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Description

Method to control the operational status of a wind turbine

The invention relates to a method to control the operational

status of a wind turbine.

Wind turbines need to be remote controlled by an operator for
reaching a specific operational status, i.e.:

- performing a power adjustment,

- initiating a test proceeding,

- repositioning of the nacelle by yawing,

- repositioning of the blades by pitching,

- repositioning of the rotor,

- stop of the wind turbine or

- start of the wind turbine,

- etc.

Modern wind turbines are often connected to a respective re-
mote operation and control center through a communication
system, i.e. via the “Supervisory Command and Data Acquisi-
tion, SCADA” system.

This SCADA system is often combined and connected with the
“world wide web” (internet) thus the operator, who may be lo-
cated far away from the wind turbine site, has access for

control purposes to a respective wind turbine.

There is often the need to manually control the operation of
a given wind turbine of a wind farm - e.g. to stop a turbine
to enable service personal entering the wind turbine for ser-

vice work.

The remote controlled operation of wind turbines of an off-
shore wind farm is not that easy. There is the need to estab-
lish a stable internet/SCADA-connection with the remote oper-
ation and control center via suitable mobile communication

equipment.
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Establishing and maintaining the stable connection may be
quite difficult as the requesting personal is located off-
shore in a harsh environment, having no or only limited ac-

cess to dedicated, reliable mobile communication equipment.

The same applies to this situation: a remote operator needs
to ensure that a given wind turbine is put out of operation
if a large vessel approaches to the offshore wind turbine. To
perform this approach safely, it is known to yaw the nacelle
of the wind turbine so that the rotor is opposite from the
direction of the approaching vessel. Finally, the rotor is
brought to a defined standstill.

This situation is shown in FIG 5, wherein a large vessel,
acting as working-platform during wind turbine installation,

1is located in front of a wind turbine.

The vessel often has a poor internet/SCADA connection to car-
ry out remote manual control of the wind turbine, thus it is
difficult for the mobile vessel operator and for the crew to
ensure that the wind turbine is safely stopped and positioned

as described above.

Additionally there is the problem that a quick reaction,
which is needed to counteract a possible hazardous situation
at the wind turbine site, needs to be possible. This is dif-
ficult, if not impossible, to ensure if the whole operation
is controlled by a shore-based operator or over an unreliable

internet/SCADA connection.

It is the aim of this invention, to provide an improved meth-
od to control the operational status of a wind turbine, mini-

mizing or even avoiding the problems described above.

This aim is reached by the features of claim 1. Preferred

configurations are addressed by the dependent claims.
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According to the invention an operator communication inter-
face establishes a wireless point-to-point communication to a
wind turbine communication interface. The wind turbine commu-

nication interface is an integrated part of the wind turbine.

A control signal is transmitted from the operator communica-
tion interface via the point-to-point communication to the

wind turbine communication interface.

The control signal is transferred from the turbine communica-
tion interface to an internal control system of the wind tur-
bine. The internal control system of the wind turbine changes
the operational status of the wind turbine based on the con-

trol signal.

According to the invention an operator, who is close to the
site of the wind turbine, controls the operation of the wind

turbine directly.

In a preferred configuration the point-to-point communication
is bidirectional and all data and information, being present
in the wind turbine, could be transmitted to and displayed at

the operator for his evaluation and information.

Thus the operator communication interface is arranged close
to the site of the wind turbine but beyond a safety distance
between the operator communication interface and the wind

turbine.

The control is established via a wireless point-to-point com-
munication between the operator and the internal control sys-

tem of the turbine.

The respective point-to-point communication is at least able
to bridge a so called “hazard exclusion zone” of the wind
turbine. Based on this the operator is always located outside

the hazard exclusion zone for safety reasons.
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For modern wind turbines a radius of this hazard exclusion
zone depends on the blade length, i.e. in case that a vessel

approaches the wind turbine.

For ice throw the radius of the hazard exclusion zone depends
on rotor diameter and on the height of the hub of the wind
turbine. The radius might be calculated according to this

formula:

HazardRadius = (RotorDiameter + HubHeight) x 1.5

Thus for modern wind turbines the point-to-point communica-
tion needs to bridge and overcome a distance of approximately

400 meters for example.

In a preferred configuration the respective point-to-point
communication is a so called “short range communication”, ac-
cording to the principles of Bluetooth or DECT or the like.
Even communication according to Wi-Fi (IEEE 802.11), accord-
ing to cellular-communication technologies (i.e. GSM, GPRS,
EDGE, WCDMA, HSPA, LTE, etc) or according to optical communi-
cation (i.e. FSO, IR laser, etc) might be used for this pur-

pose.

In a preferred configuration the operator communication in-
terface is part of an operator control device, which might be
a handheld.

The operator control device might comprise a user interface,
thus the operator communication interface is located close to

the operator and his control devcie.

In a preferred configuration the wind turbine communication
interface is installed at the base of the wind turbine or at
the nacelle. Thus the operator can access the control system
of the wind turbine at a safe distance from the turbine rotor

and from any associated hazards.
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A data communication link is established and maintained be-
tween the operator communication interface and the wind tur-

bine communication interface.

In a preferred configuration the wireless communication in-
terface, located at the wind turbine, is directly connected

with the internal control system of the wind turbine.

This internal control system of the wind turbine is responsi-
ble for executing a set of turbine commands, related to:

— the operational status of the wind turbine (start opera-

tion /stop operation),

— to the setting of power reference values,

— to the setting of pitch- and yaw-values,

— to control of the rotor motion,

— to brake-commands,

- etc.

In a preferred configuration the handheld of the operator is
able to carry out these actions:

— establish a point-to-point wireless communication be-
tween operator and the internal control system of the
wind turbine,

— provide user authentication information,

— establish an exclusive communication, having a higher
priority than the wind turbine communication via Inter-
net/SCADA (thus the exclusive communication overrules
remote communication via SCADA and Internet),

— send control commands to the control system of the wind
turbine, in particular those ones which are necessary to
put the turbine and its components in safe condition or
position for an approach of personal towards the wind
turbine, and

— disconnect from the internal control system if desired

by the operator.
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In a preferred configuration the wind turbine communication
interface comprises an antenna capable of sending and receiv-

ing wireless signals.

For wind turbines with a steel tower or for a steel nacelle
construction the antenna is preferably located on the respec-
tive exterior. Thus signal attenuation, caused by the steel

structure, is avoided.

In a preferred configuration the transmission protocol, used
by the wireless communication, is capable of transmitting da-
ta at a sufficient bandwidth for turbine control commands.

Thus a quick execution of the respective control commands is

ensured.

In a preferred configuration the interfaces and the wireless
communication use end-to-end encryption for the data being

exchanged between the operator and the wind turbine. Thus in-
terception or collection of information by unauthorized users

is prevented.

In a preferred configuration the operator access is protected
by a robust authorization system such as the “Remote Authen-

tication Dial In User Service, RADIUS” protocol.

In a preferred configuration the operator operates a wider
functionality of the wind turbine via the point-to-point com-
munication, thus he might have access to the same functions
as the internal control panels of the wind turbine as well.
Thus the remote operator has the same control level as if he

would be physically located within the wind turbine.

In a preferred configuration the operator uses the wireless
point-to-point communication for accessing even the SCADA
network of the wind farm. Thus the operator can control vari-

ous wind turbines of the wind farm via the SCADA network.
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In a preferred configuration the operator communication in-
terface is part of a computer, of a mobile device (phone or
tablet), etc, thus joint functionalities can be used by the

operator for control and data evaluation processes.

In a preferred configuration the wind turbine communication
interface as well as the regpective antenna are not perma-
nently installed and connected. They could be arranged in a
removable manner thus the operator might control the wind
turbine for testing purposes. In this case the operator wants
to maintain direct control but staying at a secure location

and outside of the wind turbine.

In a preferred configuration an exclusive connection priority
is established. Once the operator has assumed control of the
wind turbine via the internal control system of the wind tur-
bine an exclusive authority over control functions of the
wind turbine is assigned to the operator control device
(handheld, etc.) of the operator.

This authority establishes that the control is done by the
local operator, preventing remote-connected or SCADA connect-

ed users or functionalities from issuing control commands.

In a preferred configuration the operator control device mon-
itors the signal quality of the point-to point communication

via the respective interfaces constantly.

If the control device detects a weakening signal quality a

warning signal will be initiated to alert the operator.

If the signal quality is insufficient for a secure control of
the wind turbine the internal control system of the wind tur-
bine will disable the exclusive authority of the operator
control device. In turn the wind turbine control system will
re-establish the remote control thus other users or function-

alities gets access for control.
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In a preferred configuration the operator may disable the re-
mote control connection of the wind turbine via the operator

control device by a disable.

If the internal control system of the wind turbine receives a
disable signal, being initiated by the operator control de-
vice and transmitted via the point-to-point communication,
the internal control system will disable the remote control
of the wind turbine and will assume a safe state of opera-
tion. This safe state of operation can include maintaining
operation or discontinuing a manually commanded function such

as manual control of the nacelle yaw positioning.

The internal control system of the wind turbine will return
to the remote control if the on-site operator is not longer
taking control, i.e. by a time-out or by an intended finish
of work by the on-site operator or if the signal gquality of
respective control signals drop below a given signal quality

level.

In a preferred configuration specific safety functions are

executed via the point-to-point-communication.

In a preferred configuration the wireless-transmitted control
signals or control commands of the operator initiates an
emergency stop operation of the wind turbine. Thus the opera-
tor control device preferably comprises an emergency stop
pushbutton. This button preferably activates an internal

emergency stop function of the wind turbine from distance.

This wireless emergency stop function would be implemented

according to international standards on functional safety,

i.e. including:

ISO 13849-1: Safety of machinery - Safety-related parts of
control systems,

IEC 61508-1: Functional safety of electrical / electronic /
programmable electronic safety-related systems, or

ISO 13850: Safety of machinery - Emergency stop function.



10

15

20

25

30

35

WO 2019/030133 PCT/EP2018/071097

In a preferred configuration the control commands transmitted
via the point-to-point communication are restricted to preset

functions of the wind turbine.

Thus the operator is only allowed sending a limited subset of
control commands to the wind turbine - i.e. stop operation
commands or yaw positioning commands.

Thus only those functionalities, which are absolutely neces-
sary for an on-site based and/or target-oriented control,

might be included.

In a preferred configuration the communication interface may
also be used to receive information from the wind turbine.
Thus the communication may be bi-directional thus the opera-
tor control device receives information from the wind turbine
and sends information and/or commands to the wind turbine as
well.

The invention stops the operation of the wind turbine in a

secure, reliable manner.

The stop operation process can be initiated, controlled and

its progress can be recognized directly at the site.

Thus (service-) personal can enter the wind turbine without
any danger, especially if the (service-) personal is trans-
ferred by helicopter or by service vessel to the wind tur-

bine.

According to the invention rotating blades of the wind tur-
bine are brought to a defined standstill. Thus no ice will be
dropped down from rotating blades of the wind turbine any
more. In turn approaching (service-) personal will not be en-

dangered and harmed by ice any more.

According to the invention a local operator executes exclu-

sive control of the wind turbine. Other, remote located staff
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has no control access to the wind turbine during this period
of time thus safety during maintenance work and service work

is improved.

If respective components of the invention are implemented at
each wind turbine of a wind farm a remote-control is ensured

even i1if the SCADA network of the wind farm fails.

By using a short range communication a geographic limitation

in view to authorized access is implemented as well.

Nearby operators and developers of wind farms have signifi-
cantly greater control over the wind turbines (both from
large vessels offshore and from technicians approaching tur-
bines onshore) during the installation and commissioning
phase. Poor communications or lack of high speed internet ac-
cess will no longer prohibit a safe access to the wind tur-
bine. Installation costs are reduced and annual energy pro-
duction is increased by ensuring safe and effective access

strategies.

The invention is shown in more detail by help of figures. The
figures show principles of the invention and shall not limit

the scope of the idea of the invention.

FIG 1 shows a handheld communication device and a wind tur-
bine, being part of the method invented,

FIG 2 shows a handheld communication device with a remote
emergency stop pushbutton-functionality,

FIG 3 shows a principle operational flow chart of a wireless
emergency stop pushbutton communication in relation to
FIG 2,

FIG 4 shows a respective flow chart describing the operation
of the safety relay module and wireless transponder lo-
cated at the wind turbine in relation to of FIG 2, and

Fig 5 shows a vessel, acting as a working-platform during a
wind turbine installation, as described in the intro-

duction above.
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FIG 1 shows a handheld communication device and a wind tur-

bine, being part of the method invented.

The operator control device OCD comprises an operator commu-
nication interface OCI, which establishes a wireless point-
to-point communication PTPC to a wind turbine communication
interface WTCI. The wind turbine communication interface WTCI

is an integrated part of the wind turbine WT.

A control signal CS is transmitted from the operator communi-
cation interface OCI via the point-to-point communication

PTPC to the wind turbine communication interface WTCI.

The control signal CS is transferred from the wind turbine
communication interface WTCI to an internal control system
ICS of the wind turbine WT.

The internal control system ICS of the wind turbine WT chang-
es the operational status of the wind turbine WT based on the

control signal CS.

Thus an operator OP, who is close to the site of the wind
turbine WT, can control the operation of the wind turbine WT

directly.

FIG 2 shows a handheld communication device OCD with a remote
emergency stop pushbutton RESPB for a remote emergency stop

functionality.

Referring to FIG 1 a point-to-point-communication PTPC is es-
tablished between the wind turbine communication interface

WTCI and the operator communication device OCD.

The wind turbine communication interface WTCI comprises two
wireless transponders 1 and 2 for safety reasons. They are

interconnected by help of a “safety relay module”, which com-
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prises a set of coupled switches. The switches are connected

with a redundant emergency stop circuit.

FIG 3 shows a principle operational flow chart of a wireless

emergency stop pushbutton communication in relation to FIG 2.

This operational strategy is in line with the functional
safety requirements of an ISO 13849-1 PLD system. It is noted
that the considerations regarding signal security and user
authorization as described above might be included addition-

ally in this concept.

FIG 4 shows a respective flow chart describing the operation
of the safety relay module and wireless transponder located

at the wind turbine in relation to FIG 2 as well.

“Emergency Stop - enable functionality”:
The remote emergency stop pushbutton has an enable function
which consists of transmitting a unigque enable system signal

to the wireless transponders located at the wind turbine.

There are two wireless transponders for purposes of redun-
dancy. This enable system signal initializes the wireless
transponders so that they will expect to receive further sig-

nals from the remote emergency stop button.

A system active signal will be transmitted back from the
transponders to the emergency stop button and an indicator
will make the user aware that a connection has been success-
fully established.

“Emergency Stop - signal communication”:

Following a successful enable function, the remote emergency
stop pushbutton will begin transmitting a uniquely coded
emergency stop not-engaged signal. It will continuously
transmit this signal as long as it remains enabled and the

emergency stop button is not engaged.
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After a successful enable function, the wireless transponders
will begin to receive the emergency stop not-engaged signal
from the remote emergency stop pushbutton. The system active
feedback signal will continue to be transmitted back to the

remote emergency stop pushbutton.

The remote emergency stop pushbutton will receive this system
active signal and an indicator will make the user aware that
the emergency stop pushbutton is now in control of the wind

turbine.

“Emergency Stop - function activation”:

When the remote emergency stop pushbutton RESPB is engaged,
an emergency-stop-not-engaged signal transmission 2 will be
stopped and an emergency stop engaged signal 1 will be trans-
mitted.

The wireless transponders will respond immediately to the
loss in the emergency-stop-not-engaged signal from the remote
emergency stop pushbutton RESPB by releasing two relays, com-
prising the switches as described above in FIG 2. These re-
lays are normally open and are controlled by each trans-

ponder.

The transponders do not require a reception of the emergency-
stop-engaged-signal to release the safety relays, they will

even react if the emergency-stop-not-engaged-signal is lost.

When these relays transition from closed to open, an emer-
gency stop circuit within the wind turbine is opened causing
emergency stop-related actions to take place within the wind
turbine. These actions can include bringing the turbine rotor
to a standstill and removing power from pumps motors and

fans.

“Emergency Stop - reset function”:
Reset of the emergency stop relays back into the closed posi-

tion can be commanded by the remote emergency stop pushbutton
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RESPB. If the remote emergency stop pushbutton RESPB is reset
to the disengaged position then it will resume transmission

of the emergency-stop-not-engaged signal.

When the wireless transponders receive the emergency-stop-
not-engaged signal for a sufficient period of time, they will
close the safety relays, restoring the wind turbine emergency

stop circuit.

Even though the emergency stop circuit is resumed, restart of
the wind turbine, or restoration of power to any pumps, fans,
or motors will not resume until an user issues a command over
a separate remote control system to restart. This ensures
compliance with ISO 13850 guidelines which mandate that reset
of an emergency stop should not automatically resume opera-

tion of the associated machinery.

“Warning for out-of-range”:

While the wireless transponders are enabled they will con-
tinuously transmit a system active feedback signal. This
feedback signal is received by the remote emergency stop but-
ton and evaluated for signal strength. If the signal strength
of the feedback signal received by the remote emergency stop
button drops below a pre-determined threshold then the user
will be alerted that they are approaching the maximum range

where it is possible to communicate without signal loss.

In the event that the user does surpass the maximum range
then the wireless transponders will activate the emergency
stop function due to a loss in the emergency stop not-engaged

signal.

“Emergency Stop - disable function”:

When the user no longer intends to have remote emergency stop
button control of the wind turbine, then they may activate a

disable function. When this function is activated the remote

emergency stop button will transmit a unique disable system

signal.
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When the wireless transponders at the wind turbine receive
the disable system signal, they will no longer react to a
loss in the emergency stop not-engaged signal or expect to
receive further signals from the remote emergency stop but-
ton. The safety relays will then remain in the closed state,

unless power is removed from the wireless transponders.

The disable system signal is the only signal which can be re-
ceived by the wireless transponders when the system is ac-
tive, other than the emergency stop not-engaged signal, and
not cause an activation of the wind turbines emergency stop

circuit.

The wireless transponders will discontinue transmitting the
system active signal and the remote emergency stop button
will indicate to the user that a connection is no longer es-
tablished. If the safety relays controlled by the wireless
transponders are in the open state when the disable system

signal is received, then they will remain in that state.
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Claims

Method to control the operational status of a wind tur-

bine,

- wherein an operator communication interface establishes
a wireless point-to-point communication to a wind tur-
bine communication interface,

- wherein the wind turbine communication interface is an
integrated part of the wind turbine,

- wherein a control signal is transmitted from the opera-
tor communication interface via the point-to-point com-
munication to the turbine communication interface,

- wherein the control signal is transferred from the tur-
bine communication interface to an internal control sys-
tem of the wind turbine, and

- wherein the internal control system of the wind turbine
changes the operational status of the wind turbine based

on the control signal.

Method according to claim 1, wherein the operator communi-
cation interface is arranged close to the site of the wind
turbine but beyond a safety distance between the operator

communication interface and the wind turbine.

Method according to claim 2, wherein the range of the
point-to-point communication at least bridges the safety

distance.

Method according to claim 1,

- wherein a short range communication, which is implement-
ed according to the principles of Bluetooth or DECT or
WiFi, is used as point-to-point communication, or

- wherein an extended range communication, which is imple-
mented according to the principles of GSM or GPRS or
EDGE or WCDMA or HSPA or LTE, is used as point-to-point
communication, or

- wherein an optical communication is used as point-to-

point communication.
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5. Method according to claim 1, wherein the control signals,
which are received via the wind turbine communication in-
terface, are directly transmitted to the internal control

system of the wind turbine.

6. Method according to claim 5, wherein the internal control
system of the wind turbine executes a set of turbine com-
mands related to:

— the operational status of the wind turbine (start opera-
tion /stop operation), or

— to the setting of power reference values, or

— to the setting of pitch- and yaw-values, or

— to control of the rotor motion, or

— to brake-commands.

7. Method according to claim 1, wherein the operator communi-

cation interface generates the control signal based on an
interaction with an operator, while the operator communi-
cation interface is part of a handheld device, which even
comprises a user interface for interaction with the opera-

tor.

8. Method according to claim 7, wherein the handheld communi-

cation device of the operator carries out these actions:

— establish a point-to-point wireless communication be-
tween operator and the internal control system of the
wind turbine,

— provide user authentication information,

— establish an exclusive communication, having a higher
priority than a wind turbine communication via Inter-
net/SCADA,

— send control commands to the control system of the wind
turbine, in particular those ones which are necessary to
put the turbine and its components in safe condition or
position for an approach of personal towards the wind

turbine, and
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10.

11.

12.

13.

14.

15.

18

— disconnect from internal control system if desired by

the operator.

Method according to claim 1, wherein a radius of a hazard

exclusion zone is used as safety distance.

Method according to claim 1, wherein a data communication
link is established and maintained between the operator
communication interface and the wind turbine communica-

tion interface.

Method according to claim 1, wherein the operator commu-
nication interface, the wind turbine communication inter-
face and the wireless communication use an end-to-end en-

cryption for the data being exchanged.

Method according to claim 1, wherein the access of the
operator to the control system is protected by an author-

ization system.

Method according to claim 1, wherein the operator uses
the wireless point-to-point communication for accessing
the SCADA network of a wind farm thus the control of a
set of wind turbines of a wind farm via the SCADA network

is enabled.

Method according to claim 1, wherein the wireless point-
to-point communication is used for an emergency stop op-
eration functionality, being initiated and established by

an operator via the operator communication interface.

Method according to claim 1, wherein data and infor-
mation, which are present in the wind turbine, are trans-
mitted from the wind turbine communication interface via
the bidirectional point-to-point-communication to the op-
erator communication interface, thus the data and infor-
mation are displayed at an operator for evaluation and

information.
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