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Kelley N.D., Hemphill R.R. and McKenna H.E. A 
Methodology for Assessment of Wind Turbine Noise

Turbine noise emission components with building and human body resonances superimposed



Cape Bridgewater Wind Farm, House 87 Bedroom, 5:30 am 
22 May 2014, Leq, 10 minute FFT (1600 lines)
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Shirley Wind Farm Report with 
manufacturers frequency 
response of speaker used in 
Crichton paper shown in 
orange trace



Walker B & Celano J “Progress Report on Synthesis of Wind Turbine 
Noise and Infrasound” 

Walker Synthesised Waveform

Original Waveform

Original FFT (1600 lines, 0-25 Hz)
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Annexure D of ANSI/ASA S12.9-2016/Part 7 “Advanced 
Signal Processing Techniques”
It has been observed (Bray, Swinbanks, Walker, et al) 
that for complex low-frequency signals (those 
comprising multiple frequencies), the temporal 
relationship between the components can have a 
significant influence on their subjective assessment. 
(Indeed, al one needs do is listen to the difference 
between a gun-shot and an extended Galois sequence 
signal to observe the two signals with the exact same 
spectrum can sound dramatically dissimilar.)



Conclusion

• Testing of wind turbine infrasound should use actual signals of wind 
turbines and not a tone or a synthesised signal

• Infrasound levels attributed to wind turbine noise are less than the 
threshold of audibility for constant tones and therefore should be 
inaudible.  Why test for infrasound only when wind turbine noise contains 
frequencies in the audible spectrum? The infrasound signature obtained by 
narrowband FFT analysis is the result of an analysis of transient pulses that 
can be derived by modulating sounds of much higher frequency

• For testing of wind turbine noise (including infrasound?) in a more practical 
sense, would be easier and realistic to simply use wave file recordings 
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Issues of concern with the use of real 

infrasound or simulated “infrasound”

• Accurately reproducing the signal by the use of headphones or

speakers. (D-A convertor, amplifiers and speaker/headphone

response, transient response of pulsations)

• “infrasound” applied as single tones and attributed to wind farms

• Whether the synthesised signal (obtained from adding sine waves)

reproduces the actual time signal that occurs in the field.

• Testing using synthesised signal and claiming the results apply to

wind farms.
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House 87 Bedroom – 22 May 5:30 am
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Figure 4. In-situ photo of synthesis 

system loudspeakers
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Experiments Undertaken

• Wave files of real and synthesised infrasound, 
use for listening tests.

• Take above wave files and speed up 100 times 
then listen as raw signals + with graphic 
equalisation enhancements

• Use tone burst at 100 Hz and evaluate 
amplitude and frequency responses



Attenuator
D-class
Amp.

12x 15” 1000W Subwoofers (infinite baffle)

G.R.A.S 40AZ Mic.
Brüel & Kjær 2669 Preamp.

Generator 1

Generator 2

Generator 3

Generator 4

Generator 5

Generator 6

Synthesised Leq FFT and compare with original



Test Setup

AEW Sub-woofer



Infinite Baffle v AEW Sub Woofer



100Hz Tone
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100 Hz 100ms burst - generator
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100 Hz 100ms burst – speaker
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100 Hz 30ms burst
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100 Hz 10ms burst
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100 Hz 3ms burst
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100 Hz 1ms burst
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One of the features which people have not fully understood is the significance of when a 
repetitive impulse is regarded as a short sharp pulse repeated with gaps in between, and when 
it is regarded as a set of harmonics as displayed by an FFT analyser.

I have always found it easiest to consider an FFT analyser as simply a parallel set of very narrow 
band filters.  They happen to be generated digitally, and have the particular feature that their 
transient response is to ring at fixed amplitude for a fixed length of time, and then stop.

Consider a single sharp half-sine impulse hitting this bank of filters.  It will cause every one of 
the filters to "ring" at its centre frequency.  So in that respect a single sharp impulse can be 
considered to contain a full range of frequencies.

If one now considers a repetitive half-sine impulse of very short duration, repeated at 1 second 
intervals, it preferentially excites the filters which are harmonically related to the repetition 
frequency.  This includes the very lowest frequency filter, the fundamental, and its immediate 
harmonics, so it is correct to say that a 1Hz repetitive infrasonic component is generated.   But if 
the duration of the impulse is very short, there will be a wide range of higher frequency  
harmonics also generated, extending out to (say) 500Hz for a 1 millisecond pulse.

The net contribution from the higher harmonics will contain much more total power than the 
immediate infrasonic components, so perception will be dominated by that of a sharp, high 
frequency impulse repeated  at the 1Hz time intervals.

Dr M.A. Swinbanks



Signal Build-up in Room - 100Hz Constant Tone
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Signal Build-up in Room - 10ms burst reduced level
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Signal Build-up in Room - 3ms Burst
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Room/Speaker Response
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Speaker Testing Conclusions

▪ Cannot accurately reproduce the infrasound signature in the 
laboratory. Cannot accurately reproduce the low frequency narrow 
band signature in the laboratory  – due to  limitation of speaker 
performance and response.

▪ Using tone burst 100 Hz signals there was still an infrasound 
signature at multiples of the 1 Hz on rate, even with 80 Hz high pass 
filter in the signal chain.

▪ Could not get a  Digital to Analogue convertor to give us an 
appropriate audio output of the “infrasound and low frequency” 
signal from 0.86Hz – noise and gain issues. 

▪ For infrasound and low frequency testing we have gone back to 
using a B & K FM reel to reel tape recorder (FM Modules not Direct 
Modules)  to obtain full spectrum audio samples, as having an 
audio/signal output flat down to 1 Hz. But via speakers still have 
frequency response issues



Speaker Testing Conclusions

▪ If restricted to just infrasound (or infrasound  + low frequency sound) best 
to undertake in-situ testing.

▪ The Japanese testing of modulated wind turbine noise using a wall of 
speakers has problems in creating the “’infrasound” – but they were only 
testing for audible modulation.

▪ With the phase problems, and back pressure issues for an infinite baffle, it 
would seem better to use one speaker system for audio listening tests.

▪ For audible noise, preference to  use a hemi-anechoic room

▪ If infrasound not really there, then line array speakers (mono signal or 
preferably real stereo) in hemi anechoic room works well – can conduct 
medical testing on audible (and inaudible) wind turbine noise – pulsation of 
signal (amplitude modulation) still present.




