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(57) Abstract: A temperature regulation system for air inside of a vehicle regardless of the on/off state of the vehicle's ignition or en-
gine includes a rechargeable battery for supplying power to an air moving system and a heat exchanger in accordance with demand
signals from a thermostat. A motor-generator has a motor mode wherein electrical energy from the battery is converted into rotation -
al kinetic energy and coupled to an AC compressor, and a generator mode wherein rotational kinetic energy from the engine is con-
verted into electrical energy to recharge the battery. A control circuit is electrically connected with the motor-generator and adapted
to activate the motor mode when the engine is oft and the air temperature inside the vehicle exceeds the desired temperature range,
the motor-generator otherwise being in the generator mode. Alternate embodiments includes a motor-compressor that replaces the
stock compressor of the vehicle.
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TETLE: TEMPERATURE CONTROL SYSTEM

INVENTOR: SHAAM P. SUNDHAR

Uy

FIELD OF THE INVENTION

This invention relates to environmental heating and cooling systoms, and more

particularly to an improved such system for a vehicle.

i3

BISCUSSION OF RELATED ART

One of the most unpleasant experiences an automobilist has to endure 1s to refure te

his vehicle parked outside on a hot sunny day, and find the temperature inside quite
15 unbearable and suffocating. The same is the case n winter, in which case the

teraperature dips to the other extreme once the heater is switched off, and vehicle

iocked.

Some of the methods employed at present to solve the sbovementioned issues are to
¢ roll down the windows slightly, and using window shields or blinds to decrease

exposure of the vehicle to direct sunbight. Currently these methods are used to

decrease the interior temperature to some extent but not to a comtortable level, not

even to the owtside ambiont temperature when the weather is hot.
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However, the aforementioned attempts are cumbersome to use and inefficient.
Attempts ke blocking the rays of the sun merely reduce the temperatare of the heated
air, as opposed to climinating the heated air from the cabin of the vebicies. Also, the
air conditioner can only function if the vehicle’s ignition system 1s in operation.

Atterapts to keep the temperature inside parked vehicles by insulating the vehicle or

Uy

using thermoelectric modules 1s a tested method, but the thermoclectric
heating/cooling modules required for such a design are expensive and gencrally
require huge amounts of power for its operation. Therefore, there 1s anced fora
device that can be operated when the ignition systert is on or off. Also, thercisa

1 need for a temperature regulation system {0 maintain the temperature of the mterior of
the vehicle close to ambient so that people entering their vebicle will not experience a
furnace-like hot temperature.  If the ambient and the interior temperatures are similar,
people will not experience any ditfercnce. When the ignition is started, the air
conditioner noed not fight the build up of heat, so the cooler feraperature is achieved

15 ¢ a shorter thime.

Further, in the conventional vehicie, a stady of the optimal usage of air conditioner
reveals that a high capacity cooling power is needed only for the first few mimiutes
after the person driving the car enters the vehicle. This is to get rid of the excessive

20 built-up heat in the vehicle and let the interior cool down quickly. Ouce the
temperature inside the cabin drops to a desired comfortable level, less power is
needed to maintain 1. On the other hand, 1f the weather 13 o0 cold, a separate heating
system would be required to warm the passonger cabin of the vebicle, Having a
separate heating system and cooling system would be inefficient and more expensive.

25 Thus, there s a need for a temperature regulation system that can maintain a desired
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temperature range i the vehicle. Also, there 1s 8 need for a single system that can

maintain a desired temperature range in both hot weather and cold weather conditions.

In the prior art literatare, 1.5, Patent 4,955,203 issued to Sundhar on Sep. 11, 1990,

titled “Adr conditioner for parked automotive vehicle,” discloses an air conditioning

Uy

unit. This device discleses for a parked automotive vehicle baving a cooling umnit
comprising a cooling chamber with at least one insulated wali having on opposite
sides thereof a heat sink and a cooling block having there between a thermoclectric
chip. However, as per the *203 invention, it would require creation of a separate duct
1 system to carry the cold air from trunk to inside the car. Also, in order to implement
this design, it 1s required to drill holes at the metal floor of the trank for air intake and
outflow. Therefore, there 1s a need for a device that provides the advantage of using

the vehicles existing duct systom.

15 Another U8, Patent 6,453,678 ssued to Sundhar on Sep. 24, 2002, titled “Drirect
current mini air conditioning system,” discloses an air conditioning unit which is
provided for a parked truck/boat to cool the sleeping cabin, However, the mechanism
is not efficient in s operation. Therefore, there s a strong need for a device that
operates more efficiently 1o extend battery usage.

26
In my previous US Patent Application 12/471,117, filed on May 22, 2009, I taught a
temperature regulation system that includes a motor separate from the engine and
adapted to drive the AC compressor of the air moving systern of the vehicle.
However, such a syster, it has been found, requires additional batteries and a separate

23 generator to provide safficient power for such a separate motor, and often there is
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mnsufficient room inside an engine compartment of a vehicle to accommodate these
additional components. Thus a system having higher ¢fficiency components and

having certain components combined is required in many instances.

From the foregoing, 1t becomes apparent that there is a need for a system that
optimally conditions the air inside the cabin of a parked vebicle, and also during the
times when the vebicle is being driven, such that the temperature in the vehicle
compartment remains within a desired range. The present invention attempts to
bridge the shoricomings n the state of the art Iderature by proposing an air-

conditioning system for vehicles.

Therefore, there 1s a need for a temperature regulation system that can be operate
when the ignition system is on or off. The needed temperature regulation systom
would maintain comfortable desired temperatures in the vehicle. Further, thereis
need for a single system that can maintain comfortable temperatares in both hot
weather and cold weather conditions. Alse, the needed device would provide the
advantage of using the vehicles existing duct and ventilation sysiem. Finally, such a
need system would operate more efficiently to extend battery usage. The present

mvention accomplishes these objectives.

SUMMARY OF THE INVENTION

The present device is a temperatuve regolation system for a vehicle having an ignition

systemn, an engine, and an air moving system that circulates air inside of the vehicle
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across a heat exchanger to maintain a desived temperature range within the vehicle
with a thermostat. The air moving system inclodes a compressor for compressing a

gas for cooling a portion of the heat exchanger.

The temperature regulation system of the present mvention inclades a relatively high-

Uy

power motor-generator for converting between rotational kinetic and clectrical energy
and having a motor mode wherein electrical encrgy is converted into rotational kinetic
energy and coupled to the compressor. The motor-generator also has a generator
mode wherein rotational kinetic energy from the cogine is converted into electrical

1B Cnergy.

A rechargeable battery 1s clectrically connected to the motor-generator for supplying
power to the motor-generator when in the motor mode, and for receiving electrical
encrgy from the motor-generator when the motor-generator is in the generator mode.

15 Such a rechargeable battery 1s adapted to clectrically power the air moving system of
the vehicle wheo the thermostat detects the temperature of the atr inside the vehicle
has excoeded the desired temperature range. The heat cxchanger is adapied heat the
alr when the temperature of the air inside the vehicle drops below the desired
temperature range, or to cool the air when the temperature of the air in the vehicle

¢ rises above the desired temperature range. The rechargeable battery is capable of
powering the air moving system of the vehicle when the ignition system is off. The
alr moving system, when operating, preferably replaces the air inside the vehicle with
ambicnt air outside of the vehicle, in order to cool the average air temperature inside
the vehicle, such as by tuming off any recirculation functions of the air moving

23 system, for example.
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A control circuit is electrically connected with the motor-generator and adapted to
activate the motor mode when the engine and the ignition system of the vehicie is off
and the air temperature inside the vehicle excoeds the desired temperature range, the

motor-generator otherwise being in the genesrator mode.

The motor-gencrator, engine and compressor are all mechanically coupled with a first
belt and pulley system. The engine further includes an aptomatic clutch adapted for
cither disengaging the engine from the first belt and pulley system when the motor-
generator is in the motor mode, or for engaging the engine and coupling the engine to
the first bek and pulley system when the engine is on and the motor-generator is in the

generator mode.

Alternately, the motor-generator is coupled to the compressor with a second belt and
pulley system, such that when the engine is on and the motor-generator is in the
generator moede, the engine drives the first belt and pulley system to drive the motor-
generator and the compressor. Otherwise, when the engine is off and the motor-
generator is in the motor mode, the motor-generator drives the second belt and puliey
system to drive the compressor. In such an embodiment, the motor-generator and
compressor each include the automatic clutch to disengage from the first belt and
pulley system when the motor-generator is in the motor mode, and alternately for
disengaging from the second belt and pulley systern when the motor-generator 18 in

the generator mode.

-6-
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In a third embodiment, the stock compressor of the vehicle 1s replaced with a8 variable
displacement compressor-motor. The compressor-motor has a motor portion divectly
coupled to & compressor portion within an enclosure, such that the motor portion may
directly drive the compressor portion regardless of the engine state. The compressor-
motor preferably has a low-volume displacement mode that presents less torque to the
motor perfion than does a bigh-volame displacement mode for increased cooling
capacity. The low-volume displacement mode is used (o maintain the temperature of
the air inside the vehicle at an ambient air temperanure, for example, and the high-
volmoe displacement raode is used when occupants returm to the vehicle and desire

more substantive cooling, for example.

In such a third embodiment, a stock generator of the vehicle is coupled to the engine
and adapted to convert rotational kinetic energy transferred from the cngine into
electrical energy for recharging of the stock battery and the rechargeable battery. The
rechargeable battery is electrically connected to the compressor-motor for sapplying
power to the motor portion thereof. The control circuit is electrically connected with
the compressor-motor and adapted to activate the motor portion when the engine of
the vehicle is off and the air temperature inside the vehicle exceeds the desived

temperature range.

The present invention is a temperature regulation system that can be operated when
the ignition system 1s on or off. Further, the mvention is a system that can maintain
desired temperature ranges in both hot weather and cold weather conditions. Also, the
system provides the advantage of using the vehicle's existing duct and ventilation

system. In addition in hot weather, the fan of the air conditioning can be operated

~3
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contingously when parked to lower interior temperature by replacing cabin air inside
the vehicle with ambient air outside of the vehicle, using less power than the air
conditioning system. Finally, the invention allows for efficient cooling of cabin air to
ambient temperatures by using a low-vohnne displacement mode, but can swiich to
higher capacity cooling in a high-volume displacement mode. Other features and
advantages of the present invention will become apparent from the following more
detailed description, taken in conjunction with the sccompanying drawings, which

llustrate, by way of cxample, the principles of the invention.

BESCRIPTION OF THE DRAWINGS

FIG. 1A 15 a top plan diagram of & first embodiment of a temperatare regulation
system;

FIG. 1B is an clovational diagram of FIG, 1A,

FIG. 2A is a top plan diagram of a sccond embodiment of a temperature regulation
systeuy

FiG. 2B is an clevational diagram of FIG. ZA;

FIG. 3A is a top plan diagram of a third embodiment of a temperature regulation
system;

FIG. 3B s an clevational diagram of FIG. 3A.

FIG. 4A is a top plan diagram of a fouwrth embodiment of a femperature regulation
systemy

FiG. 4B is an clovational diagram of FIG. 44,

FIG. 5 is a top plan diagram of a fifth embodiment; and

FIG. 6 1s a top plan diagram of a sixth embodiment.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Hiustrative embodiments of the invention are described below. The following
explanation provides specific details for a thorough understanding of and cnabling
description for these embodimenis. One skilled in the art will understand that the
mvention may be practiced without such details. In other instances, well-known
structures and functions have not been shown or described in detail to aveid

unnecessarily obscuring the description of the embodiments,

Unless the context clearly requires otherwise, throughout the description and the

% 4¢

clatrus, the words “comprise,” “comprising,” and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is o say, in the
sense of “including, but not limited t0.” Words using the singular or plural number
also mclude the plural or singular nomber respectively. Additionally, the words
“herein,” “above,” "below™ and words of similar import, when used n this
application, shall refer to this application, and those included herein by reference, as a
whole and not to any particalar portions of this application. When the claims use the
word "or"” in reference to a list of two or more items, that word covers all of the
following interpretations of the word: any of the itoms in the list, all of the items in

the list and any combination of the items in the Hst.

FIGS. 1A and 1B illustrate 8 first embodiment of a temperature rogulation system 19
for a vehicle 20 having an ignition system 30, an engine 40, and an air moving system

50 that circulates air inside of the vehicle 20 across a heat exchanger 60 to maintain a

-9.
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desired temperature range within the vehicle 20 with a thermostat 70, The air moving
system 50 inchides a compressor 80 for compressing a gas for cooling a portion of the

heat exchanger 60.

The temperature regulation system 10 of the present invention includes a motor-
generator 100 for converting between rotational kinetic and clectrical energy and
having s motor mode wherein electrical energy is converted into rotational kinetic
energy and coupled to the compressor 80, The motor-generator 100 also has a
generator mede wherein rotational kinetic energy from the cngine 40 is converted into
clectrical energy. Preferably the motor-generator 100 inclodes alominum trapezoidal

bars as cither stator windings, or both stator and rotor windings.

A rechargeable battery 110 is electrically connected to the motor-generator for
supplying power to the motor-generator 100 when the motor-gencrator 100 is in the
motor mode, and for receiving electrical energy from the motor-generator 100 when
the motor-generator 100 is in the generator mode. Such a rechargeabic battery 110 18
adapted to clectrically power the air moving system 50 of the vehicle 20 when the
thermostat 70 detects the temperature of the atr inside the vehicle 20 has exceeded the
desired temperature range. The heat exchanger 60 is adapted heat the air when the
temperature of the air inside the vehicle 20 drops below a desired temperature range,
or to cool the air when the temperatare of the air in the vehicle 20 rises above the
desired temperature range. In the first case, wherein the heat exchanger 60 is heating
the air, the motor-generator 100 is 1 the generator mode since the compressor 80
does not have to be operating. Instead, heating clements (not shown) of the air

moving system 30 of the vehicle are activated and powered by the rechargeable
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battery 110. The rechargeable battery 110 is capable of powering the air moving
system 50 of the vehicle 20 when the ignition system 30 s off. The air moving

system 5{, when operating, preferably replaces the air inside the vehicle 20 with
ambient air outside of the vehicle 20, in order to cool the average air temperatare

inside the vehicle 20.

Such a rechargeabic battery 110 may be at least one lithiom ion battery, at lcast one
lithium-phosphate battery, at least one lead-acid battery, a combination thereof, or the
like, used tn conjunction with o7 separately from a stock batiery 260 of the vehicle 20,
as required by the energy requircments of the motor-gencrator 100, In one
embodiment, at least one photovoltaic cell 160 (FIG. 1A} is inchuded for recharging
the vechargeable battery 110 when exposed to sunlight. Such an at least one
photovoltaic cell 160 roay be fixed to an outside surface 170 of the vehicle 20, such as
a roof portion, or to a heat-reflecting window shield 190 sciectively placed in at least
one window 180 of the vehicle 20 when the vehicle 20 s left unoccupied, for

example.

A control cirenit 120 s electrically connected with the motor-gencrator 100 and
adapted to activate the motor mode when the engine 40 and the ignition system 30 of
the vehicle 20 is off and the air temperature inside the vehicle 20 exceeds the desired

temperature range, the motor-generator 100 otherwise being in the generator mode.

The motor-generator 100, engine 40 and compressor 80 are all mechanically coupled

with a first belt and pulley system 130, The engine 40 further includes an automatic

clutch 140 adapted for cither disengaging the engine 40 from the first belt and pulley

- 11 -
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system 130 when the motor-generator 160 is in the motor mode, or for engaging the
engine 40 and coupling the engine 40 1o the fivst belt and pulley system when the
engine 40 is on and the motor-generator 100 is in the generator mode. Such an
automatic clutch 140 s known in the art as a chutch pulley, or a friction clutch pulley,

for example.

Alternately, as illustrated in FIGS. 2A and 2B, the motor-generator 100 is coupled to
the compressor 80 with a second belt and pulley system 130, such that when the
engine 40 is on and the motor-generator 100 1s ju the generator mode, the engine 40
drives the first belt and pulicy system 130 to drive the motor-generator 100 and the
compressor 80, Otherwise, when the engine 40 is off and the motor-generator 100 18
in the motor mode, the motor-generator 100 drives the second belt and pulley system
150 to drive the compressor 80. In such an embodiment, the motor-generator 100 and
compressor 80 cach include the automatic cluich 140 to disengage from the first belt
and pulley system 130 when the motor-generator 100 1s in the motor mode, and
alternately for discngaging from the second belt and pulicy system 150 when the

motor-gencrator 100 is in the generator mode.

In a third embodiment, the stock compressor 80 of the vehicle 20 1s replaced with a
variable displacement compressor-motor 220 (FIGS. 3A and 38). The compressor-
motor 220 has a motor portion 222 directly coupled to a compressor portion 228
within an enclosure 225, such that the motor portion may directly drive the
compressor portion 228 regardiess of the engine state. The coraprossor-motor 220
preferably has a low-volume displacement mode that presents less torgque to the motor

portion 222 than does a high-vohume displacement mode for increased cooling

17 -
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capacity. The low-volome displacement mode is used to maintain the temperature of
the air inside the vehicle 20 at an ambient aiv temperature, for example, and the high-
vohume displacement mode is used when occupants refurn to the vehicle 20 and desire

more substantive cooling, for example.

Uy

In such a third embodiment, a stock gencrator 250 of the vehicle 20 is coupled 1o the
engine 40 and adapted to convert rotational kinetic energy iransferred from the engine
44 into electrical energy for recharging of the stock battery 260 and the rechargeable
battery 110. The rechargeable battery 110 is electrically connected io the compressor-

1 motor 220 for supplying power to the motor portion 222 thercof. The control circuit
120 is electrically connected with the compressor-motor 220 and adapted to activate
the motor portion 222 when the engine 40 of the vehicle 20 is off and the air

temperature inside the vehicle 20 exceods the desired tomperature range.

15 Ina fourth embodiment (FIGS. 4A and 4B}, a combined compressor-motor 300
replaces the existing stock compressor 80. The rechargeable battery 110 powers the
compressor-motor 300 regardiess of the state of the engine 40, based on demand from
the thermostat 70, A second motor-gencrator 310 coupled to the engine 40 is adapted
o convert rotational kinefic energy wwansterved from the engine 40 into electrical

% encrgy to recharge the rechargeable baitery 110, In this embodiment, the second
motor-generator 310 is never used as a motor, but only as a generator, and as such any
suitable generator could be interchanged with the second motor-generator 310, The
condrol eircuit 120 1s clecirically connected with the comprossor-motor 220 and
adapted to activate the motor portion 222 when the engine 40 of the vehicle 20 is off

»»  and the air temperature inside the vehicle 20 exceeds the desired temperature range.
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in one embodiment similar to the fourth embodiment (not shown), the stock generator
250 and stock rechargeable battery 260 may be used to power the compressor-motor

300, provided the stock rechargeable battery 260 is of sufficient capacity {0 power the

Uy

compressor-motor 310, and provided the control cireuit 120 ceases operation of the
compressor-motor 300 before the rechargeable battery 260 reaches a charge lovel

insufficient {o start the vehicle 20, or some other predetermined charge level.

In one embodiment (FIG. 5), & combination motor-compressor 400 1s used in

1 conjunction with the stock compressor 80, The motor-compressor 400 is driven by
the stock battery 260 electrically, and a T-fitting 62 fhuidly connects the heat
exchanger 60 to both the stock compressor 80 and the motor-compressor 400, As
such, the motor-compressor 400 may be used to run the air moving system 50 when
the engine 40 is off. Such a motor-compressor 460 may have a 5,000 BTU/br

15 capacity, for example, and may be fixed within the vehicle 20 where space allows.
When the engine 40 1s off, the motor-compressor 400 and all of the other components
of the air moving system 50 operate off of the electrical power in the battery 260,

which may be upgraded to a higher capacity as necessary.

¢ Alternately, FIQG. 6 shows another embodiment wherein the stock compressor 80 is
replaced by the battery-driven motor-compressor 400, which has a larger 25,000
BTUMr capacity, for example. The stock generator 250 or alternator recharges the
stock battery 260 while the engine 40 is on, and when the engine 40 is off the battery
260 drives the motor-compressor 400. The existing thermostat 70 controls the air

23 moving system 50 when the engine 40 is on, and another thermostat 71, set at a higher

- 14 -
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cooling threshold temperature, rons the alr moving system 50, preferably at a slower
speed, when the engine 40 is off. The function of the other thermostat 71 may be

incorporated ioto the thermostat 70, as a dual thermostat (not shown).

In one embodiment {(not shown), the air moving system 30 may be activated while the
engine 40 is off by calling a dedicated phone number associated with the vehicle 20,
which provides the caller with the option, after entering a password, of activating the
alr moving system 30, In this way, the vehicle 20 may be cooled prior to the occupant
entering the vehicle 20, but does vot require that the air moving systern 50 be active

the entire time that the user is not in the vehicle 20, thereby conserving battery power.

In one embodiment, illustrated in FIG. 3A by way of example, a keychain transmitter
420 may sclectively transmit a signal to a receiver 410 that allows for remote
activation of the compressor-motor 220 for 3 predetermined period of time, such as 5
to 10 minutes, in advance of the driver entering the vehicle 20, As such, the vehicle
20 may be cooled to near ambicnt temperature by activating the transmitter 420,
whereby the motor portion 222 and compressor portion 228 of the enclosure 225 is
driven for a period of time by the rechargeable batiery 110 or, in other embodiments,

by the stock battery 260.

In such an embodiment, the transmitier 420 may be carmied by the vehicle driver, sach
as with the keys to the vehicle 20, The transmitter 420 may use, for example, an FM
frequency and a commondy used remote fransmitter encoder/decoder 1C (not shown)
such as RF Solutions brand product number RF600E. A momentary push button

switch {(not shown) generates an encoded signal that is then transmitted by a
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transmitter module. Such a circuit may be combined with an existing vehicle door
lock/unlock transmitier (not shown) for example. The associated receiver 410 may
utilize an RF Sohutions chipset such as RFS00D and associaied components (not

shown}. Such a receiver 410 may be Hnked with several of the transmitters 420.

While a particular from of the jnvention has been illustrated and described, it will be
apparent that various modifications can be made without departing from the spirit and
scope of the invention. For example, for clarity of illustration the figure diagrams
show fewer belt-driven components than might be tuchaded and driven by the engine
44, Accordingly, it is not intended that the invention be Hmited, except as by the

appended claims.

The teachings provided herein can be applied to other systems, not necessartly the
system described herein, The clements and acts of the various embodiments
described above can be combined to provide forther embodiments. All of the above
patents and applications and other references, inchiding any that may be fisted in
accompanying filing papers, are incorporated herein by reference. Aspects of the
invention can be modified, if necessary, to employ the systems, functions, and
concepts of the varions references described above to provide yet further

embodiments of the invention.

These and other changes can be made 1o the invention in light of the above Detatled
Description. While the above description details certain embodiments of the
nvention and describes the best mode contemplated, no matter how detailed the

above appears in text, the invention can be practiced in many ways. Details of the

- 16 -
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system may vary considerably in its implementation details, while still being

encompassed by the invention disclosed herein.

Particular terminology wsed when describing certain featares or aspects of the
invention should ot be taken to imply that the ferminology s being redefined herein
to be restricted to any specific characteristics, features, or aspects of the invention
with which that terminclogy is associated. fn general, the terms used in the following
claims should not be construed to Huit the invention fo the specific embodiments
disclosed in the specification, unless the above Detailed Description section explicitly
defines such terms. Accordingly, the actual scope of the invention encompasses not
only the disclosed embodiments, but alse all equivalent ways of practicing or

implementing the invention.

The above detailed description of the embodiments of the invention is not intended to
be exhaustive or to Hmit the invention to the precise from disclosed above or to the
particular ficld of usage mentioned n this disclosure. While specific embodiments of,
and exaroples for, the invention are described above for illustrative purposes, various
equivalent modifications are possible within the scope of the invention, as those
skilled in the relevant art will recognize. Also, the teachings of the invention
provided hercin can be applied to other systems, not necessarily the systern described
above. The elements and acts of the various embodiments described above can be

combined to provide finther embodiments.

PCT/US2012/036026
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All of the above patents and applications and other references, including any that may
be listed in accompanying filing papers, are incorporated herein by reference.

Aspects of the invention can be modified, if necessary, (¢ enmuploy the sysierms,
functions, and concepts of the various references described above to provide vet

further embodiments of the Invention.

Changes can be made to the invention n light of the above "Detailed Description.”
While the above description details certain embodiments of the invention and
describes the best mode contemplated, no matter how detailed the above appears in
text, the invention can be practiced in many ways. Therefore, implementation details
may vary considerably while stiil being encompassed by the tovention disclosed
herein. As noted above, particular terminology used when describing certain features
or aspects of the invention should not be taken to fraply that the terminology is being
redefined herein to be restricted to any specific characteristics, features, or aspects of

the invention with which that terminology is associated.

In general, the terms used in the following clairos should not be construed to limit the
nvention to the specific embodiments disclosed in the specification, unless the above
Detailed Description section explicitly defines sach terms. Accordingly, the actual
scope of the invention encompasses not only the disclosed embodiments, but also all

cquivalent ways of practicing or implementing the invention under the claims.

While certain aspects of the invention are presented below in certain claim form, the

mventor conteraplates the various aspects of the invention in any number of claim
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forms, Accordingly, the inventor reserves the right to add additional claims after
filing the application to pursue such additional claim form for other aspects of the

mvention.
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CLAIMS

What is claimed is:

1. A temperature regulation system for a vehicle having an ignition system, an engine,
and an air moving system that circulates air inside of the vehicle across a heat
exchanger to maintain a desired temperature range within the vehicle with a
thermostat, the air moving system including a compressor for compressing a gas for
ceoling a portion of the heat exchanger, the system comprising:

a motor-gencrator for converting between rotational kinctic and electrical
engrgy and having a motor mode wherein electrical energy is converted into rotational
kinetic energy and coupled to the compressor, and a generator mode wherein
rotational kinetic energy from the engine is converted into clecirical energy;

a rechargeable batiery electrically connected to the motor-gencrator for
supplying power to the motor-generator when the motor-generator is in the motor
maode, and for receiving electrical energy from the motor-generator when the motor-
generator is in the generator mode; and

a control circuit electrically connected with the motor-generator and adapted
to activate the motor mode when the engine of the vehicle 15 off and the air
temperature inside the vehicle exceeds the desired temperature range, the motor-

generator otherwise being in the generator mode.

2. The teraperature regulation system of claim 1 wherein the motor-generator, engine,
and compressor are all mechanically coupled with a first belt and pulley system, and

whergin the engine further mchudes an antomatic chutch adapted for either
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disengaging the engine from the first belt and pulley system when the motor-generator
1s in the motor mode, or for engaging the engine and coupling the engine to the first
belt and pulley system when the engine is on and the motor-gencrator is in the

generator mode.

3. The temperature regulation syster of claim 1 wherein the motor-generator, engine,
and compressor are all mechanically coupled with a fiest belt and pulley systerm, and
wherein the motor-generator is coupled to the compressor with a second belt and
pulley syster, such that when the engine is on and the motor-generator is inthe
generator mode, the engine drives the first belt and pulley system to drive the motor-
generator and the compressor, and such that when the engine is off and the motor-
generator 15 in the motor mode, the motor-generator drives the second belt and pulley
system to drive the compressor, the motor-generator and compressor cach inchuding
an automatic chutch to disengage from the first belt and pulicy system when the
motor-generator is in the motor mode, and for disengaging from the second belt and

ulley system when the motor-generator s in the generator mode.
MY g

4. The temperature regulation system of claim 1 wherein the rechargeable battery
mchudes at least one battery taken from the group consisting of: a Iithiom ion battery,
g lithium-phosphatie battery, and a lead-acid battery.

5. The temperature regulation system of claim 1 fiwther including at least one
photovoltaic cell for recharging the rechargeable battery when exposed to sumlight,

the at icast one photovoeltaic cell being fixable to an cutside surface of the vehicle.
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6. The temperature regulation system of claim 1 wherein the rechargeable battery is
adapted to clectrically power the air moving system of the vehicle when the
thermostat detects the temperature of the air inside the vehicle has excecded the

desired temperatare range.

7. The temperature regulation system of claim 1 wherein the heat exchanger is
adapted to heat the air when the temperature of the air in the vehicle drops below the
desired temperature range, or to cool the air when the temperature of the air in the

vehicle rises above the desired temperature range.

8. The temperatore regulation system of claim 1 wherein when the vehicle mnclades at
least one window, the system further includes at least one heat-reflecting window

shield for reflecting heat away from the at least one window.

$. The teroperature regulation system of claim 1 wherein the rechargeable battery is
adapted to clectrically power the air moving system of the vehicle when the ignition
system is off, the air moving system replacing the air inside the vehicle with ambient

air outside of the vehicle.

10. The temperature regulation system of claim § wherein the motor-gencerator

includes alominum trapezoidal bars as either stator windings or both stator and rotor

windings.

11. A temperaturce regulation system for a vehicle having an ignition system, an

engine, and an air moving system that circolates air inside of the vehicle across a heat

237
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exchanger to maintain a desired temperature range within the vehicle with a
thermostat, the air moving system including a stock compressor for compressing @ gas
for cooling a portion of the heat exchanger, the system comprising:

a vartable displacement replacement compressor-motor used in place of the
stock compressor for compressing a gas for cooling a portion of the heat exchanger,
the compressor-motor having a motor portion ditectly coupled to a compressor
portion within an enclosure sach that the motor portion may directly rotate the
compressor portion regardless of the engine state and having a low-volume
displacement mode that presents less torgue to the maotor portion than does a high-
volume displacement mode for increased cooling capacity;

a generator coupled to the engine and adapted to convert rotational kinetic
energy transterred from the engine nto electrical energy;

a rechargeable battery electrically connected to the compressor-motor for
supplying power to the motor portion thereof, and for receiving clectrical encrgy from
the generator; and

a control cireuit electrically connected with the compressor-motor and adapied
{0 activate the motor portion when the engine of the vehicle is off and the air

terperature inside the vehicle exceeds the desired temperature range.

12. The temperature regulation system of claim 11 wherein the rechargeable battery
includes at least one battery taken from the group consisting of! Hthium ion battery, a

lithium-phosphate battery, and a lead-acid battery.

13. The temperatore regulation system of claim 11 wherein the rechargeablice battery

clectrically powers the air moving system of the vehicle when the thermostat detects

t
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the temperature of the air inside the vehicle has exceeded the desired temperature

Tange.

14. The temperatore regulation system of claim 11 wherein the heat exchanger heats
the air when the temperature of the air in the velacle drops below the desived
temperature range, or cools the air when the temperature of the air in the vehicle rises

above the desired temperature range.

15, The temperature regulation system of claim 11 wherein when the vehicle ncludes
at least one window, the system further includes at least one heat-reflecting window

shield for reflecting heat away from the at least one window.

16. The temperature regulation system of clatm 11 wherein the rechargeable batiory
electrically powers the air moving system of the vehicle when the ignition system is
off, the air moving system replacing the aiv inside the vehicle with ambient air outside

of the vehicle.

17. The temperatore regolation system of claim 11 wherein the motor-generator
mechudes alimminum trapezoidal bars as either stator windings or both stator and rotor

windings.

18. A temperature regulation system for a vehicle having an ignition system, an

enging, and an ait moving system that circulates air inside of the vehicle across a heat

743
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cxchanger {0 maintain a desired temperature range within the vebicle with a
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thermostat, the air moving system including a stock compressor for compressing a gas
for cooling a portion of the heat exchanger, the system comprising:

a replacement compressor-motor used in place of the stock compressor for
compressing a gas for cooling a portion of the heat exchanger, the compressor-motor;

a motor-generator coupled to the engine and adapted to convert rotational
kinetic energy transterred from the engine into clectrical energy,

a rechargeable battery electrically connected between the motor-generator and
the compressor-motor for receiving electrical energy from the motor-generator and
driving the compressor-motor; and

a control circuit clectrically connected with the compressor-motor and adapiced
to activate the compressor-motor when the engine of the vehiele s off and the air

temperature inside the vehicle exceeds the desired temperature range.

19. The temperature regulation system of claim 18 wherein the rechargeable battery
electrically powers the air moving system of the vehicle when the thermostat detects
the temperature of the air fuside the vehicle has exceeded the desived temperature

range.

20, The temperature regulation system of claim 11 wherein the compressor-motor
further includes a receiver adapted to receive a wireless signal from a portable
transnitter to activate the motor-portion for a predetermined period of time, whereby

the vehicle may be cooled in advance of the driver entering the vehicle.
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