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(57) Abrége/Abstract:

A steering apparatus (10) for use In a vehicle (12) having a steerable road wheel (14), a steering member (30) supporting tr
road wheel for rotation relative to the steering member, and at least one vehicle suspension part (22) supporting the steerir
member for pivotal movement about a steering axis (44). The steering, apparatus (10) includes a bearing (70). The steerir
apparatus (10) also includes a ball stud (50) having a shank portion (54) fixed to the steering member (30). The ball stud (50
has a ball end portion (52) rotatably and pivotally mounted in the bearing (70). The ball stud (50) has an axis (56). The steering
apparatus (10) includes an actuatable electric motor (90) having an output shaft (92) and operable to rotate the output shaft in
opposite directions. The steering apparatus (10) also includes a joint assembly (100) connecting the ball end portion (52) of the
ball stud (50) for rotation with the output shaft (92) of the electric motor (90). The electric motor (90) when actuated rotates the

ball stud (50) about the ball stud axis (56) thereby effecting pivotal movement of the steering member (30) about the steering
axis (44).
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A steering apparatus (10) for use in a vehicle (12)

having a steerable road wheel (14), a steering

member (30) supporting the road wheel for rotation

relative to the steering member, and at least one vehicle
suspension part (22) supporting the steering member for
pivotal movement about alsteering axis (44). The
steering :apparatus (10) includes a bearing (70). The

steering apparatus (10) also includes a ball stud (50)
having a shank portion (54) fixed to the steering

member (30). The ball stud (50) has a ball end

portion (52) rotatably and pivotally mounted in the
bearing (70). The ball stud (50) has an axis (56). The

steering apparatus (10) includes an actuatable electric
motor (90) having an output shaft (92) and operable'to
rotate the output shaft in opposite directions. The
steering apparatus (10) also includes a joint

assembly (100) connecting the ball end portion (52) of
the ball stud (50) for rotation with the output

shaft (92) of the electric motor (90). The electric
motor (90) when actuated rotates the ball stud (50) about
the ball stud axis (56) thereby effecting pivotal

movement of the steering member (30) about the steering

axis (44).
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PATENT

VEHICLE ELECTRIC STEERING APPARATUS

Background of the Invention

Technical Field

Thg present invention relates to a steering
5 apparatus for a vehicle. 1In particular, the present

invention relates to a vehicle steering apparatus
including an electric motor for effecting steering

movement of a steerable road wheel of a vehicle.

Description of the Prior Art

10 A motor vehicle includes a steering system for
steering the steerable road wheels, typically the front
wheels, of the vehicle. The steering system often
includes a steering gear assembly located remote from the
steerable wheels of the vehicle, for example, at the

15 steering column. U.S. Patent No. 4,972,914 discloses a

vehicle steering system located adjacent a steerable
wheel of the vehicle. The steering system includes an

electric motor mounted with a McPherson strut. Actuation
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of the motor rotates the piston of the strut to steer the

steerable wheel of the vehicle.

Summary of the Invention

The present invention-is a steering apparatus for
use in a vehicle having (a) a steerable road wheel, (b) a
steering member supporting the road wheel for rotation
relative to the steering member, and (c¢) at least one
vehicle suspension part supporting the steering member
for pivotal movement about a steering axis. The steering
apparatus includes a bearing. The steering apparatus
also includes a ball stud having a shank portion fixed to
the steering member. The ball stud has a ball end
portion rotatably and pivotally mounted in the bearing.
The ball stud has an axis. The steering apparatus
includes an actuatable electric motor having an output
shaft and operable to rotate the output shaft in opposite

directions. The steering apparatus also includes a joint

assembly connecting the ball end portion of the ball stud -

for rotation with the output shaft of the electric motor.
The electric motor when actuated rotates the ball stud
about the ball stud axis thereby effecting pivotal

movement of the steering member about the steering axis.

Brief Description of the Drawings

The foregoing and other features of the present
invention will become apparent to one skilled in the art

to which the present invention relates upon consideration
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of the following description of the invention with
reference to the accompanying drawings, wherein:

Fig. 1 is'a schematic illustration of a portion .0of a
vehicle including a steerable wheel shown in a first

5 orientation and a steering apparatus constructed in

accordance with the present invention;

Fig. 2 is an enlarged view of the steering apparatus
of Fig. 1;

Fig. 3 is a view similar to Fig. 1 showing the

10 steerable wheel in a second orientation; and
Fig. 4 is a top plan view showing the steerable

wheel in the second orientation.

Description of a Preferred Embodiment
The present invention relates to a steering
15 apparatus for a vehicle. In particular, the present
invention relates to a vehicle steering apparatus
including an electric motor for effecting steering
movement of a steerable road wheel of a vehicle. The
present invention is applicable to various steering
20 apparatus constructions. As representative of the
invention, Fig. 1 illustrates a steering apparatus 10 for
a vehicle 12. The vehicle 12 haé a steerable road
wheel 14. The steerable road wheel 14 may be either a

front wheel of the vehicle 12 or a rear wheel of the

25 vehicle. |
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The road wheel 14 is connected'with the vehicle body

(not shown) by a vehicle suspension 20. The vehicle
suspension 20 is of a generally conventional construction
and includes an upper control arm indicated schematically
at 22. The vehicle 12 also includes a tie rod 24 and a

steering knuckle 30. It should be understood that the

steering apparatus 10 of the present invention is
applicable to other suspension types and configurations.

The steering knuckle 30 has a central portion 32 and

upper and lower arms 34 and 36. The central portion 32

of the steering knuckle 30 supports the road wheel 14 for

rotation about an axis 38. The upper arm 34 of the

steering knuckle 30 has a tapered opening 40. A

corresponding opening (not shown) is formed in the lower
arm 36 of the steering knuckle 30. The openings in the
upper and lower arms 34 and 36 of the steering knuckle 30
define a steering axis 44 of the suspension 20. The

openings are preferably centered on the steering axis 44.

The tie rod 24 is connected by a lower ball joint 46
to the lower arm 36 of the steering knuckle 30. The
upper contrbl arm 22 is connected by the steering
apparatus 10 with the upper arm 34 of the steering
knuckle 30,

The steering apparatus 10 includes a ball stud 50.

The ball stud 50 has a ball end portion 52 and a shank

portion 54, both centered on an axis 56 of the ball stud.
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The shank portion 54 of the ball stud 50 is received
in the opening 40 in the upper arm 34 of the steering
knuckle 30. A nut 60 is screwed onto the shank
portion 54 of the ball stud 50. The nut 60 secures the
ball stud 50 to the upper arm 34 of the steering

knuckle 30. The ball stud 50 is thus fixed for movement

with the steering knuckle 30.
The ball end portion 52 of the ball stud 50 has a

generally spherical configuration including a spherical
outer side surface 62 ceﬁtered on a pivot center 64 of
the ball stud 56. The pivot center 64 is located on the
axis 56 of the ball stud 50. In the illustrated
embodiment, the ball stud 50 is mounted in the steering
knuckle 30 in a manner so that the axis 56 of the ball
stud is collinear with the Steering axis 44.

The steering apparatus 10 also includes a bearing 70
which receives the ball end portion 52 of the ball
stud 50. The bearing 70 is made from a known plastic

material suitable for use as a ball joint bearing.

The bearing 70 is supported in a housing or shell of

the steering apparatus 10, shown schematically at 80.
The shell 80 is a rigid member having a first end
portion 82 which encloses and supports the bearing 70.
An opposite second end portion 84 of the shell 80 1is

secured to the upper control arm 22. The shell 80 is

thus fixed for movement with the upper control arm 22, A




10

15

20

25

CA 02310420 2000-06-01

bellows 86 seals between the second end portion 84 of the
shell 80 and the shank portion 54 of the ball stud 50.

An electric motor 90 is connected to the shell 80.
The motor 90 is preferably a stepper motor. The motor 90
has an output shaft 92 which is rotatable in opposite
directions upon actuation of the motor.

The steering apparatus 10 includes a joint
assembly 100 for interconnecting the output shaft of the
motor 90 with the ball stud 50. The joint assembly 100
includes a first constant velocity joint indicated
schematically at 102, and a second constant velocity
joint indicated schematically at 104. The second
constant velocity joint 104 has a portion 106 fixed to
the ball end portion 52 of the ball stud 50, and
extending along the axis 56 of the ball stud.

The joint assembly 100 also includes a slip joint
indicated schematically at 108. The slip joint 108

extends between and interconnects the first and second

constant velocity joints 102 and 104.

The joint assembly 100 enables relative movement
between the electric motor 90 and the ball stud 50, in a
plurality of degrees of freedom. Spécifically, the slip
joint 108 enables relative movement between the motor 90
and the ball stud 50 in a direction between the first and

second constant velocity joints 102 and 104. The first
and second constant velocity joints 102 and 104 enable

pivotal and rotational movement between the electric
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motor 90 and the ball stud 50. The steering apparatus 10
thus interconnects the steering knuckle 30 and the upper
control arm 22 for pivotal and rotational movement, to

enable normal movement of the road wheel 14 relative to

" the vehicle body.

The electric motor 90 is actuatable by known vehicle
electric circuitry (not shown) including, for example, a
torque sensor and a controller. The vehicle electric
circuitry is responsive to rotation of the vehicle
steering wheel (not shown).

When it is desired to change the direction of travel
of the vehicle, rotation of the vehicle steering wheel
results in actuation of the electric motor 90. The
output shaft 92 of the motor 90 rotates about the axis of
the motor. The rotational force of the output shaft 92
is'transmitted through the joint assembly 100 into the
ball end pportion 52 of the ball stud 50. The ball

stud 50 rotates about its axis 56.

Because the shank portion 54 of the ball stud 50 is
fixed in the upper arm 34 of the steering knuckle 30,
rotational force from the electric motor 90 is
transmitted through the ball stud 50 into the upper arm
of the steering knuckle. The steering knuckle 30 pivots
in a first direction about the steering axis 44, thus
effecting steering movement of the road wheel 14.
Actuatidn of the electric motor 90 in the opposite

direction results in steering movement of the road
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wheel 14 in an opposite, second direction. The joint
assembly 100 makes steering movement possible throughout
the range of pivotal and rotational movement of the

steering knuckle 30 relative to the upper control arm 22.

From the above description of the invention, those
skilled in the art will perceive improvements, changes
and modifications in the invention. For example, a
separate steering apparatus can be provided for each
steerable road wheel of a vehicle. The steering
apparatus can be connected through a lower ball joint of
a vehicle instead of an upper ball joint. Such
improvements, changes and modifications within the skill

of the art are intended to be covered by the appended

claims.
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Having described the invention, I claim:

1. A steering apparatus for use in a vehicle
havihg (a) a steerable road wheel, (b) a steering meﬁber
supporting the road wheel for rotation relative to the
steering member, and (c¢) at least one vehicle suspension
part supporting the steering member for pivotal movement
about a steering axis, said steering apparatus
comprising:

a bearing;

a ball stud having a shank portion fixed to the
steering member, salid ball stud having a ball end portion -
rotatably and pivotally mounted in said bearing, said
ball stud having an axis;

an actuatable electric motor having aﬁ output
shaft and operable to rotate said output shaft in

opposite directions; and

a joint assembly connecting said ball end
portion of said ball stud for rotation with said output

shaft of said electric motor;

said electric motor when actuated rotating said

ball stud about said ball stud axis thereby effecting

pivotal movement of the steering member about the

steering axis.

2. An apparatus as set forth in claim 1 wherein

sald ball stud axis is collinear with the steering axis.
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3. An apparatus as set forth in claim 1 wherein
said joint assembly comprises at least one constant

velocity joint. .

4. An apparatus as set forth in claim 3 wherein
said joint assembly comprises two constant velocity

joints and a slip joint.

5. An apparatus as set forth in claim 1 wherein

the steering member is a steering knuckle.

6. An apparatus as set forth in claim 1 wherein
the joint assembly comprises a member extending into said ‘
ball end portion of said ball stud along the axis of said

ball stud.

7. An apparatus as set forth in claim 1 including
a housing, said bearing being supported in said housing,
sald housing being secured to said at least one vehicle

suspension part.

8. An apparatus as set forth in claim 1 wherein
sald steering apparatus is disposed in a force-
transmitting relationship between the steering member and

the at least one vehicle suspension part.
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