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1. SPECIFICATION OF SUBARU80/2.0

Mass Production Model
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2. CONCEPT OF SUBARUR0/2.0

*Complex terrain (Up—flow wind)
» Strong wind (Typhoon+ Grid loss)
=Downwind turbine

*Transportation for
complex terrain
=Separable nacelle

*Strong lightning
=Special design of
lightning protection

ul (B0m-tower)
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3. DOWNWIND vs. UPWIND (1/2)
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3. DOWNWIND vs. UPWIND (272) ™79
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5. SEPARABLE NACELLE

Weight of Lifting components:
Less than 40ton
(Others: More than 60ton)
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6. DESIGN OF LIGHTNING PROTECTION

Protect from Strong Winter Lightning in Japan Lightning [o ===
= Exceed the International Standard I—I' .

g i S—

Lightning Tip of Blade
(Aluminum, Aopros. Tkg)

(g 16mm. 215mm |

120 fnmblda n. d 30mm)
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The blade surface
around the area of failure
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Schematic illustration of a blade with
sensors for SHM under field conditions

Fiber-optic
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measuqemenl
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Digital
TBIM data bus
{embedded signal -
condrioning and
data acquisition/
analysls module)
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‘“-——-..\__}_of upper and lower
surfaces

—— Sensortransmitters
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T Signal, power,
and data cabile
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Layout of the acoustic emission NDT
sensors and photoelastic panels

Top View, Tensiom Side, High-T'resar: Side
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The SNS for WTBs: (a) detail of

sensor connections and (b) sensor array
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Comparison of the predicted and actual
damage locations on the wind turbine blade

3B
W34 yo =R ¥ Ve v
— Domage2 | .~
'”ﬁl_“” :ﬁﬁ LJ
P 11 * - 11
e T I 1|
£ Ouml Demaze 3]
o 12 “r -
L

W

5.0 “‘#Lqe%' [
AN N
“-.i + :}[-!:a?mqal
1 _{E 2 "'\
\\\. \\\
\\ N —

(@) ]

(a) damage locations predicted by the SNS before
sectioning of the blade

(b) damage locations observed by the NREL engineers
after the post failure sectioning of the blade.

[ L4506 75 7 R R A 0 TR S e AR

Bond lme failure between the spar cap and shear web  The interior geometry of the blade

STk P~ 2 SR VB REAERE 5 (RS I [ W
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{1 S NP EAE S E’“ﬂ/ 420 K> = FIT Bh 55 £% 1. Advanced Composites
and their Applications;2. Bio-sensors and Bio-actuators;3. Bio-materials and
Biomimetic;4. Characterisation and Assessment;5. Damage Identification
and Properties/ Integrity;6. Intelligent Processing of Materials and
Structures;7. Modelling and Analysis;8. Nano-materials, -sensors
and -—actuators;9. Non-destructive Evaluation Technology;10.0Ocean
Engineering Materials;11. Optical Sensor Technology;12. Structural Health
Monitoring;13.  System  Integration;14.  Smart  Materials  and

Structures;15.Tribology (Surface Engineering)="15 ?‘}Bf}} °
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Diagnostic Imaging for Structural Damage

Lamb Waves ) [ Symmetric Mode )

o Anti-symmetric Mode

Lamb Wave-based Damage Identification
f' 16 : f2 iEL’F:’I fﬁﬁ?ﬁ?‘vf&'l%ﬂ%
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Lamb Wave-based Damage
Identification

! Identification
Differences in
the location and
severity of
damage produce
uniquescattering
phenomena.

il 17 - Fire e F [ R A ] o 2 A e A B PFI'?y}{kj[}d

Sensor Network

[(+1-45)/{0/90)]

A sensor network consisting of 12 PZT sensors

[ 18 T HE PRI SR 12 M T AR T e ST
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Results

o Dual-delamination CF/EP
B Composites Panel

Mono-delamination CF/EP
Composites Panel Results

H

g

P41 F FBG ST 4 RIS (9] BRI
> [l R SRR ) 1m=20m [ RIER 2 0 80
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Layout of the interrogation system

Bruel & Kjaer Type 8206
. Impact Hammer
modulated spectrum

L1

ASE Light Edge -
Source Filter Impact |
hammer _
Oscilloscope
1 Coupler |—.Photodiode [ _
FBG
sensor I| f
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Reflected spectrum
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Y-axis
Sensors Deployment
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Detection of Impact events

@ For impact at any locations on the blade, there
are some FBG sensors that give definite output.

e
X=20m X=15m X=10m ¥=5m X=Ilm
| | | |
e ————
x—L____ - :
Sar - N ' ’
ey g

A1 22+ SRH[ENE] F5Y FBG ORI AR 1 Im % 20m B ERAE f) -

Sensitivity of SENSOrs  me resion

Y-axis Impact at C10m
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N e Cyll _Cxl
'lv..ﬂz Cvd) - Cx2
e
Byl| Bxl <20 - T ' 1
X-axi By2| _ Bx2 10 Cx2
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Sensitivity of SeNSors cos wegion
Y-axis Impact at B10m
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® Signal amplitude proportional to impact force
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Periodic Monitoring

Assembly Inspection for / possible defects

Rotor blade Surface  damage. cracks, structural
discontinuities. (Inspection from a lifting
or stepping device: wvisual and structural
examination using suitable methods (e.g.
tapping, ultrasonic testing). Pretensioning
of bolts. Damage to the lightning
protection system

Drive train Leakages, unusual noises, condition of the
corrosion protection, greasing,
pretensioning of bolts. Condition of the
gearing (oil sample, if relevant).

Nacelle and force- | Corrosion. cracks. unusual noises, greasing.
and moment- pretensioning of bolts

transmitting

components

28 ¢ 1S P B
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Assembly

Inspection for / possible defects

Hydraulic system.
pneumatic system

Damage. leakages. corrosion, function

Tower and
foundation

Corrosion, cracks. pretensioning of bolts,
covering of foundation

Safety devices,
sensors and
braking systems

Functional checks. compliance with the
limiting values, damage, wear

Control system
and electrics
including
transformer station
and switchgear

Terminals, fastenings. function, corrosion, dirt

Perusal of
documentation

Completeness. observance of the conditions.
construction according to certified documents.
test documents, maintenance carried out at
regular intervals If applicable: execution of
modifications / repairs according to approval

u%ﬁl 29 : @“—)Jgﬁ?&ﬁ% E,Lﬁﬁ[ﬁﬁ,gjﬁl
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