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Description
Technical Field

[0001] The invention relates to a microclimate control
topper of the kind used in connection with beds, in par-
ticular, to a topper for a bed, the topper extending in lon-
gitudinal and lateral directions and including a fluid flow-
path for channeling fluid through the topper from an inlet
to an outlet, the flowpath configured to distribute the fluid
to a preferred target region of the topper.

Background

[0002] Microclimate control toppers are typically used
in conjunction with the mattresses of beds found in hos-
pitals, nursing homes, other health care facilities, or in
home care settings. The topper rests atop the mattress
and is secured thereto by, for example, straps, snaps or
zippers, or may be more permanently integrated into the
mattress, for example by stitching or welds appropriate
to the materials from which the mattress and topper are
made. A fluid flowpath having an inlet and an outlet ex-
tends through the interior of the topper. A pump or similar
device supplies a stream of air to the topper so that the
air flows into the flowpath by way of the inlet, flows
through the flowpath, and exhausts from the flowpath by
way of the outlet. The airstream establishes a microcli-
mate in the vicinity of the occupant’s skin. Specifically,
the airstream helps cool the occupant’s skin thereby re-
ducing its nutrient requirements at a time when it is com-
pressed by the occupant’s weight and therefore likely to
be poorly perfused. The airstream also helps reduce hu-
midity in the vicinity of the occupant’s skin thus combat-
ting the tendency of the skin to become moist and soft
and therefore susceptible to breakdown.

[0003] A topper member is known from WO
2008/046110 A2.
[0004] The need for microclimate control is not uni-

formly distributed over the occupant’s skin. For example
skin temperature on the occupant’s torso can be consid-
erably higher than skin temperature on the occupant’'s
arms and legs. In addition, nonuniform distribution of
sweat glands causes perspiration to accumulate on the
skin of the occupant’s back and pelvic region. Moreover,
many modern beds are profile adjustable. When the bed
profile is adjusted the occupant’s tissue is exposed to
shear which distorts the vasculature and further de-
grades perfusion.

Summary

[0005] The topper of the invention is characterized in
thatitincludes sensors distributed on the topper, the sen-
sors being capable of sensing a parameter useable for
determining weight distribution of a person whose weight
bears on the topper. The topper may, preferably, include
a blower connected to the topper inlet for supplying air
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to the flowpath.

[0006] The subject matter described herein also in-
cludes a bed comprising a mattress and a topper resting
atop the mattress and extending in longitudinal and lat-
eral directions. The topper has a fluid flowpath having an
inlet and an outlet. The flowpath exhibits a nonuniform
resistance to fluid flow in at least one of the longitudinal
and lateral directions. The bed also includes a blower
connected to the inlet for supplying air to the flowpath.
The resistance may be a monotonically varying resist-
ance to fluid flow in at least one of the longitudinal and
lateral directions and configured to preferentially drive
fluid flow through the topper so that a larger proportion
of the fluid flowing through the topper flows under a target
region and a relatively smaller portion bypasses the tar-
get region. The subject matter described herein also in-
cludes a topper for a bed, the topper extending in longi-
tudinal and lateral directions and including a fluid flow-
path having an inlet and an outlet. The flowpath exhibits
a nonuniform resistance to fluid flow in at least one of the
longitudinal and lateral directions.

[0007] Any feature in one embodiment of the invention
may be applied to other embodiments of the invention.
In particular, bed aspects may be applied to topper as-
pects, and vice versa. Furthermore, any, some and/or all
features in one embodiment or aspect can be applied to
any, some and/or all features in any other embodiment
or aspect in any appropriate combination.

[0008] Although the invention is described below in
connection with specific preferred embodiments, it
should be understood that the invention should not be
unduly limited to such specific embodiments, and that a
feature or features of one described embodiment may
be equally applicable to one or more other embodiments
described herein.

Brief Description of the Drawings

[0009] Embodiments of the invention in its various as-
pects will now be described by way of non-limiting exam-
ple with reference to the accompanying drawings in
which:

FIGS. 1-4 are simplified perspective, plan, side ele-
vation and end elevation views of a mattress and a
conventional topper having a fluid flowpath extend-
ing therethrough.

FIG.5is aplan view of atopper having linear margins
and a laterally symmetric fluid flowpath for distribut-
ing fluid flowing through the flowpath to a preferred
target region of the topper.

FIG. 6 is a cross section taken along section line 6--
6 of FIG. 5 showing a first alternative construction of

the topper.

FIGS. 7A and 7B are cross sections taken along
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section line 7--7 of FIG. 5 showing a second alter-
native construction of the topper.

FIG. 8 is a plan view of a topper having contoured
margins and a laterally symmetric fluid flowpath for
distributing fluid flowing through the flowpath to a
preferred target region of the topper and also show-
ing a pattern of fluid flow through the topper.

FIGS. 9-10 are cross sections taken along section
lines 9--9 and 10--10 of FIG. 8 showing a first alter-
native construction of the topper.

FIGS. 11-12 are cross sections taken along section
lines 11--11 and 12-12 of FIG. 8 showing a second
alternative construction of the topper.

FIGS. 13-15 are plan views similar to that of FIG. 8
showing other variants of contoured margins and lat-
erally symmetric fluid flowpaths.

FIG.16is aplan view similar to that of FIG. 8 showing
another variant of a topper with contoured margins
but with a laterally asymmetric fluid flowpath.

FIGS. 17-19 are plan views similar to that of FIG. 8
each showing a longitudinally foreshortened flow-
path.

FIG. 20 is a plan view showing a topper with longi-
tudinally extending, coflowing fluid flow passages,
an array of sensors capable of sensing a parameter
useable for determining weight distribution of a per-
son whose weight bears on the topper, a blower and
a controller.

FIG. 21 is a view in the direction 21--21 of FIG. 20.

FIGS. 22-25 are plan views similar to that of FIG. 21
showing laterally extending coflowing passages
(FIGS. 22, 24) and counterflowing passages (FIGS.
23, 25).

FIGS. 26-27 are a plan view and a cross sectional
view of a topper having coflowing nested keyhole
passages whose inlets and outlets are at the foot
end of the topper.

FIG. 28 is a plan view similar to that of FIG. 26 show-
ing counterflowing keyhole passages.

FIG. 29 is a plan view similar to that of FIG. 26 show-
ing coflowing keyhole passages whose inlets and
outlets are at the right edge of the topper.

FIG. 30 is a plan view similar to that of FIG. 29 show-
ing counterflowing, laterally extending passages
with a central bulge so that the passages, taken col-
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lectively, define a two-sided keyhole configuration.

FIGS. 31-34 are end elevation views of variants of
a topper for use in an arrangement similar to that
shown in FIGS. 1 to 4 and as described herein, each
exhibiting a spatially nonuniform resistance to fluid
flow through the topper as a result of a spatially non-
uniform distribution of the properties of a filler mate-
rial.

FIG. 35 is a plan view showing a fluid flow pattern
representative of the fluid flow pattern attributable to
the spatially varying resistance characteristics of the
toppers of FIGS. 31-34.

FIGS. 36A and 36B are plan views of a variant of a
topper as described herein exhibiting a spatially non-
uniform fluid flow resistance as the result of pores or
tubules in a filler material which are locally oriented
to encourage an airstream to flow in a desired direc-
tion and impede it from flowing in other directions.

FIG. 37 is a plan view similar to that of FIG. 35 show-
ing a fluid flow pattern attributable to longitudinally
nonuniform fluid flow resistance rather than the lat-
erally nonuniform resistance of FIGS. 31-34.

FIGS. 38-40 are views similar to those of FIG. 32 in
which partitions divide the flowpath into channels.

FIG. 41 is a plan view showing a fluid flow pattern
representative of the fluid flow pattern attributable to
the spatially varying resistance characteristics of the
toppers of FIGS. 38-40.

FIGS. 42-43 are end elevation views showing an al-
ternate topper construction comprising an insert and
a cover or ticking.

Detailed Description

[0010] FIGS. 1-4 show a conventional topper 20 rest-
ing atop a mattress 24. The topper extends longitudinally
from a head end 26 to a foot end 28 and spans laterally
from a left side 32 to a right side 34. A longitudinally ex-
tending centerline 40 and centerplane 42 and a spanwise
centerplane 44 are shown for reference. The topper has
an upper or occupant side surface 46 and a lower or
mattress side surface 48. A target region 50 on upper
surface 46 is a region corresponding to a portion of an
occupant’s body judged to be especially needful of local
climate control. The illustrated target region corresponds
approximately to the torso of a representative patient ly-
ing face up (supine) and centered on the topper. A fluid
flowpath 60 having an inlet 62 and an outlet 64 spans
laterally across the topper from its left side 32 to its right
side 34 and extends longitudinally through the topper. In
the illustrated topper inlet 62 is a local inlet port at the
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foot end of the topper and outlet 64 is a wide vent opening
at the head end of the topper. Other inlet and outlet de-
signs may be used.

[0011] In the illustrated topper a filler material 70 oc-
cupies the flowpath but does not prohibit fluid, particularly
air, from flowing through the topper from inlet 62 to outlet
64. Alternatively, the filler material may be absent. A
blower 72 or similar device is connected to the inlet by a
hose 74 having a blower end 76 and a topper end 78 so
thatthe blower canimpel a stream 88 of air to flow through
the flowpath. The illustrated topper has no provisions for
preferentially directing airstream 88 or any portion thereof
to the target region. In particular, the airstream can
spread out laterally across the entire span S of the topper
through the entire longitudinal length of the topper.
[0012] FIG. 5 shows an embodiment of an innovative
topper 38 for a bed. As with the previously described
topper the improved topper is configured to rest atop a
mattress such as mattress 24 of FIGS. 1, 3 and 4. The
topper extends in longitudinal and lateral directions and
includes a fluid flowpath 60 for channeling a stream of
air 88 through the topper from an inlet 62 to an outlet 64.
In the illustrated topper inlet 62 is a pair of inlet ports at
the foot end of the topper and outlet 64 is a wide vent
opening at the head end of the topper. Other inlet and
outlet designs may be used. Unlike the topper of FIGS.
1-4, the topper of FIG. 5 is configured to distribute air
flowing through the flowpath to a preferred target region
50 of the topper, specifically a region 50 corresponding
approximately to the torso of a supine person substan-
tially laterally centered on the topper, although other tar-
get regions can be defined, if desired. In particular, the
topper includes left and right margins 90, 92 linearly bor-
dering flowpath 60. As a result airstream 88 cannot
spread across the entire span S of the topper but instead
is confined to span 81 through the entire longitudinal
length of the topper. As a result the airstream is more
concentrated under the target region than is the case
with the conventional topper of FIGS. 1-4.

[0013] FIG. 6 is a cross section in the direction 6--6 of
FIG. 5 showing a first alternative construction of the top-
per. The topper comprises a central region 96 corre-
sponding to flowpath 60 and the margins 90, 92 each
joined to the central region at a seam 98. Example mar-
gins include foam or an inflated static bladder, i.e. a blad-
der through which air does not flow. The nature of seam
98 depends on the materials used to make the central
region and margins.

[0014] FIGS. 7A and 7B are cross sections in the di-
rection 7--7 of FIG. 5 showing two variants of a second
alternative construction of the topper. In the second al-
ternative, central region 96, which corresponds to flow-
path 60, and margins 90, 92 comprise an insert 100 en-
closed by a ticking 104 (FIG. 7A) or covered by a ticking
104 (FIG. 7B). The central region and margins are at-
tached to each other at a seam 98 or other suitable con-
nection.

[0015] FIG. 8 shows another topper configured to dis-
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tribute air flowing through the flowpath to preferred target
region 50 of the topper. In particular, the topper includes
left and right arcuate margins 90, 92 bordering flowpath
60. The margins converge toward each other with in-
creasing distance from the head and foot ends 26, 28 of
the topper to define a throat T (coincident with section
lines 9-9 and 11-11). As a result of the flowpath shape
arising from the curved borders, airstream 88 is more
concentrated under the target region than is the case
with the conventional topper of FIGS. 1-4.

[0016] FIGS. 9 and 10 are cross sections taken along
section lines 9--9 and 10--10 of FIG. 8 and correspond
to the first alternative construction shown in FIG. 6. FIGS.
11 and 12 are cross sections taken along section lines
11--11 and 12--12 of FIG. 8 and correspond to the second
alternative construction shown in FIG. 7A.

[0017] FIG. 13 showsanembodimentinwhichthe mar-
gins diverge away from each other with increasing dis-
tance from the head and foot ends 26, 28 of the topper.
The resulting flowpath allows airstream to diffuse laterally
as it moves from inlet 62 toward plane 106 of maximum
flowpath cross section and then to accelerate as it flows
from plane 106 to outlet 64.

[0018] FIG. 14 shows an embodiment having a dual
inlets 62 and dual intake conduits 110 for channeling air-
stream 88 to a working region 112 of the flowpath, and
a single outlet 64 and a single discharge conduit 114 for
exhausting the airstream from the working region. The
working region corresponds approximately to the target
region which may correspond to the torso of a supine
person substantially laterally centered on the topper.
[0019] FIG. 15 shows an embodiment similar to that of
FIG. 14 but having dual outlets 64 and a pair of discharge
conduits 114 for channeling airstream 88 away from
working region 112 of the flowpath. The working region
corresponds approximately to the target region 50 which
may correspond to the torso of a supine person substan-
tially laterally centered on the topper.

[0020] FIG. 16 shows an embodiment having a single
inlet 62 and a single intake conduit 110 for channeling
airstream 88 to working region 112 and a single outlet
64 and a single discharge conduit 114 for exhausting the
airstream from the working region. The working region
corresponds approximately to the target region which
may correspond to the torso of a supine person substan-
tially laterally centered on the topper. Unlike the embod-
iments of FIGS. 5-15 in which the flowpath is symmetric
with respect to centerplane 42, the flowpath of FIG. 16
is asymmetric with respect to centerplane 42.

[0021] FIG. 17 shows an embodiment similar to that of
FIG. 8 but with dual inlets 62 and a longitudinally fore-
shortened flowpath 60.

[0022] FIG. 18 shows an embodiment similar to that of
FIG. 17 but with a working region 112 having an arched
planform and a discharge conduit 114 extending oblique-
ly from the target region.

[0023] FIG. 19 shows an embodiment similar to that of
FIG. 18 but with a working region 112 having a rectan-
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gular planform.

[0024] FIGS. 20 and 21 show a topper in which flow-
path 60 is divided into a set of five longitudinally extend-
ing, laterally distributed fluid passages 120. The topper
alsoincludes an array of sensors 122 capable of sensing
a parameter useable for determining weight distribution
of a person whose weight bears on the topper. One ex-
ample is an array of pressure sensors. A blower 72 is in
fluid communication with topper flowpath 60 by way of a
plumbing network featuring a main feed pipe 124 and a
set of branch pipes 126 each oultfitted with a valve 130
and each connected to the foot end of one passage. The
passages are coflowing passages, i.e. airflow in all the
passages is in the same direction -- from the foot end
toward the head end. A controller 132 is in communica-
tion with the sensors, the valves and the blowers as in-
dicated by communication pathways 134, 136 and 138.
Although communication pathways 134, 136, 138 sug-
gest a tangible physical connection, other avenues of
communication, such as wireless communication, can
also be employed. In operation the controller receives a
signal or signals representing a value or values of the
sensed parameter or parameters and controls the valves
to cause air to be metered to the passages 120 in re-
sponse to the signal or signals such that a larger propor-
tion of fluid supplied to the flowpath is directed to the
target region and a smaller proportion bypasses the tar-
get region. For example in the illustrated topper, rather
than distributing air from blower 72 equally among the
passages, the controller could be programmed to meter
only 10% of the air to each of passages 120A, 120E and
to distribute the remaining 80% equally or unequally
among channels 120B, 120C, 120D. Other distributions
could be commanded depending on changes in the lo-
cation of the target region which result from changes in
the position of the occupant as detected by the sensors.
[0025] The controller of FIG. 20 is an on-board control-
ler in that it is mounted on the bed itself. Alternatively the
controller could be an off-board controller. Off-board con-
trollers include controllers that are components of facility
communication and data processing networks.

[0026] The foregoing describes topper embodiments
in which the flowpath extends predominantly longitudi-
nally through the topper. Alternatively (e.g. FIG. 22) the
flowpath can extend predominantly laterally through the
topper.

[0027] FIG. 22 shows a topper similar to that of FIGS.
20-21 except with laterally extending, longitudinally dis-
tributed fluid passages 120. In general the passages are
distributed across one of the directions (laterally as in
FIG. 20 or longitudinally as in FIG. 22) and extend in the
other of the directions (longitudinally as in FIG. 20 or lat-
erally as in FIG. 22).

[0028] FIGS. 20 and 22 illustrate the use of sensors
122 so that the topper, with the assistance of controller
132 and valves 130, can adapt to changes in the position
of the patient. Alternatively, the sensors can be dis-
pensed with, and airflow can be distributed non uniformly
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among the passages with appropriately designed, non-
adjustable flow restrictions governing airflow through
each branch pipe (e.g. as seen in FIG. 23 where the
branch pipes feeding passages 120C, 120D and 120E
each terminate with a relatively large diameter flow re-
strictor and the branch pipes feeding the other passages
each terminate with a relatively small diameter flow re-
strictor). However such an arrangement would not be
able to automatically adapt to changes in occupant po-
sition. In another alternative the flow restrictions may be
manually adjustable rather than automatically adjusta-
ble. Such an arrangement might be useful to adapt the
distribution of airflow to occupant specific target regions,
e.g. a smaller target region for a patient of smaller size
and a larger target region for a patient of larger size.
[0029] FIG. 23 shows a topper similar to that of FIG.
22 but with counterflowing passages, i.e. air flows right
to left in passages 120B, 120D, 120F and left to right in
the other passages. FIG. 23 also illustrates the use of
appropriate flow restriction to regulate airflow distribution
among the passages.

[0030] FIG. 24 shows a topper similar to that of FIG.
23 but with a flowpath that increases in longitudinal di-
mension with increasing lateral distance from the inlets
and outlets. The passages are coflowing passages. The
illustrated topper does not use sensors, valves or flow
restrictions to govern the distribution of airflow through
the passages, however such use is within the scope of
this disclosure.

[0031] FIG. 25 shows a counterflowing variant of the
topper of FIG. 24.

[0032] FIGS. 26-27 show a topper in which a principal
topper flowpath 60P has a keyhole shape as seen in a
plan view. The principle flowpath has three nested, co-
flowing fluid passages 120B, 120C, 120D. The illustrated
topper also has a secondary flowpath 60S comprising
passage 120A outboard of the primary flowpath. A non-
flowing region could be used in lieu of the secondary
flowpath.

[0033] FIG. 28 shows a counterflowing variant of the
topper of FIGS. 26-27,

[0034] FIG. 29 shows a topper embodiment having a
coflowing, keyhole shaped principal flowpath 60P with
nested passages 120 whose inlets 62 and outlets 64 are
at the side of the bed rather than at a longitudinal end of
the bed. The region outside the flowpath is a nonflowing
region.

[0035] FIG. 30 shows a topper similar to that of FIG.
29 but with counterflowing, laterally extending passages
having a bulging working region 112 so that the passag-
es, taken collectively, define a two-sided keyhole config-
uration.

[0036] FIG. 31 shows a topper 538 whose flowpath
exhibits a purposefully nonuniform resistance to fluid
flow, specifically to airflow, in the lateral direction. The
nonuniformity arises from a filler material 70 which air-
stream 88 can flow through from inlet 66 to outlet 64 but
whose height H varies laterally. Height H is relatively
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large at centerplane 42, diminishes with increasing dis-
tance from the centerplane and then increases with fur-
ther increase in distance from the centerplane. Resist-
ance to fluid flow and height H are related monotonically,
i.e. as height increases, flow resistance decreases and
vice versa. Accordingly, although the dominant direction
of fluid flow is the longitudinal direction, a greater propor-
tion of airstream 88 flows under the target region than is
the case in the conventional topper of FIGS. 1-4. This is
evident by comparing the flow pattern of FIG. 35 to that
of FIG. 2.

[0037] FIG. 32 shows another topper whose flowpath
exhibits a purposefully nonuniform airflow resistance in
the lateral direction. The nonuniformity arises from afiller
material 70 such as a mesh or batting which airstream
88 can flow through from inlet 62 to outlet 64 but whose
density varies laterally as signified by the density of the
horizontal dashes used to represent the material. The
material density is relatively low at centerplane 42 and
increases with increasing distance from the centerplane.
Resistance to fluid flow and density are related monot-
onically, i.e. as density increases, flow resistance de-
creases and vice versa. Accordingly, although the dom-
inant direction of fluid flow is the longitudinal direction, a
greater proportion of airstream 88 flows under the target
regionthanis the case inthe conventional topper of FIGS.
1-4. This is evident by comparing the flow pattern of FIG.
35 to that of FIG. 2.

[0038] FIG. 33 shows another topper whose flowpath
exhibits a purposefully nonuniform airflow resistance in
the lateral direction. The nonuniformity arises from a po-
rous filler material 70 which airstream 88 can flow through
from inlet 62 to outlet 64 but whose pore density (pore
count per unit area) varies laterally. The pore density is
relatively high near centerplane 42, and diminishes with
increasing distance from the centerplane. Resistance to
fluid flow is related monotonically to pore density, i.e. as
pore density decreases, flow resistance increases and
vice versa. Accordingly, although the dominant direction
of fluid flow is the longitudinal direction, a greater propor-
tion of airstream 88 flows under the target region than is
the case in the conventional topper of FIGS. 1-4. This is
evident by comparing the flow pattern of FIG. 35 to that
of FIG. 2.

[0039] FIG. 34 shows another topper whose flowpath
exhibits a purposefully nonuniform airflow resistance in
the lateral direction. The nonuniformity arises from a po-
rous filler material 70 which airstream 88 can flow through
from inlet 62 to outlet 64, whose pore density is constant
in the lateral direction, but whose pore size varies later-
ally. Pore size is relatively large near centerplane 42, and
diminishes with increasing distance from the center-
plane. Resistance to fluid flow is related monotonically
to pore size, i.e. as pore size decreases, flow resistance
increases and vice versa. Accordingly, although the dom-
inant direction of fluid flow is the longitudinal direction, a
greater proportion of airstream 88 flows under the target
region thanis the case inthe conventional topper of FIGS.
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1-4. This is evident by comparing the flow pattern of FIG.
35 to that of FIG. 2.

[0040] FIG. 36A shows anothertopper whose flowpath
exhibits a purposefully nonuniform airflow resistance in
the lateral direction. The nonuniformity arises from a filler
material 70 having flow directing features such as tubules
586 (illustrated) fibers or high aspect ratio (high length/di-
ameterratio) pores having a length sufficient to influence
the direction of fluid flow and which are oriented to en-
courage the airstream to flow in a desired direction and
impede it from flowing in other directions.

[0041] Combinations of varying height, material den-
sity, pore density, pore size, pore or tubule or fiber ori-
entation and other properties affecting resistance to fluid
flow can be used to achieve the above described spatial
variation in airflow resistance.

[0042] Inthe foregoing examples of FIGS. 31 to 36 the
dominant direction of airflow is the longitudinal direction,
althoughitwill be appreciated thatbecause of the laterally
varying resistance to airflow (i.e. resistance variation per-
pendicular to the the dominant direction of fluid flow) the
fluid streamlines also have a lateral directional compo-
nent to preferentially drive a relatively larger proportion
of the airstream to flow under the target region and a
relatively smaller portion to bypass the target region. Al-
ternatively, as seen in FIG. 37, the dominant direction of
airflow can be the lateral direction with the fluid stream-
lines having a more modest longitudinal directional com-
ponent for preferentially driving a relatively larger propor-
tion of the airstream to flow under the target region and
a relatively smaller portion to bypass the target region.
In general the resistance varies spatially in a direction
substantially perpendicular to a dominant fluid flow direc-
tion through the flowpath.

[0043] Because the target region is a region corre-
sponding to the torso of an occupant approximately lat-
erally centered on the topper, the flowpaths of the toppers
of FIGS. 31 to 37 exhibit a resistance gradient across the
target region such that airflow resistance is lower at rel-
atively more inboard locations and higher at relatively
more outboard locations. That is, resistance is relatively
lower near centerplane 42 or 44 and increases with prox-
imity to the sides 32, 34 or the head and foot ends 26, 28.
[0044] FIGS. 38-40 and 41 illustrate toppers similar to
those of FIGS. 32-34 but with longitudinally extending,
laterally distributed partitions 592 joined to upper and
lower topper surfaces 46, 48. The partitions divide flow-
path 60 into longitudinally extending, laterally distributed
parallel flow passages each occupied by a filler material.
The four dividers in each illustration divide the flowpath
into an inboard passage 594, a pair of intermediate pas-
sages 596 flanking the inboard passage, and a pair of
outboard passages 598 each laterally between an inter-
mediate passage and either the left or right side of the
topper. The filler material is selected to impart a relatively
low fluid flow resistance to the inboard passage, an in-
termediate fluid flow resistance to the intermediate pas-
sages and a relatively high fluid flow resistance to the



11 EP 2 628 413 B1 12

outboard passages. These flowresistances are achieved
with low, medium and high material density (FIG. 38)
high, medium and low pore density (FIG. 39) and large,
medium and small pore size (FIG. 40). Thus, airflow re-
sistance differs from passage to passage but in a given
passage is constant in the direction in which the passag-
es are distributed, i.e. in the lateral direction. Alternatively
a laterally nonuniform flow resistance can be established
across each passage if desired. In addition although the
illustrated passages are co-flowing passages (fluid flows
from the foot end toward the head end in all passages)
counter flowing passages can be employed. Forexample
passages 594 and 598 could receive from inlets at their
respective foot ends while passages 596 could receive
air from an inlet at their head ends. In all cases each
passage would have an outlet at its opposite end for ex-
hausting the air.

[0045] As already noted in connection with the nonpar-
titioned embodiments of FIGS. 31-36 the dominant di-
rection of fluid flow can be lateral rather than longitudinal.
Similarly, the partitions of the partitioned embodiments
of FIGS. 38-40 can be oriented so that they extend lat-
erally and are distributed longitudinally with the result that
the dominant direction of fluid flow is lateral rather than
longitudinal. In general the passages extend in one di-
rection (longitudinal or lateral) and are spatially distribut-
ed in the other direction (lateral or longitudinal) and the
flow resistance differs from passage to passage but is
constantin any given passage in the direction of passage
distribution. Alternatively a nonuniform flow resistance
can be established across each passage in the direction
of passage distribution if desired.

[0046] FIGS. 42-43 shows a possible variation on the
construction of the topper. The toppers of FIGS. 42-43
each comprise an insert 5110 which exhibits the nonu-
niform resistance and a cover or ticking 5112 that covers
the insert. In FIG. 42 the ticking encloses the insert by
circumscribing it. In FIG. 43 the ticking covers the insert
but does not enclose it as in FIG. 42.

[0047] Although this disclosure refers to specific em-
bodiments, it will be understood by those skilled in the
art that various changes in form and detail may be made
without departing from the subject matter set forth in the
accompanying claims. It should also be appreciated that
particular combinations of the various features described
and defined in any of the described embodiments of the
invention can be implemented and/or used independent-

ly.

Claims

1. Atopper (20) for a bed, the topper (20) extending in
longitudinal and lateral directions and including a flu-
id flowpath (60) for channeling fluid through the top-
per from an inlet (62) to an outlet (64), the flowpath
(60) configured to distribute the fluid to a preferred
target region (50) of the topper (20); the topper being
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12.

characterized in that it includes sensors (122) dis-
tributed on the topper (20), the sensors (122) being
capable of sensing a parameter useable for deter-
mining weight distribution of a person whose weight
bears on the topper (20).

The topper (20) of claim 1 in which the flowpath (60)
is configured to distribute the fluid to a preferred tar-
get region (50) of the topper (20) as a result of being
shaped to distribute fluid to the target region (50).

The topper (20) of claim 1 or claim 2 in which the
target region (50) corresponds approximately to the
torso of a supine person substantially laterally cen-
tered on the topper (20).

The topper (20) of any preceding claim in which the
flowpath (60) has a keyhole shape.

The topper (20) of any preceding claim in which the
flowpath (60) includes two or more fluid passages
(120).

The topper (20) of claim 5 in which the fluid passages
(120) are distributed across one of the directions and
extend in the other of the directions.

The topper (20) of claim 4 wherein the flowpath (60)
includes at least two nested passages (120B, 120C,
120D).

The topper (20) of claim 7 in which the passages
(120B, 120C, 120D) are counterflow passages.

The topper (20) of claim 1 including a controller (132)
which receives a signal representing a value of the
sensed parameter and causes fluid to be metered
to the passages in response to the signal such that
a larger proportion of fluid supplied to the flowpath
(60) is directed to the target region (50) and a smaller
proportion bypasses the target region.

The topper (20) of any preceding claim wherein the
flowpath (60) is configured to distribute the fluid to a
preferred target region (50) of the topper as a result
of exhibiting a nonuniform resistance to fluid flow in
at least one of the longitudinal and lateral directions.

The topper (20) of claim 10 in which the resistance
varies spatially in a direction substantially perpen-
dicular to a dominant fluid flow direction through the
flowpath (60).

The topper (20) of claim 10 or 11 wherein the non-
uniform resistance has a gradient such that the re-
sistance in a target region (50) of the topper is lower
atrelatively more inboard locations of the topper (20)
and higher at relatively more outboard locations.
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The topper (20) of any of claims 10-12 in which the
flowpath (60) includes fluid flow passages (120) dis-
tributed across one of the directions and extending
along the other of the directions and wherein the re-
sistance differs from passage to passage and is con-
stant in a given passage in the direction of passage
distribution.

The topper (20) of claim 10 in which the nonuniform
resistance is attributable to a spatially varying mate-
rial height.

The topper (20) of claim 10 in which the nonuniform
resistance is attributable to a spatially varying mate-
rial density.

The topper (20) of claim 10 in which the nonuniform
resistance is attributable to a spatially varying poros-

ity.
The topper (20) of claim 10 in which the nonuniform

resistance is a flow directing feature.

The topper (20) of any preceding claim in which the
fluid flowpath (60) is aninsert (100; 5110) and where-
in a ticking (104; 5112) encloses or covers the insert.

A bed including a mattress, and the topper of any of
the preceding claims.

Patentanspriiche

1.

Matratzenauflage (20) fir ein Bett, wobei die Matrat-
zenauflage (20) in Langs- und Seitenrichtungen ver-
1auft und einen Fluidstrémungspfad (60) zur Durch-
leitung eines Fluids durch die Matratzenauflage von
einer Eintrittsé6ffnung (62) zu einer Austritts6ffnung
(64) umfasst, wobei der Strémungspfad (60) zur Ver-
teilung des Fluids in einen bevorzugten Zielbereich
(50) der Matratzenauflage (20) konfiguriert ist; wobei
die Matratzenauflage (20) dadurch gekennzeich-
net ist, dass sie auf der Matratzenauflage verteilte
Sensoren (122) aufweist, wobei die Sensoren (122)
in der Lage sind, einen Parameter zu erfassen, der
zur Bestimmung der Gewichtsverteilung einer Per-
son herangezogen werden kann, die mit ihrem Ge-
wicht auf der Matratzenauflage (20) aufliegt.

Matratzenauflage (20) nach Anspruch 1, bei der der
Strémungspfad (60) so konfiguriert ist, dass die Ver-
teilung des Fluids entsprechend der Form der Flu-
idverteilung an den Zielbereich (50) an einen bevor-
zugten Zielbereich (50) der Matratzenauflage (20)
erfolgt.

Matratzenauflage (20) nach Anspruch 1 oder An-
spruch 2, bei der der Zielbereich (50) in etwa dem
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auf der Matratzenauflage (20) weitgehend seitlich
zentrierten Korper einer auf dem Ruicken liegenden
Person entspricht.

Matratzenauflage (20) nach irgendeinem der vorher-
gehenden Anspriiche, bei der der Strémungspfad
(60) schlissellochférmig ausgebildet ist.

Matratzenauflage (20) nach irgendeinem der vorher-
gehenden Anspriiche, bei der der Strémungspfad
(60) zwei oder mehr Fluiddurchgénge (120) umfasst.

Matratzenauflage (20) nach Anspruch 5, bei der die
Fluiddurchgénge (120) Uber eine der Richtungen
hinweg verteilt sind und in die jeweils andere Rich-
tung verlaufen.

Matratzenauflage (20) nach Anspruch 4, wobei der
Stromungspfad (60) mindestens zwei ineinander
verschachtelte Durchgédnge (120B, 120C, 120D)
umfasst.

Matratzenauflage (20) nach Anspruch 7, bei der die
Durchgénge (120B, 120C, 120D) Gegenstrom-
durchgénge sind.

Matratzenauflage (20) nach Anspruch 1 mit einem
Steuergerat (132), das ein einen Wert des erfassten
Parameters reprasentierendes Signal empfangt und
in Abhangigkeit vom Signal eine Dosierung des Flu-
ids zu den Durchgangen bewirkt dergestalt, dass ein
groRerer Teil des dem Strémungspfad (60) zuge-
fuhrten Fluids zum Zielbereich (50) gelangt und ein
kleinerer Teilumden Zielbereich herum geleitet wird.

Matratzenauflage (20) nach irgendeinem der vorher-
gehenden Anspriiche, wobei der Strémungspfad
(60) so konfiguriert ist, dass das Fluid infolge eines
ungleichmafigen Fluidstrémungswiderstandes in
mindestens einer der Langs- und Seitenrichtungen
an einen bevorzugten Zielbereich (50) der Matrat-
zenauflage verteilt wird.

Matratzenauflage (20) nach Anspruch 10, bei der
der Widerstand in einer weitgehend senkrecht zu ei-
ner vorherrschenden Fluidstrdmungsrichtung durch
den Stromungspfad (60) verlaufenden Richtung
raumlich variiert.

Matratzenauflage (20) nach Anspruch 10 oder An-
spruch 11, wobei der ungleichmafRige Widerstand
ein Gefalle aufweist dergestalt, dass der Widerstand
in einem Zielbereich (50) der Matratzenauflage an
relativ weiter innen gelegenen Stellen der Matrat-
zenauflage (20) niedriger und an relativ weiter aufien
gelegenen Stellen hoher ist.

Matratzenauflage (20) nach irgendeinem der An-
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spriiche 10 bis 12, bei der der Strémungspfad (60)
Fluidstromungsdurchgange (120) umfasst, die in ei-
ner der Richtungen verteilt sind und entlang der an-
deren Richtung verlaufen, und wobeider Widerstand
von Durchgang zu Durchgang unterschiedlich und
in einem gegebenen Durchgang in Richtung der
Durchgangsverteilung konstant ist.

Matratzenauflage (20) nach Anspruch 10, bei der
derungleichmaRige Widerstand durch eine raumlich
unterschiedliche Materialhéhe bedingt ist.

Matratzenauflage (20) nach Anspruch 10, bei der
der ungleichmafige Widerstand auf eine raumlich
variierende Materialdichte zurlickzufuihren ist.

Matratzenauflage (20) nach Anspruch 10, bei der
der ungleichmaRige Widerstand die Folge einer
raumlich variierenden Porositat ist.

Matratzenauflage (20) nach Anspruch 10, bei der
der ungleichmafRige Widerstand ein fir die Stro-
mungsrichtung mafigebliches Merkmal ist.

Matratzenauflage (20) nachirgendeinem der vorher-
gehenden Anspriiche, bei der der Fluidstrémungs-
pfad (60) ein Einsatz (100; 5110) ist und wobei der
Einsatz von einem Matratzendrell (104; 5112) um-
schlossen oder Uiberzogen ist.

Bett mit einer Matratze und der Matratzenauflage
nach irgendeinem der vorhergehenden Anspriiche.

Revendications

Surmatelas (20) pour unlit, le surmatelas (20) s’éten-
dant dans les directions longitudinale et latérale et
comprenant une trajectoire d’écoulement de fluide
(60) pour acheminer le fluide a travers le surmatelas
a partir d’'une entrée (62) jusqu’a une sortie (64), la
trajectoire d’écoulement (60) étant configurée pour
répartir le fluide dans une région cible (50) préférée
du surmatelas (20) ; le surmatelas étant caractérisé
en ce qu’il comprend des capteurs (122) répartis
sur le surmatelas (20), les capteurs (122) pouvant
détecter un paramétre utilisable pour déterminer la
répartition de poids d’une personne dont le poids
s’appuie sur le surmatelas (20).

Surmatelas (20) selon la revendication 1, dans le-
quel la trajectoire d’écoulement (60) est configurée
pour répartir le fluide jusqu’a une région cible (50)
préférée du surmatelas (20), étant donné qu’elle est
formée pour répartir le fluide jusqu’a la région cible
(50).

Surmatelas (20) selon la revendication 1 ou la re-
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vendication 2, dans lequel la région cible (50) cor-
respondant approximativement au torse d’'une per-
sonne couchée sur le dos centrée sensiblement la-
téralement sur le surmatelas (20).

Surmatelas (20) selon 'une quelconque des reven-
dications précédentes, dans lequel la trajectoire
d’écoulement (60) a une forme de trou de serrure.

Surmatelas (20) selon 'une quelconque des reven-
dications précédentes, dans lequel la trajectoire
d’écoulement (60) comprend deux ou plusieurs pas-
sages de fluide (120).

Surmatelas (20) selon la revendication 5, dans le-
quel les passages de fluide (120) sont répartis sur
I'une des directions et s’étendent dans l'autre direc-
tion.

Surmatelas (20) selon la revendication 4, dans le-
quel la trajectoire d’écoulement (60) comprend au
moins deux passages emboités (120B, 120C,
120D).

Surmatelas (20) selon la revendication 7, dans le-
quelles passages (120B, 120C, 120D) sont des pas-
sages de contre-écoulement.

Surmatelas (20) selon la revendication 1, compre-
nant un contréleur (132) qui regoit un signal repré-
sentant une valeur du parametre détecté et améne
le fluide a étre dosé dans les passages en réponse
au signal de sorte qu’une plus grande proportion de
fluide alimenté a la trajectoire d’écoulement (60) est
dirigée vers la région cible (50) et une plus petite
proportion contourne la région cible.

Surmatelas (20) selon 'une quelconque des reven-
dications précédentes, dans lequel la trajectoire
d’écoulement (60) est configurée pour répartir le flui-
de jusqu’a une région cible (50) préférée du surma-
telas suite a la présentation d’'une résistance non
uniforme a I'écoulement de fluide dans au moins
I'une des directions longitudinale et latérale.

Surmatelas (20) selon la revendication 10, dans le-
quel la résistance varie spatialement dans une di-
rection sensiblement perpendiculaire a une direction
d’écoulement de fluide dominante a travers la tra-
jectoire d’écoulement (60).

Surmatelas (20) selon la revendication 10 ou 11,
dans lequel la résistance non uniforme a un gradient
de sorte que la résistance dans une région cible (50)
du surmatelas est inférieure au niveau des empla-
cements relativement plus intérieurs du surmatelas
(20) et supérieure au niveau d’emplacements rela-
tivement plus extérieurs.
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Surmatelas (20) selon I'une quelconque des reven-
dications 10 a 12, dans lequel la trajectoire d’écou-
lement (60) comprend des passages d’écoulement
de fluide (120) répartis sur 'une des directions et
s’étendant le long de I'autre direction et dans lequel
la résistance differe d’'un passage a l'autre et est
constante dans un passage donné dans la direction
de la répartition de passage.

Surmatelas (20) selon la revendication 10, dans le-
quel la résistance non uniforme est attribuable a une
hauteur de matériau variant de maniére spatiale.

Surmatelas (20) selon la revendication 10, dans le-
quel la résistance non uniforme est attribuable a une
densité de matériau variant de maniere spatiale.

Surmatelas (20) selon la revendication 10, dans le-
quel la résistance non uniforme est attribuable a une
porosité variant de maniére spatiale.

Surmatelas (20) selon la revendication 10, dans le-
quel la résistance non uniforme est une caractéris-
tique de direction d’écoulement.

Surmatelas (20) selon I'une quelconque des reven-
dications précédentes, dans lequel la trajectoire
d’écoulement de fluide (60) estuninsert (100 ; 5110)
et dans lequel une toile a matelas (104 ; 5112) en-
ferme ou recouvre l'insert.

Lit comprenant un matelas et le surmatelas selon
I'une quelconque des revendications précédentes.
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