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Elevator landing door leaf

Background of the invention

The present invention relates to an elevator door leaf which is used for car and/or

landing doors in an elevator. The door leaf comprises at least one door panel and a
support structure, e.g. a frame, with at least one profile, which advantageously ex-
tends vertically in the area of the leading side edge during the closing movement of

the door leaf.

Description of the related art

Door leaves of the above mentioned type are common for elevator car doors or land-
ing doors. Normally, in an elevator door leaf profiles are extending along the horizon-
tal and vertical side edges of a door panel thus forming a rectangular frame which is
covered by the door panel at one side, whereby the door panel usually encompasses
the profiles of the rectangular door frame to provide a decorative surface visible for
the passengers. A problem with these door leaves occurs in a common elevator land-
ing door arrangement where the door leaves are supported on an upper support
member in case of fire. Nowadays, most elevators have at least two door leaves
which are moving in opposite directions. When during a fire the elevator landing door
arrangement heats up, the upper support member tends to bend down in which case
the abutting side edges of the two adjacent door leaves tend to open at the lower
portion of the landing door arrangement thus opening a gap in the form of a turn-
around V. Now fire can get through that V gap from the elevator shaft into the land-

ing/car or vice versa.

Summary of the invention

It is therefore object of the present invention to provide a door leaf and a landing/car

door arrangement of an elevator which offers a better protection in case of fire.

The object is solved with a door leaf according to claim 1, as well as with an elevator

door arrangement to claim 11. Some inventive embodiments of the invention are
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also described in the descriptive section of the present application or in the drawings.
The inventive content may also consist of several separate inventions, especially if
the invention is considered in the light of expressions or implicit subtasks or from the
point of view of advantages achieved. In this case, some of the attributes contained
in the claims below may be superfluous from the point of view of separate inventive

concepts.

According to the invention the door leaf having a door panel and a support structure
with at least one profile comprises at least one vertically extending expansion mem-
ber

which is fixed to the door leaf only at one vertical level, whereby the expansion
member consists of a material having a larger thermal expansion coefficient than the
material of the door panel and/or of said profile. In this inventive door leaf, the ex-
pansion profile preferably abuts or is above the bottom edge of the profile and/or

door leaf at room temperature or is located in the vicinity thereof.

When a fire breaks out, the door leaf heats up whereby the expansion member -
which has a larger thermal expansion coefficient than the profile and door panel and
the support structures of the door leaf which are usually made of steel metal - ex-
pands and therefore projects from the bottom edge of the door leaf where it can in-
teract with the floor structure and/or with a door sill. Therefore, the expansion mem-
ber which is preferably fixed only at one vertical level, preferably at its upper end to
the profile and/or any other structure of the door leaf projects from the bottom edge
of the door leaf and thus gets into interaction with the floor or door sill as to keep the
leading side edge of the door leaf in opening/closing direction immovable with re-
spect to the floor or door sill. The fixing can be performed with a bolt, or simply by
form interlocking or by any other well-known techniques to keep two parts mutually
immovable at one point. Via this measure, the building of a V gap between two ad-
jacent door leaves moving in opposite directions is prevented as both door leaves are
fixed with their adjacent and abutting side edges horizontally immovable to the floor
or door sill. Thus, the inventive door leaf provides a much better fire protection than

common door leaves.

Preferably the profile is a vertical extending longitudinal profile, preferably in the
area of a side edge of the door leaf, and that the expansion member is located in
connection with said profile. This provides a sufficiently rigid structure to block any
opening movement of the door leaf after the expansion member protrudes and en-

gages the floor or door sill.
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Preferably, the profile is a hollow profile and that the expansion member is located
inside the hollow profile which has the advantage that a hollow profile offers a better
stability to the door leaf than an open profile. Furthermore, the hollow profile offers a
possibility to place the expansion member completely inside of the hollow profile so
that expansion member does not interfere with any other component of the door leaf

or of the door arrangement.

Preferably, the profile is the vertical profile of the door frame which forms the sup-
port structure of the door leaf. In this case the vertical profile is preferably located on

the leading side edge of the door leaf during closing movement of the door leaf.

Preferably, the hollow profile is a rectangular profile which is easy to manufacture
and easy to use in the construction of the door leaf because one side of the rectan-
gular profile may be easily connected with a flat surface to the door panel of the door
leaf.

Whereas it is possible to close the hollow profile at its lower end via a cover which
can easily be penetrated by the expansion member when it is expanding because of
fire, it is preferable that the hollow profile is open at its lower end. Of course, a cover
may be put to the lower end, e.g. made of plastics, which is easily destroyed in case
of fire so that the lower end of the expansion member is not prevented to protrude

from the bottom edge of the door leaf.

Preferably, the expansion member is located inside the hollow profile as it has al-

ready been mentioned above.

In an advantageous embodiment of the invention the profile is made of steel and the
expansion member is made of aluminium, which can comparably easy and economi-

cally manufactured and mounted in the door leaf.

Preferably, the expansion member is a beam, preferably a massive beam, because it
has a rigid structure able to transfer the vertical blocking forces to the floor or door
sill.
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As usually the door panel and support structure of a door leaf are made of metal or
metal alloy (e.g. stainless steel) the expansion member comprises aluminium, mag-
nesium or a composite structure having FI-Block® material, which materials are fire-

proof and have a larger thermal expansion coefficient than steel or its alloys.

Preferably, the expansion member is located in connection with the leading profile
located at the leading side edge of the door leaf when moving in closing direction,
because these are the edges meeting the side edge of a door leaf running in opposite
direction, between which the V-gap is formed. The expansion member is thereby
preferably only fixed at its upper end to the door leaf, particularly to the leading pro-
file, which has the advantage that the complete expansion difference leads to the
expansion member's protrusion from the bottom end of the door leaf and therefore
to a better grip with the floor or door sill. The same holds true if only the expansion
member (without a profile) is located in the area of a side edge of the door leaf,
preferably of the leading edge of the door leaf in its closing direction. Of course also
an advantageous effect is achieved when the expansion member is not located in the

vicinity of the leading edge but somewhat apart.

Preferably, the lower end of the expansion member abuts at room temperature with
the lower edge of the profile and/or with a bottom door edge of the door leaf so that
the expansion member does not protrude from the bottom edge of the door leaf
which might cause problems during normal operation of the landing door. On the
other hand, it is ensured that instantly when the landing door heats up to tempera-
tures above room temperature, the expansion member immediately starts to pro-
trude from the bottom edge of the door leaf in the direction of the floor or door sill,
so that the whole expansion of the expansion member is transferred into protrusion
from the bottom edge of the door leaf. This ensures that during critical temperatures
of e.g. 300 to 500°C, the expansion member protrudes via a distance d which is
large enough to counteract with the floor or door sill to horizontally fix the corre-
sponding side edge of the door leaf to the door sill. This distance d may for example

be 15 mm at a temperature of 400°C.

The invention is based on the principle that the profile and/or the complete structure
of the door leaf has a lower thermal expansion coefficient than the expansion mem-
ber. As for the material of the door leaf structure, usually steel-based alloys are
used, particularly stainless steel whereas aluminium or a similar material having a
larger thermal expansion coefficient than steel may be used for the expansion mem-
ber.
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Preferably, the expansion member is a massive member which is able to apply
enough force to the floor or door sill to keep the side edge of the door leaf immova-
ble in horizontal direction or opening direction of the door leaf which is a key feature
to prevent the building of a V gap between two adjacent door leaves of the landing

door moving in opposite directions.

Preferably, the leading profile is part of a door leaf frame supporting the door panel
of the door leaf. Via this measure, no additional structures, particularly no additional

profile has to be provided for the accommodation of the expansion member.

The invention further refers to an elevator door arrangement comprising an upper
support member carrying at least one door leaf according to the above-mentioned
specifications. The door arrangement further comprises a door sill or a floor at the
bottom of the door leaf. The floor or door sill hereby comprises a structure which is
configured to co-act with the lower end of the expansion member to prevent horizon-
tal movement of the expansion member (in opening direction of the door leaf) with
respect to the floor or door sill. By this measure, it is ensured that the building of a
gap between two adjacent door leaves cannot occur as both facing and abutting side
edges of the adjacent door leaves are kept immovable with respect to the floor or

door sill and therefore kept closed also in case of fire or extensive heating.

Preferably, the upper support member carries at least two door leaves moving in
opposite directions whereby the profile and the expansion member of each door leaf
is located at the leading side edge of the door leaf in its closing direction which lead-
ing side edge abuts against the side edge of the door leaf moving in opposite direc-
tion when the elevator door is closed. Therefore, even being adapted to be used in
car doors and/or landing doors with only one door leaf, the invention is preferably
designed for elevator car doors and/or landing doors having two door leaves moving
in opposite directions or four door leaves whereby a set of two or three telescopic
door leaves moves in one direction. Anyway, the formation of a V gap during heating
of the elevator door arrangement always occurs only between the facing and abut-
ting side edges of the two adjacent door leaves moving in opposite direction. It is
clear that the expansion members have only to be provided at these two side edges
of the door leaves and not at any side edge of the other door leaves. Therefore, the
thermal expansion members have only to be provided at those door leaves which

come into contact with door leaves moving in opposite direction.
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Preferably, the structure of the floor or door sill comprises at least one structure, e.g.
recess, e.g. in a guide groove, which structure fixes the lower end of the expansion
member in horizontal direction. Such a structure may be a saw-tooth structure or a
sinusoidal structure which matches with a corresponding counter-structure at the
lower end of the expansion member. The counter-structure may e.g. be a tip or a
corresponding saw-tooth structure. Accordingly, the structure in floor or door sill,
e.g. in the guide groove co-acts with the lower end of the expansion member so that
this is not movable with respect to the floor, e.g. within the guide groove, horizontal-
ly in opening direction. The arrangement of the structure within the guide groove
further ensures that the structure of the floor or door sill does not cause problems

during normal operation of the elevator.

The invention of course also relates to an elevator having at least one door leaf ac-
cording to the above specifications and/or an elevator door arrangement according to
the above specifications. It is clear for the skilled person that a corresponding land-
ing door arrangement is provided in each landing door of the elevator to provide the
required fire resistance homogeneously throughout the complete building as well as

in all elevator cars.

It is clear for the skilled person that the above embodiments can be arbitrarily mixed

with each other.

It is further apparent for the skilled person that components of the invention as men-
tioned in the claims may be provided as a single component or as multiple compo-
nents unless their number is explicitly mentioned in the claim. Following synonyms

are used in the description: "elevator door leaf" = "door leaf", "profile" (without

specification) = "leading profile".

Brief description of the drawings

The invention is now described via an example in the enclosed schematic drawings.

Fig. 1 shows a horizontal cross-section through an inventive door leaf,

Fig. 2 shows the side view II from Fig. 1,
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Fig. 3 shows an elevator door arrangement with two door leaves according to Fig. 1

and 2 moving in opposite directions,

Fig. 4 shows a detail of the door arrangement of Fig. 3 between door leaf and door

sill, and

Fig. 5 shows a schematic illustration of the co-action between the lower end of the
expansion member and a saw-tooth structure in the guide groove of a door

sill.

Description of the preferred embodiments

The inventive door leaf 10 of an elevator door is now described via Figs. 1 and 2. The
door leaf 10 comprises a frame 12 comprising of a vertical leading profile 14 and a
vertical trailing profile 16 (referring to closing movement of the door leaf) and a hori-
zontal upper profile 18 and a horizontal lower profile 20, whereby all profiles 14, 16,
18, 20 are connected at their ends to build a rectangular frame 12. This frame 12
carries a door panel 22 which encompasses the vertical profiles 14, 16 as to provide
a decorative surface to the passengers. All profiles 18, 20, 14, 16 are hollow rectan-
gular profiles made of steel-based metal, preferably stainless steel. The door leaf 10
has a vertical leading edge 24 and a vertical trailing edge 26 when the door moves in
closing direction. In the profile 14 adjacent to the leading edge 24, a thermal expan-
sion member 28 is accommodated which is fixed at its upper end, via a fixing mem-
ber, e.g. a bolt 30 to the hollow rectangular leading profile 14 of the leading edge 24.
The expansion member may also be fixed to any other part of the door leaf structure
by any common connecting technique. At room temperature, the lower end of the
thermal expansion member 28 abuts with the bottom edge 32 of the door leaf. But it
also may offset a little bit with respect to the bottom edge 32 of the door leaf 10,
e.g. by 5 mm. Usually, such a door leaf 10 as shown in Figs. 1 and 2 is carried by an
upper support member 42 of an elevator door arrangement 40 as it is shown in Fig.
3. In this embodiment the bottom edge 32 of the door leaf 10 faces a door sill 44.
During heating of the door leaf 10, e.g. because of fire in the building or any other
heat generating accident, the expansion member 28 which has a larger thermal ex-
pansion coefficient than the surrounding hollow leading profile 14 begins to protrude
from the bottom edge 32 of the door panel downwards and thus co-acts with the
door sill to keep the trailing edge 24 of the door leaf 10 immovable with respect to

the door sill 44 in horizontal direction or in opening direction. Via this measure, the
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forming of an open gap between door leaves 10a, 10b or the door leaf and a door

jamb during fire can be effectively prevented.

Fig. 3 shows an elevator door arrangement 40, e.g. of an elevator car or elevator
landing, comprising an upper support member 42 which carries two door leaves 10a,
10b which are movably supported on the upper support member 42 in opposite di-
rections as to be centrally opening. The door leaves 10a, 10b are guided in grooves
of a door sill 44 located below the bottom edge 32 of the door leaves 10a, 10b. On
this behalf, guide pins 46 of the door leaf 10 protrude from the bottom edge 32
thereof and extend into the corresponding guide groove of the door sill 44. Instead of
only two door leaves 10a, 10b, also four or six door leaves can be arranged whereby
in this case two or three door leaves move in the same direction with different veloci-
ty in a telescopic way. The thermal expansion members 28 are in this case only pro-
vided in those door leaves 10a whose leading side edge 24 comes into contact with a

leading side edge 24 of a door leaf 10b moving in opposite direction.

The door leaves 10a, 10b are supported by the upper support member regularly via
supporters 48 which extend from the door leaves 10a, 10b to the upper support
member 42 and which supporters 48 carry rollers running in a track of the support
member 42 (not shown). At least one of the supporters 48 is usually connected with
a drive to move the door panel 10a, 10b horizontally with respect to the upper sup-

port member 42.

Fig. 4 shows a detail of the lower end of the door leaf 10b and the door sill in the
area of the expansion member 28. In the drawings, the same reference numerals are

used for elements which are identical or have the same function.

Fig. 4 shows the arrangement of one door leaf 10b and the door sill 44 in case of a
heating of the landing door arrangement 40 to about 400°. In this case, the expan-
sion member 28 protrudes with its lower end 50 from the bottom edge 32 of the door
leaf 10b downwards by a distance d and thus grips into the guide groove 52 of the
door sill 44. The guide groove is normally provided for guiding the guide pins 46 of

the door leaves 10a, 10b in opening/closing direction h.

The expansion member 28 may have e.g. a wedge shape at its lower end 50 so that
it presses into the guide groove 52 of the door sill 44 with a friction grip which ren-
ders the expansion member 28 immovable in opening/closing direction h. Therefore,

the corresponding vertical profile 14 of the door leaf 10b at the leading edge 24 is
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kept immovable in opening/closing direction h and thus no gap can be formed be-
tween the facing trailing side edges 24 of both door leaves 10a, 10b. Therefore, also
in case of fire or higher temperatures where the upper support member may bend
down, the adjacent leading edges 24 of both door leaves 10a, 10b keep in contact

with each other so that no gap is formed through which the fire or heat might pass.

Fig. 5 shows a further embodiment of the guide groove 52 and the lower end 50 of
the expansion member. In the area of the lower end 50 of the expansion member
28, the surface of the guide groove 52 of the door sill 44 has a first saw-tooth struc-
ture 54 which matches with a second saw-tooth structure 56 located at the lower end
50 of the expansion member 28. Therefore, when the expansion member 28 pro-
trudes by a certain distance from the bottom edge 32 of the door leaf 10b, it inter-
acts with the first saw-tooth structure 54 of the guide groove 52 whereby the expan-

sion member 28 is fixed to the door sill 44 in opening/closing direction h.

Of course, this arrangement is provided also with the other door leaf 10a of the ele-

vator landing door arrangement 40 of Fig. 3.

The structure to keep the expansion member 28 immovable might differ from the

shown saw-tooth structure 54. Other structures may have sinusoidal geometries or
even one or more recesses in the guide rail groove 52 which interacts with one pin,
preferably cone-shaped pin, at the lower edge 50 of the expansion member 28. The

structure may also be provided directly on the floor without any guide groove.

The invention is not limited to the described embodiments but can be varied within

the scope of the appended patent claims.
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Patent claims

1. Elevator door leaf (10) comprising a door panel (22) and a support structure (12)
having at least one profile (14, 16, 18, 20), whereby the door leaf comprises at least
one expansion member (28) consisting of a material having a larger thermal expan-
sion coefficient than the material of the door panel (22) and/or of said profile (14),

characterized that the expansion member (28) extends vertically and is fixed (30) to

the door leaf (10) only at its upper end.

2. Elevator door leaf (10) according to claim 1, characterized in the expansion mem-
ber is configured to expand in such a way that at critical temperatures of e.g. 300 to
5000°C it protrudes via a distance d from the bottom edge of the door leaf as to coun-
teract with a floor or door sill to horizontally fix the corresponding side edge of the

door leaf to the door sill.

3. Elevator door leaf (10) according to claim 1 or 2, characterized in that the profile
(14) is a vertical extending longitudinal profile (14), preferably in the area of a side
edge (24) of the door leaf, and that the expansion member (28) is located in connec-

tion with said profile (14).

4. Elevator door leaf (10) according to claim 3, characterized in that the profile (14)
is a hollow profile and that the expansion member (28) is located inside the hollow
profile (14).

5. Elevator door leaf (10) according to claim 3 or 4, characterized in that the profile

(14) is made of steel and the expansion member (28) is made of aluminium.

6. Elevator door leaf (10) according to one of claims 2 to 5, characterized in that the
profile (14) is located in the area of the leading edge (24) of the door leaf (10) in

closing direction of the door leaf (10).

7. Elevator door leaf (10) according to one of the preceding claims, characterized in
that the expansion member (28) is located in the area of a side edge (24) of the
door leaf, preferably of the leading edge (24) of the door leaf (10) in its closing di-

rection.
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8. Elevator door leaf (10) according to one of the preceding claims, characterized in
that the expansion member (28) is fixed (30) only at its upper end to the door leaf
(10).

9. Elevator door leaf (10) according to one of the preceding claims, characterized in

that the expansion member (28) is a beam, preferably a massive beam.

10. Elevator door leaf (10) according to one of the preceding claims, characterized in
that the lower end (50) of the expansion member (28) abuts with the lower end of
the profile (14) and/or with a bottom edge (32) of the door leaf (10) at room tem-

perature.

11. Elevator door leaf (10) according to one of the preceding claims, characterized in
that the expansion member (28) comprises aluminium, magnesium or a composite

structure having FI-Block® material.

12. Elevator door arrangement comprising an upper support member carrying at
least one landing door leaf (10a, 10b) according to one of the preceding claims and a
door sill (44) at the bottom of the door leaf, characterized in that the door sill (44)
comprises a first structure (54) which is configured to co-act with the lower end (50)

of the expansion member (28).

13. Elevator door arrangement according to claim 12, characterized in that the first
structure (54) comprises at least one recess fixing the lower end (50) of the expan-

sion member (28) in opening/closing direction (h).

14. Elevator door arrangement according to claim 12 or 13, characterized in that the
upper support member (42) carries at least two door leaves (10a, 10b) moving in
opposite directions and wherein the profile (14) and the expansion member (28) of
each door leaf is located at that side edge (24) of the door leaf (10a) which, when
the door is closed, abuts against the side edge (24) of the door leaf (10b) moving in

opposite direction.

15. Elevator door arrangement according to one of claims 12 to 14, characterized in
that the first structure (54) is located in a guide groove (52) of the door sill (44).

16. Elevator having at least one door leaf (10) according one of claims 1 to 11 and/or

an elevator door arrangement (40) according to one of claims 12 to 15.
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AMENDED CLAIMS
received by the International Bureau on 13 October 2016 (13.10.2016)

1. Elevator door leaf (10) comprising a door panel (22) and a support structure (12) having at
least one profile {14, 16, 18, 20), whereby the door leaf comprises at least one expansion
member (28) consisting of a material having a larger thermal expansion coefficient than the
material of the door panel (22) and/or of said profile (14), which expansion member (28)
extends vertically, characterized that the expansion member is fixed (30) to the door leaf (10)

only at its upper end.

2. Elevator door leaf (10) according to claim 1, characterized in the expansion member is
configured to expand in such a way that at critical temperatures of e.g. 300 to 500°C it
protrudes via a distance d from the bottom edge of the door leaf as to counteract with a floor

or door sill to horizontally fix the corresponding side edge of the door leaf to the door sill.

3. Elevator door leaf (10) according to claim 1 or 2, characterized in that the profile (14) is a
vertical extending longitudinal profile (14), preferably in the area of a side edge (24) of the

door leaf, and that the expansion member (28) is located in connection with said profile (14).

4. Elevator door leaf (10) according to claim 3, characterized in that the profile (14) is a

hollow profile and that the expansion member (28) is located inside the hollow profile (14).

5. Elevator door leaf (10) according to claim 3 or 4, characterized in that the profile (14) is

made of steel and the expansion member (28) is made of aluminium.

6. Elevator door leaf (10) according to one of claims 2 to 5, characterized in that the profile
(14) is located in the area of the leading edge (24) of the door leaf (10) in closing direction of
the door leaf (10).

7. Elevator door leaf (10) according to one of the preceding claims, characterized in that the
expansion member (28) is located in the area of a side edge (24) of the door leaf, preferably
of the leading edge (24) of the door leaf (10) in its closing direction.

8. Elevator door leaf {(10) according to one of the preceding claims, characterized in that the

expansion member (28) is fixed (30) only at its upper end to the door leaf (10).

9. Elevator door leaf (10) according to one of the preceding claims, characterized in that the

expansion member (28) is a beam, preferably a massive beam.
10. Elevator door leaf (10) according to one of the preceding claims, characterized in that the

lower end (50) of the expansion member (28) abuts with the lower end of the profile (14)

and/or with a bottom edge (32) of the door leaf (10) at room temperature.
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11. Elevator door leaf (10) according to one of the preceding claims, characterized in that the
expansion member (28) comprises aluminium, magnesium or a composite structure having

FI-Block® material.

12. Elevator door arrangement comprising an upper support member carrying at least one
landing door leaf (10a, 10b) according to one of the preceding claims and a door sill (44) at
the bottom of the door leaf, characterized in that the door sill (44) comprises a first structure

(54) which is configured to co-act with the lower end (50) of the expansion member (28).

13. Elevator door arrangement according to claim 12, characterized in that the first structure
(54) comprises at least one recess fixing the lower end (50) of the expansion member (28) in

opening/closing direction (h).

14. Elevator door arrangement according to claim 12 or 13, characterized in that the upper
support member (42) carries at least two door leaves (10a, 10b) moving in opposite
directions and wherein the profile (14) and the expansion member (28) of each door leaf is
located at that side edge (24) of the door leaf (10a) which, when the door is closed, abuts
against the side edge (24) of the door leaf (10b) moving in opposite direction.

15. Elevator door arrangement according to one of claims 12 to 14, characterized in that the
first structure (54) is located in a guide groove (52) of the door sill (44).

16. Elevator having at least one door leaf (10) according one of claims 1 to 11 and/or an

elevator door arrangement (40) according to one of claims 12 to 15.
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