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Wind Turbine Simulation Program Development using an
Aerodynamics Code and a Multi-Body Dynamics Code

Jinseop Song*, Chaewhan Rim, Yongyun Nam and Daesung Bae

A wind turbine simulation program for the coupled dynamics of aerodynamics, elasticity, multi-body dynamics and
controls of turbine is newly developed by combining an aero-elastic code and a multi-body dynamics code. The aero-elastic code,
based on the blade momentum theory and generalized dynamic wake theory, is developed by NREL(National Renewable Energy
Laboratory, USA). The multi-body dynamics code is commercial one which is capable of accounting for geometric nonlinearity and
twist deflection. A turbulent wind load case is simulated for the NREL 5-MW baseline wind turbine model by the developed
program and FAST. As a result, the two results agree well enough to verify the reliability of the developed program.

wind turbine dynamic simulation(ZZ¥A F938 A& 0]4), aero—elastic coupled dynamics(FEA 98, multi-body
Key words 3+ a

dynamics(CHEA| S48}, finite element(J-3t 84), geometric nonlinearity(7]3}8H2 v A g A)

)

(B2 2011. 10. 12, =& 2011, 12. 1, HMEE L 2011. 12. 12)

* oSt |AHT
E—mail : jssong@kimm_re kr Tel : (042)868—7442 Fax : (042)868—7417

1 M 2 A Lo o|ajdt ATE SN SA|sl g, o
Wy =9 ned 4 9t Feubds|dzE o] Pas)
Fuby)E thopst 95 S7o] REEHAE B4} 20 o} ® oA g Fejubd & thopst 34)o] Fejurd
dzke] ylpAdo] aEloa AJARll At thAlo A g IR0 T BAL 9t 7)2 ATRA FHUH B
0l B3}%0] 242 HH o] AAH A sle] uje Zq &} 542 9ot 7)& TR AL Akt uAAAL
sl EEuwrAz)e 2r)ds), FxEAs, g3 Aozt 2| APA(NREL) o A 7Hatet ZARIZ 2 189 AeroDyn”
A5 AAE sjao] Dasiy Feubdy] Sojet sjHZR 3} A4 ohEA] Bojst T2 139l DAFULY S 7|Hto R %
2o 2L GH-Bladed, FAST, 18]1 SAWT So] it} G A A =A8) )4 zZ2 3 Adsla NRELY
ol AR AT A st 298 £ FAST? S8 Ate} vlmgto 2N e Z2 e Az}
91 7] E ohopsk SRR E Al tigt ds) gurs) A T 7 EAo] giste] s

50 | AxHAOf|AX]




1 Z23H9] o|27 uj7A

FYUA7)9 A4S SlelAle Fig, 10] UERd vleh e
B W HEBS T Bk ATk FolH oot A
(wind field)ol] thale] U7 Z7)198ka EA 9 A
o utet F2jo] AREIT o) wHE AgEF B 223
AAL Eet,

o9z olgol g, olnse] gdold Felr,)d

= ’
W7, et ol EAT 5 o,

2
PN
r}L

scoltt aatd), Whe 85
0 e A
o

S
H-[
‘I
ot
we Sk
X
oft i
2
>
fr Jl;a =y
fr
A
o
EZ L3
[0}
iy g .
B %
oft o A7 O{H
e oM oo b e
_{ok < =
VR
<
& e
e
4> o

T o=
123
|o
o
=
)
]
4
ass
fu

tlo
—10
_T_‘.
=)
-
=
l-ﬂJ
[
o
o
g
o
o
u
=
Qo
D,
o
toi
A
1o
o
e

..................
l PITCH |
e —
—
Y

WIND Blade <> Drive Train <> Generator
e —

Nacelle

¢
— >
- Tower

Fig. 1 Schematics for the wind turbine simulation
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Table 1. Dynamic stall parameters

Math, Expression Aerodynamic Properties

al Stall angle
I Zero C)y angle
(dCy/da)lq -, C slope for zero lift
Cylial, Cy at positive stall angle of attack
Cyl_a, Cy at positive stall angle of attack

alg=¢,, mn Angle of attack for minimum ¢,

Cp Minimum C,

¥ () is aerodynamic force coefficient normal to airfoil chord

i

e

Fig. 3 Wind turbine structural model : Blades and tower

Rotational
spring-damper

Generator

Low speed
shaft shaft

High speed

Fig. 2 Aerodynamic property evaluation for AeroDyn
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Fig. 4 Drive Train Model
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Table 2. Joint element used for drive-train structural modeling (flapwise) =2} 1719 E7l 3|4 dH edgewise) HER
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Table 3. Specifications for the NREL 5-MW baseline wind
turbine model

Rating 5MW
Rotor Orientation, Configuration Upwind, 3-Bladed
Rotor, Hub Diameter 126m, 3m -50 200 200 600
Hub Height 90m Time [s]
Control Variable Speed
Collective Pitch Fig. 6 Wind speed at hub height in the verification simulation
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Table 4. Applied AeroDyn Options for the Verification Simulation AoE mdy o d7f 4 el H|EH #HF o]
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Fig. 82 72U 37t 7 27 e I £ (b) Angle of attack (c) Normal force, (d) Pitching moment
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Time [s] Time [s) Fig. 9 Structural responses for initial 10 seconds :
(a) Out of plane deflection of blade 1, (b) In plane deflection
Fig. 7 Generator responses and rotor thrust force for 630 of blade 1, (c) Twist deflection of blade 1 (d) Tower top
seconds : (a) Generator power, (b) Generator torque, longitudinal acceleration, (e) Tower top longitudinal
(c) Generator speed, (d) Rotor thrust force deflection, (f) Tower top twist deflection
(solid line : developed program, dash line : FAST) (solid line : developed program, dashed line : FAST)
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Table 5. Natural Frequencies in Hz for NREL 5-MW Baseline Wind

Turbine <Developed Program>  <FAST >
10 I 1 [
Mode Description Frequency e {
1 1* Tower Fore—Aft 0.3240 @ =
2 1 Tower Side—to-Side 0.3120 2" M’ MWM stﬂl' MH'WW h"flr INMI
3 1% Drive train Torsion 0.6205 '
Frequency [Hz] Frequency [Hz]
4 1* Blade Asymmetric Flapwise Yaw 0.6664 o . :
5 1% Blade Asymmetric Flapwise Pitch 0.6675
6 Blade Collective Flap 0.6993 5 E, M .ﬁ
: . ) ®) &, W %"M P"W’WW"W L
¥ Source @ NREL/EL-500-38060
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- (b) Out of plane deflection of blade 1,
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