007:

“…the Government does not 

consider there to be a 

compelling case for 

further work into AM and 

will not carry out any 

further research at this 

time.”
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AN ALTERNATIVE VIEW – 2014
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AN ALTERNATIVE VIEW – 2014
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AN ALTERNATIVE VIEW – 2014
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A further definition of AM …..

• commonly termed ‘blade swish’

• part of normal WTN

• ~5dB modulation at source

• dominant crosswind effect

• decreases away from source

• dominated by mid frequencies 
(400Hz to 1000Hz) ‘swish’

• source mechanism understood 

‘Normal’ AM ‘Other’ AM

• atypical, intermittent

• >5dB (>10dB) amplitude at times?

• audible/noticeable at large 
distances downwind to >1km?

• more impulsive ‘thump’

• additional lower frequency content 
(200 Hz to 500 Hz)? ‘whooomp’

• source mechanism?

Confusion
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RENEWABLEUK AM PROJECT:

2011 - 2013

G        Blade surface measurements                                                                                          RISO   

WP Description LEAD

A1 Source generation effects modeling NLR

A2 Fundamental Research into Possible Causes of Amplitude Modulation ISVR

B1 Development of an Objective Measure for Quantifying AM ISVR

B2 Development of an AM Dose-Response Relationship ARC

C Collation and Analysis of Existing Acoustic Recordings HLA

D Measurement and Analysis of New Acoustic Recordings HLA

E Wider Dissemination of Results ALL

F Collation of Work Package Reports and Final Reporting HLA

DTU (RISO)
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Possible origin of OAM (Oerlemans)

Turbulent 
boundary layer

Trailing edge

Wake
Airfoil

Boundary layer
separation

Large-scale separation
(deep stall)
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Possible origin of OAM (Oerlemans)

fixed pitch and rpm, different inflow wind speeds

(speed vectors shown for clarity of representation only)
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• variable inflow conditions across the rotor could lead to
localised stall on some portions of the blade, 

• medium/high wind shear conditions can lead to such inflow 
conditions, as can other factors …

• occurrence will also be dependent on blade design and control logic

yaw    wake   topography   inflow turbulence

Possible origin of OAM (Oerlemans)

α=0.3 α=0.6
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DTU studies – DAN-AERO MW
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DTU studies – DAN-AERO MW
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Proof that OAM is a source effect?
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Surface pressure on suction side #1
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Surface pressure on suction side #2
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Possible Mitigation for OAM

• avoid (partial) blade stall

• avoid high angles of attack

• collective pitch control – de-

optimisation?

• cyclic pitch control?

• blade geometry?

• mitigation likely only required 

in specific conditions

• also has effect on blade loads 

and power performance!
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Objective quantification of AM - #1

Any successful metric must:

• be objective

• be repeatable

• be robust (avoid false positives and false negatives)

• relate to subjective response

• work on real & simulated AM data

• allow automated application

The method adopted here is based on frequency domain 

analysis of the LAeq levels within a 10 sec time window

• variation of existing techniques used in sonar and 

condition monitoring

• relies on the periodicity of AM data at the BPF
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Objective quantification of AM - #2

A metric has been identified to quantify the level of AM (NAM or 

OAM) at BPF present in a sample of acoustic data
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Objective quantification of AM - #2

A metric has been identified to quantify the level of AM (NAM or 

OAM) at BPF present in a sample of acoustic data

Sample analysis over a 3 hour period
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Objective quantification of AM - #2

A metric has been identified to quantify the level of AM (NAM or 

OAM) at BPF present in a sample of acoustic data
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Listening tests on AM

• Reports in the published literature …..

• WTN more annoying than other environmental noise

• Speculation in literature

• Sound characteristics to blame?

• Response by industry and government

• Need for dose-response relation



AQPER - 20 February 2014

Listening tests on AM

• Reports in the published literature …..

• WTN more annoying than other environmental noise

• Speculation in literature

• Sound characteristics to blame?

• Response by industry and government

• Need for dose-response relation
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Normalising adaptive rating levels
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Dose – Response Relationship & Penalty Scheme
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Dose – Response Relationship & Penalty Scheme
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Dose – Response Relationship & Penalty Scheme
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Possible AM Planning Control - Flowchart

Measure 20+ 
valid LA90,10min

Test 
Compliance

Comply 
with  
Limits?

PASS FAIL

Test 2 min of 
each LA90,10min
for tones

Y

N

+

Test 10 min of 
each LA90,10min

for AM

+
Penalty? Penalty?



AQPER - 20 February 2014

Possible AM Planning Control – Real-World

PASS
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Possible AM Planning Control – Real-World

Penalty scheme is 
proportionate: If low 
incidence, little impact on 
compliance measurements

PASS
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Possible AM Planning Control – Real-World

Penalty scheme is 
proportionate: If low 
incidence, little impact on 
compliance measurements

Penalty scheme is 
proportionate: If high 
incidence, big impact on 
compliance measurements!

PASSFAIL!
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CONCLUSIONS:

• need more focus on community engagement and the planning process if 
we are to continue to be successful

• AM is periodic variation of sound from a wind turbine at the BPF

• AM can take at least two forms which appear to have fundamentally 
different source generation mechanisms – NAM & OAM

• the principal cause of OAM identified is partial/ transient blade stall, 
caused by high angles of attack

• combine robust objective quantification methods for AM with dose-
response relationship combined to create planning control for AM 

• need warranty protection & meaningful mitigation for OAM - requires 
leadership from manufacturers


