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(54) [Title of the Invention]

LINEAR ACTUATOR

(57) [ABSTRACT]

[Object] To provide a linear actuator that can
mount a position detector of an actuator
therein and has a reliable mechanical stopper.
[Configuration] An actuator is provided at a
center of a rotor of an electric motor, the
actuator being screwed into a screw portion
provided at the center of the rotor, and when
a motor composed of a stator and the rotor is
driven, the rotor starts to rotate. When the
rotor rotates, the actuator that is screwed
therein starts an up-down motion, and when a
position indicator provided on the actuator,
passes across an opposing portion of a
position indicator detecting portion provided
inside a case, an electric position of the
actuator is confirmed. When the actuator
goes out of control and is about to deviate
from a predetermined range, the movement
of the actuator is restricted by a stopper.
The point of action of the stopper is
adjustable.
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[CLAIMS]

[Claim 1] A linear actuator which converts rotational force of a motor into a linear direction
of an actuator, characterized in that the linear actuator comprises a stator forming a motor, a
rotor supported rotatably at a center of the stator, an actuator that is screwed into a screw
provided around a rotation center line of the rotor and is movable along the rotation center
line by rotation of the rotor, a position indicator that is provided on the actuator and indicates
a position of the actuator, a position indicator detecting portion that is located inside a case on
the same stationary side as the stator and detects the position indicator, and a stopper that is
located outside an moving range of the actuator and by which a mechanical end position of
the actuator is adjustable.

[Claim 2] The linear actuator as set forth in claim 1, characterized in that the motor is a
stepping motor.

[Claim 3] The linear actuator as set forth in claim 1 or claim 2, characterized in that the
position indicator is a plastic magnet, and the position indicator detecting portion is a
magnetic detecting device.

[DETAILED DESCRIPTION OF INVENTION]

[0001]

[Field of Industrial Application] This invention relates to a linear actuator, and in particular,
relates to a linear actuator that is used for an optical axis adjustment of a headlight of a
vehicle, more specifically, for an adjustment of an optical axis associated with a change of
levelness of a vehicle, or for achieving a currently used short/long distance switching by
changing an inclination of an optical axis with a single lamp.

[0002]

[Conventional Art] For automatic in-and-out operations of vehicle headlights or operations of
office automation equipments, actuators using a motor as a drive source and having a linearly
moving drive body are used. These actuators include linear actuators that convert rotational
force of a motor into a linear movement. Such linear actuators include a linear motor type
in which, on a stator of an electric motor expanded in a shape of a plate, a movable element
also formed in a shape of a plate is moved, but normally, rotational force of a motor is
converted into a linear movement using a gear mechanism to drive the actuator in the linear
direction. In case of using this type of linear actuator for the headlight optical axis direction
adjustment described above for example, if it is possible to accurately find out a position
within a stroke range of the actuator moving in the linear direction, it is possible to set an
optical axis to a desired direction. Further, by detecting only an uppermost position or a
lowermost end position of the actuator, it is possible to eliminate the need of a mechanical
stopper with regard to the headlight optical axis position setting. In the past, in order to find
out a position of the actuator, a position detector is provided outside a case of the linear
actuator, and therefore, fine positional adjustment between the position detector and the
actuator is required at the time of assembling.  Also, there is a drawback that a configuration
becomes large in size. In addition, a conventional linear actuator does not have a reliable
mechanical stopper.

[0003]

[Problem to be Solved by Invention] The present invention is to eliminate conventional
drawbacks described above, and it is an object thereof to provide a linear actuator that can
mount an actuator position detector therein and has a reliable mechanical stopper.

[0004]

[Means for Solving the Problem] In order to achieve the object of the present invention
described above, this invention provides a linear actuator which converts rotational force of a
motor into a linear direction of an actuator, characterized in that the linear actuator comprises
a stator forming a motor, a rotor supported rotatably at a center of the stator, an actuator that

2

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

10

15

20

25

30

35

40

45

50

is screwed into a screw provided around a rotation center line of the rotor and is movable
along the rotation center line by rotation of the rotor, a position indicator that is provided on
the actuator and indicates a position of the actuator, a position indicator detecting portion that
is located inside a case on the same stationary side as the stator and detects the position
indicator, and a stopper that is located outside an moving range of the actuator and by which
a mechanical end position of the actuator is adjustable.

[0005]

[Operation] When a motor composed of a stator and a rotor is driven, the rotor starts to rotate.
When the rotor rotates, an actuator that is screwed therein starts an up-down motion, and
when a position indicator provided on the actuator passes across an opposing portion of a
position indicator detecting portion provided inside a case, an electric position of the actuator
is confirmed. When the actuator goes out of control and is about to deviate from a
predetermined range, the movement of the actuator is restricted by the stopper. The point of
action of the stopper is adjustable.

[0006]

[Embodiment] Next, an embodiment of the present invention will be described using the
drawings. Fig. 1 is a cross-sectional view of the embodiment of this invention, and in the
same figure, 1 denotes an actuator. The actuator 1 is made of non-magnetic metal, and is
arranged, so as to be movable in and out in up-down directions, in a case 2 having a
projecting type cross section and made of non-magnetic material in the same manner. A
bearing portion 3 of the actuator 1 is axially supported in the form of spline in the upper and
lower direction, in the vicinity of an inside of a neck portion 4 of the case 2. Fig. 2 is a
cross-sectional view cut along an A-A line of Fig. 1.  As you can understand from Fig. 2, as
for the bearing portion 3 of the actuator 1, three lines of protrusions 3’ are provided in a
longitudinal direction of the actuator 1, and inside the neck portion 4, three lines of grooves
4’ are provided in a longitudinal direction, so that the protrusions 3 are fitted into the grooves
4’ in a slidable manner. For this reason, the actuator 1 is movable in the longitudinal
direction, but is not rotatable. On an outer periphery of a lower end portion of the actuator 1,
a screw 6 is threaded. Inside the case 2, a cylindrical rotor 9 is axially supported in a
rotatable manner, by bearings 7, 8. On an inner surface of the rotor 9, a screw 10, which
mesh with the screw 6 threaded in the actuator 1, is threaded. In addition, to an outer
periphery of the rotor 9, two pieces of ring shaped permanent magnets 11 and 12 are attached
as a rotor magnet. Stator coils 13 and 14 including magnetic poles are provided through a
little gap, locating on an outer periphery of the rotor magnet 11 and the rotor magnet 12.
Meanwhile, by these rotor magnets 11, 12 and the stator coils 13, 14, a widely known PM
type stepping motor is configured.

[0007] To a lower part of the case 2, a mounting base plate 15 is attached by screw-in. On a
lower end of the actuator 1, a stopper 16 for positioning of the actuator 1 is arranged. The
stopper 16 is screwed in a center part of the mounting base plate 15. As for the stopper 16,
as shown in Fig. 3, a setter 18 having a point stopper 17 at a tip point thereof is provided at a
central upper part, a fitting groove 19 of a screw driver is provided on a lower part, and a
screw part 20 for being screwed in the mounting base plate 15 is provided on an outer
periphery. Meanwhile, a diameter R of this screw 20 is larger than a diameter of the screw
10 provided inside the rotor 9. 21 denotes a cover fitted in a bottom surface of the mounting
base plate 15, which protects the stopper 16. As shown in Fig. 1, Fig. 4 and Fig. 5, at an
inner side of a shoulder portion 2’ of the case 2, a position detecting device 23 using a HALL
device that detects magnetism is fitted therein. This position detecting device 23 serves as a
position indicator detecting portion. A conductive wire is pulled out from the position
detecting device 23, and is connected to a terminal 24. A cut is formed in the protrusion 3’
of the actuator 3, and furthermore, a hole communicating with this cut is drilled in the
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actuator 3, so that a plastic magnet 25 for position indicator is fitted in these cut and hole.
[0008] Next, an operation of the above-described embodiment is explained. ~When
predetermined pulses for driving are applied to the stator coils 13 and 14 from a stepping
motor driving circuit provided separately, the rotor 9 starts to rotate. By the rotation of the
rotor 9, the actuator 1, which is screwed into the rotor 9, moves in the upper and lower
direction in Fig. 1. A tip point of the actuator 1 is connected to a base to which a headlight
of a vehicle has been attached. Then, if the actuator 1 starts to move in the front-rear (A)
direction shown in Fig. 6, an optical axis of a headlight is changed by 0 degree. In addition,
if rotation of the rotor 9 is stopped in the mid-course of the movement of the actuator 1, the
actuator 1 stops at that position, so that it is possible to fix a light radiation direction of the
headlight in a desired direction.

[0009] When the actuator 1 continues to move down, the cover covering the headlight is
closed. Then, the plastic magnet 25 passes in front of the position detecting device 23, and
the position detecting device 23 detects magnetism of the plastic magnet 25, so that a current
position of the actuator 1 is detected. Although the drawings do not show, a driving circuit
of a pulse motor receives this signal. For example, it detects that the actuator 1 arrives at an
electric end position, to give an instruction to stop rotation of the pulse motor or the like.
[00010] When the driving circuit of the pulse motor goes out of order at this time and there
occurs a situation that rotation of the pulse motor does not stop, a bottom 22 of the actuator 1
is brought into contact with the point stopper 17 of the stopper 16. At this time, the actuator
1 stops moving further downwards by this means. In addition to the diameter R of the screw
of the stopper 16 being larger than a diameter of the screw of the actuator 1, a tip of the point
stopper 17 is of a point touch. Therefore, rotational force of the actuator 1 is not transmitted
to the stopper 16, so that a situation that the screw of the stopper 16 slackens by contact of the
actuator 1 and drops out from the mounting base plate 15 does not occur. Then, the driving
circuit of the stepping motor supplies a pulse of a certain period of time (desired pulses + o
pulse) to the stepping motor and stops it after that, to stop rotation of the stepping motor.
[0011] In addition, when a position where the point stopper 17 and the bottom 22 of the
actuator 1 are brought into contact with each other is changed by fitting a screw driver in the
fitting groove 19 provided in the bottom of the stopper 16 and rotating the screw driver
stopper 16, it is possible to change a mechanical lowermost end position of the actuator 1.
[0012]

[Effect of Invention] As described above in detail, according to the present invention, with
the linear actuator that converts rotational force of the motor in a linear direction of the
actuator, the position indicator is provided on the actuator and the position indicator detecting
portion is provided inside the case that supports the movement of the actuator, and therefore,
as compared with conventional ones in which a position indicator detecting portion is
provided outside the linear actuator, it has many advantages - not only it is possible to form a
compact configuration, but also possible to eliminate the need to align the position indicator
and the position indicator detecting portion when assembling, and furthermore, even if the
motor goes out of control, unnecessary overrun of the actuator does not occur since the
mechanical stopper is provided.

[Brief Description of the Drawings]

[Fig. 1] a partial cross-sectional view of an embodiment of a linear actuator according to the
present invention.

[Fig. 2] a cross-sectional view taken along the line A-A of Fig. 1.

[Fig. 3] a cross-sectional view of a stopper 16.

[Fig. 4] a partial perspective view of the actuator.

[Fig. 5] a cross-sectional view showing a positional relationship between a position indicator
and a position indicator detecting portion.

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




