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[F s D 354 7] B AS R 3 40~90 km 1272
DEFTFEL LR 6~2mFrEFTCTH)., 7
L— FIEREARIEZH %) H LM, B2DILE
DHBH7TL— L (BHIZ) BLHZ 20T
LRTWwEEbNL, Tl 2OV OERMMAR
HATEERD 3% LLT, WL TD 9% Th b 12
BICRITT BN S v, —F 7L — Pl
MRS . T L= FARER LRI L
HhAHE—Yary-- AIT7THS (Hodos 2003) b
HoTHDRTWVWEEDLNLA, TL— FEAR
RMEIL L D PN &9 O R EZERITRE <
EbrbZlidhnwEEbhs,

N #BREER

RETIE, FEFTNVORYMEE ILBHGEET 5 &
&S, FFESM T COMEK O E DTS2 RN
5o
1. ET I OZHE DRI

Z ZTl¥Band et al. (2007) 37 =7 b Off
ZERHE I 5727 —% (LUF Band 7— % LI
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) FHWT, FrEFVIC L 2 EHEREE L Band

LOFFIC L DA R T KT %,

Band 7— % 7 6. P (172 ha) Ok
WERR X (RFEAEE 37 &) 2B 5
WOF 27 CIRAEFIZ 48. 12 TH B (=1580
# % 37 % [47r’/3]/89440000) o JAHL D113 26 m
TH Y. T-1 75 ERAPS o 8 B g o 3 2 3
12 34.667m 275, F 2 b OFRFHHE L 8 m/
sec TH Y, BN Z 89 2 FIREH 34.667/8
=4.333HCTh %, WAERRARIANER 48.12 B %
4.3338Ci#l B &, BRIKNE 11.105 @@ T %
TLilhb, 2ZTK (6), (7) U TIED LD
i 1X Band ¥ — ¥ DF 27 efAE0.5m. #A
Mkl2mazdbeiffL2otr oy ofe
FIRRICE T 5, 20K, T-3-@IEELTT
L — FIE - (0.3m) »fH Y IZ Band 7—% (p26
Tabled) DY v FMH16° LT L — FEpfrjla—F
TS FE I — Fifce (2S5 RAE) 2RDd7z,
ZORER, FHTc=0.425m & % 0, 1 Wiz
BN 1.91 B & (10), (11), (13) Z#HWTT
L— FIi~NT ¥ ¥ M2 AT B4 O F3mER
13 0.4822 2315 H N7z, AEMEA AR & LT,
CITIEBand F— Y OBBETS% 2 FDOF F
Hwbde X (7)) »OFTTFNVIC L B RE A
B Twix

Tv=(11.105/2) %0.4822 *0.75=2.008 (25)

Band 7 — % @ ] [H] N 4 22 185 2 55013 1.502 )
(JEH D B % PO f A A& 11.19 3 < Bl
KO 179X BE=0.75) L%->THBY, FEFW
DOFMHEAERE BT LidEve L2 LARAR5,
Band 5137 L — FEA~NEM I (90°) TOH
BARTHEPELTVEDT, ZOHEOFIH
WEREE L 2Rk B &

L'=Fa2vefkE (0.5m) +

¥y F16° ¥ c(0.425m) =0.925m  (26)

b, K (1D 25l Tow = (0.925/8)
%3/1.91=0.1816 2% H . FETF VI X 5 F
WH A 0.4822 D 1/3RETH 5. Z Otk
Band ¥ — % (p26,Table 4) @ F-38:fl=% 0.179
WIEIEE L v TOE O 22 AR Ty 133X

(25) DOH:flE 0.4822 Db Y12 0.1816 # A
TO0.756 P THHZT LH 5, Band 5O L B
Tn=1.502 FNIMKIEEIT R > TWb, TDJEK
&, Band 52X (26) @ 0.925m »fLb Y IZ,
Eo 77V = FRKIFcC2m) LFaveo
hE (0.5m) 2R L7ZEA2.5m oM %2
fEBIB A E LTHWTWA O THA I, TD
720, 2 fE kIR O KA A 2.5/0.925=2.7 £5
K&, X 4 o—EWENRMILE, L
7ehio THMIERAR E K 2 ), Ty OHEEME D
K&L B —H, FloOWmEEEZE L 2V 7z0F
W23 0.1816/0.4822=0.38 f5/h& < 72 1
ERTIZ2.7x0.38=1.03 5T, FRELTHE
FN OHEEEIEMEIC 2 o 72 b D E Bb b,

B, Band 503 (2) IZ2oWT, [HWE, «
<B (a=v/rQ: QX MAHEE, g=¢/w) DF&MH
ToHEMZ DL,

p(r) =3(c-siny/t+c-cosy/2zr+ ¢ /(v-s)) (27)

Ehb, TZTT3ETL— FH#, ¢ iZ Band
T—=FTEI)I—FE y ¥y FMTH5s, X
(27) OFMHNOHE 1 HIIFHEFT VDT L — FE
AEEBLIZDOL HE2HIIMHESRMASDOT L —
FHEROEMOGR L, F726 STHITHFET VD
X (1) &H/4MFETH D, K&, Band 5D
BEiE, 7LV —FEAORD Y IZa— Pz v,
TR b OB O LHER 2R L CRAEL
72bDTHb, Ll 7L— FENOFOMEZE
FEEET. LRI OREICD Rz D L
S92k b,

2 RIBEFEIZDHB[EDOLE

BISAT51 % (2011) ® p5-32 DA hE &K (+
TuvgyEEE) ORMITIE, [\ 90% T—
EW RN OB 22 AR 0.031 H & o T b,
Z 2T, HofEBI A Bk E LB TV TR
MR R Tve (90) % BREEH F5] & p5-30~32
DHFEBNC X B85 A= #HWTH (7) THE
LTS %,

KR e P.=0.00662, T»=7513 m/33.33 m=225.4
W B=112.7F & % b, ks T=0.3868, 15



IERMEH R'=0.3319. 3 90% DA Ty Tre
(90) =1.447 ) (7L — FEAKE L OYE) Lo
720 COBUMEITEREE T01 & O 2B A% 0.031
PR AT 5TV 5D,

BRIEA T 2 0HEpI T3, B RE TSI
VT B E M OFRFHBEEE & 111 1 (p5-31 EE).,
BIZHE 16 H A WEAENI 180 H ¥ L, P
it (#r%-20/A) =0.01 £ LT, LZh bR
Gofekigmg (LT, FHEEREE S 9) N~
DRAEBREATI2. 49 P ERFIHTEX B, BREET
FlETIEZORAMK (12.49 %) OFTRCTHMH
fii (DF D PEMER0.006: fFEK2 TIEA YT Y
DEEZTFIH0.87m & LTWw5 D THMERII
£ 2a il 90°T0.0985) (27 L — FHIIZEAT
B e LTy A 90%, axfif i 25% %
JAWT, Tw=0.031 FHHEHINTnb, FET
VT 7V — FHZEAERE B, i3 Eiio L9512
2.7 THH. ZOEKRETH IR (112.7/12.49)
DEND D Do HAFRITERBEE TH1 & T 0.096.
ETFTNVTIH0.3868 DT, TZTHAKD
HEWRH D, SHICHEFIVOBIEHBHRER
=0.3319 IZBBEA Frl & o MA A 0.25 12t
RT1.3BRCHEsTWE, LIzdioTEETIE
PEF NV OWmEMAEIE, BEETIIE (2011)
DFJATHRE (9x4x1.33) 1275,

7L — FIZEAERBOZENRKE VD, 20
HHIILI IS & %0 BEIA 91 & O A& 0.01
FHWA, MR OBEEEAS 1/100 1272 5 25,
TR O R AN AR S 2 Pl fafEs (K1) ~o
ABLEREUZ 1/100 TIE AL 27 ) v, St
BB E RV RO 2O, HE T 0F
g 2l b il 205 Th b, BEET
BlECTIIREEMICBT2HBEL ofls /4
B E) 2SHBUEEOEA (0.41) LRI
—HLTWw/7d, ENDBRIEHBREIC X % F
Wiz LTuiv, mEMOMBEIE p5-31 LB
T100912m THHZ L5, THICHEHRE L
SPETRIAR L 2 24 CUE 0 C VAT A sk o s 50 e 1 %
11353 m &% %, BEAFIIE TR OMMEE A
WTRAMEEEZ KD 2 FREERRER TV

WABOE B15%% 15 (2013)

Vo &2 TI-1 OFE0 o i fa Bl o ¥ 34 8
WM ZRD D &

m'=zr*/EF 50 m=39.27 m

Nl B N o S 1 B R B K RN G AR B
Tw=11353m/39.27 m=289.1 JJ

i, FIORLEHET VO T.=225.4 T2
FEVLRVOlEE 75T b, FHifaBificEA
L 7=k (289.13H) @ 2/3 (MEkARE + Fififa
Bedd o 7 BE M N O RFE = (42r°/3) + (2r*+2r))
192.7HHB 7L — FHICEMIZEAT 5, L7z
B35 Ty 192.7 JNTEEM=R 0.0985, B EHRE)=R R’
=0.3319 2 LI Tw=6.277 W& % 5,

]85 90% T Tre(90) =0.628 F]
LR, ERMERISTREME L2 BRE o 1,447 )
OPGUT LR DA, BREATFIED0.031 FD
K20 CdH Do

BREATF0 & O SBIE. 1102 & ORI
BAREVEY oL Yoy L oFEpIT, Lid
FRIIHE O TR 2 I 72 720 2B 22 F s
W/NGHINZ 22 o 720 TREDPLBE DS L b T v %
AHINCHRIAT 5 & 9 Hiicid, BEATFIIE
DI FEEFET N OFHERE R AT D D&
BhbhwtEZONL, 2B, BEATI B
ERC (HTH) OUGETHREZE 80% % I H VU,
EZBUIHE TNV CEREAFBOR 15 5L %5,
F 7o UNEEECOMNT )T (R R OV H kBB
AT ZE Sy 2002) b, HRBOHEEITE W
“C R A X N oD TR B AT B & L [l i 3 o A
R HE [l e T A X A 1 m X LS B AR X 0
FREMAKRE) THELTWAEDT, BEE T
L AARICHENGEMIC 2 o T B EHER S b,
B, BEATFI &5 (K1) <ld. R
LR D 5341 23R I AR - TV 2 2%, AKRET D22
B 22 TR IR 2SR 3 1 X3 2 ol 2 < 53 A
LTWwWAIZEZRELLDDOTHY, FEiELIZH
%5 (BbYIZEBHOZ L),

3. —EFAEMBUVERAEILETDRHESERNE
EDERBDOHETE
Fou g Il oWnWTEREES F5] & p5-30~32
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DOHFEFED LI, HEFVEHOT—ESLMLETO
WL Z R T, —BRM e LTItz
FEASELRR L, JAH 7 L — NS ISP & 1)
&, 3512 Tuy yHpEITED S DOAREMRT
TR L TREBIFICRAT 262 HET %,

VEALVE % WM T, 4 a7 Y5 b DA
MF$2E LA, 7L— FAEROEAME
(0) IZHIWCRT LIICH=225"THb, +
07y h s A5 % )R TR LW
i Q 1%.

Q' =nr*cos(90°—9) (28)
WX RDOSNL, TL— FEEr2325m 0¥
Ay Q=751.4m" & %, &M Q=1963.5m’
xS A WA 0.3827 TH B, KMHEDER
RAE BRI BT B A A 5 O I3 B mave
&, -1 &k mae=33.33m 2% 5,

BRI % 2b 25 0.5852 (7L — FIEARD
HWE) Thb, TNLDNTA—FNSHE
FNDFHDONATIZ L7=d35o T T D & 5 12 fH%e
AR S D,

OKIFHIFE A =3955835 m®
A TH & p5-31 OFEBIC L B
(), B ] s 25 £ i M 50 m

r

0=22 5

Be (Q) 7L — NEMEkin

M9 —EHmEEVEREICHETRSSEA
THSOEREOME (RAAK 225° OFR)
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GFIE M D2 & HRO % @ =197791750 m’

@OF yu g v 5 20 oA EHERER
S=203% 65450 m* = 1309000 m’

Gafizefafig (20 B4 ORI
P,=®/(3=0.006618

©20 & S NIRFHIEBE To © &5 M o 4 R FH IR

Bt My=1135260m I2® % F U %
Tr=1135260% () =7513 m

D20 & SEHANOF YT T ¥ ERE
Ton="Tr/Mmave

(ZOHAFETT L — FHRAEE 1/2 1ZHVRW)
T.=7513/33.33=225.4 ]

Z OfHIZ 0.3827 & 3 U7286.26 A7 L — K
[5] 5% 1 D 1 BRI M TR R~ D 22 AR S By & 72 5
®20 H 2472 0 o W 22 RS : Tv=Ba % %

il =R T7'(22.5°) kB IEFER R’

Tn=86.26 %0.5852 *0.3319=16.75 I
@IEEH 90% T Twe (90) =1.675 3

CORRIE, BIEITRLI-EFroDT 7
LEARWE LTG0 EE 2R 1.447 P X
EA%

4. 7L — REHDW/NE

FEFTVOLF YO T VORI T L — PR
FHECBWTIE, T-3-@UERTEHICTL—F
JEAH (b)) OFHEEZ 30cm & LTWwb, T
HIZBREL T X THWAREOREL S, 7
L—FROHRGTOERZHELZZDDTH
5o RIEFHUWED Band 7 — % £ DL TIX, € v
Ff (16°) LB LEnbRATL—FNEARADT
L — FROERDBHMFIGMELE viz. ¥y F1
0L LA THERO T L — FEARIZ)HH
OBKIZED, THTL—FEOMBIZE>TE
13 %,

ZFZ Ty 7L — FIESE S0 m M ofCFEM 72 8 53
BEEDOFITT L — FIEADENZ 5 L iR
ZEtHET 5. 9. MERBROGREZHWTH
VST L— e TOREBEY O 7L — FIER
ZROTz WIZZOIRHERNCFIDORAZZE L 72
FryuyroFimEriesrvoxX (10) , 41D,



(13) »oRDIze TOBEDEM L L TEK LR
WMz (18 ) /min, KL UVE v 47 0°
7z, ZORMEEE P X 5 T
EAMT L O ESEZ KD 72, ZOREHR, F
YR T 13 0.3695 & 72 - 726

WA Z O FIHM=E (0.3695) [CHYT 2T
L—FEA (b) #MFE2ITRLAFHEED S
HIHEM37cm EHEE SNz, b=# 37 cm I
b7 L—FExRDDLE FEUD5 g
217> TH 60% DOALE MY L 72, Band et
al. (2007) TiE, ¥EvF A7z 160 LTW 55,
TN F VS EEIC 25 T 2/3 DALE O
Yo FMThb, TOMBOY v F M % HEAIM
HWIIAWTH %A%, Band S IIHEICHKR D FGT
HMETHHEL TS, TH L2 ehb, fli
ZERDOFHEICH WS 7 L — FIEADVIE % g
T HBEZ60% HAFEDERE FVTBIFIE, ff
ZeR B W/ NEHl T 5 2 LR bk Ebh s,

5.V EED/NSDERBODETE

RIS TIE I N F THDIEE L N RIE R
FHET D TERZMN L CE 2D WIS Y725
TEAEA & FAUIERR DU ) RIS R E RIS
L/INBEOWEIE) A7 BRE G, Lo L, & XIS
WIZIERICRAT A/NE % B—Bl5 L TZORM
WUER % X SRRSO TR 5, 22
Ty ERED HFIANIHEMIZ500m DT A ~ &2 H
0. ZOMML % IZIE50m (420§ 100 m Tk
iX5ha) OXMEZEEL. WEM (7L — K
) OHPNZ BB T 5 MNEORE R 5.
MEESfF 1 & RIS/ B 25X N % KPS RAT S
HEFTIUE MEDBT A v EEAFIRNICO AR
T A, EEEEIETNT100m 2% o
BEARMTIERL T V& L5l fTRHY LY
Hid. S (1966) H3BHFE L 72X Wi (INTGEP
L E D BB AR SR 1997 218) (2
L%y FRBEREBORMELELICHT %,
S (1966) 1&/ v FEEERD D HEe L
Ty FEICHE2m, BEE 10m oEHE (20 m?)
OXW%FT 728G, TOXEZ T 5 LIH

MEBCE H158% 15 (2013)

Yo7 o3 FoRBAEIC 2.95m %3 Liid,
20 m* 472 ) O EPIE RS SN D & L,
FRONEORAE, DLT YT AR THEAT
5 YA ORI EEL 2.95 @ 50 f5=147.5m
Ebe LIzA o T, i L 72/ B oA
100m WL 147.5m Z 3T HEM N Z%E
FATEN (5 hax M) ORMFRIEREEEITKE %,
HLFIIEOFIHTHEREZIH T2 &%
bho 7272 L. 4 vH500m Tldmd X554
[N B R TNE 7 N NI %% 2 BT B 8 R M = R TN
FIUL L o

BbV)IC
ETIVIEEBPERMARfERITIZT » ¥ AR A
L. 7V—FHENfAELEZ TEATLI L2 M
HELTHELZDDT, ROV DOILDETIV
RO R 2 RN LA S WE TV & Eb
N5, BMEOHBFTIZOWT D HERDOZMAH R
ERBFEEHTAE L. BIERBFLRELL, 7
L — FOIEAR 2 — N, B R, 5 & R
R, W oD 85 A—F 1 X0 EEIC
ETFVICHARL Z EDMHETH 5. EEROFHEE
WEARIIBMEC L Z 575, EXHOBHIINET
DOFFEIHRTY Y TNTHY, F - mE
7 ETENREIER L, BRST XA—%
HEIICH D AL & ) TSI E
%o BrETIVCEME L 72 P 22 AR 50— 2 1)
BB 2 FHHETH Y. O HAEEFH KR
EMFEREBEOIES DX EFR L1, BTV V4
(PREZER Ty BT AR VEE L BRIEA T
X 2011 @ p5-33) R IHGAT (T BI% WHf -
Sugimoto & Matsuda 2011) 12X 53 I 2L —
va v riTo THET B

[ O & D3 HTIE S BIAT D 7 2o 725 [
BRI T —MEIZEy (SNH 2010) 0 LA L [EBESRAS
W & B RN A DT B OEBIR
(B EFH 2 EITEFTCRIIE S v, %
Mg 2L 2Lk, TOLETHELETLE
WCEoTZEIMMEX R RDBIE, BIiRTHENT
W% B R E S & SRR 2 2D AxEN T & Al
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FHIL, SWEZEEOXIBIE T O @i 5445
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p5-30 DX 20 DEBID X 512, RIABIRA =%
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ZMRBUL 4T R W L 15 TR R e ) Ak
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TEBHBHDOT, FHIIE USRS REIC
%5
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BrET IV ORSERIC Y720, BHEESL RSO
A Z B2 IEERARE 7OV O PIGFRIM PR HE R
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H&R1 CEELEEE Appendix 1. List of symbols, its meaning and unit.

F25 Symbol EHERUHf

Meaning and unit

A BREHE R X EE m’ Survey area

b IL—RDOFEHEH m Mean thickness of a blade

B, nBOREDIL—FE~DEABEFZOFHIE Estimated number of birds invaded to the rotor disk

c ENSREBEDTIL—FIEEDIE m Width of blade(having pitch angle ) measured from upper part
Dy RE(EEE LB Number of birds collided in the wind farm

e B0 EEEZRE R R Avoidance rate of a species passing through a wind farm or blade
k B ABERAN S /3 —2 DR KR E Shape factor of the Weibill distribution

L B1READOIL—FE @B m Passing length of a bird through roter disk with angle &
Y BEORE m Body length of a bird species

M B IL—RE O LIFETIHOBDIE m Height of area swept by a roter diameter

Maye 18 DRAERKKAND T EBEH m Mean passing distance of birds in a sphere

m’ 180ORAEREGEOKTEFEAREKRERNO T EBER m Mean passing distance of birds in a horizontal 7 2 disk
M, u IL—F DR AEERL Maximum rotation per minute  (=Max rpm)

M, READSERMIZEITEEE1TBORRNDER m Total flying distance of a species in the height M in A
Mv RIBAICHTEEERMOERELSEE m’ Total volume of flying space(A*M)

n BREAH Number of turbines in A

Pi AR EEE Max vl Zxtd % E R [EER i L3 Ratio of Max u to ui

P’ RAAEICL > TR EMARBOEENEESS Q/Q

Pv S/ Mv S/ My

Q 1EOREOMEE=1" m’ Area of a roter circle (71 /%)

Q’ BEAANLDARATIEOABOEEMHEE m Partial area of @ in Fig 9

q; RS A D ERSEE R Frequency ratio of wind velocity in a wind farm

g hybAV R Cutin wind velocity

Gout Hyb 7o EE Cutout wind velocity

R BERBE=2(0 ) Modified operation rate of a wind farm

r BREOEEGEEE (IL—FER) m Roter radius (blade length)

S BEn B OEFERIKKE m® nx(4/3) 1

s TU—R1A 1 EIEETEDIZET D/ #(sec) Sec/one cycle of blade rotation

s, B/ I2HB1HTL—F1EERICET B/ #(sec) s at wind velocity /

S min FAREEHMax v [2H1F5H1 EERFT B #(sec) s at Max v

T BRAEEHICHTEIL—FEEEEMEDFHE Mean probability of roter disk collision at Max v

T BEEME=T-R Modified collision probability

t BENJU—FmEi@EiBrERE b (sec) Sec/a bird passing through a roter disk

T, R B DR E Collision probability in each wind velocity

T7; JAESEE A T L AR B A 2 7/ considering the fregency ratio of each wind velocity
T, SHIZB 21 BEDLRELE m Total flying distance of a species in S

Ty SHIZHITHHEmEMEIARE P2l Total colliding number of a species in S

7, SHIZE TR EHEIEOEAERXRE Individual number of a species passing through S

T, nENRENTEGKREOEBEGFE B Number of individuals passing through n horizontal disks
The ElEtE e |ZH T HHRERE AR B2l Ty at avoidance rate e

To EAAER DEME (REIEER) Collision probability at & (invasion angle) to roter disk

T o £ R R O 1Efih Collision probablity in each wind velocity at respective &
u; AR/ 12k > TELLI=EERE rpm changed by wind velocity /7

4 BORMEE m Mean flight speed of a bird species/sec

w BENDERE m Wing span of a bird species

4 FEEHICEEETHILV—FEAANKEIZEATIROHE Horizontal invasion angle of a bird to the vertical roter disk
z =IHES 3.1416




#%&2 #0920 T

ERIRE 7OVIC & B B0 B 22 5 o ¥ 2 i

—RiEMRAE % JL—FR25m, BAME#24/min DIHE.

a b c d
5D | K6IZkETL—REHOmD AR B6TTL—REAH0.3mMD HEfib FZE EiELLE i ah R
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0 2.14/tan@ (D/106 (@%3/25 D3 @/10.6  B*3/25 m2 P ®xD
0 1 1 1 0 0 0
1 1 12260  11.566 1 17.19 139.79  13.188 1 343 0.0175 0.0175
2 1 61.28 5.781 1 8.60 69.88 6.592 1 68.5 0.0349 0.0349
3 1 40.83 3.852 1 5.73 46.57 4393 1 102.8 0.0523 0.0523
4 1 30.60 2.887 1 4.30 34.90 3.293 1 137.0 0.0698 0.0698
5 1 24.46 2.308 1 344 27.90 2632 1 171.1 0.0872 0.0872
6 1 20.36 1.921 1 2.87 23.23 2192 1 205.2 0.1045 0.1045
7 1 17.43 1.644 1 2.46 19.89 1.876 1 239.3 0.1219 0.1219
8 1 15.23 1.436 1 2.16 17.38 1.640 1 2733 0.1392 0.1392
9 1 13,51 1.275 1 1.92 15.43 1.456 1 307.2 0.1564 0.1564
10 1 12.14 1.145 1 1.73 13.86 1.308 1 341.0 0.1736 0.1736
11 1 11.01 1.039 1 1.57 12.58 1.187 1 3747 0.1908 0.1908
12 1 10.07 0.950 1 1.44 11.51 1.086 1 408.2 0.2079 0.2079
13 1 9.27 0.874 1 1.33 10.60 1.000 1 4417 0.2250 0.2250
14 1 8.58 0.810 0.9717 1.24 9.82 0.927 1 475.0 0.2419 0.2419
15| 0.9558 7.99 0.753 0.9041 1.16 9.15 0.863 1 508.2 0.2588 0.2588
16|  0.8805 7.46 0.704 0.8449 1.09 8.55 0.807 0.9681 541.2 0.2756 0.2668
17| 0.8151 7.00 0.660 0.7924 1.03 8.03 0.757 0.9086 574.1 0.2924 0.2656
18|  0.7580 6.59 0.621 0.7456 0.97 7.56 0.713 0.8555 606.8 0.3090 0.2644
19| 07076 6.22 0.586 0.7036 0.92 7.14 0.673 0.8079 639.3 0.3256 0.2630
20| 0.6629 5.88 0.555 0.6656 0.88 6.76 0.637 0.7649 671.6 0.3420 0.2616
21| 06230 557 0.526 0.6311 0.84 6.41 0.605 0.7259 703.7 0.3584 0.2601
22| 05872 5.30 0.500 0.5996 0.80 6.10 0.575 0.6903 7355 0.3746 0.2586
23| 05549 5.04 0.476 0.5707 0.77 5.81 0.548 0.6577 767.2 0.3907 0.2570
g
66| 0.1452 0.95 0.090 0.1079 0.33 1.28 0.121 0.1450 1793.7 0.9135 0.1325
67| 0.1424 0.91 0.086 0.1028 0.33 1.23 0.116 0.1397 1807.4 0.9205 0.1286
68| 0.1398 0.87 0.082 0.0985 0.32 1.19 0.113 0.1351 1820.5 0.9272 0.1253
69 0.1372 0.87 0.082 0.0985 0.32 1.19 0.112 0.1349 1833.1 0.9336 0.1259
70[  0.1347 0.87 0.082 0.0985 0.32 1.19 0.112 0.1346 1845.1 0.9397 0.1265
71| 0.1323 0.87 0.082 0.0985 0.32 1.19 0.112 0.1344 1856.5 0.9455 0.1271
72| 0.1300 0.87 0.082 0.0985 0.32 1.19 0.112 0.1342 1867.4 0.9511 0.1276
73 0.1277 0.87 0.082 0.0985 0.31 1.18 0.112 0.1340 1877.7 0.9563 0.1281
74 0.1255 0.87 0.082 0.0985 0.31 1.18 0.112 0.1338 1887.4 0.9613 0.1286
75| 0.1234 0.87 0.082 0.0985 0.31 1.18 0.111 0.1337 1896.6 0.9659 0.1291
76| 0.1213 0.87 0.082 0.0985 0.31 1.18 0.111 0.1335 1905.2 0.9703 0.1295
77| 0.1193 0.87 0.082 0.0985 0.31 1.18 0.111 0.1333 1913.2 0.9744 0.1299
78| 0.1174 0.87 0.082 0.0985 0.31 1.18 0.111 0.1332 1920.6 0.9781 0.1303
79| 0.1155 0.87 0.082 0.0985 0.31 1.18 0.111 0.1331 1927.4 0.9816 0.1306
80| 0.1137 0.87 0.082 0.0985 0.30 1.17 0.111 0.1330 1933.7 0.9848 0.1310
81| 0.1119 0.87 0.082 0.0985 0.30 117 0.111 0.1329 1939.3 0.9877 0.1312
82| 0.1101 0.87 0.082 0.0985 0.30 1.17 0.111 0.1328 1944.4 0.9903 0.1315
83| 0.1085 0.87 0.082 0.0985 0.30 1.17 0.111 0.1327 1948.9 0.9925 0.1317
84| 0.1068 0.87 0.082 0.0985 0.30 1.17 0.111 0.1326 1952.7 0.9945 0.1319
85 0.1052 0.87 0.082 0.0985 0.30 117 0.110 0.1326 1956.0 0.9962 0.1321
86| 0.1037 0.87 0.082 0.0985 0.30 1.17 0.110 0.1325 1958.7 0.9976 0.1322
87| 0.1022 0.87 0.082 0.0985 0.30 1.17 0.110 0.1325 1960.8 0.9986 0.1323
88| 0.1007 0.87 0.082 0.0985 0.30 1.17 0.110 0.1325 1962.3 0.9994 0.1324
89|  0.0992 0.87 0.082 0.0985 0.30 1.17 0.110 0.1325 1963.2 0.9998 0.1324
90|  0.0978 0.87 0.082 0.0985 0.30 1.17 0.110 0.1325 1963.5 1.0000 0.1325
SUM 34.7684 34.2585 38.2463 15.8199
(1-89° )
360° Fi *1 0.3924 0.3868 0.4313 0.1765
*1: 2FEH=(A/F*x4+0 DT x2+ 90° DTH x2)/360
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L—LafE L—La#f L—L# AY) BEREH o (EEZEEZHR  Av)*oi B =
JBLUR v m/sec E11E E2I8 FE1IExE2IE ui = 24m®D [EEL 30
0 0 1 0 0 0 0
1 0.0436 0.9784 0.0427 0 0 0
2 0.0873 0.9164 0.0800 0 0 0
3 0.1309 08217 0.1076 6.0000 0.2500 0.0269 Cutin JEE
4 0.1745 0.7053 0.1231 6.8571 0.2857 0.0352
5 0.2182 0.5796 0.1264 7.7143 0.3214 0.0406
6 0.2618 0.4559 0.1194 85714 0.3571 0.0426
7 0.3054 0.3433 0.1049 9.4286 0.3929 0.0412
8 0.3491 0.2475 00864  10.2857 0.4286 0.0370
9 0.3927 0.1708 0.0671 11.1429 0.4643 0.0311
10 0.4363 0.1129 00492  12.0000 0.5000 0.0246
11 0.4800 0.0714 00343  12.8571 0.5357 0.0184
12 0.5236 0.0432 00226  13.7143 05714 0.0129
13 0.5672 0.0250 00142 145714 0.6071 0.0086
14 0.6109 0.0139 00085  15.4286 0.6429 0.0055
15 0.6545 0.0074 00048  16.2857 0.6786 0.0033
16 0.6981 0.0038 00026  17.1429 0.7143 0.0019
17 0.7418 0.0018 00014  18.0000 0.7500 0.0010
18 0.7854 0.0009 0.0007 18.8571 0.7857 0.0005
19 0.8290 0.0004 00003  19.7143 0.8214 0.0003
20 0.8727 0.0002 0.0001 205714 0.8571 0.0001
21 0.9163 0.0001 0.0001 214286 0.8929 0.0001
22 0.9599 0.0000 00000 222857 0.9286 0.0000
23 1.0036 0.0000 00000  23.1429 0.9643 0.0000
24 1.0472 0.0000 0.0000 24 1 0.0000
[&3f  os3319|EERMER
25 1.0908 0.0000 0.0000 0 0 0 Cutout /L&
26 1.1345 0.0000 0.0000 0 0 0
27 1.1781 0.0000 0.0000 0 0 0
28 12217 0.0000 0.0000 0 0 0
29 1.2654 0.0000 0.0000 0 0 0
30 1.3090 0.0000 0.0000 0 0 0
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A New Sphere Shape Model for Estimating the Number of Bird-
Wind Turbine Collisions

Masatoshi Yui and Yasuo Shimada

Abstract There are several mathematical models which are used to predict the frequency of bird
strike in the wind farm. However, there are problems to be solved to establishing “collision risk
zones” as the rotational direction of the turbine's blades gradually changes according to the
direction of the wind. A simple model has yet been developed that hypothesizes cases where a
bird changes the angle which it flies into the rotational surface of the wind turbine's blade. This
paper presents a method to solve these problems. The collision risk zone in an area planned
for the building of wind farms is assumed to have a total volume S that is n(the number of
wind turbine units) times the sphere volume with a radius r, which is the blade length. A ratio
is obtained by S being divided by the volume Mv of a space in the surveyed area within the
height range between the uppermost and lowermost levels reached by the blade tips. This ratio
is multiplied by the birds' total flying distance obtained by observation within the height range
M in the planned wind farm area to provide the total flying distance 7: within S. The average
passing distance mave through the sphere is represented by the formula mave=4r/3. From this,
the frequency 7Tx of birds flying into the sphere can be calculated using the formula 7%=71/mave.
The number of birds that fly into the plane of the turbine blades is represented by the formula
Ba=T./2. Let T be the rate of contact with blades and R be the modified operation rate of
wind turbines, and the number of colliding birds 7~ will be given by Tv=Ba. X T XR’, where T
is the average rate of contact by collision angle at the maximum rotational speed Maxu, and R’
is obtained by adding up the product of each frequency g and the ratio pi(=ui/Mau) of the
rotational speed u; for each grade of wind velocity.

Key words Wind farm, Bird strike, Sphere shape model, White-tailed Eagle



