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SUMMARY

The causes of damage to the connection of the tower and the foundation of a
wind turbine were investigated through literature search. In addition, two types
of damaged foundation and one type of repaired foundation models were
analyzed to provide a good solution to the damage in this thesis.

There are two connection types to link the wind turbine tower to the
foundation: a anchored type and anchor bolt type. Based on literature search,
anchored type may lead to formation with voids between concrete and anchoring
flange due to continuous wind turbine vibrations. As for the anchor bolt type,
turbine dynamic loads may cause the cracking of mortar grout between the
tower bottom flange and concrete foundation. However, damages of anchor bolt
type connection occurred less than those of anchored type. Even if the damages
occur, those could be repaired easily by means of replacing damaged grout. It is
recommended that the anchor bolt type should be applied for linking tower and
foundation of a wind turbine.

Using Abaqus software application, initial damage model, developed damage
model and repaired model for the foundation and the tower of Vestas V90-3MW
were analyzed for checking resonance. Eigenvalue analysis was performed, and
the results showed that initial damage model and developed damage model
approached to rotor resonance frequency bandwidth, lowering tower frequency up
to 9.55%. On the other hand, repaired model approached to higher frequency up
to 11.23% to avoid rotor resonance bandwidth compared with the developed
damage model, recovering the damaged lowered frequency. Therefore, repaired
model proposed in this thesis may be a good solution to the damage of

foundation connection of a wind turbine.

_iV_
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Table 2 Vestas V90-3.0MW

7] A

Items

Vestas 3.0MW

H]

R

Foundation Connection Type

Anchor Ring Type

Model V90-3.0MW
Nominal Rating (kW) 3,000
ggicrtlilcl)rr?ber of blade / Wind 3/Upwind
Type Asynchronous
Generator | Speed (RPM) 1,758
Cooling Method Water cooling
Cut-in Am/s
Wind Rated 16m/s
?rg?sd elg)o " | Cut-out 25m/s
Maximum wind speed 70m/s
in design (3 scecond average)
Blade Dia. (m) 90
Rotation Speed (RPN O_?'(% 16184
Blade variable speed

Swept Area (m’)

6,362

Type / Material

Reinforced glass fiber

Hub Height (m)

30

Type Tubular Tower
Tower
Material S355 J2G31/NL
Tower 155
Weight
(ton) Nacelle 68.0
Rotor 39.8

Type of Power Control

Pitch Control
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U, Resultant

+1.380e+00
+1.

+9..
+8.050e-01
+6.900e-01
+5.750e-01
+4.600e-01
+3.450e-01
+2.300e-01
+1.150e-01
+0.000e+00

(a) bending mode shape 1

U, Resultant

+1.391e+00
+1.275e+00
+1.159¢+00
+1.034¢+00
+9.276e-01
+8.116e-01
+6.957e-01
+5.797e-01
+4.638e-01
+3.478e-01
+2:319¢-01
+1.159e-01
+0.000e+00

U; Resultant

+1.383e+00
+1.268e+00
+1.152e+00
+1.037e+00
+9.220e-01
+8.067e-01
+6.915e-01
+5.762e-01
+4.610e-01
+3.457e-01
+2.305e-01
+1.152e-01
+0.000e+00

(b) bending mode shape 2

U, Resultant

+1.000e+00
+9.167e-01
+8.333e-01
+7.500e-01
+6.667e-01
+5.833e-01
+5.000e-01
+4.167e-01
+3.333e-01
+2.500e-01
+1.667e-01
+8.333e-02
+0.000e +00

(d) torsion mode shape 1

(c) bending mode shape 3

Fig. 33 27|23t 22 Modal 314} Mode Shape
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Table 4 %7] 2%

w2do) 93 [EC 7+ 3IHE

Gearbox ratio 109.000
Gen. Speed[rpm] 1,079.100 1,754.900
Rot. Speed[rpm] 9.900 16.100
1P 3P 1P 3P
Harmonic[Hz]
0.165 0.495 0.268 0.805
=4 gl 0.3154 0.523 1.569 0.850 2.552
d | 05 | 03149 0.524 1.572 0.851 2.556
551
Tower & | 1 0.3144 0.525 1.574 0.852 2.560
freq A | A | 15 | 03139 0.526 1.577 0.854 2.565
[Hz] ok
PIpT 0.3109 0.531 1.592 0.862 2.589
7l &= <0.90 >1.10 <0.90 >1.10

F213)9 715 ¢ r/10,1<0.90 or fr/f0,1>1.10
fro wE HAFTF,
0,1 : B} 12 mf T
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5 2Hs skl
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3P
0.805
2.552
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2.796
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1,754.900
16.100
1P

0.268
0.850
0.891
0.906
=0.90

0.932

3P
0.495
1.569
1.644
1.671
1.719
>1.10

Y

B9 14 3§54

Z

109.000

1,079.100

9.900

1P
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