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) Valve assembly.

@ A valve assembly (10) for regulating air flow fo
an internal combustion engine comprises a valve
body (12) having a valve bore (14) forming an induc-
tion passage, and a shaft (16) extending across the
valve bore. A valve member (18) is secured to the
shaft for rotation between a non-actuating position
and a maximum actuating position. A ball bearing
arrangement (36,38) rotatably secures one end of
the shaft in a shaft socket (30) which opens into the
valve bore.
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This invention relates to a valve assembly for
regulating the air flow to an internal combustion
engine. More particularly, the invention relates to a
valve assembly for an electronic throttle control
system for an internal combustion engine.

Electronic throttle control systems for internal
combustion engines frequently utilize a rotatable
valve member disposed in an engine air induction
passage to regulate the air flow through the pas-
sage. The valve member can be a throttle valve
which is positioned by an operator by way of a
motor and shaft to control air flow to the internal
combustion engine. Air flow to the internal combus-
tion engine varies as a function of the air flow area
around the valve member.

The air flow valve area around the valve mem-
ber is geometrically related to the angular position
of the valve member. In many valve assembilies,
the change in air flow area around the valve mem-
ber is substantial when the valve member is near
its minimum air flow position. This can decrease
control of the air flow to the internal combustion
engine during low load conditions. Also, the air flow
around the valve member when the motor is not
actuated can be sufficiently restricted to prevent
the internal combustion engine from producing
enough power to idle or drive the vehicle.

Moreover, in some valve assemblies, an axial
load on the shaft can cause the throttle valve to
scrape on its bore. The wear which can result
tends to admit more air flow though the valve body
than was originally calibrated. This can allow in-
creased air flow around the valve member, which
can be relatively substantial when the valve mem-
ber is near its minimum air flow position. This can
further decrease control of the air flow to the inter-
nal combustion engine during low load conditions.
Mechanisms to control endplay of the shafts are
known, but many are difficult to assemble to the
valve body. Examples of the prior art can be found
in US Patent Nos. 4462358, 4474150 and 4860706.

A valve assembly in accordance with the
present invention is characterised by the features
specified in claim 1.

The present invention provides a valve assem-
bly for regulating air flow to an internal combustion
engine comprising a valve body having a valve
bore forming an induction passage, and a shaft
extending across the valve bore. A valve member
is secured to the shaft for rotation between a non-
actuating position and a maximum actuating posi-
tion. A return mechanism urges the valve member
toward the non-actuating position when the valve
member is rotated away from the non-actuating
position.

The shaft extends through a ball bearing dis-
posed in a shaft socket. A spring washer is dis-
posed between the ball bearing and the shaft sock-
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et to resist displacement of the outer race of the
ball bearing toward the valve bore; and a thrust
collar is secured to the end of the shaft to resist
displacement of the inner race of the ball bearing
away from the valve bore.

Rotation of the valve member in excess of 90
degrees enables a relatively low change in air flow
around the valve member when the valve member
is rotated between the positions at which the mini-
mum air flow is produced, thereby facilitating con-
trol of the air flow at low engine loads. The cham-
fered peripheral edge reduces sharp changes in
the air flow as the valve member approaches and
moves away from the wall of the valve bore during
decreases and increases in the air flow, respec-
tively. The engagement of the ball bearing with the
shaft and the valve body limits axial float or dis-
placement of the shaft with respect to the bore.

The present invention will now be described by
way of example, with reference to the following
description of a specific embodiment of the inven-
tion taken together with the accompanying draw-
ings, in which:-

Figure 1 is an elevational view of the valve
assembly of the present invention;

Figure 2 is a sectional elevational view of the
valve assembly on the line 2-2 of Figure 1;
Figure 3 is a schematic view through the valve
assembly generally in the plane indicated by
line 3-3 of Figure 2;

Figure 4 is an enlarged view of the portion of
Figure 3 circled by line 4 showing the chamfer
at the peripheral edge of the valve member;
Figure 5 is a graph showing the flow area al-
lowed by the valve assembly of Figure 1 for
various angles of the valve member and for
various thicknesses of the peripheral edge of the
valve member; and

Figure 6 is an enlarged view of the portion of
Figure 2 circled by line 6 showing one of the
ball bearings which limits end play.

Corresponding reference characters indicate
corresponding parts throughout the several views
of the drawings.

Referring now to the drawings in detail, nu-
meral 10 generally indicates a valve assembly of
the present invention for regulating air flow to an
internal combustion engine. The valve assembly 10
comprises a valve body 12 having a valve bore 14
forming an induction passage for air flow to an
internal combustion engine (not shown) with the
valve bore having a generally circular cross section
of substantially uniform diameter. A shaft 16 has
opposite ends which are journalled for rotation in
the valve body 12. The shaft 16 extends across the
valve bore 14.

A (flat butterfly) valve member 18 is secured to
the shaft 16 for rotation between a non-actuating
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position, indicated in phantom by numeral 20, and
a maximum actuating position, indicated in phan-
tom by numeral 22. The valve member 18 allows
the maximum air flow when in the maximum ac-
tuating position 22. The valve member 18 is typi-
cally parallel to the axis of the valve bore 14 when
in the maximum actuating position 22. The valve
member 18 is rotated approximately 95 degrees
between the maximum actuating position 22 and
the non-actuating position 20. The rotation of the
valve member 18 between the maximum actuating
position 22 and the non-actuating position 20 en-
ables control of the air flow through the valve bore
14. The non-actuating position 20 can be defined
by engagement of a shaft boss 17 with a non-
actuating stop 21 fixed to the valve body 12. The
shaft boss 17 is fixed to a pulley which is fixed to
the shaft 16. Similarly, the maximum actuating po-
sition 22 can be defined by engagement of the
shaft boss 17 with an actuating stop 23 fixed to the
valve body 12.

An actuator includes a toothed timing belt 28
which wraps around a correspondingly toothed pul-
ley which is connected to the shaft 16 to produce
rotation of the valve member 18. The actuator
includes a motor 29 having a toothed pulley which
the timing belt 28 also wraps around. The motor 29
rotates its pulley to cause displacement of the
timing belt 28 to rotate the valve member 18. An
adjustable tensioner can enable adjustment in the
distance between the shaft 16 and motor shaft fo
adjust the tension in the timing belt 28.

The valve member 18, shown in Figure 3, has
a peripheral edge 24 which is chamfered, wherein,
when the valve member is rotated away from the
maximum actuating position 22, the upstream side
of the valve member is inclined toward the periph-
eral edge. The thickness of the valve member 18
thereby decreases in the radial direction toward the
peripheral edge 24.

A return means 26, such as a single coil tor-
sional spring, acts on the valve member 18 when
the valve member is rotated away from the non-
actuating position 20 to urge the valve member
toward the non-actuating position.

Figure 5 is a graph showing the flow area of
the valve assembly 10 for various angles of the
valve member 18 and for various thicknesses of
the peripheral edge 24. The graph is based on
theoretical calculations. The flow area is the area of
the space between the valve member 18 and the
valve bore 14 perpendicular to the axis of the valve
bore. Flow area is generally proportional to air flow.
The variations in thickness of the peripheral edge
24 are produced by varying degrees of thickness
reduction produced by the chamfer in the periph-
eral edge 24. The 0 degree position corresponds fo
the valve member 18 being in a plane perpendicu-
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lar to the axis of the valve bore 14.

Figure 5 illustrates the value of the (chamfered)
peripheral edge 24 since it results in a gradual
change in flow area produced by oscillation of the
valve member 18 in the region wherein the flow
area is minimum. This improves control of the
internal combustion engine at low loads since small
oscillations of the valve member 18, when it is in
the positions wherein the flow area is minimum, do
not substantially affect engine output. The
(chamfered) peripheral edge 24 enables these con-
trol improvements while also allowing the valve
member 18 to be sufficiently thick for strength
requirements. The valve member 18 is preferably 2
mm thick, with the chamfer producing a peripheral
edge having a thickness of 0.5 mm.

Figure 5 also illustrates the capability of the
valve assembly 10 to allow engine operation if the
motor 29 does not actuate the valve member 18
since under such conditions, the valve member will
be urged by the return means 26 to rotate the
valve member to the non-actuating position 20.
When the valve member 18 is in the non-actuating
position 20 (that is, rotated approximately 5 de-
grees beyond the 0 degree position away from the
maximum actuating position 22), the flow area is
sufficient to allow sufficient air fo flow to the inter-
nal combustion engine to allow it to produce suffi-
cient output to idle or drive the vehicle.

Another advantage of the valve assembly 10 is
that the shaft boss 17 is away from the non-
actuating stop 21 when the valve member 18 is in
the position wherein the flow area is minimum
which is typically the position of the valve member
when the internal combustion engine is idling. This
reduces the likelihood of the shaft boss 17 contact-
ing the non-actuating stop 21 when the internal
combustion engine is idling.

The valve assembly 10 also includes a shaft
socket 30 connected to the valve body 12 exter-
nally thereof. The shaft socket 30 has an axis
which intersects the centre of the valve bore 14
and which is perpendicular to the valve bore. The
shaft socket 30 has a socket opening 32 enabling
one end of the shaft 16 to extend into the shaft
socket.

A ball bearing having outer race 36 and an
inner race 38 is disposed in the shaft socket 30 so
that the one end of the shaft 16 extends through
the inner race 38. The inner race 38 has an inner
diameter which is sized to establish a clearance
between the inner race 38 and shaft 16. The outer
race 36 has an outer diameter which is sized to
establish a clearance between the outer race and
shaft socket 30.

A thrust collar 40 is secured to the shaft 16, by
a press fit, to prevent displacement of the inner
race 38 along the axis of the shaft away from the
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valve bore 14. A resilient washer 42 is disposed
between the outer race 36 and shaft socket 30 to
resist displacement of the outer race toward the
valve bore 14 along the axis of the shaft 16.

A bearing means 44 is provided between the
valve body 12 and the other end of the shaft 16.
The bearing means 44 is adapted to urge the other
end of the shaft 16 away from the valve bore 14
along the axis of the shaft o limit axial end float of
the shaft.

The bearing means 44 comprises a ball bear-
ing having an outer race 46 and an inner race 48
with the other end of the shaft 16 extending
through the inner race 48. The inner race 48 has
an inner diameter which is sized to establish a
clearance between the inner race 48 and shaft 16.
The bearing means 44 further comprises a bearing
seat 50 connected to the valve body 12 externally
thereof. The bearing seat 50 has a seat opening 52
through which the other end of the shaft 16 ex-
tends. The outer race 46 is disposed on the bear-
ing seat 50 so that axial displacement of the outer
race 46 along the shaft toward the valve bore 14 is
obstructed. The bearing means 44 also includes a
thrust retainer 54 engaging the inner race 48 to
urge the inner race 48 toward the valve bore 14
along the axis of the shaft 16.

Axial float of the shaft 16 with respect to the
valve bore 14 is limited by the thrust collar 40 and
bearing means 44 which limit displacement of the
shaft 16 inward toward the valve bore 14 along the
axis of the shaft, with the resilient washer 42 main-
faining a selected clearance between the valve
member 18 and valve bore 14. The urging of the
shaft 16 by the resilient washer 42 and bearing
means 44 also reduces axial play between the
outer and inner races 36, 38, and between the
outer and inner races 46, 48. The resilient washer
42 can also deflect to maintain the selected clear-
ance if temperature changes produce different ther-
mal expansions of the shaft 16 and valve body 12.

Claims

1. A valve assembly (10) comprising a valve
body (12) having a valve bore (14) forming an
induction passage for air flow to an internal
combustion engine; a shaft (16) having op-
posite ends which are journalled for rotation in
the valve body, the shaft extending across the
valve bore; a valve member (18) of the flat
butterfly type secured to the shaft for rotation
to control air flow through the valve bore; a
shaft socket (30) connected to the valve body
externally thereof, the shaft socket having an
axis intersecting the centre of the valve bore
and being perpendicular to the valve bore, the
shaft socket having a shaft socket opening
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(32) enabling one end of said shaft fo extend
into the shaft socket; a ball bearing having an
outer race (36) and an inner race (38) disposed
in the shaft socket so that the one end of the
shaft extends through the inner race, the inner
race having an inner diameter being sized to
establish a clearance between the inner race
and the shaft, the outer race having an outer
diameter being sized to establish a clearance
between the outer race and the shaft socket; a
thrust collar (40) secured to the one end of the
shaft to prevent displacement of the inner race
along the axis of the shaft away from the valve
bore; a resilient washer (42) disposed between
the outer race and shaft socket to resist dis-
placement of the outer race toward the valve
bore along the axis of the shaft; and a bearing
means (44) provided between the valve body
and the other end of the shaft, the bearing
means being adapted to urge the other end of
the shaft away from the valve bore along the
axis of said shaft.

A valve assembly as claimed in claim 1,
wherein the bearing means (44) comprises a
ball bearing having an outer race (46) and an
inner race (48), the other end of the shaft (16)
extending through the inner race, the inner
race of the bearing means having an inner
diameter being sized to establish a clearance
between the inner race and the shaft; a bearing
seat (50) connected to the valve body (12)
externally thereof, the bearing seat having a
bearing seat opening (52) through which the
other end of the shaft extends, the outer race
of the bearing means being disposed on the
bearing seat so that axial displacement of the
outer race along the shaft toward the valve
bore (14) is obstructed; and a thrust retainer
(54) engaging the inner race of the bearing
means fo urge the inner race toward the valve
bore along the axis of the shaft.
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