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TlE
Low-Frequency Sound and Infrasound

Low-frequency sound is typically defined as sound from 20 to 200 Hz, and infrasound is sound less than 20 Hz.
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University of

Salford

MANCHESTER

A procedure for the assessment of low
frequency noise complaints

Moorhouse, AT, Waddington, DC and Adams, MD
http://dx.dot.org/10.1121/1.3180695

Title -A procedure for the assessment of low frequency noise complaints
IAutImrs Moorhouse, AT, Waddington, DC and Adams, MD
.Puhlication title -The Journal of the Acoustical Society of America (JASA)
:Puhlisher :Acuuslical Society of America
| Type (Article

USIR URL This version is available at: http://usir.salford.ac.uk/id/eprint/18459/
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ZiE, RO LI IZEIPNTOET,

The proposed criteria curve is provided as guidance for environmental health officers in their evaluation
of an LFN complaint, and not as an absolute limit.

This means that tonal sounds at, or just below, the threshold of the hearing should be considered as
environmental sources potentially responsible for the complaint.
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“not as an absolute limit” & EWTHADIZ, 5T, “absolute limit.” EENTHAND L HIZFRL T
AR AT NG

Fo, ZOmXITIE, BARTOYHERICET 22REOHFLENTHY £7.,

A. The criterion curve

The criterion curve 1s given in Table V and FIG 13. If the noise occurs only during the day then
5dB relaxation may be applied to all third octave bands. Note that the criterion curve sound
levels given in Table V for 25 Hz and below can cause the vibration of windows, walls and even
floors 1n residential housing structures with the accompanying rattling of dishes and bric-a-brac.
This induced vibration and the accompanying secondary noises will be noticed by residents, with
annoyance the likely result. Some account of vibration-induced noise 1s made in the Japanese

- AT
method for the assessment of low-frequency noise complaints’ .
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Figure 2. Measurement results at 164 points around 29 wind farms in Japan. (Assessment of wind
turbine noise in immission areas, H. Tachibana et al, 2013)
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JEVEL T DRGE T2 LA = 7 b V& AR B BB CIREEA AT 5, JIS Kk, BRIEH OIS, BE0FEDR
oFse (JRE) Y &, S, 20, BENER SR YY) L oMo mE 5,

JRVEE S D FHAT iR AT T ik D 2 e, BRI B BRI & Fr o B I 9 2 FFT o RHRR R O RFI T ik 7%
EHRIEIC R 5, i#NTTTiE L LT, Wavelet it o A4 ZBGH, 58+ v ©7 — > 3 v, ARESRE, #EHH%E
By, HBEEGRR 25 L 0RIEBHEICR S,

WEEI % w25, ShZ2RIDO % Td, BEE & @FEYEE O RBIR I T w0 Ty,

The infrasound sound levels were measured continuously above the pillow of each participant using a
GRAS 46AZ one-half inch low frequency microphone and preamplifier set connected to the
microprocessor. Software was used to enable the overall dB pk sound level and narrow band frequency
analysis to be measured continuously and stored at 1—s intervals for later processing.

BRI E DBEDL_NIE, 4 7 u 7 uxy $icEfi I vz GRAS46AZ O 1/2 4 v FKF~A 7 & 7V 7
7%y FEMHEHLCT, ESMEOHO L CHEERICHEINE LA, V7 v =T 2L T, 2&N7 dB
pk Y7 v B L L & R R BT A B IS HIE L, RS 5200 1 PREECTRETE S XL
¥ L7,

T3,

HIEL L2l 21213, KT — %% FFT b <, FER L oEE2HHRE T, CoFELLFIEL X
LEFETGAL. HAREBEEEZRO T AL —ETRKD 2856523H 0 3, 22 TIIEAFTEL
TOHMETEZE T,

FEERCE S F it FEBESREL T T2, JBMETTEAENML T, IS EEFRICKECHEL T T,

Bz E, R L 2 EE T, 10 pflo 7 — 20 b KEHE%F~ 2 &, 1.013Hz T 0.184Pa T3 2%,
13T iy cil~s &, AEEIE 0.966667Hz~1.016667Hz T, iF/F 1% 0.17Pa~0.42Pa T,

30 ki B . BT 0.87Hz~1.03Hz T, #F/EIL 0.21Pa~0.56Pa T,

o 0~10

R 1.013

HE 0.184

oA 0~1 1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 9~10 F1
Bk | 1.016667| 1.016667| 1.016667| 1.016667| 0.983333| 0.966667| 1.016667 1| 1.016667 1] 1.005
BE 0.424407| 0.370196| 0.322781| 0.291005| 0.266354| 0.179982| 0.370865| 0.381001| 0.401818| 0.354761| 0.336
n 0.5 1] 1.5 2| 25 3| 35 41 4.5 5/ 5.5 6| 6.5 7 7.5 8| 8.5 9| 9.5/ 10
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DA TE 2L, 10 Do Z M 212, 0.184Pa 2D T, FEL <, 79.3dB,
30 BECOBUE % 2 1E. 0.56Pa 2D CTHEL <3 8894dBI1ck b ¥9,
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AT S BT, HEERCO 5 FOMEMZiHET 2 1Ci3. C ORARES O % &0 - ERB L E 2D TT,
(I RAZTE A ML, 3.056352Pa TH bV, 103.7dB &7 0 £9,)

XiT,

The simulated wind turbine infrasound was generated by a Teensy microprocessor fitted with an
SGTL5000 audio processor and the signal fed to a purpose-built Direct Current (DC)-coupled class D
amplifier and four 18—in JBL subwoofer loudspeakers in four fully sealed timber enclosures faced with
heavy protective mesh so that the participants could not observe the speakers in operation.
YIial—bENEN L - v oBEEMEE X, SGTL5000 & —F 4 47 vty 4 %2EHE L7z Teensy ~4 7
r7uty I o TERIN, BREREMAOERDOMAZ 7JAD Ty 7L 45D 184 vF JBLY TV —
77 —Av—a—icfigdIhE L,
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s =T 444 FROIRHEZR D, Win 2 ICHKE T 2 EORHICEHEN & 7 v v FHO AT T b 2,
TV =T 7 —DEICIBITINL VUV AT LDV A X HEDETHEIDT, 774 7 —ZA~DIUHH-CH
Wk 7w 7 ~DORIARE, A=K L PHHRTHE,
ok  HITV—Tr—
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REMRIREHEROFIEL, EXRUCRLDEREAFHAT2HETHL. NALVTROAE =B TIE, R— FNO%E
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L, BIROFAEICENTHR—OaRZ 22 bDICT 5711E, FREMNBREIOF—VBLEIC/R-T
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NALZIZLANy 7 a— RR— 8k, AV—TOBFEEZFA L RS Z M35 5O TIE, W Bk
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RO EZAH, MENTZRKE ST, HREOHZMED FIZ, HROEEFIZLY AL =D OREA BT 2 Z &%

L nEeEbhs,

LDz L TY,

W D FEER T,
The loudspeaker is driven by a DC amplifier connected to a Sinus Soundbook running SAMURAI 2.0
software which generates the electrical waveform previously described. A 200 Hz low pass filter with DC
offset adjustment and a dB attenuator are connected between the Soundbook and the amplifier.
The pressure sighal from the speaker is transmitted via a 1.7m length of 6 mm inner diameter clear
vinyl/polyurethane tubing incorporating a brass splitter to connect to each cup of a set of Uvex—X
earmuffs as shown in Figure 3. One of the cups was modified to house a G.R.A.S. 40AZ %” Pre—polarised
Free—Field Microphone connected to a G.R.A.S. Type 26CG %" Low Frequency CCP Preamplifier. The
G.R.A.S. 40AZ microphone has a frequency response of 0.5 Hz to 20kHz (%2 dB) which encompasses
the range of the study.
A —h =3, BB % EK T 5 SAMURAIZ2.0 ¥V 7 + v = 7 %#3{T L T\ % Sinus Soundbook I i
INDCTvFIckoTliEIENE T, DCA 7y Pl 2D 200Hz m — X274 L2 =L dB T v 7%
— & — 73 Soundbook & 7 v FORJICEHR I N T T T,
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— 7% LTEEIN, Uvex-X /¥ —=T7 D2y b OFA Y TICERT 270 DHEKRAT ) v 2 —3fHAiIAE
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40AZ 1/2" Pre-polarised Free-Field Microphone Z U3 % L J icduEdnnE L7z, GRAS. 40AZ~ 4 7 v 7
+ v DREIGE X 0.5 Hz~20 kHz(£2 dB) T, ZAIWsEo#HiFA%#EL T E 3,
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Figure 3. Complete acoustic headphones including twin 6 mm nozzles with attached tubing, microphone and occlusion

ports (located on the cup either side of the head strap).
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Hz 0.5 1 2 3 4 5 6 7 8
dB 74 70 66 62 58

¥ (Pa*Pa)| 0.010048 0.004| 0.001592 0.000634 0.000252
Pa*Pa/Hz| 0.020095 0.004| 0.000796| 0.000796| 0.000158| 0.000158| 0.000158| 0.000158| 3.15E-05
Hz 0.5 1 2 3 4 5 6 7 8
Pa 0.141757| 0.063246| 0.028217| 0.028217| 0.012589( 0.012589| 0.012589| 0.012589| 0.005617
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Hz dB | Z (Pa*Pa) |Pa*Pa/Hz Hz |Pa

0.5| 74| 0.0100475| 0.020095091| 0.5| 0.141757

1| 70 0.004 0.004| 1| 0.063246

2| 66 [ 0.0015924| 0.000796214| 2| 0.028217

3 0.000796214| 3| 0.028217

4| 62| 0.000634| 0.000158489| 4| 0.012589

5 0.000158489| 5| 0.012589

6 0.000158489| 6| 0.012589

7 0.000158489| 7| 0.012589

8| 58 |0.0002524| 3.15479E-05| 8| 0.005617 .
9 3.15479E-05| 9| 0.005617|  ©16

10 3.15479E-05| 10| 0.005617| = °*

11 3.15479€-05| 11| 0.005617] "

12 3.15479E-05| 12| 0.005617 02;

13 3.15479E-05| 13| 0.005617| .

14 3.15479E-05| 14| 0.005617| = 4o

15 3.15479E-05| 15| 0.005617| o002

16| 58 | 0.0002524| 1.57739E-05| 16| 0.003972 0

0 5 10 15 20 25 30 35

17 1.57739E-05| 17| 0.003972
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Hz dB |2 (Pa*Pa) |Pa*Pa/Hz Hz |Pa
128 46 | 1.592E-05( 1.24408E-07| 128| 0.000353
256 42 | 6.34E-06 2.4764E-08]| 256| 0.000157
512 38 | 2.524E-06| 4.92935E-09| 512| 7.02E-05
1024 34 | 1.005E-06| 9.81206E-10|1024| 3.13E-05
2048| 30 | 0.0000004 1.95313E-10{2048| 1.4E-05
4096| 26 | 1.592E-07| 3.88777E-11{4096| 6.24E-06

X 3 TOHAEITEEIZ K-> TEWET,

A U7 B WO R EORS L IFIEF—B L TWET,
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Hz dB [Z(Pa*Pa) |Pa*Pa/Hz Hz [Pa

1024 38 | 2.524E-06| 2.46468E-09]1024| 4.96E-05

1024 34 | 1.005E-06| 9.81206E-10{1024| 3.13E-05

1024 15| 1.265E-08| 1.23526E-11]1024| 3.51E-06

2048 35| 1.265E-06| 6.17632E-10/2048| 2.49E-05

2048 30 | 0.0000004| 1.95313E-10/2048| 1.4E-05

2048 12| 6.34E-09| 3.09549E-12/2048| 1.76E-06
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The main problem with measuring low-frequency sound and

\|

g

infrasound in environmental conditions is wind-caused pseudosound
due to air pressure fluctuation, because air flows over the microphone.
With conventional sound-level monitoring, this effect is minimized
with a wind screen and/or elimination of data measured during windy
periods (less than 5 m/s [11 mph] at a 2-m [6.5 feet] height).36 In the
case of wind turbines, where maximum sound levels may be coinci-
dent with ground wind speeds greater than 5 m/s (11 mph), this is not
the best solution. With infrasound in particular, wind-caused pseu-
dosound can influence measurements, even at wind speeds down to

1 m/s.12 In fact, many sound-level meters do not measure infrasonic
frequencies.
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(cf. Principal of optics, Max Born and Emil Wolf, p42)
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22K F DT RN — DM LD EH OWIEEIZOTUE, 20Hz LLFOJE O &1L TE, SkmffEh TH Ak

I,
20Hz LA R OARJE B F OS5 E T IR EKERD > FRRRZRDIE, B HE DOIL DI LRI D,

JEBE AT P DFE 5 B D=

EREE OLEIE, BSNIEREMOEET =201 b, £OND7 L—AKMI DT —2IZHEIL T, &
TSN T =2 LT, BT THE, JHEEARY PLadtE LT, £OFEZ!mD Z EBE,

BB L LTiT

(1) LYBoFaS

Zr—LREADESETOEEETEBR T, HENC | 5
BEAEENTROIEIZELY, BEE L REBSOSTIZAE
TS, 7 L— AR L TOESOENE—HLDVES

i, 7L — L TREREHFEGEIZADLTD, U —r— /% # il
55, V—r—VRRELLZVEE TR, BRESFRET

BLEL,

(2) m= 4

LEMNLDEMEET, 7L—LOMIEE#EEE 0 I2T5H
MOEBBE, 7Lr—LAROEENERICEL ERZOER IENE

¢, BECREBL P OMEE SO SN TEY . R b2 L///rﬁ\\\hg

CHELDRLA.BEOREREOR A —FFESAL UL AFERO

B sl
ST TR mETHS,
(3) 727w bkbuT
FFT 4if L= 222 FAOESLAEER L ELICASE -
B, RMESSTREITMOEREICHE~TH L, REXIE
BB AR AR SRR A, 2L 2, BEEH-CIREE Y | /\
? AC HH % FFT 547+ B 0I2 %L » T FFT B4 8 E — o

TAHESIC, BFEEFOREESFERMICRARS OIZERT

207



(4) ~NI 7
REMRBEET, 7L—ADMELEEE 0 T 58 | mg

BOEEE. 7 L— ABOEENAKIITE FR SO :
<. BEDES L X OBREEEOSFICHNTEY ., RbE E
CEPND BEOHBORL —FFEERA L LRAEED )

ST mETHRS,
NIV BERE S R LESREOBEIL, VA 40 Y 7 ML DT R ISEVERN S O 5,

FEOERY J5
KOO T L= LRHPELLRVWEIICT G E, 7L — AR ZEFIEET L L THRDILGERH Y £
T, FHERD L, WONRT—ZBELNET,

208



23. BEE-BELARL

BELBFELAL

1. B&lE

BREIOMNEENEH T, TOEBHEIZEHST,
BEFREBSEDH LY AFFELTRLEY,

CRDEE, REVWENEHTHNIEKREVE ., PSVEHEE)
THNIEPSWFIZHCZET,

==, IRREICRB T AEBEFREEOD., BHENS T
=SWE, PLGThIEENVEELTECZAZET.

RTINS, FEAIRE L2 uE, & LTUIRMHREEA, HOREOES TIRE L T ne 9
L5887 TR TE Vo T, BIRERE T, 3ERD - < VIREIT 50T, B L TORFIZNEIC Y
iva—o

KUK v F o ORI S & &3, SR LMK OB OAEEIZIZZERAD LH Y £,

HoEE

KA EUE, A ESEICH DEKROEINTE L, ST 2 E B L Ed, KIS EEEDZED LE
T ZOENOEE “O D3 LKL ERE A,

WO TRHCEDNREONEE U720 LET, BB XS E RO THIEIC /20 £33, R E LTI A
THY, 23S THEDY THA,

209



ZELRDWUNRE N EETT D, BEREWREOLEICXT L CTOEH)N,
P= \/_psinwt
ZELTEXET,
V2p B, pAFIEOENFETT, AL, FEOFEDMEE PLICHNETOT, FELS2IE, FEE
IMEATEWT 52 &0, 1L AETT,

HE
FIXERPEZHEEE LTEDLY 7, XN E ZOER[OES (FE) I LT, E2XH5 L XTI 0f
JEIZHERT, ERDOENDBEN L ET,
ZOBENSDEHOEALSBNEETT, BALI XA BV (Pa) TT, 1 mdz0, | ==—hDhabbe
ZOKNRDIEN B/ SATILTT,

HOR S

HHAO 1 mIZBW T, BALEEAZ BARFEICBEE T 5 5B XX —2 50 (1 XL ] &#EL) &5
WET, BALIE, (W/nd)

J= (p*p) / (pc) (W/nt)

ZZC, p (Pa) ITEE, p I TEROEE (kg/m), clIHFEOHE (n/s), Bp c ZEXRDOHES v —X
VAT, pc = 400[NS/m3]TH 3,

T OHE

c =yyP/p
y IR GEEE S ERILADLL) | PIZRRIE (Pa), o ZZEKOFE (k g/ni)

HIE LU
HEHETEEpo (20 11 Pa=20%10" (-6)=2%10" (-5) (Pa)) & Ft LT, kD & 5 1Tk -
Ly —10*log( )

ZIT, piIERE LFEELIL,

BELNIV<WBBIGRES> souripzm0
ZEICHAHTB
L, =10"log,o(p* p%)) (S
FHELAJL(dB) dB{E(5): 0.002Pa=40d8,
D %E%?ﬂ{E(Pa) 0.00002(2 X 10~°) Pa=0dB

po: EEFE 2%x105(Pa) (=20uPa)
* OATFELAI (dB), 1/3F94—TINURFELARIL (dB)

L F9,
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HARH 5t B TR L £,

Evp Y y = <
JAHEF ORTAIRD T T 7 T,
#!Il' P/PRO &7 - ¢ | s\ DAIDS P £ pl s T a — o x
JrMF) REE) ®RTV BHA) ERA - F-FO SAUFAW) ALTH)
DEd S i (HHEmwASQ ACE «» + 3 A8 oems: IMT(x
we: |
W2 (W1 mean W1 BE21445F-3 =0
0 2
08
04 -
" w “ ‘
. F
02 !
04
26+
08
4l
T R -3 gn-F 7. E: 12-31 1
s ;e ok DHE L B A Ee WA ~ A g/de R

JABEA~T by (F BB ALz b D) L =TT,

S .. [EEEC [EREm/0.8167 [EE(Pa)
if;gmfaé;;anagk.:uaaqqme;HTx 0.2667 0.3266 0.0560
= | 05333 0.6530 | 0.0309
0.8167 1.0000 | 0.1405

1.5833 1.9387 | 0.0436

. | 2.4167 2.9591 | 0.0377
" 3.2167 3.9387 | 0.0317
! 4.0000 48978 | 0.0177
°fiﬂLwwamka%JMJMﬁuwwmmmwﬂmiuwmuwwthwwmvwmmw 48667 °9590| 00173
: ; ; : ‘ ' ‘ ‘ .| 5.4667 6.6936 | 0.0101

3 - RN | 62567 7.6732| 0.0098

0.8167Hz T KA 0.1405 /S AL (Pa) IZ72 > TWVET, 728, =RZ/60=0.8167Hz T~
v — LA COFEIX, 1.2Hz TiE, 0.005Pa TH Y, 6.2667Hz THOE/E 0.0098Pa D/ FLE T4, 4.8Hz
DOFEEIL, 0.017PafEETH Y . 0.006Pa ® 3 fFT9,

L@ﬁ??%\%=10H%§; pIXHE (Pa) Zffi~C, HAlIc dBERICEZS L, ROEIEIDH 2/

7 7R BDTY,
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DD 7T 7 cld, JAES TORRI R BRI R 2R hoTWnE T,

N T —

DWQ SR WeNSO O ++

MvW«W*nn%«www\mmW

£ < DA, BB ALY Fvhk 30 BIFEEHE LT, FOYEHEEE > TH b, dBREUIEHR L F5,
THERDT T 712720 F£9,

S —

e -
SRl E#mo0 DX +resaas

L ! F
W“\M\

77 73BT, AEFOREBHATLESTWET, 2077 7Tk, BEGENRET DA% M
HHREE A,

JEHE OFHUGE RN D, 2507 7 7R E6NET,

ik @G 8S WA WER 540 T30 20w TR S————
DéE 80/ DHMS0 FHF s eaBqemsIn iGN @I MR kE - T .

Lol o2{ HEns0ANF ++ssaRAmmeFET x

i) (o]

s A O X I=E )

w £

il
) Wl
e

ll b ' \\

|
A \J‘ d LM A
Ll L P AT Y T C T S TP SO TR DT o WAV

8 Tiosan man~ TLO0C-BIASWewH S A AQe mune F'I5 | e LED2GC-BASEe WA ~ A ue L ise

Fe@AX, 13, 2f/3, f, 2f, 3f,. Hz THENE—27 LD T LMD ZOHENGREEFENIAET D44
AR N E BB ZMHATE 208, G077 7 2@ ~NTREFEEOFKIZZEATE <20 £9, S6IT,
RREFETFDOEMEE L TGHES £,

EHLABIRT 5000E, HELZFEREES TNDEEZDN, WEORMENAD LB HDENTT,
AR B D BEHTHAT 2t 2 T, #iT 2R & TEHT L > TE O EAMTOMIEA R E > TRDL DT,
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AEGEREFBR TN, BIERFEREORE S 2T 2 EREDO —>TH D G FEEEL VL (ISOT7196) |
LT<ERRRES > LEHENWTHY £7,

BE (ERKE) -BEBRKEDRESSORLA

GHMEBELNIL(I1SO 7196) < BRE Ry KEZE>

L.=10"lo 2 /p? BERAESOKES%
6 Em:{E © pf'] FET2NERT, T
Lo :GHETELANIL(B) mEmEzET 284

. & D ABMEEEL~NL
pe :GRIETERMNMEP) gl ) o
o EEFE 2x10°(Pa) T3

o
faa

R TE RV LEDbND I EDOZWBIKAENE TT, FORER TEORE IPHTRETE 5000R3ENT
RV, R TEX VOIS, R RE I EETE S LITEZ 0,

23BN LT, ZOFHEEZETT L EETE, BoMEREAELET,
FoRXizH D, PLOETT, ZOEEEL HFIESEBEIZ/RY £7,

AT oY — e A TNIEAT T TN « T L— R arT o —0EMO L ) IT@E, FETEAT
7T ANENNZ L ZIEBBEMES N DA > TWET, E5EELZ~A 7 ORI > TE#HT R
HAORTOEEp NHAL FET,

I1S07196 TD G FiE COERIRD L DT, (v MEH)

A0 AR Hz 0.25| 0.315 0.4 0.5 0.63 0.8 1] 1.25 1.6 2 2.5
GHETHEH -88.00 (-80.00 |-72.10 |-64.30 |-56.60 |-49.50 | -43.00 [-37.50 |-32.60 |-28.30 |-24.10
A0 AR Hz 3.15 41 5 6.3 8 101 125 16 20 251 315
GHETHEH -20.00 (-16.00 (-12.00| -8.00| -4.00| 0.00| 4.00( 7v.70| B5.00| 3.70| -4.00
s JER I Hz 40 50 63 B0 100 125 160 200 250 315
GRS TOEH -12.00 (-20.00 (-28.00 |-36.00 |-44.00 |-52.00 | -60.00 [-68.00 |-76.00 |-84.00

G FrEEE L UVL DB, Ly DfEIZ, EORICHDLEARZME L THRLILET,
JAE DT, EAFHEEEEEL -~V T2 GREEE LT,

No-W [88.34 69.43 [66.39 [82.26 |71.87 |81.04 |80.49 |78.65 |80.46 |79.77 | 77.75|70.44 [61.24 |61.25 | 69.84 [68.51 |64.56 [55.92 |60.98 |50.36 |max |88.34
f 1] 1.25| 1.6 2| 25| 3.15 4 5[ 6.3 8 10 125 16 20 25 315 40 50 63 80

G-W |45.34131.93|33.79 |53.96 (47.77 [61.04 [64.49 |66.65 |72.46 |75.77 | 77.75 | 74.44 1 68.94 | 70.25 | 73.54 | 64.51 | 52.56 | 35.92 | 32.98 | 14.36 |max | 77.75
f 1] 1.25| 1.6 2| 25| 3.15 4 5[ 6.3 8 10 125 16 20 25 315 40 50 63 80

1Hz DRSS O S E L ~UL7s 88.34d B L4 » -z, 1 Hz @ G HPEHE L1 88.34+ (—43)
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https://cdn.standards.iteh.ai/samples/13813/776ba9f502ec448cb7de2a9d6a2154cb/ISO-7196-1995.pdf

=45.34 L LTHELNET,

1 Hz OWHEMEFE L~V 88.34 245 5121%, 1Hz O OEE XA B L) BoUEstE T £4,

TiX, HOIBEOFEp BNy, TORDO 1 H 2z DR OFEEIIS D TL L I N2

ZHIEI MY ER A, BIX WO OFEEDTT, FEEDOFMRLE LTOEENST>TH, £
NWENDJEIEER S DENENE RIS EH A,

o DD EEN 1 D721 53> Th, T OBRM O EER S Z & DBEEXDNHRNDTY,
&MJ:1HZ®&\#ﬁ5ﬁﬁwﬁ%ﬂmé i, D EHL 1 PMOT—XIZVETT, 1HzOEDN5
EEADTEDITIE, HAOAFREOHIFE., 1 H z ORES D WEe L CHEETLZHERD Y 17,

EJeN 1Hz®ﬂ&ﬁ& > IEMECHR T 2 21213, 2O OO DRE S b LMD LER D
0ET, BEEEOREEEL TALENRH LD TT,

0.98H z,0.99H z, 1.0H z, 1.01H z, 1.02H z TOHFENSHIE, HOBREEHICITRE T L E 2T,
(AW EREED 0.01H z &9 FTT,)

Fo, WA EREICEET 51T, EEZ2 2 EDICEHIIT L 2 M ETY, Yo7V s r—ram<T5
VERH Y ET, 1M 48%1000 FIFEEOFHIALETY, (B 7V 7L —h48kHz EWHHTT,)

fiamld, MW7 U T L— T, HORBRERWER, #lAEY 7Y 7 L— b 48k H z T 120 #HEU
FOFHAFE RSV /20 £9, 20 120 B OT — X UL, BRSOV T, 2720 BRI
£,

ZOT—=ERbIUL, 1Hz OEZITHONT, EHAETOEEL L, Lp =88.34d B7Z L HIBI L £97,
ZDOHT, BADTETIIL, GRHEEE L~V =45.34d BAGLNET,

Z LT,

pZ
Ls; =10 * log (—g)
Do

W CEHRETIE, PeEb R E T,
MHOKTZ T2 RS L. —BHI L TP 0. TN BLFHEEND X OICRZE TN, ZORRMEIIF
EL2VDTT,
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BEEL~NILDES

FRAMRICHTEESFLAIVIE, ENTNORNDAESERNORETIRSLANILE
B DRICE2TEHELU, INSZGB.IDAICLODTERITHETRHSN S,

Lp =101og(10%/° +10%" 4 ...+ 104" (3.3)
ZCT.

Lp : FRBRRICH T DEE L NJL(dB)
Ln : nBBORNEERKICL DS L NIV (dB)

RN, BEE LU (A RRESEL-UY) TIER B3 EEL~L (A FETOERESZNT~T 0 O5E)
THERZET,

Lo L Ly
L, = 10log (1010 + 1070 + -+ + 1010)
DA T,
2

L; =10 = log (p—iz)
Po

AN L TEET 5,

p
Th,
p?=pi+-+p;
b SIBAES
L, = 10log (é)
Po

LD, T, TEPIHTAEELVLDOEHETH D,

H DR S
BEHNO 1 JIZHBW T, B BARFRICER T 2 BB X — 2 FOmS (1 £7203] &EL) &5
WET, B, W/ m)
J= (p*p) / (0 c) (W/ i)
22T, p (Pa) IIHEE. o IFEXKDOEE (kg/m), cTHFOHE (n/s), Fp c ZTEARDETEL v —X
v A EMEE, pc~ 400[NS/m3]TH 3,

wff 203
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p?/(pc) = pi/(pc) + -+ pi/(pc)
EETT, ZRXAXF—DEFHEHR > TNDH I DD,

1/8 &7 X —THT COFHREITANTIL, FHIR T, 2O XX —0ME2E 2T, FOLREEROFNIZ, &
HLIETHLXE—ZFHoTWAERHY ., ZOFENRpTFLE L, FNEEELIVICEBR L T-RE21ES,

TN PFHE S E L~ L DR TT,

No-W |88.34 (69.43 |166.39 [82.26 |71.87 |81.04 [80.49 |78.65 |80.46 79.77 | 77.75|70.44 |61.24 [61.25 [69.84 [68.51 [64.56 |55.92 |60.98 |50.36
f 1] 125 1.6 2[ 25 3.15 4 5 6.3 8 10| 125 16 20 251 315 40 50 63 80

max | 88.34

G FMEOSAIEL, FRIICH LT GEMETOEAZME L TENTBR L ET,

G-W [45.34|31.93 (33.79 |53.96 [47.77 |61.04 |64.49 |66.65 |72.46 |75.77 | 77.75 | 74.44 | 68.94 | 70.25 | 73.54 | 64.51 | 52.56 | 35.92 [ 32.98 | 14.36 [max | 77.75
f 1] 1.25] 16 2 25 3.15 4 5 6.3 8 10[ 125 16 20 25 315 40 50 63 80

ZOHEERZEE LIZEER, 2K LTo GRIEEEL-LTT,

| B HOBIRICRT 5 G B CORREW,. THEMETOBEL~AEL, GEECOEE L~ Ly LT
50

Lo =L+ Wg;
LD,
Lgy Lga Lgn
Lg = 10log (1070 + 1070 + -+ 1010

ERELTOGHEMEL VLT EOXTEHE SN S,

JEVEAS 2 D d > T Lig. LZG@E/EI\%%LTGzi
Lig Lag
LTG = 10 lOg(lO 10 + 10 10)

Ligy Liga Lign
Lic = 1010g(10 10 +10 10 +---410 10 )

Lag2 Ly

Lye = 10log (1038 + 1058 4 . 4+ 1038
Lygi = Ly; + W
Loygi = Loy + Wg;
ZRALUTCEHEST DL, B EHEE CORESZEIK T L IiToThb ., GEMETOERALEFIT T, 2k LT
O GHREFIELVEFHE LR E —%T 5,
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BEORESOFTE (ARE -Gt - 7/ 47 VAR

BFOREESZEDLHICKBHTRETLL I N?

VB = XN X —Z REICEZ D HELH L, MRETELED “BORES” ZREILTEZXLHELD
Do

AN H ORLEIL 1000Hz #i#OFEEE TH > L bmd b L EbTVET,

W (Hz)

L Anacasoisncen

(EluvducEd

rorZ 772 E 1000Hz~5000Hz D720 (27T ADBEHBPFNTN S,

b5 EE LD 1000Hz OF O Z 2 )7 & 3L, [ UFIEE - 72345121%,. 1000Hz~5000Hz &
FiL, TOFELV IR TEYRESH Z 25, B AT SOBAGIL, W EE LU E T
Z O TRl %, 1000Hz & 0 HARWEREEOEIL, REEEL~VIEo72& LTS 1000Hz OF LV I3 Z
ZIZK W, YA T ADOELZT THZ 20T SO AZ NP %, 1000Hz 282 2 FHHZ 2I2<VWoT, #
HRELE LI A T AOEAZMA T, M AT I25H 6T 5, TOER, EO7 T 70 X 5 @A)
FDrT 71k b,

ZOXROIBIEROFHEEZBE L, HAST NSO AFEICZR Y £,

EBIREW S O%E b RO L RRORBLZ T REXTE5 95002 ZHTREZRRBETT,
GHHETHERAMNTOTSZ 7ORIZABEO LD LTS,
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-50

L ZIR= A (dB)

1 2 4 8 16 31.5 63 125
1/3A405—7) 2 FrRLERR (Hz)

B-1.1 (EERSOEESGEIERE

A FRETOELS T OBLED ST, AHORE O S 2 IROERICEHI L72 Z L1272 %,
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¥ -0
3
= -0
E .
ol B
-50
1 2 4 8 16 31.5 63 125
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16 315 & 125 250 500 1000 2k 4k %k lék
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B2 BESEAE ACZ
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10

TIEE

-10

-20

-30

AL R A (dB)

-40

Aﬁ'IFE

bt

2

4

8

16

31

.5
13405 =T) 2 R LIBERER (Hz)

63

125

E-1.1

L2 L. 10Hz~20Hz |2~ T, 30Hz~63Hz 1Y DEFIZL VXIS VWOTLE 9 M?

(SRR S OB E

HoHWNE, X0 (FREE) ECIZ<WOTLE I ?

ISO 389-7:2019 (2 & 2 B B DO FE DEE & |

2ODSZWET: EAEDIUX, ROFITRD 9,

JER #Hz 516.3| 8| 10| 12.5] 16| 20| 25|31.5] 40| 50| 63| 80 100 125 160| 200
YR ZRIE dB| 70 71| 72| 73| 75| 77| 80| 83| 87| 93| 99

LB ZRIE dB 92| 88| 83| 76| 70| 64| 57| 52| 47 41

BEEEE 78.1| 68.7] 59.5( 51.5| 44| 37.5[ 31.5]| 26.5| 22.1| 17.9| 14.4
FREEER) 78.5 68.7] 59.5[ 51.5| 44| 37.5[ 31.5]| 26.5| 22.1| 17.9| 14.4
wEZ R 92| 87| 83| 74| 63| 56| 49| 43| 42| 40| 38| 36| 34

FoFROLGBIAE KBS OEEIZ. 16Hz~80Hz (125Hz) & AN #E 2 A L/NS A ¥fiiz 720
F9, 2T, JEERERE T, FEMES THORREEZRZDADRZNENWIFEERLET, RUHFE.
SIE, FREREWDIEE, LRI D W) FHRo T,

TI)AT VADOEEN DI, 16Hz~125Hz COEAI T T A THEINEE 2 Z LIk 1,

FER X, 20Hz DL EAS ARl 72D ¢, 20Hz LA ETHUKIZ/2 5 Z Li3dH 0 B, 63Hz 720 T, -30dB D&

LT T MRS ZMIET ALETHE, 16Hz D% XLV I1Z 63Hz OF O N0 W0 T,
WIET 570513, 16Hz Tli~A F A, 63Hz T3/ T RIZT XX TT,
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ML AR A (dB)

-50

1 2 4 B 16 31.5 63 135
1/3405—7 )2 FhlEER (Hz)

E-1.1 {EEESORESEIESE

NE~DRE TS 2 L OBIRTEAIE, MOREHE TCORELZEZDTELT, 7 /A7 Z (R
TOEBERSCWER 2R EMIZRICE B LT, £ ORENROESICT T ADELEMIT 570 b,

P}
- A, EREE
el
10
B '\
. \
" ; /e \
= -
[ 4 \
@ K ) \
-40
-50
1 2 4 8 16 31.5 63 125
1/34089=77)C Fep B (Hz )

E-1.1 (RS OMEGHEIEE ¢
JEIBRERS, ISk 2 IERMEI R &2 B 2T, EoROIERIZR Y £,
10Hz LA FICBE LT, BER TOEWITHBT T 20, JEIBETIREN R TE 2 L E R 572 b1,

TIAT o ADHRE L OBR T, HEROBREREIZLDT /AT 2 (R ORERIZRER &5 2 DD
AR, TORORWEHE (7 /A7 o ZARePElfR) O X 5z & T,
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EETOMRE

. smw‘><::>P//
i \
NV A

-50

1B LR 2 (dB)

1 2 4 8 6 315 63 125
113429 ="T7) Cr FaR DI (Hz)

E-1.1 {EEESOmMESHEETHE o

HHAHA, AKD GREETOELDITICNES TIGT D, BMREWENDH D72 51E, TORREIE O EARN 72K
INDFME R TVLERNH D F9,

HHNE, EEHRREE” LE3oT0nET, PO RERESHE CHESNZER ROV RENTVEE
vy

BE (EEKRE) - BEBREOKRESODRLA

GHIMEZELAIL(I1SO 7196) < BB ML KEE>
L. =10"log,.(p2./ p? BERRSOAS X%
¢ g“’E © p\f"} HETZNERT, T
Lo :GHFEFTELANIV(DB) | mmsziET 284
. Tr o D ABESEL~NL
pe : GHFIEEERINIE(Pa) (BEL L) (CHHY
p, ‘EEHFE 2x105(Pa) 72

A FrHETORE & RBRIZE 2T, 10Hz~20Hz O F (X, ERANICKE <KL 525, 30Hz~63Hz i) DOF 13
RHNNS KL 206, IWEOBRIZZR > TWDOTY, EARBRIEN., TORRFEERHT-TOTL &
M2

A BYECOBRAMITIE, EROBEIIE-> TWD EF 250, GRETOERAMITIZED &5 RIERIRE OF
PEIZHES TWD D ERTRENH LD TT,

BRI FIC L D, MRS T 2 EMIEREZZ 572013 RIRODFRKRTHLT /A7 A (FREK) 25
TORHOEBPTLLTEZDE, GRMETOERI, 7 /A7 A (MUK OREZETERITLH2D
DBIET LRV DO T, S 5T, JAMER LERIVELE T, MUENICHEL TWD 00, BEEROTY,
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BB o OBIKE RS

DURT, BRETA X

“JEVER O JEEALC ] 9 O FE A R BRI FEARI I IHE BB D v oW 2 AR L X 5 b D LT w 5, KRAEIFEERE
HOGEIE, PUROKE DA 70 < B D /NS Wiz I B Ein cHh KRS A HET 22 8H 5, 20D
BARJEHE f (Hz) 12, RoOEER%E R (rpm). BB Z Z () L325& f =RZ/60 (Hz) THExbH., C
DEARJE WAL Z DER O AP S 5, KRB REDOL A 1E, —MRICEKEL 1~3 & 3 KA E),
[FHR%0E 30~60 (rpm) FEEETH Y, HAEREBIIE Hz U TFick s, ©

EE-oTWnE L7,

HEARFPBIIE Hz LTI 2, "k Eo T 307200, BIEKEKEICHBELER > Tz 2 L IdE W7
W, Lol BiESsTw2Ei9dH 5,

RHEF O IIRD 7 Z 7 TT,

A5 N YIS WD T TR DT "N
CF@eRi WiEwsQ LR ¢ o v 0 aaq
we |

e e (]

o = o reE OB ELDEDEE WA . AT L

I #7277 7 Tld, ROLXIBDLDLLE226 W,

100 —
Ka, —FFT
2 80 "‘\‘\ s A -
B N T 5
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- | IR .
£ o
v -
5 20 a | lwes
2 o ' 2
A g |
20 5
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EEE 0.5 1 2 4 8 16

=tE 0.0003 [ 0.0003 | 0.0003 | 0.0003 [0.0003 | 0.0003

=F 0.0003 | 0.0003 | 0.0003 | 0.0003 {0.0003 | 0.0003

= £ *Z £ | 0.0000 [ 0.0000 | 0.0000 | 0.0000 [0.0000 | 0.0000

& * FHEN2 0 9E-08| 2E-07| 4E-07| 7E-07| 1.4E-06

10*log 20.5| 23.52| 26.53| 29.54| 32.553| 35.563
BER 0.5 1 2 4 8 16 32 64  128] 256] 12| 1024]  2048] 4096
=5 00003 | 0.0003 | 0.0003 | 0.0003 [0.0003 | 0.0003 | 0.0003 |0.0003 | 0.0003 | 0.0003 | 0.0003 | 0.0003 | 0.0003 |0.0003
=5 00003 | 0.0003 | 0.0003 | 0.0003 [0.0003 | 0.0003 | 0.0003 |0.0003 | 0.0003 | 0.0003 | 0.0003 | 0.0003 | 0.0003 |0.0003
2T o000 | 0.0000 | 0.0000 | 0.0000 [0.0000 | 0.0000 | 0.0000 |0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 |0.0000
i+ ZE 2| 0| 9F-08| 2E-07| 4E-07| 7E-07| 1.4E-06| 2.9F-06| 6E-06| 1.2F-05| 2.3E-05| 5E-05| 9E-05| 0.000184| 0.0004
10*log | 20.5| 23.52| 26.53| 29.54] 32.553| 35.563| 38.5733| 41.584] 44.5939| 47.6042| 50.615| 53.62| 56.63512| 59.645

10*log

60

40

10

W]

1 2 3 4 5 [+ 7 B 9 10 11 12 13 14

JNR TR A BRI . FULERE O KIZ O T REL 2D,
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10. 3 EENLGEEGE (FBRREELEE)
10. 3. 1 BEBRSOHBITEREDLHEA

AR A & OFRHT & F8 A4 DA A

Analysis of Infrasound and Generation Mechanism
F v

Yasumasa UYAMA

Personal member of Japan Wind Energy Association.

Abstract
This document provides the results of analysis of the sound from wind turbine, and the mechanism of
infrasound generation.

The part of the infrasound near the wind turbine is described as wind noise and the frequency is not
examined in detail. However, when this feature is investigated, it becomes clear that the directivity of the
wind turbine sound, the shaking of the top of the tower, and the vibration around 40 m above the ground of
the tower are related, and it is found that the wind turbine generates directional infrasound.

For wind noise, "Low-frequency wind noise is caused by wind hitting the microphone. This noise has a louder
component as the frequency decreases. In the frequency range of about 5 Hz or less (in some cases about 10
Hz or less), it is difficult to eliminate wind noise.” It is said,

Even if the wind is strong, the component of 10 Hz or less in a place where there is no wind turbine has an
extremely low sound pressure and no regular wind noise. Even if the wind is not so strong, near the wind
turbine, the sound pressure of the component below 10 Hz is high, and wind noise with regularity appears.
This is either to think that there are two types of wind noise: "wind noise in places where there are no wind
turbine" and "wind noise in places where there are wind turbines", or to think that infrasound with high

sound pressure is generated from wind turbine.

F—U— N BIEAEE, RS, B2 Mv, BERE—A S b EORE)

Key Words : Infrasound, wind noise, lift vector, moment of rotation, vibration of tower
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(Rt 8 e o~ v [Hzl o #eshix & £/ <2 211 [Pal)
Fig.1 : JFE OREFTA D E(0~5000Hz)
Fig.2 : JAHE O < TEM L 7= (0~5000Hz)
Fig.3 : JAH DO < TEMl L 7= (0~25Hz2)
Fig.4 : ERMHEEN O E(0~25Hz2)
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Fig.1 JFE iron mill ; Max 0.12[Pa](12Hz) Fig.2 Wind turbine noise ; Max 0.14[Pal(0.8Hz)
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Fig.3 Wind turbine noise (0~25Hz) Fig.4 Nagao shrine (0~25Hz); 0.011[Pal(1.1Hz)

3 X 41% 0~25Hz #iPH T, JAHOUT < THWNITHM & & & BT OR 2 BT TRl L 72 (KT 0.14[Pal
(0.8Hz)) & . i ORRMHEOREEIC~ A 7 2 & JAD M 72 2R TFHRI L 72 % (&K EE 0.011[Pal (1.1Hz))
EDOHETHD, K3 TREDOULL O “BWHE" OFFORAINEZFEL LT, M4 200 BEOENGHT TIXEE
DME S JABEURAMER EANFR 555, b “BHE" OXBIRLETH D,

RIR2ITEWBH L DRV =M TH D,

Energy distribution [0~20Hz |20~ 5kHz Energy distribution |0~ 1Hz|1~20Hz{0~20Hz
Wind turbine 93% 7% Wind turbine 61.3% 38.7% 100.0%
Iron mill 12% 88% Iron mill 0.04%| 99.96%[ 100.0%
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Table 1 Energy distribution (0~5000Hz) Table 2 Energy distribution (0~20Hz)

#1 Ly, BRESZEE (BE#20Hz L E) L LTEXD L, %@I*»%-@%ﬂ@ﬂﬁfé*k’&é
Z ORGSR, TEHRE EORPRIEDIFIA & 72 25057 Z BRI U7 Bl & A& A2 F 2 2 NOBIGZ i35 Z L i

D, ZEEET OLEAITIEARD L RERBEENH D,

F2 XV, 0.8Hz OERSN., 0~20Hz DEFDTZRALX—D 61%% HDTWDHZ N5, ko T, BIKERS
Z 1 ~20Hz [ZRE L TEAR 7220,

4. BEF L HAEE

X 5 1% NL-62 Titdk L7- 60 O EEE, X 61X FFT 2> T2 0% L, §% 0~20Hz, f% 20~200Hz,
IR%E 200~24kHz Oy E L TR LELO, K715 DEE PCOAY—H THAL, FE NL-62 TIHEkL
TeBExZX6 LRERICHEILIZ S D,

X 6 Tix 200Hz~24kHz ORIRIEEFN A O 503, FIESHD TR ZRESST AL X — G E L5
FUTENA~OFEIITH O, 2, BEAETOTFAX—IREL, TORELEEICHET RETH D,
7B, FHEERTIE, BEOI L THWEE & A =05 OFOEWZRUR CILBITE 2o Tz,

o8Pz 08 Pa
bt &
2 2
& &
Q. '\ ' Q
i) o ‘
- ' “ = '
= =
= o ’ 6 hall
w w
08 . , -08
05 Second 605 = Second 60s
Tew - sO0CLeSaB e po wte .2 - - B i
Fig.5 Wind turbine noise Fig.6 Separated Wind turbine noise
W y
=
2
B
=
=
=
[}
L=
A0 . ) . B B . J
s Second 605
. [ - BN R ®AQe T

Fig.7 Separated sound from speaker

X705 A=A FITBIEEARENE ENWERS D, KO AE—HTH 1Hz DL FOFEOFAEITH K
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EaAE> TRHEDIL TS L7y,

5. EEF DML
£ 31E, M3ITRITLEEDOE—7HE ZOROFEBEEZISSEL LD TH S,

Frequency Sound

at peak[Hz] Rate(1)  |Rate(2) pressure[Pa]
0.2667 1.0000 0.0560
0.5333 2.0000 0.0309
0.8167 3.0625 | 1.0000 0.1405
1.5833 5.9375 | 1.9388 0.0436
2.4167 9.0625 | 2.9592 0.0242
3.2167 | 12.0625 | 3.9388 0.0317
4.0000 | 15.0000 | 4.8980 0.0177
4.8667 | 18.2500 | 5.9592 0.0173
5.4667 | 20.5000 | 6.6939 0.0101
6.2667 | 23.5000 | 7.6735 0.0098

Table 3 Frequencies of the peak values

RRGEE 2D & & OEIEE 0.8Hz, 12, RoElfEE A Repm), BHEZ ZH) & 45 & &0 f =RZ/60[HzlI2&
T 5, MOEEED G D TEIH DA A2 M3 UTEIRE R S N R AT 28BN 0 5,

6. JEMEDOMI RIS E)
f =RZ/60[Hz] X v . BEEEIEEEIC K> TELT %, X8 D Wavelet 77 775, 0.73Hz 7>5 0.87THz ®
MW CREENENT D Enn b,

o

1:3Hz

N

é Rotation (7times), a part of large table

§ i Brade pass|Time(second) |Frequency[Hz]

3 087Hz 21 28[s] 0.75[Hz]

g a.n_aﬁz 21 22[s] 0.95[Hz]
Crifle 21]  28[s] 0.75[Hz]
Os = Second 605 21 28[8] 075[HZ]

. N RET L IS . Average 0.8 [HZ]

Fig.8 Fine fluctuation nearby 0.8Hz Table 4 Fine fluctuation from video
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SEL., M8DEALL KT 5,
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fed 5 Z &3 D, 10 S OFHAFE R 6 0.8Hz \ZUT W ERERR Sy O FEIX, BT & &1 0.10[Pal, A2
B E X113 0.37[Pal, T O0.18[PalfRETH D Z L3 D,
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Fig.9 Force fluctuation and side vibration
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BIH< $71 L, Kutta-Jopukowski DEFLL U |

L = pUT = 4mpU?2sin (a — &) (1)

THZ B, BIE, —RRIROME U @ 2 fIZHHIT 2,
T L= REEOHEMENEN L 2B X B L ORE SOBEITHT HEERE— A > PRI TD 2 &%
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Fig.10 Lifting vector and modification
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LT, AEEERET D,

- .

Fig.11 Wind turbine in balance

RO E7) 5 O 132100 4 50 * sin(wt + ) m
LD,
FZE TR K0 HIRWENKR S, R TORBEO FHIFEITWS 902H 508, 2 2 TIHERO TRIREZ#E S,
18 & Zp CORGEV, 4
= S Zg ) CORED T HNEV 26
SR L X 4y VIS U= 5 a4 av)
L L7zExiz, ROBERK

VZG(V)/VZhl = (ZG(V)/Zhl)a(V) (2)
ML, AREMH T, a(V) =015THD,

B HI G M 10m OB JEGED T[m/s] o & %13,
1 E 100+50*sin(w t+ 0 ) m T EH X

7 % ((100 + 50 * sin(wt + 6))/10)70.15 [m/s] (3)

L7025,

He}

SEE % 1.23[kg/m~3], B SEEC d =12, &35 &EE Vim/slo & &, P E[N/mi]iE

P= (V*2,/2) x1.23x1.2 [N/m]  (4)

L BEEEOHEED 10[nf]lo & X, i 10m T 7[m/s]oENK S & X1, BEHIZE Y 11 TH D AWORITH
AVl

. 15\ 2
((7 . ((100 +50 *1%1n(a)t + 9)))0 5) )

2
317

pP=




%*1.23%1.2% 10 [N] (5)
70D, ZONFRGEHED 2 Fe |2 eflT D,
ZONZE-THIEFRZSNDIREAEZE S 925 0%, Hlisis Mz L 7 L — RORREHOFETHEMREE L
7P LXDEEZE— AL N THY .
P % (100 + 50 * sin(wt + 0)) = k * (100 + 50 * sin(wt + 6))*1.3 [Nm] (6)
L% (k=181.24), ZZ Tlx
(100 + 50 * sin(wt + 6))"1.3 (7)
DERFIZEBR LTEZ D,

T L — RO T41% 27/3 72D THEEEE— A > b M I,
o=2m-0.8/3 t@EW\-L X,

f() = (100 + 50 * sin(wt))!3 + (100 + 50 = sin(wt + 27/3))*3 + (100 + 50 * sin(wt + 41/3))*3 (8)
& TR,
M =k f(t) = 181.24 * f(t) [Nm] (9)

LB, v rsu—1 R

(1+x)%*=1+ %x + a(o;_l)xz + a(a_?‘(“_z)ﬁ + - (10)

o TR 2, (Sin TORREAZRT A5, cos THRMKL25,)

B TOWTPEE (0.8Hz DR

(100 + 50 * sin(wt))'3 = (100%3)(1 + (1/2) * sin(wt))*3 (11)

WEE L CREBERIC/2)sin( o t) ZRATHIE,

(100 + 50 = sin(wt))'? = 398.11 * {1 + 0.65 sin(wt) + 0.05sin?(wt) — 0.006sin3(wt) + -+ } (12)

L%, WORKRKICHER L CEHET 5,

sin(x) + sin(x + 2m/3) + sin(x + 4m/3) = 0 (13)
318



2m 4 3
sin?(x) + sin? (x + ?) + sin? (x + ?> =5 (14)

sin3(x) = (3sin (x) — sin (3x))/4 (15)

RDOT, sin D 3FOMDIH, sinx)DFNL0 &720 . sin(Bx)DFNIE

mnax)+sm<3(x+%3)+sm(3(x+%3)=3gnex) (16)
LIRDIND
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f(t) = 1223.43 + 1.70sin (3wt) (18)

LD,
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EZDH D EHRE— A V> M X
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Fig.12 Wind turbine imbalance
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QU
P * (100 + 50 = sin(wt + 8)) = k = ((100 + 50 * sin(wt + 6))3 + 0.003 * (100 + 50 * sin(wt + 6))*3) (21)

L72%, 0=0DbDNRRENE LT,

g(t) = f(t) +0.003 % (100 + 50 * sin(wt))3 (22)

rEZD, ((8) X&ftioTz,)

0.003 * (100 + 50 * sin(wt))'® = 0.003 % 398.11{1 + 0.65 sin(wt) + 0.05sin?(wt) — 0.006sin3(wt) + -}  (23)

L7V FROEAAEA TR L TEHET T,

M =k = g(t) = 221955.93 + 139.77sin (wt) — 5.28 cos(2wt) + 308.08sin (3wt) + -  (24)

15, o, BIKEKE To, 0.27THz, 0.53Hz oA BT 2L CTH 5,

(3) 0.8Hz. 1.6Hz. 2.4Hz, ... 289 AEHAL
ROMEICIER 35,

M ; (sinx)™E, & &sin (mx). cos (mx) (m=1~n) O—RATRITE S, (Cos bIFER)

n=10OHEIX, (sinx)! =sin(1x) TIELV,
n=k OFHINT D ERET D &,

(sinx)**1 = f (x) * sinx (25)

EHCsink X5 AT L.

sin(mx) = sinx = —(cos(mx + x) — cos (mx — x))/2 (26)
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cos (mx) * sinx = (sin(x + mx) + sin (x — mx))/2 (27)
LD T, (25) KL, EEk &sin (mx), cos (mx) (m=1~k+1) O—KATEHTE D,

Lo T, (sin)" = f, )IFRDOIELTET D,
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m=1 m=1
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3 3

(29)

EEZDIIE. 1RO

sin (mx) + sin (m(x + 2{)) + sin (m (x + 4{))

(30)

IZOWTIHANT I NWZ LT D,

m=3k, m=3k+1, m=23k+2 (k=0,1,2,...)
DEGETH T TEZ D,

m=3k OHAEIE,
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m=3k+1 DLEAEIE.

ok + 21

12wk + 4w
3 )=o

> + sin ((3k + Dx + 3

sin((3k + 1) x) + sin ((3k + 1x +

(32)
L7 5 (m=3k+2 OEEHFHER), Lo T,

[ () + fo(x +21/3) + f,,(x + 41/3) (33)
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0.25/0.01667=14.99. 0.25/0.0083=30.12 72D T, A E U — L EHBEHEICRBR HIUT, 120 BRIOF —% T
B4 _R&Td, 2@k 0.256Hz~315Hz O 1/3 47 X — TRz Al fE T, Fe K ER 8 I 5Kk
etk b BMEIC 22 0 £9,

WO A > T HARP 25 21TV, S OICEAEENRET HAMAER LN bEXTARE LT,
BRI

U A OB S EENL-62 & . IBINER 7 1 7 I NX-42WR

U At EEN L~V E W55 & RIBINGE T 1 7T A VX-55WR,

BT A AT

F—Z DIEMTIX.

PC : Winll ® OS 23&;> T\ % PC TAE U —|% 32GB,

fiZhir > 7 k : DADISP. DADISP/WAV. Unit/Wavelet., Unit/MVA. Unit/Noise&Infrasound

FHALRE R &2 T~ THIUL,
HOBREEE DO EE,
“4 . JEJE B EBL HRE O
4.1.5 JEH
LB OB AR 8 35 O 38 AR FEL T EE AR A 1T R R OV o B [alfin L EIE D B D &Ll
TW5, KNEEMEEOLGEIL, PUROKE D D72 < FHEE S /N S W72 DT IE S
THRREREERET L End D,
Z DAL £ (Hz) 1%, HoOEEEEE R (cpm). #HEE Z B L35
f = RZ/60 (Hz)
ThHZ b, ZOEREEEEZOEROEEENEET 2,
RRFEE A REOEA L, —RICEEIT 1~3 #& (3 K3 E) ., WifEEIE 30~60 (rpm)
BETHY, EABEEKIIE He LLTICR5, ©
EHDOREELWA, EMETIIRNI &R0 £7,

E— 7D DX, £13, 2f/3, £, 2f, 3f. THV ., ZNLOEEIE TCOFEOERE, BHEE N AET H1:
AP DLHATOMERD D £,

I, MOFHUR SR (REOEOES), BEF O ) 50 TE UL, BHE OFR AN b iEH
TEET, 6T, BHEF YRR /2R & R EOBR L 0 7

JEVHL T DAL T DA BT 23T S D £, FRERDIT, Z ORI L 72 5 JBEHFE ORI A R~ T RN
RERERNTHEm L TWDH I ETT,

13 &2 2 =TT OFERZE > TWD NS WET A, AV TIREEE O IEME R AR 00 8 A, L
7o o T, JREE OFAET DAL & FHARE RO AN EMRIZR > TLE S DT,

18 A7 2 —T7fHrOfEFRix, 1Hz L EOREBEHICE L ORSNDEEDIZEAETH Y . RERHELHH 5
0.5Hz X° 0.8Hz OF Z{HE TE TWRWDOTY, i b EHEERE 24 LW Titin L THIE LW mIZIEe b
WD TT,

357


https://www.kobayasi-riken.or.jp/news/No118/118_4.htm
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W OFEM % N U CRHAIRE R &2 AR AU IR T E 7,

FEBRER S B NL-62 & HERETLE 7' 1 7' 7 & NX-42EX, HIBIULR 7 10 7T 2 NX-42WR,

(578000 I+70000 [I+100000 [, A&FT 748000 [

RE) L ~ULEE VM-55 LEINER~7 1 7 F 4 VX-55WR (440000 F9+100000 [, A &HC 54 751)
ETr A AT 67H

(ZZFE T, SARAROBETHATILNERDS,)

LNt Y 7 RO E ] (FAO%H)

PC 2075H

WfET Y 7 RDAD ISP 4175 7,900 [

DADISP/WAV 135,000 M (Bitk)

WaveletEYa2—/L 98000 [

LI BfETE Y 22—/ 98000 [

RS IRENfRITE Y = —/ 98000 [

<7,

FRMTIL, M7 — 2 2% > MZAB LT, AP OEMEIZHBENT T L T b2 EFT DT, KLKRTT,

iz L THhEET,

KR e NL-62 A2l 21X, FHlC& 2#iPHIX. 1Hz~20k Hz T7, 0.5Hz IFEHAIXI SR CTT,
T, TRTTRELIRTE, fUT. VA HHICIIHER LT, RO ENSD F LT,

FEBREES N T, FFT OFFE 2T 57201~ TWAH D, o7 U 7 L— bk 48k Hz TRl &SN T-, RIELE
THoT—% T,

0.01Hz DJEMEA 2 TEHE T H121E, 120 BRIOFHT — 2 &2 —207 —& &L L CERTIUIR WO TTNR,
REREEAERTIE, ATV —b 2V 2V L, CPU OKREDL R+ Td, /. BREANLTHD, 120 B H1F
7ol ERERASH R ORI IE N E A,

BRZ AN ST ITEMERHD L2 572012, FHlIL72T =205 bo, ERHOFRT — % &> T
FFT Z#HHE L TWADOTT NS, 1 Hz LT OO RITHEEE A,

R EGZ, BEOEBAZTET 5720 O E L CTEXIX, 120 407 —% 55 0.01Hz %50 JEHE A
X7 MABRELNET,

KBRS G NL-62 LHERENLE 7 0 7T & NX-42EX, HIEINER 7 0 7T & NX-42WR,

(578000 F4+70000 F4+100000 4, &7 T 748000 M)

Al Xk E T

%X, WAV 7 7 A VEFITCE D, 707 7 AEFEZITRWET T,

FLZ. Wavelet ittt a3 5407 — 2 BN L L TY A 4RI L0 T3 23, DADISP ([CHE#ETHONTN D,
FFT O#RE7217 T, 0.01Hz X 2D JAE TR T& £ L7e,

ST, U K2 HEEOLENSH D T2, BENF LGOI OFOENTITAIL., ROZEIIHE 2
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T2 T, BAIZEKIT S 0.01Hz A A DA T MR ELNET,

FREE DS ONERBIC Ze 0 F A, HICHEM AR A T, BEOITITIT> T, B MIOZR A BT THM 2 N ICE
W FEIT U, ROREILEVZITETA, BERASY MLV R, ZOBAIENS | RoET
TN e CE £,

FHAT 2722601, AL —#ICRHIIL T, T2 OEEEZED 572000 E LET,

sl s BlEOBE%EmMeE L T %7,

Z{ohE

U A AT OB NL-62 T, 7V v 7 Ak % 48kHz (2 L CEHIIIL |
WG 7 7 777 I NX-42WR |2 L - TGRS 7z wave 7 7 A Va2 f-> TWET,
Z D wave 7 7 A /b, (RSB
HHEGEBAHD), BIZKDETORIENS DE#F Th D, HALZ AL (Pa).
EEWHRLTWDDOTL X 90?

[ TR ]

WAVE 7 7 A /W Fidk SN BBl (B y M) 2R LT ET,

WAVE 7 7 A VODfE%E 2D F WA LN D Y 7 NETISET 5 &, BEE (£8,388,608) & L TRRINDHNE
BoEd,

BHAEIT N 2> Tz, B A2 FE [Pa) ICEBRTHILERH Y £7,

B oL, [Pa=HHfix (Value/Bit)] L7200 £7,

1By DM PanEdnEvd (Value/Bit) [ZOW T, BREFICHELTZE Y Mg, FRTILAF—)L
WL THERY 5,

Mokt NEMELY 7 b =27 AS70 B 27—V 7 b (BER) PEER—LA_X—UTARIhTEY 7
VAN

ZHHITWAVE 7 7 A V&V L LIAAVTIAL & TRR) 27— [ 77 A E#R] 206 (Value/Bit) % ZHER8TH
T EMATRETT,

Bl Z1E, FoRE S 7V A —L2 130dB. By MY 24 B R DA

1y hH7VOPafEIZLLFOL S ICFHE L ET,

(TR ST 7 NV A —AED+13 dBS WAVE 7 7 A LD 7 )V A lr— )UABIZ 72 0 £37,)
- WAVE 7 7 A LD 7 )V A - —)ViE : 143 [dB] = 2x107(-5)x107(143/20) = 282.51 [Pa]
1By R4 Pafli: 282.51/127(23)} = 3.37x107(-5) [Pa/bit]

F&%@ﬁ/7b¢17Asmt;7 YIZ7 M OFyra— R U EEBED SETHEET,
THERRIET £ 9 &= TT,
> https://svmeas.rion.co.jp/download/manual/AS-70

B 2:
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U A AL OREN L)L EF VM-55 T, o7V VAW 1kHz, 7 — % 1 X 16bit Tit
B, WRIEE7 v 7 F 5 VX-55WR 12X » CTIEE L7- wave 7 7 A V&> CWET,
Z D wave 7 7 AV, ITREKSNTEBEIIMMAEKR L THWDHDOTL & 9 93?

EDRRIR B TR S N2 RER L BIFT 2D TL X 50?2

[T

TR 1 o ZWE L RIERIC, WAVE 7 7 A JVICEEER S VBB, Bl (B M) 2R L TOVET,
WAVE 7 7 A VOfE% 2D F FWALIS O Y 7 NETERGT D &, BEEE LRI EENET,
WAVE fEIZHAL 2 Ffo TV e oh, BALZ | REIIEE L~V [Tm/s 2] ICEMT 2 0ERH Y 9,
HALOEHIT, [m/s 2= 4 fEix (Value/Bit)] L7eV £9OT, ZH 5 bREEKC AS-70 CIHGRIEIT LT E B
Wk,

PRENIERFE L~ L OABIEHE(E X 10~ (-5) TT DT, Pa ~EH#13 25 Ll NOdBILHEE % |
CHLOEZ THELTHTTE BnET,

w'Z ] 3

ZOX ) BRFERNTH I N TWAIERNT, &0 HPIZH Y 3 0?
[ a1 ]

BRNADETN, ZOL R EREHINTWHBERT,

R — A= FTIIABZ LT £H A,

Flo, A 7R OFEERECET2ER O LEL TWERT L L, Zhandbhid, EROEFEZHEE
HskE 9,
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71—+t

YombE st TYPE 6236 Hudlanpi£

2. WAV I74 L O~AYFFEHR(Windows Z3)

4byte | R TF°F RIFF A4
4 bete CNEUBOIrAILYAX
7 (F7ANHFAX -8)
4byte | WAV E WAVE ~w4
dbyte |FT'm t  («RXRRX—=XE) |fmt Fvd
. fmt FvoM 1J=F PCM
4byte | /NAREL INAEL 16(10 00 00 00)
1J=F PCM
2 byte | 74— vk1ID 101 00)
. . E/SN
2 byte | FromE 101 00)
o orie g 48kHz
4byte | FTUTL—F He 48000(80 BB 00 00)
48kHz 16bit E/3 )L
4byte | T—H:EE (Byte/sec) 480002 = 96000
(00 77 01 00)
9 bote JavsgA4X _ 16bit E/3JL
y (Byte/samplexF ¥ JLED 2(02 00)
9 bute HoTNH-YOE VR WAV 74—k Tl | 16bit
) (bit/sample) 8bit A 16bit 16(10 00)
4byte |‘data data F¥4
dbyte | /\A(F#n BT —82M A~
nbyte |EHFT—4%

7) Wave (AT —%H71) - W

WEE(S

- EFE.TF—F

16 £ bAoA F U —o AD A£fEH )
T (B) =2~ FTHKRTLET,

DT AN

48 kHz W7V 74 (208u s) DOIE (FELH) ZEfiicde3 5,

fEiX, 16 £y FOFFSATEETHY |
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6| eooc00e cooo0000 : O

8| ocpeo0e ceesseal : 1

6| ecocoee cooeeele : 2
@|1111111 11111111 : 32767
1/1111111 112111211 : -1
101111111 11111118 : -2
1|ececcee coo00000 : -32768

B KME+32767 M b/ IME-32768 £ TOETH 5,

LV ORKIED 100d B DA, AHITORMZ 8dB & LTW1D
Measurement day,Measurement time,Frequency-weight,Level Range,Time setting
24/03/17,02:20:00,Z,100dB,003h00m00s

77 AVOERIZIE, 100dB &ENILTN D,

RGO 8AB LEMAD L, 100+8=108d B 12725,

TS T L EE (EME) & P L3,
108=20log(P/(20¥10~(-6)) L v . P=5.0238772912 (/XA A1) L7210, —P=—5.023772912 /XA B L D%
—32768=—(2715)
XSS5,
FH+1 1%, 5.023772912/32768=1.533133823%107(-4) (VXA B L) 1THG L,
BHE k1%, 5.023772912*%(k/32768) =1.533133823*107(-4)*k (/XA H)L) IZHIIET D,
(=27 V&2 Ok HICHMLELE,)

TR TR S B e | N AT B EWT HI21E, 1.533133823*107(-4) 2T 5 Z L1278 b,

W2: (W1-mean(w1))*1.533133823*10"(-4) Q

15 -
05 -
05
A5 e

0 50 100 150 200 250 300 350 400 450 500 550 600

il

#%i1x, WLCTY,

T a—fEOEI TR LT — % & 13 A7 X —TArieoit,. 612, VA UAERIOERK O, JFE ORELAT
WOFE ., THERAE LT OREE GRIER) . ~A 7128 Z2 Y T CHl-> =Mt ToRH., GBI < OB FT ¢, B
BEOEMNOFHE LA TOFE L L Z R THD EIROFRIZR Y 9,

B, el HLERE (0.19Hz~20000Hz) ORRIZKR DZFE T,
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HS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
HRULEEE| 0.19] 0.25] 0.32| 0.40| 0.50| 0.63| 0.80| 1.00| 1.25| 1.60 | 2.00| 2.50| 3.15| 4.00| 5.00| 6.30| 8.00

HS 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
ARUCVEKR#L| 10.00 | 12.50 | 16.00 | 20.00 | 25.00 | 31.50 | 40.00 | 50.00 | 63.00 | 80.00 |100.00 |125.00 |160.00 {200.00 |250.00 [315.00 |400.00

HS 35 36 37 38 39 40 41 42 43 44 45 46 a7 48 49 50 51
U0V E K #4(500.00 {630.00 {800.00 |1000.00 |1250.00 {1600.00 {2000.00 [2500.00 |3150.00 |4000.00 |5000.00 {6300.00 {8000.00 [10000.00 |12500.00 |16000.00 [20000.00

20Hz 1%, 21 B DL ZATY, (1347 ¥ —T MM CONHEEZEL VDT T 7 TF,)

T527 %4 b

100.00 1Hz
20Hz 100Hz

- A~ A

6000 // -.., '\\ '\""’,\‘g\“ ‘ JFETSS
/\\ | W.‘\\ -szm;ﬁ
. ' RN N\,

4000

\_
20.00 M/
000
Y235 4567 8 9101112131415161718192021222324252627282930313233343536373835940414243444545474849505

-20.00

— T 00 2 R LR " Y 12X — 2 T - — 3

77 7 OISy (8F~33%, 1Hz ~315H z) DAV Tix, MHEFIX, &L L THEEENRE D L
BIELASURREAD T 20, Rl E 72 SITAERENEL 2D EFELSAR ERT D,

8% (1Hz) 75 15 % (BHz) AV TOEWRAKE VY, ZHEBINSOBIKEN S L8 7=< R0 Ak
O A CRMEET LW D OTTR, REEREET LA E B 2 T, SRR R RV, BERO
IR © A OB IR E R 5 72 L 5303 % D TY,
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A>3t D NL-62 D=2TFIJ)L

Wi,

N
1
LAeq=2010910 (NZP( ) /Po

i=1
EEIRNEBNTHY 7,

i, BRI T G B AR L TP () G, NAEBND Z LA ERL TWET,
IS07196 OFEik “f% : G FFEE, FHEFHRPE 2 0T 20 572 D RIS X > CTHBERRIZIEE T 5
TEMTED, I~ T, EHEMICFHIRH 2L 0 A FEEE LV ERD | ZOREREZH > TRIED A Rk
HFHEL~LE EOXTROTND Z LT £,

A ARICHER L2 2 A, o7 U v 7S 48k Hz DAL, Pa()DMEA, 1 FEIC 48000 &S5 &
DFETLEN, EOLIITLT, POEZRELTHDLINEAML TWRWnWEDHRERT L,

~=a T B HERNT 5 & 0.25 BEICEHAI SN D EET —# M I BRI SN EET — 2% b LIt LT

P )ZEFRE LTV EBbEd, 7Y VA 48k Hz D5 E1E. 0.25 BRIDGE T, 12000 fHo 7
—ZMOERET 2O TRIROEREEIL 4Hz L7280 . 1 BEOSETE 48000 HO T — 2 1 bEHET 5 O TiRiX/E
WT 1Hz 720 4,

ABEDORIHE T, 1THz UL ETH, AL 32, BB T2 GEETIINY £,

BUE O KRR L) B F A9 HARE E o 8%, 0.5Hz 75 0.8Hz 2/ T,

ISO7196 TliE. H.OEHEEK 0.25Hz 75 315Hz £ TOHULEREBAHE SN TWET, 0.25Hz O #ElEE 3
0.05756Hz 72 D TH 7 &b 20 BIOT — &2 2o TEHRTAMENRH Y £77,

BEELMZ L L, ATV =L BVEDT, AEOTORMET5I121E, PC i T, T (Z
PE) CREERL7=T — X 2T+ 20 EAH Y 3, T OFHERE TR SN FET — ¥ 2 EICFRE T L, 8
ORI Y 12 2 AT MABFLENET,

U F o ORSEE SR NL-62 12, WIBNGER 7 1 75 & NX-42WR BT 5 &, 1 6 v kOGS4 f

> TYER ST WAV 7 7 A )V EAENVE T,

I ERIE D JE e B A S I Z e CPHgRME) & L, o7 U 7 b— M 4 8 k Hz, @i 2R & L C
15 FRE e AU, 0.01667Hz 725, 24k Hz £ THHHITX £,

U A o HOBTENERT v 7T I NX-42WR TIE, 7 7 A VISREiT 5 & S 1 SO LTI E Y

FIZIZ, 248y OGBSI E 1 6 By OGS D 2 i) AIRE T,
ZZTlE, 16 By FOBEEEHNET,
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FP. HEAOBEEIZ OV, RO XD REHBH Y ET,

P Bt OB CRBLTE HEiH
BT 2 OffifkEfE> L&, 8y NOFEAE ORI TIX —128 ~ 127 OHFHHOHENEHTE %,
FERIZ, 16 By NOFE & O TIE — 2015 ~ 2715 -1 O®PADIEN, 32 B v FOF BT & OIEETIX
— 2731 ~ 2731 -1 OFHDHEIMEN TE 2,
WTNHRADOEDOMEED 1 5% b,

T, FHIS NI L 5 R T,
16ty NOBETEZD &,

BRE I CRHICE D EEOFPAIC OV T, WEmEREEE (RE S HERREEM) NL-62 Blii#EHIC/R KT
148dB 7 LFifiEn T s,

For - A7 NVARr—v O, HOELEDO TNV Ar—)L T, BRETE H#iHIL 70dB~130dB £ TC, 10dB
ZN I 72 L EILTN D,

Z 2T, 130dB EATC L EiE, WAV 7 7 A L OAHIIE
NL_001_20220503_111400_130dB_0008_0000_ST0001

ERY L KBRS NS, HEED TV A — L% 130dBICRE L2 & RS0 0 £,

wav 7 7 A Gl T AT — 21T OV LRERFEICOIIETED L9 ITRh>TWT, R 7 VA —
JUAED+13 dB2S WAVE 7 7 A LD 7 )V A — B2 72 ) £,

ZIZT, ETI130dB & L7=&LTH, WAVE 7 7 A L TOEBED 7 VA —/UfE : 143 [dB] THY ., Zh
1L, 2x107(-5)x107(143/20) = 282.5075116 [PallZFi%4 7 5,

BT
BE (BEKE) - -BEBRREDKESORLA

BELNIL<MEHLGKRESD> 2vvppzmo
L , =10* |Og10(p2/p20) ZFEICHMATS
L, BEL~IL(dB) dBIE(Z%):0.002Pa=40dB,
o - EEEMIE(Pa) 0.00002(2 X 10~5) Pa=0dB

Py =EFE 2%x10°(Pa) (=20uPa)
* OABEL AL (dB), 1/3F958—TIRUFEFEL AL (dB)

i) Lp :10*10g10(p2 /p02) =20*log,(p/ py)
THY,
143 =20 *log ,,(p/(2*107%))

p/(2*%107°) =10" (143 / 20)
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_ =5
p=(2%107)*107(143/20) —9g9 5075116Pa (340

ERDBMNBHTT,

FNME T 282.5075116Pa (143dB) & 72 5fE% ., wav 7 7 A /WIZ EORRREME & L CRidiT 2 >\ Ti,
Ty AN TR D,

16 £y hOF BT #2005 —1} ~ —2715 O#FPTH Y FEN  —282.5075116Pa & 72 H5EIT
X LT, BEH—2/15= —32768 Zxfln ¥ 5,

16 £ hOHA IR, BEEE 113 282.5075116Pa/ 124(15)} =8.621445056*107(-3) DF/E (FEHE) #EEkT
0T, BHMEKkIE, k*8.621445056*107(-3) Pa (ZEZNE)

EEWT S

VA0 T T —2 7 7 A vid, NL_001_20100101_000146_090dB_0001_0000_SL0001 T&H Y,
16 By MEFSMEEOT —2 T, R A7 VA —U i, 90dB #RATEHI L TWA Z 050 £, %
7o, wav 7 7 A NNSGERT 5T — XX, b OV LRERFEICHRIGTED LT, o TNT,
(T )17 VA —AED+13 dBHS WAVE 7 7 A )LD 7 )V A lr— VAEIZ 72 0 £77,)
ZZ T, WAVE 7 7 A VDT VA —/Ufl : 103 [dB] &70 0 T/ X2 B 0Vl 2x107(-5)x107(103/20) =
2.825075116 [Pa]l &7¢%,
—2.825075116 [Pa] % —2715=-—32768 I(ZxfsSE 5,
( —2.825075116Pa / {—(27(15))} ) =8.621445056%10"(-5)
ERDHDOT, BEE k1T, k *8.621445056%10~(-5) Pa (F#hil) 2 EWT 5
Z OH¥UE, 8.621445056*107(-5) X, FFTEHOE Y MISCERE I TNV A — /VEOREIZ XL > TR E D,

RIE N EEZRSE 1T, AS-7T0 GRHIUTEERLCTJ,) 17 —# ZHHAAEE T, ROBEEZTIT XU,

Fr — TrAME®R & LT, Value/Bit Offf (8.621445E-5) ZAf L L\,
[
IrfllF)  SF/EEN FROD) R\EE BEE ALTH
W A 7741188 - Graphi - T X
Graph Zrill& [NL_001_20100101_000146_090dE_0001_0000_SLO00 1 w.| F4li )L B |I| ]_>
el
Fooayy FFE |C#Users¥y-uya¥Desktop¥NL-42 sample data¥NL-42 sample data¥NL-42¥Auta D001¥SOUND | o
FElEE  BAIEH B
e
Eﬁ SRR | N4 2R | FIE 4R | | -_
Lz WTILES | 0 | Value/Bit | | F
B | T ehn | 1 | vale/valt | 1.000000E+0 L
S EsONTERT e | 1 | Offzet Value | 1.000000E+D | m
ELEE  pubi bit) | 16 | dBEEE | 2000000E-5 | L
B A B (He) | 42000 | R4S | AC |
E3H:2 | 20000 | AFIL | 40dE |
Bl | 24 | A —A I | i | 7
llpesdalE: T #F-/i-0-F | il S
s | 00d 00:00:08 | 74 LDiRE | L |
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FERREITTC, ZZ2CTO Value/Bit DOfEZE > CTEHT UL R A D VIE (Ehfl) & 725,
BB, ANV YOHEAN9AB 7> TS Z EZ2MRLTFE,

Wa: (ws-mean(ws))*8.621445E-5

Wavelet Dt HEZ T 28 AL HDH DT, W2 TiL, FHEZSIWTEBEE Lz, SAIIUEICHET 572912,
*8621445E-5 L+ LE L7, ZDOfii (8.621445E-5) 1%, AS-70 Zffi» CHeiR L £ L7,
FEHAEN B AT NAE~DERNT 7 7 AN % L D0, AST0 = H B R H Y 77,

EE

TR TN A — Ul 110dB ZBA TG KR 7 VA —/ViED+13 dB7)Y WAVE 7 7 A )LD 7 )L A
T—VEIZ7e 0 £,

ZZ T, WAVE 7 7 A VDT NVAr—/Ufl 123 [dB] &70 0 ZHD /XA BV EIL, 2x107(-5)x107(123/20) =
28.25[Pa]l &7¢%, (1 28.25Pa /  {27(15)} ) =8.621445056%10"(-4)

ZDEE, wav 7 7 A /L% DADISP THRSE25E. 16 By F TORBIEN KD L 5 efli72 & LT,

DADISP 6.7 - :HU

File Edit View Analysis Drawing Tools Data Window Help
e Sk i B L8 A 2@ w w oF
W1 ReadWAV("C¥Users¥ Uyama¥Documents¥ DADISPY¥Huusha¥ BEEAIET -5

W1: ReadWAV("C:¥Users¥Uyama¥Documents¥DADISP¥Huusha¥@ESHET —4 2014¥Auto_|

1 MLy01,0140729,65411,10dB,731,000:TO001.wav, CH1, PCM, Integer, 16 Bit
-1258.000000
-1270.000000
-1282.000000
-1301.000000
-1305.000000

A R

Value/Bit Ofi 8.621445E-4 Z#T 5 &,
WROBENGELNET,

W3: wl*8.621445E-4

1 MLy01,0140729,65411,10dB,731,000:TO001.wav, CH1, PCM, Integer, 16 Bit
-1.084578
-1.094924
-1.105269
-1.121650
-1.125099

A R
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ZOMEN, NATVE GERME) 70 E9,
ZOHEE, VA LALED Y T R AS-T0 TO YT 7FRRTIE, BEBONHEET, VAR LIZE 2 A,

Wkt TWAVE 7 7 A VERERELE LI ZA, —FEDLLSITHETIIZ L LOHEL 72 |
HAZE Pa (FE20E) 12720 £7,

-1.084578

-1.094924

-1.105269

-1.12165

-1.125099

TR 1 TAS-70 TO/ 2 B UVERER ] 12OV,
AS-70 I2 T WAVE A2 7T 740 LT TR ATEN TN S0 & UL E T 723,

AS-T0 ©Y 7 b BT, BIEOIERFRICE > T, FEE2E0E GRAME, &K/AME) Z22RIRLE THSIE 217> TE
"
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2 7. FFTIZDOWT

FFT L 59 HEENRTL 2D T, FFT OFifd & 7= 2 AN LRI OWIEZL T 2 9,
Functional Analysis (Kosaku Yosida) p86 ZiZ
4. The Orthogonal Base, Bessel’s Inequality and Parseval’s Relation
Definition 1. A set S of vectors in a pre-Hilbert space X is called an orthogonal set, if x Ly for each pair of distinct
vectors x, y of S. If, in addition, |x|=1 for each x € S, then the set S is called an ortho-normal set. An orthogonal
set S of a Hilbert space X is called complete orthogonal system or an orthogonal base of X, if no orthogonal set of X

contains S as proper subset.

Theorem 1. A Hilbert space X (having a non -zero vector) has at least one complete orthonormal system. Moreover,

if S is any orthonormal set in X, there is a complete orthonormal system containing S as a subset.

Theorem 2. Let S = {x,;a € A} be a complete orthogonal system of a Hilbert space X. For any f € X, we define

its Fourier coefficients (with respect to S)

fo = (f1xq)
Then we have Parseval’s relation
7= 1fal?
aca

Corollary 1. We have the Fourier expansion

0 n
f= Efajxaj = S'Tlli_l;goifajxaj
j=1 j=1

Corollary 2. Let 12(A) be the space L?(4,B,m) where m({ a })=1 for every point a of A. Then the Hilbert space
X is isometrically isometric to the Hilbert space [?(A4) by the correspondence
X3f o {f)€l2(A)

In the sense that

(f+9) o {fat9a) Bf o {Bfa} and |fI? = [{fo}|* = Eeea lfal?

Example. {\/%_nei”t; n=0, +1,%2,.. } is a complete orthogonal system in the Hilbert space L?(0,2m)

LHY., e =cosO+isin® k7B DT, [2(02m) I LESRMN T, BI%E = AR o R &
HTx3zLichd,
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BT L T,
7 — ) THEKIC D VT DBERIC XA,
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TO7Fe TN, B

N-1

X(w)= Z x(n)e e

n=0
e EF,
Ak DRXD w EHRNDOZET2DTT, 2FD L5 hAREDOwDfiiconwTcoisaEZLZZLICLET,

we =25 (k=0,12,...N-1)

—;_ 5 & ~N
= it in2mk
X(wy) :Z x(n)e ™"k :Z x(n)e” N
n=0 n=0
Emb ¥,
I biT
i2m
WN = e_T
& BT,
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E5DlE, k AN OBEGEEAZLEICRIZEICERTNETCHD T,
Thnb,
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BT B8, Thbb, FAMAE N THhr2Ledb I HmhEd,
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XL T,
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21
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