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(54) Title: A SET OF MUTUALLY LOCKABLE PANELS

Fig.1

(57) Abstract: A set of mutually lockable panels (1, 2) comprises a first panel (1) having a front face (9), a back face (10) and an
edge (5) including a male part (11) which is directed in a direction from its front face (9) to its back face (10) and a second panel (2)
having a front face (9), a back face (10) and an edge (6) including a female part (12) for receiving the male part (11) of the first panel
(1) in unlocked condition of the panels (1, 2). The male part (11) has an outer side (21) which, in locked condition of the panels (1,
2), is directed to the second panel (2) in a direction substantially parallel to the front face (9) of the first panel (1), and an opposite
inner side (22) which is provided with a locking surface (24). The female part (12) comprises a locking member (25), which is pivot-
able about a pivot axis that extends substantially parallel to the edge (6) of the second panel (2). The locking member (25) has a stop
surface (28) remote from the pivot axis, which stop surface (28) cooperates with the locking surface (24) of the male part (5) in
locked condition of the panels (1, 2) so as to lock the panels (1, 2) with respect to each other at least in a direction substantially per -
pendicular to the locking surface (24) and the stop surface (28). The second panel (2) is provided with an actuator (36) for rotating
the locking member (25) from its first position in unlocked condition of the panels (1, 2) to a second position in locked condition of
the panels (1, 2) in which the locking surface (24) and the stop surface (28) cooperate. The pivot axis has a substantially fixed posi-
tion with respect to the second panel (2).
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A set of mutually lockable panels

The present invention pertains to a set of mutually lockable
panels, such as floor, wall or ceiling panels, comprising a first panel
having a front face, a back face and an edge including a male part which
is directed in a direction from its front face to its back face, a second
panel having a front face, a back face and an edge including a female
part for receiving the male part of the first panel in unlocked condition
of the panels, wherein the male part has an outer side which, in locked
condition of the panels, is directed to the second panel in a direction
substantially parallel to the front face of the first panel, and an
opposite inner side which is provided with a locking surface, wherein the
female part comprises a locking member, which is pivotable about a pivot
axis that extends substantially parallel to the edge of the second panel,
wherein the locking member has a stop surface remote from the pivot axis,
which stop surface cooperates with the locking surface of the male part
in locked condition of the panels so as to lock the panels with respect
to each other at least in a direction substantially perpendicular to the
locking surface and the stop surface, wherein the second panel is
provided with an actuator for rotating the locking member from its first
position in unlocked condition of the panels to a second position in
locked condition of the panels in which the locking surface and the stop
surface cooperate.

A set of panels having a locking member for locking the
panels with respect to each other in a direction perpendicular to the
locking surface and the stop surface is known, for example from WO
2011/085825. The known locking member is a separate part and requires
high production accuracy of the panels and the locking members to create
the same characteristics of movement of all the locking members during
locking actions.

An object of the invention is to provide a set of panels
including a simple locking mechanism.

According to the invention the pivot axis has a substantially
fixed position with respect to the second panel. This allows a precise
displacement of the control member during a locking action, since the
pivot axis remains at a substantially predetermined position with respect

to the second panel.
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In an advantageous embodiment the locking member is formed
integral with the second panel, since this simplifies a manufacturing
process of the set of panels compared to applying a separate locking
member . Nevertheless, it is still possible to apply the locking member as
a separate part.

The locking member may cause a resistance requiring a minimum
predefined force for rotating the locking member from its first position
in unlocked condition of the panels. This provides the opportunity of a
controlled locking action and prevents the locking member from rotating
upon handling the second panel before the locking action is intended.

In a practical embodiment the locking member is pivotable by
means of a living hinge. Typically in case of a set of LVT panels or
alternative flexible panels such a living hinge can be made of the
material of the second panel itself.

In an advantageous embodiment the living hinge is formed by a
slit in the second panel, since this can be performed relatively simply
in a manufacturing process. The slit may be applied in the back face of
the second panel, but in an alternative embodiment the slit is applied in
the female part opposite to the back face of the second panel, as long as
the slit supports to facilitating the movement of the locking member to
its second position.

At least the second panel may be provided with a
reinforcement portion at the living hinge in order to reinforce the
living hinge and to avoid any weak portion or even cracks at that
location during and after a locking action. The reinforcement portion may
comprise a layer of reinforcing material which is incorporated in the
second panel or applied at its back face.

Alternatively, the set of mutually lockable panels, such as
floor, wall or ceiling panels, comprises a first panel having a front
face, a back face and an edge including a male part which is directed in
a direction from its front face to its back face, a second panel having a
front face, a back face and an edge including a female part for receiving
the male part of the first panel in unlocked condition of the panels,
wherein the male part has an outer side which, in locked condition of the
panels, is directed to the second panel in a direction substantially
parallel to the front face of the first panel, and an opposite inner side
which is provided with a locking surface, wherein the female part
comprises a locking member and a bendable portion for moving the locking

member with respect to the rest of the second panel by bending the
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bendable portion, wherein the locking member has a stop surface, which
cooperates with the locking surface of the male part in locked condition
of the panels so as to lock the panels with respect to each other at
least in a direction substantially perpendicular to the locking surface
and the stop surface, wherein the second panel is provided with an
actuator for displacing the locking member from its first position in
unlocked condition of the panels to a second position in locked condition
of the panels in which the locking surface and the stop surface
cooperate, wherein the bendable portion is bendable with respect to a
bending axis that extends substantially parallel to the edge of the
second panel, wherein the locking member and the bendable portion are
formed integral with the second panel. An advantage of this set of panels
is that a step of assembling the second panel and the locking member can
be omitted. The locking member is remote from the bending axis, but will
not rotate about the bending axis like in case of a pivot axis, even if
the bending axis has a fixed position with respect to the second panel.

In a practical embodiment, in the locked condition of the
panels, the locking surface is directed to the front face of the first
panel and the stop surface is directed to the back surface of the second
panel so as to lock the panels with respect to each other at least in a
direction substantially perpendicular to their front faces.

In a particular embodiment the actuator has a control surface
which is directed away from the back face of the second panel and which
is displaceable with respect to the back face of the second panel in a
direction from its back face to its front face so as to move the locking
member. This means that the actuator can be activated through the control
surface at the back face of the second panel. For example, the control
surface may abut a basis to which the second panel is placed, whereas a
reaction force can be exerted onto the control surface upon pressing the
second panel against the basis so as to move the locking member.

The actuator may be located at the locking member, which
provides the opportunity to omit any transmission between the actuator
and the locking member.

The back face of the second panel may have a contact surface
for supporting the second panel on a basis, wherein the control surface
projects from the contact surface in unlocked condition of the panels.

The actuator may be a protrusion, which is formed from a
cured liquid, for example. This is relatively simple to manufacture. For

example, a curable ligquid can be printed and cured on the back face of
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the second panel at the locking member. Alternative manners of applying a
protrusion are conceivable, for example by means of extrusion of a
material, or applying a curable material by means of a valve jet, or
during pressing the panels, or during laminating the panels, or the like.
It is also possible to create a ridge by means of removing material
adjacent to the intended protrusion. Furthermore, in case of applying a
reinforcement portion at the living hinge as mentioned above, the
reinforcement portion may be applied in the same manner as the actuator
and even form a single piece with the actuator after curing, for example
as a reinforcement layer. In the latter case the dimensions of the
actuator and the reinforcement layer may be different in order to create
their different functions.

The actuator may be more rigid or less flexible than the rest
of the second panel. A relatively rigid actuator is advantageous in case
of laying the set of panels as floor panels on a relatively soft
subfloor. The subfloor can be locally deformed by the actuator during a
locking action and transfer a force to move the locking member from its
first position to its second position upon pressing the second panel onto
the subfloor. This is advantageous with respect to conventional locking
gystems that are on the market. Adjacent panels on a soft subfloor
including an actuator in the form of a rigid strip provide a relatively
high load capacity and back pressure on the locking member in order to
keep the locking member at place, comparable to a ski in the snow. In
case of a more flexible material of the actuator it might be self-
releasing unintentionally.

In an advantageous embodiment in the locked condition the
stop surface is inclined with respect to the front face of the second
panel in a direction from its back face to its front face as seen in a
direction from the first panel to the second panel, since this also
enables a lock in a direction substantially perpendicular to the edges
and substantially parallel to the front faces of the panels. This
embodiment appears to be surprisingly advantageous in case of a set of
flexible panels which are laid as floor panels on a relatively soft
subfloor. Due to a local load close to the edges of the first and second
panels the subfloor may deform such that the female part is not or
slightly supported. The orientation of the stop surface causes that the
male part and the female part remain in joined condition. If the stop

surface in the locked condition extended perpendicularly to the front
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face of the second panel the risk of de-coupling would be greater under
such a load.

It is noted that the orientation of the stop surface of the
female part is changed between the first position and the second position
of the locking member either by pivoting the locking member or by moving
the locking member by means of bending the bendable portion. This means
that after manufacturing the female part of the second panel the angle
between the stop surface and the back face of the second panel is larger
than it will be in the locked position. Particularly in case of machining
the female part, when it is integral with the second panel, this
simplifies the method of manufacturing since machining such as milling
becomes more difficult with decreasing angle between the stop surface and
the back face of the second panel because of required space for tools.
Nevertheless, the panels may also be made via a process of extrusion.

In a further embodiment the outer side of the male part and
an edge portion of the second panel which is opposite thereto in locked
condition of the panels may be provided with a snap fastener for mutually
locking them in a direction substantially perpendicular to the front
faces of the panels. This is an extra lock between the panels in the
mentioned direction in addition to the locking member and guarantees
locking in a direction substantially perpendicular to the upper faces of
the panels in addition to the locking member.

In a particular embodiment the male part has a lower surface
directed in a direction from the front face to the back face of the first
panel and the female part has a bottom surface directed in a direction
from the back face to the front face of the second panel, wherein the
lower surface contacts the bottom surface in an interengaged but still
unlocked condition of the panels. This means that upon assembly of the
gset of panels the female part receives the male part until the lower
surface of the male part abuts the bottom surface of the female part,
after which the actuator of the locking member can be activated for
moving the locking member to a position in which the set of panels are
locked to each other. For example, in case the control surface of the
actuator protrudes from the contact surface of the second panel and the
set of panels are placed in the interengaged condition on a substantially
flat basis the control surface contacts the basis whereas the contact
surface of the second panel does not or only partly contact the basis at
a distance from the control surface of the actuator. Upon pressing the

male part on the bottom surface of the female part towards the basis the
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actuator will exert a force on the locking member in opposite direction,
hence rotating the locking memnber or moving the locking member by means
of bending the bendable portion. An advantage of this embodiment is that
the female part may start to engage the male part when the panels are
already almost in their final mutual position instead of pressing a male
part into a clamping female part over a relatively long distance such as
in well-known prior art locking mechanisms.

The lower surface and the bottom surface may also contact
each other in locked condition of the panels. It is, however, conceivable
that the panels are flexible such that the lower surface of the male part
contacts the bottom surface of the female part during the locking action
but they are free from each other in the locked condition. Nevertheless,
in practice the lower surface and the bottom surface may contact each
other partly or entirely during and after the locking action.

In order to keep the locking member in a fixed position with
respect to the panels in locked condition thereof the locking member may
have a holding element, which is remote from the control surface of the
actuator. The holding element and the first panel may comprise a snap
fastener for snapping them to each other. Alternatively, such a holding
element may be omitted if the locking member maintains its position in
the locked condition automatically, for example if the second panel keeps
the control surface of the actuator fixed to the basis onto which it is
placed. In case of light-weight floor panels and/or a locking member
which remains biased in locked condition the presence of the holding
element may be desired in order to prevent the locking member from moving
back, hence automatic de-locking.

The locking member may be dimensioned such that in locked
condition a free end of the locking member remote from the actuator and
directed in a direction from the back face to the front face of the
second panel is free from the first panel. Alternatively, the free end of
the locking member does contact the first panel in the locked condition.
In general, the free end of the locking member may contact the first
panel partly or entirely and/or the lower surface and the bottom surface
may contact each other partly or entirely in the locked condition.

In a particular embodiment the male part comprises a
longitudinal tongue extending along the edge of the first panel and the
female part comprises a cooperating groove extending along the edge of

the second panel, wherein at least a part of the locking member forms a
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side wall of the groove. In this case the edges of the panels form hooked
profiles which can be machined in a well-known manner.

The inner side of the male part may be provided with a
recess, wherein the locking surface is part of the recess.

The male part and the female part may be dimensioned such
that in locked condition of the panels the locking member presses the
outer side of the male part against the second panel in order to obtain a
proper seal at a seam between the first and second panel.

In an advantageous embodiment each of the panels has a first
edge including the male part and an opposite second edge including the
female part, since this provides the opportunity to create a surface
covering from a plurality of such panels, since each panel has similar
pairs of opposite edges which can be mutally locked.

In a further embodiment the panels are rectangular and two
remaining opposite edges of each panel have a tongue and a groove,
respectively, which are configured to couple similar panels along said
edges by means of angling in. It is also conceivable that the remaining
opposite edges of each panel include the male part and the female part,
as well, such that the panels can be joined by means of a displacement
gsubstantially perpendicular to the front faces of the panels.

The panels may be made of a flexible or rigid material, for
example LVT (Luxury Vinyl Tile), MDF/HDF, mineral materials, a wood
plastic composite (WPC) or other composites including plastics.
Alternatively, the panels may be made of a combination of flexible and
rigid materials. For example, the male part and/or female part may be
partly or entirely made of a material which is more flexible than the
remainder of the panels. Panels having regions of different materials can
be made by means of co-extrusion, for example.

The invention is also related to a set of mutually lockable
panels, such as floor, wall or ceiling panels, comprising a first panel
having a front face, a back face and an edge including a male part which
is directed in a direction from its front face to its back face, a second
panel having a front face, a back face and an edge including a female
part for receiving the male part of the first panel in unlocked condition
of the panels, wherein the male part has an outer side which, in locked
condition of the panels, is directed to the second panel in a direction
gsubstantially parallel to the front face of the first panel, and an
opposite inner side which is provided with a locking surface, wherein the

female part comprises a locking member, which is pivotable about a pivot
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axis that extends substantially parallel to the edge of the second panel
wherein the locking member has a stop surface remote from the pivot axis,
or wherein the female part comprises a locking member and a bendable
portion for moving the locking member with respect to the rest of the
second panel by bending the bendable portion, wherein the locking member
has a stop surface, which stop surface cooperates with the locking
surface of the male part in locked condition of the panels so as to lock
the panels with respect to each other at least in a direction
substantially perpendicular to the locking surface and the stop surface,
wherein the second panel is provided with an actuator for rotating the
locking member from its first position in unlocked condition of the
panels to a second position in locked condition of the panels in which
the locking surface and the stop surface cooperate, wherein the actuator
has a control surface which is directed away from the back face of the
second panel and which is displaceable with respect to the back face of
the second panel in a direction from its back face to its front face so
as to move the locking member. An advantage of this set of panels is that
the locking member can be moved from its first position to its second
position by moving the second panel to a supporting basis whereas the
supporting basis moves the control surface, and thus the locking member,
in opposite direction. It is noted that other characteristics as
described hereinbefore can be combined with this set of panels.

The invention is also related to a set of mutually lockable
panels, such as floor, wall or ceiling panels, comprising a first panel
having a front face, a back face and an edge including a male part which
is directed in a direction from its front face to its back face, a second
panel having a front face, a back face and an edge including a female
part for receiving the male part of the first panel in unlocked condition
of the panels, wherein the male part has an outer side which, in locked
condition of the panels, is directed to the second panel in a direction
substantially parallel to the front face of the first panel, and an
opposite inner side which is provided with a locking surface, wherein the
female part comprises a locking member and a bendable portion for moving
the locking member with respect to the rest of the second panel by
bending the bendable portion, wherein the locking member has a stop
surface, which cooperates with the locking surface of the male part in
locked condition of the panels so as to lock the panels with respect to
each other at least in a direction substantially perpendicular to the

locking surface and the stop surface, wherein the second panel is
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provided with an actuator for displacing the locking member from its
first position in unlocked condition of the panels to a second position
in locked condition of the panels in which the locking surface and the
stop surface cooperate, wherein the bendable portion is bendable with
respect to a bending axis that extends substantially parallel to the edge
of the second panel, wherein in the locked condition the bendable portion
is bent about a bending centre at a distance from the bendable portion at
a distance from the bendable portion. An advantage of this set of panels
is that local stress in the bendable part is relatively low. The bending
centre may be located at a distance from the front face as seen in a
direction from the back face to the front face of the second panel. In
that case the bending axis may be located at a fixed position where the
flexible lip transfers into the rest of the panel.

In a particular embodiment the male part has a lower surface
directed in a direction from the front face to the back face of the first
panel and the female part has a bottom surface directed in a direction
from the back face to the front face of the second panel, wherein the
bottom surface is part of the bendable portion. In practice the bendable
portion may be a flexible lip which extends between the locking member
and the rest of the second panel.

When the lower surface contacts the bottom surface in an
interengaged but still unlocked condition of the panels the bendable
portion may at least partly bend about the lower surface of the male
part. This is further simplified if the lower surface is at least partly
curved about the bending centre, whereas the bottom surface is
substantially flat in the unlocked condition.

In order to prevent the locking member from automatic de-
locking, the locking member may have a holding element for holding the
locking member in a fixed position with respect to the panels in locked
condition thereof. It is noted that other features as described
hereinbefore can be combined with this set of panels.

The invention will hereafter be elucidated with reference to
the schematic drawings showing embodiments of the invention by way of
example.

Fig. 1 is a perspective view of a plurality of panels
including an embodiment of a set of panels according to the invention in

a stage of laying the panels.
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Fig. 2 is an enlarged cross sectional view according to the
line II-ITI in Fig. 1 showing partly two panels with their third and
fourth edges on the long sides of the panels.

Fig. 3 is a perspective view of a partly cut-away detail III
in Fig. 1 showing the joined edges on the short side of two panels of
Fig. 1.

Figs. 4-6 are enlarged cross-sectional views of the subject
of Fig. 3, in three different positions illustrating the unlocked and
locked condition of the panels.

Figs. 7-9 are similar views as Figs. 4-6 of an alternative
embodiment of a set of panels.

Fig. 10 is a sgimilar view as Fig. 3, but showing the
alternative embodiment of Figs. 7-9.

Figs. 11-13 are similar views as Figs. 7-9, but illustrating
an alternative way of laying the panels.

Figs. 14-15 are similar views as Figs. 12-13, but showing an
alternative embodiment.

Figs. 16-17 are similar views as Figs. 14-15, but showing an
alternative embodiment.

Figs. 18-20 are similar views as Figs. 11-13, but showing an
alternative embodiment of a set of panels.

Figs. 21-22 are similar views as Figs. 14-15, but showing an
alternative embodiment.

Figs. 23-24 are similar views as Figs. 14-15, but showing an
alternative embodiment.

Figs. 25-26 are similar views as Figs. 14-15, but showing an
alternative embodiment.

Fig. 27 is a perspective cut-away view, showing an
alternative embodiment of Fig. 10.

Figs. 28-29 are similar views as Fig. 15, but showing
alternative embodiments.

Fig. 30 is a similar view as Fig. 9 of an alternative
embodiment.

Figs. 31-34 are similar views as Fig. 9 of alternative
embodiments.

Fig. 1 shows a number of panels including an embodiment of a
set of panels according to the invention. Fig. 1 shows a first panel 1, a
second panel 2, a third panel 3 and a fourth panel 4. These panels are

substantially rectangular and may both be square or elongated. The four
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panels 1-4 shown are elongated having a first edge 5 and an opposite
second edge 6 that are the short edges, and a third edge 7 and an
opposite fourth edge 8 that form the long edges.

In principle the set of panels is intended to form a floor
covering, but the panels may also be used as wall panels, ceiling panels
or panels for covering other surfaces. These surfaces may be indoor or
outdoor surfaces.

The panels according to the embodiment as shown in the
figures are made of LVT (Luxury Vinyl Tile), which is a flexible
material. In an alternative embodiment, the panels may be constructed as
laminate panels for forming a laminate flooring which is well-known in
the art. These panels are used to imitate planks or tiles of natural
material, such as wood, stone or any other material. Generally these
laminate panels comprise a core of relatively cheap material, in
particular a wood based material such as material including wood
particles or fibres such as MDF/HDF, mineral materials, a wood plastic
composite (WPC) or other composites including plastics. The core of these
panels is covered by a decorative layer formed for example from transfer
foil or a laminate of resin impregnated paper layers. The decor may also
be formed in a different way, for example by printing directly and/or
digitally on the core, or by finishing the core by embossing, chafing or
the like. The panels may also be made of wood, plastic or other material
with or without separate upper and/or lower layers.

Each of the four panels 1-4 has a front face 9 and a back
face 10. The edges 5-8 of each panel 1-4 are adapted to lock the panels
to each other to obtain a floor covering in which the panels are coupled
to each other substantially without the formation of a gap. For this
purpose, the first edge 5 of each panel is provided with a male part 11
which is directed in a direction from its front face S to its back face
10, and the second edge 6 is provided with a female part 12 for receiving
the male part 11 in unlocked condition of the panels, whereas the third
edge 7 is provided with a male joining member 13 and the fourth edge §
with a female joining member 14, see Figs. 2-4.

The third and fourth edges 7, 8 with the male and female
joining members 13, 14 are shown in Fig. 2 and may be configured in a
well-known manner. These joilning members 13, 14 are such that they allow
a joining of the third and fourth edges 7, 8 of two panels by bringing
the male joining member 13 in contact with the female joining member 14

of a panel or of two panels which are already installed on the surface.
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In Fig. 1, panel 1 is brought in engagement with panels 2 en 4. The male
joining member 13 is brought in engagement with the female joining member
14 while the panel 1 is held in a relatively inclined position,
whereafter panel 1 with the male joining member 13 is rotated with
respect to the other panels 2 and 4 so as to bring the front faces 9 of
the panels 1-4 substantially in alignment with each other. This method is
also known as the "angling in" joining method. In principle, it would
also be possible to angle in a female joining member onto a male joining
member of a panel already installed.

In the embodiment shown in Fig. 2 the joining members
comprise locking means which prevent the panels from drifting apart in a
direction substantially parallel to their front and back faces 9, 10 and
substantially perpendicularly to their edges 7, 8. These locking means
are configured such that they exert a force urging the panels towards
each other (i.e. substantially perpendicular to their edges) while the
panels are in their joined condition. This force counteracts the
formation of gaps between the panels, in particular at the position near
the front face 9 where the panels meet each other. This position may be
exactly at the front faces 9, but in case the upper borders of the panels
are machined for example to form a V-groove, see Figs. 1-3, U-groove or
other lowered area between the panels, the panel edges will meet at a
distance from the front faces 9. It is also conceivable that the locking
means are configured such that they meet each other at the front faces 9
or at a distance thereof without forcing the panels to each other.

Fig. 2 also shows that the male joining member 13 includes a
tongue 15, while the female joining member 14 includes a groove 16 which
is able to receive at least a portion of the tongue 15 therein so as to
lock the panels with respect to each other in a direction substantially
perpendicularly to the front and back faces 9, 10, i.e. in vertical
direction. The shape of the tongue and groove 14, 15 may have all kinds
of configurations and orientations as long as they include surfaces that
restrict movements in a direction substantially perpendicularly to the
front and back faces 9, 10.

The horizontal lock of the panels away from each other is
accomplished by means of a lip 17 below the groove 16 projecting from the
panel 3 and carrying near its free edge an upper protrusion 18 engaging
into a lower groove positioned behind the tongue 15 of the panel 2.

Figs. 3-6 show the first and second edges 5, 6 of the first

and second panels 1, 2 with the male part 11 and the female part 12,
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respectively, enabling the panels to be locked to each other. It is shown
in the drawings that the male part 11 comprises a longitudinal tongue 19
extending along the first edge 5 of the first panel 1 and the female part
12 comprises a cooperating groove 20 extending along the second edge 6 of
the second panel 2. Figs. 3 and 6 show the panels 1, 2 in locked
condition.

The tongue 19 has an outer side 21 which, in locked condition
of the first and second panels 1, 2, is directed in a direction from the
first panel 1 to the second panel 2 in a direction substantially parallel
to the front faces 9 of the panels, as shown in Fig. 6. The tongue 19
comprises an inner side 22 which extends opposite to its outer side 21.
The inner gide 22 has an undercut or recess 23 including a locking
surface 24 which is directed to the front face 9 of the first panel 1. In
the embodiment as shown in Figs. 1-6 the locking surface 24 is inclined
with respect to the front face 9 of the first panel 1 in a direction from
its front face 9 to its back face 10, i.e. downwardly in this case, as
seen from the outer side 21 of the tongue 19.

In unlocked condition of the first and second panels 1, 2 the
groove 20 of the female part 12 is suitable to receive the tongue 19 of
the first panel 1. This is illustrated in Fig. 4 by an arrow directed
downwardly, indicating that the first panel 1 is moved downwardly with
respect to the second panel 2 such that the tongue 19 enters into the
groove 20. Hence, the width of the groove 20 is sufficient to let the
tongue 19 pass downwardly.

The female part 12 comprises a locking member 25. Figs. 4-6
show that the locking member 25 is formed integral with the second panel
2. In an alternative embodiment it may be a separate element. The locking
member 25 forms a side wall of the groove 20 and is pivotable about a
pivot axis which extends substantially parallel to the second edge 6 of
the second panel 2. Fig. 4 shows that the back face 10 of the second
panel 2 is provided with a recess 26 which extends along the second edge
6 and forms a living hinge 27 including the pivot axis. This means that
the pivot axis has a substantially fixed position with respect to the
second panel 2. Due to the presence of the living hinge 27, the locking
member 25 is pivotable about the pivot axis. In order to avoid the
locking member 25 from premature rotation the locking member 25 causes a
resistance requiring a minimum predefined force for rotating the locking
member 25 from its first position in unlocked condition of the panels 1,

2, 1.e the condition as shown in Figs. 4 and 5. The resistance may be
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overcome by creating a minor crack in the second panel 2 close to the
intended pivot axis, for example.

It is noted that the locking member 25 is to couple the first
and second edges 5, 6 to each other such that it locks the first and
second panels 1, 2 to each other in both a direction substantially
perpendicular to the upper surface 9 and in a direction substantially
parallel to the upper surface 9 but substantially perpendicular to the
adjacent first and second edges 5, 6 in their locked condition, as shown
in Fig. 6.

The locking member 25 has a stop surface 28 which extends
substantially parallel to the pivot axis but remote therefrom. The stop
gsurface 28 is directed to the back face 10 of the second panel 2, in this
case directed downwardly, and cooperates with the locking surface 24 of
the male part 11 in locked condition of the first and second panel 1, 2
as shown in Fig. 6. In this condition the first panel 1 is prevented from
displacement upwardly with respect to the second panel 2, and also
prevented from displacement in a direction away from the second panel 2
in horizontal direction. In locked condition of the panels 1 and 2 their
respective front faces 9 are substantially flush in the embodiment as
shown in Fig. 6.

Upon moving the tongue 19 of the first panel 1 into the
groove 20 of the second panel 2 the locking member 25 is received by a
groove 29 in the first panel 1, located between the inner side 22 of the
tongue 19 and an opposite groove wall 30. When the locking member 25
moves into the groove 29 of the first panel 1 the groove wall 30 faces an
outer side 31 of the locking member 25, see Fig. 4. The outer side 31 of
the locking member 25 forms a distal end of the second edge 6 of the
second panel 2, facing away from the second panel 2. In the locked
condition the locking member 25 is maintained in a fixed position with
respect to the first and second panel 1, 2 by a holding element in the
form of a snap fastener, in this case a protrusion 32 on the groove wall
30 that fits behind a corner 33 at the outer side 31 of the locking
member 25. This may also be a recess in the outer side 31 of the locking
member 25 in an alternative embodiment.

The tongue 19 of the male part 11 has a lower surface 34
which is directed downwardly and the female part 12 has a bottom surface
35 at the groove 20 which is directed upwardly. The locking member 25
extends beyond the bottom surface 35 as seen in a direction from the back

face 10 to the front face 9 of the second panel 2. In locked condition
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the lower surface 34 contacts the bottom surface 35. The profiles of the
first and second edges 5, 6 of the respective first and second panel 1, 2
are dimensioned such that when the first panel 1 is moved downwardly
during assembly the lower surface 34 of the tongue 19 contacts the bottom
surface 35 in the groove 20 before the locking member 25 has rotated with
respect to the remainder of the second panel 2. This means that the lower
surface 34 contacts the bottom surface 35 in an interengaged but still
unlocked condition of the panels 1, 2. This intermediate condition is
illustrated in Fig. 5. In this condition the first and second panel 1, 2
are already almost in their final positions, but still unlocked. From
that condition the locking member 25 can be rotated upwardly in order to
achieve the locked condition of the panels 1, 2 as illustrated in Fig. 6.
The width of the contact surface between the lower surface 34 and the
bottom surface 35 as shown in Figs. 5-6, extending in a direction
substantially parallel to the upper faces 9 and substantially
perpendicularly to the first and second edges 5, 6, may be smaller in
practice.

At the back face 10 of the second panel 2 the locking member
25 is provided with an actuator 36 for rotating the locking member 11 to
a position in which the panels 1, 2 are locked with respect to each
other. As shown in Fig. 4 the actuator 36 has a control surface 37 which
is directed downwardly and which is displaceable upwardly with respect to
the back face 10 of the second panel 2 as illustrated in Fig. 6. In the
embodiment as shown in Figs. 4-6 the back face 10 of the second panel 2
has a substantially flat contact surface which is intended to be
supported by the basis S and the control surface 37 of the actuator 36
extends below the contact surface in unlocked condition of the panels 1,
2. This means that the locking member 25 can be rotated about the pivot
axis by means of pressing the second panel 2 to the basis S. As shown in
Fig. 6 the locking member 25 is rotated such that a protruding portion of
the locking member 25 including the stop surface 28 is moved into the
recess 23 of the tongue 19.

It is noted that in the condition as shown in Figs. 4 and 5
the first and second panel 1, 2 are both angled with respect to the third
and fourth panel 3, 4, which is different with the situation as shown in
Fig. 1. The first and second panel 1, 2 are aligned and angled downwardly
together towards the locked condition. Hence, during the locking action
the panels 1, 2 are angled-in and locked simultaneocusly. The situation as

illustrated in Fig. 1 is also possible, but in that case the second panel
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2 will contact the basis S at the control surface 37 of the actuator 36
as well as at its back face 10 at its second edge 6, hence slightly
tilted. When the panels 1, 2 are flexibel and they are interengaged but
still not locked to each other, it is possible to press at first a
portion of the first edge 5 of the first panel 1 closest to the third
edge 7 downwardly such that the locking member 25 starts to rotate
whereas the locking member 25 at an adjacent portion starts to rotate
when the press force is shifted along the first edge 5 towards the fourth
edge 8 of the first panel 1. Hence, the locking member 25 will be pivoted
gradually along the first edge 5 upon assembly.

The locking member 25 of the embodiment as shown in Figs. 1-6
has a C-shaped cross section, wherein one end portion of the C is located
at the living hinge 27 and the opposite end portion of the C comprises
the stop surface 28. In an alternative embodiment the locking member may
have a stop surface that in unlocked condition of the panels extends
substantially perpendicularly to the front face 9 of the second panel 2
or is even directed to its front face as seen from the outer side 31 of
the locking member 25, but will be directed to the back face of the
second panel in locked condition of the panels 1, 2, due to pivoting.

The actuator 36 can be made by printing a strip of a curable
liquid on the back face 10 of the second panel 2 at the location of the
locking member 25. The recess 26 can be made by cutting a slit in the
back face 10 of the second panel 2. Numerous alternative methods of
creating the recess 26 and/or the actuator 36 are conceivable.

As mentioned above, Fig. 5 shows an intermediate condition in
which the tongue 19 is already received in the groove 20, but before the
locking action has been performed. As shown in Fig. 5, before locking,
the distance between the contact surface of the second panel 2 and the
basis S is larger than the distance between the control surface 37 of the
actuator 36 and the basis S. More specifically, the control surface 37
contacts the basis S, whereas the contact surface of the second panel 2
next to the control surface 37 is still free from the basis S. Upon
pressing the tongue 19 of the first panel 1 onto the bottom surface 35 of
the second panel 2 a reaction force will be exerted onto the actuator 36
in upward direction. Consequently, a torque will be exerted on the
locking member 25 about the pivot axis. Above a predefined pressure of
the tongue 19 onto the bottom surface 35 the resistance at the living
hinge 27 will be overcome and the locking member 25 will be rotated as

indicated by the arrow in Fig. 6.



10

15

20

25

30

35

WO 2015/144726 PCT/EP2015/056297

17

Fig. 6 shows that in locked condition of the panels 1, 2 a
free end 38 of the locking member 25 which is located at a distance from
the actuator 36 and directed in a direction from the back face 10 to the
front face 9 of the second panel 2 is free from the first panel 1.

In the locked condition of the panels 1, 2 the outer side 21
of the tongue 19 abuts against an opposite frontal edge portion 39 of the
second panel 2. The frontal edge portion 39 is provided with a protrusion
40 that fits in a recess 41 in the outer side 21 of the tongue 19. When
the set of panels 1, 2 are assembled the protrusion 40 snaps into the
recess 41 such that an additional locking in vertical direction is
created.

Referring to Fig. 1, it is noted that during angling-in of
the first panel 1 the tongue 19 of the male part 11 is moved into the
groove 20 of the female part 11, whereas the locking action can be
performed when the lower surface 34 of the tongue 19 entirely or almost
entirely contacts the bottom surface 35 of the groove 20.

In the intermediate condition as shown in Fig. 5, the outer
side 21 of the tongue 19 contacts the frontal edge portion 39 of the
second panel 2. Consequently, during the locking action a horizontal
force to displace the first panel 1 to the second panel 2 can be omitted.
It is, however, possible that the outer side 21 of the tongue 19 and the
frontal edge portion 39 of the second panel 2 are still remote from each
other in the intermediate condition.

Figs. 7-10 show an alternative embodiment of a set of panels
according to the invention. Similar to Figs. 3-6 the condition in Fig. 8
represents an intermediate condition in which the panels 1, 2 are
interengaged but still not locked to each other, whereas Fig. 9
illustrates the locked condition. In Figs. 7-10 corresponding parts are
indicated by the same reference signs as in Figs. 3-6. It is noted that
in Figs. 4-6 the first panel 1 is shown at the right side of the drawing,
whereas in Figs. 7-9 it is shown at the left side.

In the embodiment as shown in Figs. 7-10 the panels 1, 2 are
resilient. The bottom surface 35 of the female part 12 of the second
panel 2 is inclined in a direction from the back face 10 to the front
face 9, in this case upwardly, as seen from the outer side 31 of the
locking member 25. The inclination of the bottom surface 35 is steeper
than of the lower surface 34 of the tongue 19 in unlocked condition, as
seen in the same direction from the outer side 31 of the locking member

25 and shown in Fig. 8; in this case the lower surface 34 is even
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slightly declined in the mentioned direction. This means that in the
interengaged condition before the locking action, as shown in Fig. 8, a
portion of the lower surface 34 at the front side 21 of the tongue 19
contacts the bottom surface 35. This is shown in Fig. 8 where an open
space 1is present between a portion of the lower surface 34 at the inner
side 22 of the tongue 19 and the bottom surface 35. It is also possible,
that the lower surface 34 extends substantially parallel to the front
face 9 of the first panel 1, whereas the bottom surface 35 extends
substantially parallel to the upper face 9 of the second panel 2 only in
the locked condition of the panels 1, 2.

Fig. 8 also shows an overlap of the groove wall 30 and the
outer side 31 of the locking member 25 by means of broken lines in order
to illustrate the elastic properties and local deformation of the panels
1, 2. This means that during the locking action a certain resistance must
be overcome to interlock the panels 1, 2. It is also noted that in the
situation as shown in Fig. 8 the outer side 21 of the tongue 19 does not
contact the frontal edge portion 39 of the second panel 2. It is,
however, conceivable that already in this condition the outer side 21 of
the tongue 19 does contact the frontal edge portion 39 such that the
panels 1, 2 are interlocked in a direction substantially parallel to the
front faces 9 and substantially perpendicular to their edges 5, 6. In the
latter case the panels 1, 2 may also be interlocked already in a
direction substantially perpendicular to the upper faces 9 due to the
protrusion 40 which is snapped into the recess 41, on the one hand, and
abutment of the lower surface 34 to the bottom surface 35, on the other
hand. In the locked condition the locking member 25 may clamp the tongue
19 between the stop surface 28 and the frontal edge portion 39 and in
case of flexible panels 1, 2 local deformation at the male part 11 and
the female part 12 may occur. Due to the inclined orientation of the
locking surface 24 and the stop surface 28 in the locked condition the
tongue 19 is locked in horizontal as well as in vertical direction by the
locking member 25. Fig. 31 shows an alternative embodiment in which a
contact surface between the panels 1 and 2 at the protrusion 40 is wider
than in the embodiment as shown in Fig. 9. Fig. 32 shows a further
alternative embodiment which comprises a resilient lip at the male part
11 in order to create a snap fastener for mutually locking the panels 1,
2 in a direction substantially perpendicular to the front faces of the

panels. In case of manufacturing the panels by means of extrusion it
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might be more easy to create the resilient lip than by means of milling
the desired profile.

Upon pressing the tongue 19 of the first panel 1 onto the
bottom surface 35 of the second panel 2 when the panels 1, 2 are placed
on the basis S a reaction force will be exerted onto the actuator 36 in
upward direction. Consequently, the locking member 25 will be pressed
into the groove 29 between the inner side 22 of the tongue 19 and the
groove wall 30. Fig. 9 shows that the locking surface 24 cooperates with
the stop surface 28 in the locked condition, whereas the locking member
25 is maintained in a fixed position with respect to the first and second
panel 1, 2 by the protrusion 32 on the groove wall 30 that contacts the
inclined portion 33 at the outer side 31 of the locking member 25. Fig.
33 shows an alternative embodiment in which the locking member 25 is
provided with a resilient lip that functions as a holding element for
holding the locking member 25 in a fixed position with respect to the
panels 1, 2 in locked condition thereof. Fig. 34 shows another embodiment
in which the locking member 25 is part of a separate strip that is fixed
to the remainder of the second panel 2. Numerous alternative manners for
fixing the separate strip are conceivable.

It is noted that in the embodiment as shown in Figs. 7-9 the
stop surface 28 of the locking member 25 extends substantially
perpendicularly to the front face 9 of the second panel in unlocked
condition, but is directed to its back face 10 in locked condition. This
is advantageous in case the female part 12 is manufactured by machining
the second panel 2, since a stop surface 28 which extends substantially
perpendicularly to the front face 9 of the second panel 2 can be made
gasier than an inclined stop surface 28 which is directed in a direction
from the front face 9 to the back face 10. Nevertheless, milling a
negative angle, i.e. the stop surface 28 is directed to the back face 10
of the second panel 2, remains possible; in combination with displacing
the locking member 25 by means of pivoting the negative angle becomes
larger in the locked condition, which is advantageous for locking in a
direction substantially perpendicular to the upper faces ¢ of the panels
1, 2.

Fig. 9 shows that in locked condition of the panels 1, 2 the
free end 38 of the locking member 25 which is located at a distance from
the actuator 36 and directed in a direction from the back face 10 to the

front face 9 of the second panel 2 is free from the first panel 1. This
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may be different in an alternative embodiment as shown in Fig. 30, where
the free end 38 of the locking member 25 contacts the first panel 1.

Fig. 27 shows an alternative embodiment in which the locking
member 25 is discontinuous along the second edge 6 of the second panel 2.
The locking member 25 comprises separate portions. Similarly, the tongue
19 of the male part 11 may be discontinuous along the second edge 6 as
well, but this is not essential.

Figs. 11-13 illustrate an alternative manner of joining the
panels 1, 2. Compared to Figs. 7-9 both opposite first edge 5 and second
edge 6 of the second panel 2 are shown. It can be seen in Fig. 12 that
the second panel 2 at its first edge 5 rests on the basis S, whereas at
its second edge 6 the control surface 37 of the actuator 36 at the
locking member 25 contacts the basis S. Therefore, the second panel 2 is
tilted with respect to the horizontal basis S. If the second panel 2 is
very flexible the cross section as shown in Figs. 11 and 12 may be
curved. Fig. 13 illustrates the panels 1, 2 in locked condition after the
first panel 1 is pressed onto the second panel 2.

Furthermore, Fig. 13 illustrates that the orientation of the
stop surface 28 of the female part 12 has changed from a substantially
vertical orientation to a negative angle o in the locked condition,
extending between the stop surface 28 and a plane substantially
perpendicular to the upper face 9 of the second panel 2. The angle o is
called negative since the stop surface 28 is inclined backwards as seen
from the centre of the second panel 2. It is clear that the negative
angle o must be limited in case the male part 11 and female part 12 are
manufactured by means of mechanical machining. Due to the cooperating
inclined stop surface 28 and locking surface 24 in locked condition of
the panels 1, 2 the panels will not be de-locked unintentionally in case
of applying a load close to the male part 11 and female part 12, for
example, such as illustrated by arrows in Fig. 13. This is advantageous
with respect to conventional locking systems on the market.

Figs. 14 and 15, on the one hand, and Figs. 16 and 17, on the
other hand, show respective alternative embodiments of the set of panels
according to the invention. In these embodiments the recesses 26 for
forming a living hinge are located beyond a contact surface between the
lower surface 34 of the male part 11 and the bottom surface 35 of the
female part 12 as seen from the outer side 31 of the locking member 25.
In the embodiment as shown in Figs. 14 and 15 the recess 26 is located in

the bottom surface 35, whereas in the embodiment as shown in Figs. 16 and
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17 the recess 26 is located in the back face 10 of the second panel 2 at
the female part 12. In these cases the male part 11 and the female part
12 are dimensioned such that in the locked condition the contact surface
between the lower surface 34 of the male part 11 and the bottom surface
35 of the female part 12 form a relatively wide strip along the edges 5,
6.

Figs. 21 and 22 show still another embodiment, where the
recess 26 is located in the frontal edge portion 39 of the second panel
2. It may be clear that the recess 26 may have numerous different
locations at the female part 12. Besides, the recess 26 may have several
dimensions and/or shapes, for example a V-shape or U-shape or the like,
and extend along a part of the second edge 6 or along the entire second
edge 6.

Figs. 18-20 show an alternative embodiment of a set of
mutually lockable panels according to the invention. The panels are
comparable to the panels as shown in Figs. 11-13, but in this case a
recess for forming a living hinge is absent at the female part 12. As
illustrated in Fig. 20, which shows the locked condition, there is no
single pivot axis at the female part 12. The bottom surface 35 is a
gsubstantially flat surface and slightly inclined in a direction from the
back face 10 to the front face 9 as seen from the outer side 31 of the
locking member 25. The lower surface 34 of the tongue 19 has a curved
cross—section. In the interengaged condition before the locking action,
as shown in Fig. 19, a portion of the lower surface 34 at the outer side
21 of the tongue 19 contacts the bottom surface 35. Fig. 19 also shows a
small overlap of the groove wall 30 and the outer side 31 of the locking
member 25 by means of broken lines in order to illustrate the elastic
properties and local deformation of the panels 1, 2.

In the embodiment as shown in Figs. 18-20 the female part 12
comprises the locking member 25 and a bendable portion 42 which forms an
intermediate portion between the locking member 25 and the rest of the
second panel 2. The bendable portion 42 forms a horizontally oriented lip
that extends along the second edge 6 of the second panel 2. Due to the
presence of the bendable portion 42 the locking member 25 can be moved
upwardly as illustrated in the embodiments described hereinbefore.
However, the locking member 25 is not pivoted about a single pivot axis,
but it is moved from its first position in unlocked condition to its
second position in locked condition by means of bending the bendable

portion 42. The bendable portion 42 is bendable with respect to a bending
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axis which extends substantially parallel to the second edge 6. When the
second panel 2 is considered separately and the actuator 36 is pressed
upwardly upon pressing the second panel 2 downwardly onto the basis S,
the bending axis may be located at the root of the lip 42 opposite to the
side where the locking member 25 is disposed.

The bending axis is considered to have a substantially fixed
portion with respect to the second panel 2 and the locking member 25 is
displaceable with respect to the bending axis upon bending the bendable
portion 42. In this case, however, the bending axis is determined by the
shape of the contact surface between the lower surface 34 and the bottom
surface 35 such that the bending axis will shift towards the locking
member 25 during a locking action. In fact, the bendable portion 42 is
bent about the lower surface 34. Fig. 20 shows that in the locked
condition the stop surface 28 of the locking member 25 cooperates with
the locking surface 24 of the male part 11. In the locked condition as
shown in Fig. 20 the back face 10 of the second panel 2 is bent about a
bending centre which lies at a distance from the bendable portion 42, in
this case above the second panel 2. A portion of the lower surface 34 of
the tongue 19 may have a curvature about a centre which substantially
coincides with the bending centre.

The locking member 25 is maintained in a fixed position with
respect to the first and second panel 1, 2 by the protrusion 32 on the
groove wall 30 that contacts the inclined portion 33 at the outer side 31
of the locking member 25, as illustrated in Fig. 20. It is noted that the
locking member 25 and the rest of the second panel 2 may be made of the
same material as the bendable portion 42, for example LVT or the like,
but alternative materials are conceivable. The actuator may be formed
from a cured liquid, that can be printed and cured on the back face of
the second panel at the locking member. Alternative manners of applying a
protrusion are conceivable, for example by means of extrusion of a
material, or applyving a curable material by means of a valve jet, or
during pressing the panels, or during laminating the panels, or the like.
It is also possible to create a ridge by means of removing material
adjacent to the intended protrusion.

Turning back to the embodiments of the panels 1, 2 including
a recess 26 and a living hinge 27 it may be desirable to reinforce the
living hinge 27 and to avoid any weak portion or even cracks at that
location after a locking action. Figs. 23 and 24 show an embodiment of a

set of panels 1, 2 in which a reinforcement portion 43 is provided at the



10

15

20

25

30

35

WO 2015/144726 PCT/EP2015/056297

23

back face 10 of the second panel 2 at the female part 12. In this case
the reinforcement portion 43 comprises a layer which is tougher than the
remainder of the second panel 2 and which includes the actuator 36, but
the reinforcement portion 43 may be limited to the area around the living
hinge 27 or may be extended to a larger portion of the second panel 2.
The reinforcement layer may be made of a curable substance such as a
glue. Figs. 25 and 26 show an alternative embodiment, in which the
reinforcement portion 43 forms a layer which is incorporated in the
panels 1, 2 between the front and back faces 9, 10. This layer may be a
glass fibre sheet, a grid-shaped layer, or the like.

Figs. 28 and 292 show embodiments of panels 1, 2 that comprise
regions of different material properties. Fig. 28 illustrates that the
female part 12 is mainly made of a different material than the remainder
of the second panel 2. For example, the female part 12 is more flexible
than the remainder of the second panel 2 in order to minimize tension in
the locked condition. The female part 12 may comprise a separate part 44
which is fixed to the rest of the second panel 2, for example by means of
glue. It is also conceivable that the second panel 2 is made of one piece
by means of co-extruding different materials.

Fig. 29 shows an alternative embodiment of laminated panels
1, 2, including a top layer 45 and a decorative layer 46. The panels, 1,
2 are provided with a core which has an upper portion 47 and a lower
portion 48 which are made of different materials, for exanple by means of
co-extrusion. In this case the flexibility of the lower portion 48 is
higher than of the upper portion 47. The location of a transfer plane
between the upper portion 47 and the lower portion 48, extending
substantially parallel to the upper face 9, is selected such that the
locking member 25 and the region around the living hinge 27 are made of
the flexible material, whereas only a portion of the tongue 19 at the
lower surface 34 thereof is made of the flexible material. The upper
portion 47 may comprise PVC having a higher chalk content than the lower
portion 48, such that the lower portion 48, which must allow relatively
large deformations, is less brittle. It may be clear, that numerous
variations of shapes and dimensions of regions of different material
properties are conceivable. The layers of different material properties
may also be made by means of a laminating process which may be easier in
terms of manufacturing than by means of co-extrusion.

The dimensions of the panels 1, 2 as shown in Figs. 7-29 may

vary. In order to give an indication of the possible dimensions of a
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practical embodiment the following dimensions of a panel are just an
example, without limiting the scope of the claims. The thickness of the
panel as measured between the front face 9 and the back face 10 is 4 mm.
The distance between the front face 9 and the lower surface 34 of the
tongue 19 is 2.75 mm and the distance between the inner side 24 and the
outer side 21 of the tongue 19, as measured substantially parallel to the
front face 9, is 2.38 mm. The lower surface 34 extends substantially
parallel to the front face 9. The thickness of the panel between the
groove wall 30 and the inner side 24 of the tongue 19 is 1.55 mm. The
angle between the front face 9 and the outer side 21 of the tongue 19, as
measured at the outer side of the panel, is 115°. The angle between the
front face 9 and the inner side 24 of the tongue 19, as measured at the
outer side of the panel is 85°. The distance between the outer side 21 of
the tongue 19 and the groove wall 30, as measured substantially parallel
to the front face 9, is 4.88 mm. The angle between the back face 10 and a
portion of the groove wall 30 extending between the protrusion 32 and the
front face 9, as measured at the outer side of the panel, is 105 °,
whereas the angle between the back face 10 and a portion of the groove
wall 30 extending between the protrusion 32 and the back face 10, as
measured at the outer side of the panel, is 71 °. The distance of the
protrusion 32 from the front face 9 is 3.05 mm.

The dimensions at the female part 12 in unlocked condition of
the panels are as follows. The distance between the frontal edge portion
39 and the outer side 31 of the locking member 25 is 5.18 mm. The angle
between the back face 10 and the bottom surface 35, as measured at the
inner side of the panel, is 4°. The angle between the back face 10 and
the inclined portion 33 at the outer side 31 of the locking member 25, as
measured at the outer side of the panel, is 65 °. The distance between
the outer side 31 and the stop surface 28 is 2.54 mm. The angle between
the back face 10 and the stop surface 28, as measured at the inner side
of the panel, is $5°. Thus, as seen from the panel, the inclination of
the stop surface 28 is directed outwardly in a direction from the back
face 10 to the front face 9 such that the stop surface 28 is directed in
a direction from the back face 10 to the front face 9. When disregarding
the recess 26 the thickness of the lip between the stop surface 28 and
the frontal edge portion 39 varies between 1.06 and 1.52 mm. The distance
between the back face 10 and the free end 38 of the locking member 25 is

1.75 mm, when disregarding the actuator 36.
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It is noted that in the embodiments of the set of panels as
described hereinbefore, either in case of pivoting the locking member or
in case of moving the locking member by means of bending a bendable
portion, the female portion is in fact engaging the male part such that
the panels are locked with respect to each other in a direction
substantially perpendicular to their upper faces as well as in a
direction substantially parallel to their upper faces and substantially
perpendicular to their edges. In a particular case the male member is
clamped by the female part, for example supported by flexible portions of
the panels or entirely flexible panels.

The invention is not limited to the embodiments shown in the
drawings and described hereinbefore, which may be varied in different
manners within the scope of the claims and their technical equivalents.
For example, the panels may have an alternative shape than rectangular.
Selecting displacement of the locking member by means of either pivoting
or bending may depend inter alia on material properties. It is also
conceivable that the locking member is moved by means of a combination of

pivoting and bending.
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CLAIMS

1. A set of mutually lockable panels (1, 2), such as floor,
wall or ceiling panels, comprising
a first panel (1) having a front face (9), a back face (10)
and an edge (5) including a male part (ll) which is directed in a direction
from its front face (8) to its back face (10),
a second panel (2) having a front face (9), a back face (10)
and an edge (6) including a female part (12) for receiving the male part (11)
of the first panel (1) in unlocked condition of the panels (1, 2),
wherein the male part (11) has an outer side (21) which, in
locked condition of the panels (1, 2), is directed to the second panel (2) in
a direction substantially parallel to the front face (9) of the first panel
(1), and an opposite inner side (22) which is provided with a locking surface
(24),
wherein the female part (12) comprises a locking member (25),
which is pivotable about a pivot axis that extends substantially parallel to
the edge (6) of the second panel (2), wherein the locking member (25) has a
stop surface (28) remote from the pivot axis, which stop surface (28)
cooperates with the locking surface (24) of the male part (5) in locked
condition of the panels (1, 2) so as to lock the panels (1, 2) with respect
to each other at least in a direction substantially perpendicular to the
locking surface (24) and the stop surface (28),
wherein the second panel (2Z2) is provided with an actuator (36)
for rotating the locking member (25) from its first position in unlocked
condition of the panels (1, 2) to a second position in locked condition of
the panels (1, 2) in which the locking surface (24) and the stop surface (28)
cooperate,
characterized in that the pivot axis has a substantially fixed
position with respect to the second panel (2).
2. A set of panels (1, 2) according to claim 1, wherein the
locking member (25) is formed integral with the second panel (2).
3. A set of panels (1, 2) according to claim 1 or 2, wherein
the locking member (25) causes a resistance requiring a minimum predefined
force for rotating the locking member (25) from its first position in

unlocked condition of the panels (1, 2).
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4. A set of panels (1, 2) according to one of the preceding
claims, wherein the locking member (25) is pivotable by means of a living
hinge (27).

5. A set of panels (1, 2) according to claim 4, wherein the
living hinge (27) is formed by a slit (26) in the second panel (2).

6. A set of mutually lockable panels (1, 2), such as floor,
wall or ceiling panels, comprising

a first panel (1) having a front face (9), a back face (10)
and an edge (5) including a male part (11) which is directed in a direction
from its front face (9) to its back face (10),

a second panel (2) having a front face (9), a back face (10)
and an edge (6) including a female part (l2) for receiving the male part (11)
of the first panel (1) in unlocked condition of the panels (1, 2),

wherein the male part (ll) has an outer side (21) which, in
locked condition of the panels (1, 2), is directed to the second panel (2) in
a direction substantially parallel to the front face (9) of the first panel
(1), and an opposite inner side (22) which is provided with a locking surface
(24),

wherein the female part (l2) comprises a locking member (25)
and a bendable portion (42) for moving the locking member (25) with respect
to the rest of the second panel by bending the bendable portion, wherein the
locking member (25) has a stop surface (28), which cooperates with the
locking surface (24) of the male part (5) in locked condition of the panels
(1, 2) so as to lock the panels (1, 2) with respect to each other at least in
a direction substantially perpendicular to the locking surface (24) and the
stop surface (28),

wherein the second panel (2) is provided with an actuator (36)
for displacing the locking member (25) from its first position in unlocked
condition of the panels (1, 2) to a second position in locked condition of
the panels (1, 2) in which the locking surface (24) and the stop surface (28)
cooperate, wherein the bendable portion (42) is bendable with respect to a
bending axis that extends substantially parallel to the edge (6) of the
gsecond panel (2), wherein the locking member (25) and the bendable portion
are formed integral with the second panel (2).

7. A set of panels (1, 2) according to one of the preceding
claims, wherein, in the locked condition of the panels (1, 2), the locking
surface (24) is directed to the front face (9) of the first panel (1) and the

stop surface (28) is directed to the back surface (10) of the second panel
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(2) so as to lock the panels (1, 2) with respect to each other at least in a
direction substantially perpendicular to their front faces (9).

8. A set of panels (1, 2) according to one of the preceding
claims, wherein the actuator (36) has a control surface (37) which is
directed away from the back face (10) of the second panel (2) and which is
displaceable with respect to the back face (10) of the second panel (2) in a
direction from its back face (10) to its front face (9) so as to move the
locking member (25).

9. A set of panels (1, 2) according to claim 8, wherein the
actuator (36) is located at the locking member (25).

10. A set of panels (1, 2) according to claim 9, wherein the
back face (10) of the second panel (2) has a contact surface (10) for
supporting the second panel (2) on a basis (S), wherein the control surface
(37) projects from the contact surface (10) in unlocked condition of the
panels (1, 2).

11. A set of panels (1, 2) according to claim 9 or 10, wherein
the actuator (36) is a protrusion, which may be formed from a cured liquid.

12. A set of panels (1, 2) according to one of the preceding
claims, wherein in the locked condition the stop surface (28) is inclined
with respect to the front face (9) of the second panel (2) in a direction
from its back face (10) to its front face (9) as seen in a direction from the
first panel (1) to the second panel (2).

13. A set of panels (1, 2) according to one of the preceding
claims, wherein the outer side (21) of the male part (11) and an edge portion
(39) of the second panel (2) which is opposite thereto in locked condition of
the panels (1, 2) are provided with a snap fastener (40, 41) for mutually
locking them in a direction substantially perpendicular to the front faces
(9) of the panels (1, 2).

14. A set of panels (1, 2) according to one of the preceding
claims and claim S, wherein the male part (11) has a lower surface (34)
directed in a direction from the front face (9) to the back face (10) of the
first panel (1) and the female part (12) has a bottom surface (35) directed
in a direction from the back face (10) to the front face (9) of the second
panel (2), wherein the lower surface (34) contacts the bottom surface (35) in
an interengaged but still unlocked condition of the panels (1, 2).

15. A set of panels (1, 2) according to claim 14, wherein the
lower surface (34) and the bottom surface (35) also contact each other in

locked condition of the panels (1, 2).
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16. A set of panels (1, 2) according to one of the preceding
claims and claim 8, wherein the locking member (25) has a holding element
(33) for holding the locking member (25) in a fixed position with respect to
the panels (1, 2) in locked condition thereof, which holding element (33) is
remote from the control surface (37) of the actuator (36).

17. A set of panels (1, 2) according to claim 16, wherein the
holding element and the first panel (1) comprise a snap fastener (32, 33) for
snapping them to each other.

18. A set of panels (1, 2) according to one of the preceding
claims, wherein the locking member (25) is dimensioned such that in locked
condition a free end (38) of the locking member (25) remote from the actuator
(36) and directed in a direction from the back face (10) to the front face
(9) of the second panel (2) is free from the first panel (1).

19. A set of panels (1, 2) according to one of the preceding
claims, wherein the male part (11) comprises a longitudinal tongue (19)
extending along the edge (5) of the first panel (1) and the female part (12)
comprises a cooperating groove (20) extending along the edge (6) of the
second panel (2), wherein at least a part of the locking member (25) forms a
side wall of the groove (20).

20. A set of panels (1, 2) according to one of the preceding
claims, wherein the locking surface (24) is part of a recess (23) in the
inner side (22) of the male part (11).

21. A set of panels (1, 2) according to one of the preceding
claims, wherein the male part (l11) and the female part (l2) are dimensioned
such that in locked condition of the panels (1, 2) the locking member (25)
presses the outer side (21) of the male part (1l1) against the second panel
(2).

22. A set of panels (1, 2) according to one of the preceding
claims, wherein each of the panels (1, 2) has a first edge (5) including the
male part (11) and an opposite second edge (6) including the female part
(12).

23. A set of panels (1, 2) according to claim 22, wherein the
panels (1, 2) are rectangular and two remaining opposite edges (7, 8) of each
panel (1, 2) have a tongue (15) and a groove (16), respectively, which are
configured to couple similar panels (1, 2) along said edges by means of
angling in, or wherein two remaining opposite edges of each panel include the
male part and the female part, as well, such that the panels can be joined by
means of a displacement substantially perpendicular to the front faces of the

panels.
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24. A set of panels (1, 2) according to one of the preceding
claims, wherein the panels are made of a flexible or rigid material such as
LVT, MDF/HDF, mineral materials, WPC, or the like.

25. A set of mutually lockable panels (1, 2), such as floor,
wall or ceiling panels, comprising

a first panel (1) having a front face (9), a back face (10)
and an edge (5) including a male part (ll) which is directed in a direction
from its front face (8) to its back face (10),

a second panel (2) having a front face (9), a back face (10)
and an edge (6) including a female part (12) for receiving the male part (11)
of the first panel (1) in unlocked condition of the panels (1, 2),

wherein the male part (11) has an outer side (21) which, in
locked condition of the panels (1, 2), is directed to the second panel (2) in
a direction substantially parallel to the front face (9) of the first panel
(1), and an opposite inner side (22) which is provided with a locking surface
(24),

wherein the female part (12) comprises a locking member (25),
which is pivotable about a pivot axis that extends substantially parallel to
the edge (6) of the second panel (2), wherein the locking member (25) has a
stop surface (28) remote from the pivot axis, or wherein the female part (12)
comprises a locking member (25) and a bendable portion (4Z) for moving the
locking member (25) with respect to the rest of the second panel by bending
the bendable portion, wherein the locking member (25) has a stop surface
(28),

which stop surface (28) cooperates with the locking surface
(24) of the male part (5) in locked condition of the panels (1, 2) so as to
lock the panels (1, 2) with respect to each other at least in a direction
substantially perpendicular to the locking surface (24) and the stop surface
(28),

wherein the second panel (2) is provided with an actuator (36)
for rotating the locking member (25) from its first position in unlocked
condition of the panels (1, 2) to a second position in locked condition of
the panels (1, 2) in which the locking surface (24) and the stop surface (28)
cooperate,

wherein the actuator (36) has a control surface (37) which is
directed away from the back face (10) of the second panel (2) and which is
displaceable with respect to the back face (10) of the second panel (2) in a
direction from its back face (10) to its front face (9) so as to move the

locking member (25).
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26. A set of panels (1, 2) according to claim 25, wherein the
actuator (36) is located at the locking member (25).

27. A set of panels (1, 2) according to claim 26, wherein the
back face (10) of the second panel (2) has a contact surface (10) for
supporting the second panel (2) on a basis (S), wherein the control surface
(37) projects from the contact surface (10) in unlocked condition of the
panels (1, 2).

28. A set of panels (1, 2) according to claim 26 or 27, wherein
the actuator (36) is a protrusion, which may be formed from a cured liquid.

29. A set of mutually lockable panels (1, 2), such as floor,
wall or ceiling panels, comprising

a first panel (1) having a front face (9), a back face (10)
and an edge (5) including a male part (11) which is directed in a direction
from its front face (9) to its back face (10),

a second panel (2) having a front face (9), a back face (10)
and an edge (6) including a female part (12) for receiving the male part (11)
of the first panel (1) in unlocked condition of the panels (1, 2),

wherein the male part (ll) has an outer side (21) which, in
locked condition of the panels (1, 2), is directed to the second panel (2) in
a direction substantially parallel to the front face (9) of the first panel
(1), and an opposite inner side (22) which is provided with a locking surface
(24y,

wherein the female part (l2) comprises a locking member (25)
and a bendable portion (42) for moving the locking member (25) with respect
to the rest of the second panel by bending the bendable portion, wherein the
locking member (25) has a stop surface (28), which cooperates with the
locking surface (24) of the male part (5) in locked condition of the panels
(1, 2) so as to lock the panels (1, 2) with respect to each other at least in
a direction substantially perpendicular to the locking surface (24) and the
stop surface (28),

wherein the second panel (2) is provided with an actuator (36)
for displacing the locking member (25) from its first position in unlocked
condition of the panels (1, 2) to a second position in locked condition of
the panels (1, 2) in which the locking surface (24) and the stop surface (28)
cooperate, wherein the bendable portion (42) is bendable with respect to a
bending axis that extends substantially parallel to the edge (6) of the
gsecond panel (2), wherein in the locked condition the bendable portion is

bent about a bending centre at a distance from the bendable portion.



10

15

20

25

WO 2015/144726 PCT/EP2015/056297
32

30. A set of panels (1, 2) according to claim 29, wherein the
male part (ll) has a lower surface (34) directed in a direction from the
front face (9) to the back face (10) of the first panel (1) and the female
part (12) has a bottom surface (35) directed in a direction from the back
face (10) to the front face (9) of the second panel (2), which bottom surface
(35) is part of the bendable portion (42).

31. A set of panels (1, 2) according to claim 30, wherein the
lower surface (34) contacts the bottom surface (35) in an interengaged but
still unlocked condition of the panels (1, 2).

32. A set of panels (1, 2) according to claim 31, wherein the
lower surface (34) is at least partly curved about the bending centre,
whereas the bottom surface (35) is substantially flat in the unlocked
condition.

33. A set of panels (1, 2) according to one of the claims 29-32,
wherein the locking member (25) has a holding element (33) for holding the
locking member (25) in a fixed position with respect to the panels (1, 2) in
locked condition thereof.

34. A set of panels (1, 2) according to claim 4 or 5, wherein at
least the second panel (2) is provided with a reinforcement portion (43) at
the living hinge (27).

35. A set of panels (1, 2) according to one of the preceding
claims, wherein the male part (11) and/or the female part (12) is/are partly
or entirely made of a different material than the remainder of the panel or

panels (1, 2).
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