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VEHICLE DOOR CONTROL SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent
Application No. 61/885,361 filed October 1, 2013, and U.S. Provisional Patent
Application No. 61/895,790 filed October 25, 2013, the contents of both of which

are incorporated herein in their entirety.

FIELD
[0002] This disclosure relates generally to vehicle door check systems and
more particularly to infinite door check systems that permit a user to select a

position at which a door is to be checked.

BACKGROUND
[0003] Vehicle doors are typically swung between fully closed and fully

opened positions to permit ingress and egress of passengers to and from a
vehicle. A door check system is typically employed to provide one or more
intermediate holding positions for the door for convenience. Traditional door
check systems suffer from a number of deficiencies, however. For example, the
intermediate positions provided by the door check system can sometimes be
inconvenient in the sense that they either don’t give a vehicle user sufficient room
to enter or leave the vehicle, or they are positioned so far outward that the door is
at risk of hitting a door from an adjacent parked vehicle (e.g. in a mall parking
lot). Furthermore, the door check system may be configured to permit easy use
of the door by a certain segment of the general population, but the door may be
difficult to use by a different segment of the general population. Additionally,
there are numerous situations in which the door can unintendedly swing open

and hit an adjacent vehicle.
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[0004] The patent literature contains some proposed door check systems
that permit a user to select where a door is stopped. Such systems tend to be
very limited in their capabilities, however, and in some instances can be very
large, intruding significantly on the already restricted amount of space available
inside a vehicle door. It would be beneficial to provide a door check system that
at least partially addresses one or more of the problems described above or

other problems associated with door check systems of the prior art.

SUMMARY

[0005] In an aspect, a vehicle door control system for a vehicle having a
vehicle body and a vehicle door is provided, and includes a check arm having an
end that is mounted to one of the vehicle body and the vehicle door, a check arm
holder at least a portion of which is mounted to the other of the vehicle body and
the vehicle door, and a controller. The check arm holder is configured to apply at
least three different amounts of braking force to the check arm. The controller is
programmed to control the operation of the check arm holder based on input

from at least one sensor.

[0006] In another aspect, a vehicle door control system is provided for a
vehicle having a vehicle body and a vehicle door. The door control system
includes a check arm mounted to one of the vehicle body and the vehicle door, a
check arm holder at least a portion of which is mounted to the other of the vehicle
body and the vehicle door, and a controller. The check arm holder is configured
to apply a variable braking force to the check arm. The controller is programmed
to reduce the speed of the door by adjustment of the braking force upon
determining that the speed of the door exceeds a maximum permissible door

speed. The maximum permissible door speed is adjustable.

[0007] In yet another aspect, a vehicle door control system is provided for
a vehicle having a vehicle body and a vehicle door, including a check arm

mounted to one of the vehicle body and the vehicle door, a check arm holder
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mounted to the other of the vehicle body and the vehicle door, and a controller,
wherein the controller is programmed to adjust the braking force based on the

angle of the vehicle.

[0008] In yet another aspect, a vehicle door control system is provided for
a vehicle having a vehicle body and a vehicle door, including a check arm
mounted to one of the vehicle body and the vehicle door, a check arm holder
mounted to the other of the vehicle body and the vehicle door, and a controller,
wherein the controller is programmed to receive input from a user of the vehicle
that lets the user select the amount of braking force that is applied to the check

arm during movement of the door.

[0009] In yet another aspect, a vehicle door control system is provided for
a vehicle having a vehicle body and a vehicle door, including a check arm
mounted to one of the vehicle body and the vehicle door, a check arm holder
mounted to the other of the vehicle body and the vehicle door, and a controller,
wherein the controller is programmed to control a maximum open position for the

door based on sensor data relating to the position of an adjacent obstacle.

[0010] In yet another aspect, a vehicle door control system is provided for
a vehicle having a vehicle body and a vehicle door. The door control system
includes a check arm mounted to one of the vehicle body and the vehicle door, a
check arm holder at least a portion of which is mounted to the other of the vehicie
body and the vehicle door, and a controller. The check arm holder is configured
to apply a variable braking force to the check arm. At least one force-sensing
device is positioned to sense an initiation force being exerted on the vehicle door
by a user. A controller is programmed to control the braking force applied by the
check arm holder based at least in part on whether the initiation force exceeds a

threshold force.

[0011] In yet another aspect, the invention relates to a vehicle door control

system for a vehicle having a vehicle body and a vehicle door, comprising a
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check arm having an end that is mounted to one of the vehicle body and the
vehicle door, a check arm holder mounted to at least one of the vehicle body and
the vehicle door, and a controller. The check arm holder is configured to apply a
check force to the check arm. The controller is programmed to control the

operation of the check arm holder based on input from a temperature sensor.

[0012] Other inventive aspects of the present disclosure will become

readily apparent based on the teachings contained herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The foregoing and other aspects will now be described by way of

example only with reference to the attached drawings, in which:

[0014] Figure 1 is a perspective view of a vehicle that includes a door and

a door control system in accordance with an embodiment of the present

invention;
[0015] Figure 2 is a side view of the door shown in Figure 1;
[0016] Figure 3 is a magnified perspective view of the door control system

shown in Figure 1, including a check arm and a check arm holder;

[0017] Figure 4A is a perspective view of the check arm holder shown in
Figure 3;
[0018] Figure 4B is a perspective view of the internal components of the

check arm holder and the check arm shown in Figure 3, showing an example

structure for determining the position of the door;

[0019] Figure 4C is a side view of an alternative structure for determining

the position of the door;

[0020] Figure 5 is a sectional side view of the door control system shown

in Figure 3,
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[0021] Figure 6 is a plan view of the door control system shown in Figure 3
with a portion of the housing cut away;,

[0022] Figure 7 is a sectional front view of the door control system shown
in Figure 3;

[0023] Figure 8 is a state diagram for the door control system shown in
Figure 1;

[0024] Figures 8A-8D are magnified portions of the state diagram shown in
Figure 8;

[0025] Figure 8E is a graph illustrating an example relationship between

the resistive force applied by the check arm holder and the door position;

[0026] Figures 9A-9D are graphs illustrating example relationships

between a maximum permissible door speed and door position;

[0027] Figure 10A is a graph illustrating an example relationship between
fluid pressure in the check arm holder and door position in relation to a detected
obstacle;

[0028] Figure 10B is a three-dimensional graph that shows a more

complex relationship between fluid pressure in the check arm holder and door

position in relation to a detected obstacle that also accounts for door velocity;

[0029] Figure 10C is a graph illustrating an example relationship between
fluid pressure in the check arm holder and door position in relation to a detected

obstacle at a specific door velocity;

[0030] Figure 11 is a sectional front view of brake pistons and brake pads
that could be used instead of the brake pistons and brake pads shown in Figure
7,

[0031] Figure 12 is a plan view of an alternative door control system

including a check arm and a check arm holder;
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[0032] Figure 13 is a side view of the door control system shown in Figure
12 without a housing;
[0033] Figures 14A and 14B are sectional side views of the door control

system shown in Figure 12, with brake members in retracted and advanced

states respectively;

[0034] Figure 15 is a side view comparing the door control system shown
in Figure 12 with a standard door check, illustrating the compactness of the door

control system;

[0035] Figure 16 is a perspective view of another alternative door control

system including a check arm and a check arm holder,

[0036] Figure 17 is a side view of the alternative door control system

shown in Figure 16;

[0037] Figure 18 is a plan view of yet another alternative door control

system including a check arm and a check arm holder;

[0038] Figure 19 is a side view of the door control system shown in Figure
18; and

[0039] Figure 20 is a front view of the door control system shown in Figure
18,

[0040] Figure 21 is a side view of a door that includes an alternative

embodiment of a door control system;

[0041] Figure 22 is an end view of a first subassembly that is part of the

door control system shown in Figure 21;

[0042] Figures 23A and 23B are plan and side views of a second

subassembly that is part of the door control system shown in Figure 21;

[0043] Figure 24 is an alternative arrangement of the first and second

subassemblies to that which is shown in Figure 21;
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[0044] Figure 25 is a side view of an alternative embodiment, showing the

use of load cells to sense force applied to the vehicle door;

[0045] Figure 26 is a perspective view of another alternative embodiment,
showing the use of another structure adapted to sense force applied to the

vehicle door;

[0046] Figure 27 is a perspective view of the embodiment shown in Figure

26, with selected components removed to better show the structure for sensing

force;

[0047] Figure 28 is a top plan view of the embodiment shown in Figure 26;
[0048] Figure 28A is a top plan view of the embodiment shown in Figure
26, illustrating movement of a check arm holder relative to a mounting bracket;
and

[0049] Figure 29 is a sectional side view of the embodiment shown in
Figure 26.

DETAILED DESCRIPTION
[0050] Reference is made to Figure 1, which shows a vehicle door control

system 10 for a vehicle 12 having a vehicle body 14 and a vehicle door 16
pivotally mounted to the body 14 by way of hinges 17 for pivoting movement
about a door pivot axis Ap, in accordance with an embodiment of the present
disclosure. In some embodiments, the vehicle door control system 10 can check
the door 16 in a user-selectable position somewhere in a range of door
movement between a fully open position and a fully closed position. In some
embodiments, the door control system 10 can check the door 16 anywhere within
the aforementioned range of movement, providing infinite door check capability.
In other embodiments, the door control system 10 can check the door 16 in a
user-selected position selected from amongst one or more discrete positions

within the aforementioned range of movement.
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[0051] In some embodiments, the door control system 10 may only permit
the user to check the door 16 in a certain portion of the range of movement. For
example, in some instances this may be to inhibit the door 16 from being
checked when it is very near to its fully closed position (as described further
below).

[0052] Referring to Figure 2, the door control system 10 includes a check
arm 18, a check arm holder 20 and a controller 22 (Figure 5). The check arm 18
may be mounted to one of the vehicle body and the vehicle door, and the check
arm holder 20 may be mounted to the other of the vehicle body and the vehicle
door. In the embodiment shown in Figure 5, the check arm 18 is mounted to the
vehicle body 14 and the check arm holder 20 is mounted to the vehicle door 16.
More particularly, the check arm 18 is pivotally mounted to a portion of the door
aperture (shown at 23) on the vehicle body 14 via a pin connection shown at 24,
while the check arm holder 20 is fixedly mounted to the inside surface of the

forward edge face (shown at 26) of the door 16.

[0053] The check arm holder 20 is shown in more detail in Figures 3-7.
The check arm holder 20 includes a housing 28 (shown in Figures 3, 4A and 5-7
but omitted from Figure 4B). Referring to Figures 4B-7, the check arm holder
further 20 includes a fluid reservoir 30, first and second brake members 32 and
34 (which in this instance may be pistons), a motor 35, a spiral bevel pinion 36, a
spiral bevel ring gear 37, a lead screw 38 and a master piston 39. Any other
suitable gear arrangement is alternatively possible such as for example a worm
and worm wheel combination, or two spur gears. Additionally, while two gears
are shown in the gear arrangement, it is alternatively possible to provide a gear

arrangement containing three or more gears.

[0054] The housing 28 may be formed from two housing members 28a
and 28b that mate together to enclose the other components. The housing 28
contains a pass-through aperture 29 for the check arm 18. A seal 31 may be

provided at each end of the aperture 29 so as to prevent dirt and debris that may
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buiid up on the check arm 18 from getting into the check arm holder 20 during
sliding movement of the check arm 18 through the holder 20. Additionally, a
guide member 27 may be provided at each end of the aperture 29 so as to guide

the movement of the check arm 18 along a selected path through the housing 28.

[0055] A limit member 33 (Figure 4B and 5) may be provided on the free
end of the check arm 18 so as to engage the housing 28 when the door 16 when
the door is opened to a selected angle, so as to provide a mechanical limit for the

maximum open position of the door 16.

[0056] The first and second brake pistons 32 and 34 are movable by way
of fluid pressure, between a check position in which the pistons 32 and 34 apply
a holding force (also referred to as a check force) to the check arm 18 and a
retracted position wherein the pistons 32 and 34 are retracted from the check
position. In the retracted position, the brake pistons 32 and 34 may be spaced
from the check arm 18 so as not to apply any braking force to the check arm 18.
Alternatively, in the retracted position, the pistons 32 and 34 may continue to
apply a braking force on the check arm 18 but a smaller braking force than in the
check position. The overall movement between the advanced and retracted

positions may be relatively small, and in some cases less than 1 mm.

[0057] As shown in Figure 7, a plug 41 plugs a bore 43 that is provided in
the housing 28 and that holds the brake pistons 32 and 34. Brake piston seals 45
are provided to seal between the bore 43 and the pistons 32 and 34 to prevent
leakage of fluid out of the housing 28 past the pistons 32 and 34. The seals 45
may be O-rings provided in the housing 28 as shown, or alternatively on the

pistons 32 and 34. Any other suitable seals may alternatively be provided.

[0058] While two movable brake members 32 and 34 are shown in Figures
4B-7, in an alternative embodiment a single moveable brake member could be
used to advance and retract on one side of the check arm 18, so as to clamp the

check arm 18 against a stationary brake member on the other side of the check
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arm 18. Embodiments incorporating a single moving brake member are

described further below with reference to Figures 12-14 and Figures 16-17.

[0059] Returning to Figures 4B-7, first and second brake pads 40 and 42
may be provided on the first and second pistons 32 and 34 to provide a selected

friction coefficient with the sides 18a and 18b of the check arm 18.

[0060] A fluid passage system 44 connects the fluid reservoir 30 to the first
and second brake pistons 32 and 34. The fluid itself may be an incompressible
fluid such as hydraulic oil, or a compressible fluid such as a gas. In the
embodiment shown the fluid is hydraulic oil. A bellows 47 (Figure 7) is provided
at an end of the fluid reservoir 30 to accommodate thermal expansion of the fluid

in the fluid passage system 44.

[0061] In an embodiment, the master piston 39 is positioned in a master
piston chamber 46 that is fluidically between the reservoir 30 and the first and
second brake pistons 32 and 34, and that divides the fluid passage system 44
into a first portion 44a which is connected to the brake pistons 32 and 34 and a
second portion 44b which is connected to the reservoir 30. The master piston 39
is movable between a retracted position wherein the master piston chamber 46
fluidically connects the first and second portions 44a and 44b and generates a
low fluid pressure state in the fluid passage system 44, and an advanced position
wherein the piston 39 disconnects the first portion 44a from the second portion

44b and generates a high fluid pressure state in the first portion 44a.

[0062] Movement of the master piston 39 to the advanced position brings
the brake pistons 32 and 34 to their advanced positions. In embodiments
wherein the fluid in the fluid passage system 44 is brought to a sufficiently low
pressure when the master piston 39 is moved to the retracted position, such
movement may force the pistons 32 and 34 to a retracted position wherein the
pistons 32 and 34 are spaced from the check arm 18 so as not to apply any

braking force to the check arm 18. Such an embodiment may be used wherein it
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is desired at some point to be able to move the door 16 with substantially no
resistance. For example, in embodiments wherein the door 16 is relatively
heavy, it may be desirable to provide no further resistance to movement of the

door 16 beyond the resistance provided by the inertia of the door 16 itself.

[0063] The master piston 39 may be movable to a plurality of intermediate
positions between the retracted and advanced positions so as to permit
adjustment of the pressure applied by the brake pistons 32 and 34 to the check
arm 18. In an embodiment, the master piston 39 may be infinitely adjustable in
position between its retracted and advanced positions thereby permitting infinite

control over the pressure applied by the brake pistons 32 and 34.

[0064] In an alternative embodiment, movement of the master piston 39 to
the retracted position results in a lower pressure than in the advanced position,
but results still in a positive pressure such that the brake pistons 32 and 34
remain in engagement with the check arm 32 and continue to apply a braking
force to the check arm 18, albeit a lower braking force than when the piston 39 is
in the advanced position. Such an embodiment can be used, for example, in
situations where it is desirable to always provide some resistance to movement

to the door.

[0065] As shown in Figure 4B, an optional piston biasing member 49 may
be provided to urge the brake pistons 32 and 34 towards their retracted positions,
wherein they are spaced from the check arm 18 so that they apply no braking
force on the check arm 18 in the retracted position. The biasing member 49 can
be configured based on the pressure in the fluid passage system 44 when the
master piston 39 is in the retracted position to ensure that the pistons 32 and 34
move away from the check arm 18. The biasing member 49 may be any suitable
type of biasing member, such as, for example, a generally V-shaped leaf spring.
In the embodiment shown, the V-shaped biasing member 49 is engaged with
shoulders on each of the brake pads 40 and 42 to assist in retracting the brake
pads 40 and 42 when the pistons 32 and 34 are retracted. The brake pads 40
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and 42 may alternatively or additionally be joined to pistons 32 and 34 by some
other means such as by an adhesive. The piston biasing member 49 is not

shown in the other figures.

[0066] An alternative way of connecting the pads 40 and 42 to the pistons
32 and 34 is shown in Figure 11. In the embodiment shown in Figure 11, the
pads 40 and 42 each include a friction material layer 250, a backing plate 252 a
first side of which has the friction material layer mounted thereon via a suitable
adhesive or some other suitable means, and a pad retainer 254. Each pad
retainer 254, which may be a snap fit clip, is mounted to the second side of the
backing plate 252, by adhesive, by a rivet, or by any other suitable means. The
pad retainer 254, when in the form of a snap fit clip, may clip onto two shoulders

256 in a recess 258 in one of the pistons 32 and 34.

[0067] Referring to Figures 5 and 7, a suitable seal, such as an O-ring seal
shown at 50 may be provided on the master piston 39 so as to form a seal with
the master piston chamber 46, so as to resist leakage of fluid therepast from the
first portion 44a of the fluid passage system 44 during advancement of the piston
39.

[0068] The movement of the master piston 39 may be provided by a
master piston actuator 52 formed by the motor 35, the pinion 36, the ring gear 37
and the lead screw 38. More particularly, the motor 35 drives rotation of the
pinion 36 by receiving electric current from a power source via the controller 22.
The rotation of the pinion 36 drives rotation of the ring gear 37, which is directly
connected to the lead screw 38. The master piston 39 has an internal thread 54
that is engaged by the lead screw 38, and is slidable in the chamber 46 but not
rotatable in the chamber 46. Prevention of rotation of the master piston 39 may
be achieved by any suitable means, such as by a flat (i.e. planar) surface on the
master piston 39 that engages a flat (i.e. planar) mating surface on the housing

28. Another suitable means may be, for example, a set of ball bearings that
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move along parallel axially directed tracks between the piston 39 and the piston
chamber 46.

[0069] Rotation of the lead screw 38 in a first direction (caused by rotation
of the ring gear 37 in the first direction) advances the master piston 39, and
rotation of the lead screw 38 in a second direction (caused by rotation of the ring
gear 37 in the second direction) retracts the master piston 39. A thrust béaring
58 is mounted in the housing 28 to support the free end (shown at 60) of the
shaft that holds the ring gear 37 and the lead screw 38. The thrust bearing
supports the ring gear 37 and lead screw 38 against axial loads imparted while

driving the master piston towards its advanced and retracted positions.

[0070] The controller 22 controls the operation of the check arm holder 20
(and more specifically operation of the motor 35), based on signals from at least

one sensor, and in some embodiments, a plurality of sensors.

[0071] The sensors may include, for example, a motor speed sensor 62 to
determine the speed of the motor 35, a door position sensor 64, a door
accelerometer 66 (Figure 6) or other similar device such as a gyroscope, a door
opening obstacle sensor 68 (Figure 1) and a door closing obstacle sensor 70
(Figure 2). It will be noted that in some embodiments, some of these
aforementioned sensors are optional. For example, in some embodiments, a
door accelerometer 66 (Figure 6) may be omitted and instead door acceleration
data and door velocity data may be determined by the controller 22 based on

input from the door position sensor 62.

[0072] With reference to Figure 6, the motor speed sensor 62 may, for
example, be a Hall-effect sensor that senses a magnet 74 on a ring that is on a

rear portion of the output shaft (shown at 76) of the motor 35.

[0073] The door position sensor 64 may include, for example, a wheel 64a
(Figure 4B) that is caused to rotate by the passage of the check arm 18 through

the check arm holder 20, and a rotary encoder 64b that detects the rotation of the
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wheel 64a. Alternatively, for example, the position sensor 64 may comprise a
linear encoder that is positioned to detect a scale on the check arm 18. Such an
alternative is shown in Figure 4C. As shown, the a linear Hall-effect sensor array
90 is connected to the controller 22, and the check arm 18 includes a series of
magnets 92 and 94 that alternate in their orientation so that the poles facing the
array 90 alternate. As the check arm 18 moves past the Hall-effect sensor array
90, the strength of the signals from the sensors will be sinusoidal, such that the
array will generate sine and cosine signals that can be used to determine the
position of the arm with high precision. In some embodiments a positional
resolution as fine as 0.2mm can be achieved using this technique. This permits
the detection of door velocities in the range of about 1 degree per second. Other
types of sensor that can be used are capacitive transducers, inductive
transducers, a laser-based system, an optical sensing system, an ultrasonic
sensing system, a potentiometric sensing system, an LVDT (linear variable
differential  transducer, a magnetoresistive sensing system or a

magnetorestrictive sensing system.

[0074] Referring to Figure 6, the door accelerometer 66 may be a 3-axis
accelerometer. Door speed may be derived by the controller 22 from the change
in door position over time using data from position sensor 64, or alternatively, it
may be derived from the acceleration data from accelerometer 66. The

accelerometer may also be used as a vehicle orientation sensor.

[0075] The door opening obstacle sensor 68 (Figure 1) may be, for
example, an ultrasonic sensor similar to the type of sensor used for collision
warning on the bumpers of some vehicles. The door closing obstacle sensor 70
may be, for example, in the form of a capacitive strip that is on the seals of the

door 16, as is known to be in use on closure panels of certain vehicles.

[0076] Additional sensors may be provided such as a pressure sensor 78
to determine the fluid pressure in the fluid passage system 44, a current sensor

80 (Figure 6) for determining the current being drawn by the motor 35 and a limit
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switch 82 (Figure 5) to determine when the master piston 39 is fully retracted.
User-accessible controls may be provided in the vehicle cabin such as a “push-
to-hold” button (referred to also as a ‘press-to-hold’ button and as a P2H button)
shown at 84, whose function is described further below, and a resistance selector

dial 86 whose function is also described further below.

[0077] The controller 22 includes a processor 22a and memory 22b, and
further includes a plurality of inputs and outputs for receiving signals from the
sensors and/or from the vehicle’s data bus. The controller's memory 22b
contains code that may be in any suitable form. The programming of the
controller 22 is described with reference to the state diagram in Figure 8. Due to
the large number of elements in Figure 8, it is divided into sections which are
reproduced in magnified form in Figures 8A-8D. A letter identifier in a circle can
be used to connect lines that extend from one figure to another. For example, on
the right hand side of Figure 8A there are four connection lines which have letter
identifiers A, B, C and D. These lines connect with four lines which have the

same letter identifiers in Figure 8B.

[0078] The controller 22 may enter a ‘HOMING BEGIN’ state (shown at
100) in which it will proceed through a homing sequence when the door control
system 10 determines it is required (e.g. when the door control system 10
receives an indication from the vehicle ECU (not shown) that the door 16 has
been unlocked and could be opened imminently). The homing sequence may be
as follows. When in the HOMING BEGIN state, if the master piston 39 is in an
advanced position (such that limit switch 82 is open or OFF) then the door control
system 10 enters a HOMING RETRACT state 102 in which the motor 35 rotates
at a slow speed to retract the piston 39 until the piston 39 just causes the limit
switch 82 to close or be ON. Once the limit switch 82 closes, the motor 35 then
stops and the door control system 10 is in a ‘HOMING FINISH’ state 104, in
which the door control system 10 has completed the homing sequence such that

the motor 35 and the master piston 39 are in their home positions. When in the
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‘HOMING BEGIN'’ state, if the master piston 39 is in a retracted position (such
that limit switch 82 is already closed or ON) then the door control system 10
enters a ‘HOMING EXTEND’ state 106 in which the motor 35 is rotated at slow
speed to extend the piston 39 until the switch 82 opens. At that point the door
control system 10 enters the ‘HOMING RETRACT’ state 102 in which the piston
39 is retracted until the switch 82 closes, at which point the door control system
10 enters the ‘HOMING FINISH’ state 104 as the motor 35 and the piston 39 are

in their home positions. The door control system 10 is now initialized.

[0079] The door control system 10 then enters a ‘TO BRAKE RELEASED’
state 108, wherein the controller 22 sets a target pressure setpoint
(motorPressureSetpoint) to a pressure suited to bring the brake pistons 32 and
34 to their retracted positions. The controller 22 drives the motor 35 to retract
the piston 39 until either the pressure has reached the target pressure setpoint
(or until the controller 22 detects a motor stall condition) at which point the door
control system 10 enters the ‘BRAKE RELEASED’ state 110, at which point the
brake pistons 32 and 34 are considered by the controller 22 to be at their

retracted positions.

[0080] When the door control system 10 is in the ‘BRAKE RELEASED’
state 110 or the ‘TO BRAKE RELEASE' state 108, the controller 22 determines if
the user has moved the door to a position at which the brake pistons 32 and 34
should be advanced again so as tc hold the door 16. Put another way, the
controller 22 determines whether the movement of the door 16 is indicative that
the user wishes the door 16 be stopped in its current position. Several different
movement cues (conditions) may be sought for this purpose. For example, the
controller 22 may determine if the door speed is lower than a selected lower
threshold value (i.e. it determines if the door speed is substantially zero), which is
indicative that the user has substantially stopped moving the door 16. The
controller 22 may also determine if the current door position is more than a

selected angular distance from the previously checked (i.e. held) door position, or
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if the door's movement has changed direction (even if it has not moved more
than the selected distance away from the previously checked position). Thus,
the controller 22 checks if the door 16 has been moved by more than a selected
distance and is now substantially stopped, or if the door 16 has been moved by
any distance and has now changed direction in its movement (and is
substantially stopped). Both of these are relatively reliable indicators that the
user has actually moved the door to a new position and wants the door 16

stopped in its current position.

[0081] The controller 22 may also determine if the door position is outside
of a dead zone. The dead zone is a zone that extends from the closed position
outward by a selected amount (e.g. about 10 degrees), in which the controller 22
is programmed to prevent the door 16 from being checked. This is, in part,
because such a small amount of opening would not be useful for many purposes
and so it is not considered a range in which the user is likely to want to keep the
door 16 checked. Additionally, this prevents the door 16 from being in a position
wherein the user has to accelerate the door 16 sufficiently to overcome the door
seal force and fully latch the door 16, from a checked position that is only a few
degrees away from the fully closed position. These conditions are intended to
assist the controller 22 in determining when the user has moved the door 16 to
their desired position and to permit the controller 22 to automatically stop the
door 16 there. If these conditions are met, the door control system 10 enters the
‘TO BRAKE APPLIED’ state 112 in which the controller 22 sets the pressure
setpoint to a pressure at which a holding force (also referred to as a check force)
is applied by the brake pistons 32 and 34 so as to hold the door 16 in a desired
position. Upon receiving an indication that the pressure has reached the setpoint
(or that the motor 35 has stalled), the door control system 10 enters the ‘BRAKE
APPLIED’ state 114 at which point the controller 22 considers the brake pistons
32 and 34 to be in their advanced positions so as to hold the door 16 in its

current position.
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[0082] It will be noted that, when the door control system 10 is in the
‘BRAKE APPLIED’ state 114, the brake force applied by the brake pistons 32
and 34 can be maintained on the check arm 18 without any power consumption
by the motor 35. This is due at least in part to the use of at least one element
that cannot be back driven in the drive train between the motor 35 and the
master piston 39. This element may be the leadscrew 38, for example, that
cannot be back driven by a force on the master piston 39 urging the master
piston 39 to retract. As a result, the door 16 can be held in an open position for
an extended period of time without draining the vehicle’s battery. Additionally,
this means that the operation of the system 10 consumes relatively little energy.
While the leadscrew 38 may be the element that is non-back drivable, other
elements in the drive train could alternatively or additionally be non-back
drivable. For example, in an embodiment wherein a worm and worm wheel
replace the gears 36 and 37, the worm may be configured to be non-back

drivable.

[0083] When in the state 114, the controller 22 determines if the user has
moved the door 16 (by determining if the user has overcome the holding force of
the brake pistons 32 and 34 and has moved the door 16 by more than a
selected, relatively small distance) at which point the door control system 10
returns to the ‘TO BRAKE RELEASED’ state 108, at which point the controller 22
sets a pressure setpoint intended to bring the pistons 32 and 34 to their retracted
positions. The holding force selected to be used by the brake pistons 32 and 34
may be selected to be sufficiently high to reliably hold the door 16 in the desired
position, but to be sufficiently low so that it can be overcome without undue

exertion by the vehicle user.

[0084] it will be noted that, because of the position of the brake pistons 32
and 34 relative to the door pivot axis Ap (Figure 1), the moment arm of the
braking force applied by the brake pistons 32 and 34 on the check arm 18

relative to the door pivot axis Ap (Figure 1) varies based on the position of the
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door 16. As a result, if the pistons 32 and 34 apply the same holding force on the
check arm 18 when the door 16 is in two different positions, two different initiation
forces will be needed to overcome the holding force in order to initiate movement
of the door 16 from those positions. To ensure that the user has a consistent feel
when moving the door 16 away from a checked position, the controller 22 may be
programmed to automatically adjust the holding force of the brake pistons 32 and
34 based on the door position (i.e. based on the moment arm present between
the point of application of the holding force by the pistons 32 and 34 and the door
pivot axis Ap), so that the force that must be applied by the user to overcome the

holding force remains substantially the same at all positions of the door 16.

[0085] In some embodiments the controller 22 may be capable of
detecting the angle of inclination of the vehicle 12 (or more particularly, the door
16), about both a longitudinal axis A ong (Figure 1) and a lateral axis Aar for the
vehicle 12. For example, the controller 22 may receive signals from the door
accelerometer 66 for the purpose of measuring the angle of inclination of the
door 16. The angle of inclination of the door 16 impacts the amount of force that
is needed to hold the door 16 in a given position (i.e. the holding force necessary
to keep the door 16 held in a given position). Thus by determining the angle of
inclination of the door 16, the controller 22 can compensate for it and adjust the
holding force applied to the check arm 18. Instead of using signals from the door
accelerometer 66, a separate accelerometer could be provided for the purpose of
providing angle of inclination data to the controller 22. For example, the
controller 22 may receive signals from an accelerometer that is already present

on the vehicle 12, via a vehicle ECU through a vehicle data bus.

[0086] While the door 16 is in the ‘BRAKE RELEASED’ state 110, the
resistance of the door 16 to movement depends on the position of the pistons 32
and 34 when they are retracted. The resistance selector dial 86 may be movable
to adjust the position of the pistons 32 and 34 when retracted, which adjusts the
force of the pistons 32 and 34 on the check arm 18 when retracted. This permits
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a user to select the amount of resistance that will be applied to the door 16
during movement from one position to another. The resistance may be adjusted
by the user so as to match the resistance associated with other vehicles they
have driven, so as to permit easy movement of the door 16 based their level of

strength or other factors.

[0087] Additionally, it may be possible in some embodiments to provide an
initiation force selector dial (shown at 87 in Figure 1) to permit a user to select
the amount of force required to initiate retraction of the brake pistons 32 and 34
(.e. the amount of force required to overcome the check force of the pistons 32
and 34 when the door control system 10 is in the ‘BRAKE APPLIED’ state 114).
On a typical door of the prior art that has a check arm with detents and a spring-
biased ball or the like that engages one of the detents to hold the door 16 in a
particular position, the initiation force would be the force required to bring the ball

out of the detent it is engaged with.

[0088] Providing one or both selector dials 86 and 87 permits a user some
control over the ‘feel’ of the door 16. Providing both dials 86 and 87 permits the
door control system 10 to be adjusted to match the feel of any door on any
vehicle or to provide the user with any selected door movement experience. For
example, the resistance can be adjusted so as to mimic a door having a selected
weight, and the check force can be adjusted so as to mimic the check force
associated with a particular arrangement of detent and spring-biased ball.

[0089] It will further be noted that, even in embodiments wherein the user
is not provided with selector dials 86 and 87, the company that installs the door
control system 10 in a vehicle can program the controller 22 to apply a selected
check force in the ‘BRAKE APPLIED’ state 114 and a selected resistance force
during movement of the door 16 when in the ‘BRAKE RELEASED’ state 110
thereby permitting the company to use the same door control system 10 in a
muititude of different vehicle models and provide each with unique door

movement characteristics.
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[0090] Instead of selector dials 86 and 87, the door control system 10 can
be provided with an interface that permits a greater degree of control over the
feel of the system 10. For example, the user may control the feel of the system
10 via a touch screen (shown in Figure 1 at 99). With reference to Figure 8E, the
touch screen 99 may permit the user to select one or more of such parameters
as the initiation force (shown at 97a in Figure 8E) needed to initiate retraction of
the brake pistons 32 and 34 (i.e. to initiate entry of the controller 22 into the ‘TO
BRAKE RELEASED’ state 108), the quickness of the ramp down (shown at 97b)
of the resistive force of the system 10 from the initiation force to a base resistive
force (shown at 97c), the magnitude of the resistive force 97c and the quickness
of the ramp up (shown at 97d) from the base resistive force 97c to the check
force. The check force is substantially the same as the initiation force 97a, since
it is the check force that the user overcomes with the initiation force in order to

indicate to the controller 22 to retract the brake pistons 32 and 34.

[0091] While in Figure 8E, the curves 97b, 97c and 97d are shown as
being linear, however, each of these curves may be curvilinear in any suitable
way.

[0092] In embodiments wherein the door 16 must move through a selected

(relatively small) distance in order for the controller 22 to enter the “TO BRAKE
RELEASED’ state 108, there is still an initiation force that the user must
overcome in order to cause retraction of the brake pistons 32 and 34, and so the
description above regarding control over the initiation force (and other

parameters) remains applicable in such embodiments.

[0093] When in the ‘TO BRAKE RELEASED’ state 108 or the ‘BRAKE
RELEASED’ state 110, the controller 22 is programmed to detect whether the
door speed exceeds a maximum permissible door speed so as to prevent the
door 16 from overstressing the mechanical element that limits its travel too
forcefully, particularly in the opening direction (e.g. limit member 33). However,

while the maximum permissible door speed may be set to a suitably low speed

AL _ANne
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when the door 16 is near the end of its travel in the opening direction, the
maximum permissible door speed may be relatively high when the door 16 is far
from the end of its travel so as not to unnecessarily impede the vehicle user from
opening the door 16 in an expeditious manner. Furthermore, the maximum
permissible door speed when the door 16 is being closed and is near the end of
its travel in the closing direction (i.e. when it is near the closed position) may be
higher than the maximum permissible door speed when the door 16 is being
opened and is near the end of its travel in the opening direction. This is because
there is a danger of damaging the door control system 10, the hinges 17 and
even the body 14 of the vehicle 12 if the door 16 is flung open with too much
force and hits the end of its travel too forcefully, whereas there is no danger of
damaging these components when the door 16 is closed too forcefully.
Furthermore, during door closing sorhe speed is beneficial to assist the door 16
in compressing the door seals and fully latching the striker (not shown) that is on
the vehicle body 14, and so the controller 22 will cause the closing door speed to
be reduced to a level wherein the door 16 still has sufficient speed to overcome
the door seals and fully fatch the striker. Thus, as can be seen, the controller 22
may select different maximum permissible door speed depending on different

factors.

[0094] If the door speed does exceed a maximum permissible door speed
the controller 22 considers this to be a possible indicator that the wind has
caused the door 16 to be flung and the door control system 10 enters the ‘HALT
FLING state 116. In state 116 the controller 22 determines a desired fluid
pressure (so as to apply a selected braking force) so as to bring the door speed
down below a selected speed threshold value. The braking force applied may be
a function of the door speed. For example, the controller 22 may apply a higher
braking force if the door speed is higher and a lower braking force if the door
speed is lower. While applying the braking force, if the controller 22 determines
that the door speed has dropped below the selected speed threshold value (or
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that the motor 35 has stalled), the door control system 10 enters a ‘RESETTING
BRAKE’ state 118 which may be essentially the same as the ‘TO BRAKE
APPLIED’ state 112 and in which the braking force is adjusted to the holding
force so as to hold the door 16 at its current position. In some embodiments,
there is no ‘RESETTING BRAKE'’ state 118 and any conditions that would have
led to that state would instead lead to the ‘TO BRAKE APPLIED’ state 112. Upon
a determination that the fluid pressure has reached the selected pressure so that
the brake pistons 32 and 34 apply the holding force (or that the motor 35 has
stalled), the door control system 10 enters the ‘BRAKE APPLIED’ state 114.

[0095] The maximum permissible door speed may follow the graph shown
in Figure 9A. As can be seen the maximum permissible door speed may follow
curve 201 wherein it decreases linearly from a maximum permissible initial door
speed to zero at a maximum open position shown at 211. The maximum open
position is the maximum permissible open position for the door 16. It may be the
position of the door 16 when it has reached the end of its travel as limited by the
limit member 33 on the check arm 18. The door control system 10 may be
configured to permit a vehicle user to select a different maximum open position,
however, examples of which are shown at 212 and 213 in Figure 9A, as wili be
discussed in further detail below. [n such instances the door control system 10
may automatically adjust the curve representing the maximum permissible door
speed to reach zero at the maximum open position. Examples of such adjusted
curves are shown at 202 and 203 in Figure 9A. While the maximum permissible
door speed may decrease from any given initial position until the maximum open
position, it is alternatively possible for the controller 22 to limit the maximum
permissible door speed differently. For example, as shown in Figure 9B, over
some of the travel of the door 16 (represented by curve portion 204a) the
maximum permissible speed of the door 16 is a constant value. At some distance
from the maximum open position shown at 214, as represented by curve

segment 204b, the maximum permissible door speed is reduced linearly to zero
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at the point where the door 16 reaches the maximum open position 214. Figures
9C and 9D illustrate alternative controller speed limit curves shown at 205 and
206 respectively that could by applied to the door movement. As can be seen,
for example, in Figure 9C, curve 205 decreases in a non-finear way from an initial
position to the maximum open position. In Figure 9D, curve 206 increases as the
door 16 moves away from an initial position, reaching a maximum shown at 226,
after which the curve decreases towards the maximum open position shown at
216. Thus, as can be seen, the controller 22 may limit the maximum speed of

the door 16 non-linearly in any suitable way.

[0096] In some embodiments, the touch screen 99 can be used to control
the maximum permissible door speed imposed by the controller 22 during
movement of the door 16 towards either an obstacle, towards the maximum open
position and/or towards the closed position. The touch screen 99 may be used to

permit the user to adjust and reshape the curve in any suitable way.

[0097] In some embodiments, the controller 22 may permit the use of one
or more ‘virtual detents’. For example, the controller 22 may permit a user to
select positions for the virtual detents. The detents may be points along the
range of movement of the door 16 where the resistive force drops and then
increases briefly so as to urge the door 16 to be stopped by the user in one of the
detent positions, and also to mimic the feel of a typical prior art door with a check

arm with detents.

[0098] In some embodiments, the settings related to the feel of the door
(e.g. the initiation force, the resistive force during movement of the door, the
profile of the relationship between a resistive force applied to the check arm
during movement of the door and the position of the door, the maximum
permissible door speed, the maximum open position, the position(s) of any virtual
detents) for a particular user may differ from the settings for another user. The
settings for each user may be stored in memory in the controller 22 or in some

other ECU in the vehicle 12, and may be retrieved and used when a particular
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user identifies him/herself to the controller 22 or other ECU. The identification of
the user may be carried out remotely via the user’s key fob (shown in at 95a in
Figure 1), or via entry of a user-associated code on the touch screen 99 or via
any other suitable means. Thus, when a user uses their key fob 95a to remotely
unlock the door 16, the controller 16 may be programmed to apply the settings
for that user to the door's movement. Another user’s key fob is shown at 95b in
Figure 1, and is used to identify a second user to the vehicle 12 so that when the
second user unlocks the door 16 remotely with the key fob 95b, the controller 22

applies the settings for the second user to the door's movement.

[0099] it will be understood that if the touch screen 99 is included in the
vehicle 12, then it would be possible to omit the selector dials 86 and 87 without
losing functionality. The selector dials 86 and 87 and the touch screen 99 are
only examples of human machine interfaces that could be used. Any other
suitable type of interface could alternatively or additionally be used.

[00100] It will be noted that, by setting a target fluid pressure for the door
control system 10 instead of setting a target position for the brake pistons 32 and
34, the brake pistons 32 and 34 move to whatever position they need to in order
to apply a selected force on the check arm 18. Thus, wear of the brake pads 40

and 42 is automatically compensated for.

[00101] Refefring to Figures 8A-8D, if the door control system 10 is in the
‘BRAKE RELEASED’ state 110 and the controller 22 determines that there is an
obstacle in the path of the door 16 and that the door 16 is within a selected
distance from the obstacle, then the door control system 10 enters a ‘BRAKE
OBSTACLE’ state 120, wherein the motor 35 is operated to drive the fluid
pressure to a selected pressure that is based on the position of the door 16. For
example, if the obstacle is determined to be very close to the door 16, the fluid
pressure is selected to be very high to brake the door 16 quickly. In general the
profile describing the relationship between the fluid pressure selected and the

distance between the door 16 and the obstacle may be a wedge, as shown in
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Figure 10A. As shown in Figure 10A, the controller 22 applies no fluid pressure
(or whatever fluid pressure is applied at the retracted state of the pistons 32 and
34) until the door 16 is determined to be within a selected distance (referred to in
Figure 10A as the ‘pressureProfileWidth’) from the obstacle. During movement
of the door 16 by the user, when the door 16 moves past a first selected position
230 which is within the selected distance of the obstacle, the controller 22 applies
a progressively increasing amount of fluid pressure on the brake pistons 32 and
34 so as to progressively increase the resistive force, based on the proximity of
the door 16 to the obstacle. In the embodiment shown in Figure 10A, the
progressively increasing amount of fluid pressure reaches a maximum when the
door 16 reaches a second selected position 232, which may be the position of
the obstacle, or which may be, for example, a selected position that is near the
obstacle but not at the obstacle (i.e. that is a second selected distance from the
obstacle) and remains at the maximum fluid pressure for any further movement
of the door 16 towards the obstacle. The curve representing the resistive force
applied relative to door position is shown at 231. While Figure 10A lists
‘Pressure’ as being shown on the Y-axis of the curve 231, it will be understood
that the resistive force is directly related to the fluid pressure and so the curve
231 represents both the relationship of the fluid pressure that the controlier 22
applies to the brake members 32 and 34 in relation to door position, and the
relationship of the resistive force that the controller 22 drives the brake members
32 and 34 to apply on the check arm 18 in relation to door position.

[00102] In the embodiment shown in Figure 10A, the resistive force applied
by the brake pistons 32 and 34 increases according to a selected profile (in this
case a linear profile) from a door position 230 which is a selected distance from
the obstacle to a door position 232 which may be at or very near the obstacle.
This profile (represented by curve 231) may differ depending on certain factors
such as the velocity of the door 16. For example, the resistive force may vary

according to the three-dimensional graph shown in Figure 10B. As shown in
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Figure 10B for velocities that exceed a selected velocity (shown in the graph as
Vuin), the resistive force may follow the profile 231, as shown in Figure 10A. For
velocities that are less than Vuyn however, the resistive force may increase more
slowly according to a curve portion 237a, until the door 16 is at a certain distance
from the obstacle, represented by door position 238, at which point the resistive
force follows curve portion 237b wherein it ramps up to the maximum resistive
force by the time the door 16 reaches position 232. The two curve portions 237a
and 237b together make up a curve 237. The position 238 at which the transition
occurs may be relatively close to the position 232. In other words, the door 16 is
within the selected distance of the obstacle and has a velocity that is less than
Vuin, as the door 16 moves slower, the resistive force applied by the system 10
at any given distance from the obstacle decreases. An example of the curve 237

for a given door velocity is shown in Figure 10C.

[00103] Referring to Figure 8, if the door control system 10 is in the ‘HALT
FLING’ state 116 however and the fluid pressure selected to avoid a collision
with the obstacle would be lower than that already being used to slow down the
door then the door control system 10 does not enter the ‘BRAKE OBSTACLE’
state 120.

[00104] When the door speed drops sufficiently (or if the motor 35 stalls)
while in the ‘BRAKE OBSTACLE’ state 120, the door control system 10 may wait
a selected period of time (as shown in WAIT state 121) and then may enter the
‘RESETTING BRAKE'’ state 118 whereupon the pressure is selected to provide
the holding force to hold the door 16 stationary.

[00105] The obstacle detection capability, particularly during opening of the
door 16 wherein the door control system 10 employs the obstacle detection
sensor 68, permits the door control system 10 to prevent the door 16 from
colliding with an adjacent vehicle in a parking lot, from colliding with a lamp post,
from colliding with a transient obstacle such as a pedestrian, or a child or pet that

the vehicle user may not notice while in the vehicle or from any other obstacle.
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The obstacle detection capability of the controller 22 during a door opening
action may be disabled when the user is attempting to open the door 16 from
outside of the vehicle (which may be detected by activation of the outside door
handle). This is because there is at least some likelihood that the user
him/herself would be detected by the sensor 68 and considered an obstacle.
Thus, the obstacle detection capability of the controller 22 during door opening
may be enabled only when the controller 22 detects that the inside door handle is
activated, indicating that the door 16 is being opened by a vehicle user that is
inside the vehicle 12.

[00106] The door control system 10 optionally includes a ‘press-to-hold’
feature that permits the user to cause the door control system 10 hold the door
16 at any given selected position. The feature is shown in the state diagram as
follows. At any time during the main operation of the door 16 (denoted by the
dashed box outline shown at 122) the user can press the ‘push-to-hold’ button
84, at which point the door control system 10 enters the ‘P2H DOWN’ state 124.
If the user releases the P2H button 84 within a short time, for example, less than
1.5 seconds, the door control system 10 enters a ‘TO BRAKE P2H’ state 126
wherein the fluid pressure is set to a selected locking pressure, which may apply
a selected locking force to hold the door 16 in the selected position. The locking
force may optionally be higher than the holding force normally applied in the ‘TO
BRAKE APPLIED’ and ‘BRAKE APPLIED’ states 112 and 114. When the door
control system 10 detects that the fluid pressure has reached the selected
locking pressure or that the motor 35 has stalled, the door control system 10
enters the ‘BRAKE P2H’ state shown at 128 wherein pressure is maintained at
the selected locking pressure. In some embodiments, the locking pressure may
be the pressure achieved by driving the motor 35 until it stalls, and may thus be
the maximum pressure availabie by the check arm holder 20 so that the position-
locking force applied by the check arm holder 20 is the maximum force it can

generate. In such embodiments it will be understood that the position of the



10

15

20

25

WO 2015/048876 PCT/CA2014/000109

-29.

pistons 32 and 34 will be even more advanced than the check position in which
the pistons 32 and 34 apply the check force. The position of the pistons 32 and
34 when in the ‘BRAKE P2H’ state 128 may be referred to as a locking position.

[00107] If the user wishes to stop holding the door 16 using the press-to-
hold feature, the user can press and release the P2H button 84 again while in the
‘TO BRAKE P2H’ or ‘BRAKE P2H’ states 126 or 128, at which point the door
control system 10 can exit the ‘press-to-hold’ feature and can return to the ‘TO
BRAKE RELEASED’ state 108, on the assumption that the user wishes to move
the door 16 to a new position (e.g. to close the door 16). The exiting of the
press-to-hold feature is shown in the state diagram at a ‘P2H DOWN 2’ state
130.

[00108] In some embodiments, when the door control system 10 is in the
‘BRAKE P2H’ state 126, it will be noted that the door 16 does not release (retract
the brake pistons 32 and 34) simply by a user exerting a force on the door 16,
even if that force overcomes the holding force applied by the check arm holder
20. In other words, even if the user overcomes the holding force of the door 16
when in the state 126, the controller 22 does not retract the pistons 32 and 34; it
continues to apply the holding force. The only way to release the door 16 from
the holding force is to press the P2H button 84. As a result, the door 16 will not
open further in the event that the user inadvertently knocks against it while
carrying out some activity (e.g. exiting the vehicle 12, retrieving groceries or
objects from the vehicle 12).

[00109] When in the ‘P2H DOWN’ state 124, if the user holds the P2H
button 84 down for longer than a selected time (e.g. longer than 1.5 seconds),
the controller 22 may be programmed to treat this as an indication that there is
an obstacle detected while at the current door position such that the door 16 will
be prevented from opening beyond the current position afterwards. This is
represented by ‘P2H DOWN TIMEOUT’ state 132. This state 132 permits the

user to set a reduced maximum open position for the door 16. This door position
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may be stored by the controller 16 on a ‘permanent’ basis (i.e. until the user
programs a hew maximum open position), or on a temporary basis (e.g. a one-
time use), after which the controller 22 returns to using the mechanical maximum
open position (defined by the presence of the limit member 33 on the check arm
18).

[00110] When the controller 22 detects that the user has closed the door
16, the door control system 10 enters the ‘RETRACTING FULLY’ state 134 in
which the controller 22 drives the motor 35 to retract the master piston 39 slowly
until the limit switch 82 is closed (i.e. to the master piston’s home position), at
which point the door control system 10 enters the ‘DOOR CLOSED’ state 136.
When the master piston 39 is in the home position, the brake pistons 32 and 34
are fully retracted and do not apply any resistive force on the check arm 18. As a
result, the check arm holder 20 is configured to apply no resistive force on the
door 16 when the user tries to open the door 16. This serves as a safety
measure to ensure that there is as little resistance as possible for the user to
open the door to exit the vehicle after a crash event or in some other emergency
situation. Additionally, the controller 22 may be programmed to ensure that the
brake pistons 32 and 34 remain in their fully retracted positions throughout
movement of the door 16 in the dead zone region of the door’s range of travel.
Alternatively, the controller 22 may provide some resistive force on the check
arm 18 throughout movement in the dead zone, however, the resistive force may
be different (e.g. smaller) than the resistive force exerted when the controller 22
is in the ‘BRAKE RELEASED’ state 112.

[00111] If the user opens the door 16 and moves it from the closed position
outwards past the dead zone, the door control system 10 enters the ‘TO BRAKE
RELEASED’ state 110.

[00112] Reference is made to Figures 12-14b, which show a door control
system 300 in accordance with another embodiment of the present disclosure.

Figures 14A and 14B show the door control system with brake members (shown
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at 332 and 334) in retracted and advanced states respectively. It will be noted
that the illustrations of these states in Figures 14A and 14B are, for the sake of
clarity, greatly exaggerated in the apparent amount of travel needed to move
from one state to the other. In many vehicular applications the amount of travel
of the brake members 332 and 334 may be quite small, less than 1mm in some

instances.

[00113] The door control system 300 includes a check arm 318 (which may
be similar to the check arm 18) and a check arm holder 320 that includes a
housing 328, a motor 335 that drives a worm gear 336, which drives a worm
wheel 337. The worm wheel 337 contains an internal thread 380 (Figures 14A
and 14B), which engages an externally threaded traveler, shown at 382, that is
constrained to travel linearly in the housing 320 (e.g. by a flat surface on the
traveler 382 that engages a flat surface in the housing 320, or by any other
suitable means). The worm wheel 337 may be supported for rotation by a
bearing 358 which may be a thrust bearing in order to manage thrust loads

incurred by the traveler 382 from the first brake member 332.

[00114] Rotation of the worm wheel 337 in a first worm wheel direction
causes linear movement of the traveler 382 in a first traveler direction, which
drives a first brake member 332 with a first brake pad 340 thereon and a second
brake member 334 with a second brake pad 342 thereon towards an advanced
position, shown in Figure 14B. When in the advanced position the first and
second brake members 332 and 334 apply a holding force on the check arm 318.
Rotation of the worm wheel 337 in a second worm wheel direction causes linear
movement of the traveler 382 in a second traveler direction, which drives the first
and second brake members 332 away from each other towards a retracted

position, shown in Figure 14A.

[00115] In order to be able to use a single traveler 382 connected to a
single brake member 332, while still carrying out movement of both brake

members 332 and 334 between the advanced and retracted positions, the check



10

15

20

25

WO 2015/048876 PCT/CA2014/000109

-32-

arm holder 320 itself may be configured to be movable transversely (i.e. along
transverse axis At shown in Figures 14A and 14B) relative to the vehicle door 16.
In the embodiment shown in Figures 14A and 14B, the check arm holder 320 is
movably mounted to the mounting bracket 390 and the mounting bracket 390 is
fixedly mounted to the vehicle door 16. The housing 328 includes first and
second internally threaded apertures 391a and 391b situated at first and second
transverse endwalls 392a and 392b of the housing 328. The mounting bracket
390 includes first and second ears 393a and 393b, which face the first and
second transverse endwalls 392a and 392b of the housing 328. Resiliently
flexible flexible connectors 394a and 394b (which may also be referred to as
resilient connectors 394a and 394b) are positioned substantially fixedly in
apertures in the ears 393a and 393b respectively. The resiliently flexible
connectors may be made from any suitable material such as a natural or
synthetic elastomeric material, such as for example a suitable rubber. Bushings
395a and 395b may be held in apertures in the connectors 394a and 394b
respectively. A suitable shape may be provided at their interface to inhibit
withdrawal of the bushings 395a and 395b from the connectors 394a and 394b.
Shoulder bolts shown at 396a and 396b may pass through apertures 397 in the
bushings 395a and 395b and into the threaded apertures 391a and 391b, such
that a bearing portion 398 on each bolt 396a and 396b is supported rotationally in
one of the apertures 397. This arrangement permits rotational movement of the
check arm holder 320 relative to the mounting bracket 390, which permits the
check arm holder 320 to pivot as needed to accommodate the check arm as it
moves to and fro through the check arm holder 320 during swinging of the door
16 in one or another direction. In addition, the flexible connectors 394a and 394b
permit transverse movement of the check arm holder 320 relative to the
mounting bracket 390. More specifically, the flexible connectors 394a and 394b
can deform elastically as needed to permit the transverse movement (Figure

14B), and can then return to their original shape (Figure 14A).



10

15

20

25

WO 2015/048876 PCT/CA2014/000109

-33-

[00116] Movement of the brake members 332 and 334 from a retracted
position shown in Figure 14A to the advanced position shown in Figure 14B is as
follows: The motor 335 rotates so as to advance the first brake member 332
towards the check arm 318. When the first brake member 332 is initially brought
into engagement with the check arm 318, the second brake member 334, which
is not powered directly by the traveler 382, remains spaced from the check arm
318, in the retracted position. As the motor 335 continues to drive the traveler
382 however, the first brake member 332 will remain stationary, in abutment with
the check arm 318, and the rotation of the gear 337 will drive the rest of the
check arm holder 320 transversely (upwards in the views shown in Figures 14A
and 14B) until the second brake member 334 engages the check arm 318 so that
a holding force is applied by both brake members 332 and 334 as shown in
Figure 14B. The transverse movement of the check arm holder 320 is permitted
by the resilient connectors 394A and 394B. Upon rotation of the motor 335 to
drive the traveler 382 in the second direction, the first brake member 332
remains stationary and engaged with the check arm 318, while the rest of the
check holder 320 lowers to bring the second brake member 334 out of
engagement with the check arm 318. Once the rest of the check arm holder 320
reaches its home position where resilient connectors 394a and 394b are in their
rest (i.e. undeformed) state as shown in Figure 14A, continued rotation of the
traveler 382 in the second direction retracts the first brake member 332 away
from the check arm 318 and brings the brake member 332 to its retracted
position. At that point both brake members 332 and 334 are retracted from the
check arm 318, permitting the check arm 318 to move freely through the check
arm holder 320, and thus permitting free movement of the door 16 to a new
position. It will be noted that, while in this example, the brake members 332 and
334 are spaced away from the check arm 318 when in the retracted state. In
other embodiments, however, the brake members 332 and 334 may not retract

fully away from the check arm 318 when in the retracted position — they may
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instead still have some contact with the check arm 318 so as to apply some
selected small drag force thereon. In such embodiments, it is still advantageous
to have the resilient connectors 394a and 394b which permit transverse
movement of the check arm holder 320 so that the forces exerted by each of the

brake members 332 and 334 on the check arm 318 can be somewhat equalized.

[00117] The check arm holder 320 has been described above as being
movable transversely in embodiments wherein a single brake member 332 is
being driven. Additionally or alternatively, the check arm 318 itself may be
transversely movable so as to permit some equalization of the forces on it from
the brake members 332 and 334. Such transverse mobility of the check arm 318
may be provided in a number of ways. For example, the check arm 318 may be
sufficiently flexible along the transverse axis that, over at least some of the range
of movement of the door 16, the check arm 318 bends as needed to permit some
transverse movement of the segment of the check arm 318 that is between the
brake members 332 and 334. It will be noted, however, that the amount of
transverse movement that is available to the segment of the check arm 318 that
is between the brake members 332 and 334 depends at least in part on the
moment arm of the brake force acting on the check arm 318 by the brake
members 332 and 334 relative to the mounted end of the check arm 318. This
moment arm will vary depending on the position of the door 16. In some other
embodiments, the check arm 318 may be held on a sleeve that is transversely
slidable on a pin on a check arm mounting bracket that is mounted to the vehicle
body 14. For greater certainty, it will be understood that in some embodiments
the check arm 318 may be transversely movable in addition to the check arm
holder 320 being transversely movabie, whereas in other embodiments the check
arm 318 may be transversely movable and the check arm holder 320 may be
transversely fixed. In other embodiments, the check arm 318 may be
transversely fixed and only the check arm holder 320 may be transversely

movable. In still other embodiments, both the check arm 318 and the check arm
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holder 320 may be transversely fixed with only a single driven brake member. In
still other embodiments both brake members 332 and 334 may be driven
mechanically, by a lead screw with two oppositely threaded regions each of

which has a traveler thereon which is connected to a brake member.

[00118] A controller shown at 322 in Figure 12, and sensors (not shown)
used in the door control system 300 may be similar to those used in the door
control system 10. The controller 322 may be provided in the housing alongside
the motor 335 in similar manner to the positioning of controller 22 (Figure 5) to
motor 35). A sensor similar to sensor 64 (Figure 4B) or sensor 90 (Figure 4C)
may be provided for determining the position of the check arm 318 and
accordingly, the position of the door 16. The check arm 318 may be modified as
needed from what is illustrated in Figures 12-14 for that purpose. A sensor (e.g. a
Hall-effect sensor) may be provided for determining the motor position by
measuring the number of rotations of an end of the output shaft (shown at 376) of
the motor 335. The other sensors and controls provided for the door control
system 10 (Figures 3-7) may also be used for the door control system 300,
except for any sensors used to determine fluid pressure since these would not be
applicable. The controller 322 may be configured to apply a selected brake force
based on the motor position (using the Hall-effect sensor that is not shown) or

traveler position.

[00119] One difference in the programming of the controller for the door
control system 300 is that the home position for the master cylinder 39 in Figure
6 is related to actuation of the limit switch 82. This home position results in a
known position for the brake members 332 and 334. For the embodiment shown
in Figures 12-14b, however, the home position for the traveler 382 is arrived at in
relation to the advanced position for the brake members 332 and 334. More
specifically, movement of the brake members 332 and 334 to the home position
may be as follows: The motor 335 is rotated in the first direction to bring the

brake members 332 and 334 to their maximum advanced positions until the
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controller (not shown) detects that the motor 335 has stalled. This may be
referred to as the motor stall position. At that point, the motor 335 is rotated in
the second direction to retract the brake members 332 and 334. The rotation in
the second direction may be over a selected number of turns as detected by a
Hall-effect sensor or some other suitable sensor. Once the controller has
detected that the motor 335 rotated through the selected number of turns, power
is cut to the motor 335 at which point the brake members 335 are in their home
(retracted) position. The controller can then count turns of the motor 335 to bring
the brake members 332 and 334 to selected positions so as to apply a selected
brake force on the check arm 318. Experiments can be carried out during
development of the door control system 300 to correlate brake member position
with brake force and this correlation can be stored in the controller's memory.
The advantage of using the motor stall position as the reference position from
which the controller brings the brake members to their home position is that the
home position ends up being a consistent distance from the motor stall position
regardless of the degree of pad wear. As a result, the correlation between the
number of turns of movement away forward from the home position remains
consistent over time regardless of pad wear. As noted above, such an issue
does not exist in embodiments of the door control system 10 shown in Figures 3-
7 wherein the master cylinder 39 is moved until the controller 22 detects a
selected pressure since the pressure is directly related to the brake force applied
by the brake members 32 and 34 independent of the amount of pad wear or the

particular position of the brake members 32 and 34.

[00120] The embodiment shown in Figures 12-14 is simpler than the
embodiment shown in Figures 3-7 in the sense that a number of elements
(master piston, hydraulic fluid passage system, seals on brake pistons) have
been eliminated. By providing a mechanical drive for the door control system
300 and eliminating the hydraulic drive components that were associated with the

door control system 10, the door control system 300 may be even more compact
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than the door control system 10, and even simpler and correspondingly less
expensive to manufacture. One aspect of its simplicity is the number of
mechanical components involved in its construction, which may be 11 in some
embodiments. As can be seen in Figure 15, the overall occupied volume of the
door control system 300, including the check arm 318 and the check arm holder
320, may be substantially the same as the overall occupied volume of a typical
passive door control system shown at 301, which includes a check arm 319 and
a check arm holder 321, that is in use in some vehicles today. Thus, the door
control system 300 could be installed in a vehicle in place of a standard door
check 301 without requiring any rearrangement of any of the other components

that are present in the vehicle door 16 (e.g. window regulator, speaker, etc).

[00121] Reference is made to Figures 16-17, which show another
embodiment of a door control system 400. The door control system 400 may be
similar to the door control system 300 except that the door control system 400 is
configured to permit a greater range of rotational movement of the motor (shown
at 435) relative to the movement of the brake pistons (shown at 432 and 434),
thereby permitting finer control over the brake force being applied by the brake
pistons 432 and 434.

[00122] The door control system 400 includes a check arm 418 that may be
similar to the check arm 18 and a check arm holder 420 that includes a housing
428 (shown in Figure 17 in section as a box for simplicity but which may have a
different shape), the aforementioned motor 435, a motor-driven spur gear 436
that is mounted to the motor output shaft shown at 476, a driven spur gear 437
which is integrally connected to a lead screw 438, which engages an internally
threaded plunger 439. The plunger 439 includes a pair of engagement bars 479,
which engage first ends 480 of a torsion spring 481. The torsion spring 481 has
a second end 482 that engages a drive arm 483a of a cam 483. The torsion
spring 481 itself may wrap around a pair of stub shafts 484 that extend laterally

outward from the cam 483. The stub shafts 484 engage apertures 485 in the
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housing, thereby permitting pivoting of the cam 483 relative thereto. The cam
483 has a cam surface 483b that is engageable with a first brake member 432.
The first brake member 432 is movably connected to the housing 428 via a leaf
spring 488. The leaf spring 488 may have a first end 488a connected to the
housing 428 and a second end 488b that is integral with and that may essentially
the first brake member 432. A first brake pad 440 is connected to the brake
member 487 and is positioned to engage a first side of the check arm 418. A
second brake member 434 may be stationary within the housing 420 and may
comprise a shoulder in the housing 420 with a second brake pad 442 mounted

thereto for engagement with a second side of the check arm 418.

[00123] Rotation of the motor 435 in a first direction causes rotation of the
lead screw 438 which in turn drives the plunger 439 to advance (i.e. to move
downwardly in the views shown in Figures 16 and 17), thereby moving the first
ends 480 of the torsion spring 481 downwards, which in turn increases the spring
force exerted by the second end 482 on the cam 483, and thus by the cam 483
on the first brake member 432, thereby moving the first brake member 487
towards its advanced position. Rotation of the motor 435 in a second direction
causes rotation of the lead screw 438 which in turn drives the plunger 439 to
retract (i.e. to move upwardly in the views shown in Figures 16 and 17), thereby
moving the first ends 480 of the torsion spring 481 upwards (due to the retraction
of the plunger 439 and the engagement bars 479 which permits movement of the
first ends 480 of the spring 481 upwards). This in turn decreases the spring force
exerted by the second end 482 on the cam 483, and thus by the cam 483 on the
first brake member 432. If this force is reduced sufficiently, the leaf spring 488
drives the first brake member 432 to a retracted position at which the first brake
member may be away from the surface of the check arm 418 or is at least at a
position at which the braking force exerted thereby on the check arm 418 is

reduced.
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[00124] It will be noted that, because the check arm holder 420 only shows
a single brake member being directly actuated by the cam 483, the check arm
holder 420 shown in Figures 16 and 17 may, in similar fashion to the
embodiment shown in Figures 12-14, be movable transversely relative to the axis
of the check arm 418 so as to permit the brake members 432 and 434 to be
centered on the check arm 418. For example, the check arm holder 420 may be
mounted to a mounting bracket 490 that is fixedly mounted to the door 16. The
mounting bracket 490 may be similar to the mounting bracket 390 and the
connection between the check arm holder 420 and the mounting bracket 490
may be similar to the connection between check arm holder 320 and mounting

bracket 390, to similar effect.

[00125] An angular contact bearing 492 is provided for supporting the
rotation of the driven gear 437. The bearing 492 may be configured to handle
the thrust force exerted on the lead screw 438 (and thus the driven gear 437)

from the plunger 439.

[00126] As noted above, the door control system 400 is provided in order to
give a greater range of movement to the brake member 432 (and the consequent
finer control over the braking force available as a result), as compared to some
embodiments of the door control system 300 shown in Figures 12-14. In some
embodiments, the door control system 300 may complete the range of movement
of the brake piston 332 in as few as three turns of the motor output shaft 376,
which results in as little as less than 1mm of linear movement of the traveler 382.
By contrast, the spring 481 in the door control system 400 can be provided with
any selected spring rate, in order to provide a selected amount of linear travel of
the brake member 432 so as to provide a selected fineness of control over the
braking force applied by the brake members 432 and 434. In other words, by
providing the spring 481, the overall linear range of movement of the plunger 439
may be selected to be greater (optionally much greater) than the linear range of

movement of the traveler 382. As a resuit, each rotation of the motor 435 results
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in a smaller change in the amount of force that is applied by the brake members
432 and 434 as compared to the change in force resulting from each rotation of
the motor 335. Consequently, providing the spring 481 (and more particularly,
providing the spring 481 with a selected spring rate) permits relatively finer
control over the braking force applied by the brake members 432 and 434 than is

available for the door control system 300.

[00127] Furthermore, the addition of the spring 481 may permit in some
embodiments, the motor 435 to be smaller than the motor used in some other
embodiments, particularly in embodiments wherein the lever arm between the
points at which the bars 479 exert a force on the first end 480 of the spring 481
and the pivot axis As of the spring 481 (i.e. the axis of the stub shafts 484) is
larger than the lever arm between the pivot axis of the spring 481 and the points
at which the second end 482 of the spring 481 exert a force on the brake
member 432. This is because an additional mechanical advantage is provided
by the difference in the lever arms. However, the sizing of the motor 435 also
depends in part on the gearing used at the output of the motor 435 and the
reaction times that are needed in order for the door control system 400 to

perform acceptably.

[00128] A controller (not shown) is provided for the door control system 400
and may be similarly programmed to the controller 22, but which controls the
braking force of the brake members 432 and 434 by counting the number of
rotations of the motor output shaft 476 away from a reference position at which
the brake member position is known and at which a known brake force is applied
to the check arm 418. The reference position may be, for example, a position at
which the motor 435 has advanced the brake member 432 as far as possible into
the check arm 418 until the controller detects that the motor 435 has stalled. At
this point, the position of the brake member 432 is known (it is advanced as far
as possible into the check arm 418) and the brake force is known (it is the

maximum brake force value that the motor 435 is capable of generating, which
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may be determined empirically beforehand — during development of the door
control system 400, so that the value can be programmed into the controlier).
Empirical testing of the check arm holder 420 can be used to determine the
actual brake force that is applied to the check arm 418 over a range of positions
of the motor output shaft 476 (i.e. the actual brake force applied to the check arm
418 when the output shaft 476 is backed off by one rotation from the reference
position, by two rotations from the reference position, by three rotations from the
reference position, and so on). This data may be programmed into the controller
so that the controller can control the braking force being applied directly based
on the position of the motor output shaft 476, instead of controlling the braking
force based on sensing the fluid pressure as is described above in relation to the

door control system 10.

[00129] The controller for the door control system 300 (Figures 12-14) may
also be operated in the same way (i.e. to control the braking force based solely
on the position of the motor output shaft 376 relative to a reference position that
corresponds to a motor stall condition), and for any other embodiments in which

a fluid is not used to drive a brake member into engagement with the check arm.

[00130] It will further be noted that the controller 22 (Figures 3-7) may itself
also be operated to control the braking force applied by the brake members 32
and 34 based solely on the motor output shaft position relative to a reference
position corresponding to a motor stall condition, instead of controlling the

braking force based on operating the motor 35 to reach a selected fluid pressure.

[00131] Reference is made to Figures 18-20, which show another
embodiment of a door control system shown at 500. The door control system
500 includes a check arm 518 and a check arm holder 520. The check arm 518
may in this case have a generally cylindrical shape, and may be straight, or it
may extend arcuately. The check arm 518 may be solid, or hollow, but is
preferably hollow to reduce weight. The check arm 518 may be pivotally
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mounted to the body of the vehicle (not shown in Figures 18-20) by a similar

mounting means provided for the other check arms described herein.

[00132] The check arm holder 520 includes a housing 528 through which
the check arm 518 passes and which contains seals for engaging the check arm
518 to inhibit ingress of debris and moisture into the housing 528. The check
arm holder 520 further includes a motor 535 having an output shaft 576, a pinion
gear 536 (in this example, a spur gear shown in dashed outline in Figure 18) on
the output shaft 576, a driven gear 537, which in this example is a sector gear
(shown in dashed outline in Figure 18), a double-threaded lead screw 538 with a
first threaded portion 580a and a second threaded portion 580b, a first traveler
539a on the first threaded portion 580a, a second traveler 539b on the second
threaded portion 580b, a wrap spring clutch 582, a controller 522 and a plurality
of sensors (one of which is shown at 562 for taking measurements of the motor
speed). The wrap spring clutch 582 has a first end 584a that is connected to the
first traveler 539a and a second end 584b that is connected to the second
traveler 539b.

[00133] Rotation of the motor 535 in a first direction causes rotation of the
sector gear 537 and the lead screw 538 in a first lead screw direction, which
drives the travelers 539a and 539b towards each other. The travelers 539a and
539b slidable along guide bars 541 and 543 and are constrained thereby for
linear movement in the housing 528. The movement of the travelers 539a and
539b towards each other causes the wrap spring clutch 582 to contract radially,
which in turn causes it to clamp down onto the check arm 518 thereby exerting a
braking force on the check arm 518. The more the travelers 539a and 539b
move towards each other, the greater the clamping (braking) force. As can be
seen in Figures 18 and 19, the wrap spring clutch 582 rests axially between first
and second limit members 586a and 586b, which hold the wrap spring clutch 582

substantially stationary in the axial direction. As a result, when the wrap spring



10

15

20

25

WO 2015/048876 PCT/CA2014/000109

- 43 -

clutch 582 clamps down on the check arm 518, the check arm 518 is held

stationary.

[00134] Rotation of the motor 535 in a second direction causes rotation of
the sector gear 537 and the lead screw 538 in a second lead screw direction,
which drives the travelers 539a and 539b away from each other. This movement
of the travelers 539a and 539b causes the wrap spring clutch 582 to expand
radially, which in turn causes it to reduce its grip on the check arm 518. The
more the travelers 539a and 539b move away from each other, the more the
wrap spring clutch reduces its grip (i.e. reduces the braking force) on the check
arm 518.

[00135] The controller 522 controls the operation of the motor 535 and may
follow similar logic to that used by the controller described above in relation to the

door control system 400.

[00136] Reference is made to Figure 21, which shows another embodiment
of a door control system 600. The door control system 600 shown in Figure 21 is
operated by application of fluid pressure and may thus be similar to the door
control system 10 shown in Figures 3-7, however the door control system 600
includes a check arm 618, and a check arm holder 620 that includes two
separate subassemblies (shown at 620a and 620b) which are separate from
each other. The first subassembly 620a, shown more clearly in Figure 22, may
include a first subassembly housing 628a, brake members 632 and 634 which
have brake pads 640 and 642 thereon, and which may be similar to brake
members 32 and 34, and a door position sensor 64. The second subassembly
620b, shown more clearly in Figures 23A and 23B, may include a master piston
639 (shown in both retracted and advanced positions), a motor 635, first and
second gears 636 and 637 which may be a spur gears or any other suitable
types of gear, a lead screw 638, and a controller 622. All of these components
may be similar to their counterpart components (which have similar reference

numbers) in the embodiment shown in Figures 3-7. A fluid conduit shown at 691
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may be used to fluidically connect the first subassemblies 620a and 620b. An
electrical conduit extends along the fluid conduit 691 and may be used to
electrically connect the sensor 664 with the controller 622 so as to permit the

carrying of sensor signals back to the controller 662.

[00137] By dividing the system 600 into multiple subassemblies, it is
possible to position only selected components in the door 16 near the check arm
618, while positioning the other components remotely so as to minimize intrusion
into the region of the door 16 in which the window regulator (not shown) would be
placed. The second subassembly 620b may be placed in the door 16 up near
the position of the mirror (not shown), as shown in Figure 21. An additional
advantage to such positioning is that it permits the use of an obstacle sensor 668
(e.g. an ultrasonic sensor) that is integrated within the housing of the second
subassembly 620b, that does not interfere with certain other systems within the
door (e.g. the window regulator and the door latch) and/or that can be obscured
from view from the vehicle owner so as not to detract from the aesthetic
appearance of the vehicle, by being incorporated underneath the vehicle’s side
mirror (not shown). In such an embodiment, the sensor 668 may be aimed
generally downwards at a sufficient angle to cover a selected lateral space

around the trailing edge of the door 16.

[00138] Alternatively, as shown in Figure 24, the second subassembly 620b
may be placed anywhere else that is suitable and may even be positioned inside
the body 14 of the vehicle 12, in particular in a ‘dry’ zone of the vehicle 12, shown
schematically at 692, that is considered to be safe from exposure to moisture.
This can reduce the cost for the motor and other electrical components since
they do not need to be protected from moisture in the manner that they would if
they were mounted in an area of the vehicle where moisture can reach them,
such as in the door 16. In such an embodiment, the fluid conduit 691 passes
between the body 14 and the door 16. A suitable seal may be provided for

where the conduit 691 passes into the body 14 so as to prevent moisture from
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entering the dry zone 692. A seal is also provided where the fluid conduit 691
enters the door 16 so as to inhibit entry of moisture into the door 16. The conduit
691 may be flexible so as to ensure that it does not inhibit movement of the door
16.

[00139] The arrangement shown in Figure 24 is advantageous in that no
additional power needs to be sent to the door 16 from the vehicle’s electrical
system in order to power the check arm holder 620 since the motor 635 and the

controller 622 are positioned in the vehicle body 14.

[00140] The fluid passage system shown at 644 for the check arm holder
620 may be similar to the fluid passage system 44 shown in Figure 5, and is
divided into first and second portions 644a and 644b in similar manner to fluid
passage system 44, however, the first portion 644a includes the fluid conduit 691
which connects between a first port 693a on the first subassembly 620a and a
second port 693b on the second subassembly 620b.

[00141] While the check arm holder 620 is shown to include two sub
assemblies 620a and 620b, it will be understood that it could include more than

two subassemblies.

[00142] In some of the embodiments described herein, the use of brake
pistons is described. It will be understood that these are merely examples of
brake members that are movable relative to the housing in which they are
situated. It will further be understood that, while in some embodiments a single
brake member is moved relative to the housing and in other embodiments two
brake members are movable relative to the housing, any of these embodiments
may be configured to be operated with one or more brake members that are

movable relative to the housing.

[00143] While a detailed description of the components used to cause

movement of one or more of the first and second brake members have been
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described in each of the embodiments described herein, the components may

collectively be referred to as a brake member actuator.

[00144] In embodiments wherein a motor is described and a plurality of
components are driven by the motor so as to transfer power ultimately to one or
both of the brake members those components may collectively be referred to as

a drive train.

[00145] Reference is made to Figure 25, which shows an embodiment of a
door control system 700, which may be similar to any of the door control systems
described above and which includes a check arm 718 that may be similar to the
check arm 18, a check arm holder 720 that is similar to the check arm holder 20
and is configured to apply a variable brake force on the check arm 718, and a
controller 722. The controller 722 may be similar to the controller 22, but may be
programmed to release a checked door (i.e. to enter the ‘TO BRAKE
RELEASED’ state) based on sensing whether or not the force being applied to
the door 16 by the user (i.e. the initiation force) exceeds a threshold force instead
of sensing whether the door 16 has been moved from a checked position by a
selected threshold amount. The threshold force may be adjusted taking into
account selected parameters, such as user input via an interface in the vehicle,
data related to the angle of the vehicle (i.e. data relating to whether the vehicle is

on an incline) or any other suitable parameters.

[00146] The controller 722 receives sighals from a force sensing device that
is positioned to sense an initiation force being exerted on the vehicle door by a
user. For example, the check arm holder housing shown at 728 may be mounted
to a plurality of load cells shown at 799 which are themselves mounted to the
door 16 and which are connected via wires or wirelessly to the controller 722. In
the embodiment shown, one load cell 799 is provided at each corner of the check
arm holder housing 728. While a plurality of load cells 799 are shown, it is
optionally possible to provide as few as one load cell 799, and simple polymeric

mounting elements in place of the others. The controller 722 is programmed to
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reduce the braking force applied by the check arm holder 720 based on whether
the initiation force exceeds a threshold force. In other respects, the programming

of the controller 722 may be similar to the programming of the controller 22.

[00147] In embodiments such as the embodiment shown in Figure 14A,
wherein the housing 328 is itself movable transversely (e.g. where one brake
member such as brake member 334 is fixedly mounted to the housing 328), the
one or more load cells 799 could be positioned between the mounting bracket
390 and the door 16.

[00148] Reference is made to Figures 26-29, which show a door control
system 800 that, like the embodiment shown in Figure 25, is capable of sensing
the amount of force being applied to the door 16 (Figure 1), but which uses
different structure to that shown in Figure 25. The door control system 800
includes a check arm 818 that may be similar to the check arm 18 (Figure 3), a
check arm holder 820 and a controller 822 (Figure 27).

[00149] The check arm holder 820 may be similar to the check arm holder
20 (Figure 3), and may drive brake members which are pistons 832 and 834, and
which are similar to pistons 32 and 34, using a hydraulic system similar to the
hydraulic system shown in Figures 5-7. As with other embodiments described
herein, the check arm 818 may be mounted (e.g. pivotally mounted) to one of the
door 16 or the body 14 of the vehicle 12, and the check arm holder 820 may be
mounted to the other of the door 16 or the body 14.

[00150] One difference between the check arm holder 820 and the check
arm holder 20 is that the check arm holder 820 contains a force sensing device
804, which may be a linear Hall effect sensor 804 (Figure 27) that is positioned to
sense at least one magnet that is positioned adjacent to the linear Hall effect
sensor but is mounted to the mounting bracket 890. In the embodiment shown,
there are first and second magnets 806 and 808 which are positioned on either

side of the Hall effect sensor 804. The magnets 806 and 808 each have a first
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pole 810 and an opposite, second pole 812 which are aligned with the general
direction of movement of the check arm holder 820 and the check arm 818
relative to each other when a force (i.e. an opening or closing force) is applied to
the door 16 (Figure 1). This direction of movement is shown at DM in Figure 26.
As can be seen in Figure 27, the magnets are positioned such that the poles on
the first magnet 806 point in opposite directions to the poles on the second
magnet 808. In other words the first pole 810 of the first magnet 806 and the
second pole 812 of the second magnet 808 both point in the same direction, and
the second pole 812 of the first magnet 806 and the first pole 810 of the second

magnet 808 both point in the same direction.

[00151] A mounting bracket 890 may be similar to the mounting bracket
390, and is fixedly mounted to the vehicle door 16 (Figure 1). The check arm
holder 820 is mounted to the mounting bracket 890, optionally in similar manner
to the mounting of the check arm holder 320 to the mounting bracket 390 (Figure
14a). In an embodiment, the check arm holder 820 may be pivotally mounted to
the mounting bracket 890 by means of at least one resilient connector (which is
two resilient connectors 894a and 894b in the embodiment shown in Figures 26-
29). The check arm holder housing, shown at 828, is similar to the check arm
housing 328 and includes first and second internal nuts 877a and 877b, each
having an internally threaded aperture 891a and 891b respectively (Figure 29).
These apertures are situated at first and second transverse end walls of the
housing 828. The mounting bracket 890 includes first and second ears 893a and
893b. The resilient connectors 894a and 894b are held in apertures in the ears
893a and 893b respectively. The resilient connectors 894a and 894b may be
made from any suitable material such as a natural or synthetic elastomeric
material, such as for example a suitable rubber. Bushings may be provided in
apertures 900 (Figure 29) in the connectors 894a and 894b to provide sufficiently
low-friction sliding contact with the shoulder bolts shown at 896a and 896b that
pass through the connectors 894a and 894b. The bushings may be separate
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elements that mount in the apertures 900, or they may be coatings applied to the
aperture wall or, for example they may be elements that are co-molded with the
connectors 894a and 894b. This arrangement permits rotational movement of the
check arm holder 820 relative to the mounting bracket 890, which permits the
check arm holder 820 to pivot as needed to accommodate the check arm 818 as
it moves to and fro through the check arm holder 820 during swinging of the door
16 (Figure 1) in one direction or another. The bushings are shown at 895a and
895b in Figure 27.

[00152] Referring to Figure 28, a feature of the flexible connectors 894a
and 894b is that they permit the movement of the check arm housing 820 in the
direction DM relative to the mounting bracket 890, while supporting the check
arm holder 820 vertically (shown by direction line DV in Figure 26) and laterally
(shown by direction line DL in Figure 28). This is due to the configuration of the
connectors 894a and 894b. More particularly, with reference to Figures 28 and
29, in which the connector 894a is shown in more detail, the connector 894a
includes a peripheral portion 902 that supports the connector 894a in the
associated aperture (shown at 904 in Figure 28) in the mounting bracket ear
893a. In the embodiment shown the peripheral portion 902 extends all the way
around the connector 894a, however it need not. The connector 894a further
includes a core portion 906 that has the aperture 900 which holds the bushing
895a. A plurality of arms connect the core portion 906 and the peripheral portion
902. The arms may include two first arms 908 and 910 which extend generally
laterally and which support the core portion 906 from one lateral side of the core
portion 906 and two second arms 912 and 914 which extend generally laterally

and which support the core portion from another lateral side.

[00153] There are first and second gaps shown at 916 and 917 on either
side of the core portion 906 in the direction DM. The arms 908, 910, 912 and
914 are sufficiently thin so as to render them deformable in the direction DM,

thereby permitting relative movement of the check arm holder 820 relative to the
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mounting bracket 890 in the direction DM (as shown in Figure 28A) when a force
is applied to the door 16 (Figure 1). However, the arms 908, 910, 912 and 914
are sufficiently thick in the vertical direction and in the lateral direction DL to
permit them to stably support the check arm holder 820 in the vertical and lateral
directions DV and DL. In some embodiments such as where there is only one
moving brake member 832 it may be desired to permit vertical movement of the
check arm holder 820 in addition to permitting movement in the direction DM,
however it may be preferable to provide an embodiment as shown in Figures 26-
29 so as to substantially restrict the movement of the check arm holder 820 to
the direction DM. While two arms are shown on each lateral side of the core
portion 906 it is possible to provide an embodiment with only one arm on each
lateral side of the core portion 906 as long as the arm is sufficiently thick to inhibit
lateral movement and vertical movement while being sufficiently thin to permit a
useful amount of movement of the check arm holder 820 in the direction DM so

as to permit measurement of the movement using the sensor 804.

[00154] As a result of the arms 908, 910, 912 and 914, the resilient
connectors 894a and 894b apply a biasing force to the check arm holder 820 to
urge the check arm holder 820 towards a home position (Figure 28) relative to
the mounting bracket 890.

[00155] Examples of the material of construction for the resilient connectors
894a and 894b include TPC-ET (thermo plastic polyester elastomer), which is
sold, for example, an example of which is sold under the trade name Hytrel 5556,
by DuPont Performance Polymers of Wilmington, Delaware, USA.

[00156] The check arm holder 820 is movable in a selected direction
relative to the mounting bracket 890 against the biasing force of the at least one
resilient connector as a result of a force exerted on the vehicle door 16 by a user.
Put another way, during operation, when the door 16 (Figure 1) is in any
particular position, a force being applied to the door 16 by a vehicle user causes

flexure of the arms 908, 910, 912 and 914 and consequent relative movement
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between the check arm holder 820 and the mounting bracket 890 away from the
home position in the direction DM (Figure 28A). This relative movement results
in a change in the position of the sensor 804 relative to the magnets 806 and 808
away from the home position, which in turn results in a change in the signal
transmitted from the sensor 804 to the controller 822. As a result, the at least
one force sensing device 804 is configured to detect movement of the check arm
holder 820 in the direction DM relative to the mounting bracket 890 away from

the home position.

[00157] Since the position of the sensor 804 relative to the magnets 806 is
directly related to the force exerted on the door 16 by the user, the controller 822
can determine the force 16 being exerted on the door 16 based on the position of
the sensor 804. The controller 822 may determine the force being exerted based
on a lookup table using the signal from the sensor 804, based on one or more

calculations or a combination of the two.

[00158] Using two magnets 806 and 808 instead of one magnet renders the
Hall-effect sensor 804 less sensitive to tolerances in its lateral position, as
compared to an embodiment wherein there was only one magnet. Because of
the arrangement of the magnetic flux lines that would be present in an
embodiment with only one magnet, the signal sent by the sensor 804 would
change significantly depending on the lateral distance between the sensor 804
and the magnet. As a result, any tolerances in the lateral position of the magnet
or the sensor 804 would affect the signal sent to the controller 22 and therefore
the ability of the controller 22 to determine the actual force being applied by a
user to the door 16. By contrast, when two magnets are present, and positioned
with their poles pointing in opposite directions, the arrangement of the magnetic
flux lines created in the resulting magnetic circuit results in relatively little change
in the signal generated by the sensor 804 over a range of lateral positions. In
other words, any lateral tolerance in the position of the sensor 804 relative to the

two magnets 806 and 808 does not result in a significant change in the signal
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sent by the sensor 804 to the controller 822. Thus the sensor 804 is less
sensitive to lateral tolerances in its position in such embodiments. Examples of
suitable sensors 804 include the A1324, A1325 and A1326 series sensors by
Allegro MicroSystems, LLC of Worcester, Massachusetts, USA.

[00159] The controller 822 (Figure 27) controls the operation of the motor
shown at 835 in order to control the pressure in the hydraulic system, thereby
controlling the holding force being applied by the pistons 832 and 834 to the
check arm 818. The controller 822 may be similar to the controller 22 (Figure 5),
but may be programmed to release a checked door (i.e. to enter the ‘TO BRAKE
RELEASED’ state) based on sensing whether or not the force being applied to
the door 16 exceeds a threshold force instead of sensing whether the door 16

has been moved from a checked position by a selected threshold amount.

[00160] Referring to Figures 28 and 28A, the connector 894a (and the
connector 894b which can’t be seen in that figure), has first and second bumpers
920 and 922. The gaps 916 and 917 between the core portion 906 and the
bumpers 920 and 922 are selected such that the bumpers 920 and 922 limit the
amount of flexure that is incurred by the arms 908, 910, 912 and 914 during
movement of the check arm holder 820 relative to the mounting bracket 890

before the core portion 906 is supported by one of the bumpers 920 and 922.

[00161] The bumpers 920 and 922 may be configured to provide a
progressive amount of resistance to travel of the core portion 906, as opposed to
being relatively rigid so as to provide a hard stop for the core portion 906
(although such an embodiment is also possible). The controller 822 can be
programmed to account for the resistive force of the bumpers 920 and 922 when
determining the force being exerted on the door 16 (Figure 1). By limiting the
amount of travel that is incurred by the core portion 906 before it is supported (by
one of the bumpers 920 or 922), the connector 894a controls the amount of
stress that is incurred by the arms 908, 910, 912 and 914, thereby preventing
catastrophic failure of the connectors 894a and 894b, and ensuring at least a
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selected fatigue life for them. Additionally, particularly when the bumpers 920
and 922 are resilient as opposed to being rigid, the bumpers 920 and 922 can
provide some additional damping to the movement of the door 16 when it incurs
an overload force and reaches the end of its travel in the opening direction.
Furthermore, depending on the strengths and material selections made for the
connectors 894a and 894b, the presence of the limit surfaces 920 and 922 can
eliminate the need for a limit member on the check arm 818.

[00162] It will be noted that the stiffness of the arms 908, 910, 912 and 914
may vary significantly with temperature. As a result, when a vehicle user is
applying a certain force on the door 16 in very hot weather, the arms 908, 910,
912 and 914 will have a relatively soft spring rate, and so the force applied by the
vehicle user will cause a certain amount of movement of the check arm holder
820 relative to the mounting bracket 890. When the user applies the same
amount of force on the door 16 in very cold weather, the arms 908, 910, 912 and
914 will have a relatively stiffer spring rate, and so the force applied by the user
will cause a smaller amount of movement of the check arm holder 820. As can
be seen, the linear Hall effect sensor 804 may be considered to be a type of
position sensor that is connected to the controller 822 and that is positioned on
the check arm holder 820, and the magnets 806 and 808 may be considered to
be sensor-detectable features in a general sense, which are positioned on the
mounting bracket 890, such that movement of the check arm holder 820 relative
to the mounting bracket 890 away from the home position causes a change in
the signal received by the controller 822 from the position sensor (i.e. the linear
Hall effect sensor 804). Because the controller 822 effectively uses the position
of the check arm holder 820 to determine whether a selected force has been
applied to the door 16, it can beneficially base its determination on input from a
temperature sensor, shown at 950 in Figure 27. The temperature sensor 950
may be one that is supplied as part of the check arm holder 820. Alternatively,

the temperature sensor 950 may be one that exists elsewhere in the vehicle 12,
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in which case input from the temperature 950 may be communicated to the

controller 822 via a suitable data bus in the vehicle 12.

[00163] In a general sense, it can be seen form the description above that
in at least some embodiments, the controller 822 is programmed to control the
operation of the check arm holder 920 based on input from a temperature

Sensor.

[00164] In an example, the controller 822 may be programmed to carry out
a first action (e.g. to enter the ‘TO BRAKE RELEASED’ state), at a first distance
of the check arm holder 820 from the home position. The controller 822 may use
the input from the temperature sensor 950 to vary the value of the first distance.
In particular, the value of the first distance may decrease as the temperature
sensed by the temperature sensor 950 decreases and may increase as the
temperature sensed by the temperature sensor 950 increases. For example, on
very cold days, when the resilient connectors 894a and 894b are relatively stiff, a
selected force will cause less flexure of the arms 908, 910, 912 and 914 than it
would on a warmer day. Thus, the controller 822 may decrease the value for the
first distance and release the brake members 832 and 834 when it detects that
the check arm holder 820 has moved from the home position by the decreased
first distance, since that is indicative of the same force that would have resulted
in more flexure of the arms at a higher temperature (which would result in a

greater distance for the check arm holder 820 from the home position).

[00165] The temperature sensor 950 may also be used in any embodiment
that includes a hydraulic system, including the embodiment shown in Figures 26-
29 and the embodiment shown in Figures 5-7. For example, with reference to
Figures 5-7 which show a hydraulic system in detail, the check arm holder 20
includes a first brake member 32 and a second brake member 34, a master
piston 39, and a fluid passage system 44 that fluidically connects the master
piston 39 to the at least one of the first and second brake members 32 and 34,

wherein the master piston 39 is movable between a retracted position and an
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advanced position. In the retracted position the master piston 39 generates a
first pressure in the fluid passage system 44 which causes the at least one of the
first and second brake members 32 and 34 to be in a retracted position and
wherein in the advanced position the master piston 39 generates a second
pressure in the fluid passage system 44 so as to urge the at ieast one of the first
and second brake members 32 and 34 towards a check position so as to apply a
check force on the check arm 18. The check arm holder 20 further includes a
master piston actuator 37 operatively connected to the master piston 39 and
wherein the controller 22 is programmed to cause the master piston actuator 37
to apply an actuation force on the master piston 39 for moving the master piston
39 between the retracted and advanced positions. In embodiments wherein there
is a hydraulic system, the performance of the hydraulic system can be affected
by changes in temperature. In particular, the viscosity of the hydraulic fluid can
change with temperature, usually to thicken as the temperature drops. As the
viscosity increases, the amount of ‘drag’, or resistance to movement, that is
present in the hydraulic system increases, and as a result, a selected amount of
force input to the system by the master piston actuator 37 will drive the pistons
32 and 34 to reach a certain clamping force more slowly than they would if the
fluid viscosity were lower. In at least some embodiments, the controller 22 is
programmed to carry out a change in the clamping force of the pistons 32 and 34
within a selected period of time, such as 0.1 seconds. In order to achieve this
consistently regardless of the temperature of the hydraulic fluid, the controller 22
may be programmed to control the force applied by the master piston actuator to
the master piston 39 based on input from the temperature sensor 950 (Figure
27). More particularly, the controller 22 may be programmed to increase the

force as the sensed temperature decreases and vice versa.

[00166] While it has been shown for the linear Hall effect sensor 804
(Figure 27) to be positioned on the check arm holder 820 and for the first and

second magnets 806 and 808 to be positioned on the mounting bracket 890
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(Figure 26), it will be understood that the linear Hall effect sensor 804 may be
positioned on the mounting bracket 890 and for the first and second magnets 806
and 808 to be positioned on the check arm holder 820. Such a sensor 804 could
be connected to the controlier 822 by an electrical conduit that has sufficient
length that it would permit some relative movement of the check arm holder 820

relative to the sensor 804.

[00167] While the force sensing device 804 has been described as being a
linear Hall effect sensor, it will be understood that any other suitable type of force

sensing device may be used.

[00168] While the above description constitutes specific examples, these
examples are susceptible to further modification and change without departing

from the fair meaning of the accompanying claims.
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CLAIMS:

1. A vehicle door control system for a vehicle having a vehicle body and a
vehicle door, comprising:

a check arm having an end that is mounted to one of the vehicle body and
the vehicle door;

a check arm holder at least a portion of which is mounted to the other of
the vehicle body and the vehicle door, wherein the check arm holder is
configured to apply at least three different amounts of braking force to the check
arm; and

a controller programmed to control the operation of the check arm holder

based on input from at least one sensor.

2. A vehicle door control system as claimed in claim 1, wherein the controller
is programmed to permit a user to selectively apply a check force on the check
arm with the arm holder to hold the door in a user-selected door position at any

position over a selected range of positions of the door.

3. A vehicle door control system as claimed in claim 1, wherein the check
arm holder includes a check arm sensor that is configured to detect movement of
a feature on the check arm and to transmit signals to the controller based on said
detection, wherein the controller determines actions for the check arm holder

based on said signals.

4, A vehicle door control system for a vehicle having a vehicle body and a
vehicle door, comprising:
a check arm having an end that is mounted to one of the vehicle body and

the vehicle door;
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a check arm holder at least a portion of which is mounted to the other of
the vehicle body and the vehicle door, wherein the check arm holder is
configured to apply a variable braking force to the check arm; and

a controller that is programmed to reduce the speed of the door by
adjustment of the braking force upon determining that the speed of the door
exceeds a maximum permissible door speed, wherein the maximum permissible

door speed is adjustable.

5. A vehicle door control system as claimed in claim 4, wherein the maximum
permissible door speed determined by the controller varies based on door

position.

6. A vehicle door control system as claimed in claim 4, wherein the maximum
permissible door speed determined by the controller varies based on proximity of
the door to a maximum open position, wherein the maximum open position is

adjustable.

7. A vehicle door control system as claimed in claim 6, wherein the controller
is programmed to determine the maximum open position based on input from a

user of the vehicle.

8. A vehicle door control system as claimed in claim 6, wherein the controller
is programmed to control the maximum open position based on sensor data

relating to the position of an obstacle.

9. A vehicle door control system as claimed in claim 4, wherein the maximum
permissible door speed progressively decreases with proximity to the maximum

open position.
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10. A vehicle door control system as claimed in claim 4, wherein the check
arm holder includes a first brake member and a second brake member, wherein
at least one of the first and second brake members are movably mounted in a

housing.

11. A vehicle door control system for a vehicle having a vehicle body and a
vehicle door, comprising:

a check arm having an end that is mounted to one of the vehicle body and
the vehicle door;

a check arm holder mounted to at least one of the vehicle body and the
vehicle door, wherein the check arm holder includes a first brake member and a
second brake member, a master piston, a fluid passage system that fluidically
connects the master piston to the at least one of the first and second brake
members, wherein the master piston is movable between a retracted position
and an advanced position, wherein in the retracted position the master piston
generates a first pressure in the fluid passage system which causes the at least
one of the first and second brake members to be in a retracted position and
wherein in the advanced position the master piston generates a second pressure
so as to urge the at least one of the first and second brake members towards a
check position so as to apply a check force on the check arm; and

a master piston actuator operatively connected to the master piston for

moving the master piston between the retracted and advanced positions.

12. A vehicle door control system as claimed in claim 11, further comprising a
controller that is programmed to control the operation of the piston actuator,
wherein the controller selects the advanced position of the master piston in order

that the second pressure generated is a selected pressure.
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13. A vehicle door control system as claimed in claim 11, wherein the check
arm holder comprises a first subassembly and a second subassembly positioned
remotely from the first subassembly, wherein the first subassembly includes the
first and second brake members, and the second subassembly includes the
master piston and the piston actuator, and wherein a fluid conduit connects
portions of the fluid passage system in the first and second subassemblies

together.

14. A vehicle door control system as claimed in claim 13, wherein the second
subassembly is mounted in the vehicie door proximate a mounting for a side

mirror.

15. A vehicle door control system as claimed in claim 13, wherein the second

subassembly is mounted in the vehicle body.

16. A vehicle door control system as claimed in claim 13, wherein the second

subassembly is mounted in a dry zone of the vehicle.

17. A vehicle door controi system for a vehicie having a vehicle body and a
vehicle door, comprising:

a check arm having an end that is mounted to one of the vehicle body and
the vehicle door;

a check arm holder mounted to the other of the vehicle body and the
vehicle door, wherein the check arm holder is configured to apply a variable
braking force to the check arm; and

a controller that is programmed to control the braking force based at least
in part on the position of the door,

wherein the check arm holder includes a check arm sensor that is

configured to detect movement of a feature on the check arm and to transmit
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signals to the controller based on said detection, wherein the controller

determines actions for the check arm holder based on said signals.

18. A vehicle door control system as claimed in claim 17, wherein the check
arm sensor is a Hall-effect sensor configured to detect magnets on the check

arm.

19. A vehicle door control system as claimed in claim 17, wherein the check
arm sensor includes a wheel that engages the check arm and is turned during
movement of the check arm, and a rotary encoder that is positioned to detect

rotation of the wheel.

20. A vehicle door control system for a vehicle having a vehicle body and a
vehicle door, comprising:

a check arm having an end that is mounted to one of the vehicle body and
the vehicle door, wherein the check arm defines a check arm axis; and

a check arm holder movably mounted to the other of the vehicle body and
the vehicle door for movement in a direction that is transverse to the check arm
axis, wherein the check arm holder includes a housing, a first brake member, a
second brake member and a brake member actuator that is movable to cause
movement of one of the brake members in a first transverse direction from a
home position towards the check arm to exert a first brake member force
thereon, wherein movement of the brake member actuator causes movement of
the housing and the other of the first and second brake members in a second
transverse direction away from a home position to bring the second brake

member towards the check arm to exert a second brake member force thereon.

21. A vehicle door control system as claimed in claim 20, wherein the second

transverse direction is generally opposite the first transverse direction.
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22. A vehicle door control system as claimed in claim 21, further comprising a
mounting bracket that is fixedly connected to said other of the vehicle body and
the vehicle door, wherein the mounting bracket includes a first ear and a second
ear and has a resilient flexible connector in each ear, wherein a fastener passes
through each of the resilient flexible connectors and into the housing so as to
connect the housing to the mounting bracket, wherein transverse movement of
the housing in the second direction away from the home position causes elastic
deformation of the connectors such that a restoring force in the connectors urge

the housing towards the home position.

23. A vehicle door control system as claimed in claim 21, wherein when the
first and second brake members are spaced from the check arm when the first

and second brake members are in the respective home positions.

24. A vehicle door control system for a vehicle having a vehicle body and a
vehicle door, comprising:

a check arm having an end that is mounted to one of the vehicle body and
the vehicle door; and

a check arm holder mounted to the other of the vehicle body and the
vehicle door, wherein the check arm holder includes a first brake member and a
second brake member, a motor, a first gear driven by the motor, a second gear
driven by the first gear, a lead screw driven by the second gear and a traveler
driven by the lead screw, wherein one of the first and second brake members is
drivable by the traveler between a retracted position and a check position,
wherein in the check position said one of the first and second brake members
urges the check arm against the other of the first and second brake members
and in the retracted position said one of the first and second brake members is

retracted relative to the check position.
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25. A vehicle door control system as claimed in claim 24, further comprising a

controller that is programmed to control the operation of the motor.

26. A vehicle door control system as claimed in claim 24, wherein at least one

of the lead screw and the first gear is non-backdrivable.

27. A vehicle door control system for a vehicle having a vehicle body and a
vehicle door, comprising:

a check arm having an end that is mounted to one of the vehicle body and
the vehicle door; and

a check arm holder mounted to the other of the vehicle body and the
vehicle door, wherein the check arm holder includes a first brake member and a
second brake member, a motor and a drive train through which the motor is
operatively connected to at least one of the first and second brake members,

wherein at least one element from the drive train is non-backdrivable.

28. A vehicle door control system as claimed in claim 27, wherein the drive
train includes a first gear driven by the motor, a second gear driven by the first
gear, a lead screw driven by the second gear and a traveler, wherein at least one

of the lead screw and the first gear is non-backdrivable.

29. A vehicle door control system as claimed in claim 28, wherein the first

gear is a worm.

30. A vehicle door control system for a vehicle having a vehicle body and a
vehicle door, comprising:
a check arm having an end that is mounted to one of the vehicle body and

the vehicle door;
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a check arm holder mounted to at least one of the vehicle body and the
vehicle door, wherein the check arm holder is configured to apply a check force
to the check arm; and

a controller that is programmed to control application of the check force by
the check arm holder, wherein the controller is programmed to permit a user to
cause application of the check force at any selected door position over a first
range of door positions, and to prevent application of the check force over a

second range of door positions.

31. A vehicle door control system as claimed in claim 30, wherein the second

range of door positions is a range of positions extending from a closed position.

32. A vehicle door control system for a vehicle having a vehicle body and a
vehicle door, comprising:

a check arm having an end that is mounted to one of the vehicle body and
the vehicle door; and

a check arm holder mounted to at least one of the vehicle body and the
vehicle door, wherein the check arm holder includes a first brake member and a
second brake member, a motor, a lead screw driven by the motor and a traveler
driven by the lead screw, a torsion spring having a first end, a second end and a
pivot axis, wherein the first end is driven by the traveler and the second end is
operatively engaged with said one of the first and second brake members,
wherein a first moment arm between the first end and the pivot axis is greater
than a second moment arm between the second end and the pivot axis,

wherein the motor is operable to drive one of the first and second brake
members between a retracted position and a check position, wherein in the
check position said one of the first and second brake members exerts a brake
force on the check arm and in the retracted position said one of the first and

second brake members is retracted relative to the check position.
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33. A vehicle door control system for a vehicle having a vehicle body and a
vehicle door, comprising:

a check arm having an end that is mounted to one of the vehicle body and
the vehicle door; and

a check arm holder mounted to the other of the vehicle body and the
vehicle door, wherein the check arm holder includes a motor, a lead screw
having a first threaded region and a second threaded region wherein the first and
second threaded regions are oppositely threaded to each other, a first traveler on
the first threaded region, a second traveler on the second threaded region and a
wrap spring clutch having a first end and a second end, wherein the first and
second travelers are movable in a first direction to cause constriction of the wrap
spring clutch so as to exert a check force on the check arm, and are movable in a
second direction to cause expansion of the wrap spring clutch so as to release

the check arm.

34. A vehicle door control system as claimed in claim 33, wherein the first and
second travelers are movable towards each other to cause constriction of the
wrap spring clutch so as to exert a check force on the check arm, and are
movable away from each other to cause expansion of the wrap spring clutch so

as to release the check arm.

35. A vehicle door control system as claimed in claim 33, wherein the check

arm is generally cylindrical.

36. A vehicle door control system for a vehicle having a vehicle body and a
vehicle door, comprising:

a check arm mounted to one of the vehicle body and the vehicle door;
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a check arm holder mounted to the other of the vehicle body and the
vehicle door, wherein the check arm holider is configured to apply a variable
braking force to the check arm; and

a controller that is programmed to adjust the braking force based on the

angle of inclination of the vehicle.

37. A vehicle door control system as claimed in claim 36, wherein the braking
force increases with the angle of inclination of the vehicle when the vehicle door

is being swung downwardly.

38. A vehicle door control system as claimed in claim 37, wherein the braking
force decreases with the angle of inclination of the vehicle when the vehicle door

is being swung upwardly.

39. A vehicle door control system for a vehicle having a vehicle body and a
vehicle door, comprising:

a check arm mounted to one of the vehicle body and the vehicle door;

a check arm holder mounted to the other of the vehicle body and the
vehicle door, wherein the check arm holder is configured to apply a variable
braking force to the check arm; and

a controller that is programmed to receive input from a user of the vehicle
that permits the user to select at least one property from the list of properties
consisting of. the amount of braking force that is applied to the check arm during
movement of the door; the magnitude of a check force applied to the check arm
when the door is stationary; the resistive force during movement of the door; the
profile of the relationship between a resistive force applied to the check arm
during movement of the door and the position of the door; a maximum
permissible door speed; a maximum open position; and a position of at least one

virtual detent.
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40. A vehicle door control system for a vehicle having a vehicle body and a
vehicle door, comprising:

a check arm mounted to one of the vehicle body and the vehicle door;

a check arm holder mounted to the other of the vehicle body and the
vehicle door, wherein the check arm holder is configured to apply a variable
braking force to the check arm; and

a controller that is programmed to control a maximum open position for
the door based on sensor data relating to the position of an obstacle adjacent the

vehicle.

41. A vehicle door control system for a vehicle having a vehicle body and a
vehicle door, comprising:

a check arm mounted to one of the vehicle body and the vehicle door;

a check arm holder at least a portion of which is mounted to the other of
the vehicie body and the vehicle door, wherein the check arm holder is
configured to apply a variable braking force to the check arm;

at least one force sensing device positioned to sense an initiation force
being exerted on the vehicle door by a user; and

a controller that is programmed to control the braking force applied by the
check arm holder based at least in part on whether the initiation force exceeds a

threshold force.

42. A vehicle door control system as claimed in claim 41, wherein the check
arm holder is pivotally connected to a mounting bracket by means of at least one
resilient connector that applies a biasing force to the check arm holder to urge
the check arm holder towards a home position relative to the mounting bracket,

and wherein the check arm holder is movable in a selected direction relative to
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the mounting bracket against the biasing force of the at least one resilient
connector as a result of a force exerted on the vehicle door, and

wherein the at least one force sensing device is configured to detect
movement of the check arm holder in the selected direction relative to the

mounting bracket away from the home position.

43. A vehicle door control system as claimed in claim 42, wherein the at least
one force sensing device includes a linear Hall effect sensor connected to the
controller and positioned on one of the check arm holder and the mounting
bracket, and at least one magnet positioned adjacent the linear Hall effect sensor
but on the other of the check arm holder and the mounting bracket, and

wherein the linear Hall effect sensor and at least one magnet are
positioned such that movement of the check arm holder in the selected direction
relative to the mounting bracket away from the home position causes a change in

the signal received by the controller from the linear Hall effect sensor.

44. A vehicle door control system as claimed in claim 43, wherein the check
arm is pivotally mounted to the vehicle body and the mounting bracket is
mounted to the vehicle door, and wherein the linear Hall effect sensor is mounted
to the check arm holder and the at least one magnet is mounted to the mounting
bracket.

45. A vehicle door control system as claimed in claim 43, wherein the at least
one magnet includes first and second magnets arranged on either side of the
linear Hall effect sensor, wherein each of the magnets has two poles, and
wherein the poles on the first magnet point in opposite directions to the poles on

the second magnet.
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46. A vehicle door control system as claimed in claim 43, wherein the at least
one resilient connector includes a core portion that holds the check arm holder, a
peripheral portion that connects to the mounting bracket, and a plurality of arms

that connect the core portion to the peripheral portion.

47. A vehicle door control system as claimed in claim 46, wherein the core
portion is separated from a bumper by a gap that is selected such that the
bumper limits the flexure incurred by the arms during movement of the check arm

holder relative to the mounting bracket.

48. A vehicle door control system for a vehicle having a vehicle body and a
vehicle door, comprising:

a check arm having an end that is mounted to one of the vehicle body and
the vehicle door;

a check arm holder mounted to at least one of the vehicle body and the
vehicle door, wherein the check arm holder is configured to apply a check force
to the check arm; and

a controller that is programmed to control the operation of the check arm

holder based on input from a temperature sensor.

49. A vehicle door control system as claimed in claim 48, wherein the check
arm holder is pivotally connected to a mounting bracket by means of a resilient
connector that urges the check arm holder towards a home position relative to
the mounting bracket,

wherein the at least one force sensing device is a position sensor
connected to the controller and positioned on one of the check arm holder and
the mounting bracket, and at least one sensor-detectable feature positioned on

the other of the check arm holder and the mounting bracket,
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wherein the position sensor and the at least one sensor-detectable feature
are positioned such that movement of the check arm holder relative to the
mounting bracket away from the home position causes a change in the signal
received by the controller from the position sensor, and

wherein the controller is configured to carry out a first action at a first
distance of the check arm holder from the home position, and wherein the first

distance varies based on input from the temperature sensor.

50. A vehicle door control system as claimed in claim 48, wherein the first
distance decreases as a temperature sensed by the temperature sensor
decreases and increases as a temperature sensed by the temperature sensor

increases.

51. A vehicle door control system as claimed in claim 48, wherein the check
arm holder includes a first brake member and a second brake member, a master
piston, a master piston actuator, and a fluid passage system that fluidically
connects the master piston to the at least one of the first and second brake
members, wherein the master piston is movable between a retracted position
and an advanced position, wherein in the retracted position the master piston
generates a first pressure in the fluid passage system which causes the at least
one of the first and second brake members to be in a retracted position and
wherein in the advanced position the master piston generates a second pressure
in the fluid passage system so as to urge the at least one of the first and second
brake members towards a check position so as to apply a check force on the
check arm,

wherein the master piston actuator operatively connected to the master
piston and wherein the controller is programmed to cause the master piston
actuator to apply an actuation force on the master piston for moving the master

piston between the retracted and advanced positions, and
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wherein the controller is configured to control the actuation force applied
by the master piston actuator based on input from the temperature sensor.



PCT/CA2014/000109

WO 2015/048876

1/30

L°Old




<¢'Old

T
I

e o

2/30

i




WO 2015/048876 PCT/CA2014/000109

FIG.4a

FIG.3




PCT/CA2014/000109

WO 2015/048876

4/30

3¢ °Dld

V6N V6

ﬂ\ [TTTTTTTTI1]

[TTTTTTI L]

prid

o)l

qv ‘Old

|\\I
%A




WO 2015/048876

/38 /36 /35 /47 /22

s

28a
28b

5/30

18b

LIIIJL‘

/.
1,

1

__________

[
l

1
NN

PCT/CA2014/000109
[To]
O
(1
q
q—
—t—
O ©
¢
I J

[ == ==




WO 2015/048876 PCT/CA2014/000109

\
FIG.7

ot [ 7 4 [ 7]/ /

L

\_
N\
FIG.6




PCT/CA2014/000109

WO 2015/048876

8°Dld

s o = e —— m e — m e e e e — = — e — = - - — _—r - —_— . e e e e e e e e e e e = == = e = = o

! NOISTTIOD INVISE0 ) Ja o ﬂw —u_m mmm Uw mv_u_ mmm ;

| TOH-0LHSNd B LIS WAISAS 1 ] SUdHZd |
IOV YIS 1IN 0 N3d09NIT4 ONINOH = dH0LOW
' o O | [oil¥k069000 = ROILROGTINISE0 ] M_:_h%u%%wmmm g ¢
| I0UL= LISNOILISOIITIVISE0 | R aIsSRI= |
{35T¥4 = 13SNOLLISO4ITVLSE0} 41 NOLLNGHZd
] 00t = NOLLISOJTIIVISE0 ' 4 !
3514 = LISNDILISOdTDVESE0
_ GI5V313 = NOLLNAHZd (3091 = JNOILISOGTIVISE0) 1 |t 5L < (IWINMOOHZd - 1} waﬁuuz_zx%%:&mx%s I
] 1
S NN St L2113, . S . oo | DuvmoLsINgS |INCALISIHNSSHdH0LON
I | | 7tnodiasanssa0L0N - BenssRedsolon] |
i " r NOLLISOAS000 = NOILISO4GTDID] 1 _ (TOHSTUHISOdISYITUINVYE0L t I
]! 3N41=ONINSVMTIVISHOLOW 40 YITIORIND 3544 TI8VSIA_= < INoLISodaDIHD - NotIsoduooa] ! S3dHZd= INIOALISSIAHOI0W]  QIssaud i
' DNVITI0153d > [INIOdLISTNSS TAAHOL0W I ENEETIE : HITIOYINOD 34NSSTHd 4319YNI |— = NoLing NMOQ
" 1 (LNIOAL3STHNSSIHAIOLOW - TUNSSI4IO10W)] i i HZd THved 0L Hed Hd /b
1 P 1
| | e _ T _ CEEE *zssm:: !
1 INYL= ONINYYMTIVISHOLON Ho = INIOALISTNSSTUAUOLOW , = = 1
|| PNVETIOISH > [INOAIISINSSa0l0N | N3TIOAIND IiNSS3ud T1avh o> Ko a000) | 1 |
v (INIOd E3STNSS TUQHOLO - TUNSSTIABOLOW) N4y AT 0L - | o _ 3= INLNMOTHZd
verer———— I
T g TR ! z;on id v = “
= INIOALISINSSIAAHOLOW = NOILIS0403HO3H) - NOILIS044000 NOLLAgHd
HITIONINGD 34NSSIHd T79VNA net uz_zx%%:&m%sz _ QIOHSIHHITIAKIGIVHVHE0L> ALOOT3AN000) " (35534d = NOLLNGHZd
VY ONILITSI eo:my_s_;%;_uz_:w_:_uggga _ Tllllllll_ |_
1 4 T30 TI000 ) | SRAIVITADVIE = !
I (0> NOLLISOd 400U ONY = INOALISIINSSIAHOLOW IN8L=GINOHNOLLISOAY000 | INIOALISIHNSSIudwoLon [ | _
' 35794 = QIWOHNOLLISO4H000) 40 YITIONIND) 34NSSI4d T1GYNA [—]— QNY ({IHALDOTIAY000 —JHITIOHING) TUNSSIId TIgYNT wousa \ (lnaven
T {3NDZQY3Q < NOILISOdE000) ONIH LIVH . < ALDOTIAY00Q) [CREIECEEE | '
[ (0> ALDOTIAHODGATH-AIDOTIANO0T) ¥O y ! [
' (TONVINILIAIVALYIA < INOILISOJTINIH) - NOLLISOdH00)) | INL=ONINUYMI TYESHOLOW '
A (@OHSTEHLIANIAYIYESOL > [ALDOTIABO0CH 3L = GIWOHNOILISO4B00C 40 ‘ i
I < (a1 ({IALDOTIAY00Q < ALDOTIAY00)  * DNVUTIOLS34 > | INIOALISINSSIUANOW ! I TTo1= GIROTSOG00I0M |
h ] _ :z_o&mmz:mmm%goﬁ 34NSSIHAEOLON)| | NOILISOJHOLON
__ TRINSSIIAINIY < I4IINSSIHATIVESSO — 1] =NOWLISOJINOHEOLON !
I 35TV =GRINDOINAINOSITIONSS0 SITIOUINGY NS TTBVSIO o ! I
Vi INY1 = 1ISNOILISO4ITIVISE0 0ISYIRY VNG ] 1 NO = HoLIMS .
I " a_;ﬁ_é.ﬁ%mmzﬂ_mmo ". QI0HSIHHLSOEISOTIH000 < NOILISOEE00a LW DV I
1= NIWILLIVM - NOILISO4ITVISC) < NOHISO44000 =-n ONIDAMOIS = DVHLIIMOTS =
1 - 1
VM 354 = GRINOINIAINOISITIONSE0 1 [ 3081 = Ga18VNId0I5LH105 INIDALISADOBABOION | Ho=Foums | INIOAI3SALDOAHOLOW
l L= LISNOIISOATIVISEO | JEET04INO) AIDOTIAZ8YSHO)  |TIOHIND ALDOHATIWNSI- LIATT 1VHL34 +-RHITIONINGD ALDOTIATT8YN3 |
! IWILIESIUNSS4aIS0DE00a < JLTaoos L 350D 4004 | GNIIXIONIROH 1
| 3041 = ONINYYMITVISHOLOW I0HSIIHLSOAO3SATIE000 > NOILISOd00d i i
_ ) 3NYL= GINOHNOILISOAH000 | NO = IDLIMS 10 =H)LMS :
QI0HSTBHITIAIDISON . LIWD DY - LIWN DY
S NO = HDLiMS 351¥1 = GINOHSOYOLOW
[ hborsiood ) | LIWN D413 e TR I
I 308L= GINDOINIAINOISITIOSE0 3574 = (318YNIOLSLI0S . _ 1
| (NOLLISO4000)S = INIOd1ISTHNSS T4 AHOLOW DALBHOS = INOAISALDOTAOLON|— |
YITIOHINGD 34NSSTHd 178¥M3 HITIOHIND) ALDOTIA TIEVN .
! Qw _u_u_ mmm JDVISH0 Ve ATI ONIDYHLY ! mw O _U_ mmm !
e e e e s e s e . e e M e e e e we e e e o mm m me he e o e e e e = e e e o e e e e e e e e e e wmw o o



PCT/CA2014/000109

WO 2015/048876

8/30

eg ‘Old

CIUAISVIIEIMVE = |
INYL = GIWOHNOLLISOdY00a | INIOdIISIMNSSIUAUOLOW
NV (438ALD01IAY000 —J43T1041N0D 38NSSI4d T19YNI
< ALDO13AY000) 3SVIT139 V349 0L

I
NdL= uz_zx<>>._._5mmoho_>_/ 801

d0

JINVYIT01534d > | INI0A1ISTUNSSIHAUOLOW

40443 @119vsIa

INYL= GIWOHSO40LOW

/ INI0JLISIHNSSTHAHOLOW - JUNSSIHAHOLOW)| NOLLISOJHOLO \ oL
) : = NOILISOdIWOHYOLOW
YIT104LNOD ALDOTAA T19¥SIA
d o ecel HSINH ONIWOH |
..................................... NO = HDLIMS
G1OHSIYHLSOAISOY00A < NOILISOdYOO0d LIWIT D413
]
ANILXIMOTS = DVIE3IMOTS =
INAL= I 19YNIOLSLI0S INIOdLISALDOTINY0IOW | 440=HILIMS | INIOALISALDOTIAYOLOW
YITIOUINOD ALDOTIATIGYSIA]  |4ITIONINGD ALDOTIATIGYNI - LIWIT 1DVH13Y ~=J43TI04INOD ALDOTIA 319YN3
3501 4000 ON3LX3 ONIWOH 1DDY34134 ONIWOH
} \ ]
/ ofL NO = HDLIMS 201 140= Iz_;m/ Z01
LIWIT 1Dv413Y L ND38 ONIWOH SR

AN

00l



PCT/CA2014/000109

WO 2015/048876

9/30

JWILLIVM
< (NAWILLIVM - 1)

o/

(0> NOILISOd 400Q ANV
3514 = GIWOHNOILISOdY00Q) 4O
(INOZAY3Q < NOILISOH00Q)
(0> ALDOTIAY00AATYdxALDOTIAY00Q) 4O

(QTOHSIYHLIIAKIAYINVEEOL > |ALDOTIAY000])

(TIONYINILIATYNLYIA < INOILISO4GINIH) - NOILISOdH00a])

(ALDOTIAY00Q)
= INI0d13534NSSIEd40L0W
HITI04LNOD FUNSSIH T19YNI

ONIT4 LVH

! N o1l

INY1= GIWOHNOILIS04400d
(434ALDOTIAY00Q < ALDOTIAY00Q)
|

13434NSSIYAONITS < 43434NSSTAITIVLSE0
3157v4 = GIYNDI0LNIAINOISITI0ISE0

HITI04LNOD FUNSSIYd 318VSIa

INYL = 1ISNOILISO4ITIVLSE0 a3SY3134 Nv3yd
(HLQIMTTIHOHATYNSSIYASE0 / oLL
-l - NOILISO4ITVLSO) < NOILISOd¥00d
TS NAWILLVM 3514 = aIYNDIOLNIAINOISITIONSEO
T INYL = LISNOILISOdTTOVLSE0
} 4 JWILLISTHIYNSSILAAISOTE000 < IWILTIAIH00A
INYL = ONINYYMTIVLSHOLOW QT0HSIHHLS04AISOTIH00a > NOILISOJHO0a
40 IN4L = GIWOHNOILISOdH00a
QT0HSIYHITIAJOLSONIT 0zl pEl

> |ALDOTIAY004]

i

(NOILISO44000) = INIOdLISIUNSSIYdHOLOW

INYL=a3¥NDI0LNIAINOISITINSE0

A

HITIOHINGD FUNSSIYd 319YNT

31DVL540 VY

357v4 = Q319YNId01SL40S
1DV4134MO1S = INIOd13SALDOTIAYOLON .@
43TI04LNOD ALDOTIATTEVNS

ATIN4 ONILVYLIY




PCT/CA2014/000109

WO 2015/048876

>8°'Did

@ S6°L < (JWIINMOQHZd - 1)

(T0HSFHHLSOdISYITIHINYHEO0L

= m
m @IN_ZO_:SA_@ES-zo_:mon_%oo_
1 m

(0> ALDOTIAHO0GAIYd«ALIDOTIAY00Q)

40
(ITONVINILIQIVNLHIA <
INOILISOdaINDIH) - zo_t.mon_xooo_v
QTOHSIYHLTIANIAAYINYYHE0L > [ALDOTIAY00A]

” INOZ @¥3a < NOILISOd¥000

SdHd

= INIOdLISFUNSSIAHOLON [
43T1041NOD FHNSSTHd 318YSIA 355qUd =

HZd VY4

NOLLNGHd

IMYL = DNINYYMTTYISHOLOW

IINYYII01534d > | INIOA13SI4NSSTUdHOLOW
/ (INIO13S34NSSTYJYOLOW - THNSSTUAOLOW)|

40

$34dHTd = INI0d13SST4dYOLOW
4371041NOD 34NSSIHd A3 19YNS

/wNF

35534d [4
— =NOLLNG Nmod

Hzd IAv4d 0L Htd Hid
QISYI134 = NOLLNGHZd Otl
| ocl
1= IWIINMOQHZd bzl
NMOG Hed é
) QISYITH =
(355344 = NOLLNGHZd NOLLNgHZd




PCT/CA2014/000109

WO 2015/048876

11/30

P8 'Old

(3S¥3134 = NOLINGHLd ——

NOILISO44000 = NOILISOd31DY1SE0
INYL= LISNOILISOdIOVLSH0

\ (357v4 = 13SNOILISOdT1IVLSE0) 4
el 00L = NOILISOdI1OVLSH0

357v4 = 13SNOILISOdI VLSO
(n41 = LISNOILISOdITOYLSE0) 4i AI.@

1N0IWILNMOQ HEd

INYL= DNINGYMTIVISHOLOW O ———

JINVYEI101534d > [ INIOd1ISIINSSIUAYOLOW
/ (INI0d13ST4NSSIYAYOLOW - JHNSSIHIYOLOW)]
I

NOILISOd4000 = NOILISOdGIDIH)
YITI0YLNOD JHNSSI4d 318VSI |@

Q311ddV IMvHe

INYL = ONINHYMTIVLSHOLOW 4O

SIUdA1ddYINVHY
= INIOdLISINSSIHHOLOW

INVYI104538d > |LNIOA13SIUNSSIIAYOLOW 4377041INOJ 34NSSIUd 319VNT
/ (INI013534NSSIHAHOLOW - JUNSSIUAYOLOW)| Q3NddY IvHE 0L

\N:

/3_

-

_
S34dA1ddvINvHg

= INI0d13534NSSIUUOION | o

IIVHE ONILIISTY

43TT04LNOD 34NSSTUd TT9VNS /
8LL

0,

INYL=ONINGYMTIVLSHOLOW
40

TOHSIYHITIAdOLSONITA > [ALDOTIAY00A|



PCT/CA2014/000109

WO 2015/048876

12/30

P6°Old

NOILISOd 400d
LT
90T
9T
96 Old
NOILLISOd 400G

o)

ey0T l\

(1334S 400Q TVILINI
1191SSIWId XYW

(3345 4004
F191SSIWIdd XYW

(334S 4004
T191SSIWTdd XYW

26 ‘OId
NOILISOd 400Q
=
O <
S 3
S=
S &
S0C =
e6°Did
NOILISOd 4000
Lz g/ B
r4d ¥4 o=
€12 X Sz
€0C 8=
{174 S 2
10T mm
33dS 4004 TYILINI

F191SSIWTdd XYW

98°Dld

NOILISOd 4000

P.6

2L6

q/6
L6

4000 40
Y04 JAILSISH



PCT/CA2014/000109

WO 2015/048876

13/30

LL'Old
LN R N
¢mm/\ |
27} 05252\ v mﬁ\
cserNN\\ 74 ra&u
N
\ |
vmf/_/ . NWAMAMN
95z N\&KZ
// NS %%-
wmmljﬂ lr\%w\_ A
201 °'Old

[4X4
J

qol 'Dld

8¢E¢l

262~ ) NOWSOd00d — OFZ

=\%
2 \2
2 \7,NIWA
=
e0lL ‘Old
J1ONY H00d
HIQIM TT1404d 34NSSTYd
N340 114 '50d TVLSE0 -'S0d3DVISE0 0
eet | 3
A
S
cec — ¢l | ™
. eV |t
S XYW 1M 31084 Tunssaud




PCT/CA2014/000109

WO 2015/048876

14/30

€L°ODld

¢L’'Oild

r_
0
P
0
[iih

A

=i

)




WO 2015/048876

15/30

PCT/CA2014/000109

396b)

AT

395a\ 3944
g _§_396b\__ 380392a /300
393& R 328
390 5/ »i %« %‘ ///’— 320
39Ta—4 'S \ ¥ 358
% / w/—ssz
332 — ) l\\\%/} 337
N AVt 7,
\ el
Tl J H"!|l| [] m////
{ &\\\x N
\ I
\ ' N340
391b V= E&\\\ 334
) @WF &\342
| \\ 392a

395a

N

394b

FIG. 14a



WO 2015/048876 PCT/CA2014/000109

16/30
3953 3943
_»_ 396b \ 380 300
16\§_ — 3920 ¥
: e 328

el O [

320
391a "% g \ /358
\ W 382
y , N
332 —N / 337
I~ 7 \\§>/
Y~\ /
N/ s
M //////lTIIIJI\WﬁL
‘Illl \ NI \
: \WH&\U\\ \Y N1
N i
i\\\34o
S P\
393b—"R -

‘ —p | 392a
3060/ ] \AT

395a 394b FIG.14b



PCT/CA2014/000109

WO 2015/048876

17/30

SL'Old




WO 2015/048876 PCT/CA2014/000109

18/30

FIG.16




PCT/CA2014/000109

WO 2015/048876

L1 'Old

19/30

ovv
€8y

Pr—"vi

14314

_—9E8Y
ﬁ q8s8t ‘zet

I

u




WO 2015/048876 PCT/CA2014/000109

FIG.18

500

536
541 543

T
584a g\m ‘@
??T‘ o |, "] 586b
i

|
|
586a N
i
I \\\\ <
I N
l
|
1

o \‘% 580a\ .

% 582

522 -] \7“} 584b

/"'T"\

538 /
Dol

x
C_&

FIG.19



PCT/CA2014/000109

WO 2015/048876

21/30

0Z'OId

’4

s \u\r

i

795 \i

VAT

wpm.\

| T

mmm.\\xWHﬂw

i

Vf/

I

LN

e08s
ey8s
B6ES



WO 2015/048876 PCT/CA2014/000109

22/30

FIG. 21

w‘l




PCT/CA2014/000109

WO 2015/048876

23/30

qec Old
€9 ~

I il \N\\\\\\\ F—\\N\\\\\\\\\\\\\g iln ]
1§

er_ i\

¢Z'Old

LE9
qo0c9 \

egZ 'did




WO 2015/048876 PCT/CA2014/000109

24/30

FIG.24

]




WO 2015/048876 PCT/CA2014/000109

25/30

FIG. 25

722

________________

14
799

N .
\Q\ "lll‘ ///——

A T T T 1] <

L Al
AV \\\\'\l\]" AR ELHIRAN \I\l\,“\\\\\\\\l\\\\\

\ 799




PCT/CA2014/000109

WO 2015/048876

26/30

»—3800

FIG.26



PCT/CA2014/000109

27/30

WO 2015/048876

895b

_@Wﬁw@/ ﬂ@\m\ : \D\
—~ 0 / 4..@ _’.Jﬂhl_
LR

go) (1]
8 2 /
—
o o s O
N < N
m M O N
7 o0 o0 o0 o
0

806
877
894b

FIG. 27

896b



WO 2015/048876 PCT/CA2014/000109

28/30
= 0
o 0 a i (o]
g 9 | | 9
k\ \l i I ' ; = = T
L),
! 0
: i hé
S | 8 8
{ ] b’
o | l //
o vg\\\\ I /,ﬂﬂ/ :"%
& 8 g —

2\
Nz g}@ :

/r\z fl=T'\\

o?}/ | )

9

912
890

818\\ 922 _|

)

|
|
|
|
Y



PCT/CA2014/000109

WO 2015/048876

29/30

egZ "old

916




PCT/CA2014/000109

WO 2015/048876

30/30

6C°Old

o

~ ' ER
TRNATT ERRNS —aves
4968 — /e //ww.\/
BV TR qL68
AnnnanaRnAY'G =
\%/nkw
818 —— 7¢8
| i A \\\\\\\\\A\\\\\\\\\\\\ o]
A‘ ////////////////////////////////////////W\ﬂ \\N.IVUIA

AR RARNAARRRRRMNY /wa
\ % |
] = VN — m_.mw
P
— = 1|\ii ........... — “ : \ T T g———©//8
/ / LN N mm
wa\ mmw\ 906 — L kN \_g.w L —068
=So iz =
ozs—" 206 — xR J 006

©
<
1))
0



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2014/000109

A.

CLASSIFICATION OF SUBJECT MATTER

IPC: E05C 17/00 (2006.01), B60J 5/04 (2006.01), B60R 99/00(2009.01), EOSF 3/00(2006.01),

EO5F 3/22 (2006.01), EO5F 5/00 (2006.01)

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(2006.01): E05C 17/00; B60T 5/04; EOSF 3/00; EOSF 3/22; EOSF 5/00

IPC(2009.01): B60R 99/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)
Epodoc

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2004/001170 Al (SCHUPP, MICHAEL et al.) 31 December 2003 (31-12-2003) 1-10, 17-19, 30, 31 and 36-50
*see whole document*
X US 4,674,230 A (TAKEO, YUJI et al.) 23 June 1987 (23-06-1987) 11-16
*see Abstract, Figure 4 and Claims*
A KR 1020070056266 A (LEE, JONG GIL) 4 June 2007 (04-06-2007) 33-35
*see Abstract and Figures™
A WO 2006/072315 Al (KERN, SIMON et al.) 13 July 2006 (13-07-2006) 1-51
*see whole document*
A WO 2012/161404 Al (KIM, SEUNG TAE) 29 November 2012 (29-11-2012) 24-50
*see whole document*

W Further documents are listed in the continuation of Box C. W See patent family annex.
* Special categories of cited documents: “T” |later document published after the international filing date or priority

“A” |document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

“E” [earlier application or patent but published on or afier the international “X” |document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

“L” |document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y” |document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

“0” |document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
document published prior to the international filing date but later than being obvious to a person skilled in the art

“P” |the priority date claimed “&” |document member of the same patent family

Date of the actual completion of the international search
May 20, 2014 (05-20-2014)

Date of mailing of the international search report

02 Julv 2014 (02-07-2014)

Name and mailing address of the ISA/CA
Canadian Intellectual Property Office

Place du Portage I, C114 - 1st Floor, Box PCT
50 Victoria Street

Gatineau, Quebec K1A 0C9

Facsimile No.:

001-819-953-2476

Authorized officer

Kristian MacKenzie (819) 934-4267

Form PCT/ISA/210 (second sheet ) (July 2009)

Page 3 of 6




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2014/000109

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

EP 0 580 147 A1 (ENDERS, STEPHEN et al.) 26 January 1994 (26-01-1994)
*see whole document™

1-51

Form PCT/ISA/210 (continuation of second sheet) (July 2009)

Page 4 of 6




International application No.

INTERNATIONAL SEARCH REPORT P CT / C A2014 /0 00109

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of the first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claim Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:
9 1 Claim Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an extent
that no meaningful international search can be carried out, specifically:
3 1 Claim Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).
Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this interational application, as follows:

- See supplemental page 6

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. W Asall searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. 0 As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claim Nos.:

4. ™ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claim Nos.:

Remark on Protest I The additional search fees were accompanied by the applicant=s protest and, where applicable, the

payment of a protest fee.

. The additional search fees were accompanied by the applicant's protest but the applicable protest fee was
not paid within the time limit specified in the invitation.

. No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009) Page 2 of 6




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT / C 'A2014 /000109
Patent Document Publication Patent Family Publication
Cited in Search Report Date Member(s) Date
W02004001170A1 31 December 2003 (31-12-2003) W02004001170A1 31 December 2003 (31-12-2003)
AU2003245136A1 06 January 2004 (06-01-2004)
US4674230A 23 June 1987 (23-06-1987) US4674230A 23 June 1987 (23-06-1987)
JPS61191781A 26 August 1986 (26-08-1986)
JPS61191782A 26 August 1986 (26-08-1986)
KR 1020070056266A 04 June 2007 (04-06-2007)
WO2006072315A1 13 July 2006 (13-07-2006) WO02006072315A1 13 July 2006 (13-07-2006)
DE102004061686A1 06 July 2006 (06-07-2006)
US2008307711A1 18 December 2008 (18-12-2008)
WO02012161404A1 29 November 2012 (29-11-2012) WO02012161404A1 29 November 2012 (29-11-2012)
KR20120131550A 05 December 2012 (05-12-2012)
US2014096342A1 10 April 2014 (10-04-2014)
EP0580147A1 26 January 1994 (26-01-1994) EP0580147A1 26 January 1994 (26-01-1994)
DE4224132A1 27 January 1994 (27-01-1994)
DE4224132C2 14 November 2002 (14-11-2002)
JPHO0681536A 22 March 1994 (22-03-1994)
JP3330680B2 30 September 2002 (30-09-2002)
US5468042A 21 November 1995 (21-11-1995)

Form PCT/ISA/210 (patent family annex ) (July 2009)

Page 5 of 6




International application No.

INTERNATIONAL SEARCH REPORT P CT / C A2014 /0 00109

...continued from Box III...

The claims lack unity a posteriori over the prior art. The common linking technical features of the independent claims are a vehicle door
having a check arm and a check arm holder mounted to at least one of the vehicle door or body. D1 discloses a well-known device for
vehicle doors comprising a check arm and check arm holder mounted to a vehicle door. Since D1 discloses the only technical linking
features of the independent claims, the claims are therefore directed to a plurality of different alleged inventive concepts. The groups
include:

Group A (claims 1-10, 17-19, 30, 31 and 36-50): a vehicle door having a controller to control the check arm holder; and
Group B (claims 11-16, 20-29, 32 and 51): a vehicle door system having a first brake member, a second brake member and a brake
member actuator; and

Group C (claims 33-35): a vehicle door system having a lead screw having a first threaded region and a second threaded region, where
the first and second threaded regions are oppositely threaded to each other, a first and second traveler and a spring clutch.
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