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Abstract

- The invention concerns a locking element, a panel with a separate
locking element for locking panels, a méthod of installing a panel covering
comprising panels with locking elements and a method and apparatus for
pre-mounting one or more locking elements to a panel. A resiliént locking
element is used which automatically latches in position. The locking
element is suitable in particular if panels are to be fitted with that locking
element by machine at a high production speed. (Figure 25).
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A locking element for a fixing system for plate-shaped panels

" The invention concerns a locking element, panel with Separate
locking element for locking panels, method of installing a panel covering
comprising panels with locking elements and a method and apparatus for
pre-mounting one or more locking elements to a panel. '

The invention concerns a Iocking element for a fixing system for
quadrangular plate-shaped panels wherein the locking element is provided
with an insertion portion for insertion of the locking element into a locking
groove, provided in the longitudinal direction of an edge of the panels, of a

first panel in an insertion position, and a locking portion for engagement

into a latching recess of an undercut configuration, which is provided in a

laid configuration of the panels in an opposite edg'e of a second panel and
extending in the longitudinal direction of said edge and in opposite
relationship to the locking groove, wherein the locking portion includes a
resilient latching tongue which during assembly of the two panels is
automatically latchable into the latching recess.

The locking groove of the edge of the panel is also referred to
hereinafter as the holding.gap.

It primarily concerns a panel which can be connected to a similar

panel by a substantially vertical movement of a fresh panel, namely,
- perpendicularly to its plane, with similar panels, wherein the above-

mentioned resilient locking element is used.

It further concerns a method of automatically mounting a resilient
locking element to an edge of a panel, wherein the panels are for example
those such as wall, floor and ceiling panels which are used for the fitment

to rooms.
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A general state of the art of a locking element is known from WO
00/47481. A locking element of the general kind set forth is known from
WO 03/016654.

The locking element of WO 03/016654 prior to the panels being laid,
is inserted with its insertion portion into the locking groove in a panel.
During the mounting operation the latching tongue of the locking element
latches automatically in a latching recess in an adjoining panel. For that
purpose, to produce a spring energy, the latching tongue will be applied
against the spring force of the latching tongue as far as possible in a
direction towards the insertion portion, which detrimentally requires a
correspondingly high level of application force. In addition, the locking
element can disadvantageously slip due to the handling procedure involved
when laying the panels, whereby proper laying of the panels with the
latching engagement into the latching recess is at least rendered more
difficult.

The object of the invention is to provide a latching element, also
referred to as a locking element, of the kind set forth in the opening part of
this specification, which effectively counteracts the above-indicated
disadvantages, and aims to afford a panel which can be easily installed,
with an additional locking element, which can be inexpensively produced by
machine, more specifically by means of a method and an apparatus for
automatically pre-mounting the locking element to an edge of the panel, in
which respect industrial mounting is to be possible.

In accordance with the invention the specified object is attained in
that the locking element has anchoring means and the locking element can
be captively anchored by the anchoring means with its insertion portion in
the locking groove.

That arrangement provides that the locking element is held in its
insertion position and cannot slip due to the handling procedure involved
when laying the panels.

Preferably the locking element is made in one piece. Further
preferably the locking element comprises plastic material. Preferably the

locking element is produced by extrusion.
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In an embodiment the anchoring means can provide that the locking
element can be inserted in the locking groove, producing a mechanical
prestressing effect. For that purpose the locking element can be inserted
remaining loose with its insertion portion in the locking groove. The
mechanical prestressing action causes the insertion portion to be braced in
the locking groove, insofar as it is supported in the insertion position
against inner side surfaces of the locking groove so that it is only with the
application of an elevated level of force that it can be moved against the
prestressing force in the locking groove out of its insertion position.

For that purpose the insertion portion, at least at a location of its
cross-section, can have an oversize in relation to the width of the locking
groove provided for insertion of the locking element. In that way the
insertion portion in the insertion position can be deformed at that location
of its cross-section, with elastic or plastic-elastic deformation of the locking
element, and can press against the inner side surfaces of the groove,
whereby material delimiting the locking groove can be elastically and/or
plastically-elastically deformed. As a consequence, a corresponding
anchoring force can be achieved for anchoring the locking element in the
insertion position and thus for affording a force-locking connection between
the insertion position and the locking groove. In addition at the location of
its oversize the insertion portion can dig fast, hook or bore into the inside
walls of the locking groove, whereby a positively locking connection can be
afforded between the insertion portion and the locking groove. As a further
advantage, compensation in respect of dimensional inaccuracies between
the insertion portion and the locking groove can be implemented by way of
the oversize portion. It will be appreciated that a plurality of locations or
one or more portions or points on the insertion portion can also be provided
with an oversize and, with insertion of the insertion portion into the locking
groove, can result in a force-locking and/or positively locking connection
between the insertion portion and the locking groove.

To provide the oversize, at least one projection can be provided at
least at a larger side surface of the insertion portion, which side surface is

towards the inner side surfaces of the locking groove in the insertion
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position. In that case the projection can project beyond the larger side
surface to provide the location having the oversize portion. In that way the
projection, in the insertion position of the locking element, can bear at the
end against the inner side surface of the locking groove, which is towards
the larger side surface, and, by virtue of its oversize, can produce a
corresponding bracing effect for the insertion portion in the locking groove.
In regard to a uniform bracing effect and in regard to production of the
locking element which should preferably be extruded from plastic material,
it is proposed that the projection is to extend at least over a lengthwise
portion of the locking element, preferably over the entire lengthwise extent
of the locking element. To provide for mechanically more stable support for
the locking element in the locking groove, the arrangement preferably has
a plurality of projections which are in parallel mutually spaced relationship
on at least one of the two larger side surfaces, which can be applied at the
end against the inner side surface, that is towards the larger side surface,
of the locking groove with the oversize, and thus can produce
corresponding bracing for the insertion portion in the locking groove.
Projections or the like can also be provided on both larger side surfaces to
afford a locally limited oversize.

The projection can be of a configuration which decreases towards its
end face. By virtue of that configuration its cross-section can be
trapezoidal. In that case, only one longitudinal side surface of the
projection can be inclined towards the centre line of the projection while
the other longitudinal side surface is perpendicular to the insertion portion.
The trapezium of the cross-section can also be of an equilateral
configuration. The longitudinal side surfaces of the projection can also be of
a curve configuration perpendicularly to the longitudinal extent thereof.
Preferably the cross-section is of a part-spherical shape.

In a preferred development of the projection the two longitudinal
side surfaces of the projection converge in a wedge shape. In that case the
cross-section can be of a triangular configuration, preferably an isosceles or
right-angled triangle, the longitudinal side surfaces being flat while the free

tip of the respective triangle preferably includes an acute angle.
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Preferably the longitudinal side surface remote from the free end of
the insertion portion can extend perpendicularly to the longitudinal extent
of the insertion portion or in a directional component away from the free
end from the larger side surface. Accordingly, with the two longitudinal side
surfaces converging to afford a wedge configuration, in cross-section this
can form a right-angled triangle or a sawtooth-like triangle or, with curved
longitudinal side surfaces, a shark’s fin-like triangle each with a respective
longer side. That permits the insertion portion to be easily pressed into the
locking groove in an insertion direction over the longer side in the direction
towards the free end of the insertion portion or towards the base of the
locking groove and permits the projection to dig fast or hook into the inside
walls of the locking groove upon release of the insertion portion in opposite
relationship to the insertion direction.

The longitudinal side surfaces can also converge in a curved
configuration and in cross-section can define a tip with a preferably over-
acute angle, whereby plastic-elastic deformation of the tip is facilitated with
insertion of the locking element into the locking groove to compensate for
inaccuracies in respect of shape and for simultaneously clamping the
locking element fast in the locking groove.

The insertion portion can be of a curved configuration towards its
free end. In other words, in its larger side surfaces the insertion portion can
be of a curved configuration. That curvature causes the insertion portion to
be preferably elastically braced in the locking groove. Preferably, in cross-
section the sides formed by larger side surfaces are simply curved and
curvature of the larger side surfaces is in approximately the same direction,
wherein the radius of curvature preferably extends approximately in the
direction of the section straight lines formed by the cross-sectional plane
and the longitudinal sectional plane or perpendicularly to the larger side
surfaces of the insertion portion.

In an alternative configuration the free end of the insertion portion
can additionally or alone be of a hook-shaped configuration. In that case

the free end can be braced in the insertion position in the locking groove.
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Furthermore the free end can additionally or alone have a slot which
is provided from the end of the insertion portion and approximately parallel
to the lengthwise extent of the insertion portion or towards the locking
portion. Furthermore at least one of the sides which delimit the slot at the
free end of the slot can extend in a curved configuration away from the
slot. Preferably the slot is V-shaped, wherein, at the location at which the
sides of the slot converge, there can preferably be provided an enlargement
which for easier insertion of the insertion portion into the locking groove
makes it easier for the sides of the slot to be pressed or brought together.
For insertion purposes the sides of the slot can preferably be compressed
by way of a guide which is provided, and in the insertion position they can
be supported against and braced against the inner side surfaces of the
locking groove.

The locking element can be at least in part over its lengthwise extent
of a curved shape, the radius of curvature of which extends approximately
in the direction of the section straight lines formed by the cross-sectional
plane and the longitudinal sectional plane. With insertion into the locking
groove which is of a linear configuration, the locking element is
straightened in opposite relationship to its curvature and thus in the
insertion position bears in a stressed condition against the inner side
surfaces of the locking groove.

For easier insertion of the locking element into the locking groove,
the locking element can have an introduction aid, particularly when it has
an oversize portion as described hereinbefore. For that purpose the cross-
section of the free end of the insertion portion can be of a decreasing
configuration, preferably of a taperingly decreasing configuration, at least
from one of its larger side surfaces which in the insertion position faces
towards the inner side surfaces of the locking groove. For the purposes of
more secure fixing in the locking groove, the bottom of the locking groove
can have an opening which is adapted to the free end for receiving the free
end with the introduction aid.

In a preferred development the locking portion can be of an

approximately V-shaped cross-section with a first and a second limb,
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wherein the latching tongue is formed by the first limb and the second limb is
laterally connected to the insertion portion. In that respect attention is directed to
the V-shaped locking element also described in WO 03/016654 and the disclosure
of WO 03/016654 in respect of the V-shaped locking element.

In the latching position the first limb can bear at its end against a contact
surface provided in the latching recess. With insertion of the locking element into
the insertion position and latching of the locking tongue in the latching recess, the
end contact against the contact surface provides that, as is described in greater
detail hereinafter, the second panel can be lifted off the first panel in opposite
relationship to its assembly direction so that locking of the two panels can be
achieved by the end contact of that arrangement. That procedure is also described
in WO 03/016654 and clearly illustrated therein for example in Figures 18 and 19.

In a development of possible embodiments, the locking portion can have two
or more latching tongues which extend in mutually spaced relationship from the
second limb and which in the latching position can be supported against a provided
contact surface or against a respective contact surface. In that way the two latching
tongues, with the second limb, can form a double V-profile with two first limbs.
Preferably, an application aid can be provided on the locking element for elastically
applying the two limbs, the first and the second limb, against each other upon
assembly of the panels. The latching tongue is prestressed by way of the elastic
application procedure and stores a specific spring energy. In the assembly

procedure described hereinafter, which involves locking to a panel disposed in a
first row a new panel in a second row, elastic application is effected by the new
panel firstly being attached to the lying panel in an inclined position relative to the
lying panel and then pivoted downwardly into the plane of the lying panel. For that
purpose the new panel has the locking element which in the insertion position IS
positioned in the locking groove arranged in the edge which is towards the lying

nanel but which has not yet been completely lowered, in which case the V-shaped

profile of the locking portion faces with its tip towards the
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lying pane! but which has not yet been completely lowered, in which case
the V-shaped profile of the locking portion faces with its tip towards the
lying panel. When the mutually facing edges of the two panels move past
each other, the first limb is pressed with the latching tongue against the
second limb, producing a spring stressing force, and is preferably caused to
bear against the second limb. When the new panel is moved downwardly,
the locking tongue at least partly relaxes into the latching recess in the
lying panel. For that purpose the end of the latching tongue, for locking
purposes, can bear against its contact surface associated therewith.

In that respect it can be provided that the latching tongue engages
directly on the insertion portion and in the relaxed condition includes an
angle of greater than 90° with the insertion portion. In that case, in the
same manner as described hereinbefore in relation to the V-shaped profile,
the latching tongue with its attachment to the insertion portion, can first be
moved past the lying panel and braced at an angle relative to the insertion
portion, which is preferably somewhat greater than 90°, equal to 90° or
somewhat less than 90°.

The fact of the two limbs bearing against each other at the location
at which the mutually facing inner side surfaces of the two limbs are fed
onto each other can lead to deformation which causes difficulty in applying
the two limbs against each other. It can therefore be provided that at that
location the locking element has an application aid in the form of an
enlargement in the intermediate space between the limbs. The enlargement
can be in the form of a round bore.

In addition or alone, for the application aid, the second limb can be
of a configuration in respect of its cross-section such as to enlarge conically
towards its end connected to the first limb. That means that it is possible to
enlarge the intermediate space between the limbs, which facilitates
application of the limbs for laying the panels in the usual fashion. Preferably
the latching tongue should be pivotable towards the second limb to such an
extent that it is perpendicular to the surface on which the panels are to be
laid.
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Preferably the latching tongue in the relaxed position can be at an
angle relative to the second limb which is greater than that in the latching
position of the latching limb. In that way the latching tongue in its latching
position can bear in a prestressed condition laterally against a side surface
of the latching recess. That can provide that the first limb or the latching
tongue can still be supported at the end against a contact surface provided
in the latching recess, even upon slight movement away from each other of
two panels connected by way of the locking element, insofar as, in that
slight movement away from each other of the panels, the resilient latching
tongue, by virtue of further relaxation, remains laterally against the side
surface of the latching recess and thus at the end against the contact
surface.

To increase its potential spring force and to afford a greater degree
of safequard against kinking, the latching tongue or the first limb can be of
a curved shape with a curvature which faces away from the second limb.

To strengthen and increase the stability of the V-shaped profile, the
portion of the V-shaped profile, which is formed by both limbs jointly, is
large in comparison with the height of the limbs. In that respect that
portion can be up to a half of the total height of the V-shaped profile. That
is also a way of adjusting the potential spring force of the latching tongue.

It will be appreciated that the above-described features of the
locking element when combined together can also lead to advantageous
configurations of the locking element.

To attain the object of the invention, there can be provided a fixing
system for quadrangular plate-shaped panels with holding profiles which
are arranged at the edges of the panels and of which holding profiles
arranged in mutually opposite relationship fit to each other in such a way
that similar panels can be connected together, in particular for floor panels,
with mutually oppositely disposed first holding profiles which are of such a
configuration that it is possible to lock to a panel disposed in a first row in a

second row a new panel by a procedure whereby the new panel is firstly

attached to the lying panel in an inclined position relative to the lying panel

and is then pivoted downwardly into the plane of the lying panel, and
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mutually oppositely disposed second holding profiles which have
corresponding hooks, wherein a hook connection can be made with one of
the hooks of the new panel and a hook of a panel which is' already lying in
the second row, by the downward pivotal movement of the new panel, and
associated with each hook connection is an additional locking element
which, prior to the hooking of two panels, can be inserted into a locking
groove of one of the hooks of a first panel into an insertion position such

‘that in the hooked condition of two panels it prevents release of the hook

connection in a direction perpendicularly to the plane of the laid panels,
wherein the locking element and the locking groove are provided at a
surface of the hook which in the laid condition of the panels is oriented
approximately perpendicularly to the plane of the panels, which plane is in
the form of the laying plane, and wherein the locking element can be of one
of the above-described conﬁgurations. In other respects in regard to the
configuration of the fixing system and here in particular regarding the
configuration and function of the hook connections attention is directed to
the disclosure of WO 03/16654. '

As already described hereinbefore the latching tongue can bear
under a spring prestressing against an inner side surface of the latching
recess.

It is further provided that the inner side surfaces of the locking
groove are arranged in mutually parallel relationship, for conformity with
the above-described embodiments of the insertion portion, so that the
insertion portion can engage into the locking groove without any problem.

For anchoring thereof or in addition to the above-described anchoring
options, the locking element can also be glued in the locking groove.

Furthermore there are provided panels in particular floor panels, of a
quadrangular, plate-shaped configuration, wherein a panel lying in a first -
row is lockable to a new panel for a second row, by a procedure whereby
the new panel is firstly attached to the lying panel in an inclined position
relative to the lying panel and subsequently pivoted downwardly into the
plane of the lying panel, wherein the two panels can be connected together
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by a fixing system according to one of the above-described embodiments
with a locking element according to one of the above-described
embodiments.

A further embodiment by way of example for a locking element
stands out from the known locking element by virtue of its substantially
simpler structure. The locking element is made from material which is in
strip form or in the form of an elongate line, and is of a for example flat
straight cross-section. In order to mount it to a panel, a part of the cross-
section of the locking element is inserted into a holding gap provided for
same in an edge of a panel while the other part of the cross-section
projects freely from the edge of the panel. The projecting part acts as a
resilient latching tongque. The latching tongue is bent over, in the
assembled condition of two panels. The latching tongue then extends into a
latching recess which must be provided on a coupled adjacent panel. That
blocks the return movement, that is to say the panels are prevented from
moving away from each other in a direction perpendicularly to the plane of
the panels.

In order to simplify insertion and automatic latching engagement,
the locking element, instead of a straight flat cross-section, can
alternatively involve a cross-section with a bend or kink. In that case the
latching tongue already faces, in the neutral position, in that direction in
which it is further bent during the joining movement, before it springs back
by a short distance into the latching recess and comes into latching
engagement.

Each of the above-described locking elements can either be provided
on a lying panel and can come into latching engagement in a latching
recess in a panel which is moved vertically thereto, or can be provided on
that panel which is moved vertically to a panel which is in a lying position,
depending on which panel has the holding gap for anchoring the locking
element. Panels can also be latched with two locking elements if both the
edge of a panel in a lying position and also the edge of a panel which is
moved vertically thereto have a holding gap, in which a respective locking

element is anchored.
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A further embodiment of a locking element is in the form of a
resilient locking clasp. For use, that locking clasp is fitted into a holding gap
in @ panel edge. The locking clasp can spring back into that holding gap
when the locking clasp is pressed flat due to an external action thereon. A
concept of that kind is known from WO 2005/054599. Preferably the
locking clasp according to the invention however is in the form of an
extruded plastic member. If the extrusion process produces an elongate
straight profile, the profile, preferably when it has issued from the extruder
and is still in a warm-deformable condition, is shaped with an additional
device to form a curved clasp which cools and sets in that form. The
extruded profile can be cut up into separate locking clasps prior to or after
the operation for shaping the clasp.

As mentioned in the opening part of this specification the invention
relates predominantly to a panel which can be joined to similar panels by a
substantially vertical movement of a new panel, more specifically
perpendicularly to the plane thereof, with similar panels.

Panels can be made up from wood or wood materials such as
chipboard, MDF (medium density fibreboard), HDF (high density fibreboard)
or other standard wood panel materials and at the top side and underside
can have coatings which have decorative functions and which in addition, at
least on the top side, form a resistant duty surface. The panels are
produced by means of usual production installations. The production
installations effect in particular profiling of the panel edges because the
panel edges generally have complementary edge profiles so that similar
panels can be joined together. Usual thicknesses for the panels are in the
range of 3 mm to 20 mm.

A panel of the general kind set forth of quadrangular shape, with a
top side, underside, peripherally extending edges and with holding profiles
at the edges is known from DE 299 24 454 U1. This involves a panel whose
holding profiles of two edges adjacent to a corner form an upper hook
which has an opening directed towards the top side and whose holding
profiles of the other edges adjacent a corner are respectively in the form of

a counterpart portion in relation to the oppositely disposed upper hook, as
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a corresponding lower hook which has an opening directed towards the
underside, wherein, as mentioned above, a new panel can be connected to
similar panels by a vertical movement, namely perpendicularly to its plane,
and wherein an additional automatically latching locking element is
provided or mounted on the panel for arresting the connection to prevent it
from coming loose.

The structure of a locking element as known from DE 299 24 454 U1l
is inexpedient. It requires a great deal of structural space. In addition the
structural shape of the sole embodiment of the additional locking element,
which is disclosed in DE 299 24 454 U1, is considered to be
disadvantageous. It is disadvantageous for example when the situation
involves fitting the locking element to a panel edge by machine and
automatically during operation of a panel production installation.

As discussed in the opening part of this specification the invention
aims to provide a panel which is simple to install, with an additional locking
element which can be inexpensively produced by machine.

In accordance with the invention that object is attained in that the
edge of the panel is provided with a holding gap, also referred to as a
locking groove, that the locking element has at least one anchoring tongue,
also referred to as an insertion portion/insertion tongue, and that the
anchoring tongue has a pressing surface which is pressed by a pressing-in
tool and by way of which a force was applied for pressing the anchoring
tongue of the locking element into the holding gap of the panel.

Another important development of the solution to the technical
problem involved provides that at least one edge of the panel has at least
one locking element strip which is brought into connection with the edge of
the panel by way of a zip fastener movement.

It appears to be an important innovation for a panel to be developed
in such a way that automatic fitment of a locking element, as
synchronously as possible, becomes a possibility. Synchronous means that
the feed and attachment of the locking element takes place synchronously

with the conveyor movement of the panels in a production installation.
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That is achieved because the components involved can be processed,
on the basis of the zip fastener principle. In accordance with the invention
that means that a locking element strip is moved to the edge of a panel in
such a way as occurs in principle with a zip fastener edge which is moved
towards a second zip fastener edge and deflected and connected by a slider
of the zip fastener. The locking element is of such a configuration that it
can be moved in a similar manner towards the edge of a panel and
deflected with suitable means. In that case however anchorage of the
locking element to the edge of the panel is effected easily without being
based on the principle of zip fastener hooks which are meshingly dovetailed
together.

As the panel is intended preferably to be connected to other panels
by a pure vertical movement, resilient locking elements are arranged at
least at two edges. It is desirable if required to provide different resilient
locking elements depending on the respective loading at the edges.

It is also desirable if at least one locking element is in the form of a
clip with clip portions arranged in a V-shape or U-shape, wherein the
anchoring tongue is arranged transversely at one of the clip portions.

At least one other locking element is in the form of an extruded
curved locking clasp, the locking clasp is accommodated resiliently movably
in the holding gap, wherein provided over the length of the locking clasp is
at least one region which forms the anchoring tongue.

The invention concerns a method of installing a floor comprising
panels having locking elements. Methods are separately set forth, which
relate exclusively to locking a first row of panels because, for laying a first
row of panels, depending on the respective installation situation involved, it
is possible to apply different laying steps which are not possible in a
following row.

The basic starting point adopted is that of locking quadrangular
panels which have a top side, an underside and peripherally extending
edges with holding profiles arranged thereat, with the proviso that at least
two oppositely disposed holding profiles of each panel are in the form of

complementary hook profiles so that hook profiles of adjacent panels can
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be fitted one into the other in a vertical direction, wherein at least one of
the hook profiles is provided with an additional locking element with a
resilient latching tongue which can be latchingly engaged into a latching
recess in an adjacent panel.

In that situation the first row of panels can be locked without
involving a vertical movement for coupling purposes and without latching
engagement, more specifically as an alternative by inserting the
complementary hook profiles into each other in mutually aligned
relationship.

It is possible to dispense with a vertical movement for coupling
purposes and for latching engagement purposes, only for locking the first
row of panels. The hook profile with locking element is laid in aligned
relationship behind the complementary hook profile of an adjacent panel
and the hook profiles are then pushed one into each other. For the
beginning of the pushing movement, the locking element can be somewhat
deformed resiliently so that it fits into the latching recess in the adjacent
panel.

Alternatively the first row of panels is locked by a procedure whereby
the hook profiles to be coupled are firstly laid loosely one upon the other
and then the edges of the panels are pushed towards each other until the
latching tongue of the resilient locking element is pushed resiliently
inwardly by contact with the adjacent panel and the panel with the locking
element is thereafter moved vertically, namely perpendicularly to the plane
of the panel, into the hook profile of the adjacent panel until the resiliently
inwardly moved latching tongue of the locking element automatically
moves resiliently out into the latching recess of the adjacent panel and
arrests the hook connection in a vertical direction.

The hook profiles to be locked are desirably in the form of an upper
hook and a lower hook, with the upper hook being laid loosely on the lower
hook. The locking element can be arranged either on the upper hook or the
lower hook. As soon as the edges of the panel are pushed towards each
other by a substantially horizontal movement and the latching tongue of

the locking element is moved resiliently inwardly, the upper hook is hooked
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into the lower hook by a substantially vertical movement. In that situation
the inwardly moved latching tongue of the locking element automatically
moves resiliently outwardly in the latching recess of the adjacent panel and
arrests the hook connection.

The way in which panels in following rows are laid depends on what
kind of holding profiles is provided on those edges with which the panels of
different rows of panels are connected together. A first general kind of
holding profiles for connecting rows of panels is designed for a joining
movement in a vertical direction, namely perpendicularly to the plane of
the panel. That situation preferably involves using a hook profile provided
with one of the resilient locking elements according to the invention. In a
poorer design configuration, it is also possible to use one of the known
locking elements. At any event a new panel is attached from above to
panels which have already been installed. The new panel can be moved
downwardly either in a parallel position in relation to the panels which have
already been installed or it is first moved downwardly somewhat more
deeply at one corner until the hook profiles partially engage into each other
and it is then progressively brought into hooking engagement on the basis
of the zip fastener process. Panels which are flexible and can be bent and
twisted favour the zip fastener process. In that way panels which for
hooking engagement require a substantially vertical motion component can
be particularly easily connected.

Another general kind of holding profiles is of such a nature that a
positively locking connection is made by inclinedly attaching a new panel to
panels, which are in a lying condition, in a front row, and then pivoting the
new panel downwardly into the plane of the panels which are in the lying
position. Modified tongue-and-groove profiles are provided for that purpose
at the edges for connection to a front row.

The invention concerns a method of automatically mounting a locking
element to an edge of a panel. The panels are for example wall, floor or
ceiling panels which are intended for fitting in rooms.

Panels which are suitable for locking with a locking element comprise

for example wood or wood materials such as chipboard, MDF (medium
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density fibreboard), HDF (high density fibreboard) or other standard wood
panel materials. The panels a're produced by means of conventional
production installations. The production installations implement in particular
profiling of the panel edges' because the panel edges generally have
Complementary edge profiles so that similar panels can be joined together.

An example for an automatic locking element is known from WO
00/016654 (EP 1 415 056 B1).

The known locking element dserves for arresting two panels. It is of a
V-shaped cross-section, wherein provided at one end of the V-shaped
cross-section is a laterally projecting insertion tongue which can be fitted
into a groove in an edge of a panel in order to join the locking element to
the panel. ' ‘

The object of the present invention is to propose a method and an
apparatus for mounting the known locking element automatically to an
edge of the panel, in which respect industrial mounting is to be a
possibility. *

According to the invention that object is attained in that the locking
element in the form of an endless cable-like locking element line is taken
from a storage means and passed into a guide passage and fed to a
separating station which separates the locking element line into individual
locking elements, and wherein each individual_'locking elemenf is moved in
synchronous movement in relation to a panel con‘tinUously transported by
the panel production installation to an edge of said panel and pressed by a
pressing device into a receiving region of the edge of the panel.

. The new method can be integrated without any problem into
conventional production installations for wall, floor and ceil\ing panels
because it requires a small amount of space for it to be carried into effect.
Because those production ‘installations usually transport panels at high
speed in a continuous movement, each locking element is respectively
moved to the panel edge at the same speed as that at which the production

installation is operated at that time.
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Desirably, the locking element is formed from plastic material and for
example extruded. In that case it is processed in the form of an endless
line of locking elements.

As the locking element is so small that it fits within a connecting
location of wall, floor and ceiling panels, it is of a relatively small cross-
section. It is desirable if the heightwise dimension of the locking element is
no greater than half the thickness of the panel. Embodiments with a larger
locking element have a detrimental effect because the strength of the edge
of the panel is worsened because of portions which are milled away to
receive the locking element, and the panel edges become susceptible to
breakage.

Because of the small cross-section of the locking element, special
precautions must be taken for applying a transport movement to the
locking element line. A tensile loading on the locking element line is
possible without any problem. Applying pressing forces for the purposes of
transmitting movement by a pushing action however is difficult because the
locking element line is susceptible to kinking or buckling.

In order to prevent a buckling effect, there is provided a guide
passage for the locking element line, which prevents lateral outward
buckling of the locking element line. The guide passage is of a cross-
sectional shape which also prevents unwanted rotation of the locking
element line.

In order to obtain individual locking elements, the locking element
line is guided to a separating station which separates the locking element
line into individual locking elements.

The individual locking elements are advantageously moved to the
edge in question of the panel at an acute angle of about 10° and are
pressed into the receiving region of the edge of the panel by the above-
mentioned pressing device. The receiving region of the panel edge has the
receiving groove into which the insertion tongue of the locking element is

pressed and preferably anchored in frictionally locking relationship.
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A variant of the method provides a pushing advance device which
pushes the locking elements or the locking element line through the guide
passage in the direction of the pressing device.

In accordance with a development of the method the locking element
line is separated into individual locking elements by a separating station
which is arranged upstream of the advance device in the direction of
through movement of the locking element line. The separated locking
elements are then pushed in a row by the advance device successively
through the guide passage to the pressing device. The advantage of this
method is that transmission of a transport movement from the advance
device to the row of locking elements occurs continuously.

A preferred method transposes the working steps in such a way that
the locking element line is separated into individual locking elements by a
separating station which in the through-travel direction is arranged
downstream of the advance device. That involves a change in the
transmission of movement. The locking element line is transported in a
pushing mode by the advance device into the guide passage. As soon as
the locking element is cut off however, it is transported out of the guide
passage by a pulling force applied by the pressing device. The locking
element is therefore cut off near the location at which the locking element
is fed to the edge of the panel. The separating operation takes place at a
time when the locking element is already in contact with the pressing
device. For that reason the separating operation takes place so close to the
panel edge that the front end of the locking element is already forced in
between the pressing device and the panel edge because then the transport
movement for the locking element can be transmitted from the pressing
device into the locking element. That case involves a pulling force which is
applied to the locking element by the pressing device.

Desirably, the transport movement of the locking element line is
braked at the separating location, the braking action being produced by the
engagement of the separating station, for example with a cutting blade,
into the locking element line, because the cutting blade closes the guide

passage. That ensures that the separating operation is not impeded by any
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transport movement and the cutting edge can precisely cut during the
stoppage phase of the locking element line.

Furthermore, it is desirable in terms of a high production speed if the
advance device conveys further locking element line during the braking of
the transport movement without stopping. With the high production speed
intended, constantly decelerating and accelerating the advance device in
order thereby to implement a cyclic stopping action for the separating
operation would be problematical.

The length of the locking element line which is conveyed during the
separating operation must be put into intermediate storage. A buffer region
is provided for that purpose. The arrangement dispenses with a rigid
narrow guide passage in the buffer region. Instead, there is provided space
in which the supplied length of the locking element line can move out of its
regular travel path by a buckling movement.

In a simpler fashion a storage spring provided in the buffer region is
actuated by the outward buckling movement of the locking element line. In
that way a stress is imparted to the storage spring and spring energy is
stored. That stored spring energy is automatically liberated after
termination of the separating operation of the separating station, in which
case the length of the locking element line which has been stored by virtue
of the outward buckling thereof is advanced with a jerk.

Desirably the storage spring operates automatically in the buffer
region so that there is no need for a particular control for buffer storage of
the locking element line.

Another desirable development of the method provides that a given
length of the locking element line is retained in a stock supply region
between the storage means and the advance device.

The removal device, acting on the same principle as the advance
device, can transmit a transport movement to the locking element line, in
which case the locking element line is retained in the storage means in
such a way that it is to be removed in as twist-free condition as possible. If
removal is to be implemented from time to time at a reduced removal

speed in order to keep the locking element line twist-free, the downward
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loop-forming part of the locking element line forms a supply zone in which
a sufficient length of the locking element line is retained in order to process
same at the required advance speed and to feed it to the separating station
and the pressing device.

An apparatus is provided for carrying out the method. The apparatus
serves for automatic mounting of a locking element to an edge of a panel,
in particular a floor panel, wherein the locking element is in the form of an
endless bucklable line which can be fed from a storage means, wherein
there are provided a quide passage, an advance device, a separating
station and a pressing device, and wherein the locking element line can be
separated into individual locking elements by means of the separating
station and pressed into a receiving region of the edge of the panel by
means of the pressing device in synchronous movement with a panel
continuously transported by the panel production installation.

In order to guarantee reliable guidance of the locking element line
the guide passage is of a free cross-section which is almost coincident with
the cross-section of the locking element line. Therefore the guide passage
has a V-shaped cross-sectional region and a laterally projecting cross-
sectional region, wherein the laterally projecting cross-sectional region
adjoins an end of the V-shaped cross-sectional region.

Desirably the advance device has at least one advance roller with
which a rotary movement can be transmitted to the locking element line by
way of a frictional contact. In order to guarantee good transmission of
movement, the advance roller is provided with a contour which forms a
negative of that side of the locking element line, with which the advance
roller is in frictional contact. The advance device is particularly reliable if
there are provided two mutually opposite advance rollers which are driven
in opposite directions and between which the locking element line is
engaged.

The pressing device can have at least one pressing roller, by means
of which a pressing force can be produced in perpendicularly relationship to

the edge of a panel, and wherein with the pressing roller, if necessary, the
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rotary movement thereof can be converted by frictional contact into a
transport movement of the locking element.

Preferably servomotors can be used for all driven rollers of the entire
apparatus, servomotors being advantageous because of their positionally
accurate controllability.

Desirably the separating station for the locking element line is
arranged downstream of the advance device in the through-travel direction.
That design configuration guarantees problem-free feed of the locking
element line through the guide device and provides that the separating
operation is effected only just before the position at which the locking
element is fitted to the edge of the panel. In this embodiment the
separating operation is effected only when the front portion of the locking
element is already in frictional contact with the pressing device. That is
because the transport movement for the locking element, after being cut
away from the locking element, can only still be transmitted by the
pressing device pulling the locking element. In this embodiment of the
apparatus therefore there must be a change in the transport mode, namely
from pushing transport by the advance device into pulling transport by the
pressing device.

Desirably there is provided a buffer region for the locking element
line, which is further conveyed thereto, while the separating station is in an
engagement condition.

In a simpler fashion the buffer region has an elastically deformable
storage element and spring energy can be stored in the elastically
deformable storage element by virtue of outward buckling of the locking
element line, in which case the spring energy can be delivered or liberated
by the elastically deformable storage element. The spring energy is
liberated as soon as the separating operation at the separating station is
concluded and the conveyor cross-section of the guide passage which the
separating station closed off during the separating operation is opened
again. The spring energy then causes a jerk advance movement of that

part of the locking element line which was fed to the buffer region during
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the separating operation and which brought about mechanical stressing of
the storage element with spring energy.

A simple construction of a buffer region with a storage element has a
conveyor passage which is elastically deformable and in particular variable
in length. By virtue of its elastic deformability such a conveyor passage
stores on the one hand spring energy and on the other hand stores a
length of the locking element line, insofar as the conveyor passage is
elastically increased in length by virtue of the outward buckling effect of the
locking element line.

Desirably the conveyor passage is formed from a helical cylindrical
spring. The helical cylindrical spring can be connected between the advance
device and the pressing device.

Desirably the conveyor passage is arranged in a neutral position in
an arc, whereby the locking element line is deflected. The deflection effect
promotes the buckling action and also allows the entire apparatus to be of
a construction which saves on space. In that way the apparatus can be
integrated in a very small space into conventional production installations
for wall, floor and ceiling panels.

A further helpful measure is found in the fact that there is provided
at least one means for synchronisation of the tranSpbrt movement of the
locking elements with the transport movement of the panels in the
production installation.

The means for synchronisation of the transport movement can have
a movement pickup. The movement pickup detects the transport
movement of the panels in the production installation, wherein the
information for synchronisation can be transmitted from the movement
pickup to a control means with which the transport movement of the
locking elements is controllable.

If a panel is to be provided at one or more further edges with a
locking element or a plurality of locking elements, by way of example an
additional apparatus as described hereinbefore can be integrated into the
production installation for each further edge. The panels are transported in

the usual manner for processing in a longitudinal direction and the
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transport direction is altered for processing in a transverse direction, for
example being deflected through 90°. The speeds can vary. They depend
substantially on the ratio of the edge lengths. If the panel is a square panel
the edges in the longitudinal and transverse directions are of the same
length. The transport speeds are preferably the same. If in contrast a panel
has oppositely disposed long and short edges, then the transport speed is
appropriately adapted to the ratio of the different edge lengths. The
transport speed in a direction parallel to the long edges is usually higher
than in a direction parallel to the short edges of a panel.

The present invention is described in greater detail hereinafter by
means of a number of embodiments illustrated in a drawing. In the
drawing:

Figure 1 shows a part of a sectional view of two panels which are laid
together, with a fixing system with a locking element,

Figure 2 shows a cross-sectional view of a locking operation for the
two panels in a first step,

Figure 3 shows a cross-sectional view of the two panels in the locking
operation in a second step,

Figure 4 shows a cross-sectional view of the locking element 5 in the
relaxed position,

Figures Sa+b show a perspective plan view of the locking element of
Figure 1, but prior to insertion thereof into the fixing system,

Figure 6 shows a perspective plan view of the locking element In a
second embodiment,

Figures 7a+b show a perspective plan view of the locking element in
a third embodiment,

Figures 8a-i show cross-sectional views of the locking element in a
further embodiment,

Figures 9a-c show cross-sectional views of the locking element in
fundamentally different embodiments,

Figures 10a-d show cross-sectional views of the locking element in

further fundamentally different embodiments,
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Figure 11 shows a diagrammatic view from three sides of a panel
with hook profiles at all edges,

Figures 12-14 show cross-sections through panels with a lower hook
and an upper hook provided with a locking element, wherein the upper
hook is shown in different joining positions in relation to the panel with the
lower hook,

Figure 15 shows a cross-section through an alternative panel with
locking element in the upper hook-arrested condition,

Figures 16-18 show cross-sections through panels with an upper
hook and a lower hook provided with a locking element, wherein the lower
hook is shown in different joining positions in relation to the panel with the
upper hook,

Figure 19 shows a cross-section through an alternative panel with
locking element in the lower hook-arrested condition,

Figure 20 shows a cross-section through panels with two locking
elements prior to the locking action,

Figure 21 shows a cross-section through paneis as shown in Figure
20, after the locking action,

Figures 22-25 show cross-sections through panels with a simplified
locking element at a lower hook, wherein an upper hook is shown in
different joining positions relative to the panel with the lower hook,

Figures 26-29 show cross-sections through panels with a simplified
locking element on an upper hook, wherein the upper hook is shown in
different joining positions relative to the panel with the lower hook,

Figure 30 shows a cross-section through panels with two locking
elements, prior to the locking action,

‘Figure 31 shows a cross-section through panels as shown in Figure
30, after the locking action,

Figures 32-35 show cross-sections through panels with a locking
element on a lower hook, wherein a panel with an upper hook is shown in
different joining positions relative to the panel with the lower hook,

Figure 36 shows a plan view of a panel edge as indicated at XXXVI in

Figure 32,
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Figure 37 shows a plan view of a panel edge as indicated at XXXVII
in Figure 34,

Figures 38-41 show cross-sections through panels with a locking
element at an upper hook, wherein the panel with the upper hook is shown
in different joining positions relative to a panel with a lower hook,

Figure 42 shows a cross-section through panels with a lower hook
and with an upper hook provided with a locking element,

Figure 43 shows a locking element,

Figure 44 shows a perspective view with hook profiles of a first row
of panels which are pushed into each other in aligned relationship,

Figure 45 is a perspective view in relation to the method of installing
panels with hook profiles which are hooked vertically with a locking

element,

Figure 46 shows a panel for carrying out the method shown in Figure
45,

Figure 53 is a diagrammatic view of an apparatus for automatically
mounting a locking element to an edge of a panel,

Figure 54 is a view onto a transfer passage in accordance with II-II
In Figure 1,

Figure 55 is a view onto two advance rollers in accordance with III-
III in Figure 1,

Figure 56 is a plan view of the advance rollers of Figure 3,

Figure 57 is a view of a guide passage in accordance with V-V in
Figure 1,

Figure 58 is a view of a separating station in accordance with VI-VI
in Figure 1,

Figure 59 is a view of the apparatus shown in Figure 1 with a reel
storage means for a locking element line,

Figure 60 is a side view of the apparatus of Figure 7, and

Figure 61 is a diagrammatic view of an alternative embodiment of an
apparatus for automatically mounting a locking element to an edge of a

panel.
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Figure 1 shows a part of a cross-sectional view of two panels 1, 2 of
a quadrangular, plate-shaped configuration, wherein the illustrated part
reproduces a fixing system 3 having a locking element 5, by way of which
the two panels 1, 2 are connected together and locked together at their
edges or narrow sides by means of a hook connection 4 and a locking
element 5 according to the invention. The hook connection 4 has two hooks
4.1, 4.2 which in the locking position are hooked into each other in such a
way that the panels 1, 2 cannot be displaced horizontally relative to each
other in the position which here is horizontal.

The locking element 5 is inserted with a portion in the form of an
insertion portion 6 in a locking groove 7 which extends in the longitudinal
direction of the edges of the panel 2, which edges extend in the plane of
the drawing. The locking element 5 also has a portion in the form of a
locking portion 8 with a resilient latching tongue 9 which is latched into a
latching recess 10 and which with its end 11 bears against a contact
surface 12 in the latching recess 10. As will be described in greater detalil
hereinafter, the latching tongue 9 is elastically pivotable about its
attachment 13 to the rest of the locking portion 8 about an axis parallel to
its longitudinal extent and in the position shown here bears under a spring
bias against the contact surface 12. So that the latching tongue 9 finds its
appropriate contact point against the contact surface 12 with its pivotal
movement into the latching recess 10, the contact surface 12 is inclined out
of the horizontal. That makes it possible for the latching tongue 9 to
reliably bear against the contact surface 12, in spite of slight changes in the
dimensions within given tolerance ranges. Even in the event of the two
panels 1, 2 moving slightly away from each other within a given tolerance
range, the latching tongue 9 can still remain against the contact surface 12,
by virtue of the prestressing of the latching tongue 9, insofar as the
latching tongue 9 is further pivoted by virtue of its end 11 sliding down
against the inclined plane formed by the contact surface 12. That
arrangement prevents the two panels from being able to come loose from
each other, perpendicularly to the surface V on which they are laid. The

inclination of the contact surface 12 is substantially determined by the pivot
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radius of the latching tongue 9 about its attachment 13 and the force against
which the latching tongue 9 bears against the contact surface 12. The depth of the
latching recess 10, which is shown here, is only to be viewed as being by way of
example and, in order to satisfy larger tolerance fluctuations in the dimensions of
the panels 1, 2, it can also be made deeper into the narrow side or edge of the
panel 1. The contact surface 12 which in the embodiment illustrated here opens
straight into the edge of the panel 1 can additionally have a projection which is
provided at the mouth opening and which does not project laterally beyond the
narrow side of the panel 1 and which can sefve as an abutment for the latching
tongue 9 to ensure that the latching tongue 9 cannot slip out of the latching recess
10 under particularly high forces in opposite relationship to the force P for locking
the panels and in perpendicular relationship to the laying surface.

Figures 2 and 3 each show a cross-sectional view illustrating the assembly of
the two panels 1, 2 in two steps, wherein here the hook 4.1 Is of a somewhat
different design configuration from Figure 1, which however is not of crucial
significance in terms of the mode of operation of the locking element 5 according to
the invention. Assembly of the two panels 1, 2 is also described In greater detail in
WO 03/016654.

In order to lock a panel 1 which is lying in a first row to a new panel 2 for a
second row, then, as described in greater detail and illustrated in WO 03/016654,
firstly the new panel 2 is attached to the lying panel 1 in an inclined position
relative to the lying panel 1 and subsequently pivoted downwardly into the plane of
the lying panel 1 in the direction of the force P. In that situation the locking
element has already been inserted with its insertion portion 6 into the locking
groove 7, prior to the locking procedure 5. When the new panel 2 is pivoted
downwardly into the plane of the lying panel 1, the edges with the fixing system 3
slide past each other over their length and brace the locking element 5.

In the structure shown in Figures 1 to 3, the locking portion 8 is of an

approximately V-shaped cross-section with a first limb 14 and a second
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limb 15, wherein the latching tongue 9 is formed by the first limb 14 and

the second limb 15 is laterally connected to the insertion portion 6. When
the new panel 2 is pivoted downwardly and the two edges of the panels 1,
2 slide down against each other, the latching tongue 9 is pressed out of the
relaxed condition shown in Figure 4, a cross-sectional view of the latching
element 5 in the relaxed condition, against the second limb 15 and in that
case is prestressed like a leaf spring with a specific spring energy. When
the locking position of the two panels 1, 2 is reached, which is shown in
Figures 1 and 3, the hooks 4.1 and 4.2 engage into each other to afford the
hook connection 4. At the same time the latching tongue 9 is partially
relaxed into the latching recess 10: in a latching position the latching
tongue 9 comes to bear with its end 11 against the contact surface 12 and
bears against it in a prestressed condition.

In that situation the surface regions of the panels 1, 2, which surface
regions are away from the laying surface V, are of a convergent
configuration at the edges in such a way that they completely close the gap
16 between the two panels 1, 2 upwardly. For that purpose the hook 4.1
engages over the locking portion 8 in the position shown in Figure 2 in
which the two limbs 14, 15 bear against each other, almost completely
from above, so that the two edges can slide as tightly against each other as
possible for locking the two panels 1, 2, upon pivotal movement of the new
panel 2.

In the locking operation the hooks 4.1, 4.2 slide against each other
at inclined surfaces 17 and thereby draw the edges of the two panels 1, 2
towards each other, as is also described in greater detail in WO 03/016654,
to which reference is made. In that way the two panels 1, 2 which are
connected together by way of the fixing system 3 cannot be unlocked in the
plane of the drawing without destroying parts of the panels 1, 2 or the
fixing system 3.

The locking element 5 additionally has anchoring means 18 by which
it can be captively anchored with its insertion portion 6 in the locking
groove 7. The anchoring means 18 thus hold the locking element 5 in the

locking groove 7 so that the locking element 5 cannot be unintentionally
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and undesirably displaced in the locking groove 7 prior to and during the
locking operation.

In terms of the production procedure the anchoring means 18 should
satisfy the condition that the locking element 5 can be anchored in the
locking groove 7 without any problem. For that purpose, as is not further
shown here, the locking element 5 can be glued with its insertion portion 6
into the locking groove 7. Hereinafter however further different solutions in
regard to the configuration of the anchoring means 18 will be described in
greater detail with reference to Figures 5 to 10.

Figures 5 to 7 each show a perspective view of the locking element 5
in different embodiments. In this case the locking element 5 which is shown
loose is still in the latching position shown in Figures 1 to 3, in which the
locking element is not yet completely relaxed, as is shown in Figure 4. For
the sake of enhanced clarity the locking element 5 is shown as being
transparent in Figures 5 to 7. That corresponds at the same time to a
possible embodiment in which the locking element 5 is extruded from a
transparent plastic material. The locking element 5 shown in Figure 5a
corresponds to the locking element 5 shown in Figure 1.

To provide an oversize, three projections 19 are provided at a larger
side surface of the insertion portion 6, being the side surface which in the
insertion position of the locking element 5 faces towards the inner side
surfaces of the locking groove 7, in other words, in the embodiments of the
locking element 5 which are shown in Figures 5a+b, the three projections
19 are provided at the top side of the insertion portion 6. The projections
19 extend over the entire lengthwise extent of the locking element 5. The
longitudinal side surfaces 20 of the projections 19 are arranged inclinedly
relative to each other. As a result the projections 19 which are arranged
towards the free end of the insertion portion 6 converge in a wedge
configuration to provide a tip 21. In that respect it is provided in
accordance with the invention that the height h of the insertion portion 6 is
somewhat greater than the width bl of the locking groove 7 (Figure 1) so
that the tips 21 are elastically or plastically-elastically deformed upon

insertion of the locking element 5 into the locking groove 7 and by way
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thereof clamp the locking element 5 fixedly in the locking groove 7 and dig
fixedly into the inner side surfaces of the locking groove 7.

Figure 5b shows a modification of the configuration of the locking
element 5 shown in Figure 5a, which is distinguished in that over its
longitudinal extent the locking element 5 is of a curved shape, the radius of
curvature r of which extends approximately in the direction of the section
line formed by the cross-sectional plane and the longitudinal sectional
plane, that is<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>