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(57) Abstract

An electrically controlled EGR valve compris-
ing: a valve stem (64), eccentrically positioned from an
axis of rotation and movable in a substantially axial
manner relative to a valve seat (84); a poppet valve (70)
carried by the valve stem for closing the valve seat (84);
a first shaft (52) eccentrically positioned relative to the
axis of rotation and engageably connected to one end
of the valve stem (64), and an electrically controlied ac-
tuator such as a torque motor (30) for rotating the first
shaft (52) about the axis to cause the valve stem to
move.

/4
/4

" pr 2

T

7 z

P4

/z/é 22 ) 2

¥ v U
/6 / 72 %

Y 7




FOR THE PURPOSES OF INFORMATION ONLY

Codesused to identify States party to the PCT on the front pages of pamphlets publishing international appli-
cations under the PCT.

AT  Austria FR France ML Mali

AU Australia GA Gabon MR Mauritania
BB~ Barbados GB  United Kingdom MW Malawi

BE Belgium : HU Hungary NL Netherlands
BG Bulgaria IT Ttaly NO Norway

BJ Benin . JP  Japan RO Romania

BR Brazil . KP Democratic People’s Republic SD Sudan

CF  Central African Republic of Korea SE Sweden

CG Congo KR Republic of Korea SN Senegal

CH Switzerland LI  Liechtenstein SU Soviet Union
CM Cameroon LK SriLanka TD Chad

DE Germany, Federal Republic of LU Luxembourg TG Togo

DK Denmark MC Monaco US  United States of America

FI  Finland MG Madagascar




WO 89/01105 PCT/US88/02158

10

15

20

25

ELECTRICALLY ACTUATED EGR VALVE

Background and Summary of Invention:

This invention relates generally to exhaust gas recirculation (EGR)
valves and more specifically to such valves which are electrically

actuated.

An exhaust gas recirculation valve is common place in the pollution
control system of automotive engines. The EGR valve recirculates a
predetermined amount of exhaust gas from the exhaust system to the
intake manifold. Prior EGR valves relied upon vacuum motors for
actuation. ' Such vacuum actuation provided for the continuous
movement of an armature or closure member relative to a valve seat. A
deficiency in the vacuum operated EGR valves is that sufficient vacuum
force is not always available during needed periods of operation. Later
versions of EGR valves contemplated replacing the vacuum motor with a
variety of electrical actuators such as a stepper motor. A goal of
electronically controlled EGR valves is to meet the continuous
performance characteristics of the vacuum actuated valves. As such, a
stepper motor having many poles is used to approximate the resolution
of the vacuum activated EGR’s, however, the increased number of poles
increases the cost of the device. Another inherent shortcoming of the
stepper motor or of a DC motor controlled EGR valve is in its failsafe
mode of operation. It is desirable that upon electronic failure, the EGR
valve should remain closed. This is difficult to achieve in the stepper or
DC motor EGR valve since the position of the closure element is often
established by a lead screw and nut which is driven by the motor and as
such, the lead screw and nut may rest in an intermediate position at the
time of failure of the motor. Another variety of electrically operated
EGR valve is that type of valve which utilizes solenoids. To achieve
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adequate resolution can require using a plurality of such solenoids
which increases the complexity and cost of the system. Typically the
solenoid controlled EGR valve is constructed such that in the absence of
an electrical signal a spring biases the closure member against a valve
seat. As such, the closure element is maintained at its largest air gap.
The solenoid can only provide the minimum available force when the
closure member is against the valve seat and therefore it camnot

~ precisely control the flow rate through the EGR valve when it is most

crucially needed. Further, linear solencids have a greater out of
balance force resulting from a relatively heavy armature supported
against a spring. Consequently, the linear armature is more difficult to
control when subjected to high vibrational forces.

It is an object of the present invention to provide an EGR valve having
high resolution at smaller valve openings than at larger valve openings.
A further object of the present invention is to provide precise EGR
control at low engine speeds. A further object of the present invention is
to provide an EGR valve that is controllable in a position measurement
and in a differential pressure mode of operation.

Accordingly, the invention comprises: a valve comprising:

_ a valve stem, eccentrically positioned from an axis of
rotation and movable in a substantially axial manner relative to a valve
seat; means carried by the valve stem for closing the valve seat; a first
shaft eccentrically positioned relative to the axis of rotation and

engagably connected to one end of the valve stem, and means for

rotating the first shaft about the axis to cause the valve stem to move
axially. : _

Many other objects and purposes of the invention will be clear from
the following detailed description of the drawings.
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Brief Description of the Drawings

In the drawings:

FIGURE 1 is a cross-sectional view of an EGR valve constructed in
accordance with the teachings of the present invention.

FIGURE 2 is a front-sectional view of the valve shown in FIGURE

Detailed Description of the Drawings:

An electrically actuated EGR valve 10 is shown in FIGUREs 1 and
2. The EGR valve 10 comprises a housing 12 having upper 14 and lower
16 members. The housing members 14 and 16 may be joined together by
fasteners 18. The housing member 14 includes a cross member 20
positioned between housing members 14 and 16. A guide member 22 is
supported by the cross member 20.

The guide 22 includes an inwardly directed lobe 24 which provides
for a line contact about a valve stem 64 and permits the valve stem 64 to
swivel relative to the lobe 24.

Attached to and supported by the upper housing member 14 is a
torque motor 30. The torque motor 30 is exemplary of one of the rotary
electronically controlled actuators which may be included within the
present invention. Other types of rotary controllers include rotary
solenoids and DC motors. Suffice it to say that the construction of a
torque motor is well known in the art. The torque motor 30 illustrated
in FIGUREs 1 and 2 includes a housing 32 attached to the upper
housing member 14. Rotatably supported relative to a bearing 34 or
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bushing (not shown) is a shaft 36. Positioned about the bearing 34 and
shaft 36 is a stator assembly 38 which includes a coil 40. An electrical

connector 42 is communicated in a known manner to the ends of the coil
40.

The shaft 36 comprises a portion of an armature assembly 42. The
armature assembly 42 further includes a member 44 radially extending
from the shaft 36 and a ferromagnetic element 46, supported by member
44, which reacts with a magnetic field generated by the coil 40 to rotate
the shaft 36. Positioned about the shaft 36 and connected to both the
stator assembly 38 and the member 44 is a bias spring 48. Radially
offset from the axis 50 of the shaft 36 is another shaft or eccentric 52.
The shaft 52 includes a narrowed portion 54. A valve stem assembly 60
is loosely secured to the shaft 52 by a retainer 62. The valve stem
assembly 60 includes a valve stem 64 having an opening 66 in one end
thereof. The valve stem 64 extends from and is moved by the shaft 52
and also extends through the guide 22. A free floating poppet valve 70 is
attached to an end 72 of the valve stem 64. As illustrated in the
FIGURES, the poppet valve 70 is received about a necked-down portion
74 of the valve stem 64. The poppet valve 70 is loosely secured to the
valve stem 64 to permit it to move relatively independently of the valve
stem.

Reference is again made to the lower housing member 16 which
additionally includes an inlet passage 80 and an outlet passage 82.
Typically the inlet passage 80 is adapted to received exhaust gas while
the outlet passage 82 is adapted to communicate the exhaust gas to the
intake manifold of the engine. Positioned about the intake passage 80 is
a valve seat 84 which is adapted to receive the poppet valve 70 such that
when the poppet valve is seated upon the valve seat 84 the flow of
exhaust gas from the inlet 80 to the outlet 82 is prohibited. Further it
can also be seen from FIGURE 1 that the center of the guide 22 is
aligned with the center of the valve seat 84.
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During periods when the coil 40 is not activated the spring 48 will
bias the eccentrically positioned shaft 52 in a clockwise manner, as
viewed in FIGURE 2, such that the poppet valve 70 is seated upon the
valve seat 84. Further from FIGURE 2, it can be seen that in this closed
positioned the axis of the eccentrically positioned shaft 52 is
substantially perpendicular to the axis of the guide 22 and valve seat 84
while the axis 50 of the shaft 36 is offset therefrom. In the preferred
embodiment of the invention the shaft 36 of the torque motor 30 is
rotatable through an angle of approximately 70 degrees as measured
from the closed position. The motion of the shafts 36 and 52 are
illustrated by arrow 76. Consequently, because of the above geometry,
the opening of the poppet valve 70 relative to the valve seat 40;
especially at small openings, can be precisely controlled.

It is contemplated that the above described EGR valve 10 can be
utilized in at least two modes of operation. The first mode of operation
requires the addition of the rotary shaft sensor which is generally shown
as 90. In practice the sensor 90 can easily be incorporated within the
housing 32 of the torque motor 30. In this mode of operation the angular
rotation of the torque motor shaft 36 is measured by the sensor 90.
Based upon the knowledge of radial offset, r, and the initial angular
offset, a, an electronic control unit responsive to the output of the sensor
90 can calculate the gap between the poppet valve 70 and its valve seat
84. Based upon this calculated gap the ECU, in concert with other
engine parameters, can estimate in a known manner, the differential
pressure drop across the valve seat and hence the amount of exhaust gas
recirculation flow.

The above described EGR valve 10 may be used in a closed loop
pressure mode of operation wherein pressure measurement ports 100a
and 100b are positioned across the outlet passage 82. A differential
pressure sensor 102 connected across the ports 100a and b can be used
to calculate the EGR flow directly based upon the pressure drop across a
sharp edge orifice 102. '
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In operation, the shaft 36 of the torque motor 30 is commanded, in
response to engine parameters, to rotate a predetermined amount. This
causes the valve stem 64 and poppet valve 70 to move away from the
valve seat 84 thereby establishing a predeterimined EGR flow. The
eccentrically positioned shaft 52 converts the rotational motion of the
torque motor 30 into substantially axial motion lifting the poppet valve
70 off from its seat 84. As can be seen from the above, the motion of the
valve stem is not a pure axial motion but rather a combination of
rotational and axial motion. When it is desired to terminate EGR flow
the torque motor is reversed causing the poppet valve to again seat upon
the valve seat 84. Since the poppet valve is not rigidly attached to the
valve stem the poppet valve can pivot relative to the valve stem to
permit proper engagement with the valve seat.

Many changes and modifications in the above described
embodiment of the invention can, of course, be carried out without
departing from the scope thereof. Accordingly, that scope is intended to
be limited only by the scope of the appended claims.

o
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IN THE CLAIMS

11. A valve comprising:
2 a valve stem (64), eccentrically positioned from an axis of
3rotation and movable in a substantially axial manner relative to a valve
, seat (84);
5 means (70) carried by the valve stem for closing the valve
6 seat (84).
7 a first shaft (52) eccentrically positioned relative to the axis
8 of rotation and engagably connected to one end of the valve stem (64),
9 and

10 means for rotating the first shaft (62) about the axis to cause

11 the valve stem to move.

12. The valve as defined in Claim 1 wherein the rotating means (30,
2 36) includes an electrical actuator rotationally displacable about the axis

3 of rotation.

13. The valve as defined in Claim 1 wherein said closing means
2 includes a poppet valve loosely supported upon an end of the valve stem
3 (64) remote from the first shaft (52).

14. The valve as defined in Claim 3 wherein the poppet valve is flat.

15. The valve as defined in Claim 2 wherein the actuator includes a
2 second shaft (36) coaxial to the axis of rotation and wherein the first
3 shaft is colinear to but radially offset from the axis of rotation.

1 6. The valve as defined in Claim 1 wherein the means for rotating
2 includes means for urging the valve stem toward the valve seat.

17 The valve as defined in Claim 6 wherein the first shaft is
2 rotationally biased to urge the valve stem to cause the closing means to

3 engage the valve seat.
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18. The valve as defined in Claim 7 wherein the actuator and valve
2 seat are supported by a housing (.12, 14, 16) and wherein the housing
3supports a valve stem guide (22) for assisting the valve stem to move
4 axially in response to the motion of the first shaft.

19. The valve as defined in Claim 1 wherein the actuator is a torque
2 motor.

110. The valve as defined in Claim 1 wherein the rotating means
2 includes means for measuring the movement of the first shaft.

111. The valve as defined in Claim 1 wherein the rotating means is
2moved in response to a pressure differential indicative of flow through
3 an outlet passage.

<
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