EP 3 235 546 A1

(1 9) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3 235 546 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
25.10.2017 Bulletin 2017/43

(21) Application number: 17166555.7

(22) Date of filing: 13.04.2017

(51) IntCl.:
A62C 2/12(2006.01) A62C 2/18 (2006.01)
A62C 2/20 (2006.01) A62C 2/24 (2006.01)
F24F 13/10 (2060

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD

(30) Priority: 19.04.2016 CH 5192016

(71) Applicant: Belimo Holding AG
8340 Hinwil (CH)

(72) Inventors:
¢ THUILLARD, Marc
8707 Uetikon am See (CH)

* GRORR, Silvio
8625 Gossau (CH)
* STEINER, Marc
8840 Einsiedeln (CH)
* RUBIN, Oliver
8604 Volketswil (CH)
¢ BUCHLI, Stefan
8488 Turbenthal (CH)

(74) Representative: Rentsch Partner AG

Fraumiinsterstrasse 9
Postfach
8022 Ziirich (CH)

(54) DAMPER BLADE WITH SENSOR

(57)  Disclosed is a damper arrangement (1), com-
prising a movably arranged damper blade (10) and a sen-
sor unit. The sensor unitincludes a sensor unit (11) rigidly
attached to the damper blade (10) and including a sensor
(111) configured to generate sensor data indicative for a

position and/or a position change of the damper blade
(10). The damper arrangement (1) further includes an
evaluation unit (12) configured to determine, based on
the sensor data, an operational state of the damper blade
(10).

Fig. 1

12 fe--1 14 [+~ 16

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 235 546 A1 2

Description
Technical field

[0001] The present invention belongs the technical
field of dampers, such as fire dampers or smoke control
dampers. Itis particularly related to the field of monitoring,
testing, or checking of dampers.

Background, prior art

[0002] Dampers with movably arranged damper
blades are common and widely used in a variety of ap-
plications. Among others, they are widely used in safety-
critical applications in the context of fire protection, e. g.
as fire dampers and/or smoke control dampers. They are
further used in large number in HVAC (Heating, Ventila-
tion and Air Conditioning) applications.

[0003] Especially in a safety critical context, periodic
checking of the damper operation is essential and typi-
cally a regulatory requirement. Functional checking, in
particular periodic functional checking, is further desira-
ble in applications where any defective or malfunction
may cause significant damage. For example for fire
dampers, a check is generally required every six month.
[0004] Such checks, also referred to as functional
checks, include moving the damper blade into a safety
position into which the damper blade is moved in case
of fire and visually verifying the damper blade movement.
Such checks accordingly require the physical presence
of a trained and qualified service technician. The require-
ment for physical presence, a large number of dampers
that is present, e. g. in larger residential buildings, public
buildings, office buildings, shopping malls, underground
parking, and the like, results in significant costs for the
functional checks. Furthermore, many dampers are in-
stalled in locations where access is difficult and/or cum-
bersome. Logging or record keeping in accordance with
regulatory requirements is further required for the func-
tional checks.

Summary of disclosure

[0005] It is accordingly highly desirable to reduce the
costs and/or manual effort for damper checks. In some
applications, it is further desirable to generally monitor
or supervise the damper operation.

[0006] In many cases, actuators, such as spring-return
actuators, are equipped with position switches or end
switches for monitoring damper blade movements. It is
to be understood, however, that such switches in fact
only reflect the operation of the actuator, but not of the
damper blade as such. If, for example, a drive shaft of
the actuator or any other element of the actuator chain
is defective, e. g. broken or unmovable due to wear, cor-
rosion, improper assembly, or the like, an end switch or
position switch may still indicate correct operation, while
the damper blade does, in fact, not move at all or t least
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not as desired. Similarly, excessive wear or slackness
may result in the unintended damper blade movements
without corresponding drive movements.

[0007] The EP2005009 discloses a device for monitor-
ing and/or controlling the movement of a piston or piston
rod of a damping or operating cylinder (movable fluidic
component) in in a fluidic system. The device comprises
an acceleration sensor which is located on or in the mov-
able fluidic component. The sensor data from the accel-
eration sensor are transmitted to a fixed station where
they are processed for monitoring/and/or controlling pur-
poses.

[0008] Itis an overall objective of the present invention
toimprove the general situation regarding testing, check-
ing, monitoring and/or supervising of damper blades and
to favorably avoid one or more of the before-mentioned
disadvantages of the state of the art fully or partly.
[0009] This overall objective is achieved by the subject
matter of the independent claims. The dependent claims
as well as the description and figures as a whole define
exemplary and/or particularly favorable embodiments.
[0010] In the following, reference is mainly made to
dampers that are used in fire protection applications, in
particular fire dampers and smoke control dampers. Oth-
er applications, however, are not excluded.

[0011] According to an aspect, the present disclosure
is directed towards a damper arrangement. The damper
arrangement includes a movably arranged damper
blade. The damper blade may, for example, be movably
arranged for altering an effective flow cross section of a
gas conduit, such as a pipe of a fire protection system
and/or smoke control system. Typically for such embod-
iments, the damper blade is arranged inside the gas con-
duit or at an inlet respectively outlet orifice of a gas con-
duit. The damper arrangement further includes a sensor
unit which is rigidly attached to the damper blade. The
sensor unit includes a sensor, the sensor being config-
ured for generating sensor data. The sensor data are
indicative for a position and/or a position change of the
damper blade. The damper arrangement further includes
an evaluation unit. The evaluation unit is configured to
determine, based on the sensor data, an operational
state of the damper blade. As discussed in more detail
further below, the sensor unitincludes at least one sensor
and at least two sensors may be present in some em-
bodiments.

[0012] The damper blade may generally be of any de-
sired type and may in particular belong to a fire damper
or a smoke control damper. Alternatively, the damper
blade may also belong to a damperthat is used for con-
trolling gas flow in a ventilation and/or HVAC system, e.
g. in a building. The gas may, e. g. be air and/or smoke
gas. In an embodiment where the damper blade is ar-
ranged inside or at an inlet respectively outlet of a gas
conduit such as a tube or pipe, the gas conduit is typically
tubular and of desired cross section, e. g. circular, rec-
tangular or square. In typical embodiments that are as-
sumed in the following for exemplary purposes, the
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damper blade is configured and arranged for a rotational
or pivoting movement around a center axis. In depend-
ence of the specific application, the damper blade may
also be configured differently and/or make a different mo-
tion. The damper blade may, for example, also be a slider
that is arranged to modify the effective flow cross section
by being inserted into the gas conduit via a linear dis-
placement movement, or some other type of movement,
e. g. a slewing movement.

[0013] The operational state of the damper blade may
be or include a position and/or position change of the
damper blade, and/or may be or include information that
is derived from a position and/or position change of the
damper blade. The term "position" may refer to a rota-
tional position, linear displacement position, as well as a
combination thereof.

[0014] In application, the damper blade is typically op-
eratively mechanically coupled to an e. g. motoric actu-
ator as generally known in the art, such as a servo actu-
ator or a safety actuator, e. g. of the spring-return type.
Such actuator is typically arranged outside the gas con-
duit and coupled to the damper blade via a drive shaft.
[0015] Via the sensor unit, the actual position and/or a
position change (i.e. movement) of the damper blade can
be supervised and/or monitored without having direct
and/or visual, access. Thereby, the damper blade may
be monitored or checked via a fully or partly automated
remote monitoring and/or supervising and/or checking
system.

[0016] Thisis particularly advantageous over the state
of the art where direct visual access is required if correct
movement of the damper blade shall be verified. As ex-
plained before, however, indirect determination of the
damper blade position, e. g. via encoders and/or end
switches at the actuator does not necessarily reflect the
true position or movement of the damper blade, espe-
cially in case of a defect or hazardous situation.

[0017] In addition to the before-mentioned units re-
spectively components, the sensor unit typically includes
general control circuitry which may include components
such as one or more microcontrollers, Application-Spe-
cific Integrated Circuits (ASICs) and other electronic cir-
cuitry as known in the art. The general control circuitry
may control and coordinate the sensor readout and wire-
less communication, and may implement sensor signal
conditioning, filtering and general sensor signal process-
ing, as well as power management functions, self-diag-
nosis functions, and the like.

[0018] Further in addition to the before-mentioned
units respectively components, the sensor unit may in-
clude a memory module with volatile and/or non-volatile
memory for storing data, e. g. sensor data that are gen-
erated by the sensor and/or further sensors of the sensor
unit, and/or data indicative of the position and or move-
ment of the damper blade that are derived from sensor
data for subsequent evaluate, process and/or interpre-
tation by the evaluation unit. In such embodiment, the
sensor unit also serves as sensor data recorder respec-
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tively sensor data logger.

[0019] Further in addition to the before-mentioned
components, the sensor unit typically includes a power
supply, e. g. in form of a battery, such as a button cell
battery.

[0020] Favorably, the sensor unit is a compact, self-
contained device with its operational components being
enclosed by a common housing. The sensor unit is fa-
vorably configured to operate, once it is installed, for an
extended time period of typically several months up to a
year or la number of years, without requiring battery re-
placement, maintenance, or the like. Subsequently, the
sensor unit may, in dependence on its overall design,
refurbished, or discarded and replaced.

[0021] Favorably, the sensor is orincludes atleastone
contactless sensor. The phrase "contactless sensor"
means that the sensor does not rely on mechanical cou-
pling to external elements for generating sensor data.
Typically, the contactless sensor is a solid-state sensor
without moving elements and/or is a micro machined sen-
sor. The sensor may be a single sensor for a single var-
iable or may be a combined sensor that is sensitive for
anumber of variables and/or may be a combined sensor
as a combination of more than one individual sensors.
[0022] In accordance with the present disclosure, the
sensor is used for determining an operational state of the
damper blade, as it is required for monitoring, checking
and testing purposes. Due to the rigid mechanical cou-
pling between damper blade and sensor unit, the sensor
data reflect the actual operational state of the damper
blade, e. g. a damper blade position and/or position
change, rather than relying on sensors at the drive-side
of the actuator chain, such as encoders, end switches or
position switches of an actuator. Therefore, determining
an operational state of the damper blade in accordance
with the presentinvention is virtually equivalentto a direct
visual inspection of the damper blade and may accord-
ingly replace the same. In principle, sensors at the drive-
side of the actuator chain are not required and may be
omitted. They may, however, be present, e. g. for redun-
dancy and/or verification purposes.

[0023] The evaluation unit is typically based on a mi-
crocomputer or microcontroller with corresponding
firmware and/or software code, but may also include oth-
er components as generally known in the art, such as
one or more Application Specific Integrated Circuits
(ASICs), general purpose electronics, and the like. For
determining an operational state of the damper blade,
the evaluation unit is configured to evaluate, process
and/or interpret the sensor data.

[0024] The evaluation unitmay be a compact, self-con-
tained unit that is typically arranged outside the gas con-
duit, e. g. nextto an actuator. Alternatively, the evaluation
unit may be distributed and be realized by a number of
different modules that may also be distributed. In some
embodiments, the evaluation unit is, fully or partly, real-
ized integral with respectively as part of the actuator, a
control unit for the actuator, an overall building manage-
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ment system, control and indicating equipment, or the
like. The evaluation unit may be a typically computerized
device with one or more microcontrollers, microcontrol-
lers, ASICs, or the like.

[0025] Inanembodiment, the sensor unitis configured
to operate continuously and the senor generates data on
acontinuous basis. In such embodiments, the processing
unit may be configured to continuously process the sen-
sor data. Alternatively, the sensor data may be stored in
memory as mentioned before and processed, e. g., on
demand.

[0026] In afurther embodiment, the sensor unit is con-
figured to generally operate in a standby mode of low
and favorably negligible power consumption and is acti-
vated and switched to an active mode where sensor data
are stored, processed, and/or transmitted to other devic-
es as explained blow only by an activation trigger. In an
embodiment, such activation trigger may be generated
by the sensor unititself. In particular, the sensor unitmay,
in the standby mode, monitor the sensor data that are
generated by the sensor on a continuous basis and may
detect, based on the data, an event that is indicative for
a damper blade movement and/or generally an event of
interest. In such an event, an activation trigger may be
generated. The monitoring for events of interest may be
carried out with substantially less power consumption as
compared to full operation of the sensor unit. In a further
embodiment, the sensor unit may be configured to re-
ceive an activation trigger from another device via a wire-
less sensor unit communication module as explained in
more detail below.

[0027] Inan embodiment, the sensor unitis hermetical
sealed. A hermetical sealed sensor unit is fully enclosed
and designed to withstand and operate under adverse
conditions that may be present in the gas conduit, such
as comparatively warm or cold temperature, high or low
air humidity, the presence of smoke gas, and the like.
[0028] In an embodiment, the sensor unit is coupled
to the damper blade by gluing. This type of embodiment
is advantageous because it enables comparatively sim-
ple attachment. Furthermore, no modification is required
for typical dampers and damper blades. This is particu-
larly favorable because some types of dampers, in par-
ticular fire dampers, are subject to timely, complex and
costly regulatory certification or approval procedures.
Furthermore, the same type of damper may accordingly
be equipped with or without sensor unit as desired. Fur-
thermore, an existing damper may be easily upgraded
by attaching a sensor unit. Attaching by gluing may, e.g.,
be done via two-part adhesive or double-sided adhesive
tape. The sensor unit may be attached to the damper
blade additionally or alternatively by other means, such
as screwing.

[0029] In an embodiment, the sensor unit includes a
wireless sensor unit communication module, the sensor
unit being configured to transmit the sensor data via the
sensor unit communication module. The evaluation unit
includes an evaluation unit communication module and
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is configured to receive the sensor data via the evaluation
unit communication module.

[0030] The wireless sensor unit communication mod-
ule and the wireless evaluation unit communication mod-
ule are configured for communication with each other
and are typically Radio Frequency (RF) communication
units in accordance with known general purpose stand-
ards and protocols, such as the Bluetooth standard, or
may be proprietary. The evaluation unit communication
module is generally arranged outside the gas conduit, e.
g. at or close to the actuator or somewhat remote. The
communication range is chosen accordingly and may, e.
g.beinatypicalrange of 0.3 meterto 2 meter. In principle,
the wireless sensor unit communication module may be
of the sender or transmitter type only, while the wireless
evaluation unit communication module may be of the re-
ceivertype only, thus enabling unidirectional data trans-
mission from the sensor unit to the evaluation unit. In
alternative embodiments, however, the wireless sensor
unit communication module and favorably the wireless
evaluation unit communication module may be config-
ured for bidirectional communication. Such embodiment
is advantageous since it allows the transmission of data
from the evaluation unit or a further device to the sensor
unit, which is useful, e. g. for configuring the sensor unit
and/or for diagnosis purposes.

[0031] In a typical setup, at least the evaluation unit
communication module is permanently installed within
the communication range with the sensor unit communi-
cation module. Further modules of the evaluation module
may also be permanently installed and present, being it
in a common integral unit with the evaluation unit com-
munication module, or separate. Such a setup is favora-
ble for supervising, monitoring, checking, and/or testing
the damper at any desired time, without requiring phys-
ical access or installation. Such setup may especially be
favorably used in the framework of an automated check-
ing scheme for routinely testing of dampers.

[0032] In further alternative setups, the evaluation unit
may not be permanently installed but is only temporarily
present, e. g. for damper service purposes. In such em-
bodiments, the monitoring unit may, be a dedicated de-
vice and/or a general purpose computing device, e. g. a
personal computer (PC), laptop or tablet computer, or
smartphone. In further variant, the evaluation unit com-
munication module is permanently installed, while other
modules of the evaluation unit are only present when
required, e. g. for service purposes, and are operatively
coupled to the evaluation unit communication module, e.
g. via a LAN, WLAN or fieldbus network, and/or via the
internet.

[0033] Anembodimentwhere the evaluation unitis ar-
ranged outside the gas conduit and where the sensor
unit and processing unit communicate via respective
communication modules is favorable undertypical cir-
cumstances and is assumed in the following, where not
explicitly stated differently. Dependent on the specific sit-
uation, however, other arrangements and architectures



7 EP 3 235 546 A1 8

may also be used. For example, the processing unit may
be fully or partly included in the sensor unit and may
transmitted partly or fully processed data to a remote
device and remote unit.

[0034] In further embodiments, the sensor unit and
evaluation unit communicate and exchange data and/or
signals via wired communication rather than via wireless
communication interfaces. In such embodiments, the
sensor unit communication module and the evaluation
unit communication unit may be designed for wired com-
munication.

[0035] In further embodiments where the sensor unit
operates as sensor data recording unit or sensor data
logging unit as explained before, the sensor unit and the
evaluation unit are configured to temporarily couple via
wired or wireless connection, e. g. Near Field Commu-
nication (NFC) or infrared (IR) communication on de-
mand for data communication respectively sensor data
transmission to the evaluation module. In a variant, a
separate interface device is present and the sensor data
are transmitted via wired or wireless connection to the
interface device and from the interface device to the eval-
uation unit. The interface device may, e. g., be a Smart
Phone, a Tablet or Laptop PC, or the like.

[0036] In an embodiment, the sensor is or includes at
least one of an acceleration sensor and a gyroscopic
sensor. The damper blade position can be calculated
from the acceleration and/or tilting respectively rotation
as known in the art. Typical acceleration sensors and/or
gyroscopic sensors are micro machined respectively
MEMS (Micro Electro Mechanical Systems).Gyroscopic
sensors and acceleration sensors are favorable exam-
ples for contactless sensors in the context of the present
disclosure.

[0037] In an embodiment, an acceleration sensor is
designed to determine acceleration along at least two
different measurement axes. In such embodiment, the
sensor is typically a two-axis-sensor or a three-axis sen-
sor with the two respectively three axes typically being
orthogonal. Likewise, a gyroscopic sensor may be de-
signed to determine tilting respectively rotation acceler-
ation around at least two different measurement axes. A
gyroscopic sensor may especially be designed for deter-
mining tilting respectively rotation around three orthogo-
nal axes.

[0038] Anothertype of contactless sensor that may be
used is a distance sensor that is configured to measure,
e. g., adistance to a reference point, such as areference
point of an inner surface of the gas conduit. For adamper
blade that is arranged for rotational movement around a
center axis as explained before, the sensor may be or
include a contactless encoder, e. g. a rotational optical
encoder measures a rotational position and/or rotational
position change of the center axis

[0039] In an embodiment, the sensor unit further in-
cludes atleast one of atemperature sensor, agas sensor,
a carbonic oxides (CO) sensor, a nitrogen oxides (NOXx),
a volatile organic components (VOC) sensor, an artificial
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nose, a smoke sensor, a multi gas sensor, a pressure
sensor, and a humidity sensor.

[0040] A temperature sensor may be used in addition
or alternatively to further sensor, such as an acceleration
sensor or gyroscopic sensor, for determining the position
and/or position change of the damper blade. For exam-
ple, an air flow may be generated inside the gas conduit
via a fan or blower. In dependence of the damper blade
position, the damper blade will shield the sensor unit and
accordingly the temperature sensor to a variable degree
independence of the damper blade position, thus altering
the temperature that is measured by the temperature
sensor. Similarly, a pressure sensor and/or a flow sensor
may be used for determining the position and/or position
change of the damper blade. If an air flow is generated
inside the gas conduit as explained before, the dynamic
pressure that is measured by a pressure sensor that is
hitby the air flow willincrease with the blade being moved
towards the closed position. Similarly, the air flow across
the blade is continuously reduced as the blade moves
towards a closed position (where it is ideally zero) and
increased as the blade moves toward the opened posi-
tion (where it assumes a maximum).

[0041] In addition or additionally to determining an op-
erational state of the damper blade, atemperature sensor
may be used for detecting a raise of temperature inside
the gas conduit, thus serving as early fire detector which
may detect a fire earlier than conventional fire detectors
based on room temperature measurement, fusible link
sensors, and the like. Similarity, one or more gas and/or
smoke sensors, such as a oxide gas (CO) sensor, a ni-
trogen oxides (NOx) sensor, a volatile organic compo-
nents (VOC) sensor may be present and used for early
detection of fire and/or further safety critical situations.
Further sensors, in particular contactless sensors that
may also be present are general environmental sensors,
such as a pressure sensor and/or a humidity sensor.
[0042] Inanembodiment, the sensor unitis configured
to detect an indication of a case of fire, and to provide a
fire alarm signal in this case. The sensor unit and/or the
evaluation unit may further be configured to control an
actuator to move the blade into a safety position in this
case.

[0043] In an embodiment, the sensor unit includes an
optical sensor, in particular a camera module and/or an
optical fire detector. A camera module may be arranged
to capture an image of the inside of the gas conduit and
may in particular be sensible in the visible and/or infrared
range. In the context of a functional check and/or at any
desired point in time, still and/or video images that are
captured by the camera module may be evaluated man-
ually and/are automatically in order to check the general
conditions inside the gas conduit and in particular to
check for the potential presence of dirt, stain, and the
like. From the sensor unit, the captured image orimages
may be transmitted to the evaluation unit and/or a further
device or unitfor evaluation purposes. Inanembodiment,
such unit is configured for automatic image analysis.
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[0044] Bothacameramodule as well as other sensors,
in particular a temperature sensor, a pressure sensor
and/or a flow sensor as mentioned before may accord-
ingly serve as remote inspection sensor for a remote in-
spection (i. e. without direct and in particular visual ac-
cess) of the blade arrangement in the context of a func-
tional check, on demand at any desired point in time, or
continuously.

[0045] Additionally or alternatively to the before-men-
tioned purpose, the optional camera unit may be used
as fire detecting sensor in particular by optically detecting
the smoke the generally associated with a fire. Addition-
ally or alternatively to a camera module, another type of
optical fire detector is generally known in the art may be
provided for (early) fire detection.

[0046] Intypical embodiments where a camera module
and/or at least one another sensor as mentioned before
is provided for (early) fire detection, the sensor unit itself
is favorably configured detect the fire via sensor data
analysis respectively image analysis and to generate, in
the case of fire, a corresponding fire alarm signal and to
transmit this fire alarm signal to the evaluation unit and/or
afire alarm system. The sensor unit and/or the evaluation
unit may accordingly serve as fire detection unit. Espe-
cially in embodiments with wired connection of the sensor
unit, however, the detection may alternatively or addi-
tionally also be carried out by a further device or unit,
such as the fire alarm system, which may be configured
accordingly. In this type of embodiment, the sensor unit
may be considered as functional part of a fire alarm sys-
tem, fire detection system or control system.

[0047] In an embodiment, one or more sensors of the
sensor unit, such as a temperature sensor, a pressure
sensor, and/or a humidity sensor, may further serve as
environmental condition sensors in the context of air-con-
ditioning control. In such an embodiment, the sensor unit
may be configured for wired and/or wireless communi-
cation with an air conditioning system directly and/or via
the evaluation unit. In such an embodiment, the blade
arrangement and in particular the sensor unit may be
considered as functional part of an air conditioning sys-
tem.

[0048] In an embodiment, determining the operational
state of the damper blade includes determining wheth-
erthe damper blade has assumed and/oris in areference
position, in particular a fully opened or a fully closed po-
sition. The evaluation unit may accordingly be configured
to determine the operational state of the damper blade
by determining whether the damper blade has assumed
and/or is in a reference position, in particular a fully
opened or a fully closed position. A reference position
may be a safety position. Typically, but not necessarily,
a reference position is an end position that is assumed
by the damper blade at the beginning and/or the end of
a movement. By way of example, if the damper is a fire
damper, a fully closed position may be a safety position
into which the damper blade is moved in case of fire may
be a reference position. For a smoke control damper, a
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fully opened position may be a safety position and serve
as reference position.

[0049] In an embodiment, determining the operational
state of the damper blade includes comparing whether
an actual position of the damper blade corresponds to
an expected position of the damper blade. The evaluation
unit may be configured to determine the operational state
of the damper blade by comparing whether an actual
position of the damper blade correspondsto an expected
position of the damper blade. The expected position may
be any desired position that can be assumed by the
damper blade. It may, for example, be a reference posi-
tion as explained before. It may also be a position that is
assumed by the damper blade during its movement be-
tween two end positions. In an embodiment, the expected
position is given as a function or as a sequence of posi-
tions in dependence of the time or another independent
variable, e. g. a rotational position of the drive shaft. This
allows monitoring and supervising the whole movement
of the damper blade between the end positions. Com-
paring whether an actual position of the damper blade
corresponds to an expected position of the damper blade
may be carried out in real time during the damper blade
movement. For this type of embodiment, the sensor unit
may transmit the sensor data in real time to the process-
ing unit during a damper blade movement as explained
above. The sensor data may be evaluated by the evalu-
ation unit in real time. Alternatively, the sensor data may
be generated and stored in real time by memory of the
sensor unit and transmitted to and evaluated by the eval-
uation unit subsequent to the damper blade movement.
[0050] Inanembodiment, the evaluation unitis config-
ured to determine, based on the sensor data and/or data
derived from the sensor data, whether or not the damper
arrangement and/or the damper blade has passed or
failed a functional check.

[0051] Inanembodiment, the damper arrangementin-
cludes an actuator, the actuator being operatively cou-
pled with the damper blade for adjusting the position of
the damper blade. For a damper blade that is arranged
inside a gas conduit, the actuator is typically arranged
outside the gas conduit. The actuator is typically an elec-
tric actuator with a motor, but may also be, e. g., a hy-
draulic or pneumatic actuator. In some embodiments, the
actuator is a servo actuator as generally known in the
art. In case of the damper being a fire damper, the actu-
ator may especially be a safety actuator, e. g. a spring-
return actuator thatkeeps the damper blade in a standard
position, e. g. a fully opened position, by way of an en-
ergized motor that operates against the force of a return
spring. In case a fire and/or smoke is detected, the motor
power supply is interrupted and the damper blade is
forced into a safety position, e. g. a fully closed position,
by the return spring. Likewise, if the damper is a smoke
control damper, the standard position may be a fully
closed position and the safety position may be a fully
opened position. In dependence of the application and
the actuator, however, also any other damper blade po-
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sition may serve as standard position. In some embodi-
ments, e. g. for air dumpers in HVAC applications, the
standard position may vary over time. In the context of
checking the damper as will be discussed further below,
the damper blade is moved into a reference position (e.
g. a safety position) for checking purposes. As part of the
checking or after the checking, the damper blade is typ-
ically moved back into the previous standard position.
[0052] Inanembodiment, the damper arrangementin-
cludes a control unit, the control unit being configured to
control operation of the actuator. The control unit may
especially be configured to control the actuator to move
the damper blade from an initial position, e. g. a standard
position as explained before, into a reference position.
In embodiments where the actuator is a spring-return ac-
tuator, the control unit may be designed to selectively
and reversibly connect respectively disconnect a motor
and a power supply by way of a relay, solid state switch
or the like. Disconnecting the motor from the power sup-
ply results in a spring-driven damper blade movement
into the safety position as reference position. The control
unit may further be configured to control the actuator to
move the damper blade, after moving the damper blade
into the reference position, back into the initial position.
In further embodiments, the control unit may be designed
to control the actuator to move and maintain the damper
blade in a desired set position by way of closed or open
loop control, as generally known in the art. In a basic
embodiment, the control unit is a switch or button for in-
terrupting the actuator power supply.

[0053] In addition to moving the damper blade into the
reference position for checking purposes as described
further below, the control unit may be configured to move
the damper blade into a defined reference position or
safety position in case of a safety-critical situation, such
as a fire, being detected at some location of a building,
in accordance with overall safety and fire control proce-
dures. For this purpose, the control unit may be opera-
tively connected to or be part of a fire protection system
as typically present and/or required in larger or public
buildings.

[0054] In a typical setup with a safety actuator, e. g. a
spring-return actuator, at least one fusible link fire detec-
tor is typically present. The at least one fusible link inter-
rupts the actuator power supply in case of fire, thus en-
suring an immediate movement into the safety position.
Fusible link fire detectors may also be connected to
and/or part of the control unit.

[0055] A sequence of moving the damper blade from
an initial position into a reference position, in particular
a safety position, and back into the initial position, and
evaluating an operational state of the damper blade for
the movement into the reference position and optionally
back into the initial position is also referred to as func-
tional check. As will be explained in more detail further
below, determining whether the reference position and
optionally the initial position are correctly assumed by
the damper blade may be carried out manually by way
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of evaluating the sensor data respectively data that are
derived from the sensor data, such as a measured posi-
tion-time curve. Alternatively, such determination may be
done automatically, e. g. by the evaluation unit.

[0056] A functional check may be initiated manually by
an operator. Alternatively, it may be initiated as part of
an automated checking scheme that is initiated by the
control unit and/or a further fire alarm system or overall
building management system or control and indicating
equipment. The checking scheme may include initiating
a testing procedure e. g. once a day, once a week, once
a month or once every six months.

[0057] Inanembodiment, the control unit is configured
to move the damper blade into the reference position and
optionally back into an initial position repeatedly, in par-
ticular periodically, according to a checking scheme.
Each movement of the damper blade into the reference
position belongs to a functional check. For each move-
ment of the damper blade into the reference position
and/or for the movement back into the initial position, an
operational state of the damper blade may be evaluated.
By way of evaluating the sensor data as explained before,
itis determined and confirmed whether the reference po-
sition and optionally the initial position are correctly
reached by the damper blade. In this case, a functional
check is passed. Otherwise, a functional check is failed.
[0058] According to ta further aspect, the present dis-
closure is directed towards a method for monitoring a
movable damper blade respectively a damper checking
method. The damper blade may be movably arranged
such that moving the damper blade inside the gas conduit
alters an effective flow cross section of a gas conduit.
The method includes generating, via a sensor of a sensor
unit that is rigidly mechanically attached to the damper
blade inside the gas conduit, sensor data indicative for
the position and/or position change of the damper blade.
The method further includes determining, based on the
sensor data, an operational state of the damper blade.
In an embodiment, the sensor data is or includes accel-
eration data.

[0059] In an embodiment, the method includes wire-
lessly transmitting the sensor data from the sensor to an
evaluation unit, wherein the determining of the operation-
al state of the damper blade is executed by the evaluation
unit. Alternatively, the method may include a wired trans-
mission of the sensor data.

[0060] Inanembodiment,the method includes control-
ling an actuatorto move the damper blade into areference
position, in particular a fully opened or a fully closed po-
sition. The method may further include determining
whether the damper blade has assumed and/or is in the
reference position, and/or determining, whether an actu-
al position of the damper blade corresponds to an ex-
pected position of the damper blade. Optionally, the
method may further include controlling the actuatorto
subsequently move the damper blade back from the ref-
erence position into the initial position. Such method may
optionally further include determining whether the damp-
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er blade has assumed and/or is in the initial position.
[0061] Optionally, the method may include carrying out
such steps repeatedly according to a checking scheme
as explained before as well as further below in context
of exemplary embodiments.

[0062] In an embodiment, the method includes deter-
mining, based on the determined operational state of the
damper blade, whether a functional check of the damper
blade and/or of a damper arrangement that includes the
damper blade, is passed, and outputting the result of the
determination. These steps may especially be carried
out automatically by the evaluation unit which may be
configured accordingly. Optionally, the method may in-
clude outputting the generated sensor data and/or data
that are derived from the sensor data. The method may
in particular include recording whether the damper blade
has correctly assumed and/or is in the initial position, a
value of the initial position and/or reference position, a
damperblade as position of time, and/or the time required
for the damper blade to move between the initial position
and the reference position. Outputting the result may in
particular be done by storing into a log-file and/or a print-
out, favorably in accordance with applicable regulatory
requirements. The storing or logging may for example be
done in the sensor unit, the evaluation unit, the actuator
unit, a remote device, such as a server, and/or a cloud.
As explained before, the sensors of the sensor unit may
also be used for general remote inspection purposes in
addition or alternatively to the before-described function-
al checks. The results of such remote inspections may
be logged or stored in the same way, e. g. via a log-file
and/or a printout, including a storing in the sensor unit,
in the evaluation unit, the actuator unit, a remote device,
such as a server, and/or a cloud. The data transmission,
in particular to a remote device, may optionally include
an internet-based data transmission.

[0063] Determining whether or not the functional check
is passed or failed may include or be carried out by com-
paring one or more sensor data and/or data derived from
the sensor data as explained before with appropriate ref-
erence or threshold values as checking criteria.

[0064] Generally, a method for monitoring a damper
blade in accordance with the present disclosure may be
carried out with a damper arrangement according to the
present disclosure. Therefore, disclosed embodiments
of a damper arrangement also disclose corresponding
methods of a method for monitoring a damper blade.
Likewise, embodiments of a method for monitoring a
damperblade also disclose corresponding embodiments
of a damper arrangement.

[0065] In a further aspect, the present disclosure is di-
rected towards a further damper arrangement, compris-
ing a movably arranged damper blade and a sensor unit.
The sensor unit is rigidly attached to the damper blade
andincludes a sensor configured to generate sensor data
that are indicative a fire. The damper arrangement may
further include a fire detection unit. The fire detection unit
may be configured to determine, based on the sensor
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data, the presence of a case of fire.

[0066] The sensor of such damper arrangement may
be any sensor as discussed in the context of fire detection
above, such as atemperature sensor, smoke gas sensor,
the camera module, or a combination thereof.

[0067] The fire detection unitis configured to generate
a fire alarm signal if a (potential) case of fire is detected
and to transmit the fire alarm signal to further devices
and/or units, such as a fire control system.

[0068] This type of damper arrangement may further
include the above discussed modules, in particular wired
or wireless communication modules.

[0069] In a further aspect, the present disclosure is di-
rected towards a method for detecting a case of fire. The
method includes providing a damper arrangement as dis-
cussed before. The method further includes detecting
the presence of a case of fire and generating a fire alarm
signal if a case of fire is detected. In an embodiment, the
method includes, if a case of fire is detected, establishing
a preferably wireless communication link and transmit-
ting the fire alarm signal via the communication link.

Brief description of the figures
[0070]

Fig. 1, Fig. 2schematically show an embodiment of
a damper arrangement in accordance with the
present disclosure;

Fig. 3 schematically shows an embodiment of a sen-
sor unit and an evaluation unit in accordance with
the present disclosure;

Fig. 4 illustrates the operational flow of a method in
accordance with the present disclosure;

Fig. 5 schematically illustrates a damper blade po-
sition as a function of time;

Fig. 6 illustrates the operational flow of a further
method in accordance with the present disclosure;

Fig. 7 illustrates the operational flow of a method in
accordance with the present disclosure.

Exemplary embodiments

[0071] In the following, reference is first made to Fig.
1 and Fig. 2, showing a damper arrangement 1 and an
e. g. tubular gas conduit 2 in a schematic structural/func-
tional view. The damper arrangement 1 includes a damp-
er blade 10, a sensor unit 11, an evaluation unit 12, an
actuator 13 and a control unit 14.

[0072] The damper blade 10 is arranged inside or at
an inlet or outlet end of a gas conduit 2. By way of ex-
ample, the gas conduit 2 is pipe-shaped and of circular
cross section. The damper blade 10 substantially has the
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shape of a circular disc and is dimensioned to tightly fit
into the opening of the gas conduit 2.

[0073] The damper blade 10 is rotatable arranged
around a pivoting axis A that runs through the damper
blade center, i.e. is arranged along a diameter of the
damper blade 10. Outside of the gas conduit 2, actuator
13 is arranged and mechanically coupled with the damp-
erblade 10 via a drive shaft for pivoting the damper blade
10 about the pivoting axis A. For exemplary purposes,
the actuator 13 is a spring-return actuator. The damper
blade 10 may, as such, be a standard damper blade ac-
cording to the state of the art that may also be used with-
out the sensor unit 11.

[0074] The sensor unit 11 is adhesively mounted on or
attached to the damper blade 10. For this purpose, a
housing surface of the sensor unit 11 is realized as flat
adhesive-coated mounting surface. In an assembled
state, the damper blade 10 and the sensor unit 11 form
common rigid mechanical assembly. The sensor unit 11
and the evaluation unit 1 2 are arranged to operatively
couple and wirelessly exchange data. For exemplary pur-
poses, the wireless connectionis a Bluetooth Low Energy
connection.

[0075] In the shown exemplary configuration with the
actuator 13 being a spring-return actuator, a functional
check may be carried out under control of the control unit
14 as discussed in more detail further below. The control
unit 14 is configured to selectively interrupt the power
supply of the actuator 13, thus initiating a movement of
the damper blade 10 into the reference position as ex-
plained before. In this example, an optional additional
fusible link fire detector 15 is present in order to ensure
that the power supply of actuator 13 is in any case inter-
rupted in case of fire, independent of the control unit 14.
The fusible link fire detector 14 may also be regarded as
functional part of the control unit 14.

[0076] Fig. 1 further shows an optional remote device
16 in operational coupling with the sensor evaluation unit
14. The optional remote device 16 may, for example, be
an external computer, a building management system,
a server, or a cloud-based storage. The operational cou-
pling may be based on wired and/or wireless communi-
cation, including general purpose mobile communication
networks, such as cell phone communication networks,
and the internet. In the remote device 1 6, measured
sensor data as discussed further below, such as position
and/or position data of the blade 10, as well as the results
of functional checks and/or remote inspection results
may be stored.

[0077] In the following, reference is additionally made
to Fig. 3, showing, in combination, an embodiment of the
sensor unit 11 and the evaluation unit 12 as well as their
interaction in a schematic functional view.

[0078] In this example, the sensor unit 11 is a sensor
data logger. The functional components of the sensor
unit 11 are enclosed by and encapsulated inside a hous-
ing 110. A contactless sensor of the sensor unit 11 is
realized by a three-axis MEMS acceleration sensor or
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gyroscopic sensor 111. A temperature sensor 112 is ad-
ditionally provided. Both sensors 111, 112 are operatively
coupled to a sensor unit central module 113 directly
and/or via interface circuitry as required. Optionally, the
sensors 111, 112 may include integrated interface cir-
cuitry, such as filtering and/or analogue-to-digital-con-
version circuitry. Alternatively or additionally, other sen-
sors may be present, e. g. a barometric pressure sensor,
a humidity sensor, and/or the sensors 111, 112 may be
or include such sensors. One or more sensors may be
integrated into a single unit, e. g. a single MEMS. The
sensor unit central module 113 is further operatively cou-
pled to the sensor unit communication module 114, e. g.
aBluetooth Low Energy module as explained before. The
sensor unit 11 is powered by an integrated power supply,
e. g. a button-type battery. The optional sensor 112 may
further be or include another sensor or a number of sen-
sors as mentioned in the general description, such as
the smoke gas sensor, a pressure sensor, a humidity
sensor, and/or a camera module.

[0079] The sensor unit central module 113 is typically
based on a microcomputer, microcontroller and/or an Ap-
plication Specific Integrated Circuit (ASIC) and is de-
signed for controlling the overall function of the sensor
unit 11 as well as for storing sensor data from sensors
111, 112 directly or in pre-processed form in an internal
writable memory. The sensor unit central module 113
accordingly serves as memory module. The memory
module, however, may also be separate.

[0080] In this embodiment, the sensor unit 11 is de-
signed to generally operate in a low-energy mode or
standby mode. In the low-energy mode, the sensors 111,
112 are active and capture or measure data on a contin-
uous or quasi-continuous basis. The sensor unit central
module 113 is configured to continuously monitor the
sensor data for the occurrence of an event of interest. If
an event of interest is detected, the sensor unit 11 is
switched into a recording mode where the sensor data
are stored in the internal memory of the sensor unit cen-
tral module 113 respectively a memory module in a vir-
tually continuous way. After the event of interest, the sen-
sor unit 11 may switch back into the low-energy mode.
[0081] An event of interest is an event that shall be
evaluated for determining an operational state of the
damper blade 10. An event of interest may especially be
a damper blade movement and is reflected in the sensor
signal by the occurrence of a signal, e.g. an acceleration
signal, that exceeds potential sensor noise, and/or by a
signal change overtime, e. g. a comparatively quick tem-
perature change as it results from a change in the air/gas
flow that is associated with a damper blade movement,
or a directional change of the gravity vector as resulting
from the damper blade 10 pivoting around pivoting axis A.
[0082] The evaluation unit 12 includes an evaluation
unit communication module 124, an evaluation unit cen-
tral module 123, and an evaluation unit output module
126. The evaluation unit central module 123 is configured
to process and/or evaluate the sensor data as received
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via the evaluation unit communication module 124 and
to compute, based on the sensor data, operational state
information regarding the damper blade 10. The opera-
tional state information is provided directly and/or in proc-
essed form to the evaluation unit output module 126, e.
g. adisplay, of the evaluation unit 12. The evaluation unit
output module 126 may further include a remote device
communication interface for operative coupling with a re-
mote device 16 as explained before.

[0083] In this embodiment, at least the evaluation unit
communication module 124 is permanently arranged
within the communication range of the sensor unit com-
munication module 114, e.g. next to or integral with the
actuator 13. The other modules of the evaluation unit 12
may, e. g. arranged remotely and, e. g. be integral with
the control unit 13. This type of architecture, however, is
not essential and other architectures may be used as
well.

[0084] In the following, reference is additionally made
to Fig. 4, illustrating an exemplary method for monitoring
the damperblade 10 in a testing procedure in a schematic
timing diagram. The testing procedure establishes a
functional check of the damperarrangement 1. The meth-
od may be carried out with a damper arrangement ac-
cording to Fig. 1 to Fig. 3

[0085] InFig.4,the lefttimeline (referenced "D") refers
to the damper blade 10 and the actuator 13, the middle
timeline (referenced "S") refers to the sensor unit 11, and
the right timeline (referenced "E") refers to the evaluation
unit 12. Activities are indicated by labelled boxes next to
the corresponding timeline, with the upper respectively
lower edge of a box indicating the beginning and ending
of an activity. A box labelled "D" accordingly indicates a
movement of the actuator 13 respectively damper blade
10; abox labelled "S" indicates an operation of the sensor
unit 11, and a box labelled "E" indicates an operation
performed by the evaluation unit 12. Dashed arrows be-
tween boxes indicate if an action by one of (D, S, E)
triggers or initiates an activity of another of (D, S, E).
[0086] In this example, the method in form of a testing
procedure is carried out under control of the control unit
14. The testing procedure may be specifically initiated
by a user or operator, or may additionally or alternatively
be carried out automatically, e. g. every month or every
six months according to a checking scheme. In this ex-
ample the actuator 13 is further a spring-return actuator
as explained before. Control signals are indicated by "C".
[0087] Itis further assumed that the damper blade 10
is, atthe beginning of the testing procedure, in a standard
position as initial position. For the damper blade 10 be-
longing to a fire damper, the initial position may, e. g. be
a fully opened position. Any other initial position, howev-
er, is possible as well, in dependence of the actuator 13
and the control unit 14.

[0088] The testing procedure starts by the controller
14 interrupting the power supply of the actuator 13 (C1),
thus initiating a movement of the damper blade 10 from
the initial position into the reference position (D1). For

10

15

20

25

30

35

40

45

50

55

10

illustrative purposes, the reference position is a fully
closed safety position. After reaching the reference po-
sition, the damper blade 10 may be maintained in the
reference position for some time. Subsequently, the con-
troller 14 restores the power supply of actuator 13 (C2),
thus initiating a movement of the damper blade 10 back
into the initial position (D2). Providing the control signals
(C1, C2) may be time-controlled.

[0089] The movements of the damper blade 10 from
the initial position into the reference position and back
into the initial position are events of interest for the sensor
unit 11. Before the damper blade movement starts, the
sensor unit 11 is in the low energy mode where sensor
signals are monitored, but no storing or recording of the
generated data is carried out.

[0090] The start of the damper blade movements (D1,
D2) is detected by the sensor unit 11 and accordinglytrig-
gers (D-S-10, D-S-12)the beginning of the sensor data
recording (S1, S2). Similarly, the end of the damper blade
movement is detected and triggers (D-S-11, D-S-13) the
end the sensor data recording (S1, S2). When recording
sensor data, the sensor unit 11 stores sensor data that
are generated during the damper blade movement con-
tinuously and favorably with time stamps or time indices
that are generated by the sensor unit 11, e. g. in a real
time clock of the sensor unit central module 113. In the
example of Fig. 4, the movements of damper blade 10
into the reference position (D1) and back into the initial
position (D2) are stored by the sensor unit 11 as two
separate events of interest. In dependence on factors
such as the configuration of the logger unit 11, the time
between the two damper blade movements and the mov-
ing speed, however, they may also be commonly stored
as single event of interest.

[0091] Itis further noted that, in this embodiment, no
particular command is required for switching the sensor
unit 11 from the standby mode into the recording mode
and back into the standby mode. Instead, it occurs auto-
matically based on the sensor(s), in particular accelera-
tion sensor or gyroscopic sensor 111, detecting the be-
ginning respectively end of the damper blade movement.
[0092] After the damper blade movements are fin-
ished, the control unit 14 sends a control signal (C3) to
the evaluation unit 12. The evaluation unit 12 accordingly
initiates the establishment of a communication channel
between the evaluation unit 12 and the sensor unit 11
(E-S-10), and the stored data are read out respectively
transferred to the evaluation unit 12 via the wireless sen-
sor unit communication module 114 and the wireless
evaluation unitcommunication module 124, (S3, E1). Af-
ter the data transfer, the stored sensor data may be de-
leted in the sensor unit 11.

[0093] In this embodiment, a temporary communica-
tion link is initiated and data transmission is requested
by the evaluation unit 1 2. The sensor unit 11 and the
evaluation unit 12 accordingly operate in a pull configu-
ration. This configuration, however, is not essential and
a push configuration may be used instead.
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[0094] Subsequent to transferring the sensor data to
the evaluation unit 12, they are processed respectively
evaluated by the evaluation unit central module 123, (E2)
and outputted by the evaluation unit output module 126.
In the exemplary embodiment of Fig. 4, the operational
state of the damper blade 10 that is considered is its
(rotational) position as a function of time and is computed
by the evaluation unit central module 123 from the sensor
data originating from acceleration sensor or gyroscopic
sensor 111, but may similarly or additionally also origin
from other sensors.

[0095] In the following, reference is additionally made
to Fig. 5, schematically showing the computed (rotation-
al) position as operational state of the damper blade 10,
indicated by angle ¢, as a function of time t. A graph
corresponding to Fig. 5 may be displayed on the moni-
toring output unit 126.

[0096] In the example of Fig. 5, the damper blade 10
operates correctly and moves smoothly between the in-
itial position (rotational angle ¢,,,5x) and the reference po-
sition (rotational angle ¢,,) in both directions. If, for ex-
ample, the mechanic coupling between damper 10 and
the actuator 13 was broken, no or only very little damper
blade movement would be visible in the graph. Similarly,
an undesired stop of the damper blade would be reflected
by the rotational angle ¢ not reaching the maximum angle
dmax respectively minimum angle ¢,,,i,. Furtherabnormal-
ities in the damper blade movement, e. g. a temporary
jamming, are also reflected by abnormalities respectively
distortions in the graph.

[0097] The evaluation unit 12 may be configured to on-
ly display the graph and leave the interpretation, i.e. the
decision whether or not the damper blade 10 and the
actuator 13 are healthy and operating correctly, to an
(expert) user. Alternatively or additionally, the evaluation
unit 12 may be configured to automatically evaluate the
stored sensor data. It may, for example, determine
whether and in what time the maximum angle ¢,,55 re-
spectively minimum angle ¢,,;, as expected positions are
correctly reached. This is particularly favorable in context
of an automated checking scheme. The data may be
compared with corresponding reference or threshold val-
ues to decide on pass or fail of a functional check auto-
matically or manually.

[0098] In afurthervariant, the evaluation unit 12 is con-
figured to evaluate the angle-versus-time-curve (Fig. 5)
and determine whether the measured curve fits to an
expected curve, using numerical algorithms. Here, an
expected positions of the damper blade 10 is given for
each pointin time by the reference curve, while the meas-
ured position gives the actual position of the damper
blade 10.

[0099] In case of manual evaluation, record keeping
of the test result may, e. g., be done manually or the
(expert user) may confirm correctness of the damper op-
eration, i. e. passing respectively failing of the test, e. g.
via a corresponding data entry and a corresponding
record or log may be generated, e.g. by the evaluation
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unit 12 or afurther device. In case of the evaluation being
done by the evaluation unit 12 automatically, passing or
failing of the test may be determined automatically and
outputted into a log-file and/or to a printer. The data that
are outputted may include data such as time and date of
the test, but may also comprise data that are derived from
the sensor data, such as the time required for the damper
movements, the damper position in the initial and/or ref-
erence position, a position-versus-time graph of the
damper position (Fig. 5), or the like. The result of the
functional check, the sensor data and/or data that are
derived from the sensor data may further be outputted
to and stored by the remote device 16. Alternatively or
additionally, the data may be logged and/or stored by the
sensor unit 12, the actuator 13 and/orthe evaluation unit
12.

[0100] The sensor unit 11 is, for this type of embodi-
ment, configured to record any damper blade movement
as event of interest. If a damper blade movement occurs
at some point of time before a testing procedure accord-
ing to Fig. 4 is carried out respectively between two con-
secutive testing procedures, such damper blade move-
ment may be recorded and read out along with the data
of the next following testing procedure (S3, E1 in Fig. 4).
Thereby, it may be determined manually and/or via the
evaluation unit 12, if any damper blade movements, in
particular unintended damper blade movements, have
occurred. Such unintended damper blade movements
may result, e. g., from mechanical slackness or a loose
contact or general electrical fault in the power supply or
control of actuator 13.

[0101] Further testing procedures may be carried out
as well. For example, a testing procedure may comprise
of exposing the damper blade 10 in a given position to
an air stream that is generated by a fan or blower and
determining the damper blade movement due to, e. g.
slackness.

[0102] Itis noted that, in the example of Fig. 4 and Fig.
5, both the movement of the damper blade 10 into the
reference position (safety position) and back into the in-
itial position are evaluated. It would, in principle, however
also be possible to evaluate only one of the movements,
in particular the movement into the reference position
(safety position).

[0103] In the following, reference is additionally made
to Fig. 6, illustrating a method for monitoring a damper
blade or procedure for testing a damper blade 10 accord-
ing to a further exemplary embodiment. The damper ar-
rangement also follows Fig. 1 to Fig. 3. Operation of the
sensor unit 11 and the evaluation unit 12 as well as their
interaction, however, is somewhat different.

[0104] Inthe embodiment of Fig. 6, the sensor unit 11
does not automatically detect the start and end of the
damper blade movements (D1, D2), but start and stop
of the data acquisition is initiated via explicit commands
(E-S-11, E-S-12) that are transmitted from the evaluation
unit 12 to the sensor unit 11. During the data recording,
the senor data are transmitted from the sensor unit 11 to
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the evaluation unit 12 and stored by the evaluation unit
(S4, E3). In this embodiment, the control unit 14 sends,
along with interrupting the power supply of actuator 13
(C1) a trigger signal (C10) to the evaluation unit 12,
which, in turn, commands the sensor unit 11 to start data
acquisition (E-R-11). Similarly, the control unit 14 sends,
after the damper blade 10 returning into the initial posi-
tion, atrigger signal (C11) to the evaluation unit 12, which,
in turn, commands the sensor unit 11 to stop data acqui-
sition (E-R-1 2). In this embodiment, the total acquisition
time, i.e. the time between commands (C10, C11) istime-
controlled by the control unit 12. The acquisition time is
favorably somewhat longer than the total movement time
of the damper blade 10, i.e. the time span from t; to t,.

[0105] In the following, reference is additionally made
to Fig. 7, illustrating part of an exemplary testing proce-
dure for testing a damper blade 10 according to a further
embodiment. The damper arrangement also follows Fig.
1 to Fig. 3. Operation of the sensor unit 11 and the eval-
uation unit 12 as well as their interaction, however, is
somewhat different. In Fig. 7, only the movement of
damper blade 10 from the initial position into the refer-
ence position is shown.

[0106] In the embodiment of Fig. 7, the sensor unit 11
operates similar to the embodiment as discussed before
with reference of Fig. 4 in so far as start and end of a
damper blade movement as event of interest is automat-
ically detected and datarecording is automatically started
and stopped accordingly. In contrast to the embodiment
of Fig. 4, however, the sensor unit 11 is configured, after
stopping data recording, to establish a communication
with the evaluation unit (S-E-10) and transmit the record-
ed data to the evaluation unit 12 (S5, E4). In this embod-
iment, the sensor unit 11 accordingly operates in a push
mode rather than a pull mode. Therefore, the sensor data
that are acquired during a damper blade movement may
be immediately transmitted to the evaluation unit 12,
even if no testing procedure is carried out. This type of
embodiment is accordingly particularly suited for perma-
nent monitoring the damper blade operation and detect-
ing unintended damper blade movements as explained
before.

[0107] Further, the sensor unit 11 or the evaluation unit
12 may optionally, if a (potential) case of fire is detected
via the sensor or combination of sensors 111, 112, gen-
erate a fire alarm signal and transmit such fire alarm sig-
nal to a fire control system is described above in more
detail in the general description. Such fire alarm signal
may be generated by the sensor unit 11 and transmitted,
e.g., via the communication modules 114, 124. Further,
the sensor or combination of sensors 111, 112 may serve
as environmental condition sensor(s) and the sensor unit
11 and/or the evaluation unit 12 may transmit environ-
mental condition data to an air conditioning system.
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Claims

1.

A damper arrangement (1), comprising:

- a movably arranged damper blade (10);
-asensor unit (11) rigidly attached to the damper
blade (10) and including a sensor (111) config-
ured to generate sensor data indicative for a po-
sition and/or a position change of the damper
blade (10); and

- an evaluation unit (12) configured to determine,
based on the sensor data, an operational state
of the damper blade (10).

The damper arrangement (1) according to claim 1,
wherein the sensor unit (11) includes a wireless sen-
sor unit communication module (114), the sensor
unit communication module (114) configured to
transmit the sensor data to the evaluation unit (12),
and the evaluation unit (12) includes a wireless eval-
uation unit communication module (124) configured
to receive the sensor data from the sensor unit (11).

The damper arrangement (1) according to one of
claims 1 or 2, wherein the sensor unit (11) is hermet-
ically sealed.

The damper arrangement (1) according to one of
claims 1 to 3, wherein the sensor (111) includes at
least one of an acceleration sensor and a gyroscopic
Sensor.

The damper arrangement (1) according to one of
claims 1 to 4, wherein the sensor unit (11) includes
at least one of a temperature sensor, a gas sensor,
a CO sensor, a NOx sensor, a VOC sensor, an arti-
ficial nose, a smoke sensor, a multi gas sensor, a
pressure sensor and a humidity sensor.

The damper arrangement (1) according to one of
claims 1 to 5, wherein the sensor unit (11) includes
at least one optical sensor, in particular a camera
module and/or an optical fire detector.

The damper arrangement (1) according to one of
claims 1 to 6, wherein determining the operational
state of the damper blade (10) includes determining
whether the damper blade (10) has assumed and/or
is in a reference position, in particular a fully opened
or a fully closed position.

The damper arrangement (1) according to one of
claims 1 to 7, wherein determining the operational
state of the damper blade (10) includes comparing
whether an actual position of the damper blade (10)
corresponds to an expected position of the damper
blade (10).



10.

1.

12.

13.

14.

15.

16.

17.

18.
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The damper arrangement (1) according to one of
claims 1 to 8, further comprising an actuator (13)
operatively coupled with the damper blade (10) for
adjusting the position of the damper blade (10).

The damper arrangement (1) according to claim 9,
further comprising a control unit (14) configured to
control operation of the actuator (13).

The damper arrangement (1) according to claim 10,
wherein the control unit (14) is configured to control
the actuator (13) to move the damper blade (10) to
a reference position repeatedly, in particular period-
ically, according to a checking scheme.

The damper arrangement (1) according to one of
claims 1to 11, wherein the sensor unit (11) is coupled
to the damper blade (10) by gluing.

The damper arrangement (1) according to one of
claims 1 to 12, wherein the sensor unit (11) is con-
figured to detect an indication of a case of fire, and
to provide a fire alarm signal in this case.

A method of monitoring a movably arranged damper
blade (10), the method including

- generating, by way of a sensor (111) rigidly
mechanically attached to the damper blade (10),
sensor data indicative for a position and/or po-
sition change of the damper blade (10);
- determining, based on the sensor data, an op-
erational state of the damper blade (10).

The method according to claim 14, the method in-
cluding wirelessly transmitting the sensor data from
the sensor (111) to an evaluation unit (12), wherein
the determining of the operational state of the damp-
er blade (10) is executed by the evaluation unit (12).

The method according to one of claims 14 or 15,
wherein the sensor data include acceleration data.

The method according to one of claims 14 to 16,
furtherincluding: controlling an actuator (13) to move
the damper blade (10) to a reference position, in par-
ticular a fully opened or a fully closed position, and
determining whether the damper blade (10) has as-
sumed and/or is in the reference position, and/or de-
termining, whether an actual position of the damper
blade (10) corresponds to an expected position of
the damper blade (10).

The method according to one of claims 14 to 17,
further including determining, based on the deter-
mined operational state of the damper blade, wheth-
er a functional check of the damper blade or of a
damper arrangement that includes the damper
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blade, is passed, and outputting the result of the de-
termination.



EP 3 235 546 A1

AN

10

Fig. 2

14




EP 3 235 546 A1

111 F - - -
112 | — = =»

C3

E1

E2

E-S-10

DATA

ST

S2

S3

TUDs-100

D-5-11

D-5-12

D1

D2

D-5-13

15



EP 3 235 546 A1

¢
d)max—
¢min— | >t
t, t, ot t,
Fig. 5
C1 D S E-S-11 E  C10
> t, A <
D1
e
> 1, S4 DATA > E3
D2
t, E-S-12 C11
E2
v v v
t t t
Fig. 6

16



D1

EP 3 235 546 A1

ST

S5 DATA > E4

17




10

15

20

25

30

35

40

45

50

55

EP 3 235 546 A1

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 17 16 6555

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

X

US 2006/048525 Al (COOK MATTHEW D [US])
March 2006 (2006-03-09)

O

paragraph [0002] *
paragraphs [0011] - [0013] *
paragraph [0021] *
paragraphs [0026] - [0062] *
figures 1-4C *

* % * * F*

DE 101 28 447 Al (ABB PATENT GMBH [DE])
January 2003 (2003-01-02)

[AS]

paragraph [0005] *
paragraphs [0010] - [0012] *
paragraphs [0027] - [0032] *
figures 1, 3, 4, 5 *

* * * *

EP 2 005 009 Al (FESTO AG & CO KG [DE])
24 December 2008 (2008-12-24)

* paragraph [0001] *

paragraphs [0006] - [0014] *
paragraphs [0016] - [0026] *

figures 1, 2 *

* * *

EP 0 866 283 A2 (SCHAKO METALLWARENFABRIK
[DE]) 23 September 1998 (1998-09-23)

* column 1, lines 3-7 *

column 1, Tine 36 - column 2, line 23 *
column 2, lines 54-57 *

column 3, lines 13-26 *

figures 1, 2 *

* * * X

US 5 728 001 A (ATTRIDGE JR RUSSELL G
[US]) 17 March 1998 (1998-03-17)

* column 6, lines 25-65 *

* figures 2a, 2b, 5, 5a, 6 *

The present search report has been drawn up for all claims

1-4,
7-12,
14-18
5,6,13

1-18

INV.
A62C2/12
A62C2/18
A62C2/20
A62C2/24
F24F13/10

TECHNICAL FIELDS
SEARCHED (IPC)

1-18

1-18

A62C
F24F
EO5F

Place of search

The Hague

Date of completion of the search

28 August 2017

Examiner

Zupancic, Gregor

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

18




EP 3 235 546 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 17 16 6555

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

28-08-2017
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2006048525 Al 09-03-2006  NONE

DE 10128447 Al 02-01-2003 DE 10128447 Al 02-01-2003
DE 20122880 U1 24-12-2008

EP 2005009 Al 24-12-2008 CN 101415955 A 22-04-2009
DE 102006016709 Al 11-10-2007
EP 2005009 Al 24-12-2008
WO 2007115631 Al 18-10-2007

EP 0866283 A2 23-09-1998  NONE

US 5728001 A 17-03-1998 GB 2286239 A 09-08-1995
UsS 5533929 A 09-07-1996
Us 5728001 A 17-03-1998

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

19




EP 3 235 546 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 EP 2005009 A [0007]

20



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

