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Abstract - The wind turbine drive train dynamic analysis when the drive train is subjected to pitching and yawing motions 
besides aerodynamic torque is discussed in the present paper. The flexibility of main shaft is accounted in the dynamic 
modeling. Previously, the authors have been carried out the coupled torsional bending dynamic analysis of wind turbine 
drive train by subjecting the drive train to stochastic aerodynamic torque loads. The previous model accounts for eighteen 
torsional degrees of freedom and the present model accounts for twenty four torsional degrees of freedom. From results it is 
concluded that pitch and yaw degrees of freedom are also equally sensitive to gearbox dynamics compared to torsional 
degrees of freedom. 
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I. INTRODUCTION 
 
A brief review of the dynamic modeling carried out 
by the other researchers and authors has been 
summarized in the following section. Kharman [1] 
developed a 10 DOF dynamic model of a helical gear 
pair which accounts for shaft and bearing flexibilities 
and dynamic coupling among transverse, axial and 
rotational motions. From results, it can be concluded 
that axial vibrations of the helical gear system has 
less influence on dynamics and hence neglected in 
predicting the natural frequencies and dynamic mesh 
forces. 
 
Kahraman and Ahmet [2] used Lagrangian 
formulation to develop torsional models of compound 
gear sets to predict free vibration characteristics. The 
corresponding Eigen value problems for different 
power flow configuration of gears have been solved 
and three types of mode shapes were observed. Rigid 
body modes, Asymmetric planet modes and 
axisymmetric overall modes. 
 
Abboudi et al. [3] studied the dynamic behavior of a 
two stage spur gear system used in the wind turbine 
drive train.  A 12 dof lumped mass dynamic model 
has been developed. 
 
Todorov [4]  developed a lumped model of three 
stage gearbox which contains two stage that contains 
two high speed parallel gear stages and one low stage 
planetary gear stage. In this analysis the time varying 
gear mesh stiffness translational degrees of freedom 
has not been considered. 
 
Qin et al. [5] have developed a mathematical model 
of a horizontal axis wind turbine drive train by 
flexible multibody dynamics approach based on the 

Lagrange’s formulation by accounting the kinetic and 
potential energy of gears to derive the governing 
equations of motion. 
 
Shi et al. [6] developed a torsional multibody 
dynamic model of a horizontal axis wind turbine 
drive train using a flexible multibody dynamics 
approach based on the Lagrange’s formulation that 
accounts consideration of kinetic energy and potential 
energy of the gears to derive the kinetic and potential 
energies of the gears to derive the equations of 
motion. Time varying gear msh stiffnes based on the 
contact ratio and gear mesh has been considered and 
new mark integration method has been used to solve 
the equations of motion. 
 
The authors, Srikanth and Sekhar [7,8] have 
developed a mathematical model of the wind turbine 
drive train using rigid multibody modeling with 
discrete flexibility approach.  Lagrangian formulation 
Lagrangian formulation has been used to derive the 
governing equations of motion from the potential and 
kinetic energies of gears whose time varying gear 
mesh stiffness is considered. The support bearing 
stiffness and torsional shaft stiffness’s has also been 
considered. 
 
The above literature review is based on the work 
carried out by the authors and other researchers on 
the topic. Further, in the present model the shaft 
modeling has been carried out. They derived the 
potential and kinetic energies of the shaft elements 
using shape functions and used lagrange’s 
formulation to derive the equations of motion.  
Nelson and Mc Waugh [9] presented a procedure for 
dynamic modeling of the rotor bearing systems which 
consists of rigid disks, distributed parameter finite 
rotor element and finite rotor element and discrete 
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bearings. They derived the potential and kinetic 
energies of the shaft elements using the shape 
functions and used Lagrange’s formulation to derive 
the equations of motion. 
 
Further, the next section discusses the dynamic 
modeling of the wind turbine drive trains. In this 
dynamic modeling, the dynamic modeling includes 
modeling the stochastic aerodynamic torque with 
where the aerodynamic torque has been obtained 
from aveage, ramp, gust and turbulence wind 
components.  Further, the authors Srikanth and 
Sekhar [7,8] carried out torsional dynamic analysis by 
subjecting the drive train to stochastic aerodynamic 
torque excitation. The model developed by the 
authors is having eight torsional and ten bending 
degrees of freedom.   In the present paper, besides 
eighteen degrees off freedom, the flexibility of the 
shaft element at the rotor has also been accounted 
besides that pitching and yawing has also been 
accounted. 
 
II. AERODYNAMIC TORQUE MODELING 
 
The total wind components present in a wind consists 
of mean, average, ramp, gust and turbulence wind 
components. 
 

( ) ( ) ( ) ( )r g tu t U u t u t u t       (1) 

 
Where ( )u t = Total longitudinal wind speed; U = 

mean wind speed; ( )ru t =ramp component; 

( )gu t =gust component; ( )tu t =Turbulence 

component. The modeling of average, ramp 
components are as shown in the figure. 
 
The ramp component is of step function and the gust 
component is of periodic or sometimes stochastic in 
nature. Generally the turbulence component of wind 
follows either kaimal or von karman spectrum at the 
wind turbine site. Both spectrums are having its own 
advantages and disadvantages.  The Kaimal model 
works based on the power spectral density associated 
with the wind turbulence. And the Von Karman 
model is based on the power level sense perspective. 
The details of which are discussed elobarately in [8]. 
To generate one turbulence stochastic load realization 
shinozuka method has been used. In this method the 
wind time series is obtained by a weighed cosine 
series and a random phase angle that can be 
represented as, 
 
 

1
( ) 2 ( ) cos(2 )fN

t n n nn
u t S f f f t  


      

(1) 
 

where n is the uniformly distributed random phase 

angle, f is the incremental frequency, nf  is the 

frequency in a array which is formed by dividing the 
frequency range of power spectral density model into 

fN number of incremental frequencies 

 

Parameter Value 

Mean speed of wind (U ) 6 m/s 

Turbulence intensity ( I ) 0.10 

Length Scale ( 2L ) 64.5 m 

Ramp amplitude ( rA ) 4 m/s 

Gust amplitude ( gA ) 7 m/s 

Initial time ( iT ) 0.96 s 

Stop time ( sT ) 2.87 s 

Rotor damping factor     

( d ) 
0.8765 rad/s 

Rotor Radius ( R ) 28m 

Pitch Angle ( ) 2 degrees 

 
Table 1: Wind speed parameters and blade data (Matrin e 

al.,2006) 
 
The above tables represent the typical parameters that 
are used for the wind turbine drive train. 
Aerodynamic filters has been used in order to capture 
the rotor swept area in the wind turbine. The wind 
speed signal at the hub level has to first pass through 
the spatial filter in order to remove the high 
frequency components present in the wind. Further, 
the wind speed signal is passed through rotational 
sampling filter in order to remove the high frequency 
components present in the wind [8]. 
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Figure 1: Types of Wind and Loads acting on the wind turbine 
(a) Ramp component (b) Gust component (c) Total wind speed 

(After filtering) and (d) Aerodynamic torque 

 
III. DYNAMIC MODELLING OF WIND 
TURBINE DRIVE TRAIN 
 
Figure below shows the schematic diagram of the 
wind turbine drive train.The Wind turbine drive train 
consists of one epicyclic and two external spur gear 
stages. The dynamic model developed by srikanth 
and sekhar conssits of eight torsional degrees of 
freedom and ten bending degrees’s of freedom. In the 
current mathematical modelling kinetic energy 
associated with orbiting and rotating gears, potential 
energy asssociated with dynamic transmission error, 

support bearing elasticity and torsional shaft stiffness  
have been togeather considered. 
 

 
Figure 2: Schematic Diagram of the drive train 

The details of this is documented in documented in 
detail in [7]. 
 
3.1 GEAR MESH STIFFNESS MODELLING 
The time varying gear mesh stiffness is expressed in 
terms of mean gear mesh stiffness, contact ratio and 
gear mesh requency using fourier series.   The 
stiffness of one gear tooth is a combination of 
stiffness due to bending, shear,axial and fillet 
foundation delfection. The detailed procedure of 
obtaing the total gear mesh stiffness from the 
bending, shear, axial compresive stiffness, fillet 
foundation deflection and Hertizian contact defelction 
has been summarized in detail in [10]. 
 
3.2 WIND TURBINE DRIVE TRAIN DAMPING 
MODELLING 
The generalized equation of motion for the coupled 
torsional bending dynamic modeling can be expresed 
as, 

     0[ ] [ ( ) ] [ ( ) ] ( )M q C t q K t q T t             (2) 
 
The generalized displacement vector can be 
expressed as, 
 

 0( ) [ ( ),0,0,0,0,0,0, ( ),0,0,0,0,0,0,0,0,0,0]TR GT t T t T t 
  (3) 

 
If TR(t) represent the rotor torque and TG(t) represent 
the generator torque. These two types of torques are 
relate by 

( )
( ) R

G

T t
T t

G


                                        (4) 

The differential equations of motion are obtained 

based on the newmark time integration algorithm. 

Further, the Rayleigh proportional damping  has been 

incorporated in the dynamic model.  A proportional 
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damping of 5% has been incorporated in the dynamic 

model. 

2 2
n

n
n




 
 (5) 

By considering the damping ratios of the mth and nth    

modes corresponding to the two natural frequencies 

mass and stiffnessmatrices. The damping proportional 

coefficients 

 

for the mth and nth modes can be 

obtained which can be represented as, 
1
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3.3   DYNAMIC CHARACTERIZATION OF 
DRIVE TRAIN (Aerodynamic Damping Only 
with 18 D.O.F dynamic model) 
The modal analysis of the wind turbine drive train has 
been carried out and the typical parameters for the 
wind turbine drive train has been taken from[4]. The 
First few modes are purely torsional and at the higher 
modes transverse displacements are equally 
dominating reacting in the dynamic system. The eight 
torsional and ten transverse degrees of freedom for 
the dynamic system have been obtained. State space 
method is adopted in order to obtain the natural 
frequencies of the system.  The first two natural 
frequencies of the dynamic system are 2 and 59.4 Hz. 
By Using Newmark time  integration algorithm the 
time and frequency domain responses are obtained. 
The wind frequency and gear mehs frequency are 
obtained in the time and frequency domain. Figure 
shows a typical realization of a gear in the wind 
turbine drive train. 

 
Figure 2: Time domain response of gear 3 vibration 

acceleration 

 
Figure 3:  Wind characteristic frequency with realizations 

 
Figure 4:  Period gram of gear 3 vibration acceleration 

showing GMF’s 
The gear mesh frequencies of the gearbox and their 
harmonics can be clearly seen in the above figure. 
The typical gear mesh frequencies are 25.2 Hz, 83.8 
and 326.5 Hz respectively. From results, it can be 
concluded that the typical wind characteristic 
frequencies and the gear mesh frequencies are clearly 
observed in the dynamic responses of the wind 
turbine drive train. Further the authors Mukesh, 
Srikanth and sekhar analyzed the advanced model 
where besides the above mentioned effects, the effect 
of the main shaft flexibility and the pitching and 
yawing moments have been accounted. The details of 
which are summarized in the following section. 
 
IV. DYNAMIC CHARACTERIZATION OF 
DRIVE TRAIN WITH 24 D.O.F DYNAMIC 
MODEL (WITH PITCHING, YAWING AND 
MAIN SHAFT MODELLING) 
 
Mukesh, Srikanth and sekhar have further improved 
the dynamic modeling of the wind turbine drive train 
where main shaft element bending flexibility and 
important loads like pitching and yawing have been 
accounted for.

 The modeling of the shaft element is discussed 
elaborately in the following. The main shaft is 
considered to be Timoshenko beam with two nodes. 
One at the rotor and the another at the main bearing. 
At each node, the transverse vibrations of the shaft 
and the corresponding slopes which are the pitch and 
yaw degree’s of the shafts are considered. The beam 
element considered is shown in the figure. 

 

 
Figure 5: Degrees of freedom of Shaft element. 

 
Where, {qs }{yR zR  R R yi zi i i } represent 

the eight degrees of freedom. Where R represent 
the rotor side end of the shaft and i represent the 
planet side end of the shaft. Y and Z represent the 
transverse displacement of shaft in two bending 
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directions and  , represent the pitching and 
yawing degrees of freedom of the main shaft 
element. 
 
With the inclusion of the shaft element and the 
pitching and yawing moments the variation of 
natural frequencies have been observed. There is 
no significant variation in the natural frequencies 
have noticed. 
 
The detailed procedure of estimating the stochastic 
aerodynamic torque for the wind turbine drive train 
is discussed in [8]. Further, based on the 
methodology of obtaining Pitching and yawing 
loads by DS 472, the aerodynamic torque time 
series is scaled by appropriate scaling factors to 
generate the time series. Similar the previous 
analysis by Srikanth and sekhar the dynamic 
analysis had been performed with the inclusion of 
the main shaft and pitching and yawing moments 
at the wind turbine site.  Figure below represent the 
time domain response of the wind turbine drive 
train. Similar to the previous analysis the vibration 
acceleration response of the gear3 has been 
observed. 
 

 

 
Figure 6: (a) Time domain, (b) FFT of wind load and (c) FFT 

and zoomed view of FFT of gear3 vibration acceleration. 

 
Figure 7: Periodogram of gear 3 vibration acceleration 

showing GMF’s. 
 

 
 

 
 

 
Figure 8: Periodogram of rotor vibration acceleration (a) 

torsional (b) pitch and (c) translational 
 
Similarly the periodgram of the main bearing 
vibration acceleration torsional, pitch and 
translational have been also obtained. These are also 
following trend similar to periodgram of the main 
bearing vibration acceleration. From results it can be 
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conclude that dynamic analysis of the drive train 
mathematical modeling of the dynamic model 
without considering the pitching, yawing and shaft 
flexibility is good enough in order to perform the 
dynamic analysis. However, from results it has been 
observed that the gear mesh frequencies of the drive 
train and the harmonics can be clearly observed from 
pitching and yawing periodgrams of the rotor and 
main bearing similar to the torsional degrees of 
freedom periodgram. The advantage of which is in 
practical measuring the vibration at the Main bearing 
and the rotor is easy from the dynamic 
characterization and fault diagnosis perspective. 
 
 
V. CONCLUSION 
 
The dynamic modeling of the drive train is improved 
in the present analysis by considering the main shaft 
element flexibility besides the coupled torsional 
bending dynamic model. The coupled torsional 
bending dynamic model accounts for 18 degrees of 
freedom and with the inclusion of main shaft element 
the dynamic model has 24 degrees of freedom. From 
results, it is concluded that with the inclusion of main 
shaft element there is no significant change in the 
dynamics of the system have been noticed. Further, 
besides aerodynamic torque as in previous analysis, 
in the present analysis pitching and yawing moments 
have been modeled.  From results, it is understood 
that dynamic characterization and fault detection can 
also be accomplished from pitching and yawing 

moments periodgrams at main shaft and Main 
bearing. 
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