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1.5 MW Wind Turbine Noise Measurement and Analysis
of Low-Frequency Noise
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ABSTRACT The noise from a 1.5 MW wind turbine was measured and the apparent sound power level, tonal audibility, and spectrum
balance were analyzed. The apparent sound power level and tonal audibility were analyzed according to IEC 61400-11: ed3.
(2012-11). The measured noise data at the turbine site was mainly in the north-west (NW) and north-north-west (NNW) directions,
and approximately 500 and 250 samples of total noise and background noise data were obtained. Three tone components were
observed in the low frequency region below 100 Hz. The tones in the low frequency critical band with a center frequency of 78.1 Hz
were found to have a higher level than the hearing threshold. The possibility of wind turbine noise annoyance was also analyzed
through the spectrum balance analysis.

Key words Wind Turbine Noise(3 & 4:-2), Noise Measurement(4>-2 = 74), Low-frequency noise(# 51} 4:-2), IEC 61400-11
(FE25 S D)

Nomenclature subscript
WTN : wind turbine noise WA,k : apparent sound power level, dBA
BGN : background noise i : frequency band of spectrum
R :radius of blade k : wind speed bin, m/s

: hub height

H \'% : total wind turbine noise, dBA
D : diameter of rotor blade
L

V,c,1,k : background noise corrected wind turbine noise,

: sound pressure level or sound power level
dBA

1) Senior Researcher, Wind Energy Laboratory, Korea Institute of 70%  :70% energy of spectrum, dBA

Energy Research pn,avg : the energy average of all the lines classified as

2) Researcher, Wind Energy Laboratory, Korea Institute of Energy .
masking, dBA

Research

3) Principal Researcher, Wind Energy Laboratory, Korea Institute ptj,k :energy sum of all of tone spectral lines, dBA

of Energy Research pn,j,k : masking noise level, dBA
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Tel: +82-64-800-2335 Fax: +82-64-805-2203 tn,j,k : difference of tone and masking noise level, dBA
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: tonal audibility / audibility criterion, dB

a,k : overall tonal audibility, dB

a

2018, 12 Vol.14, No.4 5

ol M R~ S - Y S F P Ty e
O D T O S B o uowo_uﬁn_u
oy T =~ W N woR o) o NF o TGRS
1 © > A A i) o N <
o g = He TN s A N ojn ofn z._ﬂumﬂim
4 5w 2y Wow ooy e B A Moy 4 P oy &= 7 o
= ol LLE 5 = 2D T BET oy
REED TERREERT YER SmEEprE
" oo 2 s L e o < mo X )
W _ AN R o ATA,_ A mo m_mﬂooll
mefye Rdwe R I
w ~ T T — T Ho = 2 [ o I
T i Al R T BZTE gy
T g Fhgy g e 2ilior 4l
o o g AT om T mwg il TN AT T _Z_ﬂw_w
wEE RS e N R S :
e issToadcsy Eopbgipetiy
e A ST o g e PR TERD 2
~ f [ L~ = X — iyt
E:ﬂﬁ%&%,ﬂ_w%%ﬂ R gpE & por - Fmdr | L h
W N M RT ) __&q Fo X W R gy oo wo 5 B
o T JlME.l_ﬂ_lﬂ w A1_1.LI = o TO s
4 %O do Wl X T o oF I olo = o do gy g RO N Al _
ﬂu_z_ﬁ7.A ﬂﬁmﬁwo#nlﬂﬂﬁo%ﬁ ._ﬁﬁn_UgﬁmmﬁﬁuWﬂ&lg_.ﬂmﬂ -
sz%_@ixzxoﬁ B e Ve T -t
X o AH o) o "W W oop LB R (Y $ Wy oF CIR - N
o0
_ _ 8]
oo o) N P! N B O o N OO K Ho W oI TN A
N T B o o of W oxE OB O N = my WY X a\
OT%ﬂuoLﬂ,ﬂNuEﬂ_nﬂlmEmhﬂL%ﬂ%oEWuNLWm%iﬂ'ﬂ .__.m
ﬁoémm_ﬁﬁmwmm.%ﬂmm%&M%%ﬂmﬂomﬁ , v/
T £ < xr w0 o oy Mo T Nk T
EFFRS EREE LEN SRS DTN 3
R A R T B o e A S 5 .
mw%%ﬁq%ﬂmfﬁm_mAm%@ﬂwﬁzgaaﬂﬁ%%% s L
VA (L L= oM ol Moy 5 N 7 No = 5 e
& %i@.omuﬁmﬂﬂ%imu%Eﬂm_ﬂwmzElﬂ 13
oi oﬁon,quu%ﬂﬂ o Mo T ooy KOS I «
A A Y g AN B R TR f N R T oo T L
Lz R oo FXWR G o B w72 <
]NEEOEMHHLQMMMW@-E ,WHLEE.W.Ol ,m-ﬂ,mu..)mo‘mﬂ
FglXonBr ol egxia@pr’ T o8 i N—
M TR A R I O A - :
ux,aﬁﬂwl.ﬁﬂwclﬂﬂ%ﬂ%mgeﬂvﬂﬂm_mﬂuewﬂ_ym% —o -
wm%moa&mﬂwwwﬂoﬂﬁo_;%%mﬁo_u%aw -
um_x__oo%y%%%7Ji%%iﬂ_x%qaimﬂur s
M L — o o of LT X o oo oo o W oE o = T
R olo = . 0 gp B o W 2 5
-~ W o oop 4%y ® N B Ho XE Ao AN NE T =
X domod g Por Mt g AN Ry W oy ® o
- el e R Bl = T I O o\m W No oF

Fig. 1. Schematic diagram of wind turbine noise measurement

Wind speed(10m), Wind
direction, Temperature, Humidity
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Table 1. Specification of the measurement equipment

Type Model Specification

Frequency range:
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Fig. 2. Measurement site and 1.5 MW wind turbine (right—top)
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Table 2, Measured WTN and BGN at bin centre wind speeds
at hub height

MGt | | gl s
7.5 m/s 5 16 103.7
8.0 m/s 12 26 106.2
8.5 m/s 24 35 107.5
9.0 m/s 82 41 107.3
9.5 m/s 239 38 107.6
10,0 m/s 99 32 108.1
10,5 m/s D2 42 108.2
11.0 m/s 28 9 107.9
11.5 m/s 2 12 108.0
12.0 m/s 2 3 108.5
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Fig. 12. Spectrum balance at wind speed bin k = 8.5 m/s
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Fig. 13. Spectrum balance at wind speed bin k = 10.5 m/s
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Fig. 14. Spectrum balance at wind speed bin k = 12.5 m/s
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