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DESCRIPTION

Field of the invention

[0001] The present invention relates to a swing door operator and a method of operating a
swing door leaf, both during regular use and during evacuation.

Background of the invention

[0002] Automatic door sets are regulated by standards such as the European standard
EN16005, which defines, i.a., pedestrian protection requirements for door sets. These
regulations define maximum kinetic energy, maximum closing force, opening and closing time,
use of safety sensors, etc.

[0003] There are problems associated with swing door sets when the door leaf/leaves swing
automatically into an escape route, which can be the case, e.g., when two building corridors
are perpendicularly connected to each other. Since it is not permitted that the door leaf is
arranged such that it could hit passers-by at full force when opening, swing door sets are
usually equipped with safety sensors which sense the presence of an obstacle located within
the opening path of the door leaf, and temporarily stop the door in its path. However, it is also
undesirable to have the door leaf stop in a position, during evacuation, where the door leaf
extends into the escape route, e.g. at 90° subsequently reducing the size of the escape route.

[0004] DE 4124282 A1 describes a drive system for automatic swing doors. An electric motor
drives the gearing for the door opening via a clutch and transmission. The clutch requires a
preset torque to engage. The open position is held by a reduced motor torque and the closing
drive is via a stored energy element. The motor can operate as a retarder during the closing
drive. The open and closed positions are controlled by position sensors and the movement is
damped. A data processing unit controls the operation using a stored program. If the drive fails
then the door can be operated manually, against return (spring) drive.

[0005] DE 3312382 A1 describes an automatic door operator for a swing door supported by a
door supporting frame to swing about a vertical axis. The automatic door operator includes a
mechanism for opening and closing the swing door, a drive for driving the door opening and
closing mechanism to open the swing door, the drive including a prime mover for driving the
door opening and closing mechanism, a door closer including a resilient device for storing part
of mechanical energy provided by the drive in the opening the swing door and for exerting
driving force on the door opening and closing means by using the stored mechanical energy to
close the door, a unit for electrically controlling the drive to swing the swing door, and a sensor
for sensing a body accessing the door and thereby providing an electric signal to open the
door to the controlling unit.
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Summary of the invention

[0006] It is an object of the present invention to mitigate the above problems, and to provide
an improved swing door operator which provides a safer and a more energy efficient opening
cycle to be used in a swing door set.

[0007] According to a first aspect of the present invention, these objects are achieved by a
swing door operator adapted for employing a first predetermined speed trajectory, or a first
and a second predetermined speed trajectory in sequence, when opening a swing door leaf,
the first predetermined speed trajectory comprising the swing door leaf being moved from a
closed position to a first open position, and the second predetermined speed trajectory
comprising the swing door leaf being moved from the first open position to a second open
position at a reduced kinetic energy setting, wherein the first speed trajectory is initiated in
response to an opening command or an evacuation command received by the swing door
operator, wherein said door leaf, when arriving at said first open position after an opening
command, remains at said first open position, wherein said door leaf, when arriving at said first
open position after an evacuation command, is moved at a reduced kinetic energy setting,
along a second predetermined speed trajectory, from said first open position to a second open
position, and wherein said swing door operator comprises at least one safety sensor for
detecting objects located in an opening path of said swing door leaf, said safety sensor being
fully active during said first predetermined speed trajectory, and being inhibited when said
swing door leaf arrives at said first open position and an evacuation command has been
received by said swing door operator.

[0008] Such a solution allows safe and rapid door leaf opening during regular use as well as
efficient evacuation procedures, due to fast and simple change over between speed
trajectories, facilitating safe door leaf opening during regular everyday use while still allowing
more efficient evacuation since the fully opened door leaf will be placed close to the wall
instead of extending with its full width into the escape route. Further, this solution does not
require any significant rebuilding of existing swing door sets other than exchange of the swing
door operator.

[0009] In one embodiment, the first open position comprises the swing door leaf being
arranged at a first angle, and the second open position comprises the swing door leaf being
arranged at a second angle which is larger than the first angle.

[0010] Further, the swing door leaf may be moved with a maximum kinetic energy of 1,69 J
during the second predetermined speed trajectory, significantly reducing the risk of injuring an
individual passing by in the escape route.

[0011] According to a second aspect of the present invention, these objects are achieved by a
swing door set comprising at least one of the above mentioned swing door leaves and at least
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one swing door operator.

[0012] According to a third aspect of the present invention, these objects are achieved by a
method of operating at least one swing door leaf during evacuation of a building, the method
comprising the steps of a) at least one swing door operator receiving one of an opening
command or an evacuation command, b) the at least one swing door operator moving the at
least one swing door leaf, along a first predetermined speed trajectory, from a closed position
to a first open position in response to one of an opening command and an evacuation
command, c¢1) wherein the door leaf, when arriving at the first open position after an opening
command, remains at the first open position, and c2) wherein the door leaf, when arriving at
the first open position after an evacuation command, is moved at a reduced kinetic energy
setting, along a second predetermined speed trajectory, from the first open position to a
second open position, allowing safe and rapid door leaf opening during regular use, and
efficient evacuation procedures.

[0013] The first open position may comprise the swing door leaf being arranged at a first
angle, and the second open position may comprise the swing door leaf being arranged at a
second angle which is larger than the first angle.

[0014] In one embodiment, the method further comprises the step of initiating movement of
the at least one swing door leaf, from the first or second open position to the closed position,
when an opening command or an evacuation command no longer is received by the swing
door operator.

Brief description of the drawings

[0015] This, and other aspects of the present invention, will now be described in more detail,
with reference to the appended drawings showing currently preferred embodiments of the
invention.

Figure 1 shows a schematic top view of an embodiment according to the present invention,
wherein a door leaf is arranged in a closed position.

Figure 2 shows a schematic top view of a further embodiment according to the present
invention, wherein two door leaves are arranged in a closed position.

Figure 3 shows a schematic top view of the embodiment according to Fig. 1, wherein the door
leaf is arranged in a first open position.

Figure 4 shows a schematic top view of the embodiment according to Fig. 1, wherein the door
leaf is arranged in a second open position.

Detailed description
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[0016] As previously mentioned, there are several problems associated with automated swing
door leaves opening into an escape route.

[0017] One solution to the problem of risking hitting a passer-by with too much force is to open
the swing door leaf very slowly at low energy performance, which, for most swing door users, is
unacceptable due to a significant increase in door opening time during regular use. The
maximum allowed speed and the shortest allowable swing door leaf opening time is regulated
for low energy performance. When using low energy performance, there is no need for
sensors since the built-in safety functions connected to the speed reduction are considered
sufficient. More specifically, according to EN 16005, the force required to prevent a stopped
swing door leaf from opening further, measured at the opening/closing edge of the swing door
leaf in the direction of travel, shall not exceed 67 N at any point in the opening cycle. Further,
the kinetic energy of a swing door leaf in motion shall not exceed 1,69 J. The maximum
allowed speed of the swing door leaf is calculated using, i.a., the width and mass of the swing
door leaf. Low energy performing swing door leaves are usually not provided with additional
safety devices since the kinetic energy levels are not considered to be hazardous. Also, swing
door leaves have to open from a closed position to an open check position, or 80°, in 3
seconds or longer. If the swing door leaf opens more than 90°, it has to continue at the same
rate as the open check speed. "Open check" is the slowing down of the speed of the swing
door leaf opening before being fully opened.

[0018] In order to provide safe swing door leaf opening at full energy performance, the swing
door operator may be connected to safety sensors, sensing objects located in the path of the
swing door leaf. The sensors allow the swing door leaf to be opened at full force to a pre-set
open position, while stopping the movement of the swing door leaf earlier if an obstacle is
detected. The sensors are arranged on the opening/closing edge of the swing door leaf.
However, in order to open the swing door leaf more, e.g. up to 180° from the closed position,
the sensors have to be shut off, since otherwise they will sense the oncoming wall and stop the
movement of the swing door leaf too soon. Shutting off the sensors increases the risk of
passers-by being hit with the full force of the swing door leaf and/or of being pinned between
an open swing door leaf and its adjacent wall.

[0019] A swing door set generally refers to a swing door set having one or two swing door
leaves, i.e. a single leaf swing door set or a double leaf swing door set, where each swing door
leaf is hinged or pivoted to the door frame at one of its edges. Each swing door leaf has a main
opening/closing edge, arranged opposite to the hinge/pivot edge. In other words, the main
opening/closing edge refers to the edge of a swing door leaf whose distance from a parallel,
opposing edge or surface determines the usable opening of the swing door set. A further term
used is the opposing opening/closing edge which refers to either an edge formed by the main
opening/closing edge of a counter closing swing door leaf, or a fixed edge or a surface against
which the swing door leaf is moving, such as a door frame.
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[0020] When the swing door set is provided with only one swing door leaf 1, as shown in Fig.
1, the swing door leaf 1 is hinged or pivoted at one edge to the door frame 2, while the main
opening/closing edge 3 of the swing door leaf 1 closes against, and preferably locks with, the
opposing edge of the door frame 2.

[0021] When the swing door set is provided with two swing door leaves 1, as shown in Fig. 2,
the swing door set may comprise either two identical swing door leaves 1a, 1b, arranged with
their respective opening/closing edges 3 in close proximity to each other, or two swing door
leaves arranged as a master swing door leaf 1a and a slave swing door leaf 1b.

[0022] When the swing door set comprises a master swing door leaf 1a and a slave swing
door leaf 1b, the master swing door leaf 1a is provided with a flange extending along its main
opening/closing edge 3. The flange of the master swing door leaf 1a will protrude over the
main opening/closing edge 3 of the slave swing door leaf 1b, when both swing door leaves 1a,
1b are in the fully closed position. With such an arrangement, the swing door leaves 1a, 1b can
be pushed open in one direction only, preferably from the inside of a room or building in a
direction outwards towards the exterior, a corridor, or an evacuation route. The main
opening/closing edge 3 of the master swing door leaf 1a closes against, and preferably locks
into, the opposing opening/closing edge, i.e. the main opening/closing edge 3, of the slave
swing door leaf 1b.

[0023] The term "open position" means any swing door leaf position other than the closed
position. "Fully open position" is the position where the swing door leaf is in its end position,
limited only by the building structure around the door frame, which can be up to 180° from the
closed position. "Closed position" or "fully closed position" means the position where the swing
door leaf closes the door opening completely.

[0024] Below, three different swing door leaf positions are discussed, i.e. the closed position C,
the first open position A, and the second open position B. The closed position C means that the
swing door leaf is arranged at a 0° angle in relation to the surrounding building walls. The first
open position A means that the swing door leaf is opened to an angle a of approximately 80-
110°, which is the common door opening angle during regular use. This is shown in Fig. 3. The
second open position B means that the swing door leaf is opened to an angle f more than
110° but usually less than 180° due to the adjacent walls. This is shown in Fig. 4.

[0025] As previously mentioned, the swing door set may comprise one swing door leaf or two
adjacent swing door leaves. The discussion below will primarily focus on an embodiment
having only one swing door leaf 1, however, an embodiment having two swing door leaves 1a,
b functions according to the very same principles. The two swing door leaves 1a, b may be
adapted such that they open to different positions. One swing door leaf 1a may open only 90°
while the other swing door leaf 1b opens 180°, e.g. when the swing door set is arranged at the
very end of a corridor.

[0026] The swing door set comprises, i.a., a swing door leaf 1 and a swing door operator
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which controls the movement of the swing door leaf 1. The swing door operator is connected to
at least one safety sensor for detecting objects, e.g. humans, located in the opening path of
the swing door leaf 1. Further, the swing door operator is adapted to employ a first
predetermined speed trajectory, or a first and a second predetermined speed trajectory in
sequence, when pivoting the swing door leaf 1, i.e. opening the door. The first predetermined
speed trajectory comprises moving the swing door leaf 1 from the closed position C to the first
open position A. The second predetermined speed trajectory comprises moving the swing door
leaf 1 from the first open position A to the second open position B. In other words, the angle q,
B to which the swing door leaf 1 is opened is larger for the second open position B than the first
open position A, as described above. The first and second predetermined speed trajectories
are calculated, taking into account, e.g., the size and weight of the door leaf and the capacity
of the motor which drives the door leaf.

[0027] The first predetermined speed trajectory is initiated, by the swing door operator, in
response to an opening command or an evacuation command and is performed at full energy
performance and with fully active safety sensors. The second predetermined speed trajectory
is initiated, by the swing door operator, only in response to an evacuation command and is
performed at low energy performance and with inhibited safety sensors.

[0028] An opening command is sent to the swing door operator when it has been registered
that an individual approaches the swing door set in question, e.g. by means of sensors, a push
button, a pushing action on the door leaf, or other kinds of access control. An evacuation
command is sent to the swing door operator in response to, e.g., a fire alarm or other
evacuation signal.

[0029] Full energy performance means that the swing door leaf 1 is opened at a speed which
is normal for the specific swing door leaf 1 in question, with safety sensors active in order to
detect obstacles in the opening path. Low energy performance means that the swing door leaf
1 is opened at a reduced kinetic energy setting compared to full energy performance, more
specifically with a maximum kinetic energy of 1,69 J. Hence, the swing door set fulfils current
standards without using safety sensors while opening the swing door leaf 1 farther than to the
regular, first open position A.

[0030] When an opening command, or an evacuation command, has been received by the
swing door operator, the swing door leaf 1 is moved, using the first predetermined speed
trajectory, from its closed position C, at 0°, to the first open position A, at an angle a of
preferably 80-110°, allowing one or several individuals, vehicles or the like, to pass through the
door opening. When the opening command is no longer received by the swing door operator,
closing of the swing door leaf 1 is initiated. Closing may also be initiated by means of an active
closing command, or automatically when a predetermined time interval has passed from the
time of receiving the opening command.

[0031] When an evacuation command has been received by the swing door operator, and the
swing door leaf 1 reaches the above mentioned first open position A, the swing door operator
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inhibits the safety sensors while continuing to move the swing door leaf 1, using the second
predetermined speed trajectory, from the first open position A to the second open position B at
an angle B of preferably 110-180°. When the evacuation command is no longer received by the
swing door operator, closing of the swing door leaf 1 is initiated. Closing may also be initiated
by means of an active closing command, or automatically when a predetermined time interval
has passed from the time of receiving the opening command.

[0032] As previously mentioned, a swing door set comprises of at least one swing door leaf 1
and at least one swing door operator. The swing door set preferably comprises of one of the
following combinations: one swing door leaf 1 and one swing door operator or two swing door
leaves 1a, b and two swing door operators, each swing door leaf 1a, b having its own swing
door operator.

[0033] The person skilled in the art realizes that the present invention by no means is limited to
the preferred embodiments described above. On the contrary, many modifications and
variations are possible within the scope of the appended claims. For example, the any suitable
number and combination of swing door leaves and swing door operators may be used. Also,
when having a plurality of door leaves, the door leaves may be opened simultaneously or with
some delay.
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Patentkrav

1. Svingdersoperater, der er indrettet til at anvende en farste og en anden
forudbestemt hastighedsbane i reekkefalge, nar der betjenes mindst ét sving-
dersblad (1), hvor den farste forudbestemte hastighedsbane indebeerer, at
svingdersbladet (1) flyttes fra en lukket position (C) til en ferste aben position
(A), og den anden forudbestemte hastighedsbane indebeerer, at svingdersbla-
det (1) flyttes fra den farste abne position (A) til en anden aben position (B)
ved en reduceret kinetisk energiindstilling,

hvor den farste hastighedsbane initieres som reaktion pa en abningskom-
mando eller en evakueringskommando, der modtages af svingd@rsoperata-
ren,
kendetegnet ved, at darbladet (1), nar det ankommer til den farste abne po-
sition (A) efter en abningskommando, forbliver ved den ferste abne position
(A), hvor derbladet (1), nar det ankommer til den faerste abne position (A) efter
en evakueringskommando, beveaeges ved en reduceret kinetisk energiindstil-
ling langs en anden forudbestemt hastighedsbane fra den farste abne position
(A) til en anden aben position (B), og

hvor svingdaersoperataren omfatter mindst én sikkerhedssensor til at detektere
genstande, der er placeret i en abningsbane af svingdersbladet (1), hvor sik-
kerhedssensoren er fuldt aktiv under den ferste forudbestemte hastigheds-
bane og er hindret, nar svingdersbladet ( 1) ankommer til den farste abne po-

sition (A), og en evakueringskommando er modtaget af svingdarsoperataren.

2. Svingdersoperater ifelge krav 1, hvor den farste abne position (A) indebae-
rer, at svingdersbladet (1) er anbragt i en farste vinkel (a), og den anden abne
position (B) indebeerer, at svingdarsbladet (1) er anbragt i en anden vinkel (B),

som er st@rre end den farste vinkel ().
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3. Svingdersoperater ifelge et hvilket som helst af de foregaende krav, hvor
svingdersbladet (1) beveeges med en maksimal kinetisk energi pa 1,69 J under

den anden forudbestemte hastighedsbane.

4. Svingdersseet omfattende mindst ét svingdersblad (1) og mindst én sving-

dersoperater ifalge et hvilket som helst af kravene 1-3.

5. Fremgangsmade til at betjene mindst ét svingdersblad under evakuering af
en bygning, hvilken fremgangsmade omfatter trin med, at

a) mindst én svingdarsoperatar ifglge et hvilket som helst af kravene 1-4 mod-
tager én af en abningskommando og en evakueringskommando,

b) den mindst ene svingdersoperater beveeger det mindst ene svingdersblad
(1) langs en ferste forudbestemt hastighedsbane fra en lukket position (C) til
en forste aben position (A) som reaktion pa en af abningskommandoen og
evakueringskommandoen,

c1) hvor derbladet (1), nar det ankommer til den farste abne position (A) efter
en abningskommando, forbliver i den farste abne position (A),

0g,

c2) hvor derbladet (1), nar det ankommer til den farste abne position (A) efter
en evakueringskommando, flyttes ved en reduceret kinetisk energiindstilling
langs en anden forudbestemt hastighedsbane fra den farste abne position (A)

til en anden aben position (B).

6. Fremgangsmade til betjening af mindst ét svingdersblad ifelge krav 5, hvor
den farste abne position (A) indebeerer, at det mindst ene svingdarsblad (1) er
anbragt i en ferste vinkel (a), og den anden abne position (B) indebeerer, at
det mindst ene svingdarsbladet (1) er anbragt i en anden vinkel (), som er

sterre end den farste vinkel (a).
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7. Fremgangsmade til betjening af mindst et svingdersblad ifalge krav 5 eller
6, yderligere omfattende trinnet med at initiere beveegelse af det mindst ene
svingdersblad (1) fra den farste eller anden abne position (A, B) til den lukkede
position (C), nar en abningskommando eller en evakueringskommando ikke

lzengere modtages af den mindst ene svingdarsoperatar.
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DRAWINGS
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Fig. 3
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Fig. 4
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