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Mt Benzaiten
~ Approx. 300 m : (Elevation : 519 m)

Downwind Wind Turbine

General Specifications 100 m
W Manufacturer : Hitachi, Ltd.
W Model : HTW2.0-80 i
W Turbine T : Downwind
[ ] p.'fwe'-'f 2% " |Hmvduulun >
W Hub Height : 60 m
W Rotor Diameter : 80 m
W IEC-Class : IA 60 m
20m ‘ "y
| ‘ f TE : Trailing Edge
LE : Leadin:
Front view ‘ | Side view l 55 : MﬁsEigge
PS : Pressure Side
2. REOHE.

Mt. Benzaiten

Horizontal grid resolutions in the vicinity of ~ The minimum resolution of the vertical grid was
the wind turbine were 10 m. approximately 1.5 m above ground.
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X : Northerly Wind
a X : Easterly Wind
2 15 ,
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2 — X : Northerly Wind (Low-Turbulence Flow Case)
X : Easterly Wind (High-Turbulence Flow Case)
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Performance Optimization of Wind Turbines
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A New Assessment Scales for Evaluating the Degree of Risk of Wind Turbine Blade Damage
i X & )
Caused by Terrain—Induced Turbulence
EHE% | Takanori Uchida and Yasushi Kawashima
DOI https://doi.org/10.3390/en12132624
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T I I 111
Wind Turbine Class S Meaning
(Typhoon) (High Wind) (Medium Wind) (Low Wind)
V.50 (m/s) #a 70.0 70.0 59.5 52.5 Survival
Ve (m/s) #b 57.0 50.0 42.5 37.5 Wind Speed
Performance
Vave (M/s) #c 10.0 | 85| 75 10.0 8.5 7.5
and Fatigue
A+ 0.18 Vlaues
A specified b
0.16 P Y
{High Turbulence) the designer
Teer |
B
#d 0.14 Fatigue
(Medium Turbulence)
C
0.12
(Low Turbulence)

#a V.50, Extreme wind speed at hub height (3-second gust, 50-year recurrence period).
#b Ve, Reference wind speed at hub height (10-minute average, S0-year recurrence period).
#C  Vae, Annual average wind speed at hub height (maximum annual average).

#d I, Characteristic turbulence intensity at 15 m/s.

=1 BEI SRAQEB/ITA—4.

X2 : IECOELFRHTIY —
EREFETIL Normal Turbulence Model, NTM) EFEIEN, KX Q) TEZSNFET ., K Q) DI, IZ(F.

RUZEEHL TLVS0.16, 0.14, 0. 12BABShFET, X Q) DVIFEEM/s) TY, ChERITRE L
LOMRIIZHEY FT,

5.6
Tl =1 (o.75+7]
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Turbulence Intensity
i T T T T T T

——IEC Class A : High Turbulence Case i

0.5
0.45 L
— IEC Class B : Medium Turbulence Case B

0.35 —IEC Class C : Low Turbulence Case T
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Wind speed (mys)
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3, 7, 8: 3—F—4 (yaw motor). F#f(main shaft). 1&@E# (gearbox)
R1I212%B0OEFETHATWAEELICHEY FT,

" 7. HIGH-SPEED SHAFT:
Attaches to the generator.

8. GENERATOR: Converts the
mechanical energy produced by the
rotor into electricity. Different designs
produce either direct current or
alternating current. The electricity may be
used by nearby appliances, stored in
batteries or transferred to the power grid.

9, HEAT EXCHANGER: Keeps the generator

@ cool.
10. CONTROLLER: A computer system runs
seif-giagnostic tests, starts and stops the
turbine, and makes adjustments as wind
speeds vary. A remote operator can run
system checks and enter new parameters
via modem.

Wind turbine
components

1. ROTOR: The rotor ks made
up of blades affixed to a hub.
The blades are shaped like
airplane wings and use the
principle of lift to turn wind energy
Into mechanical energy. Blades can
be as long as 150 feet — half the
length of a football field.

2. PITCH DRIVE: Blades can be rotated to
reduce the amount of lift when wind speeds
become too great.

3. NACELLE: The rotor attaches to the nacelle, |
which sits atop the tower and encloses the J
various components.

4. BRAKE: A mechanical brake acts as a n. “m"mhmfgu\:ﬁ
backup to the hraking effects of the blade wmmmm
drives or as a parking brake for o
maimarance 12. WIND VANE: Detects wind
W-SPEED SHAFT. Attaches direction and passes it along to the
= : (. controller, which adjusts the “yaw,”

6. GEAR BOX: The rotor turns the low-speed
shaft at speeds ranging from 20 revolutions
per minute (rpm) on karge turbines to 400
rpm on residential units. Transmission gears
incraase the speed to the 1,200-1,800 rpm
required by most generators to produce
electricity. Some small-scale turbines use a
direct-driva system, eliminating the need for
a gear box

or heading, of the rotor and
nacelle.

3. YAW DRIVE: Keeps the
rotor facing into the wind.
14. TOWER: Because wind
speed increases with height,
taller towers allow turbines
10 capture more energy.

Energies 2012, 5(9), 3425-3449; https://doi.org/10.3390/en5093425
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¥4 - {7 E (Damage Equivalent Load. DEL)
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TIRF E M= (Damage Equivalent Load, DEL) ZHEH LFE L= (X (4) L UKI13), DELIF. BAER
[ZEWVWTREDEFHER (fatigue damage) ZiEiRMT . XL —MIICERAINLIEETT, AHKT
(&. B L=DELIZE R 2m/sZ & 1+ B EREHE (58 MEMATY 7 bz 7BladedZ ALVTEE) ICK Y IE
REFTVELT,

“
where
Fi is the load of the i-th class of the fatigue load spectrum;
ni is the number of cycles in the i-th class of the fatigue load spectrum;
N is the equivalent of cycles;
m is the S-N (stress-number of cycles to failure) curve slope for relevant material.
N =600 and m = 10 with fiber-reinforced plastic (FRP) blades in this study.
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