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VEHICLE SURFACE CLEANING AND DE-ICING
REFERENCE TO RELATED APPLICATIONS

Reference is made to U.S. Provisional Patent Application Serial No.

. 60/728,651, filed October 19, 2005 and entitled “RF Interface for Heated Windshield

Washing System,” U.S. Provisional Patent Application Serial No. 60/741,211, filed
November 30, 2005 and entitled “Vehicle Heated Liquid Washing System” and U.S.
Provisional Patent Application Serial No. 60/843,782, filed September 11, 2006 and
entitled “Vehicle Surface Cleaning & De-Icing” the disclosures of which are hereby
incorporated by reference and pﬁority of which are hereby claimed pursuant to 37 CFR
1.78(a) (4) and (5)(1).

Reference is made to applicant's copending PCT Application Serial No.
PCT/IL2005/00179 filed February 11, 2005, the disclosure of which is hereby
incorporated by reference.

Reference is made to applicant's copending U.S. Patent Application
Serial No. 10/700,141 filed November 3, 2003, the disclosure of which is hereby
incorporated by reference. Reference is made to applicant's copending U.S. Patent
Application Serial No. 11/203,779 filed August 15, 2005, the disclosure of which is
hereby incorporated by reference.

Reference is made to applicant's copending U.S. Patent Application
Serial No. 10/477,486 filed June 21, 2004, the disclosure of which is hereby
incorporated by reference. Reference is made to applicant's copending U.S. Patent
Application Serial No. 11/531,979 filed April 20, 2005, the disclosure of which is

hereby incorporated by reference.-
FIELD OF THE INVENTION

The present invention relates generally to apparatus and methods for

cleanjng or de-icing vehicle elements.
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BACKGROUND OF THE INVENTION

The following publications are believed to represent the current state of
the art:

U.S. Patents: 653,629; 1,636,190; 2,607,944; 3,202,447, 3,203,447,
3,319,801; 3,332,045; 3,446,942; 3,427,675; 3,475,588; 3,632,042; 3,524,044,
3,537,900; 3,643,193; 3,711,679; 3,716,886; 3,747,500, 3,888,412; 3,977,436;
3,979,068; 4,090,668; 4,088,269; 4,106,508; 4,159,026; 4,212,425; 4,253,493,
4295111; 4,306,589; 4,403,765; 4,489,863; 4,508,957, 4,524,797, 4,534,539,
4,561,632 4,574,841; 4,616,780; 4,638,525, 4,690,371; 4,815,662; 4,834,289,
4.877,186; 4,832,262; 4,922,570, 4,946,009; 5,012,977, 5,034,714; 5,118,040,
5,134,266; 5,141,157; 5,141,160; 5,173,586; 5,203,049, 5,254,083; 5,271,120,
5,318,071; 5,345,968; 5,351,934; 5,354,965; 5,383,247, 5,423,486, 5,467,522
5,509,606; 5,561,882; 5,636,407, 5,650,080; 5,673,360, 5,711,486; 5,711,487,
5,727,769; 5,762,278; | 5,784,751; 5,823,439; 5,881,428; 5,903,953; 5,927,608;
5,944,910; 5,947,348; 5,957,384; 5,965,950; 5,979,796; 5,988,523; 5,988,529;
6,008,474; 6,024,803; 6,029,908; 6,032,324; 6,050,503; 6,082,632; 6,133,546;
6,164,564; - 6,155,493; 6,199,587, 6,220,524; 6,223,951; 6,236,019, 6,330,497;
6,257,500; 6,281,649; 6,286,174; 6,615,438; 6,669,109; 6,892,417 and 7,108,754.

Published PCT Applications: WO 2005/076735, WO 2004/035358, WO
02/092237, WO 00/27540 and WO 98/58826.
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SUMMARY OF THE INVENTION

The present invention seeks to provide improved apparatus and methods
for cleaning or de-icing vehicle elements.

There is thus provided in accordance with a preferred embodiment of the
present invention apparatus for supplying heated liquid for use in cleaning a vehicle
surface including a liquid container having an inlet through which a liquid is received
from a reservoir and an outlet through which the liquid is discharged for cleaning the

vehicle surface, the liquid container including a first heating chamber, a second heating

chamber and a heat transfer element in direct thermal contact with the first heating

chamber and the second heating chamber and defining at least a portion of an external
wall of the liquid container and a heating element adjacent the heat transfer element
operative to heat the heat transfer element and thereby heat the liquid in the first heating
chamber and the second heating chamber.

Preferably, the liquid container also includes at least one enclosing
element attached to the heat transfer element. Additionally, the heat transfer element
defines a cover of the at least one enclosing element.

Preferably, the first heating chamber includes a rounded end portion.
Additionally or alternatively, the apparatus also includes at least one insulating cover
assembly including a volume maintained under a vacuum.

Preferably, at least a portion of the at least one enclosing element is
formed of rubber.

There is also provided in accordance with another preferred embodiment
of the present invention a method for supplying heated liquid for use in cleaning a
vehicle surface including providing a liquid container for heating a liquid, the liquid
container inéluding a first heating chamber, a second heating chamber and a heat
transfer element in direct thermal contact with thé first heating chamber and the second
heating chamber and defining at least a portion of an external wall of the liquid
container, receiving a liquid into the first héating chamber and the second heating

chamber, heating the heat transfer element thereby heating the liquid in the first heating

PCT/IL2006/001209
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chamber and the second heating chamber through the heat transfer element and
discharging the liquid through an outlet onto the vehicle surface.

There is further provided in accordance with yet another preferred
embodiment of the present invention apparatus for supplying heated liquid for use in
cleaning a vehicle surface, including a vessel, having an inlet through which a liquid is
received from a reservoir and an outlet through which the liquid is discharged for
cleaning the vehicle surface, the vessel including a first heating chamber and a second
heating chamber, .a heat transfer cover, in direct thermal contact with the first heating

chamber and the second heating chamber, operative to heat the liquid in the first heating

‘chamber and the second heating chamber and a heating element adjacent the heat

transfer cover operative to heat the heat transfer cover.

There is even further provided in accordance with still another preferred |
embodiment of the present invention a method for supplying heated liquid for use in
cleaning a vehicle surface including providing a vessel for heating a iiquid, the vessel
including a first heating chamber and a second heating chamber, receiving a liquid into
the vessel so that the liquid flows into the first heating chamber and the second heating
chamber, heating a heat transfer cover in direct thermal contact with the first heating
chamber and the second heating chamber, thereby heating the liquid in the first heating
chamber and the second heating chamber through the heat transfer cover and
discharging the liquid through an outlet onto the vehicle surface. |

There is also provided in accordance with even still another preferred
embodiment of the present invention a method for supplying heated liquid for use in
cleaning a vehicle surface including receiving a liquid into a vessel, heating the liquid in
the vessel and discharging the liquid .through an outlet onto the vehicle surface, the
heating the liquid including providing at least one heating element in thermal
communiéation with the vessel and operating the at least one heating element in one of
multiple operating modes including a heating element standby mode, the heating
element standby mode including ascertaining a near-boiling temperature of the liquid,
setting at least one pair of standby mode temperature thresholds, based at least partially
on the near-boiling temperature, measuring a temperature‘of the liquid and controlling

the at least one heating element based on the temperature and the temperature
thresholds.
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There is further provided in accordance with another preferred
embodiment of the present invention apparatus for supplying heated liquid for use in
cleaning a vehicle surface, including a vessel, having an inlet through which a liquid is
received from a reservoir and an outlet through which the liquid is discharged for
cleaning the vehicle surface, at least one heating element in thermal communication
with the vessel, at least one temperature sensor operative to measure a temperature of
the liquid in the vessel and a controller operative to operate the at least one heating
elemént in one of multiple operating modes including a standby mode, the standby
mode including ascertaining a near-boiling temperature of the liquid, setting at least one

pair of standby mode temperature thresholds, based at least partially on the near-boiling

" temperature and controlling the at least one heating element based on the temperature

and the temperature thresholds.

Preferably, the setting is based at least partially on input from at least one
additional sensor. Additionally or alternatively, the controller is operative to select a
primary temperature sensor including the at least one temperature sensor and the at least
one pair of standby thresholds includes a pair of standby thresholds for each sensor of
the at least one temperature sensor.

In accordance with another preferred embodiment of the present
invention the apparatus also includes a circulation pump and the setting is based at least
partially on an operating mode of the circulation pump. Additionally or alternatively,
the apﬁaratﬁs also includes an RF actuator in communication with the controller, the
controller being operative, upon receipt of a standby mode actuation from the RF
actuétor, to operate the at least one heating element in the standby mode.

‘There is even further provided in accordance with yet another preferred
embodiment of the present invention apparatus for supplying heated liquid for use in
cleaning a vehicle surface, including a liquid contaiﬁer, having an inlet through which a
liquid is received from a reservoir and an outlet through which the liquid is discharged
for cleaning the vehicle surface, a heating element operative to heat the liquid in the
liquid container and at Jeast one insulating portion overlying the liquid container, the at
least one insulating portion including a volume maintained under a vacuum.

Preferably, the at least one insulating portion includes at least one

insulating cover assembly including the volume maintained under a vacuum.
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Additionally or alternatively, the apparatus also includes at least one insulation layer
between the liquid container and the at least one insulating portion.

There is still further provided in accordance with a further preferred
embodiment of the present invention a method for supplying heated liquid for use in
cleaning a vehicle surface including providing a liquid container for heating a liquid and
at least one .insulating portion overlying the liquid container, the at least one insuléting '
portion including a volume maintained under a vacuum, receiving a liquid into the
liquid container, heating the liquid in the liquid container and discharging the liquid
through an outlet onto a vehicle surface to be cleaned.

‘There is also provided in accordance with still another preferred
embodiment of the present invention apparatus for de-icing a vehicle surface, including
a wiper assembly including a wiper driver assembly operative to move the wiper
assembly along the vehicle surface, a wiper arm, a wiper blade holder and a wiper
blade, a vessel containing a 1iquid, at least one heating element for heating the liquid in
the vessel, a controller operative to control the at least one heating element, at least one
heat conductive circulation conduit adjacent to at least one of the wiper arm and the
wiper blade holder and a circulation pump operative to circulate liquid from the vessel
through the at least one heat conductive circulation conduit.

Preferably, the at least one of the wiper arm and the wiper blade holder is

" operative to travel along the vehicle surface in a first direction and in a second direction

opposite the first direction, the at least one heat conductive circulation conduit includes
at least one first heat conductive portion and at least one second heat conductive
portion, the at least one first heat conductive portion is operative to travel along the
vehicle surface in front of the wiper arm when the wiper arm moves in the first direction
and in back of the wiper arm when the wiper arm moves in the second direction and the

at least one second heat conductive portion is operative to travel along the vehicle

surface in back of the wiper arm when the wiper arm moves in the first-direction and in

front of the wiper arm when the wiper arm moves in the second direction.

Preferably, the apparatus also includes at least one non heat conductive
circulation conduit in fluid communication \;vith the circulation pump and the at least
one heat conductive circulation conduit. Additionally or alternatively, at least a portion

of the at least one heat conductive circulation conduit is formed of a flexible material.
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Preferably, the at least a portion of the at least one heat conductive
circulation conduit is integrally formed with the wiper arm. Alternatively or
additionally, the at least a portion of the at least one heat conductive circulation conduit
is-integrally formed with the wiper blade holder.

In accordance with another pfeferred embodiment of the present
invention the apparatus also includes at least one additional heating element, for directly ‘
heating at least one of at least a portion of the wiper arm and at least a portion of the
wiper blade holder. Additionally, tﬁe at least one additional heating element is also
operatlve to heat the wiper blade. _

Preferably, the at least one heat conductive circulation condult forms part
of a continuous circulation path to and from the vessel.

There is still further provided in accordance with yet another preferred

embodiment of the present invention a method for de-icing a vehicle surface, indluding

_providing a wiper assembly including a wiper arm, a wiper blade holder, a wiper blade

and a wiper driver assembly operative to move the wiper assembly along the vehicle
surface, providing at least one heat conductive circulation conduit adjacent to at least
one of the wiper arm and the wiper bléde holder, heating a liquid in a vessel, circulating
liquid from the vessel through the at least one heat conductive circulation conduit and
moving the wiper assembly along the vehicle surface.

There is even further provided in accordance with still another preferred
embodiment of the present invention apparatus for supplying heated liQuid for use in
cleaning a vehicle surface including a vessel, having an inlet through which a liquid is
received from a reservoir and an outlet through which the liquid is discharged for
cleaning the vehicle surface, a héating unit operative to heat the liquid in the vessel, a
dirt sensor providing a dirt level output and a controller operative to generate at least
one of a non-spray indication output signal and at 1eaét two different spray indication
output signals at least partially in response to the dirt level output.

Preferably, the controller is operative to compare the dirt level output to
at least two different dirt level thresholds. Alternatively or additionally, the at least two
different spray ‘indication output. signals include signals that generate at least two

different heated spraying cycles.
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Preferably, the apparatus also includes at least one additional sensor
operative to provide at least one additional input to the controller and wherein the
controller is also operative to base the at least two different spray indication output

signals at least partially on the at least one additional input. Additionally, the at least

one additional sensor includes a temperature sensor and the at least one additional input

includes a temperature sensed by the temperature sensor. Alternatively or additionally, '
the controller is alsooiaerative to calculate at least one additional parameter and to base
the at least two different spray indication output signals at least partially on the at least
one additional pa.rameter. Additionally, the at least. one additional parameter includes a
rate of olﬁange“ of the temperature sensed by the temperature sensor.

Preferably, the conmtroller is also operative to calculate at least one
additional parameter and to base the at least two different spray indication output
signals at least partially on the at least one additional parameter. Additionélly, the at
least one additional parameter includes a rate of change of the dirt level output.

There is also provided in accordance with another preferred embodiment
of the present invention a method for sﬁpplying heated liquid for use in cleaning a
vehicle surface including providing a vessel for heating a liquid, receiving a liquid into-

the vessel, heating the liquid, measuring a dirt level adjacent the vehicle surface and

providing a dirt level output and providing at least ofie 6f @ non=spray-indication-output ——

signal and at least two different spray indication output signals at least partially in
response to the dirt level output.

There is further provided in accordance with yet another preferred
embodiment of the present in§ention apparatus for de-icing a vehicle surface, including
a wiper assembly including at least one wiper for wiping the vehicle surface, the wiper
operative to move along the vehicle surface and a wiper actuator including a motor
which actuates the at least one Wiper and a wiper controller operative to operate the
motor in at least a first dperational mode and a second operational mode, the wiper
controllér being operative to ascertain if the at least one wiper is blocked or unblocked,
to operate the motor in accordance with the first operational fnpde when the at least one
wiper is unblocked and té operate the motor in accordancé with the second operational

mode when the at least one wiper is blocked.
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There is yet further provided in accordance with still another preferred

“embodiment of the present invention a method for de-icing a vehicle surface including

providing a wiper assembly including at least one wiper for wiping the vehicle surface
and a Wipér actuator system including a motor which actuates the at least one wiper and
a wiper controller operative to control the fnotor, ascertaining if the at least one wiper is
blocked or unblocked, operating the motor in accordance with a first operational mode
when the at least one wiper is unblocked and operating the motor in accordance with a
second operational mode when the at least one wiper is blocked.

t Preferably, the ascertaining includes setting a blocked threshold level,
measuring an operational parameter .of the wiper assembly and comparing the
op‘erat‘ional parameter to the blocked threshold level. Additionally, the blocked
threshold level is a function of an angle of movement of the at least one wiper.
Alternatively or additionally, the second operational mode includes setting a maximum
operational level to be applied to the motor, applying an operational input less than or
equal to the maximum operational level for a time interval, ascertaining, at the end of
the time interval, if the at least one wiper is blocked or unblocked and if the at least one
wiper is blocked, changing the direction of the at least one wiper.

Preferably, the maximum operationeﬂ level is greater than the blocked
threshold level. Alternatively, the maximum operational level is zero. In another
alternative embodiment, the maximum operational level is less than the threshold level
and the ascertaining at the end of the time interval includes measuring an operational
parameter of the wiper assefnbly and comparing the operational parameter to the
maximum operational level.

In accordance with another preferred embodiment, the second operational
mode includes setting a maximum operational level to be applied to the motor, applying
an operational input less than or equal to the maximum’ operational level for a time
interval and changing the direction of the at least one wiper at the end of the time
interval. '

Iﬁ accordance with another preferred embodiment, the second operational
mode incliides setting a time interval, providing rapid back and forth movemenf of the
at least one wiper over a small area adjacent to a location of the at least one wiper when

the at least one wiper becomes blocked, for the time interval, ascertaining, at the end of

9

PCT/IL2006/001209



10

15

20

25

30

WO 2007/046106 PCT/IL2006/001209

the time interval, if the at least one wiper is blocked or unblocked and if the at least one
wiper is blocked, changing the direction of the at least one wiper.

There is still further provided in accordance with yet another preferred
embodiment of the present invention a thermal fuse including an electrical powér
supply connection including a first conductive portion, a second conductive portion in
electrical communication with the first conductive portion, the second conductive
portion being opetative to melt in response to being heated above a predetermined
temperature and an eﬁpanding non electrically conductive portion operative to expand

and displace the second conductive portion out of electrical communication with the

" first conductive portion in response to heating of the second conductive portion above a

predetermined temperature, thus interrupting supply of electrical power through the
electrical power supply. connection. |

Preferably, the expanding non electrically conductive portion is operative
to expand and displace the second conductive portion regardless of the orientation of the
thermal fuse.

There is also provided in accordance with another preferred embodiment
of the present invention a liquid collection and reuse system for use with a vehicle
including at least one liquid collector associated with the vehicle and at least one
coliection reservoir associated with the Vehicle, having an inlet through which a liquid
is received from the at least one liquid collector.

Preferably, the collection reservoir includes an outlet through which the
liquid is discharged for cleaning a vehicle surface. Altematiyely or additionally, the
liquid collection and reuse system also includes a vessel for heating the liquid, the

vessel having an inlet through which a liquid is received from the collection reservoir

and an outlet through which the liquid is discharged for cleaning a vehicle surface.

In accordance with another preferred embodiment the at least one liquid
collector is operative to collect liquid drainage from a vehicle air conditioning unit.

Tn accordarice with another preferred embodiment the liquid collection
and reuse system also includes at least one filter operative to receive unfiltered iiduid

from the at least one liquid collector and to provide filtered liquid to the at least one

collection reservoir. Additionally or alternatively, the liquid collection and reuse system

-also includes at léasfc one pre-filtration valve. Additionally, the liquid collection and

10
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reuée system also includes a drain and the at least one pre-filtration valve is operative in
a filter open position to allow unfiltered liquid to reach the at least one filter and in a
filter closed position directs unfiltered liquid to the drain.

In accordance with another preferred embodiment the liquid collection
and reuse system also includes 2 liquid flow controller opere{tive to control a liquid flow
based on a liquid level sensed by a liquid level seﬁsor. Additionally, the liquid
collection and reuse system also includes a vehicle reservoir operative to supply‘ liquid
to a liquid heating unit and the liquid level sensor measures a.liquid level within the
vehicle reservoir and the liquid flow controller is operative to provide liquid to the
vehicle reservoir based on the liquid level sensed by the liquid level sensor.

In accordance with another preferred embodiment the liquid collection
and reuse system also includes at least one additional reservoir and a liquid flow
controller operative to control multiple liquid flows through the liquid collection and
reuse system. Additionally, a liquid in the at least one additional reservoir is a different
liquid than a liquid in the at least one collection reservc;ir. Additionally, the liquid flow
controller is operative to provide an optimal mix of liquids from the at 1éast one
collection reservoir and the at least one additional reservoirs. Alternatively, the at least
one additional reservoir and the at least one collection reservoir contain the same liquid.

There is further provided in accordance with still another preferred
embodiment of the present invention a method for liquid collection and reuse including
collecting liquid utilizing at least one liquid collector ‘associated with a vehicle and
receiving the liquid into at least one collection reservoir located in tﬁe vehicle.

Preferably, the method also includes- discharging the liquid through an
outlet onto a vehicle surfaée to be cleaned. Additionally or alternatively, the method
also includes filtering the liquid prior to the receiving.

There is still further provided in accordance with yet another preferred
embodirﬁent of the present invention apparafué for supplying heated liquid for use in
cleanihg a vehicle surface, including a vessel, having an inlet throﬁgh which a liquid is
received from a reservoir and an outlet through which the liquid is discharged for
cleaning the vehicle surface, the vessel including a réunded end portion, a heat transfer

cover operative to heat the liquid, the heat transfer cover including a curved cross

~ section portion formed on an immer facing surface thereof, the curved cross section

11
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portion including multiple protruding sections each including a curved portion and a
heating element adjacent the heat transfer cover operative to heat the heat transfer cover.

Preferably, the rounded end portion, the curved cross section portion and
the curved portions of the heat transfer cover provide for liquid circulation within the
vessel that generates improved heat trapsfer from the heat transfer cover to the liquid
contained in the vessel. Additionally or alternatively, the rounded end portion, the
curved cross section portion and the curved portions of the heat transfer cover provide
for liquid circulation within the vessel fhat generates improved uniformify of the
temperature of the liquid contained in the vessel.

Preferably, the rounded end portion, the curved cross section portion and
the curved portions of the heat transfer cover generate a generally circular flow within
the vessel at a ﬁrst»tefnperatm‘e differential between the liquid contained within the
veséel and portions of the heat transfer cover in contact with the liquid. Additionally or
alternatively, the rounded end portion the curved cross section portion and the curved
portions of the heat transfer cover generate multiple generally circular flows within the
vessel at a second temperature differential between the liquid contained within the
vessel and portions of the heat transfer cover in contact with the liquid.

There is also provided in accordance with yet another preferred
embodiment of the present invention a method for supplying heated liquid for use in
cleaning a vehicle surface, including providing a vessel for heating a liquid, the vessel
including a rounded end portion, receiving a liquid into the vessel so that the liquid
flows into the rounded end portion, heating a heat transfer cover overlying the vessgl
thereby heating the liquid in the rounded end portion through the heat transfer cover, the

heat transfer cover including a curved cross section portion formed on an inner facing

surface thereof, the curved cross section portion including multiple protruding sections

each including a curved portion and discharging the liguid through an outlet onto the
vehicle surface. ' | «

There is further provided in.accordance with still another preferred
embodiment of the present invention apparatus for de-icing a vehicle surface, including
a wiper assembly including a Wipér driver assembly operative to move the wiper

assembly along the vehicle surface, a wiper arm, a wiper blade holder and a wiper blade

12
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and at least one heating element for directly heating at least one of at least a portion of A
the wiper arm and at least a portion of the wiper blade holder.
- Preferably, the at least one heating element is also operative to heat the

wiper blade.

Preferably, the apparatus also includes a controller operative to control
the at least one heating element.

There is yet further provided in accordance with another preferred
embodiment of the present invention a method for de-icing a vehicle surface, including
providing a wiper assembly including a wiper arm, a wiper blade holder, a wiper blade

and -a wiper driver assembly operative to move the wiper assembly along the vehicle

~ surface, heating at least one of at least a portion of the wiper arm and at least a portion

of the wiper blade holder and moving the wiper assembly along the vehicle surface.

There is still further provided in accordance with yet another preferred
embodiment of the present invention apparatus for supplying heated liquid for use in
cleaning a vehicle surface including a vessel, having an inlet through which a washing
fluid is received from a reservoir and an outlet through which the fluid is discharged for
cleaning the vehicle surface, a heating element for heating the fluid in the vessel, a
controller for controlling operation of the apparatus and an RF actuator in
communication with the controller, the RF actuator operative to initiate communication
with the controller and to uniquely identify the RF actuator to the controller.

Preferably, the controller is operative, upon receipt of a standby mode
actuation from the RF actuiator, to operate the apparatus in accordance with a heating
element étandby mode. Additionally or alternatively, the controller is operative, ui)on
receipt of an automatic mode actuation from the RF actuator, to operate the apparatus in
accordance with an automatic mode. Aliernatively or additiénally, the controller is
operative, upon receipt of an off command from the RF actuator, to pl‘ace the apparatus
in an off mode. |

Preférably, the controller ié operative to ignore commands from the RF
actuator when an engine of the vehicle is in an off state. Additionally, the controiler is
operative to monitor the state of the engme of the vehicle by measuring a voltage level

of a battery of the vehicle. Additionally, the vehicle is in an off state when the voltage

~ level is less than a predetermined level.
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There is also provided in accordance with another preferred embodiment
of the present invention apparatus for supplying heated liquid for use in cleaning a
vehicle surface including a vessel, having an inlet through which a liquid is recéived
from a reservoir and an outlet through which the liquid is discharged for cleaning the
vehicle surface and a heating element operative to heat the liquid in the vessel, at least a

portion of the vessel being formed of rubber.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated more fully
from the following detailed description, taken in conjunction with the drawings in
which:

Figs. 1A and 1B are simplified pictorial illustrations of vehicle headlight
cleaning and de-icing systems constructed and operative in accordance with preferred
embodlments of the present invention installed in a vehicle;

Fig. 2 is a simplified exploded view p1ctor1a1 illustration of the heating
unit of the system of Flgs. 1A and 1B; ,

Fig. 3A is a front view of the heating unit of the system of Figs. 1A and
1B;

Fig. 3B is a sectional View of the heatihg unit of the system of Figs. 1A
and 1B taken along lines ITIB-IIIB of Fig. 3A; |

Fig. 4A is an overhead view of the .heating unit pf Figs. 1A - 3B;

Fig. 4B is a front view of the heating unit of Figs. 1A - 3B without the
first insulating cover;

Figs. 5A and 5B are respective front and back views of the heat transfer
cover of the heating unit of Figs. 1A - 4B;

Fig. 6 is a simplified pictorial illustration of the vessel of the heating unit
of Figs. 1A - 5B illustrating the liquid flow therethrough; |

" Fig. 7isa simpliﬁed ‘diagram of the circulating liquid flows within the
primary heating chamber of the heating unit of Figs. 1A - 6;
Fig. 8 is a simplified flow chart of a preferred mode of operation of the

éystem of Figs. 1A - 7 including an immediate spray mode, a high temperature spray

‘mode and a standby mode;

Figs. 9A and 9B are simplified flow charts of a preferred embodiment of
the immediate spray mode and the high temperature spray mode, respectively, of Fig. 8;

Fig. 10 is a simplified schematic illustration of a liquid collection and
reuse system for use in a vehicle in accordance with a preferred embodiment of the

present invention;
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Fig. 11 is a sirhpliﬁed schematic illustration of a liquid collection and
reuse system for use in a vehicle in accordance with another preferred embodiment of
the present invention;

Fig. 12 is a simplified pictorial illustration of a vehicle windshield
cleaning and de-icing system constructed and operative in accordance with another
preferred embodiment of the present invention installed in a motor vehicle;

Fig. 13 is a simplified sectional illustration of a vessel for heating liquid
which may form part of the vehicle windshield cleaning and de-icing system of Fig. 12;

Fig. 14 is a simplified flow chart of a method for ascertaining a ‘near-
boiling temperature’ of a liquid for use in the vehicle windshield cleaning and de-icing
system of Figs. 12 - 13; ,

' Fig. 15 is a simplified flow chart of a preferred mode of operation of the
system of Figs. 12 - 13;

Fig. 16 is a simpliﬁed exploded view illustration of another vessel for
heating liquid which may form part of the vehicle windshield cleaning and de-icing
system of Fig. 12; '

Fig. 17 is a simplified pictorial illustration of a windshield Wipér
assembly for use in a vehicle, constructed and operative in accordance with yet another
preferred embodiment of the preéent invention;

Figs. 18A and 18B are simplified pictorial illustrations of two alternative
circulation flows for circulating liquid adjacent to the windshield wiper assembly of Fig.
17,

| Fig. 19 is 2 simplified pictorial illustration of the wiper arm of the
windshield wiper assembly of Fig. 17,
Fig. 20 is a simplified pictorial illustration of a windshield ‘wiper

" assembly for use in a vehicle, constructed and operative in accordance with yet another

pfeferred embodiment of the present invention; and .
Fig 21 is a simplified flowchart of a method for operating a windshield
wiper assembly in accordance with another pfeferred embodiment of the present -

invention, particularly useful with the windshield wiper assemblies described

hereinabove with reference to Figs. 17 - 20.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

It is appreciated that the term “vehicle” as used in the context of the
present patent application and in the claims can refer to any type of wheeled vehicle
having windows or any other interior or exterior surface requiring cleaning and/or de-
icing, such as an automobile or a truck, as well as a boat or an airplane.

It is also appreciated that, even though the present invention is shown in
the context of either a headlight or a windshield cleaning and de-icing system, the
systems and methods of the present invention can be utilized to clean and/or de-ice any
interior or exterior vehicle surface including, for example, front and/or rear windshields,
mirrors, windows, headlights, tail lights, radar, radome. It is further appreciated that the
cleaning and de-icing system of the present invention may also be used to clean and/or
de-ice any vehicle surface that transmits or receives energy, such as, but not limited to,
visible light, infrared light, RF energy and UV energy.

It is appreciated that the terms “cleaning” and “de-icing” as used in the
context of the present patent application and in the claims are used interchangeably to
refer to apparatus, systems and methods for removing ice, snow and/or any other
foreign matter from vehicle interior or exterior surfaces requiting cleaning and/or de-
icing. ‘

It is further appreciated that the term “standby mode”, as used in context
of the present patent application and in the claims, refers to operation of a vehicle liquid
heating system that includes functionality whereby a quantity of liquid in the vessel may
be heated prior to an operator-generated or automatically-generated request for heated
liquid discharge, such as spraying. Additionally, the térm,“reservoir standby mode”, as
used in context of the present patent application and in the claims, refers to a vehicle
liquid heating system including functionality whereby a quantity of liquid in a liquid
reservoir of the vehicle niay be heated prior to an operator-generated or automatically-
generated request for heated liquid discharge.

It is appreciated that the term “controller”, as used in context of the
present patent application and in the claims, may refer to a controller which forms part”

of the vehicle liquid heating system of the present invention, or to a vehicle computer or
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computers or to any combination thereof. The controller may be in communication with
a_vehicle computer. or computers and one or more sensors, as described further
hereinbelow.

It is appreciated that the term “primary temperature sensor” as used in the
context of the present patent application and in the claims, refers to at least one
temperature sensor that provides information to a controller relating to at least one
temperature for which an upper and/or lower threshold is established. The “primary
temperature sensor” is thus operative to indicate at least one temperature for which the
threshold has been established. The temperature sensor or sensors which comprise the
“primary temperature sensor” may vary depending on the operating mode of the system,
as deséribed further hereinbelow, for example, in reference to Figs. 14 - 16.

The controller of the present invention is operative, in a plurality of
operating modes, to control the heating and/or discharge of liquid based on at least one
threshold, which may be predetermined or set on a ‘real-time’ basis. It is appreciated
that the at least one threshold may be a function of information received from one or
more sensors communicating with the controller, such as an interior or exterior vehicle
mounted sensor, a sensor not located in or on the vehicle that is in wireless
communication with the controller, as described further hereinbelow.

It is appreciated that the ferms “non heat conductive material” and “heat
conductive material” as used in the context of the presenf patent application and in the
claims, refers to materials which are known in the art to be relatively pobr heat
conductors and relatively good heat cohductors, respectively. ) |

It is appreciated that the terms “non electrically conductive material” and
“electrically conductive material” as used in the context of the present patent application
and in the claims, refers to materials which are known in the art to be relatively poor
conductors of electricity and relatively good conduétors of electricity, respectively.

Reference is now made to Fig. 1A, which is .a simplified pictorial
illustration of a headlight cleaning and de-icing system constructed and operative in
accordance with a preferred embodiment of the present invention. As seen in Fig. 1A,
an otherwise conventional motor vehicle 100 is seen to incorporate a headlight cleaning

and de-icing system 102.
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The headlight cleaning and de-icing system 102 preferably includes a
liquid reservoir 106, which contains liquid, such as water or windshield cleaning liquid.
Preferably, a pump 108 supplies the liquid to a liquid heaﬁng unit 110 through a liquid
inflow conduit 112. Liquid from liquid heating unit 110 is discharged via a liquid
outflow conduit 116 and liquid-spray supply conduits 118 which supply liquid to
sprayers 120 located adjacent to vehicle headlights 122. Preferably, wipers 126 are
located in front of headlights 122 to wipe liquid and clean or de-ice vehicle headlights
122. | |

In accordance with a preferred embodiment of the present invention, each
of vehicle headlights 122 is equipped with a conventional dirt sensor 128. One
embodiment of such a conventional dirt sensor is described in U.S. Patent 4,224,551.

Liquid heating unit 110 is connected via electric cables 130 to a vehicle
battery 132. A preferred embodiment of liquid heating unit 110, described hereinbelow
with reference to Figs. 2 - 7, is preferably positioned within the vehicle, with liquid
inflow conduit 112 entering from the bottom of liquid heating unit 110 and liquid
outflow conduit 116 exiting from the top of liquid heating unit 110, along a vertical axis
shown by arrow 134, generally perpendicular to the plane defined by the vehicle’s
wheel axles. It is appreciated, however, that the liquid heating unit 110 of Figs. 2 -7
may be installed in any direction within the vehicle.

Alternatively, liquid heatingAunit 110 may be any liquid heating device
suitable for use in a wvehicle, inciuding but not limited to those described in
applicants’/assignee’s U.S. Patent Nos. 6,164,5'64; 6,615,438; 6,669,105; 6,892,417 and
7,108,754, applicants’/assignee’s U.S. Patent Application Nos. 11/203,779; 10/700,141;
10/477,486 and 10/531,979 and applicants’/assignee’s PCT Application Serial No.
PCT/ILZOOS/ 00179, the disclosures of which are hereby incorporated by reference.

It is appreciated that even though the illustrated embodiment shows a
separate reservoir 106, headligﬁt cleaning and de-icing system 102 may utilize an
existing vehicle reservoir (not shown) to provide liquid to liquid heating unit 110.

An actuator panel 140 is typically located on the vehicle dashboard and
includes an actuator (not shown) iﬁ communication with a headlight cleaning and de-
icing system controller 150. The headlight cleaning and de-icing system controller 150

is also preferably connected to an existing vehicle computer (not shown). The actuator
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panel 140 preferably includes at least two operator actuator buttons, a first actuator
button for actuating operation in an immediate spray mode and a second actuator button
for actuating operation in a high temperature spray mode. Alternatively, these two
functionalities may be included in a single operator actuator button having multiple
actuation functionalities. ‘

In accordance with a preferred embodiment of the present invention,
actuator panel 140 is in RF communication, preferably wireless RF communication,
with controller 150 and/or the vehicle computer. Alternatively, actuator panel 140 may
be in wired communication with controller 150 and/or the vehicle computer. In another
alternative embodiment, actuator panel 140 may be obviated and a portable actuator in
RF communication with controller 150 and/or the vehicle computer may be provided.

In the illustrated embodiment, actuator panel 140 includes three actuation
buttons 152, 154 and 156. Typically, actuation button 152 is assigned to a standby mode
functionality, actuation button 154 is assigned to an automatic mode functionality, such
as a high temperature spray mode functionality, and actuation button 156 is assigned to
an off functionality. -

Actuator 140 also preferably includes multiple LED indicators to provide
system status information to the operator -of the vehicle. In the illustrated embodiment a -
Standby Mode LED 160 and an Automatic Mode LED 162 are included.

It is appreciated that the system of the present invention may eitﬁer be
installed as part of the window washing system in a new automobile, or it may be
retrofitted into an existing washing system.

It is also appreciated that liquid heating unit 110 and pump 108 .are
preferably in electrical communication with the headlight cleaning and de-icing system
controller 150 and/or with the vehicle computer. It is additionally appreciated that the
headlight cleaning and de-icing system controller 150 is preferably in electrical
communication with the vehicle computer. Alternatively, the functionality of the
headlight cleaning and de-icing system controller 150 may be included in the vehicle
computer and a separate headlight cleaning and de-ic.ing system controller 150 may be
obviated.

Dirt sensor 128 is preferably in communication with the headlight

cleaning and de-icing system controller 150 and/or the existing vehicle computer. In
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accordance with a preferred embodiment of the present invention, dirt sensor 128 is
operative to transmit a sensed dirt indication to the headlight cleaning and de-icing
system controller 150 or to the vehicle computer. The headlight cleaning and de-icing
system controller 150 or the vehicle computer is operative to ascertain if the extent of
dirt sensed by dirt sensor 128 exceeds a first threshold and, if so to transmit a first
contro] signal to pump 108, such as a control signal to provide a discharge of liquid
after a predetermined interval. The headlight cleaning and de-icing system controller
150 or the vehicle computer is also operative to ascertain if the extent of dirt sensed by
dirt sensor 128 exceeds a second threshold and, if so to transmit a second control signal
to pump 108, such as a control signal to prqvide an immediate discharge of liquid.

In accordance with a preferred embodiment of the present invention, the
headlight cleaning and de-icing system controller 150 and/or the vehicle compufer is
operative to provide a liquid discharge cycle based on inputs received from the dirt
sensor and may additionally utilize one or more inputs. It is appreciated that the liquid
discharge cycle may be initiated immediately or may be initiated after a suitable period
during which liquid in the liquid heating unit is heated. It is also appreciated that any or
all of the discharge modes described hereinbelow with reference to Figs. 8 - 9B may be
employed in-association with the functionality described hereinabove and shown in Fig.
1A.

It is appreciated that the headlight cleaning and de-icing system
controller 150 and/or the vehicle computer may also receive additional inputs, such as a
temperature sensed by a temperature sensor (not shown) included in liquid heating unit
110, or a temperature sensed by a temperature sensor (not shown) adjacent headlights
122 or adjacent any other vehicle surface to be cleaned and/or de-iced. Additional
parameters may be calculated by the headlight cleaning and de-icing system controller
150 or the vehicle computer, such as a rate of change of the extent of dirt sensed by dirt
sensor 128, and/or a rate of change of the temperature sensed | by one or more
temperature sensors.

Reference is now made to Fig. 1B, which is a simplified pictorial
illustration of a headlight cleaning and de-icing system constructed and operative in
accordance with another prefeﬁed embodiment of the present invention. The

embodiment of Fig. 1B i1s similar to the embodiment of Fig. 1A, except that in the
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embodiment of Fig. 1B headlight cleaning and de-icing system 102 includes multiple
liquid heating units 110, each supplying liquid to one or more sprayers 120 located
adjacent vehicle surfaces to be cleaned and/or de-iced, such as vehicle headlights 122.

As seen in Fig. 1B, in this embodiment, headlight cleaning and de-icing
system 102 preferably includés multiple pumps 108, each supplying liquid to one or
more heating units 110 from reservoir 106 through multiple liquid inflow conduits 112.
It is appreciated that, even though in the illustrated embodiment of Fig. 1B a single
reservoir 106 is provided, multiple reservoirs 106 may also be provided. Liquid from
liquid heating units 110 then flows through multiple liquid spray supply conduits 118
which supply liquid to sprayers 120 located adjacent to vehicle headlights 122.
Preferably, wipers 126 are located in front of headlights 122 to wipe liquid and clean or
de-ice vehicle headlights 122.

As seen further in Fig. 1B, multiple dirt sensors 128 are preferably
operative to send individually recognizable signals to the headlight cleaning and de-
icing system controller 150. It is appreciated that liquid heating units 110 and pumps
108 are preferably in electrical communication with the headlight cleaning and de-icing
system controller 150 and/or the vehicle computer. It is also appreciated that the
headlight cleaning and de-icing system controller 150 is preferably in electrical
communication with the vehicle computer. Alternatively, the ﬁmcﬁonality of the
headlight cleaning and de-icing system controller 150 may be included in the vehicle
computer and the headlight cleaning and de-icing system controller may be ob'\}iated.

In accordance with a preferred embodiment of the present invention, the
headlight cleaning and de-icing system controller 150 and/or the vehicle computer is '
operative to provide a liquid discharge cycle based on inputs received from at least one
of the dirt sensors 128 and may additionally utilize one or more inputs, as described
hereinabove with reference to Fig. 1A It is appreciated that the liquid discharge cycle
may be initiated immediately or may be initiated after a suitable period during which
liquid in the liquid heating unit is being heated. It is also appreciated that any or all of
the discharge modes described hereinbelow with reference to Figs. 8 - 9B may also be
employed together with the functionality described hereinabove and shown in Fig. 1B.

It is appreciated that in the embodiment of Fig. 1B, the headlight

cleaning'and de-icing system controller 150 is preferably operative, in response to an
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input signal received from a single dirt. sensor 128 to activate only the specific liquid
heating unit 110 and/or pump 108 corresponding to the dirt sensor 128 that generated
the input signal. Alternatively, multiple heating units 110 and/or multiple pumps 108
may be activated in response to a heated discharge actuation generated by an input
received from a single dirt sensor 128.

Reference is now made to Fig. 2, which is a simplified exploded view
pictorial illustration of a preferred liquid heating unit suitable for use with the headlight
cleaning and de-icing system of the present invention, and to Figs. 3A, 3B, 4A, 4B, 5A
and 5B, which illustrate parts of the heatihg unit of Fig. 2. As seen in Fig. 2, liquid
heating unit 110 preferably includes a first thermal insulating cover assembly 200, an
electrical contact portion 204, a heating element 206, a liquid container 208 including a
heat transfer élement, such as a heat transfer cover 210, and at least one enclosing
element, such as a vessel 212, an insulating cover connection frame 216 and a second
thermal insulating cover assembly 220.

First thermal insulating cover assembly 200 preferably includes an outer
portion 230 and an inner portion 232, both preferably formed of stainless steel and
welded together around an outer edge 234 to seal the interior thereof from the outside. A
volume 236, defined between outer portion 230 and inner portion 232; is preferably
maintained under vacuum to enhance thermal insulation.

Electrical contact portion 204 preferably includes controller 150
comprising a printed circuit board 240 in electrical contact with wires 242 connected via
electric cables 130 (Fig. 1A) to vehicle battery 132 (Fig. 1).

Heating element 206 is preferably a resistance type heater, and preferably
is connected at a positive terminal 250 thereof to printed circuit board 240 via a wire
252. An outer surface 254 of heating element 206 is preferably formed of a heat
conductive material. |

The heat transfer element of liquid container 208, such as the heat
transfer cover 210 of the illustrated embodiment, is preferably formed of aluminum or
any other suitable heat conducting material.‘ Heat transfer cover 210 preferably includes,
6n an outer facing surface 256 thereof, a heating element holder 260 into which heating
element 206 is placed, forming an electrical connection with a negative terminal of

heating element 206. A plurality of spacers 264 is preferably formed on outer facing
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surface 256. Printed circuit board 240 is preferably attached to spacers 264.

As seen particularly in Figs. 3B and 5B, an inner facing surface 266 of
heat transfer cover 210 is preferably formed with a portion 268, including a curved
cross section, including multiple protruding sections 270, each preferably also formed
with a curved portion 272.

The at least one enclosing element of liquid contaiﬁer 208, such as vessel
212 of the illustrated embodiment, is preferably formed of rubber, molded plastic or any
other suitable non-heat conductive material and preferably includes a first heating
chamber, such as primary heating chamber 280, and a second heating chamber, such as
secondary heating chamber 282. Alternatively, the vessel 212 may be formed of a heat
conductive material. In a preferred embodiment of the present invention, vessel 212
includes at least one flexible wall portion, preferably formed of rubber or ahy other
suitable material, to avoid breakage of vessel 212 due to expansion and contraction
caused by freezing of liquid within. In another alternative embodiment, liquid container
208 may be integrally formed of any suitable heat conductive material.

It is appreciated that, although in the illustrated embodiment the heat '
transfer cover 210 defines a single external wall of liquid container 208, the heat
transfer element of the present invention may be any suitably configured element,
defining at least a portion of at least one external wall of liquid container 208 and being
in direct thermal contact with first and second heating chambers located therein and .
with the heating element 206. For example, in an alternative embodiment, vessel 212
may be formed of a heat conductive material, cover 210 may be formed of a non-heat
conductive material and heating element 206 may' be located adjacent an external
surface of vessel 212. 4

A wall 284, separating primary heating chamber 280 and secondary
heating chamber 282, preferébly is formed with notches 288 at ends thereof to allow for
fluid communication between primary heating chamber 280 and secondary heating
chamber 282. Secondary heating chamber 282 is preferably formed with a liquid inflow
connector aperture 290 in fluid communication with reservoir 106 through liquid inflow
conduit 112. Primary heating chamber 280 is preferably formed with a liqﬁid outflow
connector aperture 292 in fluid communication with sprayers 120 through liquid

outflow conduit 116 and liquid spray supply conduits 118.
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In the embodiment of Fig. 1B, liquid outflow connector aperture 292 is
preferably in fluid communication with sprayers 120 via liquid spray supply conduits
118. Liquid inflow connector aperture 290 and liquid outflow connector aperture 292
are preferably threaded for insertion of a connector thereinto.

Primary heating chamber 280 is preferably formed as a single cavity 294
to accommodate multiple protruding sections 270 of heat transfer cover 210. As seen in
Fig. 3B, cavity 294 is preferably rounded at an end 296 opposite heat transfer cover
210. As described hereinbelow with reference to Fig. 6, secondary heating chamber 282
preferably includes multiple wall portions 298 of varying lengths to facilitate liquid
flow through secondary heating chamber 282. Multiple wall portions 298 are preferably
located in a direction generally parallel to wall 284.

Heat transfer cover 210 is preferably connected to vessel 212 using
screws (not shown) to provide‘a liquid tight seal.

Insulating cover connection frame 216 is preferably formed of rubber,
molded plastic or any.other suitable non heat conductive material, and ié operative to
seal together first thermal insulating cover assembly 200 and second thermal insulating
cover assembly 220. Frame 216 also includes a wire insertion aperture 300, a liquid
inflow aperture 302 and a liquid outflow aperture 304.

Second thermal insulating cover assembly 220 preferably includes an
outer portion 330 and a inner portion 332, preferably formed of stainless steel, welded
together around an outer edge 334 and sealed to enable a vacuum:to be maintained in a
volume 336 therebetween.

As seen particularly in Fig. 3B, liquid heating umt 110 also includes
liquid inlet connector 340 and liquid outlet connector 342 which are connected to liquid
inflow conduit 112 (Fig. 1A) and liquid outflow conduit 116 (Fig. 1A), respectively. In
the embodiment of Fig. 1B, liquid outlet connector 342 is connected to liquid spray
supply conduit 118.

Liquid heating unit 110 also preferably includes a first temperature
sensor 350 in contact with heat transfer cover 210 and a second temperature sensor 352
in contact with the liquid in secondary heating chamber 282. First temperature sensor
350 alternatively may be in contact with the liquid in primary heating chamber 280.

First temperature sensor- 350 and second temperature sensor 352 are preferably in
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electrical connection with controller 150.

Controller 150 is preferably operative td provide functionality as
described hereinbelow with reference to Figs. 8 - 9B and Figs. 14 - 15.

As seen particularly in Fig. 3B, in accordance with a preferred
embodiment of the present invention, liquid heating unit 110 also preferably includes a

thermal fuse 360 operative to disconnect electric power from heating element 206 in

. response to overheating of the liquid heating unit 110, typically caused by lack of liquid

in liquid container 208. Thermal fuse 360 is connected to heat transfer cover 210,
preferably by a screw end 362 formed in a first conductive portion 364 thereof,
preferably formed of copper or other suitable heat conductive and electrically
conductive material.‘ Thermal fuse 360 also includes a non électrically conductive
portion 366, preferably formed of a non electrically conductive material, typically
plastic, such as ULTEM® 1000, manufactured by General Electric Company, Fairfield,
CT 06828, USA, and a second conductive portion 368, preferably formed of a heat
conductive and electrically conductive material, such as solder or other suitable
material. Non electrically conductive portion 366 and second conductive portion 368 are
configured to position an end 370 of an electrical wire 372. An opposite end 374 of
electrical wire 372 is connected to printed circuit board 240.

Thermél fuse 360 is operative to provide overheating protection, when in
contact with any heated surface, such as heat transfer cover 210, at a predetermined
temperature. The predetermined temperature is a function of the melting temperature of
second conductive portion 368. In the event of overheating, non electrically conductive
portion 366 expands and causes melted second conductive portion 368 to be displaced
out of electrical contact with conductive pbrtion 364, thereby disconnecting wire 372
from first conductive portion 364. |

It is appreciated that preferably the expansion of non electrically
conductive portion 366 does not provide ample force to displace second conductive
portion 368 until second conductive portion 368 has begun to melt. Preferably thermal
fuse 360 is operative as described hereinabove irrespective of the orientation of thermal
fuse 360 relative to gravity. It is appreciated that after second conductive portion 368
has been displaced, non electrically conductive portion 366 prevents end 370 of wire

372 from making electrical contact with first conductive portion 364, irrespective of the
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orientation of thermal fuse 360.
It is appreciated that thermal fuse 360 may be utilized to provide

overheating protection in conjunction with any heated surface. Additionally, thermal

~ fuse 360 may be utilized in any heated volume, such as a volume of heated gas, to

provide electrical disconnect in the event of overheating.

A preferred method for the assembly of liquid heating unit 1'10 is now
described.

First thermal insulating cover assembly 200 is preferably formed by
welding outer portion 230 and inner portion 232 around outer edge 234, evacuation of
the volume therebetween and sealing thereof, as described hereinabove. Second thermal
insulating cover assembly 220 is preferably formed by welding outer portion 330 and
inner portion 332 around outer edge 334, evacuation of the volume therebetween and
sealing thereof, as described hereinabove.

Liquid container 208 is formed by attaching heat transfer cover 210 to
vessel 212 using screws (not shown) and screw holes provided. Printed circuit board
240 is preferably attached to spacers 264 on heat transfer cover 210. Heating element
206 is preferably inserted into heating element holder 260 and is preferably. connected
to printed circuit board 240 via wire 252.

Second thermal insulating cover assembly 220 is partially filled with a
Jayer of insulating material 400, preferably plastic foam, and then sealed to insulating
cover connection frame 216. Liquid container 208, including vessel 212 and heat
transfer cover 210, with heating element 206 and electrical contact portion 204 attached
thereto, is then inserted into insulating cover connection frame 216 with wires 242
inserted through wire insertion aperture 300. Liquid inlet connector 340 is then
preferably inserted through liquid inflow aperture 302 and is sealingly connected to
liquid inflow connector aperture 290. Liquid outlet connector 342 is then preferably
inserted through liquid oﬁtﬂow aperture 304 and is sealingly commected to liquid
outflow connector aperture 292. An additional layer of insulating material 404,
preferably plastic foam, is then inserted above liquid container 208, and first thermal
insulating cover assembl}} 200 is then sealed to insulating cover connection frame 216.

It is appreciated that, although in the illustrated embodiment of Figs. 1A -

5B heating element 206 is located external to liquid container 208, in an alternative
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embodiment (not shown) a heating element may be located internally to a liquid
container, such as liquid container 208 or any other suitable liquid container.

It is appreciated that the first and/or second insulating covers and/or the
insulating material described hereinabove can be used with any suitable liquid heating
unit, including but not limited to those described in applicants’/assignee’s U.S. Patent
Nos. 6,164,564; 6,615,438; 6,669,105; 6,892,417 and 7,108,754, applicants’/assignee’s
U.S. Patent Application Nos. 11/203,779; 10/700,141; 10/477,486 and 10/531,979 and
applicants’/assignee’s PCT Application Serial No. PCT/IL2005/00179, the disclosures
of which are hereby incorporated by reference.

It is also appreciated that, although in the illustrated embodiment of Figs.

’1A - 5B first thermal insulating cover assembly 200 and second thermal insulating

cover assembly 220, together with the insulating cover connection frame 216, enclose
the entire liquid container 208, either first thermal insulating cover assembly 200 or
second thermal insulating cover assembly 220 or both may be obviated and a suitable
thermal insulating cover, preferably including a volume maintained under vacuum,
covering only a portion of liquid container 208, such as, for example, an insulating
cover covering the area of heating element 206, may be provided.

Reference. is now made to Fig. 6, which is a simplified pictorial
illustration of the vessel of the heating unit of Figs. 1A - 5B illustrating the liquid flow
therethrough. As seen in Fig. 6, liquid enters vessel 212 through liquid inflow connector
aperture 290, as shown by arrow 450, and enters secondary heating chamber 282.
Liquid flows between multiple wall portions 298 through notches 288 in wall 284, as
shown by arrows 452, and into primary heating chamber 280. Liquid then flows through
primary heating chamber 280, as shown by arrows 456, and through liquid outflow
connector aperture 292, as shown by arrow 458. It is appreciated that the liquid flows
described above are driven by operation of pump 108.

It is appreciated that, as seen in Figs. 2 - 6, heating element 206 is located
outside of liquid container 208 and therefore is not in contact with the liquid contained
therein. ,

Reference is now made to Fig. 7, which is a simplified diagram of the
circulating liquid flows within the pfimary heating chamber 280 of the heating unit of

Figs. 1A - 6. As seen in Fig. 7, liquid primarily flows in cavity 294 in an outer circular
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flow indicated by arrows 500 and inner circular flows indicated by arrows 502 and 504.
The outer circular flow indicated by arrows 500 and the inner circular flows indicated
by arrows 502 and 504 are primarily driven by the temperature differential between the
liquid contained within cavity 294 and the portions of heat transfer cover 210 in contact
with the liquid contained within cavity 294. It is appreciated that the flows indicated by
arrows 500, 502 and 504 are a function of the curvature of portion 268, curved portion
272 and end 296.

In tests and simulations performed by the Applicants, the Applicants
found that as the temperature differential between the liquid in cavity 294 and portions
of heat transfer cover 210 in contact with the liquid approaches approximately 15°C, the
liquid circulates priﬁmily in a singular outer circular flow indicated by arrows 500
throughout cavity 294. As the temperature differential between the liquid in cavity 294
and portions of heat transfer cover 210 in contact with the liquid approaches
approximately 25°C, the inner liciuid flow changes to form inner circular flows
indicated by arrows 502 and 504.

It is appreciated that the flows indicated by arrows 500, 502 and 504
described hereinabove with reference to Fig. 7 provide enhanced uniformity in heating
of the liquid within cavity 294 and enhanced heat transfer from heat transfer cover 210
to 1iquidlcontained within cavity 294. It is further appreciated that the flows indicated
by arrows 500, 502 and 504 described above in reference to Fig. 7 are present when the
liquid heating unit is placed in a vehicle in the preferred orientation along axis 134 as
shown in Fig. 1A. '

It is appreciated that the liquid flows indicated by arrows 500, 502 and
504 described above with reference to Fig. 7 occur in the vessel 212 even when pump
108 is not activated and the temperature of the liquid in vessel 212 is less than the
temperature of heat transfer cover 210.

Reference is now made to Fig. 8, which is a simplified flow chart of a
preferred mode of operation of the system of Figs. 1A - 7, including an immediate spray
mode, a high temperature spray mode and a standby mode, and to Figs. 9A and 9B,
which are simplified flow charts of an immediate spray mode and a high temperature
spray mode, respectively.

As seen in Fig. 8, controller 150 is operative to periodically check if the
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vehicle ignition has been turned on, typically every 50 msec. Once controller 150
detects that the vehicle ignition is turned on, it then periodically, typically every 50
msec;, checks if the engine voltage is greater than a minimum voltage, MINy, typically
12v. Controller 150 may also be operative to ensure that other vehicle parameters are
within predetermined ranges. ’

When the controller 150 detects that the ignition is on and that the
minimum voltage threshold has been met, controller 150 is preferably operative to
control the operation of heating element 206 in accordance with a standby mode based
on predetermined standby threshold temperatures, as described further hereinbelow. As
seen in Fig. 8, the standby mode preferably provides a recurring cycle of operations
until the vehicle ignition is turned off. |

Alternatively, controller 150 may be operative in a standby mode only
upon receiving a standby actuation signal from a vehicle operator and until an off signal
is received from a vehicle operator. It is appreciated, in this embodiment, that upon
receiving the standby actuation signal from the vehicle operator, controller 150 is
operative to ensure that the ignition is on and that the minimum voltage threshold has
been met before operating in the heating element standby mode. Controller 150 may
also be operative to-ensure that other vehicle parameters are within predetermined
ranges before operating in the standby mode. A

In accordance with the embodiment of Fig. 8, 6ontroller 150 is operative,

when operating in standby mode, to check if operation in an immediate spray mode has

. been actuated, such as by operator actuation or in response to a signal received from dirt

sensor 128 or any other sensor.

If immediate spray mode has been actuated, controller 150 is operative to
actuate pump 108 in accordance with an immediate spray mode, such as the immediate
spray mode described hereinbelow with reference to Fig. 9A or any other suitable
immediate spray mode. If immediate spray mode has not been actuated, controller 150
is operative to check if high temperature spray mode has been actuated, such as by
operator actuation or in response to a signal received from dirt sensor 128 or any other
Sensor.

If high temperature spray mode has been actuated, controller 150 is

operative to contro] the actuation of heating element 206 and pump 108 in accordance
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with a high temperature spray mode, such as the high temperature spray mode described
hereinbelow with reference to Fig. 9B or any other suitable high temperature spray
mode. If high temperature spray mode has not been actuated, the controller 150 is
operative to check if the temperature sensed by temperature sensor 350 is less than a
minimum temperature for standby mode, MINs, typically 50°C. If the temperature
sensed by temperature‘sensor 350 is less than MINGg, the controller 150 is operative to
turn on heating element 206. The controller 150 is then operative to check if the
temperature sensed by temperature sensor 350 is greater than a maximum temperature
for standby mode, MAXs, typically 57°C. If the temperature sensed by temperature
sensor 350 exceeds MAXsg, the controller 150 is operative to turn off heating element
206. 4

As seen in the illustrated embodiment of Fig. 9A, when an immediate
spray mode is actuated, the controller 150 is operative to actuate pump 108 to provide a
first spray, for a first spray duration Tisy, typically a short duration such as 0.3-0.4
seconds. It is appreciated that the controller 150 will actuate pump 108 to provide the
first spray regardless of the temperature of the liquid in liquid container 208. In the
immediate mode of the illustrated embodiment, the first spray is followed by a waiting
period of duration Tiw, preferably about 7 seconds, and a second spray, for a second
spray duration Tis,, typically of a longer duration than the first spray, preferably about 1
second. '

It is appreciated that the immediate spray mode seen in the illustrated
embodiment of Fig. 9A is for illustrative purposes -only and that controller 150 may be
operative to actuate pump 108 to provide any other suitable immediate spray mode.

The system is operative to provide the first spray and the second spray of .

the immediate spray mode by activating pump 108 to provide liquid through liquid

“inflow conduit 112 into secondary heating chamber 282 which causes liquid to flow -

from secondary heating chamber 282 into primary heating chamber 280 and from
primary heating chamber 280 to sprayers 120 through liquid outflow conduit 116 and/or
liquid spray supply conduits 118, as described hereinabove with reference to Fig. 6.
Referring now to Fig. 9B, when a high temperatﬁre spray mode is
actuated, the controller 150 is operative to turn heating element 206 on and to check if

the temperature sensed by temperature sensor 350 is greater than a minimum threshold
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for high temperature spray, MINy, typically 65°C.

If MINy has not been exceeded, the controller 150 is operative to check
if an immediate spray mode has been actuated, such as by operator actuation or in
response to a signal received from dirt sensor 128 or any other sensor. If an immediate
spray mode has been actuated, the controller 150 is operative to actuate pﬁmp 108 in
accordance with an immediate spray mode, such as the immediate spray mode described
hereinabove with reference to Fig. 9A or any other suitable immediate spray mode.‘If an
immediate spray mode has not been actuated, the controller 150 is operative to return
and again check if the temperature sensed by temperature sensor 350 is greater than
MINp. '

In the illustrated high temperature spray mode embodiment of Fig. 9B,
when the temperature sensed by temperature sensor 350 exceeds MINy, the controller
150 is operative to actuate pump 108 to provide a first spray. The first spray is
preferably a short spray, provided for a first spray time period, Tug;, preferably 0.3-0.4
seconds. During the first spray, the controller 150 is operative, typically every 50 msec,
to check if an immediate spray mode has been actuated, such as by opefator actuation or
in response to a signal received from dirt sensor 128 or any other sensor. If an
immediate spray mode has been actuated, the controller 150 is operative to actuate
pump in accordance with an immediate spray mode, such as the immediate spray mode
described hereinabove with reference to Fig. 9A or any other suitable immediate spray
mode. As long as immediate spray mode has not been actuated, the controller 150 is
operative to actuate pump 108 to continue with the first spray of the high temperature
mode, until Tys; has been completed.

In the illustrated high temperature spray mode embodiment of Fig. 9B,
upon the completion of the first spray, the controller 150 is operative to check if the
temperature sensed by temperature sensor 350 is greater than a maximum temperature
for high temperature spraying, MAXpy, typically 68°C. If the temperature sensed by
temperature sensor 350 exceeds MAXy, the controller 150 is operative to turn off
heating element 206. The controller 150 is operative to check if the temperature sensed
by temperature sensor 350 is less than MINy. If the temperature sensed by temperature

sensor 350 is less than MINg, the controller 150 is operative to turn on heating element

1206.
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In the illustrated high temperature spray mode embodiment of Fig. 9B,
the controller 150 is operative to check if an immediate spray mode has been actuated,
such as by operator actuation or in response to a signal received from dirt sensor 128 or
any other sensor. If an immediate spray mode has been actuated, the controller 150 is
operative to actuate pump 108 in accordance with an immediate spray mode, such as the
immediate spray mode described hereinabove with reference to Fig. 9A or any other
suitable immediate spray mode.

If an immediate spray mode has not been actuated, the controller 150 is
operative to begin a waiting period of duration Ty, preferably about 7 seconds. During
the waiting period, the controller 150 is operative periodically, typically every 50 msec,
to check if the temperature sensed by temperature sensor 350 exceeds MAXy or is less
than MINy or if an immediate spray mode has been actuated, such as by operator
actuation or in response to a signal received from dirt sensor 128 or any other sensor,
and to perform the appropriate functions as described above.

In the illustrated high temperature spray mode embodiment of Fig. 9B, at
the conclusion of waiting period Tyw, the controller 150 is operative to provide a

second spray. The second spray is preferably of a longer duration than the first spray,

‘and is provided for a second spray time period, Tysy, preferably about 1 second. During

the second spray, the controller 150 is operative, typically every 50 msec., to check if an
immediate spray mode has been actuated, such as by operator actuation or in response
to a signal received from dirt sensor 128 or ény other sensor. If an immediate spray
mode has been actuated, the controller 150 is operative to actuate pump 108 in
accordance with an immediate spray mode, such as the immediate spray mode described
hereinabove with reference to Fig. 9A or any other suitable immediate spray mode. As
long as an immediate spray mode has not been actuated, the controller 150 is operative
to actuate pump 108 to continue with the second spray of the high temperature mode,

until Tysz has been completed.

Upon completion of the second spray, the controller 150 is then operative

to turn heating element 206 off.

It is appreciated, as described hereinabove, that the high temperature
spray mode may be interrupted at any time by controller 150 upon receiving an

immediate spray mode actuation, such as by operator actuation, or in response to a
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signal received from dirt sensor 128 or any other sensor, and that controller 150
preferably does not return to the interrupted high temperature spray mode upon the
completion of the immediate spray mode. It is also appreciated that whenever an
immediate spray mc;de is actuated during the high temperature spray mode, upon
completion of the immediate spray mode, controller 150 is operative to turn off heating
element 206.

The system is operative to provide the first spray and the second spray of
the high temperature spray mode by activating pump 108 to provide liquid through
liquid inflow conduit 112 into secondary heating chamber 282 which causes liquid to
flow from secondary heating chamber 282 into primary heating chamber 280 and from
primary heating chamber 280 to sprayers 120 through liquid outflow conduit 116 and/or
liquid spray supply conduits 118, as described hereinabove with reference to Flg 6.

It is appreciated that the high temperature spray mode seen in the
illustrated embodiment of Fig. 9B is for illustrative purposes only and that controller
150 may alternatively provide ény other suitable high temperature spray mode.

It is appreciated that controller 150 and/or the vehicle computer may be
operative to control heating element 206 and pump 108 in accordance with a high
temperature spray mode in the event that dirt sensed by dirt sensor 128 exceeds a first
threshold, and may be operative to control heating element 206 and pump 108 in
accordance with an immediate spray mode in the event that dirt sensed exceeds a second
threshold. It is further eippreciated that, in the embodiment of the present invention
shown in Fig. 1B, including multiple liquid heating units 110 connected to multiple
pumps 108 and multiple dirt sensors 128, multiple dirt sensors 128 are preferably
operative to send individual sensed dirt indications to controller 150, which is operative
to actuate only the specific liquid heating unit 110 and/or pump 108 corresponding to
the specific dirt sensor 128 where the sensed dirt indication exceeded the threshold.
Alternatively, the controller 150 may be operative to activate multiple heating units 110
and/or multiple pumps 108 in response to a sensed dirt indication received from a single
dirt sensor 128.

It is appreciated that liquid heating unit 110 is configured to retain the
heat within liquid container 208 and specifically within the liquid contained therein. As

described hereinabove, insulating material 400 and insulating material 404 encase liquid
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container 208, including electrical contact portion 204 and heating element 206, within
a first enclosure, and first thermal insulating cover assembly 200, second thermal
insulating cover assembly 220 and insulating cover connection frame 216 encase liquid
container 208 within a second enclosure, which preferably includes volumes 236 and
336 maintained under vacuum. The ability of the liquid heating unit 110 of the present
invention to retain heat preferably provides the user with the availability of heated
liquid without a long injtial waiting period. It is appreciated that the heat retention
capability of the present invention preferably allows for the provision of heated liquid
even after an elapsed time during which the unit was turned off. Applicants have found

that the liquid heating unit of the present invention provides heated liquid even after the

system is turned off for a period of 2-5 hours.

It is appreciated that first spray times Tis; and Tygi, for immediate spray
mode and high temperature spray mode, respectively, may be of the same or of different
durations. Also, second spray times Tis, and Tysp, for immediate spray mode and high
temperature spray mode, respectively, may be of the same or of different durations. It is
further appreciated that waiting times Trw and Tuw, for immediate spray mode and high
temperature spray mode, respectively, may be of the same or of different durations.

It is appreciated that minimum temperature MINy and MINs, for high
temperature spray mode and standby mode, respectively, may be the same or different
than respective maximum temperatures MAXy and MAXs, for high temperature spray
mode and standby mode, respectively. ‘

It is appreciated that the immediate spray mode and high temperature
spray mode described hereinabove with reference to Figs. 9A and 9B are for illustration
only and controller 150 may be operative to actuate pump 108 and heating element 206
in accordance with any suitable immediate or high temperature spray in response to
immediate spray mode and high temperature spray mode actuations. It is also

appreciated that controller 150 may be operative to provide a first immediate spray

"mode in response to user actuation and a second immediate spray mode in response to a

system generated immediate spray mode actuation. Additionally, controller 150 may be
operative to provide a first high temperature spray mode in response 0 user actuation
and a second high temperature spray mode in response to a system generated high

temperature spray mode actuation.
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Reference is now made to Fig. 10, which is a simplified schematic
illustration of a liquid collection and reuse system for use in a vehicle in accordance
with a preferred embodiment of the present invention. As seen in Fig. 10, 2 liquid
collection and reuse system 600 for use in a vehicle includes a liquid collection and
filtration subsystem 610, a collection reservoir and pumping subsystem 620 and a
vehicle liquid heating system 630 supplying liquid to vehicle sprayers 640.

Liquid collection and filtration subsystem 610 is operative to collect

water and other liquids and to provide filtered collected liquid to collection reservoir

‘and pumping subsystem 620. Liquid may be collected from drainage from a vehicle air

conditioning unit 650 and/or an engine within a vehicle and/or one or more liquid
collectors 652 associated with a vehicle. Liquid collectors 652 may be located inside the
vehicle or exterior to the vehicle. Liquid collectors 652 are preferably operative to
collect rainwater and other liquids. Collected liquid is preferably supplied, via a valve ’
654, to at least one filter 656. Filtered collected liquid is preferably collected in a
collection reservoir 660.

Valve 654 is a two-position valve, which in a filter open position allows
collected liquid to pass through to at least one filter 656 and in 2 filter closed position
directs collected liquid to a drain 662. It is appreciated that valve 654 may be opened or
closed manually by a vehicle operator‘ or by an automatic signal from a system
controller and/or by a user actuation signal. It is appreciated that valve 654 provides, in
the filter closed position, for direct, pre-filtration, drainage of liquids that may not be
suitable for the liquid collection and reuse system 600, such as when the vehicle passes
through a car wash. It is appreciated that the system controller may receive a signal
from an external source, such as from a car wash controller, to open and/or close valve
654.

The at least one filter 656 may include one or more conventional filters
that generally allow liquids to pass therethrough and generally prevent solids from
passing therethrough. It is appreciated that one or more filters 656 with different
filtration propei'ties may be included. Filters 656 may include any suitable cﬁsposable
filters and/or reusable filters.

Collection reservoir and pumping subsystem 620 preferably includes at

least one collection reservoir 660, a pump 670 driven by motor 674 and a one-way
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valve 678. Collection reservoir 660 preferably includes an overflow drain 680, a liquid
input aperture 682, preferably including a removable cover (not shown), a liquid Jevel
sensor 684 and a temperature sensor 688. One-way valve 678 allows liquid to flow from
collection reservoir 660 to vehicle liquid heating system 630 and prevents liquid
baclflow from vehicle liquid heating system 630 into collection reservoir 660. Liguid
input aperture 682 is provided to allow a user to add any suitable liquid to collection
reservoir 660. 4

Vehicle liquid heating system 630 includes a reservoir 690 and a liquid
heating system 694. Reservoir 690 may be a liquid reservoir associated with a vehicle
liquid heating system, such as reservoir 106 of Figs. 1A and 1B, or may be an existing
vehicle reservoir or any other reservoir placed in a vehicle. Reservoir 690 also
preferably includes an overflow drain 696 and a liquid level sensor 698. Liquid heating
system 694 may be any vehicle liquid heating system, such as system 102 of Figs. 1A
and 1B, or any other conventional vehicle liquid heating system.

As seen on Fig. 10, valve 654, liquid level sensor 684, temperature
sensor 688, motor 674 and liquid level sensor 698 are preferably in electrical
communication with a liquid flow controller 700 via respective electrical connections
702, 704, 706, 708 ‘and 710. Liquid flow controller 700 is preferably connected to a -
vehicle computer (not shown). Alternatively, the functionality of liquid flow controller
700 is included in the vehicle computer (not shown).

Liquid flow controller 700 is connected to a vehicle battery 720 via
electrical cables 724. Liquid heating system 694 is also connected to battery 720 via
cables 728. Additionally, liquid flow controller 700 may utilize an output signal from a
conventional rain sensor (not shown) to actuate valve 654. :

Alternatively, valve 654, liquid level sensor 684, temperature sensor 688,
motor 674 and liquid level sensor 698 may be connected to any combination of device

computers, such as liquid heating system 694 computer (not shown) or other vehicle

‘located computers (not shown), preferably connected to the vehicle computer (not

- shown).

Collection reservoir and pumping subsystem 620 is operative upon
receiving a liquid request signal from liquid flow controller 700 or other device,

preferably in response to a low liquid level signal generated by liquid level sensor 698,
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to actuate motor 674 and pump 670 to provide liquid from collection reservoir 660, via

one-way valve 678, to reservoir 690. Collection reservoir and pumping subsystem 620

is preferably operative to check that liquid level in collection reservoir 660, as sensed by

liquid level sensor 684, is appropriate to supply liquid to reservoir 690. Collection
reservoir and pumping subsystem 620 is also preferably operative to check that the
temperature in collection reservoir 660, as sensed by temperature sensor 688, is higher
than a threshold temperature, typically 5°C, to ensure that liquid in collection reservoir
660 is not frozen.

It is appreciated that, although in the illustrated embodiment collection
reservoir and pumping subsystem 620 supplies liquid to vehicle liquid heating system
630, collection reservoir and pumping subsystem 620 may be operative to provide a
supply of liquid for any suitable vehicle use, such as to supply liquid to the vehicle
engine cooling system or to supply liquid for a vehicle operator to wash his hands with.

Reference is now made to Fig. 11, which is a simplified schematic
iltustration of a liquid collection and reuse system for use in a vehicle in accordance
with another preferred embodiment of the present invention. As seen in Fig. 11, a liquid
collection and reuse system 800 for use in a vehicle includes a liquid collection and
filtration subsystefn 810, a collection reservoir and pﬁmping subsystem 820 and a
vehicle liquid heating system 830 supplying liquid to vehicle sprayers 840.

Liquid collection and filtration subsystem 810 is preferably identical to
liquid collection and filtration subsystem 610 of Fig. 10 and vehicle liquid heating
system 830 is preferably identical to vehicle liquid heating system 630 of Fig. 10.

Collection reservoir and pumping subsystem 820 is similar to collection
reservoir and pﬁmping subsystem 620 and includes a collection reservoir 860, at least
one additional reservoir 864, (two additional reservoirs 864 are shown in the illustrated
embodiment) multiple pumps 870, preferably volumetric pumps, driven by motor 874
and multiple one-way valves 876 and 877. Additional reservoirs 864 eachpreferably
include a liquid level sensor 878 and a liquid input aperture 882, preferably including a
removable cover (not shown). Additional reservoirs 864 may also include a temperature
sensor (not shown).

Collection reservoir 860 is preferably identical to collection reservoir 660

and preferably includes' overflow drain 680, liquid input aperture' 682, liquid level
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sensor 684 and temperature sensor 688. One-way valves 876 and 877 allow liquid to
flow from collection reservoir 860 and additional reservoirs 864 to vehicle liquid
heating system 830 and i)revent liquid backflow from vehicle liquid heating system 830
into collection reservoir 860 and additional reservoirs 864. Additionally, one-way
valves 877 prevent liquid from collection reservoir 860 from flowing into additional
reservoirs 864. Liquid input apertures 882 are provided to allow a user to add any
suitable liquid to additional reservoirs 864.

Collection reservoir and pumping subsystem 820 also preferably includes
at least one two-position valve 890 (two additional two-position valves 890 are shown
in the illustrated embodiment), each associated with one of the at least one additional
reservoirs 864. Valves 890 are operative in a first position to allow liquid from
additional reservoirs 864 to flow, via pump 870, to vehicle liquid heating subsystem 830
and in a second position to return liquid to the additional reservoir 864 from where the
liquid was pumped. It is appreciated that valves 890 may be operated in response to an
automatic signal from a system controller or a user actuation signal.

As seen on Fig. 11, valve 654, liquid level sensors 878 and 684,
temperature sensor 688, motor 874, liquid level sensor 698 and two-position valves 890
are preferably in electrical communication with a liquid flow controller 900 via
respective electrical connections 902, 904, 906, 908, 910, 912 and 914. Liquid flow
controller 900 is preferably connected to a vehicle computer (not shown). Alternatively,
the functionality of liquid flow controller 900 is included in the vehicle computer (not
shown).

Liquid flow controller 900 is connected to a vehicle battery 920 via
electrical cables 924. Liquid heating system 694 is also connected to battery 920 ﬁa
cables 928. Preferably, liquid flow controfler 900 is also connected to at least one
temperature sensor 930 located inside the vehicle or outside the vehicle to measure
ambient temperature. Additionally, liquid flow controller 900 may utilize an output
signal from a conventional rain sensor (not shown) to actuate valve 654.

Alternatively, valve 654, liquid level sensors 878 and 684, temperature
sensor 688, motor 874, liquid level sensor 698 and two-position valves 890 may be
connected to any combination of device computers, such as liquid heating system 694

computer (not shown) or other vehicle located computers (not shown), preferably
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connected to the vehicle computer (not shown).

Collection reservoir and pumping subsystem 820 is operative, upon
receiving a liquid request signal from liquid flow controller 900 or other device,
preferably in response to a low liquid level signal generated by liquid level sensor 698,
to actuate motor 874 and pumps 870 to provide liquid from collection reservoir 860
and/or from one or more additional reservoirs 864, via two-way valves 890 and one-
way valves 876 and 877, to reservoir 690.

A preferred embodiment of the operation of the collection reservoir and
pumping system of Fig. 11 is now described. Collection reservoir and pumping
subsystem 820 is preferably operative to check that the liquid level in collection
reservoir 860, as-sensed by liquid level sensor 684, is appropriate to supply liquid.
Collection reservoir and pumping subsystem 820 is also preferably operative to check
that the temperature in collection reservoir 860, as sensed by temperature sensor 688, is
higher than a threshold temperature, typically 5°C, to ensure that the liquid in collection
reservoir 860 is not frozen.

Additionally, collection reservoir and pumping subsystem 820 is
preferably operative to check that liquid level in one or more additional reservoirs 864,
as sensed by liquid level sensors 878, is appropriate to supply liquid. Collection
reservoir and pumping subsystem 820 is also preferably operative to check that the
temperature in one or more additional reservoir 864, as sensed by temperature sensors
therein (not shown), is higher than a threshold temperature, typically 5°C, to ensure that
liquid in additional reservoirs 864 is not frozen.

Collection reservoir and pumping subsystem 820 is then preferably
operative to actuate motor 874 to operate one or more of pumps 870 to pump liquid
from at least one of collection reservoir 860 and additional reservoirs 864, via one-way
valves 876 and 877 to reservoir 690. In a preferred embodiment of the present
invention, motor 874 is operative to operate all of pumps 870, and collection reservoir
and pumping subsystem 820 controls flow to reservoir 690 through the positioning of
two-way valves 890. Alternatively, motor 874 may be operative to operate only a subset
of pumps 870 to provide liquid to reservoir 690 and two-way valves 890 may be
obviated. In another alternative embodiment of the present invention, each of pumps

870 may be connected to a respective motor.
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It is appreciated that the provision of two-way valves 890 allows a
mixture of liquids from collection reservoir 860 and additional reservoirs 864 to be
provided to reservoir 690. It is appreciated that collection reservoir 860 and additional
reservoirs 864 may contain different liquids or the same liquid.

Liquid flow controller 900 is preferably operative to control collection
reservoir and pumping subsystem 820 to provide the appropriate mixing of liquids from
collection reservoir 860 and additional reservoirs 864.

An example of the functionality provided by system of Fig. 11 is now
provided. Collection reservoir 860 is preferably filled with water, while additional
reservoirs 864 preferably contain liquid anti-freeze. Based on the temperature sensed by

sensor 930, liquid flow controller 900 is operative to provide an optimal mix of water

~ and anti-freeze to reservoir 690 by operating pumps 870 and two-way valves 8§90 as

appropriate.

It is appreciated that, although in the illustrated embodiment collection
reservoir and pumping subéystefn 820 supplies liquid to vehicle liquid heating system
830, collection reservoir and pumping subsystem 820 may be operative to provide a
supply of liquid for any suitable vehicle use, such as to supply liquid to the vehicle
engine cooling system or to supply liquid for a vehicle operator to wash his hands with.

Reference is now made to Fig. 12, which is a simpliﬂed pictorial
illustration of a vehicle windshield cleaning and de-icing system, constructed and
operative in accordance with another preferred embodiment of the present invention,
installed in a motor vehicle.”

As seen in Fig. 12, an otherwise conventional motor vehicle 1100 is seen
to incorporate a windshield cleaning and de-icing system 1120 for cleaning and/or de-
icing a vehicle windshield 1124. The windshield clearﬁng and de-icing system 1120
preferably includes a vessel 1128, for heating liquid received from a reservoir 1130,
which provides heated liquid, such as water or windshield cleaning liquid, to spray
heads 1132 for spraying onto windshield 1124. Vessel 1128 has an inlet 1134, which
receives liquid from reservoir 1130, and an outlet 1136 through which heated liquid is
discharged to spray heads 1132. The liquid is driven by a pump 1140, which is

generally already present in automobile 1100 for spraying unheated liquid to clean
windshield 1124.
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A battery 1142 provides power to windshield cleaning and de-icing
system 1120, and wipers 1144 clean melted ice and dirt from the windshield, as is
known in the art. A controller 1146 regulates the operation of windshield cleaning and
de-icing system 1120, and optionally also controls wipers 1144 in conjunction with
operation of windshield cleaning and de-icing system 1120.

One or more terﬁperature sensors, in communication with controller
1146, are preferably provided to measure the temperature of the liquid in vessel 1128
and may also measure the temperature of the spray heads 1132. Additionally, one or
more temperature sensors, preferably in communication with controller 1146, may be
provided to measure the temperature external to vessel 1128, such as a windshield
temperature sensor 1148, a vehicle exterior temperature sensor 1150 and a vehicle
interior temperature sensor 1152. It is appreciated that sensor 1148 is preferably placed
along the surface of the windshield 1124 in a similar fashion to the windshield
temperature sensor described in reference to Fig. 3 of applicant’s U.S. Patent 6,615,438
and may similarly include a reflective cover.

It is appreciated that spray heads 1132, which are located on a wiper arm
in the illustrated embodiment, may be located in any other suitable location, such as
adjacent windshield 1124 or on wipers 1144.

Additional sensors may also be provided, such as a wind speed sensor or
a dirt sensor. Controller 1146 may also be operative to receive additional inputs
concerning vehicle operational parameters and/or external conditions from a vehicle
computer and/or from existing vehicle sensors, as described further hereinbelow.

It is appreciated that vessel 1128 may include any suitable vessel, such as
the vessel described in Figs. 2 - 6B hereinabove or those described in
applicants’/assignee’s U.S. Patent Nos. 6,164,564; 6,615,438; 6,669,105, 6,892,417 and
7,108,754 applicants’/assignee’s U.S. Patent Application Nos. 11/203,779; 10/700,141;
10/477,486 and 10/531,979 and applicants’/assignee’s PCT Application Serial No.
PCT/IL.2005/00179, the disclosures of which are hereby incorporated by reference.

Reference is now made to Fig. 13, which is a simplified sectional
illustration of a vessel for heating liquid which may form part of the vehicle windshield
cleaning and de-icing system of Fig. 12. It is appreciated that tﬁe embodiment of Fig. 13

is for illustrative purposes only and the vehicle windshield cleaning and de-icing system
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of Fig. 12 may also utilize any other suitable vessel for heating liquid, including but not
limited to the vessel shown hereinbelow in Fig. 16.

Turning to Fig. 13, it is seen that vessel 1128 includes a housing portion
1300, preferably formed of a plastic material, which defines a liquid heating area 1302.
At least one heating element 1322 is disposed within liquid heating area 1302. Liquid to
be heated is typically received into liquid heating area 1302 of vessel 1128 via an inlet
1326. Heated liquid typically exits at tile top of the liquid heating area 1302 via a
conduit 1330, also typically defined by housing portion 1300, to an outlet 1334. Outlet
1334 is in fluid communication with spray heads 1132 (Fig. 12).

It is appreciated that even though the illustrated embodiment of Fig. 13
shows vessel 1128 including two heating elements 1322, vessel 1128 may include a
single heating element 1322, or more than two heating elements 1322, to heat the liquid
within liquid heating area 1302.

A liquid temperature sensor 1340 preferably is located near the top of the
liquid heating area 1302 adjacent an inlet to conduit 1330. Another temperature sensor
1342 is preferably located in a wall 1344 of the liquid heating chamber 1302.
Temperature sensors 1340 and 1342 provide electrical outputs to a controller 1350,
typically located within housing 1300. Controller 1350 controls the electrical power to
heating elements 1322. It is appreciated that in the event that more than one heating
element 1322 is provided, each of the heating elements 1322 are preferably controlled
individually by controller 1350, and may be operated at various power levels, as
described further hereinbelow.

As described hereinabove, controller 1350 may be included in housing
1300 or the functionality of controller 1350 may be included in a vehicle computer or
computers (not shown) or any combination thereof. Controller 1350 is preferably in
communication with one or more sensors, as described hereinabove.

It is appreciated that controller 1350 may utilize information provided by
either temperature. sensor 1340 or temperature sensor 1342, or a combination of
information from both sensors 1340 and 1342, to control the operaﬁon of heating
elements 1322, as described further hereinbelow.

Vessel 1128 may also include a circulation pump 1362 for circulating

heated liquid through conduits 1364 and 1366 to heat external components of the
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system such as iiquid sprayers and windshield wiper blades, as well as to heat heated
liquid supply conduits, such as a conduit 1368 coupled to outlet 1334.

Circulation pump 1362 may be operated by electronic heating control
circuitry 1350 automatically on the basis of any suitable criteria.

Reference is now made to Fig. 14, which is a 31mp11ﬁed ﬂow chart of a
method to ascertain a ‘near-boiling temperature’ of a liquid.

As seen in Fig. 14, controller 1350 is operative to turn on at least one of
heating elements 1322, preferably to a maximum heating level. Controller 1350 also
obtains and saves a value of a first temperature measurement of the liquid in vessel
1128, Temp,, which is typically received from one of sensors 1340 énd 1342, or may be
a function of information received from both sensors 1340 and 1342 or any other sensor
or sensors operative to provide information pertaining to the temperature of the liquid in
vessel 1128.

If Temp; is equal to or greater than a predetermined minimum, such as
30°C, controller 1350 is operative to continue to heat the liquid in vessel 1128 for a
predetermined interval, typically 6 seconds, and to obtain and save a second temperature
measurement of the liquid in vessel 1128, Temp,. Controller 1350 calculates the
temperature difference as (Temp,-Tempy).

If the temperature difference is less than a predetermined minimum
change, typically 2°C, controller 1350 is operative to set the ‘near-boiling temperature’
of the 1iquid to a predetermined value, typically 60°C. Preferably, controller 1350 is
operative to ascertain a new ‘near-boiling temperature’ after a predetermined time
interval, typically 30 minutes, if the vehicle has not been turned off in the interim. If the
vehicle has been turned off during the predetermined time interval, the controller 1350
is operative at vehicle start up to ascertain a new ‘near-boiling temperature’.

If the temperature difference is greater than or equal to the predetermined

minimum change, the value of Temp; is updated to be the value Temp, and the process

continues as described further hereinbelow.

If Temp; is less than a predetermined minimum, such as 30°C, controller
1350 is operative to continue to heat the liquid in vessel 1128 and to obtain and save a
new value for Templ; until Temp; is equal to or exceeds the predetermined minimum.

Controller 1350 then waits for a predetermined time, typically 1-2
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seconds, and then obtains and saves a value of a second temperature measurement of the
liquid in vessel 1128, Temp,. Temp, and Temp; are compared to see if the difference is
less than a predetermined stability value, typically 0.1°C. If the difference is greater
than or equal to the predetermined stability value, the value of Temp; is updated to be
the value Temp, and the process is repeated.

If the difference is less than the predetermined stability value, the
controller 1350 sets the ‘near-boiling temperature’ of the liquid to the value Temp,. The
controller 1350 then preferably turns off the at least one of héating elements 1322 and
the near-boiling temperature ascertaining process ends. Alternatively, the controller
1350 may leave the at least one of heating elements 1322 on and end the near-boiling
temperature ascertaining process.

It is appreciated that controller 1350 is typically operative to ascertain the
‘near-boiling temperature’ of the liquid at vehicle start up and to store that value for use
in setting standby temperature thresholds, as described hereinbelow. It is appreciated
that controller 1350 may be operative to retrieve a stored ‘near-boiling temperature’®
from a previous vehicle start up in the event that the vehicle was turned off for a period
of time less than a predetermined duration, such as 10 minutes, and/or based on
information received from a vehicle reservoir sensor (not shown) relating to a liquid
level in the reservoir.

In a further embodiment of the present invention, controller 1350 may be
operative to re-ascertain the ‘near-boiling temperature’ of the liquid in response to
information received from a vehicle reservoir sensor (not shown) relating to a liquid
level in the reservoir 1130. In this embodiment, controller 1350 may be operative o
wait until the liquid in the vessel 1128 has been replaced with liquid from the reservoir
1130, for example, until one or two spray cycles have been performed, before
ascertaining a new ‘near-boiling temperature.” It is appreciated that in this embodiment
the vehicle reservoir sensor is operative to provide an indication of a significant change‘
in the liquid level in the reservoir 1130 to controller 1350, for example, if the level of
liquid in the reservoir 1130 increases by a predetermined percentage, such as 20%.

"It is appreciated that controller 1350 may interrupt the near-boiling

 ascertaining process described hereinabove if an immediate spray actuation is received.

The immediate spray actuation may be generated by controller 1350, such as in

45

PCT/IL2006/001209



10

15

20

25

30

WO 2007/046106

response to a signal received from a dirt sensor or any other sensor, or received from an
actuation device, such as an operator actuation device. In the event of an immediate
spray actuation being received by controller 1350, controller 1350 turns off heating
elements 1322, actuates pump 1140 in accordance with an immediate spray mode, and
then begins the near-boiling ascertaining process again upon completion of the
immediate spray mode. ‘

In accordance with a preferred embodiment of the present invention,
controller 1350 is operative to utilize the ‘near-boiling temperature’ to set at least one
pair of standby thresholds. Controller 1350 may also receive inputs from at least one .
sensor for use in setting at least one pair of standby thresholds. As described
hereinébove, controller 1350 is operative to set a pair of standby thresholds for each
sensor in a ‘primary temperature sensor” for each operational mode of system 1120.

In one embodiment of the present invention, controller 1350 may be
operative to set a pair of standby thresholds for controlling the operation of heating
elements 1322 during standby mode based only on the value of the ‘near-boiling
temperature’. In this embodiment, controller 1350 sets an upper standby threshold to be
equal to a first predetermined value, such as 15°C, less than the ‘near-boiling
temperature’, and sets a lower standby threshold to be equal to a second predetermined
value, lower than the first predetermined value, such as 20°C, less than the ‘near-boiling
temperature’.

In another embodiment of the ﬁresent invention, controller 1350 may be
operative to set a pair of standby thresholds for controlling the operation of heating
elements 1322 during standby mode bas;ed on the value of the ‘near-boiling
temperature’ and additional information. In this embodiment, controller 1350 may set
upper and lower standby thresholds based on different mathematical functions using the
value of the ‘near-boiling temperature’ and at least one additional value, such as a
temperature of the vehicle exterior, vehicle interior or the liquid in reservoir 1130.

In one example of this embodiment, controller 1350 may be operative to
set a pair of standby thresholds for controlling the operation of heating elements 1322
during standby mode based on the value of the ‘near-boiling temperature’ and the
temperature of the liquid in reservoir 1130. In this embodiment, controller 1350 sets the

upper standby threshold and the lower standby threshold based on a lookup table which
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is a function of the ‘near boiling temperature’ and the temperature of the liquid in
reservoir 1130. For example, if the ‘near boiling temperature’ is between 65°C and
75°C then the values for the lookup table may be as follows: .

Temperature of liquid in Reservoir Upper standby Threshold Lower Standby Threshold

>30°C 35°C 30°C
5°C -30°C 40°C 35°C
<5°C 45°C 40°C

It is appreciated that the difference between the upper standby threshold -
and the lower standby threshold may be predetermined or may be a function of the
determinants of the thresholds.

In a further preferred embodiment of the present invention, where system
1120 also includes a circulation pump, such as circulation pump 1362 of the
embodiment of Fig. 13, controller 1350 may be operative to increase and/or decrease
the upper standby threshold and/or lower standby threshold upward by a predetermined
amount, such as 5°C, if the circulation pump is in operation.

It is appreciated that in embodiments of the present invention including
setting standby thresholds based on additional informaﬁon, the controller 1350 may be
operative to set new standby thresholds after a predetermined interval, typically 10
minutes.

It is appreciated that the ascertaining of the ‘near-boiling temperature’
and the setting of the standby thresholds based thereon, as described hereinabove,
enables heating of the liquid to an appropriate standby level, which allows for heated
liquid to be provided rapidly for heated spraying and also minimizes evaporation of the
liquid.

Reference is now made to Fig. 15, which is a simplified flow chart of a
preferred mode of operation of the system of Figs. 12 - 13. '

As seen in Fig. 15, controller 1350 is operative to periodically check if
the vehicle ignition has been turned on, typically every 50 msec. Once controller 1350
detects that the vehicle ignition is turned on, it then periodically, typically every 50
msec., checks if the engine voltage is greater than a minimum voltage, MINy, typically

12v. Controller 1350 may also be operative to ensure that other vehicle parameters are

~within predetermined ranges.
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- When the controller 1350 detects that the ignition is on and that the
minimum voltage threshold has been met, the controller 1350 is operative to ascertain a
‘near-boiling temperature’ and to set at least one pair of standby thresholds, as described
hereinabove with reference to Fig. 14. It is appreciated that controller 1350 may
ascertain a ‘near-boiling temperature’ by retrieving a stored ‘near-boiling temperature’
from a previous vehicle start up in the event that the vehicle was turned off for a period
of time less than a predetermined duration, as described hereinabove with reference to
Fig. 14, and may utilize the retrieved ‘near-boiling temperature’ to set at least one pair
of standby thresholds.

As described hereinabove with reference to Fig. 14, it is appreciated that
controller 1350 may interrupt the near-boiling ascertaining process upon receiving an
immediate spray actuation. In the event of an immediate spray actuation being received
by the controller 1350, the controller 1350 ;cums off heating elements 1322, actuates
pump 1140 in accordance with an immediate spray mode, such as the immediate spray
mode described hereinabove with reference to Fig. 9A or aﬁy other suitable immediate
spray mode, and then begins the near-boiling ascertaining process again.

Upon completion of the near-boiling ascertaining process, the controller
1350 is operative to control the operation of heating elements 1322 in accordance with a
standby mode based on the at least one pair of standby thresholds and information
received from the ‘primary temperature sensor.” As seen in Fig. 15, the standby mode
preferably provides a recurring cycle of operations until the vehicle ignition is turned
off.

It is appreciated that in the embodiment shown in Fig. 13, the primary
temperature sensor may be either of sensors 1340 or 1342, or any other sensor providing
information pertaining to the temperature of the liquid in vessel 1128.

In accordance with the embodiment of Fig. 15, controller 1350 is
operative, when operating in standby mode, to check if an immediate spray mode has
been actuated, such as by operator actuation or an automatically generated immediate
spray actuation. If an immediate spray mode has been actuated, controller 1350 is
operative to actuate pump 1140 in accordance with an immediate spray mode. If the
immediate spray mode is actuated by an operator, controller 1350 may actuate pump

1140 to provide an immediate spray of liquid onto the windshield for the duration of the
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operator actuation or any other suitable duration.

If the immediate spray actuation is an automatically generated immediate
spray actuation, controller 1350 may be operative to actuate pump 1140 in accordance
with an immediate spray mode, such as the immediate spray mode described
hereiﬁabove with reference to Fig. 9A, or any other suitable immediate spray mode.

If an immediate spray mode has not been actuated, controller 1350 is
operative to check if a high temperature spray mode has been actuated, such as by
operator actuation or an automatically generated high temperature spray actuation. If a
high temperature spray mode has been actuated, controller 1350 is operative to control
pump 1140 and heating elements 1322 in accordance with a high temperature spray
mode.

If the high temperature spray mode is actuated by an operator, controller
1350 is operative to control pump 1140 and heating elements 1322 in accordance with a
high temperature spray mode, such as the high temperature spray mode described
hereinabove with reference to Fig. 9B or any other suitable high temperature spray
mode, such as the automatic or high temperature spraying modes described in
applicants’/assignee’s U.S. Patent Nos. 6;164,564; 6,615,438; 6,669,105; 6,892,417 and
7,108,754, applicants’/assignee’s U.S. Patent Application Nos. 11/203,779; 10/700,141,
10/477,486 and 10/531,979, and applicants’/assignee’s PCT Application Serial No.
PCT/IL2005/00179, the disclosures of which are hereby incorporated by reference.

If the high temperature spray actuation is an automatically generated high
temperature spray actuation, controller 1350 is operative to control pump 1140 and
heating elements 1322 in accordance with a high temperature spray mode, such as the
high temperature spray mode described hereinabove with reference to Fig. 9B or any
other suitable high temperature spray mode, such as the automatic or high temperature
spraying modes described in applicants’/assignee’s U.S. Patent Nos. 6,164,564;
6,615,438; 6,669,105; 6,892,417 and 7,108,754, applicants’/assignee’s U.S. Patent
Application Nos. 11/203,779; 10/700,141; 10/477,486 and 10/531,979 and
applicants’/gssignee’s PCT Application Serial No. PCT/I1.2005/00179, the disclosures
of which are hereby incorporated by reference.

If high temperature spray mode has not been actuated, controller 1350

then receives an input from the primary temperature sensor and compares it to the
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respective upper standby threshold and lower standby threshold.

If the temperature sensed by the temperature sensor is greater than the
upper standby threshold, controller 1350 is operative to turn off heating elements 1322.

If the temperature sensed by the temperaturé sensor is less than or equal
to the upper standby threshold and greater than or equal to the lower standby threshold,
controller 1350 may be operative to control heating elements 1322 in accordance with a
maintain temperature operating mode. In one embodiment of the maintain temperature
operating mode, controller 1350 may be operative to operate one or more heating
elements 1322 at predetermined power levels. In another embodiment of the maintain
temperature operating mode, controller 1350 may be operative to turn off heating
elements 1322.

It is appreciated that the number of heating elements and the
predetermined power level for each may be provided by a lookup table, or any suitable
control method, based on the value of the temperature sensed relative to the upper
standby threshold and the lower standby threshold. Thus, for example, controller 1350
may provide a lower percentage of the maximum power, such as 35%, if the difference
between the temperature sensed and the upper standby threshold is less than the
difference between the temperature -sensed and the lower standby threshold, and may
provide a higher percentage of the maximum power, such as 70%, if the temperature
difference between the temperature sensed and the upper standby threshold is greater
than the difference between the temperature sensed and the lower standby threshold.

It is appreciated that the selection of the embodiment to be employed by
controller 1350 in the maintain temperature operating mode may be predetermined
based on vehicle specifications, or may be a function of one or more sensors providing
real-time information relating to the vehicle operating environment, such as engine
power level, temperature within the engine compartment, or any other suitable
parameter.

If the temperature sensed by the temperature sensor is less than the lower
standby threshold, controller 1350 is operaﬁve to control heating elements 1322 in
accordance with an increase temperature operating mode. In one embodiment of the
increase temperature operating mode, controller 1350 may be operative to operate one

or more heating elements 1322 at'a predetermined power level. Alternatively, controller
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1350 may be operative to operate one or more heating elements 1322 at maximum
power when the temperature sensed is less than the lower standby threshold. In another
alternative embodiment, controller 1350 may be operative to control the number of
heating elements to operate and the power level for their operation by accessing a
lookup table based on the difference between the temperature sensed and the lower
standby threshold.

Thus, for example, controller 1350 may operate all 6f heating elements
1322 at maximum power if the difference between the temperature sensed and the lower
standby threshold is greater than 10°C and may operate only a single heating element
1322 at maximum power if the difference between the temperature sensed and the lower
standby threshold is less than 5°C. Alternatively, controller 1350 may operate more than
one heating element 1322 at less than maximum power if the difference between the
temperature sensed and the lower standby threshold is less than 5°C.

It is appreciated that the selection of the embodiment to be employed by
controller 1350 in the increase temperature operating mode may be predetermined based
on vehicle specifications, or may be a function of one or more sensors providing real-
time information relating to the vehicle operating environment, such as engine power
level, temperature within the engine compartment, or any other suitable parameter.

It is appreciated that controller 1350 may be operative to save the
operating parameters associated with each of heating elements 1322 from each cycle of
the standby mode and to compare the operating parameters from the previous cycle of
the standby mode with the operating ISarameters of the present cycle to minimize the
numbers of commands required to control heating elements 1322.

It is appreciated that controller 150, described hereinabove with reference
to Figs. 1 - 5B, may also be operative according to the functionality described
hereinabove wi;[h refefence to Figs. 14 and 15.

Thus, controller 150 may be operative to ascertain a mnear-boiling
temperature of the fluid in liquid container 208, as described hereinabove in reference to

Fig. 14, preferably using temperature sensor 350. Controller 150 may also be operative

~ to provide an operational cycle, including a standby mode, as described hereinabove

with reference to Fig. 15.

In a preferred embodiment of the present invention, controller 150 is
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operative to set an upper and lower standby threshold for the temperature of the liquid
in primary heating chamber 280 and an upper and lower standby threshold for the
temperature of the liquid in secondary heating chamber 282 based on the near-boiling
temperature of the fluid in liquid container 208, as described hereinabove with reference
to Fig. 15. In this embodiment, controller 150 may be operative to select one of sensors
350 or 352 to be the primary temperature sensor, as described further hereinbelow.

In this embodiment, controller 150 is breferably operative to initially
select first temperature sensor 350 to be the primary temperature sensor and to control
heating element 206 based on the upper and lower standby threshold set for the liquid in
primary heating chamber 280 and the temperature sensed by sensor 350.

Thus, as described hereinabove with reference to Fig. 15, if the
temperature sensed by first temperature sensor 350 is greater than the upper standby
threshold set for the liquid in primary heating chamber 280, controller 150 turns off
heating element 206. If the temperature sensed by first temperature sensor 350 is-less
than the lower standby threshold set for the liquid in primary heating chamber 280,
controller 150 is operative to control heating element 206 in accordance with an
increase temperature operating mode. In one embodiment of the increase temperature
operating mode, controller 150 may be operative to operate heating element 206 at a
predetermined power level. Alternatively, controller 150 may be operative, in an
increase temperature operating mode, to operate heating element 206 at maximum
power. In another alternative embodiment of an increase temperature operating mode,
controller 150 may be operative to control the power level for operation of heating
element 206 by accessing a. lookup table based on the difference betweeﬁ the

temperature sensed by first temperature sensor 350 and the lower standby threshold set

_for the liquid in primary heating chamber 280.

As described hereinabove with reference to Fig. 15, if the temperature
sensed by first temperature sensor 350 is less than or equal to the upper standby
‘.chreshold set for the liquid in primary heating chamber 280 and greater than or equal to
the lower standby threshold set for the liquid in primary heating chamber 280, controller -
150 is operative to control heating element 206 in accordance with a maintain
temperature operating mode. In accordance with a preferred embodiment of the present

invention, in the maintain temperature operating mode, controller 150 may be operative
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to select second temperature sensor 352 to be the primary temperature sensor and to
operate heating element 206 based on the upper and lower standby thresholds set for the
liquid in secondary heating chamber 282 and the temperature sensed by sensor 352.

Thus, if the temperature sensed by second temperature sensor 352 is
greater than the upper standby threshold set for the liquid in secondary heating chamber
282, controller 150 may be operative to turn off heating element 206. Alternatively,
controller 150 may be operative to turn off heatihg element 206 if the temperature
sensed by second temperature sensor 352 is greater than the lower standby threshold set
for the liquid in secondary heating chamber 282.

If the temperature sensed by second temperature sensor 352 is less than
the lower standb}} threshold set for the liquid in secondary heating chamber 282,
controller 150 may be operative to operate heating element 206 at a predetermined
power level. In another alternative embodiment, controller 150 may be operative to
control the power level for the operation of heating element 206, by accessing a lookup
table, based on the difference between the temperature sensed by second temperature
sensor 352 and the lower standby threshold set for the liquid in secondary heating
chamber 282. ‘

Alternatively, .controller 150 may be operative to set an upper and lower
standby threshold only for the temperature of the liquid in primary heating chamber 280
and may be operative to provide standby functionality similar to the standby
functionality of controller 1350 described hereinabove. In this embodiment, controller
150 may be operative to control the operation of heating element 206 based on the
temperature sensed by first temperature sensor 350.

Reference is now made to Fig. 16, which is a simplified exploded view
illustration of a vessel for heating liquid which may form part of the vehicle windshield
cleaning and de-icing system of Fig. 12, in accordance with another preferred
embodiment of the present invention.

As seen in Fig. 16, a vessel 1400 preferably includes a first conduit
element 1410 and a second conduit element 1412 defining, respectively, a primary
liquid heating volume portion and a secondary liquid heating volume portion.

Preferably, mounted onto vessel 1400 there is provided a controller 1414, typically
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including an electrical circuit board 1416, and a plurality of heating elements 1418 in
electrical communication with circuit board 1416. |

A first liquid temperature sensor 1426, which senses the temperature of
liquid as it leaves vessel 1400, is also preferably coupled to circuit board 1416. A
second liquid temperature sensor 1428, which senses the temperature of liquid in
secondary liquid heating volume portion, is also in electrical communication with
circuit board 1416.

Controller 1414 provides, inter alia, control of the operation of liquid
heating elements 1418 via electrical circuitry on electrical circuit board 1416.

First conduit element 1410 is preferably formed of a heat conductive
material, such as aluminum, and is in direct heat exchange relationship with heating
elements 1418. Second conduit element 1412 is preferably formed of a somewhat
flexible and resilient material, such as LEXAN®, and is preferably sealingly attached to
first conduit element 1410 and to a heat conductive displaceable element, preferably an
intervening liquid impermeable diaphragm 1450. The diaphragm 1450 may be formed
as a separate element, as shown in Fig. 16, or alternatively may be integrally formed
with second conduit element 1412.

Fig. 16 illustrates a typical liquid flow defined by first and second
conduit elements 1410 and 1412, extending from a liquid ingress opening 1452 in
second conduit element 1412, via a conduit 1454 defined therein and via one or more
apertures 1456 formed in diaphragm 1450, through a conduit 1458 formed in first
conduit element 1410 and out through a heated liquid egress opening 1460 formed in
the first conduit element 1410. ‘

Controller 1414 is operative to provide functionality similar to the
functionality of controller 1350 described hereinabove with reference to Figs. 14 and
15. Thus, controller 1414 is operative to ascertain a near-boiling temperature of the fluid
in vessel 1400, as described hereinabove in reference to Fig. 14, preferably using
temperature sensor 1426. Preferably, controller 1414 is also operative to provide an
operational cycle, including a standby mode, as described hereinabove with reference to
Fig. 15.

In a preferred embodiment of the present invention, controller 1414 is

operative to set an upper and lower standby threshold for the temperature of the liquid
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in first conduit element 1410 and an upper and lower standby threshold for the
temperature of the liquid in second conduit element 1412 based on the near-boiling
temperature of the fluid in vessel 1400, as described hereinabove with reference to Fig.
14. In this embodiment, controller 1414 may be operative to select which one of sensors
1426 or 1428 is to be the primary temperature sensor, as described furtﬁer hereinbelow.

In this embodiment, controller 1414 is preferably operative to initially
select sensor 1426 to be the primary temperature sensor and to utilize the upper and
lower standby threshold set for the liquid in first conduit element 1410 to control
heating elements 1418,

Thus, as described hereinabove with reference to Fig. 15, if the
temperature sensed by temperature sensor 1426 is greater than the upper standby
threshold set for the liquid in first conduit element 1410, controller 1414 turns off
heating elements 1418. If the temperature sensed by temperature sensor 1426 is less
than the lower standby threshold set for the liquid in first conduit element 1410,
controller 1414 is operative to control heating elements 1418 in accordance with an
increase temperature operating mode. In one embodiment of the increase temperature
operating mode, controller 1414 may be operative to operate one or more heating
elements 1418 at a predetermined power level. Alternatively, controller 1414 may be
operative, in an increase temperature operating mode, to operate one or more heating
elements 1418 at maximum power. In another alternative embodiment of an increase
temperature operatihg mode, controller 1414 may be operative to control the number of
heating elements to operate and the power level for their operation, by accessing a
lookup table, based on the difference between the tefnperature sensed by temperature
sensor 1426 and the lower standby threshold set for the liquid in first conduit element
1410.

As described hereinabove with reference to Fig. 1‘5 , if the temperature
sensed by temperature sensor 1426 is less than or equal to the upper standby threshold
set for the liquid in first conduit element 1410 and greater than or equal to the lower
standby threshold set for the liquid in first conduit element 1410, controller 1414 is
operative to control heating elements 1418 in accordance with a maintain temperature
operating mode. In accordance With a preferred embodiment of the present invention, in

the maintain temperature: operating mode, controller 1414 may be operative to select
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temperature sensor 1428 to be the primary temperature sensor and to operate one or
more heating elements 1418 based on the upper and lower standby thresholds set for the
liquid in second conduit element 1412,

Thus, if the temperature sensed by temperature sensor 1428 is greater
than the upper standby threshold set for the liquid in second conduit element 1412,
controller 1414 may be operative to turn off heating elements 1418. Alternatively,
controller 1414 may be operative to turn off heating elements 1418 if the temperature
sensed by temperature sensor 1428 is greater than the lower standby threshold set for
the liquid in second conduit element 1412.

If the temperature sensed by temperature sensor 1428 is less than the
lower standby threshold set for the liquid in second conduit element 1410, controller
1414 may be operative to operate one or more heating elements 1418 at a predetermined
power level. In another alternative embodiment, controller 1414 may be operative to
control the number of heating elements to operate and the power level for their
operation, by accessing a lookup table, based on the difference between the temperature
sensed by temperature sensor 1428 and the lower standby threshold set for the liquid in
second conduit element 1412.

Alternatively, controller 1414 may be operative to set an upper and lower
standby threshold only for the temperature of the liquid in first conduit element 1410
and may be operative to provide standby functionality similar to the standby

functionality of controller 1350 described hereinabove. In this embodiment, controller

1414 may be operative to control the operation of heating elements 1418 based on the
temperature sensed by temperature sensor 1426.

It is appreciated that the standby mode of the present invention, including
ascertaining a ‘near-boiling’ temperature and setting standby thresholds as described
hereinabove with referénce to Figs. 14 - 15, is not limited to the liquid heating vessels
shown and described hereinabove and may be utilized with other suitable liquid heating
vessels.

It is appreciated that the standby mode of the present invention, may also
include a reservoir standby mode, including ascertaining a ‘near-boiling’ temperature of
the liquid in the reservoir and setting reservoir standby thresholds, similar to that

described hereinabove with reference to Figs. 14 - 15.
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Reference is now made to Figs. 17, 18A, 18B and 19, which are
simplified pictorial illustrations of a windshield wiper assembly for use in a vehicle,
constructed and operative in accordance with another preferred embodiment of the
present invention.

It is appreciated that while the windshield wiper assembly of Figs. 17 -
19 is especially suitable for use with a liquid heating system including a circulation
pump, such as the liquid heating system shown in Fig. 13, it may be used with any
suitable liquid heating system including a pump.

As seen in Figs. ~17, 18A, 18B and 19, the windshield wiper assembly _
comprises a wiper arm 1600 which is fixed to a shaft 1602 which is preferably arranged
for rotation about a rotation axis 1604. Shaft 1602 is preferably driven for reciprocating
rotational motion by a conventional wiper drive assembly (not shown), forming part of
a conventional motor vehicle. Wiper arm 1600 preferably comprises a first portion 1606
and a second portion 1608. First portion 1606 is preferably connected to shaft 1602, as
seen in Fig. 19, and second portion 1608 preferably overlies at least a portion of a wiper
blade 1610 and a wiper blade holder 1612.

Alternatively, first portion 1606 of wiper arm 1600 may be arranged for
linear movement or linear and rotational movement along a windshield.

Wiper blade holder 1612 holds wiper blade 1610 and is attached to wiper
arm 1600 for reciprocating rotational motion therewith: In accordance with a preferred
embodiment of the present invention, at least one heat conductive circulation conduit
1620 is provided adjacent to at least one of wiper arm 1600 and wiper blade holder
1612. As seen in Fig. 18A, heat conductive circulation conduits 1622 and 1624 are
provided adjacent to wiper arm 1600 and wiper blade holder 1612, respectively.

Heat conductive conduits 1622 and 1624 are connected to each other at
ends thereof by connectors 1626 and 1628. Alternatively, heat conductive conduits 1622
and 1624 1ﬁay be joined to provide continuous cifculation of liquid in any suitable
manner. ‘

Conduit 1622 preferably includes at least one first conduit portion 1630
located on a first side of wiper arm 1600 and at least one second conduit portion 1632
located on a second side of wiper arm 1600. It is appreciated that as wiper arm 1600

travels along the windshield, first conduit portion 1630 travels in front of wiper arm
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1600 when wiper arm 1600 moves in a first direction and first conduit portion 1630
travels in back of wiper arm 1600 when wiper arm 1600 moves in a second direction,
opposite the first direction. Second conduit portion 1632 travels along the windshield in
back of wiper arm 1600 when wiper arm 1600 moves in the first direction and second
conduit portion 1632 travels in front of wiper arm 1600 when wiper arm 1600 moves in
the second direction. | ‘

Conduit 1624 includes at least one first conduit portion 1640 located on a
first side of wiper blade holder 1612 and at least one second conduit portion 1642
located oﬁ a second side of wiper blade holder 1612. It is appreciated that as wiper
blade holder 1612 travels along the windshield, first conduit portion 1640 travels in
front of wiper blade holder 1612 when wiper blade holder 1612 moves in a first
direction and first conduit portion 1640 travels in back of wiper blade holder 1612 when
wiper blade holder 1612 moves in a second direction, opposite the first direction.
Second conduit pbrtion 1642 travels along the windshield in back of wiper blade holder
1612 when wiper blade holder 1612 moves in the first direction and second conduit
portion 1642 travels in front of wiper blade holder 1612 when wiper blade holder 1612
moves in the second direction.

In accordance with a preferred embodiment of the present invention, a
liquid heating system, such as that described hefeinabové with reference to Fig. 13,
including at least one heating element, such as heating element 1322 (Fig. 13), operative
to heat liquid, and also including a circulation pump, such as circulation pump 1362, is .
preferably provided for circulating liquid, preferably heated liquid, through heat
conductive circulation conduits 1622 and 1624.

| Heat conductive circulation conduits 1622 and 1624 preferably define a

continuous circulation path to and from the liquid heating system, via the circulation
pump, together with a first conduit 1650 and a second conduit 1652. It is appreciated
that first conduit 1650 and second conduit 1652 correspond, respectively, to conduits
1364 and 1366, as shown in Fig. 13.

In a preferred embodiment of the present invention, the continuous
circulation path, as shown by arrows in Fig. 18A, is defined by a liquid flow frorﬁ the
liquid heating system via the circulation pump to first conduit 1650, to first conduit

portion 1630 of circulation conduit 1622, through connector 1626 to second conduit
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portion 1642 of circulation conduit 1624, to first conduit portion 1640 of circulation
conduit 1624, to second conduit portion 1642 of circulation conduit 1624, through
connector 1628 to second conduit portion 1632 of circulation conduit 1622 and through
second conduit 1652 to the liquid heating system.

Alternatively, heat conductive circulation conduit 1624 may be obviated
or, as seen in the embodiment of Fig. 18B, may not be comnected to heat conductive
circulation conduit 1622. In this embodiment, a connector 1660 is provided and the
continuous circulation path, as shown by arrows, may be defined by a liquid flow from
the liquid heating system via the circulation pump to first conduit 1650, to first conduit

portion 1630 of circulation conduit 1622, through connector 1660 to second conduit

“portion 1632 of circulation conduit 1622 and through second conduit 1652 to the liquid

heating system.

In another alternative embodiment of the present invention, first conduit
portion 1640 and second conduit portion 1642 of heat conductive circulation conduit
1624 may be located adjacent only a portion of wiper blade holder 1612 that the wiper
arm 1600 does not overlie. In this embodiment, a first and second connector (not
shown) connect, respectively, ends of first conduit portions 1630 and 1640, and ends of
second conduit portions 1632 and 1642 and the continuous circulation path may be
defined by a liquid flow from the liquid heating system via the circulation pump to first
conduit 1650, to first conduit portion 1630 of circulation conduit 1622, through the first
connector to first conduit portion 1640 of circulation conduit 1624, to second conduit
portion 1642 of circulation conduit 1624, through the second ‘comnector to second
conduit portion 1632 of circulation conduit 1622 and through second conduit 1652 to
the liquid heating system.

In yet another alternative embodiment of the present invention, the
continuous circulation path may be defined by a liquid flow from the liquid heating
system via the circulation pump to first conduit 1650, to first conduit portion 1630 of
circulation conduit 1622, to second conduit portion 1632 of circulation conduit 1622,
through a first connecting conduit (not shown) to first conduit portion 1640 of
circulation conduit 1624, to second conduit portion 1642 of circulation conduit 1624,
through a second connecting conduit (not shown), through second conduit 1652 to the

liquid heating system.
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In another alternative embodiment, heat conductive circulation conduit
1622 may be obviated and the continuous circulation path may be defined by a liquid
flow from the liquid heating system via the circulation pump to first conduit 1650,
through a first connecting conduit (not shown) to second conduit portion 1642 of
circulation conduit 1624, to first conduit portion 1640 of circulation conduit 1624, to
second conduit portion 1642 of circulation conduit 1624, through a second connecting
conduit (not shown), through second conduit 1652 to the liquid heating system.

As described hereinabove, preferably, a single circulation path is defined
for heat conductive circulation conduits 1622 and 1624. Alternatively, more than one
circulation pump defining more than one circulation path may be provided. It is
appreciated that any suitable circulation path may be defined whereby liquid flows
through heat conductive circulation conduits along at least a portion of wiper arm 1600
or wiper blade holder 1612.

It is appreciated that, even though the illustrated embodiments described
hereinabove show circulation paths originating and terminatihg in a liquid heating
vessel, the circulation paths of the present invention may alternatively originate and
terminate in a vehicle reservoir including a heating element.

First conduit portions 1630 and 1640 and second conduit portions 1632
and 1642 are preferably formed at least partially of a heat conductive material and are
preferably situated such that at least the portion facing outwardly from wiper arm 1600
and wiper blade holder 1612 is heat conductive. It is appreciated that heat conductive
circulation conduits 1622 and 1624 may be of any suitable cross-section and/or
diameter and may provide any suitably sized heat conductive outwardly faci11g portion.
It is appreciated that heat conductive circulation conduits 1622 and 1624 need not be of
a uniform diameter and/or cross-section along the entire length thereof. In a preferred
embodiment of the present invention, the width of the heat conductive outwardly facing
portion may approximate the width of the wiper arm 1600 and/or wiper blade holder
1612. In another preferred embodiment, the heat conductive outwardly facing portion
may fill any portion of the area between wiper arm 1600 and wiper blade 1610.
Alternatively, the heat conductive outwardly facing portion may also overlap a portion
of wiper blade 1610.

Conduits 1650 and 1652 and the connecting conduits are preferably
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formed of a non heat conductive material and may be defined, at least along a portion
thereof, in a unitary conduit element, wherein conduits 1650 and 1652 are preferably
generally surrounded by a thermal insulation layer. It is appreciated that the unitary
conduit element may also include an additional conduit, similar to conduit 1368 (Fig.
13) which may supply liquid to a conventional vehicle liquid spray head. It is further
appreciated that the system of the present invention may also include at least one
electrical heating element heating at least one of conduits 1650 and 1652 and the
additional conduit.

It is appreciated that first conduit portions 1630 and 1640, second conduit
portions 1632 and 1642, conduits 1650 and 1652, the connection conduits and the
connectors, may include flexible areas, such as flexible areas 1670, to provide for
smooth connection therebetween and to insure appropriate alignment with the wiper
arm 1600 and wiper blade holder 1612 in all orientations.

It is appreciated that similar conduit portions may also be provided for
circulation of liquid adjacent wiper blade 1610 and/or for circulation of liquid adjacent
to spray nozzles. It is appreciatéd that the system of the present invention may also
include an electrical heating element heating a supply conduit supplying liquid to the
spray nozzles.

Heat conductive circulation conduits 1622 and 1624 thereby provide
heated surfaces that are in contact with snow and/or ice that may have become deposited
on the windshield and may be operative to melt the snow and/or ice as the wipers move
along the windshield. It is appreciated that in extreme conditions, where a thick layer of
snow and/or ice has accumuiated on the Windshield, the windshield wiper assembly of
the present invention, as described hereinabove, will provide for the melting of a layer
thereof closest to the windshield which will allow for easier breakup and rgmoval of the
rest of the snow and/or ice layer by a vehicle operator.

Reference is now made to Fig. 20, which is a simplified partially pictorial
illustration of a windshield wiper assembly for use in a vehicle constructed and
operative in accordance with another preferred embodiment of the present invention.

As seen in Fig. 20, the windshield wiper assembly comprises a wiper arm
1700 which is fixed to a shaft (not shown) which is preferably arranged for rotation

about a rotation axis (not shown). The shaft is preferably driven for reciprocating
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rotational motion by a conventional wiper drive assembly (not shown), forming part of
a conventional motor vehicle. Wiper arm 1700 preferably comprises a first portion 1706
and a second portion 1708. First portion 1706 is preferably connected to the shaft and
second portion 1708 preferably overlies at least a portion of a wiper blade 1710 and a
wiper blade holder 1712.

Alternatively, first portion 1706 of wiper arm 1700 may be arranged for
linear movement or linear and rotational movement along a windshield.

Wiper blade holder 1712 holds wiper blade 1710 and is attached to wiper
arm 1700 for reciprocating rotational motion therewith. In accordanée with a preferred
embodiment of the present invention, windshield‘ wiper assembly may include at least
one electrical heating element 1720 operative to heat wiper arm 1700 and/or wiper
blade holder 1712. In the illustrated embodiment, multiple electrical heating elements
1722 are provided to heat wiper arm 1700 and multiple electrical heating elements 1724
are provided to heat wiper blade holder 1712. It is appreciated‘that electrical current
may be provided to heating elements 1722 and 1724 in any suitable fashion, as known
in the art.

It is appreciated that the system of the present invention may also include
an electrical heating element heating a supply conduit supplying liquid to spray nozzles.

As seen in Fig. 20, wiper arm 1700 and wiper blade holder 1712 include
at least one heat conductive outer wall 1730, preferably in an outward facing area.

It is appreciated that, although fhe illustrated embodiment shows
electrical heating elements 1722 and 1724 located internally to wiper arm 1700 and
wiper blade holder 1712, respectively, electrical heating elements 1722 and 1724 may
alternatively be located externally to wiper arm 1700 and wiper blade holder 1712,
respectively. )

Heat conductive outer wall 1730 thereby provides a heated surface that is
in contact with snow and/or ice that may have become deposited on the windshield and ‘
is operative to melt the snow and/or ice as the wipers move along the windshield. It is
appreciated that in extreme conditions, where a thick layer of snow and/or ice has
accumulated on the windshield, the windshield wiper assembly of the present invention,
as described hereinabove, will provide for the melting of a layer thereof closest to the

windshield which will allow for easier breakup and removal-of the rest of the snow
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and/or ice layer by a vehicle operator.

In another preferred embodiment of the present invention, a windshield
wiper assembly, similar to the windshield wiper assembly of Fig. 20, may include at
least one heat conductive circulation conduit, similar to the windshield wiper assembly
described in reference to Figs. 17 - 19. In this embodiment, for example, wiper arm
1700 may be provided with an internal or external heating element, such as heating
element 1722 of Fig. 20, and wiper blade holder 1712 may be provided with at least one
heat conductive circulation conduit, such as heat conductive circulation conduit 1624 of
Fig. 18A. Alternatively, wiper arm 1700 may be provided with at least one heat
conductive circulation conduit, such as heat conductive circulation conduit 1622 of Fig,
18A, énd wiper blade holder 1712 may be provided with an internal or external heating
element, such as heating element 1724 of Fig. 20. Alternatively, wiper arm 1700 and/or
wiper blade holder 1712 may include an internal or external heating element, such as
heating element 1720 of Fig. 20, and at least one heat conductive circulation conduit,
such as heat conductive circulation conduit 1620 of Fig. 18A.

It is appreciated that in the embodiments of the present invention,
particularly those described hereinabove with reference to Figs. 17 - 20, the vehicle may
also include a heatable drain area, such as a heatable drain pipe, adjacent to the shaft to
allow for drainage of melted snow and/or ice.

Reference is now made to Fig. 21, which is a simplified flow chart of a
method for operating a windshield wiper assembly in accordance with another preferred
embodiment of the present invention, particularly useful with the systems described
hereinaBove with reference to Figs. 17 - 20.-

In accordance with a preferred embodiment of the present invention, a
windshield wiper actuator includes a wiper controller and a wiper motor operative to
actuate at least one windshield wiper. It is appreciated that the Wiper controller may be a
standalone wiper controller, or may be a wiper controller in communication with a
vehicle computer or may be integrated into a vehicle computer or any combination
thereof.

| The wiper controller of the present invention is preferably operative to
effectively and efficiently control the wiper motor and wipers to clean the windshield

and to prevent potential -overheating damage to the wiper motor when the wiper

63



10

15

20

25

30

WO 2007/046106

assembly has become ‘blocked’. As seen in Fig. 21, in accordance with a preferred
embodiment of the present invention, the wiper controller is operative to select a
blocked threshold level relative to an operational parameter of the wiper assembly, such
as a torque of the wiper arm, an estimated current provided to the motor or any other
suitable operational parameter. It is appreciated that the blocked threshold level selected
by the wiper controller may be a constant value or may be calculated as a function of
any suitable input available to the wiper controller, as described further hereinbelow.

As seen further in Fig. 21, the wiper controller is preferably operative to

sense that the wiper assembly has become ‘blocked’ and ‘unblocked’ by measuring the

operational parameter and comparing it to the blocked threshold level. When the
operational parameter exceeds the blocked threshold level, the wiper controller senses a
‘blocked’ state of the wiper assembly, and when the operational parameter does not
exceed the blocked threshold level, the wiper controller senses an ‘unblocked” state.

Alternatively, the operational parameter may be an absolute value of the
rofational movement of a shaft encoder included in the wiper assembly or other
operational parameter, 'wherein when the operational parameter is less than the blocked
threshold level the wiper controller senses a ‘blocked’ state of the wiper assembly, and
when the operational parameter exceeds than the blocked threshold 1evei, the wiper
controller senses an ‘unblocked’ state.

Preferably, the ‘blocked’ state is reached when the wiper is unable to
reach a limit of travel along the windshield according to a normal operating mode. The
‘blocked’ state is generally reached when the wiper blade is frozen to the windshield
and/or the wiper assembly is blocked by a large buildup of snow and/or ice or another
substance, such as mud.

In accordance with a preferred embodiment of the present invention,
when the wiper controller senses an ‘unblocked’ state it is operative to operate the wiper
motor in accordance with a first operating mode, typically a conventional operating
mode. When the wiper controller senses a ‘blocked’ state it is operative to operate the -
wiper motor in accordance with a second operating mode, such as a modified operating
mode as described hereinbelow.

In a preferred embodiment of the present invention, when operating in

the modified operating mode, the wiper controller is operative to stop the movement of
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the wiper assembly, for a time interval, such as by reducing a current provided to the
motor to zero, while heating areas adjacent to the wiper arm, the wiper blade holder
and/or the wiper blade, through heat conductive circulation conduits and/or at least one

heating element, such as the heat conductive circulation conduits and heating elements

" described hereinabove with reference to Figs. 17 - 20. This heating helps melt snow

and/or ice that may be blocking the wiper. The wiper controller is operative to change
the direction of the wiper at the end of the time interval.

Alternatively, when operating in the modified operating mode, the wiper
controller may be operative to set a maximum operational level, preferably a level less
than or equal to the blocked threshold level, and to set the current provided to the motor
to a level no greater than the maximum operational level, while heating areas adjacent
to the wiper arm, the wiper blade holder and/or the wiper blade, for a time interval. In
this embodiment, the wiper controller is preferably operative to monitor the operational
parameter to ascertain if the wiper has become ‘unblocked’, by comparing the
operational parameter to the maximum operational level, during the time interval. If the
wiper controller senses that the wiper has not become ‘unblocked’, the wiper controller
is operative to change the direction of the wiper at the end of the time interval. If the
wiper controller senses that the wiper has become ‘unblocked’, it then resumes normal
operation until a ‘blocked’ state is again sensed. If the wiper controller then senses that
the wiper has again become ‘blocked’, it is again operative to set the current provided to
the motor the wiper blade to the maximum operational level, for a time interval. Tt is
appreciated that the wiper controller may be operative to select a predetermined
maximum number of ‘blocked’ and ‘unblocked” cycles to be executed before changing
direction of the wiper.

In accordance with another alternative embodiment, when operating in
the modified operating mode, the wiper controller may be operative to set a time
interval to increase the current provided to the motor to a maximum operational level
greater than the blocked threshold level. In this embodiment, the wiper controller is
preferably operative to monitor the operational parameter and compare the operational
parameter to the maximum operational level, to ascertain if the wiper has become
‘unblocked’ during the time interval. If the wiper controller senses that tﬁe wiper has

become ‘unblocked’, it then resumes normal operation. If the wiper controller senses
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that the wiper has not become ‘unblocked’, the wiper controller is operative to change
the direction of the wiper at the end of the time interval.

In accordance with yet another alternative embodiment, when operating
in the modified operating mode, the wiper controller may be operative to set a time
interval and to provide a rapid back and forth movement of the wiper over a small area
adjacent to location of the wiper when the blocked state was sensed for the duration of
the time interval. In this embodiment, the wiper controller is preferably operative to
repeatedly change the direction of the wiper for very short periods. In this embodiment,
the wiper controller is preferably operative to ascertain if the wiper has become
‘unblocked’ at the end of the time interval. If the wiper controller senses that the wiper
has become ‘unblocked’, it then resumes normal operation. If the wiper controller
senses that the wiper has not become ‘unblocked’, the wiper controller is operative to
change the direction of the wiper at the end of the time interval.

As described hereinabove, it is appreciated that the maximum operational
level may be greater than, equal to or less than the blocked threshold level.

It is appreciated that the wiper controller may be operative, when
operating in the modified operating mode, to combine one or more of the above
embodiments, as suitable, or may provide any other suitable modified operating mode
to operate the wiper. '

It is appreciated that, although the embodiment described hereinabove
includes a system with a single wiper motor, wiper assembly may include multiple
wiper motors each independently driving a wiper aséembly and that the wiper controller
may monitor ‘blocked” and ‘unblocked’ states of each wiper motor and associated wiper
assembly individually. Additionally, it is appreciated that each of the multiple wiper
motors may be associated with wiper assemblies wiping the same vehicle surface and/or
different vehicle surfaces.

It is appreciated that the blocked threshold level selected by the wiper
controller may be a constant value or may be calculated as a function of any suitable
input available to the wiper controller, such as wiper arm position relative to a limit of
travel of the wiper arm. ‘

The wiper controllér is preferably operative to measure or calculate the

operational parameter using any suitable method. In accordance with a preferred
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embodiment of the present invention the wiper controller is operative to select a
measured or an estimated torque of the wiper assembly as the operational parameter. As
is known in the art, an estimated torque of the wiper assembly may be provided by a
torque sensor or, alternatively, may be calculated by the wiper controller as a function
of the current supplied to the motor or any other suitable method.

Preferably, the wiper controller sets the blockéd threshold level, the
maximum operational level and the time interval based on the operational parameters of
the wiper motor as provided by the wiper motor manufacturer and other ‘real-time’
vehicle parameters available to the wiper controller, such as the wiper motor
temperature. It is appreciated that, preferably, the time interval and the maximum
operational level are in inverse relationship with one another. It is appreciated that the
wiper cpntroller may use any suitable method for setting the blocked threshold level, the
time interval and the maximum operational level.

It is appreciated that the term “torque,” as used in context of the present
patent application and in the claims, may refer to an estimated value for the torque of a
motor, calculated by any suitable method, or may refer to a value or an estimated value .
provided by a torque sensor. For example, the estimated value for the torque may be
calculated as a function of current consumption of the motor. .

. It is appreciated that operating modes described hereinabove, with
reference to Fig. 21, are suitable for use with any liquid heating system, and are
particularly suitable for use with the systems described hereinabove with reference to
Figs. 17 - 20.

It will be appreciated by persons skilled in the art that the present
invention is not limited by what has been particularly shown and described hereinabove.
Rather the scope of the present invention includes both combinations and
subcombinations of the various features described hereinabove as well as variations and
modifications which would occur to persons skilled in the art upon reading the

specification and which are not in the prior art.
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CLAIMS

1. Apparatus for supplying heated liquid for use in cleaning a vehicle
surface comprising:

a liquid container having an inlet through which a liquid is received from
a reservoir and an outlet through which the liquid is discharged for cleaning said vehicle
surface, said liquid container including:

a first heating chamber;

a second heating chamber; and

a heat transfer element in direct thermal contact with said first heating
chamber and said second heating chamber and defining at least a portion of an external
wall of said liquid container; and |

a heating element adjacent said heat transfer element operative to heat
said heat transfer element and thereby heat the liquid in said first heating chamber and

said second heating chamber.

2. Apparatus according to claim 1 and wherein said liquid container also

includes at least one enclosing element attached to said heat transfer element.

3. Apparatus according to claim 2 and wherein said heat transfer element

defines a cover of said at least one enclosing element.

4. Apparatus according to claim 1 and wherein said first heating chamber

includes a rounded end portion.

5. Apparatus according to claim 1 and also comprising at least ome

insulating cover assembly including a volume maintained under a vacuum.

6. Apparatus according to claim 1 and wherein at least a portion of said at

least one enclosing element is formed of rubber.
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7. A method for supplying heated liquid for use in cleaning a vehicle
surface comprising:

providing a liquid container for heating a liquid, said liquid container
including a first heating chamber, a second heating chamber and a heat transfer element
in direct thermal contact with said first heating chamber and said second heating
chamber and defining at least a portion of an external wall of said liquid container;

' receiving a liquid into said first heating chamber and said second heating

chamber;

heating said heat transfer element thereby heating the liquid in said first
heating chamber and said second heating chamber through said heat transfer element;

and

discharging said liquid through an outlet onto said vehicle surface.

8. Apparatus for supplying heated liquid for use in cleaning a vehicle
surface, comprising: _

a vessel, having an inlet through which a liquid is received from a
reservoir and an outlet through which the liquid is discharged for cleaning said vehicle
surface, said vessel including a first heating chamber and a second heating chamber;

a heat transfer cover, in direct thermal contact with said.first heating
chamber and said second heating chamber, operative to heat thé liquid in said first
heating chamber and said second heating chamber; and

a heating element adjacent said heat transfer cover operative to heat said

heat transfer cover.

9. A method for supplying heated liquid for use in cleaning a vehicle
surface comprising: .

| providing a vessel for heating a liquid, said vessel including a first
heating chamber and a second heating chamber;

receiving a liquid into said vessel so that said liquid flows into said first

heating chamber and said second heating chamber;
heating a heat transfer cover in direct thermal contact with said first

heating chamber and said second heating chamber, thereby heating the liquid in said
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first heating chamber and said second heating chamber through said heat transfer cover;

and

discharging said liquid through an outlet onto said vehicle surface.

10. A method for supplying heated liquid for use in cleaning a vehicle

surface comprising:
receiving a liquid into a vessel,
heating said liquid in said vessel; and
discharging said liquid through an outlet onto said vehicle surface,
said heating said liquid comprising:
providing at least one heating element in thermal communication with
said vessel; and |
operating said at least one heating element in one of multiple
operating modes including a heating element standby rﬁode,
said heating element standby mode including:
ascertaining a near-boiling temperature of said liquid;
setting at least one pair of standby mode temperature thresholds, based
at least partially on said near-boiling temperature; '
measuring a temperature of said liquid; and

controlling said at least one heating element based on said temperature

and said temperature thresholds.

11. Apparatus for supplying heated liquid for use in cleaning a vehicle
surface, comprising:

a vessel, having an inlet through which a liquid is received from a
reservoir and an outlet through which the liquid is discharged for cleaning said vehicle
surface;

at least one heating element in thermal communication with said vessel;

at least one temperature sensor operative to measure a temperature of
said liquid in said vessel; and

a controller operative to operate said at least one heating element in one

of multiple operating modes including a standby mode,
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said standby mode including:
ascertaining a near-boiling temperature of said liquid;
setting at least one pair of standby mode temperature thresholds, based
at least partially on said near-boiling temperature; and

controlling said at least one heating element based on said temperature

and said temperature thresholds.

12. Apparatus according to claim 11 and wherein said setting is based at least

partially on input from at least one additional sensor. V

13. Apparatus according to claim 11 and wherein:
~ said controller is operative to select a primary temperature sensor
including said at least one temperature sensor; and
said at least one pair of standby thresholds includes a pair of standby

thresholds for each sensor of said at least one temperature sensor.

14. Apparatus according to claim 11 and also comprising a circulation pump
and wherein said setting is based at least partially on an operating mode of said

circulation pump.

15. Apparatus according to claim 11 and also comprising an RF actuator in
communication with said controller, said controller being operative, upon receipt of a
standby mode actuation from said RF actuator, to operate said at least one heating

element in said standby mode.

16. Apparatus for supplying heated liquid for use in cleaning a vehicle
surface, comprising:

a liquid container, having an inlet through which a liquid is received from
a reservoir and an outlet through which the liquid is discharged for cleaning said vehicle
surface;

a heating element operative to heat the liquid in said liquid container; and

at least one insulating portion overlying said liquid container,
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said at least one insulating portion including a volume maintained under

a vacuum.

17. Apparatus according to claim 16 and wherein said at least one insulating
portion comprises at least one insulating cover assembly including said volume

maintained under a vacuum.

18. Apparatus according to claim 16 and also comprising at least one

insulation layer between said liquid container and said at least one insulating portion.

19. A method for supplying heated liquid for use in cleaning a vehicle
surface comprising:

providing a liquid containér ‘for heating a liquid and at least one
insulating portion overlying said liquid container, said at least one insulating portion
including a volume maintained under a vacuum;

receiving a liquid into said IiQuid container;

heating the liquid in said liquid container; and .

discharging said liquid through an outlet onto a vehicle surface to be

cleaned.

20. Apparatus for de-icing a vehicle surface, comprising:
a wiper assembly including:
a wiper driver assembly operative to move said. wiper assembly along
said vehicle surface;
a wiper arm;
a wiper blade holder; and
a wiper blade;;
a vessel containing a liquid;
at least one heating element for heating said liquid in said vessel;
a controller operative to control said at least one heating element;
at least one heat conductive circulation conduit adjacent to at least one of

said wiper arm and said-wiper blade holder; and
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a circulation pump operative to circulate liquid from said vessel through

said at least one heat conductive circulation conduit.

21, . Apparatus according to claim 20 and wherein:

said at least one of said wiper arm and said wiper blade holder is
operative to .travel along said vehicle surface in a first direction and in a second
direction opposite said first direction;

said at least one heat conductive circulation conduit includes at least one
first heat conductive portion and at least one second heat conductive portion;

said at least one first heat conductive portion is operative to travel along
said vehicle surface in front of said wiper arm when said wiper arm moves in said first
direction and in back of said wiper arm when said wiper arm moves in said second
direction; and

said at least one second heat conductive portion is operative to travel
along said vehicle surface in back of said wiper arm when said wiper arm moves in said

first direction and in front of said wiper arm when said wiper arm moves in said second

direction.

22. Apparatus according to claim 20 and also comprising at least one non
heat conductive circulation conduit in fluid communication with said circulation pump

and said at least one heat conductive circulation conduit.

23. Apparatus according to claim 20 and wherein at least a portion of said at

least one heat conductive circulation conduit is formed of a flexible material.

24. Apparatus according to claim 20 and wherein said at least a portion of
said at least one heat conductive circulation conduit is integrally formed with said wiper

arm.

25. : Apparatus according to claim 20 and wherein said at least a portion of

said at least one heat conductive circulation conduit is integrally formed with said wiper
blade holder.
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26. Apparatus according to claim 20 and also comprising at least one
additional heating element for directly heating at least one of at least a portion of said

wiper arm and at least a portion of said wiper blade holder.

217. Apparatus according to claim 26 and wherein said at least one additional

heating element is also operative to heat said wiper blade.

28. Apparatus according to claim 20 and wherein said at least one heat

conductive circulation conduit forms part of a continuous circulation path to and from

said vessel.

29. A method for de-icing a vehicle surface, comprising:

providing a wiper assembly including a wiper arm, a wiper blade holder,
a wiper blade and a wiper driver assembly operative to mové said wiper assembly along
said vehicle surface;

providing at least one heat conductive circulation conduit adjacent to at
least one of said wiper arm and said wiper blade holder;

heating a liquid in a vessel;

circulating liquid from said- vessel through said at least one heat
conductive circulation conduit; and

moving said wiper assembly along said vehicle surface.

30. A method according to claim 29 and wherein said at least one of said
wiper arm and said wiper blade holder is operative to travel along said vehicle surface
in a first direction and in a second direction opposite said first direction;

said at least one heat conductive circulation conduit includes at least one
first heat conductive portion and at least one second heat conductive portion;

said at least one first heat conductive portion is operative to travel along
said vehicle surface in front of said wiper arm when said wiper arm moves in-said first

direction and in back of said wiper arm when said wiper arm moves in said second

direction; and
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said at least one second heat conductive portion is operative to travel
along said vehicle surface in back of said wiper arm when said wiper arm moves in said
first direction and in front of said wiper arm when said wiper arm moves in said second

direction.

31. Apparatus for supplying heated liquid for use in cleaning a vehicle
surface comprising:

a vessel, having an inlet through which a liquid is received from a
reservoir and an outlet through which the liquid is discharged for cleaning said vehicle
surface;

a heating unit operative to heat said liquid in said vessel;

a dirt sensor providing a dirt level output; and

a controller operative to generate at least one of a non-spray indication
output signal and at least two different spray indication output signals at least partially
in response to said dirt level output.

32. Apparatus according to claim 31 and wherein said controller is operative

to compare said dirt level output to at least two different dirt level thresholds.

33. Apparatus according to claim 31 and wherein said at least two different
spray indication output signals include signals that generate at least two different heated

spraying cycles.

34. Apparatus according to claim 31 and also comprising at least one
additional sensor operative to provide at least one additional input to said controller and
wherein said controller is also operative to base said at least two different spray

indication output signals at least partially on said at least one additional input.
35. Apparatus according to claim 34 and wherein said at least one additional

sensor includes a temperature sensor and said at least one additional input includes a

temperature sensed by said temperature sensor.
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36. Apparatus according to claim 34 and wherein said controller is also
operative to calculate at least one additional parameter and to base said at least two

different spray indication output signals at least partially on said at least one additional

parameter.

37. Apparatus according to claim 36 and wherein said at least one additional
parameter includes a rate of change of said temperature sensed by said temperature

Sensor.

38. Apparatus according to claim 31 and wherein said controller is also
operative to calculate at least one additional parameter and to base said at least two

different spray indication output signals at least partially on said at least one additional

parameter.

39. - Apparatus according to claim 38 and wherein said at least one additional

parameter includes a rate of change of said dirt level output.

40. A method for supplying heated liquid for use in cleaning a vehicle

‘surface comprising:

providing a vessel for heating a liquid;

receiving a liquid into said vessel,

heating said liquid; |

measuring a dirt level adjacent said vehicle surface and providing a dirt
level output; and

providing at least one of a non-spray indication output signal and at least

two different spray indication output signals at least partially in response to said dirt

level output.

41. Apparatus for de-icing a vehicle surface, éomprising:
a wiper assembly including:

at least one wiper for wiping said vehicle surface, said wiper operative

to move along said vehicle surface; and
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a wiper actuator including:
a motor which actuates said at least one wiper; and

a wiper controller operative to operate said motor in at least a first
operational mode and a second operational mode,
said wiper controller being operative:
to ascertain if said at least one wiper is blocked or unblocked;
to operate said motor in accordance with said first operational mode
when said at least one wiper is unblocked; and

to operate said motor in accordance with said second operational mode

when said at least one wiper is blocked.

42, A method for de-icing a vehicle surface comprising:

providing a wiper aséembly including at least one wiper for wiping said
vehicle surface and a wiper actuator system including a motor which actuates said at
least one wiper and a wiper controller operative to control said motor;

ascertaining if said at least one wiper is blocked or unblocked;

operating said motor in accordance with a first operational mode when
said at least one wiper is unblocked; and

operating said motor in accordance with a second operational mode when

said at least one wiper is blocked.

43, A method according to claim 42 and wherein said ascertaining includes:

setting a blocked threshold level;
measuring an operational parameter of said wiper assembly; and

comparing said operational parameter to said blocked threshold level.

44. " A method according to claim 43 and wherein said blocked threshold level

is a function of an angle of movement of said at least one wiper.

45. A method according to claim 43 and wherein said second operational

mode includes:

setting a maximum operational level to be applied to said motor;
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applying an operational input less than or equal to said maximum

operational level for a time interval;

ascertaining, at the end of said time interval, if said at least one wiper is

blocked or unblocked; and

if said at least one wiper is blocked, changing the direction of said at least

one wiper.

46. A method according to claim 45 wherein said maximum operational level

is greater than said blocked threshold level.

47. A method according to claim 45 wherein said maximum operational level
is zero.
48. A method according to claim 45 wherein said maximum operational level

is less than said threshold level and said ascertaining at the end of said time interval

includes:
measuring an operational parameter of said wiper assembly; and
comparing said operétional parameter to said maximum operational level.
49, A method according to claim 42 and wherein said second operational

mode includes:

setting a maximum operational level to be applied to said motor;

applying an operational input less than or equal to said maximum

operational level for a time interval; and

changing the direction of said at least one wiper at the end of said time

interval.

50. A method according to claim 42 and wherein said second operational

mode includes:

setting a time interval;
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providing rapid back and forth movement of said at least one wiper over
a small area adjacent to a location of said at least one wiper when said at least one wiper
becomes blocked, for said time interval;

ascertaining, at the end of said time interval, if said at least one wiper is

blockéd or unblocked; and

if said at least one wiper is blocked, changing the direction of said at least

one wiper.

51. A thermal fuse comprising:
an electrical power supply connection including:

a first conductive portion;

a second conductive portion in electrical communication with said
first conductive portion, said second conductive portion being operative to melt in
response to being heated above a predetermined temperature; and

an expanding non electrically conductive portion operative to expand
and displace said second conductive portion out of electrical communication with said
first conductive portion in response to heating of said second conductive portion above

a predetermined temperature, thus interrupting supply of electrical power through said

electrical power supply connection.

52. A thermal fuse according to claim 51 and wherein said expanding non
electrically conductive portion is operative to expand and displace said second

conductive portion regardless of the orientation of said thermal fuse.

53. A liquid collection and reuse system for use with a vehicle including:
at least one liquid collector associated with said vehicle; and
at least one collection reservoir associated with said vehicle, having an

inlet through which a liquid is received from said at least one liquid collector.

54. A liquid collection and reuse system according to claim 53 wherein said
collection reservoir includes an outlet through which the liquid is discharged for

cleaning a vehicle surface.
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55. A liquid collection and reuse system according to claim 53 and also
comprising a vessel for heating said liquid, said vessel having an inlet through which a

liquid is received from said collection reservoir and an outlet through which the liquid is

discharged for cleaning a vehicle surface.

56. A liquid collection and reuse system according to claim 53 wherein said
at least one liquid collector is operative to collect liquid drainage from a vehicle air

conditioning unit.

57. A liquid collection and reuse system according to claim 53 and also
comprising at least one filter operative to receive unfiltered liquid from said at least one

liquid collector and to provide filtered liquid to said at least one collection reservoir.

S8. A liquid collection and reuse system according to claim 53 and also

comprising at least one pre-filtration valve.

59. " A liquid collection and reuse system according to claim 58 and also
comprising a drain and wherein said at least one pre-filtration valve is operative in a
filter open position to allow unfiltered liquid to reach said at least one filter and in a

filter closed position directs unfiltered liquid to said drain.

60. A liquid collection and reuse system according to claim 53 and also
comprising a liquid flow controller operative to control a liquid flow based on a liquid

level sensed by a liquid level sensor.

61. A liquid collection and reuse system according to claim 60 and also
comprising a vehicle reservoir operative to supply liquid to a liquid heating unit and
wherein said liquid level sensor measures a liquid level within said vehicle reservoir and
said liquid flow controller is operative to provide liquid to said vehicle reservoir based

on said liquid level sensed by said liquid level sensor.
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62. A liquid collection and reuse system according to claim 53 and also
comprising: '
| at least one additional reservoir; and
a liquid flow controller operative to control multiple liquid flows through

said liquid collection and reuse system.

63. A liquid collection and reuse system according to claim 62 and wherein a
liquid in said at least one additional reservoir is a different liquid than a liquid in said at

least one collection reservoir.

64. A liquid collection and reuse system according to claim 63 and wherein
said liquid flow controller is operative to provide an optimal mix of liquids from said at

least one collection reservoir and said at least one additional reservoirs.

65. A liquid collection and reuse system according to claim 62 and wherein

said at least one additional reservoir and said at least one collection reservoir contain the

same liquid.
66. A method for liquid collection and reuse including:
collecting liquid utilizing at least one liquid collector associated with a
vehicle; and '
receiving said liquid into at least one collection reservoir located in said
vehicle.
67. A method according to claim 66 and also comprising discharging said

liquid through an outlet onto a vehicle surface to be cleaned.

68. A method according to claim 66 and also comprising filtering said liquid

prior to said receiving.

69. Apparatus for supplying heated liquid for use in cleaning a vehicle

surface, comprising:
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a vessel, having an inlet. through which a liquid is received from a
reservoir and an outlet through which the liquid is discharged for cleaning said vehicle
surface, said vessel including a rounded end portion;

a heat transfer cover operative to heat the liquid, said heat transfer cover
including a curved cross section portion formed on an inner facing surface thereof, said
curved cross section portion including multiple protruding sections each comprising a
curved portion; and

a heating element adjacent said heat transfer cover operative to heat said

heat transfer cover.

70. Apparatus according to claim 69 and wherein said rounded end portion,
said curved cross section portion and said curved portions of said heat transfer cover
provide for liquid circulation within said vessel that generates improved heat transfer

from the heat transfer cover to the liquid contained in said vessel.

7. Apparatus according to claim 69 and wherein said rounded end portion,

said curved cross section portion and said curved portions of said heat transfer cover

- provide for liquid circulation within said vessel that generates improved uniformity of

the temperature of the liquid contained in said vessel.

72. Apparatus according to claim 69 and wherein said rounded end portion,
said curved cross section portion and said curved portions of said heat transfer cover
generate a generally circular flow within said vessel at a first temperature differential
between said liquid contained within said vessel and portions of said heat transfer cover

in contact with said liquid.

73. Apparatus according to claim 69 and wherein said rounded end portion
said curved cross section portion and said curved portions of said heat transfer cover
generate multiple generally circular flows within said vessel at a second temperature
differential between said liquid contained within said vessel and portions of said heat

transfer cover in contact with said liquid.
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74. A method for supplying heated liquid for use in cleaning a vehicle
surface, comprising:

providing a vessel for heating a liquid, said vessel including a rounded
end portion;

receiving a liquid into said vessel so that said liquid flows into said
rounded end portion;

heating a heat transfer cover overlying said vessel thereby heating the
liquid in said rounded end portion through said heat transfer cover, said heat transfer
cover including a curved cross section portion formed on an inner facing surface
thereof, said curved cross section portion including multiple protruding sections each
comprising a curved portion; and

discharging said liquid through an outlet onto said vehicle surface.

75. Apparatus for de-icing a vehicle surface, comprising:
a wiper assembly including: .
a wiper driver assembly operative to move said wiper assembly along
said vehicle surface;
a wiper arm;
a wiper blade holder; and
a wiper blade; and
at least one heating element for directly heating at least one of at least a

portion of said wiper arm and at least a portion of said wiper blade holder.

76. Apparatus according to claim 75 and wherein said at least one heating

element is also operative to heat said wiper blade.

77. Apparatus according to claim 75 and also comprising a controller

operative to control said at least one heating element.

78. A method for de-icing a vehicle surface, comprising:
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providing a wiper éssembly including a wiper arm, a wiper blade holder,
a wiper blade and a wiper driver assembly operative to move said wiper assembly along
said vehicle surface;

heating at least one of at least a portion of said wiper arm and at least a
portion of said wiper blade holder; and

moving said wiper assembly along said vehicle surface.

79. Apparatus for supplying heated liquid for use in cleaning a vehicle
surface comprising:

a vessel, having an inlet through which a washing fluid is received from a
reservoir and an outlet through which the fluid is discharged for cleaning said vehicle
surface;

a heating element for heating the fluid in the vessel;

a controller for controlling operation of said apparatus; and

an RF actuator in communication with said controller, said RF actuator
operative to initiate communication with said controller and to uniquely identify said

RF actuator to said controller.

80. Apparatus according to claim 79 and wherein said controller is operative,
upon receipt of a standby mode actuation from said RF actuator, to operate said

apparatﬁs in accordance with a heating element standby mode.

81. Apparatus according to claim 79 and wherein said controller is operative,
upon receipt of an automatic mode actuation from said RF actuator, to operate said

apparatus in accordance with an automatic mode.

82. Apparatus according to claim 79 and wherein said controller is operative,
upon receipt of an off command from said RF actuator, to place said apparatus in an off

mode.
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83. Apparatus according to claim 79 and wherein said controller is operative
to ignore commands from said RF actuator when an engine of said vehicle is in an off

state.

84. - ‘Apparatus according to claim 83 and wherein said controller is operative
to monitor the state of said engine of said vehicle by measuring a voltage level of a

battery of said vehicle.

85. Apparatus according to claim 84 and wherein said vehicle is in an off

state when said voltage level is less than a predetermined level.

86. Apparatus for supplying heated liquid for use in cleaning a vehicle
surface comprising:

a vessel, having an inlet through which a liquid is received from a
reservoir and an outlet through which the liquid is discharged for cleaning said vehicle
surface; and

a heating element operative to heat the liquid in said vessel,

at least a portion of said vessel being formed of rubber.
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