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Description

Linear driving device, connector and exhaust gas recirculation

control wvalve

Technical field

The present invention relates to a linear drive device, a
connector for a linear drive device and an exhaust gas re-

circulation control valve with a linear drive device.

Background Art

In industries such as the automotive industry, a valve device able
to be precisely controlled is generally required, for example,
an exhaust gas recirculation control valve for use in an engine
exhaust gas recirculation system. In such a valve device, a linear
drive device able to be precisely controlled is required, and it
is desirable that this valve device can be as light as possible

and miniaturized.

A connector for a rotational movement part and a linear movement
part generally has a complex structure and high machining costs,
and can hardly avoid the influence of shaking or swinging on a

sensor.
Contents of the invention

The technical problem to be solved by the present invention is
that of proposing a linear drive device, in which a connector for
connecting a rotational movement part and a linear movement part
allows easy assembling, the capability of guiding, and avoids the
influence of a substantial rotation on a sensor signal.

The present invention proposes a linear drive device, comprising:

a motor;
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a speed-reducing transmission stage comprising a pinion gear
fixedly connected to an output shaft of the motor and a

transmission gear meshing with the pinion gear;

a linear transmission stage for transforming a rotational
movement of the transmission gear into a linear movement of a
output connecting rod, said output connecting rod being received

in a sleeve member so as to merely move linearly;

wherein a spiral trench is provided on the transmission gear, a
follower capable of moving in the trench is received in said

trench, the follower is connected to said output connecting rod
via a connector, and said connector is designed as a right-angle

member.

In a preferred embodiment, said follower comprises a bearing and

a pin shaft inserted into an inner ring of said bearing.

In a preferred embodiment, a first hole for connecting the pin
shaft of the follower is provided in a vertical face of said

connector.

In a preferred embodiment, a second hole for connecting a
connecting rod journal of the output connecting rod is provided

in a horizontal face of said connector.

In a preferred embodiment, a third hole for connecting a sensor
pointer of a position sensor is further provided in the vertical

face of said connector.

In a preferred embodiment, centre axes of the first hole, the
second hole and the third hole are all located in a centre plane

of the connector.

In a preferred embodiment, an arcuate wing portion is provided

in the vertical face of said connector.
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In a preferred embodiment, two inwardly concave reinforcement
ribs are provided at the right-angle corner where the vertical

face and the horizontal face of the connector meet each other.

In a preferred embodiment, said reinforcement ribs are formed by
stamping, and/or said reinforcement ribs intersect the vertical

face at an angle of 30 degrees to 60 degrees.

The present invention further relates to a connector which is
designed as a right-angle member, characterized in that a first
hole is provided in a vertical face of said connector, a second
hole is provided in a horizontal face of said connector, a third
hole is further provided in the vertical face of said connector,
centre axes of the first hole, the second hole and the third hole
are all located in a centre plane of the connector, and an arcuate

wing portion is provided in the vertical face of said connector.

The present invention furthermore relates to an exhaust gas
recirculation control valve for use in an exhaust gas recir-
culation circuit of an engine, the exhaust gas recirculation
control valve comprising a linear drive device according to the

present invention.

Description of the accompanying drawings

Figure 1 shows a perspective view of a preferred embodiment of
a linear drive device according to the present

invention.

Figure 2 shows another perspective view of the preferred
embodiment of the linear drive device according to the
present invention, without showing an external

housing.
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shows a sectional view of the preferred embodiment of
the linear drive device according to the present
invention.

shows a front view of a transmission gear according
to the present invention as well as a follower

received 1n a trench thereof.

shows a front view of an output assembly comprising

an output connecting rod and the follower.

shows a side view of the output assembly comprising

the output connecting rod and the follower.

shows a sectional view of the output assembly

comprising the output connecting rod and the fol-

lower.

shows a perspective view of a connector.

shows a front view of the connector.

shows a side view of the connector.

shows a top view of the connector.

shows a rear view of the connector.

shows a front view of a sector gear.

shows a perspective view of a volute spring together

with an axle.

shows a front view of the volute spring together with

the axle.

Specific embodiments
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The linear drive device, the connector and the corresponding
exhaust gas recirculation control valve according to embodiments
of the present invention will be described with reference to the
drawings. In the following description, many specific details are
set forth in order to enable a person skilled in the art to more
completely understand the present invention. However, it will be
apparent to a person skilled in the field that the present
invention may be achieved without some of these specific details.
Furthermore, it should be understood that the present invention
is not limited to the particular embodiments described herein.
Instead, it is envisaged herein that any combination of the
following features and elements can be used to implement the
present invention, regardless of whether or not they are involved
in different embodiments. Therefore, the following aspects,
features, embodiments and advantages are merely illustrative and
should not be regarded as elements or definitions of the claims,

unless explicitly stated in the claims.

Taking a linear drive device of an exhaust gas recirculation
control valve for use in the engine exhaust gas recirculation as
an example, the linear drive device according to the present
invention will be explained below, but the present invention is
not limited thereto. The linear drive device according to the
present invention can be used with any equipment requiring small

precise linear control, such as a variety of valves and actuators.

A preferred embodiment of a linear drive device according to the
present invention is shown in figures 1-3. In the embodiment, the
linear drive device 1 comprises a motor 2, a first transmission
stage (speed-reducing transmission stage) and a second
transmission stage (linear transmission stage). The linear drive
device causes a linear movement of an output connecting rod 7 by
means of the driving of the motor 2. In order to prevent dust or
other foreign substances from entering and thus damaging the
drive device, a housing 11 and a corresponding sealing system are

provided.
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The first transmission stage, namely the speed-reducing

transmission stage comprises a pinion gear 5 fixedly connected
to an output shaft of the motor and a transmission gear 6 meshing
with the pinion gear 5. When the motor 2 operates, the pinion gear
5 is driven to rotate, so that the transmission gear 6 meshing

with the pinion gear 5 is rotated.

The second transmission stage is a linear transmission stage for
transforming the rotational movement of the transmission gear 6
into the linear movement of the output connecting rod 7. The
second transmission stage comprises a spiral trench 8 formed on
the transmission gear 6, a follower 9 received in the trench 8
and the output connecting rod 7 fixedly connected to the follower
9.

The spiral trench 8 is for example of an involute shape. The centre
of the spiral trench 8 coincides with the centre of the
transmission gear 6. Since the arc length by which the spiral
trench 8 rotates in one stroke of the linear transmission stage
may be very large, the pressure angle between the trench 8 and
the linear transmission stage is reduced. In the case that the
transmitted force required has a given component in the direction
of the linear movement, the reduction in the pressure angle
results in an increase in the cosine value thereof, and thus an
reduction in the transmission force between the trench 8 and the
linear transmission stage. Therefore, the spiral trench 8 extends
through an angle of 90 degrees to 320 degrees, preferably 90
degrees to 300 degrees, and more preferably 180 degrees to 300
degrees, in a circumferential direction of the transmission gear
6.

The follower 9 may comprise a roller or a rolling bearing or a
sliding bearing. Preferably, the follower 9 comprises a ball
bearing as shown in figure 4. By using the ball bearing, the
friction loss is reduced and the efficiency is improved. In the

embodiment shown in figure 5, the follower 9 comprises a ball
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bearing 91 and a pin shaft 92, wherein the ball bearing 91 bears
in the trench 8 of the transmission gear 6 and is able to roll
along the trench, and one end of the pin shaft 92 is connected
to an inner ring of the ball bearing 91 and the other end is

supported in a connector 17.

Figures 5-7 show an output assembly comprising the follower 9 and
the output connecting rod 7, wherein the output connecting rod
is connected to the pin shaft 92 of the follower 9 via the

connector 17.

The connector 17 for connecting the follower 9 with the output
connecting rod 7 will be explained below by means of figures 8-12.
The connector 17 is designed as a right-angle member, and is
provided in a vertical face thereof with a first hole 18 for
connecting the follower 9. In particular, the pin shaft 92 of the
follower 9 is received in said first hole 18. A second hole 19
for connecting a connecting rod journal 71 of the output
connecting rod 7 is provided in a horizontal face. Furthermore,
a third hole 20 for receiving a sensor pointer 22 of a position
sensor 1s further provided in the vertical face. The sensor
pointer 22 is used for transferring information on the position
of the connector to the sensor. The centre axes of the first hole
18, the second hole 19 and the third hole 20 are all located in
a centre plane A of the connector 17 (see figures 9 and 11). The
centre plane bisects the connector 17 in a vertical direction.
In other words, the connector 17 is generally in mirror symmetry

to the centre plane.

During assembling, the pin shaft 91 of the follower 9 is
pre—-installed in the first hole 18 in a tight fit, and then the
two are welded in order to ensure the connection strength; a
riveting method and the like can also be used to achieve the
connection. This is also the case of the connection of the output
connecting rod 7 and the connector 17, wherein firstly the
connecting rod journal 71 is pre-installed in the second hole 19

in a tight fit, and then welding is carried out in order to ensure
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the connection strength; a riveting method and the like can also
be used to achieve the connection. The sensor pointer 22 is in
snap fit with the connector, and a hot riveting method and the

like can also be used.

Finally, an arcuate wing portion 21 is provided in the vertical
face. The arcuate wing portion 21 protrudes towards one side of
the transmission gear 6, and is close to the transmission gear
6 as much as possible but not in contact therewith, so as to

prevent the generation of scraping which would otherwise damage
the gear. When the connector 17 swings, one side of the arcuate
wing portion 21 comes into contact with the transmission gear 6,
thereby preventing a substantial swinging of the connector which

would otherwise influence the sensor signal.

Two inwardly concave reinforcement ribs 23 are provided at a

corner where the vertical face and the horizontal face of the
connector 17 meet each other. Said reinforcement ribs 23 increase
the bending strength of the part as a whole. The reinforcement
ribs are formed by stamping, and intersect the two right-angle
faces at an angle of 30 degrees to 60 degrees, particularly 45

degrees.

This connector is small in volume, is easy to machine and achieves
a variety of functions: connecting and transmitting moment of
force, connecting the sensor pointer and preventing a substantial

rotation.

The output connecting rod 7 is provided in a sleeve member 10,
and thus it can only linearly move up and down (see figure 3).
When the transmission gear 6 rotates, the follower 9 is displaced
along the trench 8, and due to the spiral shape of the trench 8,
the follower 9 is moved up and down, so that the output connecting

rod 7 is driven to move up and down.
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In one embodiment, as shown in figure 6, the transmission gear
6 1s a sector gear. Since an unused portion is eliminated, the

material is saved and the assembly is facilitated.

In one embodiment, a form-fitting structure exists between the
transmission gear 6 and the housing 11 for enclosing the linear
drive device. In the illustrated embodiment, a pin 12 is fixed
to the transmission gear 6 (see figure 4), and the pin, when mating
with a feature on the housing 11, can be used as a mechanical stop
to prevent the follower 9 from falling out of the trench 8 of the

transmission gear 6.

Preferably, the dimensions of the sectoral face of the sector gear
are exactly adapted to the length of the spiral trench 8. That

is to say, the entire sectoral face is used for the transmission.

In order to enable the output connecting rod 7 to return back to
the initial position even if the motor 2 malfunctions or is

de—-energized, the linear transmission device preferably further
comprises a restoring system for restoring without electricity
as shown in figures 7 and 8. It is well known that when the motor
is energized, the driving thereof in two opposite directions can
achieve the driving and the restoring. However, when the motor
is de-energized (for example, due to a failure or for other

reasons), it is desirable that the transmission device can also
restore to the initial position, so that there is a need for such

a restoring system.

The restoring system comprises an axle 13 for bearing the
transmission gear 6 and a spring. The spring may be a torsion
spring (such as a spiral torsion spring or a torsion bar spring).
In addition, the spring may also be the volute spring 14 fixed
to the axle 13 as shown in the figure. The axle 13 is mounted at
two end portions thereof to the housing 11 via bearings. The axle
13 and the transmission gear 6 are connected in a relatively
non-rotatable manner. One end of the volute spring 14 is fixed

to the housing 11 of the device, and the other end is directly
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or indirectly fixed to the axle 13. After the assembling is
completed, in the initial position of the transmission device,
the volute spring 14 is in a pre-stressed state and applies a
torque to the axle 13, so that the linear transmission stage
trends to move upwards. Since the spring in the initial position
is already in a pre-stressed state, when the valve is opened to
the largest degree, the pre-stressing force of the spring is
higher. By means of using the volute spring 14, the restoring
force is increased and the fixing is facilitated, with a saving

in space.

The fixing of the volute spring 14 to the axle 13 may be carried
out by using a spring bushing 15. The spring bushing 15 is fixed
to the axle 13 in such a way that it surrounds the axle 13 and
is provided with a groove 16, and an end portion of the volute
spring 14 is received in the groove 16. With this approach, the
fixing of the spring is more convenient, and the force is

transferred to the axle 13 better.

The axle 13 may also be integrally formed with the spring bushing
15, such that the spring is directly connected to the axle 13.
Of course, 1t is also contemplated that the groove 16 for

receiving the end portion of the volute spring 14 is directly

provided in the axle 13 to realize the function of connection.

Of course, other methods for fixing the spring are also con-

templated, for example, by fixing one end of the spring to the
housing and the other end to the transmission gear. In addition,
as to the volute spring, the rotation may be along either an inner

ring or an outer ring.

In one embodiment, the axle 13 at least partially has a

non-circular cross section, for example a D-shaped cross section
as shown in figures 7 and 8, or may be of other shapes such as
square and the like. As a result of the design, the relatively

non-rotatable connection of the axle 13 and the transmission gear



10

15

20

25

30

35

WO 2015/036333 11 PCT/EP2014/068975

6 can be easily achieved by means of providing a form-fitting

through-hole in the transmission gear 6.

The linear drive device 1 may comprise a sensor (not shown) for
detecting a position of the connecting rod, and said sensor may
be an inductive sensor, a Hall sensor, a magnetoresistive sensor
or a contact sensor. These sensors can be arranged in different
positions, and can detect different types of movements depending

on the different types of sensors.

The linear drive device 1 can be used in a valve device, in
particular an exhaust gas recirculation control valve in an
engine exhaust gas recirculation system. The engine exhaust gas
recirculation system is well known. In such an exhaust gas
recirculation system, the exhaust gas recirculation control
valve is used in an exhaust gas recirculation pipe to control the

amount of the recirculated exhaust gas.

For applications in the exhaust gas recirculation valve or other
valve devices, the output connecting rod 7 of the linear drive
device is connected to a valve head 3, and drives the valve head
3 to move when the output connecting rod 7 moves, so as to change
the distance of the valve head from a valve seat (not shown),
thereby realizing an adjustment of the valve. The motor 2 of the
linear drive device 1 of the exhaust gas recirculation control
valve is controlled to drive the valve head 3 to move up and down
by means of the output connecting rod 7 of the linear drive device,
so that the wvalve is closed or opened. When the exhaust gas
recirculation control wvalve is de-energized, due to the
pre-stressing of the spring, a spring force is applied to the axle
13 and causes the axle 13 to rotate, thereby driving the rotation
of the transmission gear 6, and the trench 8 on the transmission
gear 6 drives the follower 9, thereby driving the connecting rod

7 to move upward until the wvalve is closed.
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In addition, the current position of the output connecting rod
7 is detected by the sensor and is transmitted to a control device

so as to control the exhaust gas recirculation control wvalve.

While the present invention has been disclosed above by means of
the relatively preferred embodiments, the present invention is
not limited thereto. A variety of changes and modifications made
by a person skilled in the art, without departing from the spirit
and scope of the present invention, should be included in the
scope of protection of the present invention, and thus the scope

of protection of the present invention is defined by the claims.
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List of reference signs

linear drive device
motor

valve head

pinion gear
transmission gear

output connecting rod

0w 1 O U Ww N

trench

9 follower

10 sleeve member
11 housing

12 pin

13 axle

14 volute spring

15 spring bushing

16 groove

17 connector
18 first hole
19 second hole

20 third hole

21 wing portion

22 sensor pointer
23 reinforcement rib
71 connection journal

91 ball bearing
92 pin shaft

A centre plane
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14

Patent claims

1.

A linear drive device (1), comprising:

a motor (2);

a speed-reducing transmission stage comprising a pinion
gear (5) fixedly connected to an output shaft of the motor
and a transmission gear (6) meshing with the pinion gear (5);
and

a linear transmission stage for transforming a rota-
tional movement of the transmission gear (6) into a linear
movement of a output connecting rod (7), said output
connecting rod being received in a sleeve member (10) so as
to merely move linearly;

characterized in that,

a spiral trench (8) is provided on the transmission gear
(6), a follower (9) capable of moving in the trench (8) is
received in said trench (8), the follower (9) is connected
to said output connecting rod (7) via a connector (17), and

said connector (17) is designed as a right-angle member.

The linear drive device as claimed in claim 1, characterized
in that said follower (9) comprises a bearing (91) and a pin

shaft (92) inserted into an inner ring of said bearing (91).

The linear drive device as claimed in claim 2, characterized
in that a first hole (18) for connecting the pin shaft (92)
of the follower (9) is provided in a vertical face of said

connector (17).

The linear drive device as claimed in claim 3, characterized
in that a second hole (19) for connecting a connecting rod
journal (71) of the output connecting rod (7) is provided

in a horizontal face of said connector (17).

The linear drive device as claimed in claim 4, characterized

in that a third hole (20) for connecting a sensor pointer
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10.

11.

15

(22) of aposition sensor is further provided in the vertical

face of said connector (17).

The linear drive device as claimed in claim 5, characterized
in that centre axes of the first hole (18), the second hole
(19) and the third hole (20) are all located in a centre plane
(A) of the connector (17).

The linear drive device as claimed in claim 1, characterized
in that an arcuate wing portion (21) is provided in the

vertical face of said connector (17).

The linear drive device as claimed in claim 1, characterized
in that two inwardly concave reinforcement ribs (23) are
provided at the right-angle corner where the vertical face
and the horizontal face of the connector (17) meet each

other.

The linear drive device as claimed in claim 8, characterized
in that said reinforcement ribs (23) are formed by stamping,
and/or said reinforcement ribs (23) intersect the vertical

face at an angle of 30 degrees to 60 degrees.

A connector, the connector (17) being designed as a

right-angle member, characterized in that a first hole (18)
is provided in a vertical face of said connector (17), a
second hole (19) is provided in a horizontal face of said
connector (17), a third hole (20) is further provided in the
vertical face of said connector (17), the centre axes of the
first hole (18), the second hole (19) and the third hole (20)
are all located in a centre plane of the connector (17), and
an arcuate wing portion (21) is provided in the vertical face

of said connector (17).

An exhaust gas recirculation control wvalve for use in an
exhaust gas recirculation circuit of an engine, charac-

terized in that said exhaust gas recirculation control valve
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comprises a linear drive device (1) as claimed in any one

of claims 1-9.
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Fig. 3
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Fig. 6
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Fig. 13
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