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LNbELTWSE, 7Lb—FE40m T3HIT1
[\lfn D3 E, 1Al dz 3 B AS R 40~90 km (27 %
DIIFF VLR 6~12mFrEFTTHY, 7
L — FIERERIE 0% H LA, B0HILRE
DHDHTL— ik (Bii) B RZ %0 THGE
LRTWweEEbhz, 72, ZOEHMNOREMRE
HATAEERD 3% LLT, WL TS 9% TdH b 1i2e
BACHITTRBIIN S v, —T7, 7L — Nk
FREEHEASH . T — FEEPLHZ212<L<
HAhE—Y a3y AITHS (Hodos 2003) b
HoTHLZDRLTWERDNALD, TL— FEA
RMEIE L DI &9 5P R EZERIERE <
bbb lidhwnwiiibhs,

N #BREER

RETIE, FEFTNVORYMEE ILBHGEET 5 &
EDIT, FFESM T TOEEE O w2 R~
5o
1. #ETINDOZY M DIREE

Z 2 Tlx Band et al. (2007) #3F =7 & Off
ZefdfE e i o727 —% (LLF Band 77— % LI
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) FHWT, FrEFNVIC L 2 EHEREE L Band
LOFFIC L DA R KT %,

Band 7— % 7 5. P (172ha) Ok
WfaIXig (RHEAEE 37 6) [CB 5 e
WOF 277 L RIEEHNIZ 48.12 B TH B (=1580
5 x 37 x [47r’/31/89440000) o JEH D F4%13 26 m
TH Y. T-1 75 ERAPS o 8 B fE o I 2 3
12 34.667m I27%: 5, F 2 b OFRFIHEIL 8 m/
sec TH Y. BRIKNZ 89 2 FIRE 34.667/8
=4.333HTh %, WAERRARIAIER 48.12 B %
4.333FCTE D &, RAENE 11.105 M@ # 3 5
LB, 2ZTK (6), (7) U TIED B
(X Band ¥ — 7 OF 27 e kE0.5m. B
Mlkl2mazdbeilffE20F oy ofle
FIREICE T 20 2B, T-3-QIZEHEL T
V—F%b@ﬁm)@ﬁbUthdf—7(ﬂ6
Tabled) DY v FH16° & T L — FEpfrjla— F
TR SFE I — Fifce (2S5 RAIE) 2RDd7z,.
ZORER, FHTe=0.425m & % v, 1\
PR 1.91 B & (10), (11), (13) ZHWTT
L— Fi~NT ¥ ¥ LICEAT 5546 O35
1 0.4822 255 B Fz. AERIERMmAIAIR L L.
CZTIEBand T— Y OBBETB% 2 FDF F
vz, & (1) 25HEFIVIC X 52k
B Twix

Tv=(11.105/2) %0.4822 *0.75=2.008 (25)
Band 7 — % @ W] [ P 3 22 28§03 1.502 )
(EHD B % PO f A& 11.19 3 < Bl
RO 179X B@=0.75) L%->TEBY, FEFIW
DOFTHEAERE BT LidEv, L2ALARA 5,
Band 5137 L — FEA~NEM I (90°) TOH
AT HEWRELTWEDT, FDOWEDFYM
WEREE L 2Rk B &
L'=Fa2vefkE (0.5m) +

¥y F16°DF c(0.425m) =0.925m  (26)
b, K (1D 25l Tow = (0.925/8)
%3/1.91=0.1816 2% H . BFETF VI X 5 F
WH A 0.4822 D 1/3RETH 5. Z Dk
Band ¥ — % (p26,Table 4) @ F-38:fl=% 0.179
JIFIFHE L. T OGO AR Ty 123X

;Z\
e

(25) OHFHMF 0.4822 Db 1 120.1816 % Al
TO0.756 P THAHZT LH 5, Band HDOHKUT L B
Tn=1.502 PNIB\BRIEEIZ R > TWb, O
&, Band 5 2% (26) @ 0.925m »fLb B IZ,
o727V —-FRKFc@Cm) LFaveo
R (0.5m) #RL7ZEA2.5m O iz
fEBIEAREE LTHWTWE 2D THA) . Z0
720, fl 2 fE BRIk O KR LAY 2.5/0.925=2.7 £5
K& %), X (1) o—EBENRFALE, L
oo CTHBIEMAKRELSRD, Ty OHEEMD
K& b —H. ROWBEEEEL R \i0F
W23 0.1816/0.4822=0.38 f5/h & K 72 1)
ERTIZ2.7x0.38=1.03 5T, FERELTHE
FN DKL EIC R 72D Bbhb,

% B, Band 503 (2) 1220 T, [[MWE, «
<B (a=v/rQ:QIxMHE, g=¢/w) D5
TTHEEHRZ L L,

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

Ehb, TZTT3ETL— FHE. ¢ iZ Band
F—yTEHI— VI R FATH D, &
(27) OFEMANOE 1 FHEHETVOT L — FE
AeEBL2b0L E2HEIMELEMFESOTL —
FHIfEOBMOFER E ., F28 3HITHET VO
X 1D 2%%4MFETH D, #E)H. Band S5DT5
BiE, 7LV —FEARORD Y IZa— Fiiz v,
T b OB O 2ERER 2 FHE L TR L
725D THbH, LAaL. 7L— FHNOFHOMEZE
ZEEET. HRERBOBREICH R MHID L &
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BSE T8 % (2011) @ p5-32 AL ERE (4
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DHFEBNC X B8F A= # AT (7) THHE
L THIEKT %,

AR e P.=0.00662., T»=7513 m/33.33 m=225.4
W B=112.7F & % b, #H k3 T=0.3868, 15



IEFBE R'=0.3319. A8 90% OBA Ty Tre
(90) =1.447 ) (7L — FEAZE L OYE) Lo
720 S OBMEITEEA T & O 2 4% 0.031
T AT R > T B,

BIBEA T & OFFTIE, MERETFEWICB
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BIEH 16 H A WAEI 180 H ¥R L, P
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DRAEBREATI2. 49 P ERIHETEX B, BREET
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DOEEZTFIH0.87m & LT 50 THERIIA
F 2a il 90°T0.0985) (27 L — FHIIZEAT
5 ERE LT, MBER 0%, sl flHE 25% %
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&1 CEELEEE Appendix 1. List of symbols, its meaning and unit.

525 Symbol FEHERUEM Meaning and unit

A BREHE R XEEE m’ Survey area

b IL—RDFEHEH m Mean thickness of a blade

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

c ENSREBEDTILU—FIEZDIE m Width of blade(having pitch angle 7) measured from upper part
Dy REEEELI AR 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 5/ —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 EDORRE m Body length of a bird species

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

M ae 18 DRAERKAND T EBEH m Mean passing distance of birds in a sphere

m’ 180ORAEREGEOKTEFEARGEKRERNO TS EBIER m Mean passing distance of birds in a horizontal 7t 2 disk
M, u IL—F DR AEERLR Maximum rotation per minute  (=Max rpm)

My REFADZEBMIZE TSI TEORRMERE m Total flying distance of a species in the height M in A
Mv RIFAIZH T EEERMOZMLKE m’ Total volume of flying space(A*M)

n REAHK Number of turbines in A

Pi AR EEEMax u|Zxt9 % E R [EER i L3 Ratio of Max u to ui

P’ RAAEICL S TR EMARBOEEMEESS Q/Q

Pv S/ Mv S/ My

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

Q’ BEAANLDAEATIEOABOEEMHEE m Partial area of @ in Fig 9

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

g hybAVEE Cutin wind velocity

Gout Hyb 7o REE Cutout wind velocity

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

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

S BEn B O EFERIKKE m® nx(4/3) 1

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

s, BR/ I2HB1THTL—F1EERICET B #(sec) s at wind velocity /

S min FAREEHMax v [2H15H1 EERFT B #(sec) s at Max v

T BRAREEHICHTEIL—FEEGEEMEDFHE Mean probability of roter disk collision at Max v

T BEEME=T-R Modified collision probability

t ENJU—FmEiRiBrERE # (sec) Sec/a bird passing through a roter disk

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

T; JAESEE EE TR L AR A 2 7/ considering the fregency ratio of each wind velocity
In SHIZB 21O RRIEE m Total flying distance of a species in S

Ty SHIZHITHHEmEMEIARE P2l Total colliding number of a species in S

7, SHIZB TR EHEIEDEBEKLE B Individual number of a species passing through S

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

To EAAEROEME (RS EEER) Collision probability at & (invasion angle) to roter disk

T o; £ FE Rl R R B D AR R Collision probablity in each wind velocity at respective &
u; AR/ 12k > TEELI=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 FEEHICEEETHIL—FEAANKEIZEATIEOAE 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

— Rl RN EE JL—FE25m, BAEEH24/min DIZE.

a b c d
5D | K6IZkSTL—REHOmD AR B6TTL—FIEHA03mDiERLE FZE EELL i aheR
12&3 ) @ ©) ® ® @
EAAE [EMET|EBIEM mEBH EMET|03/sinb BEEBIEMMEB  jEmERT WEE Q MIELE % THEmE
0 2.14/tan@ (D/106 (@%3/25 [OL6) @/10.6  B*3/25 m2 P ®*D
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 1 430 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| 08151 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|  0.7076 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 1.17 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 1.17 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=(B/Fx4+0 DT x2+90° DTH x2)/360
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f#&3 L —L(Rayleighh Dz ALV-EIFIREFERDHE R FHEEm=mDIZEFTT ,

L—LafE L—L5%f L—L8 Av) BREE&GEY o (EEIEEH AV " =
JBLUR v m/sec E11E E2I18 E1IExE2IE ui = 24m®D [EEL D)

0 0 1 0 0 0 0

1 0.0436 09784 0.0427 0 0 0

2 0.0873 09164 0.0800 0 0 0

3 0.1309 0.8217 0.1076 6.0000 0.2500 0.0269 Cutin &AE
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 8.5714 0.3571 0.0426

7 0.3054 0.3433 0.1049 9.4286 0.3929 0.0412

8 0.3491 0.2475 0.0864 10.2857 0.4286 0.0370

9 0.3927 0.1708 0.0671 11.1429 0.4643 0.0311

10 0.4363 0.1129 0.0492 12.0000 0.5000 0.0246

11 0.4800 0.0714 0.0343 12.8571 0.5357 0.0184

12 0.5236 0.0432 0.0226 13.7143 05714 0.0129

13 0.5672 0.0250 0.0142 145714 0.6071 0.0086

14 0.6109 0.0139 0.0085 15.4286 0.6429 0.0055

15 0.6545 0.0074 0.0048 16.2857 0.6786 0.0033

16 0.6981 0.0038 0.0026 17.1429 0.7143 0.0019

17 0.7418 0.0018 0.0014 18.0000 0.7500 0.0010

18 0.7854 0.0009 0.0007 18.8571 0.7857 0.0005

19 0.8290 0.0004 0.0003 19.7143 0.8214 0.0003
20 0.8727 0.0002 0.0001 205714 0.8571 0.0001
21 09163 0.0001 0.0001 21.4286 0.8929 0.0001
22 0.9599 0.0000 0.0000 22.2857 0.9286 0.0000
23 1.0036 0.0000 0.0000 23.1429 0.9643 0.0000
24 1.0472 0.0000 0.0000 24 1 0.0000

[&3f  os33190 |6 ERMER
25 1.0908 0.0000 0.0000 0 0 0 Cutout EE
26 1.1345 0.0000 0.0000 0 0 0
27 1.1781 0.0000 0.0000 0 0 0
28 1.2217 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
E1: LR (TATLDHTHRIRES (=2 DIFE)
RERE R RIS AN=Ux/2)v/vm® ] % expl=C1/8) % (v/vm)]

VIZEGE. vm (X T4 EE
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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 Tx 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=Tu./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





