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panel to a body. The system can include an actuator for driving the closure panel between the open position and the closed position. A
counterweight member reduces a mechanical effort provided by the actuator to drive the closure panel.
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POWER TAILGATE MECHANISM

CROSS-REFERENCE TO RELATED APPLICATIONS
(6001} This application claims the benefit of U.S. Provisional Application No.
3/265,689, filed December 17, 2021, the entire disclosure of which 1s hereby incorporated
by reference in its entirety.
TECHNICAL FIELD
[0002] This application relates to power systems for opening and closing hinged

closure panels, particularly the tailgate of a vehicle such as a truck, SUV, or the like.

BACKGROUND

[8003] Generally described, a vanety of vehicles, such as electric vehicles,
combustion engine vehicles, hybrid vehicles, commercial vehicles, trucks, SUVs, semi-
trucks, etc., can be configured with hinged closure panels. Many trucks have tailgates that
can open to extend the bed and permit loading and unloading, and close to create a confined
area. The tailgate can swing between the open and closed positions to selectively provide
access mside the bed. Typically, a range of motion of the tailgate 5 through about 90
degrees from the opened posttion to the closed position.  Existing latch arrangements may
melude strikers that are wounted o the vehicle structure and aligned so as to engage latches

10 the tailgate when the tatlgate 1s i the closed position.

SUMMARY
[6004] An aspect 15 directed to a system for moving a hinge between an open

position and a closed position. The hinge coupling a closure panel to a body. The system
comprises an actuator for driving the closure panel between the open position and the closed
position relative to the body and a counterweight member for reducing a mechanical effort
provided by the actuator to drive the closure panel

[6005] A varnation of the aspect above 1s, wherein the closure panel comprises an
outer panel, an mtertor panel, and an inner space between the outer panel and the mtenor

panel, the counterweight member being mounted n the inner space.
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[6086] A variation of the aspect above s, wherein the actuator s disposed outside
the inner space of the closure panel.

(6087} A vanation of the aspect above 1s, wherein the counterweight member is a
torsion spring configured to twist along its axis.

[600&] A vanation of the aspect above 1s, wherein the counterweight member is a
torsion rod configured to resist twisting and have a strong tendency to untwist,

{6009} A varation of the aspect above 1s, wherein the actuator moves between an
extended configuration and a retracted configuration along a first axis, and wherein the
counterweight member rotates about a second axis, the second axis being different than the
first axis.

(0016} A vanation of the aspect above further comprises at least one latch
configured to lock the closure panel in the closed position.

(0011} A wvariation of the aspect above is, wherein the at least one latch is
configured to cinch the closure panel towards the closed position.

[0012] A varation of the aspect above further comprises a controller configured
to conirol at least the actuator,

[06013] A varnation of the aspect above further comprises a switch configured to
trigger the controller.

[6014] A vanation of the aspect above s, wheremn the switch is disposed on a
wireless key fob.

(0801 5] A variation of the aspect above 13, wherein the switch is accessed via a

GUIT on a smart phone.

[8016] A varnation of the aspect above 15, wherein the switch 15 disposed on the
body.
[8017] A vanation of the aspect above further comprises at least one sensor

configured to sense a position of the closure panel.

(001 8] A variation of the aspect above 13, wherein the closure panel is a vehicle
tailgate.

[0019] A varation of the aspect above 15, wheremn the body s a truck.

(6028} A varnation of the aspect above is, wherein the body is a sport utility

vehicle.
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[6021] A variation of the aspect above 1s, wherem the actuator is a linear actuator.

[0022] A variation of the aspect above further comprises a ¢rank arm, the crank
arm operatively linking the closure panel to the actuator.

[0023] A wvariation of the aspect above is, wherein the actuator comprises a
plurality of sockets, and wherein the body and the crank arm each comprise a ball configured
to be disposed in one of the plurality of sockets.

[6024] A vanation of the aspect above 1s, wherein the body comprises an outer
panel, an intertor panel, and an mner space between the outer panel and the interior panel, the
actuator being mounted in the inner space.

[0025] An aspect 15 directed to a system for opening and closing a tatlgate of a
vehicle between an open position and a closed position. The system comprises a linear
actuator comprising a spindle and an outer tube, the spindle being movable between an
extended posttion and a retracted position relative to the outer tube, the linear actuator being
configured to drive the tailgate from the open position towards the closed position when the
spindle moves from the retracted position to the extended position, a crank arm operatively
hnking the tailgate to the linear actuator, and a counterweight member disposed mn the
tatlgate and configured to reduce a mechanical effort provided by the actuator to drive the
tailgate to the closed position.

[0026] A variation of the aspect above s, wherein the tatlgate comprises an outer
panel, an intertor panel, and an mnner space, the counterweight member being configured to
be mounted n the inner space.

(8027} A vanation of the aspect above 13, wheremn the actuator is configured to be
disposed outside the mner space.

[0028&] A varation of the aspect above 1s, wheremn the counterweight member 15 a
torsion spring.

[6029] A varation of the aspect above 1s, wheremn the counterweight member 15 a
torsion rod.

6030} A variation of the aspect above 1s, wherem the actuator is a linear actuator.

(0031 A vanation of the aspect above further comprises at least one latch

configured to lock the tailgate in the closed position.
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[6032] A varation of the aspect above 15, wherein the at least one latch 15
configured to cinch the tailgate towards the closed posttion.

(6033} A varmation of the aspect above further comprises a controller configured
to conirol at least the linear actuator.

[6034] A varation of the aspect above further comprises a switch configured to
trigger the controlier.

[6035] A variation of the aspect above is, wherein the switch is disposed on a
wireless key fob.

06036} A varnation of the aspect above is, wherein the switch is accessed via a
GUT on a smart phone.

6037} A varnation of the aspect above further comprises at least one sensor
configured to sense a position of the tailgate.

[0038] An aspect is directed to a method of closing a tailgate of a vehicle. The
method comprises extending a spindle of a linear actuator so as to rotate the tailgate towards
a closed position, and releasing mechanical energy stored in a counterweight to assist the
hinear actuator rotating the talgate towards the closed position.

[6039] A vanation of the aspect above further comprises cinching the tailgate to
the closed position.

[0040] A variation of the aspect above 15, wherein the counterweight member 1s a
{OTSION SPring.

[0041] A variation of the aspect above 15, wheren the counterweight member s a

torsion rod.

[08042] A variation of the aspect above further comprises sensing a position of the
tailgate.

[8043] A variation of the aspect above 13, wherein the position is an open
position.

[0044] A variation of the aspect above 15, wherein extending the spindle 15 based

at least in part on the sensed position.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0045] The present mventions are described with reference to the accompanying
drawings, i which like reference characters reference like elements, and wherein:

[0046] Figure 1 15 a block diagram of a system incloding an actuator and a
counterweight member for controliing a posttion of a closure panel for a vehicle according to
an exemplary embodiment of the present disclosure.

(6047} Figure 2 15 an exemplary iHlustration of a vehicle that includes the system
of Figure 1 with a tailgate in an open position.

[0048] Figure 3 1s a partial perspective view of the vehicle from Figure 2 with the
tailgate n an almost closed position showing the actuator and the counterweight member
from Figure 1.

[0049] Figure 4A s a side view of the tailgate from Figure 3 i an open position
with the actuator in a retracted configuration.

[0050] Figure 4B 15 sinular to Figure 4A except the taigate is i the closed
position with the actuator 1o an extended contiguration.

[0051] Figure SA 1s an dlustration of the relative positioning of a crank arm and
the actuator when the tadgate 15 10 the open position.

[0052] Figure 5B 15 sumilar to TFigure 5A except the system has moved the
tatlgate to the closed position.

[8053] Figure 6 are superimposed views of the crank arms and actuators from
Figures 4A and 4B 1n both closed and open positions.

(0054} Figure 7 15 a perspective view of a torsion rod from an embodiment of the

system in Figure 1.

DETAILED DESCRIPTION
[0055] Generally described, one or more aspects of the present disclosure relate to
power systems for opening and closing hinged closure panels, particularly the tailgate of a
vehicle. Power taiigates often require complex systems mnvolving a plurality of expensive
components {e.g., sensors, mechanical and computer components). Further, known power
systems can be bulky which can limit the ability to efficiently and compactly package the

system within the vehicle,



WO 2023/114084 PCT/US2022/052277

0056} HEmbodiments disclosed herein can provide advantages over such power
systems. For example, in certain embodiments, the power system can significantly reduce
the number of required components. This reduction of components can significantly reduce
the supply-chain overhead, installation time, and cost. The system can have an improved
reliability due to, for example, the reduction in components. A powser system can be
advantageous n overcoming adverse weather conditions such as when an ice bridge forms
between the tailgate and the truck bed. Certain embodiments of the power system disclosed
herein can break the ice bridge formed between the tailgate and the truck bed. For example,
the user can simply activate an actuator of the power system to free a tailgate that 1s frozen to
the truck bed.

00571 In certain embodiments, the power system can ease assembly with the
vehicle. For example, in certain embodiments, the actuator of the system can comprise a
plurality of sockets while the vehicle and the crank arm each comprise a ball configured to be
disposed m one of the plurahity of sockets to ease assembly.

[0058] The actuator can be mounted to the vehicle i many different
arrangements and configurations. For example, in certain embodiments, the actuator can be
mounted vertically. In other embodiments, the actuator can be mounted horizontally, In still
other embodiments, the actuator can be mounted at any angle between a horizontal mounting
and a vertical mounting.

[8059] In certam embodiments, the power system can have a lower mass and
lower cost than known power systems. A lower mass 18 advantagecus since it smproves, for
example, a vehicle’s range. The characteristics of the aystem {(e.g., size, weight, pressure,
materials, etc.) disclosed herein are only exemplary and do not lumit the scope of the
disclosure.

[5060] In certain embodiments, the power systemn 13 hidden between panels of the
vehicle {e.g, tailgate, body} resulting essentially in an wnvisible integration with the vehicle.
For example, the vehicle can comprise an outer panel, an interior panel, and an mner space
between the outer panel and the interior panel. The actuator can be mounted in the nner
space. For example, the tailgate can comprise an outer panel, an intenior panel, and an inner
space between the outer panel and the interior panel. A counterweight member can be

mounted in the inner space.
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(6061 In certain embodiments, the system employs a torsion spring in
combination with a compact, fow power, low mass actuator. In certain embodiments, the
system employs a torsion rod in combination with the compact, low power, low mass
actuator. Of course, the disclosure is not limited to emploving a torsion spring and/or torsion
rod as the counterweight member.

[0062] While the power system disclosed herein s described in the context of
opening and closing a tailgate of a truck or SUV, the invention 1S not so hmited.
Fmbodiments of the system described herein can be employed in the place of any power
system or linkage that is intended to open or close a hinged panel. For example, the system
can be emploved as part of a vehicle storage compartment mounted in the truck bed (e g, a
truck bed storage drawer or box) or as part of a cargo-hauling system dimensioned to fit
within the bed of the truck. Of course, the system 1s not limited to use with trucks or SUVs
and can be emploved with any type of vehicle.

[0063] ‘igure 1 15 a block diagram of a system 10 for controlling a position of a
closure panel for a vehicle according to an exemplary embodiment of the present disclosure,
Figure 2 1s an exemplary illustration of a vehicle 30 that includes the system 10 of Figure 1.
The tailgate 32 (e.g., closure panel) in Figure 2 1s in an open position.  As shown m Figures 1
and 2, the system 10 can comprise an actuator 12 and a counterweight merber 13 (eg,
torsion spring 14, torsion rod 16, etc.) for reducing a mechanical effort provided by the
actuator 12. For example, in certain embodiments, the actuator 12 18 a hnear actuator. OF
course the type of actuator 1s not hinuted to a linear actuator and can be any other type of
actuator ncluding rotary actuators, hydraulic actuators, pneumatic actuators, electric
actuators, etc.

6064} In certain embodiments, the counterweight member 13 18 a torsion spring
14, In certamn embodiments, the torsion spring 14 twists along its axas. For example, m
certain embodiments, the torsion spring 14 18 a helical spring that exerts a torque or rotary
force. The ends of the torsion spring 14 are attached to other components {¢.g., tatlgate and
body}, and when one of those components rotates around the center of the torsion spring 14,
the torsion spring 14 iries to push the component back to its original position. In certain
other embodiments, the counterweight member I3 is a torsion rod 16, In certain

embodiments, the torsion rod 16 resists twisting and has a strong tendency to untwist.

~1
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[8065] The system 10 can further include one or more latches 18, For example,
in certain embodiments, the laich 18 is configured to lock the tailgate 32 (e g, closure panel}
in a closed position. In certain embodiments, the one or more latches 18 cinch the tailgate 32
towards the closed position. In certain embodiments, the one or more latches 18 are disposed
inside the tailgate 32 In certain embodiments, a portion of each latch 18 15 accessible
through a wall of the tailgate 32 to engage with a complementary latch member on the
vehicle 30, In certain embodiments, the one or more fatches 18 are electromagnetic.

[0066] In certain embodiments, the one or more latches 18 ¢can comprise a pair of
strikers or pins 48 (Figure 3} extending inwardly from rear edge portions of sidewalls of the
vehicle 30 towards opposite side edges 66, 68 of the tatlgate 32, In certain embodiments, the
one or more latches 18 can comprises movable latch members 50 that are mounted 1n an
opening in the side edges 66, 68 of the tailgate 32, In certain embodiments, the movable
latch members 50 releasably engage and cinch the strikers 48 when the movable latch
members 50 are brought in close proximity to the strikers 48 In this way, in certain
embodiments, the one or more laiches 18 can complete the closing process by pulling the
tallgate 32 closed once the actuator 12 and the counterweight member 13 move the taidgate
32 suthiciently towards the closed position so that the movable latch members 50 can contact
and pull the strikers 48 to complete the closing process.

[6067] In certain embodiments, a handle {(not shown) 1s movably mounted to the
tallgate 32, In certain embodiments, a user can manually open the tailgate 32 by pulling on
the handle to release the one or more latches 18 to thereby permut the tailgate 32 1o be moved
from the closed position to the open position.

60638} Referring back to Figure 1, wn certain embodiments, the systern 10 can
mclude a swiich 20, In certain embodiments, activation of the swiich 20 causes the actuator
12 to move the tailgate 32 between the open and closed positions. In certain embodiments,
the switch 20 1s configured to be activated by a user. In certain embodiments, the switch 20
is disposed on a wireless key fob. In certain embodiments, the switch 20 1s accessed via a
GUI on a smart phone. In certain embodiments, the switch 20 1s disposed on the vehicle 30.

[5069] In certain embodiments, the system 10 can include a controller 22, In
certain embodiments, the controlier 22 is configured to move the tailgate 32 between the

open and closed positions. In certain embodiments, the controlier 22 can be configured to
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receive a trigger signal. In certain embodiments, the trigger signal s provided by a signal
source. In certain embodiments, the controller 22 moves the tailgate 32 between the open
and closed positions in response to receiving the trigger signal from the signal source. In
certain embodiments, the signal source can be a smartphone or smart device, or input
components associated with the vehicle 30 (e.g., touch screen interfaces, microphones, vision
system, pressure sensing system, etc. ). In certain embodiments, the switch 20 15 configured
to trigger the controller 22,

[0070] In certain embodiments, the system 10 can further include one or more
sensors 24, In certain embodiment, the one or more sensors 24 can be configured to sense a
position of the tailgate 32 {closed posttion, open position, any location between the closed
and open positions), contact between the tailgate 32 and the body 34 of the vehicle 30,
tension of the counterweight member 13 {e.g, torsion spring 14, torsion rod 16, etc.),
mnclination of the vehicle 32, and/or objects blocking the tatlgate 32 from moving to the open
position or to the closed position. For example, in certain embodiments, the controller 22
recetves tension information from the sensor 24 In certain embodiments, the controller 22
can further determine the tension on the actuator 12 or the counterweight member 13 In
certain embodiments, the controller 22 can be configured 1o determine the tighiness {e.g.,
tension) of the attachment between the tailgate 32 and the vehicle 30 on a penodic or
continual basts. In certain embodiments, the tightness s determuned 1n real time,

[8071] In certain embodiments, the controller 22 15 configured to control the
system 10, e.g., whether to and/or how to, e.g., position, speed, etc., the tatlgate 32 upon
recetving mformation from the one or more sensors 24. The one or more sensors 24, such as
a position sensor, an angle sensor, or the hike, can receive mformation about the position of
the tailgate 32 such as, for example, angular position. In certain embodiments, the one or
more sensors 32 15 configured to generate and/or send a signal and/or information to the
controller 22 indicative of an angle of the taslgate 32, In certain embodiments, the one or
more sensors 24 provide feedback voltage signals to the coniroller 22 that are related to the
tenston on the actuator 12 or the counterweight member 13.

{6072} Figure 3 is a partial perspective vigw of the vehicle 30 from Figure 2 with
the tailgate 32 n an almost closed position showing the actuator 12 and the counterweight

member 13 from Figure 1. The tailgate 32 can comprise an outer panel 60 (Figure 4A}, an

0.
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interior panel 62 (Figure 4A), and an inner space 64 between the outer panel 60 and the
interior panel 62. In certain embodiments, the counterweight member 13 1s mounted i the
inner space 64, In certain embodiments, the counterweight member 13 rotates about an axis
70, In certain embodiments, the axis 70 15 horizontal or parallel to the ground.

(6073} in certain embodiments, the counterweight member 13 is configured as a
torsion spring 14, The torsion spring 14 can comprise a spring that works by twisting its end
along its axis 70. In certain embodiments, the torsion spring 14 15 a flexible elastic object
that stores mechanical energy when it is twisted. When 1t 15 twisted, the torsion spring 14
exerts a torque in the opposite direction {e. g., close direction), proportional to the amount
{angle} the torsion spring 14 is twisted. In certain embodiments, the torsion spring 14 is
preloaded so as to exert a torgue in the oppostie direction (e g., close direction) when the
tailgate 32 1s in the closed position.

10074} in certain embodiments, the latch 18 provides a power cinching feature.
In certain embodiments, the latch 18 includes an electric power cinch actuator configured to
cause the latch 18 to tightly close the tailgate 32, thereby moving the tailgate 32 from us
partially-closed position into s fully-closed position. In certain embodiments, the latch 18 1
normally maintained m a non-actuated condition.  In certain embodiments, the latch 18 13
only shifted mnto an actuated condition when one or more sensors 24 associated with the latch
18 indicate that the strikers or pins 48 are located in proxinuty to the movable latch member
506

[8075] In certamn embodiments, the system 10 comprises a wiring harness 42,
The actuator 12 can connect to components of the system 10 via the wiring harness 42. In
certain embodiments, the wiring harness 42 connects the actuator 12 to the controller 22,

[8076] Figure 4A 15 a side view of the tailgate 32 from Figure 3 n an open
position with the actuator 12 10 a retracted configuration. Figure 4B 15 similar to Figure 4A
except the tailgate 32 13 1n the closed position with the actuator 12 m an extended
configuration. The actuator 12 can be mounted to the vehicle 30 in many different
arrangements and configurations. For example, i certain embodiments, the actoator 12 can
be mounted vertically. In other embodiments, the actuator 12 can be mounted horizontally.
In still other embodiments, the actuator 12 can be mounted at any angle relative to the

vehicle 30 between a horizontal mounting and a vertical mounting.

-10-
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(6077} Figure SA is an illustration of the relative positioning of the crank arm 40
and the actuator 12 when the tailgate 32 1s in the open position. Figure 538 15 simifar to
Figure SA except the system 10 has moved the tailgate 32 to the closed position. In Figures
SA and 5B, a location of the spindle 46 changes between an extended position of the spindle
46A (Figure 5B} and a retracted position of the spindle 468 {Figure 5A) as the tailgate 32
moves between the closed and opened positions, respectively.  Similarly, in Figures 5A and
58, a location of the crank arm 40 changes between a first posttion (Figure 5A) of the crank
arm 408 and a second position {Figure SB) of the crank arm 40A as the tailgate 32 moves
between the open (Figure 5A)} and closed (Figure 5B} positions, respectively. In certain
embodiments, the crank arm 404, 40B pivots about point 80.

[0078] in certain embodimenis, the actuator 12 1s configured as a linear actuator.
In certain embodiments, the actuator 12 comprises an outer tube 44 and a spindle 46, In
certain embodiments, the actuator 12 moves between a retracted configuration (Figures 4A,
SAY and an extended configuration (Figures 4B, S5B) along an axis 72. In certain
embodiments, the actuator 12 1s disposed nside the body 34, In certain embodiments the
actuator 12 1s disposed outside the inner space 64 of the tadgate 32.

(60791 In certain embodiments, the actuator 12 creates motion 1o a straight line
along axis 72. The actuator 12 adjusts the position of the tailgate 32, The actuator 12 can be
a linear actuator. In certain embodiments, the actuator 12 can comprise an eleciric motor
drive assembly that drives the threaded spindle 46, In certain embodiments, the spindle 46
can be retamned within the oufer tube 44, and the electric motor drive assernbly can be
disposed within the outer tube 44, In certamn embodiments, a pusher block can be threaded
onto the spindle 46 and can be secured in linear recesses within the outer tube 44, As the
electric motor drive assembly turns the spindle 46, the pusher block moves from one end of
the outer tube 44 to the other end. In certain embodiments, the direction of movement 15
determined by the direction of rotation within the outer tube 44

[0088] In certain embodiments, the counterweight member 13 rotates about the
axis 70 while the actuator 12 moves between the extended configuration and the retracied
configuration along the axis 72. In certain embodiments, the axis 72 15 generaily

perpendicular relative to the axis 70. In certain embodiments, the axes 70, 72 are askew.

-11-
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(6081} Figure & are supermmposed views of the crank arms 404, 40B and
actuators 12 from Figures 4A and 4B in both closed and open positions. In certain
embodiments, one end of the actuator 12 may be secured to the body 34 by a mounting
bracket 74, The spindle 46A, 468 of the actuator 12 may be attached to the tailgate 32 via
the crank arm 404, 40B (e g, levers, linkages, etc.). In certain embodiments, one end of the
respective crank arm 40A, 40B s secured to the spindle 46A, 468 with one or more
fasteners. In certain embodiments, the other end of the crank arm 40A, 40B is connected 1o
the tailgate 32 In certain embodiments, movement of the pusher block moves the crank arm
40A, 408 and adjusts the position of the tailgate 32 as is illustrated in the superimposed
views of Figure 6.

(60821 In certain embodiments, the actuator 12 can comprise a plurality of
sockets 76 while the vehicle 30 and the crank arm 40 each comprise a ball 78 configured to
be disposed in one of the plurality of sockets 76. The ball 78 and socket 76 arrangement
facilitates relative angular movement between the body 34 and the crank arm 40, In certain
embodiments, the ball 78 and the socket 76 arrangement includes a spherical knob that 15
fited o a socket 76 defirung an interior which recetves the ball 78 In certam
embodiments, the ball 78 and socket 76 arrangement inchudes a socket 76 having an opening
that s slightly smaller than the radius of curvature for the ball 78, When the ball 78 1s
coupled with the socket 76, the ball 78 15 secured within the socket 76, In certamn
embodiments, the entry within the socket 76 15 adjustable to allow the ball 78 to be easily
mserted mto or removed from the socket 76,

[6083] The system 10 can be advantageous in overcoming adverse weather
conditions such as when an ice bridge forms between the tailgate 32 and the truck bed of the
body 34, Certain embodiments of the system 10 disclosed herein can break the ice bridge
formed between the tatlgate 32 and the track bed of the body 34, For example, the user can
simply activate the actuator 12 to free the tailgate 32 that is frozen to the track bed of the
body 34.

[6084] Figure 7 15 a perspective view of a torsion rod 16 from an embodiment of
the system 10 i Figure 1. In certain embodiments, the counterweight member 13 s
configured as a torsion rod 16. Rotation of the torston rod 16 can be used to counterbalance

the weight of the tailgate 32 to aid in the rotating of the tailgate 32, In certain embodiments,

1.
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the torsion rod 16 provides more desirable performance characteristics for the system 10, In
certain embodiments, the torsion force produced by the rotation of the torsion rod 16 may be
atilized 1n a single direction of rotation of the taiigate 32.

[0085] In certain embodiments, the torsion rod 16 can also produce sufficient
torsion force to aid in rotating the tatlgate 32 even when the tailgate 32 has substantial
weight.

{6086} in certain embodiments, the torsion rod 16 comprises a first end 80 fixedly
positioned relative to the tailgate 32 proximate a first location on the tailgate 32, and a
second end 82 fixedly positioned relative to the body 34 proximate a second location. In
certain embodiments, the torsion rod 16 1s configured to be rotated as the tatlgate 32 {e.g,,
fust end 80) 1s rotated relative to the body 34 producing a torsion force.  In certain
embodiments, the torsion rod 16 can twist its end along 1ts axis 70. In certain embodiments,
the torsion rod 16 15 a flexible elastic object that stores mechanical energy when it s twisted.
When it 15 twisted, the torsion rod 16 exerts a torque in the opposite direction {e.g., close
direction), proportional to the amount {angle) the torsion rod 16 s twisted.

[6087] While the power system 10 disclosed herein 13 described in the context of
vehicle 30 with respect to the tailgate 32 of the vehicle 30, the ovention 1s not so limatted.
Embodiments of the power systern 10 described herein can be employed n the place of any
linkage that s mtended to transter or monitor motion,

{0088} Characteristics of the power asystemn 10 {e.g., size, weight, pressure,
materials, etc.} disclosed herein are only exemplary. For example, the materials can be
selected to withstand sigmficant elastic stramn without vielding while also munimizng
deflection in a nominal condition.

[6089] The foregong disclosure is not intended to hmut the present disclosure to
the precise forms or particular fields of use disclosed.  As such, it is contemplated that
various alternate embodiments and/or modifications to the present disclosure, whether
exphcitly described or implied herein, are possible in light of the disclosure. Having thus
described embodiments of the present disclosure, a person of ordinary skill in the art will
recognize that changes may be made in form and detail without departing from the scope of

the present disclosure. Thus, the present disclosure i1s limited only by the claims.
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(6090} in the foregoing specification, the disclosure has been described with
reference to specific embodiments. However, as one skilled 1o the art will appreciate, various
embodiments disclosed herein can be modified or otherwise implemented in various other
ways without departing from the spirit and scope of the disclosure. Accordingly, this
description 1s to be considered as iHlustrative and s for the purpose of feaching those skilled
in the art the manner of making and using various embodiments of the disclosed glove box
actuation assembly. It is to be understood that the forms of disclosure herein shown and
described are to be taken as representative embodiments. Equivalent elements, matenals,
processes or steps may be substituted for those representatively illustrated and described
herein. Moreover, certain features of the disclosure may be utilized independently of the use
of other features, all as would be apparent to one skilled in the art after having the benefit of
this description of the disclosure. HExpressions such as "including”, “"comprising”,
"mcorporating”, "consisting of", "have", "is" used to describe and claim the present
disclosure are intended to be construed m a non-exclusive manner, namely allowing for
ttems, components or elements not explicitly described also to be present. Reference to the
singular 18 also to be construed to relate to the plural.

[0091] Further, various embodiments disclosed herein are to be taken 1o the
ilustrative and explanatory sense, and should 1 no way be construed as limiting of the
present disclosure. All joinder references {e.g., attached, affixed, coupled, connected, and the
like} are only used to aid the reader’s understanding of the present disclosure, and may not
create limutations, particularly as to the position, ortentation, or use of the systems and/or
methods disclosed herein. Therefore, joinder references, if any, are to be construed broadly.
Moreover, such joinder references do not necessartly infer that two elements are directly
connected to each other.  Additionally, all numernical terms, such as, bui not limited to,
"first”, “second”, "third", "primary”, "secondary", "mam" or any other ordinary and/or
numerical terms, should alse be taken only as identifiers, to assist the reader’s understanding
of the various elements, embodiments, vanations and/or modifications of the present
disclosure, and may not create any limitations, particularly as to the order, or preference, of
any element, embodiment, vanation and/or modification relative to, or over, another element,

embodiment, variation and/or modification.
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[6092] it will also be appreciated that one or more of the elements depicted in the
drawings/figures can also be implemented 1in a more separated or integrated manner, or even
removed or rendered as inoperable m certain cases, as is useful in accordance with a

particelar application.
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WHAT IS CLAIMED:
1. A system for moving a hinge between an open position and a closed position, the
hinge coupling a closure panel to a body, comprising:
an actuator for driving the closure panel between the open position and the
closed position relative to the body; and
a counterweight member for reducing a mechanical effort provided by the
actuator to drive the closure panel.

2. The system of Claim 1, wherein the closure panel comprises an outer panel, an
mterior panel, and an inner space between the outer panel and the interior panel, the
counterweight member being mounted in the inner space.

3. The system of Claim 2, wherein the actuator is disposed outside the inner space of
the closure panel

4. The system of Claim 1, wherein the counterweight member is a torsion spring
configured to twist along its axis.

5. The system of Clamm 1, wherein the counterweight member 15 a torsion rod
configured to resist twisting and have a strong tendency o untwist.

6. The system of any one of Claims 1 1o S, wherein the actuator moves between an
extended configuration and a retracted configuration along a first axas, and wherein the
counterweight member rotates about a second axis, the second axis being dufferent than the
first axis.

7. The systermn of any one of Claims 1 to S, further comprising at least one latch
configured to lock the closure panel in the closed position.

8  The system of Claim 7, wherein the at least one latch 13 configured to cinch the
closure panel towards the closed position.

9. The system of any one of (Claims 1 to 5, further comprising a controller
configured to control at least the actuator.

i

=

0. The system of Claim 9, further comprising a switch configured to trigger the
controller.

11. The system of Claim 10, wherein the switch 1s disposed on a wireless key fob.

12. The system of Clamm 10, wherein the switch is accessed via a GUI on a smart

phone.



WO 2023/114084 PCT/US2022/052277

13. The system of Claim 10, wherein the switch s disposed on the body

14. The system of any one of Claims 1 to 5, further comprising at least one sensor
configured to sense a position of the closure panel.

15, The system of any one of Claims 1 to 5, wherein the closure panel 15 a vehicle
tailgate.

16. The system of any one of Claims 1 to 5, wherem the body s a truck.

17 The system of any one of Claims 1 to 5, wherein the body 15 a sport uiility
vehicle.

18. The system of any one of Claims 1 to 5, wherein the actuator ts a linear actuator.

19. The system of any one of Claims 1 to S, further comprising a crank arm, the
crank arm operatively hnking the closure panel to the actuator.

20. The system of Claim 19, wheremn the actuator comprises a plurality of sockets,
and wherein the body and the crank arm each comprise a ball configured to be disposed n
one of the plurality of sockets.

21 The system of any one of Claims 1 to 5, wheremn the body comprises an outer
panel, an interior panel, and an ner space between the outer panel and the interior panel, the
actuator being mounted in the nner space.

22. A system for opening and closing a tailgate of a vehicle between an open position
and a closed position, the system comprising;

a bmear actoator comprising a spindle and an outer tube, the spindle being
movable between an extended posttion and a retracted position relative to the ocuter
tube, the hnear actuator being configured to drive the tailgate from the open posttion
towards the closed position when the spindle moves from the retracted position to the
extended position;

a crank arm operatively hinking the tailgate to the hinear actuator; and

a counterwetight member disposed in the tailgate and configured to reduce a
mechanical effort provided by the actuator to drive the tailgate to the closed position.
23. The system of Claim 22, wherein the tailgate comprises an outer panel, an interior

panel, and an inner space, the counterweight member being configured to be mounted n the

inner space.
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24. The system of Claim 22, wherein the actuator 1s configured to be disposed ouiside
the inner space.

25. The system of Claim 22, wherein the counterweight member is a torsion spring.

26. The system of Claim 22, wherein the counterweight member 1s a torsion rod.

27 The system of any one of Claims 22 to 26, wherein the actuator is a linear
actuator.

28. The system of any one of Claims 22 to 26, further comprising at least one laich
configured to lock the tailgate in the closed position.

29 The system of Clatm 28, wherein the at least one latch is configured to cinch the
tailgate towards the closed position.

30. The system of any one of Claims 22 to 26, further comprising a controller
configured to control at least the hinear actuator.

31. The system of Claim 30, further comprising a switch configured to trigger the
controller.

32, The system of Clanm 31, wherein the switch s disposed on a wireless key fob.

33. The system of Claimn 31, wherein the switch 1s accessed via a GUY on a smart
phoue.

34, The system of any one of Claims 22 to 26, further comprising at least one sensor
configured to sense a position of the tadgate.

35. A method of closing a tatlgate of a vehicle, comprising:

extending a spindle of a linear actuator so as to rotate the tailgate towards a
closed posttion; and
releasing mechanical energy stored i a counterweight to assist the linear

actuator rotating the tailgate towards the closed position.

36. The method of Claim 35, further comprising cinching the tailgate to the closed
position.

37. The method of Claim 35, wherein the counterweight member is a torsion spring.

38. The method of Claim 35, wherein the counterweight member is a torsion rod.

39. The method of Claim 35, further comprising sensing a postiion of the tailgate.

40. The method of Claim 39, wherein the position is an open postiion.

18-
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41. The method of Claim 39 or 40, wherein extending the spindle is based at least in

part on the sensed position.
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