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ABSTRACT

An electro-thermal wing ice protection solution controller for managing and controlling
electrical power generated to heat and de-ice the wing of an aircraft. The system is
comprised of a mumber of power control modules (PCMs) and at least one master control
unit (MCU). These elements can be stacked together and mounted into rack systems in
order to provide scalable organized power distribution for a wing de-icing and ice

protection system.
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ELECTROTHERMAL WING ICE PROTECTION SYSTEM

BACKGROUND OF THE INVENTION

. Field of the Invention

[0002] The present invention relates generally to a system for electrically heating and
de-icing the wing of an airplane, and more particularly to a system and method for providing
power and control through a wing de-icing system in an airplane using stackable, scalable

elements.

2. Description of the Related Art

[0003] Ice buildup on the wings of aircratt can cause flight delays and flight hazards.
Typical wing de-icing systems include multiple individual heating elements spaced about the
wing surface of the aircraft. These heating elements are typically powered by electricity.
Many aircraft have wing de-icing systems built into the craft, but often these systems are

inefficient or under-equipped for the aircraft into which they are installed.

[0004] Existing electro-thermal wing de-icing systems are less flexible, unreliable, and
inefficient. What is needed is a flexible, scalable, and reliable wing ice protection system

solution for the next generation of more electric aircraft.

[0006] Heretotore there has not been available an electrothermal wing ice protection

system with the features and elements of the present invention.
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BRIEF SUMMARY OF THE INVENTION

[0007] The present invention relates to an electro-thermal wing ice protection
solution controller for managing and controlling electrical power generated to heat
and de-ice the wing of an aircraft. The system is comprised of a number of power
control modules (PCMs) and at least one master control unit (MCU). These elements
can be stacked together and mounted into rack systems in order to provide scalable

organized power distribution for a wing de-icing and ice protection system.

[007a] In a broad aspect, the present invention provides an electro-thermal ice
protection system for an aircraft with an electrical power system, surfaces with
multiple heating zones each including multiple heating elements, which ice protection
system comprises: a master control unit (MCU) with an MCU processor, said MCU
being connected to said power system and said heating elements; said MCU being
adapted to be programmed to selectively energize said heating elements; said surfaces
including a pair of wings; multiple said heating zones interspaced throughout said
surface, each heating zone being associated with a respective heating element; a
plurality of power control modules (PCMs) connected to said MCU, said PCMs
including a PCM processor; each said PCM associated with at least one said heating
element; each said PCM selectively instructed by said MCU to provide power to said
associated heating element; a communication link facilitating communication between
said PCMs and said MCU; a microcontroller adapted to interface major functional
communication blocks communicating to and from said communication link: said
PCMs being functionally isolated from each other PCM such that the fault of one
PCM does not affect the operation of remaining non-faulted PCMs; each of said
multiple PCMs being capable of feeding electrical output to a heating zone on a wing
of an aircraft while simultaneously feeding electrical output to the complimentary
heating zone on an opposing wing of the aircraft whereby said pair of aircraft wings
are symmetrically heated; solid-state switching within each of said multiple PCMs
configured for proportional power control; a dithering function in said MCU for
increased control resolution of the proportional power control; said PCM solid-state

switching configured for implementing a zero-cross proportional power control
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scheme and reducing EMI emissions content and harmonic content; a generator
adapted to provide power to at least two of said multiple PCMs; a coordinated
synchronized power control scheme configured to minimize generator shock loads
when said at least two PCMs are instructed to switch simultaneously; said at least one
MCU including an MCU microcontroller; and wherein a hardware failsafe circuit is
used to rapidly detect and isolate selected fault conditions independently from said

microcontroller.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The drawings constitute a part of this specification and include

exemplary embodiments of the present invention illustrating various objects and

features thereof.

[0009] Fig. 1 1s a block diagram representing the scalable nature of an

embodiment of the present invention.

[0010] Fig. 2 1s an electrical schematic diagram of an embodiment of the present
invention.
[0011] F1g. 3 1s a detailed electrical schematic diagram of the controller system

architecture for an embodiment of the present invention.

[0012] Fig. 4 1s a detailed electrical schematic diagram of a power control

module element of an embodiment of the present invention.

[0013] Fig. 5 1s a detailed electrical schematic diagram of a master control unit

element of an embodiment of the present invention.

[0014] Fig. 6 1s a perspective view of an example embodiment of the present

Invention.
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[0015] Fig. 7 is a perspective view of a rack storage system for storing multiple
embodiments as shown 1n Fig. 6.
[0016} Fig, 8 is a table displaying a number of methods for organizing an

embodiment of the present invention, and a plan view of an aircraft displaying heating zones;

[0017] Fig. 9 is a table displaying the zero-cross proportional power control waves of

an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

I. Introduction and Environment
[0018] As required, detailed aspects of the present invention are disclosed herein,

bowever, it is to be understood that the disclosed aspects are merely exemplary of the
mvention, which may be embodied in various forms. Therefore, specific structural and
functional details disclosed herein are not to be interpreted as limiting, but merely as a basis
for the claims and as a representative basis for teaching one skilled in the art how to variously

employ the present invention in virtually any appropriately detailed structure.

[0019] Certain terminology will be used in the following description for convenience
I reference only and will not be limiting. For example, up, down, front, back, right and left
refer to the invention as orientated in the view being referred to. The words, “inwardly” and
“outwardly” refer to directions toward and away from, respectively, the geometric center of
the aspect being described and designated parts thereof. Forwardly and rearwardly are
generally in reference to the direction of travel, if appropriate. Said terminology will include

the words specifically mentioned, derivatives thereof and words of similar meaning.

[0020] An embodiment of the present invention is generally designed to interface
with an aircraft’s electrical and control systems to implement an “ice protection control law”
to control and operate the ice protection system which prevents ice from forming on the

aircraft’s wings.
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I1. Wing Ice Protection System 2

[0021] Referring to the drawings in more detail, the reference numeral 2 generally
indicates a wing ice protection system. This system is primarily comprised of a number of
power control modules (PCMs) 4 and at least one master control unit (MCU) 6. As shown in
Fig. 1, the PCMs 4 and MCU 6 can be stacked and scaled for aircraft of different size and
differing requirements, It should be noted that heating elements may be contained within
other surfaces of an aircraft, and the present invention is capable of energizing any heating

element located within the surface of an aircraft.

[0022] The PCMs 4 provide power to the individual heating zones located on the
wings of the aircraft (not shown). The PCM units are scalable, ideally in increments of 4
zones per line-replaceable unit (LRU), to accommodate any number of zones required for ice
protection. The PCMs 4 use a modern solid-state proportional control design to deliver the
exact amount of power needed, and only when desired or requested by the MCU 6. The solid
state design provides for high reliability and efficiency over conventional mechanical or
pneumatic systems. Each PCM 4 contains extensive built-in-test and the ability to provide
fault isolation in the event of critical controller or system failures without affecting the
remaming non-faulted zones, thus providing N + 1 redundancy and high system availability.
In addition, the PCM architecture embodies an asymmetric proof design to eliminate the

possibility of asymmetric icing failure conditions.

[0023] Each PCM 4 may be linked to a single heating zone or multiple heating zones.
The ice protection system 2 could be arranged such that each PCM feeds output to a single
heating zone on the right wing of an aircraft while also feeding output to the mirror-imaged
zone on the left wing. In the case of fault or failure of a single PCM, such an arrangement
would prevent asymmetrical heating which could destabilize the plane during flight.

[0024] The MCU 6 interfaces with the aircraft’s systems 7 and 1s responsible for
implementing the ice protection control law, The MCU can be used in dual redundant
arrangement as shown in Figs. 1-6, to provide for enhanced availability and to satisfy high-
level system safety requirements. Each MCU in a dual arrangement may be kept in separate

housings interfaced together, or the components may share a single housing.
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[0025] Each PCM and MCU contains a number of fault sensors, temperature sensors,
and other sensors for determining failure of a PCM or MCU and allowing redundant systems
to boot up. This ensures that the failure of a single PCM will not result in the failure of the

entire ice protection system 2.

[0026] Fig. 1 shows the scalability of the ice protection system 2, including a set of
four PCMs 4.1, 4.2, 4.3, 4.4, and a dual-redundant MCU set 6.1, 6.2, Figs. 2 and 3
demonstrate the wiring connections between these elements and how they are integrated into
the aircraft system. The first MCU 6.1 is directly connected to the ice detector via a first
connection 12.1, the ajr data system via a first conmection 14.1, and the maintenance
computer via a first connection 16.1, while the second MCU is also connected to the same
systems via secondary connections 12.2, 14.2, 16.2. This allows for redundant backup in the
instance of failure of the first MCU 6.1. The MCUs 6.1, 6.2 further feature a discrete

interface 10 for interfacing with the aircraft system, and an isolation interface § for
interfacing with the redundant MCU,

[0027] Fig. 3 shows the component makeup of the MCUs 6.1, 6.2 and the PCMs 4.1,

4.2,4.3, 4.4. Specifically, each MCU 6 includes a microcontroller 18, a power supply 20, a
bus interface 22, and an Aeronautical Radio, Inc. (ARINC) interface 24. This allows the
MCU to communicate directly with the aircraft’s built in system. The PCMs 4.1, 4.2, 4.3, 4.4

each also include a microcontroller 18 for communication with the rest of the system 2.

[0028] Fig. 4 1s a detailed schematic of a PCM 4, The PCM includes a temperature
sense switch 28 which allows the PCM to activate or deactivate the ice protection system

when the temperature sensor signal 26 from the wing is received by the PCM microcontroller
18.

[0029] Fig. § is a detailed schematic of an MCU 6, showing the connections between
the MCU and the aircraft’s systems 7.

III.  Physical Embodiment of Ice Protection System 2

[0030] Fig. 6 shows an embodiment of the ice protection system 2 defined in detail
above, as it would be stored. Each PCM 4 and MCU 6 are stored in a housing, The housing
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will be highly resistant to temperature, shock, and corrosion. Each housing includes a

transport handle 30, ventilation screen 32, and fasteners 34 for bolting the housing to a
storage rack or other storage means, and indicator LEDs 36 for providing information to

users or technicians monitoring the system 2.

[0031] As stated above, the PCM 4 and MCU 6 stack typically includes 4 PCM
devices and one or two MCUSs. These “stacks™ can be mounted into a rack unit 38 as shown
in Fig. 7 to service larger aircraft. Although Fig. 7 shows a large rack cabinet, the present
invention could be in the form of a centralized card replaceable rack unit or other rack

assembly. Views of these organizational structures can be seen at Fig. 8.

[0032] Fig. 9 displays a test sample of the zero-cross proportional power control from

an embodiment of the present invention.

[0033] It is to be understood that the invention can be embodied in various forms, and
is not to be limited to the examples discussed above. The range of components and
configurations which can be utilized in the practice of the present invention is virtually

unlimited.
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CLAIMS

Having this described the invention, what is claimed as new and desired

to be secured by Letters Patent is:

. An electro-thermal ice protection system for an aircraft with an electrical
power system, surfaces with multiple heating zones each including multiple heating elements,
which ice protection system comprises:

a master control unit (MCU) with an MCU processor, said MCU being connected to
sald power system and said heating elements;

sald MCU being adapted to be programmed to selectively energize said heating
elements;

said surfaces including a pair of wings;

multiple said heating zones interspaced throughout said surface, each heating zone
being associated with a respective heating element;

a plurality of power control modules (PCMs) connected to said MCU, said PCMs
including a PCM processor;

each said PCM associated with at least one said heating element;

each said PCM selectively instructed by said MCU to provide power to said associated
heating element;

a communication link facilitating communication between said PCMs and said MCU:

a microcontroller adapted to interface major functional communication blocks
communicating to and from said communication link;

said PCMs being functionally isolated from each other PCM such that the fault of one
PCM does not attect the operation of remaining non-faulted PCMs;

each of said multiple PCMs being capable of feeding electrical output to a heating zone
on a wing ot an aircraft while simultaneously feeding electrical output to the
complimentary heating zone on an opposing wing of the aircraft whereby said
pair of aircraft wings are symmetrically heated;

solid-state switching within each of said muitiple PCMs configured for proportional

power control;
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a dithering function in said MCU for increased control resolution of the proportional

power control;

said PCM solid-state switching configured for implementing a zero-cross proportional
power control scheme and reducing EMI emissions content and harmonic
content;

a generator adapted to provide power to at least two of said multiple PCMs;

a coordinated synchronized power control scheme configured to minimize generator
shock loads when said at least two PCMs are instructed to switch simultaneously;

said at least one MCU including an MCU microcontroller; and

wherein a hardware tailsate circuit 1s used to rapidly detect and isolate selected fault

conditions independently from said microcontroller.

2. The system according to claim 1, wherein said plurality of PCMs comprise

modular elements which may stack or scale to accommodate aircraft of varying sizes.

3. The system according to claim 1, wherein said at least one MCU is

enclosed in a single housing.

4. The system according to claim 1, further comprising:
a first MCU and a second MCU:; and

wherein said first and second MCUSs comprise a dual redundant design such that said

second MCU is capable of activating upon the failure of said first MCU.

>. The system according to claim 4, wherein said first and second MCUSs are

enclosed 1n a single housing.

6. The system according to claim 4, further comprising:
wherein said first MCU is enclosed in a first housing; and

wherein said second MCU i1s enclosed in a second housing.

7. The system according to claim 1, wherein said PCMs and MCU are

arranged using a rack mount form factor.
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8. The system according to claim 1, wherein said PCMs and MCU are

arranged using a card replaceable form factor.

9. The system according to claim 1, wherein said microcontroller is used to

provide fault diagnostics and reporting of major functional blocks within said control unit.

10. The system according to claim 1, wherein desaturation detection in the

solid state switch of the PCM is used to detect and i1solate fault conditions.

11. The system according to claim 1, wherein said PCM solid-state switch

device temperature is monitored to detect and 1solate fault conditions.

12. The system according to claim 1, further comprising:
a delta-configured load is used in conjunction with a non-standard solid-state switch
architecture; and

wherein said solid switch state results in reduced power dissipation.

13. The system according to claim 1, wherein zone synchronization is

provided through an interface connecting said multiple PCMs to said at least one MCU.

14. The system according to claim 1, further comprising:
a current sensor capable of measuring current with a settling time less than three AC

cycles.

5. The system according to claim 1, further comprising:
a zone current sensor capable of measuring and reporting average current, imbalance

current, and peak current.

16. The system according to claim 1, further comprising:
a zone current sensor capable of detecting peak currents within a period of 10 micro-
seconds or less; and
wherein said zone current sensor is further capable of reporting fault detection and

isolation based upon said peak currents.
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17. The system according to claim 1, further comprising:

a voltage sensor adapted to measure and report the magnitude of supply voltage.

8. The system according to claim 17, wherein said voltage is monitored at
one or more of the times included in the list comprising:
on the input; between the i1solation relay and solid-state switch; or after the solid state

switch.

19. The system according to claim 17, wherein one or more of the voltage

sensor circuits are able to measure voltage with a settling time on the order of three AC

cycles or less.

20. The system according to claim 1, further comprising a composite heatsink

construction adapted to provide thermal management and to reduce weight.

21. The system according to claim 1, further comprising:
wherein said multiple PCMs are arranged into multiple PCM zones; and
wherein a plurality of input pins electronically encode a unique zone ID for each PCM

Z0Nc.

22. The system according to claim 21 wherein parity is used to detect zone ID

errors resulting from wiring errors or hardware failures.

23. The system according to claim 21, wherein the Hamming method is used

to detect zone [D errors resulting from wiring errors or hardware failures.

24. The system according to claim 1, further comprising:
built-in test circuitry capable of providing fault detection of major functional blocks

within said control unit.



CA 02778024 2012-05-23

/ i

FIG. 1



CA 02778024 2012-05-23

0

[ i Vi ) )
' N | LN | 1% BN Y
oo e (e ) (R

N -4 s :

¥ o et 2 & =
2m 2?2 e 2% ew BY ew BB
LRU 1

LRU 2 LRU 3 LRU 4 19 1
14.1

l

1l

Y \
. L T
| ;. ‘
v 1 ]
L |
ol 'y - . n
I | d
: . 2 -
1 L | -. -
' | Y j - -
l' l. ,
[ ‘-
vl . A !
v1al) i
, \ i ‘AW
A L e q |
g 13t ! ' '
. ‘ \ | I '.|
' k I'l '’ ; "
. . = ' |
X X . I o
. ' i ; .
I. r

)
' A:-| - C (VI Ll - - a R -1 . -
RAYA | a1 H-u'-l‘il‘_-:L‘ -:i‘-ll‘-::.-. '
NS N IS |\ — . — L AR | . ‘
'1\""‘\-&“ b3 — U V. . -

R A SR Y | ———— A Y —p—— — ——“-—nm"“—-.“'—'—_—_—-"_

Al
8§ ool



CA 02778024 2012-05-23

Izolation Relay (EIR) Switch, Pawar, Sol Slate

lll_ B
ll-l‘i- ]

ftiolvti rtfl*’#t’

QNNHOQ H*Ht.ft

Fig. 4

L 28V DC ===

12.1
14.1

16 Meinleparnce computsrno ] &

18

| No. Bus :
12. 2 Microcontroller

FIg. 5




CA 02778024 2012-05-23




CA 02778024 2012-05-23




CA 02778024 2012-05-23

4 PCM’s +2 MCU’s 4 PCM’s + BA IMA

*E*NEW BASELINE***

4 PCM’s + 1 MCU

.“--. Al AW AN D N T T il T N
o o = & - W . = - e w =fe

PCM X4 | PCM X4

ety | ovidr Al ol =5 JRE B AL
i .

Distributed Satellite
Configuration

Centralized Card
Replaceable Rack Unit

A
-

-
| Y l.
._':
.- .
Jasp :
)

0
-l
..‘
h' -

L ]
- \-,
h““‘- ¥

k- .-l"](r‘
r_!_'-c b,

P R

1
- , -

-~

o
yr

[l
| ] et
_'n.‘[ e
J31
R IR
- .
LT Rl B g L

=
o
gt







	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - abstract drawing

