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Workshop 2: Study of structural and foundation svstems of Wind Turbines

1) Motivation

Source:

The expansion of Mark Ellis/flickr

renewable energy
usage is one of the
major social tasks in
Europe and
therefore requires
acceptance and
support from the
population.

Is this acceptable?
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

1) Motivation — Tremor & Acoustics (TremAc)

| 4 I
Validation of models
Development of models through seismic and
for the simulation of acoustic measurements
emissions, acoustic (& J
noise propagation and

vibrations
\

Environmental health
and psychological
interviews

¥, JI" X \

Objective criteria
for seismic and
acoustic
emissions of
onshore wind
turbines

Focus on low-frequency
signals (< 150 Hz),
especially infrasonic
range (< 20 Hz)

"
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

1) Motivation - Measurement part of the project

What is to be
investigated?
Transmission of vibrations
from wind turbines to
buildings, transmission
paths soil and air as well

N

Acoustic noise

Secondary
acoustic noise

as their interaction. '

How?

Long-term measurements
with measuring points in the
vicinity of nearby buildings.

Why long-term measurements?

Wind conditions are subjected to strong
fluctuations, depending on weather and
time of day. Recording of representative
data through a longer measurement
period is required. Disturbances due to
vibrations from the environment
(traffic, machines, etc.).

Secondary . ]
seismic emissions

\_/

Seismic emissions

What is measured? B

Time series of vibrations and
low-frequency airborne sound
(<1-100 Hz) as well as
unweighted third-octave SPL
curve over time.

DAAD Dratgehnr Akpdsrmisehad Auptausseh Dl
Oasman Acsdamic Exchange Secvica

/ Imissions on
nearby buildings
and residents

What infrastructure is needed?
Free view for GPS, continuous
access for check-ups, power
supply for measuring
instruments.
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

Content

= 1) Motivati
m 2) Measurement technology and measurement setup
m 3) Execution of measurements

m 4) Evaluation of measurement results

= 5)Summary
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2) Measuring concept

Vibration 3D x,y,z
Foundation
LE-3D Mkl

DataCube3
3 Channels

Anemometer
+ data logger

Vibration 1D z
LE-1DV Mkl

T

2 DataCube3
ﬁ 3 Channels
Sound pressure level Infra sound
SoundTrack LXT PCB378A07B / B&K 4964
>6.3Hz <1-100 Hz

Workshop 2: Study of structural and foundation svstems of Wind Turbines

Acoustic sensors

Seismic sensors
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

2) Measurement technology

a Infrasound microphones

PCB 378A07: Sensitivity: 5.8 mV/Pa
Frequency Range (+ 1 dB): 0.25 to 10 kHz
Briel & Kjeer 4964: Sensitivity: 50.0 mV/Pa

Frequency Range (£ 1 dB): 0.04 to 10 kHz

a  Sound level meter

Larson Davis SoundTrack LxT: Open Circuit Sensitivity: 50 mV/Pa
Frequency Range (+ 1 dB): 5 to 10 kHz

m Seismometer
Lennartz LE-1DV MKIII: Eigenperiod: 1 s
Upper limiting frequency: 100 Hz
Transmission factor: 800 V/(m/s)
Lennartz LE-3Dlite MKkllI: As above
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2) Data acquisition

Rl

83 mm

53
u;_&

SIG. INPUT USB / TERM. ¥

Break-Out-Box (BOB)
Voltage divider
(1/4, 1/10)

DATA-CUBE® Type 2

PSU

GPS antenna

TECHNICAL SPECIFICATION

DATA-CUBE?

Type Delta-Sigma 24 Bit

ADC resolution 24 bit per channel

ADC channels 3

125dB @100sps (128dB @50sps)
22 4bit @100sps @ gain 1 (typical)

50, 100, 200 or 400sps in 3 channel
maode

ADC dynamic range
Effective resolution

ADC sample rates

800sps in 1 channel mode

ADC gain selection 1,2, 4,8, 16, 32,64

ADC noise level 10pV/HZ
Full scale input 4,096Vpp @ gain 1
Input impedance 100kChm

Signal input voltage Adjusted by customized breakout box

according to sensor specification

Type GPS synchronized free running internal
quartz

GPS GPS receiver built-in

GPS accuracy 1us

Internal or external GPS antenna
versions available

GPS antenna
External version is delivered with 3-5m
GPS antenna cable

Free running accuracy  <10ms for 20 days without processing
<0.01ms with processing (resampling)

Storage type SDHC memory card (internal)

Up to 32GB (ca. 280 days @100sps)

Continuous recording

Raw (miniSEED & SEG-Y offline
converter software included)

Capacity
Recording type

Recording format

SEISMIC DATA RECORDER -
DEVELOPED FOR REAL FIELD
APPLICATIONS

Local user interfaces

Serial port Monitoring, additional sensor modules

USB 2.0 Configuration, setup, data download
(16MB/s)

LEDs Indicating status of system, acquisition,

GPS timing and data storage

Sensor MIL-C-2684 A12-10S
Power/Communication  MIL-C-2684 A10-07P

Power Type 2: MIL-C-2684 AQB-04FP
GPS antenna Type 1 efa: SMA (female) or BNC (femmale)
Type 2: BNC (female)

Power supply
5-24V DC

Battery Type 1: internal & external

Input voltage

Type 2: external only
Power consumption 120mW with internal GPS antenna

197mW with external GPS antenna for
vault installations

(rated for 100sps & GPS active 5min per

30min)
Size 100 x 100 x 83mm (830ml)
Weight 890g with internal GPS antenna
850g with external GPS antenna

-20 - 70°C
Lower temperature versions available

Operating outdoor
temperature
Housing Reinforced plastic
Shock resilience 5g (sinus)

IPG7 (1m water depth for 48h)

Optional: Rugged aluminium transport
box for up to 12 DATA-CUBES for easy
handling & deployment in the field.

Waterproof

Transportation

withoul notice
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

2) Measurement setup

m  Combined acoustic and seismic measuring chain

B
uPs CH1

IF-MIC | Power

PCB 378A07B Beidenkoax. _IcH B H>—] 174 CUBE
5 2 or B&K 4964 Q BOB CH1/2/3 APy
O . \ C |[CH3 ‘ —1 v=1
O |5
MIC
PCB 377802
USB Power
SoundTrack
230 V oy
GPS
SR CREANS
a 3D seismic measuring chain

uPS

Power

I CUBE
BOB CH1/2/3 APx

v=4

O0Q

=
w
o
230V
[} u) =
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2) Conduction of pretests

Different tests in- and outside of buildings
were performed together with our project
partners of Geophysical Institute of KIT (GPI) to
prove the measured magnitude of vibration
velocity and time synchronization

The results show good accordance of the
vibration signals in vertical and horizontal
direction, taken into account the different
seismometers and slower sampling rate of GPI

Vibration velocity v, [mm/s]

Workshop 2: Study of structural and foundation svstems of Wind Turbines

Stomping
with heels LE-1DV and Trillium
LE-3D Lite  Compact
Ll O
Y

Distances of 1to 3 m ! Floor of two-
storey building

1.2 I I ] | I I
5 . ——— AP7 LE-1DV 400 Hz

10 Fn R S ——— APS8 LE-3D Lite 400 Hz i
. —— AH4 Tri:IIium Compact 10:0 Hz

08 |
o6l _
04 |
02 +
0.0 |

-0.2
-04

0.6 . J .
9:00.30 9:00.40 9:00.50 9:00.60 9:00.70 9:00.80 9:00.90 9:00.99 9:01.10

Time t [M:SS.ss]
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

2) Conduction of pretests 1.02 R o Py 7 o T
o EO b SWE GRAS 47 AC (Box)
© —a— |BF PCB 377B02
& el L v BFBaK4ges |
1]
2 094 -
7 :
o
€ 0.0 |- |
Q
P 088 |
0.86 s e S
1 10 100 1000 10000
Frequency [Hz]
0.30 e — Ty ———y
D 010 Femas 1 _
) ) ) ) ~ L8 / A Desired value
» In-house calibration of infrasound microphones s 0.00 - ot SN range
(used by IBF and SWE) using a self-built £ siol ' ]
= 0.
calibration box. Sound pressure meter 2 00 |
(SoundTrack LxT) at 94 dB as reference between —=— SWE GRAS 47 AC (Ground)
00| 2 SEgHkS 40 bon
6.3 Hz and 1250 Hz. . IBF B&K 4664 |
l 1 10 100 1000 10000

Frequency [Hz]
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3) Measurement locations

Workshop 2: Study of structural and foundation svstems of Wind Turbines

m  Two possible areas of investigation were chosen during
the beginning phase of TremAc project

m Residents of the villages were asked to participate in the
measuring part of the project by making available space
for the measurement setup inside their buildings

Wilstedt

—- Flat topology

- Loosely bedded sands, partly peat soil
- Wind farm consisting of 9 WT

Ingersheim

Hilly topology
Thin soil layer on limestone
Only one WT

o sipfemmmiprderyree iy UNIVERSITY OF
K AT O prris
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

3) Measurement locations near WT Ingersheim

dtecation 1 WT Ingersheim:

B AN Zf s tateone S O ‘(IT UNIVERSITY OF
_‘_\\_ PATRAS

Karliruhe inititute of Technalogy



Workshop 2: Study of structural and foundation svstems of Wind Turbines

3) Measurement locations near WT Ingersheim

An unused barn (9 m x 7.6 m, height approx. 8 m) in wooden
construction method was available as an installation site in Ingersheim.

N inz Zeltwanger
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

3) Measurement locations near WT Ingersheim

m  Measurement setup is weather-protected in the barn
and low-frequency sound can be registered nearly
unhindered by the open construction method.
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

3) Measurement locations near wind farm Wilstedt

3

SBiogasanlageyd = Location 1:

Single-family house in solid
construction, two-storey, partly with
basement. Combined acoustic/
seismic measurement in the entrance
_ area of the building as well as seismic
: measurement in the basement.

JStandort d

821114 , . 4 = Location 2:

Suvilstedt

621108 A | Former horse stable in wooden
construction with paved ground

8211109 S2lS
821110 IStandort 2
L]
824111 '
CFremdi

CFremd?2

(Biegasanlage 2
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

3) Measurement locations near wind farm Wilstedt

T\ e X Wy e

m  Setup:

Arrangement of B&K
infrasound microphone and
LxT sound level meter near the
ground (sound pressure tends
to be highest) and LE-1DV
seismometer between.

LE-3D Lite seismometer near
the foundation at the edge

CEEHTTENETEYYTY
:,'..in|uu;ij|||;hl'.!|i-.l'.
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3) Measurement periods

Area Location Setup Time period a
WT Location 1 | LE-1DV, PCB 378A07, CUBE AP7 13.08.2018 — 31.08.2018
Ingersheim LE-3D Lite, CUBE AP9 13.08.2018 — 31.08.2018
LE-1DV, B&K 4764, CUBE AP9 09.02.2019 — 11.03.2019
LE-3D Lite, CUBE APS 09.02.2019 — 11.03.2019
Location 2 | LE-3D Lite, CUBE APS 13.08.2018 — 31.08.2018
LE-1DV, PCB 378A07, CUBE AP7 07.09.2018 — 19.09.2018 y
LE-3D Lite, CUBE AP7 10.02.2019 — 19.02.2019
LE-3D Lite (CH1), PCB 378A07, CUBE 20.02.2019 — 11.03.2019
AP7
Wind farm | Location1 | LE-1DV, B&K 4764, CUBE AP9 27.11.2018 - 05.12.2018
Wilstedt LE-3D Lite, CUBE APS 27.11.2018 — 05.12.2018
Location 2 | LE-1DV, B&K 4764, CUBE AP9 07.12.2018 — 30.12.2018
LE-3D Lite, CUBE APS 07.12.2018 — 30.12.2018

Dhpatgetar .ﬂ.hlll!'r'ul\.: lllllllllllllllllllll

Workshop 2: Study of structural and foundation systems of Wind Turbines

Evaluation:

Large amounts of measurement
data had to be evaluated.
Events with high acoustic or
seismic noise level were picked
based on time series and time-
variant spectra.

WT standstill:

Fixed time periods with
standstill of the WT during day-
and nighttime were essential
for the direct association of
acoustic and seismic emissions
with WT operation
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

4) Evaluation of results — WT Ingersheim

Time UTC [hh:mm] Feb 10, 2019

- _:320:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:0‘0 20:00 22:00 00: %%0
» 1) Wind speed (max/mean) and wind 1 2 WM; wm%fzgg
direction of nearby agricultural weather ) ?% g' et % =
station; Grey bands mark WT standstill s T : ‘ . T ; i J
. E a
periods 2) £
-4
0.6
m 2-4) Time series of vertical vibration 3) £ 03
velocity (LE-1DV), sound pressure (B&K =03
4964) and SPL (SoundTrack LxT) = 1]
4)<
= 40
1401 §
1201 o
m 5-6) Time variant Power-Spectral- ¥ 100| £
Density (PSD) of vibration velocity and 5) ¢ zz 2
sound pressure g Lol 2
201 ;
dt=1/400s, F =200 Hz, T=10s, .
N = T/dt =4000; Hanning-Window i w0 F
Recording per day ) 3 ®| -
(24 x 60 x 60 / 10 = 8640 spectra/day; e 3
No overlap, no averaging 20 | o - e e -
. . . - ——— TP S - 160
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

4) Evaluation of results — WT Ingersheim

Switch-off times with LE-1D, LE-3D and
SoundTrack LxT well recognizable

Tendencies of reduced sound pressures
recognizable with B&K infrasound
microphone during WT standstill

Due to surrounding noise sources no
clear association with WT operation
possible during daytime

Reduction of magnitude =—

Time UTC [hh:mm] Feb 10, 2019

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:.00 20:00 22:00 00:00
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

4) Evaluation of results — WT Ingersheim

s Noticeable pattern can be identified with spectrograms in seismic and acoustic signals

140 LE-1EIV Trem 3 : - o F
120 : | LAl “:.@
— W R 3 T | i itk o 4 4| t &
¥ 100 | AR S
r_;f 80 | | SRR CINRE M PN R o A e (o l oo | Anf ' .80 E
S 60| : 1] - 8
o e ' -
i 40 . 120 §
20 e = g
0 — LT 160 B
140 — 0
B&K | N
120 IR 2
) yrm , 40 o
F 100 e | £
e - ) 2
g 80 " i j Ih.i.d" et | .“qp e AP e e < e byt at iy ! 80 E
@ ¢ il 1 5 - 5 e il TRALet] B o ik ' |
g. 60 e [ '”:E‘t. '-," ) b !«l'-n blis AT ) B --Lu-:.r;-'-u‘lid PR ,.;Tm,..- ll-:-; ?é
E i | 4 . b ?m i § 1 i v i-«.-- 510 18 s L !
(T 40 4 5 4:4tha et 1'}'._ ’ Ve ACIU“N‘" g | l"'*u--mﬁwp_ e 3 R4 18 et - ! Iﬁq = -120 g
20 SR LA N v @
. °
0 -160
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Feb 10, 2019
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

4) Evaluation of results — WT Ingersheim . Section A: WT operation
: ] Section B: WT standstill
5) 140 — Le-1pv - ' - - 6) — BRK n . . .
o [
' I
120 : I ! l
1000 i I7eg!
T, i | L
[ | |
B e N
] | "
% B0 e pidons oo -
C AQ il gl
- | l R by ;
20

0- '
02:0§ 1  04:00 06:00  02:00 04:00 06:00

Section A: WT operation I |

Section B: WT standstill DAAD st A(IT YNIVERSITY,OF
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Workshop 2: Study of structural and foundation svstems of Wind Turbines
4) Evaluation of results — WT Ingersheim

ingershelm, Location 1, 2019-02-10 —> Mean values of time variant 10 s

Z

Vibration amplitude v_ [mm/s]

A0 e 00 spectra over 10 min period during
WT operation: 02.25-02.35 6) | N WT operation: 02.25-02.35 operation and standstill of WT
sHiF 1 & +
3
A I 43 3 A T =  Seismic signals with highest
> 'S intensity at f = 19.5 Hz;
further peaks at 10.3, 13.0 Hz and
between 1.0 and 10 Hz (low
g intensity)
% m Sharp peaks in the acoustic signal
. . EL e for Blade-Passing-Frequency (BPF):
WT standstill: 02.45-02.55 § WT standstill: 02.45-02.55 f=0.8 Hz and its muItipIes
7os T 1.6,2.4,3.3,4.1, 4.9 Hz etc.
4- 1 Also components with 19.5 Hz
B 3- B + a  Amplitude spectra show
T , ] characteristic low-frequency
i components of seismic and
| " acoustic noise by WT
1 5 10 15 20 25
Frequency [Hz]
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v, [mm/s]  w-speed [m/s]
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Workshop 2: Study of structural and foundation svstems of Wind Turbines
4) Evaluation of results — WT Ingersheim

oo

Time UTC [hh:mm)] Mar 01, 2019 —> Location 1 in Ingersheim,

02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00 .

e B P O [ O Y [ - 0.4 km distance to WT

6 180 5

3 PN =

0 0

: m  Switch-off times are clearly visible in time
> domain and PSD spectra of acoustic or
-4 . . .

P seismic signals

3

0

3

5] . . . . .
0 m Characteristic thin lines are observed in
ol the PSD plot of B&K infrasound
o . microphone

-40

dB re. max 1.5576e-05 [(mm/s)*/Hz)]

22:00 00:00}k:

¥
40 g
5
g -80 §
[=]
=
E
120 4
m
=1
0 1
02:00 04:00 06:00 08:00 10:00 12:00 14.00 16:00 18:00 20:00 22:00 00:00
Mar 01, 2019
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4) Evaluation of results — WT Ingersheim

Ingersheim, Location 1, 2019-03-01

Workshop 2: Study of structural and foundation svstems of Wind Turbines

As expected, high intensity of
seismic emissions with around 4
19.3 Hz, upper harmonic

-3
10 £41%

WT operatiogz 22.25-22.35

)}

" l i 4 4 4 l
T T

WT operation: 22.25-22.35

0.9

WT standstill: 22.45-22.55

frequencies of BPF (5.6, 6.4 Hz) 0 1

are also significant Al 1 % I d 1

Beside the emissions caused by g I

the blade passing of the tower 2 §

there are several other sources 2 = | 3

for emissions (i.e. power train % | o deeohe olacled o g

noise) ~;§ ol T @ gl

Differentiation between |

secondary and primary °1 | 6_|'

acoustic/seismic noise is not 2t 1 4-

possible without further

investigations 1 g 2

0 R

1 5 10 15 20 25 1

Frequency [Hz]

10

15 20 25

Drutgehnr Akpdermischad Auitagioh Dl
Oarman Acsdamic Exchangs Servica

DAAD

AT

Karliruhe inititute of Technalogy

UNIVERSITY OF

PATRAS

T T RINLUEN I



Workshop 2: Study of structural and foundation svstems of Wind Turbines
4) Evaluation of results — WT Ingersheim

Time UTC [hh:mm] Mar 01, 2019 H 1 1
00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00 9 Locatlon 2 In lngerShelmr

360 . .
Mfﬁ 2.4 km distance to WT, forest in between
7
90 =

0

_‘
o wowong

=
=
o K2

= W-speed [m/s]

PCB m Switch-off times are not visible in time
domain or PSD spectra (at first glance) of
acoustic or seismic signals

»

e e—
B o s
1

ey

m Seismic signals overlapped by not yet
identified disturbances (10.3 Hz plus

multiples)
£
I £ = Characteristic thin lines are observed in
b & the PSD plot of PCB infrasound
o microphone, but only for small time
ok periods
3
¥ 100 0
3 80 2
g 80 8
2 60 T
£ 40 -120 E
20 8
ODG‘,UD 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 2200 00:00 .

Mar 01, 2019
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Workshop 2: Study of structural and foundation svstems of Wind Turbines
4) Evaluation of results — WT Ingersheim

Ingersheim, Location 2, 2019-03-01
3
2 St S S S S SR SN S S S E 2_.X11J0.....,£ T S S S S NS —
m Peaks at harmonic WT operation: 22.25-22.35 WT operation: 22.25-22.35

frequencies of BPF (1.6, 2.4, 16+ t
3.2 Hz, etc.) are visible in the
acoustic spectrum for WT
operation; Compared to
Location 1 the intensity is low

20.6

1.2 +

(factor 5) £ g _
N Q.
= o
L : > :
m Seismic signals with 3 2 o e
i S 5 ,.x10° k . .
frequencies between around c e ot & 24 | s
.. = WT dstill: 22.45-22 55 3 WT dstill: 22.45-22.55
12.3 and 16.5 Hz are missing £ T e SN
: - >16 T 161 +
during WT stillstand; Though

20.6

the signal is overlapped by 1 Bk
disturbances

m Out of the measurement
results it is not clear why the
residents of Location 2 near
Ingersheim feel heavily
annoyed by assumpted Frequency [Hz]

o H ”
WT n O|Se DnAD Dhpurgefnr Akpdemischad Austausch Diemg L.-,\, |1'nl] H."\ | J .,:I, ¢ \-||.'.
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

4) Evaluation of results — Wind farm Wilstedt

Wilstedt, Location 1, 2018-12-01
-3
L S 755100 e ————

WT operation: 00.25-00.35 WT operation: 00.25-00.35

- Now measurements in larger
distance, more WT, different soil

m Seismic emissions with higher
frequencies (> 10 Hz) nearly
completely damped;

£ T
Harmonic frequencies of BPF £ T &
. z )
dominant g . . - 2
% | — T AL A T e———t g
. . . . é bt 44— _g t t —t—t—t
. Ove ra” IntenSIty Of seismic % WT standstill: 00.45-00.55 % WT standstill: 00.45-00.55
signals: 5+ 10™* mm/s g, L2 ! |

compared to 5 - 107> mm/s
in Ingersheim; Sound 37 + 45
pressures are alike

1.3

2 T 8 T
m Emissions of other WT (not
included in the wind farm) as iV | Ay g 1
well as nearby biogas plants OMr e A —— | L, NPT WP
Overlap the Signals 1 5 10 15 20 25 1 5 10 15 20 25
Frequency [Hz]
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4) Evaluation of results — Wind farm Wilstedt
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m  Comparison of seismic signals
measured by IBF (inside building,
1.5 km) and GPI (field, < 0.5 km):

® Good accordance; Switch-off
times clearly visible
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m Horizontal components of vibration
velocity partly with higher intensity
than vertical component
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

4) Evaluation of results — Wind farm Wilstedt

'|||“| = Comparison of acoustic signals
measured by IBF (inside building, 1.5
km) and GPI (field, < 0.5 km):

m  Switch-off times only visible
during nighttime and lower wind
speeds in the time series of sound
pressure

”W"N ll » SoundTrack LxT sound level meter
(f > 6.3 Hz) seems to be a reliable
tool for the measurement of
acoustic (low-frequency)
emissions even in greater
distances

SWE Gras 47AC IBF B&K IBF LxT

) P 'M‘Hl by ‘U"'I'l |l|1l|t11 i f]l |
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m""m““m%w AN i g WWW
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4) Evaluation of results — Impulsiveness

The impulsiveness of noise is often seen
as critical because it favors the
perceptibility of such acoustic emissions

Each blade passage is clearly visible as a
sharp peak of sound pressure both for
measured data of SWE (emission) as
well as IBF (immission).

Time difference about At = 1.23 s, which
results in a blade passing frequency of
BPF = 1/At = 0.81 Hz, corresponding to a
rotational speed of 16 rpm.

ressure p in Pa

Q.

Sound

Blumendeller et al., 2020

Workshop 2: Study of structural and foundation svstems of Wind Turbines
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Workshop 2: Study of structural and foundation svstems of Wind Turbines
4) Evaluation of results — Atmospheric conditions

»  Wind conditions and atmospheric conditions affect measurement results

m  Method for the evaluation of atmospheric conditions presented by van den Berg, 2004:
Calculation of an athmospheric stability expressed by logarithmic shear exponent m:

_ ln(vh/ vref)
ln(h/href)
v Wind speed at hub height h
Vref: Wind speed at reference height h.ef = 10 m Atmospheric Stability ~ Shear Exponent
very-slightly unstable ~ m < 0.1
neutral 0.1 <m<0.2
slightly stable 02 <m<04

moderately-very stable 0.4 <m
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Workshop 2: Study of structural and foundation systems of Wind Turbines
4) Evaluation of results — Atmospheric conditions

20 T T T T 20
S v ‘ E
o €10 [ ' 410 2
£ N =
s £ '(‘ . PN =
= " AN o =
0 ] | ] 0
=
.
° £ West West
S
2 © East East
= North North
[ I | | T ]
3 1
ESE
- w —
o 2 c 0.5
o
0 Ml | | 111 8 3 | |
1 | | | |
* Shear exponent m stable neutral instable
0.5

Shear
exponent m

- e ;

“ 'wm

r -

: :

L i
e

2019-02-09

Blumendeller et al.,

2019-02-10

2020

2019-02-11

2019-02-12

2019-02-13

DAAD

Garman Acader

in m/s

Nacelle position

= Location 1 in Ingersheim,

0.4 km distance to WT

From the bottom plot, it is
evident that stable atmospheric
conditions mainly occurred
during the nighttime

During time periods with high
wind speeds at both considered
heights (e.g., 11 February 2019
and 12 February 2019), mixed
air layers led to an instable or
neutral atmosphere, which was
more likely during the daytime.

Same applies to time periods
with low wind speeds at both
heights (e.g., 13 February
2019).
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Workshop

4) Evaluation of results — Atmospheric conditions

m = 0.35 (slightly stable)

m = 0.24 (slightly stable)

Emission
Immission
m - -
©
b
1
o
o
1 10 100 1 10 100
m = 0.15 (neutral) m = 0.09 (unstable)
m .
©
Lt
|
n_ L
wn

1 10 100
Frequency in Hz

Blumendeller et al., 2020

1 10 100
Frequency in Hz

2: Study of structural and foundation svstems of Wind Turbines

> Measurements in Ingersheim,
Between 0.24 and 0.4 km distance to WT
outside (emission) and inside (immission)

m Influence of atmospheric conditions
visible. More dominant outside.

m BPF tones still recognizable inside during
unstable conditions

Bacflin Acaturic Excrunge Servicn. UNIVERSITY OF
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Workshop 2: Study of structural and foundation svstems of Wind Turbines
4) Evaluation of results — Atmospheric conditions

m = 0.35 (slightly stable) m = 0.24 (slightly stable) > Measurements in Ingersheim,
' —onrms | [ [ 1 | Between 0.24 and 0.4 km distance to WT
_ ---offrms | outside (emission) and inside (immission)
¢20 dB —— 0on max/min
. — Threshold

m Classification of sound pressure levels:
minimum, maximum and mean value of
one-third octave level (SPL, ;) during

a8 16 315 63 125 5 4 8 16 315 63 125 operation and standstill in comparison

m = 0.15 (neutral) m = 0.09 (unstable) with a popular hearing threshold

f— — — — —

SPL,, in dB

m Hearing threshold not reached for
infrasonic sound below 30 Hz. Above 40
Hz to 50 Hz the hearing threshold can
be reached depending on wind
conditions

SPL,, in dB

2 4 8 16 315 63 125 2 4 8 16 315 63 125
Frequency in Hz Frequency in Hz
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5) Summary

Shutdowns of WT
are recognizable
in measurements

/Vibrations caused by WT
operation are broadband in the
low-frequency range up to 25
Hz and can be identified up to
Qrequencies of 120 Hz

~

/

Seismic signals of
WT far below
noticeability limit for
humans

J

—

Workshop 2: Study of structural and foundation svstems of Wind Turbines

shows clear, thin lines with sharp
peaks between 0.8 and 8 Hz, also
signals above. Low-frequency
components are partly masked

Qy wind noise

Atmospheric A
conditions influence
acoustic emissions
and immissions

)

\

Passage of rotor blades in
front of the tower causes
impulsive behavior which
could favor the perceptibility

\w

fSpectrogram of sound pressure \

J

the seismic signals of
wind farm (9 WT)
significantly higher
(approx. factor 10)

/Spectral amplitudes of\

J

Qin/gle WT

/Hearing threshold no
reached in infrasonic
range below 30 Hz.
Could be reached

¢

J

%O Hz.
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