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(57) Abstract: In an aspect, a swing door actuation system is provided for moving a door about a vertical axis between open closed
positions relative to a vehicle body. The system includes a housing connectable to one of the swing door and the vehicle body, an

o extensible member that moves relative to the housing, and connects to the other of the swing door and the vehicle body, a motor
connected to a gear train that is non- backdrivable, and a normally engaged clutch. The motor is operatively connected to a clutch in -

o put end through the gear train. The output end is operatively connected to the extensible member. The clutch is disengageable to dis -
connect the motor from the extensible member. The clutch has a slip torque that is sufficiently high to prevent movement of the door
when the door is exposed to less than a selected external torque and the motor is stopped.



POWER SWING DOOR ACTUATOR

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application

No. 61/512,124, filed July 27, 201 1, which is incorporated herein by reference in its

entirety.

FIELD

[0002] This disclosure relates to a system and method for opening and closing a

vehicle door that pivots about a vertical axis.

BACKGROUND

[0003] Vehicle passenger doors are typically mounted to swing about a vertical

axis. Lift gates are moveable panels that typically close a rear hatch opening in the

vehicle. Lift gates are typically mounted to swing about a horizontal axis, and it is

known to provide an electromechanical strut that can open and close the lift gate under

power or alternatively enable the user to manually open and close the lift gate with no

more effort than is typically necessary with conventional manual gas strut systems. It

would be desirable to provide a power actuator for vehicle passenger doors that swing

about a vertical axis ("swing doors") in order to provide the same level of functionality.

[0004] Lift gates can be quite heavy and typically require some sort of

counterbalance mechanism to balance the weight of the door. Swing doors, however,
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have swing issues where, when the vehicle is on an incline, the swing door either opens

too far or swings shut when open due to the unbalanced weight of the door. For this

reason, passenger doors typically have some sort of detent or check provided in the

door hinge to prevent unfettered swinging of the door. Such door hinges typically have

detents in two or three positions which hold the door in one or two mid-travel door

positions and a fully-open position. The user effort to enter and exit these detents is a

compromise with the holding ability of the door.

[0005] Some vehicles, notably luxury vehicles, incorporate infinite door check

products in the passenger doors which allow the door to be opened and held in check at

any open position. The advantage of these systems is that they can stop the door in

any position so that it is held from hitting other vehicles or structures next to the user

vehicle. The infinite door check products on the market solve the hold-open issue but

do not address the power open-close issues.

[0006] There are many vehicles that have a "power assist door close" or "soft-

close" feature which draws the door in (cinches) once it gets to an almost-closed

position. Typically this feature is combined with an infinite door check feature. In

addition, there are commercially available power-sliding doors for minivans or similar

vehicles. However, it would be desirable to provide a fully-powered open and close

capability for a swing door. It would also be useful to provide a power swing door

actuator with an infinite door check function. In addition, it would be useful to provide a

power swing door actuator with optional manual capability so as enable the user to
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manually open and close the swing door with substantially no more effort than is

typically necessary with some conventional manual doors.

SUMMARY

[0007] In an aspect, a swing door actuation system is provided for moving a door

about a vertical axis between open closed positions relative to a vehicle body. The

system includes a housing connectable to one of the swing door and the vehicle body,

an extensible member that extends and retracts relative to the housing, and is

connectable to the other of the swing door and the vehicle body, a motor operatively

connected to a gear train that is non-backdrivable, and a clutch having input and output

ends. The motor is operatively connected to the input end through the gear train. The

output end is operatively connected to the extensible member. The clutch is normally

engaged. The clutch is disengageable to disconnect the motor from the extensible

member. The clutch has a slip torque that is sufficiently high to prevent movement of

the door when the door is exposed to less than a selected external torque and when the

motor is stopped.

[0008] The extensible member may include an internally threaded member or nut

tube. A lead screw may be journalled in the housing for rotation in situ. The lead screw

meshingly engages the internally threaded member so that rotary motion of the lead

screw is converted into linear motion of the extensible member to move the internally

threaded member between a retracted position corresponding to the closed position of
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the swing door and an extended position corresponding to the open position of the

swing door.

[0009] A control system may be provided that powers the motor between the

open and closed positions in response to a power open or power close signal. The

control system also selectively disengages the clutch in response to a signal indicative

of a user desire to manually move the swing door, whereby the lead screw can be back

driven without driving the motor and locking gear train.

[0010] The locking gear train and the normally engaged clutch provide an infinite

door check for maintaining the swing door open at any non-closed position. However,

the clutch has a selected slip torque to enable a user to manually move the swing door

in the event no electrical power can be applied to disengage the clutch and rotationally

decouple the lead screw from the gear train.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Reference is made, by way of example only, to the attached figures,

wherein:

[0012] Figs. 1a, 1b and 1c are schematic views of an example of a power swing

door actuator in operation to move a vehicular swing door between a closed, mid-

position, and open position, respectively;
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[0013] Fig. 2 is a cross-sectional view of the actuator shown in Figs. 1a, 1b and

1c;

[0014] Figs. 3a and 3b are exploded and assembly views, respectively, of a

portion of a gear train employed by the actuator shown in Figs. 1a, 1b and 1c; and

[0015] Figs. 4 and 4a-4e together are a system state diagram and logic flowchart

followed by an electronic control system that interfaces with the actuator shown in Figs.

1a, 1b and 1c.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0016] Figs. a , 1b, and 1c show an embodiment of a power swing door actuator

100 in operation to move a vehicular swing door 102 between a closed, mid-position,

and open position, respectively. The swing door 102 is pivotally mounted on at least

one hinge 104 connected to the vehicle body 106 (not shown in its entirety) for rotation

about a vertical axis 108. For greater clarity, the vehicle body 06 is intended to include

the 'non-moving' structural elements of the vehicle such as the vehicle frame (not

shown) and body panels (not shown).

[0017] The swing door 102 includes inner and outer sheet metal panels 1 0 and

112 with a connecting portion 114 between the inner and outer sheet metal panels 1 0

and 1 2 . The actuator 100 has a housing 116 and an extensible member 1 8 . The

extensible member 118 is extendable from the housing 116 and can retract into the

housing 116. The actuator 100 may be mounted between the inner and outer sheet

metal panels 110, 112, where the actuator housing 116 is fixed to the swing door 102
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via a bracket 120 mounted to the connecting door portion 114. The extensible member

118 is mounted to the vehicle body 106.

[0018] Referring additionally to the cross-sectional view of the actuator 100 in

Fig. 2 , the housing 116 defines a cylindrical chamber in which the extensible member

8 slides. The extensible member 118 has a ball socket 122 at an external end

thereof for attachment to the vehicle body 106. The ball socket 122 is connected to a

cylindrical tube 124 which has an internal thread 26 proximate an internal end of the

extensible shaft 118.

[0019] The internally threaded member may be a cylindrical tube with an internal

thread (and may be referred to as a nut tube) meshingly engages with a lead screw 128

mounted in the housing for rotation in situ. The lead screw 128 is matable with the

internally threaded member 124 to permit relative rotation between lead screw 128 and

the internally threaded member 124. In the embodiment shown, because the nut tube

124 is slidably connected in the housing 116 but is prevented from rotation, as the lead

screw 128 rotates the nut tube 124 translates linearly, causing the extensible member

118 to move with respect to the housing 116. With the extensible member 1 8

connected to the vehicle body 106 and the housing 116 connected to the swing door

102, movement of the extensible housing causes the swing door 102 to pivot relative to

the vehicle body 106.

[0020] The lead screw 128 is rigidly connected to a shaft 130 that is journalled in

the housing 116 via ball bearing 132 that provides radial and linear support for the lead

screw. In the illustrated embodiment an absolute position sensor 134 is mounted to the
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shaft 130. The absolute position sensor 134 as known in the art translates lead screw

rotations into an absolute linear position signal so that the linear position of the

extensible member 118 is known with certainty, even upon power up. In alternative

embodiments the absolute linear position sensor 134 can be provided by a linear

encoder mounted between the nut tube 124 and housing 116 which reads the travel

between these components along a longitudinal axis.

[0021] The shaft 130 is connected to a clutch 136. The clutch 136 is normally

engaged and is energized to disengage. In other words, the clutch 136 couples the

lead screw 128 with a gear train 137 without the application of electrical power and the

clutch 136 requires the application of electrical power to uncouple the lead screw 128

from the gear train 137. The clutch 136 may engage and disengage using any suitable

type of clutching mechanism, such as a set of sprags, rollers, a wrap-spring, a pair of

friction plates, or any other suitable mechanism.

[0022] Referring additionally to Figs. 3a and 3b, the clutch 136 is connected to a

worm gear 138 via a flexible rubber coupling 140. As will be seen best in Figs. 3a and

3b the clutch 36 features a series of lobes 142 that are interdigitated with nodules 144

of the flexible rubber coupling 140 and fins 146 of the worm gear 138. The flexible

rubber coupling 140 helps to reduce gear noise by dampening vibrations and minimizing

the effects of any misalignment between the clutch 136 and the gear train 137.

[0023] The worm gear 138 may be a helical gear having gear teeth 148. The

worm gear 138 meshes with a worm 150 that is connected to the output shaft of an

electric motor 152, which may, for example, be a fractional horsepower motor. The
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worm 150 may be a single start worm having a thread with a lead angle of less than

about 4 degrees. The gear train 137 is thus provided by the worm 150 and worm gear

138 and provides a gear ratio that multiplies the torque of the motor as necessary to

drive the lead screw and move the vehicle swing door. The motor 152 is operatively

connected to the gear train 137 and is operatively connected to an input end 136a of the

clutch 136 through the gear train 137. The output end (shown at 136b) of the clutch 136

is operatively connected to the extensible member 118 (in the embodiment shown,

through the lead screw 128 and nut tube 124).

[0024] The worm 150 and worm gear 138 provide a locking gear train, which may

also be referred to as a gear train that is non-backdrivable. With the clutch 136

normally engaged, a relatively large amount of force is required to back-drive the gear

train 137 and motor 152. Thus, the actuator 100 inherently provides an infinite door

check function as the force required to back-drive the gear train 137 and motor 152 will

be much larger than the force experienced by an unbalanced door as a result of the

vehicle being situated on an incline.

[0025] However, the clutch 136 has an associated slip torque between the input

end 136a and the output end 136b, that is a maximum amount of torque that the clutch

136 will transmit between the input and output ends 136a and 136b before slipping.

Thus, when the clutch 136 is engaged, the clutch 136 will slip if a torque is applied at

the input end 136a (or at the output end 136b) that exceeds the slip torque. The slip

torque for the clutch 136 may be selected to be sufficiently low that, in the event of a

power loss in the vehicle that would result in no electric power being available to
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disengage the clutch 136, the swing door 102 can still be manually moved by a person

by overcoming the clutch slip torque. However, the slip torque may be selected to be

sufficiently high so that it is sufficient to hold the swing door 102 in whatever position the

door 102 is in, thereby providing the infinite door check function. In other words, the slip

torque is sufficiently high that, if the swing door 102 is left in a particular position and the

motor 152 is stopped, the slip torque will prevent movement of the door when the door

is exposed to an external torque that is less than a selected value. An example of an

external torque that would not overcome the slip torque would be applied by the weight

of the swing door 102 when the vehicle is parked on a surface at less than a selected

angle of incline. However, the slip torque is sufficiently low that the swing door 102 can

be moved manually by a person (e.g. a person having a selected strength that would be

representative of a selected percentage of the overall population in which the vehicle is

to be sold). In normal operation the actuator 100 can be disengaged to allow for manual

movement of the swing door 102 by applying power (i.e. energizing) to the clutch 136, in

which case the motor 152 and gear train 137 will be decoupled from the lead screw 128.

An example of a suitable slip torque that may be selected for the clutch 136 may be in

the range of about 2 Nm to about 4 Nm. The slip torque that is selected for a particular

application may depend on one or more of several factors. An example factor based on

which the slip torque may be selected is the weight of the door 102. Another example

factor based on which the slip torque may be selected is the geometry of the door 102.

Yet another example factor based on which the slip torque may be selected is the

amount of incline on which the vehicle is intended to be parked while still ensuring that

the door 102 is holdable in any position.
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[0026] In an alternative embodiment, the internally threaded member 124 and the

lead screw 128 may be switched in position. That is, the internally threaded member

124 may be driven by the output end 136b of the clutch 136 and the lead screw 128

may be slidably connected to the housing 116. Thus, the output end 136b of the clutch

136 may be connected to either one of the lead screw 128 and the internally threaded

member 124 and the other of the lead screw 128 and the internally threaded member

124 may be connected to the extensible member 118 and may thus be slidable relative

to the housing 116. Rotation of the output end 136a of the clutch 136 drives rotation of

whichever one of the lead screw 128 and the internally threaded member 124 the output

end 136a is connected, which in turn drives sliding movement of the other of the lead

screw 128 and the internally threaded member 124 relative to the housing 116.

[0027] A swing door actuation system is provided that includes the actuator 100

and a control system 154. The control system 154 may also be operatively connected

to a door latch, shown at 155 in Fig. 1a, that is provided as part of the swing door 02 .

The door latch 155 may include a ratchet 156 and a pawl 158 both of which may be any

suitable ratchet and pawl known in the art. The ratchet 156 is movable between a

closed position (as shown in Fig. 1a) wherein the ratchet 156 holds a striker 160 that is

mounted to the vehicle body 106 and an open position wherein the striker 160 is not

held by the ratchet 156. When the ratchet 156 is in the closed position the door latch

155 may be said to be closed. When the ratchet 156 is in the open position the door

latch 155 may be said to be open. The pawl 158 is movable between a ratchet locking

position wherein the pawl 158 holds the ratchet 156 in the closed position and a ratchet
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release position wherein the pawl 158 permits movement of the ratchet 156 to the open

position. Any other suitable components may be provided as part of the door latch 155,

such as components for locking and unlocking the swing door 102, and motors for

causing movement of the pawl 158 between the ratchet locking and ratchet release

positions.

[0028] The control system 154 provides system logic for selectively powering the

clutch 136 based on a number of signal inputs. The control system 154 may include a

microprocessor 162 and a memory 164 that contains programming that is configured to

carry out the method steps described below, and may be configured to receive inputs

and transmit outputs as described below.

[0029] While the control system 154 has been shown in Figure 2 as a single

block, it will be understood by persons skilled in the art that in practice the control

system 154 may be a complex distributed control system having multiple individual

controllers connected to one another over a network.

[0030] The swing door 102 may have a conventional opening lever (not shown)

located inside the passenger compartment for manually opening the door latch 155.

This opening lever may trigger a switch connected to the control system 154 such that,

when the switch is actuated, the control system 154 powers (i.e. energizes) the clutch

136 to disengage the actuator 100 and allow for manual movement of the swing door

102.
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[0031] The control system 154 can operate in a 'power assist' mode where the

control system 54 determines that a user is trying to manually move the swing door

102 when the actuator 100 is in a power open or power close mode. A current sensor

180 (Fig. 2) may be provided for the motor 152 for determining the amount of current

drawn by the motor 52 . One or more Hall-effect sensors (one is shown at 182) may be

provided and positioned to send signals to the control system 154 that are indicative of

rotational movement of the motor 152 and indicative of the rotational speed of the motor

152, e.g. based on counting signals from the Hall-effect sensor 182 detecting a target

on the motor output shaft. In situations where the sensed motor speed is greater than a

threshold speed and where the current sensor registers a significant change in the

current draw, the control system 154 may determine that the user is manually moving

the door 102 while the motor 152 is also moving the door 102, and that therefore the

user wishes to manually move the swing door 102. The control system 154 may then

stop the motor 152 and may energize and thus disengage the clutch 136. Conversely,

when the control system 154 is in the power open or close mode and the Hall-effect

sensors indicate that the motor speed is less than a threshold speed (e.g. zero) and a

current spike is registered, the control system 154 may determine that an obstacle is in

the way of the door 102, in which case the control system 154 may take any suitable

action, such as stopping the motor 152. As an alternative, the control system 154 may

detect that the user wants to initiate manual movement of the door 102 if signals from

the absolute position sensor 134 indicate movement of the extensible member at a time

when the motor 152 is not powered.
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[0032] Figs. 4 and 4a-4e show a system state diagram and control system logic

used by the control system 154 in greater detail. To assist with the clarity of the

drawings, items numbered 1 to 12 in circles in Figs. 4a-4e show where program flow

lines connect in adjacent portions of the state diagram. The control system 154 is

operable in a plurality of modes, including a latched mode 200 shown in Fig. 4e. In the

latched mode 200, the swing door 102 is in the closed position and the door latch 55 is

closed. This can be determined as known in the art by coupling the ratchet 156 to a

switch which signals to the control system 154 when the ratchet 156 is in an open

position, a closed position or in a partially closed position. In latched mode 200 the

control system 154 waits for a door open signal at step 201 . The door open signal can

come from sources such as a remote switch such as a key fob or a dashboard mounted

push button control in the passenger compartment, which will signal that the vehicle

user wishes to initiate a power opening of the swing door 102. The door open signal

could come from manual activation of the door latch opening lever 184 (Fig. 1a) which

may switch a switch 186 positioned to send signals to the control system 154. The

switching of switch 186 may indicate to the control system 154 that the user wishes to

initiate a manual opening of the swing door 102. In the case where the control system

154 determines that signals indicate that the user wants a power opening of the door

102, the control system 154 enters a power opening mode 202 (Fig. 4c) where the

motor 152 is powered to open the swing door 102. When in the power opening mode

202, the control system 154 continuously tests for the detection of an obstacle at step

204 in the manner discussed above. In the event that an obstacle is detected then at

step 206 the powered operation of the actuator 100 stops and/or reverses slightly and
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the control system 154 waits for a new command. Otherwise the powered opening of

the swing door 102 continues until at step 208 the control system 154 determines based

on signals from the absolute position sensor 134 that the swing door 102 is open to a

desired position.

[0033] In the case where the control system 154 determines that signals indicate

that the user wants a manual opening of the swing door 102, the control system 154

energizes the clutch 136 at step 210 (Fig. 4a) and enters a manual opening mode 212.

In the manual opening mode 212 the control system 154 checks to determine at step

214 whether or not the swing door 102 has stopped for at least a selected period of

time. If so, then at step 216 the control system 154 deenergizes the clutch 136, thereby

coupling the motor 152 to the extensible member 118, and the control system 154

enters a checked mode as shown at 218. At this point the swing door 102 is checked,

because of the force required to back-drive the motor 152. The control system 154

waits for further input from the user, either in the form of a power open or power close

command at step 222 via the remote key fob or some other way, or by determining that

the vehicle user desires to manually move the swing door 102 at step 224 as a result of

changing Hall counts instigated by manual movement of the swing door 102. In the

case of a power open command the control system 154 re-enters the power opening

mode 202 (Fig. 4c). In the case of a power open command the control system 154 re-

enters the power opening mode 230 (Fig. 4b), wherein the actuator 100 is powered to

close the swing door 102 until the control system 154 determines, e.g. based on signals

from the absolute position sensor 34 , that the swing door 102 is in the closed and
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latched position at step 234. In the case where the control system 154 determines that

the user desires to manually move the swing door 102, control is passed back to step

210 for manual movement of the swing door 102.

[0034] In the event of a power loss the control system 154 (which may be

provided with sufficient battery back-up power to run logic and control functions) enters

one of several power loss modes. When the control system 154 is in the manual mode

212 and power is lost, the control system 154 enters a manual mode power loss mode

240 (Fig. 4b). In mode 240, because of the lack of power, the clutch 136 is engaged.

As a result, if the user wishes to stop further manual movement of the swing door 102,

they can do so and the door 102 will remain held (i.e. checked) at its current position as

shown at step 242. If the user wishes to continue to move the door 102 from its current

position they can do so at step 244 by overcoming the clutch slip torque associated with

the clutch 136.

[0035] When the control system 154 is in the checked mode 218 and power is

lost, the control system 154 enters checked mode power loss mode 250 (Fig. 4d). In

this mode, the loss of power means that the clutch 136 is engaged and as a result, the

door 102 will remain checked at step 252. If the user wishes to move the door, they can

manually move the swing door open or closed at step 254 by overcoming the clutch slip

torque associated with the clutch 136.

[0036] When the control system 154 is in the power open mode 202 or the power

close mode 230 and power is lost, the control system 154 enters a powered movement

power loss mode 260 (Fig. 4c). The door 102 will stop at its current position and will be
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held there (i.e. checked) at step 262 by virtue of the clutch slip torque. If the user

desires to open or close the door 102 from the current position, they can manually open

or close the door 102 at steps 264 or 266, by overcoming the clutch slip torque.

[0037] When the control system 154 is in the latched mode 200 and power is lost,

the control system 154 enters latched mode power loss state 270 (Fig. 4e), where the

swing door 102 can continue to remain closed at step 272, or if the user wishes, the

swing door can be manually opened at step 274 by overcoming the clutch slip torque.

[0038] The swing door actuation system described enables a powered open and

powered close of a vehicular swing door 102, where the normally engaged clutch 136

enables the motor 152 and gear train 137 to drive a lead screw 128 in order to open and

close the swing door 102. The swing door actuation system also enables the user to

manually open and close vehicle swing door by powering the clutch 136 to disengage

the gear train 137 and motor 152 in a manual mode wherein only the lead screw 128 is

back-driven during manual movement with relatively low manual effort and noise. The

disengagement of the clutch 136 eliminates the effort and noise that is associated with

back-driving the gear train 137 and motor 152. As a result, the manual effort to move

the swing door 102 may be similar in some embodiments, to a conventional non-

powered vehicle door. When the clutch 136 is engaged, an infinite position door check

function is provided, via engagement of the lead screw 128 to the gear train 137 (and in

particular to the worm 150, which has a thread angle configured to prevent back-driving

from the worm gear 138). As a result of the normally engaged clutch 136, the infinite

door check function is available in the event of vehicle power loss thereby precluding an
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uncontrolled swinging of the door 02 during such a power loss event. However, the

user can still manually move the swing door 102 open and closed in a power loss event

by overcoming an appropriately selected slip torque of the clutch 136. Additionally, the

clutch 136 protects the swing door actuation system from shock and abuse loading.

[0039] The swing door actuation system provides a means for speed control and

obstacle detection. Speed control is attained by the control system 154 monitoring the

Hall-effect signals and/or the absolute position sensor signal. Either signal could be

eliminated depending on the desired control features and redundancy requirements.

The absolute position sensor is however highly desired for providing the position of the

door upon power up or in case of power loss.

[0040] The swing door actuation system also provides acceptable sound levels

during power and manual operation. This is attained in power mode through proper

alignment of gears, proper support of the lead screw and flexibly coupling the gear train

and lead screw. Acceptable sound levels are attained in manual mode by disengaging

the gear train 137 and motor 52 for manual operation.

[0041] The swing door actuation system may be suitable for packaging and

mounting to a typical vehicle swing door. The connecting bracket could be in the front

(as shown in Fig. 1) of the actuator or in the rear depending on the packaging

objectives. The motor 152 may be aligned in a parallel orientation with the housing

rather than perpendicular to it.

[0042] It will be noted that the lead screw 128 and the nut tube 124 are just one
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example of an operative connection between the output end 136b of the clutch 36 and

the extensible member 118. Any other suitable operative connection may be provided

between the output end 136b of the clutch 136 to the extensible member 118 for

converting the rotary motion of the output end 136b into extension and retraction of the

extensible member 118. Furthermore, the lead screw 128 and nut tube 124 are just one

example of a mechanism to convert rotary motion (i.e. the rotary motion associated with

the output end 136b of the clutch 126) into substantially linear motion which drives the

extension and retraction of the extensible member 118 from the housing 116. The

actuator 100 need not include lead screw 128 and nut tube 124 to convert the rotary

motion at the output end 136b of the clutch 136 into linear motion of the extensible

member 8. Any other suitable mechanism for carrying out such a conversion may be

used. For example, the output end 136b of the clutch 136 may connect to a pair of

bevel gears to change the axis of the rotary motion by 90 degrees. The second bevel

gear may co-rotate with a spur gear, which in turn drives a rack that is connected to the

extensible member 1 8 . As a result, the rotation at the output end 36b of the clutch

136 is converted into linear movement of the rack and the extensible member 118.

While the lead screw 128 and nut tube 124, and the gears and rack described above

generate pure linear motion of the extensible member (relative to the housing 116), it is

possible to instead provide a mechanism that results in substantially linear motion,

which may include motion along a relatively large diameter arc, for example. Such

motion along a large diameter arc could drive an arcuate extensible member to move

along an arcuate path during extension and retraction of the extensible member 118

from the housing 1 6 . In such instances, the housing 116 itself may be slightly arcuate.
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Such motion of an extensible member 8 would still be effective in driving the opening

and closing of the door 102.

[0043] The above-described embodiments are intended to be examples only, and

alterations and modifications may be carried out to those embodiments by those of skill

in the art.
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Claims:

1. A swing door actuation system for moving a vehicular swing door about a

substantially vertical axis, between an open position and a closed position relative to a

vehicle body, the swing door actuation system comprising:

a housing connectable to one of the swing door and the vehicle body;

an extensible member that is extendible and retractable relative to the housing,

and is connectable to the other of the swing door and the vehicle body;

a motor operatively connected to a gear train that is non-backdrivable; and

a clutch having an input end and an output end, wherein the motor is operatively

connected to the input end through the gear train, and wherein the output end is

operatively connected to the extensible member, wherein the clutch is normally

engaged so as to operatively connect the motor to the extensible member and wherein

the clutch is disengageable so as to operatively disconnect the motor from the

extensible member,

wherein the clutch has a selected slip torque that is sufficiently high to prevent

movement of the door when the door is exposed to an external torque that is less than a

selected value and the motor is stopped.

2 . A swing door actuation system as claimed in claim 1, wherein the selected slip

torque is sufficiently low to permit movement of the door by a person.
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3 . A swing door actuation system as claimed in claim 1, further comprising a control

system configured to drive the motor while the clutch is engaged so as to move the door

in response to indication that a user wishes to initiate a powered opening or powered

closing of the swing door, and is configured to disengage the clutch in response to an

indication that a user wishes to manually move the swing door.

4 . A swing door actuation system as claimed in claim 1, further comprising an

internally threaded member and a lead screw that is matable with the internally

threaded member to permit relative rotation between lead screw and the internally

threaded member, wherein the output end of the clutch is connected to one of the lead

screw and the internally threaded member and wherein the other of the lead screw and

the internally threaded member is connected to the extensible member and is slidable

relative to the housing, wherein rotation of the output end of the clutch drives rotation of

said one of the lead screw and the internally threaded member, which in turn drives

sliding movement of said other of the lead screw and the internally threaded member

relative to the housing.

5 . A swing door actuation system as claimed in claim 4 , wherein the internally

threaded member is slidable within the housing and is connected to the extensible

member, and wherein the output end of the clutch is connected to the lead screw,

wherein rotation of the output end of the lead screw drives rotation of the lead screw,

which in turn drives sliding movement of the internally threaded member.

2 1
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6 . A swing door actuation system as claimed in claim 3 , further comprising a

position sensor positioned to send signals to the control system that are indicative of the

position of the extensible member, wherein the control system is configured to

determine that the user wishes to manually move the swing door in response to

receiving signals from the position sensor indicating movement of the extensible

member at a time when the motor is unpowered.

7 . A swing door actuation system as claimed in claim 6 , further comprising a Hall-

effect sensor positioned to send signals to the control system that are indicative of

rotational speed of the motor.

8 . A swing door actuation system as claimed in claim 3 , further comprising a current

sensor configured to send signals to the control system that are indicative of the amount

of electrical current drawn by the motor.

9 . A swing door actuation system as claimed in claim 3 , further comprising a

manual movement switch that is positioned to send signals to the control system that

are indicative of whether or not a user desires to manually move the swing door,

wherein actuation of a door opening lever switches the switch.

10. A swing door actuation system as claimed in claim 3 , wherein the manual

movement signal is provided to the control system in response to sensing that the motor

is urged at a speed greater than a threshold design speed.
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1. A swing door actuation system as claimed in claim 1, further comprising an

elastomeric coupling disposed between the clutch and the gear train such that the gear

train is operatively connected to the input end of the clutch through the elastomeric

coupling.

12. A swing door actuation system as claimed in claim 1, wherein the gear train

includes a worm coupled between the motor and a worm gear, wherein the worm has a

thread that has less than a selected lead angle selected to prevent backdriving of the

worm.

13. A swing door actuation system as claimed in claim 12, wherein the thread is a

single start thread and wherein the selected lead angle is less than about 4 degrees.
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