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(54) Valve unit

(57) A valve unit, in particular an EGR valve unit,
comprises a converting mechanism for converting the
rotary movement of a drive shaft (28) in a linear move-
ment for actuating a slideable actuating shaft (20) at-
tached a valve closing member (18). The converting
mechanism comprises a driving member (32), an actu-
ating member (34) and a supporting member (36). The
actuating member (34) is connected to the driving mem-
ber (32) by a first, revolute joint (B) and the actuating
member (34) is connected to the supporting member
(36) by a second, revolute joint (C). The driving member
(34) is coupled to the drive shaft (28) by a third joint (A)
and the supporting member (36) is pivotally mounted
onto the valve body (12) by a fourth joint (D). The actu-
ating member (34) comprises a fifth joint (E) by means
of which an axial actuating force is transmitted to the
actuating shaft (20). The the positions of the joints (A;
B; C; D; E) are selected in such a way that, for the op-
erating angle range of the drive shaft (28), the fifth joint
(E) remains substantially aligned with the actuating
shaft (20).
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Description

FIELD OF THE INVENTION

[0001] The present invention generally relates to a
valve unit, in particular for use as an EGR valve in an
internal combustion engine.

BACKGROUND OF THE INVENTION

[0002] Exhaust gas recirculation valves typically com-
prise a valve body with an internal passage and a clos-
ing member arranged therein. An actuating shaft has
one end attached to the closing member for moving the
closing member between a closed position and an open
position. The actuating shaft is generally slideably
mounted in a guide bushing in the valve body and an
actuator is coupled to the actuating shaft to actuate the
latter.
[0003] In some applications, the exhaust gas pres-
sure is relatively high and an actuator capable of exert-
ing large actuating forces is required. Although relatively
low powered (compared to a pneumatic operated mem-
brane), an electric motor is more and more preferred for
valve actuation nowadays. In such cases, actuation is
carried out by means of an electric motor having a drive
shaft that is coupled to the actuating shaft by means of
a converting mechanism that transforms the rotary
movement of the drive shaft into a linear movement. A
known converting mechanism comprises, on the one
hand, a cam profile that is mounted to the drive shaft
and, on the other hand, a roller fixed to the actuating
shaft. Rotation of the drive shaft forces the roller to fol-
low the cam profile, which is designed so that its rotation
causes an axial displacement of the actuating shaft. In
any angular position of the cam, there is a force created
at the contact point between the cam profile and the pe-
riphery of the roller. The direction of this force is essen-
tially perpendicular to the cam profile. Ideally, the direc-
tion of this force should be as close as possible to the
axial direction of the actuating shaft over the whole op-
erating angle range of the drive shaft. In other words,
the cam profile should always be in contact with the top-
most point of the roller. Unfortunately, this is impossible
in practice, since there is, in most cam profile positions,
a transversal (i.e. perpendicular to the actuating shaft
axis) component of the force. This force acts on the ac-
tuating shaft and creates transversal reaction forces at
the top and bottom of the valve guide bushing, which i.
a. risk causing sticking of the actuating shaft in the bush-
ing.
[0004] This makes the choice of the shaft and bushing
materials, as well as their surface hardness and rough-
ness, critical. A particular problem is the rise of the fric-
tion coefficient between these parts over time, due to
wear and coking.
[0005] Another critical point is the contact pressure
between cam profile and roller: this is a line contact that

causes Hertz contact problems. This results in surface
pressures of pretty high values at opening (where the
force is maximum). For production purposes, the cam
life of such valves is currently considered to be sufficient
for the present requirements. However, this may not be
the case if higher forces are required.

OBJECT OF THE INVENTION

[0006] The object of the present invention is to provide
such a valve unit with an improved converting mecha-
nism. This problem is solved by a valve unit as claimed
in claim 1.

SUMMARY OF THE INVENTION

[0007] According to the present invention, a valve unit
comprises a valve body and a closing member. A slide-
able actuating shaft has one end attached to the closing
member for moving the closing member between a
closed position and an open position. The valve unit fur-
ther comprises a rotatable drive shaft and a converting
mechanism for converting the rotary movement of the
drive shaft in a linear movement for actuating the actu-
ating shaft.
[0008] According to an important aspect of the inven-
tion, the converting mechanism comprises an actuating
member pivotally connected to a driving member by a
first, revolute joint and to a supporting member by a sec-
ond, revolute joint. The driving member is further con-
nected to the drive shaft by a third joint and the support-
ing member is further pivotally mounted to the valve
body by a fourth joint. The actuating member comprises
a fifth joint by means of which an axial actuating force
is transmitted to the actuating shaft. It will be appreciat-
ed that the positions of the joints are selected in such a
way that, for the operating angle range of the drive shaft,
the fifth joint remains substantially aligned with the ac-
tuating shaft.
[0009] As the fifth joint remains aligned with the actu-
ating shaft, essentially axial forces are transmitted to the
actuating shaft, thereby avoiding problems due to the
presence of transversal components of the actuating
force. In fact, in the present valve unit, the supporting
member, which has a grounded pivot connection, ab-
sorbs most of the transversal components of the actu-
ating force. It will be understood that the fifth joint, due
to rotation of the drive shaft and design of the links, fol-
lows a certain trajectory, which is normally circular. This
means that the fifth joint will undergo both axial and
transversal (with regard to the actuating shaft axis) dis-
placements. However, by adequately designing the con-
verting mechanism, transversal displacements can be
minimized, so that the fifth joint will remain essentially
aligned with the actuating shaft.
[0010] The present converting mechanism, which es-
sentially transmits an axial actuating force, thus proves
advantageous in that problems of wear and friction at
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the guide bushing that is typically used to slideably sup-
port the actuating shaft, are considerably reduced. This
also means an increased lifetime and efficiency of the
mechanism, and more particularly results in higher
transmitted actuating force. The valve unit according to
the present invention is thus particularly adapted for use
e.g. as Exhaust Gas Recirculation valve, since exhaust
gas pressures may be relatively high. However, it can
be used in a variety of other applications.
[0011] Different designs can be used for the fifth joint.
It may e.g. comprise a bearing on the actuating shaft
that cooperates with a fork on the actuating member. In
such an embodiment, the materials at the joint should
preferably have a high surface pressure resistance.
[0012] However, in a preferred embodiment, the fifth
joint comprises a cylindrical bore in the actuating mem-
ber and a coupling pin in the bore. The coupling pin has
two opposite end portions that each engage with a re-
spective guide slot associated with the actuating shaft,
the guide slots extending substantially transversally to
the actuating shaft. This pin/slot connection thus pro-
vides a coupling that is capable of driving the drive shaft
in both axial directions. Preferably, the coupling pin has
a cylindrical central part with a diameter matching that
of the bore and the end portions of the coupling pin bear
on their respective guide slot with a flat portion. The
guide slots are preferably arranged in a coupling ele-
ment fixedly attached to the end of the shaft opposite
the closing element. The flat parts of the coupling pin
permit surface contacts between the actuating pin and
the actuating shaft, which avoids Hertz contact prob-
lems.
[0013] In an alternative embodiment, the coupling pin
may engage, via elastic elements, in a pair of frames
associated with the actuating shaft. Such frames may
be fixed to the end of the actuating shaft on both sides
of the actuating member and featured with elastic ma-
terial (e.g. rubber) in such a way as to give low stiffness
in transverse direction and high stiffness in axial direc-
tion. This permits to transmit an axial force from the cou-
pling pin to the actuating shaft via the frame due to the
resistance of the elastic element in axial direction, while
transversal components of the actuating force are ab-
sorbed due to the low transversal stiffness.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention will now be described,
by way of example, with reference to the accompanying
drawings, in which:

FIG.1: is a schematic section-view in perspective
through a preferred embodiment of a valve unit in
accordance with the invention;

FIG.2: is another section-view through the preferred
embodiment of the valve unit;

FIG.3: is a symbolic representation of the convert-
ing mechanism;

FIG.4: is a diagram illustrating the operation of the
converting mechanism;

FIG.5: is a perspective view of the converting mech-
anism;

FIG.6: is a detailed perspective view of joint E; and

FIG.7: is a perspective view of the coupling pin of
joint E; and

FIG.8: is a front view of another alternative for the
construction of joint E.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

[0015] Figs.1 and 2 illustrate a preferred embodiment
of a valve unit 10 according to the present invention. It
comprises a valve body 12 with an internal passage 13
having an inlet 14 and an outlet 16. The internal passage
13 can be closed by means of a disk-shaped closing
member 18 that is fixedly attached at one end of an ac-
tuating shaft 20. The actuating shaft 20 is slideable in a
bushing 22 mounted in a wall of the internal passage
13. Actuation of the actuating shaft 20 allows moving
the closing member 18 between a closed position, pref-
erably on a seat 24 in the internal passage, and an open
position off the valve seat 24. In Fig.1, moving the actu-
ating shaft 20 downwards permits to lift the closing
member 18 off the valve seat 24, thereby opening the
internal passage 13. The closing member 18 preferably
has a peripheral sealing surface that, in the closed po-
sition, rests on an annular sealing surface on the valve
seat 24.
[0016] Actuation of the valve shaft 20 is carried out by
means of a converting mechanism that converts the ro-
tational movement of a rotatable drive shaft 28 into a
linear movement. The drive shaft 28 preferably is a shaft
mounted to the rotor of an electric motor 30.
[0017] It will be appreciated that the converting mech-
anism comprises a driving member 32, an actuating
member 34 and a supporting member 36. The driving
member 32 has one end connected at joint A to the drive
shaft 28 so as to drive it in rotation and is further con-
nected to the actuating member 34 by a revolute joint
B. The actuating member 34 is also connected to the
supporting member 36 by a revolute joint C. The sup-
porting member 36 is pivotally mounted onto the valve
body by a fixed revolute joint D, forming a grounded piv-
ot connection.
[0018] It will further be appreciated that the actuating
member comprises a fu r-ther joint E, which permits to
transmit an axial actuating force to the actuating shaft
20. The positions of the joints A, B, C, D and E are se-
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lected in such a way that, for the operating angle range
of the drive shaft 28, joint E remains substantially
aligned with the actuating shaft axis 38. This also means
that joint E remains substantially aligned with the actu-
ating shaft over the desired opening stroke of the actu-
ating shaft.
[0019] The principle of the converting mechanism is
schematically represented in Figs.3 and 4. Referring
first to Fig.3, the actuating member 34, driving member
32 and supporting member 36 with joints A through D
form a four link mechanism. In the present mechanism,
the actuating force employed to actuate the valve shaft
20 is taken up from this four bar mechanism about a
given point P (Fig.3), by means of joint E.
[0020] Turning now to Fig.4, the trajectories of the dif-
ferent members of the mechanism are represented. As
can be seen, in operation, joint E (or point P) follows a
circular trajectory as the driving member 32 is rotated
by the drive shaft 28 at joint A. The angular rotation of
the drive shaft 28 at joint A determines the vertical dis-
placement of point P, this vertical displacement being
used to transmit an axial actuating force to the actuating
shaft 20 by joint E. In other words, the angular displace-
ment of the drive shaft 28 determines the stroke of the
actuating shaft 20.
[0021] As represented in Fig.4, joint E follows a circu-
lar trajectory as the drive shaft 28 is actuated to move
the closing member 18, and joint E will undergo both
axial and transversal (horizontal) displacements. It is
however to be noted that, according to the present de-
sign of the converting mechanism, the radius of curva-
ture of the trajectory of joint E is large enough, so that
the transversal displacement of joint E is small. Hence,
joint E can be considered to remain essentially aligned
with the axis of the actuati ng shaft. As a result, the
present converting mechanism transmits an essentially
axial force to the actuating shaft 20.
[0022] The converting mechanism in Fig.4 is shown
in the configuration corresponding to the closed valve
(closing member resting on valve seat). Clockwise ac-
tuation of the drive shaft 28 (at joint A) causes a down-
ward displacement of joint E, which follows a circular
path indicated 40 in Fig.4. At joint E (coinciding with
point P of Fig.3), a downward axial actuating force is
transmitted to the actuating shaft, so that the closing
member 18 is lifted off the valve seat, thereby opening
the valve passage. Further clockwise rotation of the
drive shaft 28 causes the closing member 18 to move
further away from its seat 24. To close the valve, the
drive shaft 28 is rotated in the counter-clockwise direc-
tion so as to create an upward actuating force at joint E,
until the closing member 18 is back onto the valve seat
24. Hence, the actuating shaft 20 has an operating
stroke between the closed position and the maximal
open position, that is determined by the operating angle
range of the drive shaft 28. By choosing adequate
lengths and positions of the links, the connection point
E with the actuating shaft makes a vertical movement

of the right amount at a given drive shaft angle. In the
present embodiment for example, the mechanism is de-
signed in such a way that an angular displacement α of
70° of the drive shaft 28 results in an operating stroke
of L=8 mm of the actuating shaft, while joint E follows a
circular trajectory with a curvature radius of R=38 mm.
As indicated on Fig.4, rotating the drive shaft 28 over
the operating angle range of 70° causes a small trans-
versal displacement of point E of about d=0.22 mm.
[0023] As a result, with the present converting mech-
anism essentially axial actuating forces are transmitted.
This reduces problems of wear and friction at the guide
bushing 22, and results in an increased lifetime and ef-
ficiency of the mechanism, and more particularly in a
higher transmitted actuating force.
[0024] The structure of joint E is shown in more detail
in Figs. 5, 6 and 7. Reference sign 42 indicates a cou-
pling element associated with the actuating shaft 20.
This coupling element 42 is preferably a vertically ar-
ranged U-shaped metal piece. The spacing between the
parallel side portions 46 is sufficient for inserting therein
the actuating shaft, which is fixedly attached (e.g. by
welding) to the coupling element 42, as well as the bot-
tom left corner (corresponding to the symbolic point P
of Fig.3) of the actuating member 34. The side portions
46 are each provided with a transversal guide slot 48.
The transversal guide slots 48 are arranged at the same
height, and advantageously define flat bearing surfaces.
The bottom left corner (in Figs. 5 and 6) of the actuating
member 34 has a cylindrical bore 50, in which a coupling
pin 52 is arranged. The coupling pin 52 in fact has a
central cylindrical portion 53 with a diameter matching
that of bore 50, and has two opposite end portions 54
and 54' that each engage with a respective guide slot
48 on the coupling element 42. As can be seen in Figs.
6 and 7, the end portions 54 and 54' of the coupling pin
52 have a rectangular cross-section, so that they bear
with flat sides on the guide slots 48 and can slide ther-
eon. This structure of joint E allows some horizontal dis-
placement to the coupling pin 52, which is due to the
circular trajectory of the coupling pin.
[0025] Furthermore, the actuating force is transmitted
from the actuating member 34 to the actuating shaft by
the coupling element. Since the coupling element is ro-
tatable in the actuating member and the guide slots 48
are transversal to the actuating shaft 20, the axial actu-
ating force is always transmitted by surface contact (be-
tween flat part of pin 52 and guide slots 48) whether the
drive shaft is rotated clockwise or counter-clockwise.
Hence there is no line contact, so that Hertz contact
problems can be avoided.
[0026] As can be seen in Fig.1, the different links of
the converting mechanism may have predetermined
shapes, to facilitate their inter-connection. Driving mem-
ber 32 preferably is a simple bar with one bore at its both
ends. At joint A, driving member 32 has a bore of a di-
ameter matching that of the drive shaft 32, to which it is
fixedly connected, e.g. by welding or brazing. Actuating
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member 34 has a triangular shape, each corner of the
actuating member 34 being involved in a connection,
namely B, C and E. Revolute joints B and C are simply
formed by a pivot coupling the driving member 32 with
the actuating member 34, respectively the actuating
member 34 with the supporting member 36. The sup-
porting member 36 is formed as a fork-like member, both
arms of the fork being joined at joint D, and extending
on both sides of the actuating member to reach joint C.
[0027] Turning finally to Fig.8, another construction
for joint E is shown. The coupling element 42 of Fig.6 is
replaced in Fig.8 by a pair of coupling frames 42' (only
one shown) attached to the actuating shaft 20, on both
sides of the actuating member 34. The coupling pin 50'
may simply be of cylindrical shape and engaged in the
bore (at point P) in the actuating member 34. Reference
sign 56 indicates two rubber elements of high stiffness
that link each end of the coupling pin 52' to the frame
42'. The rubber elements 56 may be attached to the
frame 42' and coupling pin 52' by conventional vulcani-
sation. The rubber elements 56 extend from the upper
part, respectively lower part, of the frame 42' to the cou-
pling pin 52', in such a way that the remainder of the
frame-inside is free of rubber. This structure provides,
due to the rubber stiffness, a relatively important resist-
ance to movements of the actuating pin 52' in axial di-
rections (in order to transmit the actuating force), but
however allows the coupling pin to move transversally
(thereby absorbing the transversal components of the
actuating force).

Claims

1. A valve unit comprising:

a valve body (12);

a closing member (18);

a slideable actuating shaft (20) having one end
attached to said closing member (18) for mov-
ing said closing member (18) between a closed
position and an open position;

a rotatable drive shaft (28); and

a converting mechanism for converting the ro-
tary movement of said drive shaft (28) in a linear
movement for actuating said actuating shaft
(20);

characterised in that
said converting mechanism comprises a driving
member (32), an actuating member (34) and a sup-
porting member (36), wherein
said actuating member (34) is connected to said
driving member (32) by a first, revolute joint (B),

said actuating member (34) is connected to said
supporting member (36) by a second, revolute joint
(C),
said driving member (32) is coupled to said drive
shaft (28) by a third joint (A), and
said supporting member (36) is pivotally mounted
onto said valve body (12) by a fourth joint (D);
in that said actuating member (34) comprises a fifth
joint (E) by means of which an axial actuating force
is transmitted to said actuating shaft (20); and
in that the positions of said joints (A; B; C; D; E) are
selected in such a way that, for the operating angle
range of said drive shaft (28), said fifth joint (E) re-
mains substantially aligned with said actuating shaft
(20).

2. The valve unit according to claim 1, characterised
in that said fifth joint (E) comprises a cylindrical
bore (50) in said actuating member (34), a coupling
pin (52) in said bore (50), said coupling pin (52) hav-
ing two opposite end portions (54, 54') that each en-
gage with a respective guide slot (48) associated
with said actuating shaft (20).

3. The valve unit according to claim 2, characterised
in that said coupling pin (52) has a cylindrical cen-
tral part (53) with a diameter matching that of said
bore (50) and said end portions (54, 54') of said cou-
pling pin (52) bear on their respective guide slot (48)
with a flat portion.

4. The valve unit according to claim 2 or 3, character-
ised in that said guide slots (48) are part of a cou-
pling element (42) fixedly attached to the end of said
valve shaft (20) opposite said closing element (18).

5. The valve unit according to any one of the preceding
claims, characterised in that said driving member
(32) is fixedly attached to said drive shaft (28).

6. The valve unit according to any one of the preceding
claims, characterised in that said coupling pin (52)
has an axis that undergoes, over the operating an-
gle range of said drive shaft (28), a displacement of
less than 0.3 mm in a direction transversal to said
actuating shaft axis.

7. The valve unit according to claim 1, characterised
in that said fifth joint is comprises a bearing on the
actuating shaft that cooperates with a fork on the
actuating member.

8. The valve unit according to claim 1, characterised
in that said fifth joint (E) comprises
a cylindrical bore (50) in said actuating member (34)
and a coupling pin (52') in said bore (50),
said coupling pin (52) having two opposite end por-
tions that each engage with a respective frame (42')
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associated with said actuating shaft (20),
said frames (42') being provided with elastic mate-
rial in such a way as to give low stiffness in trans-
versal direction and high stiffness in axial direction.

9. Use of the valve unit according to any one of the
preceding claims for controlling the flow of recircu-
lated exhaust gas in an internal combustion engine.

9 10
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