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(54) FIRMNESS CONTROLLING APPARATUS FOR A BED OR SEATING ARRANGEMENT

(57) A firmness controlling apparatus (1) for use in a
bed arrangement or a seating arrangement is disclosed.
The apparatus comprises a rigid frame (11) having two
opposed sides (11a,11b), and at least one non-elastic
flexible elongate element (12) extending between the two
opposed sides (11a,11b). Each end (12a,12b) of the
non-elastic flexible elongate element (12) is directly or
indirectly connected to one of the opposed sides
(11a,11b), and at least one of the ends (12a,12b) is in-
directly connected via an elastic flexible elongate ele-
ment (13). A plurality of elongate springs (14) are provid-

ed and extend in a flat or curved plane, the ends (14a,14b)
of each elongate spring (14) being attached to one of the
at least one non-elastic flexible elongate elements (12)
at two separated connections. A retraction device (15) is
arranged to tighten and slack the non-elastic flexible
elongate element(s) (12) between the two separated con-
nections, thereby adjusting the distance between the two
separated connections of each non-elastic flexible elon-
gate element (12), and thereby controlling the curvature
and height of the elongate springs (14).



EP 3 586 682 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Field of the invention

[0001] The present invention relates to a firmness con-
trolling apparatus for use in a bed or seating arrange-
ment, and a bed or seating product having such a firm-
ness controlling device. In particular, the firmness con-
trolling apparatus may provide at least one zone with
adjustable firmness in the bed or seating arrangement.

Background of the invention

[0002] In a bed arrangement, a support is provided to
act on the weight or part of the weight of a user, wherein
the bed distributes the weight from the body of the user
over a part of a surface of the device. Depending on how
the bed distributes the weight of the user, the bed will
appear as being either soft or firm. The degree of firmness
of such a bed is dependent on the properties of the elastic
elements, such as the spring constant, and how the elas-
tic members have been mounted in the bed, such as the
degree of clamping or pre-tensioning. Thus, the firmness
of the bed is normally set at the manufacturing of the
device.
[0003] However, different persons wish and require dif-
ferent firmness. Further, different body parts may require
different firmness.
[0004] It is known to provide bed arrangements with
variable firmness. By inducing deformation to the elastic
members to different degrees, the firmness of the device
is adjustable. The deformation member has the ability to
deform the elastic member independently from the de-
formation of the elastic member induced by the being.
This means that the firmness of the bed is adjustable
during initialization, according to the wishes of the user.
It is also possible to compensate the firmness of the de-
vice for possible changes in the elastic properties of the
elastic arrangement over time. Still further, it is known to
vary the firmness independently in various zones/sec-
tions in a mattress.
[0005] Such known solutions are e.g. disclosed in EP
2 245 967 and WO 2009/120270. Both these documents
also disclose the possibility of sensing the pressure being
applied on different zones, and to control the firmness of
different zones automatically, in order to lower the overall
pressure.
[0006] Further, it is known to provide variation in firm-
ness of a mattress by arranging coil springs on support
plates having variable height. The height of the support
plates may be controlled by rotatable elements arranged
under the support plates, and having an off-centre rota-
tion axis. Hereby, by rotation of the rotatable elements,
the plates assume various height positions. Such firm-
ness adjustment means are e.g. discussed in US 3 340
548 and US 2011/0258772. It is also known to use a
similar arrangement with support plates having variable
height where the height of the support plates may be

controlled by displacement members in the form of linear
motors, jacks, and other types of lifting mechanism. Such
firmness adjustment means are e.g. discussed in AU 55
13 00, US 4 222 137, US 2006/0253994, WO 99/65366
and EP 2 245 967.
[0007] It is also known to provide zones having variable
firmness realized by inflatable elements, in which the
pressure is independently variable by means of pressur-
ization means. Such firmness adjustment means are e.g.
discussed in WO 2009/120270.
[0008] Further, it is known to realize mattresses with
variable firmness by a combination of inflatable elements
and other resilient elements, such as coil springs, as is
e.g. discussed in US 5 113 539.
[0009] May other firmness adjustment means are also
feasible, such as by arranging threads through the mat-
tress, whereby the height position and/or tension is var-
iable, such as is e.g. discussed in US 4 667 357.
[0010] However, common problems with these previ-
ously known bed arrangements with variable firmness
are that they are relatively complex, heavy and costly to
produce. Further, these known bed arrangements are
also often relatively difficult and cumbersome to use. Fur-
ther, even though these known bed arrangements pro-
vide a certain degree of adjustability, this is often inade-
quate for the users’ needs.
[0011] It is therefore still a need for a firmness control
apparatus and a bed or seating arrangement with adjust-
able firmness which alleviates the above-discussed
problems.

Summary of the invention

[0012] It is therefore an object of the present invention
to at least partly overcome these problems, and to pro-
vide an improved firmness controlling apparatus, and bed
and seating arrangement.
[0013] These, and other, objects that will be apparent
from the following, are achieved by a firmness controlling
apparatus, and a bed and seating arrangement, accord-
ing to the appended claims.
[0014] According to a first aspect of the invention, there
is provided a firmness controlling apparatus for use in a
bed arrangement or a seating arrangement, the firmness
controlling apparatus comprising:

a rigid frame having two opposed sides;
at least one non-elastic flexible elongate elements
extending between the two opposed sides, each
non-elastic flexible elongate element being provided
with two ends, wherein each end of the non-elastic
flexible elongate element is directly or indirectly con-
nected to one of the opposed sides, and wherein at
least one of the ends of each non-elastic flexible
elongate element is indirectly connected to one of
the opposed sides via an elastic flexible elongate
element;
a plurality of elongate springs extending in a flat or
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curved plane, each elongate spring having two ends,
the ends of each elongate spring being attached to
one of the non-elastic flexible elongate element(s)
at two separated connections; and
a retraction device arranged to tighten and slack the
at least one non-elastic flexible elongate element be-
tween said two separated connections, thereby ad-
justing the distance between the two separated con-
nections of each non-elastic flexible elongate ele-
ment, and the curvature and height of the elongate
springs.

[0015] The new firmness controlling apparatus is very
cost-effective to produce, and can be used with a wide
variety of mattresses, arranged to overly or surround the
firmness controlling apparatus, as discussed in more de-
tail in the following. The firmness controlling apparatus
is essentially flat, and can be arranged underneath any
type of mattress, and may also be provided beneath a
mattress and a bed or seat bottom plate, and/or be ar-
ranged between an upper and lower mattress.
[0016] The sleeping experience, and what is consid-
ered comfortable and not, varies greatly from person to
person. Further, a user often may find it more comfortable
to have a softer mattress when using one lying position,
such as on the stomach, i.e. in a prone position, or on
the side, than when resting in other sleeping positions,
such as on the back, i.e. in supine position. The present
invention provides an efficient, yet relatively simple and
cost-efficient, way of varying the mattress properties in
dependence of the user’s wishes, and e.g. based on the
choice of lying position. It has been found that this greatly
improves the sleeping and resting experience, which pro-
vides better resting and sleeping quality. Improved sleep
and rest also improves the health of the user, and overall
leads to an improved quality of life.
[0017] Prior to the present invention, mattresses and
beds with adjustable properties were known to be com-
plex, heavy and costly, and also difficult and cumber-
some to use. In contrast, the present invention provides
a bed arrangement with adjustable properties which
weighs very little, is relatively simple and cost-efficient to
produce, which is easy to operate for the user, and which
is easy to modify, e.g. for using more or fewer adjustable
zones. The bed arrangement also lends itself very well
for automated or semi-automated manufacturing.
[0018] Since the firmness controlling apparatus com-
prises very few relatively inexpensive parts, it is produc-
ible to a low cost. The firmness controlling apparatus can
be arranged on new bed or seating arrangements, but
may also easily be retrofitted on existing bed or seating
arrangements.
[0019] The new firmness controlling apparatus has al-
so been found to be very efficient in providing a wide
range of continuously variable firmness, and with a very
precise and reliable controllability. Thus, one or several
firmness controlling apparatus may be provided in a bed
or seating arrangement, to provide variable firmness in

one or several zones of the mattress.
[0020] It has been found that by a low or moderate
variation of the length of the non-elastic flexible elongate
element(s), considerable variations in firmness proper-
ties are obtained. The firmness is also controllable in a
very precise and predictable way.
[0021] By "rigid frame" is in the context of the present
invention meant a frame which is sufficiently rigid in the
plane of the frame to withstand the forces from the elon-
gate springs, and the flexible elastic and non-elastic elon-
gate elements, both when the elongate springs are con-
tracted and relaxed. The rigidity of the frame is preferably
such that the frame is not significantly deformed due to
such forces. However, the rigid frame may still be flexible
in other directions, such as in directions normal to the
plane of the frame. Hereby, the rigid frame may be bent,
e.g. when the mattress is rolled-up and vacuum packed
to a very compact format, for shipping, storage and the
like. Thus, the firmness controlling apparatus hereby en-
ables very compact packaging, which is of great impor-
tance.
[0022] The rigid frame may e.g. be made of steel
bands, or bands made of other materials, and having a
thickness in a direction perpendicular to the frame plane
which is much lower than the width, extending in the
frame plane. The thickness may e.g. be in the range 0.5-2
mm, and the width may be in the range 4-10 mm.
[0023] The non-elastic flexible elongate elements are
preferably provided in the form of straps or cords, and
preferably of a pliable but non-elastic material.
[0024] Only a few, such as two, non-elastic flexible
elongate element may be provided. In this case, the non-
elastic flexible elongate element is preferably relatively
wide, preferably extending over a substantial part of the
width of the variable zone, such as extending over more
than 15% of the width of the variable zone, and even
more preferred extending over more than 25%. However,
preferably at least three, four or more parallel non-elastic
flexible elongate elements are arranged to extend under-
neath each of said variable zone(s).
[0025] In one embodiment, there is as many flexible
non-elastic elongate elements as the number of elongate
springs, so that each elongate spring may be connected
with a separate flexible elongate element. In such an em-
bodiment, the width of the flexible non-elastic elongate
elements may be the same or similar to the width of the
elongate springs. However, it is also possible to connect
two or more elongate springs to a common, single flexible
non-elastic elongate element. In one such embodiment,
all the elongate springs may be attached to a common,
single flexible non-elastic elongate element. In such an
embodiment, the flexible non-elastic elongate element
preferably has a width widely exceeding the width of each
elastic springs, and preferably extending over essentially
the whole width of the firmness controlling apparatus. In
this case, the single flexible non-elastic elongate element
may be connected to the frame via a single flexible elastic
elongate element, or by multiple flexible elastic elongate
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elements.
[0026] Since at least one of the ends of each non-elas-
tic flexible elongate element is indirectly connected to
one of the opposed sides of the frame via an elastic flex-
ible elongate element, the total length of the elastic and
non-elastic flexible elongate elements may remain con-
stant during contraction and relaxation of the non-elastic
flexible elongate elements. The elastic flexible elongate
elements also ensure that the non-elastic flexible elon-
gate element at all times remains under some tension,
thereby maintaining the non-elastic flexible elongate el-
ement in a relatively straight configuration, and also pulls
the ends of the non-elastic flexible elongate element
apart when the non-elastic flexible elongate element is
relaxed.
[0027] In one embodiment, only one of the ends of the
non-elastic flexible elongate element is indirectly con-
nected to one of the opposed sides. If all the non-elastic
flexible elongate elements are connected by elastic elon-
gate elements at the same side, the point of increased
firmness will vary slightly towards the directly connected
end when the firmness is increased. However, for many
applications, this is fully acceptable. Further, some of the
non-elastic flexible elongate elements may be directly
connected to one of the opposed sides, whereas others
are directly connected to the other of the opposed sides.
Hereby, the variation of the point of increased firmness
will be evened out between the non-elastic flexible elon-
gate elements. In one preferred embodiment, every other
non-elastic flexible elongate element is connected to one
of the opposed sides, whereas every other non-elastic
flexible elongate element is connected to the other of the
opposed sides.
[0028] However, in an even more preferred embodi-
ment, both ends of each non-elastic flexible elongate el-
ement are indirectly connected to one of the opposed
sides via elastic flexible elongate elements. Hereby, the
point of increased firmness will remain at the same po-
sition at all time during increase and decrease of the firm-
ness.
[0029] The non-elastic flexible elongate elements may
be realized in various ways, such as by metal wires,
ropes, etc. However, preferably, the non-elastic elongate
elements are tape-like, having a width exceeding the
thickness. In one embodiment, the non-elastic flexible
elongate elements are straps made on non-elastic flex-
ible fabric.
[0030] Similarly, the elastic flexible elongate elements
may be realized as elastic cords, coil springs and the like.
However, preferably, the non-elastic elongate elements
are tape-like, having a width exceeding the thickness. In
one embodiment, the elastic flexible elongate elements
are straps made of elastic flexible fabric.
[0031] The retraction device may be arranged beneath
a plane in which the non-elastic flexible elongate ele-
ments extend. For example, the retraction device may
be arranged to pull down the non-elastic flexible elongate
elements, e.g. between two rollers, sliding surfaces, or

the like.
[0032] However, alternatively, the retraction device
may be arranged essentially in a plane in which the non-
elastic flexible elongate elements extend. For example,
the non-elastic flexible elongate elements may be con-
nected to a rotatable rod, shaft or the like, connected to
a rotation motor/pump or the like, whereby rotation of the
rod/shaft in one direction pulls in the non-elastic flexible
elongate elements, and in the other direction releases
the non-elastic flexible elongate elements.
[0033] The non-elastic flexible elongate elements are
preferably all operated by a single retraction means, con-
trolling all the non-elastic flexible elongate elements at
the same time and in the same way. Such a solution is
very cost-effective, and simple to realize. However, al-
ternatively, the non-elastic flexible elongate elements
may be individually controllable, or sets of non-elastic
flexible elongate elements may be controlled separately.
[0034] The retraction device is preferably arranged to
tighten the non-elastic flexible elongate elements by at
least one of rolling up the flexible elongate elements
around an shaft/rod, pulling the flexible elongate ele-
ments and pushing the flexible elongate elements.
[0035] The retraction device is preferably operated by
means of at least one of an electric motor and an electric
pump. This makes adjustment of the firmness very con-
venient, e.g. by simply operating a control panel or a re-
mote control. For communication with a control unit con-
trolling the retraction device, a remote control may be
used, which is adapted to communicate with the control
unit, e.g. through a wireless interface.
[0036] However, it is also feasible to provide a mechan-
ical solution, in which the retraction device is operated
manually, by rotating a control wheel or the like. For ex-
ample, a lead screw or translation screw may be used.
A knob, wheel or any other type of handle may then be
manually rotated, thereby rotating the screw, resulting in
a corresponding displacement of the connection of the
flexible elongate elements. Other type of manually oper-
able retraction devices are also feasible, such as by pro-
viding longitudinally separate holes in the flexible elon-
gate elements, which are releasably connected to hold-
ing pins or the like in various displaced positions.
[0037] The elongate springs may be realized in various
ways. However, in accordance with a preferred embod-
iment, the elongate springs are at least one of: sinuous
springs, such as no-sag springs, and strip springs, such
as strip steel springs. Strip springs may also be formed
of other elastic materials, such as plastic materials, com-
posite materials, etc. However, sinuous springs are par-
ticularly preferred, since they are elastic both in the length
direction and in a direction transversal to the length di-
rection.
[0038] The sinuous springs preferably have a zigzag
pattern and are preferably arranged to have a slight up-
wardly bending arc between the two connections also in
the relaxed disposition, to ensure that the spring flexes
upwards and not downwards when the non-elastic flex-
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ible elongate elements are contracted.
[0039] The endmost segments of the sinuous spring
may be secured to the non-elastic flexible elongate ele-
ments in any number of ways including inserting the end-
most segments of the sinuous springs in loops integrally
formed in the flexible elements, attaching them by sewing
and the like.
[0040] Each length of non-elastic flexible elongate el-
ement has an intermediate portion, extending over the
entire extension between the connections to the elongate
spring, which is not connected to the elongate springs.
[0041] According to a second aspect of the invention,
there is provided a bed or seating arrangement, compris-
ing at least one firmness controlling apparatus as dis-
cussed above, wherein the arrangement further compris-
es a mattress, wherein the firmness controlling appara-
tus(es) is/are arranged underneath the mattress.
[0042] The mattress is preferably a pocket spring mat-
tress, comprising a plurality of strings of a casing material,
each string defining a plurality of pockets and each pocket
comprising a coil spring.
[0043] The firmness controlling apparatus may be ar-
ranged beneath the pocket spring mattress, thereby pro-
viding a increased pressure from below on certain of the
pockets, thereby increasing the firmness of these pock-
ets.
[0044] However, alternatively, the mattress may com-
prise at least one cut-out portion arranged overlying the
firmness controlling apparatus. This cut-out portion may
be empty, only to be wholly or partly filled by the elongate
springs when contracted. In such an embodiment, the
cut-out portions are preferably arranged only overlying
the elongate springs of the firmness control apparatus,
and with pockets of the mattress being arranged there-
between.
[0045] However, the cut-out portion may also comprise
a mattress insert arranged above the firmness control
apparatus, to provide an even surface of the mattress,
and to even out the increased and decreased firmness
when the elongate springs are contracted and relaxed,
respectively.
[0046] The bed or seating arrangement may also com-
prise an additional layer arranged on top of the mattress,
in particular if cut-outs is provided in the mattress, in order
to increase comfort and provide a smooth and planar
upper surface. This additional layer may comprise a pad-
ding layer, and/or a layer of fabric, and preferably a
stretchable fabric. Alternatively, or additionally, the addi-
tional layer may also comprise an additional, upper mat-
tress. The upper mattress may be of the same type as
the lower mattress, such as also being of a pocket spring
mattress type. The upper mattress may have the same
size as the lower mattress, but may, alternatively, be thin-
ner. The upper mattress preferably extends over the en-
tire surface of the lower mattress, and is preferably free
from cut-outs and the like.
[0047] In one embodiment, the insert comprises a
pocket spring mattress insert. However, the insert may

also comprise a foam insert. The foam insert may be
provided with one or several concavely curved interior
surfaces overlying the elongate springs of the firmness
controlling apparatus.
[0048] The bed or seating arrangement may comprise
one firmness controlling apparatus, to provide one zone
of variable firmness. However, alternatively, it may fur-
ther comprise at least two zones having variable firm-
ness, and at least one firmness controlling apparatus pro-
vided at each zone.
[0049] The firmness controlling apparatus preferably
has a width extension exceeding 50% of the width of the
mattress, and preferably exceeding 75%, and a length
extension being less than 50% of the length of the mat-
tress, and preferably less than 25%.
[0050] The variable zone(s) preferably extend(s) over
essentially the whole width of the upper mattress. In case
several zones are provided, the zones are preferably
separated in a longitudinal direction of the mattress.
Since the same firmness is usually requested, regardless
of the whether the user lies in the centre, or towards one
of the sides, there is usually no need to separate the
zones in the width direction. However, in case the bed
arrangement is to be used by more than one person si-
multaneously, or if there is a need to distinguish between
different lateral positions for other reasons, zones having
variable firmness being separated also in the width di-
rection may be used. In this case, it is e.g. feasible to use
two separate, and independently operable firmness con-
trol apparatuses, and e.g. a common upper mattress ar-
ranged above these two firmness control apparatuses.
[0051] The bed arrangement preferably comprises at
least two zones, of which at least one constitutes a var-
iable zone.
[0052] Further, the bed arrangement preferably has at
least two variable zones, and at least one firmness con-
trolling apparatus for each of said variable zone, inde-
pendently operable to control the firmness of said zones.
More than two variable zones may also be provided, such
as three, five or seven. For example, different zones with
variable firmness may be provided at least for the user’s
hip part and shoulder part. Such zones may be provided
also for the user’s feet part and head part. In between
these zones, zones being provided with a constant firm-
ness may be provided. However, alternatively also these
zones may have a variable firmness. Thus, in more re-
fined embodiments, 7, 10 or even more zones with var-
iable firmness may be provided.
[0053] By means of these additional aspects of the in-
vention, similar objects and advantages as discussed
above in relation to the first aspect of the invention are
obtainable.

Brief description of the drawings

[0054] For exemplifying purposes, the invention will be
described in closer detail in the following with reference
to embodiments thereof illustrated in the attached draw-
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ings, wherein:

Fig 1 shows a schematic perspective view of a firm-
ness control apparatus in a relaxed state according
to an embodiment of the present invention;
Fig 2 shows a schematic perspective view of the firm-
ness control apparatus of Fig 1 in a slightly contract-
ed state;
Fig 3 shows a cross-sectional side view of the firm-
ness control apparatus of Fig 1 in a relaxed state;
Fig 4 shows a cross-sectional side view of the firm-
ness control apparatus of Fig 1 in a contracted state,
with a retraction device arranged in the same plane
as the non-elastic flexible elongate elements;
Fig 5 shows a cross-sectional side view of the firm-
ness control apparatus of Fig 1 in a contracted state,
with a retraction device arranged beneath the non-
elastic flexible elongate elements;
Fig 6 shows a schematic perspective view of another
embodiment of a firmness control apparatus accord-
ing to the present invention;
Fig 7 shows a schematic perspective view of the firm-
ness control apparatus of Fig 6 in a slightly contract-
ed state;
Fig 8 shows a schematic exploded view in perspec-
tive, slightly from above, of a bed arrangement in
accordance with an embodiment of the present in-
vention;
Fig 9 shows a cross-sectional side view of the bed
arrangement of Fig 8 in a contracted state;
Fig 10 shows a top view of a bed arrangement in
accordance with an embodiment of the present in-
vention;
Fig 11 shows a top view of a bed arrangement in
accordance with another embodiment of the present
invention; and
Fig 12 shows a schematic exploded view in perspec-
tive from below of a bed arrangement in accordance
with yet another embodiment of the present inven-
tion.

Detailed description

[0055] In the following detailed description preferred
embodiments of the invention will be described. Howev-
er, it is to be understood that features of the different
embodiments are exchangeable between the embodi-
ments and may be combined in different ways, unless
anything else is specifically indicated. It may also be not-
ed that, for the sake of clarity, the dimensions of certain
components illustrated in the drawings may differ from
the corresponding dimensions in real-life implementa-
tions of the invention, e.g. the length of the elongate
springs, etc. Further, even though the specific embodi-
ments to be discussed in the following are primarily re-
lated to bed arrangements, the firmness controlling ap-
paratus, possibly with slightly different dimensions, may
also be used for seating arrangements and the like.

[0056] A first embodiment of a firmness controlling ap-
paratus 1 is illustrated in Figs. 1-4. The firmness control-
ling apparatus may be used in a bed arrangement or a
seating arrangement, as will be discussed in further detail
in the following. The firmness controlling apparatus 1
comprises a rigid frame 11 having two opposed sides
11a and 11b. The frame may e.g. be rectangular in shape,
where the two opposing sides 11a and 11b may be the
two sides along the length direction of the rectangle, or
the two sides along the width direction. The frame may
be made of metal, such as steel, but may alternatively
be made of wood, plastic material, or the like.
[0057] The firmness controlling apparatus further com-
prises a plurality of non-elastic flexible elongate elements
12 extending between the two opposed sides 11a and
11b. The non-elastic flexible elongate elements 12 may
e.g. be in the form of non-elastic straps, having a width
widely exceeding the thickness. Each non-elastic flexible
elongate element 12 is provided with two ends 12a and
12b, and each of these ends 12a, 12b are directly or
indirectly connected to one of the opposed sides 11a,
11b. At least one of the ends 12a, 12b of each non-elastic
flexible elongate element 12 is indirectly connected to
one of the opposed sides 11a, 11b via an elastic flexible
elongate element 13. In the illustrative example, both
ends 12a, 12b of each non-elastic flexible elongate ele-
ment 12 are indirectly connected to one of the opposed
sides 11a, 11b via such an elastic flexible elongate ele-
ment 13. Thus, one end of each elastic flexible elongate
elements is connected to the frame, whereas the other
is connected to an end of a non-elastic flexible elongate
element 12.
[0058] The non-elastic flexible elongate elements 12
may be made of non-elastic fabric, but may alternatively
be made wholly or partly of metal and the like. The non-
elastic flexible elongate elements may be in the form of
straps, i.e. having a tape-like form, as in the illustrative
embodiment. However, they may alternatively be in the
form of cords, wires and the like.
[0059] The elastic flexible elongate elements 13 may
be made of elastic fabric, such as stretch fabric, but may
also be in the form of rubber bands, elastic ribbons, etc.
Alternatively, the elastic flexible elongate elements 13
may comprise springs, such as elongate and preferably
relatively thin coil springs, etc.
[0060] A non-elastic flexible elongate element 12 may,
at one or both ends, be connected to more than one elas-
tic flexible elongate element 13, such as two elastic flex-
ible elongate elements 13, preferably separated in the
longitudinal direction of the opposing frame sides 11a,
11b. Similarly, an elastic flexible elongate element 13
may be connected to more than one non-elastic flexible
elongate element 12, such as two non-elastic flexible
elongate elements 12, preferably separated in the longi-
tudinal direction of the opposing frame sides 11a, 11b.
Such realizations are particularly useful in case the width
of the elastic and non-elastic flexible elongate elements
differ, such as when the non-elastic flexible elongate el-
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ements are in the form of straps and the elastic flexible
elongate elements are in the form of cords, or vice versa.
[0061] The firmness controlling apparatus further com-
prises a plurality of elongate springs 14 extending in a
flat or curved plane. The elongate springs 14 are prefer-
ably sinuous springs, such as no-sag springs, as shown
in the exemplary embodiment of Figs. 1-4. However, the
elongate springs may alternatively be realized in other
ways, such as strip springs, such as strip steel springs.
All the elongate springs are preferably of the same type.
However, a combination of elongate springs of different
types are also feasible.
[0062] Each elongate spring 14 has two ends 14a and
14b, and each of the ends 14a, 14b is attached to one
of the non-elastic flexible elongate elements at two sep-
arated connections. Preferably, the ends 14a are prefer-
ably connected at or in the vicinity of the ends 12a of the
non-elastic flexible elongate elements, and the ends 14b
are preferably connected at or in the vicinity of the ends
12b of the non-elastic flexible elongate elements. The
remainder of the elongate springs, between the end
points 14a and 14b are preferably unconnected to the
non-elastic flexible elongate elements.
[0063] The ends of the elongate springs can be con-
nected to the non-elastic flexible elongate elements, by
being inserted into loops formed therein, or in other ways,
such as by sewing, adhesion, bolts, rivets, etc.
[0064] A retraction device 15 is arranged to tighten and
slack the non-elastic flexible elongate elements 12 be-
tween the two separated connections. In the embodiment
illustrated in Figs. 1-4, the retraction device 15 is ar-
ranged essentially in a plane in which the non-elastic
flexible elongate elements extend. The retraction device
here comprises a rotatable shaft 15a with an opening
through which the non-elastic flexible elongate element
12 extends. By rotating the shaft, the non-elastic flexible
elongate element is rolled up on the shaft, thereby de-
creasing the distance between the connections. Hereby,
the ends 14a and 14b of the elongate springs are pulled
together, whereby the elongate springs 14 protrudes in
an arc upwards. The more the shaft 15a is rotated, the
higher the arc becomes. If the shaft is rotated in the dif-
ferent direction, the height of the arc instead decreases.
Thus, the height of the arc can easily be controlled by
rotation of the shaft in either of the two directions. This
is illustrated in Figs. 3 and 4, where Fig. 3 shows the
elongate spring in a lowered, relaxed position, and Fig.
4 shows the elongate spring in a somewhat contracted,
tensed position, in which the elongate spring forms an
arc upwards.
[0065] The shaft 15a can be controlled manually, e.g.
by being operable by a crank or the like. However, it can
also be operated by an automated drive unit 16, e.g. a
pump, an electric motor, or the like.
[0066] The non-elastic flexible elongate elements may
also be retracted in other ways. One such alternative is
illustrated in Fig. 5, where the non-elastic flexible elon-
gate elements 12 are led downwards via two rollers 15b

or sliding surfaces. The non-elastic flexible elongate el-
ements may then be pulled downwardly by a plunger 15c
or the like. The pulling may occur downwardly, but may
also occur in the plane of the frame, e.g. by being led via
a further roller 15d, as shown in the illustrative example.
In this embodiment, the retraction device is arranged be-
neath the plane in which the non-elastic flexible elongate
elements extend. The plunger may be operated manually
or automatically, e.g. by being connected to an electrical
pump.
[0067] In Figs. 6 and 7, another embodiment of the
firmness controlling apparatus is illustrated. Here, the
elongate springs are formed as strip springs, such as
strip steel springs. Apart from this difference, the firmness
controlling apparatus as shown in Figs. 6 and 7 is made
essentially in the same way as the one discussed in re-
lation to Figs. 1-4, and operates in the same way. Fig. 6
shows the elongate springs in a relaxed, lowered posi-
tion, and Fig. 7 shows the elongate springs in a somewhat
tensed, contracted position, in which the elongate springs
extends as an arc upwards.
[0068] The retraction device when automated may e.g.
be controlled by means of a remote control, which may
be connected by wireless or wired connection to the drive
unit.
[0069] The firmness controlling apparatus may be
used in combination with a mattress or cushion to form
a bed or seating arrangement with variable firmness in
one or several zones. The firmness controlling apparatus
is hereby arranged beneath the mattress, e.g. on a bed
bottom, or on a lower mattress arranged beneath an up-
per mattress. Some alternative embodiments of such bed
arrangements will now be discussed in some detail, and
it is to be appreciated by the skilled addressee that the
same or similar arrangements may also be used for seat-
ing arrangements.
[0070] The bed arrangement has an adaptive firm-
ness, and more specifically comprises at least one zone
having independently adjustable firmness. The bed ar-
rangement may comprise a single zone, or two or more
zones. Further, in case several zones are used, one or
more zones may be variable. Further, one or more zones
which are non-variable may also be used. For example,
different zones with variable firmness may be provided
at least for one of the the user’s buttock and shoulder.
Such zones may be provided also for the user’s feet and
head. In between and optionally surrounding these
zones, zones being provided with a constant firmness
may be provided.
[0071] Preferably, the zone(s) having independently
adjustable firmness extends over at least half of the width
of the bed arrangement, and may e.g. extend over es-
sentially the whole width of the bed arrangement.
[0072] The mattress may be of various types, such as
comprising resilient foam elements, resilient rubber, and
the like. However, preferably the mattress comprises a
plurality of coil springs, and preferably coil springs ar-
ranged in separate pockets of a cover material, to define
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a pocket spring mattress.
[0073] In a pocket mattress realization of the present
mattress, at least the parts of the mattress forming zones
which do not have variable firmness, and optionally also
partly or wholly the zone(s) having variable firmness, are
formed as pocket spring mattress. The pocket spring
mattress may form an entire, integrated mattress, or be
formed be arranged as a separate pocket mattresses
assembled together.
[0074] With reference to e.g. Figs. 8 and 9, the pocket
mattress 2 preferably comprises a plurality of strings 21
interconnected side by side by means of a surface at-
tachment, such as adhesive, welding, Velcro or the like.
Each string comprises a plurality of continuous cas-
ings/pockets 22, formed by a continuous casing material
and the pockets being separated from each other by
means of transverse seams 23, such as welded seams.
Each casing/pocket contains at least one, and preferably
only one, helical coil spring 24. The springs may have a
spiral turn with a diameter of approximately 2 to 10 cm,
and preferably 6 cm.
[0075] However, as discussed above, other types of
mattresses are also possible to use in the above-dis-
cussed bed arrangement.
[0076] In one embodiment, illustrated in Figs. 8 and 9,
the pocket mattress is an integrated, continuous mat-
tress, extending over the entire width and length of the
bed arrangement, and over both zones with variable firm-
ness and zones without variable firmness.
[0077] A firmness controlling apparatus 1 as discussed
above is arranged beneath a zone of the mattress 2. The
firmness controlling apparatus shown in Figs. 8 and 9 is
of the type discussed in relation to Figs. 6 and 7, but any
of the embodiments discussed in the foregoing may be
used.
[0078] The firmness controlling apparatus 1 may be
loosely arranged on a bed bottom (not shown), and with
the mattresses then being loosely arranged on top of the
bed bottom and on the firmness controlling apparatus.
However, the firmness controlling apparatus may alter-
natively be connected to the bed bottom, or other parts
of the bed, and/or to the mattress. Connection to the bed
bottom or bed frame can be made by adhesive, bolts,
etc. Connection to the mattress may be realized by ad-
hesive, sewing, etc.
[0079] When the elongate springs of the firmness con-
trol apparatus are contracted, to extend upwards as arcs,
as shown in Fig. 9, the springs in the mattress overlying
the arcs will be compressed, and will consequently be-
come firmer.
[0080] In another embodiment, as shown in Fig. 10,
the mattress comprises at least one cut-out portion 25
arranged overlying the firmness controlling apparatus.
The cut-out portion is preferably entirely surrounded by
the pocket spring mattress, so that at least one or more
rows of pockets are arranged on each side of the cut-out
portion in the width direction. The cavity formed by this
cut-out portion may be filled by a mattress inlay 3. This

mattress inlay may e.g. also be a pocket spring mattress-
es, but e.g. having different properties, such as being
softer than the surrounding pocket spring mattress. How-
ever, preferably the mattress inlay is a different type of
mattress, such as a foam mattress.
[0081] In an alternative embodiment, as illustrated in
Fig. 11, a plurality of cut-out portions 25’ are provided.
Here, the cut-out portions are elongate, and arranged
side-by-side, and arranged essentially only to overly the
elongate springs of the underlying firmness controlling
apparatus. The cut-out portions are preferably of a size
corresponding to the width of one pocket, allowing the
cut-out portions to be formed within single strings, and
to be surrounded by adjacent neighbouring strings.
[0082] In this embodiment, the cavities formed by the
cut-out portions need not be filled. Thus, when the elon-
gate springs of the firmness controlling apparatus is re-
laxed, the cavities of the pocket spring mattress will be
empty. Hereby, the firmness of the mattress in the zone
having variable firmness is only provided by the remain-
ing pocketed springs arranged between the cut-out por-
tions. Hence, this zone will in this state be softer than the
other zones of the mattress. However, when the elongate
springs of the firmness controlling apparatus are con-
tracted, the arcs then formed will raise into the cavities
formed cut-out portions, thereby partly or fully filling the
cavities. The firmness will thereby gradually increase
when the elongate springs are contracted, and the firm-
ness of the variable zone will then be provided both by
the elongate spring arcs and by the pocketed springs
between the cut-out portions. In such a state of increased
firmness, the variable zone may have greater or much
greater firmness compared to the non-variable zones.
[0083] A top layer of padding, fabric or the like may be
arranged on top of the mattress, thereby making the cut-
out portions invisible and less noticeable.
[0084] However, in order to increase the smoothness
of the surface of the mattress, it is also possible to provide
mattress inlays 3’ also in these cut-out portions 25’, as
shown in Fig. 12. The inlays may, as discussed above in
relation to Fig. 10, e.g. also be a pocket spring mattress-
es, but e.g. having different properties, such as being
softer than the surrounding pocket spring mattress. How-
ever, preferably the mattress inlay is a different type of
mattress, such as a foam mattress.
[0085] It is also preferred that the inlays 25’ are here
provided with interior surfaces, facing the elongate
springs of the underlying firmness controlling apparatus,
which are concavely curved, so that the inlays are thicker
at the ends thinner in the central part, and with a gradual,
curved transition there between. The concave curvature
preferably corresponds to the shape of the arc of the
corresponding elongate spring, when raised to a corre-
sponding height.
[0086] The inlays make the upper mattress surface
smoother and more even. In addition, the inlays also pro-
vide at least a slight increase of the firmness of this part
of the mattress, and also distribute the increased firm-
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ness provided by the elongate springs, when raised to
arcs.
[0087] In the exemplary embodiment illustrated in Fig.
12, the inlays with curved interior surfaces are provided
as elongate inlays, provided in the elongate cut-out por-
tions 25’ formed between strings of the pocket spring
mattress.
[0088] However, it is also possible to provide the same
type of concavely curved interior surface in a larger inlay
3, such as the one discussed in relation to Fig. 10. Thus,
the inlay 3 may here have such an interior curvature ex-
tending over its entire width. However, alternatively, the
interior curvature may be provided only at positions over-
lying the elongate springs of the firmness controlling ap-
paratus, as in the Fig. 12 example, and with a planar,
non-curved interior surface there between. Such an inlay
may e.g. be provided by using a combination of inlay
pieces having a curved interior surface and rectangular
solid inlay pieces. Every other inlay piece may then be
of the curved type, and every other of the rectangular
solid type. The inlay pieces may then be connected to-
gether, e.g. by adhesive, to form the inlay.
[0089] The person skilled in the art realizes that the
present invention by no means is limited to the preferred
embodiments described above. On the contrary, many
modifications and variations are possible within the
scope of the appended claims. For instance, alternative
mattress elements are possible to use in the zones, such
as resilient elements formed by foam, rubber, coil
springs, pocketed coil springs, inflatable elements, and
the like. Also, the firmness of the mattress may be con-
trolled manually, or in an automated fashion, using an
electrical pump, motor or the like. The bed or seating
arrangement may also be fully automated, and be pro-
vided with a controller to control the firmness automati-
cally, in dependence of pre-stored preferences and/or
based on sensor data.

Claims

1. A firmness controlling apparatus for use in a bed
arrangement or a seating arrangement, the firmness
controlling apparatus comprising:

a rigid frame having two opposed sides;
at least one non-elastic flexible elongate ele-
ment extending between the two opposed sides,
each non-elastic flexible elongate element being
provided with two ends, wherein each end of the
non-elastic flexible elongate element is directly
or indirectly connected to one of the opposed
sides, and wherein at least one of the ends of
each non-elastic flexible elongate element is in-
directly connected to one of the opposed sides
via an elastic flexible elongate element;
a plurality of elongate springs extending in a flat
or curved plane, each elongate spring having

two ends, the ends of each elongate spring be-
ing attached to one of the at least one non-elastic
flexible elongate elements at two separated con-
nections; and
a retraction device arranged to tighten and slack
the non-elastic flexible elongate element(s) be-
tween said two separated connections, thereby
adjusting the distance between the two separat-
ed connections of each non-elastic flexible elon-
gate element, and thereby controlling the curva-
ture and height of the elongate springs.

2. The apparatus of claim 1, wherein both ends of each
non-elastic flexible elongate element are indirectly
connected to one of the opposed sides via elastic
flexible elongate elements.

3. The apparatus of claim 1 or 2, wherein the non-elas-
tic flexible elongate element(s) is/are straps made
on non-elastic flexible fabric.

4. The apparatus of any one of the preceding claims,
wherein the elastic flexible elongate element(s)
is/are straps made of elastic flexible fabric.

5. The apparatus of any one of the preceding claims,
wherein the retraction device is arranged beneath a
plane in which the non-elastic flexible elongate ele-
ment(s) extend.

6. The apparatus of any one of the claims 1-5, wherein
the retraction device is arranged essentially in a
plane in which the non-elastic flexible elongate ele-
ment(s) extend.

7. The apparatus of any one of the preceding claims,
wherein the retraction device is arranged to tighten
the non-elastic flexible elongate element(s) by at
least one of rolling up the flexible elongate ele-
ment(s) around an axle, pulling the flexible elongate
element(s) and pushing the flexible elongate ele-
ment(s).

8. The apparatus of any one of the preceding claims,
wherein the retraction device is operated by means
of at least one of an electric motor and an electric
pump.

9. The apparatus of any one of the preceding claims,
wherein the elongate springs are at least one of: sin-
uous springs, such as no-sag springs, and strip
springs, such as strip steel springs.

10. A bed or seating arrangement, comprising at least
one firmness controlling apparatus in accordance
with any one of the preceding claims, wherein the
arrangement further comprises a mattress, wherein
the firmness controlling apparatus(es) is/are ar-
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ranged underneath the mattress.

11. The bed or seating arrangement of claim 10, wherein
the mattress is a pocket spring mattress, comprising
a plurality of strings of a casing material, each string
defining a plurality of pockets and each pocket com-
prising a coil spring.

12. The bed or seating arrangement of claim 10 or 11,
wherein the mattress comprises at least one cut-out
portion arranged overlying the firmness controlling
apparatus.

13. The bed or seating arrangement of claim 12, further
comprising a foam insert arranged within said at least
one cut-out portion, and overlying the firmness con-
trolling apparatus.

14. The bed or seating arrangement of claim 13, wherein
the foam is provided with one or several concavely
curved interior surfaces overlying the elongate
springs of the firmness controlling apparatus.

15. The bed or seating arrangement of any one of the
claims 10-14, further comprising at least two zones
having variable firmness, and at least one firmness
controlling apparatus provided at each zone.

16. The bed or seating arrangement of any one of the
claims 10-15, wherein the firmness controlling ap-
paratus has a width extension exceeding 50% of the
width of the mattress, and preferably exceeding
75%, and a length extension being less than 50% of
the length of the mattress, and preferably less than
25%.
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