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(54) VIBRATION REDUCING MOUNTING

(57) The invention provides a vibration reducing
mounting (80) comprising a wire (82) which follows a path
which comprises a mounting portion (MP) for fixing to a
component to be mounted in a first plane and first and
second limbs (L1, L2) extending outwardly from the
mounting portion (MP). Each limb (L1, L2) has a se-

quence of bends (B) and the end sections (L1END, L2END)
lie in a second plane parallel with the first plane and which
functions as a support plane. The end sections (L1END,
L2END) extend across opposite sides of the mounting por-
tion (MP). At least one of the bends of the bend sequenc-
es (B) has an angle of 150 degrees or less.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to a mounting device for
mounting a component which suffers from vibration, and
which aims to dampen those vibrations.

BACKGROUND OF THE INVENTION

[0002] Many household appliances and other devices
or machines use a suspension mounting between a vi-
bration source such as a motor or pump and the rest of
the device, to reduce vibration transmission, by isolating
the vibrations from the rest of the device or damping the
vibrations (i.e. dissipating their energy).
[0003] The aim is to avoid the vibrations being trans-
ferred to the outside of the device, e.g. the outer casing,
which is undesirable. There is also a desire to avoid wear
and noise through rattling. Certain noise components
may also be particularly disturbing to users of an appa-
ratus.
[0004] There are several known ways to reduce trans-
mission of vibrations from a vibration source to the device
housing. The most commonly used approach is a mass-
spring mechanism, providing vibration reduction and vi-
bration isolation (for example by making use of a 180
degree phase shift). Many different spring designs are
known that provide vibration reduction and isolation. A
wire coil spring is probably the most commonly used ver-
sion. The spring may be formed as a compression spring,
tension spring or torsion spring.
[0005] By way of example, a pump or motor may be
mounted vertically on top of a compression spring. A
pump or motor operated by the mains operates at 50 or
60 Hz and this is accordingly the main frequency at which
vibrations may arise. However, there are also many har-
monics, at multiples of the base 50 or 60Hz level.
[0006] For vibration isolation based on use of a coil
spring, a spring design is desired with a low spring con-
stant and low amount of damping. A low amount of damp-
ing is desirable because this corresponds to a low dissi-
pation of energy. A high damping, for example based on
a spring combined with a viscoelastic material, means
that part of the movement velocity of the component (e.g.
pump or motor) is partially translated into deformation in
the damping material as well as the deformation of the
spring. Since the deformation expends a certain amount
of energy, less energy is available for resonance. In many
applications, the vibration reduction method is used to
reduce the vibration amplitude at resonance.
[0007] For optimal vibration cancellation, energy dis-
sipation via damping should be prevented, instead for
optimal vibration cancellation, the vibration energy
should be equal but opposite in direction with the rebound
energy.
[0008] Standard compression, tension and torsion coil
springs, have several disadvantages relating to the dy-

namics and acoustics.
[0009] Figure 1 shows a compression coil spring in a
relaxed state (left image) and in a compressed state (right
two images). When vibrations are applied, the coils start
to move and can touch each other as shown in the right
two images in Figure 1. The coils at the ends can touch
(middle image) or the middle coils can touch (right im-
age). The coils may also rub or scrape along other device
parts generating additional noise. In the middle section
of the spring, this effect can be reduced by increasing
the pitch, but at the ends (the start and end windings),
this is often not possible. In addition, volume restrictions
do not always allow such an increase in pitch.
[0010] The low spring constant of a coil spring is
achieved by using multiple coils (so called "active coils"),
that provide a large wire length compared to the thickness
(L>>d). The low spring constant of the spring coupled to
the component (motor or pump) mass results in a low
system resonance frequency. Due to the relatively long
but thin wire, the fundamental Eigen frequency (the first
bending mode at the resonance frequency) of the spring
itself is low as well. The result is a narrow effective op-
erating range (frequency window) in which there is vibra-
tion reduction, free of resonances. This is illustrated in
Figure 2, showing a plot of vibration transmission T (y-
axis) as a function of angular speed ω (x-axis, rad/sec).
[0011] The value T is a measure of the amount of vi-
bration found at the base (which should not vibrate) com-
pared to the vibration of the vibration source. A value 0
indicates no difference between the base and the vibra-
tion source. A value >0 means amplification at the base
compared to the source (i.e. resonance). A value <0
means vibration isolation.
[0012] Peak 10 is a resonance peak (i.e. resonant fre-
quency) of the mass spring system at frequency fn_sys.
[0013] Crossing point 12 is at the frequency fn_sys *
√2. This is the frequency at which vibration isolation
starts.
[0014] Peak 14 is a resonance peak (i.e. resonant fre-
quency) of the spring itself at frequency fn_local.
[0015] Crossing point 16 is at the frequency fn_local /
√2. This is the frequency at which vibration isolation ends.
[0016] f_eff is the effective operating frequency win-
dow.
[0017] A coil spring consists of a long continuous curve
with large radius of curvature, which does not provide
additional rigidity for the wire against bending. The rela-
tively long wire length is also not beneficial regarding
optimal use of material and material cost. This length
also means that the wire contains many local resonance
modes, namely wire bending modes at specific frequen-
cies, leading to reduced vibration isolation performance
and other acoustic effects.
[0018] There is therefore a need for an improved de-
sign for a vibration reducing mounting.
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SUMMARY OF THE INVENTION

[0019] The invention is defined by the claims.
[0020] According to examples in accordance with an
aspect of the invention, there is provided a vibration re-
ducing mounting comprising a wire, which follows a path,
which comprises:

a mounting portion for supporting a component to be
mounted when in use, the mounting portion compris-
ing a path which is adapted to be in a first plane when
in use;
a first limb extending outwardly from one end of the
mounting portion, wherein the first limb comprises a
first sequence of bends between a first first limb sec-
tion and a last first limb section, and a first limb
mounting portion at the end of the last first limb sec-
tion; and
a second limb extending outwardly from an opposite
end of the mounting portion, wherein the second limb
comprises a second sequence of bends between a
first second limb section and a last second limb sec-
tion, and a second limb mounting portion at the end
of the last second limb section,
wherein the last first limb section and the last second
limb section lie in a second plane which is adapted,
when in use, to be parallel with the first plane and
which functions as a support plane, with the last first
limb section and the last second limb section extend-
ing at opposing sides of the mounting portion, and
at least one of the bends of the first sequence and/or
of the second sequence having an angle of 150 de-
grees or less.

[0021] This mounting makes use of a wire structure,
forming an inner mounting portion and an outer support
portion. This enables a structure with a low profile in that
the outer support portion is around the inner mounting
portion. The support plane of the outer support portion
is parallel to the first plane of the mounting portion. As
will be explained further down below, the bends enable
the wire to have a relatively short length (e.g. compared
to a multiple coil spring), and this means the local reso-
nance modes are shifted to higher frequencies which in-
creases the effective operating range for vibration isola-
tion. The bends increase the local bending stiffness but
maintain the overall spring constant of the mounting.
Preferably, each of the bends of the first and second se-
quences has an angle of 150 degrees or less.
[0022] The term parallel is intended to cover minor de-
viations from parallel. For example, the term parallel may
be taken to mean at an angle of 5 degrees or less.
[0023] The mounting may be formed as a single wire.
The wire may for example be made of spring steel, and
may have a diameter (or more generally a maximum lin-
ear dimension for example with a non-circular cross sec-
tion) in the range of 0.5mm to 4mm, for example 0.5mm
to 2mm, such as 1mm.

[0024] Note that there may be a bend between the
mounting portion and the first first limb section and be-
tween the mounting portion and the first second limb sec-
tion. These bends occur before the defined sequences
of bends and thus do not form part of said sequences.
Similarly, bends leading to the first and second limb
mounting portions occur after the defined sequences of
bends and thus do not form part of said sequences.
[0025] The sequences of bends are located in a section
of the mounting between the mounting portion and the
support plane.
[0026] The first and second planes may be offset from
each other.
[0027] The offset between the first and second planes
is caused by the sequences of bends, and it means bend-
ing stiffness is provided in more than one plane.
[0028] The mounting portion may comprise an open
loop, the ends of the open loop defining the one end and
the opposite end of the mounting portion.
[0029] The open loop may for example be clipped
around a channel of the component to be mounted. This
may be achieved by flexing open the open part of the
loop, fitting the loop around the channel, and allowing
the loop to close around the channel. This provides an
easy to fit structure, in the form of a spring clip.
[0030] The first limb mounting portion and the second
limb mounting portion may each comprise a hook. Each
hook for example comprises a wire portion after a 90
degree bend. The hooks can be fitted into receiving por-
tions of a support structure which is to support the com-
ponent to be mounted.
[0031] Each of the bends in the sequences of bends
may have a bend radius less than or equal to 10 times
the diameter (or more generally maximum dimension in
cross section) of the wire.
[0032] The bends are thus tight bends rather than grad-
ual curvature in the wire. These sharp bends increase
the bending stiffness.
[0033] The one end of the mounting portion is for ex-
ample at one side of the mounting portion, and the other
end of the mounting portion is at an opposite side of the
mounting portion, wherein the mounting portion is side-
side symmetrical. Thus, the limbs extend outwardly from
opposite sides of the mounting portion. The overall struc-
ture may be side-side symmetrical.
[0034] The last first limb section and the last second
limb section may be at an angle of less than 30 degrees
to each other. Thus, they form two parallel or near parallel
lines on opposite sides of the mounting portion, and
thereby form a balanced support structure.
[0035] The last first limb section and the last second
limb section may each have a length greater than the
maximum linear dimension of the mounting portion. The
support plane as defined by the last first limb section and
the last second limb section can thus extend over a large
area, extending beyond the projection of the mounting
portion. Such support plane may provide vibration reduc-
tion of off-axis vibrations as well as axial vibration (where-
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in the axis may be defined as perpendicular to the first
and second planes).
[0036] In a first example, the first and second sequenc-
es each comprise exactly two bends and wherein the first
first limb section and the first second limb section are
collinear and extend outwardly from opposite sides of the
mounting portion.
[0037] This is one example, with a minimum number
of bends to achieve an offset between the first and sec-
ond planes.
[0038] In a second example, the first and second se-
quences each comprise exactly four bends, wherein the
first first limb section and the last first limb section are at
an angle of between 0 and 30 degrees and wherein the
first second limb section and the last second limb section
are at an angle of between 0 and 30 degrees.
[0039] This is another example, in which the bends
form a generally U-shaped structure for each limb. The
first first limb section and the first second limb section
may for example be parallel and side by side and lie in
the first plane.
[0040] The invention also provides a system compris-
ing:

a vibration inducing component;
a support surface; and
a vibration reducing mounting as defined above,
wherein the vibration inducing component is mount-
ed to the mounting portion and the last first limb sec-
tion and the last second limb section are mounted
against the support surface.

[0041] The vibration inducing component is for exam-
ple mounted vertically, such that the first plane and the
second plane are horizontal. The vibration inducing com-
ponent may comprise a pump or motor.
[0042] The invention also provides a coffee machine
comprising:

a water reservoir;
a coffee receptacle;
a water heater; and
a system as defined above, wherein the vibration
inducing component comprises a pump for deliver-
ing water from the water reservoir to water heater
and/or the coffee receptacle.

[0043] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] Examples of the invention will now be described
in detail with reference to the accompanying drawings,
in which:

Figure 1 shows a compression coil spring in a relaxed

state (left image) and in a compressed state (right
two images);
Figure 2 shows a plot of vibration transmission T as
a function of angular speed ω (rad/sec);
Figure 3 shows how a required wire length (x-axis,
mm) depends on the wire diameter (y-axis, mm) to
achieve a given spring constant for different designs;
Figure 4 shows the first natural frequency (y-axis,
Hz) of a spring wire depending on the spring design.
The x-axis shows the required wire volume (m3);
Figure 5 shows a straight wire design and two bent
wire designs;
Figure 6 shows a plot of the first natural frequency
(y-axis, Hz, logarithmic scale) versus the bend angle
α for a fixed effective wire length and diameter;
Figure 7 shows the effect of plotting the data from
Figure 6, but with the ratio L_effective / L_wire at the
x-axis (dimensionless) instead of the bend angles;
Figure 8 shows a first example of a vibration reducing
mounting design based on vibration isolation;
Figure 9 is used to explain the structure of Figure 8
in more detail;
Figures 10 and 11 show possible dimensions for the
design of Figures 8 and 9;
Figures 12 and 13 show a second example of a vi-
bration reducing mounting design;
Figures 14A to 14C show the mounting of Figures 8
and 9 and the mounting of Figures 12 and 13 clipped
to a base part of a pump or a pump mounting bracket;
Figures 15A and 15B show a complete pump as-
sembly in which the base part has the mounting of
Figures 8 and 9 and the mounting of Figures 12 and
13;
Figures 16A and 16B show the pump assembly of
Figures 15A and 15B mounted in a coffee machine;
and
Figures 17A and 17B show a coffee machine in the
form of a full function espresso coffee machine.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0045] The invention will be described with reference
to the Figures.
[0046] It should be understood that the detailed de-
scription and specific examples, while indicating exem-
plary embodiments of the apparatus, systems and meth-
ods, are intended for purposes of illustration only and are
not intended to limit the scope of the invention. These
and other features, aspects, and advantages of the ap-
paratus, systems and methods of the present invention
will become better understood from the following descrip-
tion, appended claims, and accompanying drawings. It
should be understood that the Figures are merely sche-
matic and are not drawn to scale. It should also be un-
derstood that the same reference numerals are used
throughout the Figures to indicate the same or similar
parts.
[0047] The invention provides a vibration reducing
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mounting comprising a wire which follows a path which
comprises a mounting portion for fixing to a component
to be mounted in a first plane and first and second limbs
extending outwardly from the mounting portion. Each
limb has a sequence of bends and the end sections lie
in a second plane parallel with the first plane and which
functions as a support plane. The end sections extend
across opposite sides of the mounting portion. At least
one of the bends and preferably each bend of the bend
sequences has an angle of 150 degrees or less.
[0048] Before describing the various mounting de-
signs, investigations which were carried out and which
culminated in the designs of the invention, will first be
explained.
[0049] Figure 3 shows how the required wire length (x-
axis, mm) depends on the wire diameter (y-axis, mm) to
achieve a given spring constant (here: 10kN/m) for dif-
ferent designs (here: straight or coiled, coil number, coil
diameter). Plot 30 is for a straight wire. Plot 32 is for a
coil spring having a single coil and plot 34 is for a coil
spring having five coils. The different points in the re-
spective plots 32, 34 correspond to different coil diame-
ters. Plot 36 is for a coil spring and the different points
correspond to different numbers of coils.
[0050] Figure 3 thus generally shows that, for a given
fixed spring constant (in this case 10kN/m), a straight
wire requires (in most cases) much smaller wire length
than different variants of coil-shaped wire springs. Gen-
erally, the shorter the free (unsupported) wire length, the
higher the local or first natural bending mode frequency
fn_local. The shorter length would therefore be preferred
since the shorter unsupported wire length would normally
also result in a higher first natural bending frequency fn
local (cf. peak 14 in Figure 2).
[0051] However, wire length is not the only discrimi-
nating factor regarding the frequency fn_local, since wire
thickness also plays an important role.
[0052] Figure 4 shows the first natural frequency
fn_local (y-axis, Hz) of a spring wire depending on the
spring design. The x-axis shows the required wire volume
(m3).
[0053] Plot 40 is for a straight wire spring, simply sup-
ported at both ends, to achieve a spring constant of
1kN/m. The overlapping plots 42 are for different coil
spring designs and a straight wire design to achieve a
spring constant of 10kN/m. The area 44 is for the straight
wire design.
[0054] The overlapping plots 42 for k=10kN/m and the
region 44 show that a straight wire spring design indeed
enables the spring volume requirement to be lower than
for a coil spring design. The straight wire spring design
provides a higher local bending mode frequency fn_local
(cf. peak 14 in Figure 2).
[0055] However, a large part of the straight wire plot
overlaps with the volume requirements (and thus
fn_local) of a coil spring shape, meaning that there is a
limited benefit for a straight wire spring design to achieve
a given spring constant.

[0056] Plot 40 shows that the resonance frequencies
can be influenced by changing the spring constant
(k=10kN/m for all other plots) to a different value
(k=1kN/m).
[0057] In order to shift the first resonance frequency of
the spring itself, the invention makes use of sharp bends
along the length of the wire. This provides segmentation
of the wire into segments between the bends, and the
local bending frequency fn_local, can be increased dra-
matically.
[0058] Plot 46 shows the results for examples of wires
with 1 and 2 bends, simply supported at both ends.
[0059] Figure 5 shows these wire designs. The top im-
age shows a straight wire, the middle image shows a
wire with one bend in the middle with angle α and angle
β at the two simply supported ends, and the bottom image
shows a wire with two bends in the middle each with
angle α, and angle β at the two simply supported ends.
The two bend angles α do not have to be equal. The
bend angle β is with reference to the horizontal. The hor-
izontal distance between the two support points may be
considered to be an effective length L_eff.
[0060] Figure 6 shows a plot of the first natural frequen-
cy fn_local (y-axis, Hz, logarithmic scale) i.e. the peak
14 in Figure 2 versus the bend angle α (x-axis, degrees)
for a fixed effective wire length and diameter. Plot 60 is
for one bend and plot 62 is for two bends (wire diameter
1mm, length 10cm).
[0061] Figure 6 shows that the smaller the bend angle
α, the higher the first resonance frequency fn local be-
comes. The required bend angle α is dependent on the
number of bends, but roughly ≤150° for a number n of
bends n=1 and n=2 in these examples.
[0062] To simplify further, Figure 7 shows the effect of
plotting the data from Figure 6, but with the ratio
L_effective / L_wire (as the x-axis, dimensionless) in-
stead of the bend angles.
[0063] The point 70 is a reference with no bend. The
first resonance frequency fn_local increases as the ratio
is reduced. The lines now plot on top of each other, mean-
ing that the ratio L_effective / L wire determines the
amount of shift of the first natural frequency fn_local of
the spring wire itself. By way of example, to obtain 10%
shift of fn_local, the ratio L_effective / L_wire needs to
be reduced to approximately 90%.
[0064] To obtain a substantial benefit regarding the
acoustics and dynamics, a shift of ≥25% in the value of
fn_local would be preferred, meaning that the ratio
L_effective / L_wire should be reduced to around at most
85% of the value for a straight wire.
[0065] The increase in resonance frequency fn local is
valid for a vertical bending direction as shown in Figure
5. For multiple bends, the bends will be in multiple direc-
tions.
[0066] Figure 8 shows a first example of a design for
a vibration reducing mounting which has been developed
based on the findings explained above.
[0067] The vibration reducing mounting 80 comprises
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a wire 82, which follows a path which comprises a mount-
ing portion MP for fixing to a component to be mounted
in a first plane and first L1 and second L2 limbs extending
outwardly from the mounting portion. Each limb L1, L2
has a sequence of bends. In this example, there are four
bends in each limb (after the first bend leading out from
the mounting portion and before the final bend leading
to a hook at the end of the wire). The end sections L1END
and L2END lie in a second plane parallel with the first
plane and which functions as a support plane. The end
sections extend across opposite sides of the mounting
portion. Each of the bends of the bend sequences has
an angle of 150 degrees or less. In this example the bends
are all in the range 135 to 140 degrees.
[0068] Note that the planes of the mounting portion MP
and the end sections are intended to be parallel when
the mounting 80 is in a loaded condition, i.e. when the
mounting portion is supporting the vibrating component.
[0069] Before supporting the vibrating component, the
mounting portion may be non-parallel with the plane of
the end portions (which may be considered to be a sup-
port plane). For example, with reference to Figure 8, the
top right part of the loop forming the mounting portion
(i.e. opposite the opening in the loop) may be elevated.
Only when supporting the mass of the vibrating compo-
nent will the mounting portion bend down against the
spring bias of the wire to bring the plane of the mounting
portion parallel or near parallel with the support plane.
[0070] Thus, the planes are parallel in use, by which
is meant when the mounting 80 is in a loaded state. In
the unloaded state, there may be an angle of 10 to 40
degrees between the plane of the mounting portion and
the support plane.
[0071] The mounting 80 has no wire parts close to each
other, which prevents rattling or scratching noises. The
wire 82 generally has the mounting portion MP in one
plane and both ends in another plane (rather than one
end at the top and one end at the bottom as is the case
for a coil spring).
[0072] In the example shown, each limb L1, L2 defines
a 180 degree path from its exit direction from the mount-
ing portion MP to the end of the limb. In an alternative
embodiment (not shown) the path of each limb may de-
fine at most 270 degrees from the exit from the mounting
portion to the end of the limb (in which case the limbs
together form one circle around the mounting portion).
Thus, the limbs together define at most one circuit around
the mounting portion.
[0073] In Figure 8, the mounting portion MP comprises
a ring for supporting or attachment to the vibration source,
and its plane is at a different height compared to the sup-
port plane defined by the end sections L1END and L2END.
This requires that some bends (e.g. bends B1 and B2,
see Figure 9) are not in the same plane as the other
bends. An advantage of this is that it provides bending
stiffness in other planes, other than only in the horizontal
plane.
[0074] Corresponding pairs of limb sections for exam-

ple each lie in a respective plane, and the planes for the
pairs of limb sections are not then parallel with the support
plane and the plane of the mounting portion. Thus, third
and further planes may be considered to be defined by
the structure.
[0075] In the simpler alternative of a planar structure
(i.e. the first and second planes are the same plane) the
wire would be able to bend easily into the orthogonal
plane. This may or may not be desirable, depending on
the nature of the vibrations to be isolated. An offset be-
tween the two planes is in most cases preferred but it is
not essential.
[0076] Figure 9 is used to explain the structure in more
detail, in particular the limbs are referenced in more de-
tail. The first limb L1 comprises a first sequence of bends
B1 to B4 between a first first limb section L1SFIRST and
a last first limb section L1SLAST (corresponding to L1END
in Fig 8), and a first limb mounting portion L1H at the end
of the last first limb section L1SLAST.
[0077] Note the reference LxSy denotes limb number
x (1 or 2) and section number y (first through to last) for
that limb. The notation "nth mth limb section" denotes the
nth section of the mth limb.
[0078] The second limb L2 comprises a second se-
quence of bends between a first second limb section
L2SFIRST and a last second limb section L2SLAST (cor-
responding to L2END in Figure 8), and a second limb
mounting portion L2H at the end of the last second limb
section L2SLAST.
[0079] Because there are four bends, there are five
sections in total, i.e. three more (L1S2, L1S3, L1S4 for
the first limb and L2S2, L2S3, L2S4 for the second limb)
between the first and last sections.
[0080] The last limb sections L1SLAST and L2SLAST ex-
tend across opposite sides of the mounting portion MP.
Thus they form a cradle structure on both sides of the
mounting portion MP. At least one bend and preferably
each bend is sufficiently tight (with an angle of 150 de-
grees or less, preferably 140 degrees or less) to influence
the rigidity of the structure.
[0081] The offset between the first and second plane
is for example in the range 10% to 50% of the maximum
linear dimension of the mounting.
[0082] As shown in Figures 8 and 9, the mounting por-
tion MP comprises an open loop, wherein the ends of the
open loop define one end and an opposite end of the
mounting portion. The limbs L1, L2 may be pulled apart
to open the loop further so that it may pass around the
vibration source to be held by the mounting portion. Al-
ternatively, the vibration source may simply sit on top of
the mounting portion under the weight of gravity.
[0083] The first limb mounting portion L1H and the sec-
ond limb mounting portion L2H each comprise a hook.
The hook may extend in different directions. In Figure 8
and 9, the hooks extend perpendicularly to the first and
second planes. In an alternative embodiment (see Fig-
ures 12 and 13) the hooks may extend parallel to the first
and second planes. The hooks may be used to couple
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to openings or formations in the housing of the device in
which the mounting is to be used. The hooks may be
biased into those openings, respectively formations. For
example, for the embodiment of Figure 9 and 8, the end
sections L1SLAST (L1END) and L2SLAST (L2END) maybe
pulled together for insertion into the openings or forma-
tions. The hooks may function as assembly and align-
ment features.
[0084] At least one of the bends B1 to B4 and prefer-
ably each bend in the sequences of bends is a sharp
bend and thus preferably has a bend radius less than or
equal to 10 times the diameter of the wire.
[0085] The ends of the mounting portion MP are at op-
posite sides of a side-side symmetrical shape as shown.
In the example of Figure 8 and 9, the first first limb section
L1SFIRST and the last first limb section L1SLAST are near
parallel, hence at an angle of between 0 and 30 degrees
and the first second limb section L2SFIRST and the last
second limb section L2SLAST are also near parallel,
hence at an angle of between 0 and 30 degrees. The
limbs thus form a U-shape in plan view. The first first limb
section L1SFIRST and the first second limb section
L2SFIRST may be parallel and side by side, as illustrated.
The first first limb section L1SFIRST and the first second
limb section L2SFIRST may lie in the first plane, as illus-
trated. The last first limb section L1SLAST and the last
second limb section L2SLAST may be parallel or near par-
allel, hence at an angle of less than 30 degrees to each
other. They may thus form a pair of supporting rails on
opposite sides of the mounting portion MP.
[0086] As illustrated in Figure 8 and 9, the last first limb
section L1SLAST and the last second limb section
L2SLAST may each have a length greater than the max-
imum linear dimension of the mounting portion MP (i.e.
the diameter of the loop). One end of each last limb sec-
tion may be in front of the mounting portion and the other
end may be behind the mounting portion. Thus, the last
limb sections can provide a stable base for supporting
the mounting portion on a support surface. They may
provide support for vibrations which are perpendicular to
the first and second planes or offset from that perpendic-
ular direction.
[0087] By way of example, Figure 10 and 11 show pos-
sible dimensions.
[0088] As shown, the mounting portion MP comprises
a loop of diameter 20mm (e.g. in the range 10mm to
40mm). The wire has a diameter 1mm (e.g. in the range
0.5mm to 4mm). The first first limb section L1SFIRST and
the first second limb section L2SFIRST are spaced by
7mm (generally between 25% and 50% of the maximum
dimension of the mounting portion).
[0089] The last first limb section L1SLAST and the last
second limb section L2SLAST are at an angle of 11.6 de-
grees in this example and the maximum overall width is
57.54mm (e.g. in the range 30mm to 100mm).
[0090] The offset between the two planes in this ex-
ample is 10mm (e.g. in the range 25% to 100% of the
maximum dimension of the mounting portion, not refer-

enced in the figures).
[0091] Figures 8 to 11 show an embodiment with four
bends per limb. Figures 12 and 13 show an embodiment
120 in which the first and second sequences each com-
prise exactly two bends. Figure 12 is a perspective view
and Figure 13 is a plan view. In this embodiment, the first
first limb section L1SFIRST and the first second limb sec-
tion L2SFIRST are collinear and extend outwardly (in op-
posite directions) from opposite sides of the mounting
portion MP. The limbs in this design form an L-shape in
plan view. Each limb thus has three sections; a first, sec-
ond and last.
[0092] Figure 14A shows the mounting 120 of Figures
12 and 13 clipped to a base part 140 of a pump. The
pump is one example of a possible vibration inducing
component.
[0093] Figure 14B shows the mounting 80 of Figures
8 and 9 mounted on a pump support bracket 142 but
supported loosely rather than being clipped to the base
part of the pump. In Figure 14B, the upward tilt of the
mounting portion can be seen, because the mounting is
not yet supporting the weight of the pump. When fully
installed, the mounting portion is bent down to lie in a
plane parallel with the support plane, i.e. parallel with the
last limb sections.
[0094] As shown in Figure 14C, the base part 140 of
the pump may sit beneath the mounting 80, and the
mounting 80 is attached to the pump by clamping be-
tween the base part 140 of the pump and the main pump
body.
[0095] Figure 15A shows a complete pump assembly
150 in which the base part 140 has the mounting 120 of
the type shown in Figures 12 and 13.
[0096] Figure 15B shows a complete pump assembly
150 in which the mounting 80 of the type shown in Figures
8 and 9 is clamped between the base part 140 of the
pump and the main pump body.
[0097] Of course, any attachment approach for con-
necting to the pump may be used with any particular
mounting embodiment.
[0098] Figure 16A shows the pump assembly 150 of
Figure 15A mounted in a coffee machine, and Figure 16B
shows the pump assembly 150 of Figure 15B mounted
in a coffee machine. The internal parts of the coffee ma-
chine define a support surface 160 on which the last sec-
tions L1SLAST and L2SLAST rest. The mounting 80, 120
is held to the support structure (of which the surface 160
is part) by the hooks L1H, L2H.
[0099] The support surface 160 provides support for
downward movement of the mounting. All that is needed
for the hooks L1H, L2H is that they are fitted in a way
that resists upward movement. They may for example
simply be inserted beneath a downward facing support
surface or maneuvered into a retaining spigot as shown
in Figures 14B and 14C.
[0100] The coffee machine itself comprises a water
reservoir, a coffee receptacle, a water heater and the
pump for delivering water from the water reservoir to the

11 12 



EP 3 617 545 A1

8

5

10

15

20

25

30

35

40

45

50

55

water heater and/or to the coffee receptacle. The use of
the mounting does not require any change to other fea-
tures of the coffee machine, and hence a detailed dis-
cussion of known design features of coffee machines will
not be presented.
[0101] For completeness, Figures 17A and 17B show
a coffee machine 170. Figure 17A shows a perspective
view and Figure 17B shows a view from in front. This
example is a bean-to-cup machine, comprising a main
body 172, housing a water reservoir, a water heater and
a reservoir for receiving coffee beans. There is an internal
grinding mechanism for creating coffee grind, a brewing
chamber or brew group for receiving the coffee grind,
and a pumping system for pumping heated water through
the coffee grind. The machine further comprises a drip
tray 176, an output tube 174 located over the drip tray
176 and a user interface 178 for receiving user selections.
In other examples (not shown) the coffee machine 170
could be a capsule or pod machine, wherein the brewing
chamber or brew group is designed to receive a (dispos-
able) capsule or pod, filled with ground coffee.
[0102] The invention is not limited to coffee machines.
It may be used in any domestic appliance with a pump
or motor, such as an iron, steamer, vacuum cleaner, air
cleaner, air humidifier, air dehumidifier, hair dryer, shav-
er, medical equipment etc.
[0103] The examples above show a mounting formed
from a wire. The wire may have a circular cross section,
but other profiles are possible, such as a solid square or
rectangular cross section, or a hollow profile such a
closed pipe or even an open hollow shape such as a U-
shaped profile. The cross-sectional shape may also vary
along the length of the wire. Changing the profile locally
may be used to tune the bending rigidity in different di-
rections and change the mass distribution along the wire,
meaning that the effective operating window can be in-
creased (with the aim of increasing fn_local). The wire
may also be formed of multiple profiles which function
together as one, such as stacked, wound, or interlocking
components.
[0104] The examples above show three and five limb
sections, but there may be many more, defining a more
progressively curved shape. Increasing the number of
limb sections distributes the load on each limb, allowing
shorter limb wire lengths and thus a larger operating win-
dow (again with the aim of increasing fn_local). There is
however the constraint that there are bends rather than
a smooth curve, in particular discrete bends of 150 de-
grees or less.
[0105] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. The mere fact that cer-
tain measures are recited in mutually different dependent
claims does not indicate that a combination of these

measures cannot be used to advantage. Any reference
signs in the claims should not be construed as limiting
the scope.

Claims

1. A vibration reducing mounting comprising a wire
which follows a path which comprises:

a mounting portion (MP) for supporting a com-
ponent to be mounted when in use, the mounting
portion comprising a path which is adapted to
be in a first plane when in use;
a first limb (L1) extending outwardly from one
end of the mounting portion, wherein the first
limb comprises a first sequence of bends (B)
between a first first limb section (L1SFIRST) and
a last first limb section (L1SLAST), and a first limb
mounting portion (L1H) at the end of the last first
limb section (L1SLAST); and
a second limb (L2) extending outwardly from an
opposite end of the mounting portion (MP),
wherein the second limb comprises a second
sequence of bends (B) between a first second
limb section (L2SFIRST) and a last second limb
section (L2SLAST), and a second limb mounting
portion (L2H) at the end of the last second limb
section (L2SLAST),
wherein the last first limb section (L1SLAST) and
the last second limb section (L2SLAST) lie in a
second plane which is adapted, when in use, to
be parallel with the first plane and which func-
tions as a support plane, with the last first limb
section (L1SLAST) and the last second limb sec-
tion (L2SLAST) at opposing sides of the mounting
portion (MP), and at least one of the bends of
the first sequence and/or of the second se-
quence having an angle of 150 degrees or less.

2. A mounting as claimed in claim 1, wherein the first
and second planes are offset from each other.

3. A mounting as claimed in claim 1 or 2, wherein the
mounting portion (MP) comprises an open loop, the
ends of the open loop defining the one end and the
opposite end of the mounting portion.

4. A mounting as claimed in any one of claims 1 to 3,
wherein the first limb mounting portion (L1H) and the
second limb mounting portion (L2H) each comprise
a hook.

5. A mounting as claimed in any one of claims 1 to 4,
wherein at least one of the bends in the sequences
of bends has a bend radius less than or equal to 10
times the diameter of the wire.
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6. A mounting as claimed in any one of claims 1 to 5,
wherein the one end of the mounting portion is at
one side of the mounting portion, and the other end
of the mounting portion is at an opposite side of the
mounting portion, wherein the mounting portion is
side-side symmetrical.

7. A mounting as claimed in any one of claims 1 to 6,
wherein the last first limb section (L1SLAST) and the
last second limb section (L2SLAST) are at an angle
of less than 30 degrees to each other.

8. A mounting as claimed in any one of claims 1 to 7,
wherein the last first limb section and the last second
limb section each have a length greater than the
maximum linear dimension of the mounting portion.

9. A mounting as claimed in any one of claims 1 to 8,
wherein the first and second sequences of bends
each comprise exactly two bends and wherein the
first first limb section and the first second limb section
are collinear and extend outwardly from opposite
sides of the mounting portion.

10. A mounting as claimed in any one of claims 1 to 8,
wherein the first and second sequences of bends
each comprise exactly four bends, wherein the first
first limb section (L1SFIRST) and the last first limb
section (L1SLAST) are at an angle of between 0 and
30 degrees and wherein the first second limb section
(L2SFIRST) and the last second limb section
(L2SLAST) are at an angle of between 0 and 30 de-
grees.

11. A mounting as claimed in claim 10, wherein the first
first limb section and the first second limb section
are parallel and side by side and lie in the first plane.

12. A system comprising:

a vibration inducing component;
a support surface; and
a vibration reducing mounting as claimed in any
one of claims 1 to 11, wherein the vibration in-
ducing component is mounted to the mounting
portion and the last first limb section and the last
second limb section are mounted against the
support surface.

13. A system as claimed in claim 12, wherein the vibra-
tion inducing component is mounted vertically, such
that the first plane and the second plane are hori-
zontal.

14. A system as claimed in claim 12 or 13, wherein the
vibration inducing component comprises a pump or
motor.

15. A coffee machine comprising:

a water reservoir;
a coffee receptacle;
a water heater; and
a system as claimed in claim 12 or 13, wherein
the vibration inducing component comprises a
pump for delivering water from the water reser-
voir to the water heater and/or coffee receptacle.
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