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Estimated Capacity Factor based on Measured Field Data, Jan 9-14-2013, SF600, Hourly Average, Wind Class I*
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150 kW Wind Turbine
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S) Outline

B Introduction
® Wind turbine classes
® Wind turbine design properties

B Design Load Case

B Structure Ultimate Strength Analysis
® Main shaft structure
® Frame structure
® Hub structure
® Pitch mechanism structure

B Conclusion
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Wind Turbine Class |, 1 I I S
i
Vo @) |50 __ [ __ 25 _ | __ 75 ,
A L. I 016 Values specified
——! by the
£ Lt 0.14 designer
C  Ls 0.12

The parameter values apply at hub height and V¢ is the reference wind speed average
over 10 min
A designates the category for higher turbulence characteristics,
B designates the category for medium turbulence characteristics,
C  designates the category for lower turbulence characteristics,
I ..¢ is the expected value of the turbulence intensity?at 15 m/s.

7 ol “lf.‘»\,
o - 7 : . - a e
L7oWind Turbine Technology Specific
'i?;::" IEC61400 Class-1 A
Rotor Orientation Upwind
Rotor Configuration 3 Bladas
Ra }!' 150 kW
Rotor Diameter 22.8m
Hub S0m
Cut-In Wind 3m's
Rated Wind 14 m's
| Cut—Out Wind Speed 25m's
; 48 RPM
Pitch Control 0*~85*
G':lbo._x.iaﬁb -182'0-::80' Pitch control hydraulic cylinder
Generator Type Induction Generator

Brake disc Gearbox Generator



Blade(70% Glass fiber. 30% Carbon fiber)

-&7/\('

Design situation oL Wind condition Other conditions | Typeof | Partial
c nairen watety
Tactors
1) Power groduction 11 | NI P < T Fae extragolation of v N
aveme svenls
[ 12 [ WM R Py P [ .
43 | ETM P < My < Vo u N
— ————np Lt —
| 14 | ECD Ry =¥, ~2mis, 7, u N
| ¥, +2 mis
{15 [ews ro<n <l u N
2) Powerproducticn | 21 | NTM P <l <V Contiod system tasht o u N
plus occortonce of 1088 of slecineal setwerk |
faoht 22 | NTM P« Py Vo Protection system or u A
preceding internal
wloctneal tastt
23 | 60O Py = ¥al2mnane £xtoma of internal v A
Fout wloctrical tastt
1055 of electrical network
24 | NTM R <M<V Control, protection, of F e
slectrical yystem fauts
nclosing loss of
electncal mteon
3) Start up 31 | NWP P« Py < Fo F *
32 |EQO NV, .l t2mn v N
and I, |
33 [ EDC K« ¥, Fi2ma v N
0 Four
4 Normatarat down | 41 | NWP B« Py e Vo ¥ .
42 [ €00 Nur v N
) Emeegency stet 51 v N
down
6) Parked (standng 61 | EWM S0.year recumence v N
38 of IgANg) penog
6.2 | EWM S0-year recuntence Loss of electrical v A
cenod roteork CONNMCI0n
63 | EWM 1.year recurrence Extreme yaw v N
penod misalgrment
64 | NTM o < 0.7 Vet F :
7) Parked and fauit 71 | WM 1-year recumence v -
ConSBons penos
it . . -
i B Trampen, LB} NTM Pl 10 Do #la%ed by | v T
assematy, e manutaciurer
matenance and
repav
82 | EWM T.year recurence v A
penod

H32H

Design Load Case(1)

i

4

50m Tower

IEC61400-1

Simulation tool: FAST

Focus on ultimate strength

DLC

ECD
EDC
EOG
EWM
EWS
NTM
ET™M
NWP

Fre2 ms

¥=ezom

Desagn load case
Extreme coherent gust with direction change
Extreme direction change

Extreme operating gust

Extreme wind speed model

Extreme wind shear

Normal turbulence model

Extreme turbulence model

Normal wind profile model

Sensitivity 1o all wind speeds i the range shall be
analysed

Fangue

Ultimate strengrh

Nonmal

Abnornmal

Transport and erection

Parual safety for fatigue 6




61907 19361 9818
363 | s || e’
214860 4859.6 7928 5

40221 30660 175540
41198 $651.2 1819.7
L6457 153% -§0783

Hub Center Ultimate Load Blade Root Ultimate Load
(Main Shaft) (Hub ~ Pitch Mechanism)

Structural Ultimate Strength Analysis

1. Main Shaft Structure

2. Frame Structure

3. Hub Structure

4. Pitch Mechanism Structure

$3BH



Main shaft Structure Analysis(1)
* Boundary Conditions

Couplin

Axial bearing
Radial bearing

) .

V=7 o 2 I
| Radial: Fixed
i Radial: Fixed | 1 Axial: Fixed |

Axial: Free 1 9

|
(AR A

Apply loading @ " 4

Main shaft Structure Analysis(2)

* von-Mises Stress

Maximum:332.12 MPa

H3MH
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LAY Main shaft Structure Analysis(3)

» Maximum Deformation

Maximum:4.28 mm

Frame Design

* X-Type Beam Design

H3H



* Boundary Conditions

Frame Structure

§ 0 303291
& ) 223631
112 ) §951 31
A ) $145.09
; )
& o
f = 0

6483 14
774423

29519.1

319881 | 403842 | 3026 0% | 1950921 | 153673
8979 84 | 861087 16515 40302 435411
172179 | %346 | 36634 | 262116 | 83871
104418 | 251073 | -127863 | -122193 | 50903

212139

31109

1065 .42

296 23¢
-584 198

-16 2621

383 487

22302

-3556 62

12 55545 ] 26 9689
49 14 112109
43271 66842

14 81175 | 2.088408

-292%99 | .£9289

42 49474

* von-Mises Stress

Frame Structure Analysis(2)

Maximum:411.15 MPa

-—
-
B

[ S —————
L o= e o o o o o o o o -



Frame Structure Analysis(3)

* Maximum Deformation

Maximum:2.06 mm

Hub Structure Analysis(1)

» Boundary Conditions

Apply loading

(neglect pitch moment) Fixed support

H3TH



Hub Structure Analysis(2)

* von-Mises stress

: Maximum:295.77 MPa
INER 17

Hub Structure Analysis(3)

* Maximum Deformation

Maximum:0.60 mm

F3BH



/Pitch Mechanism Structure Analysis(1)

* Pitch Mechanism Motion

“Pitch Mechanism Structure Analysis(2)

* Boundary Conditions

(only pitch mo:

B ' o

H39H



: b
Pitch Mechanism Structure Analysis(3)

* von-Mises Stress

%%’,, Maximum:687.36 MPa 3

o
g

“ZEPitch Mechanism Structure Analysis(4)

* Maximum Deformation

Maximum:0.49 mm

F40 5



» Safe Factor

Conclusion(1)

1al safety factor for

B

7, ’a I3 ‘
e ol materials Cwe of A
- : Fy=1 K, fratiy -
limit state analysis i re component L
T Ultimate suength analysis | 138 (Nomuah (501 |0S@hs b
Yo S(F)SRUS,) 1.1 (Abaonmal) >1.2  (blade frame, etc) 1.0 (class 2) lh
1 1.5 (Transport) > 13 (rupture) 1.3 (class 3) '
7/F = )’._r. A |7-
2. Suability 7.
3. Fangue failure T.0 (Normal) Welded and structure steel | 1.00 (class 1)
1.0 (Abnormal) Survival probability 97.7% 1.15 (class 2)
Y=Ll 1.30 (class 3)
Fiber composite
survival probability 95%
Tasl2
Class1(fail-safe):Anemometer ~ Nacelle

* Characteristic value for the load

* Design values for matenials

f, *+ Characteristic value of matenal properties

: Pastial safety factor for loads

: Partial safery factor for materials

: Partial safety factor for consequences of failure

Class2(non fail-safe):Blade ~ Hub ~ Main shaft - Frame
Class3(non fail-safe): Pitch mechanical - Brake mechanical ~ Yaw23
mechanical

ATST 4140

Conclusion(2)

800/332=2.41>120

WEDOX 900 900 120 900/411=2.19=1.20
ATST 4140 800 1.20 800/295=271>120
AISI 4340 1000 143 1000/687=1.46>1.43

FALH
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Thank You For Attention
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