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(57) Abstract: The invention comprises a linear actuator (1) of the tubular type
comprising an inner tube (5) that is partially contained in an outer tube (2) and
arranged for displacement relative to each other along the longitudinal axes of the
tubes (2, 5), where one of the tubes (2) is connected to a spindle (8) and the other
tube (5) is connected to a threaded bushing (7) such that the mutual displacement
is achieved by a rotational interaction between the spindle (8) and the threaded
bushing (7), wherein the actuator (1) comprises a driving unit, the driving unit
being a motor (19) or a combination of a motor (19) and a gear (20), wherein the
driving unit is surrounded by and connected to one of the tubes (2) for driving
the rotational interaction, wherein one of the tubes (2) has a first flange (25), and
wherein the driving unit has a second flange (23) for connection with the first
flange (25). According to the invention, a resilient polymer part (27) is provided
between the first (25) and the second flange (23) for achieving a resilient suspen-
sion of the driving unit in one of the tubes (2) for damping primarily the high
frequency part of the noise during driving of the actuator (1).The invention com-
prises as well a corresponding method for damping the noise in an actuator.
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Noise damped linear actuator

FIELD OF THE INVENTION
The present invention relates to a noise damped linear actuator and a method for noise

damping of a linear actuator.
BACKGROUND OF THE INVENTION

Linear actuators are used for a variety of applications, for example for moving parts of
beds in hospitals, for moving parts in wheel chairs, for adjusting furniture and vehicle

seats, for opening and closing of windows, and many others.

In certain cases, there is a strong desire to reduce the noise of the driving actuator to a
minimum. In some instances, this may be achieved by making the material of the ac-
tuator heavier, which reduces the risk for annoying resonances. However, this results

in a bulkier actuator, which in many cases is unwanted.

Another approach is disclosed in International patent application WO 2004/100632,
where the driving unit is incorporated in a foamed material. This has been found as a
solution because the individual sources of noise, being partly due to vibrations, partly
due to transmission, and partly due to noise in the suspension of the adjustable ele-
ments, are difficult, if not impossible, to locate. However, the enclosing of the driving

unit in a foam shell leads to a larger actuator, which in many cases is unwanted.

Especially for slim actuators with actuator spindles, preferred for their slim design,
low weight, negligible level of vibrations and the versatility of applications in narrow
spaces, noise has been recognised as being indeed a problem. Especially the high fre-
quencies of the noise are experienced as unpleasant, even though the sound intensity
may not be at a level which is generally disliked. The latter is due to the fact that slim
actuators used in the above mentioned fields typically employ a high speed motors, for

example in connection with gears having a high gearing ratio between the motor and

CONFIRMATION COPY
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the rotating spindle, because a high force is desired despite a small motor with rather

low force.

DESCRIPTION / SUMMARY OF THE INVENTION

It is therefore the object of the invention to provide a linear actuator with a damping of

the noise, especially at high frequencies.

This object is achieved with a linear actuator of the tubular type comprising an inner
tube that is partially contained in an outer tube and arranged for displacement relative
to each other along the longitudinal axes of the tubes, where one of the tubes is con-
nected to a spindle and the other tube is connected to a threaded bushing such that the

mutual displacement is achieved by a rotational interaction between the spindle and

the threaded bushing, wherein the actuator comprises a motor or a combination of a

motor and a gear as a driving unit, which is surrounded by and connected to one of the
tubes for driving the rotational interaction, wherein one of the tubes has a first flange,
and wherein the driving unit has a second flange for connection with the first flange.
According to the invention, a resilient polymer part is provided between the first and
the second flanges for achieving a resilient suspension of the driving unit in one of the
tubes for damping primarily the high frequency part of the noise during driving of the

actuator

It has been surprising that a resilient polymer part between the driving unit and one of
the tubes does not only reduce the noise in general, but especially reduces the noise in
the high frequency part of the noise spectrum. The result is that users experience the
noise from the actuator as much less unpleasant than the noise of similar actuators
without the resilient part. Especially in connection with use in the healthcare sector,
such as for beds in hospitals or in connection with wheel chairs, and also in connection
with furnitures used in private homes, the change of the noise profile is greatly appre-

ciated.

Though the use of a silicone rubber plate between a driving unit and a flange in a lin-

ear actuator is disclosed in US patent application No. 2004 / 0 255 705 by Sullivan in
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order to damp vibrations, the use of a resilient polymer part, for example a rubber
plate, to damp noise in actuators of the above mentioned type was in no way obvious,
because these types of actuators are known to a have very low degree of vibrations and
the use of a resilient polymer part, for example a rubber plate, was not expected to
have any substantial influence. Therefore instead, the first attempts included an encap-
sulation of the tubes in a material that made the material heavier in order to reduce the
high frequency vibrations. However, this resulted in very bulky arrangements that
were not appreciated by the customers and were regarded as a step back, as the slim
construction of the double tube type of actuator is attractive in regions with only small
space. Neither the encapsulation in foamed material according to WO 2004/100632

has been proved advantageous when it comes to space saving.

Remarkable however, as experiments have shown, was a 6 dB reduction of noise in
such actuators, which was easily achieved when a rubber plate was used and. intro-

duced to such a type of linear actuator.

As the above arguments indicate, the invention is especially useful for actuators with
high speed driving units, for example, wherein the driving unit is of the type with a
rotation frequency of at least 10 Hz. However, the beneficial effect increases at higher

frequencies, such as 45 Hz or higher, for example 100 Hz or higher.

A linear actuator according to the invention may have the spindle driven by the motor
directly or through a gear that is connected to the driving unit. Alternatively, the bush-
ing may be driven. A gear, for example a planetary gear, may be used for reducing the
rotation frequency between the driving unit axle and the spindle or between the driving

unit and the threaded bushing.

In a practical embodiment, the first flange extends transversely across the inner vol-
ume of this tube. For example, the driving unit is contained inside the outer tube, and
the outer tube is fastened to a sleeve with the first flange, the first flange extending
transversely across the inner volume of the outer tube and being fastened to second

flange of the driving unit with a resilient polymer part between the driving unit and the
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flange. Thus, the driving unit is held in place as a floating arrangement only suspended

through the resilient polymer part.

For example, the rotational axis of the motor may be parallel with the rotational axis of
the spindle. The driving unit may comprise a motor and a gear in an end-to-end con-
figuration, the axis of the motor being parallel with the axis of the gear, and the second
flange being provided at one end of this conﬁgufatioh. The first flange may have a
plate with a central bore through which a connection from the driving unit to the spin-
dle extends. In addition, the first flange may have glued or vulcanised thereon a resil-
ient polymer plate, which is connected to the driving unit. Thus, the resilient polymer

plate is placed flat between the second flange and the first flange.

~ Advantageously, the resilient polymer part is made of a polymer that is resistant to oil
and resistant to temperatures of up to at least 100°C and rather up to 140°C. This is
necessary, as this type of actuator may experience a substantial temperature elevation

during use. A material that exhibits these properties is natural rubber.

For linear actuators of the tubular type comprising an inner tube that is partially con-
tained in an outer tube and arranged for displacement relative to each other along the
longitudinal axes of the tubes, where one of the tubes is connected to a spindle and the
other tube is connected to a threaded bushing such that the mutual displacement is
achieved by a rotational interaction between the spindle and the threaded bushing,
wherein a driving unit, the driving unit being a motor or a combination of a motor and
a gear, wherein the driving unit is surrounded by and connected to one of the tubes for
driving the rotational interaction, wherein one of the tubes comprises a first flange, and
the driving unit has a second flange for connection to the first flange, the high fre-
quency part of the noise may be damped by providing a resilient polymer part and

connecting first flange to the second flange with the resilient polymer part in between.

The noise damping may further include providing the first flange transversely across
the inner volume of the one of the tubes and providing the resilient polymer part as a

plate with a first side and a second, opposite side, the first side having dimensions
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roughly corresponding to the dimensions of the first flange, orienting the plate with its

first side facing the first flange and the second side facing the second flange.

By suspending the driving unit only on the flange, a kind of floating suspension is ob-

tained.
SHORT DESCRIPTION OF THE DRAWINGS

The invention will be explained in more detail with reference to the drawing, where
FIG. 1 is atechnical drawing of an actuator according to the invention,

FIG. 2 is a detailed sketch of the flange and the driving unit suspension.
DETAILED DESCRIPTION / PREFERRED EMBODIMENT

FIG. 1 is a technical drawing of a linear actuator 1 according to the invention. It com-
prises a cylindrical outer tube 2 with circular cross section. The outer tube has a first
outer tube part 3 and a second outer tube part 4. The actuator 1 also comprises an inner
tube 5 that is contained partially in the outer tube 2 for displacement relatively to the
outer tube 2 in a direction along the longitudinal axis of the inner tube 5. The inner
cylindrical tube 5 is supported on its outer periphery inside a front sleeve 6 and on a

bushing 7 in sliding contact with the inner surface of the second outer tube part 4.

The bushing 7 is internally threaded corresponding to the outer threading of a spindle
8 for rotational interaction between the spindle 8 and the bushing 7 such that a rotation
of the spindle 8 leads to a displacement of the bushing 7 with respect to the spindle 8.
The spindle is rotationally supported in sleeve 9 through roller bearings 10. A rotation
of the spindle, thus, results in a displacement of the inner tube 5 relatively to the outer

tube 2, to which the sleeve 9 is screw-fastened through threading 11.

One end 12 of the first outer tube part 3 is connected to an end flange 13 with a bore
14 through the end flange for fastening of one 15 end of the actuator to a device. Cor-

respondingly, the opposite end 16 of the actuator is provided with another bore 17 in a
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second end flange 18 connected to the inner tube 5. A displacement of the inner tube 5

relatively to the outer tube 2 leads to a contraction or elongation of the actuator 1.

In order to drive the spindle 8,.a motor 1‘9 is provided inside the first outer tube part 3.
The motor is connected to a gear 20 for in combination to form a driving unit, into
which the axle 21 of the motor extends. The gear 20, such as a planetary gear, in turn
is connected to the spindle via a connection 22. The gear 20 reduces the speed from
the high speed motor in order to provide higher force for driving the spindle. This
way, a rather small motor 19 can be used to reduce the dimensions of the actuator 1

while still providing a high force of the actuator 1.

The gear 20 has a front flange 23 into which screws 24 are fastened. Sleeve 9 has a
flange 25, shown in greater detail in FIG. 2 with the sleeve 9 on the left side and the
flange 25 on the right side. The flange 25 has a central bore 26 through which the con-

“nection 22 extends. The flange 25 has glued or vulcanised on it a rubber plate 27 on

which there is glued or vulcanised a steel plate 28. Thus, the sleeve 9 with the flange

25 and the rubber plate 27 and the steel plate 28 form one unit. Screws 24 can be

“placed through holes 29 in the flange, where the holes 29 in the flange 25 and corre-

sponding holes in the rubber plate 27 allow the head 30 of the screws 24 to go
through. However, the holes in the steel plate 28 allow only the threaded part of the
screws 24 to go through but not the head 30 of the screws 24. A screwing of the
screws 24 into the front flange 23 of the gear 20 results in a tight connection between
the steel plate 28 and the front flange 23 such that the sleeve 9 is effectively connected
to the gear 20. This way, the unit with the gear 20 and the motor 19 are only sus-
pended by the sleeve 9. The rubber plate 27 between this unit 19, 20 and the sleeve 9

results in an efficient noise damping, especially at the high frequencies.

Further shown in FIG. 1 is an arrangement of steel plates 31 as a resilient end stop for
the bushing 7 at the minimum elongation of the actuator 1. On the other hand, a like-
wise arrangement of steel plates 32 is used as a second end stop for maximum elonga-
tion for the actuator 1. The resilient end stops are used for preventing the actuator 1 to

get stuck at the end stops.
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CLAIMS

1. A linear actuator (1) of the tubular type comprising an inner tube (5) that is par-
tially contained in an outer tube (2) and arranged for displacement relative to each
other along the longitudinal axes of the tubes (2, 5), where one of the tubes (2) is con-
nected to a spindle (8) and the other tube (5) is connected to a threaded bushing (7)
such that the mutual displacement is achieved by a rotational interaction between the
spindle (8) and the threaded bushing (7), wherein the actuator (1) comprises a driving
unit, the driving unit being a motor (19) or a combination of a motor (19) and a gear
(20), wherein the driving unit is surrounded by and connected to one of the tubes (2)
for driving the rotational interaction, wherein one of the tubes (2) has a first flange
(25), and wherein the driving unit has a second flange (23) for connection with the
first flange (25), characterised in that a resilient polymer part (27) is provided be-
tween the first (25) and the second flange (23) for achieving a resilient suspension of
the driving unit in one of the tubes (2) for damping« primarily the high frequency part

of the noise during driving of the actuator (1).

2. A linear actuator according to claim 1, wherein the driving unit is of the type with

a rotation frequency of at least 45 Hz.

3. A linear actuator according to any preceding claim, wherein the first flange (25)

extends transversely across the inner volume of this one of the tubes (2).

4. A linear actuator according to any preceding claim, the rotational axis of the mo-

tor (19) is parallel with the rotational axis of the spindle (8).

5. A linear actuator according to any preceding claim, wherein the driving unit com-
prises a motor (19) and a gear (20) in an end-to-end configuration, the axis of the mo-
tor (19) being parallel with the axis of the gear (20), wherein the second flange (23) is

provided at an end of this configuration.

6. A linear actuator according any preceding claim, wherein the first flange (25) has

a plate with a central bore (14) through which a connection (22) from the driving unit
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to the spindle (8) extends, wherein the first flange (25) has glued or vulcanised thereon
a resilient polymer plate (27) and is connected to the driving unit with the resilient

polymer plate (27) between the second flange (23) and the first flange (25).

7. A linear actuator according to any preceding claim, wherein the resilient polymer
part (27) is made of a polymer that is resistant to oil and resistant to temperatures of up

to at least 140°C.

8. A linear actuator according to any preceding claim, wherein the resilient polymer

part (27) is made of natural rubber.

9. A method for damping primarily the high frequency part of the noise of a linear
actuator of the tubular type comprising an inner tube (5) that is partially contained in
an outer tube (2) and arranged for displacement relative to each other along the longi-
tudinal axes of the tubes (2, 5), where one of the tubes (2) is connected to a spindle (8)
and the other tube (5) is connected to a threaded bushing (7) such that the mutual dis-
placement is achieved by a rotational interaction between the spindle (8) and the
threaded bushing (7), wherein the actuator (1) comprises a motor (19) or a combina-
tion of a motor (19) and a gear (20) as a driving unit, which is surrounded by and con-
nected to one of the tubes (2) for driving the rotational interaction, wherein this one of
the tubes (2) comprises a first flange (25), and the driving unit has a second flange
(23) for connection to the first flange (25), wherein the method comprises providing a
resilient polymer part (27) and connecting the first flange (25) with the second flange
(23) with the resilient polymer part (27) in between for achieving a resilient suspen-

sion of the driving unit in one of the tubes (2).

10. The method according to claim 9, further comprising providing the first flange
(25) transversely across the inner volume of the one of the tubes (2) and providing the
resilient polymer part (27) as a plate with a first side and a second, opposite side, the
first side having dimensions roughly corresponding to the dimensions of the first
flange (25), and orienting the plate with its first side facing the first flange (25) and the -
second side facing the second flange (23).
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