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A suspension assembly for supporting a vibration sensitive device

TECHNICAL FIELD

The present invention relates to a suspension assembly for supporting a vibration
sensitive device In relation to a base. The invention further relates to a suspension
system and a vehicle comprising such a suspension assembly. The invention also
relates to a use of such a suspension assembly for supporting a weapon and

damping vibrations during transportation.

BACKGROUND

Vibrations are undesirable In many domains, primarily in engineered systems.
Devices have thus been developed to counteract transfer of vibrations In such
systems. Vibrations propagate via mechanical waves and certain mechanical
structures conduct vibrations more efficiently than others. Vibration isolation and
damping often make use of materials and mechanical linkages to absorb the

vibration energy and to isolate such mechanical waves.

Managing vibrations for vibration sensitive devices are essential for many reasons.
Neglecting or not addressing the i1ssue of vibrations can often result in noise,
damages and decreased functionality. {3ne of the more challenging situations for
vibration sensitive devices emerge during transportation. During transport by means
of a vehicle, vibrations exposed to a device carried by the vehicle may originate from
components Iinside the vehicle, such as the powertrain, as well as arise from the
vehicle’s movement and thus be highly influenced by the evenness of the ground
over which the vehicle travels as well as other environmental issues. Vibrations may
also originate from the tracks in the case of a tracked vehicle. Thus, In for example
off-road transportation of cargo, such as weapons, comprising sensitive electronic
components, by means of heavy duty armoured vehicles, muci: atiention is daevoised
o the development of new appreaches in handing shock ang vibralions, since

gystunclionat weapons in ortical sifuaiions arg nighly undesirablse.
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One known solution for managing vibrations is disclosed in document US
2014/0001422 A1. The document discloses a shock-filtering set-point elastic

supporting system for equipment suspension on board a vessel.

SUMMARY OF THE INVENTION

An object of the present Invention Is to achieve an advantageous suspension
assembly for supporting a vibration sensitive device, which suspension assembly
has improved damping characteristics and thereby reduces the risk for damages

caused by vibrations.

Another object of the Invention Is to achieve a compact suspension assembly.

The herein mentioned objects are achieved by: a suspension assembly for
supporting a vibration sensitive device In relation to a base, a suspension system
for supporting an elongated vibration sensitive device in relation to a base, a vehicle
comprising at least one suspension assembly, and use of a suspension assembly
for supporting a weapon and damping vibrations during transportation, according to

the appended independent claims.

Hence, according to an aspect of the present disclosure a suspension assembly for
supporting a vibration sensitive device In relation to a base Is provided. The
suspension assembly comprises: a support arrangement comprising a support plate
and a damping support member, the support member being configured to receive
the vibration sensitive device and the support plate comprising a centre portion and
at least two side portions extending with an inclination angle outwardly from the
centre portion, a base arrangement comprising at least two inclined portions
extending essentially in parallel with the at least two side portions of the support
plate; and at least two wire rope 1solators, each arranged between a side portion of

the support plate and an inclined portion of the base arrangement.

According to another aspect of the present disclosure, a suspension system for

supporting an elongated vibration sensitive device In relation to a base Is provided.
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The suspension system comprises two suspension assemblies as disclosed herein,
wherein a first suspension assembly Is configured to support a first end of the
elongated vibration sensitive device and a second suspension assembly Is

configured to support a second end of the elongated vibration sensitive device.

According to another aspect of the present disclosure, a vehicle comprising a

suspension assembly as disclosed herein Is provided.

According to another aspect of the present disclosure, use of a suspension

assembly as disclosed herein for supporting a weapon and damping vibrations

during transportation 1s provided.

Today, adding damping material between a vibration sensitive device and a base Is
a widely used technique for reducing transfer of vibrations from a base to a vibration
sensitive device. However, the damping properties of materials such as rubber and
elastomers are often highly temperature dependent. This means that a material may
have sufficient damping properties within a certain temperature interval, while
having Iinsufficient damping properties outside the interval. For example, a material
such as rubber may serve as a suitable damper In a temperature range between +5
to + 35°C for certain applications. However, in the case of being exposed to higher
or lower temperatures, the damping properties may all of a sudden be insufficient,

which may have negative consequences.

Wire rope nsulators are less fempersiure dependent than most isolators andg

dampers, and operate eificientiy in a very arge temperature interval, Tnus, oy

means of the present disclosure a suspension assembly Is achieved, which has
effective damping properties over an Increased temperature Interval. The
suspension assembly according to the present disclosure operates efficiently over

a temperature range of at least -33 °C to +63 °C.

By means of the suspension assembly according to the present disclosure,
vinrations exposed to the suspension assembly are managed in muilipie ways. The

viorations are counteracted through sglaiion, niction ang absomption. Thus, the
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SUSDensSIon assembly according 1o the present disclosure 18 conhigured 1o
countaract viprations through soiation, nclion and apsorption. By means of the
suspension assembly, the vibration sensitive device Is i1solated from the source of
vibrations, In order to prevent transfer of vibration energy from the source of
vibrations. Furthermore, vikrastion energy, hal despie ine iscialion 18 fransferred
from the source of vibrations is absorbed or changead nio e.g. fnclion and neat in
order 10 reguce the amount of energy. According to the present disclosure, vibration
Isolation and damping Is primarily achieved by means of arranging wire rope
Isolators between Iinclined portions of the support plate and the base arrangement.
he use of wire rope isoiaiors gre favourable gue o fher igrge deiormahion
capabiity 1or shock absorplion purposes and the etfective vibralion damping caused
oy fnclion, wiich anse when the wirg rope 1soiators detorm and reiative nclion occur

petwesn adigcent wire thraads. Furthermore, Dy aranging ine wirg rops 1soiators &t

an angie, tavourabls damping propsrties are not only oottamned {or vipralional

movements in the direction of gravity for ine vibration sensitive device. Liua {0 the
anguiar posiioning of e wirg rope isolators, efteciive soiglion and damping

properties are aiso obiained tor side movements, in ine iorm of vibralions or impacts.

In addition to the vibration isolation and damping facilitated by the wire rope
Isolators, Isolation and damping Is also provided by means of e damping support
member, which absorbs vibrations and shocks. The damping properties of the
damping support member Is of utter most importance in the case that the wire rope
Isolators Is bottoming, 1.e. Is fully compressed. In such case, the wire rope Isolator
may not operate as an isolator nor damper. However, the damping support member
will still operate as an isolator and a damper so that sufficient damping properties Is
maintained at all times. Thus, a reliable suspension assembly I1s achieved, ensuring

proper damping functionality.

By Including both wire rope isolators and a damping support member In the
suspension assembly, a compact and space-effective suspension assembly Is
achieved, while managing vibrations In a robust and reliable way. The dimensions
of a comparable solution relying on only wire rope isolators would take up more

space If designed to assure corresponding damping properties to the present
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disclosure. The same account for a solution comprising a damping support member
only. Thus, by combining the different types of damping constituent parts, 1.e. wire
rope Isolators and a damping support member, the size of each damping constituent

part can be dimensioned relatively small.

According to the present disclosure, a less temperature dependent solution Is
achieved, which provides effective damping properties over an Increased
temperature interval. Since the vigrations are counteracted by multipie technigues,
such s soiglion, chon and apsorplion, and e damping 8 seffeciive for
movements in ine direclion of gravity as weail a3 for side movements, a reliabie and

continuous handling of vibralion ensrgy 18 achisved

Further objects, advantages and novel features of the present invention will become
apparent to one skilled in the art from the following details, and also by putting the
iInvention into practice. Whereas the invention is described below, it should be noted
that it is not restricted to the specific details described. Specialists having access to
the teachings herein will recognise further applications, modifications and

Incorporations within other fields, which are within the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For fuller understanding of the present invention and further objects and advantages
of It, the detailed description set out below should be read together with the
accompanying drawings, In which the same reference notations denote similar items

IN the various drawings, and In which:

Figure 1 schematically illustrates a vehicle according to an
example;
Figure 2 schematically illustrates a suspension assembly

according to an example;
Figure 3 schematically illustrates a suspension assembly

according to an example;
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Figure 4 schematically illustrates a suspension assembly
according to an example;

Figure 5 schematically illustrates a suspension assembly
according to an example;

Figures 6a-6d schematically illustrate details of a suspension assembly

according to an example;

Figures 7a-/c schematically illustrate a suspension assembly according
to examples;
Figure 8 schematically illustrates a suspension assembly

according to an example; and
Figures 9a-9d schematically illustrate a suspension system according to

examples.

DETAILED DESCRIPTION

The suspension assembly for supporting a vibration sensitive device In relation to a
pbase will be described In further detall below. It Is understood that all the various
examples of the suspension assembly also applies for the suspension system and
the vehicle, as well as for the use of a suspension assembly for supporting a weapon

and damping vibrations during transportation.

According to an aspect of the present disclosure, a suspension assembly for
supporting a vibration sensitive device In relation to a base I1s provided. The
suspension assembly comprises: a support arrangement comprising a support plate
and a damping support member, the support member being configured to receive
the vibration sensitive device and the support plate comprising a centre portion and
at least two side portions extending with an inclination angle outwardly from the
centre portion, a base arrangement comprising at least two Inclined portions
extending essentially in parallel with the at least two side portions of the support
plate; and at least two wire rope 1solators, each arranged between a side portion of

the support plate and an inclined portion of the base arrangement.
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The vibration sensitive device may comprise any type of equipment sensitive for
being exposed to vibrations, such as devices comprising sensitive electronics,
explosives or other fragile components. According to examples, the vibration
sensitive device may comprise a weapon, a camera, scientific instruments, sensors,
lasers or other similar devices. The base arrangement may be configured to be
attached to the base. The base may comprise any surface suitable for mounting of
the base arrangement. According to examples, the base may comprise an
essentially horizontal surface, a leaning surface or a rounded surface. According to

an example, the base may comprise a surface associated with a vehicle.

The support arrangement may be configured to support and hold the vibration
sensitive device. According to an example, the damping support member may
comprise arecess configured for recelving the vibration sensitive device. The recess
may be configured to at least partly accommodate the vibration sensitive device.
The shape of the recess may correspond to the shape of the vibration sensitive
device. Thus, the recess may act as a receiving section holding the vibration
sensitive device In place. The damping support member may thus be configured to
hold the vibration sensitive device In place by means of friction and by means of
mating shapes of the recess and the vibration sensitive device. Due to the
configuration of the suspension assembly supporting the vibration sensitive device,
a user-friendly device Is obtained that allows quick and easy access to the vibration

sensitive device.

The damping support member may comprise resilient material. The damping
support member may comprise rubber, polyurethane, polyviny! chiaride, Styrofoam,
plastic foam, composites or others. Resilient material, such as e.g. rubber and
plastic foam of different types, are favourable since they efficiently reduces
vibrations while being cost-effective, easy to produce and mould Into suitable

shapes corresponding to the shape of the vibration sensitive device.

According to an example, the at least two side portions of the support plate are
arranged at opposite edges of the centre portion. According to an example, the

centre portion may be arranged between two side portions. The centre portion may
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have the shape of a convex quadrilateral, a rectangle or a square. According to an
example, the support plate may be configured as an essentially rectangular element
comprising an essentially rectangular centre portion and two essentially rectangular
side portions arranged at opposite edges of the centre portion. According to an
example, the support plate may comprise a plate-like structure with two bended
edges arranged at opposite edges of the centre portion. Thus, the centre portion
and the at least two side portions of the support plate may constitute a single unit,
where the at least two side portions extend with an angle to the centre portion, such

that a groove I1s formed.

According to an example, the inclination angle of the at least two side portions may
also be referred to as an angle of inclination. According to an example, the
INnclination angle Is a predetermined angle. According to an example, the inclination
angle 1s between 90 — 180 degrees, or between 100 — 170 degrees, or between 110
— 160 degrees, or between 120 — 150 degrees or 130 — 140 degrees. According to

an example, the inclination angle Is approximately 135 degrees.

According to an example, the at least two side portions extend with an inclination
angle outwardly from the centre portion and in direction away from the base when
the suspension assembly Is attached to the base. Thus, the at least two side portions
extend with an inclination angle outwardly from the centre portion and in a direction
away from the base arrangement. Alternatively, the at least two side portions extend
with an inclination angle outwardly from the centre portion and towards the base.
Then, the at least two side portions extend with an inclination angle outwardly from

the centre portion and in a direction towards the base arrangement.

The at least two wire Isolators may be connected to the support plate. Thus, the
support plate may comprise attachment points for fastening the wire rope isolators
to the support plate. The support plate may be arranged in association with the
damping support member. The support plate may act as reinforcement of the
damping support member. Thereby a rigid and robust structure Is achieved which
Increases the lifespan of the support arrangement. The support plate may comprise

metal, such as a metal sheet. The support plate may comprise steel, aluminium,
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titanium or other suitable metals. According to an example, the support plate may

comprise reinforced plastic or a composite.

According to an example, the suspension assembly may support a vibration
sensitive device In relation to a base in a military application. The military application

may relate to transportation of military equipment.

The wire rope Isolators may also be referred to as wire dampers. According to an
example, the wire rope Isolators comprise helical stranded wire rope held In place
by metal retaining bars. However, according to examples the wire rope isolators
may be of other suitable types: half-helical, polycal, axycal, S-shaped or others. The
wire rope Isolator may comprise stainless steel wire rope. The wire rope isolator
may comprise other materials, such as aluminium and/or titanium. Wire rope
Isolators are durable and can withstand extreme environments. They are also easy
to customize for the current application. The diameter of the wire rope may be
selected according to the weight of the vibration sensitive device. According to an
example, each wire rope I1solator 1Is mounted between opposing surfaces of a side

portion of the support plate and an inclined portion of the base arrangement.

According to an example, the at least two wire rope Isolators are configured as
elongated wire rope isolators. Elongated wire rope isolators are beneficial due to
their high inherent damping and long product lifetime with no maintenance. An
elongated shape of the wire rope Isolators are especially beneficial since it facilitates
a compact design of the suspension assembly while enabling effective and reliable
damping of vibrations. According to an example, the at least two elongated wire rope
Isolators are arranged In parallel to each other. According to an example, each
elongated wire rope isolator extends along at least a part of a longitudinal extension
of a side portion of the support plate and a longitudinal extension of an inclined
portion of the base arrangement. According to an example, the at least two wire
dampers are arranged symmetrically in relation to the centre portion of the support
plate. According to an example, the at least two wire dampers are evenly distributed
IN relation to the support plate middle portion. By such configurations, a durable,

efficient, reliable and evenly distributed damping Is achieved.
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According to an example, each elongated wire rope isolator comprises at least one
colled wire rope arranged between a lower mount plate and an upper mount plate,
wherein the upper mount plate is connected to one of the at least two side portions

and the lower mount plate Is connected to one of the inclined portions.

According to an example, the base arrangement may comprise an intermediate
portion connecting the at least two Inclined portions, wherein the intermediate
portion 1s essentially parallel with the centre portion of the support plate. According
to an example, the base arrangement comprises an intermediate portion connecting
the at least two Inclined portions, wherein the at least two Inclined portions are
arranged at a selected angle relative the intermediate portion. According to an
example, the at least two Inclined portions are arranged at opposite edges relative
the Intermediate portion. According to an example, the centre portion of the support
plate may be arranged essentially in parallel with the intermediate portion of the
base arrangement. Since the at least two inclined portions are connected by the
Intermediate portion, the whole base arrangement may consist of one component,
Instead of multiple separate components. This configuration facilitates quick and
accurate mounting of the base arrangement to a base. If the base arrangement
comprises at least two separate inclined portions, the distance between the inclined
portions has to be exactly determined when mounting the base arrangement in order
to obtain the correct relative positioning of the inclined portions so that proper
damping properties I1s achieved, which is time consuming. A configuration where the
at least two Inclined portions are connected by the intermediate portion also leads
to a more rigid, robust and durable construction of the suspension assembly, which

IS easler to manufacture, assemble, store and transport.

The selected angle Is a predetermined angle. According to an example, the selected
angle 1s between 90 — 180 degrees, or between 100 — 170 degrees, or between 110
— 160 degrees, or between 120 — 150 degrees or 130 — 140 degrees. According to
an example, the selected angle is approximately 135 degrees. Since the at least two
INclined portions extends essentially in parallel with the at least two side portion, the
selected angle essentially corresponds to the inclination angle of the at least two

side portions. This means that the selected angle may be essentially equal to the
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INnclination angle, and vice versa. However, according to examples, the selected

angle may essentially correspond to the inclination angle + 10 degrees, or £ 20

degrees or + 30 degrees.

According to an example, the support member comprises viscoelastic material. By
means of using viscoelastic material, vibrations may be reduced, absorbed and
Isolated simultaneously. Thus, it efficiently absorbs shock energy and reduces
vibration energy. According to an example, the support member comprises an
elastomeric i1solator, such as a rubber isolator. According to an example, the support
member comprises PUR, I.e. polyurethane. Viscoelastic material such as rubber or
PUR absorbs and reduces compressive forces. With subsequent pressure relief, the
viscoelastic material return to its original form. Thus, the viscoelastic material
behave physically like a damped spring. According to a specific example, PUR foam
may be used. PUR foam Is favourable for manufacture of durable and high-
resilience components and particularly suitable for reducing vibrations where high
demands are made on vibration damping. PUR foam is also light weight and easy

to form by e.g. moulding.

According to an example, the support member Is attached to the support plate.
According to examples, the support member may be attached to the support plate
by adhesive or fasteners. According to an example, the support member Is at least
partly arranged on the support plate on the opposite side relative the base
arrangement. According to an example, the support member Is at least partly
arranged between the support plate and the vibration sensitive device. Thereby,
transfer of vibrations to the vibration sensitive device Is efficiently reduced.
According to an example, the support plate I1s integrated with the support member.
According to an example, the support member Is moulded around the support plate.
An Integrated support plate and/or a support member moulded around the support
plate, ensures that the support plate and support member Is rigidly attached to each
other. According to an example, the support member 1s moulded around the support
plate by Injection moulding, blow moulding or other suitable moulding process. The
moulding process may comprise 3D printing technology. Moulding of the support

member around the support plate reduces the risk of cracks or breakage of the
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support member material and reduced the risk of involuntary separation of the
support member from the support plate. This leads to a robust and durable
construction, which is easy to manufacture and customize to the current application.
Thus, the moulding process enables tailoring of the support member to the shape
of the vibrations sensitive device. Also, proper damping functionality of the

suspension assembly Is ensured.

According to an example, the support plate comprises apertures for allowing the
support member to bond to the support plate. The apertures may thus be apertures
going through the support plate from one side to the other. When the support
member IS moulded around the support plate, the material of the support member
may during the moulding process flow Into and through the apertures before
solidifying. The effect of this 1s that the apertures form points for attachment of the
support member to the support plate. Thereby, proper fastening ability Is ensured

between the support member and the support plate.

According to an example, the support plate may comprise first attachment points for
mounting of wire ropes iIsolators to the support plate. The same first attachment
points may also be used during moulding of the support member. During the
moulding process, the first attachment points may be used for holding the support
plate In the desired position within the mould, before the solidification of the support
member material. Thus, the support member may be moulded around the support
plate by insert moulding. Using the same first attachment points for mounting of the
wire ropes Isolators and holding of the support plate within the mould, simplifies the
manufacturing process and saves time and costs.

According to an example, the side portions may comprise the first attachment points
for mounting of wire ropes isolators to the support plate. According to an example,
the Inclined portions may comprise second attachment points for mounting of wire

ropes Isolators to the base arrangement.

According to an example, the suspension assembly comprises a bump stop.
According to an example, the bump stop Is arranged between the base arrangement

and the centre portion of the support plate. According to an example, the bump stop
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may comprise resilient material, such as rubber. According to another example, the
bump stop may comprise an elongated element. The elongated member may
comprise a metal rod. According to an example, the bump stop Is arranged to extend
through an opening In the centre portion of the support plate. According to an
example, the bump stop may be arranged at the intermediate portion. According to
an example, the bump stop may extend from the intermediate portion towards the
support plate. According to an example, the bump stop protrudes essentially
perpendicularly from the intermediate portion towards the support arrangement.
According to an example, the support member may comprise a cavity for at least
partially receiving/accommodating the bump stop. The bump stop may protect the
wire rope Isolators from bottoming out. Bottoming out Is a situation which may occur
when the wire rope iIsolators are heavily compressed, which may occur at heavy
loads and/or high impacts. Thus, In such high impact situations the wire rope
Isolators may be so compressed that the bump stop will carry the load, instead of
the wire rope Isolators. Thus, the bump stop reduces the risk of the wire rope
Isolators being damaged. In addition, the suspension assembly still provides proper
damping functionality when the wire rope isolators is bottoming out, since the bumps
stop will encounter the damping support member providing damping effect. Thus,
the bump stop protects the wire rope 1solators while simultaneously assisting in the

reduction of vibrations by means of co-acting with the support member.

According to an example, the base arrangement may comprise mounting holes for
mounting of the base arrangement to the base. According to an example, the
support arrangement may comprise channels extending through the support
member and the support plate. The channels allow for access for mounting of the
suspension assembly to the base. Thus, the channels may be arranged to be
aligned with the mounting holes. The channels may extend essentially in a
perpendicular direction relative a surface of the centre portion. A tool, such as a
screwdriver, hex key or other type of hand tool, may be thus be inserted Iinto the
channels in order to enable mounting of the base arrangement to the base. This is
beneficial when the space between the support arrangement and base arrangement
IS Imited and 1t Is difficult to manoeuvre a tool for mounting between the support

arrangement and the base arrangement.
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According to an example, the vibration sensitive device to be supported by the
suspension assembly comprises a weapon. Weapon may comprise sensitive
electronics for controlled systems and explosives, and efficient damping Is thus of
major importance. According to an example, the weapon Is a handheld combat
weapon, such as a missile. The suspension assembly may be configured for
supporting a weapon that may be carried by one person. According to an example,
the weapon may have a weight of approximately 10-15 kg. In use, the weapon may

be operated by 1-3 operators.

According to an example, the suspension assembly comprises a fastening element
with a quick-release mechanism for retaining the vibration sensitive device In the
suspension assembly. According to an example, the suspension assembly
comprises a bracket with a latch for retaining the vibration sensitive device In the
suspension assembly. According to an example, the suspension assembly
comprises at least one strap with a quick-coupling for retaining the vibration
sensitive device In the suspension assembly. By means of the fastening element,
pbracket or strap, the vibration sensitive device may securely be held in place. By
means of the quick-release mechanism, latch or quick-coupling, the vibration
sensitive device may be mounted and demounted from the suspension assembly a
lot faster and with less effort, compared to more rigid fixtures demanding tools for
attaching or removal. Quick removal may in certain applications may be invaluable,

such as quick removal of a weapon when being under attack.

According to an example, the base Is configured to be arranged on a vehicle.
According to an example, the base iIs a vehicle. According to an example, ifte vericie
may pe driven by wheels and/or tracks. {he vehicle may comprise an armaourad
combpat veniclae, According o examples, the vaehicle may Comprise an amphipious
vehicle or an aicraft, such as g helicopter. According o an exampie, the vehicle
may comprise a vessal or snip. The vehicle may be manually operated, remotely
operated or autonomously operated. According o an exampie, the base may be
arranged internally or externally on the vehicle. Thus, ine suspension arrangement

may De arranged on the outside of a vehicle, e.9. at a roof or a flatbed of a fruck.
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Alternatively, the suspension arrangement may be arranged inside the vehicle, e.g.

N a trunk or storage compartment.

According to an aspect, a suspension system for supporting an elongated vibration
sensitive device In relation to a base Is provided. The suspension system comprises
two suspension assemblies as disclosed herein, wherein a first suspension
assembly 1s configured to support a first end of the elongated vibration sensitive
device and a second suspension assembly Is configured to support a second end
of the elongated vibration sensitive device. The elongated vibration sensitive device
may have a length of between 0.5 - 3 meters, or 1 - 2 meters, or approximately 1.5
meters. By supporting the elongated vibration sensitive device in each end, an
efficient and stabile reduction of vibration transfer to the vibration sensitive device Is

achieved.

The first suspension assembly supporting the first end and the second suspension
assembly supporting the second end of the elongated vibration sensitive device may
be configured essentially In the same manner. However, since the elongated
vibration sensitive device may not be configured exactly the same way at both ends,
each of the first and second suspension assembly may be customized to fit the
vibration sensitive device. Thus, the first and second suspension assembly may

differ from each other If it IS beneficial.

According to an aspect, a vehicle comprising at least one suspension assembly as

disclosed herein Is provided.

According to an aspect, use of a suspension assembly as disclosed herein Is

provided for supporting a weapon and damping vibrations during transportation.

The present disclosure will now be further illustrated with reference to the appended
figures, wherein for the sake of clarity and understanding of the disclosure some
details of no Importance are deleted from the figures. Moreover, the figures shall not
be considered drawn to scale as some features may be exaggerated in order to

more clearly illustrate the invention.
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Figures 1 schematically shows a perspective view of a vehicle 101. The vehicle 101
comprises at least one suspension assembly 10, 10a, 10b. The at least one
suspension assembly 10, 10a, 10b support a vibration sensitive device 1 In relation

to a base 100. e suspension assembly 10, 10a, 10b is further descriped in Figures
2 3 4 5 babd, /a-/c, 8 and Ya-bda.

A suspension system 80 for supporting the elongated vibration sensitive device 1 In
relation to the base 100 Is also schematically illustrates in Figure 1. The suspension
system 80 comprises two suspension assemblies 10, 10a, 10b. A first suspension
assembly 10, 10a 1s configured to support a first end of an elongated vibration
sensitive device 1 and a second suspension assembly 10, 10b Is configured to
support a second end of the elongated vibration sensitive device 1. The suspension

system 80 Is further described In Figures 9a-9d.

The venicie 101 may be driven by wheels, as shown in Figure 1. Alternatively, the
venicie 101 may be dniven by tracks. The vehicle 101 may be manually operated,
remotely operated or autonomously operated. The vehicle 101 may comprise the
pase 100. Thus, the base 100 may be a part of the vehicle 101. The base 100 may
De arranged inside or culside the vehicle 101, Thus, the suspension assembly 10,
10a, 10b may be arrangsd on the oulside of the venhicle 101 as schematically
disclosed in Higure 1. In Figure 1, the vehicle 101 is ilustrated as an armoured
combpat vehicle comprising two suspeansion assembhes 10, 10a, 10b arranged at the
roof. Alternatively, the suspension assaembiies 10, 10a, 10b may e arranged insige

the vehicle 101, e.¢. in a trunk or storage compartment.

The vibration sensitive device 1 to be supported by the suspension assembly 10,
10a, 10b may comprises a weapon. Alternatively, the vibration sensitive device 1
may comprise a camera, scientific instruments, sensors, lasers or other similar
devices. Figure 1 schematically illustrates the use of a suspension assembly 10,
10a, 10b for supporting a weapon and damping vibrations during transportation. e
vibration sensitive device 1 1s In Figure 1 illustrated as a handheld combat weapon,

such as a missile.
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Figure 2 schematically illustrates a perspective view of a suspension assembly 10
for supporting a vibration sensitive device 1 In relation to a base 100 according to
an example. The suspension assembly 10 comprises: a support arrangement 20, a
pbase arrangement 30 and at least two wire rope isolators 40. The at least two wire
rope Isolators 40 are configured as elongated wire rope isolators 40, 40a. The
support arrangement 20 support and hold the vibration sensitive device 1 In use.

The base arrangement 30 may be configured to be attached to the base 100.

The suspension assembly 10 will now be described In further detail with references
to Figures 3-5. Figures 3-5 schematically illustrate cross secticnal side views of a
suspension assembly 10 according {0 exampies. The suspension assembly 10
comprises: a support arrangement 20, a base arrangement 30 and at least two wire
rope Isolators 40. The support arrangement 20 comprises a support plate 21 and a
damping support member 22. The support member 22 1s configured to receive the
vibration sensitive device 1 and the support plate 21 comprises a centre portion 23
and at least two side portions 24 extending with an inclination angle a outwardly
from the centre portion 23. The base arrangement 30 comprises at least two Inclined
portions 34 extending essentially in parallel with the at least two side portions 24 of
the support plate 21. The at least two wire rope isolators 40 are each arranged
between a side portion 24 of the support plate 21 and an inclined portion 34 of the

pbase arrangement 30.

In Figures 3 and 4, the at least two side portions 24 extend with an inclination angle
a outwardly from the centre portion 23 and away from the base 100. Thus, the at
least two side portions 24 extend with an inclination angle a outwardly from the
centre portion 23 and In a direction away from the base arrangement 30. In Figure
S, the at least two side portions 24 extend with an inclination angle a outwardly from
the centre portion 23 and towards the base 100. Thus, the at least two side portions
24 extend with an inclination angle a outwardly from the centre portion 23 and In a

direction towards the base arrangement 30.

According to examples, the Inclination angle a 1s between 90 — 180 degrees, or

pbetween 100 — 170 degrees, or between 110 — 160 degrees, or between 120 — 150
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degrees or 130 — 140 degrees. In Figures 3-5, the Inclination angle a Is

schematically illustrated as approximately 135 degrees.

The at least two wire rope isolators 40 may be configured as elongated wire rope
iIsolators 40, 40a, which Is schematically illustrated in Figures 2 and 3. Each
elongated wire rope Isolator 40, 40a may extend along at least a part of a
longitudinal extension Ls of a side portion 24 of the support plate 21 and a
longitudinal extension Lg of an inclined portion 34 of the base arrangement 30 as
shown In Figure 2. The at least two wire rope Isolators 40 may be arranged

symmetrically in relation to the centre portion 23 of the support plate 21.

According to an example, the base arrangement 30 may comprise an intermediate
portion 33 connecting the at least two Inclined portions 34, wherein the at least two
INclined portions 34 are arranged at a selected angle [3 relative the intermediate
portion 33. Since the at least two inclined portions 34 extends essentially in parallel
with the at least two side portion 24, the selected angle 3 essentially corresponds to
the Inclination angle a. According to an example, the base arrangement 30 may
comprise an intermediate portion 33 connecting the at least two inclined portions 34,
wherein the intermediate portion 33 I1s essentially parallel with the centre portion 23

of the support plate 21.

The support member 22 may comprise viscoelastic material. The support plate 21
may be Integrated with the support member 22. The support member 22 may be
moulded around the support plate 21. The damping support member 22 may
comprise a recess 90 for the vibration sensitive device 1, as shown in Figure 2. The
recess 90 may at least partly accommodate the vibration sensitive device 1. The

shape of the recess 90 may correspond to the shape of the vibration sensitive device
1.

In Figure 4, the wire rope isolators 40, 40b 1s schematically illustrated as wire rope
Isolators of other types than elongated wire rope isolators. The wire rope isolators

may be of any suitable type; helical, half-helical, polycal, axycal, S-shaped or others.
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Figures 6a-6d schematically illustrate cross sectional side views of a

suspension assembly 10 according {0 an exampia. 1ne suspension assembly 10 as
shown In Figures 6a-6d may be configured as disclosed in Figure 2. The suspension
assembly 10 may comprise a bump stop 60. The bump stop 60 may be arranged
between the base arrangement 30 and the centre portion 23 of the support plate 21.
The bump stop 60 may be arranged to extend through an opening 27 In the centre
portion 23 of the support plate 21. The support member may comprise a cavity 28

for at least partially accommodating the bump stop 60.

The support plate may comprise first attachment points 94 for mounting of wire
ropes Isolators 40 to the support plate 21. The same first attachment points 94 may
also be used during moulding of the support member 22. The inclined portions 34
may comprise second attachment points 95 for mounting of wire ropes isolators 40

to the base arrangement 30.

The base arrangement 30 may comprise mounting holes 92 for mounting of the
pase arrangement to the base 100. The support arrangement may further comprise
channels 91 extending through the support member 22 and the support plate 21.
The channels 91 allow for access for mounting of the suspension assembly 10 to
the base 100. Thus, the channels 91 may be arranged to be aligned with the
mounting holes 92. The channels 91 may extend essentially in a perpendicular

direction relative a surface of the centre portion 23.

Figures 7a-/c schematically illustrate a sigde view of a suspension assembly 10
geeording 1o exampies of the present disciosure. As illustrated in rigure 73, the
suspension assembly 10 may comprise a bump stop 60. The bump stop 60 may be
arranged between the base arrangement 30 and the centre portion 23 of the support
plate 21. The bump stop 60 may comprise a resilient material such as rubber. The
bump stop 60 In Figure 7a is Illustrated as a rubber cushion. i Figura 738, the support
member 22 1s not moulded around the support plate 21. However, the support plate
21 1s Integrated with the support member 22. For example, the support member 22
may be attached to the support plate 21 by adhesive or fasteners. As iiustrated in

Figure /b and /¢, the base arrangement 30 may not comprises an intermediate
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portion 33 connecting the at least two Inclined portions 34. As illustrated in figure /b,

the suspension assembly 10 may comprise two bump stops 60.

Figures 8 schematically illustrate a side view ©Of & suspension assembly 10
according 1o an exampie. The suspension assembly 10 in Figure 8 may comprise
the corresponding features as previously described In relation to Figure 2 and 6a-
6d. The suspension assembly 10 may comprise at least one strap 81 with a quick-
coupling 82 for retaining the vibration sensitive device 1 In the suspension assembly
10.

Figures 9a-9d schematically illustrate a top view of e suspension system 80 for
supporting an elongated vibration sensitive device 1 In relation to a base 100
according to examples of the present disclosure. In Figure 9a-9b, the suspension
system 80 comprises two suspension assemblies 10, 10a, 10b. A first suspension
assembly 10, 10a 1s configured to support a first end of the elongated vibration
sensitive device 1 and a second suspension assembly 10, 10b I1s configured to
support a second end of the elongated vibration sensitive device 1. In Figure 9a,
each suspension assembly 10, 10a, 10b comprises two elongated wire rope
Isolators 40a arranged on opposite sides of the centre portion 22. In Figure 9b, each
suspension assembly 10, 10a, 10b comprises four wire rope isolators 40b, wherein
the four wire rope Isolators 40b are arranged symmetrically in relation to the centre
portion 23 of the support plate 21. In Figure 9c, each suspension assembly 10, 10a,
10b comprises three elongated wire rope iIsolators 40a arranged on three edges of
the support plate 21. In Figure 9d, each suspension assembly 10, 10a, 10b
comprises four wire rope Isolators 40b arranged at each corner of the support plate
21.

The foregoing description of the preferred examples of the present disclosure Is
provided for illustrative and descriptive purposes. It Is not intended to be exhaustive
or to restrict the Invention to the variants described. Many modifications and
variations will obviously be apparent to one skilled in the art. The examples of the
present disclosure have been chosen and described In order best to explain the

principles of the invention and its practical applications and hence make it possible
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for specialists to understand the invention for various embodiments and with the

various modifications appropriate to the intended use.
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Claims

1. A suspension assembly (10, 10a, 10b) for supporting a vibration sensitive device
(1) In relation to a base (100), the suspension assembly (10, 10a, 10b) comprises:

a support arrangement (20) comprising a support plate (21) and a damping
support member (22), the support member (22) being configured to receive the
vibration sensitive device (1) and the support plate (21) comprising a centre portion
(23) and at least two side portions (24) extending with an inclination angle (a)
outwardly from the centre portion (23),

a base arrangement (30) comprising at least two Iinclined portions (34)
extending essentially in parallel with the at least two side portions (24) of the support
plate (21); and

at least two wire rope Isolators (40), each arranged between a side portion

(24) of the support plate (21) and an inclined portion (34) of the base arrangement
(30).

2. The suspension assembly (10, 10a, 10b) according to claim 1, wherein the at
least two wire rope isolators (40) are configured as elongated wire rope isolators
(40, 40a).

3. The suspension assembly (10, 10a, 10b) according to claim 2, wherein each
elongated wire rope isolator (40, 40a) extends along at least a part of a longitudinal
extension (Ls) of a side portion (24) of the support plate (21) and a longitudinal

extension (Lg) of an inclined portion (34) of the base arrangement (30).

4. The suspension assembly (10, 10a, 10b) according to any of the preceding claims,
wherein the at least two wire rope isolators (40) are arranged symmetrically In

relation to the centre portion (23) of the support plate (21).

5. The suspension assembly (10, 10a, 10b) according to any of the preceding claims,
wherein the base arrangement (30) comprises an Intermediate portion (33)
connecting the at least two Inclined portions (34), wherein the intermediate portion

(33) Is essentially parallel with the centre portion (23) of the support plate (21).
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6. The suspension assembly (10, 10a, 10b) according to any one of the preceding

claims, wherein the support member (22) comprises viscoelastic material.

/. The suspension assembly (10, 10a, 10b) according to any one of the preceding

claims, wherein the support plate (21) I1s integrated with the support member (22).

8. The suspension assembly (10, 10a, 10b) according to claim 7, wherein the

support member (22) I1Is moulded around the support plate (21).

9. The suspension assembly (10, 10a, 10b) according to any one of the preceding

claims, wherein the suspension assembly (10, 10a, 10b) comprises a bump stop
(60).

10. The suspension assembly (10, 10a, 10b) according to claim 9, wherein the bump
stop (60) Is arranged between the base arrangement (30) and the centre portion
(23) of the support plate (21).

11. The suspension assembly (10, 10a, 10b) according to claim 10, wherein the
bump stop (60) Is arranged to extend through an opening (27) in the centre portion
(23) of the support plate (21).

12. The suspension assembly (10, 10a, 10b) according to any one of the preceding
claims, wherein the damping suspension assembly (10, 10a, 10b) comprises at least
one strap (81) with a quick-coupling (82) for retaining the vibration sensitive device

(1) In the suspension assembly (10, 10a, 10b).

13. A suspension system (80) for supporting an elongated vibration sensitive device
(1) In relation to a base (100) characterized in that the suspension system (80)
comprises two suspension assemblies (10, 10a, 10b) according to any one of claims
1-12, wherein a first suspension assembly (10, 10a) is configured to support a first
end of the elongated vibration sensitive device (1) and a second suspension
assembly (10, 10b) Is configured to support a second end of the elongated vibration

sensitive device (1).
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14. A vehicle (110), characterized In that it comprises at least one suspension

assembly (10, 10a, 10b) according to any of claims 1-12.

15. Use of a suspension assembly (10, 10a, 10b) according to any of claims 1-12

S5  for supporting a weapon and damping vibrations during transportation.
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