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POWER DRIVE MODULE FOR VEHICLE DOORS

[0001]
BACKGROUND
[0002] This disclosure relates to an automated door for a vehicle, and more particularly,
for a vehicle passenger door.
[0003] Increasingly power doors are being provided on vehicles, such as a rear liftgate to

a cargo area of a sport utility vehicle or a sliding door on one or both sides of a minivan. A power drive
module moves the liftgate or sliding door between opened and closed positions in response to an input from

an electrical switch.

[0004] Typically, a passenger door is manually opened or closed by pushing or pulling on
the door without the benefit of a power drive module. Passenger doors are conventionally held opened and
closed using a door check. A passenger pushes a button or engages a handle which unlatches the door from
the vehicle frame. The door check is interconnected between the frame and the door. The door check

typically includes detents that define discrete door open positions, which hold the door open.

[0005] Power drive modules have been applied to passenger doors, but these modules are
rather complex. For example, a motor is used to selectively drive gears through a clutch, which opens and
closes to couple and decouple the motor. Prior art power door modules have been described in US 3,141,662

(Wise) and DE 102015 215630 {now US 2018/0209194 (Rietdijk).
SUMMARY

[0006] In on¢ exemplary embodiment, a power drive module for a vehicle power door
includes a housing, a drive mechanism arranged in the housing and configured to move a drive ¢lement,
and a brake assembly arranged in the housing. The brake assembly includes a brake ring operatively coupled
to the drive mechanism. A brake band is wrapped about the brake ring and movable between a normally
engaged position relative to the brake ring and a disengaged position relative to the brake ring. A brake
release actuator is operatively connected to the brake band and configured to move the brake band between

the engaged and disengaged positions with the brake ring in response to an electrical signal.

[0007] In a further embodiment of the above, the brake assembly is configured to be held

in either the engaged position or the disengaged position with no electrical power to the brake assembly.
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[0008] In a further embodiment of any of the above, the brake band includes first and
second ends. The first end is secured to the housing. The second end is secured to a slide block that is
slidably received in the housing. An energizing spring is arranged between the housing and the slide block

to bias the brake ring to the engaged position.

[0009] In a further embodiment of any of the above, the brake release actuator includes a
cam having a cam profile that is configured to engage a face of the slide block. The cam is configured to

rotate about a pivot and the cam profile to slide along the face in response to the electrical signal.

[0010] In a further embodiment of any of the above, the cam includes teeth. The brake
release actuator includes a worm shaft coupled to a motor. The worm shaft engages the tecth, and the motor

is configured to drive the cam about the pivot in response to the electrical signal.

[0011] In a further embodiment of any of the above, the brake release actuator includes a
cam stop mounted to the housing. The cam engages the cam stop with the brake band in the engaged

position.

[0012] In a further embodiment of any of the above, the drive mechanism includes a drive

gear, and the brake ring is operatively affixed to the drive gear.

[0013] In a further embodiment of any of the above, the drive mechanism includes a worm
shaft coupled to a motor. The worm shaft engages the drive gear, and a gearbox is operatively connected

between the drive gear and an output shaft.

[0014] In a further embodiment of any of the above, the power drive module includes a
crank arm mounted to the output shaft and is connected to a link that is configured to be connected to a

vehicle.

[0015] In on¢ exemplary embodiment, a method of operating a vehicle door with an
electric power drive module includes engaging a brake assembly to an engaged position to hold a door in
an open or partially open position. The method also includes disengaging the brake assembly to a
disengaged position to move the door. Power to the brake assembly is cut while maintaining both the

engaged and disengaged positions.

[0016] In a further embodiment of the above, the engaging and disengaging steps include
rotating a cam operatively connected to a brake band to selectively engage and disengage the brake band

from a drive mechanism.

Date Regue/Date Received 2022-01-14



[0017] In a further embodiment of any of the above, the rotating step includes rotating the

cam with a worm shaft.

[0018] In a further embodiment of any of the above, the rotating step includes operatively
driving the worm shaft with a motor. The brake band is held in a disengaged position with a motor de-

energized.

[0019] In a further embodiment of any of the above, the method includes the step of spring

biasing the brake band to an engaged position that holds the drive mechanism against rotation.

[0020] In a further embodiment of any of the above, the rotating step includes sliding a
cam surface across a face of a slide block that is secured to one end of the brake band, the cam countering

the spring biasing step.

[0021] In a further embodiment of any of the above, the method includes the step of
moving a vehicle door. The vehicle door moving step includes disengaging the brake band from the drive
mechanism. The vehicle door moving step further includes rotating an output shaft with the drive

mechanism with the brake band disengaged.

[0022] In a further embodiment of any of the above, the method includes the step of
holding a vehicle door in at least a partially open position, wherein the vehicle door holding step includes
rotating the cam to a cam stop. The brake band is spring biased to an engaged position that holds the drive

mechanism against rotation.

[0023] In a further embodiment of any of the above, the method includes a step of
checking a vehicle door. The vehicle door checking step includes moving the door with the drive
mechanism in one of first and second directions. The brake band is engaged from the drive mechanism to
hold the door in a desired position. The break band is released from the drive mechanism and moves the

door with the drive mechanism in either of the first and second directions.

[0024] In on¢ exemplary embodiment, a power drive module for a vehicle power door
opening device includes a housing configured to be mounted to one of a vehicle body and a door. A drive
mechanism is arranged in the housing. The drive mechanism includes a first motor operatively coupled to
a gearbox having an output shaft. A linkage assembly is connected to the output shaft that is configured to
be connected to the other of the vehicle body and the door. A brake assembly is arranged in the housing.
The brake assembly includes a brake ring operatively coupled to the drive mechanism. A brake band is

wrapped about the brake ring and movable between a normally engaged position relative to the brake ring

3
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and a disengaged position relative to the brake ring. A brake release actuator is operatively connected to
the brake band and configured to move the brake band between the engaged and disengaged positions with
the brake ring. A second motor is operatively coupled to the brake band.

[0025] In a further embodiment of the above, the brake assembly is configured to be held

in both the engaged and the disengaged positions with no electrical power to the second motor.

[0026] In a further embodiment of any of the above, the brake band includes first and
second ends. The first end is secured to the housing. The second end is secured to a slide block that is
slidably received in the housing. An energizing spring is arranged between the housing and the slide block

to bias the brake ring to the engaged position.

[0027] In a further embodiment of any of the above, the brake release actuator includes a
cam having a cam profile that is configured to engage a face of the slide block. The cam is configured to
rotate about a pivot and the cam profile to slide along the face. The cam includes tecth. The brake release
actuator includes a worm shaft coupled to the second motor. The worm shaft engages the teeth. The second

motor is configured to drive the cam about the pivot.

[0028] In a further embodiment of any of the above, the drive mechanism includes a drive
gear. The brake ring is operatively affixed to the drive gear. The drive mechanism includes a worm shaft
coupled to the second motor. The worm shaft engages the drive gear. A portion of the gearbox is operatively

connected between the drive gear and the output shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The disclosure can be further understood by reference to the following detailed

description when considered in connection with the accompanying drawings wherein:

[0030] Figure 1 is a schematic view of a door system.

[0031] Figure 2A is a schematic view of a vehicle door.

[0032] Figure 2B is an enlarged view of a portion of the vehicle door shown in Figure 2A.
[0033] Figure 3A is a schematic view of a gearbox and a brake assembly for a power drive

module for use in automatically opening, closing and holding the vehicle door.
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[0034] Figure 3B is a schematic of a power drive module similar to that shown in Figure

3A, but with a belt drive.

[0035] Figure 4 is a perspective view of an example power drive module.

[0036] Figure 5 is a partially exploded perspective view of the power drive module shown
in Figure 4.

[0037] Figure 6 is a partial cross-sectional view through a portion of the power drive

module shown in Figure 5.

[0038] Figure 7 is a schematic view of the brake assembly.

[0039] Figure 8 is a perspective, partial cross-sectional view through a portion of the
gearbox and the brake assembly.

[0040] Figure 9 illustrates a portion of the power drive module and the brake assembly in

an engaged brake position.

[0041] Figure 10 illustrates the brake assembly shown in Figure 9, but in the disengaged

brake position.

[0042] The embodiments, examples and alternatives of the preceding paragraphs, the
claims, or the following description and drawings, including any of their various aspects or respective
individual features, may be taken independently or in any combination. Features described in connection

with one embodiment are applicable to all embodiments, unless such features are incompatible.

DETAILED DESCRIPTION

[0043] A door system 10 for automatically opening, closing and/or holding a vehicle door
24 is schematically illustrated in Figure 1. The system 10 includes a power drive module 12 having a motor
14, a planetary gearbox 16 with a slip clutch 18 that comprise a drive mechanism. The power drive module
12 opens the door 24 via a linkage assembly 20, which provides a drive element, in response to the electric

motor 14 rotating a portion of the linkage assembly 20 through the gearbox 16 and the slip clutch 18.

[0044] A brake assembly 22 cooperates with a portion of the power drive module 12, for
example, the gearbox 16 to arrest any rotational movement of the power drive module 12, which effectively

holds the vehicle door 24 in an open or partially open position. A controller 26 is in communication with
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the motor 14 and the brake assembly 22 to coordinate operation dining manual and/or automated movement

of the door 24.

[0045] Referring to Figures 2A and 2B, a conventional automotive vehicle typically
includes multiple doors 24 (one shown) used for egress and ingress to the vehicle passenger compartment
and/or cargo arca. In the example, the door 24 is a passenger door. The door 24 is pivotally mounted by
hinges 34 to a vehicle frame 32, such as an A-pillar or B-pillar, about which the door is movable between
opened and closed positions. The door 24 has a cavity that typically includes an impact intrusion beam,
window regulator, and other devices (not shown). The power drive module 12 is arranged within the cavity,
although the power drive module 12 can instcad be arranged in the vehicle frame 32, if desired. Mounting

the power drive module 12 near the hinges 34 minimizes the impact on door inertia.

[0046] The power drive module 12 is part of a door system 10 that permits automated
opening and closing of the door 24 without the need of a user to manually push and pull on the passenger
door, as is typical. However, the system 10 can be used as a conventional door, overriding the door check
and automated opening and closing features. The system 10 may also act as a door hold, or door check,

without the need of a typical door check that has discrete detents.

[0047] Referring to Figure 2B, the power drive module 12 is connected to the vehicle
frame 32 by the linkage assembly 20 via a bracket 36. The linkage assembly 20 transmits the opening and
closing forces provided by the power drive module 12 to the vehicle frame and also holds the door 24 open

when desired.

[0048] The controller 26, or ¢lectronic control unit (ECU), receives inputs from various
components as well as sends command signals to the power drive module 12 to open and close the door 24
in response to a user request. An example methodology for controlling door motion is disclosed in
International Patent Application No. W02016/164,023. A power supply {not shown) is connected to the
controller 26, which selectively provides c¢lectrical power to the power drive module 12 in the form of
commands, or electrical signals. A latch 28 is in communication with the controller 26. The latch 28, which
is carried by the door 24 (Figure 2A), is selectively coupled and decoupled to a striker 30 mounted to the
vehicle frame 32. In the example, the latch 28 is a power pull-in latch. A switch (not shown) provides a first

mput to the system 10 indicative of a user request to automatically open or close the door 24.

[0049] Referring to Figures 3A, 6 and &, the power drive module 12 includes a multi-stage
gearbox 16 arranged within the housing 42. A first stage 44 of the gearbox 16 includes a worm drive 46

that includes a worm shaft 48 coupled to a worm gear 50, which provides a drive gear. The worm shaft 48
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is rotationally driven by the motor 14, which corresponds to a first motor within the power drive module

12.

[0050] The worm gear 50 is connected to an input shaft 54 that is rotatable about an axis
A. The input shaft 54 rotationally drives a compound epicyclic gear train 52 that has second and third stages.
The second stage has a sun gear 56 mounted to the input shaft 54. The sun gear 56 mates with a first
planetary gear set 64 of an intermediate gear set 58. The intermediate gear set 58 is mounted within a carrier
62, and each intermediate gear rotates about an axis B as the carrier 62 rotates about the axis A. The first
planctary gear set 64 meshes with a first ring gear 60 that is fixed to the housing 42, preventing rotation of
the first ring gear 60.

[0051] A second planetary gear set 66 of the intermediate gear set 58 is affixed to the first
planetary gear set 64 and rotates therewith. The third stage is provided by the second planetary gear set 66,
which meshes with a second ring gear 68. The crank arm 40 is secured to the output shaft 72, which applies
an opening or closing force to the door 24 via the link 38. The output shaft 72 is carried by an output hub

70 arranged within the second ring gear 68.

[0052] In the example, a brake ring 74 extends from the worm gear 50. A brake band 76
is arranged about the brake ring 74 and is selectively engagable therewith in response to a brake release
actuator 78. The brake ring 74 is provided on the first stage of the gearbox 16, thus requiring less brake
force to arrest motion of the door 24 via the gearbox 16 than if used on the second and third stages where

torque is greater.

[0053] Referring to Figures 4 and 5, the housing 42 is constructed from multiple
components, for example, a mounting plate 42a and first and second covers 42b, 42¢. Aside from the worm
shaft 48, which is arranged transverse to the axis A, the components of the gearbox 16 are coaxial with one

another, with the axis B rotating about the axis A.

[0054] The brake assembly 22 is shown schematically in Figure 7. The brake band 76 has
first and second ends 80, 82. The first end 80 is affixed to the housing 42, and the second end 82 is affixed
to a slide block 84. The slide block 84 is slidably arranged within a correspondingly shaped pocket in the
housing 42. An energizing spring 86 is arranged between one end of the slide block 84 and a surface of the
housing 42 to normally bias the brake band 76 into engagement with the outer diameter of the brake ring
74. Sufficient tension is provided on the second end 82 of the brake band 76 to prevent undesired rotation
of the brake band 76, and in turn the gearbox 16, which prevents movement of the linkage assembly 20 and
ultimately the door 24.
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[0055] The slip clutch 18 permits slippage between the worm gear 50 and the input shaft
54 when the brake assembly 22 is engaged and power is lost during an electrical system failure. In this case,
when the operator wants to open or close the door 24, the planetary gearbox 16 gets back-driven and the

mput shaft 54 slips in relation to the braked worm gear 50.

[0056] A brake release actuator 78 selectively cooperates with the slide block 84 to
overcome the energizing spring 86 and move the brake band 76 from the engaged position to a disengaged

position which permits the brake ring 74 to freely rotate with respect to the brake band 76.

[0057] Like numerals are used in Figure 3B to indicate like elements with respect to other
disclosed embodiments. Figure 3B illustrates a power drive module 112 that includes a belt drive 114. The
motor 14 rotationally drives the worm shaft 48, which is coupled to the worm gear 50. The worm gear 50
is mounted to first input shaft portion 54a connected to a first pulley 118a. A belt 116 is wrapped about the
first pulley 118a and a second pulley 118b, which is mounted to a second input shaft portion 54b. Rather
than employing a compound planetary gear as shown in Figure 3A, a single stage planetary gear 152
transmits the rotational drive from the second input shaft portion 54b to the output shaft 72.

[0058] The engaged and disengaged positions are respectively shown in Figures 9 and 10.
Referring to Figure 9, the brake release actuator 78 includes a brake motor 88, provided by a second electric
motor, which rotationally drives a worm shaft 90. A cam 92 is supported for rotation about a pivot 96
mounted to the housing 42. The cam 92 includes teeth 94 engaged by the worm shaft 90. The cam 92 is
shown fully retracted and in abutment with a cam stop 98 mounted to the housing 42. The cam 92 includes
a cam profile 100, which is configured to slidably engage a face 102 of the slide block 84 arranged opposite
of the energizing spring 86. Once in the engaged position, no ¢lectrical power is required to the brake
release actuator 78 to hold the brake assembly 22 in the engaged position (i.e., the power may be cut to the
brake motor 88).

[0059] In response to an ¢lectrical signal, the brake motor 88 rotationally drives the cam
92 about the pivot 96 via the worm shaft 90 from the retracted position shown in Figure 9 to a position
shown in Figure 10. In the released or disengaged position shown in Figure 10, the cam profile 100
progressively moves the slide block 84 to compress the energizing spring 86, which slackens the brake band
76 sufficiently to permit rotation of the brake ring 74 by the motor and gearbox 14, 16. Once in the
disengaged position, no electrical power is required to the brake release actuator 78 to hold the brake

assembly 22 in the disengaged position (i.c., the power may be cut to the brake motor 88).
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[0060] The disclosed power drive module automatically moves the door open and closed
with the vehicle on flat ground or grades that are common on public roads. The power drive module is also
capable of holding the door in any open position as dictated by the system control program on flat ground
or grades up to certain wind conditions, and can hold the door for long periods in an ajar position if the user
desires so. The brake assembly 22 may be held in an engaged and a disengaged position with no electrical
power to the brake release actuator 78. Overall, very little power is consumed by the power drive module
12, which contributes to the overall fuel efficiency of the vehicle. Morcover, the power drive module
minimally resists manual operations and/or emergency operations via the slip clutch 18 when the system

cannot be powered, such as may be the case after a vehicle accident.

[0061] It should also be understood that although a particular component arrangement is
disclosed in the illustrated embodiment, other arrangements will benefit herefrom. Although particular step
sequences are shown, described, and claimed, it should be understood that steps may be performed in any

order, separated or combined unless otherwise indicated and will still benefit from the present invention.

[0062] Although the different examples have specific components shown in the
illustrations, embodiments of this invention are not limited to those particular combinations. It is possible
to use some of the components or features from one of the examples in combination with features or

components from another one of the examples.

[0063] Although an example embodiment has been disclosed, a worker of ordinary skill
in this art would recognize that certain modifications would come within the scope of the claims. For that

reason, the following claims should be studied to determine their true scope and content.
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CLAIMS

1. A power drive module for a vehicle power door opening device, the power drive module
comprising:

a housing configured to be mounted to one of a vehicle body and a door;

a drive mechanism arranged in the housing, wherein the drive mechanism includes a first motor
operatively coupled to a gearbox of the drive mechanism having an output shaft and is configured to
move a drive element in the form of a linkage assembly connected to the output shaft, wherein the linkage
assembly is configured to be connected to the other of the vehicle body and the door; and

a brake assembly arranged in the housing, the brake assembly including a brake ring operatively
coupled to the drive mechanism, a brake band wrapped about the brake ring and movable between a
normally engaged position relative to the brake ring and a disengaged position relative to the brake ring,
and a brake release actuator operatively connected to the brake band and configured to move the brake
band between the engaged and disengaged positions with the brake ring in response to an electrical signal,
wherein the brake assembly arrests rotational movement of the drive mechanism in the engaged position
and the brake assembly is configured to be held in both the engaged and disengaged positions without
supply of ¢lectrical power.

2. The power drive module of claim 1, wherein the brake band includes first and second ends, the
first end secured to the housing, the second end secured to a slide block that is slidably received in the
housing, and an energizing spring is arranged between the housing and the slide block to bias the brake

ring to the engaged position.

3. The power drive module of claim 2, wherein the brake release actuator includes a cam having a
cam profile that is configured to engage a face of the slide block, and the cam is configured to rotate
about a pivot and the cam profile to slide along the face in response to the electrical signal, optionally
wherein the cam includes teeth, and the brake release actuator includes a worm shaft coupled to a brake
motor in the form of a second motor, the worm shaft engaging the teeth, and the brake motor is

configured to drive the cam about the pivot in response to the electrical signal.

4. The power drive module of claim 3, wherein the brake release actuator includes a cam stop

mounted to the housing, and the cam engages the cam stop with the brake band in the engaged position.

5. The power drive module of any one of claims 1-4, wherein the drive mechanism includes a drive

gear, and the brake ring is operatively affixed to the drive gear.

10
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6. The power drive module of claim 5, wherein the drive mechanism includes a worm shaft coupled
to the motor, the worm shaft engages the drive gear, and a gearbox is operatively connected between the

drive gear and an output shaft.

7. The power drive module of claim 6, comprising a crank arm mounted to the output shaft and

connected to a link that is configured to be connected to a vehicle.

8. The power drive module of any one of claims 1 to 7, comprising a second motor operatively
coupled to the brake band, wherein the brake assembly is configured to be held in both the engaged and

the disengaged positions with no electrical power to the second motor.

9. The power drive module of claim 1, wherein the housing is configured to be mounted to one of a
vehicle body and a door, the drive mechanism includes a first motor operatively coupled to a gearbox
having an output shaft; and comprising
a linkage assembly connected to the output shaft configured to be connected to the other of the
vehicle body and the door; and
a second motor operatively coupled to the brake band, wherein the brake assembly is configured
to be held in both the engaged and the disengaged positions with no electrical power to the

second motor.

10. The power drive module of claim 9, wherein the brake band includes first and second ends, the
first end secured to the housing, and the second end secured to a slide block that is slidably received in the
housing, and an energizing spring is arranged between the housing and the slide block to bias the brake

ring to the engaged position.

11. The power drive module of claim 10, wherein the brake release actuator includes a cam having a
cam profile that is configured to engage a face of the slide block, the cam is configured to rotate about a
pivot and the cam profile to slide along the face, the cam includes teeth, and the brake release actuator
includes a worm shaft coupled to the second motor, the worm shaft engaging the teeth, and the second

motor is configured to drive the cam about the pivot.

12. The power drive module of claim 11, wherein the drive mechanism includes a drive gear, the
brake ring is operatively affixed to the drive gear, the drive mechanism includes a worm shaft coupled to
the second motor, the worm shaft engages the drive gear, and a portion of the gearbox is operatively

connected between the drive gear and the output shaft.
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13. A method of operating a vehicle door with the power drive module of any one of claims 1 to 12,
the method comprising:

engaging the brake assembly to an engaged position to hold the door in an open or partially open
position;

disengaging the brake assembly to a disengaged position to move the door; and

wherein power to the brake assembly is cut while maintaining both the engaged and disengaged

positions.

14. The mcthod of claim 13, whercin the engaging and discngaging steps include rotating a cam
operatively connected to the brake band to selectively engage and disengage the brake band from the

drive mechanism.

15. The method of claim 14, wherein the rotating step includes rotating the cam with a worm shaft,
optionally wherein the rotating step includes operatively driving the worm shaft with a brake motor in the
form of a second motor, and the brake band is held in a disengaged position with the brake motor de-

energized.

16. The method of any one of claims 14 or 15, comprising the step of spring biasing the brake band to

an engaged position that holds the drive mechanism against rotation.

17. The method of claim 16, wherein the rotating step includes sliding a cam profile across a face of a

slide block that is secured to one end of the brake band, the cam profile countering the spring biasing step.

18. The method of any one of claims 13 to 17, comprising the step of moving a vehicle door, wherein
the vehicle door moving step includes:
disengaging the brake band from the drive mechanism; and

rotating an output shaft with the drive mechanism with the brake band disengaged.

19. The method of any one of claims 13 to 17, comprising the step of holding a vehicle door in at
least a partially open position, wherein the vehicle door holding step includes:

rotating the cam to a cam stop; and

spring biasing the brake band to an engaged position that holds the drive mechanism against

rotation.

20. The method of any one of claims 13 to 19, comprising a step of checking a vehicle door, wherein

the vehicle door checking step includes:
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moving the door with the drive mechanism in one of first and second directions;
engaging the brake band from the drive mechanism to hold the door in a desired position;
releasing the brake band from the drive mechanism; and

moving the door with the drive mechanism in either of the first and second directions.
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