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(54) LINEAR ACTUATOR

(57) A linear actuator that includes a torque genera-
tor, a lead screw, a driven nut, an activation circuit and
a push rod. The torque generator has an output shaft.
The lead screw is operationally coupled to the output
shaft of the torque generator. The driven nut has an in-
ternally threaded bore that threadably engages external
threads of the lead screw in such a manner that frictional
forces between the internal threaded bore and the exter-

nal threads prevent movement between the driven nut
and the lead screw when no torque is provided by the
torque generator. The activation circuit is in communica-
tion with the torque generator. The activation circuit has
at least one switch that is configured to be activated by
the driven nut. The push rod is operationally coupled to
the driven nut.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This Application claims priority to U.S. Provi-
sional Application Serial No. 62/443,184, titled Linear Ac-
tuator, filed on January 6, 2017, which is incorporated in
its entirety herein by reference.

BACKGROUND

[0002] Vehicles employ one or more differentials to al-
low an outer drive wheel to rotate faster than an inner
drive wheel during cornering as both drive wheels con-
tinue to receive torque from an engine. While differentials
are useful during cornering, they may allow the vehicle
to lose traction, for example in mud, snow or other slick
medium. Limited-slip differentials have been developed
to address this loss of traction issue. Moreover, some
types of vehicles, such as, but not limited to, recreational
vehicles including all-terrain vehicles (ATVs) and utility
task vehicles (UTVs) implement front and rear locking
differentials to accommodate vehicle operational char-
acteristic preferences. The locking mechanism of locking
differentials selectively lock rotation of the drive wheels
together based on a desired operational characteristic.
A typical locking system employs a solenoid that requires
a constant current draw during implementation of the
locking system.

SUMMARY OF INVENTION

[0003] The following summary is made by way of ex-
ample and not by way of limitation. It is merely provided
to aid the reader in understanding some of the aspects
of the invention. Embodiments provide a linear actuator
locking system that selectively locks a differential or other
component without requiring a constant current draw to
be maintained after implementation of a locking feature
of the system. Moreover, embodiments of the linear ac-
tuator are effective, efficient, compact, simple and afford-
able.
[0004] In one embodiment a linear actuator that in-
cludes a torque generator, a lead screw, a driven nut, an
activation circuit and a push rod is provided. The torque
generator has an output shaft. The lead screw is opera-
tionally coupled to the output shaft of the torque gener-
ator. The driven nut has an internally threaded bore that
threadably engages external threads of the lead screw
in such a manner that frictional forces between the inter-
nal threaded bore and the external threads prevent
movement between the driven nut and the lead screw
when no torque is provided by the torque generator. The
activation circuit is in communication with the torque gen-
erator. The activation circuit has at least one switch that
is configured to be activated by the driven nut. The push
rod is operationally coupled to the driven nut.
[0005] In another embodiment, a differential with a lin-

ear actuator lock that includes a shift dog, a shift fork, an
electric motor, a lead screw, a driven nut, an activation
circuit and a push rod is provided. The shift dog is con-
figured to selectively engage a portion of the differential
to selectively lock the differential. The shift fork is oper-
ationally engaged with the shift dog wherein movement
of the shift fork moves the shift dog. The electric motor
has an output shaft. The lead screw is operationally cou-
pled to the output shaft of the electric motor. The driven
nut has an internally threaded bore that threadably en-
gages external threads of the lead screw in such a man-
ner that frictional forces between the internal threaded
bore and the external threads prevent movement be-
tween the driven nut and the lead screw when no torque
is provided by the torque generator. The activation circuit
is in communication with the electric motor. The activa-
tion circuit has at least one switch that is configured to
be activated by the driven nut. The push rod is opera-
tionally coupled to the driven nut. The push rod is further
operationally coupled to the shift fork.
[0006] In another embodiment, a vehicle including an
engine, a transmission, at least one differential and at
least one linear actuator is provided. The transmission
is operationally coupled to the engine. The at least one
differential is operationally coupled to the transmission.
The at least one linear actuator is used to selectively lock
the at least one differential. The at least one linear actu-
ator includes an electric motor, a lead screw, a driven
nut, an activation circuit and a push rod. The electric mo-
tor has an output shaft. The lead screw is operationally
coupled to the output shaft of the electric motor. The driv-
en nut has an internally threaded bore that threadably
engages external threads of the lead screw in such a
manner that frictional forces between the internal thread-
ed bore and the external threads prevent movement be-
tween the driven nut and the lead screw when no torque
is provided by the torque generator. The activation circuit
is in communication with the electric motor. The activa-
tion circuit has at least one switch that is configured to
be activated by the driven nut. The push rod is opera-
tionally coupled to the driven nut. The push rod is further
operationally coupled to the shift fork.
[0007] Instill another embodiment, a method of selec-
tively locking a differential is provided. The method in-
cludes applying a current in a first direction to an electric
motor to move a driven nut on a lead screw that is oper-
ationally coupled to the electric motor. A push rod is
moved with the driven nut. The push nut is operationally
engaged with a shift dog that is configured to engage a
portion of the differential to selectively lock the differential
upon movement of the push rod. At least a first switch is
activated to remove the current to the electric motor once
the shift dog has locked the differential, wherein a con-
figuration of the driven nut on the lead screw retains the
differential in a locked configuration after the current has
been removed from the electric motor.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention can be more easily un-
derstood and further advantages and uses thereof will
be more readily apparent, when considered in view of
the detailed description and the following figures in which:

Figure 1 is an unassembled side view of a linear
actuator according to one exemplary embodiment;

Figure 2 is a cross-sectional assembled view of a
differential and the linear actuator of Figure 1;

Figure 3 is a activation circuit according to one ex-
emplary embodiment;

Figure 4A through 4D illustrate different circuit phas-
es of the activation circuit during operation of the
linear actuator of Figure 1;

Figure 5 is a block diagram of a control system ac-
cording to one exemplary embodiment;

Figure 6 is an unassembled side view of a linear
actuator according to another exemplary embodi-
ment;

Figure 7 is a cross-sectional side view of the assem-
bled linear actuator of Figure 6;

Figure 8 is a partial close up side view of the assem-
bled linear actuator of Figure 6 illustrating an inter-
action between the lead screw and driven nut;

Figure 9 is a block diagram of a vehicle according to
one exemplary embodiment;

Figure 10A is a locking flow diagram according to
one exemplary embodiment; and

Figure 10B is an unlocking flow diagram according
to one exemplary embodiment.

[0009] In accordance with common practice, the vari-
ous described features are not drawn to scale but are
drawn to emphasize specific features relevant to the
present invention. Reference characters denote like el-
ements throughout Figures and text.

DETAILED DESCRIPTION

[0010] In the following detailed description, reference
is made to the accompanying drawings, which form a
part hereof, and in which is shown by way of illustration
specific embodiments in which the inventions may be
practiced. These embodiments are described in suffi-
cient detail to enable those skilled in the art to practice
the invention, and it is to be understood that other em-

bodiments may be utilized and that changes may be
made without departing from the spirit and scope of the
present invention. The following detailed description is,
therefore, not to be taken in a limiting sense, and the
scope of the present invention is defined only by the
claims and equivalents thereof.
[0011] Embodiments of the present invention provide
an actuation system and method to engage and disen-
gage a vehicle (such as, but no limited to ATV/UTV) front
and/or rear locking differential. Embodiment may also be
implemented in a disconnect system to selectively en-
gage and disengage two wheel drive to four wheel drive
in a vehicle. Embodiments do not require an electrical
current once the motion of locking feature has been com-
pleted. Moreover, embodiments provide a compact, ef-
ficient, and low cost locking mechanism.
[0012] Referring to Figure 1, a linear actuator 100 of
an embodiment is illustrated. The linear actuator 100 in-
cludes a direct current motor 102 (or torque generator).
A gear reduction train that includes a first gear 104 and
a second gear 105 is rotationally coupled to a rotation
output shaft 103 of the motor 102. The gear reduction
train is operationally coupled to move a push rod 106 a
defined distance to activate a mechanism inside a gear-
box (such as, but not limited to, a differential such as
differential 200 shown in Figure 2). Rotational motion of
the output shaft 103 of the motor 102 is converted into
linear motion via lead screw 108. In particular, the second
gear 105 of the gear reduction train is rotationally coupled
to the lead screw 108 to convey rotation of the output
shaft 103 of the motor 102 to the lead screw 108. The
lead screw 108 includes external threads 108a that en-
gage internal threads of a driven nut 110 as best illus-
trated in Figure 2. A first end 106a of the push rod 106
is held in a holding bore 110a of the driven nut 110. This
connection causes the push rod 106 to linearly move with
the driven nut 110. Two electrical mechanical switches
306 and 308 are used to control the distance of travel of
the push rod 106 and driven nut 110. The electrical
switches 306 and 308 are mounted in a first housing por-
tion 114a via fasteners 115. The first housing portion
114a is mounted to a second housing portion 114b via
fasteners 117. In an embodiment, the components are
sealed within the housing (114a and 114b) via seal be-
tween the housings portions 114a and 114b (not shown)
and seal 120. Seal 120 is positioned about an internal
passage of the first housing 114a and the push rod 106.
Further seal 121 creates a seal between the linear actu-
ator 100 and a housing of the differential 200 or other
device. Also illustrated in Figure 1 is a washer 122 that
is positioned to engage a shoulder of the push rod 106
and a retaining clip 124 that is engaged proximate a sec-
ond end 106b of the push rod 106.
[0013] Figure 2 illustrates a differential 200 including
the linear actuator 100 of Figure 1. In this embodiment,
the push rod 106 is operationally engaged with a shift
fork 202 in the differential 200. The shift fork 202 in turn
is engaged with an engagement dog 204 that selectively
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locks the differential 200. In this embodiment, a biasing
member 206 that is positioned between the shift fork 202
and the washer 122 and retaining clip 124 arrangement
on the push rod 106, is used at least in part to manipulate
the movement of the shift fork 202.
[0014] The differential 200 in this example embodi-
ment is illustrated as including a ring gear 250, a carrier
252, a first side gear 254a, a second side gear 254b and
a first pinion gear 256. A second pinon gear is not illus-
trated in this cross-sectional side view. The engagement
dog 204 is configured to selectively engage the first side
gear 254a in this example embodiment to selectively lock
the differential 200. As discussed above, shift fork 202,
under control of the linear actuator 100, selectively slides
the engagement dog 204 to engage the first side gear
254a to lock the differential.
[0015] Figure 3 illustrates an activation circuit 300 used
to operate the linear actuator 100 in an embodiment. The
activation circuit 300 is reconfigurable via double pole
double throw (DPDT) switch 302 that works with the first
switch 306 and the second switch 308 to selectively op-
erate motor 102. The circuit 300 includes a power supply
314. Electrically coupled to the power supply 314 is the
DPDT switch 302. The DPDT switch 302 include a first
pole 303 that is selectively positioned to make an elec-
trical connection between a first side of the power supply
(positive polarity side in this example) and a first conduc-
tive path 322 or a second conductive path 324. The DPDT
switch 302 further includes a second pole 305 that is
selectively positioned to make an electrical connection
between a second side of the power supply (negative
polarity side in this example) and the second conductive
path 324 or a third conductive path 326.
[0016] The first switch 306 includes a pole 307 that is
selectively positioned to make an electrical connection
between the first conductive path 322 and a fourth con-
ductive path 328 or a fifth conductive path 330. The fifth
conductive path 330 is couple to the second side of the
power supply 314. The second switch 308 includes a
pole 309 that is selectively positioned to make an elec-
trical connection between the third conductive path 326
and the fourth conductive path 328 or a sixth conductive
path 332. The sixth conductive path is coupled to the first
side of the power supply 314. A first electrical connection
of the motor 102 is coupled to the second conductive
path 324 and a second electrical connection of the motor
is coupled to the fourth conductive path 328. Positioned
in the fifth conductive path 330 is a first indicator 304 and
positioned within the sixth conductive path 332 is a sec-
ond indicator 310.
[0017] Referring to Figures 4A through 4D as discus-
sion of the operation of the activation circuit 300 is pro-
vide. Figure 4A illustrates an actuator plunging forward
configuration. In this configuration, the circuit 300 is
closed activating the motor 312 to move the push rod
106 towards the shift fork 202 to move the shift fork 202
and the engagement dog 204. In this configuration, the
first pole 303 of the DPDT switch 302 couples the first

side (positive polarity side in this example) of the power
supply 314 to the first conductive path 322. Pole 307 of
the first switch 306 is positioned to connect the first con-
ductive path 322 to the fourth conductive path 328. The
second pole 305 of the DPDT switch 302 in this config-
uration connects the second side (negative polarity side
in this example) to the second conductive path 324.
Hence current from the power supply 314 in this config-
uration passes through the second conductive path 324,
through the motor 102 back to the power supply 302 via
fourth and first conductive paths 328 and 322. As dis-
cussed, the current flowing through the motor 102 in this
direction causes the output shaft 103 of the motor 102
to rotate in a direction that causes the push rod 106 to
move towards the shift fork 202 and activate the engage-
ment dog 204.
[0018] Figure 4B illustrates an actuator fully engaged
configuration of the activation circuit 300. In this config-
uration, the first and second poles 303 and 305 of the
DTDP switch 302 and pole 309 of the second switch 308
remain in the same position as in the actuator plunging
forward configuration discussed above, but pole 307 of
the first switch 306 is positioned to couple the first con-
ductive path 322 to the fifth conductive path 330. Hence
current is not passing through the motor 102 (open circuit)
in this configuration and hence the output shaft 103 of
the motor 102 is not rotating. This configuration is imple-
ment when the push rod 106 has fully engaged the shift
fork 202 in locking the differential 200 via the engagement
dog 204. Indicator 304 indicates the linear actuator 100
has locked the differential 200.
[0019] Figure 4C illustrates an actuator retracting con-
figuration of the activation circuit 300. In this configura-
tion, the first pole 303 of the DPDT switch 302 couples
the first side of the power supply 314 (the positive polarity
side) to the second conductive path 324 and the second
pole 305 of the DPDT switch 302 couples the second
side of the power supply 314 to the third conductive path
326. In addition, pole 307 of the first switch 306 is posi-
tioned to couple the first conductive path 322 to the fourth
conductive path 328 and pole 309 of the second switch
308 couples the third conductive path 326 to the fourth
conductive path 328. In this configuration, current flows
from the power supply 314 through the third conductive
path 326, through the fourth conductive path 328, through
the motor 102 and back to the power supply 314 via the
second conductive path 324. Hence, in this configuration,
current flows through the motor 102 in the opposite di-
rection than it did in the actuator plunging forward con-
figuration discussed above. This causes the output shaft
103 of the motor 102 to rotate in a direction that is oppo-
site the direction than the actuator rotates during the
plunging forward configuration which causes the push
rod 106 to move away from the shift fork 202 which in
turn causes the engagement dog 204 to disengage the
first side gear 254a of the example of Figure 2.
[0020] Figure 4D illustrates an actuator fully retracted
configuration of the activation circuit 300. In this config-
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uration the first and second poles 303 and 305 of the
DPDT switch 302 and pole 307 of the first switch 306
remain in the same position as in the actuator retraction
configuration. However, pole 309 of the second switch
308 is positioned to couple the third conductive path 326
to the sixth conductive path 332 therein ceasing the cur-
rent path through the motor 102. This actuator fully re-
tracted configuration is implemented once the push rod
106 has is no longer working on the shift fork 202 and
the differential is no longer locked. Indictor 310 is used
to indicate the differential is not locked. In one embodi-
ment, the indicators 304 and 310 are position detectors
that detect the position of a component of the actuator,
such as the push rod 106 or the driven nut 110, at the
end of a stroke to determine if the differential is locked
or not. In one example embodiment, the indicators 304
and 310 use LED lights. However, other types of indica-
tors are contemplated.
[0021] Figure 5 illustrates a block diagram of a control
system 500 of an embodiment. The control system 500
includes an input 504. In an embodiment, the input 504
is an operator input that is used by the operator to select
when to activate the linear actuator 502. In another em-
bodiment, a controller is used to activate the linear actu-
ator 502 based on sensors inputs indicating a then cur-
rent operational state of a vehicle implementing the linear
actuator 502. The input 504, in the embodiment of Figure
5 controls the DPDT switch 302. The DPDT switch 302
controls the actuator 502, which in an embodiment, in-
cludes the push rod 106/driven nut 110 arrangement dis-
cussed above. The actuator 502 in turn controls switches
306 and 308. For example, switches 306 and 308 may
be operationally positioned to activate upon the comple-
tion of a stroke of the push rod 106, driven nut 110 or
other component of the actuator 502. For example, as
the completion of actuator 502 from position 1 of Figure
4A to position 2 of Figure 4B is accomplished, a position
of a component of the actuator 502 at the end of the lock
stroke activates switch 306, to cause the motor 312 to
cease operation. Similarly, upon the completion of the
actuator 502 from position 3 of Figure 4C to position 4 of
Figure 4D is accomplished, a position of a component of
the actuator 502 at the end of the unlock stroke activates
switch 308, to cause the motor 312 to cease operation.
Moreover, the movement of the component of the actu-
ator 502 at the beginning of a respective stroke further
activates a respective switch 306 or 308 to set the poles
of the respective switches 306 or 308 in a correct position
for operation.
[0022] Referring to Figure 6, a linear actuator 600 of
another embodiment is illustrated. The linear actuator
600 includes a direct current motor 602. A gear reduction
train that includes a first gear 604 and a second gear 605
is rotationally coupled to a rotation output shaft 603 of
the motor 602. The gear reduction train is operationally
coupled to move a push rod 606 a defined distance to
activate a mechanism inside a gearbox (such as, but not
limited to, a differential such as differential 200 shown in

Figure 2). Rotational motion of the output shaft 603 of
the motor 602 is converted into linear motion via lead
screw 608. In particular, the second gear 605 of the gear
reduction train is rotationally coupled to the lead screw
608 to convey rotation of the output shaft 603 of the motor
602 to the lead screw 608. The lead screw 608 includes
external threads 608a that engage internal threads 610a
in a threaded bore 611 of a driven nut 610 as best illus-
trated in the close up cross sectional view of Figure 8.
[0023] A first end 606a of the push rod 606 is held in
a holding bore 610b of the driven nut 610. This connection
causes the push rod 606 to linearly move with the driven
nut 610. Two electrical mechanical switches 806 and 808
are used to control the distance of travel of the push rod
606 and driven nut 610 as best illustrated in the cross
sectional view of Figure 7. The electrical switches 806
and 808 are mounted in a first housing portion 614a via
fasteners 615. Switches 806 and 808 include switch ma-
nipulation portions 806a and 808a respectfully that are
selectively activated by the driven nut 610 as the driven
nut moves along the lead screw 608. Different than the
linear actuator 100 example of Figure 1, linear actuator
600 of Figure 6 includes a circuit board 605 that includes
the wiring to the switches and in an embodiment includes
a controller as discussed above. The fasteners 615 also
fasten the circuit board 605 to the first housing portion in
this example embodiment.
[0024] The linear actuator 600 is illustrated in the cross
sectional side perspective view of Figure 7 as being in
an extended state. This corresponds to position two:
open circuit, actuator fully engaged configuration circuit
of Figure 4B illustrated above using switch 806 in place
of switch 306 and switch 808 in place of switch 308. In
this extended state of Figure 7, the manipulation portion
806a of the switch 806 is triggered by the driven nut 610
to achieve the open circuit. Mechanical movement of the
linear actuator 600 is locked in a static configuration by
the interface between the external threads 608a of the
lead screw 108 and the internal treads 610a in the thread-
ed bore 611 of the driven nut 610.
[0025] The linear actuator 600 remains locked due to
friction between the external threads 608a of the lead
screw 608 and internal threads 610a of the threaded bore
611 of the driven nut 610. This locking feature continues
to remain locked during the open circuit as long as the
friction angle of the internal thread interface is larger than
the lead angle of lead screw 108. Determining a config-
uration that accomplishes the level of friction needed in
an embodiment can be determined with thread of lead
screw λ and a friction angle ψ equations as follows:
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[0026] Where p equals a thread pitch, d equals a thread
pitch diameter, m equals a friction coefficient at thread
interface and a equals a thread half angle.
[0027] The first housing portion 614a is mounted to a
second housing portion 614b via fasters 617. In an em-
bodiment, the components are sealed within the housing
(614a and 614b) via seal between the housings portions
614a and 614b (not shown) and seal 620. Seal 621 cre-
ates a seal between the linear actuator 600 and a device
housing, such as a differential housing. Also illustrated
in Figure 6 is a washer 622 that is positioned to engage
a shoulder of the push rod 606 and a retaining clip 624
that is engaged proximate a second end 606b of the push
rod 606.
[0028] Referring to Figure 9, a vehicle 700 implement-
ing embodiments of the linear actuator is illustrated. The
vehicle includes, an engine 702 to provide torque. A
transmission 704 is operationally coupled to the engine
702. The transmission 704 in this embodiment includes
a first output to a rear drive shaft 708 and a second output
that is operationally coupled to a disconnect 706 in this
embodiment. A front drive shaft 710 is operationally po-
sitioned between the disconnect 706 and a front differ-
ential 714. The front differential 714 is operationally cou-
pled to a pair of front wheels 720a and 720b. Moreover,
the rear drive shaft 708 is operationally coupled to the
rear differential 712 which is in turn operationally coupled
to a pair of rear wheels 720c and 720d. As discussed
above, the vehicle implements embodiments of the linear
actuator 100 and 600 discussed above. In particular, a
linear actuator 750, similar to linear actuator 100 or 600,
is used to selectively connect and disconnect a rotational
output of the transmission 704 to the front drive shaft 710
therein selecting between two wheel and four wheel
drive. Although, the disconnect 706 is illustrated between
the transmission 704 and front drive shaft 710 in another
embodiment it is positioned between the front differential
714 and the front drive shaft 710. Moreover, other con-
figurations are contemplated. In the embodiment of Fig-
ure 9, both the front differential 714 and the rear differ-
ential 712 include linear actuators 752 and 754 respec-
tively, similar to linear actuator 100 or 600 and differential
200 configuration described above. Other vehicle em-
bodiments, may implement less or more linear actuators
100 or 600 depending on the desired requirements of the
vehicle.
[0029] Figure 10A illustrates a locking flow diagram
900 for a differential and Figure 10B illustrates an un-
locking flow diagram 910 of exemplary embodiments.
The flow diagrams 900 and 910 are provided as a series
of sequential steps. The steps may occur in other orders.
Hence, embodiments are not limited to the sequence of
steps provided in Figures 10A and 10B. Referring to Fig-
ure 10A, the locking flow diagram 900 starts by applying
a current in a first direction to the electric motor at step
(902). This will occur when it is desired for the differential
to be locked. The applying of the current can be done
under the control of a controller monitoring the current

state of a vehicle using the differential or by a manual
switch controlled by the operator. In response the current
in the first direction, a push rod is moved in a first direction
at step (904). As discussed above, in embodiments, the
push rod is in communication with a shift dog in an em-
bodiment that selectively locks the differential upon
movement of the push rod in the first direction. Once the
differential is locked, a first switch is activated to remove
the current at step (906). The different remains in the
locked configuration after the current is removed from
the electric motor at step (908). As discussed above this
is done by the frictional configuration of the driven nut on
the lead screw.
[0030] The unlocking flow diagram 910 starts by ap-
plying a current in a second direction to the electric motor
at step (912). This will occur when it is desired for the
differential to be unlocked. The applying of the current
can be done under the control of a controller monitoring
the current state of a vehicle using the differential or by
a manual switch controlled by the operator as discussed
above. In response the current in the second direction,
the push rod is moved in a second direction at step (914).
As discussed above, in embodiments, the push rod is in
communication with a shift dog in an embodiment that
selectively unlocks the differential upon movement of the
push rod in the second direction.
[0031] Once the differential is unlocked, a second
switch is activated to remove the current at step (916).
The different remains in the unlocked configuration after
the current is removed from the electric motor at step
(918). As discussed above this is done by the frictional
configuration of the driven nut on the lead screw.

EXAMPLE EMBODIMENTS

[0032]

Example 1 is a linear actuator that includes a torque
generator, a lead screw, a driven nut, an activation
circuit and a push rod. The torque generator has an
output shaft. The lead screw is operationally coupled
to the output shaft of the torque generator. The driven
nut has an internally threaded bore that threadably
engages external threads of the lead screw in such
a manner that frictional forces between the internal
threaded bore and the external threads prevent
movement between the driven nut and the lead
screw when no torque is provided by the torque gen-
erator. The activation circuit is in communication with
the torque generator. The activation circuit has at
least one switch that is configured to be activated by
the driven nut. The push rod is operationally coupled
to the driven nut.

Example 2, includes the linear actuator of Example
1, further including a shift fork operationally engaged
with the push rod. The shift fork configured to ma-
nipulate a shift dog in response to movement of the
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push rod.

Example 3 includes the linear actuator of any of the
Examples 1-2, wherein the torque generator is an
electric motor.

Example 4 includes the linear actuator of any of the
Examples 1-3, further including a circuit board in-
cluding wiring for the activation circuit and at least
one indicator to indicate the position of a component
of the linear actuator.

Example 5 includes the linear actuator of any of the
Examples 1-4, wherein the at least one switch of the
activation circuit further includes a double pole dou-
ble throw switch; a first switch; and a second switch,
the first and second switch configured to be activated
by the driven nut.

Example 6 includes the linear actuator of any of the
Examples 1-5, wherein the activation circuit further
includes a first conductive path; a second conductive
path, a first pole of the double switch configured to
selectively couple a first side of a power supply to
one of the first conductive path and the second con-
ductive path; a third conductive path, a second pole
of the double switch configured to selectively couple
a second side of the power supply to one of the sec-
ond conductive path and the third conductive path;
a fourth conductive path, the electric motor coupled
between the second and fourth conductive paths; a
fifth conductive path coupled to a second side of the
power supply, the first switch configured to selec-
tively couple one of the fourth and the fifth conductive
paths to the first conductive path; and a sixth con-
ductive path coupled to the first side of the power
supply, the second switch configured to selectively
couple one of the fourth and the fifth conductive paths
to the third conductive path.

Example 7 includes the linear actuator of any of the
Examples 1-6, further including an input to control
the activation of the double pole double throw switch.

Example 8 includes a differential with a linear actu-
ator lock that includes a shift dog, a shift fork, an
electric motor, a lead screw, a driven nut, an activa-
tion circuit and a push rod. The shift dog is configured
to selectively engage a portion of the differential to
selectively lock the differential. The shift fork is op-
erationally engaged with the shift dog wherein move-
ment of the shift fork moves the shift dog. The electric
motor has an output shaft. The lead screw is oper-
ationally coupled to the output shaft of the electric
motor. The driven nut has an internally threaded bore
that threadably engages external threads of the lead
screw in such a manner that frictional forces between
the internal threaded bore and the external threads

prevent movement between the driven nut and the
lead screw when no torque is provided by the torque
generator. The activation circuit is in communication
with the electric motor. The activation circuit has at
least one switch that is configured to be activated by
the driven nut. The push rod is operationally coupled
to the driven nut. The push rod is further operationally
coupled to the shift fork.

Example 9 includes the differential with a linear ac-
tuator lock of Example 8, further including a circuit
board including wiring for the activation circuit.

Example 10 includes the differential with a linear ac-
tuator lock of any of the Examples 8-9, wherein the
at least one switch of the activation circuit further
includes a double pole double throw switch, a first
switch and a second switch. The first and second
switch are configured to be activated by the driven
nut.

Example 11 includes the differential with a linear ac-
tuator lock of any of the Examples 8-10, further in-
cluding an input to control the activation of the double
pole double throw switch.

Example 12 includes the differential with a linear ac-
tuator lock of any of the Examples 8-11, further
wherein the first switch is positioned to be activated
by the driven nut upon completion of a lock stroke
causing the electric motor to cease operations, and
the second switch is positioned to be activated by
the driven nut upon completion of an unlock stroke
causing the electric motor to cease operations.

Example 13 is a vehicle including an engine, a trans-
mission, at least one differential and at least one lin-
ear actuator. The transmission is operationally cou-
pled to the engine. The at least one differential is
operationally coupled to the transmission. The at
least one linear actuator is used to selectively lock
the at least one differential. The at least one linear
actuator includes an electric motor, a lead screw, a
driven nut, an activation circuit and a push rod. The
electric motor has an output shaft. The lead screw
is operationally coupled to the output shaft of the
electric motor. The driven nut has an internally
threaded bore that threadably engages external
threads of the lead screw in such a manner that fric-
tional forces between the internal threaded bore and
the external threads prevent movement between the
driven nut and the lead screw when no torque is pro-
vided by the torque generator. The activation circuit
is in communication with the electric motor. The ac-
tivation circuit has at least one switch that is config-
ured to be activated by the driven nut. The push rod
is operationally coupled to the driven nut. The push
rod is further operationally coupled to the shift fork.
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Example 14 includes the vehicle of Example 13, fur-
ther including a disconnect located between the
transmission and the at least one differential, and a
second linear actuator configured to selectively en-
gage and disengage the disconnect.

Example 15 includes the vehicle of any Example
13-14, wherein the at least one switch of the activa-
tion circuit further includes a double pole double
throw switch to selectively activate the electric motor,
a first switch and a second switch. The first and sec-
ond switch are configured to be activated by the driv-
en nut.

Example 16 includes the vehicle of any Example
13-15, further includes an input to control the activa-
tion of the double pole double throw switch.

Example 17 includes the vehicle of any Example
13-16, further wherein the first switch is positioned
to be activated by the driven nut upon completion of
a lock stroke causing the electric motor to cease op-
erations and the second switch is positioned to be
activated by the driven nut upon completion of an
unlock stroke causing the electric motor to cease
operations.

Example 18 is a method of selectively locking a dif-
ferential. The method includes applying a current in
a first direction to an electric motor to move a driven
nut on a lead screw that is operationally coupled to
the electric motor. A push rod is moved with the driv-
en nut. The push nut is operationally engaged with
a shift dog that is configured to engage a portion of
the differential to selectively lock the differential upon
movement of the push rod. At least a first switch is
activated to remove the current to the electric motor
once the shift dog has locked the differential, wherein
a configuration of the driven nut on the lead screw
retains the differential in a locked configuration after
the current has been removed from the electric mo-
tor.

Example 19 includes the method of Example 18,
wherein activating the at least first switch further in-
cludes activating the at least first switch with the driv-
en nut.

Example 20 includes any of the methods of Example
20, further including applying a current in a second
direction to the electric motor to move the driven nut
on the lead screw in a second different direction. The
push rod is moved in the second different direction
to disengage the shift dog from the portion of the
differential to selectively unlock the differential. At
least a second switch is activated to remove the cur-
rent from the electric motor, wherein a configuration
of the driven nut on the lead screw retains the differ-

ential in an unlocked configuration after the current
has been removed from the electric motor.

[0033] Although specific embodiments have been il-
lustrated and described herein, it will be appreciated by
those of ordinary skill in the art that any arrangement,
which is calculated to achieve the same purpose, may
be substituted for the specific embodiment shown. This
application is intended to cover any adaptations or vari-
ations of the present invention. Therefore, it is manifestly
intended that this invention be limited only by the claims
and the equivalents thereof.

Claims

1. A linear actuator (100, 600) comprising:

a torque generator (102) having an output shaft
(103);
a lead screw (108, 608) operationally coupled
to the output shaft (103) of the torque generator
(102);
a driven nut (110, 610) having an internally
threaded bore (611) that threadably engages
external threads (608a) of the lead screw (608)
in such a manner that frictional forces between
the internal threaded bore (611) and the external
threads (608a) prevent movement between the
driven nut (110, 610) and the lead screw (108,
608) when no torque is provided by the torque
generator (102);
an activation circuit (300) in communication with
the torque generator (102), the activation circuit
(300) having at least one switch (306, 309, 806,
808) configured to be activated by the driven nut
(110, 610); and
a push rod (106, 606) operationally coupled to
the driven nut (110, 610).

2. The linear actuator (100, 600) of claim 1, further com-
prising:

a shift fork (202) operationally engaged with the
push rod (106, 606), the shift fork (202) config-
ured to manipulate a shift dog (204) in response
to movement of the push rod (106,606).

3. The linear actuator (100, 600) of claim 2, wherein
the shift dog (204) is configured to selectively engage
a portion (254a) of a differential (200) to selectively
lock the differential (200).

4. The linear actuator (100, 600) of any of the claims
1-3, wherein the torque generator is an electric motor
(102, 312).

5. The linear actuator (100, 600) of any of the claims
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1-4, further comprising:

a circuit board (605) including wiring for the ac-
tivation circuit (300).

6. The linear actuator (100, 600) of any of the claims
1-4, wherein the at least one switch of the activation
circuit (300) further comprises:

a double pole double throw switch (302);
a first switch (306, 806); and
a second switch (308, 808), the first and second
switch (306, 806, 308, 808) configured to be ac-
tivated by the driven nut (110, 610).

7. The linear actuator (100, 600) of claim 6, wherein
the activation circuit (300) further comprises:

a first conductive path (322);
a second conductive path (324), a first pole (303)
of the double switch (302) configured to selec-
tively couple a first side of a power supply (314)
to one of the first conductive path (322) and the
second conductive path (324);
a third conductive path (326), a second pole
(305) of the double switch (302) configured to
selectively couple a second side of the power
supply (314) to one of the second conductive
path (324) and the third conductive path (326);
a fourth conductive path(328), the electric motor
(312) coupled between the second and fourth
conductive paths (324, 328);
a fifth conductive path (330) coupled to a second
side of the power source (314), the first switch
(306) configured to selectively couple one of the
fourth and the fifth conductive paths (328, 330)
to the first conductive path (322); and
a sixth conductive path (332) coupled to the first
side of the power supply (314), the second
switch (308) configured to selectively couple
one of the fourth and the fifth conductive paths
(328, 330) to the third conductive path (326).

8. The linear actuator (100, 600) of claims 6-7, further
comprising:

an input (504) to control the activation of the dou-
ble pole double throw switch (302).

9. The linear actuator (100, 600) of claim 6-8, further
wherein:

the first switch (306, 806) is positioned to be ac-
tivated by the driven nut (110, 610) upon com-
pletion of a lock stroke causing the torque gen-
erator (102, 312) to cease operations; and
the second switch (308, 808) is positioned to be
activated by the driven nut (110, 610) upon com-

pletion of an unlock stroke causing the torque
generator (102, 312) to cease operations.

10. The linear actuator (100, 600) of any of the claims
1-9, further comprising:

at least one indicator (304, 310) to indicate the
position of a component of the linear actuator
(100, 600).

11. The linear actuator (100, 600) of any of the claims
1-10, wherein the linear actuator (110, 600) is con-
figured to control a disconnect (706) between a
transmission (704) and at least one differential (200)
of a vehicle (700).

12. A method of selectively locking a differential (200),
the method comprising:

applying a current in a first direction to an electric
motor (102, 312) to move a drive nut (110, 610)
on a lead screw (108, 608) that is operationally
coupled to the electric motor (102,312);
moving a push rod (106, 606) with the driven nut
(110, 610), the driven nut (110, 610) operation-
ally engaged with a shift dog (204) that is con-
figured to engage a portion (254a) of the differ-
ential (200) to selectively lock the differential
(200) upon movement of the push rod (106,
606); and
activating at least a first switch (306, 806) to re-
move the current to the electric motor (102, 312)
once the shift dog (204) has locked the differen-
tial (200), wherein a configuration of the driven
nut (110, 610) on the lead screw (108, 608) re-
tains the differential (200) in a locked configura-
tion after the current has been removed from the
electric motor (102, 312).

13. The method of claim 12, wherein activating the at
least first switch (306, 806) further comprises:

activating the at least first switch (306, 806) with
the driven nut (110, 610).

14. The method of claim 12, further comprising:

applying a current in a second direction to the
electric motor (102, 312) to move the driven nut
(110, 610) on the lead screw (108, 608) in a sec-
ond different direction;
moving the push rod (106, 606) in the second
different direction to disengage the shift dog
(204) from the portion (254a) of the differential
(200) to selectively unlock the differential (200);
activating at least a second switch (308, 808) to
remove the current from the electric motor (102,
312) wherein a configuration of the driven nut
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(110, 610) on the lead screw (108, 608) retains
the differential (200) in an unlocked configura-
tion after the current has been removed from the
electric motor (102, 312).

15. The method of claim 14, wherein activating the at
least second switch (308, 808) further comprises:

activating the at least second switch (308, 808)
with the driven nut (110, 610).
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