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(54) Power blade for throttle assembly

(57) A method and apparatus is provided for driving
a throttle blade (14) about an axis of rotation (24) be-
tween maximum and minimum airflow positions. The
throttle assembly includes a throttle body (12) with an
airflow passage (18) and a bore (22) intersecting the air-
flow passage for supporting a throttle shaft (16). The
throttle blade is mounted on the throttle shaft for rotation
with respect to the shaft between the maximum and min-
imum airflow positions. The throttle blade has a disc-
shaped body (32) with a central bore (34) extending
therethrough for receiving a drive mechanism (26). The
drive mechanism includes a motor (28) operably con-
nected to a gear drive (30) to move the throttle blade
between the maximum and minimum airflow positions.
A position sensor (42) is also mounted within the bore
to monitor the position of the blade relative to the shaft.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention.

[0001] This invention relates to a method and appa-
ratus for rotating a throttle blade on a throttle shaft be-
tween maximum and minimum airflow positions. Specif-
ically, a drive assembly is mounted within the throttle
blade to move the blade between various airflow posi-
tions.

2. Related Art.

[0002] Throttle valves typically include a throttle blade
or disc attached to a throttle shaft, which extends across
a bore formed in a throttle body. The throttle blade ro-
tates within the bore to control air flow from an intake
manifold to a vehicle engine. A pair of bearings is sup-
ported within the bore to facilitate rotation of the throttle
shaft.

[0003] A motor and geardrive are typically mounted
to one side of the throttle body to provide the power nec-
essary to rotate the throttle blade within the throttle body.
A position sensor is also mounted to the throttle body to
monitor the position of the shaft within the bore. Multiple
assembly operations are required to assemble the var-
ious components. The bearings are installed within the
throttle body, the blade is mounted to the shaft, the shaft
is assembled into the throttle body, the motor and gear-
drive are mounted to the body, and the position sensor
is mounted to the body. This assembly process is labor
intensive and time consuming.

[0004] Anotherdisadvantage with this assembly proc-
ess is that the mounting of the position sensor, motor,
and geardrive to the throttle body takes up valuable
packaging space. Thus, it is desirable to provide and
improved drive mechanism and position sensor in a
more modular form that is easy to install, and which
overcomes the above referenced deficiencies with prior
art systems.

SUMMARY OF THE INVENTION

[0005] The subject invention provides a drive assem-
bly that is mounted within a throttle blade for controlling
the rotational movement of the blade within a throttle
body. A position sensor is also mounted within the blade
to monitor the position of the blade relative to a blade
supporting throttle shaft. The mounting of the drive as-
sembly and the position sensor within the blade elimi-
nates the need to provide separate exterior mounting of
such components on the throttle body. This provides a
more modular design that decreases assembly time and
cost.

[0006] In a disclosed embodiment of this invention, a
throttle assembly includes a throttle body with an airflow
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passage defining a longitudinal axis and having a bore
intersecting the airflow passage. The bore defines an
axis of rotation that is transverse to the longitudinal axis.
A throttle shaft is supported within the bore and a throttle
blade is mounted on the throttle shaft for rotation about
the axis of rotation. The blade rotates within the airflow
passage between a maximum airflow position and a
minimum airflow position. A drive mechanism is secured
to the throttle blade to move the blade between the max-
imum and minimum airflow positions.

[0007] In a preferred embodiment, the blade is com-
prised of a disc-shaped body having a central bore ex-
tending therethrough. The drive mechanism is housed
within the bore to control rotation of the blade. Prefera-
bly, the blade is mounted on the shaft with at least one
bearing so that the shaft remains stationary while the
blade rotates on the shaft. A position sensor can option-
ally be mounted within the bore to monitor the position
of the blade relative to the shaft and for generating a
signal representing the blade position that can be uti-
lized by an electronic throttle control system.

[0008] The method for driving the throttle blade be-
tween maximum and minimum airflow positions in-
cludes the following steps. The throttle body is provided
with an airflow passage defining a longitudinal axis and
a bore intersecting the airflow passage. A throttle shaft
is mounted within the bore and a throttle blade is mount-
ed on the shaft for rotation about the axis of rotation. A
drive mechanism is secured to the throttle blade and the
blade is driven between the maximum and minimum air-
flow positions by the drive mechanism. Additional steps
include forming a central bore within the blade and in-
stalling the drive mechanism within the bore and mount-
ing a position sensor within the bore to monitor the po-
sition of the blade relative to the shaft.

[0009] These and other features of the present inven-
tion can be best understood from the following specifi-
cation and drawings, the following of which is a brief de-
scription.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

Figure 1 is side schematic view of a throttle assem-
bly with a throttle blade incorporating the subject in-
vention in the maximum airflow position.

Figure 2 is a view similar to Figure 1 but showing
the throttle blade in the minimum airflow position.
Figure 3 is a cross-sectional view of the throttle
blade shown in Figures 2 and 3.

Figure 4 is an enlarged view of Figure 3.

Figure 5 a schematic view of one embodiment of a
drive mechanism.
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DETAILED DESCRIPTION OF AN EXEMPLARY
EMBODIMENT

[0011] A throttle assembly 10, shown in Figure 1, in-
cludes a throttle body 12, a throttle disc or blade 14, and
a throttle shaft 16. Throttle body 12 has an airflow pas-
sage 18 that defines a longitudinal axis 20. The throttle
blade 14 rotates within the passage 18 to control air flow
from an intake manifold to a vehicle engine (not shown).
[0012] The body 12 also includes a transversely ex-
tending bore 22 that intersects the airflow passage 18.
The bore 22 defines an axis of rotation 24 that is trans-
verse to the longitudinal axis 20.

[0013] The throttle shaft 16 is supported within the
bore 22 such that the shaft 16 remains stationary, i.e.,
there is no relative motion between the shaft 16 and the
blade 14 as the blade rotates within the passage 18. The
throttle blade 14 is mounted on the throttle shaft 16 for
rotation about the axis of rotation 24 and within the air-
flow passage 18. The blade 14 rotates between a max-
imum airflow position, shown in Figure 1 where a max-
imum amount of air is permitted to flow through passage
18, and a minimum airflow position, shown in Figure 2
where a minimum amount of air is permitted to flow
through passage 18.

[0014] A drive mechanism 26 is secured to the throttle
blade 14 for moving the throttle blade 14 between the
maximum and minimum airflow positions. The drive
mechanism 26 is shown in greater detail in Figures 3
and 4. The drive mechanism 26 includes a motor 28 and
a geardrive or gearbox 30. The motor 28 drives the gear-
box 30 to rotate the blade 14 with respect to the shaft 16.
[0015] The throttle blade 14 includes a disc-shaped
body 32 having a predetermined diameter D1 and a
thickness "t". The body 32 has a central bore 34 having
a predetermined diameter D2 that extends through the
body 32 in a direction along the first diameter D1. The
shaft 16 is received within the bore 34. Preferably at
least one bearing assembly or bushing 36 is mounted
within the bore 34 to rotatably support the blade 14 with
respect to the shaft 16. In one embodiment, a first bear-
ing assembly 36 is mounted at one end 38 of the bore
34 and a second bearing assembly 26 is mounted at an
opposite end 40 of the bore 34.

[0016] The drive mechanism 26 is also mounted with-
in the bore 34 to provide a compact, modular assembly.
Preferably the motor 28 and the gearbox 30 are concen-
trically mounted on the shaft 16 within the bore 34.
[0017] Inthe preferred embodiment, a position sensor
42 is mounted within the blade 14 for monitoring the po-
sition of the blade 14 relative to the shaft 16 and/or bear-
ings 36. A spring assembly 44 having a predetermined
load is mounted between the position sensor 42 and the
gearbox 30. The spring 44 ensures automatic closing of
the blade 14 in the event of motor de-activation. The
spring 44 preferably has an adjustable stop to operate
in combination with a second spring to ensure that the
blade 14 can be made to automatically stop at a slightly
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open position if desired.

[0018] Any type of position sensor known in the art
can be used to determine the blade position including a
thick film potentiometer with current supplied via flex ca-
bles or slip rings or a sensor having current supplied via
radio frequency (RF) or inductive circuitry. Thus, any
contact or non-contact type sensor could be used.
[0019] The method for driving the throttle blade 14 be-
tween maximum and minimum airflow positions in-
cludes the following steps. The throttle shaft 16 is
mounted within the throttle body bore 22. The blade 14
is mounted on the shaft 16 for rotation about the axis of
rotation 24. The drive mechanism 26 is secured to the
throttle blade 14 and the blade 14 is driven between the
maximum and minimum airflow positions with the drive
mechanism 26. Additional steps include forming a cen-
tral bore 34 within the blade 14 and installing the drive
mechanism 26within the bore 34 and mounting the shaft
16 to the blade 14 with at least one bearing assembly
36 such that the blade 14 rotates with respect to the
shaft 16.

[0020] The throttle blade 14 is preferably made from
a plastic material and the body 32 includes an enlarged
center section. Preferably, a plurality of ribs 54, shown
in Figure 4, are formed along the exterior surface of the
body 32 and are orientated transverse to the axis of ro-
tation 24. The enlarged center section is a hollow sec-
tion that defines the central bore 34. The drive mecha-
nism 26 mounted within the bore 34 preferably includes
a small electric motor 28 and gearbox 30 of the epicyclic
type, shown in Figure 5. The motor 28 and gearbox 30
are arranged so that the application of a current to the
motor terminal via an electrical connection 46 well
known in the art, results in rotary motion of the blade 14
on the axis 24 which is parallel to motor's axis of rotation.
The motor polarity is arranged so that current in one di-
rection produces blade rotation in one direction and cur-
rent in an opposite direction produces blade rotation in
an opposite direction. The blade 14 and motor 28 in-
clude bearings so that the entire assembly can be rotat-
ably mounted into the throttle body 12.

[0021] One embodiment of the motor 28 and gearbox
30 is shown in Figure 5. The motor 28 has an output
shaft 48 that drives a plurality of gears 50. The output
shaft 48 acts like a sun gear that drives the planet gears
50. The planet gears 50 are in driving engagement with
a ring gear 52. The gearbox 30 and gears 50, 52 are
arranged so that the motor shaft torque is amplified at
the blade 14. The amplification ratio will be typically in
the range of 10:1 to 30:1, however other amplification
ratios could also be used depending on the application.
[0022] The diameter of the motor 28 is in the range of
10 mm to 25 mm and the enlarged section (defining the
bore 34) preferably has a wall thickness of 1 mm to 3
mm. As discussed above, one end of the enlarged sec-
tion houses the position sensor 42 to detect the position
of the blade 14 relative to the bearing end mounts 36.
[0023] The air passage 18 is defined by a third diam-
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eter D3. This air flow diameter D3 must be increased to
accommodate the increased size of the enlarged sec-
tion of the blade 14 so that an adequate amount of air
is allowed to flow through the passage 18. For example,
a current 52 mm bore diameter throttle body 12 will have
a predetermined air flow area "A" that is partially ob-
structed by the blade 14 and the shaft 16. If the shaft is
10 mm in diameter, the air flow area A at the maximum
airflow position is equal to the shaft diameter Ds times
the third diameter subtracted from the quantity of pi
times the third diameter squared divided by four (A =
(BD32/4) - (D3 * Ds)). To obtain an equivalent flow area
with a blade 14 that has an enlarged center section (as-
suming the motor has an 18 mm diameter and the wall
thickness is 1. 5 mm around the motor 28) the third di-
ameter will be approximately 61.5mm, with the blade 14
having an overall 21 mm diameter "shadow area" when
in the maximum airflow position, i.e., wide open throttle.
The difference between these two examples is 1603.8
square millimeters for the 52 mm air passage bore D3
and 1679.45 square millimeters for the enlarged section
blade design. Thus, the performance characteristics
would remain relatively the same for the enlarged sec-
tion blade design with only a slight increase in air pas-
sage bore size. The time to fully open or close the blade
14 would be typically 60-120 milliseconds. The power
supply would be nominally 12 volts and maximal torque
on the blade at motor stall would be between .5 and 2.5
Newton meters. Durability of the assembly would last
several million cycles of moving between open and
closed positions.

[0024] The improved blade design is lower cost than
existing spur gear and motor designs and allows smaller
motors and gears to be used, which reduces the overall
weight. The integration of the driving mechanism into
the blade provides a modular design where one interior
blade assembly can be made for several different air
passage bore diameter sizes. When used in combina-
tion with a plastic throttle body, the air flow path can be
adapted to suit an extremely wide range of air flow re-
quirements all with the same blade assembly.

[0025] The subject invention provides a drive assem-
bly that is mounted within a throttle blade for controlling
the rotational movement of the blade within a throttle
body. The compact drive mechanism 26 can be utilized
in a gasoline powered vehicle with or without electronic
throttle control or can be utilized in an electric vehicle,
hybrid vehicle, or other alternatively powered vehicle. A
position sensor is optionally mounted within the blade
to monitor the position of the blade relative to a blade
supporting throttle shaft. The mounting of the drive as-
sembly and the position sensor within the blade elimi-
nates the need to provide separate exterior mounting of
such components on the throttle body. This provides a
more modular design that decreases assembly time and
cost.

[0026] Although a preferred embodiment of this in-
vention has been disclosed, it should be understood that
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aworker of ordinary skill in the art would recognize many
modifications come within the scope of this invention.
For that reason, the following claims should be studied
to determine the true scope and content of this inven-
tion.

Claims
1. A throttle assembly comprising:

a throttle body having an airflow passage de-
fining a longitudinal axis and a bore intersecting
said airflow passage and defining an axis of ro-
tation that is transverse to said longitudinal ax-
is;

a throttle shaft supported within said bore;

a throttle blade mounted on said throttle shaft
for rotation about said axis of rotation and within
said airflow passage between a maximum air-
flow position and a minimum airflow position;
and

a drive mechanism secured to said throttle
blade for moving said throttle blade between
said maximum and minimum airflow positions.

2. An assembly according to claim 1 wherein said
throttle blade includes a disc-shaped body having
a central bore extending therethrough for receiving
said shaft, said drive mechanism being mounted
within said bore.

3. An assembly according to claim 1 wherein said
drive mechanism includes a motor and a geardrive
mounted within said blade.

4. An assembly according to claim 1 including a posi-
tion sensor mounted within said blade for monitor-
ing the position of said blade relative to said shaft.

5. An assembly according to claim 1 including at least
one bearing assembly for mounting said blade for
rotation with respect to said shaft.

6. An assembly according to claim 5 wherein said
shaft is fixedly mounted to said throttle body.

7. A method for driving a throttle blade between max-
imum and minimum airflow positions comprising the
steps of:

(a) providing a throttle body with an airflow pas-
sage defining a longitudinal axis and a bore in-
tersecting the airflow passage and defining an
axis of rotation that is transverse to the longitu-
dinal axis;

(b) mounting a throttle shaft within the bore;
(c) mounting a throttle blade on the shaft for ro-
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tation about the axis of rotation;

(d) securing a drive mechanism to the throttle
blade; and

(e) driving the blade between the maximum and
minimum airflow positions with the drive mech-
anism.

A method according to claim 7 including the step of
mounting the shaft to the blade with at least one
bearing assembly such that the blade rotates with
respect to the shaft.

A method according to claim 8 including the step of
sensing the position of the blade relative to the bear-
ing assembly.

A method according to claim 8 including the step of
forming a central bore within the blade and installing
the drive mechanism within the bore.

A throttle assembly comprising:

a throttle body having an airflow passage de-
fining a longitudinal axis and a bore intersecting
said airflow passage and defining an axis of ro-
tation that is transverse to said longitudinal ax-
is;

a throttle shaft supported within said bore;

a throttle blade mounted on said throttle shaft
for rotation about said axis of rotation between
a maximum airflow position and a minimum air-
flow position, said throttle blade having a disc-
shaped body with a central bore extending
therethrough; and

a drive mechanism mounted within said central
bore for moving said throttle blade between
said maximum and minimum airflow positions.

The assembly according to claim 11 wherein said
drive mechanism includes a motor and a geardrive.

The assembly according to claim 12 wherein said
motor and geardrive are concentrically mounted
within said central bore.

The assembly according to claim 12 including a first
bearing mounted at one end of said central bore and
a second bearing mounted at an opposite end of
said central bore for rotatably supporting said blade
with respect to said shaft.

An assembly according to claim 14 wherein said
throttle shaft is secured to said throttle body such
that there is no relative motion between said throttle
shaft and said throttle body.

An assembly according to claim 15 wherein said
disc-shaped body has a predetermined thickness
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and said central bore defines a bore diameter that
is greater than said thickness.

17. An assembly according to claim 12 including a po-

sition sensor mounted within said central bore to
monitor the position of said blade relative to said
shaft.
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