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ABSTRACT

This paper aims to analyze the feasibility of establishing a
dynamic drivetrain model from condition monitoring measure-
ments. In this study SCADA data and further sensor data is ana-
lyzed from a 1.5MW wind turbine, provided by the National Re-
newable Energy Laboratory. A multibody model of the drivetrain
is made and simulation based sensors are placed on bearings to
look at the possibility to obtain geometrical and modal proper-
ties from simulation based vibration sensors. Results show that
the axial proxy sensor did not provide any usable system informa-
tion due to its application purpose. SCADA data did not meet the
Nyquist frequency and cannot be used to determine geometrical
or modal properties. Strain gauges on the shaft can provide the
shaft rotational frequency, while torque and angular displace-
ment sensors can provide the torsional eigenfrequency of the sys-
tem. Simulation based vibration sensors are able to capture gear
mesh frequencies, harmonics, sideband frequencies and shaft ro-
tational frequencies.

NOMENCLATURE

OPEX Operational Expenditure

LCOE Levelized Cost Of Energy

SCADA  Supervisory Control And Data Acquisition
CMS Condition Monitoring System

RUL Remaining Useful Life

OEM Original Equipment Manufacturer
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DOF Degree Of Freedom

EMA Experimental Modal Analysis
OMA Operational Modal Analysis
p-LSCF  Polyreference Least-Square Complex Frequency-Domain
SSI-COV  Covariance-Driven Stochastic Subspace Identification
K Stiffness

C Damping

M Moment

F Force

Tgen  Generator Torque

Kp Proportional Gain Parameter

K; Integral Gain Parameter

® Angular Velocity

MBS Multibody Simulation

F Frequency

LC Load Case

DLC Design Load Case

LVRT Low Voltage Ride Through
FFT Fast Fourier Transform

PSD Power Spectral Density

INP-A Main Shaft Bearing

PLC-A,B Planet Carrier Bearings
PL-A,B Planet Bearings

IS-A,B,C Intermediate Shaft Bearings
HS-A,B,C Highspeed Shaft Bearings
GS-A,B,C Generator Shaft Bearings
GS 1,2,3  Gear Stage

MS Main Shaft

ISS Intermediate Speed Shaft

HSS High Speed Shaft

GS Generator Shaft
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1 INTRODUCTION

Wind turbines are increasing in size and are moving further
offshore which results in longer downtime and an increase in
cost [1]. Especially the downtime per failure of drivetrain com-
ponents, such as the gearbox and bearings, seems to be signif-
icantly long. Optimizing maintenance strategies where failure
could be predicted can help with predictive maintenance or life
extension and will subsequently reduce the operational expendi-
ture (OPEX) and the levelized cost of energy (LCOE).

Condition monitoring with the use of turbine supervisory
control and data acquisition (SCADA) and condition monitoring
systems (CMS) can be used to actively track system properties
and can aid in early detection of faults in the drivetrain of the
wind turbine. Data-driven CMS have been used for early fault
detection but lack the possibility of prognosis due to its ’black-
box” approach where no physical knowledge is known regarding
the failure mechanism [2]. Using a physics of failure approach,
where damage accumulation is modeled using a physical model,
can potentially result in more accurate results and can result in a
better understanding of the underlying failure mechanics.

While turbine manufacturers know every single detail of
their turbine design, operators often lack sufficient information
to be able to make a physical model of the wind turbine which
could be used for the physics of failure approach.

The objective of this work is to analyze the feasibility of es-
tablishing a dynamic drivetrain model from condition monitoring
measurements which, in the future, can be used for a physics of
failure approach condition monitoring system, subsequently and
ultimately being used for prognosis and remaining useful life
(RUL) estimation. The possibility of model creation for wind
turbine operators will be investigated and an evaluation will be
made on which sensors can be used for which drivetrain param-
eters. Different types of sensors are analyzed on a 1.SMW case
study wind turbine drivetrain and a case study drivetrain model.

The structure of the paper is as follows: First in Subsec-
tions 1.1-1.6 a brief literature review will be done in order to
describe the state-of-the-art. Section 2 will describe the method-
ology. Then, Section 3 shows and discusses the results and in
Section 4 concluding remarks will be made and future work will
be proposed.

1.1 State-Of-The-Art

The following Subsections consists of a brief review on con-
dition monitoring based on the physics of failure approach in
Subsection 1.2. Then, in Subsection 1.3 the data availability for
operators will be reviewed and discussed. In Subsection 1.4 the
recommended model fidelity for the drivetrain will be reviewed.
Subsection 1.5 reviews the modal behaviour of the drivetrain as-
sembly and reviews the proposed model fidelity of a wind turbine
drivetrain. A review will be done on methods used to determine
modal parameters and finally various load cases and its effect on

system identification will be discussed in Subsection 1.6.

1.2 Physics Based Condition Monitoring

Condition monitoring with the use of turbine SCADA and
vibration measurements can be used for early fault detection of
wind turbine components and is already shown to work, as shown
in Weinert et al. [2]. However, prognosis is still a large challenge,
especially when data-driven methods are used.

While physics based condition monitoring for wind turbines
is not that widely used, various other industries already looked
at the application of physics based condition monitoring [3]. For
this specific case a physics based model is made for applications
in the aerospace industry from a lumped parameter finite element
model, which is widely used to model the helicopter transmis-
sion.

Gray and Watson [4] presented a physics of failure approach
for wind turbine condition monitoring where the force under
static conditions was assumed to be directly proportional to the
torque transferred between the rotor and the generator with a cor-
rection applied for peak contact stresses acting on gearbox bear-
ings. Lundberg-Palmgren theory was then further used to find
the bearing fatigue life and the Palmgren-Miner rule is applied
for bearing damage accumulation. The Kaplan-Meier estimator
is then used to determine the the Weibull shape and scale param-
eters to convert the damage accumulation into a probability of
failure.

In Breteler et al. [5] a physics of failure methodology was
proposed, which was divided into three parts: detection, diag-
nostics and prognostics, where data considered for this work was
either from the SCADA or CMS. For the detection part the mis-
alignment of the shaft is measured with a laser to be used for the
lifetime calculation. For the diagnostics part the ISO standards
are used to determine the root bending stress on the gears. Simi-
lar to Gray and Watson, the Palmgren-Miner rule is then applied
for the bearing damage accumulation calculation. For prognos-
tics the damage accumulation is plotted against the time. In total
the accumulation is measured for three wind turbines, showing
a large difference in lifetime consumption between each turbine,
which is explained due to the difference in wind speed per wind
turbine.

Physics based condition monitoring can potentially better
represent damage development and give more accurate results,
although due to a lack of studies the full potential is not reached
yet [2].

1.3 Data Availability for Operators

It is common that wind turbine operators cannot install their
preferred monitoring systems within the manufacturer’s warranty
period [6]. Also, wind turbine operators generally do not have
enough information available to develop a physical model of
the drivetrain of a wind turbine, making modal analysis, model
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creation and prognosis even more challenging. It is mentioned
in Breteler et al. (2015) [5] that a large amount of parameters
should be known to achieve a sufficient model accuracy, which
can be difficult to acquire for the operator. Even though oper-
ators are trying to find solutions for the lack of data by sharing
turbine data with each other [7], there is still a significant gap of
turbine knowledge between operator and the original equipment
manufacturer (OEM).

1.4 Proposed Model Fidelity

In order to model the wind turbine drivetrain, it should first
be decided what fidelity level is needed in order to accurately
model the drivetrain behaviour, while maintaining a relatively
low computational time. Yi Guo et al. (2015) [8] did a literature
review on the modeling approaches available, subdividing it into
three classes:

1. Low fidelity : Analytical, lumped-parameter modeling
2. Intermediate fidelity : Multibody dynamic tools
3. High fidelity : Finite element tools

This work will be taken into account during the modeling
phase of the case study drivetrain.

1.5 Gearbox Modal Characteristics

In order to tune the wind turbine drivetrain model, modal
analysis can be applied on the data acquired from the sensors of
the case study wind turbine.

Modal analysis is the process of determining the inherent
dynamic characteristics of a system in forms of natural frequen-
cies, damping factors and mode shapes [9].

For design it is of importance to know the turbine dynam-
ics to minimize overlap of resonance and excitation frequencies,
ultimately resulting in less fatigue damage.

For turbine operators it is important to know the turbine dy-
namics to design and tune the model, which subsequently could
be used for various advanced condition monitoring purposes.

Different methodologies are developed to calculate modal
characteristics of drivetrains and various literature is released on
the modal behaviour of drivetrain components of a wind turbine.

For a three degree of freedom (DOF) lumped parameter
model the planetary stage modes can be found in translational
and rotational direction for the carrier, ring and sun [10], while
no planet modes exist for a gearbox with three planets [11]. For
a six DOF model the out of plane modes, consisting of tilt modes
and axial modes, is added [12].

The shafts consist of mode shapes that result in rotations or
axial translations of each shaft [13]. Furthermore, every shaft
consists of multiple torsional and bending modes, each able to
be excited by a specific eigenfrequency.

These modes and eigenfrequencies can be determined by ex-
perimental modal analysis (EMA) and operational modal analy-

sis (OMA). EMA is performed in a simulated controlled envi-
ronment, while OMA is performed when the system is in opera-
tion [14].

OMA has already been proven useful in various industries
and is increasingly used in the wind energy sector on the blades
[15,16], the tower [17,18] and the drivetrain [19,20] and the pos-
sibility of tracking modal parameters on drivetrain components
has also been investigated [21,22].

One of the main OMA assumptions concerning the exci-
tation is that it is distributed randomly both in time and space.
While wind is traditionally assumed to obey this OMA assump-
tion, Tcherniak et al. (2011) [17] concluded that due to rotor
rotation, this assumption is not met and can result in inaccurate
results at the rotational frequency. In order to reduce the influ-
ence of the harmonic content, Daems et al (2021) [20] applied
a cepstrum-based time-domain signal editing procedure [23], re-
ducing the influence of deterministic content, while preserving
the modal content. Three different modal parameter estimation
algorithms were used, being the p-LSCF (Polymax), PolyMax
Plus and the SSI-COV method.

Elkafafy et al. (2017,2019) [21,22] applied a modal tracking
methodology, where the damped natural frequency and damping
ratio are tracked over a longer time using the operational p-LSCF
(Polymax) estimator, not needing any preprocessing due to the
idle state of the turbine.

Gioia et al. (2019) [19] demonstrated a methodology where
multiple hours of vibration data were autonomously processed
and applied a data-driven modeling tool on the data to find corre-
lations between estimated modal parameters and the operational
settings of the turbine. Results showed that correlations between
the estimated modal parameters and the turbine operational set-
ting could be found.

1.6 Influence of Load Cases on System Identification

In order to find the system properties of the drivetrain, vari-
ous load cases are considered which can be found in IEC61400-
1 [24]. Load cases with a sudden change in operation and con-
trol are known to result in undesirable load effects on dynamic
components of the drivetrain. These transient responses con-
tain different system information compared to steady-state re-
sponses [25]. Thus both the transient load cases and steady-state
load cases should be analyzed for system identification. The
case study wind turbine used in this work is a 1.5SMW wind tur-
bine. Information on this wind turbine is available in NREL/TP-
5000-70639 [26], NREL/TP-5000-71529 [27], NREL/TP-5000-
63679 [28] and in Guo and Keller (2020) [29]. Experimental data
is provided by NREL [30] and is publicly available. Load cases
used and further information will be giving in Section 2.
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2 METHODOLOGY

The methodology of this work starts with describing the case
study wind turbine, wind turbine drivetrain and the wind turbine
drivetrain model in Subsection 2.1. Then in Subsection 2.2 the
different sensors that will be analyzed are mentioned. In Subsec-
tion 2.3 the analyzed load cases are shown and finally the data
tools used to analyze the data is shown in Subsection 2.4.

2.1 Case Study Wind Turbine

The case study wind turbine concerns the 1.5 MW NREL
turbine [26-28]. The 1.5MW drivetrain design is based on IEC
61400-4 [31] where a 3-stage gearbox is used with one planetary
stage and two parallel stages with helical gearing [27]. The gear-
box rating is 1660 KW with an input rated rotor speed of 18.39
RPM and gearbox ratio of 78.292.

The high speed shaft (HSS) is designed for a rated speed of
1440 RPM and torque of 10.25 kNm. 3 bearings support the high
speed shaft, starting with one bearing towards the rotor side and
two towards the generator side.

A schematic layout of the gearbox can be seen in Figure 1,
where the main shaft is located to the left and the generater shaft
is located to the right. The Cartesian coordinate system is used.

INP-A

X PLC-A

Gear Pair. The gears are modeled as rigid bodies with elastic
gear teeth composed of stiffness, damping and frictions terms,
where the stiffness is calculated based on DIN 3990 Method B
and the damping is proportional to the stiffness.

The bearings are modeled using linear diagonal stiffness-and
damping matrices shown in Equation 1. The damping value is
taken as 1% of the stiffness value [34], while the stiffness val-
ues are based on [35] and [36], where k,,, ky, and k,, represent
axial, tangential and radial stiffness in N/m and corresponding
damping values in Ns/m and kqq, kgg and kyy represent the ro-
tational direction, corresponding to a stiffness of 0 Nm/rad, of
the shaft and the pitch and yaw direction of the wind turbine and
corresponding damping values in Nms/rad.
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FIGURE 1. Case study: Gearbox schematic layout

Further information has been provided by NREL and is used
to make a multibody model of the drivetrain from the case study
wind turbine. Each bearing is supplied with a simulation based
sensor. These sensors are able to capture the bearing accelera-
tion, velocity and displacement in each direction.

KISSsoft [32] is used for sizing of each gear stage. The gears
are then modeled in SIMPACK [33] as force element, FE225:
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The shafts, bedplate and gearbox housing are modeled as
rigid components.

Input loads are provided by NREL [30]. The thrust load, F,,
is based on the power production, Fy is assumed to be 0 and F; is
based on the weight of the blades. The torque, M,, is provided,
the overturning moment, My, can be calculated from the blade
weight and M, is assumed to be 0.

The generator torque is modeled as a proportional-integral
velocity controller applied on the generator shaft, which is shown
in Equation 2:

t
TgenZKp<(D—a)ref)+KI/0 (w_wref)dt (2)

Where o is the angular velocity of the generator shaft ob-
tained from the multibody simulation (MBS) model and @,y is
the angular velocity found from sensors on the wind turbine.

A top view of the SIMPACK model can be seen in Figure
2. Input loads are applied on the main shaft, on the rotor side of
the INP-A bearing, while generator torque is applied on the high
speed shaft, towards the generator side.

FIGURE 2. Case study: Top view of the gearbox multibody model

2.2 Drivetrain Sensors
In this work, the following sensor outputs are considered:

-SCADA system

-Axial proxy sensor

-Strain gauges

-Torque and angular displacement sensors

In addition to the sensors on the physical turbine, the SIM-
PACK model is provided with simulation based sensors.

SCADA system The SCADA system provides data at a
frequency of 1 Hz for all basic knowledge an operator should
need to successfully control the wind turbine.

Axial Proxy Sensor The axial proxy sensor was in-
stalled on the main bearing housing to originally analyze main
bearing axial movement for different load cases (LC) [30]. The
axial proxy sensor provides data at a frequency of 5000 Hz.

Strain Gauges The strain gauges were applied to deter-
mine the torque and the bending moment [26] on the high speed
shaft. The strain gauges give data at a frequency of 5000 Hz.

Torque and Angular Displacement Sensors The
main shaft is supplied with a torque measurement sensor and the
high speed shaft is supplied with an angular displacement sen-
sor. These sensors sampling frequency is in the order of 50 Hz at
rated.

Simulation Based Sensor The sensors applied on the
bearings in the model measure displacements, velocities and ac-
celerations on each bearing in X, Y and Z direction. The sam-
pling frequency is chosen to be 1000 Hz.

2.3 Load cases
The load cases [24,30] evaluated for the physical sensors are
the following:

LC;: Normal Operation (DLC)

LC,: Low Voltage Ride Through (LVRT, DLC; 5)
LCj: Start Up (DLC3)

LC4: Shut down (DLCy 5)

LCs: Idle (DLCg)

Each sensor for each load case is analyzed using signal pro-
cessing methods discussed in Subsection 2.4.

2.4 Data Analysis Methods

On signals with a clear oscillating frequency and large am-
plitude in time domain, the peak counting method will be ap-
plied.

For the remaining data the following frequency domain
methods are used in combination with Welch’s method in order
to find system properties of the drivetrain:

-Fast Fourier Transform (FFT)
-Power Spectral Density (PSD)
-Spectrogram

-Campbell Diagram
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Further more, the proxy sensor data was preprocessed due
to an excursion caused by a locknut slot [27].

3 RESULTS AND DISCUSSION

The results from the sensors mentioned in Subsection 2.2
will be presented in Subsection 3.1, starting with the SCADA
system and the proxy sensors. Then, the strain gauges, torque
and angular displacement sensor. Finally, the simulation sensors
applied on each bearing will be mentioned.

In the results section for frequency domain methods, only
Campbell diagrams will be shown. Campbell diagrams are easy
to interpret and are applicable for load cases that heavily vary in
rotational speed such as start-up and shut down.

3.1 Sensor Results

SCADA system The SCADA system is unable to cap-
ture any eigenfrequencies and harmonics due to its limited sam-
pling frequency.

Axial Proxy Sensors The main bearing axial proxy sen-
sors are analyzed for each load case, LC{-LCs, for each data ana-
lyzing method. Results show no indication that any system prop-
erty could be found from these sensors for this specific place-
ment. Most sensors show constant, noisy, excitation frequencies,
even in Campbell diagrams. Different placement could give bet-
ter results.

Strain Gauges Figure 3 shows the Campbell diagram of
a strain gauge placed on the generator shaft, which were origi-
nally used to calculate the bending moment and the torque [26].
On the X-axis the main shaft rotational frequency is plotted,
while on the Y-axis the generator shaft rotational frequency di-
vided by the gearbox ratio is plotted. A clear peak can be seen
on the line y = x with a slope of 1, where the signal gets more
visible with an increase in rotational speed. Using a tachome-
ter is the conventional way to determine the rotational speed of
a shaft. However, when the system does not provide any data
on the rotational speed of the shaft and the gearbox ratio is un-
known, it shows that also strain gauges can be used to determine
the rotational speed of the shaft. Other than the rotational speed
of the shaft, no other system properties can be found using shaft
strain gauges in this layout. The placement of this sensor is im-
portant, since whether a sensor is placed on a shaft node or not
will significantly affect results. Also the direction of the strain
gauge will give different results.

Torque and Angular Displacement Sensors The
torsional eigenfrequency can be determined in different ways.
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Generator shaft rotational frequency
divided by the gearbox ratio [Hz]
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Main shaft rotational frequency [Hz]

FIGURE 3. Campbell diagram of the generator shaft strain gauge By

Khazaeli and Nejad (2020) [37] showed that the torsional eigen-
frequency of the system can be determined by the use of two
angular velocity sensors, one placed on the main shaft and one
on the generator shaft.

In this work the torsional eigenfrequency of the system is
determined by analyzing either the main shaft torque sensor or
the high speed shaft angular displacement sensor. From the high
speed shaft angular displacement sensor the main shaft rotational
speed is determined. The torsional eigenfrequency is determined
using a transient load case, such as a LVRT (DLC; 5), a turbine
start-up (DLC3) or a turbine shut down (DLCy 5). Figure 4 shows
the main shaft speed and main shaft torque with the occurence of
a LVRT, which is induced by a 50% voltage drop [27]. This
results in a torque drop and will subsequently result in an in-
creased shaft rotational speed, since the generator torsional resis-
tance decreases while the rotor blades still provide torque. Both
the torque and the shaft speed will then fluctuate on the first tor-
sional eigenfrequency of the system until it slowly dampens out.
By counting the peaks of either the torque or the shaft speed, the
eigenfrequency can then be found.

The top plot of Figure 4 shows the main shaft speed in rpm
measured by an angular displacement sensor and the SCADA
system. The occurence of the LVRT is unnoticeable for the
SCADA system due to its limited sampling frequency of 1 hz,
not meeting the Nyquist frequency. The middle plot shows the
main shaft torque, while the bottom plot shows the FFT based on
the main shaft torque during the LVRT.

The resulting system torsional eigenfrequency that is found
by counting the peaks corresponds with the FFT and is F, =
2.07Hz.
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FIGURE 4. Torsional Eigenfrequency Identification

Simulation Based Sensors The acceleration mea-
sured by the sensors placed on bearings, which layout is shown
in in Figure 1, are analyzed in axial (X) and radial (Y,Z) direc-
tion. Mainly Campbell diagrams are used to analyze the sensor
data for each load case. Start-up and shutdown load cases are
analyzed in Campbell diagrams due to their change in rotational
speed over time. A shutdown load case (DLCy 5) has been used
to produce the upcoming Figures. Different bearings on the same
shaft did not give significantly different results due to the rigid
shafting assumption. No bearing properties were found due to
them being modeled as linear diagonal stiffness/damping matri-
ces.

The theoretical gear meshing frequencies, harmonics and

sidebands are calculated and then compared with the simula-
tion results. When a clear indication of a signal is present in
the Campbell diagram, the corresponding line is plotted on top
of the signal, to give a more clear view of the obtained results.

Main Shaft The main shaft consists of the INP-A and
PLC-A bearings. In Figure 5 the Campbell diagram of the INP-A
bearing in radial (Y) direction is shown. The Campbell diagram
shows the gear meshing frequency of the first stage with multiple
harmonics.
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-150

0 0.05 0.1 0.15 0.2
Main shaft rotational frequency [Hz]

FIGURE 5. Campbell diagram of the INP-A bearing in radial (Y) di-
rection

Planet Shaft The gearbox assembly consists of three
planet shafts, one for each planet bearing. The sensors on the
bearings of the planet shaft did not result in any identifiable sys-
tem frequencies.

Intermediate Speed Shaft The intermediate speed
shaft consists of the PLC-B and IS-A,B,C bearings. In Figure 6
the Campbell diagram of the IS-A bearing in radial (Z) direction
is shown. The Campbell diagram did not specifically show the
gear meshing frequency of the first stage, but did show the first
lower and higher sideband frequency of the gear meshing with
multiple harmonics. It also shows the shaft rotational speed.

High Speed Shaft The high speed shaft consists of the
HS-A,B,C bearings. In Figure 7 the Campbell diagram of the
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FIGURE 6. Campbell diagram of the IS-A bearing in radial (Z) direc-
tion

HS-A bearing in radial (Z) direction is shown. Both the side-
bands of the gear meshing of the second and third stage can be
seen in the Figure, where for the second stage the pinion side-
bands were found, while for the third stage the gear sidebands
were found. Also harmonics could be found for each gear mesh-
ing frequency and the shaft rotational speed can be seen on the
lower side of the Figure.
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-100
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0 0.05 0.1 0.15 0.2
Main shaft rotational frequency [Hz]

FIGURE 7. Campbell diagram of the HS-A bearing in radial (Z) di-
rection

Generator Shaft The generator shaft consists of the GS-
A,B,C bearings. In Figure 8 the Campbell diagram of the GS-A
bearing in radial (Z) direction is shown. Again, the gear mesh
frequency of the specific stage could not be seen in the Figure,
while sideband frequencies could be seen. Where in Figure 7
the gear sidebands were found, in Figure 8 the pinion sidebands
were found. Also, only the harmonics of the sideband frequen-
cies were found, but these did not correspond with the exact side-
band frequencies found around the meshing frequency. Similar
to the ISS and HSS, the generator shaft frequency could be found.
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FIGURE 8. Campbell diagram of the GS-A bearing in radial (Z) di-
rection

from the Campbell diagrams, most system parameters could
be extracted. Gear meshing frequencies are very useful to deter-
mine the gear ratio and in combination with the sidebands, the
exact transmission ratio for helical stages, including number of
teeth, can be found. For a planetary stage determining the sys-
tem properties can be a larger challenge due to the amount of
variables. Where a helical stage consists of two gears, a plan-
etary stage consists at least out of one sun gear, which could be
floating or not, three or more planetary gears and a ring gear. Fur-
ther more, in reality, when bearing frequencies and noise will be
part of the signal, identification can become more challenging.

For establishing a dynamic drivetrain model, the accelera-
tion sensors give by far most information. However, it should be
noted that these sensors are simulation based, while in reality the
sensor might be subject to various other signals and noise.

Having the gear meshing and sideband frequencies, the gear
ratio and its number of teeth can be calculated. Using the tor-
sional eigenfrequency, the shaft layout can be estimated and the
rotational speed of the shaft can be used as check to validate
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the found gear ratio per stage. Most gear properties can then
be estimated using the rated power and rated torque, found from
SCADA measurements. In future work this will be further elab-
orated.

There will be a trade off between cost and amount of avail-
able data when for system identification. On a limited budget not
each bearing can be provided with vibration sensors.

4 CONCLUSION AND FUTURE WORK

This study looks at the possibility to identify system prop-
erties from sensors installed by NREL on a 1.5MW wind tur-
bine. SCADA data is analyzed but does not meet the Nyquist
frequency. Axial proxy sensors on the main bearing are ana-
lyzed and do not give any system properties. Strain gauges on
the high speed shaft can provide the shaft rotational frequency
and torque and displacement sensors can provide the torsional
eigenfrequency of the system. A multibody gearbox model is
created and each bearing is supplied with a simulation based ac-
celeration sensor. Results show that from these sensors the shaft
rotational frequency, gear meshing frequencies, harmonics and
sideband frequencies of each gear pair can be found.

Future work will be to increase the model fidelity and val-
idate the results found. Furthermore, a flow chart for operators
will be introduced aiding operators into the design of a dynamic
drivetrain model, which ultimately can be used for prognosis pur-
poses and remaining useful life estimation.
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