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The WTG selected is the DFIG type, later presented for being the most common in the
market.
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1.2. WINDTURBINE

Designed to provide to OM technicians general knowledge about a specific wind turbine
model, mechanical & electrical components as well as basics about control & Scada

systems.

1.2.1. Lesson 1 - Introduction to the wind turbine model

‘ The objective of this lesson is to introduce the wind turbine to the new wind technicians

=
B Anev-

| : ¢ | Brunel
dee ;SGS% 7 Lt

EUROPE

Page4 of 109



\ 0
——— / Lt Co-funded by the
O n 20151-ES01KA202015935 R Erasmus+ Programme
/\ Lk of the European Union

During this lesson the trainee will learn to:

(1) The different type of wind turbines

(2) The technology basic key points.

(3) General description of systems and components

(4) Operational states

1.2.1.1. Technology basic key points

The generator is the central element of the wind turbine electric system and the component
from which the rest of elements and supervision and control systems are dimensioned. There
are mainly no restrictions for the type of generator (direct current or alternating current),but
alternating current machines are exclusively chosen not only for its power/weight relation
which is more favorable (in this case, it is an important factor considering that it conditions
the tower mechanical resistance), but also for its ability to generate at higher voltage and,
above all, they present lower maintenance costs and a higher availability than direct current
generators due to the lack of collector. Only in the case of very low power generators feeding
direct current distribution circuits, with energy storage in batteries is thinkable the use of
direct current generators. This type of systems is not the object of this book, so from now on

we will refer exclusively to alternating current generators.

There are two basic types: the ones which use asynchronous or induction machines and the
ones which use synchronous machines. In both cases there are different variations which will
be examined further on in detail. Depending on the type of turbine and the type of control, the
generators can be directly connected to the grid (occasionally through a transformer), or
through a frequency converter.

The main problem associated to the synchronous machines connected directly to the grid is
that, being constant their frequency the spinning speed must as well be, so this entail
important mechanical strains in the gearbox system and oscillations in the electric power
generator. For this reason, the synchronous generator is never used in systems that are

directly connected to the grid. Nevertheless, this type of generators is used in the case of

)
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systems connected to the grid through a frequency converter; the function of the frequency
converter is to separate the frequency of the generator from the grid one, allowing the
generator operation at variable speed. The frequency converter also allows the control over
the reactive power injected to the grid, as it happens in any other conventional power plant,

which is essential in systems of a certain power.

In the case of asynchronous generators, the situation is slightly different. The rotor speed
can vary lightly although the frequency at the machine terminals is constant. This, on the one
hand, offers certain flexibility to the ensemble and, on the other hand, reduces the strains
over the shaft transforming in kinetic energy part of the brusque variations of the wind speed.
For these reasons and their great robustness, the systems with an induction generator
connected directly to the grid have been and are profusely used. There are as well diagrams
in which the generator is connected to the grid through an electronic frequency converter.
The asynchronous generators with a rotor winding with an electronic converter connected to
the rotor have been widely developed in the industry, because they combine the advantages
of generating at a fixed frequency with a wide margin of speed variation and a lower size of

the electronic converter.

Below the principal elements of the Wind Turbines Generators are presented, stated with the
Fixed Speed Wind Turbine Generators

1 Synchronougjenerators

Fixed Speed
. Variable Pitch Synchronous

'| Blades Generator

|
| 7= AN
= ol L\ Gear Box ;@'{ My %‘;

T Tubine ©

|
e
y Pitch Power

Control Speed Sensor

Contral

Large Scale Wind Power (Grid Systems)

Figure 1. Fixed Speed WTG with synchronous generator

A typical fixed speed system employs a rotor with three variable pitch blades which are

controlled automatically to maintain a fixed rotation speed for any wind speed. The rotor
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drives a synchronous generator through a gear box and the whole assembly is housed in a
nacelle on top of a substantial tower with massive foundations requiring hundreds of cubic

meters of reinforced concrete.

Fixed speed systems may however suffer excessive mechanical stresses. Because they are
required to maintain a fixed speed regardless of the wind speed, there is no "give" in the
mechanism to absorb gusty wind forces and this results in high torque, high stresses and
excessive wear and tear on the gear box increasing maintenance costs and reducing service
life. At the same time, the reaction time of these mechanical systems can be in the range of
tens of milliseconds so that each time a burst of wind hits the turbine, a rapid fluctuation of
electrical output power can be observed. Furthermore, variable speed wind turbines can
capture 8-15% more of the wind's energy than constant speed machines. For these reasons,
variable speed systems are preferred over fixed speed systems. See more about the
properties of synchronous generators.

1 Squirrel cage induction generators
One of the major advantages of the asynchronous machine is its capacity to provide
temporarily with mechanical torque higher than the full charge without losing the
synchronism. In the case of engines, the rules establish that the machine should provide a
torque in the shaft of 160% over the full charge for at least 15 seconds. This ability is of great
importance in wind generation systems, where the shaft torque due to a gust could suffer
notable oscillations. When this happens, the machine increases its slipping in absolute value
and accelerates lightly, which has a double effect: on the one hand, the internal torque
increases, as well as the power injected to the grid; on the other hand, at increasing the
spinning speed, part of the energy of the gust is stored in form of kinetic energy which is
additional to the group turbine-multiplier-generator. The asynchronous machines of normal
designs have an intrinsic overload ability, given for the quotient between its maximum torque
and its nominal torque, it is between 2 and 2,2. But independently of this intrinsic overload
ability, the real overload ability depends on the maximum admissible temperature in the
windings, and this one depends on the cooling conditions and specially on the ambient

temperature.

Thegenerators donot have only to provide with ac
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electric system and its proper elements like transformers or lines, also present certain
reactive power consumption. Nevertheless, the power factor of the asynchronous generator
connected directly to the grid is always inductive. And the induction machine in its classic
version (that is, with the rotor short-circuited) has only energy supply from the stator, it is
from there that it must absorb from the grid the reactive power needed to keep the rotating
magnetic field in the spark gap. The existence of this rotating field is necessary condition for
the electromotive forces to be induced in the rotor and therefore, for the electromagnetic

conversion.

The use of connection static switches to the grid produces voltage harmonics that could
cause great consumptions of intensity in the generator compensation condensers of reactive
power (in this sense, it should be considered that the impedance that a condenser presents
is reduced with the frequency increase). To prevent this phenomenon, the condensers
connection is made when the generator connection process has finished, and the static
switch is bridged. (Figure 2)
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Figure 2. Connection diagram of a two asynchrone generator system with continuous voltage variation

Variable Speed Wind Turbine Generators

A variable speed generator is better able to cope with variable wind conditions because its
rotor can speed up or slow down to absorb the forces when bursts of wind suddenly increase
the torque on the system. The electronic control systems will keep the generator's output
frequency constant during these fluctuating wind conditions. There are basically two type of

variable speed WTGs.

1 Doubly Fed Induction Generator i DFIG

DFIG technology is currently the preferred wind power generating technology. The basic grid
connected asynchronous induction generator gets its excitation current from the grid through
the stator windings and has limited control over its output voltage and frequency. The doubly
fed induction generator permits a second excitation current input, through slip rings to a
wound rotor permitting greater control over the generator output.

The DFIG system consists of a 3-phase wound rotor generator with its stator windings fed
from the grid and its rotor windings fed via a back to back converter system in a bidirectional
feedback loop taking power either from the grid to the generator or from the generator to the
grid. See the following diagram.

ace SGS wimis anev= Wind
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Asynchronous DFIG Wind Power Generator (Grid Scale)

Variable Speed Doubly Fed
Fixed Pitch Induction Generator
Blades DEIG Total Power

Stator Power P,

o

Gear Box

[Ps + Pr] .

N, = Synchronous Speed
N, = Rotor Speed

When Slip When Slip Eivnel Vo
Positive POWer Negative —
CREN Flow (NN, |
Rotor Power P, DC Link ‘ |
P " |AC I DC Low Pass

-1 Filter

-— = = =

oc| T AC
Additional Control msc| Converters |GSC
Optional
L Speed/Pitch | _ _ _ _ _ _ - - — Control
Control

Figure 3. Wind turbine asynchronous DFIG Generator

1 Synchronous Generator with In-Line Frequency Control (Full Converter)

Rather than controlling the turbine rotation speed to obtain a fixed frequency synchronized
with the grid from a synchronous generator, the rotor and turbine can be run at a variable
speed corresponding to the prevailing wind conditions. This will produce a varying frequency
output from the generator synchronized with the drive shaft rotation speed. This output can
then be rectified in the generator side of an AC-DC converter and then inverted back to AC in
an inverter in grid side, both rectifier and inverter constitutes the converter which is
synchronized with the grid frequency. See following diagram.

The grid side converter can also be used to provide reactive power (VArs) to the grid for
power factor control and voltage regulation by varying the firing angle of the thyristor
switching in the inverter and thus the phase of the output current with respect to the voltage.
See an explanation and more details of why reactive power is needed in the section

about Power Quality and Voltage Support as used in the utility grid.
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Large Scale Wind Power with In-Line Frequency Conversion (Grid Systems)

Variable Speed Synchronous
Fixed Pitch Variable Speed
Blades Generator DC Link

AC DC
Gmrhx@@:{} - # ———>

AC Power AC AC Power

Synchronised to
Variable Frequency  proquency Converter (':rid Frequency

. Synchronised to

| Turbine Speed |

I Additional Control .

: Optional :

L _ _| Speed/Pitch e o o 1
Control

Figure 4. Wind turbine diagram with Synchronous Variable Speed Generator and Frequency converter

The range of wind speeds over which the system can be operated can be extended and
mechanical safety controls can be incorporated by means of an optional speed control
system based on pitch control of the rotor vanes as used in the fixed speed system
described above.

One major drawback of this system is that the components and the electronic control circuits
in the frequency converter must be dimensioned to carry the full generator power. The

doubly fed induction generator DFIG overcomes this difficulty.

There are two types of full converter with line frequency control: wound and permanent
magnet rotors, this one is becoming more popular due mainly to the reduction of weight and
cost over the first solution. Its main problem is the scarcity of rare earths materials used in

the production of permanent generators.

1.2.1.2. General description of systems and components
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A wind turbine generator mainly consists of a tower which supports the nacelle and the rotor.
The rotor is made of blades which are attached to the hub and transmits the kinetic energy

from the wind to the electrical generator placed inside the nacelle.

On the top of the nacelle a meteorological station is placed to meter the wind conditions and
transfer the information to the wind turbine control.

In the figure below the main components of a wind turbine generator are described and
identified.
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Wind turbine
components

1. ROTOR: The rotor is made
up of blades affixed to a hub.
The blades are shaped like
airplane wings and use the
principle of lift to turn wind energy
Into mechanical energy. Blades can
be as long as 150 feet — half the
length of a football field.

2. PITCH DRIVE: Blades can be rotated to
reduce the amount of lift when wind speeds
become too great.

3. NACELLE: The rotor attaches to the nacelle,
which sits atop the tower and encloses the
various components.

4. BRAKE: A mechanical brake acts as a
backup to the braking effects of the blade
pitch drives or as a parking brake for
maintenance.

5. LOW-SPEED SHAFT: Attaches to the rotor.

6. GEAR BOX: The rotor turns the low-speed
shaft at speeds ranging from 20 revolutions
per minute (rpm) on large turbines to 400
rpm on residential units. Transmission gears
increase the speed to the 1,200-1,800 rpm
required by most generators to produce
electricity. Some small-scale turbines use a
direct-drive system, eliminating the need for
a gear box.

ace

v | Brunel
ﬁ University
London

7. HIGH-SPEED SHAFT:
Attaches to the generator.

=13
8. GENERATOR: Converts the
mechanical energy produced by the
rotor into electricity. Different designs
produce either direct current or
alternating current. The electricity may be
used by nearby appliances, stored in
batteries or transferred to the power grid.

9. IIIEAT EXCHANGER: Keeps the generator
cool.

10. CONTROLLER: A computer system runs
self-diagnostic tests, starts and stops the
turbine, and makes adjustments as wind
speeds vary. A remote operator can run
-\ system checks and enter new parameters
2N via modem.
11. ANEMOMETER: Measures wind

speed and passes it along to the
controller.

12. WIND VANE: Detects wind
direction and passes it along to the
controller, which adjusts the “yaw,”
or heading, of the rotor and
nacelle.

13. YAW DRIVE: Keeps the
rotor facing into the wind.

14. TOWER: Because wind
speed increases with height,
taller towers allow turbines
to capture more energy.

YAW
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Figure 5. Wind turbine generator main components

Nacelle

The picture below is a nacelle viewed from the top where all the main components in charge
of transformation of the kinetic energy from the wind into electrical energy are identified. The
nacelle contains all the machinery of the wind turbine necessary to transmit the mechanical
energy from the hub of the rotor to the generator. It also contains a braking system to slow or
stop the rotor, a system to control the nacelle orientation on its yaw axis, since the nacelle is
connected to the tower via bearings to rotate while tracking the wind direction, and a control
unit automating the operation procedures according to the wind conditions or maintenance
needs.

On the nacelle top there are meteorological instruments installed which are essential to

monitor the speed of the wind (anemometer) and its direction (wind vane).
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_Service crane
_Crane rail

_Nacelle control panel
_Generator

Drive train

_Gearbox

_Main shaft

_Main shaft bearing

Yaw system
oYaw bearing

_Yaw motor

_Yaw brake
Pitch system

_Pitch control box

_Pitch bearing
3 Pitch motor

_Hub housing

Figure 6. Wind turbine nacelle
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3. Control system and sensors
The control system acts on:

i CONVERTER, back to back
T YAW system

1 PITCH system

1 BRAKE system

Following this diagram:

The following diagram shows the control system of a wind turbine generator and the

information circulation between control stages.

The input interface shows all the information acquired in the sensors of the wind turbine
generator, which includes environmental data, hydraulic and position data, and the feedback
resulting from the wind turbine generator control communicating it to the PLC. The PLC is a
programmable logic controller which converts signal from the sensors and transmits the
information to the output interface. Its function is to monitor the instruments outputs to control
and optimize the wind turbine operation. The information which exits the PLC runs through
the control system to the Wind turbine to adjust its operation parameters depending on the

current information about the wind characteristics and the wind turbine information.

The PLC also transmits the information through a Communicating Interface to the SCADA
which stores all the information that is generated and allows its management and

intervention.
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FEEDBACK

> — CONTROL

PLC CIRCUIT

Figure 7. Control system diagram

Sensors

There are different types of sensors in a wind turbine generator that provide with
environmental, hydraulic and position data. The environmental sensor obtains values of
ambient temperature, wind speed and direction. Among the main hydraulic sensors provide
information about the pressure in the hydraulic circuits as well as temperature, oil level and
leaks. The position sensors are crucial for wind turbine control to correct the position of the
wind turbine rotor.

The information of these sensors is transmitted to the PLC to better adjust the operation

parameters of the wind turbine generator.

Anemometer Pressure switch Rotor inductive
Vane Pressure transducer Yaw inductive
Temperature switch Level Generator encoder
PT100 Leaks Pitch linear transducer
PT100

Chart 1. Wind Turbine Sensors
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Environmental sensors

Ultrasonic anemometer

Based on Doppler effect

It is able to measure wind direction, wind speed and
temperature with accuracy

Self-heated

Electric storms and aircrafts sounds can affect its

measurements.

Revolving-cup electric anemometer

Measures wind speed

Based on revolving cups that drive an electric generator. The
pulses generated are registered in a pulse counter module.
Low accuracy compared with ultrasonic models.

Self-heated

Vane

Measures wind speed
Low accuracy compared with ultrasonic models.
Self-heated

Temperature switch

Is a sensor that acts when the air reaches to a specific
temperature, previously set up.

Is a digital sensor, therefore must be connected to a digital
input module.

Is used to control the fans and the heaters in electrical HUB,
TOP and GROUND cabinets.

S
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PT100

- A PT100 is a resistance temperature detectors (RTDs), based
on the relationship between the electrical resistance of pure
materials and their temperature.

- In this case, the pure material is Platine (Pt), with a resistance
of 100 Y at OUC. The increme

- Its performance can be checked by a multimeter

- Is a resistance sensor, therefore must be connected to a PTs

specific input module

Position sensors

Encoder

- Is a speed and position sensor located at generator rear side
and produces a digital signal (pulses)

- Is important to measure the rotor position (phase), to inform
about speed limits (overspeed - OGS) and is usually related

to converter alarms, synchronization errors and discrepancy

between main shaft speed and the generator speed.

Pitch linear transducer

- Is a linear transducer that indicates the position of the pitch
cylinder, in case of having a hydraulic pitch. It permits the
indirect measurement of the blade angle by means a
trigonometric conversion.

- Produces an analogue signalon
the position, therefore is connected to the analogue inputs

module of HUB cabinet

- There is one for each blade
- Is usually involved in alarms related to discrepancies between
the theoretical (command) and the real value, discrepancies

between blades angles, under pressure...
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Yaw inductive

- Detects if the nacelle is orienting counter clockwise or
counterclockwise.

- Detects if the nacelle accumulates too many turns on the
same direction, that could lead to excessive wire wrapping.

- For these purposes, it has 2 sensors inside:

- Twisting sensor

- Incremental encoder

1.2.1.3. Operational states

The following classification can be listed:

1. RUNNING

S —

2. PAUSE

I

3. STOP

5.WTGDEENERGIZED

Figure 8. Wind Turbine Operational state

0. RUNNING & GENERATING ENERGY

1 Wind turbine is running and connected to the grid.
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No active alarms

Running in normal operating ranges (wind,t e mper at ur e é

1. RUNNING
Wind turbine is running but not connected to the grid
Wind turbine Is available to run but environmental conditions (wind,t e mper g tdour e é
not allow the connection to the grid.

9 Pitch angle >400°, if it exists.

2. PAUSE

1 Pitch angle >83°

1 Hydraulic group running
1 Emergency series OK.
91 Yaw active.

3. STOP

Pitch angle >87°

Transition to Emergency state

4. EMERGENCY
Pitch angle 90° (flag position)
Emergency series NO OK

Relevant alarms active

= =4 =4 =

Brake applied in case of pressing emergency button

The functions available in each state can be summarize as follows:

VOGOGS Active Active Active Active Active

GEARBOX HEATIN! No Active Active Active Active

HYDRAULIC SYSTE No Active Active Active Active
-.._.a’
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OIL COOLING No Active Active Active Active
YAW SYSTEM No No Active Active Active
PITCEKSYSTEM No No Active Active Active
SPEED CONTROL No No No Active Active
POWER CONTROL No No No No Active
BRAKE APPLIED No No No No No

Chart 2. Functions available during every operation state of the WTG

5. WTG DE-ENERGIZED

No changes in states available

The brake is not applied, rotor is spin-free
Pitch angle = 90°

Brake circuit has oil pressure

=A =4 =4 =4 =

Emergency buttons working powered by batteries, activating the rotor brake.

Transition between states

By safety reasons, it is only possible the transition to the next operating state, step by step.
That is to say, it is not possible to pass from an Emergency state to a Running one.

Alarms make the turbine move always to the most restrictive state associated to the specific

alarm severity.

Emergency stops

The emergency series are utilized by the wind turbine to detect an emergency and to act

quickly to protect itself. As a result, the emergency stop is activated.

The alarm severity is the criteria that WTG follows to select the right state (PAUSE, STOP or
EMERGENCY)

That criteria is based on priorities according to safety and production limitations:

J
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1. WORKERS
SAFETY

3. ENERGY
PRODUCTION

Figure 9. Priorities in safety

Emergency series

Emergency serie is a circuit that controls the transition to emergency state. When the circuit
is closed, the emergency serie is AOKO. I f the
AEMERGENCY SERIE NO OKO.

There are 2 emergency circuits, one in the TOP and the other one in the HUB. There is no
electrical connection between them. The TOP of the wind turbine generator is the upper part
of the nacelle which encloses all the mechanical machinery. In this case, the TOP
emergency circuit will be placed inside the nacelle. The HUB is where the three rotor blades
are affixed and also connects the rotor to the nacelle

There is a communication between these series through the control system.

When the emergency circuits are opened, the power supplies of 690 Volts to the motors and
the 230 Volts to the electro-valves are disconnected, and the PLC is informed.

The components of emergency series are:
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In the TOP emergency serie there are four emergency buttons that in case of emergency

automatically trigger opening the emergency serie circuit and therefore, activating the

emergency stop.

TOP
24V DC
GND BUTION TOP BUTTON  YAW BUTION MAIN BEARING BUTION
0—0 O0—70
NO EMERCGENCY EQUIPMENT OK BRAKE THERMISTOR
TO OGS / VOG g I
Figure 10. Top emergency serie

HUB

The HUB emergency serie will be activated when the pressure switch of one of the blades

triggers.
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24V DC
PRESSURE PRESSURE PRESSURE
SWITCH SWITCH SWITCH
BLADE A BLADE B BLADE C
O0—10 O0—10 O0—10 O0—0—
NO EMERGENCY

—\ NN

Figure 11. HUB emergency serie

Alarms reset

Alarms can only be reseted if their causes have disappeared.

There are 3 types of alarms reset:

I AUTOMATIC. The wind turbine resets the alarm once the cause has disappeared after
a predetermined time.

1 REMOTE. The SCADA operator resets the alarm by remote control/supervision
systems.

1 LOCAL. The alarm reset is done by a technician on site.

1.2.1.4. WTG Safety systems

1 Overspeed Guard System (OGS)
The OGS measures the rotor speed (revolutions) at low speed shaft. In case of

having too many revolutions, opens the emergency circuit and leads that the wind
turbine goes to emergency state.
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The OGS is a redundant-independent system (isolated to the control system) and
uses an external signal coming from PLC to make a self-check. It has two inductive
sensors that provide with two different signals, one of them is controlled and
transmitted by a PLC and the one is read directly by the OGS. The OGS has two
outputs, one of them goes to the emergency serie, so in case there is overspeed
measured in the low speed shaft it triggers the emergency circuit.

The other output signal goes to the wind turbine control PLC where it is processed

with the other sensor signals.

INDUCTIVE

SENSOR 2 EMERGENCY

SERIE

Figure 12. Overspeed guard sensor operation diagram

9 High voltage gas-insulated switchgear (HV GIS) trip circuit

This circuit trips the HV GIS and disconnect the transformer to the grid. It is a relevant

circuit that must be checked before the energization.

There are 2 types of HV GIS trip circuits:

1 A: HV GIS with tripping coll
1 B: HV GIS with tripping relay

2204 '
S

jﬂ A

20KV-36KV 20KV-36KV

- - -
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Figure 13. HV GIS trip circuits

As it can be observed in the figure above there are two different tripping circuits for the

The following figure presents a diagram of the safety system:

EMERGENCY INDUCTIVE

: SERIE SENSOR 2

Figure 14. Safety system diagram

As it can be observed in the diagram above if any of the elements in the red boxes give an
alarming value, for instance the information transmitted from the neutral detector, control
PLC or Arc monitor, or any of the other elements (Trip button, fuses or GIS trip circuit), the
PLC of the safety system transfers the information to the emergency serie which opens the
emergency circuit and sets the wind turbine generator at emergency stop state.
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Figure 15. Data logger

Vibration protection

Wind turbines usually have a vibration protection system that protects its structure against

abnormally and severe tower oscillations.
There are 2 types of sensors:

1 Pendulum. It opens an electric contact if the oscillation is excessive, opening the
emergency serie. The adjustment of this sensor is made by varying the distance of the
suspended mass

9 Vibration sensor. Based on accelerometers that register the vibration in acceleration
units (m/s2 , ¢ i swvé axis.

Voltage dips protection

Wind turbines based on all kind of generator technologies must meet all national electrical
grids regulations and requirements related to voltage dips.

When a voltage dip occurs, wind turbines have uninterruptible power supplies (UPS) and

protections (Active Crowbar) that allow them keep running.

If the voltage dip were long, wind turbine would be moved to an emergency state,
disconnected to the grid and blades would turn to 90°C (in models with changeable pitch) to

stop it.

See SGS #imis anev= Wind
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1.2.2. Lesson 21 H&S specific

The objective of this lesson is to get the knowledge related to general safety considerations:
(1) Available H&S manuals, and their structure

(2) Voltage levels at each cabinet/area

(3) How to use the lift and ladder in safe manner

(4) The wind speed limits to work on the different WTG compartments

Please go to the Health and Safety document.

1.2.3. Lesson 3 - WTG operation procedure

The objective of this lesson is to learn the working operating procedures:
During this lesson, the trainee will learn:

(1) The different types of WTG access

(2) How to control the WTG from the different cabinets

(3) The locking procedures on the low and high-speed shaft

(4) How to access the hub and the roof

(5) How to use the chain hoist

1.2.3.1. Locking procedures on the low and high-speed shaft

This operation may only be performed BY THE AUTHORISED MAINTENANCE
PERSONNEL, and in a maximum wind speed of 12 m/s.

Where a maintenance operation requires a mobile part of the machinery to be immobilized,

the rotor must be locked in the following manner:
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1. Go to the control A Pitch and Brake option. The brakes should be applied until the
blades are in the work position. At his moment locking arms must be fitted. NEVER
INSERT THE BOLTS UNTIL THE TURBINE IS FULLY STOPPED.

2. Procedure for fitting the locks:

9 If the wind can move the rotor: If it is windy, the rotor will be turning very slowly, when
the rotor reaches t he fibBrwindop facng upwaods, apply theh t h e
brakes, selecting the hole in which the locking bolts are inserted. If the hole on the
rotor disc does not line up with the locking arm, you must release the brakes and allow
the rotor to turn a little further until it lines up. Then apply the brakes again, and when

the rotor is at a complete standstill, insert the bolts.

Figure 16. Locking arm

1 When the bolts are completely in or out, the latch must be put in the locking position.
Warning: Never position yourself in the trajectory of the bolts; they could cause you to

become trapped
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9 If the wind not is able to move the rotor when the blades at 90°: the degree of pitch
must always be lowered (slowly, step by step) until it begins to rotate. As in the
previous case, using the brakes, align the locking holes with the bolts and insert the
bolts by activating the manual hydraulic pump. The pump handle is then placed in the
"Lock" position.

9 If the wind cannot move the rotor with the blades at 0°: If there is a complete absence
of wind, the rotor will need to be moved by the universal joint, using a wrench and the
screws which join it to the generator flange (always in a tightening direction so as not
to loosen the screws).

1 After fitting the locking bolts, turn the blades to an angle of 90 degrees.

1.2.3.2. How to access the hub and the roof

This operation may only be performed BY THE AUTHORISED MAINTENANCE
PERSONNEL, and in a maximum wind speed of 12 m/s.

1.2.3.3. How to use the chain hoist

General safety rules.

When using the hoist, WTG must be always stopped, vehicles must be parked out of the
hoist operating area, technicians must wear safety helmet and must keep far from

suspended loads.

Operation

Technician in Nacelle

1 Before using the hoist, check its working condition. Ensure that the anchorage and
collecting chain box are in good condition. If any problem is found, it must be solved

before using the hoist.

ace SGS wimis anev= Wind
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Open the door, remove the chain and the safety bar and take the hoist to the outside

of the machine.

RISKS AND PREVENTIVE ACTIONS

T

Before opening the door, the worker must ensure itself to a fixed point (frame,
generatoré) wusing the safety rope and t
Be careful with the wind speed (see safety manual).

Once the hoist has been taken out the machine, ensure that it is well placed and place
the safety elements (bar and chain).

During the hoist operation (lifting or down), with one hand the worker must operate the
motor control (button pad), and he will be always visually checking the load which is

being moved with the hoist.

Figure 17. Hoist button pad

RISKS AND PREVENTIVE ACTIONS

1

T

It is forbidden to push the button pad of the motor control with any other part of the
body rather than the hands.

Hoist chain never must be grabbed with the hand.

Technician at tower base.

Jee SGS @i anev= Wind
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91 Before using the lifting bags, check their condition, removing any of them with any
problem.

T Before using t he hoi st ensure t he right
exceed the nominal load capacity of the hoist.

1 Load operation from or to the Nacelle must be carried out in the charge and discharge
area, placed out of the area where objects can fall from the upper sections of the
tower or the nacelle.

1 Once the loads are well placed, call the worker inside the Nacelle to lift the load with
the hoist some meters, until we can move the load to the vertical of the Nacelle back
door.

1 Once the load has stabilized, we can order the lift.

Communication

Communication between technician in the nacelle (who is operating the hoist control) and the
other one at tower base must be clear, trying to avoid any kind of communication that can
induce an error. This communication can be:

9 Using the radio (walkie-talkie).

I Using hand signals:

3 e e SGS & Aanev— wina
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RAISE BOOM LOWER BOOM RAISE THE BOOM AND LOWER THE LOAD
Arm extended, fingers closed,  Arm extended, fingers closed, With arm extended, thumb  Arm extended, fingers closed,
thumb pointing upward. thumb pointing downward. pointing up, flex fingers in ~ thumb pointing upward, other

and out as long as load ~ arm bent slightly with forefinger
movement is desired. pointing down, and rotate hand.

LOWER THE BOOM AND RAISE THE LOAD EXTEND BOOM RETRACT BOOM
With arm extended, thumb ~ Arm extended, fingers closed, Both fists in front of body, Both fists in front of body,
down, flex fingers in and thumb down, other arm with thumbs pointing with thumbs pointing

out as long as load vertical, forefinger upwand outward. toward each other.
movement is desired. and rotate hand.
SWING MOVE SLOWLY DOG (STOP) EVERYTHING

Arm extended, point in Use one hand to give any motion signal and place Clasp hands in front of body.
o - Figure 18. Communication with hand signals

9 Both methods at the same time.
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1.2.4. Lesson 4 - Mechanical systems (WTG specific)

The objective of this lesson is to show the mechanical systems

During this lesson, the trainee will learn:

(1) To identify the different mechanical components of the turbine

(2) To understand the functionality of the different systems at the drive train
(3) The yaw system and its functionality

(4) Blades and pitch system

1.2.4.1. Drive Train

The rotor takes up the kinetic energy, changes it into mechanical energy and transfers it to
the gearbox via the rotor shaft. The generator is connected to the gearbox via a coupling and
converts the mechanical energy into electric power.

The typical drive train of a Wind Turbine Generator System (WTGS) consists of:

Rotor shaft

Main bearing/s
Gearbox
Secondary brake

Coupling

=A =4 =4 =4 -4 =4

Generator

Rotor Shaft

The rotor shaft, also referred to as the low-speed shatft, is a component of the drive train. The
rotor blades, hub and rotor shaft form a functional unit. The rotor shaft is forged and has the
task of taking up the driving power of the rotor and transferring it to the gearbox. The rotor
shaft is inclined about 4°-5° to prevent blades from crashing to the tower because of their

flexion in case of having strong winds (high loads in blade tip).
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Figure 19. Rotor shaft inclination

The rotor shaft is connected to the hub by a bolted connection on the rotor shaft flange.

The rotor shaft and the main gearbox are connected by a special flange system that enables

simple disconnection and assembly of both components.
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Figure 20. Rotor shaft

The turn of the rotor is locked by the rotor lock. It consists of a perforated disk, which is
mounted on the rotor shaft in the connection the between rotor shaft and hub, and a locking
pin, which is mounted in the top part of the base frame over the front main bearing.

The locking pin can be moved manually, by an electric actuator or by a hydraulic cylinder,
depending on the WTG model.

The locking pin is inserted into a hole in the perforated disk to lock the rotor.
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Figure 21. Locking pin connecting shaft and hub

Rotor speed

The WTG design and nominal power have a relevant influence on rotor speed. Depending on
the diameter of the rotor, the turning speed varies to keep a defined blade tip speed (an

excessive speed could lead to noise, aerodynamics and structural problems).

For large rotors, the speed is normally about 10-20 rpm. For smaller ones, the speed

increases up to 30 rpm.

Speed sensors

There are over-speed monitors based on inductive proximity switches. They pick up the

values at the rotor shaft.

The sensors are mounted at a distance of approx. 2-3 mm. If the distance were out of range,

incorrect speed signals would be recorded, and the PLC would lead to a WTG shutdown.

Main Bearing/s

The rotor shaft is mounted in one or two bearings, depending on the wind turbine model.

Jee SGBS ks anev= Wind
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Usually they are double row taper roller type. Both bearings are inserted in the cast base

frame. The housing/s and the hub are manufactured of ductile cast iron.

Figure 22. Main bearing

The main bearing/s takes up the axial and radial forces from the rotor and protects the shafts

of the gearbox.

The main bearing/s is lubricated by a special-purpose grease for large anti-friction bearings.
The automatic lubrication system is filled with the respective quantities of grease according
to the preventive program. Any grease leak is collected in a bin installed previously and must

be removed during maintenance work.

Gearbox
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