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ELECTRONIC PARK BRAKE INTERFACE MODULE,
PARK BRAKE CONTROLLER AND SYSTEM

Cross-Reference to Related Application

[6601] This application claims priority to and the benefit of U.5. Application No.15/275,396,
filed September 24, 2016, entitled, “Electronic Park Brake Control Interface Module, Park
Brake Controller and System”, the entire contents of which are incorporated herein by

reference.

Background
{0602]  The present invention relates to a park brake interface module for operating the
park brake of a vehicle, a park brake controller park brake controller, and a vehicle system.
More specifically, the present invention relates to an electronic park brake interface module,

a park brake controller park brake controller, and a vehicle system.

{06603] Electronic park brake controls in commercial vehicles are replacing the
conventional mechanical systems at the user interface, often referred to as the human-
machine interface (HMI). Electronic park brake switch assemblies are replacing air brake
parking systems that require an air valve and preurnatic tubing in the dashbourd of the
vehicle to actuate the park brake, For example, the MV 3% dash control module from
Bendix Commercial Vehicle Systems LEC includes a mechamcal push-pull control to
operate the vehicle pask brake. Electronic park brake conirols that have replaced the
mechanical-preumatic controls have a similar HMI appearance to the conventional
mechanical controls, but they operate much differently. For exarple, a wmechanical-
pricumatic control is a two-position latching control. When the control is pulled the air
pressure causes the batton to forcibly pop-out and hit the operator’s hand to provide
confirmation that the status of the vehicle park system is changed. The electronic park
brake controls that have since replaced the mechanical-poncumatic controls are momentary
controls that do not come with {orcible movement and auditory feedback associated with the

mechanical-pneumatic operation. The replacement of conventional controls with the



WO 2019/060292 PCT/US2018/051495

clectronic controls froquently causes operator confosion where an operator sees a similar-
ooking electronic version of mechanical-pneumatic brake control but does not cxperience

the anticipated response of the wechanical-pnenmatic control.
Summary

{06004] Various examples of a park brake interface moduale, a park brake controller, and a
vehicle system are disclosed. In accordance with one aspect, a park brake interface module
inchudes a park brake switch device capable of engaging the vehicle park brake in a brake

apply mode upon receipt of a pinch signal.

{00051  In another aspect of the present invention, the park brake interface module
includes a park brake switch device capable of engaging the vehicle park brake in a brake

release mode upon receipt of a reach signal.

{0006]  In accordance with another aspect, a park brake interface module includes a park
brake switch device having an actuation merober and a target member. The actuation
member of the park brake switch device is movable in a direction toward the target member
to engage the park brake in a “brake apply” position and is movable in a direction away

from the target member to disengage the park brake in a “brake release” position.

{06071 In another example, a vehicle park brake interface module includes a first park
brake switch device and a second park brake swiich device. The first park brake swiich
device has an actuation member that is movable in a direction toward and away {rom the
second park brake switch device, the first park brake switch device being in a park brake
apply mode when the actuation member of the first park brake switch device is proximate

the second park brake switch device.

{0008]  In another aspect, a vehicle park brake interface module includes a means for
receiving a pinch gesture by an operator of the vehicle to electronically activate the park
brake.

{00091  In another aspect, a vehicle system includes a park brake, a park brake switch

device and a target member. The park brake switch device includes an actuation member
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that 1s movable in a direction toward and away from the target member. The park brake of a
vehicle power unit is in a park brake apply mode when the position of an actuation member
of the park brake switch device is proximate the target member, and the park brake switch
device is in a park brake release mode when the actuation member is remote from the

second park brake switch device.

{0018}  In another aspect, a park brake controlier inclhudes a processing unit and logic.
The processing unit is capable of receiving a pinch signal indicative of a parking brake
request, and transmitting a park brake control message in response to the pinch signal

indicative of a parking brake request being received.

{0611] In another example, a method for applying a vehicle park brake of a vehicle
inchudes moving an actuation member of a park brake switch device toward a target member
of the a park brake interface module and generating a pinch signal to apply the vehicle park
brake. The vehicle park brake is in the brake apply mode when the actuation member is

proximate the target member.

{06121 In yet another example, a park brake interface module for a vehicle includes an
actuation member mounied to an electromechanical switch to activate the park brake. The
actuation member includes a finger pad opposite the front surface and the actuation member
is movable between a brake apply position and a brake release position {o actuate the

vehicle park brake.

Brief Description of the Drawings

{6013]  In the accompanying drawings which are incorporated in and constitute a part of
the specification, embodiments of the invention are illustrated, which, together with a
general description of the inveuntion given above, and the detailed description given below,
serve to exemplify the embodiments of this invention. The components in the drawings are
not necessarily to scale. Also, in the drawings, ike reference numerals designate

corresponding parts throughout the several views.
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{0014] FIG. | is a schematic representation of a vehicle system which includes a park

brake interface module, according to an example embodiment of the present invention;

{0015] FIGS. 2 through 4 are perspective view illustration of a park brake interface
module having a an actuator switch device shown in a neutral state, a brake applied state,
and a brake release state, respectively, according to another example embodiment of the

present invention;

{08161 FIGS. 5 through 7 are perspective view illustrations of a park brake interface
module having two activator swiich devices shown in a neutral state, a brake applied state,
and a brake release state, respectively, according to another exarple embodiment of the

present invention;

{0017] FIG. § 15 an exploded perspective view of the park brake interface module of
FIGS. 5 through 7 illustrating the internal components, according the an example

embodiment of the present invention;

[0018] FIGS. 9 and 10 arc schematic illustrations a vehicle dashboard and park brake
interface modules mounted in example alternative arrangements, according to examples of

the present invention;

{0019] FIGS. 1land 12 arc schematic illustrations of a vehicle dashboard and park brake
interface modules that include a protective guard, according to example embodiments of the
present invention;

{60261 FIGS. 13 and 14 are schematic llustrations of a park brake interface module that
includes a sensor switch device, according to example emabodiments of the present
invention;

{0021}  FIGS. 15 through 18 are schematic iHustrations of a park brake interface module
that includes a sensor switch device having a touchscreen, according to example

embodiments of the present invention;
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{00221  FIGS. 19 through 22 are schematic iHustrations of a park brake interface module
that includes a gesture switch device having a camera, according to example embodiments

of the present invention;

{60231 FIG. 23 1s a schematic block diagram depicting a method of operating a park
brake interface module of a vehicle, according to an example embodiment of the present

mvention;

{0024] FIG. 24 15 a schematic block diagram depicting a method of operating a park
brake interface module of a vehicle that includes a towed vcehicle, according to an example

embodiment of the present invention;

{6025]  FIGS. 25 and 26 1s a perspective view and a {ront view illustration, respectively,
of a park brake interface module having two park brake switch devices shown in a neutral

state, according to another example embodiment of the present invention;

{B026] FIGS. 27 and 28 are perspective view illustrations, of the park brake interface
module of FIGS. 25 and 26, showing an actuation button in a park apply position, and an
actuation button in a park release position, respectively, according to another example of the

present invention;

{0027]  FIGS. 29 and 30 are side and top view illustrations, respectively, of the park
brake interface module of FIGS. 25 through 28 illustrating the park brake switch devices in

a neutral state, according to another example of the present invention;

[6028] PGS, 31 and 32 are cross-sectional side view and cross-sectional perspective
view illustrations taken across lines 31-31 of the park brake interface module FIG. 30
shown with the park brake switch devices in a neutral state, according to an example of the
present invention;

{0029]  FIG. 33 is an exploded perspective view of the park brake interface module of
FIGS. 28 through 32 illustrating the internal components, according the an exampie of the

present invention;
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{0036]  VFIGS. 34 and 35 are top and bottom perspective view illustrations of a park brake

interface module, according to another example embodiment of the present invention;
{0031] FIGS. 36 1s a top view illustration of the park brake interface module of FIGS. 34
and 35, according to example embodiments of the present invention;

{00321  FIGS. 37 is a cross-sectional illustration taken along lines 37-37 of the park brake

interface module of FIG. 36, according to example embodiments of the present invention;

{00331  FIGS. 38 and 39 are top and bottom perspective view illustrations of the park

brake interface module of FIGS. 34-39, according to examples of the present invention;

{0034} FIG. 40 is a top view illustration of the park brake interface module of FIGS. 34-

39, according to exarnple embodiments of the present invention; and

{0035]  FIG. 41 1s a cross-sectional tlustration taken along lines 41-41 of the park brake

interface module of FIG. 40, according to example embodiments of the present invention.

Detailed Description

{0036] Example embodiments of the present invention are directed to a brake switch
module, such as that used in a heavy vehicle such as a track, a bus or other commercial
vehicles, Although the examples explained herein relate to a park brake interface module
on trucks or other commercial vehicles with pneumatic brakes, it is understood that the park
brake interface module can be used in alternative applications. In addition, although the
examples explained herein often describe fluid within the brake system as being air, it is
understood that the various examples of a park brake interface module can be used in

alternative applications with alternative mechanisms for actuating the park brake.

{00371  Various examples of an electronic park brake interface module, park brake
controller, a vehicle system and methods for controlling the park brake are disclosed. FIG.
1 illustrates a schematic representation of a vehicle system 10 that includes a power unit 12
having a power unit brake system 13, and optionally, a towed vehicle 14 having a towed
unit brake system 15. Power unit 12 represents a vehicle which can include, but is not

limited to, a tractor, a commercial vehicle, a bus, for example.
6
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{0038]  Brake system 13 of power unit 12 includes a park brake system 16 and a service
brake system 18. Park brake system 16 includes a park brake interface module 20, park
hrakes 21, and a park brake controller 22. Service brake system 18 includes vehicle
dynamics controller 24 and service brakes 26. Vehicle dynamics controller 24 controls the
various vehicle dynamics associated with the different types of vehicle brakes, for example,
anti-lock braking system (ABS), electronic stability program (ESP), automatic traction
control (ATC), etc. Vehicle dynamics controlier 24 includes a processor and logic (not
shown) to monitor a variety of functions of the vehicle 10. These functions can include, but
are not limited o, the vehicle ignition state, the vehicle motion state, the vehicle service

brake pedal state, and the driver occupancy state, the status of the park brake, for example.

{00391  In accordance with an example of the present invention, park brake controller 22
is a component of park brake interface module 20 (shown as a unit in dashed lines) as part
of the park brake system16. and in avother exarople, park brake controller 22 is integrated
with vehicle dynamics controller 24 of the service brake system 1§, with or separate from
park brake interface moduole 20. In yet an aliernative example, park brake controller 22 1s
an independent component of power unit 12 separate from the park brake interface module
20 and the vehicle dynamics controller 24. A varicty of combinations of the various

controllers is possible.

{90407  Park brake interface module 20 can be mounted on the dashboard of a vehicle and
is operable by an operator, such as a driver of the vehicle. Park brake interface module 20
communicates with park brake controller 22, for example, via communication path 27 at
clectronic control port 28. In another example, park brake controller 22 also communicates
with vehicle dynamics controller 24, for example, via communication path 30 at electronic
control port 32 of park brake controller 22 and electronic port 34 of vehicle dynamics
controller 24. Park brake controller 22 includes a processor 35, memory 36 and logic 38 to

operate the functions of the park brake interface module 20.

{0041] As mentioned above, in another example, vehicle system 10 includes at least one

vehicle towed unit 14 which communicates with power unit 12 via communication path 40,

~3
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Towed unit brake system 15 jncludes park brake systern 42 and service brake systemn 44.
The park brake system 42 includes park brakes 45, and optionally, a park brake coniroller
46, and service brake system 44 includes service brakes 47 and towed onit dynamics
controller 48. Park brake interface module 20 of vehicle system 10 15 used to electronically
control the park brake of a vehicle, for example, an air brake vchicle. Park brake controller
22 initiates requests for actuation of park brake, i.e. park brake “apply” or park brake
“release”, in response to inputs from an external source, for example, the vehicle operator
via park brake interface module 20. In one example, park brake controller 22 of park brake
system 16 is equipped to enable the actuation of the park brakes of the power unit, and
optionally, the park brakes of the towed unit. For example, park brake system 42 of towed
unit 14 can be controlled by park brake controller 22 of the power unit brake system, and is
capable of directly applying and releasing the vehicle park brakes on both the power unit 12
and the towed unit 14. In another example, park brake system 15 of towed vehicle 14
operates independently of brake system 13 of power unit 12, and park brakes 45 of towed
unit 14 can be controlled by park brake controller 46, or another controller on the vehicle.
In another example, vehicle dynamics controller 24 of power unit 12 is equipped to cnable
the actuation of the park brakes 21 of power unit 12 and/or park brakes 45 of towed unit 14
of the vehicle while also managing additional functions, for example, antilock braking

systern and/or electronic stability control functions.

{08421  The park brake controller 22 includes a processing unit 35, which can include
volatile, non-volatile memory, solid state memory, flash memory, random-access memory
(RAM), read-only memory (ROM), electronic erasable programmable read-only memory
(EEPROM), variants of the foregoing memory types, combinations thereof, and/or any other
type(s) of memory suitable for providing the described functionality and/or storing
computer-executable instructions for execution by the processing unit.  The park brake
controlier 22 also includes memory 36 and control logic and is in clectrical communication
with port 28 and port 32. One function of the control logic 38 is to receive and process
information regarding requests to apply or release the park brake(s) of the vehicle, via an
clectronic signal at port 28 indicating the vehicle operator’s intent to park or un-park the

3
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vehicle. Another function of the control logic 38 1s (o receive, transmit and process
information relating to feedback messages, such as check messages and confirmation

messages, for example, visual, sound, and vibration signals (o the operator or driver,

188431 As noted above, for example, park brake interface module 20 and park brake
controller 22 are electrically connected via communication path 27. Park brake controller 22
and vehicle dynamics controller 24 are electrically connected via communication path 30, or
in another example mentioned above, they can be integral as one controler unit that may or
may not support other vehicle control functions. Communication path 27 and path 30 enable
bidirectional communmication between the park brake interface module 20, park brake
controller 22, and vehicle dynamics controler 24 of service brake system 18, as well as with
other controllers electrically connected to the communication path 27 and communication
path 30. In one example arrangement, communication path 27 and/or 30 s a hard-wired
communication path, for example a serial communication bus. The serial communication
bus may be arranged to carry out communications according o an industry standard protocol,
including but not limited to SAE J1939 or SAE J1922, or a proprietary bus protocol. A
proprietary bus protocol uses messages that are proprictary to the manufacturer of the
controllers that are connected to the serial communication bus. Controllers made by a
different manmufactarer may be able to receive the proprietary messages but would not be able
to interpret a proprictary message. A discrete hard-wired logic line could alternatively be

used as the communication path 27 or communication path 30.

16644 In another example, communication path 27 and commumication path 30 are
wireless paths. The wireless path may be arranged to carry out communications according to
an industry standard protocol, including but not Hmited to RKE, Zigbee, Bluctooth or IEEE
802.11. Robust transmission between the dash switch conirolier and the brake system
controller of the operator’s intent to actuate or release the park brake is desired in order to

prevent inadvertent actuation or release of the park brake.
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[6645] In any of the example embodiments described above, park brake interface device
20, park brake controller 22, and vehicle dynamics controller 24 can communicate directly

with each other or via a senal comumunication bus,

180461 FIG. 2, FIG. 3 and FIG. 4 are perspective view illustrations of an example park
brake interface module 20 which includes a park brake switch device 50 which is an actuator
switch device. Park brake inlerface module 20 includes front panel 51, bousing 52, and base
54 which can be separate components or each of which may be combined in various
integrated arrangements. Park brake switch device 50 can be, for example, a three-position,
switch and has actuation member 60, for example a toggle paddle. Park brake switch device
of FIG. 2 shows actuation member 60 in the neutral position along centerline, Cy, between

target member 61, for example, a pylon and an optional end pylon 62.

[6647] In operation, park brake swiich device 50 can be actuated by the operator to apply
or release the park brake according to memorable phrases or mnemonics, “pinch to park’™ and
“reach to release”. The “pinch” motion herein corresponds to a converging motion, or more
simply, a motion that results in the actuation member 60 being moved closer to target
member 61. For example, an operator pinches actuation member 60, e.g. toggle paddle, to
apply the park brake 21 (FIG. 1) by moving pylon toward target member 61, for example a
pylon, and to generate a “pinch’” signal to achieve a “park brake apply” mode of the power

unit park brakes 21.

[6048] FIG. 3 shows front view of park brake interface module 20 with park brake
switch device 50 1n the “pinch to park” state. Actuation member 60, or toggle paddle, is
moved toward the target member 61 and distal end of actuation member 60, is proximate to
target member 61. Actuation member 60 1s in a park brake apply mode or proximate (o
target member 61 when actuation member 60 is closer to target member 61 than end pylon
62. In another example, the actuation member 60 can be considered proximate target
member 61 when the distance, di, between actuation member 60 and target member 61 is

less than the distance, ds, between the target member 61 and the neutral position along

10
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centerline, Cr. In another example, actoation member 60 15 a distance, d;, of about 0.25 inch

or less from target member 61.

16049 FI1G. 4 shows actuation member 60 is moved away {rom target member 61, for
example a pylon, in a diverging motion relative to pylon 61 to achieve a “brake release”
state. If park brake interface module 20 includes an optional end pylon 62, actuation
meraber 60 approaches or contacts center pylon 61 or end pylon 62. FIG. 4 shows the park
brake switch device 50 in the “brake release” state. Park brake switch device 50 can be
actuated by the operator to release the park brake in a “reach” motion that results in the
actuation member 60 being moved away or remote {rom target member 61, for example, a
motion that includes but 1s not limited to a divergent motion of the actuation member 60
relative to the target member 61. Actuation member 60 can be considered to be in a park
brake release mode or remote {rom target member 61 when actuation member 60 is further
from target member 61 than it is {rom end pylon 62, if present, or further from target member
61 than it is from the neutral position indicated by centerline, Cy. That is, actuation member
60 can be counsidered remote from target rmember 61 when the distance, ds, between actuation
member 60 and target member 61 is greater than the distance, ds, between the target member
61 and the neutral position along centerline, C;. In another example, actuation member 60 is

a distance, ds, of about (.5 inch or greater from target member 61.

16656] Park brake switch device 50 can be one of several types of actuator switches
which fenction to allow movement of the actuator switch or a coroponent of the switch
toward target member 61. Examples of suitable switches include, but are not limited to, a
two-position and three-position switches described above, and a slide switch that can move
toward or away from a target member 61 or target pylon to transmit a pinch or reach signal,
respectively. The park brake switch device 18 can include an clectro-mechanical switch that
changes the state of the park brake by opening and closing the electrical contacts. In another
example, the park brake switch device can be a contactiess switch that can detect the position
of an object, such as an actuator member. Examples of contactless swiiches include, but are
not limited to, an actuator switch that includes an optoelectronic encoder which employs

digital logic technology to sense the position of actuation member 60, and a an actuator
11
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switch that includes “Hall’s effect” technology in which voltage varies based on magnetic
field. Park brake switch device 50, as an example in accordance with the present invention,
includes a quadrature rotary optical encoder which has two detectors to provide outputs per
switch and a code rotor that either blocks infrared light or allows it to pass {o the detectors.
As the shaft turns the rotor the outputs change state to indicate position of the park brake
switch device 50. The presence of one channel per switch is sufficient for park brake switch
device herein, although the presence of two channels per switch provides for independent
readings and overall signal integrity. An example of a suitable optoelectronic encoder is
series 680 available from Grayhill, Inc. of LaGrange, lilinois. Another example of a
contactless switch is an electromagnetic swilch based oo “Hall’s effect” technology. An

example of a suitable switch is a series 68B Hall effect encoder available from Grayhill, Inc.

(6051} Still referring to any of FIG. 2, FIG. 3, and FIG. 4, park brake interface module
20 can optionally include feedback device 63 which provides a feedback signal which can
indicate the status of the park brakes of power unit 12, For example, feedback device 63 can
be an indicator hight that 13 I up or i the “ou” or apphed mode when the park brakes are on
and does not provide light when the park brakes are in the “off” or release mode. Feedback
device 63 can also provide a feedback signal in response to a change 1o state of the park
brake switch device, the park brakes, or both. For example {eedback device 63 can indicate
whether the park brake of power unit 12 has been actuated by the driver. In another
example, park brake interface module can optionally include a second feedback device 64
that can indicate something different than feedback device 63, For example, feedback device
63 can ndicate status of the park brakes and feedback 64 can indicated whether or not an
operator requested a change of status of the park brake. For example, feedback device 64 can
be a light that blinks during the lag time between the operator’s request for change and the
actual change in status of the park brakes. Feedback device 64 can also indicate warning
messages regarding any systems in the vehicle. The feedback messages described above are
visual, however, check messages, confirmation messages, and warning messages can also be

sound and/or vibration signals to the operator.

12
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[6652] FIG. 5. FIG. 6, and FIG. 7 are perspective views of a park brake interface module
635 having a second park brake switch device 70, in accordance with another example
embodiment of the present invention. For example, the second park brake switch device 70
can be associated with the control of park brakes of towed vehicle 14 (FI1G. 1). FIG. § shows
park brake interface module 65 in a neutral position and actuation members 60 and 72 extend
substantially parallel to one another and paraliel to end pylons 62 and 66 which are optional
components. FIG. 6 shows the first and sccond park brake switch devices 50 and 70 in the
“pinch to park” position to achieve a park brake “apply” mode of the power unit park brakes
21 (FIG. 1) and the towed unit park brakes 45 (FIG. 1). Actuation members 60, 72 of park
brake swilch devices 50, 70, respectively, are shown in the “pinch” position which resulis
from the convergent motion of the two park brake swiich devices 50, 70. The pinch and
release motions can be achieved without the presence of center pylon 61 located between the
two switches 50, 70 or between the two actuation members 60, 72. Actuation members 60,
72, can be squeczed together to generate a pinch signal to achieve park brake apply mode.

In addition, each of the actuation members 60, 72 can operate the park brakes separately.

For example, actuation member 60 can be moved toward actuation member 72 to generate a
“pinch” signal to achieve a park brake apply mode of the power unit park brakes 21, and
alternatively, actuation member 72 can be moved toward actuation member 60 to generate a

“pinch” sigoal to achieve a park brake apply mwode of the towed unit park brakes 45,

[6653] FIG. 7 is a perspective view of the park brake interface module 65 in the brake
release state, or “reach to release” state. Park brake switch device 50 and 70 can operate
independently of the other. For example, park brake switch devices 50 and 70 may be placed
in the pinch to park mode together or separately. If the park brake for towed vehicle is
applied, the park brake for power unit can be in either the apply brake or release brake mode.
In such situation, actuation members do not both cooperate to transmit a pinch signal,
however and park brake interface module 65 includes target member 61 and the pinch signal
is achieved by moving actuation member 60 toward target member 61 to activate change for

park brake of power unit 12 (FIG.1).
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(38541 In any of the park brake nterface modules 20, 65 described above, for example,
the park brake switch device 50, 70, are illustrated as three-position swiiches having a neutral
position. Once the force that is applied to an actuation member 60, 72 1s removed, the
actuation member 60, 72 will return, or spring back, to neuiral position. In alternative
embodiments, one or more of the park brake switch devices 50, 70 is a monostable, two-
position switch that is also actnated by “pinch” and “reach” motions to apply and release the
park brakes, respectively. Once the force applied to actuation member 60, 72 of switch
devices 50, 70, is removed actuation member 60, 72 will remain in the same position.
Another phrase that is memorable to the operator and associated with a two-position switch

is the mnemonic “pinch-and- stay”.

[6655] FIG. 8 is an exploded perspective view of the park brake interface module 65
shown in FIG. 5-7 rotated in a clockwise direction and in a horizontal position. The
exploded view illustraies various internal components inside housing 52 and base 54, Park
brake switch device 50 and park brake switch device 70, in accordance with an example of
the present invention, are actuator-type switch devices that include optoelectronic encoders
76 and 75. These devices are physically mounted on printed circuit board (PCB) 74 and
connected to pin connectors 80 and 82 at onc end and secured to actuation member 60 and 72
at the other end, respectively. Printed circuit board 74 can provide the logic 35 (FI1G. 1)
associated with park brake controller 20 (FIG. 1) as an interface between park brake input

module and park brakes 21 of power unit 12, and optionally, park brakes 45 of towed vnit 14.

168561 FIGS. 9 and FIG. 10 are schematic illustrations of a cab compartment 90 of a
heavy truck vehicle 10 (FIG. 1), showing a park brake interface module 65 mounted in
different positions as determined according to example OEM dashboard designs. Park brake
interface module 65 includes the two brake swiich devices 50 and 70, mounted in alternative
arrangements as deterroined by OEM dashboard design. For example, park brake inter{ace
module 65 can be oriented so that actuator switches 50, 70 are arranged vertically as shown
1o FIG. 9 and actuation merobers are moved up and dowuo relative to the dashboard 94.
interface module 65 can also be ortented so that actuator switches 50, 70 are arranged

horizontally as shown in FIG. 10 and actuation members are moved side to side relative to
14



WO 2019/060292 PCT/US2018/051495

the dashboard 94. Regardiess of the mounting orientation of the module or position of the
switches with respect to the driver, the motions “pinching to park” and the “reaching to
release” still apply, providing a clear and memorable mnemonic alleviating driver confusion
in the operation of an electronic switch for applying a vehicle park brake, for example, an a

pacumatic park brake.

{00571 FIG. 11 and FIG. 12 are schematic representations of park brake jnter{ace module
100 mounted in dashboard 94, representing another example embodiment of the present
invention. Park brake interface module 100 includes park brake switch device 102 for
controlling the park brake of power unit 12 (FIG. 1) and park brake switch device 104 for
controlling the park brake of towed vehicle 14 (FIG. 1). Optional feedback devices 106,
108 and 110 can provide lighting, for example, as an indicator of a change 1n the park brake
mode. Park brake switch devices 102 and 104 have actuation members 103 and 105,
respectively, which are movable in parallel directions rather than converging and diverging
directions relative to one another. Park brake swiich module 100 includes target member
115 that 1s located proximate the actuation members 103, 105, and can function both as a
target member to facilitate the pinch and release signals and as a guard o prevent
inadvertent activation of park brake switch devices 102 and 104 by the operator of the

vehicle.

{0058] Referring to FIG. 11, actuation member 103 can be moved in the direction of
arrow 118 to converge toward target mernber 115 to produce a pinch signal to activate the
park brake, and moved in the direction of arrow 120 to diverge away from target member
115 to produce a reach signal to release the park brake of power unit 12 (FI1G. 1). Likewise,
actuation member 105 can be moved 1n the direction of arrow 120 to converge toward target
member 115 and moved in the direction of arrow 122 to diverge away from target member
115 of towed vehicle 14 (FIG. 1) if present. FIG. 11 shows park brake switch target
member 115 of module 100 is positioned vertically along dashboard 94 between driving
wheel 92 and park brake switch devices 102 and 104, This location of target member 115
between wheel 92 and park brake switches can help protect against an operator’s inadvertent

actuation of actuation members 103 and 1035.
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{00591  Target member 115 of park brake switch module 100 of FIG. 12 is located in a
horizontal orientation along dashboard 94 above park brake switch devices 102 and 104,
Actuation mernber 105 can be moved in the divection of arrow 126 to converge toward
target member 115 to produce a pinch signal to activate the park brake, and moved in the
direction of arrow 128 to diverge away from target member 1135 to produce a reach signal to
release the park brake of power unit 12 (FIG. 1). Likewise, actuation member 103 can be
moved in the direction of arrow 130 to converge toward target member 115 and moved in
the direction of arrow 132 to diverge away {rom target member 115 of towed vehicle 14
(FIG. 1) if present. The horizontal arrangement of the park brake switch devices 102 and
104 as shown in FIG. 12 can be beneficial {or protecting against unintended actuation from

falling objects with target member 115 as shown in FIG. 12.

{0060] FIG. 13 and FIG. 14 show the front view of a park brake interface module 140
having a park brake switch device 141 in two different modes of operation.  Park brake
switch device 141 is a sensor switch device and detects the contact or near contact, 1.e.
proximity, of an operator or an instrument (not shown), in generating pinch signals for
applying the park brake and reach signals for the release of the park brake of power unit 12
(FIG. 1) or towed vehicle 14 (FIG. 1). A sensor switch device 141 for example a contact
switch and a proximity switch, can be based on one or more of a variety of sensor
technologies that detect contact, or near contact or close proximity, with the sensor switch
device 141 to generate a pinch signal. For example, sensor technologies can be based on
capacitive, inductive, or resistive sensor technology, and examples include, but are not

hmited to, infrared, surface acoustic wave, optical imaging, and acoustic pulse recognition.

{0061} Referring to FIG. 13 and FIG. 14, park brake switch device 141 includes front
panel or surface 142 and target member 144 disposed on the surface. Target member 144
can be a pylon or a pressure pad and 1s shown located between end pylons 146 and 148
which are optional. FIG. 14 shows an operator’s hand 150 is positioned such that thumb
151 and finger 152 are located on either side of target member 144. Operator’s thumb 151

and finger 152 are shown in contact or close proximity to target member 144 which is the
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“pinch to park” position (o achieve a park brake “apply” mode of the power unit park brakes

21 {F1G. 1) or the towed unit park brakes 45 (FIG. 1).

{0062] In another example, where end pylons 146 and 148 are present, the operator’s
thumb is located between target member 144 and end pylon 146 and reaches toward, and
optionally touches, end pylon 146. Finger 152 is located between target member 144 and
end pylon 148 to reach toward, and optionally touch, end pylon 148, The operator’s hand is
shown contacting pylon surfaces, for example inside surfaces 154 and 156 of pylons 146
and 148, respectively, which is the “reach fo release” position to generate a park brake
release signal to release or un-park the park brakes of the power unit park brakes 21 (FIG. 1)

or the towed unit park brakes 45 (FIG. 1).

(80631 Surfaces 154 and 156 are sensitive to touch, or near touch, and can inclade, for
example, one or more sensors 155 and 157 which are shown located, for example, inside
pylons 146 and 148, respectively. The touch-sensitive surfaces 154, 156 can be a rigid
surface or a pressure pad, and can be based on one or more of a variety of sensor
technologices that detect contact, or near contact, with at least a portion of pylon surface 154
and 156. For example, sensor technologies can be based on capacitive, inductive, or
resistive sensor technology, and examples include, but are not limited to, infrared, surface
acoustic wave, optical 1maging, and acoustic pulse recognition. Pylons 146, 148 can include
proximity sensors 155, 157 which detect operator inputs when an object approaches surfaces

154, 156. An example of a proximity sensor can include a photodiode sensor.

{88641 In FIG. 14, the operator’s thumb 151 is in contact, or near contact, with surfaces
160 and 162, of target member, 144 and surfaces 160 and 162 of target member 144 are
sensitive to touch due to the presence, for example, of sensors 161, 163, inside target
member 144. In another example, surfaces 160, 162 of target member 144 can be a pressure
pad (not shown) that is sensitive to touch on the outer surfaces 160, 162 of pylon 144, Thus,
the deformation of sensitive surfaces 160, 162, such as a pylon or pressure pad, caused by
squeezing or by convergent motion of at least one of the operator’s thumb 151 and finger

152 can generate a pinch signal to activate the park brake in the park mode.
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{00658]  FIGS. 15 and FIG. 16 are schematic illastrations showing the front view of a park
brake interface modules 170, 180 having park brakes switches that are sensor switches, and
more specifically, touchscreen switches. Touchscreen, for example a hiquid crystal display
{LCD) touchscreen, senses the contact of operator hand 150. The park brake interface
modules 170, 180 can cach be used to independently operate the park brakes of the power
unit 12, the towed unit 14, For example, FIG. 15 illustrates a park brake interface module
170 for operating the park brakes of power unit 12 (FIG. 1) and FIG. 16 illustrates a park
brake interface module 180 for operating the park brakes of towed unit 14 (FIG. 1)
Referring to FIG. 15 park brake interface module 170 has a switch device 171 and a panel
or a touchscreen 172, Touchscreen 172 senses the movement of the hand 150 and varying
distances between the thumb and fingers, and/or the motion or touch relative to the virtual
reference locators or “virtual pylons” 175, 177, and 178, for example. FIG. 15 iHustrates
three general regions of the switch device: the power unit “reach to release” left region
indicated by PUy and zones 173 of the touchscreen, the power unit “pinch to park’™ central
region indicated by PUp and zones 175 and 177 of the touchscreen, and the power unit
“reach to release” right region PUg and zone 179 of the touchscreen. Touchscreen zones
173 and 175 are separated by physical or virtual pylon 174, zones 175 and 177 are separated
by pylon 176, and touchscreen zones 177 and 179 are separated by pylon 178{or sensing the
location of thumb 150 and finger 132. FIG. 15 shows the thurob and finger spread apart and
in contact or near contact with zones 173 and 179 to generate a release signal, i.e. a “reach
to release” signal. FIG. 16 is a separate but similar interface module 180 that is used to
operate the towed unit if interface module 170 is used to operate the power unit, or vice
versa. FIG. 16 illustrates three general regions of the switch device 181 indicated by TUg,
TUg, and TUg to indicated towed unit pinch and release zones which is similar to that
described for park brake interface module 170 of FIG. 15 described above. Touchscreen 182
includes the power unit “reach to release” left region indicated by PUg and zones 183 of the
touchscreen, the power unit “pinch to park” central region indicated by PUp and zones 185
and 187 of the touchscreen, and the power unit “reach to release” right region PUyg and zone

189 of the touchscreen. Touchscreen zones 183 and 185 are separated by physical or virtual
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pylon 184, zoues 185 and 187 are separated by pylon 186, and touchscreen zoves 187 and
189 are separated by pylon 178. FIG. 16 shows the thumb and finger pinched together to
generate a pinch signal, 1.¢. a “pinch to park” signal, and thumb 151 and finger 152 can be
in contact or near contact with each other within zones 185 and 187 and/or in contact or near
contact with physical or virtual pylon 186. As shown, FIG. 15 illustrates park brake switch
171 of power unit 12 (FIG. 1) as generating a “reach to release” signal, and FIG. 16
itlustrates park brake switch 181 of towed unit 14 (FIG. 1) as generating a “pinch to park”
signal, however, in alternative examples, the signals can be vice versa, the signals can be

both reach to release and can be both pinch to park.

{0066]  In another example, FIG. 17 and FIG. 18 show an interface module 190 and the
interface module 190 includes a switch device 191 having a panel or touchscreen 192 can be
uscd to operate the park brakes of both the power unit 12 (FIG. 1) and the towed unit 14
(FIG. 1), FIG. 17 shows four general regions TUg, TUp, PUp, and PUg having zounes 193,
195, 197 and 199 of touchscreen 192 for sensing the location of operator thumb 150 and
tinger 152. The distances between physical or virtual pylons 194, 196, and 198 as
represented by distances ds, dg, dy and dy to define the available surface of cach region can
vary. For example, the movement of the thumb 150 in in front of regions TUg and TUp,
zones 193 and 193,will signal a “release” and “park”™ signals, respectively, {or the towed
unit 14, Similarly, the movement of the finger 152 in zones PU, and PUyg, zones 197 and
199, will signal “park” and “release” signals, respectively, for the power unit 12.
Accordingly, in one example, as the operator pinches fingers together within zones TUp and
PUs, a signal will be generated to activate the park brakes of both the power unit 12 and the
towed unit 14 in the park mode. H only one of the thumb or {inger is “pinched” toward
virtual pylon 196, for example, then only one of the power unit and the towed unit is
activated for park. In FIG. 17, operator thumb 151 is in contact or near contact with
touchscreen zone 193 or region TUg, and operator finger 152 s in contact or near contact
with touchscreen zone 199, or region PUg, to signal “reach to release” of both the towed
unit 14 and the power unit 12. In FIG. 18, operator thumb 151 is in region TUpand is in
contact or near contact with virtual pylon 196 to convey a pinch to park signal to activate
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the park brakes of the towed unit 14, while operator linger 152 1s in the PUp region or zone
199 of the touchscreen to convey a reach to release signal {o release the park brake of the

power unit 12.

{60671  FIGS. 19 and 20 are schematic illustrations of a front view of a park brake
interface module 200 for a power unit and 220 for a towed unit. Each interface module has
a park brake switch device 201 and 221, respectively, which are gesture switch devices.
Park brake switch devices 201and 221 each include cameras to receive gestures, and
optionally, interpret gestures. In another example, 2D and 3D computer algorithms can
interpret gestures. Referring to FIG. 19 front panel or window 202 includes a camera lens
207 which detects the presence of an object or operator. FIG. 19 illustrates three general
regions of the switch device as described above with respect to FIG. 15. The regions
indicated by PUg and touchscreen zones 203 and 209 arc the “reach to release” zones, and
the central region indicated by PUp is the “pinch to park” zone. Touchscreen zones are
separated by physical or virtual pylons 204 and 208 for sensing the location of the operator
hand 150. For example, if virtual pylons are employed, pylons 204 and 208 can be located a
predetermined distance apart, dg, and can be altered to a distance that is closer or further
apart, for cxample, as shown by the dotted lines that are spaced a closer distance dyg apart, to
adjust the relative size of the regions, PUp and PUgr. As shown in FIG. 19, operator thumb
and finger are spread apart a distance, dyy, which is greater than the distance between pylons
204 and 208. The operator thumb and finger are in contact, or in proximity, of the
touchscreen zones 203 and 209 and the diverging motion of the fingers read by the camera
in those zones generates a release signal, 1.¢. a “reach to release” signal of power unit 12. In
another example, camera 207 does not detect operator presence outside pylons 204 and 208,
t.e. in zones 203 and 209, and the switch 201 includes optional pylons 210 and 212 which
sense touch or proximity of operator along inside surfaces 214 and 216, respectfully, to
generate a park brake release signal to un-park the park brakes. In FIG. 20 the thumb and
finger are pinched together in {ront of camera 207 to generate a pinch signal, t.e. a “pinch to

park’ signal by the park brake switch 221 of the towed vehicle 14. Thumb 151 and finger
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152 can be in contact or near contact with each other within region TUp. zones 225 and 226,

and/or they can be in contact or near contact with a physical or virtual pylon if present.

FIG. 21 and FIG. 22 illustrates two views of the same interface module 240 having a park
brake switch 241 that can be used to operate the park brakes for both the power unit 12
(FIG. 1) and the towed unit 14 (FIG.1). The gesture switch 241 shown in FIG. 21 and FIG.
22 includes camera 207 and window 242 divided into four general regions TUg, TUp, PUp,
and PUg having zones 243, 245, 247 and 249 of for interpreting the hand gestures of
operator as described above. In FIG. 21 the operator’s thumb and finger are in the “reach to
release” position and the reach signal is generated to activate the park brakes in the release
or un-park position. The gesture switch 241is activated by the gesture position of the
hand/fingers, or in another example, by operator contact with optional pylons 250 and 252
along surfaces 254 and 256, respectively. Pylons 250 and 252 can include sensors or
pressure pads, 260, 262 (shown in phantom). In FIG. 22 the operator’s thumb 150 1s
contact, or near contact, with finger 152 to generate a pinch signal to activate parking brake
of both power unit 12 (FIG.1) and towed vehicle 14 (FIG. 1). Accordingly, in oue exarple,
as the operator pinches fingers together within zones TUp and PUp, a signal will be
generated to activate the park brakes of both the power unit 12 and the towed unit 14 in the
park mode. If only one of the thaomb or finger is “pinched” toward virtual pylon 246, for

cxample, then only one of the power unit and the towed unit 18 activated for park.

{0068] Vehicle 10 can include two interface modules described above, in any
combination and arranged, for example, horizontally or vertically (FIG. 10}, where one
interface module controls the power unit and a second interface module controls the towed
anit. In such case, a pinch motion of the fingers nside physical or virtual pylons will signal
actuation of the park brakes and a release motion in which the fingers are outside physical

or virtual pylons will signal a release of the park brakes,

{08691  FIG. 23 and FIG. 24 are flowcharts depicting methods of electronic park brake
control of a vehicle power unit 12 (FIG. 1) or control of a vehicle towed unit 14 (FIG. 1),

according to an example of the present invention. Electronic park brake contro} of the
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vehicle power unit 12 and the vehicle towed unit 14 can be operated independently relative
to one anocther from the park brake mput module 20 (FIG. 1) and the park brake switch
device, including any of the park brake switch devices, i.e. the variety of actuation, sensor

and gesture park brake switches described above.

{00701 The blocks represent functions, actions and/or events performed. It will be
appreciated that electronic and software systems involve dynamic and flexible processes
such that the illustrated blocks, and described seguences can be performed in different
sequences than shown. It will also be appreciated that elements embodied as software may
be implemented using various programming approaches such as machine language,
procedural, object-oriented or artificial inteHigence techniques, and some or all of the

software can be embodied as part of a device's operating system.

{0071]  With reference to FIG. 23, implementation of the method 300 includes using the
control logic 38 (FIG. 1} of the park brake controller 22 (FIG. 1), and optionally, the control
logic of one or more additional vehicle controllers, for example, at least one of vehicle
dynamics controller 24 (FIG. 1) of service brake system 18, and towed unit dynamics

controller 48, for example.

{08721 The method 300 for independently controlling a park brake of a power unit or a
towed unit begins at step 301, In step 302, which is optional, the park brake controller 22
checks the status of the vehicle and determines whether the status is approved at optional
step 304, I status is not approved, feedback from the park brake controller and/or other
controllers or devices in the vehicle 15 generated at box 306 and the logic repeats until status
is approved. Status checks can relate to one or more of several functions of the vehicle and
include, but are not limited to, vehicle safety interlocks, for example, 1ignition status, motion
state {e.g. vehicle speed), driver occupancy, and door status {e.g. open or closed), etc. As
described above, feedback can be provided by means including, but not limited to, visual,
auditory and tactile feedback, for example, a feedback device 64 (FIG. 2) of interface

module 20 which can be a light that turns on when status is not approved.
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{00731 H no faults are detected in the vehicle system and status is approved, the park
brake controller 22 can receive a parking brake request at box 308 via port 28 (FIG. 1) when
the operator activates the park brake switch device of the vehicle power unit 12 or the
vehicle towed unit 14, Activation of the park brake switch can be performed by the operator
activating the park brake switch device, for example, activating at least one of an actuator
switch device, a sensor switch device, and a gesture switch device, of the park brake
interface module. That 1s, the park brake swiich device generates a signal and the park
brake controller 22 receives a request for change in the park brake status of the vehicle
power unit or the vehicle towed unit. More specifically, in an example in which an activator
switch 1s used, a first park brake switch device 50 (FIG. 2) having an actuation member 60
is moved toward a target member, {for example a pylon or a second switch, in a convergent
motion to place the park brake switch device in a “pinch to park” position to create a pinch
signal, i.e. a park brake apply signal. Alternatively the actuation member 60 is moved in a
divergent motion to place the switch in a “reach to release” position to create a reach signal,
t.e. a brake release or un-park signal. In optional step 309 the method of controlling
includes generating feedback that the park brake switch has been activated. Feedback can
he provided via {eedback device 63 (FIG. 23 which can be ap indicator Hight that 1s blinks

when a requested for change of status of the park brake has been made.

{0074] It should be understood that the park brake controller 22 can receive the parking
control request {rom another controller, such as vehicle dynamics controller 24, via the port
32 or from an off-vehicle source {(not shown). In another example, the control logic 38 of
park brake controlier 22 can independently determine that the vehicle should be parked or
released. The independent determination may be based on factors such as emergency or
undesired movement of the vehicle {e.g. vehicle rolls down a hill during a service brake
application). After the parking brake actuation request is received by the control logic 38,

the method proceeds to step 310.

{00751 Instep 310, the control logic 38 of the park brake controller 22 transiuts a
parking brake status change signal to the park brake of power unit 12 or the park brake of

towed unit 14 in response to the parking brake actuation request. The park brake controller
23
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22 wransmits the parking brake control message via port 32 using the communication paths
30 or 40 to the park brakes 21 of power unit or park brakes 45 of towed unit. In one
example, the commanication paths 30 and 40 are a hard-wired serial communications bus.
In another example, the communication paths 30 and 40 are the wireless path wherein the
park brake controller 22 uses the antenna module (not shown} to transmit messages. The

method proceeds to step 312,

{00761 Instep 312 a determination is made in the control logic 38 of the park brake
controller 22 whether a changed status of the park brakes was achieved. If the coutrol logic
3% determines that the changed statas of the park brake was not achieved then feedback is
generated as an optional step as depicted at box 314, A feedback device, for example,
feedback device 64 (FIG. 2) of park brake interface module 20, generates {eedback that the
change in status of the park brake has not been achicved and the logic returns to the
heginning at step 301, H the control logic 38 determines that the status of the park brake has
been achieved, then different feedback is generated as an optional step as depicted at box
316. For example, feedback device 64 of park brake interface module 20 can generate
feedback that the status of the park break has been achieved. Several possible forms of
feedback can be generated, for example, feedback device 64 can be a warning light that
turns on and/or blinks when the change in status has not been achieved and which remains
off or turns off when the change in status has been achieved. In another example, feedback
device 63 (FIG. 2) can be a brake light on the interface module and can blink when a request
for change in status has been made and can remain blinking when the light when the change
in status has not been achieved. The blinking light can transition fully on or off when the
change in status has been successfully achieved for “brake-apply” or for “brake release,”

respectively.

{00771 FIG. 24 1s a flowchart depicting an example method 400 for electronically
controlling the park brakes of a vehicle by activating both the park brake switch of a vehicle
power unit 12 (FIG. 1) and the park brake switch of the towed vehicle 14 (FIG. 1). The
method 400 begins at step 401 and includes using the control logic 38 (FI1G. 1) of the park

brake controller 22 (F1G. 1), and optionally, the control logic of one or more additional
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vehicle controllers, for example, at least one of vehicle dynamics controlier 24 (FIG. 1) of
service brake system 18, and towed unit dynamics controller 48, for example. The control
of the park brake of the power unit 12 and the towed unit 14 are independent, although
actuation of the park brake switch of power unit 12 in the “pinch to park” position to signal
the brake apply mode of the park brakes also overrides the park brakes of the towed unit 14

to the brake apply mode.

{00781  Instep 402 which is an optional step, control logic 38 of the park brake controller
22 checks the status of the vehicle and determines whether the status 1s approved at 404, I
status is not approved, feedback from the park brake controlier and/or other controllers or
devices in the vehicle is generated at box 406 and the logic repeats until status is approved.
Status checks can relate to one or more of several functions of the vehicle as described

above for step 304 of method 300.

{0079] I no fanits are detected in the vehicle system and status is approved, the park
brake controller 22 can receive a parking brake request at box 408 for the park brakes of
vehicle power unit 12 and also a parking brake request at box 410 for the park brakes of the
vehicle towed unit 14. This activation step can be done by the operator by activating both
park brake switch devices, for example, simultaneously, or moments within one another, for
example within 3 seconds or less. The park brake swiich devices generate a pinch or release
signal and the park brake controller 22 receives a request for change in the park brake status
of the vehicle power unit and the vehicle towed unit. In optional steps 412 and 414 the
method of controlling includes generating feedback that the park brake switches have been
activated. The park brake controller 22 can receive the parking control request from another
controller, such as vehicle dynamics controller 24, via the port 32 or from an off-vehicle
source {not shown). In another example, the control logic 38 of park brake controller 22 can

independently determine that the vehicle should be parked or released.

{00861 Instep 416, the control logic 38 determines whether a request for the park mode
has been made for power unit 12. If a “pinch to park” request for the park mode has been

made for power unit 12 then the logic moves to step 418 and the controller transmits a park
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signal to the park brakes of both the power unit 12 and the towed unit 14, At step 420 the
controller determines whether the whether the changed status of the park brakes was
achieved. I the control logic 38 determines that the status of the park brake has been
achieved, then feedback device of park brake interface module 20 generates feedback that
the status of the park break has been achieved at step 422, If the control logic 38determines
that the changed status of the park brakes was not achieved then a feedback device of park
brake interface module 20 generates feedback that the status of the park brake has not been

achieved, as depicted at step 424 and the logic returns to the beginning at step 401.

{60811 I at step 416 the controller logic 38 determines that a “pinch to park” request for
the park mode has not been made for power unit 12, then the logic moves to step 426 where
it determines whether a request for the park mode has been made for the towed unit 14, Ifa
“pinch to park” request for the park mode of the towed unit 14 has been made, then the logic
proceeds to step 428 and the controller transmils a park signal to the park brakes of the
towed unit 14 and transmits a release signal to the park brakes of the power unit 12. At step
430 the countrolier determives whether the whether the changed status of the park brakes was
achieved. H the control logic 38 determines that the status of the park brake has been
achieved, then feedback device of park brake interface module 20 generates feedback that
the status of the park brakes has been achieved at step 432. I the control logic 38
determinges that the changed status of the park brakes was not achieved then a feedback
device of park brake interface module 20 generates feedback that the status of the park
brake has not been achieved, as depicted at step 434 and the logic returns to the beginning at

step 401.

{60821 I at step 426 the controller logic 38 determines that a “pinch to park’™ request for
the park mode has not been made for towed unit 14, then the logic moves to step 436 where
the controller transmits a release signal to the park brakes of both the power unit 12 and the
towed unit 14. At step 438 the controlier determines whether the whether the changed
status of the park brakes was achieved. If the control logic 38 determines that the status of
the park brakes has been achieved, then feedback device of park brake interface module 20
generates feedback that the status of the park brakes has been achieved at step 440. I the
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control logic 38 determines that the changed status of the park brakes was not achieved then
a feedback device of park brake interface module 20 generates feedback that the status of
the park brake has not been achieved, as depicted at step 442 and the logic returns o the

beginning at step 401.

{6083] In accordance with another example of the present invention, FIG. 25 presents a
perspective view Ulustration of a park brake interface module 500 which includes park
brake switch devices 502 and 504, which are actuator switch devices. As shown, park brake
switch devices are at least partially housed by front panel 506, housing 508, and base 510
which can be separate components or each of which may be combined in various integrated
arrangements. Park brake interface module 500 can be mounted into a dashboard of a
vehicle as shown in FIGS. 9-12, for example dashboard 94. In another example, park brake
interface module 500 can include a single park brake switch device rather than two as

shown 1n FIG. 25,

{6084] The park brake switch devices 302 and 504 include actuation members S12 and
514, each also known as an “actuation button” which is movable and engaged by an
operator or driver o apply or release the park brake for a vehicle, for example park brakes
for a tractor vehicle, a trailer vehicle, or both. The general shape of the actuation buttons
512 and 514 is generally substantially squarc as shown, although the actuation buttons can
have an alternative shape, for example, round, triangular, rectangular, etc. Actuation
buttons 512 and 514 optionally include outer frame 515 and 516 which trim the perimeter of
the buttons. Park brake switch devices 302 and 504 each include an electromechanical
switch 517 and 518, respectively, connected to the actuation buttons. Each actuation bution
includes housing, such as, housing 520 of actuation button 512 and housing 521 of actuation
button 514. Top wall 522 of housing 520 extends over at least a portion of
clectromechanical switch 517 and top wall 523 of housing 521 extends over at least a
portion of electromechanical switch 518. The perspective view of FIG. 25 reveals a finger
pad 526 along at least a portion of the back side of the actuator button 514 and opposite

front panel 506 which extends downward {rom actuator button housing 521 to the base 528
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of actuator button 514. The operator can place one or more fingers on finger pad 526 to
pull the activation button away from front panel 506 of interface module 500, for example

toward the operator during operation.

f8085]  Front surfaces 532, 534, of actuation butions 512 and 514 shown in FIG. 25 are
oriented in the same plane and are substantially paraliel to the front panel 506 of park brake
interface module. Front surfaces 532 and 534 are surrounded by frames 515 and 516
optionally include indicia 535 and 536, for example, which are molded into the actoator
buttons or printed directly on surface of actuator button or onto a label. For example,
indicia 535 indicates that actuation button 312 on the left is for operator control of the air
supply (i.e. air purge} for the parking brake of a towed vehicle unit, such as a trailer, and
indicia 536 indicates that acteation mernber 514 on the right is operator coutrol of the
parking brake of tractor unit. The front surface of the actuation buttons 512 and 514 can
optionally include projected arcas 537 and 538, respectively, along bottom of frames 515
and 516 to make it easier {or an operator or driver to push the bottom portion of the
activation button toward {ront panel 506 of interface module 500 in a direction away from

the operator during operation.

{00861  Park brake switch devices 502 and 5304 can include electromechanical switches
that are two-position swiiches, three-position switches, or combinations thereof. The
exaruple park brake switch device of FIG. 25 shows actuation mernbers or actuation buttons
512 and 514 in a neutral position of a three-position switch. In the neutral position as
shown the housing walls 522 and 523 of the actuation members 512 and 514 are located a
distance dp; from a reference point such as {ront panel 506, or in another example, covers
524 and 525 of electromechanical switches 517 and 518, Finger pad 526 is located a
distance dy; from the same reference points, front panel 506 and switch covers 525 and 526.
In the example as shown, the front surface 532 of actuation member 512 and the front
surfaces 534 of actuation member 514 lies in the sarme plane and both are substantially

parallel to {front panel 506.
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{0087]  In another example of the present invention, park brake interface moduale 500
includes at least one feedback device 542, 543, 544, and 545 to provide information to the
driver or operator. For example, the feedback devices of actuation member 512 include at
least one or at least two lenses, for example lenses 542 and 543, and the feedback devices of
actuation mermber 514 can include at least one or at least two lenses, for example lenses 544
and 545, The lenses 544 and 545 focus light to provide a feedback signal to indicate the
status of the park brakes of power unit 12 (FIG. 1), towed unit 14 (FIG. 1). Feedback
devices that are indicator lights can light op or be in the “on” mode when the park brakes
are applied, whereas no light is emitied from the lenses when the park brakes are in the
“oft” mode, for example. As discussed above with respect {o the variety of example park
brake interface modules described above (e.g. park brake interface modules 20, 65, 500), a
feedback device 542, 543, 544, and 545 can also provide a feedback signal in response to a
change in state of the park brake switch devices 517 and 518, the park brakes 21 and 45
(F1G. 1), or both. Feedback device can also indicate warning messages regarding any faulty
tssue with the park brake or any of the systems in the vehicle. The feedback messages that
usc light are visual, however, feedback can also be provided via sound, haptic, or other
visual messages to the operator. FIG. 26 15 a front view dlustration of the same park brake
interface module 500 shown in FIG. 25 with the actuation buttons 512 and 514 in the
neutral position. A close up view of actuation buttons 512 and 513 shows the projected
areas 537 and 538 can optionally include concave surfaces 540 and 541which can allow for
improved gripping of the actuation button by the operator, for example when the actuation

button is pushed.

{(G088] FHG. 27 shows the front view of park brake interface module 500 with park brake
switch device 504 in the “brake-apply” state. The housing wall 523 of actnation member
514 1s moved toward the front panel 506 and/or cover 525 of electromechanical switch 518,
either of which can be considered a “target member” and the actuation member 504 isina
park brake apply oode. Wall 523 of housing 521 of actuation merober 514 15 located a
distance d;3 from front panel which is proximate front panel 506 and cover 525 of switch

518. Distance dy3 1s less than distance dyy (FIG. 25) in the neutral position. Housing wall
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523 of the swiich device is moved closer to the panel 506 and cover 525, in a “pinch” mode
relative to targets, in order to apply the parking brake. At the same time, the {inger pad 526
of the actuation button 514 15 distal to frount panel 506 and provides the driver a sense of a
“pull” motion in applying the park brake. Finger pad 526 of actuation member 514 is distal
to front panel 506 and located a distance dyy from front pancl, where distance dy4 is greater
than distance dyz which is the distance between {inger pad 526 and front panel 506 or swiich
cover 325 shown in the neutral position (FIG. 25). Also, dis, the distance between housing
wall 523 to front panel 506 or cover 525 of switch 518 is less than distance dyy, the distance

between finger pad 526, for example at base 528, of actuation member 514.

{6089] FIG. 28 shows the front view of park brake interface module 500 with park brake
switch device 502 in the neutral position and park brake switch device 504 in the park brake
release mode. The top wall 523 of housing 521 of actuation member 514 is moved away
from the front panel 506 and/or cover 525 of electromechanical switch 518, or in other
words away from these “target members” or points of reference, such that actuation member
504 is in a park brake release mode. Housing wall 523 of actuation member 514 is distal to
front panel 506 and located a distance dys from {ront panel and cover 525 of
electromechanical switch 518 or from switch cover 525, where distance dy5 is less than
distance d; shown in the vewotral position (FIG. 25) and also less than dy3 shown in the
“brake-apply” state (FIG. 27). As housing wall 523 of the switch device is moved further
away {rom the panel to apply the parking brake, at the same time, the finger pad 526 of
actuation buiton 514 is moved toward the panel 506. Activation of the actuation bution in
the release mode can be accomplished by a “push” motion, for example in pushing
protrusion 338 toward front panel 506 to release the park brake. Finger pad 526 of
actuation member 514 is proximate to front panel 506 and located a distance di¢ {from front
panel, where distance dig 15 less than distance dys of finger pad 526 in the neutral position
(FIG. 25). The distance dis which is the distance between housing wall 523 to front panel
506 or cover 325 of switch 518 1s greater than distance dyg, the distance between finger pad

526, for example at base 528, of actuation member 514.
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{00901  With reference to FIGS. 25-28, in another example, the park brake interface
module 500 includes at least one feedback device, for example lenses, 542, 543, of actuation
member 512, and lenses 544 and 545 of actuation member 514, Light pipe 546 provides
light to lens 545 for a visual form of feedback. As discussed above with respect to
alternative examples, a feedback device can also provide a feedback signal in response to a
change in state of the park brake swiich device, the park brakes, or both. For example
feedback device 545 can indicate whether the park brake of power unit 12 has been actuated
by the driver. In another example, park brake interface module can optionally include a
second feedback device 545 that can indicate something different than feedback device 544.
For example, feedback devices can indicate whether or not an operator requested a change
of status of the park brake. In another example, feedback device can be a light that blinks
during the lag time between the operator’s request for change and the actual change 1o status
of the park brakes. Feedback device can also indicate warning messages regarding any
faulty issue with the park brake or any of the systems in the vehicle. The feedback

messages can be visual, or haptic, or provided via sound to the operator.

{30911  In another example, the park brake interface module 500 shown i FIGS. 25
through FIG. 28 can include at least one actuator member that is pivotally mounted to
electromechanical switch. FIG. 28 shows that actuation button 514 includes arm 548 that
extends rearward from the actuation button toward both switch 518 and panel 506. Pin 549
connects arm 348 to swilch 518 and arm and actuation button can pivot about the pin to
move the actuation button 514 between the park brake apply mode (FIG. 27) and park brake

release mode (FIG. 28).

[0092] FIGS. 29 and 30 are side and top view iHustrations of a park brake interface
module of FIGS. 25 through 28 Hlustrating the park brake switch devices in a neutral state
and illustrating light pipes 546, 552, 554 and 556 which extend from front panel 506 to
actuation butions. The side view 1llustration of FIG. 29 shows that [inger pad 526 having a
length L extends downward from housing 521 of actuator button 514. The length L can

vary as desired to provide adequate surface for fingers of an operator or driver. Front
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surface of the actuation button 514 can optionally include a projected area 538 which has a
thickness, t, that can vary depending upon the area desired for proper grip of the {front
surface of actuator button 514, {or exarople when the actuator button 514 is pushed toward
front panel 506 or switch cover 525 in activating the park brake release mode. The top view
of park brake interface module 500 reveal additional light pipes 552, 554 and 556 that direct
light toward lenses 544, 543 and 542, respectively (FIGS. 25-28). The top view of park
brake interface module 500 also shows that base 510 has brackets 560 and 562 that receive

hinges 564 and 566 of housing 508. Also, housing and base are connected by fastener 567.

[6093] FIGS. 31 and 32 are cross-sectional side view and perspective view illustrations
taken across lines 31-31 of the park brake interface module FIG. 30 with the park brake
switch devices shown in a neutral state, according {o an exarople of the present invention.
The cross-section views of FIGS. 31 and 32 show several internal components of the park
brake interface module 500, and particularly the internal components of park brake switch
device 504. Inside housing 521 of actuator button 514 includes an arm 568 which rotates
about pin 569 when the actuation button 514 is moved between the park brake “apply” and
the park brake “release” modes. Spring 570 provides a bias or resistance for the arm to
apply pressure against detent 571 of cover 525 of the electromechanical switch 518. Printed
circutt board 572 provide the logic 35 (FIG. 1) associated with park brake controller 20
(F1G. 1) as an interface between park brake input module and park brakes 21 of power unit

12, and optionally, park brakes 45 of towed unit 14,

{0094] FIG. 33 is an exploded perspective view of the park brake interface module of
FIGS. 28 through 32 ilustrating the internal components, according an example of the
present invention. Park brake switch device 502 and 504 include clectromechanical
switches 517, 518. In one example the switches include least one sensor inchuding, but not
Hmited to, magnetic sensors, capacitive sensors, induciive sonsors, resistive sensors, and
combinations thereot, Inside housing 508 of interface module 500, light pipes 546, 552,
554 and 556 are in line with L-shaped light pipes 581, 583, 585 and 587 which are

connected to the assembly via fasteners 588, for example screws. The rear of actuator

32



WO 2019/060292 PCT/US2018/051495

button 514 shows a light pipe 590 which is disconnected yet substantially aligned with lens
544 (FIGS. 25-32), or alternatively, light pipe 590 is the rear portion of lens 544. The light
from the LED on the Printed Circuit Board 572 15 transmatied through the “L” shaped light
pipes 581, 583, 585 and 587 and thru the light pipes 546, 552, 554, 556. In an example
embodiment there is a small gap between the end of light pipes 581, 583, 585 and 587 and
light pipe 590. In another example, the end of light pipe 590 has an arcuate shape which
allows the actuation button 514 to change positions between the park brake apply mode and
the park brake release mode while also maintaining the gap between light pipes 590 and
light pipe 544 and allows the light to exit to the front of the actuation button 514 with the
swilch at any position, {or example along its pivot arc when the actuation button 1s pivotally
mounted {o the electromechanical switch 518, The electromechanical switches 517 and 518
are connected to circuit board 572 (FIGS. 31 and 32) via electrical connectors, for example
connector 592 attached to ribbon cable 594 and connector 596 which is attached to ribbon
cable 596. Electromechanical switches 517 and 518 are secured to actuation buttons 512,

514 at another end of the switches, respectively.

{0095]  FIGS. 34 and 35 are top and botiom perspective view illustrations of a park brake
interface module 600, according to another example embodiment of the present invention
and illustrating a single actuation button. Park brake interface module 600 includes park
brake switch device 602, front panel 606, housing 608, and base 610. Actuation member or
actuation button 612 has a front surface that includes an outer {rame 615. Park brake switch
device 602 includes an electromechanical switch 617 connected to the actuation button 612.
Actoation button includes housing, such as, housing 620 and top wall 622 of housing 620
extends over at least a portion of electromechanical switch 617. Actuator button 612
includes a {inger pad 626 along at least a portion of the back side of the actuator bution 612
and opposite inside panel 606 and on the opposite surface from front surface 632 and indicia
635 of actuation button 612. Finger pad 626 extends downward {rom actuator bution
housing 620 to the base near protraded area 638 of actuator button 612, As in the examples

shown in FIGS. 25-33 the operator can place onc or more fingers on finger pad 626 to pull

(]
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the activation button away {rom front panel 606 of interface module 600 or a dashboard, for

example toward the operator during operation.

{0096] Feedback device 640 extends across at least a portion of front panel 606 above
actuation button 612. Feedback device 640 provides a signal that includes but is not limited
to a visual signal, an auditory signal and a haptic signal. Feedback device 640 also serves as
a “target member” described 1o several embodiments herein, according to the present
invention. For example wall 622 of housing 620 of actuation button 612 can be moved
toward the feedback device 640 in a park brake apply mode or a “pinch to park” mode, and
can be moved away from feedback device 640 in a park brake release mode. The bottom
perspective view of FIG. 35 shows connector 641 which electrically connects park brake
interface module to the coniroller of the vehicle (FIG.1). In another example park brake
module 600 can inchude an actuator member that is pivotally mounted to electromechanical
switch. FIG. 34 shows that actuation button 612 includes arm 643 that extends rearward
from the actuation button toward both switch 617 and panel 606. Pin 644 connects arm 643
to switch 617 such that arm and actuation bution can pivot about the pin to move the
actuation button 612 between the park brake apply mode and park brake release mode in the
same manner as shown in FIGS. 27 and 28 with respect to actuation button 514 of park

brake interface module 500.

{06097] FIG. 3615 a top view of the park brake interface module 600 and shows the
teedback device 640 extends outward beyond the {rout panel 606 and that the actuator
button 612 extends farther outward beyond both front panel 606 and the feedback device
640. FIG. 37 is a cross-sectional view of the park brake interface module 600 taken along
the lines 37-37 of FIG. 36. The finger pad 626 of actuation button 612 optionally incindes a
concave surface for a positive grip. The cross-section illustrates internal components of the
actuator bution 612 and switch 617. Cover 622 of switch 617 includes detent 645 for
receiving arm 648 which rotates about pin 649 when the actuation bution 612 is moved
between the park brake “apply” and the park brake “release” modes. Spring 656 provides a
bias or resistance for the arm 648 to apply pressure against detent 645 of cover 622 of the

clectromechanical switch 617. Electromechanical switch 617 and ribbon cable 652 are
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connected to printed circuit board 650 which provides the logic 35 (FIG. 1) associated with
park brake controller 20 (FIG. 1) as an interface between park brake input module and park

brakes 21 of power unit 12, and optionally, park brakes 45 of towed unit 14.

[G098] FHGS. 38 and 39 are top and bottom perspective view illustrations of a park brake
interface module 660, according to another example embodiment of the present invention.
Park brake interface module 660 includes two park brake switch devices 602 and 662, Park
brake switch device 662 includes actuator button 664 and electromechanical switch 663
having a cover 670. Actuation button or member 664 imcludes linger pad 674. Feedback
device 675 extends at least partially across front panel 606 such that it extends above both
actuation members 612 and 664. FIG. 39 shows the connectors 680 associated with second

park brake switch device 662.

{009%9]  FIG. 40 1s a top view of the park brake interface module 600 and shows the
feedback extends beyond the front panel 606 and that the actuator button 612 extends
further beyond the feedback device. FIG. 41 is a cross-sectional view of the park brake
interface module 600 taken along the lines 37-37 of FIG. 36. The cross-section illustrates
internal components of the actuator button 612 and electromechanical button as described

above with respect to FIG. 37 illustrating a single park brake switch device.

{00100] In any of the foregoing exarmples, park brake interface modules 500, 600, and 660
are electrically connected to park brake coniroller 22 (FIG. 1). For example controller
receives an electronic signal from park brake switch devices to indicate a park brake apply
mode or a park brake release mode. Park brake coniroller 22 transmits the parking brake
control message via port 32 using the communication paths 30 and 40 to the park brakes 21
and 45. In one example, the communication path 38 is a hard-wired serial communications
bus. In another example, the communication path 38 is the wireless path wherein the park

brake controller 22 uses the antenna module (not shown) to transmit messages.

{00161] A method for applying a vehicle park brake of a vehicle includes moving an
actuation member of a park brake switch device, for example park brake switch devices, for

exaraple park brake switch devices 517, 518, 602, and 662 toward a target member of the a

il
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park brake interface module and generating a pinch signal to apply the vehicle park brake.
The vehicle park brake is in the brake apply mode when the actuation member is proximate
the target member. Example methods of applying the park brake of a vehicle having park
brake interface modules 500, 600 and 660 are described above in reference to FIGS. 23 and

24.

{06162] While the present invention has been illustrated by the description of
embodiments thereof, and while the embodiments have been described in considerable
detail, it is not the intention of the applicants to restrict or in any way limit the scope of the
appended claims to such detail. Additional advantages and modifications will readily
appear to those skilled in the art. Therefore, the invention, in its broader aspects, is not
timited to the specific details, the representative apparatus, and illustrative examples shown
and described. Accordingly, departures may be made from such details without departing

from the spirit or scope of the applicant’s general inventive concept.
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What s claimed is:

I. A park brake nterface module for a vebicle, comprising:

a park brake switch device comprising an electromechanical switch and an actuation
member mounted to the electromechanical swiich;

wherein the actoation member comprises a front surface and a finger pad opposite the
front surface; and

wherein the actuation member is movable between a brake apply position and a brake
release position.
2. The park brake interface module of claim 1, wherein the actuation member is

pivotally mounted to the electromechanical swiich,

3 The park brake interface module of claim |, wherein the actuation member comprises
a housing comprising a wall which extends from the front surface of the actuation member
toward the clectromechanical switch; and

the wall of the housing s oriented proximate {o the electromechanical swilch and the

vehicle park brake switch device is in a brake-apply mode.

4. The park brake interface module of claim 1, wherein the actuation member comprises
a wall extending from the front surface toward the eleciromechanical switch;
wherein the wall 1s distal to the electromechanical switch and the vehicle park brake

switch device 1s 1n a brake-release mode,

5. The park brake interface module of claim 1, further comprising a second park brake

switch device.

6. The park brake interface module of claim 1, comprisiog:

a {ront panel;
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wherein the acteabion member comprises a housing coroprising a wall which exiends
from the front surface of the actnation member;

wherein the distance between the wall and the froot panel 15 less than the distance
between the finger pad and the front panel in a park brake apply mode; and

wherein the distance between the wall and the front panel is greater than the distance

between the finger pad and the front panel in the park brake release mode.

7. The park brake terflace module of claim 1, wherein the park brake switch device s a

two-position switch or a three-position switch.

8. The park brake interface module of claim 1, wherein af least a portion of the actuation
rember is capable of being pulled away frowm a front panel of the mierface module or a
dashboard to place the vehicle in the park brake apply mode, and wherein the actnation
meinber is capable of being pushed toward the front panel of the interface module or a

dashboard to place the vehicle in the park brake release mod.

Q. The park brake joterface module of claim 1, wherein the park brake switch device
comprises at least one sensor selected from the group of! magnetic sensors, capacitive

sensors, inductive sensors, resistive sensors, and combinations thereof.

10, The park brake interface module of claim 1, comprising a feedback device that

provides feedback as to the state of a park brake of the velicle.

11 The park brake interface module of claim 10, wherein the feedback device provides

feedback indicating at least one of a park-apply mode and a park-release mode.

12, The park brake interface module of claim1 1, wherein the feedback provided is af least

one of: a visual signal, an auditory signal and a baptic sigoal.
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13 The park brake interface modale of claim 1, comprisiog a Hght lens on the frount

surface of the actuation member to provide feedback regarding the state of the park brake.

14, The park brake interface module of claim1, comprising a light pipe that extends to the

housing of the actuation merber,

15. The park brake interface module of claim 1, comprising a controlier in electrical
communication with the park brake switch device, wherein the controller electronically
receives a signal from the park brake switch device to indicate a park brake apply mode ora

park brake release mode.

16, A park brake system for a vehicle comprising:

a park brake;

a park brake interface module comprising an actuation member and a rocans for
electronically activating the vehicle park brake 1n a park-apply mode 1o response to puiling

movernent of the actuation member,

17. A park brake system for a vehicle comprising:
a park brake;
a park brake interface module comprising vehicle park brake in the park apply mode.
a park brake switch device comprising an clectromechanical switch and an actuation
member mounied o the electromechanical switch; and

a controller in electrical communication with the electro mechanical switch.

18. 'The park brake system of claim 17, comprising a {eedback device that provides
feedback as to the state of the park brake, and the feedback device 18 located on the actuation

member.
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19, The park brake systero of claim 17, wherein the actuation member comprises a lens o
recetve light and the park brake interface module comprising a light pipe oriented (o

iHuominate the lens.

20. The park brake systern of claim 17, wherein:

the actuation member comprises a feedback device;

the actuation member pivots between a brake-apply position and a brake-release
position;

the actuation member comprises a front surface and a finger pad opposite the front
surface and a housing wall which extends from the front surface toward the
electromechanical switch; and

wherein the housing wall 1s proximate the electromechanical switch, the finger pad is
remote from the electromechanical switch, and the park brake switch device is in a park-

apply mode.
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