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ABSTRACT: Power from renewable sources would play a key role in the future of electricity .The wind energy
is one of the goal of EU's commitment, which want to develop offshore wind potential [1], [2]. Lubrication of
wind turbines is very important for maintenance [3] . The purpose of this paper is to present some
considerations about monitoring oiling system. This system monitors kinematic data in real time. The
importance of monitoring real data with this system help us to simulate lubrication for various types of wind

turbine reducers in order to choose the optimal form of the lubrication system and for good maintenance.

1 INTRODUCTION

The European Union aims to be climate neutral by
2050, an objective included in the European Green
Deal and in line with the EU's commitment to action
global measures to combat climate change, taken
together with the Paris Agreement. Power from
offshore renewable sources would play a key role in
achieving this goal. According to the estimates of the
European Commission, electricity will represent at
least 50% of the total energy mix in 2050, and 30% of
future electricity demand will be provided by offshore
wind energy.

“The European Commission estimates that 240-450
GW of offshore wind power is needed by 2050 to
achieve this goal [1]. She is determined to drive
development offshore wind and explore its potential
in the seas and along the coasts of Europe, respecting,
at the same time, the ecological limits of natural
resources and the interests of others maritime users”
[2, 3]. There are currently 110 offshore wind farms
(OWF) in operation with over 5,000 wind turbines.
Negative effects could occur throughout the life cycle

of an offshore wind turbine, on during the
construction, operation and decommissioning stages.
Lubrication of wind turbines is very important during
their operation. The purpose of this paper is to
present a description of functionality of the condition
monitoring system and of the influence of metal
particles in oil system [4].

2 MATERIALS AND METHODS

The wind turbine has automatic lubrication on
subsystems: blades, hub, gearbox, brake, etc. (Figure

1) [5].
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Figure 1.Wind turbine circuits of lubrication.

Lubrication systems guarantee machine durability
and eliminate downtime.

2.1 The lubrication of wind turbine blades

In automatic operation, the bearing lubrication is
continuously operated at an interval at 6 hours (can be
parameterised). In this connection, the grease pump
and the 3/2 directional solenoid control valve are
simultaneously actuated by the plant control via a
coupling relay. The power supply ensues via an
automatic circuit breaker of the turbine electric
(Figure 2)[3].

The duration of the lubricating interval must be
determined in tests at various temperatures. It not
exceed 20 minutes. The pump builds up pressure in
the lines which causes all the distributors to be
supplied with grease. The plant control switches of
the grease pump and of the 3/2 directional solenoid
control valve at the same time. The distributors
deliver their lubricant to the bearing and the pressure
switch is reset.

Distribution units, 10 injectors

Distribution units, 10 injectors,
pressure switch, manometer

Pump, grease reservoir,pressure  /
control and directional control valve;

Distribution unit, 10 injecto

Figure 2. Lubrication pump circuit [3]

If external faults occur during automatic operation,
lubrication is halted and continued again at the point
where it was interrupted after the fault has been
eliminated.

2.2 The monitoring oily system

This system monitors kinematic data and receives real
data for power from main controller of wind turbine
(Figure 3)[6].
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Figure 3. Oiling automatic monitoring system [6]

Also, the sensor of this system detects metallic
particles in the oiling system (Figure 4) [6]. When
detect any vibration pattern deviation, respond by
sending an signal alarm through the network system,
which is connected with the wind turbine’s top box.
This box transmitted output to control unit of
monitoring system and after to an external personal
computer. All real data are monitoring with SCADA
system. The importance of monitoring real data with
this system consists in: configuration of the system
with dive train kinematic data, fibber optic cable for
all communications between top box, monitoring
system and nacelle, software tools for data analysis.

1-filter assembly; 2-lubrication pump; 3- metal particle
sensor; 4- suction hose; 5-motor.
Figure 4. Lubrication system with metal particle sensor [6]

2.3 The simulation of lubrication on wind turbine gearbox

The recent technology suggests using a pinion to
automatically lubricate open gears. This type of
monitoring real data is useful to simulate lubrication
for various types of wind turbine reducers in order to
choose the optimal form of the lubrication system and
for good maintenance.

There are several types of gearboxes, the gears
varying in number between 4..7 as well as in size
(Figure 5)[7].
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Figure 5. The structure, forces and motions of wind turbine s o0t 500,00 mm)
gearbox. 125,00 375.00

“The statistical analysis and the graphical Figure 7. The oil inside of gearbox.
presentation of the results of oil analyses are very
helpful tools when assessing the technical condition of The oil occupies 75% of the casing volume. The
machines. Based on the precise data obtained from the  discretization network — Mesh consists of 49000
analyses, the operators are able to maximize the elements (Figure 8):
production potential of the machine park and plan in
advance any required service activities. Regular
lubricant monitoring is an excellent tool that provides
a rich information on the technical condition of
machines “[9, 10, 11, 12, 13].

For simulation in 2 D the influence of metal
particle in oiling system of wind turbine, was
proposed a gearbox with two toothed wheels (Table
1)(Figure 6):

Table 1. The wind turbines normally gearbox data.

Gearbox Diameter [mm] Number of teeth
with two toothed wheels

1 wheel 120 20

2 wheel 360 60
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Figure 8. The discretization network.

Boundary conditions - boundary limits are the
following:
— The Eulerian model used with 3 phases (Figure 9):

— Phase 1 liquid oil with a density of 890 kg/m?;

— Phase 2 solid — sawdust — scrapings, with a
density of 8000 kg/m? occupies 2% of the oil
volume;

— Phase 3 gaseous air with a density of 1.22
kg/m?.
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Figure 6. Gearing of the wheels in the wind turbine gearbox.

The presence of oil in the gearbox is shown in
figure 7:

™ £

Figure 9. Distribution of the 3 phases in the gearbox.

All obtained results support interpretation.

565



3 RESULTS AND INTERPRETATIONS

The results obtained are:
— Static pressure distribution - increases with depth
(as expected, Figure 10);

Figure 10. Static pressure distribution.

— The presence of metal in the lubricating oil is
visualized by the filings, which are uniformly
distributed in the oil. The wheels don't turn. The
sawdust is gravitationally pulled down (Figure
11);

Figure 11. The metal streamlines in the oil.

— In phase 2, the streamlines show us how the filing
slides gently towards the base of the gearbox
(Figure 11, Figure 12);
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Figure 12. The distribution of sawdust towards the base of
the gearbox.

The interpretations of these results are:

— A part of the pleat is drawn into the upper layer, at
the contact surface of the oil with the air, due to the

566

surface tension, but its speed is very low, the
maximum value reaching 0.00005 m/s;
— It was then imposed that the gears rotate like this:
— the larger one with 20 rpm in the trigonometric
sense,
— the small one with 60 rpm clockwise.

The maximum speed is reached on the outside of
the gear teeth and has a value of 0.438 m/s.

— When the gears get out of mesh, suction is applied
and the filings are drawn to the teeth (Figure 13);

Figure 13.The distribution of filings- gears get out of mesh

— When the gears get in mesh, the compression is
done [12] and the filing is pushed out of the teeth
of gear (Figure 14);
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Figure 14.The distribution of filings- gears get in mesh .

— The streamlines take the form of gear wheels
(Figure 15 );

Figure 15. Phase 2-Velocity streamlines.

After a few seconds of rotation, the following
aspects appear:



— The turbulence increases a lot around the gears [9,
10], a phenomenon visualized by the distribution
of the velocity vectors (Figure 16, Figure 17) and
the current lines (Figure 18).

Figure 18. Phase 2. Streamlines distribution.

Finally, can observed:

— the maximum value of speed when the gears get in
mesh is 4.388.10-! m/s;

— the maximum value of the streamlines velocity is
4.272.10' m/s;

— when the turbulence increases a lot around the
gears, the maximum value of velocity vectors is
4.388.10" m/s.

4 CONCLUSIONS

This system which is used for monitoring in real time
a metal particles is useful because sent a signal to
every 145 seconds to the monitoring device when a
particle is detected. When appear a fault, a fault signal
is sent to the controller of automatic control oiling

system. These changes in the operational parameters
of the wind turbine are influenced by climate changes,
changes in temperatures, pressures, loads generated
by changes in wind speeds. The costs of repairing or
reconditioning some systems, generated by the lack of
continuous or defective monitoring of the wind
turbines' operation, are very high, especially the costs
for gearboxes. The greater the wind force, the most
vulnerable the gears are. In this case, the offshore
wind turbines are the most susceptible to damage.
The gear wheel teeth must have appropriate bending
strength as well as strength. The dangerous moment
appear when the teeth contact each other in the area
of the pitch circles where no slip occurs, then mean
the oil film is missing.
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