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(57) Abstract: A monitoring system (2) contigured to monitor a vertical displacement (Ay) between a foundation member (4) and a
base member (6) attached to the foundation member (4) characterised in that the monitoring system (2) comprises: three sensors (8)
adapted to measure displacement (Ay) between the foundation member (4) and the base member (6) configured to measure said ver -
tical displacement (Ay) between the foundation member (4) and the base member (6) of a tower, wherein each of the three sensors
(8) are arranged on a vertically extending rod (16) fixed to the foundation member (4) a control unit (10) configured to receive dis-
placement data from the sensors (8) and to send the received displacement data to an external unit (12, 14).
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Monitoring System and Method

Description

Field of the Invention

The invention relates to a monitoring system and method for
monitoring displacement between a foundation member and a
base member attached to the foundation member. The moni-
toring system may be used to monitor the foundation of vari-
ous constructions e.g. a foundation of a wind turbine towers.

Background of the Invention

Many engineering constructions comprise a foundation member
connecting a tower structure to the ground. One example of
such construction is a wind turbine. A typical wind turbine
comprises an elongate tower attached to a foundation that is
intended for transferring vertical loads as well as horizontal dy-
namic loads of the wind turbine to the ground. In order to pre-
vent angular deflection of the foundations, a robust design of
the foundations is required.

In operation, the load of the foundation can reach a critical lev-
el due to the additional load caused by the horizontal dynamic
loads of the wind turbine during operation of the wind turbine.
It is a significant problem if the load of the foundation is so
large that the displacement between a foundation member and
a base member attached to the foundation member exceeds a

critical displacement limit.

Therefore, there is need for a system and a method that can be
used to monitor the displacement between a foundation mem-
ber and a base member attached to the foundation member.
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Object of the Invention

Accordingly, it is an object of the present invention to provide a
system and a method that can be used to monitor the dis-
placement between a foundation member and a base member
attached to the foundation member.

It is also an object of the present invention to provide a system
and a method that can be used to generate an alert when the
displacement between a foundation member and a base mem-
ber attached to the foundation member exceeds a predefined
critical level.

Summary of the Invention

The object of the present invention can be achieved by a moni-
toring system having the features defined in claim 1 and by a
method as defined in claim 6 and by the use as defined in claim
10. Preferred embddiments are defined in the dependent sub
claims and explained in the following description and illustrated
in the accompanying drawings.

The monitoring system according to the invention is configured
to monitor a vertical displacement between a foundation mem-
ber and a base member attached to the foundation member
and the monitoring system comprises:
-  three sensors adapted to measure displacement
between the foundation member and the base member,
configured to measure said vertical displacement between
the foundation member and the base member of a tower,
wherein each of the three sensors are arranged on a verti-
cally extending rod fixed to the foundation member
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- a control unit configured to receive displacement data from
the sensors and to send the received displacement data to
an external unit.

The monitoring system is a useful tool to monitor the vertical
displacement between a foundation member and a base mem-
ber attached to the foundation member. Other data than dis-
placement between a foundation member and a base member
may be detected and sent to control unit and hereafter for-
warded to an external unit. Such additional data may be other
measured data (e.g. temperature data, humidity or vibration
data) or data derived from any of the measured data.

The three sensors are preferably evenly distributed around the
base member of a tower.

The use of three sensors evenly distributed around the base
member of a tower makes it possible to detect vertical dis-
placement independent of the wind direction.

Hence, it is preferred that the sensors (three or more) are ar-
ranges in a horizontal plane and that at least three of these
are mutually spaced by an angle of approximately 120°.

In one embodiment the monitoring system comprises three and
only three sensors.

The external unit may be configured to generate an alert when
the displacement between a foundation member and a base
member attached to the foundation member exceeds a prede-
fined critical level.
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The external unit may be a computer, a server, a mobile phone
or any other suitable electrical device capable of receiving data
from the control unit.

The displacement is preferably linear displacement and may be
measured by any suitable means.

The foundation member may be any type of foundation e.g. a
concrete foundation for a wind turbine or for another construc-
tion. The base member may be any base member attached to
the foundation member and connecting the foundation member
to a construction (e.g. a tower construction) attached to the
base member.

Each of the three sensors may be any type of sensors capable
of measuring displacement between the foundation member
and the base member. These sensors may be adapted to
measure linear displacement between the foundation member
and the base member or to detect the position of the founda-
tion member and the base member. The sensors may be mo-
tion detectors.

The linear displacement may be measured by linear position
sensors, linear displacement sensors which are also called line-
ar displacement transducers. The displacement may be meas-
ured by using position sensors capable of detecting the abso-
lute position.

The displacement may be measured by using piezo-electric
transducers, inductive non-contact position sensors, linear var-
iable differential transformer sensors, capacitive transducers,
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string potentiometers, Hall-effect sensors, laser sensors or ed-
dy current sensors by way of example.

The control unit may be any suitable type of control unit capa-
ble of receiving displacement data from the sensors and to
send the received displacement data to an external unit. The
control unit may be connected to the sensors and/or to the ex-
ternal unit wirelessly or by means of wires.

It is preferred that the monitoring system comprises means for
sending a stop command to a wind turbine when a predefined
displacement between the foundation member and the base
member is exceeded.

Hereby, the monitoring system is capable preventing damage
of a wind turbine in extreme windy weather.

It is preferred that the control unit comprises storage means
configured to store received displacement data and that the
control unit is configured to generate an alert when a prede-
fined alert criterion is meet.

The alert may be a visual or acoustic alert and the storage
means may be any suitable type of data storage means.

A predefined alert criterion may be a default alert criterion ac-
cording to the default setting, however, it is also possible to
change the alert criterion e.g. at the control device (by using
an interface or remotely from the Internet, via an SMS or by
other suitable means).
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A predefined default alert criterion may be a maximum dis-
placement between the foundation member and the base
member.

It is preferred that the predefined alert criterion is a predefined
maximal allowable displacement. The predefined maximal al-
lowable displacement may be defined in one or more direc-
tions.

It may be an advantage that a message is sent to a receiver
through a network.

The message may be an email, a SMS or another text mes-
sage. The receiver may be a computer or telephone or another
electronic device. The network may be a virtual private network
(VPN) that uses public telecommunication infrastructure like
the Internet, local internet network, mobile network or another
suitable network.

The monitoring system comprises three sensors configured to
measure vertical displacement between the foundation member
and the base member of a tower. However, it may be preferred
that the monitoring system in addition to these three sensors
comprises additionally one, two or preferably three, or evern
more additional sensors configured to measure vertical dis-
placement between the foundation member and the base
member of a tower.

It is preferred that each of the sensors are arranged on a verti-
cally extending rod fixed to the foundation member.
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It may be an advantage that the control unit is configured to
be reached remotely through an Internet Protocol connection
(IP-connection). This may be achieved via VPN-tunnelling or di-
rect from an internal network.

It is preferred that the monitoring system is configured in such
a way that monitoring data are accessible from an Internet
page and that the monitoring data can be accessed by typing
the IP-address of the monitoring system in an internet brows-

er.

It is preferred the vertical displacement between a foundation
member and a base member is detected. Sensors may be ar-
ranged in order to additionally allow detection of displacement
in other directions in addition to the vertical displacement de-
tection.

It is preferred that the displacement monitoring is carried out
by using three or more sensors- and that displacement data
from the sensors are forwarded to an external unit. The num-
ber of sensors may be chosen according to specific require-
ments such as accuracy requirements ‘(data from more sensors
makes it possible to provide more accurate data e.g. by aver-
aging data from several sensors and hereby reducing the influ-
ence from inaccurate data received from inaccurate sensors),
safety requirements (a system that receives data from several
sensors is less sensitive if one sensor is damaged or out of or-
der).

It may be an advantage that displacement data is sent to a
control unit and that the control unit forwards the displacement
data to an external access point. The control unit may forward
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the displacement data to an external access point via wires,
wirelessly and/or via internet or another network e.g. via a
mobile network. Hereby the displacement data may be distrib-
uted to a group of receivers or be analysed or stored for further
analysis. |

It is preferred that an alert is sent to a computer or a mobile
phone when the displacement exceeds a predefined level.
Hereby important information can be provided to relevant per-
sons so that an action can be taken immediately or very soon
after the displacement has exceeds a predefined level.

The predefined level may be a default setting, a quantity that is
varied as function of time according to a set of rules (the max-
imal acceptable displacement level may depend on a humber of
external parameters such as wind speed, temperature and oth-
er weather conditions, by way of example)

It may be an advantage that the alert is based on calculations
based on measured, received and/or derived data. The calcula-
tions may include data filtration or any other type of data pro-
cessing.

It is preferred that an alert, in the form of an email, a SMS or
another text message or data message is sent to a computer or
a mobile phone when the displacement exceeds a predefined

level.

It is preferred that the displacement data that is received by
the control unit from the sensors (8) and to send to an external
unit include measured maximum values and/or measured min-
imum values and/or calculated average values. It is preferred
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that these values are determined and/or calculated every pre-
defined period (e.g. every second minute, every tenth minute
or every hour). |

It may be beneficial that the control unit is configured to pro-
vide (calculate, display) one or more parameter as function of
time. Preferably, the vertical displacement between a founda-
tion member and a base member attached to the foundation
member. By way example, the at least one parameter as func-
tion of time may be displayed graphically as a graph or in a da-
ta sheet table.

It may be an advantage that data received by the control unit
or by an external device is stored locally or externally.

It is preferred that the monitoring system is configured to gen-
erate and send an email report including one or more maximal
displacement values and one or more additional information.
Such additional information may include the name of a wind
mill park ahd the identification number of the actual wind tur-
bine. It may be an advantage that the email report is sent after
a predefined period (e.g. twice every day) or when a prede-
fined level is reached.

It may be an advantage that displacement between a founda-
tion member and a base member attached to the foundation
member is measured continuously or on a regular basis such as
once every second, once every minute or once every quarter of
an hour. The measurements may be carried out by using one

or several sensors.
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It may be an advantage to provide a wind turbine comprising a
monitoring system according to one of the claims 1 - 5. Such a
wind turbine will be closely monitored for displacement be-
tween the foundation member and the base member attached
to the foundation member. Hereby a safe and more reliable
wind turbine can be provided.

It is an advantage that the monitoring system is configured to
give access actual live measurements and that these meas-
urements are accessible via the Internet or a network or via
another type of data information accession.

It may be an advantage that the control unit is a programma-
ble logic controller (PLC) configured to calculate a maximum
and minimum value for one or more displacement parameter
(preferably the vertical displacement) for every 10 minutes in-
terval and the PLC is configured to store these data locally or
externally for remote data retrieval.

It may be beneficial that after data retrieval, the local data
buffer in the PLC is cleared automatically.

It may be an advantage that data is stored and saved in “Excel
format” or another suitable format for further reporting.

Description of the Drawing

The invention will become more fully understood from the de-
tailed description given herein below. The accompanying draw-
ings are given by way of illustration only, and thus, they are
not limitative of the present invention. In the accompanying
drawings: |
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Fig. 1 shows a schematic close-up view of a monitoring sys-
tem according to the invention;

‘Fig. 2 shows another view of the monitoring system shown

in Fig. 1;

Fig. 3 shows another monitoring system according to the in-
vention;

Fig. 4 shows another embodiment of a monitoring system
according to the invention;

Fig. 5 shows an example of a text message generated and
sent by a monitoring system according to the inven-
tion.

Fig. 6 shows another monitoring system according to the in-
vention;

Fig. 7 shows a cross-sectional view of a wind turbine tower
attached to a foundation member and

Fig. 8 shows a cross-sectional top view of two monitoring
system according to the invention.

Detailed Description of the Invention

Referring now in detail to the drawings for the purpose of illus-
trating preferred embodiments of the present invention, a
schematic close-up view of a part of a monitoring system 2 ac-
cording to the invention is illustrated in Fig. 1. The monitoring
system 2 shown in Fig. 1 shows a sensor 8 that is mounted on
a plate 22 attached to a threaded metal rod 16 (e.g. made of
steel). The rod 16 is attached to a concrete floor 4 (foundation
member) inside the tower of a wind turbine. The sensor 8 is
configured to measure the vertical displacement between the
foundation member 4 and the base tower 6 (base member) of
the wind turbine. The threaded rod 16 is mechanically secured
to the concrete floor 4 and the sensor 8 is mounted on the
threaded rod 16.
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The sensor 8 is mounted on a plate 22 by means of a flat bolt
26 that is fixed to a threaded pipe member 34 of the sensor 8.
The plate 22 is fixed to the threaded metal rod 16 by means of
an upper bolt 26" and a lower bolt 26”. An upper washer 24’ is
sandwiched between the upper side of the plate 22 and the up-
per bolt 26’. Similarly, a lower washer 24" is sandwiched be-
tween the lower side of the plate 22 and the lower bolt 26".

The sensor 8 shown in Fig. 1 is an inductive sensor 8 that gen-
erates an electric output signal (e.g. 0-10V) depending on the
distance between the sensor 8 and the metal base member 6
above the sensor 8. It is, however, possible to apply other
types of sensors such as piezo-electric transducers, linear vari-
able differential transformer sensors, capacitive transducers,
string potentiometers, Hall-effect sensors, laser sensors or ed-
dy current sensors by way of example.

A cable 28 is connected to the sensor 8 via a plug 30 that is
electrically and mechanically connected to the sensor 8. A Ca-
ble head 32 is provided in the distal end of the cable 28 and
the cable head 32 is configured to be electrically and mechani-
cally connected to the plug 30.

The sensor 8 is detachably mounted to the plate 22 and the
sensor 8 may be replaced by unscrewing the boit 26 and pull-
ing the sensor 8 downwards through the opening in the plate
22, through which opening the 8 has been inserted.

The cable 28 is connected to a control unit (see Fig. 2, Fig. 3
and Fig. 4) configured to receive and send data. The sensor 8
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may be configured to send data wirelessly to the control unit
instead of using a wired connection like illustrated in Fig. 1.

Fig. 2 illustrates another view of the monitoring system 2
shown in Fig. 1. The monitoring system 2 comprises a control
unit 10 that is arranged in a distance from the sensor 8. The
sensor 8 is electrically connected to the control unit 10 by a
cable 28. It would alternatively be possible connect the sensor
8 wirelessly to the control unit 10.

Two additional cables 28’, 28" are connected to the control unit
10. These additional cables 28’, 28" may be connected to addi-
tional sensors (not shown). In the monitoring system according
to the invention, three sensors 8 are connected to the control
unit 10. The control unit 10 is configured to send received dis-
placement data (from the sensors 8) to an external unit (see
Fig. 3 and Fig. 4).

Fig. 3 illustrates a monitoring system 2 according to the inven-
tion. The monitoring system 2 comprises the sensor 8 fixed to
a rod 16 that is fixed to a concrete floor 4 (foundation mem-
ber). The sensor 8 is connected to a control unit 10 by a cable
28. The control unit 10 is equipped with a display 36 that may
provide several type of information.

The sensor 8 is configured to measure vertical displacement Ay
between the foundation member 4 and the base member 6 of a
tower (e.g. the tower of a wind turbine). The control unit 10 is
connected wirelessly to a first external unit 12 and with a cable
28’ to a second external unit 12’. The external units 12, 12’
may be a computer, a server, a mobile phone or another elec-
trical device capable of receiving data from the control unit 10.
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Fig. 4 illustrates a monitoring system 2 that is configured to
communicate with several external receivers. The monitoring
system 2 is provided inside a tower of wind turbine and com-
prises the sensor 8 that is attached to a rod 16. The sensor 8 is
configured to measure displacement Ay between a floor 4 and a
base member 6. Preferably, the sensor 8 is capable of measur-
ing small displacements with high precision.

The monitoring system 2 moreover comprises a control unit 10
that is electrically connected to the sensor 8 by a cable 28. Two
other cables 28’, 28" are connected to the control unit 10.
These cables 28’, 28" may be connected to two additional sen-
sors (not shown) capable of measuring displacement between
the floor 4 (foundation member) and the base member 6.

The control unit 10 is coupled to the Internet 20 and communi-
cates wirelessly with an external unit 12 and a mobile phone
14, A first computer 38 is connected to the Internet 20. Since
the control unit 10 is connected to the Internet 20, the first
computer 38 can have excess to the displacement data that are
measured by the sensor 8, sent to the control unit 10 and fur-
ther uploaded to a server via the Internet 20. The displacement
data is accessible through the first computer 38 from an Inter-
net page showing the measured displacement data.

The external device 12 is connected to a second computer 38’
e.g. via a mobile network or another connection. Thus, dis-
placement data may be accessed through the second computer
38'.
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The mobile phone 14 receives an alert generated by the control
unit 10. However; since the mobile phone 14 is connected
(wirelessly) to a third computer 38” that is connected to the
Internet 20, the alert generated by the control unit 10 may be
send via the Internet 20 and further to the mobile phone 14.

Alerts generated by the control unit 10 may be distributed to
one or more receivers either by a direct connection (e.g. sent
from the control unit 10 to the mobile phone 14) or through
the Internet (e.g. to an email account) or through an external
unit 12 coupled to the Internet 20 or to an external unit (re-
ceiver) 12,

The monitoring system 2 makes it possible to measure the ver-
tical displacement between a foundation member 4 and a base
member 6 and send these measured data to one or more re-
ceivers. Hereby useful information about the foundation mem-
ber 4 and the base member 6 can be provided. Updated data
may be provided online by a monitoring system 2 according to
the invention.

The monitoring system 2 according to the invention can thus
be used to monitor displacements Ay between a foundation
member 4 inside a tower of a wind turbine and a base tower of
the wind turbine.

Fig. 5 illustrates an example of a text message in the form of
an email 40 that is generated by a control unit 10 and sent to a
receiver. The email 40 comprises the following text message
42: “Foundation max movement error at turbine 10 in Wind
Park 12" indicating that a foundation error (maximal movement
error) has been detected in wind turbine 10 in Wind Park 12.
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The control unit 10 of the monitoring system 2 is capable of
generating an alert that may be sent to a responsible person
by an email 40 like illustrated in Fig. 5. It is also possible to
use the control unit 10 to generate and to send a SMS to a
mobile phone 14 like illustrated in Fig. 4.

It is preferred that the control unit 10 is capable of generating
and sending a stop command to a wind turbine when a prede-
fined condition is met (e.g. when a foundation max movement
error is detected). In this way the monitoring system is able to
prevent damage of a wind turbine in case of extremely windy
weather conditions.

Fig. 6 illustrates an alternative embodiment of a monitoring
system 2 according to the invention. The monitoring system 2
comprises the inductive displacement sensor 8 similar to the
one shown in Fig. 1-4, however, the sensor 8 is arranged out-
side of the base member of a tower 44. The sensor 8 is me-
chanically secured to a threaded rod 16 that is fixed to the
foundation member (concrete floor) 4 of the tower 44. The
sensor 8 is configured to measure the vertical displacement of
a base member 6 of the tower 44 relative to the concrete floor
4. The tower will due to the wind be subject to forces capable
of displacing the base member 6 of the tower relative to the
concrete floor 4.

The sensor 8 measures the distance Ay between the sensor 8
and the lower side of a horizontally extending plate member 46
that is secured to the base member 6.



10

15

20

25

30

WO 2013/167128 PCT/DK2013/000033

17

The sensor 8 is electrically connected to a control unit 10 by a
cable 28. The control unit 10 is further connected to two addi-
tional sensors (not shown) by a second cable 28’ and a third
cable 28".

The control unit 10 is connected to the Internet 20 and config-
ured to communicate wirelessly with an external unit 12 and a
mobile phone 14. The control unit 10 is connected to a first
computer 38 via the internet connection. The first computer 38
has excess to displacement data that is measured by the sen-
sor 8 via the internet connection.

The external unit 12 is configured to wirelessly communicate
with a second computer 38’ while the mobile phone 14 is
adapted to communicate with a third computer 38",

The monitoring system 2 may preferably be housed in a hous-
ing that can protect the sensor 8 and the plate from rain and

vandalism.

Preferably, the monitoring system 2 comprises three sensors
evenly distributed along the periphery of a base member 6 of a
tower 44. The sensors 8 may be arranged inside the base
member 6 of the tower 44 or outside the base member 6 of the
tower 44.

Fig. 7 illustrates a cross-sectional view of a wind turbine tower
44 attached to a foundation member 4. The flange 48 of the
tower 44 is mechanically attached to the flange 50 of the base
member 6 of the tower 44. The base member 6 is concreted in-
to the floor 4 (the foundation member) of the wind turbine
tower 44.
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A monitoring system 2 is arranged outside the base member 6
of the tower 44. The monitoring system 2 comprises three sen-
sors 8 (from which only one is shown in Fig. 7). The sensor 8 is
an inductive sensor 8 like the one illustrated in Fig. 1-4 and in
Fig. 6. The sensor 8 is arranged outside the base member 6 of
the tower 44. The sensor 8 is configured to measure vertical
displacement between the floor 4 and the base member 6 of
the tower 44, A plate member 46 is secured to the base mem-
ber 6 and the sensor 8 is configured to measure the distance
between the head of the sensor 8 and the lower surface of the
plate member 46. A cable 28 connects the sensor 8 and a con-
trol unit having a display 36. The control unit 10 is arranged on
an external unit 12’ located under the control device 10. The
control device 10 is connected to the external unit 12’ wireless-
ly. The monitoring system 2 may, like indicated in Fig. 4 and
Fig. 6 be configured to communicate wirelessly with further ex-
ternal devices e.g. via the Internet.

Fig. 8 illustrates a cross-sectional top view of two monitoring
systems 2 according to the invention. The monitoring systems
2 are used to measure the vertical displacement between the
base member 6 of a wind turbine tower and the foundation
member (concrete floor) of the wind turbine tower.

In Fig. 8 a) three sensors 8, 8’, 8” are evenly distributed along
the outer periphery of the base member 6 of the wind turbine
tower. This means that the angle between adjacent sensors is
about 120 degrees. This configuration corresponds to the way
the sensor 8 is mounted in Fig. 6 and in Fig. 7.
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In Fig. 8 b) three sensors 8, 8’, 8" are evenly distributed along
the inner periphery of the base member 6 of the wind turbine
tower. This corresponds to the configuration illustrated in Fig.
1-4,

The monitoring system 2 illustrated in the figures may be used
to measure vertical displacement between a base member 6
and a foundation member 4 in other types of tower 44. The

mohitoring system 2 may apply various types of sensors.

The invention is further explained with reference to the items 1
- 10 set out below:

Item 1: A monitoring system (2) configured to monitor dis-
placement (Ay) between a foundation member (4) and a base
member (6) attached to the foundation member (4) charac-
terised in that the monitoring system (2) comprises:

- one or more sensors (8) adapted to measure displacement
(Ay) between the foundation member (4) and the base
member (6),

- a control unit (10) configured to receive displacement data
from the sensor(s) (8) and to send the received displace-
ment data to an external unit (12, 14).

Item 2: A monitoring system (2) according to item 1 charac-
terised in that the control unit (10) comprises storage means
(18) configured to store received displacement data and that
the control unit (10) is configured to generate an alert when a
predefined alert criterion is meet.
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Item 3: A monitoring system (2) according to item 2 charac-
terised in that the predefined alert criterion is a predefined
maximal allowable displacement (in one ore more directions).

Item 4: A monitoring system (2) according to one of the pre-
ceding items characterised in that a message is sent to a re-
ceiver through a network.

Item 5: A monitoring system (2) according to one of the pre-
ceding items characterised in that the monitoring system (2)
comprises three sensors (8) configured to measure vertical dis-
placement (Ay) between the foundation member (4) and the
base member (6) of a tower and that each of the three sensors
(8) are arranged on a vertically extending rod (16) fixed to and
the base member (6) and to the foundation member (4).

Item 6: A monitoring system (2) according to one of the pre-
ceding items characterised in that the control unit (10) is
configured to be reached remotely through an IP-connection
(via VPN-tunnelling or direct from an internal network).

Item 7: A method for to monitoring displacement (Ay) between
a foundation member (4) and a base member (6) attached to
the foundation member (4) characterised in that the dis-
placement (Ay) monitoring is carried out by using one or more
sensors (8) and that displacement data from the sensor(s) (8)
are forwarded to an extern unit (12, 14).

Item 8: A method according to item 7 characterised in that
displacement data is sent to a control unit and that the control
unit (10) forwards the displacement data to an external access
point.
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Item 9: A method according to item 7 or item 8 characterised
in that an alert is sent to a computer or a mobile phone when
the displacement exceeds a predefined level.

Item 10: Wind turbine having a monitoring system (2) accord-
ing to one of the items 1-6.
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List of reference numerals

2

4

6

8, 8', 8"

10

12, 12
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16
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20
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30

32

34

36

Ay

38, 38’, 38"
40

42

44

46

48, 50

Monitoring system
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Base member
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Control unit
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Mobile phone
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Vertical displacement

Computer
Email

Text message
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Plate member
Flange
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Claims

1. A monitoring system (2) configured to monitor a vertical
displacement (Ay) between a foundation member (4) and a
base member (6) attached to the foundation member (4)
characterised in that the monitoring system (2) comprises:

-  three sensors (8) adapted to measure displacement
(Ay) between the foundation member (4) and the base
member (6) configured to measure said vertical displace-
ment (Ay) between the foundation member (4) and the
base member (6) of a tower, wherein each of the three
sensors (8) are arranged on a vertically extending rod (16)
fixed to the foundation member (4)

- a control unit (10) configured to receive displacement data
from the sensors (8) and to send the received displace-
ment data to an external unit (12, 14).

2. A monitoring system (2) according to claim 1 characterised
in that the control unit (10) comprises storage means (18)
configured to store received displacement data and that the
control unit (10) is configured to generate an alert when a pre-
defined alert criterion is meet.

3. A monitoring system (2) according to claim 2 characterised
in that the predefined alert criterion is a predefined maximal
allowable displacement (in one or more directions).
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4. A monitoring system (2) according to one of the preceding
claims characterised in that a message is sent to a receiver
through a network.

5. A monitoring system (2) according to one of the preceding
claims characterised in that the control unit (10) is cohfig-
ured to be reached remotely through an IP-connection (via
VPN-tunnelling or direct from an internal network).

6. A method for to monitoring a vertical displacement (Ay) be-
tween a foundation member (4) and a base member (6) at-
tached to the foundation member (4) characterised in that
the displacement (Ay) monitoring is carried out by using three
sensors (8) and that displacement data from the sensor(s) (8)
are forwarded to an external unit (12, 14).

7. A method according to claim 6 characterised in that dis-
placement data is sent to a control unit and that the control
unit (10) forwards the displacement data to an external access
point.

8. A method according to claim 6 or claim 7 characterised in
that an alert is sent to a computer or a mobile phone when the
displacement exceeds a predefined level.

9. A wind turbine comprising a monitoring system (2) accord-
ing to one of the claims 1-5.

10. Use of a monitoring system according to any of the claims
1 - 5 for monitoring a vertical displacement (Ay) between a
foundation member (4) and a base member (6) attached to the

foundation member (4) of a wind turbine.
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