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Figure 1-1. Required reduction of greenhouse gas (GHG) emission in order to achieve

450 scenario [Translated 1-4]
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Figure 1-2 COz reduction by each technology — comparison of 3 scenarios [1-3]
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Figure 1-3 Required share of renewable energy electricity for each scenario [1-3]
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Figure 1-4 Cost of renewable energy [1-8]
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Figure 1-5 450 scenario target of renewable energy for year 2020 [1-18]
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Figure 1-6 Cumulated installed wind capacity

(number in bracket is global rank as of year 2014) (prepared from [1-9-17])
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Figure 1-7 Cumulated installed small wind capacity (less than 100kW) [1-19)

(number 1 to 4 in x-axis is the year of available statistics)
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Figure 1-8 Type of small wind turbines [Translated 1-24]
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Figure 1-9 Type of commercial small wind turbines from 327 manufacturers as of 2011
(HAWT : Horizontal Axis Wind Turbine, VAWT : Vertical Axis Wind Turbine) [1-19]
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Figure 1-10 Installed small wind turbines in Japan by FY2010 [Translated 1-24]
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H R B9 AUTHD (TR B 70 1,

(a) For smart grid system (b) For mountain hut

(c) For park as (d) For household (e) For building (rooftop)
emergency power

Figure 1-11 Application of small wind turbines [1-24]
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[1-26]
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Figure 1-12 Measured wind direction and speed in urban area

(1 second averaged, 234 February, 2008) [1-25]

Figure 1-13 Damaged small wind turbine due to excessive moment in yawing [1-26]
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Figure 1-14 Wind farm in Japan Figure 1-15 Image of Japanese terrain
as of Aug. 2014 [1-29] (vertically emphasised) [1-30]
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Figure 1-16 Wind atlas of Japan [1-31]
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Figure 1-17 Wind turbine accident in Japan — cause and terrain complexity
(Statistics of questionnaire survey from wind farm owners. Total 1,516 accidents reported

between year 2004 and 2012. Prepared from [1-33-37))
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Figure 1-18 Average downtime of severe accidents (repair cost over 10 million Yen)
(Number in bracket is number of occurrence)
(Statistics of questionnaire survey from wind farm owners. Total 378 accidents with repair

cost reported between year 2008 and 2012. Prepared from [1-33-37])
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1.2 $EFRDHFZ
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HARDRIIFEERT ¥ v VTR E T2 TN AR L TR Y, £ OHRERE ORI
NRBEINTE/=. Table 1-1 1ZZFDEEFETHS.

2000 A 3 AITHr = RV — S8 ARMESAEIA CRIE SN2 AT v v uid, Bk 6.4GW,
P E40GW ThH o7, TORESLTIIUTOMBER S 5.

JEGEDIEART — & & DB~ > TRHEFFECL>TEY, &HOFES I 21—
¥a VTR DETIE Y

JE\ )56 B A B 18 Rl & L 72 R HOR ARSI S, d 1988 4 GIS 7 —# Z M LT D
BEICJR ) FE B3 2 < BRIE SN TV D%, BREARATE LTHENLRAAL TS
REMEZE 30m /S T 5.0m/s BLE, F7m RSB EREH % 1,0006W & LT
BV, BEOXHRTH DT EE 80m H-> 2,000kW LA E & Tl 5

FE? D OFREEZ B E L T

P ERSOFPHZKE 30m LLFIZREL TEY, S%OFMIBRIZ I D EREN A
DD, RERREANEE I TR0

ZHUCKHET DT, 2008 FICIZAARREERH S (JWPA) &R EEFEE RS
(WPDA) %, HfE I 21— a L bES 60m OEBL~ > 7L, 2,000kW & )% 7
BRIZHAS WA T v VR R LTz, 722060 FOEANBHEZ 50GW & LC, n—FK~vv
B Ll B2l UL ZORT Uy WTIHRR E L THRRITE T, EENOOERED
BREINTHR.
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Table 1-1 History of Japanese wind power potentials (prepared from [1-20~ 22, 42~43])

METI
Basic study for new
energy facilitation

JWPA/WPDA

Suggestion forwind  Wind energy potential

energylong term

JWPA

and roadmap

MoE
Renewable energy
potential study

installation goal (Ver.1.1) (FY2009)
Released on Mar-2000 Feb-2008 Jan-2010 Mar-2010
Onshore potential 6,400MW 25,000MW 65,000MW 300,000MW
Offshore potential 40,000MW 56,000MW 68,000MW 1,610,000MW
Total wind potential 46,400MW 81,000MW 133,000MW 1,900,000MW
Basis of wind atlas Statistics CFD CFD CFD
Wind speed =5.0m/s at 30m >6.0m/s at 60m =6.0m/s at60m >5.5m/s at 80m
Ground altitude No limitation <1,000m <1,000m <1,000m
Ground inclination <10 deg. No limitation No limitation <20 deg.
Distance to road Within 1km meshto  No limitation No limitation < 10km to road over
road over 5.5m width 3m width
Distance to house No limitation No limitation No limitation =500m

Developable land use

Used '88 GIS data
Cultivated land, fruit
firm, other tree
farmland, wasteland,
coast

Used '97 GIS data
Other farmland,
wasteland, coast

Used '98 GIS data
Other farmland,
wasteland, coast,
forest (excluded
reserved forest)

Used '06 GIS data
Other farmland,
wasteland, coast,
forest (excluded
reserved forest)

Onshore developable area

Nature park Excluded national No limitation No limitation Excluded national
class 1,2, 3 and class 1 and special
special protection protection zone
zone

Wilderness area Excluded No limitation No limitation Excluded

Nature conservation Excluded No limitation No limitation Excluded

area

Wildlife protection area [Excluded No limitation No limitation Excluded national

zone

World heritage Excluded No limitation No limitation Excluded

Urban planning area

Excluded urbanisation
zone and urbanization
control zone

Excluded building lot
inland use

Excluded building lot
inland use

Excluded urbanisation
zone

Method of counting area

Summed when 50%
of developable area is
over 0.125km?

Summed when 50%
of 1km? area is

developable land use
(100m mesh)

Summed each
developable land use
(100m mesh)

Summed each
developable land use
(100m mesh)

Conversion to kW

Ave. 6.8MW/km2
(Summed with 1MW
turbine)

10.4MW/km?2
(2-3MW turbine with
10D x 3D layout)

TOMW/km 2
(2-3MW turbine with
10D x 3D layout)

10MW/km2
(2-3MW turbine with
10D x 3D layout)

Development
rate/condition

100%

40%

15%

Scenario 3:
>5.5m/s at 80m

Wind speed

>7.0m/s at60m

>7.0m/s at60m

>7.0m/s at60m

>6.5m/s at 80m

(1.65MW with 10D x
5D layout)

5,000kW turbine

(2-3MW turbine with
10D x 3D layout)

(2-3MW turbine with
10D x 3D layout)

m Offshore distance No limitation =50km (including =30km (Including =30km (Including
o from Island) from Island) from Island)

g Water depth <30m Fixed : = 30m Fixed : = 50m Fixed : £ 50m

% Floating : 30-300m Floating : 50-200m Floating : 50-200m
_8- Limited area Excluded nature park, No limitation No limitation Excluded marine park
Q port, estuary

- [Conversion to kW Ave. 6.8MW/km2 Used 2,000kW / 10MW/km2 10MW/km2

(0]

G

<

£

o

Development
rate/condition

100%

Fixed: 20%
Floating :2%

Fixed: 20%
Floating :5%

Scenario 3:
>6.5m/s at 80m
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2.2 RAREORGE

Z0 22/, BEEA (2010) 2381 R 72 BURBIBRF R OFESM L, FER R O

BN
2.2.1 HESRM

HEIX Figure 2-1 IRTH Y, BHSHENZ & 1i7bny-. &ERICKHET 2 HELZHE
L, TNEBESEEBHRENHBE L, BEENEIND. BORT Uy VREERFICIE, 0
IR LTS ER T 72 D,

i /\ KANSAI e
- heyugyy SHIKOKY: OKINAWA

Figure 2-1 Business district of Japanese electric power companies (Translated from [2-4])

(1] mEH~ 7

FHASIZ BT D REEOFEEIIE, LT 7 2 V) a—3 a3 o X BIFR Lz |~
v 7, WinPAS (Wind Power Assessment System) 23M#if 4172, WinPAS 1%, &
74, FHFRIH T — & TN 2000 4F 1~12 A O 1 FEfERET — % 2 AN L LT,
1km A v = Z &2 2000 FOFEHRGEE FE LA~ v 7 CTh b (Figure 2-2)
5l P LomuElE, BEFEERERT km S TRESA TN,

WindPAS # HWCHE E& & Te HARREZ BRI, FFEEED 5.5m/s LLE,
6.5m/s LI E, 7.5m/s DL L, 85m/s BLEDOXZIZT, &EGELL EE e D mfEEHE L
TW5. RPBFEEEHRHEAZ I T 2 EE, BEOFRK THDH 2,000~3,000kW HDF

PHINTmHSTHD 80m & L5,
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Figure 2-2 Screenshot of WinPAS [2-3]

(2] FEmEREA SRS B )~ D

BUE LT A BRI RHIS T 2 RS & JB ) FE BB T~ S BT S 70 OfflE, A
ARDFEERS (Ver 1.1, 2010) 24 L[E L, 1km2¥%7- 0 10MW 2. ZOfE
ORI, JR )R EMO B T, SR EROREERBE TH S (Figure 2-3) . HilE
HE, ITHEO EEETH D 2,000~3,000kW & LT 5. MBI B I O B IR,
MSATBUE AT = XL — -« PEREFINR G B%HME (LI NEDO) OEJFEEEAL
A R7 v 7 (2008) 6 THEREI D, @R[~ 10D , ZOEA K\~ 3D & LT
W5 (Didn—4EER).

140 14
T
120 —- Py 12

. -~ e .
- 3 S
T 100 — 2 = 10 s
= 3 & 4 NE
9] = D/ ~

- 80 *9 * 8
(] ® " 6
£ > SR I g
o 60 A4 6 @
*g ’ . ¢ D: Rotor Diameter [m] g
' 40 ’4 i 4 8
- @ 10D*3D arrangement: Rated S

20 Power per km2 12

: I I

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
Turbine Rated Power [kW]
Figure 2-3 Wind turbine power per km? area when arranged in 10D x 3D

(D = rotor diameter) (Translated from [2-4])
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2.2.2 [ kR AIRITE

fli e OFFIER (HHUHE, FAEG, E570E) 2EZEET, 80m & & TEE DEGHLL
ERDEEO AN BRD BT, B EES) OIRAF &% Figure 2-4 (2777 W Lo EE#ELL | C
1, 2008 FERS CEISINITA T 2 2R ERIMAE (202,17TMW) 271 2@ 2 T\ 5.

o SEHYEGHE 5.5m/s UL E = 1,391,500 MW (2008 ‘EEERIRERMA =D 6.88 %)
o SEHJJEGE 6.5m/s LA = 719,120 MW (2008 FEE I EHRIHAED 3.56 (%)
[SEg=AN

o SEHJJEGE 7.5m/s LA = 310,460 MW (2008 FEE I EHRIHAED 1.54 %)

45,000 450,000
40,000 ] 400,000
35,000 —annual meanV:5.5-6.5m/s — 350,000 %
€ _ == :6.5-7. =
£ 30000 annualmeanV :6.5-7.5m/s — 300000 S
® EEm annual meanV:>7.5m/s 2
% 25,000 —&—Power plant capacity (2008) [MW] ] 250,000 %
i) ©
< 20,000 200,000 %
2 -
© 15,000 150,000 &
10,000 M — 100,000
5,000 50,000
0 - 0
3 2 ¢ 2 8 % 2 2 2 ¢
9 ¥ g 2 2 9 ¢ & 2
N O = X ®) 2 T <& <
o = @) I %) o)
T T O

Figure 2-4 Onshore wind energy resources at 80m height (prepared from [2:3])

2.2.3 V£ ERRAMRITE

HART R X —R0F OMEIRIZ KT U CHEAMMAIZ2HER 235, 200 ¥ 5L oD HEMLAIRE B KA
ATOREZREE LR~ v FIIEE LR, 2072, WinPAS E Ty 32—y g 0%
it s Dt (B A BE ARt km) @ﬁ%?ﬁ% & L7z, 80m i & O EEJ) Oiff7 &4 Figure 2-5

ZRT. EAED O RR A AR B~ ORI, B2 EE) &[] U 2,000~3,000kW S D% & & (i]E L,
10MW/km?2 & LCTW5. L L ERIJFEERITS % 5,0006W HELL B &, g EL b REwn
BN ERIC D EBbh, SRIEESNTZMITFELORT Uy VLD REL 2D 2 &R
FFCE 5.
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o “EHJJEGH 6.5m/s LA L = 7,716,680MW (2008 4 I EH A ED 38.17 %)
o “EHJJEGH 7.5m/s LA L = 5,715, 710MW (2008 4% IR EBEHIHA ED 28.27 %)
o FHJEK 8.5m/s L E = 1,675,970MW (2008 4EfF 2R EXMAED 8.29 %)
200,000 2,000,000
E—=annualmeanV :6.5-7.5m/s
150,000 —] =annualmeanV:7.5-8.5m/s 1,500,000 g
(\"_é B annual meanV:>8.5m/s E
g —&—Power plant capacity (2008) [MW] §
pust ©
< 100,000 1,000,000 ¢
5 ki
3 o
= (0]
50,000 500,000
0 - 0
S 2 ¢ 2 3 3 2 g 2 %
P4 o 4 4 2 Z o o (] <
¥ I o S5 I T O x 2 Z
¢ O Fo O ¥ > I T
o = o T %) o
T T (@]

Figure 2-5 Offshore wind energy resources at 80m height (prepared from [2-3])

2.8 BAIAREORT ¥V

T 2.3 TIE, BEEA (2010) 28 X ART v VOBEESMEL, BT RO A
R

2.3.1 HEESRM

%é?ﬁ%bkiam,ﬁ%yyy»&m,:*wﬁ—wﬁﬁ-ﬂ (2B Al & Ol
KEEE LR VF—EFRETH - T, HEDHEEMIICL D —HAICE T 28 AARERT
HD. T TRT UV Y VOEEICE LT ,%%fﬁwtﬁmn%é,mmxyv;mﬁm
S BFEmEICR LT, fERRFIC L DM X 0 BT R B2 3R B AT &9 5 k% i
LT, FHFEME 100m A v 2= (0.01km?2) HALCHIE Lz, HIRISIIES 2%
AR EF LA FRAN L T 7o, BEET DHKSMIC X 2 IR TR ST D
BRI IR - TR E FTRE AR (2% LT, 2.2.1 T C/r L7z 10MW /1km?2 % #HJ &b, EJ)%
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B TNCER L0 00N, RT3 vt/ %. Table 2-1, 2-2 el &P EDOR
TR VREFRMEE TR

Table 2-1 Onshore criteria for Japanese wind power potentials (Translated from [23])

Criteria Developable area Non—developable area
(in order of area selection)
1. Wind speed = 5.5m/s at 80m < 5.5m/s at 80m
2. Ground altitude < 1,000m = 1,000m
3. Ground inclination < 20 deg. = 20 deg.
4. Distance to road over 3m width < 10km = 10km
5. Regulated area Nature park (Class 2, 3 special Nature park (special protection
zone, ordinary zone) zone, class 1 special zone)
Wilderness area
Nature conservation area
Wildlife protection area
World heritage
6. Distance to house = 500m < 500m
7. Urban planning area Except for urbanization zone Urbanization zone
8. Land use Other farmland, wasteland, coast, Farmland, building lot, highway,
forest (excluded reserved one) other land, river and lake, sea area,
golf course

Table 2-2 Offshore criteria for Japanese wind power potentials (Translated from [2:3)

Criteria Developable area Non—developable area
(in order of area selection)
1. Wind speed = 6.5m/s at 80m < 6.5m/s at 80m
2. Regulated area Nature park (ordinary zone) Nature park (marine park zone)
3. Offshore distance < 30km = 30km
4. Water depth Fixed : = 50m / Floating : 50-200m = 200m

2.3.2 [EERIRT v vL

Figure 2-4 (27~ L7z FEU) OIRAFEIZ%F L, Table 2-1 OfilfIGMFZ A+ L7z 80m & & DR
7 % /L% Figure 2-6 |27~

o FHJEGE 5.5m/s LAE = 297,330MW (2008 4EFE AR A B D 1.47 %)

(KBNS OBIEEELZEAN LR E LI25E = 92,650MW)
o FHJEGE 6.5m/s LI =168,900MW (2008 42 FEFEH KA ED 0.84 %)

(KBNS OBIEEELZEAN LR E LI2HE = 64,770MW)
o FHEGE 7.56m/s L= 70,410MW (2008 £ F B A ED 0.35 %)

(KBNS OBRIEEELZEAN LR E LI25E =41,710MW)
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15,000 —— 150,000
—annualmeanV :5.5-6.5m/s
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Figure 2-6 Onshore wind energy potential at 80m height (prepared from [2:3])

2.3.3 HERIRT vy

(11 FRAGE LR AT v

Figure 2-5 |Z/R L 7= BRI OIEAFE IR L, Table 2-2 Ol M:2fF L7z, HKA
PE R (B EEBE 3S0km AT, 7K 50m Aii) @ 80m & & DR T > v v /L % Figure
2-7 IR,

o FHJEGE 6.5m/s L L =309,680MW (2008 2R B HARED 1.53 %)
(KBNS OBRIEEELZEAN LR E LS54 =106,350MW)

o PHEE 7.56m/s LI E = 93,830MW (2008 4E42 38 HE A% 28 E D 0.46 %)
(BEBHSHOBRMREEZEALRE LIZHA = 35,100MW)

o PHEIE 8.56m/s LI E = 5,080MW (2008 42 FEFEHIHAED 0.03 %)
(BEBHEMOBRMREZEALRE LIZHA = 5,080MW)
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15,000 150,000
E—=annualmeanV :6.5-7.5m/s
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B annual mean V:>8.5m/s
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5,000

Calculated Area [km?]

1 50,000

Power Plant Capacity [MW]
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Figure 2-7 Fixed-bottom offshore wind energy potential at 80m height
(Offshore distance < 30 km, Water depth < 50 m) (prepared from [2:3])

2] AR LR AT v

Figure 2-5 (2R L7 BRI ORFEEIZK L, Table 2-2 O#lFISE 24 Lz, AKX
PE IR (B RREE 30km AT, /K% 50m LA E 200m Riii) @ 80m H S DRT ¥
)L % Figure 2-8 |Z/~:7.

o FHEE 6.56m/s LI E =1,266,900MW (2008 445 EHHEARED 6.27 fi%)

(KBNS OBIEEELZEAN LR E L-5E = 167,050MW)
o VHJEGE 7.5m/s LLE = 519,490MW (2008 42 FE B IH A ED 2.57 %)

(KBNS OBRIEEELZEAN LR E L-5E = 102,440MW)
o VHJEGE 8.5m/s UL L = 56,060MW (2008 4438 E % A B D 0.28 i)

(BB OBRMREEZEALRE LIZHA = 24,990MW)
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Figure 2-8 Floating offshore wind energy potential type at 80 m height
(Offshore distance < 30 km, Water depth 50 - 200 m) (prepared from [2-3])

2.4 WEEEL EORSIBERT T ¥V

2.4.1 AJERJEGE O EEE

REEE (2010) @81 TiX, fERiX 5.56m/s BLE,

Power Plant Capacity [MW]

6.5m/s LAk, 7.5m/s UL E, =L CHERIZ

(wm&uiqT&mwkhE%mmHL®ﬂﬁfﬁf%kﬁ?Vykw%%ﬁbfwé AT

JETIE, A — N~y FOERKIZE Y
N5,

1]

AR JRGE & QA =

FEHIZIB T 2B A MEHDIZD, IO REIC

NEDO (2008) (26l #5E1Z, =

IERAERIEEE R = HAFFEEE
= HRFERIFEEE

%
B X 0.95
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, —ODOEGETREINDIET v v LT
AHETIIREBEI A POBLEND, BIIREOFEEZFENE

T2 W

b\ﬂﬁéﬁk@%LmTé.

BULEEENELZEDD.
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- -
FIAEMIREE HE 0 BEANEWVEE O 100%H I EE
(ARBFFECTIE, 2,000kW #kDOREHR 72 RT—H—T L, FIF

BIEGED L — L oA bR 72)

FIH AR D BRSSO E W AR O IE 2 BR\N -, B ) 3 FE A 03 SE S AT AR
RHBIZ & 2 [ O REf] 3

H i E AR %R DR AN D I — I OBIEENC, L— LoD D7
\Z LD EEEIHE

FROBE AL, AARRESFEERS (Ver 1.1, 2010) 24 733K D 72 42 B U D
BARBR A =R & IEBRBRFI I 5 & Table 2-3 (2774,

Table 2-3 Capacity factor as function of annual mean wind speed (Prepared from [2-4])

(2]

Annual mean Ideal capacity Net capacity factor
wind speed factor
5.5m/s 18.5% 18.5 x0.95 x 0.9 = 16%
6.5m/s 27.9% 275 x0.95 x 0.9 = 24%
7.5m/s 36.3% 36.3 x0.95 x 0.9 = 31%
8.5m/s 44.3% 443 x 0.95 x 0.9 = 38%

R & FEE = A B

FEAAMORBIZHTY, FTERELMIEEL OEF] 4% THEY A, FEH
M 20 £ CIRE T D LUE LTz, S boT=, E4, RRN, ik, iEge Lk
FiA T, FEER OB 2 A MIEE EO 2 5 EE Lz, FMORST - (EiEE
i, B EEJ)IE 5,000 FI/RW, ¥ EEU)IE 10,000 FI/KW & L7z,

R & Table 2-3 128 L7C IEBRRIGFIH RN HRD T, FH R fEORE = A &
Figure 2-9 (Z7" 3 (RBFEI A M EIIRERMEERLTEBY, BIEEOFEMEZ
R 9 2 s Ak TITEEY).

Figure 2-9 £ 0, AKWF7EEN K D 2010 K5 510 78 EATI#E 2 (1 10 FI/kWh & 3770E
2 ERJ71E 6.5m/s LT TIIMiBIEEE L CIXFENR Y L7205, £ 2 THAr— %
~ T OHL T HAMRARER RSB ERT v v, EERTIE 6.5m/s LLEE L,
TE B M A A IEREIZE £ > TORWEEER AL 7.5m/s LA EE L.
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Construction Cost
= &= \600,000/kW : Offshore
5 [ =@ \500,000/kW : Offshore
- @ -\400,000/kW : Offshore
e \300,000/kW : Onshore
== \250,000/kW : Onshore
+\200,000/kW : Onghore

5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0
Annual Mean Wind Speed with Rayleigh Distribution [m/s]

Electricity Generation Cost [¥/kWh]

0

Figure 2-9 Electricity cost as function of annual mean wind speed at 80 m height and
initial construction cost
(Annual cost estimated with; no subsidies; interest rate 4%; operational period 20 years;
O&M cost ¥5,000/kW/year for onshore, ¥10,000/kW/year for offshore)

2.4.2 AERJEGE (JEGE 6.5m/s) L EoE ERART v v L

ATEOFERZ51F T, 80m /) & O EGED 6.5m/s UL EOHEfEZ x4 & LT, Table 2-1
DOHFFIFMHC L VB FENSEZ LWL, Ko7l LR )R T > v /L% Table 2-4 &
Figure 2-10 {27779

RORT Ty VERD S HHRISEME, B S O (500m A IXERE R AT) T
HY, FeWTRAMBERA (20 FELLRITREART), £ LU THES (1,000m L ETEREART) &
o TND. BRBEHIKIFMIIRTO 1 EFND 8 FANNEFIZEHBE LRI L TV 72w, HET D
HIFISAME S O HFEIXRTE TN STV D,

o SEHJEUE 6.5m/s DL EORER = 719,120 MW (2008 4 £ 25 BRI A =D 3.56 %)
o SEHJEUE 6.5m/s LLEDORT v =168,900MW (2008 I BRI A ED 0.84 1)
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Table 2-4 Onshore wind energy resource (=6.5 m/s at 80m height) and subtracted area by

each constraints shown in Table 2-1

(Note: area subtracted in the order of no. 1 to 8 to avoid subtracting overlapping area)

Electric Wind 1. 2. 3. 4. 5. 6. 7. 8. Wind
utility resource | Elevation Max. Distance Law and Distance Urban Land use  Forrest energy
=6.5m/s km?] inclination from road regulation from planning km?] reserve | potential
[km’] [km®] [km’] [km’] house [km?] [km’] [km’]
HOKKAIDC 21,014 -1,714 -3,637 -21 =511 -3,319 -21 -237 -3,631 7,923
TOHOKU 17,388 -2,397 -4,027 0 -310 -3,421 -33 -366 -2,341 4,494
TOKYO 3,011 -931 -262 -3 -34 -1,334 -1 -12 -184 252
HOKURIKU 1,856 -667 -529 -2 -3 -241 0 -4 -190 220
CHUBU 5,657 -2,330 -1,131 -3 -17 -1,365 -9 -16 -283 503
KANSAI 5,081 -403 -2,265 -9 -24 -857 0 -21 -723 780
CHUGOKU 4,771 -226 -1,348 -6 -19 -1,588 0 -10 -1,027 549
SHIKOKU 3,104 -786 -1,321 -4 -6 -533 -0 -3 -153 299
KYUSYU 7,994 -691 -1,905 -29 -55 -3,234 0 =72 -656 1,351
OKINAWA 2,035 -0 -92 -18 -63 -1,235 -0 -57 -49 520
TOTAL 71912 | -10,145 -16,517 -94 -1,042 -17,126 -64 =798 -9,236 16,890
25,000 250,000
mEm 1. Elevation [km2]
=2 2. Max. inclination [km2]
BEE @l 3. Distance from road [km2]
] B
20,000 _&J | s 4. Law and regulation [km2] 200,000
.5 5. Distance from house [km2] g
=E .

& i @Em6. Urban planning [km2] =

X, 15,000 . &= ===37. Land use [km2] 4 150,000 G

L ] (]

g - === 8. Reserve forrest [km2] S

< ! . . .

- o E=m Remained Wind energy potential [km2] 8

Q c

© —e—Power plant capacity (2008) [MW] =

3 10,000 100,000 +

8 g

(@] e}

o

5,000 50,000
0 0

HOKKAIDO

TOHOKU

TOKYO
HOKURIKU

KANSAI
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SHIKOKU

KYUSYU
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Figure 2-10 Onshore wind energy resource (=6.5 m/s at 80m height) and subtracted area

by each constraints shown in Table 2-1

(Note: area subtracted in order of no. 1 to 8 to avoid subtracting overlapping area)
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Table 2-4 P HIRERIC L DR T 2 v VD Z R H L72 6 DA Table 2-5 Th 5. Bifri#
RAIBR NS HNF R, S, BAEEN, KOLEAEREICRRAH H0kE, FEENTY, *
EHRNEBRBEATE LIZZ ETELDRT Uy VN LTWD. I, BREHRN~DORE
MWD HNDEENMENIHEL TRY, £V BOFHI - PRI LENS.

Table 2-5 Excluded potential due to forest reserve

Electric utility Wind energy potential Excluded potential due Ratio
[MW] to forest reserve [MW]

HOKKAIDO 79,231 -36,305 -46%
TOHOKU 44,938 -23,414 -52%
TOKYO 2,517 -1,837 -73%
HOKURIKU 2,200 -1,898 -86%
CHuUBU 5,032 -2,831 -56%
KANSAI 7,800 -7,227 -93%
CHUGOKU 5,488 -10,266 -187%
SHIKOKU 2,988 -1,534 -51%
KYUSYU 13,511 -6,557 -49%
OKINAWA 5,201 -491 -9%

TOTAL 168,905 -92,360 -55%

be ERADORT v v VEE T, BEERMAZES E/AVE 28, 5§ 3 FA O @K A
SRR 2 G FTREHII & LT 2% (Table 2-1). Z4U D OEAE XD 72023, 80m ) & THF)
JEH 6.5m/s LA EOHIIZ IV T, BUEESRHIRAENRR, i, BEEENTRT vy b
IZhE D5 ARAROHHEN 10% %2 TH Y, BRARER~ORETFATO LY —kEo Rk - %
AL - BRIL23 L END (Table 2-6) .

Table 2-6 Wind energy potential (=6.5m/s at 80m height) in non-subtracted natural parks

(Class 2 and 3 special zones, and ordinary zones)

Electric utility Wind energy potential Potential at class 2, 3, Ratio
[MW] ordinary national park
[MW]

HOKKAIDO 79,231 1,163 1%
TOHOKU 44,938 1,671 4%
TOKYO 2,517 854 34%
HOKURIKU 2,200 93 4%
CHUBU 5,032 1,246 25%
KANSAI 7,800 986 13%
CHUGOKU 5,488 455 8%
SHIKOKU 2,988 53 2%
KYUSYU 13,511 1,219 9%
OKINAWA 5,201 135 3%

TOTAL 168,905 7,874 5%
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2.4.3 A[EREUE (EUE 7.5m/s) LA EOPEERART v v v

80m 7 & DAEFLEIEGH A 7.56m/s LA EOHEFEZ x4 & LT, Table 2-2 Ol KI5 L 0 Ilf7F
BrbELIWEEL, ot LA SIRT 2 ¥ L% Table 2-7 & Figure 2-11 (2”83, &
7o Bl R RE & KR DOBAMR S Figure 2-12 12777

RO RT Uy VR SELHRISMT, BEEERE (30km Rz REART) THY, #i
WTKEE (200m BL EZRREART]) L7220 TnD. 2EHINGEHHEIRT O 1 FED 3 BFA~IEE

WZHEEZERIN L T 7o, BET DHFRE 2 OEBIERTE TR S TV D

o SEHJEGE 7.5m/s LA FOBRFERE = 5,715,710MW (2008 FEE I ERMAERED 28.27 (%)
o A 7.5m/s UL EDOFRT v =613,320MW (2008 4R BRI AED 3.03 %)

Table 2-7 Offshore wind energy resource (=7.5 m/s at 80m height) and subtracted area by
each constraints shown in Table 2-2

(Note: area subtracted in order of no. 1 to 3 to avoid subtracting overlapping area)

Electric Wind 1. 2. 3. Wind energy Wind energy
utility resource Law and Offshore Water depth| potential potential
=7.5m/s | regulation  distance km?] (fixed) (floating)
km?] km?] km?] [km?] [km?]

HOKKAIDO 175,558 -0 -130,791 -20,015 18,836 5916
TOHOKU 123,519 -1 -101,973 -12,933 7,825 786
TOKYO 49,124 -1 -30,278 -14,815 3,470 560
HOKURIKU 131 0 -131 0 0 0
CHUBU 30,296 -0 -25373 -2,857 1,443 623
KANSAI 23,178 0 -21,584 -1,522 71 1
CHUGOKU 13,850 -0 -13,083 -389 373 5
SHIKOKU 6,363 -0 -5,005 -994 361 4
KYUSYU 129,642 -17 -71,714 -40,521 16,700 690
OKINAWA 19,909 -4 -3,523 12,712 2,869 800
TOTAL 571,571 -24 -403,456 -106,759 51,949 9,383
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Figure 2-11 Offshore wind energy resource (=7.5 m/s at 80m height) and subtracted area
by each constraints shown in Table 2-2

(Note: area subtracted in order of no. 1 to 3 to avoid subtracting overlapping area)

\ Calculated Area
[km?]
\ - 40,000
Total
\ - 30,000
20-30 km
Offshore - 20,000
Distance [km] 10-20 km
10,000
0
0-20m 20-30m 30-50m 50- 100-
100m 200m
(fixed-bottom) (floating)

Water Depth [m]

Figure 2-12 Offshore wind energy potential area (=7.5 m/s at 80 m height)

as function of offshore distance and water depth
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2.4.4 LR EFELERIIOEGRFT v IL

[l wha

SHEOFEEBREA BN K DRI ENGE

FEL

2421EL 243HTRLTZ, 80m &S CE L 6.56m/s LA E, ¥ E 7.5m/s UL EOE %
%Gl L2 BEHART v v L% Table 2-8 X O Figure 2-13 (2739, 7235 /K{%E 50m ATl
ZERRLE LB S, KE B50m~200m % i#ARXPE RS & 5.

o EJIRT ¥V

(BHEHORERMAE R L DHRINENGS
= 782,220MW (2008 4%
= 168,900MW ([ I)

+ 93,830MW (5K )
+ 519,490MW G#IARTE L)

U
FELAX

R ED 3.78 {%)

Table 2-8 Onshore and offshore total wind energy potential

(not limited by total electric utility capacity)

Electric Total capacity Onshore = 6.5m/s / Offshore = 7.5m/s  Wind energy Wind energy Ratio
Utility [Mw] Onshore Offshore Offshore potential potential against
[km?] (fixed) (floating) km?] (MW] total
[kmz] [kaJ capacity
HOKKAIDO 6,505 7,923 5916 18,836 32,675 326,748 5023%
TOHOKU 16,800 4,494 786 7,825 13,105 131,051 780%
TOKYO 63,981 252 560 3,470 4,281 42812 67%
HOKURIKU 7,962 220 0 0 220 2,200 28%
CHUBU 32,626 503 623 1,443 2,569 25,687 79%
KANSAI 33,865 780 1 71 852 8,519 25%
CHUGOKU 11,826 549 5 373 927 9,272 78%
SHIKOKU 6,665 299 4 361 663 6,635 100%
KYUSYU 20,023 1,351 690 16,700 18,741 187,409 936%
OKINAWA 1,925 520 800 2,869 4,189 41,891 2177%
TOTAL 202,177 16,890 9,383 51,949 78,222 782,220 387%
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30,000 | |— E=Offshore (floating) = 7.5 m/s 519 GW  — 300,000
Emm Offshore (fixed) = 7.5 m/s 94 GW —
z\g 25,000 — |— E==Onshore 2 6.5 m/s 169 GW —— 250,000 %
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Figure 2-13 Onshore and offshore total wind energy potential
(not limited by total electric utility capacity)

2] @ES=toRERFEEREL LIRE LI5S

242 E 243 TR LT, 80m & X The L 6.5m/s LI E, ¥k 7.5m/s PLEDHEK A
RFEE LIEREFRT oy Mkt L, BB NSO ERMAELZEA LR ET S
2 L72ART > v v L% Table 2-9 &K Figure 2-14 (2787, 7235 7K%E 50m Al &
HEAPE RS, K% 50m~200m % HARLE FES & 5.

o MNRT UV (RENSHOBERHARZEANLRE LIZGE
202,300MW (2008 258 FEak i 7 & D 1.00 %)
= 64,760MW (F I-)

+ 35,100MW &R L)

+102,440MW (AR F)
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Table 2-9 Onshore and offshore total wind energy potential
(limited by total electric utility capacity)

Electric Total capacity Onshore = 6.5m/s / Offshore = 7.5m/s  Wind energy  Wind energy Ratio
Utility [Mw] Onshore Offshore Offshore potential potential against
[km?] (fixed) (floating) km?] (MW] total
[kmz] [kaJ capacity
HOKKAIDO 6,505 650 650 650 1,951 19,514 300%
TOHOKU 16,800 1,680 786 1,680 4,146 41,458 247%
TOKYO 63,981 252 560 3,470 4,281 42,812 67%
HOKURIKU 7,962 220 0 0 220 2,200 28%
CHUBU 32,626 503 623 1,443 2,569 25,687 79%
KANSAI 33,865 780 1 71 852 8,519 25%
CHUGOKU 11,826 549 5 373 927 9,272 78%
SHIKOKU 6,665 299 4 361 663 6,635 100%
KYUSYU 20,023 1,351 690 2,002 4,043 40,433 202%
OKINAWA 1,925 192 192 192 577 5,774 300%
TOTAL 202177 6,476 3,510 10,244 20,230 202,300 100%
10,000 100,000
Total
3 Offshore (floating) = 7.5 m/s 102 GW
B Offshore (fixed) = 7.5 m/s 35 GW
E==Onshore = 6.5 m/s 65 GW
—e—Power plant capacity (2008) [MW] 202 GW 3
& =
g 2
<< 5,000 50,000 8
3 =
o B ©
3 ¢
8 2
)
o
0 — 0
g 2 ¢ 2 3 & 2 2 2 £
S 0 ¥ z =2 ¢ o ¢ @ %
< I O ) I § o X 2 Z
2 e} = < & 2 T z <
o = o I n o
T T O

Figure 2-14 Onshore and offshore total wind energy potential

(limited by total electric utility capactiy)
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2.5 2050 FHEABEEDOREE

2.5.1 HAAREEKRD 2050 438 A H A= &

2.4.4 HCTEBISMHOBRMAELZEALRE LIEREORT U X V&R LD, Tt
WENHD OO, ENEREBEBRIEAEEICE LWL LEORT Uy ARRNCHDZ L2 E
L CTW5.

JR 710 2050 FEA HAFEOREIZIX, HEEHE (kWh) ZHEMEL LT, HARRIFER
2 (Ver 1.1, 2010) 24 o BEEAZMEN T 2. 77205 ;

[2050 FEEEE Tiz, BAIREBICLD2ENEMKLEREZ, BROLEEEHNED
10%LL EE T3]

£#% & LT, Table 2-10 \C#EHOMAFEEIC & 5B/ BUGEIL 2R #MfE & < THAD
RTINS, FEEERBN L EEZ D, 10%}:1/\9@ TBEN LR FTHDHLERD.

Table 2-10 Ratio of electricity supply by wind energy (prepared from [2-4 8, 91)

2008 2014

Denmark 19.3% 39.0% (4,883MW)

Spain 11.7% 15.7% (21,674MW) (2011)
German 6.5% 9.0% (39,165MW)

EU 4.2% 10.2%  (134,007MW)

USA 1.9% 52% (65,879MW)

Japan 0.3% 0.5% (2,789MW)

2008 FEEDOFFEE /) HIT 888,935GWh TH V) 12101, iy & FL THRERI Z2BAHHI R 2 20%

L3 5L, 2008 FEFEHEIED 10% 55T 2 BB B8 ERMARIE, T ER
5.

888,935GWh X 10% X 1000 =+ (20%x365 Hx24 Kf#) = 50,738MW
= 50,000MW (=50GW)

ERIZIILL T OER e Bl XY, 2050 FERF S ORI EIC L 5 E &S ERITE T
5. LT T RAERE A FTAERPFTHHELHV, 2050 FLEI2IX 10% L EE2#ERT D 2
CINA[RELEE 2 B,

<EWHROSRL 7T AHE>
o EETREEAS R HUE 2 BRI, BRAHEET S GHERIRAE < 2 5)
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o PEERINZ, R BRI UL B A B~ O B R A HEE T D GRIGFITA RN EmL D)
o ANAERE =R X —HEE, BERO = XL X 2RI LY, HAD 2050 FEDFE
EE N EIY, 2008 FEFEE L VK FI 2 algetEr g 2l

<EHROGRL <A T AEE >
- BARKGERED HUE L 7%, BAREIO HABIROM A LR SHIER 212k,
SR 2RI R AME T %

o BORMEMmENOKEL D, HEEME GKFEED, HBEMRL) ICXOENR
KBFEET D

« RIEEEXEIC X DXERENELET D

2.5.2 KEHENGH, FHABID 2050 FEA B R

ARIETIE, BAHEICLDBIMKGE 10%LL BICHERREA R 50,000MW %z, #7EHE
WA O F, P BB BT 5.

[1] #&E AR 2050 438 A B EE &~ HD

Table 2-9 & Figure 2-14 [Z 2B IS ORMAELZEA LR E LI2GAORT v ¥
NV LT, ZoRG, duiEE, Bk, L, PEs, PE, E, S, ki

FEERMAEICH U TR BRI OREN 50% %8l L TR, FEKLER R LI
MRENE T D ATREME & 5.

BARMEAE D DIE, HWOREEOEERM I L OSHEHEURMR OB S MH T
IH DN, MR BEEOFHERKIITA N T 53— AHTHD. T TEHE AT v
L LT, Table2-8 T/RLIEEEBIENIART v T LT, LFOBREREZRTE L
TEAEZFFHHE L7z (Table2-11). {HL, HA, Jul, WO ERIKRT v v v
ZIE, BERN D OB IREE 30km RIEORT oy L b EENTEY, At ~0RHHHE
RIEBEN 30km ZH# X A0 bbb D, TDD, T HHIKORERBERITEIZ 1/2 &5
5.

o [ R ORI = 50% (FEEZAEMELEEMR O O, HAARMNG
DB 72 }:‘, Al U 72 A A S
NOEMEEB L, 50%% EIRET5)

o EXRAPEERNOBRRER = 40% GHAE, S, H#EIZ 20%)

o FARPEERNOBRRER = 30% (HA, S, H#EiIZ 15%)
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Table 2-11 Wind power capacity by 2050 to supply 10% electricity demand (step 1)

Electric utility Total capacity Electricity = Wind capcaity Wind power capacity [MW] Total wind Ratio
[MW] demand [kWh] required for (10MW/km?2) capacity against
10% supply Onshore Offshore Offshore (MW] total
MW] (fixed) (floating) capacity
HOKKAIDO 6,505 31,839 1,817 3,252 2,602 1,951 7,805 120.0%
TOHOKU 16,800 81,101 4629 8,400 3,144 5,040 16,583 98.7%
TOKYO 63,981 288,956 16,493 1,258 1,119 5,205 7,582 11.9%
HOKURIKU 7,962 28,154 1,607 1,100 0 0 1,100 13.8%
CHUBU 32,626 129,734 7,405 2,516 2,490 4,329 9,335 28.6%
KANSAI 33,865 145,867 8,326 3,900 2 214 4116 12.2%
CHUGOKU 11,826 61,222 3,494 2,744 21 1,120 3,884 32.8%
SHIKOKU 6,665 28,701 1,638 1,494 14 1,083 2,591 38.9%
KYUSYU 20,023 85,883 4,902 6,755 1,380 3,003 11,139 55.6%
OKINAWA 1,925 71476 427 962 385 289 1,636 85.0%
TOTAL 202,177 888,935 50,738 32,382 11,156 22,235 65,773 32.5%

Table 2-11 DA FHES B EHIHR EIL, 2050 FEAHIE (50,000MW) % i L Tk
0, FodedgE, HAE, Ju, PR, SREREA RIS LRI ERE O R &R
KR L LT 50% &l L T2 O TRIEEZEmR SICHBEEZE LD WReEnd s, £
ITCE ATy 7 LTUTORISEGZEML, ZOR TRIROMEEZIRS Z & T, %

SHENOEANBIEEZ FHE L7z (Table 2-12).

(1) FEARSAM:
o A ERMARE kW) tbE 50%A0 &35
o EIHEEHEME kWh) HA 20%KEE T 5

(1) 2FBHEAENOE N BEEAZ % 50,000MW (275342 7= 8 O 151
o it (1) OHIKIZE=ZTI=HAIL, T DED 5%LIN T HEE 2 K3 5
o WERRBCHMENRBIHAEEITELWEAIE, FOMED 5%LIN T B %1
4%

() FeskaRft:

o MWHBIIMEBENEHERL TWARWZ &G, FERMELZITHT, MMEEHNENICE
JAEHEED 10% G ERR ) R ERHEEE T 5.
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Table 2-12 Wind power capacity by 2050 to supply 10% electricity demand (step 2)

Electric utility Total capacity Electricity =~ Wind capcaity 1. 2. 3. min(1, 2, 3) Wind
[MW] demand [kWh] required for |Wind capacity 50% of total Wind capcaity [MwW] capacity
10% supply fromTable capacity [MW] required for target by

MW] 2-10 [MW] 20% supply 2050

[MW] [MW]
HOKKAIDO 6,505 31,839 1,817 7,805 3,252 3,635 3,252 3,100
TOHOKU 16,800 81,101 4,629 16,583 8,400 9,258 8,400 8,000
TOKYO 63,981 288,956 16,493 7,582 31,991 32,986 7,582 7,800
HOKURIKU 7,962 28,154 1,607 1,100 3,981 3,214 1,100 1,100
CHUBU 32,626 129,734 7,405 9,335 16,313 14,810 9,335 9,500
KANSAI 33,865 145,867 8,326 4116 16,932 16,652 4116 4,200
CHUGOKU 11,826 61,222 3,494 3,884 5913 6,989 3,884 4,000
SHIKOKU 6,665 28,701 1,638 2,591 3,332 3,276 2,591 2,600
KYUSYU 20,023 85,883 4,902 11,139 10,012 9,804 9,804 9,300
OKINAWA 1,925 7,476 427 1,636 962 853 853 400
TOTAL 202,177 888,935 50,738 65,773 101,089 101,477 50,919 50,000

(2] 550 2050 A5 A HAR E~D 4Rl
BAT v T, FENDSHENICBIT 2 EIEEANBEES RO iz, 2 2Tl

FnaERICHRG] (R, ERRNEE, BERXPELR) 1298925 (Table 2-13).

BHENORIPEAN B A EZRT A (L, R 1L, BEHENORESS
HEBORT ¥ M EICKVRESND. LM LI Z TR SED=%, Table 2-11
LRIC B O EAE R %, Table 2-12 & A HIEAFH 2 H L 7= (Table 2-13, Figure
2-15). R, hBI3EHm AU e E b ER I OAEAT L H D L LT,

Table 2-13 Wind power capacity by 2050 to supply 10% electricity demand (final)

Electric utility Wind power capacity [MW] Wind capacity Onshore Ratio against onshore district area
(10MW/km2) target by district Area (10MW/km?)

Onshore Offshore Offshore 2050 km?] Onshore Offshore Offshore

(fixed) (floating) [MW] (fixed) (floating)
HOKKAIDO 1,400 1,000 700 3,100 79,094 0.2% 0.1% 0.1%
TOHOKU 4,200 1,500 2,300 8,000 79,895 0.5% 0.2% 0.3%
TOKYO 1,300 1,200 5,300 7,800 39,534 0.3% 0.3% 1.3%
HOKURIKU 1,100 0 0 1,100 12,566 0.9% 0.0% 0.0%
CHUBU 2,600 2,500 4,400 9,500 38,965 0.7% 0.6% 1.1%
KANSAI 4,000 0 200 4,200 28,760 1.4% 0.0% 0.1%
CHUGOKU 2,800 0 1,200 4,000 31,919 0.9% 0.0% 0.4%
SHIKOKU 1,500 0 1,100 2,600 18,790 0.8% 0.0% 0.6%
KYUSYU 5,700 1,300 2,300 9,300 42,039 1.4% 0.3% 0.5%
OKINAWA 400 0 0 400 2,233 1.8% 0.0% 0.0%
TOTAL 25,000 7,500 17,500 50,000 373,796 0.7% 0.2% 0.5%
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Figure 2-15 Wind power capacity by 2050 to supply 10% electricity demand (final)

26 r—FRKev”/

Table 2-13 @ 2050 FHAHEE (50,000MW) ZEpkT 2w — K~y 7%, HARBIEE
£ (Ver 1.1, 2010) 24 L EFEIZ, K% (Diffusion of innovations) D# zx % AWTIER L
Z T E S O Everett M. Rogers 73 1960 HARICHIO THEE L7-BER T, Lo A
TTRHMS S FTHRIC IV ERTHZLEELTEY, 4 TIILLHLNATWDS (Figure
2-16) [2-121,

ZOMEEFRTHE LT, Figure 2-17 127 A U I OEME~OHANTE K& 23 Uit 2R
3 218l 1929 TG AT LI KRR & 1939 706 1945 4 F The W 7o 8 kR R &
v, %X (ELECTRICITY), H#®i# (AUTO), #&hF (TELEPHONE) O3 K&tk L7
P AFIERT S PR AN TWD . 724 > ¥ —% v b (INTERNET) #7 (CELLPHONE)
ICRLNDHRIC, FES O R IIUERICH AN TRIBIZHE S 72> TV 5.

(\‘{«
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Figure 2-16 The diffusion S-curve [2-12]
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Figure 2-17 Technology adaptation rate of U.S. Household [2-13]

2050 4= 50,000MW O B\ )34 &4 8 A 100% & 25 &, 3,000MW A D BLLEITE A
WIHINZ o722, 2060 FFETO SFEAMM (TRhbbr—F~ v ) 224720, kL,
ERAFE L, BHRRE EENZho ST ZRD 5. PIDICEABBFEEEZ, X=0 0k
WL L, HUPEEAR Y OREEIREEFSE X I2xd 2 3K EET S (Eq.(2.1). SF
HEROUTEIRUTIE, fich T~V iR r VAT 4 v 7R ERBH D, 2 2 TIEES
ED7=D 3R EMEH Lz, BHEAEEAE Y O—Ffy Yix, SABKELIIEE L
EBEZHZENTED (Eq.(2.2).

Y=aX3+bX?+cX+d [MW/year] (2.1)
Y' =3aX?+2bX+c [MW /year?] (2.2)
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X=04TY=0,Y=0&,92%L,d=0,c=00%551, Eq.(2.1) & Eq.2.21F% KL 2 5.

Y = aX3 + bX? [MW /year] (2.3)
Y' =3aX?+2bX  [MW/year?] (2.4)

HAEBEABOEY -7 2 nfEL35L, X=ndDl, Y=0, b=(3/2an &7V, Eq.(2.3)
FRADOLHICEZHBZ D2 5.

3
Y =aX3 + EanXZ [MW /year] (2.5)

B b, FEHIRVE L, #EREEZENENORDEE a & n 2 LE LAY, Table 2-13 ©
2050 FFEANBIEEEZ 2T K O ICH M LR %, Table 2-14 XU Figure 2-18 |[Z/~7. Hif
FESMEE LT, 2010 FEOEOEAHEM TH S 3,000MW ZERT 5D L, HRAE
R OB AR &2 2015 R, VRAAE LR OB ABRMEZ 2020 R L LTz,

Table 2-14 Wind power roadmap 2050

Year Wind power capacity target [MW]
(Supply 10% of electricity demand in 2050)
Onshore Offshore Cumulative
Fixed Floating Total

2008 1,854 0 0 1,854
2010 3,000 0 0 3,000
2015 6,500 10 0 6,510
2020 11,100 200 10 11,310
2025 16,300 1,200 600 18,100
2030 21,200 2,900 2,900 27,000
2035 24,500 5,100 7,100 36,700
2040 25,000 7,000 12,300 44,300
2045 25,000 7,500 16,600 49,100
2050 25,000 7,500 17,500 50,000

Onshore reaches 25,000MW in 2038

Offshore fixed foundation reaches 7,500MW in 2044

Offshore floating foundation reaches 17,500MW in 2048

(Values rounded off to the 100, except for onshore actual in 2008,

offshore fixed foundation in 2015, and floating foundation in 2020)
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Figure 2-18 Wind power roadmap 2050
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HIE A E% Figure 2-19 1IR3, EEEREAHET 5720, B ERO TR (20 F4)
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Figure 2-19 Annual installation capacity for wind power roadmap 2050
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Figure 2-20 Annual production (construction) capacity for wind power roadmap 2050

2.7 SROBE

BH LRGSR - RT3y VOREL LT 5720, 5% U TORENUEL RS,

2.8

JEIL~ ~ 7 ORERUE

Al L7z Bt~ >~ 7 (WinPAS) 1%, 2000 4 1 4E[ 0> 1 B 355 < CFD (3%
EYI=2lb—a ) [ZESNTWD. MUEOFELTIFELE D D72, 5~10 FRD
1 FFRMEIC IS < CFD & Eifi L 7= #Hi7- 28~ v 7 & 1EkT 5
B O OFERE, FEMRARICLDHIRSMEZ BT S
HEORT v ¥ ML, BRRRICER STV A REN S OBEFHEEO B E L,
B 57> D OB ERRE LS O 720

BERR R ) S8 ERTALIE 2 el L,

PR 5
JB )5 FE D FATHEARLAL R RIS 720 EDZALITIE T, AT > ¥ v VR TEDHIKIS
3 KON B 7 & 2 LB

&

i

AEBFREART L LS4 (8, ek y) ony

AWFZE T, BREEE (2010) 23l TEESNTERT v a2 _X—2 L LT, 80m &S TH
SEEHMENEWVEE (B R 6.5m/s, ¥ FiE 7.5m/s) LLEORT oy i L. 7
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TN IEIZ 2060 FHARELERT 20— P~y 72 E L, UTORmaSe.

(1)

(2)

(3)

(4)

(5)

(6)

b EDRT v A BERIN LT, (REEHD D DEIG 1T, BIEE R PR B HUR
BT 73%(1,837TMW) , HEBE N T 56% (2,831MW) , BIFEE N C 93% (7,227TMW) ,
Tl AER BRI NS HALEFEN T 86% (1,898MW) HEENT 187%
(10,266MW) & %<, REZMRNERETF ] OFM1L - Pk LETH D (2.4.2 1H)
b LORT vy VGO, BERNALZ S E/2\VE 2/, § 3F&L OV @R
HARAE D (5 8 2 BIE 1L, HIUE N T 34% (850MW), HIERAE N T 25% (1,250MW),
BAVEE N T 13% (990MW) & BifEH R &Il RN WG C 10% 4841 Tk, H
SRR E TP o B - ekl - A BETH D (2.4.2 1H)
feg b EVE ECEEERENEWVIEEZ, NTE I 80m THFILEIN 6.5m/s, 7.5m/s &
T5HE, KENSHOBEREICLDHNELORT v VIZLLTOMEY L7225
(2.4.4 18)

782,220MW (238 E a4 & 3.78 £i7)

= 168,900MW (f I : 80m & & T 6.5m/s UL |)

+ 93,830MW &R L - 80m 5 X T 7.5m/s UL )

+ 519,490MW (#ARXFEE @ 80m 5 X T 7.5m/s LLE)
2050 FEOEHIE AN BIEA HAROFEEBNED 10%, HFHELZ 20%L 35 &, &
ANHIEREIT 50GW & 725 (2.5.1 1H)
2050 4%, 50GW %K T 51— R~ v 7%, WhF0 S FHAMBOE 2 # AT,
DITombv L Lz (2.6 #i)

2020 4F [ 1 11,100MW, FRAFE L 200MW,  HARE 10MW
2030 4F : [k 21,200MW, FRAF: E 2,900MW, FHAEXPEE 2,900MW
2040 4F : [k 25,000MW, FERAF: E 7,000MW, FAXEE E 12,300MW
2050 4F : [k 25,000MW, FKRAH: E 7,500MW, FAXPE E 17,500MW
R L7z — R~y 72 LU, 2030 4FELAREO B4 E & (e E) 1% 2,500MW
UL EZfkE L, ZE LB EIEEDORIENIAD S (2.6 fi)

TN D OFERIT, FrexVX—MEICZ LD RARES AT LOHAREICET 5125 ) 214

DIAGN

HARNDREHBSICLD TRAOREOMFEE AT Y LBIOZICESS EY

BARFEE =R~y (Ver.2.1) ] BB [ZE LN, KKAXRINTND. FERLE
b O b EREAFIFECHEE S, AARDOBDFEEORR 2K HFUIEFE L TVWD 216l

2.9 BEROBEANBERT ¥ ¥ /VICET B EEHIEEDREIT

AFELIE S, 2015 FFEOBBAE TRT Uy AL ENE— R~ v 7O RE LNEBEICTH
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TS, ZONEOME, 2.7 JilR LICEEICKIE LT 5. Table 2-15 (2, A5t L %
FULABE DRGS0 bl 2 79 [2:8,15,17~21],

BHORT v/ bna— F‘vvﬂi HARJES I ERHE 2014 FFIZAK L TWD. AU
FEL DOREIEWEL, BT EMZ R E ATRE & 3 D JE 4, [ A B ] B8 A LIS D F3E
PEAERE L, Felix 6.0m/s LI L, ?.Eximf-i F 7.0m/s ULk, HARAGE BRI 7.5m/s BLEE L
TWa. AL, 2Zhbll, ERAFEL BEREXFELORT v s, BAREEL LTEN
Z 50%, 33%, 26% & H U TN D728, IRT U ¥ VOEIIARFIEDE L VKL 72> T 5.
ZOfEE “BERRT UL (ZZETERITT2FHIHVERY)” LRIAL TS, £
2050 FEAHIEMZ, A TIEITFREENED 10% i %2 BEEIZ 50GW & L=, iz
20%LA EITHEe Lo fE SR, 2050 £ TIZ 76GW L LTEY, r— K~y 7 HRKICEIES
TW5D. 725 20% &V ) fEIE, Table 2-10 T/RLAEZ K D ICBEICT v ~—7 TEMRSINTEY,
FHATRERETH 5.

LU 6, ZAUTHAT 201546 A 1 BICHRE SN T-BUFRITEMA R b D THh 72,
PR PEER ORH = L F—Fa s LN EB ST TR SN 2030 FFEOEFRMEMEIL,
TR E A FEE R T 20~22%, FAFRET R /LF—T 22~24% & LTW5 2 ZofhT
JBTED 1.7% TH Y, FEFIHEL 20% L RKET S & 10GW & 72 % (Figure 2-21). Z D
BIRBRERIIV R L L 3ETLICAET EENTWD. ZOBNEIE, T Uy rarr b
I BN, ERXRESND.

2030 4= 10GW &5 HAEfEIE, AR TRLIZv— R~ v 70 2020 FLARTHZER TR X
S;E;)\%f‘& D, I0FENTEICSERTHI L&D, —FT, 2030 4 10GW Z £k 5

%, A% 15 £/, mHEFY 450MW 238 AT 20BN H D, lE 15 M D) 190MW %
j(% EFEIZZ ELFEETHS (Figure 2-22) [2:8,9,22~29],

AARIZBT 2 BDBEBEBORBIIEE - 721E000 THDH. 2030 FLEOBEIFHIEME LRI
TRV, 2030 LIRS B ADBMERET 572 0121%, BARENEWVEEEEZH LARO LS
EENSIRNT L, FIZRASIREOEAMEEN HARO T RV XIS ICHERT D Z L ZFEH L
BT D ENEETHD.

49



0g

Table 2-15 Latest potential and roadmap from various sources (prepared from/2:3, 15, 17-211)

MoE JWPA METI MoE JWPA MoE JWPA
Renewable energy potential Wind energy potential and Basic study for new energy Renewable energy potential Wind energy potential and Basic data for zoning Wind energy potential and
study (FY2009) roadmap (Ver.2.1) facilitation (FY2010) study (FY2010) roadmap (Ver. 3.2) renewable energy (FY2011) roadmap (Ver 4.3)
(Result of this research)
Released on Mar-2010 Jun-2010 Feb-2011 Mar-2011 Feb-2012 Jun-2012 May-2014
Onshore potential 300,000MW 168,900MW 38,850MW 137,640MW 143,760MW 133,490MW 104,915MW
Offshore potential 1,610,000MW 613,320MW 13,160MW 3,000MW 378,250MW 759,950MW 127,268MW
Total wind potential 1,900,000MW 782,220MW 52,010MW 140,640MW 522,010MW 893,440MW 232,183MW
(Used term) Potential Potential Possible installation capacity ~ Possible installation capacity Plausible potential Possible installation capacity Plausible potential
Installation goal by 2050 None 50GW (10% of electricity None None 50GW (10% of electricity None 75GW (20% of electricity
demand) demand) demand)
2020 Total 11,310MW 33,070MW 11,300MW 10,900MW
2030 Total 27,000MW 1,131,380MW 28,800MW 36,200MW
2050 Total 50,000MW (Supposing cost reduction) 50,000MW 75,000MW
Wind atlas WinPAS (1km mesh, based on  WinPAS (1km mesh, based on  WinPAS (500m mesh, based on WinPAS (500m mesh, based  Same as MoE (FY2010) Same as MoE (FY2010) Same as MoE (FY2011)
'00 weather data) '00 weather data) '00-'04 averaged weather data) on '00 weather data)
Wind speed >5.5m/s at 80m >6.5m/s at 80m >5.5m/s at 80m >5.5m/s at 80m >6.5m/s at 80m >5.5m/s at 80m >6.0m/s at 80m
Ground altitude <1,000m Same as MoE (FY2009) <1,000m <1,000m Same as MoE (FY2010) Same as MoE (FY2010) Same as MoE (FY2011)
Ground inclination <20 deg. <20 deg. <20 deg.
Distance to road < 10km to road over 3m width < 10km to road over 3m width  No limitation
Distance to house =500m =500m =>500m
Distance to grid No limitation <40km No limitation
8 Developable land use Used '06 GIS data Used '06 GIS data Used '06 GIS data
© Other farmland, wasteland, Other farmland, wasteland, Other farmland, wasteland,
% coast, forest (excluded coast, forest (excluded reserved coast, forest (excluded reserved
L reserved forest) forest) forest)
% Nature park Excluded national class 1 and Excluded class 1 and special Excluded class 1 and special
3 special protection zone protection zone protection zone
2 Wilderness area Excluded Excluded Excluded
% Nature conservation area Excluded Excluded Excluded
5 Wildlife protection area Excluded national zone Excluded Excluded special protection
zone
World heritage Excluded Excluded Excluded
Urban planning area Excluded urbanisation zone Excluded urbanisation zone Excluded urbanisation zone
Conversion to kW 10MW/km? 10MW/km2 10MW/km2
Development rate/condition Scenario 3: 25.5m/s at 80m \20/kWh for 15yrs, installation Scenario 1-3: Scenario 10: x50%
motivation 41%, social \20/kWh for 20yrs, IRR < 8% \20/kWh for 20yrs, including
acceptability 75.4% dismantling, IRR = 8%
Wind speed =6.5m/s at 80m =7.5m/s at 80m =6.5m/s at 80m =6.5m/s at 80m =7.5m/s at 80m =6.5m/s at 80m Fixed : 27.0m/s at 80m
© Floating : =7.5m/s at 80m
g Offshore distance =<30km (From island =30km (including from island)  =30km (including from island) =30km (including from island) =30km (excluding from island) =30km (excluding from island)
o included)
E_ Water depth Fixed : = 50m Fixed : = 50m Fixed : =50m =200m =200m Fixed : = 50m Same as MoE (FY2011)
k) Floating : 50-200m Floating : 50-200m Floating : 50-200m Floating : 50-200m
% Limited area Excluded marine park Same as MoE (FY2009) Excluded class 1, 2 special Excluded nature park Same as MoE (FY2010) Same as MoE (FY2010) Same as MoE (FY2011)
2 zone and fisheryrights area
o |Conversion to kW 10MW/km2 10MW/km2 10MW/km2 10MW/km2 10MW/km2 10MW/km2 10MW/km2
-
£ [Development rate/condition Scenario 3: 26.5m/s at80m \20/kWh for 15yrs, installation ~ Scenario 1-3: Scenario 13: xFixed: 33% /Floating :25%
© motivation 41%, social \20/kWh for 20yrs, IRR = 8% \32.5/kWh for 20yrs, including
acceptability 75.4% dismantling, IRR = 8%




Wind Wind Year 2030
Capacity factor Wind capacity
(i
1.7% 20% 10.4 GW
PV 25% 8.3 GW
7.0% 30% 6.9 GW

omass

Year 2030 3.7%
Petroleum

power generation 3

1,065,000GWh

Figure 2-21 Power generation mix and wind capacity of year 2030 proposed by

Japanese government in June 2015 (prepared from [2-22])
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Figure 2-22 Wind capacity forecast to achieve 10GW by 2030 (prepared from [2:8, 9, 22~29])
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3T Ny T a =AU N R ER OB T R T — A v T A

RARORE

3.1 %

i

Ry 7 3 =AU R D) R BT, RROE L > Tr— 2 2RI Ed S5
Ny THIEER A L TRY, TORESFTEIH EE 10m BEOHHESL—T by T
%N, E D LIz CIEmak - mUn @3 K& <, SRR AR L BED 3 — (F#RY)
AN 10002 B2 56005 Bl Z ok, JAHEO I —1 > 7 AREICHEI L THRET LV ¥
ABVRAAE Y 7= AL MR I—A UV TAMEERIYE, 7L— R0V vy 7 MRS E 52
nWRd Y, Ny 7 —RoK P NIRRT O E AR O —D L le o T g 32,

S JEVEAE 7Y 200m2 A 0 7K sy MR ) R TR O % TR T 5 TEC61400-2 ed.2 (2006)
831 TIX, F—A L THETT L — FIRAEAEINT 2 & KT E— A bogkatle, 3
PLEORDFEEHICKTT 20 —2 % 7 FOIFE—XA» FOEEHRAE, TN Eq.B.1)E
(B.2DEY EH TV D (FFLHDENKIT 3.2 Hil kb T 5).

R
MyB = mB(‘)?naxLRRcog + 2(‘omaxIB(‘)n + §AFx—shaft [Nm] (3'1)
R
Mshaft = rnrgLrb + meaxIBwn + EAFx—shaft [Nm] (3-2)

Wood(2009) B4 |2 J4uiE, MiE bFE_HOTY v A B NI L HARMPKEL, BLE=700
TEEDD. EEOEEE, BRI —A T AEEICHI L TEINT S, Zoba—o
JRAMOEGTTIE, MUK —A 7 AEE (U omax) ZHND 2 ENEBEITRD.

IEC61400-2 ed.2 (2006) 1331 Tl LD @max (Z 2V TH Eq.(3.3) D Y %G E EH T\ 5.
CIZTRIEFvr—PER%, ARITu— X EEEZRT.

3-0.01(mR? —2) [rad/s] (Agr>2m?)

3 [rad/s] (Ag <2m?) (3:3)

Wmax = {

L L ZORIFEBRNHE LN DO TH 038 FHERIZT IR T 5 IR TR L S
Nl o TG, /MR ED I —A > JICBET 1RO DFE E1E, I —AD 60°
FTOLDOTHY, £y 7 a—XNRWED I —A T EE 2T LT FF S D720,

Z ZCARZE T, L FOFNEIC L Y TEC61400-2 12D D #7272 omax X it XA FHE L 7.

(1) AR mEECEL, 3 —A v 7Z%#h%E 180° FTHREL Xy 7RI —+ 7

EEHFRERZFHEL, ZNE T oma OEGRFHEAZ R
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(2) HEiHEALEWAEROMEREZILE L, HinitEXoZ Y2 MRd 5
(3) HEgmHELZH-T, v—%, BE, BE#HZR Sk~ 22855 T omax DEEZ KD 5
(4) %ﬂ%nXu+7i<{q:k Wmax O)Fﬂg'f"f\;gfﬁo j‘ ﬂéﬁfiiﬁ Wmax 0)%%§£§+fh%%%j—é

AWFFEDORE & L CTiRET 5T, Eq (3.3) & TR B AR, RREAE, EMEE—A 2 b
e, RNy Ta—A U TICETHIREET %ﬁ’iﬁl%%a/\/t, £V EEE7L omax DRXE
XThd. ZoXEHND L, Fﬁf*ﬁ{ﬁti ETCHRE DRERMMEECAET L3 —A 7 Al
Z, LU RBWHEECHERETX S, 22N E TREAMICRIRIN TWZRROREHEE & LT,

—A VT AMGEERTET L O ICHEE R T HECHE OBRIRBARE L 220, /NRR )3 B D
fEHEME - BB - FHEEN EICFS L, TOMPBEARE~LETH.

3.2

%

ARETHEM L7z ERELE S EUTIORT.

AR : RBET A7 M (k)

As : 7 L— RO IS m?
Ar : B — A B RE, A A m?
Ar : ey AT m2
Ao : JRFEL I 7 TR m?
Ay : JEE 3 1t T m?
Az : JRVFHELA% 7 TR m?
a : bk AR A

a’ : PERR AR SR

b : 7 L — NEUfTA degree
B : B 758
C : Btk m
C(r) : Bk (o—% RprERo %) m
Cp : AWALES S

CL : VALY

Cu : AN T DRI

Cum : vy F Ay MR

Cp : N —1REL

Cq : AT

Cr : REMOEILE— A MEEK

Cy : JRHE D T —F— A > MR
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Vo : Ja\ LA it SRR m/s

AW : FE S U m/s
Xh : NTEE v — 2 EE

a —A 7R rad/s?
o BRI R D86 03 —A 2 7 AIEE rad/s?
a i degree
§ ®Omax,120deg (1 9 % FH A (Eq.(3.87) CEF rad/s?
€ VA JEIE R A degree
A ; w1 — & [alHiA ) i b

A\ : AT EH

Ar : JRPTEE L CERE v OLE D v — & [alfis)E E )

®n : 71— & [l rad/s
® : S—A T HE rad/s
®max : R —A > 7 rad/s
Omax,120deg  ° 3—f 120° MO ORI —A 7 AEE rad/s
0] : A degree
W : 0 — & [EHRE k5T VU~ A degree
p : e kg/m3
0 : 3 —f degree
Or : Ry VT 4T«

3.3 Ry vr7RIa—a v ISEHFTEANDOFHE

AHEITIE, BRICE Dy 7 HACHIEERE & 63 2 KR O 3 — 1 o 7 ER) A A
H, SHIEEOREFHEZRL, S—A VIRIZB T3 —A 7 AREORMZL (o—t
B ZEGRAICHEAE T HEEZBAT5. o—t HRORKENATIEOIRTHY, £
35 HITHAINZELS, HRKI—A V7 AHE omax TH D

3.3.1 RNyvrXa—g o rER R

HOPHHEE D /Ry 7T — A » F DOiEENET T /L% Figure 3-1 (239, = —A > 72882
LC, m—4MELicm FmazEes+ 5. RS L COMTRD & x FiH, BEARDE
y e T 5. F—AEEn & EXT A00EE 008 LT, KRR 2N 2 &3 5.

FER 5(2009) 3L 61 [ ZZDET VKLY, F—A U TEBRICIIT HEEO I —A TOEE
X, Eq.3.H)EHE L. ZoXiF b7 oXThy, BEHO I —F— 2 b My, BRI
DETLE—A b Mg, I—8EY OEET—A 2 ], I—A T ANEEa TREIND.
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My (8) + Mg(0) = 1-a(6) [Nm] (3.4)

V—OJyawIerOS(G-R/Z)/\),G vV o/
T
0-1/2 f Q

W

Figure 3-1 Passive yawing model

ZZTEq(B.4% Eq.BH)DkkIcEE#Z . F72 Eq.(8.60)% 5 &, & HHEH t Btk DA
W o1 1E, FIHIAEE oo & UNRER AL IC XD FE 5. Eq.(3.5)% Eq.B.0)IZfRAL, HUhEE
At T WCBERETEZITY Z & T, o—t IRBE LN, T ORKMED omax & 725 . Figure 3-2
2 o—t HROFIZRT. BN OREICHTZY, 0.1 8 (A 17°) & 0.01 #RH

(N 1.7°) TENEN T —A 7 AHREZ I U722, WiE OEICIZIZEWIL o 7.

Z ZCHEARM A O 720, AL TIIMUNER At 2 0.1 F0 & L CEtREZTT o 72,

_ My(8) + Mg(0)
o =17+ TRV

I [rad/s?] (3.5)
Wy = Wy + oAt [rad/s] (3.6)
3.5 pe .

. /\

\
"

\
_—

AN
~

Angular Yawing Velocity (w,,,)
[rad/s]

v

0 0.5 1 1.5 2 2.5 3
Time [s]

Figure 3-2 Example of @ —t curve (yawing from 120°)
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Wiz, ZOHGGFEICKNE L 72D Eq.(3.5)D My & MRICOWTHIAT 5. J&m & m—H|f]
EMERDGE, WATLHHMAEOAENZEDY, v—FEHRICL>TAEL DL AT A Nhnm
—HEDEATENEL, TOMEI—F—A 2 MY@O»F#AET S,

RBEG RIS, B & v — X382 256, AT 2RO AENRED Y, BEIZE ],
P, EvFrTE—A L MREL, TOMBELE—A L N MrROFEAT SH. MrO)IZ
Figure 3-1 X v /)’L(JE’C%“EL%G BI—A U IHRIC, BEBICEILE—A L NERAESE DL

KR D x ARGy JAEE V D BEOBEHEED x Fknx2Z LWzt D Th 5.
1 T\ 2
Mr(6) = 5 pAr {(V-w-Lr-cos (G_E)} Ly Cr(8) [Nm] (3.7)

L2 L EORXTIE, BEOBHUEE D y HRIO G NERE S ILTWRW. y FI O T
FHXPRIZOWTE 2 72358, BREREESS IR L TRLE 25728, 2 OFXHEGE! ﬂTé@
JTLE— AV MEZZ LSRR ITUXR B0, Z ORI, E—ﬁ FoTmEaEz5. 1€
>T, EqBNFRAXD XLy Ik 5.

0<B=90°, 270°<0=360°

Mgr(6) = [CR(B) -%pATLT {V — - Ly -cos (9 — g)}z] - [CR(B) -%pATLT {u) - Ly - sin (g - 9)}2]

90°<0=270°

Mg(8) = [CR(e) : %pATLT {V—0-Ly-cos(0- g)}z] - [cR(e) : %pATLT fo- Ly -sin (6 - g)}z]

[Nm]  (3.8)

Eq.(3.8% Eq.835)IZRA LT, I—A T AIKE a NWiEE 5T EE 2D &, Kk
1G5

0<B=90°, 270°<0=360°

My(0) + Cr(0) - %pATLT [{V — Ly cos (6 — g)}z — {u) * Lp - sin (g - 6)}2]
|

a =

90°<0=270°

My(©) + Ca(8) 5 pArLr [{V = Lo cos (0= F)} ~ - Ly -sin (0 - )} |
[

a =

[rad/s?]  (3.9)
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Eq.(8.99D W, My(0) Dk F 1, 3 3 B) B8 & Flam 2 JEIC L 72 BUEMATE DS B r Sh T b,
A 3.3.3 THIT/ART . HILE— AL MEE CRO)DRD X, 3.3.4 HICFEMAERT. £/
AT WEROEMET— A N T ORE AL 3.8.5 HT/RT A, EHSEE BEEE TR
EEEENS, —BHRFEETALEHNTRD 2.

3.3.2 RNyvrXa—oa o EHFREX (EEIDLIHE)

APECR LRy 7RI —a 7 OEF TR Eq.(3.)1%, I —A > FHHZ bV 7 BEN
HOGEEBRETL TV, 20O M7 EEEOH E L CiEa — i oOEE R H D, XV v
TN TRoRT Y OB R, S—A T ARERZEE IS, LRI ML EE
Qr DL G - EE) R A R

W-T, Eq.(8.6)& Eq.BB.9LKD LI HIZEEZHZIOLND.

w; = o + o«’At [rad/s] (3.11)

0<B=90°, 270°<0=360°

| My(®) +Cr(®) 2 pATLy [{v ~ - Ly-cos(0— g)}2 ~{w-Ly-sin (3 - e)}z] ~ Qe

!

«= I

90°<6=270°
My () + Ca®) 5pArLe [{V = - Lr-cos (0-F)) ~ fo-Ly-sin(0 - F)} ] - e
o =

[
[rad/s?]  (3.12)

AR SCTIERR LTV 20, Wood(2009) B7 E Z Dft Dz & LT, v— I X 2%
BERT TS, BWna—A (BIziE 30°) oA, REOELET—A 2 M &AL S8 2 EiE
N, B—H[EER L W EET D AN DS, ZOEEIT Eq.(3.9%° Eq.(3.12I2B W\ T, KW
I—ADL, BEEICHITHEORELED L5 2 LIl d. L LRI K 2 RIS OE R,
0— X EEORBEERE S ZTBRECHT D L, ILIHRITIBRD N, KFEO B TH
LK —A v T HEEORETIE, FloEna—A (il 21F 120°0) Moo —A v VN EE
LB, AW TIIRIROEEIIRF L TRV, L L ZRIEARH THET L3y v 7
LI —o v 7 EIH LA SR SELEO, RENFEHO—-DTHD.

3.3.3 BEHEIO I —T— AL FOHEIER;
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AETIEI Ny 7RI —A T EH RS o—t A HERE T2, Eq.(3.9%
Eq.(3.12) TWE L 72 %, AHEHD I —F— A k My@® DKD 5 ZiHiHT 5.

JR\\ & v —Z OmE BNER LGS, AT MR OMENEDY, v—HF AL > TH
CHAT AN —XEOEATENEL, Figure 3-3 IZR7#Y, £3—A0 T —F—
AN MY@O)RRET S, v —ZBNAMICIEXT 2 HREELERTD.

Figure 3-3 Yaw moment model

HHMHEE T—AIIBITHI—F— A2 ME, FI—H T L—F 2T 728, I —ifihZz o
ETDERIE L E LT RN K W EEEEATE, UTFTOXTESTZENTE D,

1
My(8) = Cy(8) -EpARLRVZ [Nm] (~45°<6 < ~135°) (3.13)

1
Mﬂ@:Cﬂm-?mﬂwQ[mﬂ(mses~4?/~8?3651mﬂ (3.14)

FEORIL, IV I —A 7R L b LT — & 8 R O B 5228 A 1
ERDOMEL D EERL TS, ZOHBIE, 30°fHEDO/NI NI —ATIE, I—F—A
MIn—Z[EHRIZ K> CTA LT —F A OHENZDOREPRREL, n—F R R OB N
B4 5. LaL, 60~120°0300 D = — 4 T, I —EEEHER G MO OEENKE L b0,
= —Hih S OHEE Lr O BN ET 5.

{5 QBB EE A oo — 2 12k L, FRNCEIRHE . X3 —F— A v MEkK
Cy@ %/ T, m—%oa—E—2x2 b MyOIE, Eq.(3.13), (8.14) Z{i~CiHET 2
ZENTES.

— 5 CRURAHIE 2 B LT, 9 —F— A N ERFEBEE SIS BB 5
KD D HEN, Ackerman (1992) 881 L H 5(1995) B9 [T Lo TR &SN TEB Y, ABFZET
XENEFERT S, UTICEDHEERNT .

fEMT I 5T LK & LT, Figure 3-4 [ZJR A A2 L LR E o —ZEhoRIC = —F/4 0 28
Hzbohl-Gaon—4% @4 5z, Figure 3-5 (127 L — RITxd 2 EEAEE O EFR %,
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Figure 3-6 (2 L6 e v — X BHRmEIZXTT 27 O~ A w DEFRE TNEIURT.

ZOFHERATIE, TR Er—FDOMIZ I —A 0 BEET HRHIT, 17— ~OF RS
MAADEAGIZSE S, RIFEHEESHROER AL KDDL, Z2OERELMNHZ LT,
BOT V2w LRPTER r OMEICR T 2H) LR T MR KRED, b Er—
ZA—A 7N Lr LOBRIZEY, I—@H0 DI —F—A baRDDL. IHEFES
MICFED LT, £ 7 O~ AATHERBIFES LT, BICT7 b— FEEE#ITHZ LT, £33 —14
B ICBITDREFEMO T —F— A FBRREMEIND.

- >

Swept Plane "

A ;Yaw Angle 6

- Ext Angle ¢
> >

Figure 3-4 Air flow through rotor with yaw angle 0

x-y Plane Vertical
y-z Plane

- w Direction of
~, " Rotation

vy

Figure 3-5 Coordinates of blade axis Figure 3-6 Blade azimuth angle y

(11 m—X RIS 4L5 ) (R EXR)

ZUOIZ, v—FPEICER L TWDARHI e — X ~AET 5 ) 2RT, R EEE
BEHGRAMET 5. T OMEITE T nE R & BREHGR A A S L, AR
OIERRERGR CTH 0, F11(2002) B0l [ Lo TRELLBMAIN TN D, RICHENT D
7%, Figure 3-4 ORIZ I — 0 DNFAET DI —F ~FIRf&N5 I —F—A L FOH
i, ZORFBEHEHGHRLLET L THETD.
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il /5 e 2 P

ZOHEITE 2 bR ORI L, n—Z IEAT A hEEET S, UK
OATIE, 3.2 #HiL Figure 3-7 1”7 itmax HN5.

Figure 3-7 Axial momentum theory model

il 7 EE BRI T O Z LA RE L TS,
1. FEEMEMETTN

2. BEEHUNIGFE L

3. 7 L— R IER

4. —FRiA

5. m— X EEMKICDT > THE 4

6. HFEILmEER L7 u

7. u—X OEERFTST & %I OFEITEL S TORWE O EICZE L

Figure 3-7 OWEIZONTEZ D &, HERERFDIEANGXREADZEGELND.
pAGVy = pAV; = pA,V, [Kkg/s] (3.15)

JRE T — 2T D #EH T, AT LN &t o ihOEBEOLIC LY 5
Zbh, WATHLND.

T = pAgV§ — pA;VE [N] (3.16)

Eq.(3.16)i%, Eq.8.15)&% W TKRATET LN TE 5.
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T = pA;Vi(Vo —V2) [N] (3.17)

— 5T, BEr—XIZkT5H) TIE, BEr—XOEEREHIZHIE > TOEEE L
THLETIENTES.

T = (P* —P)Ag [N] (3.18)

ZOZEMNS, JENFAINVX—A O FEREAEHWT, Eq.(3.19), 3.200& 720, Zh
5k EqB200 6N 5.

m— SR Py +5pVE =P +-pVZ [Pal (3.19)

m— 505 PT+opVE =Ry +5pVZ [Pal (3.20)
1 2

P*— P~ =2p(V§ ~V{)Ag [Pa] (3.21)

WoT, A TIZONWT Eq.(3.21)% Eq.(.I)ICRA L TRAXAEHES.
1
T = EpAR(VOZ - V) [N] (3.22)

F£7- Eq.(8.17) & Eq.(8.22) %% L T, RXOEGENELND.

VotV
= 2

[m/s] (3.23)
22T, kAU K v E AR a AT D.

V; =Vo(1-a) (3.24)
Eq.(3.23)% Eq.B.2DIZRAT D L —¥ FHROMEN G2 5 5.

V, = V(1 — 2a) (3.25)

A H =L o TRIRENTZNT — P, IRATERS AR H 72 0 OEE) = R /v
F—DEIZE LV, 22 CpA VYT n— 4 il T 2 EEMETHD.
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P= %pA1V1 (Voz - sz) [W] (3.26)
Eq.(3.25)% Eq.(3.26)Icfk AT 5 &, XD/ U— PRHFLND.

1
P=?mwﬁ%u—@ﬂ[w1 (3.27)

@EE—5mﬁT&éP®%ﬁ@ﬁ,@Mmﬂmﬁkfﬁ%n,%nﬁazilm
%T%é.a:Hiﬁcokﬁéﬁf,az?ﬂhﬁmﬂtﬁﬂ?é:kf,P@%ﬁ@
NELND.

16 1

1
P= ﬁ . EpA1VO3 = 0.593- (E PA1V03) = CpmaxPw [W] (3.28)

Eq.(3.28) LV, MEr—&ZRNENHEY 7 Z & D TE LERIVERA/ Y —1E, JEH
DFFO/NT—D 59.3% THHE NI ZENRGND.

Z D RNT —RZE Crmax =0.593 LW IO fEIEL, FAYD A+ Xy VX YPIHMNIC
SNTZHbDTHY, Ny MR LUIRNy Y LD RS, ZOZExRRLIAFY
ADT 2 F 2 AL —ZRAUT, TFoFoAE—« Xy VR LT TN 5.

FEEEOBHETIE, BT 5 v —Z IR FANCEEET 2 %A E L S8 5. Zide
—Z KT HEB T R VX — DK ERLTEY, v —¥0O MIIZHBILT, RNT—
AR S5, 20, v—X ORI L UM% Of 5 i O BARRK T 7 LI,
Figure 3-8 DARIZEIESNDOMER D 5.

| /\ ()
A V. ALY
XJK_

Figure 3-8 Wake flow model

Figure 3-8 IZBW T, & (B O¥Fxr, ESx dr 958, EOWmHEIT 2
rredr &725. 22 CTHIBIZRAEEIL on2D onton IR L, —J7F THlE Ol
MRTIEEL LRV, ZDZ ENBREANELND.



1 1
Pt —P~ = Ep(u)n + wp)?r? — Epoonzr2 [Pa] (3.29)
- TR m — X BURER I T 2 HEE, UTOX 525,

1
dT =p (oon + Ew},) wpr22mrdr [N] (3.30)

HHWE, Eq.(8.3D)TERT LEMF M OFESREK a4 EATHZ LT, KT
5% Eq.(8.32) THREND.

1,
/2% (3.31)
a' = :
wn
’ ’ 1 2.2
dT=4a'(1+a )Epwnr 2mrdr [N] (3.32)

Z 2 CHA G AEE E PG HE T Eq.(3.22)12, Eq. (3.2 2B 1T AT [ O R EAR
BaZBALBRRKIEOAMIEETDHEUTOLIICRE VoV ELTWND).

1
dT = 4a(1 — a)EpVZZm“dr [N] (3.33)

Iz EqB32LHET DL, WOLSRMENIFLND.

a(l—a)  wir?

= = 2
a'(l1+a") vz Ar (3:34)

Wi —2HEAT 5 b7 oXEFHFETH. Zude—XITERH L v o g, #%
MOMEIEICELL 2D W) AEFSERGFOFEINCEVELNS.

dQ = pV;2mrdr - wpr-r [Nm] (3.35)

Eq.(3.24) 0l 7 111 058425 a, Eq.(3.31) DB H M OFEMGEK 2 # AL T, 72—
X OEIRERICHTH M7, RRDOLE D7D Vo>V ELTND).

1
dQ =4a'(1—a) EpVoonr221Trdr [Nm] (3.36)
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FAET DU =L, dP = 0, dQICHFELWVD T, BIRDNRY =P [IRATREND.

R

P= f w,dQ [W] (3.37)

0

Z 2 CRPTEEE M Ik TEIND.

Wy
A= (3.38)
LMo TARY—TIRO L DI 5.
A
1 8
P= oAV 5 f (1 —a)3dr, [W] (3.39)
0
BBNE, ST —RH Cr itk TR END.
8 A
Cp = }\_ZJ. a'(1 —a)A3da, (3.40)

0

ZZTdA-adDEKNEEKRDSLT-D, Eq.(83.340) % Ta % a THT.

oo i aoy 3.41
a=-c+3 }\%a a (3.41)

Eozad 1 -a)icfRAL, LT 0 tkBE, REeLR S5 LROBARANIES
no.

(1 —a)(4a—1)?

T3 (3.42)

22 =

F7-20RX%, EqB30)EZHANHEXRADL TRV, a L adDEREEFRL TN,
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1732 (3.43)
P '

i 5 P A

2
o

ZOFGTIE, 52 5NEmARICR LT L — ROKEER~MEAT 2 NE2HET 5.
PR DFBH TiX Figure 3-9 (- d it 52 W5

dL

(Apparent wind speed increases

from w, to w,tw;, )

w,r(1+a")

Figure 3-9 Wind speed and forces on blade elements of horizontal axis wind turbines

Iy

ﬁﬂ

BRAHGRIIUTOZ L2 REL TV D.
%7 L — FERRICTHIIAE L2
2. BBRIIEMT 2 I3 3B QW AR D5 14880 L OHINRE DO 5

‘%EH

HLSR W OHL) LB L TROADB NGNS

1
dL = CLEpWZCdr [N] (3.44)

1
dD = Cp 5 pW2Cdr [N] (3.45)

T, MRS 2HAE 7 ZRATEELND.

(y

-
—

dT = dLcos@ + dDsin¢ [N] (3.46)
= (dLsin @ — dD cos @)r [Nm] (3.47)

Eq.(3.44), (3.45)% < Eq.(3.46), BADITAL, BHEr—HN BKDOT L —
REETDERETDE, #E M7 RO X STk 5.
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1
dT =B 3 pW2(Cy, cos @ + Cp sin @)Cdr [N] (3.48)

1
dQ=B > pW2(Cy, sin ¢ — Cp cos @)Crdr [Nm] (3.49)

FIAAXHROWA A @, HWrE oM A a 6 L OB A b 1Tk DOBER AR,

a=@—b [deg] (3.50)

HEM G & EB R TENTIVRDTZRER A HE DT D72 DI2iE, HREE W Tkt
THREMELT S, 2t Figure 3-10 # TSRO 5 b.

Wnr awnr

Figure 3-10 Wind speed diagram of blade elements of horizontal axis wind turbines
Figure 3-10 LV, FHxHEE W XKk L 2 IZhEi@m2SF 6 b.

_(1-av_ (A+a)w,r
- sin @ B cos @

[m/s] (3.51)

LEROBEBRLELND.

(1-aVv 1-a 1
(1+a)w,r 14+a" A

tan@ = (3.52)

TIT, WRTEETLDRATY VT A7 4 o & HAT 2.
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BC

O, = ﬁ (353)
T2 L EBHFROMRITRORIZERL SN D.
o 2(rrCLcoscp< C_D )1 5
dT=(1—a) “sinZg 1+ C, tan @ 2pV 2mrdr [N] (3.54)
= ! ZM< _C_D 1 )1 2.2
dQ=(1+a") cosT g 1 C ang)2 pwir‘r2mrdr [Nm] (3.55)
ZZTEq@B54) ¢ Eq.(8.33)EFENDITHZ LICEY, RADNESNS.
4a  0.Cpcos (p( Cp )
-2  sinfg 1+ C, tan @ (3.56)
F7- Eq.(3.55) & Eq.(3.36) L W kXnfg o s.
4a’ _ GI‘CL CD 1 )
14+a  cosg <1 Cp tan @ (3:57)

Z T, PNERBEFEOFEHOEFENICEBWTIE, BRIEFRIIT L — FEFICBITS
B IIE TRV E OFERND, Eq.(3.56) & Eq.(3.57)DHI ) DIE Z M L CHEEAK
aBla ZETHE, UFOXHIR5.

4a  o,Cpcos@

= 3.58
1—a sin? @ (3:58)
43’ 0.Cp
= — 3.59
14+a"  coso (359

EDRK, 722 b &8 Lz Eq.(3.58), (3.59), B L OWi &% E LT~ Eq.(3.56),
(8.57) & Eq.(8.52), 52 dT & dQ I2xf9 5 2D Eq.(3.54) £ (3.55)) 7%, JEH N
JAANZIERF L CWDRED, m— X EBERETDH L2 d.

[2] m—2icEI T En s S (ARFEES, I —AIFER)
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Aind U7z B o L PGe (AR EHBEGHG) 1L, BAX—ELHMNLRWTED,
B — N EIZEUCIEX L TWAD Z & ARifEE LTS, 22 TIEEDOXEZZ L, Figure
3-4 OFRIZ I —F 0 PMFET DR, m—F~HIA S5 I —F— A2 FOHGHAE B
5.

U m — & BEUZEX LT 2 REO M HEGEIE, Fid U 7 38 5 ES) &8 5 P
TRLIZERD Eq.(83-51)THRIND.
_(A-aVv_(d+a)or [m/s] (3.51)

sin @ cos @

L72>L Figure 3-4 ® L 5 IZJR[MAS 0 7207 2L L72BR, A EUE W 28 5. m—
2L r OALEIZE T 5 BB ~DOMXHEILEZ Figure 3-11 127”7,

(1—a)V sinb (1—a)V sinb |
1

(1—a)V sin@ - tane

VI

C

B

i (T ;
i Viewpoint _
l (1—a)V (cosB- sind - tane * cosy)
1—a)Vv
(1—a)V cos6 (1+2')rQ+ (1—a)V sind - sine
(a) 3-dimentional diagram (b) Apparent wind speed on x-y plane (see Figure 3-5)

Figure 3-11 Apparent wind speed on blade elements with yaw angle 6

Figure 3-11 £V, I—A 0B\ T —F ~AT DR EEIZKR D L H 1272 5.

_ (1 —a)V(cosb —sind - tane - cosy) (1 +a')w,r+ (1 —a)Vsinb - sing

w -
sin ¢ cos @

[m/s] (3.60)

LTI, AADZ V= FEKRT tang 1E, BLTFTOXNTRST LR TES.

70



V(1 — a)(cosB — sind - tane - cosyy)

(1+a)w,r+ (1 —a)Vsind - sinys (3:61)

tan@ =

Z T, EEBEHRO AT (Eq.(3.32)), dQ (Eq.(3.36)) & #EMGD dT (Eq.(3.48)),
dQ (Eq.(3.49)) #4575 THis. (HLEERITEEROBEKE L C)TET. EHIZLUTT
EFT D C1 e C22fAANTH L, Eq.(3.64), (3.65)135FH5.

C, =Cysing@ —Cpcos@ (3.62)

C, =Cpcos@ + Cpsing (3.63)
' N1 1 w2

dT =4a'(1+a )Epwnr 2mrdr = BEpW C,-C(r)-dr [N] (3.64)
i 1 2 1 2

dQ =4a'(1 - a)EpVoonr 2mIT = BEpW C; - C(r) *rdr [Nm] (3.65)

ZnooRIZ, I—AEERE LR W (Eq.(3.60)) it Af tang (Eq.(3.61))
ZRALT, kRx155.

a BC c0s?0(1 — tane - tane - cosr)?
(1_a)=%(—C1tan9-sin¢+cz)- ( hi W)

e (3.66)

!

BC [(1+a) +V( —a)-sind - siny/(rw,)]
a _mcl cosB (1 —tan -tane- cosy) Sin(29)

(3.67)

ZITET U AMITK L TCHEERES 21TV, FHERK a BLO 22k b L,
Eq.(3.66), B.6NIFxZNZENRAD LS5,

2m
a BC cos20(1 — tang - tane - cos)?
= —C;tan 0 - si C,)- d
(1-2a) 16112r_[( 1tan@-siny +C;) sinZ¢ b
0
(3.68)
BC [ [(1+a)' + V(1 —a) - sinf - siny/(reo,)]
L 3 _ _ 1@ +a) + —a) - sind - siny/(row,
a _8112rf C,cos0 (1 —tan -tange- cos ) sin(2g) dy
0
(3.69)
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I TOR—HIIBITDMNDILRA e 1T THREIND.

cosO (3.70)

PLbEX Y, #ARE, BUEV, m—XEEEH o B LRI —H 0N 5200 L, KA
oo, e, W, a, @&RDODDHZENTE S, BAEMIZIE, a & 2% 6F LT Eq.(3.61),
(3.68), (3.6)MN[AIIFIZ/2 D 7=OWfD a, a), ¢ ZURFHHEICLIVRKRDD. ZD 3 >DE
BmRED L, Eq.B.70I2L Y e RFE DV, Eq.(3.601 LV FHxHEE W HRE 5.

ZZETHE, I—ANFET ORORFEIHEESHMOLEXELRL, —F~0D
FRXTEGECUR A DR O A L. PUREE, EOEERE W CER 5(1995) B9 o
FEICESE, I —ARFET DRI — mméhéa~%~fyh%ﬁ@é =}
—F— A M, %ﬁﬁﬁ&ﬂkzﬂyﬁﬁmﬁﬂ SFHZENMTED., ETHOIC
AP D I —F— A MZDWTIRRB.

A—F— AV MNIT VY AAYIZL > TET D, LENST, (LEDOT U~ AAIC

7L%’> PRALE r OFEFRITL D I —hE Y O G MKy O 3 —F— A >~ dMa i,
RMBEHGRA LT O LS ICTHAGLECHET S, 72k dQ FBMH S Mo Thrr ) Th

m

v, __’Cgﬁ‘é’b@i () Ths. LEBn-sTdQ N> TWD v [IARELRD
728, dQ &7 %.
dM, = dT-r-cosy —dQ’ - Lg - siny [Nm] (3.71)

ZZTEqB7DICx LT, Eq.(3.64), (3.65)0EEMHONANRAT S, E-ME
Wi dr (28172, £T7VAMATOTL— R 1 L TCoOXEEL -0, Bk B
FHIBRT 5 &, RARHELND.

dM, = %pWZ{C(r) *(—Cq - Lg-siny + C, - r - cosy)}dr [Nm] (3.72)
Eq.(3.72)1%, I —ADOBKIZL TRO LI IR T N TXS.
dM, = %pWZ{C(r) *(—=C4(0) - Lg - siny + C,(0) - r - cosy)}dr [Nm] (3.73)

L7z oT, I—A180°FTHI—F— A ks Ma®)Z KR H121%, FHEHR DA
@, TR b a A 360°E TOH /R Cr & HLAt%% Co % 24 B a O 55245 M3
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VB LR, ZHUMEEORBNI T 2 BIAEBRICEVMET 52 LN TE S,
ARFFETIE, 1L 5(2003) Bl 3R KR CRZE 0.15m, # A/ 0.6m O FEERE
F V& FWTHIE L=, Figure 3-12 12779 NACA0012 —WkocEAKM 2 M3 5.
E LA VAT RFIZ ST 5 1.5x 105 ThH 5.

_.‘
b

0 c}) N /N
7&%/ - AlllAN ~
~ Noa /0 \
= f o ~ 5o N\ AN
§ Vi N e N
= SO-TONOT0-T60/1R0
@)
; —CL
o —CD
Angle of attack (-180~180 degree) CM

Figure 3-12 NACA0012 blade 2-dimensional properties (Re 1.5 x 105)

(Cvw : lift coefficient, Cp : drag coefficient, Cum : pitching moment coefficient)

(prepared from [3-111)

L2 L Eq.(B.73)1F, PRI MRLT U~ AMAITON TSy STV, £ CTEJF
BEMICHEST A 212L0, BT O~ AAIZBIT b7 L— R—K Ot mFmksy

DI—F—A L MESND. 22T Xh IINTIEOERTCHMNTHY, NTHEES
OD—XERETHD.

1
h@@):fdMﬂmm*mm] (3.74)
Xh

RiZZZTHELNZI—F—A2 N Ma@®) %, 7V~ AAyw THEMED LT L—FK
K B 28252 LT, £3—1M 0 ICBT D REHOGE S mRES DI —F— A b
MA@)NEHEINS.

2T

B
MA®) =5 [ My®) s [Nm] (375)

0

WRIZ, BANRHFROWIVRTIZE > THRIMESND I —F— A2 MZOWTI5.

TRDIZE A NI, v — & AR I T E 72 LN Ot % 7 We & Figure 3-13 (27K
7.
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. QViewpoint
(1—a)Vsinb

(1—a)V

cos(0—sinB - tane - cos)

(1—a)V sind

r
(1—a)V cosB
(1—a)V sind + cose
(a) 3-dimentional diagram (b) Apparent wind speed on y-z plane (see Figure 3-5)

Figure 3-13 Apparent wind speed with yaw angle 0 along blade span

Figure 3-13 LV, #@#ERS Wr EIAVAE @ ZZNENLLTO L D172 5.

1 —a)V(cosB — sind - tane - cos
W, =( W - ¥ [m/s] (3.76)
sin @,

(cosB — sinB - tane - cosy)

tan @, =
Pr sin® - cosy

(3.77)

W2 & - TR L 2 OB s, EqB7)TT TICEESN TS0, 22
TIERERE N O S DI EZE 2D, LN T, AN HERARSICL > THETH 3
—E— A b dMs TR TRSND. RIBZITCUO &I, —HORLE FROHT)
BT R Y, 2 FROE MR TH 5.

dMJ@=%prq0M—ﬂ—ay-QT®-@jwmmw [Nm] (3.78)

Eq.(8.79)1%, ¥BEFMRLT P~ AMAIZONTHY SN TV, 2 TE ¥R M
DT 22280, EBEOT O~ AMIIBIT DT L— RO ARGy O 3 —
F—AIRRELND. 22T Xh INTMEOERGCHEMTHY, NTEHE TR —H
HETHD.
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1
MJ®==fdMJ®dr[Mm (3.79)
Xh

KIZ Eq.B.79%, 7V~ A w L THBRST 58T, 340128102
JA R D Z S F RS D I —F— A v AR EN 5.

2T
B
Ms(®) = = [ My®)dy [Nm] (380)
0

D& 91T, Eq.B.75) Dl T ik & Eq.(8.80)D AN Uik Sy DA —F—A v b &
ELEDbENE, £33 —A0ICBTRFHMOI —F—A MBAFEHIND., LHLA
R 2 3RS 5121%, Eq.(3.78) D A/ H D 11455k Cr@)NM%E L 72 %
0, WMEFENHLL TE LT, —MICHART — 2N, E72 230 JF O3 ERL
eI, WICEBEIME AR TRNZ ERTHEENS.

ZDIDARIETIE, Eq.(3.9X°06.12)05 o—t iz HHH T BT L2 D
I—F— A2 h My(0)iZ, Eq.(3.81)TF L, Eq.(3.75) Dl 5 [HIE /7 DD I —F— A
Y EMA® EFELWERET D, 728 MsO)OfkRBIE, 5% OBED—>THD.

2T

B
My(®) =5 [ Ma(®) dys [ (381)

0

g —F— A hOHEHEICHET 5 2 OMOREL, & TOMMEMTIZ NACA0012
OFRFEZBHA L TR, 3A, LA /X%, BT AT NOBLRBRAGHEIC S 2
DRI L T—MEIC T 5. Lo L—RITiE, INEREDK L A 2 v ZE a3
7% 0—360°DEREAFHEIIAFENRETH 5.

ELICEBORETIE, HIoAX2a —A0EES, BRESCTH, REERSICEYD
— HAFEANT D FREUCELIVA A U 5 ATREME D D 5 2%, Eq.B.8DIX b ORELEE A
TWRWNWZ EHEDO—DTH D.

3.3.4 JHEFELDO I —F— A FORESHT GREFEHLL & [ElHEs)E )
AIED Eq.8.8DIC L WEE L3 —F— A M, Eq.(3.13), (8.1 3 —F— A v MEHK
Cv@) Z KDL, EIEH, o—F¥E, o—FI—A L TERROEBIRETES. Lirle

—Z OEH AL & B E IS K DB BH LN TRV, T2 fbsETa —F—
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AV NEFREL, TORBERHERTD.

XD, F—F— A MEHE LS54 Table 3-1 12, ZivbH % Eq.(38.13) &£ (8.14)12 &
DAREAL UT-, REHEHE 2 & OfE R4 Figure 3-14 12, [H#ERE# L 2 & OF5 £ % Figure 3-15
(R T 5. 728 Table 3-1 CTEAKHELIAOEIL, 3.4 HioEJRESR T H L 7= a0
fEZHWTEHEAE L.

Figure 3-14 £V, XEHEELEDN/NIWIZE R =X THETDH MLV BRRKREL R, 93—
— A NBEERTDHZ ENND. £z Figure 3-15 L 0, [EHREEE, 37205 —X [0l
FMRKEVEIEHEIDREL 2D, S—F—A L MBRERTDHZEDDOND.

Table 3-1 Parameters for yaw moment coefficient calculation of Figure 3-14 and 3-15

Rotor radius 0.3m Hub radius 0.03m
No. of blade 5 Airfoil NACAO0012
(Figure 3-12)
Design angle of 7° Design lift coefficient ~ 0.564
attack
Design tip speed ratio  Variable Tip speed ratio = Design tip speed
(Figure 3-14) ratio (Figure 3-14)
3.4 Variable
(Figure 3-15) (Figure 3-15)
Yawing radius 0.395m Wind speed 10 m/s
0.1
0.05 +
g g 0 A e = [ -
g % 20.05 10 20 30 40 50 60 70 0
E e% 0.1 |
"8 015 |
02 b
Yaw angle [degree]

Figure 3-14 Calculated yaw moment coefficient with varying design tip speed ratio

0.10
0.05 r
72 0.00
-0.05 ])
-0.10 ¢
-0.15
-0.20
-0.25 -

Yaw moment

coefficient (C

Yaw angle [degree]

Figure 3-15 Calculated yaw moment coefficient with varying tip speed ratio
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3.8.5 BEIMOMEILET— AL FOMGHEER

AT Eq.(8.9X° Eq.(8.12) DXy v 7 g — A v VB AN D, o—t M4 Hms
I DB EE 725, HLE— A2 MR CrRO)DOKRD FH %, VIR 5(2009) 3161 O Fy5 |25
SEHHT L. B OFRMUL. BV OREER Ar, BRI — A 7R L lKFE L7220
R THTHD.

R & v — 2 D ERRR DA, AT HMMROAENEDY, BRICE, i), v
v F U TE—A L MBEL, Figure 3-16 (IR THILE— AL N MrRO)DHEAET H. Z 2T
0 —Z BRI IEXTT 5 R E EE ERT D.

Figure 3-16 Restoring moment model

HHEEE T —AITBITHEILET— AL ME, FI—H T L—FE T 728, I —ifilZz o
ETDERIE L L LT RN KV EEEEATE, UTOXTESTZLENTE S,

1
Mg(6) = Cr(8) 'EPATLTV2 [Nm] (3.82)

Eq.(3.9), B12) TR LERBEMOEILE— A Y ME, Ny U7 AUKPEHRERH 5 A1EE o
TA—A T T HROHDIEN, BEq.(3.820)I1FEHRZ 7 L — % THifil I § 1L SR T
— AL NTHD. EHLHOATY, it — AL MR CrRODEIXFIL TH 5.

AR OHEGRFE CHEHT 5 CrO)IX, HHREOERE 0.067Tm2, 7 A7 L4 1.0 &
AWTEYAFERZ1TV, Eq.(3.82)02LRDIZb D THSH. FEBROFEMIT 3.4.2 B THRR5H,
Z 2 TIEZ DOFER D A Figure 3-17 IZHRITT 5. AR TIE, 2N A HRREEOREN 7 CrO)
DfEET 5. ZD CrO) % Eq.(3.8)IfXAT 5 Z & T, MrRO)DFHEMNFHE L 72 5. 723 Cr(0),
FTebb MrROITFHICIEDOEA LV, BRAB T~ (7 — &8 E~) i 2 FcfER$ 5.
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Restoring Moment Coefficient (Cg)

Figure 3-17 Restoring moment coefficient Cr(0) used for yaw rate calculation in this

research

EEORETE, K3 —fA (BlziE 30°) »o0a—A 7T, AR CRRENm
— X D% FINLET D720, BRANHAT DM EEN 0 — % ORBEZIT 5. L LA
THRET D, REwva—A Bz 120°) »H0I—A 7T, ZO®RMBEENRKDT —
A T HEE~G 2D BTN N b DL EZD.

CrO)DRPE HIEIIMIZ L H 5. CRONTEBE O 1R CLO), Hi1REk Co@)FB LU v F
VT A MEH Cm(0) & DRI, Eq.(3.83) & Figure 3-18 DR H DH. T D= HIE L
7o bV EHE Eq.(83.82% 2 kb ViC, =0T RKBAEHCTHET S22 TE5. IR
(2009) 361 [T, Z B ZHODIFETRD H CROIDMEN, AVIZHESTLHZ L 2R L TN5.

h
Cr(6) = CL(6) + Cp(8) + Cum(6) L (3.83)

]|| Wind

Figure 3-18 Coefficients consisting of restoring moment coefficient (Cr) of tail fin

(Cw : lift coefficient, Cp : drag coefficient, Cm : pitching moment coefficient)
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3.3.6 REWT AT LI F D

AWFZE TS 5 & L7z Figure 3-17 ® CrRO)IL, 7 A7 LA ARD 1 OFEEEE
MAWTHIE L7Z2b D78, AR 2E Y BECHIET 2 &, CR(e)ﬁvﬂm“é LIFIZZ Ok %
WAL, X UDIZ, TAXZ hL A AR % Figure 3-19 & Eq.(3.8)IZ LV EFKET 5.

+

Wimgtip N
Vortex

Figure 3-19 Wingtip vortex on 3-dimensional tail fin
AR = - (3.84)

B#EAZ =Wwor#E L L TRZ5A, Figure 3-19 O X DI ZERIZ —*t OB AT H. Z O
IR X9 54 2 0 SE 5 HFICER L, RBROANAAZBD IE5. 207D =K
JTLRETIE, ZRRREKKT 5L, AT olMIIE L THE IR T 5.

FLZRTRETHRAETORMEICL D500 BRI & v )) 1I2nxa T, =RkRcRE T
B ) ORI IETFHEHNINRAET D, AR B3I KRE WK, FHEHUIRE Coi & A 20
DWW Z B LT =Rt BEOEGIEE Cusp L, 7 v ¥ + Pa—a7Ax—0EMRITL VK
DR Fro.

= Clap (3.85)
' m(AR)

TR % Coo & B TIE, —RICRBEIZHAT 5 2HIIMRE Cosp 1 ZLL T DO X 91072 %.

Cpap = Cpo + Cpi = Cpo + Clan (3.86)
' ! m(AR)

Tbb SR REOTUIMREE, AR VN SWEEREL 2%, Zhb0BRERT =K
JEEOHL MR OB 23511 H (2000) 3121 |2 XV #EIr & TR Y, Figure 3-20 IZ/M T 5.
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---- . 2-dimensional tail fin

Cp CL L \/
0.20 1.0 ///
I

Cil/ )4
0.16 0.8 C

ARV
0.12 0.6 o 7

/ Cy
0.08 0.4 - ,

/,

0.04 0.2 / / -

0 0 = N, 9% ol T |
,/

—=0.2 /

_0'4 © ° ° o o o ° o Gl °
—12°—8 —4 0" 4 & 12° 16 20° 24

a

Figure 3-20 Example of lift coefficient (Cr) and drag coefficient (Cp) of 3-dimensional tail

fin [3-12]

PLEXD, Eq.(3.83)DBIRICIEH LN HELE—A Y MREEE X S &, “RuRETIT,
ZWRITREITK LT REBITEA T 2 08, S B RO 2 RITHHI L TREL R D.
ZD, BESEROEILE—A L MEEUIRELS 2.

F WOt REICT D AR O 2T, Eq.(3.86)Di# Y, FHEHIREN AR (K EFIT 5
7o, AR 3/ N EWIE ERIKRDOEITCE— A > MREUIIEINT 5. Z OB 272 20413,
TERPIRBI e K& L, BoE 0 RE b i K & < 8 ki) & 72 5 30— 40°fFiT
ElBbs. ZofEmE, =4 BEIE & 0 BREREZ R 72 AR 5 (2009) 8181 o kL
O BRI & RO 7257 (2009) 814 TH A STV D, 1AL TITo 72 3.4.2 THOJZH
DETLE—AL FEBRTYH, AR OFBIRENTEN, FEOBENAENL TN,

3.5 HiCHE\ =, AFROMRTHDHI2 /e KT —A 7 AHE omax OaXal=U%, AR1
DR AZMRICLTEY, BHEO AR CROZMRBLETEEIZE L TBLT, 4
BOREDO—D>TH 5.

ASSY

3.3.7 1BMEE—AL FPOEH

AT Eq.(3.9X° Eq.(3.12) A T o—t iR Z 3R T 2B KB L 72D, I —HhE Y O
EE—2 2 FIORDFEHIAT 5. 1ZUDIC, Figure 3-21 DX 5TV AT ALK EET
MMET 5. IBYEE—A L FOFEIZIIBEMMOE &N VIR D0, FNORD L0, F-
M & SHERN S DU E T B
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blade

AN generator
yaw axis

moment of inertia for tower is not included in
total moment of inertia

Figure 3-21 Example of small wind turbine

e C Figure 3-22 [T — A v hOFRHHET L ERERT. &2, flxidn—
5 ENT QDT TV, REHERRIGOEAEKET L, n—FT v 7 hER
B2 R—1F()DME - TEAGEFIGEELT, THENOENE—A L F2EETE 5,
TR a2 TR LADENE, Eq.(B.9% Eq.(B.12I2 X% o—t MR ORI L E L 72 5,
S Y OWHE— AL NI EFH LN TE S,

!
Re

R m :1 m(R2+6Re2) N | -
-_— —— i a‘ 2
_v | 5 \/\ i—l’l"l(—.l2 +He)
!
! 7o)
[

(a) Thin disk (b) Hexahedron

Ri4r4¥3

1=m( 2

Re’)

(¢) Cylinder, hollow cylinder

Figure 3-22 Moment of inertia for typical shapes

(I : moment of inertia / m : weight / Re : distance from yaw axis/ a, b, r, R, 1 : dimensions)
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3.3.8 Ry T7KI— o 7 ERHEROMRETFIE

33 M T, o—t MEROMMIIEL, TIICLEL R BERORDH LR T ]z, A
TEHEOEL L LT, RERAGEOMNERT. 7235 2 OBRHE AR 207075
Am— BEEROMER A IR

[11 1FU®IZ 8.83.3HHTIRA- 12 —5%05—%—%7F%*%6k%Eq@&)@%)
(3.73), (3.74), B.8DZE W 5. 3.3.3 HOHKZITIRT- X 51T, AHFFETIE NACA0012
OB 2V, BT DT —F— A FOARLZEFETDH (Ma=My & LT\

%).
C, =Cysing — Cpcos @ (3.62)
C, =Ccos@ + Cpsin @ (3.63)
dM, = %pWZ{C(r) *(—C1(8) - Lg - sinyr + C,(0) - r - cosy)}dr [Nm] (3.73)
M,(0) = f dM,(0)dr [Nm] (3.74)
2m
_ B
My(®) =5 [ Ma(®) dys [Nm] (381)
0

INHOREMNT, B—FEHOIT—F— A NERDODHIZIE, ROEPMLEIZRD.
o JEEV
o ZERUERE p
e m—HX PR
o NT7H R-Xh
o HMEB
o RXEHAEIELE Ad
o HWriEi D 2 WoikE CL, Cp
(0—360°DEFPENR Y AUE T —F 0—180°0D I —F— A > N MFHHE ATHE
o FXEHHA O
XA 1% %% CL
o YR CQ)
(RFEB BE AR ICIED R O IXREHIA & LALE L 0 FHE ATRR)
e n—XIA— A TH¥RIR
o n—XEHEMAHE on GREHEMIL LR U2 E, [LROME®RE)
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[2]

WIT 8.3.4 H TR BEILOMITE— A 2 M CRO)ZRD L. ZDOHEEZZ>H
D, EH 0L HRERMREIITKH L TRIRIEZT O LERH L. —DF M7 Eta
WT Eq.(8.82)0HRODFIETHY, &9 — 2T =0 T RHEE T Eq.(3.83)7 5
RODFETHD. HhibT 5 342 HTEHEMAZIBRRDH0, AL TIIRIEDOHFIET, M

5 0.067Tm2, 7 AT LA 1.0 DFEFREZNAFRERE L L CEIATHIE L, Figure
31T ITRTHERREOMREN R E LT — A MR CrO) Z1572.

1
Mg(0) = Cr(6) 'EpATLTVZ [Nm] (3.82)

FROKXEMNT CROIZFDHITIE, ROBEELELTD.
o JHUEV
o EREE p
o RHMmE Ar
o RBHEI—A 7R L
o HILE—AL N MrO) (EJEFEERZ ET M7 FHI L0 HEIE)

BT 8. 3.TH TR —#lE Y OEMEE— AL FERDD. 1IZLOIC, HRETD
B3 AT L% Figure 3-21 D X 2 ICET /LT 5. b — X LR EHR L DKL

T L1 Figure 3-22 OFIEET VAo THEHMEE— A F2EHL, R TELAEDEN
X, VAT LRI —E ) OEEET—RA 2 FBRED.

Figure 3-22 B EMEE— A FE2RODHIZIE, ROMEELELTS.
o HERKER AL DA
o MEAGH S DL D I —ifili~0 PR
o MEAGHMOE R (EHFEIL, MEORELE SFENLFHE)

RBIC B R 3.8.1 THR 3.3.2 Tk _72 8y 7R a — o o 7S RIS
AT D, BERCICED M7 EBENENEZITERTEX 5 L WA 2GR,

Eq.BIIZRATH. ZOfER%E Eq.(8.6)ITfRA L, TUNERH At CHEXFHEATTS =
ETC, ot HFRHRAE LN D, BRI T, 3.3.1 H T2 X 5 12U NI

0.1%& L7,
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0<0=90°, 270°<H6=360°

My (0) + Cr(0) -%pATLT [{V — Ly cos (6 — g)}z - {oo * Lp - sin (g - 6)}2]
I

a=

90°<0=270°

My(8) + Cr(6) -%pATLT [{V — - Ly cos (6 - g)}z - {oo * Ly - sin (6 - %)}2]
I

a=

[rad/s?]  (3.9)

w1 = Wy + aAt [rad/s] (3.6)
b LI—A T HRELRD SELEEREREIZED MYy EER, BHTER0vEE
RE2813, Eq.B.9DRDVIZ Eq.8.12IZRAT 5. ZOfER% Eq.(8.1D)ICfUA

L, BN At TRREHREZIT) 2L T, o—t BimMiRAG LD,

0<0=90°, 270°<H6=360°

’ My(0) + Cr(0) -%pATLT [{V — Ly cos (6 — g)}z {u) Ly - sm ] Qg
o =
I
90°<B=270°
 My(8) + Cr(6) 2 pAzLy [{v ~w Ly cos (6 - %)}2 ~{wLy-sin(6- g)}z] —Qr
a =
|
[rad/s?]  (3.12)
w; = wo + a'At [rad/s] (3.11)

FROKXEMNT, o—t IR EZ5F5121, KOEEZLEL TS,
o JHUEV
o ZERUEIE p
e m—XH#pa—F—Ar bk My(0) (FJE[1] (XY FHE)
o BEIMOEILE— AL MEE CrO) (FNE[2] (2 XV FHE)
o VAT ARKOENEETE—AL M (FNEB] 2k EHE)
o JBEMmFE Ar
o RBEI—A TR Lr
o MW Qr (B EDRE WREZ L)
o MUNRRIAt (EEOMEZRTE)
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3.3.9 KT —A 2 U AR DRE ST

(1] w1 = —4

W — A2 S TRy vy TR —a VBRI REXEiEE, R RKI—A T
WEANEZ D WBEHR L. TOROFHFESLM% Table 3-2 (Zxd. BARUEEE:LIS O

FAFE, 34 HIORIFERTHM LA L REAEHND.

Figure 3-23 22 LI G203 28RIC, WIS — AR KEWIZE, g RKI—A 7 AHEE S K
LY, Fa—ATAMBRES 2D, iR CICREIND Z & DV NVLERT)
FEMTIE, SERRAMEBHZZ T T I —ARRELS RGN, S—( 2 7A

i DG NEEIZ R 5.

Table 3-2 Calculation parameters for yaw rate with varying initial yaw angle

Initial yaw angle 30° 60° 90° 120° 150°
Wind speed 10m/s
Rotor radius 0.3m
Hub radius 0.03m
No. of blade 5
Airfoil NACA0012
Design angle of attack 7°
Design lift coefficient 0.564
Design tip speed ratio 3.4

Tip speed ratio 3.4
Yaw radius for rotor 0.395m
Tail fin area 0.067m’
Yaw radius for tail fin 0.44m
Moment of inertia around yaw axis O.688kgm2
Static frictional torque 0.0736Nm
Dynamic frictional torque 0.0368Nm
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(2]

3.5

2.5 J\\ 06=150°
SE/ARN\ o
W —
NE/ARRN\
l A

1.5

Angular Yawing Velocity (w,,,) [rad/s]

Time [s]

Figure 3-23 Calculated yaw rate with varying initial yaw angle

I—F— Ak

00— YRSt TNy TR E— o L EER R A X, I —F—A L IR
BRI —A » TAHEICS 2 5B L R Uiz, T ORFOFHR S % Table 3-3 12777
RAVRE & BREEFELSN ORI, 34 HiORAER CHEM L-R#H L BRE AW, @
WiEr— 2 RN ED D LEMEE— A B FERICENT 5729, 25 £ TIZ RO.5m O
Z, RO.3m 75 O HGE L TEMET—A > P LENIEGEE bR L.

I—A WA E T 2 FREE TR L, Figure 3-24 12 60° DR %, Figure 3-25 |
120° D Rz =T,

Figure 3-24 & 3-25 2B GR L 9IS, I—F—RA L FOBRRKI —A 7
WEA~LITT AL, e —/AIclo TR~ S, DD Figure 3-26 12, Z DO
DI—F—Ar FOFEFKRETT. RBBEOEICE— A MR, o THEILE—
A2 kI, Figure 3-17 DV 2THI—ATIEDME LD Z L ZaHEICEL.

M E — AR 60°DYA, I —F— A FEEILE— AL MIFEFHOEDEE D,
n—X &R E~ETLHMERL, 3—A U 7 AEEZRIE 5. KxHT 120008
G, 3—F—AL MIELE—A L N ETHHRMOAOEE 72D, v—X &R F~mif
LHEHENERL, 3—A U7 ARELBD TS, BB S —ANKE 7 12000k,
Figure 3-26 ® 3 —F&— A MNMIADERKIEIZITV.

I—F— A ME Eq.(3.13), 814XV, m—FY&D " F (u—XEHE) I[ZHAHIL
TRMIZHEART L., 3—F— A FBRADEL 223 —ATIE, v—ZFEOHIMNITIE
PEE— A MHFEIFFICEINESE 5720, ZRI—A 7 ARETE LI T5. vk
TEPEE— A D OMRIC L 520, KETRIZERNT5S.
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Table 3-3 Calculation parameters for yaw rate with varying yaw moment

(=varying yaw moment)

Initial yaw angle

Figure 3.15 (60°),

Figure 3.16 (120°)

Wind speed 10m/s
Rotor radius 0.001m 0.3m 0.5m 0.5m
(Wind tunnel tested
in section 3.4)
Hub radius 0.0001m 0.03m 0.05m 0.05m
No. of blade 5
Airfoil NACAO0012
Design angle of attack 7°
Design lift coefficient 0.564
Design tip speed ratio 3.4
Tip speed ratio 3.4
Yaw radius for rotor 0.395m
Tail fin area 0.067m’
Yaw radius for tail fin 0.44m
Moment of inertia around yaw axis 0.688kgm2 0.789kgm2
Static frictional torque 0.0736 Nm
Dynamic frictional torque 0.0368 Nm
Released 0 = 60°
_ 25
H
s R 0.001m
2
3 \ R0.3m
z 15 +—
S ] \ R0.5m
2
w 1T R0.5m,
5 / \ 0.789kgm2
>r-: 0.5 __/ 3
< 0 _‘ T T T T 1
0 1 2 3 4 5

Figure 3-24 Calculated yaw rate with varying rotor radius (=varying yaw moment)

(initial yaw angle: 60°)
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(3]

Released 6 = 120°

_ 35
% /.
g 3 //\\ R 0.001m
3
§ 25 A
3 // \\ R0.3m
>
= 2
S R0.5m
S
L 15 - -
2 R 0.5m,
T 1 - — 0.789kgm?2
: \\
© 0.5 -+ | 9.
S
a0
g 0 A T \\ T T 1
0 1 2 3 4 5

Time [s]
Figure 3-25 Calculated yaw rate with varying rotor radius (=varying yaw moment)

(initial yaw angle: 120°)

<
S W —
]

-0.5

Yaw moment (My)
[Nm]
R TR

-2.5

Yaw angle [degree]

Figure 3-26 Calculated yaw moment with varying rotor radius

BitE—AL b

RBEEEEZZIE TRy 7RI — v @B A RE, Hrot— A2 MK
RI—A T HHRENE R DEELHR LTc. ZDOREOFHESM% Table 3-4 :/%T
TF'%W:)% LA D SAFIE, 3.4 EiDJEFESR CHEH L7 ml# s ZRA A5

Wi, BREEN LD D LEEE—A 2 P B RIRIZZEMT S, LA 0.067m27 5 0.1m?
~OHEOZEITENTH Y, EHEE—A 2 MIITE Ae%b%f;u\f:&)ﬁ M L
7o, 7o BTHIFE 0.0001m2 OEITLE— A > M, 1F1E ONm 2L, BEN/ENTELV.
S—A 2 7 ORI 2 FIE TR L, Figure 3-27 (2 60°Dfik F%, Figure 3-28
12 120°04E %A 7~rd. 7272 L, Figure 3-28 O = —F 120°TiL, JAHED I —F— X
Y MIADMHEIZZ2Y, 0.0001m2 DR TIIEILE— A > R3S TIERLS, m—X3E
T 2 Elcy, Ia—A U TAREORRENTE ol
mwm327k3%ﬁ6%%#&%_,% REAEOEWPRK T —A T AERE~E

LEBIIREV., ZHEHHAT L0, ZORBOEITEE— A > FOFER S % Figure
&%:ﬁ#.%%ifﬂm—&¥@ﬁ0%&ﬂwm®a~%~}/F%mbf“é
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Table 3-4 Calculation parameters for yaw rate with varying tail fin area

(=varying tail fin moment)

Initial yaw angle

60° (Figure 3-27),

120° (Figure 3-28)

Wind speed 10m/s
Rotor radius 0.3m
Hub radius 0.03m
No. of blade 5
Airfoil NACA0012
Design angle of attack 7°
Design lift coefficient 0.564
Design tip speed ratio 3.4
Tip speed ratio 3.4
Yaw radius for rotor 0.395m
Tail fin area 0.0001m? 0.067m’ 0.1m? 0.1m’
(Wind tunnel tested (not
in section 3.4) calculated)
Yaw radius for tail fin 0.44m
Moment of inertia around yaw axis 0.688kgm2 0.689kgm2
Static frictional torque 0.0736Nm
Dynamic frictional torque 0.0368Nm
Released 6 = 60°
3
2.5
= AT 0.0001m2

== AT 0.067M2

AT 0.1m2

NIA\
oo\

Angular Yawing Velocity (w,,,,) [rad/s]
[
(9] N
/V

Time [s]

Figure 3-27 Calculated yaw rate with varying tail fin area (*=varying restoring moment)

(initial yaw angle: 60°)



Released 0 = 120°

4
I
T 35 N
5 3 ~
s /\\
S 25 / \ AT 0.067m2
8 2
o / \ AT 0.1m2
w 1.5
£ / \
2 1
z / \
S 05
2/ \
< 0 A T T T T 1

0 05 1 15 2 25

Time [s]

Figure 3-28 Calculated yaw rate with varying tail fin area (:varying restoring moment)

(initial yaw angle: 120°)

5
4
N
T3 / ] \
Z / ~__ —— MR(6): AT 0.067m2
v 2 N\
5 / \\\ —— MR(8): AT 0.1m2
51 /
= %7 _________ T T T\ - MY(8): R 0.3m
§ 0 [Emmrmmsrosmra 2 MY(8): R 0
TS L=l | ecece=- : X
£ 20 40 60 80°~100_ 120__14e-~T60" 180 (8): R 0.5m
g N
d
2 AW S
-3

Yaw Angle [deg]
Figure 3-29 Calculated restoring moment and yaw moment

with varying tail fin area and rotor radius

Figure 3-29 237" 3 & Z AL, BREOEILE— AL MIFICIEEDELZ LD, v—X %5
Hlzmir A FmcERT 5. — T —4% 03 —%F— A b, Figure 3-29 O] Tlix 3
—f 70°E TIXEDE, T7hbbue—%ZE EiZnid 2 HmcEHT5. LavL 70° %
Mz 5 EADEERY, KEHZr—2 2B NCT 2 FI/EH L, 8X% 100-110° T
ADRKMEL 72 5.

KUIZDIZZING —ODEF—RA L MNNTUATHSD. 10°%2 258573 —ATlL,
RBEOE—ALV IWNESTEDLEL, a—XOADFRDE—AL NOHFNRKEL 2D,
JEEL RS B LR WS N Z 0 5.

FLREOETLE—AL ML, LOMHI—ATH, BEEBENREIWIZE, HE
— AL MIHHI L TRRI —A 7 AEENEINT 5. @5, BEOELITENZD,
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REEOHBIIr — X T EEMEE— A MO Z DT, ZRKa—A 7 AEED
%ﬁ CEERET S, —hTn—20a—F— A M, B—Z RO _FIHHILT
BIIZHINT 5725, [FARHICHEMEE— A R OIS S
FHZRWTIE, Fricr —Z 0N S IR 3 —F — A & RV S VIR 58 B R
EE, BRI —A U THRENRE 2D HWizD,

(4] EBHEE—AL R

EEE— A b TNy v 7 Ra—a v VEI RS, FRI—1
TR E~G 2 DB LR L. T OROFHE LM% Table 3-5 (277,
%Wxﬁi34m®ﬂﬂ%%fﬁﬁbtﬂ$k%
TS TEIET S

e, SRERIZEAT EMEL, 0.688kgm27> 5 0.831kgm2 |

FRREONE, BE, MEI

T%. BEETIC0.500kgm2 THEE LT~

I—A T OYIEA T 2 FEEE TEEL L, Table 3-30 12 60° D54, Table 3-27 12

120°DfE R 2~

fffﬁb‘

. FEOED I — A T AR O

REDOBRGINEHEIZRD.

Table 3-5 Calculation parameters for yaw rate with varying moment of inertia

Initial yaw angle

60° (Figure 3-30),

120° (Figure 3-31)

Wind speed 10m/s

Rotor radius 0.3m

Hub radius 0.03m

No. of blade 5

Airfoil NACA0012

Design angle of attack 7°

Design lift coefficient 0.564

Design tip speed ratio 3.4

Tip speed ratio 3.4

Yaw radius for rotor 0.395m

Tail fin area 0.067m?

Yaw radius for tail fin 0.44m

Moment of inertia around yaw axis 0.500kgm2 0.688kgm2 0.831 kgm2
(Aluminium) (Iron)

Static frictional torque 0.0736Nm

Dynamic frictional torque 0.0368Nm
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Released 0 = 60°

3
<
©
£ 25
= A ——10.500kgm2
3 2 \
>
Z ——10.688kgm2
8 15 -
(]
>
2 1 1 0.831kgm?
S
(0]
>
= 05 -
E \
: \
< O = T T T T 1
0 1 2 3 4 5

Time [s]
Figure 3-30 Calculated yaw rate with varying moment of inertia

(initial yaw angle : 60°)

Released 6 = 120°

3.5

3 ///\‘\ 1 0.500kgm2

2.5
| 0.688kgm2
2 .
15 - \\ 1 0.831kgm2
- \\
0.5 -
\

O n T T 1
3 4 5
Time [s]

Angular Yawing Velocity (w,,,,) [rad/s]

Figure 3-31 Calculated yaw rate with varying moment of inertia

(initial yaw angle : 120°)

Figure 3-30 & 3-31 22LH B2k, HMEE—A 2 FMENIELIZTZT T, K
RI—A 7 AEEIIRELSEELZTE. 202 3B EEOEEE— 2 B2
DIV NR TS ERIE, KT —A VT AEERRELL D HN I EERLTNS.
DT ORI M OTE, BliE, MEICE, tokBlERsnEERSE. —FTa—A
TRHHRE IR LIZWGATE, BRICELZ ST 572 E, HEICHIENTELZ R0
TW5.
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3.4 BEIRAER (Ryv7RKa—A v FEHFERRNOBIE)

AETIE, B CENE Ny 7RI — o o VEEFBRRO YA BRI T 5720, o—t #
(I —A T AEE ORI L) ORIEE L FRGHEME 2 i Uz, RBHGHE T, E
BRAEE OMMWEEER 2 28T 5720, 3.2 FH CTib «tkw&ﬁa#ﬁf?éuT@ﬁ%%mt

w; = o + o«’At [rad/s] (3.11)

0<B=90°, 270°<0=360°

My(8) + Cr(0) '%pATLT [{V — - Ly cos (9 _ %)}2 _ {(1) - L - sin (% — e)}Z] — Qg
I

o =
90°<0=270°

My (0) + Cr(0) -%pATLT [{V — -+ Ly cos (6 — g)}z {w Ly - sm ] Qg
I

a =

[rad/s?]  (3.12)

EORXREMMNTHEOND o—t HIBROPREIAME &, B EROHEM % T 212H 720
UTFOMZFEAIRDDZMLENRH Y, ROFBLBHETHELIBRD
3.4.11H: JAHEHO I —F— A~ My(0)
3.4.21H: RBIEHOETLE— AL MEE CrO)
3.4.3%:  I—hE ) OEMEE—A ]
3.4.4 T HEWEE NV (V7 EE Qr)

3.4.1 HTIX, a—A 7 AFREERBRTHWSIRAED I —F—A 2 v MyOIZ2OWT, JEIF

FEROMEM & Eq.(3.81) D PR FHRAE A4 ik L 72

2T
B
My(®) = 5 [ Ma(®) dys [Nm] (381)
0

3.4.2 HTIX, Ia—A7AHERBRTHWARHEOEILE— AL MeE CROEFH L,
Eq.BIDITMATDMEEWE Li-. ZOHEE, BiATRERROE T4 F MrO) (k
NT) % MV EFCRIE L, Eq.B3.820I2 LV BEEMLRER T — A v 7R OB RE L.
IRBAMIETITH 2 TO o—t BFROBGRFHEIZIEL, Z 2 CHE L CROEHEHT 5.
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1
Mg(6) = Cr(8) 'EPATLTV2 [Nm] (3.82)

3.4.3 THTIX, a—A v/ AEERBRCHO L EREEOEMEE—A N 25 E L, Hin
FHAEIFIZ Eq.(3.12IZRAT DA R D7z,

3.4.4 HTIX, I—A VAR CHWD EBEEE OBWERE ML Y (L7 QF)
ZHIEL, HHAHEEIZ Eq.G1DICRAT D EERDT-.

UEDOTFIEICE D, F—A > 7 AR L [ UL CRERFTR 217 5 Wi - 1o
345 T, I—A 7 AHEERBR CHE L o—t il & B RS RZ i L.
BA46HTIXBAHOFELHE LT, o—tHROMERFRMEOZ Y ML, FEW EOREIC
DN TRIET 5.

3.4.1

1]

(2]

I —F— A ikBR

KR H Y

Eq.(8.8D)DHGRIAEIC L DI —F— A v FOZUMEEHERT D -0121E, FEEODH
HMERER L T AMERH L. L LI —F— A MIBT 5PEIR(2009) 36 0%
BT EEE AR ORIRIC L0, HEREOFRGHEEEL LT O m — 2 [Bf50C L AT
T, Flor—% ERE L ORI, FHIRE VI —ATRAECHKERIC L
D —Z ~OWARNEL I, v —XmOLES THEOREEZHR I TV 5 aTRErE
WD, ZAIULSFA(2009) B4 BEH LIEETHRIECH D, £ 2 CARIFFERIZE S 3
—E— A FOERIT, m—XKFE YT FEMETDL L TRICKENI—ATO
ILSORBMOTEL TR L, I—F— X2 MIEEOEEEZ EH DT

KERALE

i L7228 E % Figure 3-32 (237, AMFRICEKWT I —F— A > b ORI
AT - REE (Figure 3-33) 1E, P4 (2009) 14 23z v — & 4% 0.8m, Xt
AL 8.4, BEEL 5O b DO LR —THY, 3.3.3 HTHRA-RFESEMEAS IR
SNWTEF STV, Figure 3-32 THREL & JELEE 2 30 2 H98H1E, PEIR(2009) 36
L5 (2009) 14 Wb DO LRI TH Y, HIRKO RS FEERICHAST, o— X ffg
ICED DB LT OBEEENRE. TORDa—ZBNBEDRFITKRLKRE R
I—A T, EAERT— X ORENPFICHL I LN TRTES.

INODOEBLEET -0, n—F3—( U T¥ET, n—FT v 7 MIRT U~
TRy 7 AT 5HZ LT, SFA(Q2009) B14 0> 0.225m 725 0.395m (ICE L=, Z0
1, %I4T 2 A ER T, 2R 0.3mD e — X RN 3 —A L 73 B BRI OFEPN 12U
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F5H IR L. 728 1R(2009) 61 28 7221248 0.56m O v — % DA, [FRRIZ Y
Y7 hEMET DL, BT AEERR e — 2 BNEFAOKRSMIHTLEY, HET
— X DASFENEICRIT 2 Sl L, AGRSCTIEERY E7eu.

ARFEERICHWZJETR (Figure 3-34) 1Z 1.05m x 1.05m O E H LAIC, JEA#H % Om/s
N5 22.5m/s FCEMLSEDH I ENTESD, MEOREX, JAH EREHICEE Lz k
—%& (Figure 3-35) & Xv Vi< ) A—% (Figure 3-36) #H\WTIT7H5. B F—FD
BE X, R L H ORBER o 10 AT 0.15m OALEIZERE L 7.

JEVHLIE 200V 3 #H 4 MROFHEEEE (Figure 3-37) IS TRY, RV v 7 U v
TaLTA 3—% (Figure 3-38) THESKAHIMHT 5. &JAE F CEEOFHELIZ
HOELZ LT, REIZAMAINSTREEZFHELT 5.

I—dh v 7 MME, BlOFEESE (Figure 3-39) 2 L CEM T L —Far bo—
7 (Figure 3-40) ICER>TEY, RHEAEEOI—ATHILIELZLNTED.

O I —F— A FORIEIL, F—8> v 7 MIER L TWD M2 &2 (Figure
3-41) CTHIE L= hVv2 %, Ao B (Figure 3-42) (2L T2 ufkL, 7—#
7 #— (Figure 3-43) Ticékd 5.
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Figure 3-32 Experimental set-up for yaw moment measurement
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Rotor radius

0.3m

Hub radius 0.03m
No. of blade 5
Design tip speed ratio 34
Airfoil Clark Y
Design lift coefficient 1.1
Design angle of attack 8°
Rotor yaw radius 0.395m

Figure 3-33 Tested rotor for yaw moment measurement

Manufacturer SUN-S

Max. wind speed 23m/s

Wind speed range 1—22.5m/s
Air outlet area 1.05m x 1.05m
Max. air flow 1522m*/min

Driving motor

Variable motor 30kW

Fan Limit load fan

Fan rotation 20—250rpm
Figure 3-34 Wind tunnel

Manufacturer RIKA SEIKI

Type LK—2

Duct length 380mm

Nose duct length 126mm

Tip shape L shape

Duct diameter 9mm

Figure 3-35 Pitot tube
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Manufacturer RIKA SEIKI
Type Betz type
400mmAp F-213

Measurement range 0—200mmAp

Accuracy 0.1

Withstanding pressure 49.035kPa

Working liquid Ethyl alcohol
Figure 3-36 Manometer

Manufacturer Fuji Electric

Type MRH8085M

Rated power 750W

Voltage 200V

No. of phase 3

No. of pole 4

Rated rotation

1420rpm—50Hz

Figure 3-37 Induction motor for rotating rotor

Manufacturer Fuji Electric
Type FVRO0.4E11S—2
Voltage 200V

Rated current 3A

Rated frequency 50/60Hz

No. of phase 3
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Figure 3-38 Inverter for controlling rotor rotational speed




Manufacturer Oriental Motor
Type BHF62AMT-A
Rated power 200W

Voltage 200V

No. of phase 3

Rated rotation 1500rpm—50Hz
Rated torque 1.27Nm

Speed Controller

Manufacturer

Oriental Motor

Type

FSP200—3

Function

Setting start/stop time
of motor
Controlling

electromagnetic brake

Figure 3-40 Electromagnetic yaw brake controller

Manufacturer ONOSOKKI
Type SS100

Rated torque 10Nm

Accuracy 10.2% / full scale
Range of rotation 0—8000rpm

Figure 3-41 Torque sensor
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(3]

Manufacturer ONOSOKKI

Type TS—2600
Torque measurement

Input signal Sine wave

Range of input frequency 200—50,000Hz

Unit Nm

Accuracy 10.2% / full scale
Rotation measurement
Input signal Rectangular wave

Range of input frequency

10—100,000Hz

Accuracy

+0.02% / full scale

Figure 3-42 Torque converter

Manufacturer

KEYENCE

No. of channel

Single end : 16ch

Difference input : 8ch

Measurement range

+10, 5, 2.5, 1, 0.5,

0.25Vv
Max. input voltage 30V
Input GND Non-isolated
A/D conversion resolution 14bit
Max. sampling frequency 400,000Hz
Input frequency band 100,000Hz
Sampling time 2.5us—60s

i 2[5 295

Figure 3-43 Data logger
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SR E OB E IS Figure 3-32 I/x L7 THAH. LT O Figure 3-44 |Z5EER ik
OWEZRT. I—F— A2 ML, B—ZPNRAICEXT D HmEEEEHRTDH. F—
AR EEUZ ExF L TWAHIRREZ 0°& L, KEEEHEIV IS8T 5. 9 —£ 0°Clda —
i M7 I3 AE LWz, ONm EGET 5. £ D7 HWE I —/A1T 105 15 A4
L, HEEDE (3 —mEEH) CHER LB L—Far br—FI2kb,
ZORREIZBITD, bHREEE I —ATOFIE MLy BEEFHO I —F

g —



— AL FTHY, MIHTHET S, ZiEd 10°4H(C 120°F THIEZIT-7-.

(Measured every 10°)

Figure 3-44 Yaw moment test model

eV CHIESAM: % Table 3-6 (R, JIE Lz v — ORlEEE#H L, R AW HE

— X DER BRI A B 2 I2WVEPH T 15 5 O & L, kkx RblEEE IR T 59 —F
— A NEWET D, BESEEEE, EEUREORKEHE S 3.4 THHIE Lond, JEH
10m/s TOHRIE DI EBRIEE OILIR 28T 5728, 3.6 THIE L.

Table 3-6 Experimental conditions for yaw moment measurements

Rotor Wind speed Tip speed ratio (A) Yaw angle (0)
R=0.3m 6m/s 1,15,2,34,4,5 10—120°
A¢=3.4 8m/s 1,15,2,3.4,4,5 |(Measured every 10°)

(Figure 3-33) 10m/s 1,15,2,36,4,5

FERRFIMEOFEA 2 LL FIZF T

(1) JaWiR, EEREEE, WEREOEREZAND.

(2) PC ETF—%m ' —(NR-2000)DFtAH Y V7 kT 25 [Wave Shot| #[H =,
NR-2000 LB STV D Z & 2iERT 5.

(3) NR-2000 D& E% [Wave Shot] TIT95 (Y 7V v JJEH: 200ps, IEF X
TN, BT 7 20000, ZEEIATD).

(4) BEZYPHAE 10°ICHEL, BHTL—F a2 ba—J0ALf v FE AN, I
—AEEETS.

(B5) ~/ A—F THEBEERP 2085, WEEEEH T 5.

(6) iR, EXREELTLETD.

(7) m—X[EHREE L A o N—2 CHIf L, HERRERLICEDES.

(8) NR-2000 2 X 2MEZBMHBL, "7 d L0 RESNHIET —FE—2X
K&, b7 a3 3—%, NR-2000 #4 L C PC (Zat A B0 (R17T 5.

(9) BT L—Farbte—FDAA vF%#Y)Y, Table 3-6 /R LIZ5MT, EH
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WA 10°E y FCTEI L 1200 TORMAEICE T DI —F—A > FEHIET S
[4] T — & upg

WE L3 —F— A MY, NTE4T S AICL T OFIECT — 2 B A1T S .

(1) FI—F—AL ML, T2 H—OREICLV Y 7Y - ZEH 200pus THF 4
BROF— & Bk SN TV S, FHRBET, WERHFOI—F—4 2 h
DWUNEB) 2 IS 5.

(2) F—F—AL FOFHEICHZY, Eq.(B.13)Z MW\ TI—E—* > ME# Cyv(0) %
KippZ LT, BV, ZKEEp, n—FMEMAr, B—4 3 —A 2 V¥R Le
DB PERT 5.

1
My(8) = Cy(6) 'EPARLRVZ [Nm] (3.13)

[5] 2o mIR IR R & o g

AREBRICE D0 —% I —A 2 7% 0.8395m TOI—F—A 2 b, [[ 0.225m D5F
4+(2009) 3141 OFERFER & LT 5. BRAEHMIE, m—XEKEY Y 7 NEHELZZ
LT, FRCREWVWI —ATOREDE— X OFENMUB I, BEERHEIE & OB EE
LEHICEDT — 22 WETETCVIDNDOMHERTHS.

XU ®IZ, Figure 3-45 [CARFER CTHIE L7 BU#H CTO I —F— A h %, Figure 3-46
WZFN%E Eq.B.13)IC X W REb L= D& 7/r7. Figure 3-46 T, [Al—[E&EHIICE
F2I—F— A2 MRETIENDIZERCMETH Y, BE, v—XHEkE, v—%3—A
VIR OEBNRETETNWAZEEZRLTVAD. T O b EERE @ N, T
bbb —HEEEEAFEVIEE, T—F— AL FOMIMENKEL 2D T ERbN5.
FlIa—F—A MNIHDHI—MA (40—60°) ZHZ D EADMEIZRY, v—F ZE T~
T 5 A mA~MERT 5.

WA, AREERAER & P42 (2009) 314 O EERAE R & i3 5 7260, 3LI2EUE 10m/s THR
B L= 3 —F— A MREZ Figure 3-47 (2. [Fl—[E#EEHE TOREZ VT —4
TOMHEIL, REBRMEROLTNHSN/NEL, EHEANYIET LI —ALAL
7. TOEIIE, BERLE—FIZLDRIMDELAUC L - Tl S e v — & /i O
NAEZLDRMNTI—F— AL "NOWKE, m—X %7 NOMEIZEVEBTE-2
LR TE.
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Yaw Moment (My) [Nm]

Yaw Moment (My) [Nm]

0.3

V=6m/s 03 V=8m/s
B i
BT Ll = 0 - — &L < =T
S w0 3 020 40 80100 120
e =
A=1 \./ *E 03 A=1 \—///_
—e=-A=15 e | A=1.5 \
———-A22 S || ==--- A=2 N\
A=3 § A=3
——— =34 & 067 ——»-34
A=4 — =4
A=5 A=5
1 _0‘9 I I
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o

f
=

N

Yaw Position [deg]

Figure 3-45 Measured yaw moment My(6)

(Rotor radius 0.3m, Yaw radius from rotor 0.395m)
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Normalised V = 6m/s

Normalised V =8m/s

0.1 0.1
S 005 S 0.05
€ €
g 0 o g 0 _—
S - Y
@ -0.05 @ .0.05 =)
8 — Vs S @
c -0.1 / t -0.1
(] ()]
g 0.15 g 0.15
s s
Z 02 Z 02
> >
-0.25 — -0.25 "
Yaw Position [deg] Yaw Position [deg]
Normalised V =10m/s
0.1
S 0.05
5 0 T <= "‘!.—F\
o SSsdooozossay
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S A=1 ‘\\vz
£ 01 - A=1.5 \//
e ||===-- A=2
© -0.15 A=3
§ ——\=3.6
Q -0.2 H }\=4
A=5
-0.25 1
Yaw Position [deg]
Figure 3-46 Measured yaw moment coefficient Cy(0)
(Rotor radius 0.3m, Yaw radius from rotor 0.395m)
0.1
0.05
5 |
E 0 - T o | ... T T T T T T ] e A=3
3 0 10 20 3074050 {70, 80 90 100 110.120 A=3: Moriya(2009)
£ -0.05 - S et -
: RN
3 Y :
E -0.1 N A=4: Moriya(2009)
€ A=5
o .
€ 0.15 A=5: Moriya(2009)
&
T 02
-0.25

Yaw position [deg]

Figure 3-47 Comparison of yaw moment coefficient Cy(0) for measurement with yaw
radius of 0.395m (experiment in this section) against 0.225m (5F£+(2009) [3-14]))
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(6]

PRSI & O

INFETCARERTHG LT —F— AV MEX, =% v 7 F&2 0.1Tm HELZZ
ETCREBORENMEE S, BHEESELZZEE2MRA L. 22 TRToMRE Ly
7RI — A 7 EE AR DB R A bl U, BEREH R O 2 S M A
AET .

BRI, JRRERR & BEREE OSME %A Table 3-7 1289, 28R E OO 4R 5L
LEICRESND. £ 3.3 HITHRATL LT, RO Ny > T7Ha —1 o TEE S
FEXOMEITIE, BURFER A L2 E O Clark Y OERFHEO T — & 23 W72
b, L5 (2003) B111 23H%E L7z, Figure 3-12 12759 NACA0012 D5 &F 4 L
7.

Table 3-7 Experimental and calculation conditions for yaw moment coefficient Cy(0)

Wind tunnel test Theoretical calculation

Wind speed 10m/s

Air density Measured 1 .225kg/m3

Rotor radius 0.3m

Hub radius 0.03m

No. of blade 5
Design tip speed ratio 3.4

Airfoil Clark Y NACA0012

Design angle of attack 8° 7°
Design lift coefficient 1.1 0.564
Yaw radius from rotor 0.395m

K AR B N (2RI D, IR SEERE & BRER AR & O il 2 Figure 3-48 127”7
72 BHGHAHAMIL 180°E THOAZFK /R L TV 5.
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Figure 3-48 Yaw moment coefficient Cy(0)

(comparison of wind tunnel test and theoretical calculation)

Figure 3-48 OF R FAE & PIEFER ORIV, ITFTOZ ER00 5.

® [ HDMEIX 20—30°DENIT—ATITRELS —HLTWAM, TnLEna—AT
!

TTRBEDN X V.

106



B GG R LR BRI bR CIEASWEE T 5 I —ANE L, EECEWE
HRJEEEETRO I —F— A FOMXHENRREZ W, ZOBEME LT, FHICHHE
ﬁﬁfﬁmfwé AR, EREHAA, BREHE MRS S, FERRICHEA L EE L OF
WREBEZHBND. 233 3HTIRAIEY, AWFEOB R Tl A/ W
DI—F—AL K i%l?-i LTELT, _ﬂﬁuiﬂima—%v—f v NTE 2 DR
NDAHTHS., TLTEZIL, e—X vy 7 hOMEREICEY, v—Z I3 LTK
X RPEEHEZ FFORACREICERN LZRIROENIC L 2R ICE NI —ATO
AT HEN ZOHRITAD TELR, KRE L TELIENIZLY, m—XITiA
T 5 B R E b CHIE LT D R EE L K< 725 TV D ATEEMED &
5. MIRENTWA/NE ) FEERO 7 — X EREIC 5 5 ST B OB
FEIIAEBRTHEH LB — X I T/NEWEY, ZIbRIEDELALIEA
AIFZE D A EBRFE R HERTO 72N 2 ERRBICTHRENS.

o FEGEIAME L JEWREEBRMEOM G L b, BIEEEEEAEmOIEE I —F— X F O
SENKEL 8D, e —XEEREAKREWVIEE, a—XEOLAIZERT
DHENANRES DI EHZIELLRLTWND

® PIIGEHAEIY, WBHREELNEWVIZEEANY ﬁa?é S—ANNSL D Th
e —Z EHRES K E VI S, BRIk 5 A RG2S K & < PAMA FEA/ N S
V. FORERSV e — X BRI NT, I—F— A2 MR ONm &5, T742b
BLillfg 012720 A —AMPNNESL 52 L2 ELLEL TS, JAIRAFERE T
EICEDRMDENR EIC L - T, ZOMEBAHEICITHTW AW E Bbh b,

3—F— AV SO REM O YA G L AREOR L, BRamaHEE & R 5
BRI X R DA 27k LTV 5 23, Figure 3-48 ([Z R B0 58RI, n’*@xﬂ LA DN ER
%3 —AR, ENI—ATOMICKERENRDD. ZORKIFERMOENMNCLSHD
&, BUAEBRMEICEERCE— XL DRMOENDOEENEENTNDLTDEEXD.

BRI OV AETe 2L, R E TR T 2 B OB 252 B ER CHIET 2 2 &
fm&f%é — T, [RIROENDEZELMERT DITB0EY OHENEZLND.

| Z I PR ESERRSC, S DICREAREAFATr—% v 7 MR L CHlE, F/midie
LHua—2E, TROLLEL LI —Z~OEEOREmE CHE L2258t LT
BERRNLDDOMEGRR ETH D, RBHGHNAERTITZ O LR OEEBIIEATED
F, BROENZERTIE, 4RO R EBREGE I A TSR B O R A 1 —

Ak L T/REY, EBREO/NRSIEEHRDO I —F— A MLV EEbns.

BURTIImEOEICKRE 2B NTH D L0, HAIXR T THSH. £ Figure 3-45
2, oI —A 7 HEERBRCHENT2REHD I —F— A MR LTEh, ZOMHE
FRECTRTREROE LT — AL FEHAATAIW. 207D, 345HDA—A 7
AEERBR CHWDAE L BEOMARDLETIE, I—F—A 2 MK KI—A T
WEANG. 2 AEEIIETE— AV MR TENTH S.
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3.4.2 1HiE—A v MEEOWE

1]

(2]

KR H A

Ry 7RI —A T EEH R EMNT o—t BEinshita RO 51201, Eq.(3.9%
EqGADIZRAT 2, HIitE— A v MR CRONMEL 725, KEBROBL, WE
LIeREFERFROBEILET— AL~ MrO)2DRER A EORBEZIRL T, Hurt— A
v MR CRO)E KDDL Z LI DH. BEmFHRME S O TIERV. 22 CHREESE
— A MR CrO) %, AFFETITH 2 COMGmtHE AT 5.

ARIEER T L 7= E8REEE % Figure 3-49 (27~ 7. Figure 3-32 O 3 —F— A - F kR
DFEBRIERE & OEWE, =L n—ZAMHE—ZORDOVICBENHDHZ LT,
Z OO FEREE 134T Figure 3-34 705 3-43 TRLIEBDO LR L THS.

AFEBRICH W B (Figure 3-34) 1%, 1.05m x 1.05m O & H LA T, Ei#E % Om/s
M5 22.5m/s FTEMSELHZENTE L. TEOHEL, BE EREICHRE L b

—& (Figure 3-35) & Xy Vhl< /) X —% (Figure 3-36) #/H\TIT9. Eh—FD
AIFE DL, WREH LA OMEER I &0 A 0.156m ONZEIZ#RE L7z,

‘—$EE/V7 M, FEEHHE (Figure 3-37) N L TEM T L—Far tr—7

(Flgure 3-40) IZER->TkY, BEAZLEOI—MATCHIESELZ N TES.

BHOEILT— AL FORIEE, F—8s v 7 MIEMR L TWD M2 B3 (Figure
3-41) THE LT vy %, R Z2#HEE (Figure 3-42) IZX 0V TF V& iklL, 7—4
7 #— (Figure 3-43) Ticékd 5.

108



Wind Tunnel
(1.05m x 1.05m)
\-

NA

Tail Fin 1 Tail Fin 2

Wind ]]l

_
a | Slip Ring Unit
0.1 00m2 Pivot Tube
Toraue Se

R

Induction Motor
(yaw axis brake

=
[--4
{ =
=|'__.I -
=
-1
L=

'!;”

g
o

Betz type
Manometer

I o] -
nooo . =L
l:

D ° == :
[ | Torque Converter) DM
_~|:|—|:|—|:|~ \.Break Controller

L Computer _—7 -

Figure 3-49 Experimental set-up for restoring moment measurement
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Bt — A v MREOME L g+ 5720, #EERIL, 0.067m2 @ AR1.0 (Figure
3-50), 0.056m2® AR1.0 (Figure 3-51), 0.100m2 ® AR1.5 (Figure 3-52) @ 3 ff}H
DOEKERAME L. BEEMI/NSWVIEEEREE (M7 BHRBORE, sz
DFEE, BEI v 7 FOWFTRIRIRNOELNE) OFBELZITTV. 20k, i
RERITATRERIRY K& AR b D&M LIV, —FT, 3.4.5HD I —A 74l
DOERIZ, n—F LREEZEOEREEORERPEIRENICINE S LT 5720, B
EOMENEIX 0.258m ik & L7z,

Material Aluminium
Thickness 2mm
Area 0.067m’

(0.258m x 0.258m)
Aspect ratio (AR) 1.0

Figure 3-50 Tested tail fin 1 for restoring moment measurement

Material Aluminium
Thickness 2mm
Area 0.056m’

(0.236m x 0.236m)
Aspect ratio (AR) 1.0

Figure 3-51 Tested tail fin 2 for restoring moment measurement

Material Aluminium
Thickness 2mm
Area 0.100m?

(0.258m x 0.387m)
Aspect ratio (AR) 1.5

Figure 3-52 Tested tail fin 3 for restoring moment measurement
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(3]

EERITIE

FEREEE O FEIT Figure 3-49 (/R L7zi@ Y T, EBRHIEOME % Figure 3-53 (2R
T EILE— AV ML, BEPRTMEHT 2 HMEEEEET D, £loa—MAlE, B
WA T2 0 I & WATRREEE 008 LT, KEFHE D ICHNT 5. 3 —4 0°TIL,
=L LT D AT IERAELRNEZD, ONm EIRET D. T O7=OHIE S —MAi
10°Z MM E L U, SFEEHE (3 —EEM) B LcER 7 L —Far be—7
W&V I—ghEZEETSH. ZORBICBE TS, HOEHEE I —ATORE Mo HRER
HOBETE—AL M THY, MIZEHTHETSD. Tz 1072 180°F THIE L7z

i

0° L 180°
™ ind
T\ -
N\
B

(Measured every 10°)

Figure 3-53 Restoring moment test model

eV THIE S F % Table 3-8 27 . HIEJRH X 2012 FITRITN TFEIND
IEC61400-2 ed.3 DEFEIZIDE, I —A LV THAMGHR THEZND 14Vae & L, £
Zi7 7 AWV Vave = 6m/s), M(Vave =7.5m/s), 0 (Vave=8.5m/s), I (Vave=10.0m/s) T
AVWAEEZRE L. ZHOOREREIZI —F— A2 FRBRTHWE L& 2,
NORER b REIL L CRUEDZEA PR L T\ D720, FREITE.

Table 3-8 Experimental conditions for restoring moment measurements

Tail fin Wind speed Yaw angle (6)
0.067m*, AR1.0 8.4m/s 10—180°
(0.258m x 0.258m) 10.5m/s (Measured every 10°)
0.056m?, AR1.0 11.9m/s
(0.236m x 0.236m) 14.0m/s
0.100m’ AR1.5
(0.258m x 0.387m)

EERFNAOFEM &2 LU FIZRE T
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(1) JEJR, EBEEE, HEREOBERE AND.

(2) PC L T7—% 1 —(NR-2000)DF#A#HY ¥ 7 T % 'Wave Shot) &5 &,
NR-2000 & i STV D 2 & Z2iERT 5.

(3) NR-2000 % iE# [Wave Shot] TIT75 (> 7V o FJEH: 200ps, INHERH
T, BT T 25000, ZEENATD).

(4) REZIHNE 10°ICHEL, BHET L —Far he—FDAAf vy FE AN, =
— A EEETD.

(B) ~/ A—HTREZRY 7235, WEREZ T 5.

(6) KU, EREBELZTETD.

(7) NR-2000 ODHEIEZBIEL, M7 X0 RESNZFFIEETE— A b,
hv 27 2 3—%, NR-2000 241 L C PCIZHEAH 0 17T 5.

(8) BT L—Far br—TFDAA vF %YV, Table 3-8 |2/~ LI TRIE
Z10°E y FTHEINL, 180°F TOXRMEICKITHEILE— AL FERIET .

[4] T — & upg

ML ZEFCHIE L2 LT — A > ML, UFOFIETT —Z LB ATV, HirE— A
v MREERD 5.
(1) BTE—AY NI, T—Fad—0OREICLY, $> 7V 7EY 200ns TEE 5
BREOT—2 BNk S T 5. EELEE AT, JIERF P OE LT — 2 > b
DI INEBY & T 5.
(2) Eq.B.82IC LV ELE— AL MEE CrO)ZRDH Z & T, JAH V, ZZL[EE p,
BRI Ar, BEI—A 7R I ORBEHERT 5.

1
Mg(0) = Cr(0) 'EPATLTVZ [Nm] (3.82)

[5] kA

Figure 3-54 (ZHIEBH Z L ITEICE— A > M. Bl & BREERMICHEI LT, 12
TE—A Y SRR HBEMPHERTE S,
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Restoring Moment (M) [Nm]

Restoring Moment (M) [Nm]

V=8.4m/s V=10.5m/s

8 I I I I I 8 I I I | I
SR I I I Rl 0.100m2, AR1.5 € o s 0.100m2, AR1.5
——0.067m2, AR1 || zZ —0.067m2, AR1 ]
6 - = = 0.056m2, AR1 K ’EE 6 - = = (0.056m2, AR1 H
5 = 5
C
[J]
4 E 4 et
O || eekeepeere .
3 T T T T T T L 23 : T
5 | O £, ::,.,_____..__\:\\
1 9 ol ll il TR ) L4 \"'.
7 N\, 2 \\.
0 1 0 t
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3 SNy = - - - = --\ ‘\' %{) 3 .l/ ..
2 3/ — 0.100m2, ARL5 [y £ 2 i 0.100m2, ARL5 |-} &
1 -‘/_ ——0.067m2, AR1 \\'- % 4 | g | ——0067m2, ARL \
- - =0 056m2 AR1 : < 4 = = = 0.056m2, AR1 N
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Yaw Position [deg] Yaw Position [deg]

Figure 3-54 Restoring moment Mr(0) of rectangular tail fin

Figure 3-55 |2, Figure 3-54 DfEi% Eq.(3.82) THREUL L7 b D& Rd . EAECRERE
BIZBL 5T, ENbIEE CEIZR-> TR, FRE1kl ;JZO’C\_?L%@%;@S%%%T“
ETCNWDHILEEZRLTWA.

—HT, TAXTZ FL oA AR OEWIC K5 E8L, REEL THENRE B> T
W5, ARL5 & 1 THERL7Z54G, K0 AR OJ5A%, 3 —4£4 40°L 150°(HE Clak & /e
L 7Z2>TWd. Zhid 3.8.6 HTlA, =WouREORNGINZER &+ 575560
WX AEILE— A MEEOWEMR, Zhboa—A (ThbbRREIIHT 5H4) T
PEEIZR DD EEZOND. AED o—t OEGRFHHE CHEHAT HETE— A > MEEK
Cr(0)1%, Figure 3-55 W, EE[EFE 0.067m2, AR1.0, JEiH 8.4m/s DEZHK=H L,
INEFEEREOMNEN T CRO)OfE L 35 (Figure 3-17). Z® Cr(0) % Eq.(3.82)01ﬁ
ATHZ LT, MrO) OFFENRFEREL 725, Z O CrROIIEVRZEER O ERIE 2 iz L
WLTEHZRITCREOETIEH D0, o—t OHGmFENTIIER @AR%R%@ﬁkﬂ
CROICB RIFTHEIZBE L CBoT, S%OPMEDO—-DOTHD.

ZOMOFEE LTIE, I—F—AL FOERERETHLE I ThomX oI, BR
BIOENI—ATEIRBICLIDIEELZT VLR TSN, ZOMRIZ iﬁ?ﬁ
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Restoring Moment Coefficient (Cg)

Restoring Moment Coefficient (Cg)

3.4.3

{EEBRBENTH D, L LARERTIX 3FEHHO B2 5 REAER) 4 FEO W E RHE
TRTHEED CROMEZ N2, £ 5 LIoEBIIREN T, ME LT — & I35
PEIC D &I L7z

X DICEBRORE T, Kna—fA (FlxiE 30°) NHoa—o 7T, AN
RCREN e —XO%RFINET S0, BERAWAT DRI — & OFELE %
J5. L LA THREET L2001, kI —A v 7 ARERREL I —A 7 Afr
AECREE D, mna—fA (Bl 120°) NHEDI—A T ThHDH. TDREHID
WEIT VRN EEZD.

Normalised V =8.4m/s Normalised V = 10.5m/s

2 g 2
1.8 = 18
1.6 2 16
1.4 COrr £ 14 ~t
) o ‘Wq e \ﬂ
12 l' O\ Q 12 D)

: I X
0.8 . £ 0.8 *
06 e 0.100m2, AR1.5 -\'-.L,— = 0.6 | D 0.100m2, ARL.5 | T\
0.4 ——0.067m2, AR1 £ 04 ——0.067m2, AR1 [
0.2 / — —0.056m2, AR1 \ g 02 / — —0.056m2, AR1 |+—

0 I D A g o I N
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Figure 3-55 Restoring moment coefficient Cr(0) of rectangular tail fin

EREEEOEEE— A b

AT, %35 3.4.5 HOI—A v 7 AHEERCTHND FZBREEDOEMEE— A b 1
EEH L, HERHEIHEAT2EZRD D, 46DIZ, Figure 3-56 (23— v 7 A ERER D
FREEME A RS, BT — A 2 FORHITEG S L ICER L SEEERIL, Figure 3-22
TR LIEHEET LV EM - TEHET S, Table 3-9 ICZDFEREZRTN, ThALETEELA
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DETEMEET—A 2 FORFHT 0.688kgm? TH 7. 3.4.5 HOBIRERRGER & O T,

Wind Tunnel
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Induction Motor ‘(MT‘)

— Wind JII
]
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Onit g M\

|
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¥
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! IHEN]
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HEE
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o O o 1 Y
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Data Logger /*
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| |

Figure 3-56 Experimental set-up for yaw rate measurement
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Table 3-9 Moment of inertia about yaw axis for experimental devices of yaw rate

measurement (symbols follow Figure 3-22)

Total | [kgm?]

Rotor and hub (Figure 3-22 (a) : Thin disk model)

R ~ Re[m] ~ m(blade)  m (hub) |
[m] [kg/blade] [ka] [kgm?]
03 0385 0115 01985  0.1515
Rotor shaft (Figure 3-22 (c) : Cylinder model)
Rm Im  Re[m] | m [kg] I [kgm?] 02933
001 0402 0201 0.8315  0.0448
Bearing box (Figure 3-22 (b) : Hexahedron model)
a [m] b [m] Re [m] m [kg] I [kgmz]
0.07 0.13 0.129 5.256 0.0970
Base plate (Figure 3-22 (b) Hexahedron model)
a[m b [m Re1[m Re2 [m m [k | [kgm®
" " (long s[idi) (short iidl) “ e 0.0535
016 0.484 0310 0474 20375  0.0535
Induction motor (Figure 3.15 (c) : Cylinder model)
Rm  Im  Re[m] m [kg] | [kgm?]
0.07 - 0178 0128 11.0415 0.2236
Tail fin haft (Figure 3.15 (c)r: Hollow cylihder model)
R[m] riml I[m] Re[m m [kg] | [kgm?]
0.0095  0.00875 0.27 0363 0.091 0.0125
Tail fin shaft éuppod No.1 (Figure 3.15 (b) : Hexahedron mode)
a[ml  b[m  Re[m]  mkg] | [kgm?] 0.3412
005  0.016 0.244 0.197 0.0118
Tail fin shaft support No.2 (Figure 3.15 (b) : Hexahedron mode)
a [m] b [m] Re [m] : m [kg] I [kgmz]
0.05 0.016 0.302 0.197 0.0180
Tail fin (Figure 3.15 (b) : Hexahedron model)
alml  b[m]  Re[m] m [kg] | [kgm?]
0.002 0.258 0.44 0.378 0.0753
0.688 kgm’
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3.4.4 EBHEEOBEE NV

RIATHAD I —A o 7 AW O B FZEARE R IIE, I —A 7 AREZRD S5 3 —i)
JEO OMBEEIZ LD MV BENREENTWDS. ZOEERD, b 27iEE Qr & L THR
FIACLBET 22 LT, BURERMERE OHEBREZN LS5,

FEERINITFRE L CW DR Z B2 5 LT DB < §r LB &, BTV D (RIC1E)
SEEEONHY, ZNbEZENENRDS.

AEBHEE BT DE BB O LR ERIIAY v 7Y 7 ThDH. & Z Tk EE O
EWHY, BERETIZRIENY 23 —hh b 1.6cm OALEIZT >z, ZDH%RRY v
Uo7 & UTIRRE & BIWIRRE T, FEBRILE DS 3 —Wih)E » OEERAZ 15 72 ) & 2 VHlE
L, TDOEZEILEET L3 5. Figure 3-57 [ZHIE D+ %, Table 3-10 [ZHIE R H 2 /~7.

Figure 3-57 Measurement of slip ring static friction by spring scale

Table 3-10 Measured slip ring static friction by spring scale

Slip ring [closed] Slip ring [opened] Difference
Measured value 5509 50g 5009

ZDORERIND, FIEEBEE NV ZLTO X HITkD 5.
® HrIbFEEE L7 500[g] x 9.81[m/s%] x 1.5[cm] = 0.0736[Nm]

Ry VT E—A PO ENERE L7 1L, RER K0 R IEEER S 00y SRE L.
® VHENEEE L1/ 0.5 % 0.0736[Nm] = 0.0368[Nm]

I ZonfbE b DE, BWRFEBREE OMBERIZC LD M7 EoE Qr & LT, B
B RAT 5.
® Qp = 0.0736[Nm] + 0.0368[Nm] = 0.1104[Nm]
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B0 M7 EEDOENE, Figure 3-45 O3 —F— A X, Figure 3-54 DT — A
N EHITIERITNS L, 3 —A T AEEICE JX T3S S,

3.4.5 I —A 7 ANNEERER - FREGEHEAE & O g

1]

(2]

KR H Y

33 THE LNy 7T —o T EERN DY M A RFET 2 720, B EER
ZITV, [ASMHECHERHE L7 o—t B2 b3 5.

REEBR O L7228k 35 E 1, Ak L7z Figure 3-56 MV TH 5. EEE (Figure
3-33) 11341 HDOI—F— A FRBRTHM LD LR LT, £ 0.3m, aXal)HEH
8.4, m—& 3 —A 742 0.895m OJEEZfE S . EUER (Figure 3-50) 1% 3.4.2
HOEIE— A MR T L7 b D L[ LT, Hff 0.067Tm2, 7 A2 kL F 1.0
DOBREEZM Y. ZOERTHET D HDIT MLV TERL I —A VT AFEETH D
7o, MRS T L—XEEORDYIZL, v—F VT a—F %3 — i
o, F—ihoRERAEEZIES S (Figure 3-56) .

AFEBRICHWZJEIR (Figure 3-34) 1Z 1.05m x 1.05m O E H LAIC, JEA#H % Om/s
N5 22.5m/s FTCEMLSEDLZ ENTE D, MEOHEX, JAH ERHICHE Lz~

—& (Figure 3-35) & Xy Vhl< ) X —% (Figure 3-36) #/H\TITH. Eh—FD
HIE AL, WRE LA OREER 19 0 AT 0.16m O EIZFRE L7z,

ﬂ$12mV3ﬁ4ﬁ®$§%@%(Emm3m) Besh Tk, AV 7Y v
T LTCA »3—% (Figure 3-38) (2 XV [l AZHIEIT 5. &5 JEEH F CTEEDE
WA DE S Z & T, MEIZAMAPN o TREBE LT 5.

I—iffis v 7 MZiirn—# V= a—% (Figure 3-58) Z#fid 5. Zon—X1J
va—FICEREZE/LEIR (Figure 3-59) #HW T DCE/EE AT H L, 0.5°EH5
BHIECANNVA M98, H VA 37— v i— (Figure 3-43) T & & H 1250
I 5. ZOTF—X Z0HET I o—t BIBROBEESSELND.
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Manufacturer OMRON

Type E6B2-CWZ6C

Output format Open collector output

(NPN)

Resolution 720 pulses/rotation
=0.5° intervals

Rated voltage DC5—24V

Starting torque =1mNm

Figure 3-58 Rotary encoder

Manufacturer Diamond Antenna
Type GSV1200
Input voltage AC100V+5%
Output voltage DC1—15V
Output voltage =2%

regulation (at rated output)

Figure 3-59 Stabilised DC power supply
[8] F2BRAIE

FERIT OB A Figure 3-60 (27”77, 3 —MAITAESEUZIEX L TV 5iREZ 0°&
L, WREEHEVIZEMT 5. BEO I —A LM EZNET 212489720, TFFHITEE
DI —AICBEARE L TEET 2. WICHIERE £ Tk 2 B, W s fE b &
Tr—ZEEEE BT 5. BERES67—2uli—o ) H—%2Af, REFLTH
REZKL, 05°Z &Iy a— AT L IVABELFMEZNEL, 39—
Y& D I —ADORFRE L ERD S,

90°

(Released from 0)
Figure 3-60 Yaw rate test model
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fE W CTHIE A% Table 3-11 (2783, AR HE (Figure 3-33) 13 3.4.1 THO I —F—
A FRBRCTHER L b0aM 5. ftElEE (Figure 3-50) (3 3.4.2 THOE IGE— A
MR THEH L2 OON, mEN 0.06Tm2OH0E 5. Zhbi, 9a—A 7 Hic
0 — 2 S b BRI %I £ TOLRTHNE 1.05m O RATRFENIZI E 5 e KORRIZER L.

Table 3-11 Experimental conditions for yaw rate measurements

(measured several times for each condition)

Rotor Tail fin Tip speed ratio Wind speed Initial yaw angle
() (V) (6)
R=0.3m Ar = 0.067m’ 3.4 8.4m/s, 10—150°
AN=34 AR=1.0 10.5m/s, (measured every
(Figure 3-33) (Figure 3-50) 11.9m/s 10°)
| |  140mls  30°,60°, 90, 120°
4 11.9m/s 30°, 60°, 90°, 120°
4.5 10.5m/s 30°, 60°, 90°, 120°
5 8.4m/s 30°, 60°, 90°, 120°
5.5 8.4m/s 30°, 60°, 90°, 120°

BIE R Y, B EOBRGEELE EF L 8.4 1IN T, I—F— A2 FOREL MR
T 5720, TNEVEVVELIER L.

HERGHIT 3.4.2 HOEILE— A > FklR & FERIZ, 2012 FIZHITRTESND
IEC61400-2 ed.3 DHERICFESE, I —A  7AMAAFETHEIND 1.4Vae & L, £
2D 7 T AN Vave = 6m/s), M (Vave = 7.5m/s), 1T (Vave = 8.5m/s), 1 (Vave =10.0m/s)
THW A% &E L7z,

P JEGE B> w — & ANAIE SR Tz L CWAIREET, FEICRFFLTCWZERZ
BRI L CIRE 2 3 — 1 > 7 X853 —AI1%, 10—150°DfHT 10°%|A & L, 0°1x3
—A 7 LW OHIE LRV, 160°8 170°0%, BREERESETFEWH Lo & REOM
WAZE L, WAJEUIZ T L TLE S 2OHIE L.

HEREDOH THEKRD 14.0m/s, FITMEFEHLL 4 L ETIE, 3—A 7 A
JERom — Z [ IR IC R E <, ERILEICRE RAMMB PN fERE WLz, £
Z T Table 3-11 (T4 i@ Y, HERGE & Bl —A &S L THIE L7z,

FBROFNEE LL T2

(1) 3R, EEREEE, WEREOEREZAND.

(2) PC ET7—% 1/ —(NR-2000)DFHAHY ¥ 7 T % [Wave Shot] ZH X,

NR-2000 & B STV D 2 & kR 5.
(3) NR-2000 % E% [Wave Shot] TI1TH (> 7V ZJEM: 200ps, UHERH:
TU—Fr, FEBAL) (ZV =T TIETFENCELD Y AT —TCTHIEDBRL, 15

120



4]

IERTELD, I3—A 7 ORBERIDAFILT HETETERT D).

(4) BEZBMI—MICHEL, MARIIEELZ 52 72WEHIZEELRRL, T
R 5.

(B5) ~/ A—F TEHEEWPY 72085, PEREEHITS.

(6) KU, EREBEEAZTETD.

(7) vo—X[EHREREZ A o N—2 CHIE L, HERRESEICGbES.

(8) NR-2000 OitdkzHis L, RBEAKL CHEBMEZ I —1 7385,

9) F—A »TEH#MNIEE -7 5 NR-2000 Oitdkz Flr LT — & & PCITRFT 5.

(10) [FEEDTFNET, Table 3-11 (2R L7-4E THIE 2 fkFi+ 5.

T — AP

PE LIy a—Z o OV AEE LR E o—t IS EHRT 5 7-0120F, 7 — % O
BSSE L, T2 l—04ET—%1%, 200us _&OD:E/:“—&#%O)WJJ“
T AL ICHELTWD., mra—XOHEFEIE, 0.5°7 & ICERE E{LEIR
THMLZZEEE OV 2R BICRAT S, HlAXEREENERICELY, = a—2o
EMEBILRHANTSH D 8V T2 L35, ZoHREGT —#uli—0hET—21F,
200ps DY 7V U EBIHIC, ARICT 2 a— 273 90— 90.5° DA I HALE OV & 3l
T 578, 90.5°—91°Tix 8V DfE & idxd 5. U EaEE 2, WIORTFIETT — & AL
ZITWV o—t iRz RD 5. B a—A 7 E O THOEIET 5 E TOREERRERMIE, &
%&E@%%#’iéﬁ+ﬁﬂ’ﬁi@,?—&ﬁﬁﬁﬁﬁﬁﬂ&g.%@k%,?—
HABNZIE T 0 7T ARl o CEELT D, AEBROT—ZUBTCHERLET 07T A
:—%%,%X@H%B_ﬁﬁ
(1) EF—xiZE&ENsr20ERMF T, 0.1 M (5007 —%%) ZXic, fE v
AEE (RFEBRTIEX OV) B hEnienz v 5. #E%@i AN
TV T T —HORIEDOBILEN AV UL B2 BE 7 b, AV K HIEh v v
FLZ2WWH D E L.
(2) HFEFEOMBIZ L~ T, F—#h72% 0.1 B Z & 12, 0.5°HAL TE W 7= mIEA o
L. BIZIE, 0.1 BRI/ SVAD A Y S 10 EITHhIUE, ZORRIZEIT S
—A T AHEEIILLTO L IITRDD I ENTEDH. ZOMEL L To—t dhif
%#15%. Figure 3-61 2% Ol & ~7 .

05[] x 10[E] m

O FHFHA:
© Pat 0[] 180[]

= 0.873[rad/s]
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Yawing Angular Velocity [w.)

A=3.4, V=10.5m/s, Released from 100’

25
Hand ﬂ‘\ Maximum yaw rate (Wmax)
2 -- movement
before ] /R
15 | releasing | Unnecessary data }7
RSl AV P ——
=z 1 I m_
- E f i
o5 nd of yawing >
, X VAR Wy e
' | Yawing ' T ' =
¢ > | directional |19 15 20 25
05 change
Time [=]

Figure 3-61 Example of ®—t curve from wind tunnel test result (before data processing)

(3) Figure 3-61 (ZHiL 5 X 5 72 REBAIKATIO TR Z FTREZ2 RV BrE L, BHHRIHIRE
Mz 0F, Orad/s &5, £/ KI—A VT AHEELEDT —Z & ML 5EHE -
WERET S, Figure 3-61 OHNIxF LT, 26 O A L 7= 1 D % Figure 3-62

2R,

Yawing Angular Velocity (w,,,)

[rad/s]
= N
(0] N (0]

[y

o
U

A=3.4,V=10.5m/s, Released from 100°

N
J
/ \
/ \
N\
0 0.5 #ime o 1.5 2 2.5

Figure 3-62 Example of ®—t curve from wind tunnel test result (after data processing)

SEBRE R & R R SRR O

(5]

T2 A LT o—t MIFROREM L, FRmEIAE L bOZ KT 5. molZzhn
LTNODOZS % Table 3-12 (R d . ZORMETHBZATY, W10 = —F4, EGE, [EE6E®H

2L, 2 Crumi SRR & BRI 5 2 2 R e R

L, m&ICHR

RO A REES 5.
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Table 3-12 Experimental and calculation conditions for yaw rate

Conditions Wind tunnel test Theoretical calculation
Other Initial yaw angle Table 3-11
Wind speed Table 3-11
Rotor Rotor radius 0.3m
Hub radius 0.03m
No. of blade 5
Airfoil Clark Y NACA0012
Design angle of attack 8° 7°
Design lift coefficient 1.1 0.564
Design tip speed ratio 3.4
Tip speed ratio Table 3-11
Yaw radius from rotor 0.395m
Tail fin Tail fin area 0.067 m?
Yaw radius from tail fin 0.44 m
All system Moment of inertia 0.688 kgm?
Friction torque Static (0.0736 Nm), Dynamic (0.0368 Nm)
W1 = — A O

Table 3-12 O TREGEAS 10.5m/s, 7 — X [allZOEHE L% 3.4 CREE LT, 3
—f % 30°7 5 150°F TEL S ¥ 2R % Figure 3-63 [Z/Rd. kI —A > 7 A fE
DIEBARIZZTHELLBRADT, ZZTIHEAIORMIEE TS, MHinll, FEBREE b

(2, WA L TRk S —A 7 ARESHEIL T 5.

V=10.5m/s, \=A,=3.4

V=10.5m/s, A=A;=3.4

~ ST ST 90deg. 5y 1 ST 150deg.
g 45 e EX 90deg. T T e ITIEIE EX 150deg.
= 4 | = = = SI 60deg. e 4 — SI 120deg.
3 55| — — — EX 60deg. g —— EX 120deg.
% . . — SI 30deg E 35 A .,;‘":_'""
-2 3t —— EX 30deg. < 3
=S 8 25 k -5 2.5 A
5= R
g 2 5= 2 -
ERRE & 15 7
E 2]
= :
0.5 S0.5
O 1 J 0 1 1 1 1 J
2 25 0 05 1 15 2 25

Time [s]

Time [s]

Figure 3-63 Yaw rate with varying initial yaw angle

(comparison of wind tunnel test (EX) and theoretical calculation (SI))
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JEGEE D B2
W E — % 60°F721% 120°L L, Table 3-12 O Cr— X [EHZDJE# L% 3.4 T
EE LoD % 8.4m/s 205 14.0m/s F TEAL S H7-F5 K% Figure 3-64 |Z/R 7. fix K
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Figure 3-64 Yaw rate with varying wind speed

(comparison of wind tunnel test (EX) and theoretical calculation (SI))
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Figure 3-65 Yaw rate with varying rotor tip speed ratio

(comparison of wind tunnel test (EX) and theoretical calculation (SI))
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% Table 3-13, 14, 15, 16 273, ZFOFEHE, UTOZ ENPH LT~ 7=,

o Wiz —f, i, v—[EHR0EELIZHE] L CRK I — A 27 AR S N
LCEY, HHME S ERMEIZFEEOEMZRL TN,

® (IFAETOERMET, BEERMED LRI LY K& V.

® o —X[EHRDEMIL DAL LR U 3.4 TiX, w3 —£ (30°FHr) T
1349 0.1rad/s (10%595) TH 5.

® o —X[ERDEESEEEHL LR U 3.4 TiX, TREOI—A (60°—90°)
TZEI3K 0.6rad/s (20%55) T 5.

o 1 —X[alED SR EHEEL L R U 3.4 T, mv I —f (120°84 1) T
1349 0.5rad/s (K 16%) ThH 5.
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I—MAIZ K> THEHOZEN R 2B H L, Figure 3-48 THLMRERIZ, I —F— A b
R HGRE L ERECRHEL WD Z b BEAD—D2 B2 bNE. L 2ANT—F
— A v MEEUX, 3 —M72%30°L 90°DE, HiERE & EREIZIZEFR CETH L. o
T 30°L 90° Tl g —F— A v MTEITES, ZNLSNOBH TR I —A 7 AHEIC
FEMH TN,

IhoEEEx, BEmaECRODIREKRT —A T AREORYEEZBETH L, E
BROME & DL, ZRNCEZ TR REL 8D 0.6radls, & L <IE20%1F LM KIZH
Bh oD EHETSH. EEMOI—HICBNTY, BERFHEMEIT IR & RS0 L
DRI —A L THEELIRD Z LG, KEGRIZHIT DHEEMITZ M E 2> TS,

Table 3-13 Maximum yaw angular velocity with A=A¢=3.4 and V=8.4m/s or 10.5m/s

(comparison of wind tunnel test and theoretical calculation)

A34

Release V=84m/s V=105m/s

Angle Experiment [Simulated 1|{Difference|Difference| Experiment |Simulated 1|Difference|Difference

[degl [rad/s] [rad/s] [rad/s] % [rad/s] [rad/s] [rad/s] %
20 0.52 0.57 0.04 7 0.79 0.72 -0.06 -9
30 0.87 0.89 0.02 2 1.13 1.13 -0.01 =il
40 1.13 1.22 0.08 7 1.40 1.54 0.15 9
50 1.22 1.52 0.30 20 1.57 1.91 0.34 18
60 1.40 1.76 0.36 21 1.75 2.21 0.47 21
70 1.57 1.95 0.38 19 1.92 2.46 0.54 22
80 1.75 211 0.36 17 2.09 2.67 0.57 21
90 1.83 2.25 0.41 18 227 2.82 0.55 20
100 1.92 2.35 043 18 244 2.95 0.50 17
110 2.01 244 0.43 18 253 3.06 0.53 17
120 227 2.52 0.25 10 2.88 3.17 0.29 9
130 227 261 0.34 13 2.88 3.27 0.39 12
140 2.36 2.70 0.34 13 3.05 3.39 0.34 10
150 2.53 2.78 0.25 9 3.40 3.50 0.09 3

Table 3-14 Maximum yaw angular velocity with A=A¢=3.4 and V=11.9m/s or 14.0m/s

(comparison of wind tunnel test and theoretical calculation)

A34
Release V=11.9m/s V=17140m/s
Angle Experiment [Simulated 1|Difference|Difference| Experiment |Simulated 1|Difference|Difference
[deg] [rad/s] [rad/s] [rad/s] % [rad/s] [rad/s] [rad/s] %
20 0.96 0.82 -0.14 -17
30 1.31 1.28 -0.02 -2 1.57 1.52 -0.05 =3
40 1.57 1.76 0.19 11
50 1.83 217 0.34 16
60 2.09 2.51 042 17 2.36 2.97 0.61 21
70 227 278 0.51 18
80 2.36 3.02 0.66 22
90 2.62 3.20 0.58 18 3.05 3.75 0.70 19
100 2.71 3.34 0.64 19
110 297 3.47 0.50 15
120 3.05 3.60 0.54 15 3.67 422 0.55 13
130 3.23 3.71 0.48 13
140 3.49 3.84 0.35 9
150 3.67 3.96 0.29 7 4.28 4.64 0.36 8
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Table 3-15 Maximum yaw angular velocity with A=4, V=11.9m/s, and A=4.5, V=10.5m/s

(comparison of wind tunnel test and theoretical calculation)

A4
Release V=11.9m/s V=105m/s
Angle Experiment | Simulated 1|Difference|Difference| Experiment |Simulated 1|Difference|Difference
[deg] [rad/s] [rad/s] [rad/s] % [rad/s] [rad/s] [rad/s] %

| 1220 1270 o004 3 105 110l 005

| 253 315 06l 20 227] 275 048]

120 305 351 o046 13 271 308 03]

Table 3-16 Maximum yaw angular velocity with A=5, V=8.4m/s, and A=5.5, V=8.4m/s

(comparison of wind tunnel test and theoretical calculation)

A5
Release V=84m/s V=84m/s
Angle Experiment [Simulated 1|Difference|Difference| Experiment |Simulated 1|Difference|Difference

Wl
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FLOEH, BEEHETD.
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v VTR A G T DR E S B RYR A TE LS, EENDOERMET omax OFEERGFT
BEITY. TNUOHOMEEND A LT B & omax DBERD, A T2 KMT D omax DFT
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Figure 3-66 One second averaged wind direction and speed measured at urban area in 234
February, 2008 [3-1]
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B, REHERBECHEM Th L0 —FEFE AR, 10— % 3 — A 2/ Ly, BV 5572
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AL 21

2 ) 2n
f * My(6) do = > pARLRV? - f *Cy(6)d0 [Nm - rad] (3.88)
0 0
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Figure 3-67 Approximation of | OZHB

Cy(0)d6 (based on 589 calculated rotor combinations)
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Figure 3-17 Restoring moment coefficient Cr(0) used for yaw rate calculation in this

research
3.5.3 KNI —A 7 AEEDOHHE
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ZOXITHT- AR BIE, REEPE TR CH DR RKEE p, XFHEEV, n—FiF
WERE A, B —& I —A 7R Lr, v —ZakGHEHE A, %ﬁéﬁfj Ar, BRI —A 7
PAE L, I—WhE D OBEMEE— A I ZKBLIZbD LS. o T, B LRI —A 7
43 Omax,120deg DBAGRDS, AWFIETEDOEMZHAE L, IEC OHEMEIb > THIZICESR
T2 Omax,120deg X AT I E 72D .

IO DORERE ROT D7D, 150y T2 AT D TR O/ N R 56 R O &
L T Table 3-17 € 7. FiXitAFOBENRMAGDLEEZEZELT, = @iulwqﬂf‘zﬂt
4, Eq.(8.6)& EqB9D Ny v 7Xa—a v 7#EE IR E2MNT, &40k
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(R
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Table 3-17 Range of design variables for ®wmax,120deg. calculation

(Selected from commercial horizontal axis small wind turbines)

Design wind speed, V Yaw radius from rotor, Lg
:6-20 [m/s] :0.1-1 [m]
Design tip speed ratio, A4 Tail fin area, At
:2-10 :0.01-1.5 [m?
Tip speed ratio, A Yaw radius from tail fin, Ly
1= Mg :0.1-3 [m]
Rotor radius, R Moment of inertia around yaw axis, |
:0.1-35 [m] : 0.1 — 1000 [kgm?]
Wy = Wy + oAt [rad/s] (3.6)

0<B=90°, 270°<0=360°

My(0) + Cr(0) - %pATLT [{V — Ly cos (6 — g)}z — {u) * Lp - sin (g - 6)}2]

a= I
90°<H=270°
2 2
My(0) + Cr(0) -%pATLT [{V — Ly cos (6 — g)} — {u) * Lp - sin (6 — g)} ]
a=
I
[rad/s?]  (3.9)
10 -
5 81
S
[S— 6 _
54
- O Calculated ©mayx 1204eg
£ 2 -
<) —— Approximation: 1.254°3
0 I T T T T 1
0 10 20 30 40 50
B
Figure 3-68 ®max,120deg. vS. B (based on 453 calculated combinations)
Wmax,120deg = 1.258%% [rad/s] (3.94)
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EM3%M1mmﬂm%ﬁ6@05%’mmﬁé*&%fbfmé ZHZE b BIX M
AR IS T 5 2 &b, B D 0.5 RITEHNRARELERT L& LD, LoTZ
OF-Vd a~%mm#%®a—4/7 BT D, FHARE L RRAEEDOZRT LV
W ER G WA B .

PbXv, BFHIHW DR RKEm AR Z 12008 LT, Ny v T H#EE A9 5/NR ) 5 B
DRI —A > T AHE Omax120deg(F, Eq.(3.93)T B #3R¥, Tz Eq.B.9DITRAT S Z
ECHETES. b L7z L D18, BB 1Tk CREM & 725 AR, Lr, Ar, L, Ag, V,
LB TH D, BRI TIRET DH- it Th 5.

IEC61400-2 ed.2 THUE 41D @max DAL, BB R 2T IR 2 IEF ICflild (b S 7K
L7poTWnD., —HT, AFFET IEC OFFHRNICRDLI DL LTRELERL, Ry v T
NI —A  TEIFNCET AR FRFEZET 2D, L0 EEAZ Omax120deg ik it N THD. Z
OREHAND &, miflile & Ol & 2 K& AR MEBICAET 2 39— v T AfE LD BV
ETHRETE L. Z2OEOMKRCMNEGEZ <2 N TE, NR S5 EROE MM

BT 5.

3.5.4 THEUNUE SR B - T-RE

AETIFEBE L LT, TIRO/NE S ERED omax120deg. % AT AR T — X D HRE T 5.

UTICEDOFNEZ T .

(D) ik, 1% =3y NTARSNTWDT =200, omax DEGRFIRICHEHTE 27—
S BFT 5.
o K

1 — &R

ERE )

ERINEEN

BEX (Figure 3-69 (26 % 71~97)

08.5 320.4

e

1000

Figure 3-69 Example of commercial wind turbine diagram
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(2) HEmFHEIC KB TERIE, Table 3-18 DV IRE L. AT TERN-T2T—4, K

EMEE— X M, ZO0DOHETE # FITRD 7.

Table 3-18 Assumed specification of commercial small wind turbines used for ®max,120deg.

calculation
Common Wind speed 14 m/s
(IEC61400-2 ed.3 draft
Class | : Va5 10m/s) x 1.4
Air density 1.225 kg/m®

Yaw moment, My(0)

Rotor radius

From published data

Hub radius

From published diagram

No. of blade

From published data

Design tip speed ratio

When rated wind speed and rated rpm
are known; calculated

When not known; same value as another
commercial small wind turbine having

the same solidity

Airfoil 2-dimentional

NACA0012 (Figure 3-12)

properties
Design angle of attack 7°
Design lift coefficient 14

Yaw radius from rotor

From published diagram

Tip speed ratio

= Design tip speed ratio

Restoring moment,
Mgr(6)

Tail fin area

From published diagram

Yaw radius from tail fin

From published diagram

Restoring moment

coefficient

From Figure 3-17

Moment of inertia
|

Dimensions of parts

From published diagram

Distance from centre of

mass to yaw axis of parts

From published diagram

* Assumed motor centre of mass sits on
yaw axis

* Assumed tail fin centre of mass sits on

middle of tail fin length

Weight of parts

* Blade weight estimated by modified

equation of 3 blades !

(0.3742 x 2R)228% x B/3
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* Shaft weight estimated by published
diagram and assumed material of
stainless

» Total weight assumed to have ratio of
rotor part 8 and tail fin part 2

* Generator (= nacelle) weight
estimated by subtracting blade weight

from rotor part

FREOHEE & FEIZE R S AT T RS D omax120de. %, Figure 3-70 12777, 723 Eq.(3.949) D
IR AE BICHEAE L TV D 7w, FHRMERIIUR Z oL FIoiiEd 5. 22T, n—%
P, REHEE, n—2 3 —A U, BEI— A VR, REmEL S, /KT —
MK BHEE LTz, A ST RnTs —%, FRZIEMEE— X ME, #EEDO S &IZE
BEINTHY, Figure 3-70 OFFRITLT L HEEOEAZ KL TOWRWZ LIZHET D, £
72 Z ORI D EIT Ie > T\ D, Wil — M4 12008 § 2 B REIY, 845 H TR LT
WY, EWRFERE XL VK 16% 2RI TV Z & bR TIR B,

Figure 3-70 OF5 R THEBIZMET 2 D1, FRCEENEN 2m2 DIT (72— & F2803 1m 2L
T) O~A 7 nfl#ET, BiTo IEC THEAEL LD 3rad/ls B MENFHHE STV DA
Thd. ZNOOREIIEEE—A L VNS, FEREVI—MATIE omax 2T 25 2
—E— AV RPN ENTEDR, omax VRELRHHEHTHD. > T Eq.(8.3)D# Y v —x2
BOHBT omax ZHET HHITO IEC HUETIE, v— & BEN/NSWVEE TIRE/NRENS, =
— Z RN R E VWRE TIHRKEFHI R > TV DN H 5.

7 ®A (R 0.5m)
6

R:0.5-1.1m ®B (R 0.5m)

5 20-40% Underestimateddesign __—— oC (R 0.5m)

OD R 0.6m)

/@/v OE (R 0.75m)
’ /./ OF R 1.1m)

Orax, 12000 rad/s]
S

2 BG (R 1.25m)
/:r ——— Approx: 1.2580-5
1 mH (R 1.75m)
R:1.25-3.5m
o 20-200% Overestimated design @1 (R 2.6m)
0 2 4 6 8 10 12 14 16 18 &J R 3.1m)
B OK (R 3.5m)

Figure 3-70 Estimated ®max,120deg. for commercial small wind turbines having passive yaw

system with various rotor radii
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3.5.5 FEEDRHE

Kﬁgﬁ@%% L /I 5 Eq(393) L Eq(394)@ mmax,120deg.§&h§+ﬁai, Figure 3-68 Kﬂ?ﬁ_@ U] s
Ny T7Ra—A v 7EHHFRENIC L 2HEHHEORRELFELGELIL TS, LrLZo
Iz, LTS TEORBEICHRERND 5.

® Figure 3-68 DM OIL L 70D, Ny 7T —o o VEE) AU L 2 BEmEHE
1%, 3—fA 120006 DI —A 7 EZHICLTWD R, EEICH#EAR TRV ES
M —AIENL LR DR L H D, KT —A T AREEL, I —AIC
BT 5720, ZORFH TR/ E o T LEI AEEMERSHD. —FH T, £
6 BN RS L, B EBRE &l RIS = — A 1200 TIERE 1%k, &
RO bREMIEENH > T-. T D7 Figure 3-68 OITEIARIL, [FEEICH 15%%
27> TNDHEEBZBNAS.

® Figure 3-68 OITLLHIAFR DI L 72> TV A I I — £ 120°°C O PRGRFH AL RIL, B %
BB L LTS, R S IX W ZK 15%DERENH - 7. ZOEB HFRAEED
FEEEOFRE L M Lo OMGTEEIY, 346 HTHELIBRTNA.

® TFigure 3-68 OUTRIHhFRDEE & 72> TV 5 Table 3-17 OFGGHFH R OFPAILIE LW
ELTH, ENDLDOMAEDLENEEORETITEZ D HRVWEETHELTWD
BEMERSH D, Bz, m—F¥EEB/REVICHEDL L PEMEET— A FREFITNES
WIBARETHD. BEBOMAEDEDZYML, BREBRAITRELELNE 5%
LT D, ELLHBT SR TO D0 E 200, Bz il cx 5. +7hb
B B DENLIE rad/s? T, ®max120deg.td rad/s TH 5. Eq.(3.94) DT TIE, 0max120deg.
X8 @ 0.5 FlinD, HANE D Z EDLHEGRFRESMEOMAASDEITE L ®ES
NTWnWsEEZS.

3.6 &

i

ACEdh N R R B ORES AN, # bR 10m BEOHECL—7 by 7% L<,
e BEABARE D, Z D AFEORAGIEITRREICL S8y T HIER RN TH Y, A
Br A LV RED I — (FIRY) AN 100052 B2 5565065, ZOF, REO I —
AV THEEICHH L TRETDZ YA BE—AL IR, TL— ROV vy 7 iS¢ 52
b v, Ny o7 a—AoKENYR S R ERO EREEERO—DS Lo TS, Lol
ERSEREHBIS T 5 IEC61400-2 TlE, AR T —A o ZAHE omax 2 JBFEE R 72 IS
TEIERICEBL ENTZFZEHRITHE ST, I—A L AMOREHEZIT-o TN D.
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Z ZTABISETI, #7272 omax OIEEAZHME LT, XU DICRAMZREMZEBI XIS LY
v TR E— A 7B A 180° £ THRE L EH A AFEL, Kk ﬂﬂ%%#%k%@b
TEDOZYM AR L. FIZZ DR EAWT, 5EkOBIZEDBLK: 5o b h s s
D RKEMERZ 120°8 LT, 2 RERFRMET omax ZFFHE L, %h&@%%ﬁgmm@ﬁ
7o 7% et A E L 72(Eq.(3.93), Eq.(3.94) & Figure 3-68). Z 0%, MELRELIAMNT b REF
JEEE, v EREO I —A 7R, BEEME, Il OEEE— A 2 P OREE K
925, L 0EEAZL Omaxi12des DRI TH 5.

PUFICAHIZE T & T i o T FHIH A R

(1) B—Z0a—F—RA2 MIDOWT, I—#A 180° F TORMEARFEHLZ IR L
7= (3.3.31H)

(2) HREROETLE—A Y MR L, BUESCHBEICEE Ly, EREROE T
— A v MEEORFEE AR LTz (3.3.4 1H)

(3) WKI—A L THREOKESHZITV, EOPHia—ATH, BREESKZ WV
E, HILE— AL MBI L TiRRKI —A I AEENEMT 2 L 2R L. 20
ZEEERKRI—A T AEE, Thhbba—A T AMORFHIB W TIE, FFIC
BN E S IR F —F— A 2 ROV S W NR BT CRE OGN E
B HZ L xEWT 5 (3.3.91H)

(4) RKI—A 2 THHEEOBRESHT 2TV, I —ME 0 OEHEE—2 v MEgRka—A
VI MEENEHIL, ERREMTHORESEET LI LEZWLNILE. D2
e — 2 PRIV SV NRE ) B ERRIE S, R E — A T ARERKE 2D 0N
L EEWT D, 2O OB OSHE, BlE, MEICIT R E AL L D,
—HFTCa—A T AEEE/ NS LTEWEAE, BEICHELZ DT 57 EXHLBES I
T&% (3.3.9%HH)

(5) K I—A v 7 AHEOFHRM L JBIRERAES & OHIRAITV, ARIFRTEN Ny
7RI —A U E RO YEE MR L. EEERFE RO X 52 5 E M
FEHBTREOREEZ E D7z (3.4.6 1H)

(6) HEHBEOMREL L LIC, BUTOIECIZRDY, Uilg—MA% 120° &L, 3 —A
T AMBTRICHWD R I —A > 7 A E (Omax,120deg) D FT 72 7032 FH A EH N2 (3.5
i)

/NRUR )G B OB AL, 5 2 7 TR L7z 2050 4F 50GW LW 9 v— K~ v 7 OEHIC
NP OFETLHZ L L d. ERHEHICZAFET S0, ARIZE > THIERET)F
EETHY, KRN EHOHENZEEZRED IR LS H. KT L — RR#R ED
FAE L, AREELTARENE <, KRR ERIZ L > THHSWZEMERT,
IENTITEAEEDO T L —F & 1720 155,

AFFRORETH D, Il a—fA% 120° LT 2RKI —A > 7 A (Omax,120deg) DFT 7272
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Rl e o &, mifhR & Tl & 2 RE RMMATICHET 23— 7 amE LY B
RETHRETE L., 3 —A 7aMOBRNGIE, ThE TREICRIRS LTV B
HRECEMET— AV b GREAMERCER) %, 93— U 7 AREHERTZT L O I UG
THZENAREL D, X ORE, WAREFH-OWE/ NG 2B &, MRS 5 EE OF N L,
HICEAMEE~EETHLNTED.
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AT TXIUYNAEUATA VLT N T AT RKAES) B
FHH Y T RT Y TG FaTTIRNEORRSE
41 ## =

AAIZ BT 2 KRS R EROREIIL, T E TRMO JVEERICZ S ERBEINTE T,
— I CELOBIE 70% BNILHEH#E TH D HEARTIE, 201247 Al Hﬁ%*@lmﬁ%aﬁ
HIEE (FIT) ASHEIT S CTLISK, WEEDILERCOFHE B E 2 H L Cn2 *H [LiEH7e 88
HEHIIZ GRS 5 M S EMIT, FHHBICH S CRE R RNETICH SN D. & OkE,
JR\ 35 EEA A WS AT 2 BB S DR FH A S OVIEE 3 E K 0 LI O & 2 98 97 B BE SRR
BDO—>2 L7725 TUNA.

B pL X — - FEEHITRA BT (L% NEDO) 23EGFH L 72 2004 4205 2012 HEE TO
JE\ )58 A Ot AL & AE 1B I O BAfRIE, 1EIRE 1,000 5L LSS TIE, il /7Y
VIN5T r A E bRV, REMIIT 1,516 TH Y, T DM 84% N EMEHTE L ToOHEl L,
SEAHHIGIC N TH SIS W20 o 2 5 LRI TS 0=, BT 3L ¥ —%
FER I RENWLETRIZT 7B ARKETH S, TODBEIENREAET D LIEERHNEL,
BENTRHMEECH D, RBE-FED 1.1.4 HTHRZEY, BAROHE LESIZHRIET
XEFEFEDIEE > 721390 TH Y, BEELZIERT I T2 EHRPAHE TRV &b, KR
Xhe ER) A xSl LTS,

B2 o KRR F B IE, —ARICEEREREHEME Tdh 5 1EC61400-1 (ZYEML L TEREF STV
% BT ﬁ%&:&iﬂﬁ%ﬁi&@ﬁﬂﬁ%mﬁﬁ“é4%4’ REHEE S EDTND. ZONEDL,

DI BT 24TV, BREHE & G S o0 B 4 F R 3 2 (RSFROZRFE 217 5. LAl
[ LD 70%23 (LHE I T 5 HARTIE, 1EC B ORREFHRULZ i 5 2 L AEEICRE TL
355 [410]'

JRBLEEAG CAGHE & 72U, MEMITZIT O MNERSH DH. ZHICITFEMR B BT T L
(i, EE, MEME, BT AR E) BRE LR D720, @, BAOREEA— -0
Fhid 5. Lo UFEEFE OB T, HHEERW, HooHE, BREEMESL, ¥R,
R EOBMIZ LY BLESHBICAER SN D, BlE N S5 B A — B — 1 Cff ST
%ﬁé: I, SRR A5 S 5. REOL G IR E IS R AN R S 07,

(CHEHEHIZ I W TR BRI I L, REFEN D L2 2>TLE S Z & bild
_D%é.

AWFFECIX, EEARE G2 T 2 EHEHIZIZR8N T, A —F—I2 X D i EMIT LN
AT v T a2, FEESLI AL MR CE AHIHAZINTA2Z L2 HET S, £
Z CHEHEF B OYMBHE CAF RN T & 10 RN T —# 2 AJfEE LT, bRk
1 IERFRI SR & S FEADOFENRE Y, Fdh ) 77 U > 7 O G7Fn TllTE %2 55 UIGE
L7z, WBRELERABERIT Sy L KE A L7 B RIATRTHD. HiZ, _TY
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VPRI FFOIEMITHT Y, B2 EE - R e — 2 EiEE kL8 7 A x P A B
DR EHEL, A HETHD ZEa2mR LTz, &REBICRT U 7 OT RIS ORE
BT 7.

R LT FHMTREZERTIUE, BOESHEEICEE SN D FEMYEME L, HIRW
MR RWD 7 X7 U v 72k T SELE R EIIEH CT&E 2. BEFTHEOE 7 2~ 31D A
YRR EOFEICLY, R EHOMBIERSMEZ A L, EHEME LRI EFE L KL
SHDHZEN, BRICB T SkEERGEAHEEDO X THY, §2F TR L 2050 4 50GW
Dr— RNvy TERICFEST .

4.2

%

ARETHEM Lz ERELE S EUTIORT.

A : 0 — X [HifE m?

a; : EHEERE (O%EFETIXL &725)

an() : NTEEEE V), HoNT @ SIS 2 8RR

arso : FHa & ELREK

ar(j) : ANTEEBE Y, HomE k2RI 5 ER T EGE

C : RT Y T OB ERE ] kN

Co : RT Y T D ERERS T kN

Cr(Vi) : NT @ EGED A T A MEH

Cy : AT Y > T DY 5 BRAef H kN

Dpuw : X7 YT Oy FHE = (NEHME) /2 mm

e : AT Y 7 O faf L E L

ec : TV 79 0D V5 YL BE AR AL

F, : AT A Maf kN

Fave : BeP FICE b D E O kN

Fave, : j 7 B AR E DR i B kN

F; : HAHREMIIZBNT, XT U 720D 10 750 FfiE kN

F. : T T IV E kN

Sv, s AT BREEE SV, AT R E Y jICET D, kN
UA v RUTICRRT D 10 43 FE 0 H

f 1 J & BB e o B %

fy, 1 . JEREHBME Y, N7 EEEE VO 10 5 fE H B %

L : TJay ke UTRTY TR0 m

Lio : AR E IR (Lo Fn) 106 [m]#5
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L10m

I-‘10m,j

I-‘10m,y

Nave

Vi

Vb

EIEEMFE M (Liom 710)

j A BRI B DO E & FamEIEfR a7 bR 5,
j % H G B DIEEERK FH
HEAREWFFMITET D E TOFE
AP [ o

& HIEH 11231 2 10 43 T [Rlfs ek
NTEEGEE W IZE T D, 10 43 - mldsE
5y S5t iy B

J 7 B JE R B OB A E

72— & JEES

7 — X B

11— & 73 [AlHE Y 2 e Ko7 i R

71— & AR 5 Bl 7 e EE

T VB A o IE iR

10 77 fH

JEHEM E Y, AT EEEE VLD 10 53l LR
INT G B

S kISR 2 EE#E

T Y TP IFFT D [ElR

X7 Y T DT T M AR

JEA B R

B S kBT D a— X HRiE

RT Y T DAT A N ERE

X7V TDAT A N aj EAREK 2

NT b O

m S k2B D m— X it
(RS

VR OO K5 L

T ¥4 A1) 0D SEHERIIR BE T DR FE
T A1) 0D LR

LB Ta (2 351T 2 R A O R EE
ELEE Th (2381 2 B ARG B

INT i R

4.3 FEHY 7TRT Y v O FEA TR
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4.3.1 FAK

A FH R0, SR ST THIE Lz 1AELL B 10 45 EH R A AFARETH 5.
PE RS, EULAEHTIZ L0 FHEHLE T & S O 10 43 FHRBLICAME S LS. ARETIZZ O
NTERREANEE LT, Tl 7T Y S Eam e TR 5 EAR AR TS, BLE
T, ZOTHHFMPRFHFOLOEEFEFREBI L5 RET 5.

B b KRR B OB F K TH D TEC61400-1 TIX, X7 VU 7% 90%[SHESE D F
20 FELL ETRET DL EEDTND W8l =D 90%IEHEEIC T D HFf % Lio F i &
1S0281(2007) 4111 ¢ Eq(4.DDiEY EFRIND. ZHUEH 2 —HOFE LT Y v 7 & F—5
HECEEE ST & X, 10 %DOEEORT U o T REN D IENC K AHEEZA T HEEZHTH Y,
AL 108 [\ CERT. 2D 90%IEFE DFAMmIZOWT, IS0281 12 Liux, sdEOils H.
O BAFIEERAE TI, FEFMIT 0% EHEHFMIIE X TIFEFICEL kb and. LorL—
5T, BRHBARICL D EEHOBLENE e, BAFChRVEIRRIECIX, EHEMIL 90%E1HH
EFMEVEL D L SND . AW T, Ak L72 IEC61400-1 S TED LI TWHIEY,
W%EEFmM CiHiiT 22 & &7 5.

RT Y T D Lo FlL, EEEREOMEREIZLY, Eq.(4.2 TEXRINHEEERKTFmE
721% Liom HMIEIEES NS . Eq.(4.2)Da [ TEHEERE TH 5. TEC61400-1 1ZHE D 90%(5HH
T, a,OfEIX 1 THDH7e, Eq.(4.2)1F Eq.(4.3)0i@y HEXHZ HLb.

b

C
Lo = a-(ﬁ) [106 [Fl#2] (4.1)
Liom = a1 " as0 " Lo [106 IEI%] (4.2)
C\° B
Liom = aiso " L1o = ais0 - <F> [106 IEW‘B] (4.3)

; b=10/3 (ZAXT V), b=3 (EXTV V)

ZZ7T, Lo D REARERFM (LioFFa) (108 [E]H5]
Liom : BIEEHKEF® (LiomFAm) [106 [6]#E]
a, D BHEEERR SR (ISO281(2007) 41 THIUE S 41, 90%(EHEE TIX 1 L7 5)
ago ¢ AMEELRER (1S0281(2007) 41 THIE S D, GL(2010) 4121 ¢,
BRKMED 3.8 IZHIR D)
C DOENERAE (RNl (RTU SRR (BFeS) L)
P DM E kNl (k925 Eq.(4.4) XV kD D)

FFE IER B aso DFHE HIEITIRD 4.3.2 HTHMABIT 523, TOFEICIEZ < OEH
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BEd, Bl UCEBRIORSE, EERRE, X7V TARMRERDD.
ISO/TS16281(2008) 4138l T Z AXRT U U 7 FHEMD I B HEEHTIEEZHFILTEY, X
TV IToME, T, $%ﬁ®7)77/x,ﬁﬁ®W%\ﬁ%%Ebfw 5. ZOREIC
IXT U T OFEMERNLE L 7250, THDITEE A — I —LSMNIAFTTE RN, 22T
AT T GO0, ZhHDOREIT 4.3.5 HIRTHESAKICED L Z & & L.
Eq.4.3) 0B EMME C L1X, X7 U 7 OHARECTH YV, FFREIEE (T 720 By 57 )
(BT 5. BYEMATE P & 1X, ®hiszic T U7y (iEhm) fiiE s AT A b (W) MEO
ARAFEMERA T 58, 2O NHEMCIER L7z & [ UHma 5 2 5 X 9 Zelilisz oo B
TOREMETHS. Eq.(4.3) 1, Liom FHITEVEMME P O 10/3 ®#E /2L 3T THAD TS
72, BYSEMAE P S 2 510725 & Liom B 0.1 512725 2 L 2R LT 5. AiFZETxt
RBLETHEEY TXT Y7L, %0 4.3.3HETRTEY, FIZEESEAHEE BERHNO BT
JEEREAIZ L 5T 2T v (fEHR) WMEE%%0T 5. ZXUSRE G m O T % > 7 ViR E N Z 7z
MG E P 1Y, Eq.4)TRDH I ENTE LU, BT VT M ESRE X & AT A Mi
B Y X, 1S0281 411 %ﬁﬂa%% ~7’J~®ﬁ%7v a7\l L Ths. oKy, T

T IV E N HFRE R & W AT EIY T T N EO R EEETIUIRW D &Ry
N5,
P = XF, + YF, [kN] (4.4)
ZZT, F ZFZTNmE [kN]

F, A7 A MM [kN]
X FOT VMBS (IS0281141, X7 Y kg (W& u2) X0)
Y AT A MaEAS (IS028111l X7 Y S HKE (WX as) L)

(X, Y i [4-14])

HEzARTY 7 ¢ X=1,Y=0 (&BCT VT ILAHH)

M= AT Y7 0 FlF, Se DEE, X=1,Y=0 (&TT7 VT /LME)
FJ/F, >e D&%, X=04,Y=Y>
e  (BVEMMmEEH : Tk (Wxar) LY)
Yo (AT A MgEBE2 Ik (Wxus) ko)

F72 10 BRSO EBRIN LTV > I fElE, B EICELT A MEE L TRTZ
ENTE (Figure 4-1), ZOH)fiElL Eq.(4.5) TRk 5 414l
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Load [kN]

Mty |ty 1o ngts ongty | Nsts fongtg

Rpm x Time
Figure 4-1 10 minutes averaged step-wise load

1/b

Fave = {Z(n—lt)} [kN] (4.5)

; b=10/3 (ZAXT V), b=3 (EXTV7V)

ZZC, Fae @ BRELIZEMTDMED 10 5 FAME [kN]

F; : @5ﬁﬁ1 BWTART U 2D 10 0 i [kN]
n; D b DO 1 1% 10 3 EEREE  [rpml]
t © 10 43 [mln]

Eq.(4.4) L (4.5)ZfAH LT, BT — 205 10 DEICHEA SN DE T Y F~DOfElX
BN OBV SR P& LT, Eq(4.6)° EqU.ND Xy IcRKTZENTES., b
TIE ORI ERAERE &, 4.3.5 H ORI MEMBRE L EH TS,

1
_ b 1
Z{;;lt:ri;(tmin ((y : (XFI‘ + YFa)Vh,j) ) th ) ch,j) b
Favej = B = T0tmax [kN] (4.6)
ZV},:rotmin(th ) ch,]') ]
b 1
[ 1o
Z{/oht;nra(;(tmin ((Y - (XFr + YFa)VhJ') "Ny, - th.i)
= rotmax [kN] (47)
] ZVh=rotmm(th ) th,]') ]
; b=10/3 (ZAXT V), b=3 (EXTVU )
22T, Fayej D JEAEME Y OFERE  [kN]
P § B EA L OBSEMHE (kN
rotmin or— 2 EEET S RN T EEGE  [m/s]
rotyax or— 2 NEHRT D RN T i [m/s]
Y DOmEAREL (BIbT 5 4.3.5 HE D AMFETIH 1.2 £T5)

(XFy + YFy)y, ; - j & B E > DONAT mEEE S VWIZBWT, X7 U 720
%10 B Efim E  [kN] (Fi5 oL Eq.(4.49) %2 S )
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(#hik4+ % Eq.(4.24) L W kb %)

ny, DONT@EEEEE W ISR S, 10 45 A REEEHEE  [rpm]
ty, /AR Y, AT EEEE VL0 10 S EFER [min]
fy, 5 D J/ARIAE Y, ANTEREE VO 10 SEEEEE  [%]

FE IER K agold, RO 4.3.2 T d i@ Y BVl 8 P & I b L T Liom F 225
T 5720, 10 AN Z L iCage & Liom Hi 2RO DH Z & ﬁiﬁ*ﬁé’ﬂf‘%é K72 CTILFHA
Wiz /M d 5729, Eq.(4.8)% - T, FHALBIBNSEAMME P22 & KA Liomj %K
5. FARFEMIL Eq.(4.9)12 iof%\ﬁﬁ@ﬂjﬁﬁﬁfﬁf‘bﬂijﬁi@éﬂ, FHHY T RT Y T
D Liom #Ffi & 72 % W12l AR Fn 2 KROKEG T 5 HiEa2RACHBIX, 4.3.4 HITRT @
U,ﬁ&%;ﬁkfé?4/hv7ﬁN7UVfﬁﬁ IRELSHETDHEDOTHD.

C b
—) [106 [E]Hx] (4.8)
B

; b=10/3 (ZAXT V), b=3 (EXTV V)

Liomj = aisoj " L1oj = a1so, - <

s 100 % -

Liom = —2= 1f{ - 3 [106 @] (4.9)
x 1 oyx _
1= Liom, 1= Liom,

ZZ7T, Liomy * J&BEA LY OMEE FME R Kage 25RO 5 jFBRME D
BIEEMKFFaG  [106 [A]#5]
Liom - A& HOLLOHBSEE TR ) LB IEERKF 6 Liom A [106 [A]#5]
X CORmE S (Bl 12 £20X 16 A E L)
f; CJEFERME L OHBUEE (%]

Eq.(4.7) & Eq.(4.9) TR ® 7= Liom Fild, FHEEL O BN 2. T F5ITHE T 5120%
RAEEHTS. ZOEPFEBULELE 2D L9012, BAREBEEORELZID .

L10m " 106

L — 410

omy = - 60 - 8760 ] (4.10)
yiotmax  $X (o .ty

S A TS TSR (411)
z“Vh=rotmin Zj=1 (ch’i)

ZI7T, Limy @ EEEWKEM (LionAFfm) ([CET D E TOER  [F]
Nave : @qzi’ﬂ@%iiﬁ [I'pm]
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4.3.2 FHMEERE ago

AT CIE, 1S0281(2007) 4111 - ISO/TR1281-2(2008) 4151 |24t - C, Eq.(4.3) DFHMEIELR
BEHRET L HEEZRAT S, 22 TR T2 EMIE, H2FEOEIRSEFOBITHY, £
DOOEELSN % B LRI TN T NOBKESE T L0 LT 5.

Eq.(4.12) TEF SN 5 HFmE IEfa¥agolE, X7V > 7 Liom HMICKE S BT 5. 208
FIIZ < OEEORERR S, X7 U ZREY A X, A ORISR, SRR,
WBRIOIBYE, Z L T_T Y U 7AamNrbe5. Eq.(4.13) 5 Eq.(4.16)1%, & 2HPEOMIE
FIREE L x 1B T 5, ZNENRR 7TV » JFEDage it A TH 5. £7- Figure 4-2 (2,
T IT N A Dage il LTRT.

ec- Cu K)

diso = f( P (412)

(FOTAERTY LY 04<Kk<1)

1.9987)0'83 (ec - cu)l/ 3]

-93
= 01]|1- (2.5671 -
[ K P

0.19087 (4.13)

(FUTNART YT 04<k<1)
—-9.185

1.2348\ rec - C,\**
= 0.1|1—(1.5859 — (4.14)
K P

0.19087

(ATARERT UL Z : 04<Kk<1)
-9.3

1.99874%% rec - C,\ /2
= 0.1 [1—(2.5671—}{—) ( ) ] (4.15)

0.19087 3P

(AFARZARTY LI 04<k<1)
-9.185

1.2348\ rec - C,\™*
= 01— (15859 - o) (o) (4.16)

ZIT, age - FHMEEAH (GLR010) 412l TlE, HAMEN 3.8 IZHIRIND)
ec DGR ELREK
Cu DOJEGTIRATE [kN]
ThEMmE [kN] (Eq.(4.D LKD)
K DORREELE
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Figure 4-2 Life modification factor (a;so) for radial roller bearing

for various viscosity ratios (k) [4-16!

Eq.(4.12) D54 LR S eclE, BAIAEARRLIIC L ViR S, ZRANELHTERC~Z &
O DISTERIZ X DI HFEMOWBD 2R, TOMMN 1 ORFEYITEEL, BYREN LRI
DT 0 ~EEDL . (GYER e DAL, HRAOREE (7)) —AE7idl), HYE, X
L, _XT ) 7Y A RDOFEEZ T D (RO Eq.(4.17) & Eq.(4.18), Figure 4-3 O % 2 ).
THEA OFEE M OE A, GL guideline (2010) 4121 T1% 1S04406(1999) ([ZHEH D7 U —
7T A, TANE AT NE N4, T4 E LA T AT /2118 EARE
THEEDLNTND.

(7' V) — 2@, HOBRE) S W 2275 YR B D 55 6)

1.887
ec = a(l ——1/3> Dpw < 500 [mm]D&E (4.17)
Dpw
1.677
=a (1 - W) Dpw = 500 [mm] D354 (4.18)
pw

; a=0.0177k%%8D,, %% LAL, a<1
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ZIT, e COTHR R

Dpw /\7 U :/70) EO‘Y%P%?% ~ (V‘J'%H’H%)/Z [mm]
éc
1
[Vl R e N I I I Dvn'mm

or| i T e
07 / ~. 1000

os PO/ A A 0

05
0.4 | / | / ...... |- / | 100
0.3 HA4————— / I - —_____‘__.._—-"""- ]
02 A A T e T
0.1 i / ...... s — - ’

] 111 111 111 111 ] |

010305070911131517 1921232527293133353739
Figure 4-3 Contamination factor (ec) for grease lubrication with slight to typical
contamination (i.e. clean mounting, Moderate sealing, and relubrication in accordance

with manufacturer’s guidelines) [416]

Eq.(4.12) D3 57 BRf . C, 1% IS0281(2007) 411l TEFINTEY, i bAMNP K E W [AHA
IR FIRFUICELAMTH D, CuORFAERICIE, ML A0nH 5. FECl3iE o
FEPSOM B D~V HERIE ) T ERMEE L T2 B3, ZOfEE A= —DANATTHZ LT
WEECTHDH. AL TIE Eq.(4.19) & Eq.(4.2000f 5 XA HT 5.

(EXT U > 7 Dffi5K)

C, (100\°°

L= ﬁ(T) Dpw > 100 [mm]DHE& (4.19)
pw

(ZART VY 7O 5

100\
Cy = —(—) Dpw > 100 [mm] D355 (4.20)

iR E  [kN]
Co CORERATE [RN] (T U 7HERL D)
pw TV TOEyFHE ~(NEHMR) /2 [mm]
RBOEEREHYE, EqU2DTERINIHENKTH L. ZOMITEGRRE ST 51
W DE 4% L, Eq.(4.12) 0 v Hafli B4R ase, LWV TIERT U > 7 O Liom HAIZE
PR 5.
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K= — (4.21)
V1

=1 (LLFOLTEBE-THE) (4.22)

@) FFITEWENCE L ENLEXT U T OEFRZP 28, A ARERIHA
(EP WINA) & 7x, & DAPED DIN 51819 — 1 HARICHSEFEH ST 5

k<1

(c)ec = 0.2

(daso <3

ZIZT, ok DORREEHC

v DOERRE TORE  [mm/s]
vy DORYEREEE (U —RENETCIE, EMoRER ETS)  [mm2/s]
ec DGR EARER
a0 - FEERRE

TR E B D TIEAIOREE v 1%, ASTM D341 417 TEFT 5 Eq.(4.23)0i@ Y, &5
TODRIEDIRETORER USRS DD, FEE LIREORBRERT HIEETL O —ob
v, ASTM D2270 418 CTiEF SN, 40°C & 100°COREEN S FHE SN D RERKE 5 ik
tHd 5. Figure 4-4 134 & LT, KiEFEE 180 & 72 D4k ~4 7oiBIBAIREE 7 L — R (40°Clzis i
DHFGE) O, FEECIREOBGRTHS.

v = 10104 PlB0T _ g 7 (4.23)
; A=logy(logyo(vy +0.7)) + Blogyo Ty

B = logy(logyo(vp, +0.7)) —log;o(logyo (v, +0.7))
logio Ta —logyo Ty

ZZT, v DOEERIRE TORE [mm/s]
T DOEEERE (K]
A DORE TR 28E  [mm?/s]
vy, DORE TR 28E  [mm?/s]
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N ‘ Base oil viscosity
1000 == at40°C

~qm,l‘<§h§::
) ST
S — S0 VG 680
o SN A PO I
E 100, e —\\\ ISO VG 460
% ..................... — 1\ ISO VG 320
S ' ISO VG 220
Q 10 e,
> e ISO VG 150
------ ISO VG 100
1
-20 0 20 40 60 80 100 120

Temperature ['C]

Figure 4-4 Viscosity — Temperature curve with viscosity index 180

Table 4-1 [ZFHFmME EMREaso DRMHEGI A2 7T RE L7z &HiE, MmANCA M Z2FE S
TERERINAINE £, HoagePiKMEIL 3 & LT, R/DKERIZL 925 (BEq.(4.22).
ZORIVEBEMAGE P (TRbbFEME) 1L, HHEERKagy, o TXT Y IS
FMIIREREEL G252 03015, ZHUIRSIEEROREFBOBEBEEZ R L TN,
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Table 4-1 Calculated example of life modification factors for operating conditions (a;sq)
with varying equivalent dynamic load (P) on bearing
(Assumed grease lubricant with effective EP additive; base oil viscosity 460mm?/s at 40 °C;
viscosity index 180; slight to typical contamination; pitch circle diameter 500mm, and
static load rating of bearing 3,000kN)

Radial Ball Bearing

aiso 3.0 3.0 3.0 1.5 0.8
Operating temp. (T) [°C] 40 45 50 55 60
Viscosity ratio (k) 1.0 1.0 1.0 1.0 1.0
Contamination factor (ec) 0.43 0.43 0.43 0.43 0.43
Fatigue load limit (C,) [kN] 61 61 61 61 61
Equivalent dynamicload (P) [kN] 50 100 200 400 800
(P/Cu) 0.8 1.6 3.3 6.6 13.1
Radial Roller Bearing
aiso 3.0 3.0 1.6 0.8 0.4
Operating temp. (T) [°C] 40 45 50 55 60
Viscosity ratio (k) 1.0 1.0 1.0 1.0 1.0
Contamination factor (e(c) 0.43 0.43 0.43 0.43 0.43
Fatigue load limit (C,) [kN] 226 226 226 226 226
Equivalent dynamic load (P) [kN] 50 100 200 400 800
(P/Cu) 0.2 0.4 0.9 1.8 3.5
Thrust Ball Bearing
aiso 3.0 2.0 1.0 0.6 0.4
Operating temp. (T) [°C] 40 45 50 55 60
Viscosity ratio (k) 1.0 1.0 1.0 1.0 1.0
Contamination factor (e() 0.43 0.43 0.43 0.43 0.43
Fatigue load limit (C,) [kN] 61 61 61 61 61
Equivalent dynamic load (P) [kN] 50 100 200 400 800
(P/Cu) 0.8 1.6 3.3 6.6 13.1
Thrust Roller Bearing
aiso 3.0 1.2 0.6 0.4 0.3
Operating temp. (T) [°C] 40 45 50 55 60
Viscosity ratio (k) 1.0 1.0 1.0 1.0 1.0
Contamination factor (e() 0.43 0.43 0.43 0.43 0.43
Fatigue load limit (C,) [kN] 226 226 226 226 226
Equivalent dynamic load (P) [kN] 50 100 200 400 800
(P/Cu) 0.2 0.4 0.9 1.8 3.5
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433 TxXxV¥y bR EA VLT N RT A T RS E

AW CTIRET 2 FW~T U 7 OFm THliEE, Figure 4-5 17T X957, 77Xy v
YREA VT N RTATRNEERERNRET D, XT Y ZIEEMORTT &R ICELE S
THEY, N6 TEEST v — 2L FEE MR 4 X2 5. Bl MO A7 2 MiEXFEIC
Tuy X7V TR, TV (i) Bk T e e VT WEONRT Y 7T
J 5. G, EEESEEOELNIZINSRT Y ORI H D ERE L.

U7 X7 Y v 7 OEEGIE, RERFICERSTS SR EZ IR ST ER D Y, EFEREOBREEEA~D
EPRHIRE V. 07D, HMFETIEE#RY 7TV TR R TS, E#) TAT
U o 7iEn— 2 BRI R A 2 T DTN EE ST, X7 Y 7D AT L TCde —Z iR
\ZPE D B & 72D, FDFRAEP A Table 4-2 1R, Z 2 TRET 5 Hm THEIIE S
DIz, m—FENTARE—RELRSERHT 7 T NAMER E, W DOfEL 4.3.5 H
TRTWERKICEDD Z & & L.

Moment .
Higher (radial load) l\/tI)aln rear
Wind Speed earing
Main front -
bearing
Axial pin
Inter-bearing
distance (L) Generator
Generator (Stator)

(Rotor)

Figure 4-5 Example of direct drive wind turbine and radial load on rear bearing,

induced by wind shear (shaded area is rotating parts)

Table 4-2 Radial load on main bearing (o: Considered in Eq. (4.24))

Radial Load

O - Weight of rotating parts during rotation

O - Unbalanced axial load over rotor area by wind shear during rotation
* Unbalanced axial load over rotor area by turbulence during rotation
* Dynamic load other than normal rotation by :

start/stop, idling rotation, over—rotation, and others
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434 FHIY T TV TH

FH#h Y 7TRT VU T OFEM TN, Eq.4.6)DF5 T mEGEE VL EE E BT S 10 4
VI AT E(XF, + YRy, DS EE 5. LIT D Eq.(4.29)1%, Table 4-2 (2R L1727
v (ESFTE) MESLEESOERE VA RUTICERT D b0 L, BUll7 e EE2 AR L
TS A RO D (T T AT BN TSR E WA, U7 A faf X C & 5 (Eq.(4.4)).
ATE T2 Y, X7V PR HEER 2R OE ML, 7rr b U TRT Y 7
DHLNZH D LARE LizTod, [P E &L Eq. 4.24)0i#Y 2 THIS.

W 1
(XFr + YFy)y, = X<2 + FSV ]) + Y( prA-VE- CT(Vh)> (4.24)

=0 (= —Z{EIERF)
Rt

1 1
Fsvy =T z [E'P'Xk'yk'Vf * Cr(Vp) 'Yk] (4.25)
K=Rg

FSVh,j = _FSVh,j (lf Vh < Vk) or + FSVh,j (lf Vh > Vk)

ax(j)
Vi = (ah(]) V) (4.26)

ZIT, (XF 4 YRy, NTEEEE SV, AT EERAE S JICBET S, FY 77 Y
DD 10 B AT R [kN]
(B R s OMIE Eq.(4.4) 2 2 1)

w D EiEEEE [kN]

Svi ) DT EEEE Y, NI EERE Y jICET S,
UA Y RUTICERT 5 10 /5 E)fE  [kN]

p DNTERREE [kg/m3]l  (1.225 F 721X EHE M O SRR 5)
(ARHFZETIX 1.225 & LT2)

A D n—XiEfE  [m?

Vi, DoNTEREE Y [mis]

Cr(Vp) DONT@EEEEO AT A MR (RS EREARL D)

L Do 7uar b UTRT Y Mo [m] (FEEEEE D)

Rg Dor—HEE [m]

Ry Doa—XTEE [m]

Xk DoEmS kBT A —ZHEE  [m]

Yk DomE kizBT L e —#tE  [m]

Vi DR kizBIFoEE  [m/s]
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Yic DT @ ool [m]

ar(j) DANTERAE YOS k2B D R EGE
(FHEH S OfENTRE R %, MRHTEE S C AT 2 He R w ¢ vk
b L=t D)

an(j) OANTEEE S ] ONTE SIS D R R

4.3.5 fELREL

FHHY TART Y T A~DT T A EE RO Bq.(4.24) 1%, 2 TOMEEZEGALTWHRN
W, EEROME L WS A%, FH FRICIE Table 4-3 SO E S ZET 5 LENH 5,
AR AR BT T L (GHE, BEE, SEGOMEERE, SIEET L) ERTRVA— S —
PSNDOE=ZFHIIIWNETHSH. Z D7 Table 4-3 DEF X, Eq.(4.7) TR LIZMEREE L
TETZLLT5. Table 44 [Z_T7 VU v 7 A= —03HELET 5, Hx RIS KT 5 ER
BoF T D W, REFETILZ ORESEIC, MAFEBEMRIKT D0 EREOM A2 RIZ71.27
E LT, ZOEOREEL, FEFiGEM & THHFMOKRFERZEAERD Z LT EESES 2
EMFRETH D, TOREE, 725~ AREOHME ERHago CHatx Ei b7, [A U
HORT V7, HORBROEIRSGME (7Y — 20 liEs, BEAlORE, EiiEE) Tk
W _REThDH. RBRELHEMTHIECIE, Table 4-5 \ZR T RHEFEMENFAET .

Table 4-3 Factors included in Load Factor (y)

Factors included in Load Factor (y) Reference

(a) Unbalanced axial load over rotor area by turbulence Table 1
(b) Dyanamic load applied other than normal rotation :

start/stop, idling rotation, over-rotation, and others

(c) Internal design of bearing GL guideline (2010) **?!
(d) Operating internal clearance ISO/TS 16281 (2008) ***
(e) Deformation of bearings and shafts
(f) Load sharing between rolling elements

(g) Load distribution along roller length

Table 4-4 Load factor of various machines

Load [Vibrational and/or impulsive loads in operation] Reference
factors Applications
1.0-1.2 [Very little]  Electric machines, machine tools NTN (2009) [4-14]
1.2-15 [Light] Railway vehicles, automobiles, aircraft
1.5-3.0 [Heavy] Crushers, cranes, construction equipment
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Table 4-5 Uncertainty inherited in the proposed fatigue life prediction

Uncertainty

(a) Uncertainty of simulated wind shear

(b) Uncertainty of simulated frequency distribution at hub height

(c) Uncertainty of possible electrolytic corrosion or dent due to :
lightening, gust, toropical cyclone, and others

(d) Uncertainty of estimating a;so

4.4 EEBEFIC X DREE

4.4.1 FEHEEHS O A v R T EAT

JE ) FE FERE AT 1L m — X EARD 40m Th v, ILEHIHEICERE STz’ (Figure 4-6), i
WG 12.7 4F1%, ZORNBEEEO T Y 77 U o FIZERA R R EG A RAE LT.
Z 2 CIER I EREA” DO FH 2 T, ARAFIETRE LI 7 Fm TRNEOREEEZ1T O .
IEC61400-1 TiZ, A 10° Pl EOHIE # @M & B LT\ 5 W8l Nz THI & X &
T 5 HBERALTIS L F A 170 (= BHE 30%) 72 HAELD L SDHH B (HEHTIZE
LW O TiE7v (Figure 4-6) .

Figure 4-6 Contour map around wind turbine “A” (10m interval between thick contour

lines) (Shaded areas have inclination over 17degrees (= 30%))
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Figure 4-7 1%, Eq.(4.26) CHE L7225, B ER A" HUS O H AR ER LY A Ry T
(ax()) OfRFTHERTH D, RPN Y 7 MZIX 2003 TN KFERBEFE L, AAD =
NE 2 PREEF LS STV % RIAM-COMPACT® % ] L 7=. RIAM-COMPACT®
ITELRE T MICHE#ER <~ T3 ) o A X —F T L% = Large Eddy Simulation (LES) %#¢:H
LTEY, HEEHECTHL YA > R 7T OFRBMEICER T\ 420-22],

fENT G EUE 16 TH Y, FERTAT) Lo ERMERGIT 10m/s Th 5. MEHTHELFHIZ GBI [E]
Hi L, JAE - ZOEMAFEIC 9kmX6km & Lz, A v = fS8kiE, Al - ZoEfA - mE b
MIZENEIL 241 X151 XB1 W TH D, /Ay ¥ 2l@ld, ££1 13.7Tm X 14.9m X 1.7m T
H5.

EINED T A > R T RNHE R E, SEEICE D £ TOHBBEE CEASIT L2 E o
X 0.25 ThH o7z (Figure 4-7). HFEIZE D £ TORGHE - El A HBAEE X SCADA 7 — 4 %
AWz, b RERT A R TIREEENSDOBR TR N, ZOHMICITENH S (Figure
4-6). ZOREDEEESEFe—X Tl ZEFBRLESTHY, v —XEPZT DM 7 A
Y RYUTOREPRLE o TND.

100 +

Elevation [m]

ALL N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW
(0.25) (0.1) (0.3) (0.6) (0.1) (0.1) (0.1) (0.0) (0.1) (0.9) (2.1) (0.7) (0.1) (0.1) (0.1) (0.0) (0.2)

Figure 4-7 16 directional wind shear at wind turbine “A”
(Values in blanket are wind shear over rotor area (wind shear for “ALL” is weighted

average value))
4.4.2 FEHY 7T Y T AL L Fam TR0 R

RO, FEHY T AR_T VI RZTHEME - B Y T &0 10 43 - 8) A 7 E
(XF: + YF,)y,; % Eq.(4.24) XV kKd7= 4 D% Table 4-6 (277 ZRBEEAH H ERKE W20,
TIOTNAGEN AT A MIBEICHASATHSICREL, EOEE - @[ 18T Y=0 &
R0 AT EIL T T AR EOMEE S L)y o7, Eq.(4.26) THE L 2 54 E S k OJEAEV I,
Figure 4-7T ORI A » R T 2R Lz, FHRICYS 720, IROE % B 5 B AR D B
AL B EEW, 7ur b UT_T7 U > 7R L, & EGE e OHEFE55Cr (V).

Table 4-6 X 0 JA SR EHE A OAE TIE, 1 FIFRHFMNLE L ABRNTEY, 71K
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T RELREWVEEENLOWSERNS, Fih) 7 X7 o SIZIEFICR I ARMENEAE L TV
B TDOIA Y RUTREMEELLEDTERTH S, £ A 12m/s 8 0 55 E
T 5. ZOHBEE, TL— Ry FAEZMEL, RAENT 2 & TR T DHEIRE D RN,
JEGEBE OB E LR 570 Th 5.

Table 4-6 Directional load on the rear bearing of wind turbine “A”

(normalised by weight of rotating parts)

Direction N NNE NE ENE, E [ ESE | SE SSE | S |SSW| SW WsSw W NNW| Weig
i hted

Frequency 5% 4% | 6% 8% | 10% . 7% | 4% | 3% | 3% | 4% | 5% | 7% | 10% 7% | Ave.
::Z;m"dSPEEd 58 58 64|70 72 66 61|58 51|a8]|54 62 70 63 | 6.4

WindSpeed 0| 00 0.0 00 00 00 00 00 00 00| 00f 00 00 00 0.0/ 0.0

[m/s] 1| 00 00 00 00 00/ 00 00 00 00| 00] 00 00 0.0 00| 00

2| 00 1.0 10| 1.0 10 1.0 1.0 10, 10| 1.0] 1.0, 1.0| 1.0 1.0| 09

3| 1.0 10 11! 10| 10! 10/ 1.0 10, 11| 16] 1.1 10| 1.0 1.0| 1.0

@ 10| 11] 21| 10| 10| 10| 10| 10| 11] 2.0] 11| 10| 10 1.0| 11

5( 1.0/ 11| 12| 10| 10| 10| 10| 10| 12| 25] 12| 10| 10 10| 11

6/ 1.0, 12| 13, 10| 1.0, 10| 10| 10| 1.2| 3.1] 13| 10| 1.0 141 [ 3

7| 10| 12| 14| 11| 11| 10| 10| 11| 13| 3.8] 14| 10| 1.0 14| 12

Bl 1.0/ 13| 15| 11| 11| 1.0{ 10| 11| 14| 46] 15| 11| 10 11| 1.2

9 1.0/ 14| 16| 11| 11 10| 10| 11| 15| 55] 1.6 11| 1.0 14| a3

10( 11 14 17| 11] 11} 11] 10| 11| 16] 65| 1.7/ 11| 10 11| 1.4

8 1.1 15| 18| 11| 11| 1.1] 10| 11| 17] 74] 19| 11| 10 12| 14

12| 11 15 18 11] 11} 11/ 10| 11 16| 69] 1.8 11| 1.0 11| 1.4

13| 11 14| 17| 11| 11 11] 10| 11 15] 60| 17| 11| 1.0 11| 13

14( 10 14 16| 1.1 11 1.0 10| 11, 15] 55| 1.6, 11; 10 1| 4.3

g8l 10| 1.3f 15| 11| 11| 10| 10| 11| 14] 52] 16| 11| 10 11| 13

16| 1.0 1.3 15/ 11| 11] 10 10| 11 14| 49] 15 11| 1.0 11| 13

27| 1.0 13| 15| 11| 11| 10| 1.0 11| 1.4] 46] 15| 11| 10 11| 43

i8] 1.0 13| 15| 11| 11| 10| 1.0| 11| 14] 45| 15| 11| 1.0 11| 1.2

19| 10| 13| 14| 11| 11| 10| 10| 11| 14] 44] 15| 11| 10 s s f [

20| 1.0 13| 14| 11| 11) 10| 10| 11| 13] 43] 14| 10| 10 11| 12

21( 1.0 13 14 11} 11, 10 10, 11| 13] 43| 14, 10| 10 11| 1.2

90 10| 13| 14| 11| 11| 10| 10| 11| 23] 42] 14| 10| 10 11| 1.2

23| 1.0 13 14 1.1] 11| 1.0 10| 1.1 13| 42| 1.4 10| 10 11| 1.2

24| 1.0 13| 14 11| 11} 10, 1.0 11, 13| 42| 14 10| 1.0 11| 1.2

25| 10 12] 14| 11| 11| 10/ 10| 11| 1.3] 4.2] 14| 10| 10 1| 22

Table 4-7 1%, SN BIEV MG E Pj 23k 25 Eq.(4.60) Dy F+DIEHIZ&H7-5, Table 4-6 DX
TV T h D 10 IR EXF, + YF,)y, ; (&, WEARy 2 #NT72 1T 108 2R, ©
A EGE B o O [RERIE EE ny, & OBty 2 BT 72 b D TH D, FHRICHA L7e~T
U o THERMERR, X, SEHE, X7V T A= — DA U F Ea—Ch X a7 b )i
HEE LToRER, © >y T2 Dpw' 450mm, FHEME Cot 2420kN, FEAEM T HE C: 1640kN
LW EEET.

Table 4-7 DfEIX, U A ¥ R 7 BREGICRKE WER, FEEIE 8-11m/s DRFICKE < 78 5.
Z oJaa) « FGHO HBSEEIY 1%L T &7y, EEhY 7T RT U TR D EN I AD
Ba1E 1013 3, EOHAIEL 3 |BCHIMT L7280, FHEMDOHEENKE <D, 12m/s &
Z CTHEMED 95 DI, Yok L7z Table 4-6 OFiH & [A U T, #IMRE BB T 5720 TH 5.
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Table 4-7 Fatigue life consumption of wind turbine “A”
b
(part of Eq.(4.6): (v (XF; + YF,)y,j) Dy, * ty, ;)
where, vy :  Load factor (=1.2) (Refer to section 4.3.5)
(XFr + YF,)y,; ©  Equivalent rear bearing load of wind turbine “A”

(normalised by weight of rotating parts)

b :10/3 for roller bearings and 3 for ball bearings
ny, :  Rotational speed of wind turbine “A”
tv,i : Time observed in SCADA for whole operational

period of wind turbine “A”

Direction N | NNE | Ne | ENe | E | EsE | sE l'sse| s | ssw | sw [wsw! w | wnw ! NW | NNW
Frequency 5% | 4% 6% | 8% | 10% | 7% 4% | 3% | 3% | 4% | 5% | 7% | 10% 9% 9% | 7%
et | 58 | 58 [ 64 | 70 |72 | 66 | 61 |58 |51 [ 48 |54 (62 | 7.0 | 68 | 66 | 63
Wind Speed 0O 0 0 0 o o 0 0 0 0 0 0 0 0 0 0 0
[m/s] 1 0 0 0 o i} 0 0 0 0 0 0 0 0 0 0 0
2 0 270,112} 307,014 407,635, 458911 401,628 363,224| 343,486] 403,559 565,969 630,333 663,587 607,162 493,024 446,039, 381,675
3 557,124, 599,053. 832,579, 912,204; 973,199 767,460, 619,894} 528,940 754,577 3,924,423 1,487,723 1,187,372} 1,239,708; 923,970 891,616, 777,127
4 668,701: 723,606: 1,141,995: 1,065,389; 1,288,869; 1,029,850: 768,996 616,620; 845,681 7,676,383; 1,464,407 1,143,156} 1,309,580; 1,223,181 1,317,645 1,015,487
5| 1,081,695 1,092,402 1,960,485 1,547,672] 2,007,894 1,534,894 956,798; 799,007, 949,145 15,380,947 1,538,823 1,242,544; 1,723,055; 1,885,755 2,078,206; 1,625,008
6 [ 1,652,099 1,806,032 3,337,707) 2,147,963 2,760,419 1,874,130 1,167,961} 916,893, 1,260,512 29,885,127, 2,060,828 1,538,522| 2,225,920| 2,546,741 2,546,286, 2,641,848
7| 1,950,808 2,401,538: 4,831,752; 2,493,276, 3,264,368; 1,864,010 1,017,986; 907,641: 1,560,354: 58,438,482: 2,872,563 1,763,027: 2,475,759; 2,762,832: 3,226,945: 3,122,113
8| 1,779,564 2,582,354: 5,736,477; 2,686,345; 3,552,155] 1,862,629, 941,244; 892,959} 1,703,907; 102,221,943: 3,551,395 1,859,525; 2,510,686 2,565,347 2,983,788 3,032,561
9| 1,173,204| 2,061,171| 5,985,172 2,632,727| 3,254,043| 1,617,268 762,164| 727,084 1,587,898| 137,346,333| 3,824,209| 1,786,360 2,252,813| 2,190,548 2,314,583 2,200,520
10| 702,486! 1,354,352 5,435,635 2,323,593! 2,648,727 1,339,403 651,776 540,718 1,004,412} 153,101,751} 3,932,927 1,642,415 1,926,107, 1,803,389 1,668,579; 1,522,717
11 449,014; 687,089: 4,158,647; 2,001,359; 2,409,214; 1,042,036 504,349; 396,435 674,487: 142,162,211: 3,503,271 1,255,230: 1,693,897: 1,358,792 1,248,739: 863,317
12| 225,230| 317,121 2,455,139| 1,336,017 1,830,349| 747,779 364,882| 251,956 351,760 58,513,708 1,856,604 749,058| 1,403,853| 983,161 895,382 448,836
13 90,819, 117,755; 1,076,569 840,597; 1,441,921 486,795, 278,680; 166,318 191,363: 14,637,662 719,123 399,272 976,546; 689,987  548,761: 238,363
14| 37,406] 68,466: 541,052 597,019! 831,318] 366,190 189,317 116,376, 175,107, 7,779,639, 482,620, 220,147 643,941, 478,316 398,477, 114,124
15 7972 43,464 320,550 356,463] 446,452) 288,563 104,701 75,206 137,571 3,144,058 293,108| 129,223] 391,754] 270,133 250,124 42,339
16 2,382 17,034; 203,326, 240,869 298,294 159,204 45,793! 56,760 96,696 1,099,255; 139,708 63,228] 275,137; 149,355 130,926 24,613
L/ 783 3,251 136,154 122,680 182,062 111,116 26,573; 42,367 46,682 818,961 53,236 30,854: 154,933 83,747 85,655 6,013
18 0 0i 115,361 56,339 67,719 57,633 22,697 29,440 25,387 418,545 30,488 21,524 81,346 48,130 57,362 4,598
19 0 0 88,175 10,497 41,076 25,965 21,137) 21,269 9,524, 291,670 29,582 12,360 46,184 21,764 26,279 4,564
20 0 0 27,809 1,739 19,114, 12,549 18,079: 18,434 5,581 453,019 7,187 7,383 27,513 5,243 20,812 4,533
21 0 0 16,062 1,736 13,005 5,484 12,044; 16,696 5,535 88,353 4,743 1,638 13,376 2,245 12,321 5,426
22 0 0 2,259 0 12,098/ 6,256 3,759 8,757 3,642 84,874 2,334 817 3,712 0 6,151 3,603
23 0 0 0 864 6,903 6,251 9,769! 6,994 1,809 0 0 i} 2,968 0 768, 899
24 0 0 0 o 8,615 2,342 10,514, 5,237 0 0 0 0 0 0 0 2,692
25 0 0| 0 0 6,884 2,341 7,507 4,359 5,370 161,108 0 0 741 0 0 896

wIZ, Bq.(4.8) X0 EHR L= HAR Loy Fa &, BIIRDzage; 28T G T Liom;
#1595, FivEk Eq(4.9) % o> TR F M OMEELETH 5 Liom Fia1H5. K#%IZ Eq.(4.10)
THUNL 2 BIERE D DAFESUCER L, JBIFEEK A OTH ) 77 U o 7 T HlFH(90%(5 HEHE)
Th 5 Liomy Ffn & 137-.

Figure 4-8 |25 FHm & THIFMO LA /~d. EFEmMN 12.7FI1Cx LT, THIFMO0%F
BT 116 L B —HLTRY, BELLETHFEMTRNEIZ Y THD Ll 5. 4.3.1
H T8 Y, B4 EERIRRE TIEEH ML 0% HEEHEMICH TR L 252, MIgHE
Yuip ENEEL, BAFCRVERDRIE TIZEHMIL 90%FHHEFH M % a5 . TEC61400-1 D%
M Q0%IEIEE THREFT D Z L LRl> TV AT, ABFZETIE 90%IEHEE TRl % =
L LTV,
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BL 0%EFEHFMIIEHFM LV FICREL LD EBXTHE, AFETEOEEZ 1.2 L L
T EAR S A B RS RMETHRETXLELRSH 5. Figure 4-9 12 Z ORRAEFHNIIS1T 5 BRI
ETHHEMOBBRE R, BHATREMEBRKORBE L, EFESLFEH EOKERMATERDS Z
LT ETE S, ZOBFEREDOHMEESRKa o CRIEAENRDS 72, [FUHEEO~NT Y~
7 HORREDEERSA: (77U — 203V 2>, A OFLE, EIRRE) CHIRTXExThD.

7235 Z ORRRE IR - JEL ) HH B P |2 B BRIl PRl 32 5 F TlTRik S 4172 SCADA OfE %
Wz, ZO7= DR O HBUBEE 2 MR AT R D 2 Bl GHEF O Fa Tl L T, L IEERE
WH D L5 TWD (Table 4-5).

Actual I, 12.7 year

Predicted Liom,y life ‘ ‘ ‘ : 11.5year

0 10 20
Life [year]

Figure 4-8 Actual and predicted rear bearing fatigue life of wind turbine “A”

Actual NN 12.7 year

Predicted Liom,y life 1.0 S 23  years
with Load factor (y) 1 4

S 16.0years
1.2 : , : , : 11.5 years
1.3 | 8.5years
14 , , ~ b.5hyear
1.5 , ~ 5.0vyear
1.6 , 3.9 year
1.7 ~ 3.1vyear _ .
0 10 20
Life [year]

Figure 4-9 Rear bearing Liomy fatigue life of wind turbine “A” with function of load factor

45 BIEZRT AL MK BIEMDE

RXT Y TG FEmMIE, = nNEHEET 5 2 & CRERAN LB E A CHE SIS, 1t
ST, HHEAME - A Tr—XEHRA(EIEIE L7 X~x VA M LSS, X7V
VNI DBV E P AR L, S EMOEEINT 5.

Table 4-7 #5#(C, EJBEAOTHE Y 7 X7V 7 FHMOEFEDR, LOTDIZELL
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K& pBJEA SSW, FUE 8-11lm/s TEZ X~V A MM+ 5L LT, EhHMOIE
Faat Lz, Figure 4-10 [ZR"d08 Y, THIFMIL 11.5 05 34.1 FF~KRIEIZE L Tk

D, B =3 VA MIRPEMEEESN TS, BBy XX T AL ML DBV E
P DA T, JRF SSW T 0.27 & /T - 7o FF e Eff a2 0.32 ICWESETEY,
ZORNL BEFFEMOBIMIEBL T D (Eq.(4.12).

AWFROBEERFERDO—21L, ZOXIIZHLAMMD T A R T P KRE AT Y o~
7 FH D @ﬂk%m@u,@ﬁﬁ?&&v*yxy%Ml(ﬂﬁﬁmhmﬁ&nm&tﬂ
BBEEE 1%), JT7bbENRGRARIR T, TV 7 OTHHEMNKIBICLESNZZ ETH
5.

Actual I 12.7 year

Predicted Liom,y life . 11.5year
Predicted Liom,y life with curtailment |~~~ [ > 34.1years
(SSW, 8-11m/s, freq. 1%)
0 10 20 30 40
Life [year]

Figure 4-10 Rear bearing Liomy fatigue life of wind turbine “A” and effect of curtailment

4.6 TEHD 7TV U Fa DRE ST

ARETRE LEHFO THINEIZ OFBRT2E5ATWS. KEITIEEON, #EGKLKY,
RT7 YT OBERME C (Tbb_X7 U7k, T LTUA Ly R T AT HEMICS
2 DRBEONT D, VTR L7-RHESRMEE, 4.4 SioRGESER] & A UR V)% ERE & EE
G, F T EUESAR I T B EGE 8.5m/s D L— L3 & LT-. #H8 L 7= Liom HfIZER
fbL LR

Eq@ﬂ@ﬁ%@ﬁwiT@b43:%Lk?y7wﬁi%?%%’a@é%ﬁ&bf%ﬂ
Lz, AR TIE, X7 VT A—H—IC X DHESEZFEN L7z Table 44 #5512 LT, K
(271.27 ¢ U7e. miEfRSy OBINTESEMATE P 2N S8, Eq.(4.12)0FmiE ERHage &
W Eq.(4.8)D Liom i & KIEIZHAD &%, Figure 4-11 OREESHTHAE R CIX, WEAREE 1
D 2T &, THIFEMIX 0.1 510770, AT _REWEGEOBEE L, EFLEH L
DI A ERD Z & ThH ETE 5. ZORRRTRE O FME IEfREag, THRIEZ B D729
[l CREEDO T U v 7 A ORIBROEERSEM: (770 — 2002, B AIOREE, EiREE)
THETRETHD.
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0.0

0.8 1.0 1.2 14 1.6 1.8 2.0

Load factor (y)
Figure 4-11 Sensitivity analysis by load factor

1.5

1.0

0.5

0.0

Life modification factor (a)

(Assumed same wind turbine and lubricant as validation case (section 3),

average wind speed 8.5 m/s at hub height, Rayleigh distribution, and wind shear 0.2)

Eq.4.8) 0B E M E C 1, X7 U v 7 Ol s mmIERE A €T 5. —MICHNERE L
TV T, ZOMIZEEAEONE (ThRbb T U V7)) LHTS. X7 U TO
FERSATE Cold, BUERSHE C LT 5. 6> TC, Eq.(4.19), (4.20), (4.12), (4.8)Di#E Y,
HEASATE C O¥EINZ VW ago & Luom A O 7 2384 % . Figure 4-12 OREESHT#ER T
%, BERMTES 1,000kN 725 2,000kN (2T 5 &, Famod 15 5128 2 5. BERKME C
DT FFMIE 2 DEBITEFIIREL, FAEBERS TRIT 72030 RET57 Y

VT DOENERME C ZMAHNEND 5.

20

= [
o U

(S}

Normalised L, life

500 1,000 1,500 2,000
Basic dyanamic load rating (C) [kN]

Figure 4-12 Sensitivity analysis by bearing specification

2.0

15

1.0

0.5

0.0

Life modification factor (a)

(Assumed same wind turbine and lubricant as validation case (section 3),

average wind speed 8.5 m/s at hub height, Rayleigh distribution, and wind shear 0.2)
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Eq.(4.2000 A v Ry TIE, VIRT YV T~DT T NAMEERDD. U4 RV T OH
IMTEENRT U o ' ~OE SR E P 2MEIN L, ZOfEE Eq.4.12120E - Tage 2N E L
Eq.(4.912%t > T Liom MmN 9 5. Figure 4-13 X7 A > R 7R 0.2 05 1~ 5
&, Liom HFMN 0.2 5T 22 L 2R LTS, UL RUTHR T EW I EIE, o
FERER S OHBHE CTH LD 20, Z0Z &1, EHHEICE O CREFBENAEECTCHD 2
& DOEAEALIZAEL L T 5.

80
Wind Sear (a) L5 L5
Rotor top 0205 1.0 o mg
60 p= =
—_— [e]
B £ 10 10 §
- _T [tas
3
ke 5 g
w € 05 05 35
20 2 g
QL
5
0 ! 0.0 \ 0.0
0 5 10 15 0 02 04 06 0.8 1
Wind speed [m/s] Wind shear (a)
(a) Example of wind sear (b) Liom life and wind shear
Figure 4-13 Sensitivity analysis by wind shear
(Assumed same wind turbine and lubricant as validation case (section 3),
average wind speed 8.5 m/s at hub height, and Rayleigh distribution)
4.7 & B

HARZE OB LZ 70%A ILHETH VD, KR 2012 4 7 A 2RS35 0O [ E ik B R E
(FIT) 23T &avCLsk, 29 LI-EMEMIE COFFRIBE L BN L T 5. EHE-Z IR E
N5 B FEEMIL, FHHPIZ R TRE 2 RRATICHE S DR, WOk EHFHFm KO
HEMM LV EL R DEFEMPREDO D Lo TS, Frof/LF— - FEEHHTHR A%
HERE (LI#%2 NEDO) 2V L 72 2004 4E7> 5 2012 4F £ TO RS R EHED S - FHEOMEHT
1,516 TH VY, TOWN 84%NEMEMIE EToFi L, FHHFICH X THL NS
[l U NEDO DAEFHER TIX, B & E IR OGRS £ LD TWD. EIRERRE S H
72 2008 =5 2012 FED 378 Fi DN, EIHE 1,000 HHLL EOFE TIX, Eifilh/ X7V 7
OB 5.7 » AR L b EV.

AW TIE, THFry Vv ErRAEA V7 N RTA TR EKEZ S E LT (Figure 4-5),
ANTE 10 SR RLT — 4 A AIMEE Lz Efih Y 7_7 ) o O A TG A RE L
B HAROWMEIH D1 LRI EILETEM LN E > 721000 C, BEEEZKT S5 HEHK
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PAHETRNZ LD, AWERE LR 255 s LTS,

PUFICAAIZE T & T i o 1= FHIH A R
(1) FFHIC L DMEETI, MENEAET D E TOFEFHM 12.7 Fl2xi LT, IEC #lk
DX EHHIE & 72 D 90%(EHE O FHIFMmIL, 11.5F L BN—8ERLTE
(2) [FUMGRESEHICIE, HBSEEIE 1%7208060, A2 RUTRIEFICTRKEZ VAN
SSW, EU# 8-1lm/s Tr—H[A#sZz{ELSE5 7 X~x TP A Mk Y, FHlFE
DS 1.5 5 34.1 -~ ETREBEAICYGE L7c (Figure 4-10). Z 0¥ MHIEL, <7
TG FEM DBV AR E P OB, ZADEAIT 1083 T, EDOHLAIT 3 E
THWNT 5720 Th2 (Eq.(4.8)). E-8EAMME P OBAIE, FHmiEEMREagoD
HWINZ 2722030, ZORTHEHFMEMLILT Z L1275 (Eq.(4.12), Figure 4-2)
(3) F#h) 77U 7 FREFMIIRT DREEST 21TV, LT ORIR 21572
o MMEMREZ 17D 2 LT &, THPEI FmIT 0.1 5L K& < Lz (Figure
4-11). W EMRBOREE R BIX, SiFE & Tl m O BRI 2 3 2 & T
BETHD
o XTI HAROBEERFF M C Z 1,000kN 725 2,000kN ~HIo3 &, Tl 57
Falx 15 #1272 o 72 (Figure 4-12). Z DO Z &%, FEENESWHM TRICIZRT
Vo THERDRFENE L BETHLZ L ZRLTND
e UAURITHEO021D 1T &, THPESFEMIZ 0.2 512 Lz (Figure
4-13). ZORERIT, MM T 2EERE O B EM A E BT LTS

AWFETIRE LI, TRy REA VT b RTA TRAFEEEO T Y 77V 7
W 55 5 THIEZLA T O RUSTEHFIRETH 5.
(1) BlEFHWEE R CEE Y 7T U 7 OG5 FFh 3G HEART & 72 5 B E 28T, s
(2 X OBRERIRT RO RIEOE L 2 RRICBIIET 5
(2) PIHPHIBTEESR & LT PIIZATY, RIS A T o A3 _& R ERE DR
EXRT, X7V T PIREZHs AT LB NHBHIARIL TS
(3) FHEFFOMAEICHEILTS

IS, MELLEWMY 7TV U TEFFMOLERRFHIREL, B ¥~ T A2 FIRO
EEENTEDZ L TUTORICIEMATRETH 5.
(1) BERRSCBAFMEMICRIUENEE TXRWEJIEEMHIC LT, Zilist s ¥~ A
FNREEZRET S
(2) BERREJFEEMICH LT, BGHBHEOFLE) & 2 E CTIOHE LIES HFnr s
BLT, B~V A MREME BT
(3) B X~ T AL MTEDBIFE, ETERY 7TV 7 O LD FEME
il L, ZhuciES < ARk A T
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SR BEOEE R M 2R T 2 2N OO HEZIEA L, BEHME CH R REBFEL K
NEEDLIEN, A%, BRIZBTSEERIJEAHEO X THY, FH2ETRLEZ 2050
H50GW O — R~ v FERICHE T 5.
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KX EARICB T D ENBEOEMEELZ BRI, B2 7 7o —FnbiTo72 3 DD
REXKBIZELDEZLDOTHD. LUTFICEFENZENDOHIETH LN EE R~ L, K LORE
ETD. INOHOMEEIEHTIE, BARICEBITDEIIREOEANEL FIIEILT Z LN TE
HEEZD.

5.1 HARDBENEERT V¥l dE 2060 EFETOEAT— R~y 7TORE (F2E)

AWFFETIE, 80m H & CTHEELBMENEWEGEE (P2 EiX 6.5m/s, ¥ EIX 7.5m/s) L EDR
TV VR L, TERIC 2050 FHEABREAENRT LI — R~y TEREL, LFO
e =

(1) BREDORT oYy AMBERIN LTz, RGO DEIG1E, BUEERHIRRDY UL
BT 73%(1,83TMW) , HERAE N T 56% (2,831MW), Fﬁ@ﬁ?ﬂ“@ 93% (7,227MW),
FHAEREICRE N H HALEE N T 86% (1,898MW) HIEENT 187%
(10,266MW) & %<, (RN ETF AT OFAL - LB LETH S (2.4.2 1H)

(2) BEEORT X MIEDT, BEHEAZEERVE 28, 5 3 &k U@k
HARARE D 8 2 EIE 1, HAEEWN T 34% (850MW), HIEE N T 25% (1,250MW),
BAVPEE N T 18% (990MW) & BifEid R &Il R EWIGATC 10% 4281 TBY, H
SRR E T T O R - ikl - Bl BETH D (2.4.2 1H)

(3) BEk&vE ECHERRAENFGWEREL, ~7 /S 80m TEILEI 6.56m/s, 7.5m/s &
ToL, BENRORERERICLIHNELORT oy VI FO®@Y L7225
(2.4.4 1H)

782,220MW (3 ERAHA =D 3.78 £i7)

= 168,900MW ([ L : 80m & = C 6.5m/s LL )

+ 93,830MW (ERAPEL : 80m & & T 7.5m/s UL E)
+ 519,490MW (FAAXFEE : 80m & & T 7.5m/s L k)

(4) 2050 FORHPEABIEL HAROFFHEE S ED 10%, ZEFHEL 20%& 35 L, E
AN BAEREIX 50GW &72 % (2.5.11H)

(5) 20504, 50GW kT 51— R~ v 7%, WEFD S FEHAMBOZ 2 2 FA\T,
LIFO@EY 8% Lz (2.6 i)

2020 4F @ [ 1 11,100MW,  ERAE LR 200MW,  #AATE 10MW
2030 4F [ I 21,200MW, EIKRAE E 2,900MW,  FHAERE L 2,900MW
2040 4= : [k 25,000MW, #EKR=FEE 7,000MW,  FHAREE B 12,300MW
2050 4= : [k 25,000MW, #EKRA=FEE 7,500MW,  FARPE B 17,500MW
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(6) ELI-n— R~y ik, 2030 FELIEOBEEEAERE (BRE) 1 2,500MW
PLEZfgE L, ZE LRI REBEEORENRIAD D (2.6 )

5.2 Ny 73 —FOKFM/NURSREHDOF el Ra —A v T ARERGFRORBRE
(8 3%)

ACEh N R R B ORES AN, # bR 10m BREOHEHMC L —7 by 7% <,
W B ZBARE . I b REORMEGIEITREICL SNy TN —RITH Y,
Wr ALY RED I — (FIRY) AN 100052 B2 2565065, Z O, REO I —
AV THEEICHH L TRETDZ YA BE—RA L IR, T — ROV vy 7 MRS ¢ 52
nRbHv, Ny o7 a —AOKPNYR S R ERO EREEERO—DS Lo TS, Lol
EBRAIR% RS T D TEC61400-2 Tl, KT —A > 7 AHE omax 2 JABEEE R 7201 I12K
79 D HEFEICEL S NGRS T, I —A V TAMOERGEIT-> TN D,

Z ZCARBIETIE, #7272 omax DIEZFHE LT, 13 UDIZRM R RIS LS
v 7RI —A v TEFEE 180° £ TR LEER R AFHEL, K ﬂﬂ%%#%k%@b
TEDOZEMEMER L. RICZFDOHRXE T, GEROIFFE OB B2 & dit #ic s 1r
LEAREMERZ 120°8 LT, xR T omax ZFHE L, %h&@%%ﬁgmm@ﬁ
7oA B L 72 (Eq.(3.94), Eq.(3.93) & Figure 3-68). Z Ok, BHE LIS & RE
A, m—X L REOI—4 R, BEEA, 3 —#E Y OEMEE— A 2 N OREE K
Bed 2%, X0 EEEAR omax120deg. DFFRTH 5. LLFICARBIIE THH &I/ > - FIHE R T

(1) B—X0a—F—RA2 MIDOWT, I—#A 180° F TORMEARFEHILZ IR L
7= (3.3.3 1)

(2) HREROEICE—A L MEREIL L, BECHEICEKT L, EREROE T
— Ay MEEOREEEZ R LTz (3.3.4 1H)

(3) KRI—A L ITHHEOKESHTZIT, EOPHa—MATEH, BEEAMNPKIVIZ
E, BT — A MBI L TRRI —A 7 AEENENT L2 2R L. 20
Z IR I—A T HEE, ThbbI— A S AROBREFICB W T, Fica
LR NS I E —F— A 2 RN S W NRE R EMIE CRRE OGN E
B HZ L xEWT 5 (3.3.91H)

(4) FKa—A 7 AREOKESH 21TV, I —ME Y OEEE—A > MEika—A
VI HMENEIL, EPREETHORESEET LI LEZHLNILEE. 202 L
e — 2 PRIV SV NE ) B ERRIE S, IR E — A T AEERKE 2D N
ZLEEEWT D, O DA O L, BlE, MEICIE 0B E NN E 7R D,
—HFTCa—A T AEEE/NS LTEWEEE, BREICHELZ ST D7 EXHLDBES I
T&% (3.3.9%HH)
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[=— F (CALCULATE) ]

Private Sub Command1_Click()
Unload CALCURATE
End Sub

Private Sub Command2_Click()

Dim PAI, ROU, REY, RH, YAWAL, YAWAL1, YAWAL_D, YAWAL1_D, YAWAL_MAX,
YAWAL_MAX_D, RAM_CAL, OMG_CAL, V, BLAL, BLAL_P, BLAL_D, BLAL1, BLAL1_P,
RL, R, R_P, IPS, CX, CY, JJ, JJ1, SS, SS1, s As Double

Dim RYU, RYU_D, RYU_C, MUKA, MUKA_A, MUKA_B, CL, CL_A, CL_B, CL_C, CL_D,
CL_E, CD, CD_A, CD_B, CD_C, CD_D, CD_E, SOLI, M_YAW_Y, M_YAW_YY, M_YAW_Y1,
M_YAW_RT, M_YAW_RT1, AA, YAWALP_D, C_YAW_RT As Double

Dim RL_low, RL_up, RAM_low, RAM_up, RYU_low, RYU_up, PT, PT_low, PT_up, CHORD,
CHORD_low, CHORD_up As Double

Dim AJI, ASE, AJI_T, ASE_T, AJI_ST, ASE_ST, Ina, At, Lt, RATE_S, ac, ul, u0, u2, u_R,
VO, CF As Double

Dim NowPercent, MaxLength, AL_CAL, YAW_CAL, CAL_TH, CAL_TH1, CAL_THZ2,
CAL_Q, CAL_Q1, CAL_Q2, YAWAL1_D_CH, BB, CC1, CAL2 'CAL_C

Dim Ina_WD, Ina_T, sff, dff, zz, Vr, CRr As Double

Dim CAL_TH3, CAL_TH4, CAL_Q3, CAL_Q4

If Optionl1.Value = True Then
FRAG =1

End If

PAI = 3.1415926

ROU = 1.225 'ROU (324255 [

u0=0

ul =0.01

RATE_S = 0.1 "8 o> #1545 1

V = Val(Text5.Text) 'V [ZJ&i# ¢ & [m/s]

R = Val(Text1.Text) R (XA F 2D & [m]

RH = Val(Text2.Text) 'RH (FJ&H./~7 -2 D E [m]

B = Val(Text4.Text) 'B i3~ L — F¥c¥k

RAM_CAL = Val(Text10.Text) RAM_CAL (F5HHEFF O JE#H L D
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At = Val(Text15.Text) 'Z 3 fif m2]

Lt = Val(Text16.Text) 'E#AN ~F[m]

OMG_CAL =V * RAM_CAL /R 'z — % i £ (w [rad/s])

YAWAL_MAX_D = Val(Text3.Text) "YAWAL_MAX [Z5+5& -/ D LR
YAWAL_MAX = Val(PAI * YAWAL_MAX_D / 180) 'YAWAL_MAX_D ¢ RAD Z#4
RAM_D = Val(Text7.Text)

MUKA_D = Val(Text8.Text)

CLD = Val(Text9.Text)

s = Val(Text12.Text)

B I A R N

If Option9.Value = True Then

RL_low =R * 0.65

RAM_low = RAM_D * RL_low / R'0.65R 28T % w

RYU_low = (2/3) * Atn(1 / RAM_low) '0.65R T Dt Aff [rad]

PT_low = (180 * RYU_low / PAI) - MUKA_D '0.65R T® £ Ff[deg]
CHORD_low = (8 * PAI * RL_low) * (1 - Cos(RYU_low)) / (CLD * B) '0.65R T®i%5[m]
RL_ up=R *0.85

RAM_up =RAM_D *RL_up/R

RYU_up =(2/3) * Atn(1 / RAM_up)

PT _up = (180 * RYU_up / PAD - MUKA_D

CHORD_up = (8 * PAI * RL_up) * (1 - Cos(RYU_up)) / (CLD * B)

Elself Option10.Value = True Then

RL_low =R * 0.75

RAM_low = RAM_D * RL_low / R

RYU _low = (2/3) * Atn(1 / RAM_low)

PT_low = (180 * RYU_low / PAI) - MUKA_D

CHORD_low = (8 * PAI * RL_low) * (1 - Cos(RYU_low)) / (CLD * B)
RL_ up=R *0.95

RAM_up =RAM_D *RL_up/R

RYU_up =(2/3) * Atn(1 / RAM_up)

PT _up = (180 * RYU_up / PAD) - MUKA_D

CHORD_up = (8 * PAI * RL_up) * (1 - Cos(RYU_up)) / (CLD * B)

End If
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M_YAW_Y=0
M_YAW_Y1=0
M_YAW_RT1=0

I=2

Cl=14

MaxLength = Picturel.Width

Dim CHEK_AJ As Double 'Single 'Integer

Dim CHEK_AS As Double 'Single 'Integer

Dim BASE_AJ As Integer

Dim BASE_AS As Integer

YAWAL1_D = Val(Text6.Text) '3 — )L

YAWALL = Val(PAI * YAWAL1_D/180) 'YAWAL1_D ® RAD Z#t
YAWALP_D = Val(Text6.Text) '7' 1@ 7' L A \— DA%

If Option6.Value = True Then

Call single_cal '3 —A1 > /A5 E_H—§tA
GoTo AA 'S H 7

End If

If Option7.Value = True Then
GoTo EE '3 —A > 7 A&
End If

"CAFHEH EE FTIEI—E— AL MR 77 4 GHEE— N @GR EZI3FEER L)

CAL_C=3

Do
M_YAW_RT =0
M_YAW_RT1=0

BLAL=0
BLAL_P = Val(2 * PAI/ 36)
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Do
M_YAW_Y =0
BLAL = BLAL + BLAL_P
RL=RH RH (3788, 16> THIMDIREEZ RS 5,
R_P =Val((R - RH) / 20)
Do Until (RL+0.01) > R"®BEHFHD dr. (R-7H48) % 20 5FIL T, #ICHEST
%)
AJT=0.2'0.334 'AJT [3H0/E L 7= Hha 8 o &
ASE = 0.001 'ASE 1318/ L - #5810 &
CNT =0
Do
BLAL1=0 '7 Y~ A
BLALI1_P =Val(2 * PAI/ 36) '10 JEt yT DT ¥~ A ff
JJ=0
SS=0
Do
BLAL1 = BLAL1 + BLAL1_P '0-360° £T10° v TF D7 VU~ A
If AJT =1 Then
AJI = 0.999
End If

IPS = AJT * Cos(YAWAL1) / (8 * (1 - AJI)

RYU = Atn((V * (1 - AJD) * (Cos(YAWAL1) - Sin(YAWAL1) * Tan(IPS) *
Cos(BLAL1))) / (RL * OMG_CAL * (1 + ASE) + V * (1 - AJD) *
Sin(YAWAL1) * Sin(BLAL1)))

RYU_D =RYU * 180/ PAI'RYU_D % RYU @ DEG Z#t

PT = -(PT_low - PT_up) / RL_up - RL_low)) * RL + (PT_low + ((PT _low -
PT_up) / (RL_up - RL_low)) * RL_low) FALALED &y FH 05 Z Do
RFTPERETOY y FAEZHEHE LTS

MUKA _A=RYU_D-PT 'MUKA ZAAHDOE = AH—E Yy TH

If Optionl.Value = True Then
MUKA =MUKA_A
AERO ="NACAO0012"
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REY = 150000

If MUKA > 170 Then

CL_A=Val((0.756 / 10) * MUKA - 13.608) 'CL_A (25 1R D E, %L
® IF 301X NACA0012 D Re=1*%10"5 D L & DHEFT — X
Elself MUKA > 160 Then

CL_A =Val(-(0.135/ 10) * MUKA + 1.539)
Elself MUKA > 150 Then
CL_A=Val((0.119/ 10) * MUKA - 2.525)
Elself MUKA > 35 Then

CL_A = Val(-(1.643 / 115) * MUKA + 1.403)
Elself MUKA > 25 Then

CL_A = Val((0.143 / 10) * MUKA + 0.4025)
Elself MUKA > 16 Then

CL_A=0.76

Elself MUKA > 14 Then

CL_A =Val(-(0.143 / 2) * MUKA + 1.904)
Elself MUKA > -14 Then

CL_A = Val((0.903 / 14) * MUKA)

Elself MUKA > -16 Then

CL_A=Val(-1 * (0.143 / 2) * MUKA - 1.904)
Elself MUKA > -25 Then

CL_A=-0.76

Elself MUKA > -35 Then

CL_A =Val((0.143 / 10) * MUKA - 0.4025)
Elself MUKA > -150 Then

CL_A=Val(-1 * (1.643 / 115) * MUKA - 1.403)
Elself MUKA > -160 Then

CL_A =Val((0.119 / 10) * MUKA + 2.525)
Elself MUKA > -170 Then

CL_A=Val(-1 *(0.135/ 10) * MUKA - 1.539)
Elself MUKA > -180 Then

CL_A = Val((0.756 / 10) * MUKA + 13.608)
End If

If MUKA > 130 Then
CD_A = Val(-1 * (0.7943 / 50) * MUKA + 2.88)
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Elself MUKA > 45 Then

CD_A = Val(-0.0000002 * MUKA ~ 3 - 0.00002 * MUKA * 2 + 0.0085 *
MUKA + 0.484)

Elself MUKA > 15 Then

CD_A = Val((0.574 / 30) * MUKA - 0.053)

Elself MUKA >= 0 Then

CD_A = Val(0.00001 * MUKA * 4 - 0.0002 * MUKA * 3 + 0.0019 * MUKA
A 2-0.0028 * MUKA + 0.0177)

Elself MUKA > -15 Then

CD_A =Val(0.00001 * (-1 * MUKA) » 4 - 0.0002 * (-1 * MUKA) ~ 3 +
0.0019 * (-1 * MUKA) » 2 - 0.0028 * (-1 * MUKA) + 0.0177)

Elself MUKA > -45 Then

CD_A =Val((0.574 / 30) * (-1 * MUKA) - 0.053)

Elself MUKA > -130 Then

CD_A = Val(-0.0000002 * (-1 * MUKA) » 3 - 0.00002 * (-1 * MUKA) * 2 +
0.0085 * (-1 * MUKA) + 0.484)

Elself MUKA > -180 Then

CD_A = Val(-1 * (0.7943 / 50) * (-1 * MUKA) + 2.88)

End If

End If

If Optionl.Value = True Then
CL=CL_A
CD=CD_A

End If

CHORD = -((CHORD_low - CHORD_up) / (RL_up - RL_low)) * RL +
(CHORD_low + ((CHORD_low - CHORD_up) / (RL_up - RL_low)) *
RL_low) '#JAk L 725 DL R A B | Z LSO JRFTHEE TOLE %
HBIFHR LT D

CX = CL * Sin(RYU) - CD * Cos(RYU)

CY = CL * Cos(RYU) + CD * Sin(RYU)

JJ1 = (-CX * Tan(YAWAL1) * Sin(BLAL1) + CY) * (((Cos(YAWAL1)) » 2) *
((1 - Tan(YAWAL1) * Tan(IPS) * Cos(BLAL1)) * 2) / ((Sin(RYU)) » 2)) *
BLAL1 P
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SS1 = (CX * Cos(YAWALT1) * (1 - Tan(YAWAL1) * Tan(IPS) * Cos(BLAL1))
*((1 +ASE) + V * (1 - AJI) * Sin(YAWAL1) * Sin(BLAL1) / (RL *
OMG_CAL)) * BLAL1_P/(Sin(2 * RYU))) '((CX * Cos(YAWAL_CAL) * (1
- Tan(YAWAL_CAL) * Tan(IPS) * Cos(BLAL1)) * B* CHORD) * (1 +V * (1
- AJD) * Sin(YAWAL_CAL) * Sin(BLAL1) / (RL * OMG_CAL)) / (4 * PAI *
RL * Sin(2 * RYU) - CX * Cos(YAWAL_CAL) * (1 - Tan(YAWAL_CAL) *
Tan(IPS) * Cos(BLAL1)) * B * CHORD)) * BLAL1_P

JJ=JJ +JJ1

SS =SS+ SS1

Loop Until BLAL1 >= (2 * PAI - 0.001) '7 ¥~ %4 360° % CAfE%

JJ_A=(B* CHORD /(16 * (PAI ~ 2) * RL)) * JJ
AJL.T=JJ_ A/ Q1 +JJ_A)

If AJT_ T >= 2 Then a DK L7=GE OB LR <7200
AJI_T=0.5

Elself AJI_T <= -2 Then

AJI_T=-0.5

End If

ASE_T = (B* CHORD /(8 * (PAI ~ 2) * RL)) * SS

AJI_ST = AJI_T - AJT'AJT I3 H AN AEGE U 72 il AR S D 41400 fiE
ASE_ST = ASE_T - ASE 'ASE |3 MNZAE L 7 BA SAR B D 414 (i
If AJI_ST = 0 Then

AJI_ST =0.001

End If

If ASE_ST =0 Then

ASE_ST =0.001

End If

CHEK_AJ = Abs((AJI_ST) / AJD)
CHEK_AS = Abs((ASE_ST) / ASE)

If CHEK_AdJ < 0.001 And CHEK_AS < 0.001 Then
GoTo CAL2
End If
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AJT=AJI_T

ASE =ASE_T
CNT=CNT+1

Loop Until CNT > 500 '10000
If CNT > 500 Then

GoTo CC2

End If

CAL2: RYU_C =Atn((V* (1 - AJD) * (Cos(YAWAL1) - Sin(YAWAL1) * Tan(IPS) *

Cos(BLAL))) / (RL * OMG_CAL * (1 + ASE) + V * (1 - AJD) * Sin(YAWAL1) *
Sin(BLAL)))

M_YAW_Y1=0.5*ROU * (V » 2) * (1 - AJD) » 2) * ((Cos(YAWAL1) - Sin(YAWAL1)
* Tan(IPS) * Cos(BLAL)) » 2) * (CY * RL * Cos(BLAL) - CX * s * Sin(BLAL)) *
CHORD * R_P/ ((Sin(RYU_C)) * 2)

CcC2:

M_YAW_Y=M_YAW_Y + M_YAW_Y1
RL=RL+R_P
Loop 'dMy % ¥ R £ T4

BLAL_D =180 * BLAL / PAL'7 ¥~ A D deg Z5#a
YAWAL1_D = 180 * YAWAL1 / PAI '3 — @ deg 4
M_YAW_YY = M_YAW_Y * BLAL_P/ (2 * PAI)
M_YAW_RT1=M_YAW_RT1 + M_YAW_YY
M_YAW_RT =B * M_YAW_RT1

Loop Until BLAL >= (2 * PAI - 0.001)

RES_CAL(CAL_C, 1) = Format(YAWAL1_D, "0.00")
RES_CAL(CAL_C, 2) = Format(M_YAW_RT, "0.000000")

YAWAL1 = YAWAL1 + (10 * PAI/ 180)
YAWAL1_D = Val(180 * YAWAL1 / PAT)

If YAWAL1 D = 90 Then

YAWALT1 = 100 * (PAI / 180)
End If
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CAL_ C=CAL_C+1

Loop Until YAWAL1 > YAWAL_MAX
B = — 4 (YAWAL1D~10° %A Chefk 2 — A (YWAL_MAX) % CalH
RES_CAL(1, 1) = AERO "3 #E R frm (ZFHR G5 F£oR
RES_CAL(1, 2) =REY
RES_CAL(1, 3) =B
RES_CAL(2, 1) =" Ei~(v) A"
RES_CAL(2, 2) ="7" b=} 3-8}/ "
FRAG2 =8
GoTo AA 'FE SR J7~

"CZETHI—F—A MR R T A GHEE— R @GR I EE L)

EE: 'S —A > 7 HERET 0 7T L

CAL_ C=3

'S—£4 80° & 100° DA I —FT— AL MHE

AL_CAL=-100

Do
YAWALT1 = (AL_CAL * PAI / 180)

M_YAW_RT =0
M_YAW_RT1=0

BLAL=0
BLAL_P = Val(2 * PAI/ 36)

Do

M_YAW_Y=0

BLAL = BLAL + BLAL_P

RL=RH RH (INT 88, 16> THIHIREEZ BT 5,

R_P=Val(R - RH) / 20) BEHFHD dr, (R-NTHEE) & 20 5F LT, RICHST D
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Do Until (RL + 0.01) >R
AJT =0.2'0.334 'AJT [F4EE L 7= filiiF 82 O =
ASE = 0.001 'ASE 1348/ L - #3581 0 &
CNT =0
Do
BLAL1=0'7 ¥~ A ff
BLALI1_P =Val(2 * PAI/ 36) '10 £t yT D7 ¥~ A ff
JJ=0
SS=0
Do
BLAL1 = BLAL1 + BLAL1_P'0-360° £T10° B>y F0DO7 U~ A
If AJI = 1 Then
AJI = 0.999
End If

IPS = AJT * Cos(YAWAL1) / (8 * (1 - AJD)

RYU = Atn(((V * (1 - AJD * (Cos(YAWAL1) - Sin(YAWAL1) * Tan(IPS) *
Cos(BLAL1))) / (RL * OMG_CAL * (1 + ASE) + V * (1 - AJD) *
Sin(YAWAL1) * Sin(BLAL1)))

RYU_D =RYU * 180/ PAI'RYU_D % RYU @ DEG Z#t

PT = -(PT_low - PT _up) / RL_up - RL_low)) * RL + (PT_low + ((PT _low -
PT_up) / (RL_up - RL_low)) * RL_low) SIAALED &y F 05 Z Do
RFTPERETOY y FAEZHFHE L TN

MUKA A=RYU_D-PT 'MUKA T MADE = AMH—E > TFH

If Optionl.Value = True Then
MUKA =MUKA_A

AERO = "NACA0012"

REY = 150000

If MUKA > 170 Then

CL_A=Val((0.756 / 10) * MUKA - 13.608) 'CL_A (25 1R D&, LT
@ IF 31X NACA0012 @ Re=1*10"5 O L & DT — X
Elself MUKA > 160 Then

CL_A =Val(-(0.135/ 10) * MUKA + 1.539)
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Elself MUKA > 150 Then
CL_A=Val((0.119/ 10) * MUKA - 2.525)
Elself MUKA > 35 Then

CL_A = Val(-(1.643 / 115) * MUKA + 1.403)
Elself MUKA > 25 Then

CL_A = Val((0.143 / 10) * MUKA + 0.4025)
Elself MUKA > 16 Then

CL_A=0.76

Elself MUKA > 14 Then

CL_A =Val(-(0.143 / 2) * MUKA + 1.904)
Elself MUKA > -14 Then

CL_A = Val((0.903 / 14) * MUKA)

Elself MUKA > -16 Then

CL_A=Val(-1 * (0.143 / 2) * MUKA - 1.904)
Elself MUKA > -25 Then

CL_A=-0.76

Elself MUKA > -35 Then

CL_A =Val((0.143 / 10) * MUKA - 0.4025)
Elself MUKA > -150 Then

CL_A=Val(-1 * (1.643 / 115) * MUKA - 1.403)
Elself MUKA > -160 Then

CL_A =Val((0.119 / 10) * MUKA + 2.525)
Elself MUKA > -170 Then

CL_A=Val(-1 *(0.135/ 10) * MUKA - 1.539)
Elself MUKA > -180 Then

CL_A = Val((0.756 / 10) * MUKA + 13.608)
End If

If MUKA > 130 Then

CD_A = Val(-1 * (0.7943 / 50) * MUKA + 2.88)

Elself MUKA > 45 Then

CD_A = Val(-0.0000002 * MUKA ~ 3 - 0.00002 * MUKA * 2 + 0.0085 *
MUKA + 0.484)

Elself MUKA > 15 Then

CD_A = Val((0.574 / 30) * MUKA - 0.053)

Elself MUKA >= 0 Then

CD_A = Val(0.00001 * MUKA * 4 - 0.0002 * MUKA * 3 + 0.0019 * MUKA
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A 2-0.0028 * MUKA + 0.0177)

Elself MUKA > -15 Then

CD_A =Val(0.00001 * (-1 * MUKA) » 4 - 0.0002 * (-1 * MUKA) ~ 3 +
0.0019 * (-1 * MUKA) » 2 - 0.0028 * (-1 * MUKA) + 0.0177)

Elself MUKA > -45 Then

CD_A =Val((0.574 / 30) * (-1 * MUKA) - 0.053)

Elself MUKA > -130 Then

CD_A = Val(-0.0000002 * (-1 * MUKA) ~ 3 - 0.00002 * (-1 * MUKA) * 2 +
0.0085 * (-1 * MUKA) + 0.484)

Elself MUKA > -180 Then

CD_A =Val(-1 * (0.7943 / 50) * (-1 * MUKA) + 2.88)

End If

End If

If Optionl.Value = True Then
CL=CL_A
CD=CD_A

End If

CHORD = -((CHORD_low - CHORD_up) / (RL_up - RL_low)) * RL +
(CHORD_low + ((CHORD_low - CHORD_up) / (RL_up - RL_low)) *
RL_low) AL L 7= #85r D5E RN b Z LS D R R TORE %
HBIFHR LT D

CX = CL * Sin(RYU) - CD * Cos(RYU)

CY = CL * Cos(RYU) + CD * Sin(RYU)

JJ1 = (-CX * Tan(YAWAL1) * Sin(BLAL1) + CY) * (((Cos(YAWAL1)) » 2) *
((1 - Tan(YAWAL1) * Tan(IPS) * Cos(BLAL1)) * 2) / ((Sin(RYU)) » 2)) *
BLAL1 P

SS1 = (CX * Cos(YAWAL1) * (1 - Tan(YAWAL1) * Tan(IPS) * Cos(BLAL1))
*((1 +ASE) + V * (1 - AJD) * Sin(YAWAL1) * Sin(BLAL1) / (RL *
OMG_CAL)) * BLAL1_P/(Sin(2 * RYU))) '((CX* Cos(YAWAL_CAL) * (1
- Tan(YAWAL_CAL) * Tan(IPS) * Cos(BLAL1)) * B* CHORD) * (1 +V * (1
- AJD * Sin(YAWAL_CAL) * Sin(BLAL1) / (RL * OMG_CAL)) / (4 * PAI *
RL * Sin(2 * RYU) - CX * Cos(YAWAL_CAL) * (1 - Tan(YAWAL_CAL) *
Tan(IPS) * Cos(BLAL1)) * B * CHORD)) * BLAL1_P
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JJ =dJdJ + JJ1
SS =SS+ SS1

Loop Until BLAL1 >= (2 * PAI - 0.001) '7 ¥~ %4 360° % CJAfE%

JJ_A=(B* CHORD /(16 * (PAI ~ 2) * RL)) * JJ
AJLT=JJ_ A/Q+JJ_A)

If AJT_ T >= 2 Then 'a DK L7-5E OB AR <7200
AJI_T=0.5

Elself AJI_T <= -2 Then

AJI_T=-0.5

End If

ASE_T = (B * CHORD /(8 * (PAI ~ 2) * RL)) * SS

AJI_ST = AJLT - AJT'AJT {3 FANAETE U 7= Wi HAR L O 4] 4] B
ASE_ST =ASE_T - ASE 'ASE 35 N AE L 72 B8 EAR L 0 1) 4 i
If AJI_ST = 0 Then

AJI_ST =0.001

End If

If ASE_ST =0 Then

ASE_ST =0.001

End If

CHEK_AJ = Abs((AJI_ST) / AJT)
CHEK_AS = Abs((ASE_ST) / ASE)

If CHEK_AJ < 0.001 And CHEK_AS < 0.001 Then
GoTo CALS3

End If

AJT=AJI_T

ASE =ASE_T

CNT=CNT+1

Loop Until CNT > 500 '10000

If CNT > 500 Then

GoTo CC3

End If
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CAL3: RYU_C =Atn(((V * (1 - AJD) * (Cos(YAWAL1) - Sin(YAWAL1) * Tan(IPS) *
Cos(BLAL)))) / (RL * OMG_CAL * (1 + ASE) + V * (1 - AJD * Sin(YAWAL1) *
Sin(BLAL)))

M_YAW_Y1=0.5*ROU * (V » 2) * (1 - AJD) » 2) * ((Cos(YAWAL1) - Sin(YAWAL1)
* Tan(IPS) * Cos(BLAL)) » 2) * (CY * RL * Cos(BLAL) - CX * s * Sin(BLAL)) *
CHORD * R_P/ ((Sin(RYU_C)) * 2)

CCs:
M_YAW_Y=M_YAW_Y + M_YAW_Y1
RL=RL+R_P
Loop 'dMr % % R O #im ¥ CHEsy

BLAL_D =180 * BLAL / PAI'7 ¥~ A D deg 5
YAWAL1_D = 180 * YAWAL1 / PAI '3 —f @ deg Z#4
M_YAW_YY = M_YAW_Y * BLAL_P/ (2 * PAI)
M_YAW_RT1=M_YAW_RT1 + M_YAW_YY
M_YAW_RT =B * M_YAW_RT1

Loop Until BLAL >= (2 * PAI - 0.001)

RES_CAL(CAL_C, 1) = Format(AL_CAL, "0.00")
RES_CAL(CAL_C, 2) = Format(M_YAW_RT, "0.000000")

AL_CAL =AL_CAL+ 20
CAL_ C=CAL_C+1
Loop Until AL CAL > 100

CAL_TH1 = RES_CAL(3, 1)
CAL_Q1 = RES_CAL(3, 2)
CAL_TH2 = RES_CAL(4, 1)
CAL_Q2 = RES_CAL(4, 2)

CAL_TH3 = RES_CAL(12, 1)
CAL_Q3 = RES_CAL(12, 2)
CAL_TH4 = RES_CAL(13, 1)
CAL_Q4 = RES_CAL(13, 2)
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YAWAL1_D = Val(Text13.Text) '4—4/" ff)HA{E

YAWALL = Val(PAI * YAWAL1_D / 180) 'YAWAL1_D @ RAD Z#t
u0=0

ul =0.01

Do
If YAWAL1 >= (80 * PAI / 180) And YAWAL1 <= (100 * PAI/ 180) Then '80° L. I 100° &
HWO%EIEL 907 #iE
YAWAL1_D = Val(180 * YAWAL1 / PAI)
GoTo BB
Elself YAWAL1 >= (-100 * PAI / 180) And YAWAL1 <= (-80 * PAI / 180) Then '-100° L
-80° ARl DL EIX-907 i 1E
YAWALI1_D = Val(180 * YAWAL1 / PAI)
GoTo BB
End If

V = Val(Text5.Text) "V I JEEH D&
R = Val(Text1.Text) 'R XA H -2 O & (BT m)
RH = Val(Text2.Text) 'RH I LR H /7 = O & (BT m)

RAM_CAL = Val(Text10.Text) RAM_CAL (X# 5 R D & D

At = Val(Text15.Text) '3 fif&(m2)
Lt = Val(Text16.Text) B #A ~F(m)
OMG_CAL =V *RAM_CAL/R
RAM_D = Val(Text7.Text)

MUKA_D = Val(Text8.Text)

CLD = Val(Text9.Text)

s = Val(Text12.Text)

RTALE B OB +wweoomonmomms oo



If Option9.Value = True Then

RL_low =R * 0.65

RAM_low = RAM_D * RL_low / R

RYU _low = (2/3) * Atn(1 / RAM_low)

PT_low = (180 * RYU_low / PAI) - MUKA_D

CHORD_low = (8 * PAI * RL_low) * (1 - Cos(RYU_low)) / (CLD * B)
RL_ up=R *0.85

RAM_up =RAM_D *RL_up/R

RYU_up =(2/3) * Atn(1 / RAM_up)

PT _up = (180 * RYU_up / PAD) - MUKA_D

CHORD_up = (8 * PAI * RL_up) * (1 - Cos(RYU_up)) / (CLD * B)

Elself Option10.Value = True Then

RL_low =R * 0.75

RAM_low = RAM_D * RL_low / R

RYU _low = (2/3) * Atn(1 / RAM_low)

PT_low = (180 * RYU_low / PAI) - MUKA_D

CHORD_low = (8 * PAI * RL_low) * (1 - Cos(RYU_low)) / (CLD * B)
RL_ up=R *0.95

RAM_up =RAM_D *RL_up/R

RYU_up = (2/3) * Atn(1 / RAM_up)

PT _up = (180 * RYU_up / PAD) - MUKA_D

CHORD_up = (8 * PAI * RL_up) * (1 - Cos(RYU_up)) / (CLD * B)

M_YAW_Y=0
M_YAW_Y1=0

M_YAW_RT =0
M_YAW_RT1=0
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BLAL=0
BLAL_P = Val(2 * PAI/ 36)

Do
M_YAW_Y =0
BLAL = BLAL + BLAL_P
RL=RH RH (I 7 88, 16> THIMDIREE A BT 5,
R_P =Val((R - RH) / 20)
Do Until (RL +0.01) >R
AJT =0.2'0.334 'AJT [F48E L 7= filiiF 82 5 0O =
ASE = 0.001 'ASE 1348/E L - #5810 &
CNT =0
Do
BLAL1=0
BLAL1_P = Val(2 * PAI/ 36) '10 £t »F
JJ=0
SS=0
Do
BLAL1 = BLAL1 + BLAL1_P
If AJI = 1 Then
AJI = 0.999
End If

IPS = AJT * Cos(YAWAL1) / (8 * (1 - AJI)

RYU = Atn(((V * (1 - AJD * (Cos(YAWAL1) - Sin(YAWAL1) * Tan(IPS) *
Cos(BLAL1))) / (RL * OMG_CAL * (1 + ASE) + V * (1 - AJD) *
Sin(YAWAL1) * Sin(BLAL1)))

RYU_D =RYU * 180/ PAI'RYU_D % RYU @ DEG Z#t

PT = -(PT_low - PT_up) / RL_up - RL_low)) * RL + (PT_low + ((PT _low -
PT_up) / (RL_up - RL_low)) * RL_low)

MUKA_A=RYU_D-PT '"™MUKA[ZHZADE, = MAfH—E YT
If Optionl.Value = True Then

MUKA =MUKA_A
AERO ="NACA0012"
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REY = 150000

If MUKA > 170 Then

CL_A=Val((0.756 / 10) * MUKA - 13.608) 'CL_A (25 1R D E, %L
® IF 301X NACA0012 D Re=1*%10"5 D L & DHEFT — X
Elself MUKA > 160 Then

CL_A =Val(-(0.135/ 10) * MUKA + 1.539)
Elself MUKA > 150 Then
CL_A=Val((0.119/ 10) * MUKA - 2.525)
Elself MUKA > 35 Then

CL_A = Val(-(1.643 / 115) * MUKA + 1.403)
Elself MUKA > 25 Then

CL_A = Val((0.143 / 10) * MUKA + 0.4025)
Elself MUKA > 16 Then

CL_A=0.76

Elself MUKA > 14 Then

CL_A =Val(-(0.143 / 2) * MUKA + 1.904)
Elself MUKA > -14 Then

CL_A = Val((0.903 / 14) * MUKA)

Elself MUKA > -16 Then

CL_A=Val(-1 * (0.143 / 2) * MUKA - 1.904)
Elself MUKA > -25 Then

CL_A=-0.76

Elself MUKA > -35 Then

CL_A =Val((0.143 / 10) * MUKA - 0.4025)
Elself MUKA > -150 Then

CL_A=Val(-1 * (1.643 / 115) * MUKA - 1.403)
Elself MUKA > -160 Then

CL_A =Val((0.119 / 10) * MUKA + 2.525)
Elself MUKA > -170 Then

CL_A=Val(-1 *(0.135/ 10) * MUKA - 1.539)
Elself MUKA > -180 Then

CL_A = Val((0.756 / 10) * MUKA + 13.608)
End If

If MUKA > 130 Then
CD_A = Val(-1 * (0.7943 / 50) * MUKA + 2.88)
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Elself MUKA > 45 Then

CD_A = Val(-0.0000002 * MUKA ~ 3 - 0.00002 * MUKA * 2 + 0.0085 *
MUKA + 0.484)

Elself MUKA > 15 Then

CD_A = Val((0.574 / 30) * MUKA - 0.053)

Elself MUKA >= 0 Then

CD_A = Val(0.00001 * MUKA * 4 - 0.0002 * MUKA * 3 + 0.0019 * MUKA
A 2-0.0028 * MUKA + 0.0177)

Elself MUKA > -15 Then

CD_A =Val(0.00001 * (-1 * MUKA) » 4 - 0.0002 * (-1 * MUKA) ~ 3 +
0.0019 * (-1 * MUKA) » 2 - 0.0028 * (-1 * MUKA) + 0.0177)

Elself MUKA > -45 Then

CD_A =Val((0.574 / 30) * (-1 * MUKA) - 0.053)

Elself MUKA > -130 Then

CD_A = Val(-0.0000002 * (-1 * MUKA) » 3 - 0.00002 * (-1 * MUKA) * 2 +
0.0085 * (-1 * MUKA) + 0.484)

Elself MUKA > -180 Then

CD_A = Val(-1 * (0.7943 / 50) * (-1 * MUKA) + 2.88)

End If

End If

If Optionl.Value = True Then
CL=CL_A
CD=CD_A

End If

CHORD = -((CHORD_low - CHORD_up) / (RL_up - RL_low)) * RL +
(CHORD_low + ((CHORD_low - CHORD_up) / (RL_up - RL_low)) *
RL_low)

CX = CL * Sin(RYU) - CD * Cos(RYU)

CY = CL * Cos(RYU) + CD * Sin(RYU)

JJ1 = (-CX * Tan(YAWAL1) * Sin(BLAL1) + CY) * (((Cos(YAWAL1)) » 2) *
((1 - Tan(YAWAL1) * Tan(IPS) * Cos(BLAL1)) * 2) / ((Sin(RYU)) » 2)) *
BLAL1 P

SS1 = (CX * Cos(YAWAL1) * (1 - Tan(YAWAL1) * Tan(IPS) * Cos(BLAL1))
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*((1+ASE) + V * (1 - AJD * Sin(YAWAL1) * Sin(BLAL1) / (RL * OMG_CAL)) * BLAL1_P /
(Sin(2 * RYU))) '((CX * Cos(YAWAL_CAL) * (1 - Tan(YAWAL_CAL) * Tan(IPS) *
Cos(BLAL1)) * B * CHORD) * (1 + V * (1 - AJD) * Sin(YAWAL_CAL) * Sin(BLAL1) / (RL *
OMG_CAL)) / (4 * PAI * RL * Sin(2 * RYU) - CX * Cos(YAWAL_CAL) * (1 -
Tan(YAWAL_CAL) * Tan(IPS) * Cos(BLAL1)) * B * CHORD)) * BLAL1_P

JJ=JJ +JJ1

SS =SS+ SS1

Loop Until BLAL1 >= (2 * PAI - 0.001)

JJ_A=(B* CHORD /(16 * (PAI ~ 2) * RL)) * JJ
AJL.T=JJ_ A/ Q1 +JJ_A)

If AJT_ T >= 2 Then 'a DK L72GE O LR <7200
AJI_T=0.5

Elself AJI_T <= -2 Then

AJI_T=-0.5

End If

ASE_T = (B * CHORD /(8 * (PAI ~ 2) * RL)) * SS

AJI_ST =AJL_T - AJI
ASE ST =ASE_T - ASE
If AJI_ST = 0 Then
AJI_ST =0.001

End If

If ASE_ST =0 Then
ASE_ST =0.001

End If

CHEK_AJ = Abs((AJI_ST) / AJD)
CHEK_AS = Abs((ASE_ST) / ASE)

If CHEK_AJ < 0.001 And CHEK_AS < 0.001 Then
GoTo CAL4

End If

AJT=AJI_T

203



ASE =ASE_T
CNT=CNT+1

Loop Until CNT > 500 '10000
If CNT > 500 Then

GoTo CC4

End If

CAL4: RYU_C = Atn(((V * (1 - AJD * (Cos(YAWAL1) - Sin(YAWAL1) * Tan(IPS) *
Cos(BLAL)))) / (RL * OMG_CAL * (1 + ASE) + V * (1 - AJD * Sin(YAWAL1) *
Sin(BLAL)))

M_YAW_Y1=0.5*ROU * (V » 2) * (1 - AJD) » 2) * ((Cos(YAWAL1) - Sin(YAWAL1)
* Tan(IPS) * Cos(BLAL)) » 2) * (CY * RL * Cos(BLAL) - CX * s * Sin(BLAL)) *
CHORD * R_P/ ((Sin(RYU_C)) * 2)

CC4:
M_YAW_Y =M_YAW_Y + M_YAW_Y1
RL=RL+R_P
Loop

BLAL_D = 180 * BLAL / PAI

YAWAL1_D = Val(180 * YAWAL1 / PAI)

M_YAW_YY = M_YAW_Y * BLAL_P/ (2 * PAI)
M_YAW_RT1=M_YAW_RT1 + M_YAW_YY
M_YAW_RT =B * M_YAW_RT1'7 L — F¥E % #MT 5
Loop Until BLAL >= (2 * PAI - 0.001)

BB:

Ina_WD = Val(Text14.Text) 'JEFLEOMEM:T-4/kgm?2)
Ina_T = Val(Text18.Text) /2 E & DOEM:t-4V M kgm2)

Ina = Ina_WD + Ina_T 'JEE2KEOEME-1/ Mkgm2)

If YAWAL1 D >= 80 And YAWAL1_D <= 100 Then
V)T, 80 FEND 100 EE TOREIE
M_YAW_RT = (CAL_Q4 - CAL_Q3) * YAWAL1_D / (CAL_TH4 - CAL_TH3) +
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(CAL_Q3 - (CAL_Q4- CAL_Q3) * CAL_TH3/(CAL_TH4 - CAL_THS3))
'80 5 100 £ E TOHRIERDSE
Elself YAWAL1_D >= -100 And YAWAL1_D <= -80 Then
A=AV . <100 FED5-80 FEE TORIE
M_YAW_RT = (CAL_Q2 - CAL_Q1) * YAWAL1_D / (CAL_TH2 - CAL_TH1) +
(CAL_Q1 - (CAL_Q2- CAL_Q1) * CAL_TH1/(CAL_TH2 - CAL_TH1))
=100 £~ 5-80 JE F TOMIERDE

End If

For II = 1 To 18000
If ul >V * (Sin(YAWAL1)) Then '==—#72% 0° F£721% 180°
Z=-1
Else
Z=1
End If

'2011 FAEILE— A > MEE (£—X ML) (CR(0)DHHR)

If YAWAL1_D <= -150 Then
CF = (-0.00032 * YAWAL1_D ~ 2 - 0.06062 * YAWAL1_D - 0.66185) * -1
Elself YAWAL1_D <= -130 Then
CF =(0.008 * YAWAL1_D + 2.4932) * -1
Elself YAWAL1_D <= -70 Then
CF = (0.0000015 * YAWAL1_D * 3 + 0.0003404 * YAWAL1_D ~ 2 + 0.0196354
* YAWAL1_D + 1.449637) * -1
Elself YAWAL1_D <= -40 Then
CF = (-0.00016 * YAWAL1_D ~ 2 - 0.01783 * YAWAL1_D + 0.81225) * -1
Elself YAWAL1_D <= 0 Then
CF = (0.00029 * YAWAL1_D ~ 2 - 0.02013 * YAWAL1_D + 0.00033) * -1

Elself YAWAL1 D <= 40 Then

CF =0.00029 * YAWAL1 D ~ 2 + 0.02013 * YAWAL1_D + 0.00033
Elself YAWAL1 D <= 70 Then

CF =-0.00016 * YAWAL1 D ~ 2+ 0.01783 * YAWAL1_D + 0.81225
Elself YAWAL1 D <= 130 Then
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CF =-0.0000015 * YAWAL1_D ~ 3+ 0.0003404 * YAWAL1 D ~ 2-0.0196354 *
YAWAL1_D + 1.449637

Elself YAWAL1 D <= 150 Then

CF =-0.008 * YAWAL1_D + 2.4932

Elself YAWAL1 D <= 180 Then

CF =-0.00032 * YAWAL1_D » 2 + 0.06062 * YAWAL1_D - 0.66185

End If

dff = Val(Text17.Text)

sff = Val(Text19.Text)

Vr = Val(Text20.Text) 'l Lt

CRr = Val(Text21.Text) "0 E— A o Mk

If YAWAL1_D = Val(Text13.Text) Then '#JHIfE TOFEE: (0 =0.01=0 72D THri L
TW5 LRE)

Il
(=}

77

If YAWAL1_D <=-90 Then

If (CRr * CF * 0.5 * ROU * At * (Vr * V - ul * Lt * Cos(YAWALL - PAI/2)) ~ 2) * Lt) +
(-1 * (CRr * CF * 0.5 * ROU * At * (ul * Lt * Sin(YAWAL1 - PAI/ 2)) » 2 * Lt)) -
M_YAW_RT >= 0 Then

zz = -1
Elself (CRr * CF * 0.5 * ROU * At * (Vr * V - ul * Lt * Cos(YAWALL - PAI/ 2)) » 2) *
Lt) + (-1 * (CRr * CF * 0.5 * ROU * At * (ul * Lt * Sin(YAWAL1 - PAI/ 2)) » 2 * Lt)) -
M_YAW_RT < 0 Then
zz.=1

End If
ac=((CRr * CF * 0.5 * ROU * At * (Vr * V - ul * Lt * Cos(YAWALL1 - PAI/ 2)) » 2) * Lt)

+ (-1 * (CRr * CF * 0.5 * ROU * At * (ul * Lt * Sin(YAWAL1 - PAI/ 2)) ~ 2 * Lit)) -
M_YAW _RT + sff * zz) / Ina
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Elself YAWAL1 D <= 0 Then

If (CRr * CF * 0.5 * ROU * At * (Vr * V - ul * Lt * Cos(YAWALL - PAI/2)) ~ 2) * Lt) +
(-1 * (CRr * CF * 0.5 * ROU * At * (ul * Lt * Sin(PAI / 2 - YAWAL1)) » 2 * Lt)) -
M_YAW_RT >= 0 Then

zz = -1
Elself (CRr * CF * 0.5 * ROU * At * (Vr * V - ul * Lt * Cos(YAWALL - PAI/ 2)) » 2) *
Lt) + (-1 * (CRr * CF * 0.5 * ROU * At * (ul * Lt * Sin(PAI / 2 - YAWAL1)) » 2 * Lt)) -
M_YAW_RT < 0 Then

zz =1

End If

ac=((CRr*CF *0.5* ROU * At * (Vr * V- ul * Lt * Cos(YAWALL - PAI/2)) ~ 2) * Lt)
+ (-1 * (CRr * CF * 0.5 * ROU * At * (ul * Lt * Sin(PAI / 2 - YAWAL1)) ~ 2 * Lit)) -
M_YAW _RT + sff * zz) / Ina

Elself YAWAL1 D <= 90 Then

If (CRr * CF * 0.5 * ROU * At * (Vr * V - ul * Lt * Cos(YAWALL - PAI/2)) ~ 2) * Lt) +
(-1 * (CRr * CF * 0.5 * ROU * At * (ul * Lt * Sin(PAI / 2 - YAWAL1)) » 2 * Lt)) -
M_YAW_RT >= 0 Then

zz = -1
Elself (CRr * CF * 0.5 * ROU * At * (Vr * V - ul * Lt * Cos(YAWALL - PAI/ 2)) » 2) *
Lt) + (-1 * (CRr * CF * 0.5 * ROU * At * (ul * Lt * Sin(PAI / 2 - YAWAL1)) » 2 * Lt)) -
M_YAW_RT < 0 Then

zz =1

End If

ac=((CRr* CF *0.5* ROU * At * (Vr * V- ul * Lt * Cos(YAWALL - PAI/2)) ~ 2) * Lt)
+ (-1 * (CRr * CF * 0.5 * ROU * At * (ul * Lt * Sin(PAI / 2 - YAWAL1)) ~ 2 * Lit)) -
M_YAW _RT + sff * zz) / Ina

Elself YAWAL1_D <= 180 Then

If (CRr * CF * 0.5 * ROU * At * (Vr * V - ul * Lt * Cos(YAWAL1 - PAI/2)) ~ 2) * Lt) +
(-1 * (CRr * CF * 0.5 * ROU * At * (ul * Lt * Sin(YAWAL1 - PATI / 2)) * 2 * Lt)) -
M_YAW_RT >= 0 Then
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zz. = -1
Elself (CRr * CF * 0.5 * ROU * At * (Vr * V - ul * Lt * Cos(YAWALL - PAI/ 2)) » 2) *
Lt) + (-1 * (CRr * CF * 0.5 * ROU * At * (ul * Lt * Sin(YAWAL1 - PAI/ 2)) » 2 * Lt)) -
M_YAW_RT < 0 Then

zz =1

End If

ac=((CRr * CF * 0.5 * ROU * At * ((Vr * V - ul * Lt * Cos(YAWALL - PAI/ 2)) ~ 2) * Lit)
+ (-1 * (CRr * CF * 0.5 * ROU * At * (ul * Lt * Sin(YAWALL - PAI/ 2)) ~ 2 * L)) -
M_YAW _RT + sff * zz) / Ina

End If

Else " R

Il
(=}

77

If YAWAL1_D <=-90 Then

Iful >=0 Then'w #0 TEIVTWH LA
zz = -1

Elself ul <0 Then

zz =1

End If

ac=((CRr * CF * 0.5 * ROU * At * (Vr * V - ul * Lt * Cos(YAWALL1 - PAI/ 2)) ~ 2) * Lt)
+ (-1 * (CRr * CF * 0.5 * ROU * At * (ul * Lt * Sin(YAWAL1 - PAT / 2)) ~ 2 * Lt)) -
M_YAW_RT + dff * zz) / Ina

Elself YAWAL1 D <= 0 Then

If ul >= 0 Then

zz. = -1

Elself ul <0 Then
zz =1

End If

ac=((CRr * CF * 0.5 * ROU * At * (Vr * V - ul * Lt * Cos(YAWAL1 - PAI/ 2)) » 2) * Lt)
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+ (-1 * (CRr * CF * 0.5 * ROU * At * (ul * Lt * Sin(PAI / 2 - YAWAL1)) ~ 2 * Lt)) -
M_YAW_RT + dff * zz) / Ina

Elself YAWAL1 D <= 90 Then

If ul >= 0 Then

zz. = -1

Elself ul <0 Then
zz=1

End If

ac=((CRr * CF * 0.5 * ROU * At * (Vr * V - ul * Lt * Cos(YAWAL1 - PAI/ 2)) ~ 2) * Lt)
+ (-1 * (CRr * CF * 0.5 * ROU * At * (ul * Lt * Sin(PAI / 2 - YAWAL1)) ~ 2 * Lt)) -
M_YAW_RT + dff * zz) / Ina

Elself YAWAL1 D <= 180 Then

If ul >= 0 Then

zz = -1

Elself ul <0 Then
zz.=1

End If

ac=((CRr * CF * 0.5 * ROU * At * (Vr * V - ul * Lt * Cos(YAWAL1 - PAI/ 2)) » 2) * Lt)
+ (-1 * (CRr * CF * 0.5 * ROU * At * (ul * Lt * Sin(YAWAL1 - PAT / 2)) ~ 2 * Lt)) -
M_YAW_RT + dff * zz) / Ina

End If

End If
u2 =u0 + ac * RATE_S 'RATE_S (3 E OFHEFAH At (BN 0.1 7 &% E)
u_R =Abs(1 - Abs(ul / u2))
If u_R <0.001 Then
Exit For
Else
ul =u2
End If

{1
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Next II

RES _3(1, 1) = "% "

RES_3(1, 2) = "Re %"

RES_3(1, 3) ="7" L} KeEk"

RES_3(1, 4) = "2# mfg"

RES_3(1, 5) = "JA #H EA"

RES_3(1, 6) = "2 3 [mlfA A"

RES_3(2, 1) =AERO

RES_3(2, 2) =REY

RES_3(2,3) =B

RES_3(2, 4) = At

RES_3(2,5) =R * 2

RES_3(2, 6) = Lt

RES_3(3, 1) = "Ja.i#"

RES_3(3, 2) = "g% & & s k"

RES_3(3, 3) = "3~/ "

RES_3(3, 4) = "3~/ f "

RES_3(3, 5) = "3/ I "

RES_3(C1, 1) = Format(V, "0.00")

RES_3(C1, 2) = Format(RAM_CAL, "0.00")
RES_3(C1, 3) = Format(YAWAL1_D, "0.000")
RES_3(C1, 4) = Format(ul, "0.000")
RES_3(C1, 5) = Format(ac, "0.000")
YAWAL1 = YAWAL1 - (ul * RATE_S) 'RATE_S ## » 3 —#3
u0=ul

Cl=C1l+1

NowPercent = (C1/1000) * 100
Shapel.Width = NowPercent * (MaxLength / 100)
FRAG2 =17

Loop Until ul <0

AA R
Load RESULT
RESULT.Show
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Unload CALCURATE

End Sub

Private Sub Form_Load() '”7 4 — A~DOHH A J11E
Text1.Text = 0.3 'JEE £ (m)

Text2.Text = 0.03 'JE /7% (m)

Text3.Text = 170 '#+5 = — A FE A Max(deg)
Text4.Text = 5 "HEREL

Text5.Text = "" 'J&# (m/s)

Text6.Text =0 'F1HA = —F FHiPH Min(deg)
Text7.Text = 3.4 "#& & E#H b

Text8.Text = 7 &% &1l 4 (deg)

Text9.Text = 0.564 #5117 %k

Text10.Text = 3.4 "7} & 1t

Text11.Text = "" '3V} M5 E_H—FH
Text12.Text = 0.395 '3-(/)" £ (m)

Text13.Text = " '3-{v/" K EFH_ 3 — /A E@1HE)(deg)
Text14.Text = 0.688 "HMEE— A > b _JEAH R (kgm?2)
Text15.Text = 0.067 "2 # & (m2)

Text16.Text = 0.44 '3 A /$—&(m)

Text17.Text = 0.0368 '"EhEE#{(Nm) 0.0368
Text18.Text =0 "EMEET— A b _RBEL(kgm?2)
Text19.Text = 0.0736 '"§#EE#{(Nm) 0.0736
Text20.Text = 1

Text21.Text =1

Shapel.Height = Picturel.Height

Shapel.Width =1

End Sub

LRI —FHE A

Private Sub single_cal()

Dim PAI, ROU, REY, RH, YAWAL, YAWAL1, YAWAL_D, YAWAL1 D, YAWAL_MAX,
YAWAL MAX D, RAM_CAL, OMG_CAL, V, BLAL, BLAL_ P, BLAL_D, BLAL1, BLAL1_P,
RL, R, R_P, IPS, CX, CY, JJ, JJ1, SS, SS1, s As Double
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'Dim RYU, RYU_D, RYU_C, MUKA, MUKA_A, MUKA_B, CL, CI_A, CL_B, CL_C, CL_D,
CD, CD_A, CD_B, CD_C, CD_D, SOLI, M_YAW_Y, M_YAW_YY, M_YAW_Y1, M_YAW_RT,
M_YAW_RT1, AA, YAWALP_D As Double

Dim RYU, RYU_D, RYU_C, MUKA, MUKA_A, MUKA_B, CL, CL_A, CL_B, CL_C, CL_D,
CL_E, CD, CD_A, CD_B, CD_C, CD_D, CD_E, SOLI, M_YAW_Y, M_YAW_YY, M_YAW_Y1,
M_YAW_RT, M_YAW_RT1, AA, YAWALP_D As Double

'Dim RL_65, RL_85, RAM_65, RAM_85, RYU_65, RYU_85, PT, PT_65, PT_85, CHORD,
CHORD_65, CHORD_85 As Double

Dim RL_low, RL_up, RAM_low, RAM_up, RYU_low, RYU_up, PT, PT_low, PT_up, CHORD,
CHORD_low, CHORD_up As Double

Dim AJI, ASE, AJI_T, ASE_T, AJI_ST, ASE_ST, Ina, At, Lt, RATE_S, ac, ul, u0, u2, u_R,
VO, CF As Double

Dim NowPercent, MaxLength, AL_CAL, YAW_CAL, CAL_TH, CAL_TH1, CAL_TH2,
CAL_Q, CAL_Q1, CAL_Q2, YAWAL1_D_CH, BB, CC1, CAL2 'CAL_C

If Optionl1.Value = True Then
FRAG =1

End If

PAI = 3.1415926

ROU = 1.225 'ROU (ZZ¢ 5% £

u0=0

ul =0.01

RATE_S = 0.1 "8 o> F15 5 1

V = Val(Text5.Text) "V | ZJEH D

R = Val(Text1.Text) 'R (B F D E(HAL m)

RH = Val(Text2.Text) RH [3EH 7 20 E (EAL m)

B = Val(Text4.Text) 'B i3~ L — F¥c¥k

RAM_CAL = Val(Text10.Text) RAM_CAL (IR O JE#H L D

At = Val(Text15.Text) 23 Hif&(m2)

Lt = Val(Text16.Text) 2 & ~F(m)

OMG_CAL =V * RAM_CAL/R

YAWAL_MAX_D = Val(Text3.Text) 'YAWAL_MAX |3&F 5344 0 |
YAWAL_MAX = Val(PAI * YAWAL_MAX_D / 180) 'AWAL_MAX_D ¢ RAD % #
RAM_D = Val(Text7.Text)

212



MUKA_D = Val(Text8.Text)
CLD = Val(Text9.Text)
s = Val(Text12.Text)

BRIACAL B O IR - --mmm e mmmmms oo oo

If Option9.Value = True Then

RL_low =R * 0.65

RAM_low = RAM_D * RL_low / R

RYU _low = (2/3) * Atn(1 / RAM_low)

PT_low = (180 * RYU_low / PAI) - MUKA_D

CHORD_low = (8 * PAI * RL_low) * (1 - Cos(RYU_low)) / (CLD * B)
RL_up=R *0.85

RAM_up =RAM_D *RL_up/R

RYU_up =(2/3) * Atn(1 / RAM_up)

PT _up = (180 * RYU_up / PAD) - MUKA_D

CHORD_up = (8 * PAI * RL_up) * (1 - Cos(RYU_up)) / (CLD * B)

Elself Option10.Value = True Then

RL_low =R *0.75

RAM_low = RAM_D * RL_low / R

RYU _low = (2/3) * Atn(1 / RAM_low)

PT_low = (180 * RYU_low / PAI) - MUKA_D

CHORD_low = (8 * PAI * RL_low) * (1 - Cos(RYU_low)) / (CLD * B)
RL_ up=R *0.95

RAM_up =RAM_D *RL_up/R

RYU_up =(2/3) * Atn(1 / RAM_up)

PT _up = (180 * RYU_up / PAD) - MUKA_D

CHORD_up = (8 * PAI * RL_up) * (1 - Cos(RYU_up)) / (CLD * B)

End If

Z =1 Wiy

M_YAW_Y=0
M_YAW_Y1=0
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M_YAW_RT1=0

I=2

Cl=4

MaxLength = Picturel.Width

Dim CHEK_AJ As Double 'Single 'Integer
Dim CHEK_AS As Double 'Single 'Integer
Dim BASE_AJ As Integer
Dim BASE_AS As Integer

YAWALP_ D = Val(Text11.Text) '7' & 7' L 2 — D5

M_YAW_RT =0
M_YAW_RT1=0

BLAL =0
BLAL_P = Val(2 * PAI / 36)
YAWAL1_D = Val(Text11.Text) '3—{v/" fAHIHAfE
YAWALL = Val(PAI * YAWAL1_D/180) 'YAWAL1_D ® RAD A#i
Do
M_YAW_Y =0
BLAL = BLAL + BLAL_P
RL=RH RH (I 7 88, 16> THIMPIREEZ BT 5,
R_P =Val((R - RH) / 20)
Do Until (RL +0.01) >R
AJT =0.2'0.334 'AJT [F4EE L 7= filiFF 82 5 0O =
ASE = 0.001 'ASE 138/ L - a5 8 0 &
CNT =0
Do
BLAL1=0
BLAL1_P = Val(2 * PAI/ 36) '10 f£t" »F
JJ=0
SS=0
Do
BLAL1 = BLAL1 + BLAL1_P
If AJT =1 Then
AJI = 0.999
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End If

IPS = AJT * Cos(YAWAL1) / (8 * (1 - AJT)

RYU = Atn(((V * (1 - AJD * (Cos(YAWAL1) - Sin(YAWAL1) * Tan(IPS) *
Cos(BLAL1))) / (RL * OMG_CAL * (1 + ASE) + V * (1 - AJD) *
Sin(YAWAL1) * Sin(BLAL1)))

RYU_D =RYU * 180/ PAI'RYU_D % RYU @ DEG Z:#t

PT = -(PT_low - PT _up) / RL_up - RL_low)) * RL + (PT_low + ((PT _low -
PT_up) / (RL_up - RL_low)) * RL_low)

MUKA_A=RYU_D-PT 'MUKA T2 ADE,

If Optionl.Value = True Then
MUKA =MUKA_A

AERO = "NACA0012"

REY = 150000

If MUKA > 170 Then

CL_A=Val((0.756 / 10) * MUKA - 13.608) 'CL_A (25 1R D E, LT
® IF 301X NACA0012 D Re=1*%10"5 D L & DEFT — X
Elself MUKA > 160 Then

CL_A =Val(-(0.135/ 10) * MUKA + 1.539)

Elself MUKA > 150 Then

CL_A = Val((0.119/ 10) * MUKA - 2.525)

Elself MUKA > 35 Then

CL_A = Val(-(1.643 / 115) * MUKA + 1.403)

Elself MUKA > 25 Then

CL_A =Val((0.143 / 10) * MUKA + 0.4025)

Elself MUKA > 16 Then

CL_A=0.76

Elself MUKA > 14 Then

CL_A =Val(-(0.143 / 2) * MUKA + 1.904)

Elself MUKA > -14 Then

CL_A = Val((0.903 / 14) * MUKA)

Elself MUKA > -16 Then

CL_A=Val(-1 * (0.143 / 2) * MUKA - 1.904)
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Elself MUKA > -25 Then

CL_A=-0.76

Elself MUKA > -35 Then

CL_A =Val((0.143 / 10) * MUKA - 0.4025)
Elself MUKA > -150 Then

CL_A=Val(-1 * (1.643 / 115) * MUKA - 1.403)
Elself MUKA > -160 Then

CL_A =Val((0.119 / 10) * MUKA + 2.525)
Elself MUKA > -170 Then

CL_A=Val(-1 *(0.135/ 10) * MUKA - 1.539)
Elself MUKA > -180 Then

CL_A = Val((0.756 / 10) * MUKA + 13.608)
End If

If MUKA > 130 Then

CD_A = Val(-1 * (0.7943 / 50) * MUKA + 2.88)

Elself MUKA > 45 Then

CD_A = Val(-0.0000002 * MUKA ~ 3 - 0.00002 * MUKA * 2 + 0.0085 *
MUKA + 0.484)

Elself MUKA > 15 Then

CD_A = Val((0.574 / 30) * MUKA - 0.053)

Elself MUKA >= 0 Then

CD_A = Val(0.00001 * MUKA * 4 - 0.0002 * MUKA * 3 + 0.0019 * MUKA
A 2-0.0028 * MUKA + 0.0177)

Elself MUKA > -15 Then

CD_A =Val(0.00001 * (-1 * MUKA) » 4 - 0.0002 * (-1 * MUKA) ~ 3 +
0.0019 * (-1 * MUKA) » 2 - 0.0028 * (-1 * MUKA) + 0.0177)

Elself MUKA > -45 Then

CD_A =Val((0.574 / 30) * (-1 * MUKA) - 0.053)

Elself MUKA > -130 Then

CD_A = Val(-0.0000002 * (-1 * MUKA) ~ 3 - 0.00002 * (-1 * MUKA) * 2 +
0.0085 * (-1 * MUKA) + 0.484)

Elself MUKA > -180 Then

CD_A = Val(-1 * (0.7943 / 50) * (-1 * MUKA) + 2.88)

End If

End If
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If Optionl.Value = True Then
CL=CL_A
CD=CD_A

End If

CHORD = -((CHORD_low - CHORD_up) / (RL_up - RL_low)) * RL +
(CHORD_low + ((CHORD_low - CHORD_up) / (RL_up - RL_low)) *
RL_low)

CX = CL * Sin(RYU) - CD * Cos(RYU)

CY = CL * Cos(RYU) + CD * Sin(RYU)

JJ1 = (-CX * Tan(YAWAL1) * Sin(BLAL1) + CY) * ((Cos(YAWAL1)) ~ 2) *
(@ - Tan(YAWAL1) * Tan(IPS) * Cos(BLAL1)) » 2) / (Sin(RYU)) » 2)) *
BLAL1_P

SS1 = (CX * Cos(YAWALT1) * (1 - Tan(YAWAL1) * Tan(IPS) * Cos(BLAL1))
*((1 +ASE) + V * (1 - AJI) * Sin(YAWAL1) * Sin(BLAL1) / (RL *
OMG_CAL)) * BLAL1_P/(Sin(2 * RYU))) '((CX * Cos(YAWAL_CAL) * (1
- Tan(YAWAL_CAL) * Tan(IPS) * Cos(BLAL1)) * B* CHORD) * (1 +V * (1
- AJD) * Sin(YAWAL_CAL) * Sin(BLAL1) / (RL * OMG_CAL)) / (4 * PAI *
RL * Sin(2 * RYU) - CX * Cos(YAWAL_CAL) * (1 - Tan(YAWAL_CAL) *
Tan(IPS) * Cos(BLAL1)) * B * CHORD)) * BLAL1_P

JJ=JJ +JJ1

SS =SS+ SS1

Loop Until BLAL1 >= (2 * PAI - 0.001)

JJ_A=(B* CHORD /(16 * (PAI ~ 2) * RL)) * JJ
AJL.T=JJ_ A/ A +JJ_A)

If AJI_T >= 1000 Then 'a MR L7256 OREZR Teo D=
AJI.T=2

Elself AJI_T <= -1000 Then

AJI.T=-2

End If

ASE_T = (B * CHORD /(8 * (PAI ~ 2) * RL)) * SS
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AJI_ST =AJL_T - AJI
ASE ST =ASE_T - ASE
If AJI_ST = 0 Then
AJI_ST =0.001

End If

If ASE_ST = 0 Then
ASE_ST =0.001

End If

CHEK_AJ = Abs((AJI_ST) / AJD)
CHEK_AS = Abs((ASE_ST) / ASE)

If CHEK_AJ < 0.001 And CHEK_AS < 0.001 Then
GoTo CAL5S

End If

AJT=AJI_T

ASE =ASE_T

CNT=CNT+1

Loop Until CNT > 500 '10000

If CNT > 500 Then

GoTo CC5H

End If

CAL5: RYU_C = Atn((V * (1 - AJD * (Cos(YAWAL1) - Sin(YAWAL1) * Tan(IPS) *

Cos(BLAL)))) / (RL * OMG_CAL * (1 + ASE) + V * (1 - AJD * Sin(YAWAL1) *
Sin(BLAL)))

M_YAW_Y1=0.5* ROU * (V ~ 2) * (1 - AJD » 2) * ((Cos(YAWAL1) - Sin(YAWAL1)
* Tan(IPS) * Cos(BLAL)) » 2) * (CY * RL * Cos(BLAL) - CX * s * Sin(BLAL)) *
CHORD * R_P/ ((Sin(RYU_C)) " 2)

CC5:

M_YAW_Y =M_YAW_Y + M_YAW_Y1
RL=RL+R_P
Loop

BLAL_D =180 * BLAL / PAI
YAWAL1_D =180 * YAWAL1 / PAI
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M_YAW_YY = M_YAW_Y * BLAL_P/ (2 * PAI)
M_YAW_RT1=M_YAW_RT1 + M_YAW_YY
M_YAW_RT =B * M_YAW_RT1

Loop Until BLAL >= (2 * PAI - 0.001)

RES_1(1, 1) = AERO

RES_1(1, 2) = REY

RES_1(1,3)=B

RES_1(2, 1) = "&Ea-4/)" A"

RES_1(2,2) ="7 -} £"

RES_1(2, 3) ="7 b=} a-%—4/}"

RES_1(3, 1) = Format(YAWAL1_D, "0.00")
RES_1(3, 2) = Format(BLAL_D, "0.00")
RES_1(3, 3) = Format(M_YAW_RT, "0.000000")

FRAG2 =5
AA:

Load RESULT

RESULT.Show

Unload CALCURATE

End Sub
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T B F—A 7 AEERRT —¥ (n—2 Yz a—2H)) Offia— K

(fE =38 Microsoft Visual Basic 6.0)

(7Y =2 K (D_inp) ]

S PFS...] ~| [£3C:¥ i) S
Z‘F’?"?eﬁl?EEEEEEEEEEEEEEE & {T33B_0— 2 U T o/ 01— 5,5 S
oo [Bace Model . bas (Filed) B
S s sl ) Dat SOL. vbp s
e e e D Dat SOL. vbw o
SRR S LS RSl ) inp. T rm d i
:::::::::::::::::::::D_mpfrx [ e |
B e R SRR R S S
Z'&;5.;,;5&%;;'T'e'x;z"""""EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
:: (sec) S e e
::?;gl}g,?fﬁﬂﬁﬁﬁ Text3 = Textd = -

e .

[—F (D_inp) ]

Private Sub %17_Click(

fname = Text1.Text

ST = Text2.Text

SN = Text3.Text

Text4.Text = Val(SN * ST) 'NR OH 7'V > JVJE# % STsec & L7z & =
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Load SOL_OUT
SOL_OUT.Show
Unload D_inp
End Sub

Private Sub # T _Click(

Unload D_inp
End

End Sub
Private Sub 2% _Click(
ST = Text2.Text
SN = Text3.Text
Text4.Text = Val(SN * ST)
End Sub
Private Sub Dirl_Change()
Dirl1.Path =dr
End Sub
Private Sub Dirl_Click()
Dirl.Path =dr
SEL_NE = Dirl.ListIndex
file_ne = Dirl.List(SEL._NE)
Text1.Text = file_ne
Filel.Path = file_ne

End Sub

Private Sub Drivel_Change()
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SEL_D = Drivel.ListIndex
dr = Drivel.List(SEL_D)
Textl.Text = dr

End Sub

Private Sub Filel_Click(

file_ne = Filel.FileName
'FILE_B = file_ne
PATH_A = Dirl1.Path
Textl.Text = file_ne

ban = Len(File1.Path)

If ban > 3 Then

FILE_A = Filel.Path + "¥" + file_ne
FILE_B = Filel.Path + "¥"

Else

FILE_A = Filel.Path + file_ne

End If

Text1.Text = FILE_A
nn = Len(FILE_A)
n_no = Val(nn) - 4
ex_file2 = Left(FILE_A, n_no) + ".CSV"
ex_file3 = Left(FILE_A, n_no)
file_ne2 = Left(file_ne, n_no) + ".CSV"
Textl.Text = ex_file2

End Sub

Private Sub Form_Load()
Textl.Text =""
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Text2.Text = 0.0002
Text3.Text = 500

End Sub
(47 =27+ (SOL_OUT) ]

T] AJIDATA Q@

N ARREREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES
fen B
U rosmmay |0 e [0
M S {Command 6} cs —(Commandd) |
St i e |
................... o (Command5} | @5
........... NEXT
S (Command 7} e e s e e e

[Z— K (SOL_OUT) 1]
Dim read_dat$, fnum%, A$, Z$, X$

Sub chk_data(

read_dat = ex_file2:

fnum = FreeFile

Open read_dat For Input As #fnum

maxrec =0

Do
Line Input #fnum, TMPDATA

maxrec = maxrec + 1
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Loop Until EOF(fnum)

Close #fnum

End Sub

Sub Read_Data()

Dim YOBIO As String ' P OESIE S CCFFIH)
Dim YC SCFF D Gy EEK

read_dat = ex_file2:

fnum = FreeFile

Open read_dat For Input As #num

C=0
BB=0

A

Do
Line Input #fnum, TMPDATA
BB=BB+1
If BB < 14 Then '14 |3~ v ¥ —174
GoTo A
End If
C=C+1
YOBI = Split(TMPDATA, ",")
For YC = 0 To UBound(YOBI)
If YC =0 Then
DAT(C, 1) = YOBI(0)
Elself YC =1 Then
DAT(C, 2) = Val(YOBI(1))
Elself YC = 2 Then
DAT(C, 3) = Val(YOBI(2))
End If
Next

Loop Until BB = maxrec - 1
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Close #fnum

Text11l.Text = maxrec

End Sub

Private Sub Command1_Click()

Unload SOL_OUT
Load D_inp
D_inp.Show

End Sub

Private Sub Command5_Click()

Unload SOL_OUT
End

End Sub

Private Sub Command6_Click()
ReDim YAW(maxrec, 3)
maxrec2 = maxrec - 13
I=0
DD =2
Do
CC=0
CCC=0
For EE =1 To SN
I=1+1
If I = maxrec2 Then
GoTo GG
End If
If Val(DAT(, 2) - DAT(I + 1, 2)) < -4 Then
NHLGEAG T — 2 DZED -4V R 0.5° )78 B
CC=CC+1
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End If
If Val(DAT(, 3) - DAT(I + 1, 3)) > 4 Then
NEE Z T — % OZED AV K (EXLEIZ & 72) 78 1%
CCC=CCC+1
End If
Next EE

SA=DD "2 5l H 7~ bV — T BihG

YAW(SA, 1) = DAT(, 1)

YAW(SA, 2) = CC

YAW(SA, 3) = CCC

DD=DD+1

Loop Until I = maxrec2

GG:

YAW(1, 1) = "Ik¢fE"

YAW(, 2) = " — 27 £"

YAW(1, 8) ="' — 2 $¢ Z"

End Sub

Private Sub Command?7_Click()
Load OUT_DAT
OUT_DAT.Show

Unload SOL_OUT

End Sub

Private Sub Form_Load()
chk_data

ReDim DAT(maxrec, 3)

Read_Data

End Sub
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