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(57) Abstract: A method, system and controller for controlling power supplied to a heating device of a window on a vehicle, com -
prising receiving information indicative of at least one parameter associated with operation of the vehicle, generating a power signal
at least in part on a basis of the information indicative of the at least one parameter and stored control logic, the power signal being
indicative of a power modulation level for power to be supplied to the heating device and transmitting the power signal to a power
regulator for causing power to be supplied to the heating device in accordance with the power modulation level.



APPARATUS AND METHOD FOR CONTROLLED
HEATING OF A VEHICLE WINDOW

Cross-Reference to Related Application(s)

[0001] This Intemmational PCT Patent Application relies for priority on U.S.
Provisional Patent Application Serial No. 62/040,487, filed on August 22, 2014.

Field of the Invention

[0002] The present invention concemns an apparatus and method for controlled
heating of a vehicle window. More specifically, the present invention concerns an apparatus
and a method for controlled heating of an aircraft window, such as a cabin window to

minimize fogging and ice formation on the window.

Background and Description of the Related Art

[0003] In many passenger vchicles that travel through different -climatic
environments, such as aircraft for example, condensation and/or ice may form on passenger
windows. Such condensation (or ice formation) on a window may prevent a passenger from
enjoying the view outside the window, and as such detract from the passenger’s enjoyment of
his/her travel experience.

[0004] There is currently a trend in passenger vehicles to move towards larger
windows that provide increased viewing surface for the passengers. As window sizes
increase, the chance of having condensation and/or ice formation also increases.

[0005] In the prior art, there are a number of examples of heating systems and
methodologies that are known for reducing the condensation of water or the formation of ice
on an aircraft window. For example, closed loop systems that provide a temperature sensor
associated with the window, such that power to a window heater is controlled directly on a
basis of the readings from the temperature sensor are known. However, such systems require
additional hardware and expense for the vehicle manufacturer.

[0006] Therefore, the known apparatus, methods, and systems for providing heat to

vehicle windows leave room for improvement.
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Summary of the Invention

[0007] The present invention addresses one or more of the deficiencies noted with
respect to the prior art.

[0008] In one contemplated embodiment, the present invention provides a method for
controlling power to a heating device on a vehicle that includes receiving at a controller
onboard the vehicle information indicative of at lcast one of truc air spced, calibrated air
speed, ground speed, Mach number, geographic altitude, pressure altitude, outside static air
temperature, outside total air temperature, outside recovery temperature, air density, cabin
temperature, outside air humidity, relative cabin air humidity, absolute cabin air humidity,
dew point, geographic location, time of day, time of year, day of year, ice detector status,
latitude, longitude, heading, angle of attack, flight phase, humidifier status, shower status
(on/off), solar load and general weather information, generating a power signal at least in part
on a basis of the information indicative of at least one environmental parameter, the power
signal being indicative of a manner for controlling power to the heating device, and
transmitting the power signal to a power regulator for causing power to be supplied to the
heating device in accordance with the power signal.

[0009] In another contemplated embodiment, the power signal is indicative of a
manner for modulating power to the heating device.

[0010] It is also contemplated that the power signal may be indicative of a power
modulation level for modulating power supplied to the heating device.

[0011] Alternatively, the power modulation level may be selected from a set of power
modulation levels.

[0012] Still further, the power signal may be indicative of a power duty cycle for
achieving the power modulation level.

[0013] For one additional contemplated embodiment, the power signal may be
indicative of an adjustment in power magnitude for achieving the power modulation level.
[0014] It is contemplated that the power modulation level may be selected from a set
of pre-defined power modulation levels.

[0015] It is further contemplated that the power modulation level may be selected
from values >0% and <100%. In a non-limiting example, the power modulation level may be
selected between 1% to 99% of available power.

[0016] In one contemplated embodiment, the heating device is a metallic layer.

[0017] In another contemplated embodiment, the heating device includes at least two

heating zones to which power is applied independently.

.



CA 02958406 2017-02-15

WO 2016/027184 PCT/IB2015/055698
[0018] In another contemplated embodiment, the heating device is for a window of
the vehicle.

[0019] The present invention also provides a controller for controlling power supplied

to a heating device on a vehicle. The controller includes an input for receiving information
indicative of at least one environmental parameter selected from a list that encompasses true
air spced, calibrated air speed, ground speed, Mach number, gecographic altitude, pressure
altitude, outside static air temperature, outside total air temperature, outside recovery
temperature, air density, cabin temperature, outside air humidity, relative cabin air humidity,
absolute cabin air humidity, dew point, gecographic location, time of day, time of ycar, day of
year, ice detector status, latitude, longitude, heading, angle of attack, flight phase, humidifier
status, shower status (on/off), solar load and general weather information, a processor for
generating a power signal at least in part on a basis of the information indicative of at least
one environmental parameter, the power signal being indicative of a manner for controlling
power to the heating device, and an output for transmitting the power signal to a power
regulator for causing power to be supplied to the heating device in accordance with the power
signal.

[0020] Still further, the present invention provides a system for controlling power
supplied to a heating device on a vehicle. The system includes a controller with an input for
receiving information indicative of at least one environmental parameter selected from true
air speed, calibrated air speed, ground speed, Mach number, geographic altitude, pressure
altitude, outside static air temperature, outside total air temperature, outside recovery
temperature, air density, cabin temperature, outside air humidity, relative cabin air humidity,
absolute cabin air humidity, dew point, geographic location, time of day, time of year, day of
year, ice detector status, latitude, longitude, heading, angle of attack, flight phase, humidifier
status, shower status (on/off), solar load and general weather information, a processor for
generating a power signal at least in part on a basis of the information indicative of a reading
of at least one environmental parameter, the power signal being indicative of a manner for
controlling power to the heating device, and an output for transmitting the power signal. The
system also includes a power regulator for receiving the power signal and causing power to
be supplied to the heating device in accordance with the power signal.

[0021] Another aspect of the present invention provides a method for controlling
power supplied to a heating device on a vehicle. Here, the method is contemplated to include
receiving at a controller onboard the vehicle information indicative of at least one parameter

associated with operation of the vehicle, generating at the controller a power signal at least in
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part on a basis of the information indicative of the at least one parameter and stored control
logic, the power signal being indicative of a power modulation level for power to be supplied
to the heating device, and transmitting the power signal to a power regulator for causing
power to be supplied to the heating device in accordance with the power modulation level.
[0022] With respect to this method, it is contemplated that the at least one parameter
may be sclected from truc air speed, calibrated air speed, ground speed, Mach number,
geographic altitude, pressure altitude, outside static air temperature, outside total air
temperature, outside recovery temperature, air density, cabin temperature, window
temperature, weight on wheels condition, outside air humidity, relative cabin air humidity,
absolute cabin air humidity, dew point, geographic location, time of day, time of year, day of
year, ice detector status, latitude, longitude, heading, angle of attack, flight phase, humidifier
status, shower status (on/off), solar load and general weather information.

[0023] In this method, the power signal may be indicative of a power duty cycle for
achieving the power modulation level, may be indicative of an adjustment in power
magnitude for achieving the power modulation level, may be selected from a set of pre-
defined power modulation levels, and/or may be selected from power modulation levels >0%
and <100%. In a non-limiting example, the power modulation level may be selected between
1% to 99% of available power.

[0024] The present invention also provides for a controller for controlling power
supplied to a heating device of a window on a vehicle. The controller includes an input for
receiving information indicative of at least one parameter associated with operation of the
vehicle, a processor for generating at the controller a power signal at least in part on a basis
of the information indicative of the at least one parameter and stored control logic, the power
signal being indicative of a power modulation level for power to be supplied to the heating
device, and an output for transmitting the power signal to a power regulator for causing
power to be supplied to the heating device in accordance with the power modulation level.
[0025] Next, the present invention provides a system for controlling power supplied
to a heating device on a vehicle. The system includes: (a) a controller with an input for
receiving information indicative of at least one parameter associated with operation of the
vehicle, a processor for generating at the controller a power signal at least in part on a basis
of the information indicative of the at least one parameter and stored control logic, the power
signal being indicative of a power modulation level for power to be supplied to the heating

device, an output for transmitting the power signal, and (b) a power regulator for receiving
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the power signal and causing power to be supplied to the heating device in accordance with
the power modulation level.

[0026] The present invention also provides for a method for controlling power to a
heating device on a vehicle. The method includes receiving at a controller information
indicative of at least two parameters selected from the list comprising: true air speed,
calibrated air speed, ground speed, geographic altitude, pressurc altitude, outside static air
temperature, outside total air temperature and outside recovery temperature, generating a
power signal at least in part on a basis of the information received, the power signal being
indicative of a manner for controlling power to the heating device, and causing power to be
supplied to the heating device in accordance with the power signal.

[0027] Further aspects of the present invention will be made apparent from the

paragraphs that follow.

Brief Description of the Drawing(s)

[0028] The present invention will now be described in connection with the drawing
appended hereto, in which:

[0029] Fig. 1 is a cross-section of a window for an aircraft constructed according to
the present invention;

[0030] Fig. 2 is a graphical, plan view of one window constructed according to one
contemplated embodiment of the present invention;

[0031] Fig. 3 is a graph illustrating an exemplary temperature-altitude envelope in
which an aircraft may operate;

[0032] Fig. 4 is a graph illustrating a power control plot according to one

contemplated mode of operation of the window heating system of the present invention;

[0033] Fig. 5 is a graphical illustration of a window heating system according to the
prior art;
[0034] Fig. 6 is a graphical illustration of one non-limiting embodiment of a window

heating system according to the present invention;

[0035] Fig. 7 is a flow chart illustrating one contemplated method of operation of a
window heating system according to the present invention;

[0036] Fig. 8 is a graphical illustration of a second non-limiting embodiment of a
window heating system according to the present invention;

[0037] Fig. 9 is a flow chart illustrating a second contemplated method of operation

of a window heating system according to the present invention;
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[0038] Fig. 10 is a flow chart illustrating a contemplated method of operation of the
window heating system; and
[0039] Fig. 11 is a graphical illustration of a further non-limiting embodiment of a

window heating system according to the present invention.

Dctailed Description of Embodiment(s) of the Invention

[0040] The present invention will now be described in connection with one or more
embodiments thercof. The discussion of the embodiments is not intended to be limiting of
the present invention. To the contrary, any discussion of embodiments is intended to
exemplify the breadth and scope of the present invention. As should be apparent to those
skilled in the art, variations and equivalents of the embodiment(s) described herein may be
employed without departing from the scope of the present invention. Those variations and
equivalents are intended to be encompassed by the scope of the present patent application.
[0041] The present invention will now be discussed in the context of the construction
of a jet aircraft with one or more jet engines. While the invention is discussed in this context,
the present invention is not intended to be limited solely to the construction of jet aircraft.
The present invention also is applicable to any other type of aircraft, as should be apparent to
those skilled in the art. In addition, while discussed in the context of aircraft, the present
invention is considered to be applicable to vehicles other than aircraft, such as trains, subway
cars and busses, among other possibilities.

[0042] In addition, the present invention will be discussed in the context of
controlling power to a heating device for a window of the aircraft. However, it is to be
understood that this invention may also be suitable for controlling the power to a heating
device for a fairing, such as an enhanced vision system (EVS) heater fairing, or to a lens on a
camera within the aircraft or vehicle.

[0043] Fig. 1 is a cross-section illustration of a window 10, particularly an aircraft
cabin window 10, that is contemplated to be heated by a window heating system 104 (not
shown in Fig. 1) of the present invention.

[0044] Before describing the window heating system 104, a description of one or
more contemplated embodiments of the window 10 is first described.

[0045] The window 10 includes a frame 12. While the frame 12 may be constructed
from any suitable material, it is contemplated that the frame 12 will be made from a metal
alloy, such as an aluminum alloy. Alternatively, the frame 12 may be made from a composite

material, such as a carbon fiber composite material, among others.
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[0046] The frame 12 is contemplated to have a generally rectangular shape with
rounded corners. While this shape is contemplated for the window 10 described herein, the
frame 12 may have any shape without departing from the scope of the present invention.
[0047] The frame 12 surrounds an outer structural pane 14 and an inner structural
pane 16. In the illustrated embodiment, the outer pane 14 is separated from the inner
structural pane 16 by an interlayer 18, which may be made from a suitable material such as
polyurethane. Alternatively, the interlayer 18 may be made from other materials without
departing from the scope of the present invention. The structural panes 14, 16 also may be
scparated by an air gap without departing from the scope of the present invention.

[0048] The structural panes 14, 16 are contemplated to be made from acrylic.
Alternatively, the structural panes 14, 16 may be made from other transparent materials, such
as glass. Other alternative materials include, but are not limited to transparent composite
materials, ceramics, and laminates, for example.

[0049] Heat is provided to the window 10 by a heating device 20, which in the non-
limiting embodiment shown in Fig. 1 is a heating film 21. The heating device 20 may
comprise another means than a heating film 21 without departing from the scope of the
present invention. For example, heating device 20 may comprise a wire sandwiched between
the structural panes 14, 16, for example.

[0050] It is contemplated that the heating film 21 may be sandwiched between the
imterlayer 18 and the inner structural pane 16. In one embodiment, it is contemplated that the
heating film 21 may be made from a very thin metallic layer, such as a layer of gold, for
example. Alternatively, the heating film 21 may be made from indium tin oxide or any other
suitable material. The heating film 21, or heating device 20, does not need to be embedded
within the window 10. It is contemplated that the heating film 21 may be located on a
surface of the window 10, on a separate pane, or any other location where heat may be
provided to the window 10. In one embodiment, the heating film 21 is electrically powered
through two bus bars 22, 24.

[0051] It is contemplated that the window assembly 34 also includes outer and inner
completion panes 26, 28. The completion panes 26, 28 may be made of polycarbonate or any
other suitable material. A window shade may be inserted between and/or adjacent to the
completion panes 26, 28, as required or as desired.

[0052] With respect to the outer structural pane 14, it is noted that the exterior surface
30 may be provided with a suitable coating, such as an abrasion-resistant coating 32 or the

like. In addition, the exterior surface 30 of the outer structural pane 14 may be provided with
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a suitable reflective coating 32 or treatment to reduce the transmission of light through the
window 10.  As should be apparent to those skilled in the art, other coatings 32 and
trcatments may be applied to any of the surfaces of the outer structural panc 14, the inner
structural pane 16, the outer completion pane 26, the inner completion pane 28, the interlayer
18, a separate heater pane (not shown) or any other surface of the window assembly 34
without departing from the scope of the present invention.

[0053] As illustrated in Fig. 1, the inner structural pane 16 is disposed adjacent to the
outer completion pane 26. The inner structural pane 16 is separated from the outer
completion pane 26 by a gap 36 in the illustrated embodiment. The gap 36 is understood to
be filled with air. However, it is contemplated that the gap 36 may be filled with gases other
than air without departing from the scope of the present invention.

[0054] With respect to the gap 36, the gap 36 may have any size as may be required
or desired for a particular aircraft window 10. In other words, the distance between the inner
structural pane 16 and the outer completion pane 26 may differ from one construction of a
window 10 to another without departing from the scope of the present invention. In addition,
it is noted that the gap 36 need not be uniform over the entirety of the surface area of the
window 10. For example, it is contemplated that one or both of the inner structural pane 16
and/or the outer completion pane 26 may present a concave or a convex surface. As a result,
the gap 36 may not be uniform between the inner structural pane 16 and the outer completion
pane 26.

[0055] As also illustrated in Fig. 1, the outer completion pane 26 is disposed adjacent
to the inner completion pane 28. The outer completion pane 26 is separated from the inner
completion pane 28 by a gap 38 in the illustrated embodiment. The gap 38 is understood to
be filled with air. However, it is contemplated that the gap 38 may be filled with gases other
than air without departing from the scope of the present invention.

[0056] With respect to the gap 38, the gap 38 may have any size as may be required
or desired for a particular aircraft window 10. In other words, the distance between the outer
completion pane 26 and the inner completion pane 28 may differ from one construction to
another without departing from the scope of the present invention. In addition, it is noted that
the gap 38 need not be uniform over the entirety of the surface area of the window 10. For
example, it is contemplated that one or both of the outer completion pane 26 and/or the inner
completion pane 28 may present a concave or a convex surface. As a result, the gap 38 may

not be uniform between the outer completion pane 26 and the inner completion pane 28.
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[0057] With continued reference to Fig. 1, the outer completion pane 26 and the inner
completion pane 28 are surrounded by a window reveal 40. The window reveal 40 is
contcmplated to be made of plastic.  As should be apparent to those skilled in the art, any
other suitable material may be employed for the window reveal 40 without departing from the
scope of the present invention.

[0058] The window 10 is contemplated to be held in place by the pressure within the
aircraft cabin. This kind of installation is commonly referred to as plug-type by those skilled
i the art. When no pressure gradient exists, the window 10 is held in place by retainer clips
42. Alternatively, the window 10 may be fixed by fasteners, screws, glue or any other means
without departing from the scope of the present invention.

[0059] The description of the construction of the window 10 in connection with Fig. 1
is not intended to be limiting of the present invention. For example, it is contemplated that
alternative constructions of the window 10 may include additional seals, frame elements, and
fasteners. The window assembly 34 also may be made of more or less structural panes,
interlayers, gaps, completion panes, heating films, or other subassemblies. The window 10 of
the present invention, therefore, is not contemplated to be limited to the embodiment
illustrated. To the contrary, the window 10 of the present invention is contemplated to
encompass a large variety of different constructions.

[0060] In the embodiment illustrated in Fig. 1, it is contemplated that the heating
device 20, which in the embodiment shown is the heating film 21, is distributed evenly across
the entire surface of the window 10. In alternative embodiments, it is contemplated that only
selected areas of the window 10 may be covered with the heating device 20.

[0061] In one contemplated embodiment, which is illustrated in Fig. 2. the heating
device 20 may be applied to the window 10 to establish heating zones 44, 46, 48, 50, 52, 54
with respect to the total surface area 56 of the window 10. Power may be applied to each of
the heating zones independently so that heat may be applied only to certain zones of the
window 10. As should be apparent to those skilled in the art, where separate heating zones
44, 46, 48, 50, 52, 54 are employed, the window 10 may include a larger or a fewer number
of zones without departing from the scope of the present invention. Moreover, the heating
zones 44, 46, 48, 50, 52, 54, 56 may be any shape or pattern without departing from the scope
of the present invention. With different heating zones 44, 46, 48, 50, 52, 54, it is
contemplated that the widow 10 may operate with a lower total power demand than instances

where the heating device 20 is applied across the total surface of the window 10.
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[0062] Fig. 3 provides a graphical plot of pressure altitude (in feet) (y-axis) versus the
outside air temperature (OAT) in °C (x-axis). The circumscribed zone represents typical
operational conditions for civilian aircratt. As should be apparent to those skilled in the art,
and as should be apparent from Fig. 3 the outside air temperature changes considerably with
altitude. Therefore, to maintain the window temperature within a predetermined range, the
power provided to the heating device 20 changes as a function of the outside air temperature
and/or the altitude.

[0063] Other parameters also influence the power requirement, as it will be discussed
below. The current embodiment is contemplated to provide temperature control within the
envelope presented by Fig. 3. The envelope presented by Fig. 3 is not contemplated to be
limited to the embodiment illustrated. To the contrary, the envelope applicable to the present
invention is contemplated to encompass a large variety of different altitudes and temperatures
for both civilian and military operation.

[0064] Referring back to Fig. 2, a heating system 104 is in communication with the
heating device 20 for controlling and/or modulating the power to the heating device 20 of the
window 10. As will be described in more detail below, the heating system 104 of the present
invention takes an open loop approach to controlling the heating of the window 10, which
takes into account environmental conditions both interior and exterior to the aircraft, such as
the OAT and the aircraft speed, to control the heating applied to the window 10.

[0065] Fig. 4 is an illustration of one contemplated power control plot 84 that may be
employed with respect to controlling and/or modulating the power to the heating device. The
shape of the power control plot 84 parallels the shape of the plot in Fig. 3. As used herein,
modulating the power refers to providing only a portion or percentage of the total possible
power available to the heating device over a period of time. This can be done by adjusting the
magnitude of the power or by controlling an on/off duty cycle during a recurring, relatively
short period of time. It is to be understood that power modulation does not include the binary
state of turning the power ON (100%) when Twindow < Tmin and turning the power OFF
(0%) when Twindow > Tmax.

[0066] The power control plot 84 of Fig. 4 illustrates six control zones 86, §8, 90, 92,
93, 94, each representing a different power modulation level that may be applied to the
heating device 20. Each of the control zones 86, 88, 90, 92, 93, 94 is associated with a
different level of power consumption, which are indicated as a percentage of the total power
to be applied by the heating system 104 to the heating device 20. In this manner, the heating

system 104 is able to modulate the power supplied to the heating device 20. The first control

10
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zone 86 refers to a region of the power control plot 84 where power is OFF (0%) for the
heating device 20. The second control zone 88 encompasses an area of the power control
plot where power is applied to the heating device 20 at 20% of the maximum. The third
control zone 90 encompasses an area of the power control plot where power is applied to the
heating device 20 at 40% of the maximum. The fourth control zone 92 encompasses an area
of the power control plot where power is applied to the heating device 20 at 60% of the
maximum. The fifth control zone 93 encompasses an area of the power control plot where
power is applied to the heating device 20 at 80% of the maximum. The sixth control zone 94
encompasses an arca of the power control plot where power is applied to the heating device
20 at 100% of the maximum. As indicated above, the power control plot 84 is merely one
contemplated arrangement for operation of the heating device 20 of the present invention.
The control plot 84 may have any number of possible power modulation levels and each zone
may be associated with any appropriate percentage of maximum power to be applied to the
heating device 20.

[0067] It is also to be understood that the control plot 84 is not limited to the OAT
and altitude parameters and may be associated with other parameters, including those
described further on below. It is also contemplated that the power modulation level may be
dynamically adjusted across the range of OAT, and not be divided into six discrete regions.
For example, the power modulation level may be changed for each degree, or partial degree,
of temperature change. Therefore, the power modulation level may comprise any power
level >0% and <100%. In a non-limiting example, the power modulation level may be
selected between 1% and 99% of available power.

[0068] Fig. 5 is a graphical overview of a window heating system 96 according to the
prior art that operates as a closed-loop system. The heating system 96 includes a temperature
sensor 98 that is in contact with a window 100. Temperature data from the temperature
sensor 98 is transmitted to a controller 102. The controller 102 then applies power to a
heating element in the window 100 responsive to the temperature data from the temperature
sensor 98. This prior art window heating system 96 is referred to as a closed-loop system
because the temperature of the window 100 is being controlled directly on a basis of
temperature data received from the window 100, such that there is direct feedback on the
temperature that is being controlled. It should also be understood that the prior art relies on
window temperature thresholds: power is 100% ON if Twindow < Tmin, and power is OFF
(0%) if Twindow > Tmax. There is no modulation of the power supplied to known heating

devices in the prior art.
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[0069] Fig. 6 illustrates one contemplated embodiment of the window heating system
104 according to the present invention. The heating system 104 controls the power supplied
to the heating device 20 of the cabin window 106 in accordance with an open-loop system.
More specifically, the open loop system takes into consideration environmental parameters
that do not provide a direct reading of the window temperature, in order to control power
supplied to the cabin window 106. In the non-limiting embodiment shown, the window
heating system 104 is in communication with a first sensor 108, a second sensor 110, and a
third sensor 112 that are contemplated to be associated with various respective environmental
parameters associated with the operation of the aircraft. It should, however, be appreciated
that the heating system 104 may be in communication with any number of sensors (including
a single sensor) 108, 110, 112 without departing from the present invention. It should also be
appreciated that the heating system 104 may not be in direct communication with each of the
sensors 108, 110, 112 but, instead, may receive readings from the sensors 108, 110, 112, via
other aircraft components, such as through the avionics suite, the cabin management system,
or the flight control computer, among other possibilities. The sensors may include any probe,
communication equipment or other device relaying inputs to the heating system 104, directly
or indirectly.

[0070] The sensors 108, 110, 112 may provide to the heating system 104 readings
associated with a variety of different environmental parameters, which could be
environmental parameters both internal and/or external to the aircraft. In the non-limiting
embodiment of Fig. 7, the first sensor 108 provides a reading of an air speed of the aircraft,
the second sensor 110 provides a measure of the out of aircraft temperature (OAT) and the
third sensor 112 provides a measure of the altitude of the aircraft. Still further sensors may be
employed as required or as desired. Examples of other environmental parameters that may be
used by the heating system 104 of the present invention include: speed (true air speed,
calibrated air speed, ground speed, Mach number), altitude (geographic, pressure), OAT
(static air temperature, total air temperature, recovery temperature), air density, cabin
temperature, weight on wheels condition, outside air humidity, cabin air humidity (relative
humidity, absolute humidity, dew point), geographic location (i.e. from GPS signal, or other
positioning signal), time of day, time of year, day of year, ice detector status, aircraft
management system (AMS) status, flight management system (FMS) status, cabin
management system (CMS) status, electrical system status, latitude, longitude, heading, angle
of attack, flight phase, manual control, humidifier status, shower status (on/off), solar load,

general weather information, etc.
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[0071] As shown in Fig. 6, the heating system 104 comprises a controller 116 and a
power regulator 118. The controller 116 comprises an input/output module 121, which
connects to a processor 120 that is in communication with a memory unit 122 for storing data
and/or program logic. The readings from the sensors 108, 110, 112 are received at the
input/output module 121 of the controller 116, and then passed to the processor 120 for
processing in accordance with program instructions and/or data stored in the memory unit
122. For example, the memory unit 122 may store a control plot, such as control plot 84
shown in Fig. 4, such that the processor 120 is able to generate a power signal for controlling
the power supplied to the heating device 20. A power signal command is output from the
imput/output module 121 of the controller 116. The power signal is transmitted to a power
regulator 118. The power regulator 118 then generates an electrical signal for control of the
heating device 20 of the window 106 at least in part on a basis of the power signal generated
by the controller 116. As noted above, heating of the window 106 is made possible by
application of power to the heating device 20, which may be in the form of the heating film
21, shown in Fig. 1.

[0072] The processor 120 may comprise one or more processors and computer-
readable memory(ies)/medium(ia) containing instructions readable and executable by the
processor 120. The processor 120 may for example, comprise or be part of one or more
digital computer(s) or other data processors or other suitably programmed or programmable
logic circuits. The processor 120 may comprise general purpose computer(s), special purpose
computer(s), or other programmable data processing apparatus, and may be configured for
use onboard the aircraft.

[0073] As should be apparent to those skilled in the art. the processor 120 that is part
of the heating system 104 of the present invention may generate output signals as a result of a
lookup operation, application of an algorithm to the input signals, or a combination of the
two. The present invention is not intended to be limited by the method employed to generate
an output signal from the input variables.

[0074] The memory unit 122 may comprise any combination of one or more suitable
computer readable medium(ia). The computer readable medium may be a non-transitory
computer readable storage medium. Such non-transitory computer readable storage medium
may comprise, for example, but not limited to, an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system, apparatus, or device, or any suitable
combination of the foregoing. More specific examples (a non-exhaustive list) of the computer

readable storage medium would include the following: an electrical connection having one or
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more wires, a portable computer diskette, a hard disk, a random access memory (RAM), a
read-only memory (ROM), an erasable programmable read-only memory (EPROM or Flash
memory), an optical fiber, a portable compact disc read-only memory (CD-ROM), an optical
storage device, a magnetic storage device, or any suitable combination of the foregoing. In
the context of this disclosure, a computer-readable storage medium may be any tangible
medium that can contain, or storc instructions for use by or in connection with an instruction
execution system, apparatus, or device such as the processor 120 described above.

[0075] As should be apparent to those skilled in the art, the sensors 108, 110, 112
may be connected to the Flight Management System (FMS), the aircraft management system
(“AMS?”), the cabin management system (CMS), or any other existing aircraft system that is
able to provide suitable environmental parameters, or other parameters, to the controller 116.
As such, the sensors 108, 110, 112 may provide operational input to the heating system 104
without receiving direct temperature information from the window 106.

[0076] As discussed above, it is noted that the example of the prior art illustrated in
Fig. 5 is referred to as a closed loop system. The heating system 104 of the present invention
is contemplated to be an open loop system.

[0077] Fig. 7 is a flow chart illustrating one contemplated method 206 for operation
of a window heating system, such as the window heating system 104, according to the
present invention. The method 206 starts at step 208. The method 206 proceeds from step
208 to step 210 where information is received at the controller 116 on board the vehicle
indicative of at least one environmental parameter selected from a list of environmental
parameters, such as the list set forth above. From step 210, the method 206 proceeds to step
212 where the controller 116 generates a power signal at least partially based on the
information indicative of the least one environmental parameter. From step 212, the method
206 proceeds to step 214 where the power signal is ransmitted to the power regulator 118 for
causing power to be supplied to the heating device in accordance with the power signal. The
method 206 ends at step 216.

[0078] As should be apparent from the foregoing, the method 206 may be modified to
include any number of additional steps without departing from the scope of the present
invention. For example, it is contemplated that the method 206 may include generating a
power signal that is indicative of a power modulation level (as will be described in more
detail below), thereby permitting the power to be supplied to the heating device according to
a plurality of power modulation levels. The power modulation levels may be equal or

unequal divisions of a range for the power signal.
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[0079] Fig. 8 is a graphical illustration of a further embodiment of a window heating
system 182 according to the present invention. This illustration provides additional details
consistent with an implementation of the heating system 182 being in an aircraft.

[0080] The sensors 108, 110 and 112 are represented in Fig. 8 by an Air Data System
Probes (ADSP), a cockpit command and a Cabin Management System (CMS) command. The
ADSP 108 provides three environmental parameters: Outside Air Temperature (OAT), True
Air Speed (TAS) and altitude. The cockpit command 110 has three modes: ON, OFF and
auto and the CMS command 112 has two modes: OFF and auto.

[0081] The inputs received from the ADSP 108, cockpit command 110 and CMS
command 112 are gathered and stored in the controller 116, which in the embodiment shown
includes a Data Concentrator Unit (DCU) 180 and an Electrical Data Management Unit
(EDMU) 182. The DCU 180 provides the environmental parameters used for the control
logic to the Electrical Data Management Unit (EDMU) 182. The EDMU 182 hosts the
control logic for processing the environmental parameters and processes the inputs from the
DCU 180 to calculate the required power in accordance with the control logic. The Electrical
Data Management Unit (EDMU) 182 then provides a power signal to a power regulator 118,
which in the figure shown is a Solid State Power Controller (SSPC) 166.

[0082] The heating system 182 is operative for modulating the power supplied to the
heating device 20 (not shown) and so the power signal issued by the EDMU 182 is a square
wave signal that commands the SSPC 166 (the power regulator 118) to modulate power to
the cabin windows 10. The SSPC 166 is essentially a switch that alternatively closes and
opens the circuit. In a non-limiting example where the signal has a periodicity of 10 seconds,
the modulation is achieved by a duty cycle that controls the ratio of time, within a short
recurring time period, that the circuit is closed and open. For instance, if the circuit in closed
(power ON) for 4 seconds and then opened (power OFF) for 6 seconds, the average duty
cycle achieved over the period of 10 seconds is 40%. Note that the period of the signal can
have any length, as long as the time period is small compared to the thermal time constant of
the window.

[0083] As previously described, the power regulator 118 (which is shown as an SSPC
166 in Fig. 10) provides power to the cabin windows 10. In the embodiment shown, six (6)
windows are constituted of three (3) parallel groups of two (2) windows in series. Note that
the windows 10 may be grouped in any numbers and organized in parallel and/or series

without departing from the scope of the invention.
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[0084] The avionic and electrical system architecture shown in Fig. 8 is also provided
with a protection relay 184 to prevent any risk of overheat in case of system malfunction. As
should be apparent to those skilled in the art, the heating system 182 may be further equipped
with any kind of device that would protect, test or monitor the heating system 182 without
departing from the scope on the present invention. Such devices can include, but are not
limited to: thermal fuse, clectrical fuse, protection relay, timer, Built-in test (BIT), Power-On
Built-In Test (PBIT), Initiated Built-In Test (IBIT), Continuous Built-In Test (CBIT),
ohmmeter, voltmeter, and ammeter.

[0085] As discussed above, the power control provided to the heating device 20 of the
cabin windows is based on an open loop concept that takes into consideration at least one
environmental parameter selected from one or more of the following: air speed, ground
speed, altitude, outside air temperature, cabin temperature, recovery temperature, weight on
wheels condition, outside air humidity, cabin air humidity, geographic location, time of day,
time of year, day of year, ice detector status, aircraft management system status, flight
management system status, cabin management system status, electrical system status,
latitude, longitude, heading, angle of attack, flight phase, manual control, humidifier status,
shower status, solar load, and general weather information.

[0086] As further described above, the heating system 104, 182 of the present
invention is further operative to modulate the power supplied to the heating device 20 of the
cabin windows 10. This modulation may be based on any parameter (such as window
temperature) as well as any of the environmental parameters described above. As indicated
above, modulating the power refers to providing only a portion or percentage of the total
possible power available to the heating device over a period of time. This can be done by
adjusting the magnitude of the power, or by controlling an on/off duty cycle during a
recurring, relatively short period of time.

[0087] As should be apparent from Fig. 4, for example, where OAT is employed as
one of the variables assessed by the processor 120 for operation of the heating device 20, the
operational range of temperatures is divided into six power modulation levels (or four power
modulation levels if 100% and 0% are not considered to be modulation levels). The six
power modulation levels correspond to the six modulation levels used to generate the power
signal for operation of the heating device 20. As should be apparent, the entire operational
range may be divided into a larger or a smaller number of power modulation levels for

operation of the heating system 104 of the present invention.
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[0088] With respect to the modulation levels for the power, it is noted that there are
several methodologies that may be employed. At 40% power, it is contemplated that power
at 40% of full intensity may be applied continuously to the heating device 20. Alternatively,
power may be applied at 100% for two fifths of the total heating time. In this second
example, the heating device 20 may be activated only 40% of the time, in short, recurring
intervals, rather than at 40% power.

[0089] In addition, the same logic applied to the OAT may be applied to any of the
variables that provide input to the controller 116 of the present invention. For example, if air
speed were used as a variable to determine the modulation level for the heating device 20, the
total air speed range for the aircraft may be divided into as many power modulation levels as
required or as desired. The power modulation applied to the heating device 20 of the cabin
windows 10 may then be matched to, or applied in accordance with, the different power
modulation levels.

[0090] As should be apparent, the different variables that may be provided to the
controller 116 are contemplated to provide an overview of the operational state of the aircraft
at any stage of operation. The plurality of variables may be divided into sub-ranges, as noted
above. The sub-ranges for the variables may be used to define two or more modulation levels
for the heating device 20 in the window 106.

[0091] It is noted that the power modulation levels need not be the same. In the
embodiment illustrated in Fig. 4, the levels span different temperature ranges (some a span of
20 °C and others a span of 40 °C, etc.). However, the power modulation levels may also span
across a temperature range uniformly. However, reliance on uniform sub-ranges is not
required to practice the present invention. The sub-ranges may differ from one another, as
required or as desired.

[0092] Separately, the power modulation levels may be evenly selected from 0% to
100%, and divided in increments of 20%. However, the modulation levels need not be
uniformly selected from 0% to 100%. To the contrary, for example, a first modulation level
(out of six) might result in application of 8.2% power, while a fourth modulation level (out of
six) might require application of 96.3% power to the heating device 20. The power
modulation levels may also vary across the y axis, which in Fig. 4 represents the Pressure
Altitude (ft).

[0093] It is noted that the ranges described herein are discussed in connection with
discrete power modulation levels. For example, with reference to Fig. 4, it is noted that if

OAT is anywhere between -40 °C and -20 °C at a Pressure Altitude of 30,000 ft, the
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modulation level is 40 %. It should however be understood that for purposes of the present
invention, it is contemplated that the power modulation levels may be dynamically adjusted
across the range of OAT or across the range of Pressure Altitude. For example, the
modulation level may be changed for each degree, or partial degree, of temperature change.
Still further, a precise modulation level may be calculated for each OAT such that the
modulation level is constantly changing based on the conditions associated with the operation
of the aircraft at any given moment in time.

[0094] Additionally, the heating system 104, 182 may be designed to make
adjustments to the heating device 20 based on anticipated, future conditions associated with
operation of the aircraft. For example, if the aircraft is ascending to a flight altitude of 40,000
feet, the controller 116 may adjust the power to the heating device 20 to accommodate the
final, anticipated flight conditions rather than making smaller adjustments during the
transition to the cruising altitude.

[0095] As noted above, there are several methodologies that may be employed to
achieve the various power modulation levels. At 40% power, it is contemplated that power at
40% of full intensity may be applied continuously to the heating device 20. Alternatively,
power may be applied at 100% for two fifths of a recurring heating time. In this second
example, the heating device 20 may be activated only 40% of a short recurring time period,
rather than at 50% power. Note that the period of power activation can have any length, as
long as the time period is small compared to the thermal time constant of the window.

[0096] For purposes of the present invention, it is noted that the cyclic application of
power may be used. Since the heating device 20 is applied to glass or acrylic (in certain
contemplated embodiments), both of which have a low transmission of heat, it is
contemplated that the glass or acrylic will retain the heat for a period of time. As a result, it
is contemplated that it may not be necessary to have a constant heating pattern. A cyclic
pattern of, for example, 5 seconds of heating following by 5 seconds without heating, may be
employed.

[0097] Shown in Fig. 9 is a flow chart illustrating one contemplated method 298 for
operation of a window heating system, such as the window heating system 104, 182,
according to the present invention. The method 298 starts at step 300. The method 298
proceeds from step 300 to step 302 where information is received at the controller 116
indicative of at least one parameter associated with operation of the vehicle. From step 302,
the method 298 proceeds to step 304 where the controller 116 generates a power signal at

least partially based on the information indicative of the least one parameter. The power
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signal is indicative of a power modulation level for power to be supplied to the heating device
20. From step 304, the method 298 proceeds to step 306 where the power signal is
transmitted to the power regulator 118 for causing power to be supplied to the heating device
in accordance with the power modulation level. The method 298 ends at step 308.

[0098] In this contemplated embodiment, the method 298 may include the steps of
receiving a window temperature signal from a window temperature sensor and generating the
power modulation level based in part on at least the window temperature signal. As noted,
other parameters also may be employed by the method 298.

[0099] Fig. 10 illustrates onec contemplated non-limiting control logic 172 for
operation of the window heating system 182 of the present invention described with respect
to Fig 8 and using the control plot of Fig. 4. The first part 174 of the control logic 172
processes the command from the cockpit. If the cockpit commands to turn OFF the heating
device 20, then the power, or power modulation level, is set to 0%. If the cockpit commands
to turn ON the heating device 20 (mostly for test procedure), then the power, or power
modulation level, is set to 100%.

[00100] If the cockpit commands to put the heating system 182 in auto mode, then the
second part 176 of the control logic 172 processes the command from the Cabin Management
System (CMS), which is contemplated to be activated by the customer or flight attendant. If
the CMS commands to turn OFF the heating device 20, then the power, or power modulation
level, is set to 0%.

[00101] If the CMS commands to put the heating system 182 in auto mode, then then
third part 178 of the logic 172 evaluates if the aircraft is in ground or flight operation. If the
true air speed (TAS) is greater than 100 knots, then the aircraft is considered in flight and the
fifth part 182 of the control logic 172 is processed. If the TAS is lower or equal to 100 knots,
then the aircraft is considered on ground and the fourth part 180 of the control logic 172 is
processed.

[00102] During ground operation 180, if the OAT is greater than 10°C, then the power,
or power modulation level, is set to 0%. Otherwise, if the OAT is greater than -20°C, then the
power, or power modulation level, is set to 20%. Otherwise, if the OAT is greater than -40°C,
then the power, or power modulation level, is set to 40%. Otherwise, the power, or power
modulation level, is set to 60%.

[00103] During flight operation 182, if the OAT is greater than 20°C, then the the
power, or power modulation level, is set to 0%. Otherwise, if the OAT is greater than 0°C,

then the power, or power modulation level, is set to 20%. Otherwise, if the OAT is greater
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than -10°C AND the altitude is greater than 10,000ft, then the power, or power modulation
level, is set to 20%. Otherwise, if the OAT is greater than -20°C, then the power, or power
modulation level, is set to 40%. Otherwisc, if the OAT is greater than -30°C AND the altitude
is greater than 15,000ft, then the power, or power modulation level, is set to 40%. Otherwise,
if the OAT is greater than -40°C AND the altitude is greater than 30’000ft, then the power, or
power modulation level, is set to 40%. Otherwise, if the OAT is greater than -40°C, then the
power, or power modulation level, is set to 60%. Otherwise, if the OAT is greater than -50°C
AND the altitude is greater than 15,000ft, then the power, or power modulation level, is set to
60%. Otherwise, if the OAT is greater than -60°C AND the altitude is greater than 45°000ft,
then the power, or power modulation level, is set to 60%. Otherwise, if the OAT is greater
than -70°C, then the power, or power modulation level, is set to 80%. Otherwise, the power,
or power modulation level, is set to 100%. Note that the fifth part 182 of the control logic 172
related to the flight operation can be directly derived from a power control plot, such as the
one shown in Fig. 4.

[00104] As should be apparent from the foregoing, the amount (or magnitude) of
power may be varied without departing from the scope of the present invention. Moreover,
the power, or power modulation level, for adjusting the temperature of the cabin window 10
may be altered without departing from the scope of the present invention.

[00105] Although in the above example, OAT is the parameter described, it should be
appreciated that with respect to the present invention, and as indicated above, the parameters
detected by the sensors 108, 110, 112 that are used to control the power, or power modulation
level, supplied to the heating device 20 of the windows 10 may include, but are not limited to,
parameters such as true air speed, calibrated air speed, ground speed, Mach number,
geographic altitude, pressure altitude, outside static air temperature, outside total air
temperature, outside recovery temperature, air density, cabin temperature, outside air
humidity, relative cabin air humidity, absolute cabin air humidity, dew point, geographic
location, time of day, time of year, day of year, ice detector status, latitude, longitude,
heading, angle of attack, flight phase, humidifier status, shower status (on/off), solar load and
general weather information. In addition, these parameters are contemplated to be provided
via the flight management system onboard the aircraft. At least one of these variables is
required, but the present invention contemplates reliance on at least two of the variables: (1)
air speed or pressure altitude, and (2) outside air temperature.

[00106] Fig. 11 is a graphical illustration of a further embodiment of the present

invention, wherein the heating system 104 can be used as a back-up system to provide
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redundancy for a more traditional window heating system 186. As illustrated, the traditional
heating system 186 is modified in Fig. 11 to accommodate the heating system 104 as a
backup system. The window system 186 also includes a temperature sensor 192 that is
operated in association with the window 106.

[00107] The backup heating system 104 is connected to a discriminator 188. The
discriminator 188 also receives data from a controller 190 that is connected to the
temperature sensor 192.

[00108] It is contemplated that the discriminator 188 will allow power to be provided
to the heating device 20 in the cabin window 106 under normal operating conditions. If there
is a failure in the normal mode of operation, power will be applied to the heating device 20 in
the cabin window 106 according to the operational parameters associated with the logic in the
processor controller 116, which has been described in detail above.

[00109] It is also contemplated that the backup system 104 is the primary system and
the loop associated with the temperature sensor 192 is relied upon as the backup system.
[00110] Still further, it is contemplated that the window heating system 104 operates in
cooperation with the temperature sensor 192. In this arrangement, the window temperature
signal generated by the window temperature sensor 192 becomes an additional variable for
calculating the power, or power modulation level, applied to the heating device 20.

[00111] In a specific non-limiting example, power modulation via a duty cycle could
be controlled via mechanical means, such as a set of cams or gear-like mechanisms that
activate switches. A temperature input would select which cam/gear turns and the teeth pitch
on the gear may be a pre-determined duty cycle. There could be 1 gear/cam per duty cycle.
[00112] As noted above, the embodiment(s) described herein are intended to be
exemplary of the wide breadth of the present invention. Variations and equivalents of the
described embodiment(s) are intended to be encompassed by the present invention, as if

described herein.



CLAIMS

1.

A method for controlling power to a heating device on a vehicle, the method comprising:

receiving information indicative of altitude of the vehicle and outside air
temperature generating a signal at least in part on a basis of the information indicative of
the altitude of the vehicle and outside air temperature for controlling power to the heating

device in an open loop manner; and
causing power to be supplied to the heating device in accordance with the signal,

wherein adjustments to the heating device are based on an anticipated cruising

altitude of the vehicle.

The method of claim 1, wherein the signal is indicative of a manner for modulating

power to the heating device.

The method of claim 2, wherein the signal is indicative of a power modulation level for

modulating power supplied to the heating device.

The method of claim 3, wherein the power modulation level is selected from a set of

power modulation levels.

The method of claim 3, wherein the signal is indicative of a power duty cycle for

achieving the power modulation level.

The method of claim 3, wherein the signal is indicative of an adjustment in power

magnitude for achieving the power modulation level.

The method of claim 3, wherein the power modulation level is selected from a set of pre-

defined power modulation levels.

The method of claim 3, wherein the power modulation level is >0% and <100% of

available power.
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9. The method of any one of claims 1 to 8, wherein the heating device comprises a metallic

layer.

10. The method of any one of claims 1 to 9, wherein the heating device comprises at least

two heating zones to which power is applied independently.

11. The method of any one of claims 1 to 10, wherein the heating device is for a window on

the vehicle.

12. The method of claim 1, wherein the heating device comprises at least two heating zones
to which power can be applied independently, the at least two heating zones being

associated with a same window of the vehicle.

13. The method of claim 1, comprising receiving information indicative of an air speed
associated with the vehicle and generating the signal at least in part on a basis of the

information indicative of the air speed.

14. The method of claim 1, wherein the information indicative of the altitude of the vehicle

comprises a pressure altitude.

15. A controller for controlling power supplied to a heating device on a vehicle, the

controller comprising:

an input for receiving information indicative of altitude of the vehicle and outside

air temperature;

a processor for generating a signal at least in part on a basis of the information
indicative of the altitude of the vehicle and outside air temperature for controlling power

to the heating device in an open loop manner; and

an output for transmitting the signal to a power regulator for causing power to be

supplied to the heating device in accordance with the signal,

wherein adjustments to the heating device are based on an anticipated cruising

altitude of the vehicle.
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16. The controller of claim 15, wherein the processor is configured to generate the signal for
controlling at least two heating zones associated with a same window of the vehicle and

to which power can be applied independently.

17. The controller of claim 15, wherein the input is configured to receive information
indicative of an air speed associated with the vehicle and the processor is configured to

generate the signal at least in part on a basis of the information indicative of the air speed.

18. The controller of claim 15, wherein the information indicative of the altitude of the

vehicle comprises a pressure altitude.

19. A system for controlling power supplied to a heating device on a vehicle, the system
comprising:

a controller comprising:

an input for receiving information indicative of altitude of the vehicle and
outside air temperature a processor for generating a signal at least in part on a
basis of the information indicative of altitude of the vehicle and outside air
temperature for controlling power to the heating device in an open loop manner;

and
an output for transmitting the signal; and

a power regulator for receiving the signal and causing power to be supplied to the
heating device in accordance with the signal, wherein adjustments to the heating

device are based on an anticipated cruising altitude of the vehicle.

20. The system of claim 19, wherein the processor is configured to generate the signal for
controlling at least two heating zones associated with a same window of the vehicle and

to which power can be applied independently.

21. The system of claim 19, wherein the input is configured to receive information indicative
of an air speed associated with the vehicle and the processor is configured to generate the

signal at least in part on a basis of the information indicative of the air speed.
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22. The system of claim 19, wherein the information indicative of the altitude of the vehicle

comprises a pressure altitude.
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OF AT LEAST ONE ENVIRONMENTAL
PARAMETER SELECTED FROM THE
LIST COMPRISING: TRUE AIR SPEED,
CALIBRATED AR SPEED, GROUND SPEED,
MACH NUMBER, GEOGRAPHIC ALTITUDE,
PRESSURE ALTITUDE, OUTSIDE STATIC AR
TEMPERATURE, QUTSIDE TOTALAIR
TEMPERATURE, QUTSIDE RECOVERY
TEMPERATURE, AIR DENSITY, CABIN
TEMPERATURE, OUTSIDE AIR HUMIDITY,
RELATIVE CABIN AR HUMIDITY, ABSOLUTE
CABIN AIR HUMIDITY, DEW POINT,
GEOGRAPHIC LOCATION, TIME OF DAY, TIME
OF YEAR, DAY OF YEAR, ICE DETECTOR
STATUS, LATITUDE, LONGITUDE, HEADING,
ANGLE OF ATTACK, FLIGHT PHASE,
HUMIDIFIER STATUS, SHOWER STATUS
(ON/OFF), SOLAR LOAD AND GENERAL
WEATHER INFORMATION

w

GENERATE A POWER SIGNAL AT LEAST
IN PART ON ABASIS OF THE
INFORMATION INDICATIVE OF AT LEAST
ONE ENVIRONMENTAL PARAMETER

¥

2147

TRANSMIT THE POWER SIGNALTC A
POWER REGULATOR FOR CAUSING POWER
TO BE SUPPLIED TO THE HEATING DEVICE
IN ACCORDANCE W{TH THE POWER SIGNAL
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