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ABSTRACT

In this study, computational multi-body dynamic analyses for the drivetrain system of a 5 MW
class offshore wind turbine have been conducted using efficient equivalent modeling technique based
on the design guideline of GL 2010. The present drivetrain system is originally modeled and its re-
lated system data is adopted from the NREL 5 MW wind turbine model. Efficient computational
method for the drivetrain system dynamics is proposed based on an international guideline for the
certification of wind turbine. Structural dynamic behaviors of drivetrain system with blade, hub, shaft,
gearbox, supports, brake disk, coupling, and electric generator have been analyzed and the results for
natural frequency and equivalent torsional stiffness of the drivetrain system are presented in detail. It
is finally shown that the present multi-body dynamic analysis method gives good agreement with the
previous results of the 5 MW class wind turbine system.
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Table 1 Minimum requirements(GL 2010)

Modeling degrees
of freedom
of components

Major drivetrain | Modeling structure
components of components

Minimum three
rigid bodies; elastic| Edge and flap wise
recommended

Hub Rigid body

Rotor blades

Torsional, axial,
bending

Minimum three . .
Torsional, axial,

Main shaft |rigid bodies; elastic ;
bending
recommended
Low-speed shaft . Torsional, axial,
coupling Rigid body bending
Gear box Rigid body, elastic | Torsional, axial,
housing recommended bending
. Rigid body, elastic | Torsional, axial,
Planet carrier ;
recommended bending

Minimum three
Gear box shafts |rigid bodies; elastic
recommended

Rigid bodies

Torsional; axial
recommended

Torsional; axial

Gear box gears
g recommended

Elastic gear box

support Rigid body Translational
. .. Torsional, axial,
Brake disc Rigid body bending
Generator . Mmlmqm.three‘ Torsional, axial,
. rigid bodies; elastic ;
coupling recommended bending
.. Torsional, axial,
Generator rotor Rigid body bending
Gene(ator Spring damper Translational
housing element
Main frame Rigid body, elastic | In compliance with
recommended |model of component
Bearings Spring damper | Full stiffness matrix

element recommended
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Table 2 Comparison of the minimum modeling re-
quirements

Major drivetrain

GL guideline 2005
components

GL guideline 2010

Minimum three

Rotor blades Rigid body rigid bodies; elastic
recommended
Hub Rigid body Rigid body
Minimum  three
Main shaft Rigid body rigid bodies; elastic
recommended
Low-speed shaft .. .
coupling Rigid body Rigid body
Gear box .. Rigid body; elastic
housing Rigid body recommended
Planet carrier ) Rigid body; elastic
recommended
Minimum three
Gear box shafts Rigid bodies rigid bodies; elastic

recommended

Gear box gears Rigid bodies Rigid bodies

Elastic gear box .. C_ormecting
support Rigid body spring-damper
pp element
Brake disc Rigid body Rigid body
Generator Minimum three
lin Rigid body rigid bodies; elastic
couping recommended
Generator rotor Rigid body Rigid body
Gener'ator Rigid body Spring damper
housing element
Main frame ) Rigid body; elastic
recommended
. Spring damper
Bearings - P elimentp

ZEubd 7] AJ~E FAe] HlwAdE 2dZ NREL
(national renewable energy laboratory) 5 MW
baseline model(phase 1)V 443t} o] mele
AA FEolA ALY 5 MWH aiEEEdr] =2
dofl Agte] ST AlAEI AR A8
2l HlolH 5ol #¥ el AAHo] Stk
GL 2010 AT 7)ol wE Elo]HE# 1Y
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Campbell diagramol] ERE ZAA QD 7HS gl
g o] WAl of AAA AL =

J
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A A & 9o
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Fig. 1 Simplified drivetrain representation for wind
turbine
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(a) Rigid shell and spring model

(b) Gear element model

Fig. 2 Comparison of modeling concept for the gear
box
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Table 3 Comparison of 1st drivetrain frequency for
different modeling techniques

Rigid plate and
spring
Drivetrain torsion

Modeling type Gear elements

Mode
Frequency 0.64 0.59

Drivetrain torsion
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Table 4 Properties of the NREL 5 MW wind turbine
model

Rating 5 MW

Rotor orientation Upwind, 3 blades

Variable speed collective

Control pitch

Cut-in, rated, cut-out wind

3m/s, 11.4m/s, 25 m/s
speed

Cut-in, rated rotor speed 6.9 rpm, 12.1 rpm

Rated tip speed 80 m/s

Overhang, shaft tilt, precone S5m, 5deg, 2.5 deg

Rotor mass 100,000 kg
Nacelle mass 240,000 kg
Tower mass 347,500 kg

Table 5 Drivetrain properties

Rated rotor speed(rpm) 12.1
Rated generated speed(rpm) 1173.7
Gearbox ratio 1:97

Table 6 Number of gear teeth(3 stage)

Gear type Stagel Stage2 Stage3
Sun gear 25 25
Ring gear 95 131
Planet gear 35 53
Gear 107
Pinion 33
el oA 1e] BHA BE whEolXl {7447
o] /\]:E_E_(planetary shaft)oﬂ RE AFE7 dZy
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main shaft

-

Gearbox

Bearing housing
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Main Frame
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Fig. 3 Conceptual diagram for drivetrain system MBD(multi-body dynamics) modeling based on GL

guideline 2010
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Fig.4 MBD computational model for the present
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Table 7 Calculated natural frequencies of drivetrain
system(GL 2010)

nll\ldrgng Description SDCAE(Hz)
1 Ist drivetrain torsion 0.606
2 Ist blade flapwise yaw 0.670
3 Ist blade flapwise pitch 0.671
4 Ist blade collective flap 0.688
5 Ist blade edgewise 1.099

Table 8 Natural frequencies of the NREL 5 MW
baseline model

Mode Descrintion SDCAE | ADAMS
Number escriptio (Hz) (Hz)
1 1st drivetrain torsion 0.606 0.609
2 Ist blade flapwise yaw 0.670 0.630
3 Ist blade flapwise pitch | 0.671 0.669
4 Ist blade collective flap | 0.688 0.702
5 st blade edgewise 1.099 1.074
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Fig. 5 Magnitude plot for Ist torsional natural mode
shape of the drivetrain system
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Table 9 Types of excitation frequencies for drivetrain
system(GL 2010)

Frequency .
identification Symbol Description
Eigen Torsional eigen
. f N1
frequencies - frequency
f ERSI, f ERS2, o
f ERS3. f ERS6, Rotorfrshaftnmi(mtatlon
f ERS9 equencies
£ E1CS]. f E1CS2 Stagel carrier excitation
ADAMS - P = frequencies
f E2CS1, f E2CS2 Stage2 carrier qutatlon
- - frequencies
f E23S1, f £23S2 Stag'ez'to stage3 shaft
- - excitation frequencies
FZLSSI, fzLssy| M cxeltaton
- = requencies
f ZHSSI, f zHss2| IS excitation
- — frequencies
f EISI, f E1S2 Stagel sun gear
- - excitation frequencies
f EIP1, f EIP2 Stagel planetary gear
Present - - excitation frequencies
del A
(model A) ¢ kg1, £ E2s2 Stage2 sun gear
- - excitation frequencies
f E2P1, f E2P2 Stag'eZ' planetary gear
- - excitation frequencies
f E3WI, £ E3w2 | Stage3 wheel gear
- - excitation frequencies
f B3PI, f E3p2 | Stdge2 pinion gear
- - excitation frequencies
FE “ 7 7 e
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Zw 2 // // P /// -
= / -
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Fig. 6 5 MW wind turbine drivetrain campbell dia-
gram(GL 2010)
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Fig. 7 MDB model for a full wind turbine system

Table 10 Calculated equivalent torsional stiffness of
the present drivetrain system

Applied load at the 6
blade hub center 10"Nm
Torsional displacement 0.001354097 rad

Equivalent drivetrain

6
torsional stiffness 738.5 x 10" Nm/rad
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Table 11 Comparison of the minimum modeling re-

quirements

Major drivetrain
components

GL guideline 2010

Present model

Minimum three

Rotor blades |rigid bodies; elastic Elastic
recommended
Hub Rigid body Rigid body
Minimum three .. ..
Main shaft |rigid bodies; elastic Minimum t'hree rigid
bodies
recommended
Low-speed shaft . ..
coupling Rigid body Rigid body
Gear box Rigid body; elastic -
housing recommended Rigid body
Planet carrier Rigid body; elastic Rigid body

recommended

Gear box shafts

Minimum three
rigid bodies; elastic
recommended

Minimum three
rigid bodies

Gear box gears

Rigid bodies

Rigid bodies

Elastic gear box C_onnectlng Spring damper
spring-damper
support cloment element
Brake disc Rigid body Rigid body
Generator . %mén?m,th{ee‘ Minimum three
coupling rgle bodies; g ZSUC rigid bodies
recommende
Generator rotor Rigid body Rigid body

Generator Spring damper Spring damper
housing element element
Main frame Rigid body; elastic Rigid body
recommended
Bearings Spring damper Spring damper
element element
Sun Carrier

Blade Hub Main shaft LSS Guﬂar—Flj shaft
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Table 12 Natural frequencies of the NREL 5 MW
baseline model

Fixed GE | ' GF
Mode . shaft
Description shaft
number (Hz) run-up
model(Hz)
1 1st drivetrain torsion 0.6058 0.6679
2 Ist blade flapwise yaw 0.6703 0.6876
3 Ist blade flapwise pitch | 0.6712 0.6882
4 Ist blade collective flap 0.6882 0.6898
5 Ist blade edgewise 1.0994 1.1001
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Fig. 11 5 MW wind turbine drive train Campbell di-
agram(for run-up)
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Fig. 13 Dynamic displacement response at different
components
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