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DESCRIPTION

Technical field

[0001] The present invention relates generally to a vibration damping material suitable for use
in a wearable garment and garments comprising such a material.

Background art

[0002] Exposure of the human body to repeated vibration is a known problem. Such exposure
can occur in various settings: both occupational and recreational. It is known, for example, that
extended exposure of the human body to vibration can lead to vascular, neurological and
musculoskeletal disorders. One differs between two types of vibration exposure: hand-arm
vibration (HAV) and whole-body vibration (WBV).

[0003] The source of vibrations related to HAV exposure is commonly some type of
mechanical device, such as a hand-held vibrating tool. In the case of HAV exposure, resultant
disorders typically manifest in the body's upper limbs such as in the form of vibration white
fingers (vascular effect), numbness, reduced tactile sensitivity and/or manual dexterity
(neurological disturbances), effects on the locomotor system (muscles, bones, joints, tendons),
as well as effects on comfort and performance of the affected person.

[0004] WBV exposure, as the name indicates, stems from vibrations that affect the entire body,
such as may be transmitted through the seat of an industrial vehicle. A multiplicity of vehicles
may transmit such vibration: from large outdoor earthmoving equipment to buses and trucks to
commonly used forklifts and tow motors, for example. Rather than causing a problem with a
particular limb or limbs, however, WBV exposure commonly results in a number of health
disorders such as circulatory, bowel, respiratory, muscular and spinal system disorders.

[0005] Various types of protective equipment have been produced in an effort to combat the
aforementioned problems. Of particular interest are gloves that have been designed to reduce
the amount of vibration force transmitted to the hand when using devices such as hand-held
power (vibrating) tools, or when using the hand as an impact tool. Other articles have also
been developed in this pursuit, including, for example, shoe soles and shoe inserts. These
articles may make use of different material compositions, multiple air bladders, and/or various
other designs and techniques to achieve a reduction in vibration transmission.

[0006] For instance, US 2006/0206977 discloses a multi-layered vibration absorbent material,
wherein each layer contains a number of holes that are offset in relation to holes in an adjacent
layer.
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[0007] US 2010/0083420 discloses a glove comprising a cladding applied to a base structure
in a gripping region, the cladding presenting a plurality of micro-craters in a deformable
material which increase the friction and partially dampen any impacts or vibrations.

[0008] However, the above-mentioned materials are complex to manufacture which drives cost
and/or still transmit a considerable amount of vibrations to the body of the wearer. Thus, there
is a need for an improved material which reduces the amount of impact and vibrations
transmitted to the body of the wearer.

Summary of Invention

[0009] An object of the present invention is to provide an improved material which reduces the
amount of impact and vibrations transmitted to the body of the wearer. This object is achieved
in a first aspect of the invention, in which there is provided a vibration damping material
suitable for use in a wearable garment, comprising a sheet of a flexible material with a first and
a second side, both comprising a plurality of protrusions arranged in a predetermined pattern,
wherein the protrusions on the first and/or second side of the sheet are arranged to be
equidistant from adjacent protrusions, wherein the protrusions are distributed in a substantially
uniform pattern throughout the first and/or second side of the sheet of flexible material,
wherein the protrusions on the first side of the sheet are arranged to be offset with respect to
the protrusions on the second side of the sheet of flexible material.

[0010] By providing protrusions on both sides of a sheet of flexible material, arranged to be
equidistant from adjacent protrusions, distributed in a substantially uniform pattern throughout
the first and/or second side of the sheet, and arranged to be offset with respect to each other,
the effect of impacts and vibration is considerably reduced compared to known structures and
materials. The equidistant/uniform pattern of the protrusions facilitates manufacture and
ensures their offset location to achieve optimal cancellation of vibrations. The offset pattern of
protrusions enables local movement of the sheet in opposite directions to cancel out the
vibration such that the amount of vibration transmitted to a user is significantly decreased. The
sheet and the protrusions may be integrally formed through moulding to facilitate the
manufacturing process and reduce costs.

[0011] In a further preferred embodiment, the sheet of flexible material has a thickness in the
range 0.5-2 mm, preferably 0.8-1.5 mm. The thickness of the sheet may be adapted to the
intended use and application of the vibration damping material, wherein a thicker material may
be chosen e.g. when vibrations of high amplitude and/or force are expected. Correspondingly,
a thinner material may be chosen when vibrations of a high frequency and/or low to moderate
force are expected.

[0012] In an advantageous embodiment, the protrusions are solid. Alternatively, the
protrusions are hollow. Preferably, the protrusions are solid on the first side of the sheet and
hollow on the second side of the sheet, or vice versa. Any combination of solid and hollow
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protrusions on the first and/or second side of the sheet is also foreseen in the present
invention. Hollow protrusions are deformable to a higher degree than solid protrusions and
may therefore absorb more impacts and vibrations. On the other hand, solid protrusions may
be made smaller in diameter and therefore arranged with a higher density per unit area.

[0013] In an alternative embodiment, a through-going hole is arranged at the centre of each
protrusion on the first and/or second side of the sheet. The through-going holes further adds
deformability of the protrusions and increases the overall flexibility of the sheet. Additionally,
the weight of the sheet of flexible material is decreased.

[0014] In a further preferred embodiment, the protrusions have a wall thickness in the range 1-
2 times the thickness of the sheet of flexible material. The wall thickness of the protrusions
affects the deformability, and therefore also the ability of the protrusions to absorb impacts and
vibrations.

[0015] In an advantageous embodiment, the protrusions are substantially cylindrical. In an
alternative embodiment, the protrusions are substantially frusto-conical. In yet another
alternative embodiment, the protrusions are substantially hexagonal and form a honeycomb
structure. The shape of the protrusions provides different advantageous deformation
characteristics to achieve optimal absorption of impacts and vibration.

[0016] In a preferred embodiment, the protrusions have a height approximately 1-3 times the
thickness of the sheet of flexible material. Preferably, the protrusions have a diameter in the
range 1-5 times the height of the protrusions. The height and diameter of the protrusions may
be varied to achieve optimal absorption of impacts and vibration, depending on specific
applications and situations (e.g. force of expected impact and/or frequency and amplitude as
well as duration of expected vibration).

[0017] In an alternative embodiment, the flexible material is selected from the group
comprising elastomers, natural rubber and/or synthetic rubber. The choice of material may be
adapted to specific applications and situations (e.g. type of wearable garment, environment of
expected use, preferences of user etc.).

[0018] In a second aspect of the present invention, there is provided a wearable garment
comprising a vibration damping material according to the first aspect. Preferably, the wearable
garment is a glove, a shoe, a shoe insole, a protective pad, or a helmet.

Brief Description of Drawings

[0019] The invention is now described, by way of example, with reference to the
accompanying drawings, in which:

Fig. 1 shows a perspective view of an embodiment of the vibration damping material according
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to the present invention;

Figs. 2A and 2B show cross-sectional views of the vibration damping material of Fig. 1 taken
along two different lines of intersection;

Figs. 3A-3E show cross-sectional views of further embodiments of the vibration damping
material according to the present invention;

Fig. 4 shows a perspective view of an alternative embodiment of the vibration damping
material according to the present invention;

Fig. 5 shows a cross-sectional view of the alternative embodiment of the vibration damping
material in Fig. 4;

Fig. 6 shows an embodiment of the vibration damping material according to the present
invention in a protective glove; and

Fig. 7 shows a user wearing a protective glove with a vibration damping material according to
the present invention when handling a vibrating object/tool.

Description of Embodiments

[0020] In the following, a detailed description of a vibration damping material according to the
present invention is presented. In the drawing figures, like reference numerals designate
identical or corresponding elements throughout the several figures. It will be appreciated that
these figures are for illustration only and are not in any way restricting the scope of the
invention.

[0021] In Fig. 1, a sheet 10 of flexible vibration damping material is shown. The first side 11 of
the sheet 10 facing upwards is shown illustrating the protrusions 20. The protrusions 20 are
distributed in a predetermined pattern over the first side 11 of the sheet 10. On the second,
opposite side 12 of the sheet 10 facing downwards a similar or identical pattern of protrusions
20 are arranged offset with respect to the protrusions 20 on the first side 11. The offset
arrangement of the protrusions 20 is such that adjacent each protrusion 20 on the first side 11
of the sheet 10, there is generally four flat or empty spaces 25, unoccupied by protrusions 20,
surrounding the protrusion 20. The alternating pattern of protrusions 20 and unoccupied
spaces 25 is repeated across the sheet 10 of flexible material to create a substantially uniform
distribution.

[0022] Depending on the cutting direction of the edges of the sheet 10 and the location of the
protrusions 20 on the sheet 10 (in the middle, along the edges, in the corners), the number of
unoccupied spaces 25 surrounding the protrusions 20 may vary from one to four.
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[0023] In the locations corresponding to these unoccupied spaces 25 on the second, opposite
side of the sheet 10, there are arranged protrusions 20 similar or identical to the protrusions 20
on the first side 11 of the sheet 10. Thus, the protrusions 20 on the opposite sides of the sheet
10 of material are arranged offset in relation to each other.

[0024] Fig. 1 illustrates one embodiment of the sheet 10 of vibration damping material wherein
the protrusions 20 comprise a central, through-going hole 21 further shown in Figs 2C and 2F
as discussed further below. Due to the offset arrangement of the protrusions 20 on opposite
sides 11, 12 of the sheet 10, the hole 21 of each protrusion 20 on the first side 11 is located in
an unoccupied space 25 on the opposite, second side 12 of the sheet 10, and vice versa.

[0025] The vibration damping material of the present invention comprises a flexible material,
preferably an elastomer such as e.g. natural rubber, synthetic rubber or a combination thereof.
Due to the flexible nature of the sheet 10 of material, as well as the deformability of the
protrusions 20, impacts and vibrations applied to the vibration damping material according to
the present invention are absorbed to a high degree, thereby reducing the amount of impact
and vibration transmitted to e.g. a user wearing a garment incorporating the material.

[0026] The vibration absorption abilities of a material of the present invention are believed to
be improved by the offset pattern of the protrusions 20 on the first and second sides 11, 12 of
the sheet 10, which allows for increased material deflection. More specifically, when a material
of the present invention is subjected to a vibration force, the presence of the protrusions 20
and their offset arrangement provides an additional dimension (direction) of deflection for the
material surrounding the area of impact. For example, when a material of the present invention
is subjected to a vibration force, the force can be absorbed/dissipated not only by a general
deformation or deflection of the sheet 10 of material, but also by deformation in opposite
directions of the protrusions 20 located on the first and second sides 11, 12, respectively,
thereof. The offset pattern of protrusions 20 and unoccupied spaces 25 provides voids into
which the material of the sheet 10 can be deflected, thereby allowing for increased absorption
properties in a direction substantially perpendicular to the surface of the sheet 10 of material.
The protrusions 20 also allow for absorption/dissipation of laterally directed forces in that the
protrusions 20 may deform and deflect in a direction substantially parallel to the surface of the
sheet 10 of material. The individual protrusions 20 may allow for varying degrees of
perpendicular and/or lateral deformation across the sheet 10 of material depending on the
properties (amplitude, frequency, wavelength, spatial direction) and strength (force,
magnitude) of the vibration.

[0027] Fig. 2A illustrates the arrangement of protrusions 20 and unoccupied spaces 25 on the
sheet 10 in a cross-sectional view taken along the line A-A in Fig. 1, parallel to the long edges
of the sheet 10. In this view, the line of intersection passes centrally through the protrusions 20
and unoccupied spaces 25 on both sides 11, 12, respectively of the sheet 10.

[0028] Similarly, Fig. 2B illustrates the arrangement of protrusions 20 on the sheet 10 in a
cross-sectional view taken along the line B-B in Fig. 1, oriented at approximately 45° to the
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long edges of the sheet 10. In this view, the line of intersection passes centrally through
adjacent protrusions 20, but not through the unoccupied spaces 25, on both sides 11, 12,
respectively of the sheet 10.

[0029] The height of the protrusions 20 may be selected depending on desired vibration
damping properties of the material. In the embodiment shown in Figs. 2A and 2B, the height B
of the protrusions 20 is about 2 times the thickness C of the sheet 10 of material. It is foreseen
that the height B of the protrusions 20 may be in the range 1-3 times the thickness C of the
sheet 10. For instance, the sheet 10 may have a thickness C of between 0.5 mm and 2 mm,
preferably between 0.8 mm and 1.5 mm and the height B of the protrusions 20 may range
from 0.5 mm to 6 mm, preferably 0.8 mm to 4.5 mm.

[0030] The hollow protrusions 20 may have a wall thickness E ranging from 1-2 times the
thickness C of the sheet 10, i.e. between 0.5 mm and 4 mm, preferably from 0.8 mm to 3 mm.
The through-going hole 21 may have a diameter D in the range 1-3 times the thickness C of
the sheet 10, i.e. between 0.5 mm and 6 mm, preferably from 0.8 mm to 4.5 mm. Additionally,
the diameter A of the protrusions 20 may fall in the range 1-5 times the thickness C of the
sheet 10, i.e. between 0.5 mm and 10 mm, preferably from 0.8 mm to 7.5 mm.

[0031] In the embodiment illustrated in Figs. 3D and 3E, the protrusions 20 are illustrated as
being solid and having a height B comparable with the height B of the hollow protrusions 20,
but a smaller diameter A roughly equal to or slightly bigger than the thickness C of the sheet
10. Of course, the height B and diameter A of the protrusions 20 may be varied within the
intervals defined above.

[0032] The distance F between neighbouring or adjacent protrusions 20 in the direction of
intersection line A-Ain Fig. 1 is illustrated in Fig. 2B only. According to one embodiment, the
protrusions 20 are arranged equidistant from adjacent protrusions 20. In the context of the
present invention, the term 'adjacent protrusion' shall be understood as any of the surrounding
protrusions 20 located closest to the protrusion 20 in question. For instance, the distance F
may correspond to the smallest radius of a circle centred on protrusion 20 having adjacent
protrusions 20 located on the circumference of that circle. In the pattern shown in Fig. 1, four
protrusions 20 are located adjacent each central protrusion 20, evenly distributed about the
circumference of the circle. In one embodiment, the distance F may fall in the range 3-5 times
the diameter of the protrusions, ranging from 1.5 mm to 50 mm, preferably from 2.4 mm to
37.5 mm.

[0033] Turning now to Figs. 3A-3E, there is shown cross-sectional views of several
embodiments of a vibration damping material according to the present invention, taken along a
line of intersection similar to line B-B in Fig. 1, i.e. at approximately 45° to the long edges of the
sheet 10.

[0034] In the embodiments illustrated in Figs. 3A-3C, the protrusions 20 are hollow, and may
also comprise a centrally located, through-going hole 21 passing through the sheet 10 as
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illustrated in Fig. 3C, as well as Figs. 2A and 2B. The protrusions 20 may be either
substantially cylindrical (Figs. 3B and 3C) or have a frusto-conical shape (Fig. 3A). In
alternative embodiments illustrated in Figs. 3D and 3E, the protrusions 20 are solid with either
a frusto-conical (Fig. 3D) or cylindrical (Fig. 3E) shape.

[0035] Fig. 4 shows an alternative embodiment of the vibration damping material according to
the present invention. The pattern of protrusions 30 is here made up of a plurality of
substantially hexagonal spaces or cells which together form a honeycomb structure. The
pattern of protrusions 30 is formed such that adjacent each hexagonal protrusion 30 there are
at least three unoccupied spaces 35 35. In this embodiment, a hexagonal protrusion 30 shall
be understood as a hexagonal cell wherein all six sides of the hexagon comprise a ridge 31
protruding from the surface of the sheet 10. Conversely, an unoccupied space 35 shall be
understood as a hexagonal cell wherein at least one of the six sides of the hexagon is level
with the surface of the sheet 10 of material, i.e. it does not comprise a ridge 31 protruding from
the surface of the sheet 10.

[0036] In the honeycomb structure or pattern illustrated in Fig. 4, two types of hexagonal
protrusions 30 and two types of unoccupied spaces 35 may be discerned. A first type of
hexagonal protrusion 30a adjoins exactly one other hexagonal protrusion 30 on one of its six
sides, thus sharing one protruding ridge 31 with the adjoining hexagonal protrusion 30. A
second type of hexagonal protrusion 30b adjoins exactly three other hexagonal protrusion 30
on three of its six sides, thus sharing three protruding ridges 31 with the adjoining hexagonal
protrusions 30. The three adjoining hexagonal protrusions 30 are evenly distributed about the
periphery of the central, second type hexagonal protrusion 30b. As may be seen in Fig. 4, all
first type hexagonal protrusions 30a each adjoins one second type hexagonal protrusion 30b,
whereas the second type hexagonal protrusions 30b all adjoin one first type hexagonal
protrusion 30a and two second type hexagonal protrusions 30b.

[0037] A first type of unoccupied space 35a comprises a hexagonal cell surrounded by five
contiguous hexagonal protrusions 30, i.e. one side of the hexagon is level with the surface of
the sheet 10 of material. A second type of unoccupied space 35b comprises a hexagonal cell
surrounded by three non-contiguous contiguous hexagonal protrusions 30, i.e. the remaining
three sides of the hexagon, uniformly distributed about the periphery thereof, are level with the
surface of the sheet 10 of material. As may be seen in Fig. 4, all of the first type unoccupied
spaces 35a each adjoins one second type unoccupied space 35b, whereas the second type
unoccupied spaces 35b all adjoin one first type unoccupied space 35a and two second type
unoccupied spaces 35b.

[0038] Each of the hexagonal cells in the honeycomb structure, both hexagonal protrusions 30
and unoccupied spaces 35, may comprise a centrally located, through-going hole 32. The
holes 32 may be generally circular or hexagonal to conform to the shape of the hexagonal
cells. The diameter of the holes may range from 1.5 mm to 3 mm, about 2-4 times the
thickness of the sheet 10.
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[0039] A cross-sectional view taken along section B-B of the sheet 10 illustrated in Fig. 4 is
shown in Fig. 5. As explained above, the offset patterns of hexagonal protrusions 30 and
unoccupied spaces 35 provide additional dimensions (directions) of deflection for the material
surrounding the area of impact, i.e. forces applied both perpendicular and lateral to the sheet
10 of vibration damping material.

[0040] Turning now to Fig. 6, there is shown a sheet 10 of vibration damping material
according to the present invention incorporated in a protective glove 40. Of course, the
vibration damping material may be incorporated in any type of suitable protective garment
worn on different parts of the body, such as e.g. a glove, a shoe, a shoe insole, a protective
pad (elbow, knee, shin, wrist, shoulder etc.), a helmet, clothing articles (trousers, shirts,
sweaters etc.). A sheet 10 of vibration damping material including protrusions 20; 30 and
unoccupied spaces 25; 35 according to any of the embodiments presented above may be
incorporated as a layer in the protective garment, partly or wholly covering an area exposed to
vibration. In the example of a protective glove 40, the vibration damping material may be
arranged in the palm of the hand, on one or more fingers or on parts thereof in combination.

[0041] Fig. 7 shows an example of a user operating a vibrating tool 50 whilst wearing a
protective glove 40 incorporating a sheet 10 of vibration damping material according to the
present invention including protrusions 20 and unoccupied spaces 25 on both sides in an offset
pattern. In the close-up view on the right-hand side of Fig. 7, the vibrating tool 50 is shown to
vibrate by means of arrows. These vibrations are absorbed/damped by the sheet 10 of
vibration damping material, more specifically by deformation and deflection of the protrusions
20 both perpendicular and parallel to the surface of the sheet 10 of vibration damping material.

[0042] Preferred embodiments of a vibration damping material according to the invention have
been described. However, the person skilled in the art realises that this can be varied within
the scope of the appended claims without departing from the inventive idea.
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Patentkrav

1. Vibrationsdaampningsmateriale som er egnet til anvendelse i et kropsbaret

beklzedningsstykke, omfattende en bane (10) af et fleksibelt materiale med en

fgrste og en anden side (11, 12), kendetegnet ved, at
begge omfatter en flerhed af fremspring (20; 30) indrettet i et
forudbestemt mgnster, hvor fremspringene (20; 30) pa den farste og/eller
anden side (11, 12) af banen (10) er indrettet med samme afstand til
tilstadende fremspring (20; 30), hvor fremspringene (20; 30) er fordelt i et
i alt vaesentligt ensartet mgnster gennem hele den fgrste og/eller anden
side (11, 12) af banen (10) af fleksibelt materiale, hvor fremspringene (20;
30) pa den fgrste side (11) af banen (10) er indrettet forskudt i forhold til
fremspringene (20; 30) pa den anden side (12) af banen (10) af fleksibelt

materiale.

2. Vibrationsdaeempningsmaterialet ifglge krav 1, hvor banen (10) har en tykkelse
(C) i omradet 0,5-2 mm, fortrinsvis 0,8-1,5 mm.

3. Vibrationsdeempningsmaterialet ifglge krav 1 eller 2, hvor fremspringene (20)

er faste.

4. Vibrationsdeempningsmaterialet ifglge krav 1 eller 2, hvor fremspringene (20;
30) er hule.

5. Vibrationsdaeempningsmaterialet ifglge krav 1 eller 2, hvor fremspringene (20)
er faste pa den fgrste side (11) af banen (10) og hule pa den anden side (12) af

banen (10), eller vice versa.

6. Vibrationsdaempningsmaterialet ifglge krav 4 eller 5, hvor et gennemgangshul
(21; 32) er indrettet i midten af hvert hult fremspring (20; 30) pa den fgrste
og/eller anden side (11, 12) af banen (10).

7. Vibrationsdeempningsmaterialet ifglge et hvilket som helst af kravene 4-6, hvor
de hule fremspring (20; 30) har en vaeg tykkelse (E) i omradet, som er 1-2 gange
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2

tykkelsen (C) af banen (10) af fleksibelt materiale.

8. Vibrationsdeempningsmaterialet ifglge et hvilket som helst af de foregdende
krav, hvor fremspringene (20) er i alt vaesentligt cylinderformede.

9. Vibrationsdeempningsmaterialet ifglge et hvilket som helst af kravene 1-7, hvor
fremspringene (20) er i alt vaesentligt keglestubformede.

10. Vibrationsdaempningsmaterialet ifglge et hvilket som helst af kravene 1-7,
hvor fremspringene (30) er i alt vaesentligt sekskantede og danner en
bikagestruktur.

11. Vibrationsdeempningsmaterialet ifglge et hvilket som helst af de foregdende
krav, hvor fremspringene (20; 30) har en hgjde (B), som er omtrent 1-3 gange
tykkelsen (C) af banen (10) af fleksibelt materiale.

12. Vibrationsdeempningsmaterialet ifglge et hvilket som helst af de foregdende
krav, hvor fremspringene (20; 30) har en diameter (A) i omradet, som er 1-5
gange hgjden (B) af fremspringene (20; 30).

13. Vibrationsdeempningsmaterialet ifglge et hvilket som helst af de foregdende
krav, hvor det fleksible materiale er valgt fra gruppen omfattende elastomerer,

naturgummi og/eller syntetisk gummi.

14. Kropsbaret beklaedningsstykke omfattende et vibrationsdeempningsmateriale
ifglge et hvilket som helst af de foregdende krav.

15. Det kropsbarne beklaedningsstykke ifglge krav 14, hvor det kropsbarne
beklzedningsstykke er en handske (40), en sko, et skoindlaeg, et
beskyttelsesunderlag eller en hjelm.
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