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A device for mounting a load to a carrier is described. The
device includes a first support configured for fixation to the
carrier; a second support configured for fixation to the load.
The first and second supports are spaced away from each
other viewed along a main load bearing axis of the device.
The device further includes an outer shell extending along
the main load bearing axis, and an inner member that is
within the outer shell. The device includes a damping mate-
rial connecting the inner member to at least the outer shell,
wherein one of the outer shell and the inner member con-
nects the first support and the second support to each other.
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DEVICE FOR MOUNTING A LOAD TO A
CARRIER, ASSEMBLY, VEHICLE AND
METHODS

[0001] The invention relates to a device and a method for
mounting a load to a carrier and a method of producing the
device. The invention also relates to an assembly and to a
vehicle.

[0002] For aload mounted to a carrier, it is often desired to
reduce transmission of vibrations from the carrier to the
load. For example, a sensitive instrument on board a space-
craft may be subjected to strong vibrations during launch of
the spacecraft. Such vibrations can cause damage to the
instrument, resulting in reduced functionality and/or relia-
bility of the instrument and possibly in damage to surround-
ing structures. As another example, in assemblies such as
wafer steppers, a sensitive instrument may be subjected to
large accelerations at one moment, before requiring precise
positioning and orienting the next moment.

[0003] While the problem of heavy vibrations itself could
be addressed by the use of suitably heavy shock breakers or
spring-damper assemblies, this approach is generally not
satisfactory, because the sensitive instrument generally
requires very precise (re)positioning at least during some
period without heavy vibrations. If the instrument would
be mounted in a very flexible manner, this would clearly
inhibit precise position control. Thus, a combination of pro-
tection from heavy vibrations and precise precision control
is required in these and other applications. Furthermore,
heavy shock breakers would be disadvantageous in space-
flight and other applications due to their large mass.

[0004] For example, shock-absorbing assemblies are
known from US2009/0008504, CNI110566630 and
US2018/0266461. Such shock-absorbing assemblies use
elastic and/or damping approaches.

[0005] US2009/008504 discloses a multi-axis device for
isolation of the vibrations generated by vibrating equipment
and transmitted to a supporting structure for this equipment.
It presents examples that include longitudinal elastomer iso-
lation studs that interconnect equipment supports. Deforma-
tions of the studs allow the transmission of low-amplitude
vibrations and shocks generated by equipment on the platen
to the supporting structure. In order to limit the deforma-
tions of the stud, when the supporting structure is subjected
to high accelerations (e.g. when a satellite is launched), and,
at the same time, to absorb the shocks and vibrations trans-
mitted to the equipment mounted on the platen, the isolation
device also comprises flexible buffers.

[0006] CN110566630 discloses a launch section vibration
attenuation and orbital section vibration isolation integrated
load supporting device which can realize the variable stiff-
ness requirements of high stiffness and high damping in a
launch section and low stiffness and low damping in an orbit
section. An embodiment has a coil spring, that includes a
further damper structure with two rubber pads and a piston.
[0007] US2018/0266461 discloses a device for shock
absorbing attachment of two elements, utilizing tubular
outer parts that tubular parts are connected by an intermedi-
ate elastomer layer. The elastomer layer, when seen in sec-
tion in a longitudinal plane includes to either side of an
attachment axis, at least three so-called longitudinal por-
tions, and at least two so-called transverse portions.

[0008] Besides, a known solution has been published in
De Vreugd, Jan, et al. “Damping in space constructions.”
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13th European Conference on Spacecraft Structures, Mate-
rials & Environmental Testing. Vol. 727. 2014. In this solu-
tion, an instrument or other load is mounted to a carrier
using six solid metal struts, in particular one for each degree
of freedom, wherein each strut is provided with a layer of
damping material which partially covers the outside of the
strut. The layer can be provided with a metal strip on an
opposite side of the layer from the strut. During use, in par-
ticular under vibratory loads, the damping material is
sheared and compressed, wherein kinetic energy is con-
verted to heat, so that part of the vibrations are thereby
absorbed. This approach is known as constrained layer
damping (opposed to elastic vibration isolation wherein no
energy is dissipated).

[0009] Such a configuration can provide precise precision
control, in particular due to the solid struts. While such a
configuration can also provide improved damping of vibra-
tions compared to alternatives such as naked struts, there
remains a need for further improvement. In particular better
damping of vibrations in combination with precise position-
ing is desired.

[0010] Moreover, a disadvantage of the known solution is
that the damping material is exposed to the environment,
resulting in a risk of material, e.g. fragments, particular
and/or molecular matter, being separated from the strut in
the form of debris and/or contamination and causing
damage, e.g. to an instrument and/or a respective carrier
such as a vehicle.

[0011] Load transportation in general, and spaceflight in
particular, requires reliable and durable mounting solutions
with a small mass and preferably a small number of parts.
[0012] Thus, there is a need for an improved method of
mounting a load to a carrier.

[0013] An object of the present invention is to provide an
improved device and method for mounting a load to a car-
rier, in particular for transporting an instrument, e.g. an
optomechanical instrument. An object is to provide such a
device and method wherein heavy vibrations are better
inhibited from affecting the load while still allowing precise
positioning of the mounted load. An object is to provide
such a device which is more reliable, more durable and rela-
tively light-weight, and compact. An object is to reduce a
risk of debris and/or contamination. An object is to at least
partially solve at least one of the above-mentioned
problems.

[0014] To this end, an aspect of the invention provides a
device for mounting a load to a carrier. The device com-
prises a first support configured for fixation to the carrier
and a second support configured for fixation to the load.
The first and second supports are spaced away from each
other viewed along a main load bearing axis of the device.
The device comprises an outer shell extending along the
main load bearing axis. The device comprises an inner
member, preferably extending along the main load bearing
axis, within the outer shell. A damping material connects the
inner member to at least the outer shell, preferably at least
directly and/or optionally via one or both of the first support
and the second support. One of the outer shell and the inner
member, preferably the outer shell, connects the first support
and the second support (directly) to each other, in particular
to provide a direct load path between the supports.

[0015] The damping material is preferably a viscoelastic
material and/or another material which is suitable for con-
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verting received mechanical forces, in particular oscillatory
forces, to heat, thus for dissipating kinetic energy.

[0016] It has been found that such a device can provide
improved damping of vibrations in combination with good
position control of the load via the device, in particular
when a plurality of such devices is used. Without wishing
to be bound by theory, it is believed that the damping mate-
rial is thus substantially constrained between the outer shell
and the inner member (the damping material e.g. being a
constrained layer) for converting vibration energy to heat
via vibratory shear forces on the damping material, thereby
dissipating the kinetic vibration energy. Meanwhile, for pre-
cise positioning, the outer shell or the inner member, which-
ever connects the first support and the second support to
each other, can provide a direct load path between the load
and the carrier. Said direct load path can thus have a rela-
tively high stiffness, in particular in the absence of vibra-
tions, resulting in the positioning being less affected by
creep and/or hysteresis. Also, a substantially vibration
dependent stiffness can thus advantageously be provided,
with, in the absence of vibrations, a relatively high stiffness.
The outer shell, in particular when it connects the first sup-
port and the second support to each other, can also protect
the damping material from the environment and vice versa,
thus reducing a risk of damage associated with debris and/or
contamination.

[0017] The damping material preferably connects to an
inner surface of the outer shell, and preferably also to an
outer surface of the inner member (the damping material
e.g. covering at least part of the outer surface of the inner
member), wherein the damping material preferably connects
continuously to each of the inner surface of the outer shell
and the outer surface of the inner member.

[0018] This can enable a good transfer of vibrations to the
damping material and transfer of heat from the damping
material to the environment for efficient dissipation of
energy.

[0019] The outer shell and the inner member may be
arranged substantially in parallel (for example providing
opposite parallel surfaces that are connected by the damping
material). Preferably, the outer shell and the inner member
are arranged in parallel with and/or concentric with respect
to the main load bearing axis.

[0020] In this way, the device can operate well under axial
loads.

[0021] Similarly, the damping material (e.g. damping
layer) as such preferably extends in parallel with the main
load bearing axis.

[0022] When the outer shell connects the first support and
the second support to each other, the inner member may be
spaced away from one of the first support and the second
support, wherein the inner member is fixed, in particular
directly, to the other of the first support and the second
support.

[0023] Such a configuration can provide efficient and
effective absorption of vibrations in the damping material.
[0024] The damping material may be spaced away from
one of the first support and the second support, wherein pre-
ferably said damping material is arranged at an axial end
section of the inner member, wherein preferably at least
part of an inner space of the outer shell is filled with a
fluid, e.g. a gas or gas mixture. Alternatively or additionally
at least part of said inner space may be a vacuum.
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[0025] In this way, the damping material can be arranged
in an area with relatively large vibratory displacements
between the outer shell and the inner member, resulting in
improved vibration absorption.

[0026] Preferably, at least one of the inner member and the
outer shell is provided with a surface enhancing structure,
for example one or more recesses and/or protrusions, e.g.
fins, which are in contact with the damping material,
wherein said recesses and/or protrusions preferably extend
substantially laterally or radially with respect to the main
load bearing axis.

[0027] Such a surface enhancing structure can provide an
increased contact surface area with the damping material,
thus providing increased shear force on the damping
material.

[0028] In particular, the inner member and the outer shell
can each be provided with respective surface enhancing
structures, e.g. mating recesses and/or protrusions. Prefer-
ably, the respective surface enhancing structures of the
inner member extend radially or laterally outward from the
main load bearing axis and the respective surface enhancing
structures of the outer shell extend radially or laterally
inwardly towards the main load bearing axis, in particular
between the surface enhancing structures of the inner mem-
ber. Preferably, viewed in a transversal plane, the surface
enhancing structures of the inner member and the surface
enhancing structures of the outer shell are interdigitatingly
arranged around the main load bearing axis.

[0029] In this way, damping material can be effectively
constrained and loaded between the outer shell and the
inner member, in particular in a compact way, wherein rela-
tively large contact surface areas of the damping material
can be provided in a relatively small space.

[0030] A compliance (e.g. axial compliance) of the outer
shell may be substantially different from, preferably larger
than, a compliance (e.g. axial compliance) of the inner
member, in particular under vibratory loads.

[0031] Such a design can enable effective shear loading of
the damping material under vibratory (e.g. axial) loads.
[0032] Alternatively or additionally, a compliance of the
outer shell may be substantially different from, preferably
smaller than, a compliance of a combination of the inner
member and the damping material, in particular in absence
of vibratory loads.

[0033] Such a design can inhibit hysteresis and enable
good dimensional stability, in particular substantially irre-
spective of gradual deformation, such as creep, in the damp-
ing material.

[0034] The outer shell may comprise a more compliant
section and a less compliant section which sections are
(e.g. axially_ adjacent to each other. Preferably, the (e.g.
axial) strength of the more compliant section is substantially
equal to or exceeds the (e.g. axial) strength of the less com-
pliant section. The more compliant section may comprise a
flexure, for example an array of flexures.

[0035] In this way, the more compliant section can provide
that the overall compliance of the outer shell is larger than
the compliance of the inner member, while the less compli-
ant section can provide a stable interface for the damping
material, for example.

[0036] The damping material may be arranged at an (e.g.
axial) end section of the inner member, wherein the end sec-
tion of the inner member (e.g. axially) substantially coin-
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cides with the (e.g. axially) less compliant section of the
outer shell.

[0037] Thus, the damping material can be arranged in an
area where it can receive relatively large shear forces.
[0038] The outer shell and the inner member are prefer-
ably made of substantially the same material, in particular
a metal or a metal alloy, preferably comprising titanium,
stainless steel and/or aluminium.

[0039] In this way the device can be particularly stable and
durable under challenging conditions such as launch and
spaceflight, and/or for a large number of vibration cycles
such as on a lithographic apparatus, e.g. a wafer stepper.
[0040] The damping material can be a rubber material, in
particular a vulcanized rubber material, for example Iso-
loss®, Smactane®, Sorbothane® and/or SCVBR®.

[0041] Such a material can provide above-described fea-
tures regarding the damping material.

[0042] The device may include a layer of damping mate-
rial (the layer in particular being constrained between an
inner surface of the outer shell and an outer surface of the
inner member). The layer preferably has a layer thickness
relative to an axial length of the outer shell in the range of
0.1% to 10%, more preferably in the range of 0.5% to 5%,
more preferably in the range of 1% to 3%, for example about
2%. Alternatively or additionally the layer may have a layer
thickness smaller than 5 mm, for example a thickness in the
range of 0.1-2 mm. Alternatively or additionally, measured
in a plane transversal to the main load bearing axis, the layer
may have a layer cross-sectional surface area relative to a
total device cross-sectional surface area in the range of 10%
to 50%, preferably in the range of 25% to 35%, for example
about 30%.

[0043] Particularly good damping of vibrations in combi-
nation with stable positioning can be provided in this way.
[0044] A further aspect of the invention provides an
assembly comprising one or more devices as described
above and a carrier and/or a load, wherein the respective
first and/or second support of the or each device is fixed to
the carrier and/or to the load.

[0045] Such an assembly can provide above-mentioned
advantages.

[0046] The assembly is preferably configured to form a
substantially statically determinate structure, wherein in
particular the load is statically determinately mounted to
the carrier. The load may comprise an optomechanical
instrument. The carrier may comprise or be attached to a
vehicle, e.g. a spacecraft, or a wafer stepper. The present
invention can find particular benefit in such an assembly.
[0047] Preferably, the number of devices of the one or
more devices is at least three, for example six.

[0048] The respective main load bearing axis of each of
the at least three devices is preferably oriented differently
compared to the other devices of the at least three devices.
[0049] In this way, for example, one device can be pro-
vided for each degree of freedom.

[0050] The main load bearing axes (A) of the devices may
be oriented to intersect one or more rotational axes of the
load and/or a center of gravity of the load. A substantially
statically determinate structure can be formed in this way.
[0051] A further aspect of the invention provides a vehi-
cle, in particular a spacecraft, comprising an assembly as
described above, wherein the carrier is attached to the vehi-
cle or forms part thereof. Preferably, the vehicle is config-
ured to cooperate with a launcher.
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[0052] Such a wehicle can provide above-mentioned
advantages, wherein an instrument as a load can be safely
and reliably transported to space and wherein said instru-
ment can be precisely positioned e.g. with respect to the
carrier.

[0053] A further aspect of the invention provides a method
of mounting a load to a carrier. The method of mounting
comprises: providing a device as described above; fixing
the load and one of the first support and the second support
of the device to each other; and fixing the carrier and the
other of the first support and the second support of the
device to each other.

[0054] Such a method can provide above-mentioned
advantages.

[0055] A further aspect of the invention provides a method
of producing a device as described above. This method of
producing comprises providing a mold configured to be at
least part of the outer shell and providing at least part of the
inner member in the mold. This method of producing further
comprises supplying a substantially liquid damping material
in the mold and at least partially, preferably substantially,
solidifying the supplied damping material in the mold,
thereby preferably bonding the damping material to the
inner member and to the mold (i.e. the damping material
can adhere to both the inner member and the mold). It will
be appreciated that alternatively or additionally a bonding
agent, e.g. an adhesive, which is different from the damping
material may be used for bonding the damping material to
the inner member and/or to the mold.

[0056] A device according to an aspect of the invention
can thus be produced reliably and relatively easily, wherein
the damping material can be supplied relatively easily in a
(more) liquid form and wherein the damping material can
subsequently be reliably bonded in place, thus ensuring a
good connection and preventing subsequent displacement,
e.g. flowing away, of the material.

[0057] The at least partial solidifying may comprise vul-
canization, wherein in particular the damping material is a
rubber material.

[0058] Good damping properties of the material can be
obtained in this way with good adhesion of the material to
the outer shell and to the inner member.

[0059] Before the supplying, the at least part of the inner
member may be fixed to the mold, e.g. both forming part of
a same monolithic structure. The method further optionally
comprises separating the at least part of the inner member
from the mold, e.g. by removing a connecting part of the
monolithic structure.

[0060] Precise and stable position of the inner member
with respect to e.g. the outer shell can thus be realized, as
well as precise dimensioning of the damping material, e.g.
of a layer thickness thereof.

[0061] At least one of the first support, the second support,
the outer shell and the inner member can be produced using
additive manufacturing, in particular from a metal or metal
alloy, for example comprising titanium, stainless steel and/
or aluminium.

[0062] The devices can thus be produced with good preci-
sion, for example with dimensions customized to the rele-
vant load and/or carrier.

[0063] In the following, the invention will be explained
further using exemplary embodiments and drawings. The
drawings are schematic. In the drawings, similar or corre-
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sponding elements have been provided with similar or cor-
responding reference signs. In the drawings:

[0064] FIG. 1 shows a partially opened perspective view
of a first exemplary device for mounting a load to a carrier;
[0065] FIG. 2a shows a longitudinal cross section view of
a second exemplary device for mounting a load to a carrier;
[0066] FIG. 25 shows a longitudinal cross section view of
a third exemplary device for mounting a load to a carrier;
[0067] FIG. 3a shows an isometric view of a first mono-
lithic preform for a fourth exemplary device for mounting a
load to a carrier;

[0068] FIG. 35 shows a longitudinal cross section view of
the first preform of FIG. 3a;

[0069] FIG. 4a shows an isometric view of a second
monolithic preform for the fourth exemplary device of
FIG. 3a;

[0070] FIG. 45 shows a longitudinal cross section view of
the second preform of FIG. 4a;

[0071] FIG. 4c¢ shows a transversal cross section view of
the second preform along the line IVe-IVe in FIG. 45;
[0072] FIG. 5§ shows an exemplary vehicle with an exemp-
lary assembly;

[0073] FIG. 6A shows a perspective view of a further
embodiment of a device for mounting a load to a carrier;
[0074] FIG. 6B shows a longitudinal cross-section of the
embodiment of FIG. 6A;

[0075] FIG. 7A shows a perspective view of part of a yet
another embodiment of a device for mounting a load to a
carrier;

[0076] FIG. 7B shows a opened-up view of the embodi-
ment of FIG. 7A; and

[0077] FIG. 8 shows a perspective view of part of a further
embodiment of a device for mounting a load to a carrier.
[0078] FIGS. 1, 2a and 2b each show a device 1 for
mounting a load L to a carrier C. FIG. 5 shows an assembly
8 comprising six of such devices 1 each being connected to a
load L and a carrier C. Further examples are depicted in
FIGS. 6-8.

[0079] The device 1 comprises a first support 2 configured
for fixation to the carrier C and a second support 3 config-
ured for fixation to the load L. The first and second supports
2, 3 are spaced away from each other viewed along a main
load bearing axis A of the device 1. The device 1 comprises
an outer shell 4 extending along the main load bearing axis
A, said outer shell 4 connecting the first support 2 and the
second support 3 to each other. It follows that the outer shell
4 can provide a direct load path between the first support 2
and the second support 3. The outer shell 4 can be fixed
directly to each of the supports 2, 3 (as in the depicted exam-
ples), for example via bolting connections, welding connec-
tions and/or be integrated with one or both of the supports 2,
3.

[0080] The outer shell 4 as such can be configured in var-
ious ways as will be appreciated by the skilled person (as
follows from the various non-limiting embodiments that are
disclosed). In particular, the outer shell 4 (which can also be
called e.g. an outer member, outer wall, outer structure or
outer element) can be configured to define or surround an
inner space.

[0081] The device 1 comprises an inner member 5, prefer-
ably extending along the main load bearing axis A, within
the outer shell 4 (i.e. within an inner space of the outer shell
4). The inner member 5 as such can also be configured in
various ways as will be appreciated by the skilled person (as
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follows from the various embodiments that are disclosed).
In particular, the inner member 5 (which can also be called
e.g. an inner element, inner structure, inner wall, or damping
material support) can be configured to be received within the
outer shell 4.

[0082] The device 1 comprises a damping material 6 con-
necting the inner member 5 to at least the outer shell 4, for
example directly (as in the present embodiment) and/or via
one or both of the first support 2 and the second support 3. It
is preferred that the damping material 6 is constrained
between an inner surface 4i the outer shell 4 and an opposite
outer surface So of the inner member 5 (see e.g. FIGS. 1a,
15, 2). In particular, the damping material 6 connects to the
outer shell 4 as well as to the inner member 5, preferably
such that axial displacement of the inner member 5 with
respect to the outer shell 4 (i.e. along a load bearing axis)
leads to shearing of the damping material 6, wherein kinetic
energy is converted to heat, so that part of the vibrations are
thereby absorbed. As is mentioned before, this approach is
known as constrained (layer) damping, opposed to vibration
isolation. For example, the damping material 6 can (at least
partly) fill an interior space or slit that can be present
between the outer shell § and the inner member 4.

[0083] As shown in the examples of FIGS. 1, 2a and 2b,
the damping material 6 preferably connects to an inner sur-
face 4i of the outer shell 4. Such a connection is preferably
provided by an adhesive property of the damping material 6
itself. To that end, the damping material 6 can be a curable
material which can adhere (e.g. bond) to another material
(i.e. the inner surface 4i and preferably a surface So of the
inner member 5) upon curing of the damping material 6. The
damping material 6 can thus (directly) connect to the inner
surface 4i of the outer shell as well as to the inner member 5,
preferably substantially continuously along each respective
surface, resulting in a good transfer of mechanical energy
from said surfaces to the damping material 6 as well as pre-
ferably good heat dissipation from the damping material 6 to
the environment via said surfaces.

[0084] The outer shell 4 and the inner member 5 are
shown can be arranged substantially in parallel, and in par-
allel with (and e.g. concentric with respect to) the main load
bearing axis A. For example the outer shell 4 and inner
member 5 can have respective opposite contact surfaces 44,
50 that surround the damping material (and connect to the
damping material) 6, which contact surfaces 4i, S0 can
extend in parallel with parallel with (and e.g. concentric
with respect to) the main load bearing axis A

[0085] It follows that, similarly, the damping material (e.g.
damping layer) 7 as such preferably extends in parallel with
the main load bearing axis A. The same can hold for an
interior space (or slit) between the outer shell 4 and inner
member 5 that is filled with the damping material 7.

[0086] In the examples, the inner member 5 is spaced
away from the second support 3 (i.e. it is not fixed to the
second support 3), wherein the inner member S is fixed, in
particular directly, to the first support 2. It follows that, in
that case, the inner member 5 does not provide a direct load
path between the first support 2 and the second support 3.
The inner member 5 can be fixed directly the first support 2
(as in the depicted examples), for example via bolting con-
nections, welding connections and/or be integrated with the
support 2.
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[0087] Tt will be appreciated that alternatively the inner
member § may be spaced away from the first support 2
and fixed (directly) to the second support 3, for example.
[0088] As shown, the damping material 6 is spaced away
from the first support 2, said material 6 being arranged at an
axial end section Se of the inner member 5. At least part of
an inner space 4a of the outer shell 4 can be filled with a
fluid, e.g. a gas or gas mixture, in particular a part that is not
occupied by the damping material 6. Alternatively or addi-
tionally at least part of said inner space 4a can be a vacuum.
It follows that preferably, the damping material 6 covers
only part of the outer surface of the inner member 5.
[0089] Optionally (not shown) the damping material 6 is
substantially confined to one or more spaces where respec-
tive contact surface areas of the outer shell 4 and the inner
member 5 extend substantially in parallel with the main load
bearing axis A of the device 1. It has been found that damp-
ing behavior can thus be further enhanced. To realize such
confinement, part of the damping material may be removed,
in particular a part or parts outside said one or more spaces.
Such removal may be carried out after solidification, e.g. by
post-machining, wherein e.g. one or more other parts of the
device 1, such as a sprue 11s (see below), are removed at the
same time.

[0090] With particular reference to FIG. 4¢, i.e. in particu-
lar viewed in a lateral cross-section of the device 1, the inner
member 5 and the outer shell 4 are preferably each provided
with a surface enhancing structure 7, 7', in this case mating
protrusions 7p, 7p', e.g. fins, which are in contact with the
damping material 6. The shown protrusions 7p, Tp’ extend
substantially laterally or radially with respect to the main
load bearing axis A. Respective recesses can be seen
between each neighboring pair of protrusions 7p, as well
as between each neighboring pair of protrusions 7p’. Alter-
natively, only one of the inner member 5 and the outer shell
4 is provided with a surface enhancing structure, for
example.

[0091] As shown in FIG. 4c, the respective surface enhan-
cing structures 7 of the inner member 5 can extend radially
outward from the main load bearing axis A and the respec-
tive surface enhancing structures 7' of the outer shell 4
extend radially inwardly towards the main load bearing
axis A, in particular between the surface enhancing struc-
tures 7 of the inner member 5.

[0092] Viewed in a transversal plane, as in FIG. 4¢, the
surface enhancing structures 7 of the inner member 5 and
the surface enhancing structures 7' of the outer shell 4 can
be interdigitatingly arranged around the main load bearing
axis A. As shown, each protrusion 7p is thus arranged
between neighboring protrusions 7p’ (substantially in a
recess formed therebetween), and similarly each protrusion
7p' is arranged between neighboring protrusions 7p (sub-
stantially in a recess formed therebetween).

[0093] With further reference to the examples of FIGS. 1
and 24, the device can be configured such that an axial com-
pliance of the outer shell 4 is larger than an axial compliance
of the inner member 5, in particular under vibratory loads. In
this context, an axial compliance can be understood as a
compliance under axial loads, i.e. loads which are directed
substantially along the main load bearing axis A (see FIGS.
1, 2b).

[0094] Meanwhile, in the present configuration, an axial
compliance of the outer shell 4 is accordingly smaller than
an axial compliance of a combination of the inner member 5
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and the damping material 6 in absence of such vibratory
loads. In FIGS. 1 and 25, the outer shell 4 can be seen as
comprising a more compliant section 4¢ and a less compli-
ant section 4s which sections are axially adjacent to each
other. By contrast, the example of FIG. 2a does not show
such sections. Accordingly, in a basic embodiment, a com-
pliance of the outer shell 4 may be substantially constant
throughout the outer shell 4.

[0095] It will be appreciated that an axial compliance of
the outer shell 4 may be substantially equal to an axial com-
pliance of the inner member S. It will also be appreciated
that such axial compliances and/or such differences may
be substantially independent of characteristics of loads,
e.g. being substantially equal under vibratory loads com-
pared to non-vibratory loads.

[0096] The axial strength of the more compliant section 4¢
is preferably substantially equal to or exceeds the axial
strength of the less compliant section 4s.

[0097] In the shown examples (see FIGS. 1 and 2b), the
more compliant section 4¢ can comprise a flexure 4f, in par-
ticular an axial array of flexures 4f. Two examples of such
flexures 4f have been indicated in each of FIGS. 1, 25, 3a
and 3b. It will be appreciated that the shown structures can
be considered to comprise an array of more such flexures 4f,
wherein the array forms a combined flexure which is
designed for compliance under substantially axial loads.
[0098] In an example which is not shown, the inner mem-
ber 5 can be provided with at least one respective flexure, for
example in the form of a circumferential notch, in particular
at a distance from the damping material 6, for example adja-
cent to a connection between the inner member 5 and the
first support 2. It has been found that such a flexure of the
inner member 5 can advantageously provide increased
bending compliance of the inner member, which can pro-
mote shearing of the damping material during use, as
opposed to compression thereof. Such a configuration can
thus make the device’s damping performance less dependent
on a potentially variable alignment between the load L and
the main load bearing axis A.

[0099] As previously explained, the damping material 6 is
shown to be preferably arranged at an axial end section Se of
the inner member 5. The examples of FIGS. 1 and 25 show
that this axial end section Se of the inner member § axially
substantially coincides with the axially less compliant sec-
tion 4s of the outer shell 4. As follows from FIGS. 7-8, the
damping material 6 can also be arranged differently.

[0100] In the examples, the outer shell 4 and the inner
member 5 can be made of substantially the same material,
in particular a metal or a metal alloy, preferably comprising
titanium, stainless steel and/or aluminium.

[0101] The damping material 6 is preferably a rubber
material, in particular a vulcanized rubber material, for
example Isoloss®, Smactane®, Sorbothane® and/or
SCVBR®.

[0102] The damping material 6 can be seen as arranged
substantially in the form of a layer of said material 6, for
example a layer that is arranged in parallel with the main
loading axis A. This layer has a layer thickness t for which
an example of measurement is indicated in FIG. 4c¢ as a
width of a respective cavity 6¢ in which the layer can be
formed.

[0103] The layer thickness t can be designed in various
ways. First, a layer thickness t can be designed relative to
an axial length of the outer shell, wherein the thickness t is



US 2023/0133102 Al

in the range of 0.1% to 10%, more preferably in the range of
0.5% to 5%, more preferably in the range of 1% to 3%, for
example about 2%. Alternatively or additionally, the layer
thickness t can be smaller than 5 mm, for example a thick-
ness in the range of 0.1-2 mm. Alternatively or additionally,
the layer thickness t can be designed such that measured in a
plane transversal to the main load bearing axis A, a layer
cross-sectional surface area SL relative to a total device
cross-sectional surface area SD in the range of 10% to
50%, preferably in the range of 25% to 35%, for example
about 30%.

[0104] FIG. 5 shows an exemplary assembly 8 comprising
six devices 1 and a carrier C and a load L. The respective
first support 2 of each device 1 is fixed to the carrier C while
the respective second support 3 is fixed to the load L. It will
be appreciated that alternatively the first support 2 may be
fixed to the load L. while the second support 3 is fixed to the
carrier C.

[0105] The assembly 8 can be configured to form a sub-
stantially statically determinate structure, wherein in parti-
cular the load L is statically determinately mounted to the
carrier C. Options for providing such static determinacy as
such are known to the skilled person, e.g. in the context of
mounting a load to a carrier using traditional struts.

[0106] The load L. may comprise an optomechanical
instrument. The carrier C may comprise or be attached to a
vehicle 9, e.g. a spacecraft. Alternatively, the carrier may
comprise or be attached to a wafer stepper (not shown), for
example, among other options.

[0107] As schematically indicated in FIG. 5, the respec-
tive main load bearing axis A (see e.g. FIGS. 1, 2a and 2b)
of each of the six devices 1 is oriented differently compared
to the other of the six devices 1. It will be appreciated that in
this context, oriented differently refers to three-dimensional
orientation. Thus, while the respective axes A of two
devices 1 may be substantially parallel in two dimensions,
they are then preferably aligned differently (not parallel) in
the third dimension. As will be appreciated by the skilled
person, the main load bearing axes A can thus be oriented
to intersect one or more rotational axes of the load L and/or a
center of gravity of the load L.

[0108] FIG. S also shows an example of a vehicle 9, in
particular a spacecraft, comprising the assembly 8, wherein
the carrier C is attached to the vehicle 9 or forms part
thereof. The exemplary vehicle 9 is configured to cooperate
with a launcher 10.

[0109] With continued reference to FIG. §, an exemplary
method of mounting a load L to a carrier C, comprises: pro-
viding a device 1; fixing the load L. and one of the first sup-
port 2 and the second support 3 of the device 1 to each other;
and fixing the carrier C and the other of the first support 2
and the second support 3 of the device 1 to each other. As
explained above and shown in FIG. §, preferably six devices
are thus used, wherein the main axis A of each device is
preferably oriented differently.

[0110] FIGS. 3a, 3b, 4a, 4b and 4c illustrate a method of
producing an exemplary device 1, wherein FIGS. 3a and 35
show a first monolithic preform P1 for a device 1 and FIGS.
4a, 4b and 4c¢ show a second monolithic preform P2 for the
device 1, the first and second monolithic preform being
usable together in a method of producing an exemplary
device 1.

[0111] The method of producing comprises providing a
mold 11 (see FIGS. 4a, 4b) configured to be at least part
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4s of the outer shell 4. In the example, the mold 11 is part
of the second monolithic preform P2. The method comprises
providing at least part of the inner member 5 in the mold 11,
for example as part of the same second monolithic preform
P2.

[0112] The method comprises supplying a substantially
liquid damping material 6, in particular a curable and/or set-
table material, in the mold 11. To that end, the mold 11 is
shown to provide a respective cavity 6¢ (see FIGS. 45, 4¢) in
which the damping material can be received 6 and solidified.
The cavity 6c¢ is therefore dimensioned according to the
design of the eventually solidified damping material 6, e.g.
to form a layer of said material, see e.g. a layer thickness t
indicated in FIG. 4¢. A sprue 1ls is shown in FIG. 45 for
supplying the liquid material into the cavity 6c. The sprue
11s can be closed off, e.g. using a plug (not shown), after
supplying the damping material 6 in the cavity 6c¢. Alterna-
tively or additionally (not shown), the sprue 11s can be par-
tially or entirely removed after such supplying, e.g. removed
by machining.

[0113] As shown in FIG. 4a, the mold 11 may be provided
with one or more air exit openings Me which allow air to
escape from the cavity 6c when the damping material is
supplied therein.

[0114] The method comprises at least partially, preferably
substantially, solidifying, e.g. curing and/or setting, the sup-
plied damping material 6 in the mold 11, thereby preferably
bonding (i.e. adhesing) the damping material 6 to the inner
member S and to the mold 11.

[0115] The at least partial solidifying preferably com-
prises vulcanization, wherein in particular the damping
material 6 is a rubber material.

[0116] Before the supplying, and possibly thereafter, the at
least part of the inner member 5 is fixed to the mold 11, e.g.
both forming part of a same monolithic structure M, as
shown in FIG. 4b, for example.

[0117] The at least part of the inner member 5 can subse-
quently be separated from the mold 11 by removing a con-
necting part Mc (see FIG. 4b) of the monolithic structure M.
The above-mentioned air exit openings Me may extend sub-
stantially in, and thus be removed together with, said con-
necting part Mc. After such separation, the inner member 5
can remain connected to the mold 11 via the solidified
damping material 6, e.g. to a part 4s of the mold 11 which
can form part of the outer shell 4.

[0118] In the example, an axial connecting end 21 of the
inner member 5 can subsequently be fixed, e.g. screwed, to a
respective receiving structure 20 of the first monolithic pre-
form P1. To that end, one or both of said connecting end 21
and receiving structure 20 may be provided with a respec-
tive threaded structure, e.g. formed by machining. Alterna-
tively or additionally one or more separate bolts may be
used, among other options. In a particularly advantageous
alternative, a single bolt or the-like may be used to fix the
carrier C (or the load L) both to the first support 2 and to the
inner member 5, such that the inner member 5 is thus fixed
to the first support 2 via said a single bolt which also con-
nects the device 1 to the carrier C or the load L.

[0119] Thereafter, an axial end 23 of an outer shell part 4¢
the first monolithic preform P1 can be fixed, e.g. welded, to
arespective outer shell part 4s for forming the overall device
1. Either or both of the preforms P1, P2 may be prepared for
thus joining them together prior to said joining, in particular



US 2023/0133102 Al

by a precision machining step, e.g. by thus providing one or
more threaded structures for joining the parts 20 and 21.
[0120] The first support 2, the second support 3, the outer
shell 4 and the inner member § can thus be produced using
additive manufacturing, in particular from a metal or metal
alloy, e.g. comprising titanium, stainless steel and/or alumi-
nium, in particular additive manufacturing of two corre-
sponding monolithic preforms P1, P2 of which at least one
can be used as a mold for providing the damping material,
wherein the preforms P1, P2 or respective intermediate pro-
ducts are subsequently joint together to form the device 1.
[0121] Tt will be appreciated that instead of two separate
monolithic preforms P1, P2, a single combined monolithic
preform (not shown) can be used. Such a single preform
may provide a combination of the structures of separate pre-
forms P1, P2, for example. With reference to FIGS. 1 and
4b, such a single preform may include a cavity which corre-
sponds to cavity 6¢ in FIG. 4b. In that case the single pre-
form preferably includes a suitable obstruction to prevent
flowable damping material from entering a space which cor-
responds to the inner space 4a in FIG. 1. Such an obstruction
can subsequently be removed, e.g. by machining or other-
wise, after solidification of the damping material.

[0122] Thus there is provided an improved device and
method for mounting a load to a carrier, which device can
be advantageously produced as described above. As will be
clear to the skilled person, the device can additionally or
alternatively be produced using one or more different meth-
ods, for example without additive manufacturing, for exam-
ple using one or more (additional) molding processes and/or
using a milling process.

[0123] FIGS. 6A, 6B depict another non-limiting example
of a device 101 for mounting a load L to a carrier C, in
particular configured to utilize constrained layer damping.
[0124] An outer shell 104 is fixed to each of the supports
102, 103, e.g. via respective bolting connections B1, adhe-
sive, welding or the-like. An inner member 105 is fixed to
one of the supports 102, e.g. via second bolting connections
B2 (and/or welding and/or adhesive), but not to the other
support 103.

[0125] For example, the inner member 105 can be located
centrally within the outer structure (shell) 104 (but that is
not required). Optionally, the outer shell 104 can include a
cylindrical shell section 4s (e.g. having a circle-cylindrical
shape). Also, optionally, the inner member 104 can be a
cylindrical structure (e.g. having a circle-cylindrical shape).
[0126] In this example, the outer shell can include a
radially inward extending, e.g. disc shaped, flexural section
104, that can be connected to the first support 102, e.g. via a
central section 104g of the outer shell (the central section
104q being located within the flexural section 104f). Also,
for example, the outer shell 104 can be connected to the
inner member 105 on the inside only (e.g. via bolting
means B2 and respective central section 104q of the outer
shell 104).

[0127] An outer rim of flexural section 104f can e.g. be
connected to the outer shell 104 (similar in function as the
less compliant section 4s of the example in FIGS. 1-4).
[0128] For example, opposite surfaces of the shell section
104s of the outer shell 104 and inner member 105 can define
a slit or inner space that is (partly or entirely) filled with the
damping material 106, which material can be fixed/bonded
to each of those opposite surfaces. In this way, above-men-
tioned advantages can be achieved.
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[0129] FIGS. 7A, 7B show part of another example 201,
which differs from the embodiment of FIGS. 6A, 6B in that
instead of one load bearing axis, this device has two: Al and
A2, in particular provided by means of a combination of
flexible elements or sections, in this case beam-like struc-
tures 204f ' made by providing apertures into the outer shell
204. Therefore less devices are needed in configuration and
for some cases it results in better system performance or
easier implementation.

[0130] For example, the outer shell 204 can be a block-
shaped structure that encloses an inner space for receiving
further integral shell sections 241 (two in this example), of
each which is provided with (a layer) of damping material
206. Each of the damping material layers 206 is fixed
(bonded) to the outer shell 204, at least to those shell sec-
tions 241 of the outer shell 204. Also, the an inner member
205 1s received within the outer shell, between the one or
more integral sections 241, wherein the inner member 205
is bonded to the one or more sections 241 of the outer shell
204 via the one or more damping material layers 206.
[0131] Furthermore, the outer shell 204 (e.g. its integral
shell sections 241) can be connected to the inner member
205 e.g. by adhesive or bolted connections (not shown),
similar to above embodiments.

[0132] For example, opposite walls of the outer shell can
include one or more apertures 240 to define flexural beam-
like structures 204f of the outer shell. In the present exam-
ple, the flexural beams 204f extend normally with respect to
a plane defined by two orthogonal loading axes Al, A2 of
the present example. These beam-like structures 204f (or
“flexural beams™) can be similar in function as the flexural
membrane section 104/ of the example in FIGS. 6A, 6B and
flexural part 4s of the embodiments of FIGS. 1-4, providing
improved device performance. Due to its configuration, a
relatively small number of these devices 201 can be applied
to restrict/limit the number of degrees of freedom of a load.
[0133] A first support configured for fixation to the carrier
C and a second support configured for fixation to the load L,
are not depicted in FIGS. 7A, 7B. After assembly, the outer
shell 204 can be connected e.g. to either the first support or
to the second support (as e.g. in the above examples), in
particular to provide a direct load path there-between (via
respective integral flexural sections 204f), wherein the
inner member 205 can be fixed to only one of the first sup-
port and the second support, so that above-mentioned
advantages can be achieved.

[0134] The inner member 205 can have an angular cross-
section (e.g. rectangular or square) but that is not required.
For example, during vibrational loads the inner member 205
can slide within the outer shell 204 in directions (i.e. along
axes) Al, A2 and combinations thereof, the outer shell 204
e.g. having the one or more flexures 204/ that can constrain
the movement and can instantiate proper shear loading of
the damping material 206. Besides, it follows that con-
strained layer damping can be achieved in two orthogonal
directions Al, A2, a second orthogonal direction being
orthogonal with respect to a main load bearing direction.
[0135] In particular it follows that the device can be con-
figured to provide at least a main loading axis A1 and at least
an additional second loading axis A2 that is orthogonal with
respect to the main loading axis Al. For example, an inner
surface of the outer shell 204 and an opposite outer surface
of the inner member 205 (the surfaces being connected by
respective preferably damping material 206) can both
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extend along a plane that is in parallel with respect to a plane
defined by main loading axis and the additional second load-
ing axis A2 (the same holds for the damping material 206
that is located between those surfaces).

[0136] 1t also follows that the outer shell 204 can include a
relatively thin region 204f, or membrane flexure, similar in
function as flexure 4f'of the example in FIGS. 1-4, providing
above-mentioned advantages

[0137] FIG. 8 show part of another example 301, which
differs from the embodiment of FIGS. 7A, 7B in that addi-
tional flexible elements (in this case integral flexural beam
sections) 304/, 304f', 304/ have been included in the outer
shell (via respective apertures 340 in respective shell walls)
Also, relatively thick damping material pads 306 are pro-
vided along integral shell sections 341 (two in this exam-
ple). Each of the damping material pads 306 can e.g. be
fixed (bonded) to the outer shell 304, at least to those shell
sections 341. The damping material pads preferably extend
in directions of movement (e.g. in parallel with the plane
constructed by extension of axes Al and A2).

[0138] In particular, a number of integral flexural sections
304 of the shell can extend normally with respect to a first
plane that is defined by two orthogonal loading axes Al, A2
of the present example. Further integral flexural sections
304f can extend e.g. in parallel with a first loading axis
Al. For example, in each of two opposite side walls of the
outer shell, a plurality of the integral flexural beam sections
304/, 304f can define an H-shaped flexural structure (as in
FIG. 8). Also, for example, a number of integral flexural
sections 304/" can extend e.g. in parallel with a second load-
ing axis A2, towards a central section 3044 of the outer shell
304q.

[0139] It follows that the outer shell 304 can include mul-
tiple apertures 340 for establishing/defining integral flexural
elements 304/, 304f, 304/" c.g. to guide movements and
instantiate shear loading on the viscoelastic material for
vibration loads, preferably in three orthogonal directions
(i.e. along respective axes) Al, A2 and A3. In this example,
preferably, movement of a load or base in the depicted A3
direction (i.e. along the A3 axis) can lead to rotation around
the A2 axis (because of the integral flexible shell elements).
As in above examples, the outer shell 304 can include an
inner member 305 which can be bonded to the one or
more sections 341 of the outer shell 304 via the one or
more damping material layers 306. Thus, since additional
flexible shell elements 304/, 304/, 304" are applied, respec-
tive damping can be achieved in three orthogonal directions
(i.e. along respective axis) Al, A2, A3, a third orthogonal
direction being orthogonal with respect to the other bearing
directions Al, A2.

[0140] In an embodiment, the damping can e.g. result
from translation related and/or tilting related vibration or
movement of the outer shell with respect to the inner mem-
ber. Referring to FIG. 8, as an example, external force
applied to the system/device in a direction parallel with the
A3 axis can lead to a tilting of the outer shell and respective
internal inner member (the A2 axis e.g. being a tilting axis
or being in parallel with the tilting axis), thereby shearing
the intermediate damping material pads.

[0141] While the invention has been explained using
exemplary embodiments and drawings, these do not limit
the scope of the invention in any way, said scope being pro-
vided by the claims. It will be appreciated that many varia-
tions, alternatives and extensions are possible within said
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scope, as will be clear to the skilled person from the descrip-
tion and the drawings. A different number than six devices
may be used for mounting a load to a carrier. An assembly
comprising a device may be arranged in or on a vehicle
without a launcher or on a different structure, e.g. in or on
a building.

1. A device for mounting a load to a carrier and configured
to utilize constrained layer damping, the device comprising:

afirst support configured for fixation to the carrier;

a second support configured for fixation to the load,
wherein the first support and the second support are
spaced away from each other viewed along a main load
bearing axis of the device;

an outer shell extending along the main load bearing axis;

an inner member within the outer shell; and

a damping material connecting the inner member to at least
the outer shell,

wherein one of the outer shell and the inner member con-
nects the first support and the second support to each
other.

2. The device according to claim 1, wherein the damping

material connects to an inner surface of the outer shell .

3. The device according to claim 1, wherein the outer shell
and the inner member are arranged substantially in parallel .

4. The device according to claim 1, wherein the inner mem-
ber is spaced away from one of the first support and the second
support, wherein the inner member is fixed to the other of the
first support and the second support, wherein the outer shell
connects the first support and the second support to each other.

5. The device according to claim 1, wherein the damping
material is spaced away from one of the first support and the
second support .

6. The device according to claim 1, wherein at least one of
the inner member and the outer shell is provided with a surface
enhancing structure .

7. The device according to claim 1, wherein the inner mem-
ber and the outer shell are each provided with respective sur-
face enhancing structures, .

8. Thedevice according toclaim 1, wherein acompliance of
the outer shell is substantially different from a compliance of
the inner member, in particular under vibratory loads.

9. The device according to claim 1, wherein the outer shell
comprises a more compliant section and a less compliant sec-
tion that are adjacent to each other .

10. The device according to claim 9, wherein the damping
material is arranged at an end section of the inner member,
wherein the end section (5¢) of the inner member substantially
coincides with the less compliant section of the outer shell.

11. The device according to claim 1, wherein the outer shell
and the inner member are made of substantially a same mate-
rial .

12. The device according to claim 1, wherein the damping
material is a rubber material .

13. The device according to claim 1, including a layer of
damping material, wherein the layer of damping material
has at least one property taken from the group consisting of:

alayer thickness relative to an axial length of the outer shell
in the range 0of 0.1% to 10% ;

alayer thickness smaller than 5 mm ; and

measured in a plane transversal to the main load bearing
axis, a layer cross-sectional surface area relative to a
total device cross-sectional surface area in the range of
10% to 50%.
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14. The device according to claim 1, wherein the damping
material adheres to each of the outer shell and to the inner
member .

15. The device according to claim 1, wherein the device is
configured to provide at least a main loading axis and at least
an additional second loading axis that is orthogonal with
respect to the main loading axis .

16. An assembly comprising:

one or more devices according to claim 1; and

a carrier and/or a load,

wherein the respective first support and/or second support

ofthe device oreach deviceis fixed to the carrier and/or to
the load .

17. The assembly according to claim 16, wherein the num-
ber of devices of the one or more devices is at least three.

18. The assembly according to claim 17, wherein the
respective main load bearing axis of each of the at least three
devices is oriented differently compared to the other devices
of the at least three devices .

19. A vehicle comprising an assembly according to
claim 16, wherein the carrier is attached to the vehicle or
forms part thereof .

20. A method of mounting a load to a carrier, comprising:

providing a device according to claim 1;

fixing the load and one of the first support and the second

support of the device to each other; and

fixing the carrier and the other of the first support and the

second support of the device to each other.

21-25. (canceled)
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