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VARIABLE TEMPERATURE SEAT CLIMATE
CONTROL SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

Application Ser. No. 09/621,258 was filed Jul. 20, 2000

as a continuation of the present case, and ts now abandoned.

FIELD OF THE INVENTION

The present invention relates generally to a variable
temperature seat and, more specifically, to a method and
apparatus for controlling the flow and temperature of a
heating or cooling medium through the seat to an occupant
positioned 1n such seat.

BACKGROUND OF THE INVENTION

Cooling or heating occupants of buildings, homes, auto-
mobiles and the like 1s generally carried out by convection
through moditying the temperature of air surrounding the
occupants environment. The effectiveness of convection
heating or cooling 1s largely dependent on the ability of the
temperature conditioned air to contact and surround all
portions of the occupants’s body. Heating and cooling
occupants through convention 1s generally thought to be
cfiicient 1n such applications as homes, offices, and other like
structures where the occupants are not stationary or fixed 1n
one position but, rather are moving around allowing maxi-
mum contact with the temperature treated air.

In other applications such as automobiles, planes, buses
and the like, the occupants are typically fixed 1n one position
with a large portion of their body’s surface against the
surface of a seat, 1solated from eflects of the temperature
conditioned air. In such applications the use of distributing
temperature conditioned air into the cabin of the vehicle to
heat or cool the occupant 1s less effective due to the
somewhat limited surface area of contact with the occu-
pant’s body. In addition, oftentimes the surface of the seat 1s
at a temperature close to the ambient temperature upon
initial contact by the occupant, increasing the need to
provide rapid temperature compensation to the occupant in
an effective manner.

To address the problem of providing effective occupant
heating or cooling in such applications, seats have been
constructed to accommodate the internal flow of a heating or
cooling medium and to distribute the same through the
scating surface to the surface of the occupant 1in contact with
the secat. A preferred heating and cooling medium 1s air. A
scat constructed 1n this manner increases the efficiency of
heating or cooling a passenger by convection by distributing
temperature conditioned air directly to the surface the occu-
pant generally 1solated from contact with temperature con-
ditioned air that i1s distributed throughout the cabin of the
vehicle.

U.S. Pat. No. 4,923,248 1ssued to Feher discloses a seat
pad and backrest comprising an internal plenum for distrib-
uting temperature conditioned air from a Peltier thermoelec-
tric module through the surface of the seat pad and to an
adjacent surface of an occupant. The temperature condi-
tioned air 1s provided by using a fan to blow ambient air over
the fins of a Peltier module. The heating or cooling of the
occupant 1s achieved by changing the polarity of the elec-
tricity that powers the Peltier module.

U.S. Pat. No. 5,002,336 1ssued to Feher discloses a joined
scat and backrest construction comprising an internal ple-
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num for recerving and distributing temperature conditioned
air through the seat and to an adjacent surface of an
occupant. Like U.S. Pat. No. 4,923,248, the temperature
conditioned air 1s provided by a Peltier thermoelectric
module and distributed through the internal plenum by an
clectric fan.

U.S. Pat. No. 5,117,638 1ssued to Feher discloses a
selectively cooled or heated seat construction and apparatus
for providing temperature conditioned air. The seat con-
struction comprising, an internal plenum, a plastic mash
layer, a metal mesh layer, and perforated outer layer. The
apparatus for providing the temperature conditioned air 1s
heat exchanger comprising a Peltier thermoelectric module
and a fan. Heating or cooling the occupant i1s achieved by
switching the polarity of the electricity powering the Peltier
module.

The seat constructions known 1n the art, although address-
ing the need to provide a more efficient method of heating
or cooling the occupant, has not addressed the need to
provide temperature conditioned air to an occupant 1n a
manner that both maximizes occupant comfort and maxi-
mizes power elficiency.

The ever increasing awareness of our environment and the
need to conserve resources has driven the need to replace
hydrocarbon powered vehicles, such as the automobile, with
vehicles that are powered by an environmentally friendly
power sources such as electricity. The replacement of cur-
rent hydrocarbon automobiles with electric powered
vehicles will only become a reality if the electric powered
vehicle can be operated and maintained 1n a manner equal-
ing or bettering that of the hydrocarbon powered automobile
it replaces. Accordingly, the need for electric vehicles to
perform 1n an electrically efficient manner, 1s important to
the success of the electric vehicle.

In order to maximize the electrical efficiency of the
electric powered vehicle it 1s necessary that the electrically
powered ancillary components of the electric vehicle func-
fion at maximum electrical efficiency. The seats known 1n
the art that provide temperature conditioned air to an occu-
pant do not operate 1n an electrically efficient manner. The
temperature of the air being conditioned by the Peltier
thermoelectric devices 1n such seats 1s adjusted by dissipat-
ing the excess power through a resister, 1.€., by using a
potentiometer. The practice of dissipating excess power
instead of providing only that amount of power necessary to
operate the Peltier thermoelectric devices makes such seats
unsuited for such power sensitive applications as the electric
vehicle as well as other applications where electrical effi-
clency 1S a concern.

The seats known in the art constructed to provided
temperature conditioned air to an occupant are adjustable in
that the occupant may either choose to produce heated air or
cooled air. However, the seats known 1n the art are unable to
automatically regulate the temperature or flow rate of the
cool or heated air distributed to the occupant 1n the event that
the thermoelectric device malfunctions or 1n the event that
the user falls asleep. An electrical malfunctioning of the
thermoelectric device could result in the abnormal heating of
t
:

ne device, causing damage to the thermoelectric device
self. An electrical malfunction could result 1n the distribu-
tion of hot air to the occupant, causing discomifort or even
injury. Additionally, an initial temperature setting of maxi-
mum heat or maximum cold that 1s left untouched 1n the
event the occupant falls asleep may cause damage to the
thermoelectric device itself or may cause discomfiort or even
injury to the occupant.
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The seats known 1n the art, while able to vary the
distribution of air to the seat bottom or seat back wvia
occupant adjustment, do not allow the occupant to vary the
temperature of the air passing through the seat back or seat
bottom, independently. The option of being able to selec-
fively heat one portion of the seat and cool the other may be
desirable where the occupant requires such selective treat-
ment due to a particular medical condition or injury. For
example, one a cold day it would be desirable to distribute
heated air to the seat back for occupant comiort and cooled
air to the seat bottom to assist 1n healing a leg 1njury that has
recently occurred.

It 1s, therefore, desirable that a variable temperature seat
comprise a conftrol system and method for regulating the
temperature and flow rate of temperature conditioned air to
an occupant sitting in the seat. It 1s desirable that the control
system operate the seat 1n an electrically efficient manner,
making it 1deal for use 1n power sensitive applications such
as the electric powered vehicle. It 1s desirable that the
control system operate the seat 1n a manner eliminating the
possibility of equipment damage, occupant discomfort or
injury. It 1s also desirable that the control system permit the
independent distribution of heated or cooled air to the seat
back or seat bottom.

SUMMARY OF THE INVENTION

There 1s, therefore, provided 1n practice of this invention
a temperature climate control system for use with a variable
temperature seat. The temperature climate control system
comprises a variable temperature seat suitable for distribut-
ing temperature conditioned air to a seated occupant, at least
one heat pump for temperature conditioning ambient air and
passing the air to the seat, a temperature sensor located at
cach heat pump, and a controller configured to monitor the
temperature of the heat pumps and regulate their operation
according to a temperature climate control algorithm.

Each heat pump comprises a number of Peltier thermo-
clectric modules for selectively heating or cooling ambient
alr 1n a main heat exchanger. The heated or cooled air 1s
passed to the seat by a main exchanger fan. Each heat pump
also comprises a waste heat exchanger for removing
unwanted heat or cooling from the Peltier modules. The
unwanted heat or cooling 1s passed to the outside environ-
ment by a waste exchanger fan.

Each main fan may be manually adjusted to operate at a
variety of predetermined speeds via a fan switch. Each
Peltier module can be manually adjusted to operate in
various heating or cooling modes via a temperature switch.
The electrical power to each Peltier 1s pulsed at a duty cycle
corresponding to a particular heating or cooling mode of
operation to optimize electrical efficiency. Each heat pump
may be operated independently via separate fan and tem-
perature switches, or may be operated simultaneously by a
common fan and temperature switch. Alternatively, each
heat pump may be operated automatically by the controller
when the variable temperature seat 1s occupied by the
activation of an occupant presence switch.

After an 1nitial fan speed and Peltier temperature setting
has been selected, the controller monitors the temperature
information relayed from each heat pump. In addition, the
controller may also be configured to monitor the ambient
temperature of the air surrounding the variable temperature
scat occupant as well as the temperature of the conditioned
air directed to the variable temperature seat occupant, via the
use of additional temperature sensors. The controller regu-
lates the operation of each main exchanger fan, each waste
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4

exchanger fan, and each Peltier module according to a
temperature climate control algorithm. The control algo-
rithm 1s designed to maximize occupant comfort and mini-
mize the possibility of equipment damage, occupant dis-
comiort or even occupant injury in the event of a system
malfunction.

The control algorithm 1s designed to interrupt or limit the
power to the Peltier modules and/or each main exchanger
fan 1n the event that the heat pump temperature exceeds a
predetermined maximum temperature or a predetermined
minimum temperature, indicating a possible heat pump
malfunction. Additionally, the control algorithm 1s designed
to 1nterrupt power to the Peltier modules in the event that the
temperature of the conditioned air directed to the variable
temperature seat occupant exceeds a predetermined maxi-
mum Or minimum temperature.

The control algorithm 1s also designed to limit the power
to the Peltier modules during the cooling mode of operation
when the temperature of the cooling air directed to the
occupant exceeds a predetermined minimum cooling tem-
perature and the temperature has not been adjusted for a
predetermined period of time, thus minimizing possible
occupant discomfort associated with overcooling the occu-
pant’s back. In addition, the control algorithm 1s designed to
limit the power to the Peltier modules during the cooling
mode of operation when the temperature difference between
the ambient air surrounding the variable temperature seat
occupant and the conditioned air directed to the occupant 1s
oreater than a predetermined amount.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present
invention will become appreciated as the same becomes
better understood with reference to the specification, claims
and drawings wherein:

FIG. 1 1s a cross-sectional semi-schematic view of an
embodiment of a variable temperature seat;

FIG. 2 1s a schematic view of a first embodiment of the
temperature climate control system according to the present
mvention;

FIG. 3 1s a flow chart 1llustrating a temperature climate

control algorithm for the embodiment of the invention
shown 1n FIG. 2;

FIG. 4 1s a schematic view of a second embodiment of the

temperature climate control system according to the present
mvention;

FIG. § 1s a flow chart 1llustrating a temperature climate

control algorithm for the embodiment of the invention
shown 1n FIG. 4;

FIG. 6 1s a schematic view of a third embodiment of the
temperature control climate control system according to the
present 1nvention;

FIG. 7 1s a flow chart 1llustrating a temperature climate
control algorithm for the embodiment of the invention
shown 1 FIG. 6; and

FIG. 8 1s a schematic view of an alternative embodiment
of the temperature climate control system according to the
present 1nvention.

DETAILED DESCRIPTION

A temperature climate control system (TCCS) provided in
the practice of this mvention may be used to control the
temperature of air being distributed through a wvariable
temperature seat (VIS) and directed to a seated occupant.
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The TCCS may be used 1n various VTS applications where
it 1s required that an occupant stay seated for a period of
fime, such as automobiles, trains, planes, buses, dentists
chairs, hair styling chairs and the like, or where an occupant
simply desires an added degree of comfort while he/she 1s
sitting at work or 1n the home, such as office chairs, home
recliners and the like. The TCCS configured according to the
practice of this mvention to operate in a manner providing,
an occupant seated 1n a VI'S a maximum degree of comiort
by allowing the occupant to manually adjust both the flow
rate and the temperature of the air being passed through the

scat surface and directed to the occupant.

The TCCS 1s configured to automatically override the
manual flow rate and temperature settings when 1t senses
that the temperature of the air being directed to the occupant
1s above a predetermined maximum temperature set point or
1s below a predetermined minimum temperature set point.
Thus, maximizing both occupant comfort and occupant
satety 1n the event that the occupant either falls asleep or in
the event that the device generating the temperature condi-
tioned air malfunctions. The TCCS also comprises timers
and 1s configured to automatically override the manual flow
rate and temperature settings during normal operation to
prevent back discomfort. Additionally, the device generating,
the temperature conditioned air 1s operated 1n a manner
maximizing electrical efficiency, making 1t well suited for
use 1n applications that are sensitive to electrical
consumption, such as electric powered vehicles.

FIG. 1 shows an embodiment of a VIS 10 comprising a
seat back 12 and a seat bottom 14 for accommodating the
support of a human occupant 1n the sitting position. FIG. 1
shows a simplified cross-sectional view of a VIS for pur-
poses of 1llustration and clarity. Accordingly, it 1s to be
understood that the VIS may be constructed in embodi-
ments other than that specifically represented. The VIS may
be constructed having a outside surface covering 16 made
from a suitable material that allows the flow of air through
its surface, such as perforated vinyl, cloth, leather or the like.
A padding layer 17 such as reticulated foam may lie beneath
the outside surface 16 to increase occupant comiort.

The VTS may be constructed having a metal frame (not
shown) that generally defines the seat configuration and
having seat bottom and seat back cushions 18 made from
foam and the like. A number of air channels 20 are posi-
tioned within each seat cushion and extend from the padding
layer 17 through the seat cushions and to either a seat bottom
air 1nlet 22 or a seat back air inlet 24. Although a particular
embodiment of a VTS has specifically described, it has to be
understood that the TCCS according to the present invention
1s meant to operate with any type of VIS having the same
ogeneral features.

FIG. 2 shows a first embodiment of the TCCS according,
to the present invention comprising a VIS 10. The air that
1s passed through the seat and to the occupant 1s temperature
conditioned by a heat pump. This first embodiment com-
prises a seat back heat pump 26 for temperature conditioning,
the air passed through the seat back 12 of the VTS, and a seat
bottom heat pump 28 for temperature conditioning the air
passed through the seat bottom 14 of the VTS. The seat back
heat pump and seat bottom heat pump each comprise at least
one thermoelectric device 30 and 32, respectively, for tem-
perature conditioning, 1.€., selectively heating or cooling, the
air. A preferred thermoelectric device 1s a Peltier thermo-
clectric module. Each heat pump may comprise more than
one Peltier thermoelectric module. A preferred heat pump
comprises approximately three Peltier thermoelectric mod-
ules.
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Each heat pump comprises a main heat exchanger 34 and
36, enclosing air temperature conditioning fins (not shown)
depending from one surface of the Peltier modules, and a
waste heat exchanger 39 and 40, enclosing thermal
exchanger fins (not shown) extending from the Peltier
module surface opposite the main heat exchanger. Attached
to one end of each main heat exchanger i1s an outlet from a
main exchanger fan 42 and 44 that serves to pass the
temperature conditioned air 1n each main heat exchanger to
the seat back or seat bottom, respectively. Each main
exchanger fan may comprise an electrical fan having a
suitable flow rate, such as an axial blower and the like. The
outlet end of each main heat exchanger 1s connected to an air
conduit 46 and 48 that 1s connected to the respective seat
back air inlet 24 or seat bottom air inlet 22. Accordingly, the
temperature conditioned air produced by the Peltier thermo-
clectric modules 1n each main heat exchanger 1s passed
through the respective air conduit, through the respective air
inlet, into and through the respective seat portion of the VTS
to the occupant by the main exchanger fan.

Attached to one end of each waste heat exchanger 1s an
outlet from a waste exchanger fan 50 and 52 that serves to
pass unwanted waste heat or cooling produced 1n each waste
heat exchanger to the outside environment surrounding the
VTS. Each waste exchanger fan may comprise an electrical
fan having a suitable air flow rate, such as an axial blower
and the like. The waste air exiting each waste heat exchanger
fan 1s usually at an undesirable temperature, 1.€., 1n the
cooling mode it 1s hot air and in the heating mode 1t 1s cold
air. Consequently, waste air exiting each waste exchanger
may be specifically routed away from any occupant, possi-
bly through the sides of the seat or the like.

Attached to the main exchanger side of the Peltier ther-
mocelectric modules 1n each heat pump 1s a temperature
sensor 34 and 56. Each temperature sensor may comprise an
clectric thermocouple and the like.

The operation of the main exchanger fans 42 and 44 can
be manually controlled by a fan switch 58. In the first
embodiment, 1t 1s preferred that the main exchanger fans are
operated simultaneously by a single fan switch. The fan
switch may comprise an electrical switch configured to
provide an off position, and a variety of fan speed settings
if desired. It 1s preferred that the fan switch be configured
having an off position and three different fan speed settings,
namely low, medium and high. The fan switch may be
located within or near the VTS for easy occupant access.

The operation of the waste exchanger fans 50 and 52 can
be manually controlled by a separate fan switch (not shown)
if desired. However, 1t 1s preferred that the waste exchanger
fans be activated automatically upon the operation of the
main exchanger fans and operate at a single predetermined
speed. Accordingly, upon the manual operation of the fan
switch 38, both the main exchanger fans are activated to a
selected speed and the waste exchanger fans are automati-
cally activated to operate at maximum speed. Coniiguring
the TCCS to operate 1n this manner maximizes the thermal
efiiciency of the Peltier modules and reduces the possibility
of system damage.

The operation of the Pelter thermoelectric modules can be
controlled by a temperature switch 60. In the first embodi-
ment it 1s preferred that the Peltier thermoelectric modules
in both heat pumps be operated simultaneously by a single
temperature switch. The temperature switch may comprise
an electrical switch configured to provide an off position,
and a variety of temperature settings if desired. A preferred
fan switch 1s configured having an off position, four heating
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positions, and four cooling positions. Like the fan switch 58,
the temperature switch 60 may be located within or near the
VTS for easy occupant access.

When the temperature switch 1s turned to one of the
cooling positions a LED lamp 62 located near the tempera-
ture switch registers a green color, indicating that the Peltier
modules are operating in the cooling mode. When the
temperature switch 1s turned to one of the heating positions
the LED lamp registers a red color, indicating the Peltier
modules are operating in the heating mode.

The different heating or cooling modes for the Peltier
modules 1s accomplished by both switching the polarity and
limiting the amount of the electrical power routed to the
Peltier modules. To optimize the electrical efficiency of the
Peltier modules, mstead of using a potentiometer to dis-
charge the unwanted portion of the electrical power through
a resister, the four different modes of heating and cooling
operation are achieved by pulsing electrical power to the
Peltier modules at predetermined duty cycles. Accordingly,
the different levels of heating or cooling are accomplished
by pulsing the electrical power to the Peltier modules at a
predetermined duty cycle. In a preferred embodiment, the
duty cycle is about 0.02 seconds (50 hz) and the four
different levels are accomplished by applying either 25
percent, 50 percent, 75 percent, or 100 percent of the cycle
fime power. In this embodiment, a 25 percent duty cycle
would be on for approximately 0.005 seconds and off for
approximately 0.015 seconds for a total cycle length of 0.02
seconds, and then repeated. The 75 percent duty cycle 1s on
for approximately 0.015 seconds and off for approximately

0.005 seconds.

The heating or cooling mode of the Peltier modules 1s
achieved by switching the polarity of the electrical power.
The Peltier modules are configured to operate 1n the heating
mode on approximately ten volts DC and in the cooling
mode on approximately six volts DC. A DC converter may
be positioned outside the controls to supply the heating and
cooling voltage. The total duty cycle of the Peltier modules
1s adjustable from 0.02 to 0.2 seconds. The power for the
Peltier modules in each mode was chosen to optimize the

efficiency and total thermal power supplied to an occupant
of the VTS.

The electrical feeds to and/or outlets from the fan switch
58, temperature switch 60, main exchanger fans 42 and 44,
waste exchanger fans 50 and 352, Peltier thermoelectric
modules 30 and 32 LED lamp 62, and temperature sensors
54 and 56 and routed to a controller 64. Alternatively, the
clectrical feeds ad signals may first be routed to a printed
circuit board 1n the seat (not shown) that sends a signal to the
controller. The controller comprises a power inlet 66 of
suificient electrical capacity to operate all of the aforemen-
tioned devices. The controller 1s configured to receive occu-
pant mputs from the fan switch and the temperature switch
and temperature information from the temperature sensors.
From this mnput the controller 1s configured to make adjust-
ments to the operation of the heat pumps according to a
predetermined algorithm designed to ensure occupant com-
fort and safety, and protect against system damage.

FIG. 3 1s a flow chart illustrating a temperature climate
control algorithm for the first embodiment of the TCCS
shown m FIG. 2. The occupant wishing to use the VIS
operates the main exchanger fans by activating the fan
switch 58 and selecting a desired fan speed (step 68). Upon
the activation of the main exchanger fans the waste
exchanger fans are also activated to operate at a maximum
speed (step 70).
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The occupant may activate the Peltier modules for tem-
perature conditioning the air in the VTS by positioning the
temperatures witch 60 to a desired heating or cooling mode
(steps 72 and 74). The Peltier modules can be manually
deactivated by selecting the “off” position on the tempera-
ture control switch, in which case the power to the fans is
maintained as indicated by the LED 62 registering a green
color (step 76). Additionally, the Peltier modules are auto-
matically deactivated by the controller when the fan switch
is manually placed in the “off” position (step 78).

When the temperature switch 1s positioned to one of the
four cooling modes the LED lamp 62 registers a green color
(step 80). The temperature detected by the temperature
sensors 34 and 56 in both heat pumps 26 and 28 1s passed
to the controller (step 82). If the temperature is below about
303° K. (step 84) the power to the Peltier modules remains
on (step 86), unless more than six minutes has elapsed since
the time that the occupant has last adjusted the temperature
(step 88), in which case the power to the Peltier modules is
reduced to 25 percent (step 90). It is desirable to reduce the
power to the Peltier modules under such circumstances to
prevent over cooling of the occupant’s back, which has been
shown to cause the occupant discomiort after use of the
VTS. If the temperature 1s not below 303° K., however, the
power to the Peltier modules 1s maintained as indicated by
the occupant controls (step 86).

When the temperature switch 1s positioned to one of the
four heating modes the LED lamp 62 registers a red color
(step 92). If the temperature is below about 339° K. (step 94)
the power to the Peltier modules remains on (step 96). If the
temperature 1s in the range of from 339° K. to 349° K. (step
92) the power to the Peltier modules is reduced to 25 percent
until the temperature is below 339° K. (step 98). Reducing
the power to the Peltier modules in this situation 1s desired
to prevent the Peltier modules from overheating.

If the temperature of the main heat exchanger side of the
Peltier modules is below either below 200° K. or above 349°
K. (step 100), regardless of whether the Peltier modules are
in the heating or cooling mode, the controller deactivates the
Peltier modules (step 76) and maintains the operation of the
main exchanger fans and waste exchanger fans. The occur-
rence of either of the above temperature conditions indicates
a system malfunction. In this condition the LED lamp 62
registers a orange color, indicating a system malfunction.

The first embodiment comprises conditioned air tempera-
ture sensors 102 and 104 positioned in the air flow of the
temperature conditioned air passing to the seat, back and
scat bottom, respectively, as shown 1n FIG. 2. The condi-
fioned air temperature sensors are electrically connected to
the controller 64. The temperature climate control algorithm
described above and illustrated 1n FIG. 3 1s configured to
deactivate the Peltier modules 1n the event that the tempera-
ture of the conditioned air 1s greater than about 325° K. or
below about 297° K. While the Peltier modules are deacti-
vated the main exchanger fans continue to run.

FIG. 4 shows a second embodiment of the TCCS accord-
ing to the practice of the present invention. The second
embodiment 1s similar to the first embodiment in all
respects, except for the addition of at least one ambient air
temperature sensor 102 to monitor the temperature of the air
outside of the VTS surrounding the occupant. The tempera-
ture sensor 1s electrically connected to relay ambient air
temperature information to the controller 64. More than one
ambient air temperature sensor may be used, each being
positioned at different locations 1n the environment sur-
rounding the occupant, to provide an ambient air tempera-
ture profile to the controller.
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The second embodiment of the TCCS also differs from the
first preferred embodiment in that the fan speed and air
temperature for the seat back heat pump 26 and the seat
bottom heat pump 28 can each be manually adjusted inde-
pendently by using a separate seat back fan switch 104 and
scat bottom fan switch 106, and a separate seat back

temperature switch 108 and seat bottom temperature switch
110. The fan switches 104 and 106 and the temperature
switches 108 and 110 in the second embodiment are the

same as those previously described 1n the first embodiment.
Alternatively, the TCCS may be configured having a single
fan switch (not shown) to control the speed of fans 42 and
44 and two temperature switches (not shown) to control the
power to each heap pump 26 and 28 independently. The
TCCS may also be configured having a single temperature
switch (not shown) to control the power of heat pumps 26
and 28 simultaneously and two fan switches to control the
speed of each fan 42 and 44 independently.

LED lamps 112 and 114 are located near each temperature
switch to indicate the mode of operation selected for each
heat pump, e.g., in the off position the LED lamps are off,
when both heat pumps are 1n the cooling mode the LED
lamps register a green color, when both heat pumps are in
the heating mode the LED lamps register a red color, when
there 1s a temperature error or Peltier module malfunction in
cither heat pump the LED lamps fast cycle red and green,
registering an orange color.

Configuring the manual fan speed and temperature
switches 1n this manner allows the occupant the ability to
operate the seat back 12 of the VTS at a different conditions
than the seat bottom 14. This may be desirable where a
medical condition or 1mjury requires that a particular portion
of the occupant’s body be maintained at a temperature
different from the remaining portion of the occupant, e.g.,
where a leg 1njury requires cooling air 1n the seat bottom of
the VTS and the ambient temperature dictates that heated air
pass through the seat back for maximum occupant comiort.

Like the first embodiment, the electrical feeds to and/or
outlets from the fan switches 104 and 106, temperature
switches 108 and 110, main exchanger fans 42 and 44, waste
exchanger fans 50 and 52, Peltier thermoelectric modules 30
and 32, temperature sensors 54 and 56, LED lamps 112 and
114, and the ambient air temperature sensor 102 are routed
to the controller 64.

FIG. 5 1s a flow chart illustrating a temperature climate
control algorithm for the second embodiment of the TCCS
shown 1n FIG. 4. The control algorithm 1s similar to that
previously described above and shown 1n FIG. 3, except for
the additional temperature 1inputs from the ambient tempera-
ture sensor (step 116) and the conditioned air sensor, and
except when the Peltier modules are being operated 1n the
cooling mode and the temperature of the conditioned air
from the seat back heat pump 26 is below about 310° K.
(step 119). When the conditioned air temperature 1s below
about 310° K., if it has been greater than six minutes since
the last temperature adjustment by the occupant (step 120),
and the conditioned air temperature of the conditioned i1s
approximately 3° K. or more below the temperature of the
ambient air surrounding the occupant (step 122) , the con-
troller reduces the power to the Peltier modules in the seat
back heat pump 26 to approximately 25 percent (step 124).
If the temperature is below about 310° K., but it has either
been less than six minutes since the last manual temperature
adjustment or the conditioned air temperature is less than 3°
K. below the ambient temperature, the power to the Peltier
modules 1n the seat back heat pump remains on at the
occupant controlled setting (step 126).
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Like the control algorithm described 1n FIG. 3, the reason
for reducing the power to the Peltier modules under such
conditions 1s to regulate the amount of cooling air directed

to an occupant’s back to prevent possible discomfort after
using the VTS.

The second embodiment also comprises conditioned air
temperature sensors 128 and 130 positioned in the air flow
of the temperature conditioned air passing to the seat, back
and bottom, respectively, as shown in FIG. 4. The condi-
fioned air temperature sensors are electrically connected to
the controller 64. The temperature climate control algorithm
described above and illustrated 1n FIG. 5 1s configured to
deactivate the Peltier modules 1n the event that the tempera-
ture of the conditioned air directed to the occupant 1s greater
than about 325° K. or below about 297° K. While the Peltier
modules are deactivated the main exchanger fans continue to
run

FIG. 6 shows a third embodiment of the TCCS according
to the practice of this invention. The third embodiment is
similar to the first embodiment 1n all respects except for two.
One 1s the addition of at least one ambient air temperature
sensor 132 to monitor the temperature of the air outside of
the VTS surrounding the occupant. The temperature sensor
1s electrically connected to feed temperature information to
the controller 64. More than one ambient air temperature
sensor may be used, each bemng positioned at different
locations 1n the environment surrounding the occupant, to
provide an ambient air temperature profile to the controller.

The second difference 1n the third embodiment of the
TCCS 1s that only a single heat pump 134 1s used to provide
temperature conditioned air to both the seat back 12 and the
scat bottom 14. The single heat pump 1s similar to the seat
back heat pump 26 and seat bottom heat pump 28 previously
described 1n the first embodiment 1n that it comprises a main
heat exchanger 136, a main exchanger fan 138, a waste heat
exchanger 140, a waste exchanger fan 142 and a Peltier
module temperature sensor 143. However, mstead of three
Peltier thermoelectric modules, the single heat pump 134
comprises four Peltier thermoelectric modules 144. The
temperature conditioned air from the main heat exchanger 1s
passed to the seat back 12 and seat bottom 14 of the VTS by
an air manifold 146 connected at one end to the outlet of the
main heat exchanger 136 and at the other end to the seat back
air 1nlet 24 and seat bottom air inlet 22. Alternatively, the
third embodiment of the TCCS may comprise a double heat
pump arrangement similar to that previously described 1n the
first embodiment.

The third embodiment of the TCCS also differs from the
first embodiment 1n that the main exchanger fan speed and
the heat pump air temperature are not manually adjustable
by the occupant. Rather, the fan speed and the air tempera-
ture are controlled automatically by the controller 64.
Additionally, an occupant presence switch 148 1s located
within the VTS that i1s activated upon the presence of an
occupant 1n the seat. The occupant presence switch may
comprise a weight sensitive switch and the like located 1n the
scat back or seat bottom. In a preferred embodiment, the
occupant presence switch 1s located 1n the seat bottom and
1s electrically connected to the controller to relay the pres-
ence of an occupant. The use of a occupant presence switch
to control the activation of the VTS 1s desired for purposes
of conserving electricity when the VTS 1s not occupied and
when 1t 1s not practical or desirable to give individual control
over the seats, €.g., 1n bus passenger seating applications.

FIG. 7 1s a flow chart 1llustrating a temperature climate
control algorithm for the third embodiment of the TCCS as
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shown 1n FIG. 6. The activation of the main exchanger fan
138 is controlled by an occupant sitting in the VTS (step
150), which activates the occupant presence switch, and the
ambient conditions inside the vehicle as transmitted to the
controller by the ambient temperature sensors (step 148). To
ensure a rapid temperature response upon placement of an
occupant 1n the VTS, the controller pulses electrical power
to the Peltier modules 1n the absence of an occupant at a
steady state of voltage in the range of from 0.5 to 1 volt (step
152). The voltage that is actually applied during the duty
cycle may be six or twelve volts. By maintaining a slow
continuous pulse of power to the Peltier modules the tran-
sient time for achieving the desired temperature of condi-
fioned air upon the presence of an occupant 1n the VTS 1is
ogreatly minimized.

Once an occupant 1s seated in the VTS, the particular main
fan speed and Peltier operating mode selected by the con-
troller 1s dependent upon the ambient temperature surround-
ing the VTS occupant. When the ambient temperature 1s less
than about 286° K. (step 154) the controller selects a heating
mode of operation and passes 100 percent power to the
Peltier modules and operates the main exchanger fan at
medium speed (step 156). Upon the activation of the main
exchanger fan the waste exchanger fan 1s also activated at
high speed.

When the ambient temperature is between 286° K. and
290° K. (step 158) the controller selects a heating mode of
operation and passes 75 percent power to the Peltier mod-
ules and operates the main exchanger fan at medium speed
(step 160). When the temperature is between 290° K. and
293° K. (step 162) the controller selects a heating mode of
operation and passes 25 percent power to the Peltier mod-
ules and operates the main exchanger fan at a medium speed
(step 164).

When the ambient temperature is between 293° K. and
297° K. the (step 166) the controller pulses power to the
Peltier modules at a steady state of approximately 0.5 volts
and deactivates the main exchanger fan (step 168).

When the ambient temperature i1s between 297° K. and
297° K. (step 170) the controller selects a cooling mode of
operation and passes 50 percent power to the Peltier mod-
ules and operates the main exchanger fan at medium speed
(step 172). When the ambient temperature is between 300°
K. and 302° K. (step 174) the controller selects a cooling
mode of operation and passes 50 percent power to the Peltier
modules and operates the main exchanger fan at high speed
(step 176). When the ambient temperature 1s above 302° K.
(step 178) the controller selects a cooling mode of operation
and passes 100 percent power to the Peltier modules and
operates the main exchanger fan at high sped (step 180).

In either the heating mode of operation (ambient tem-
peratures up to 293° K.) or the cooling mode of operation
(ambient temperatures above 297° K.), a Peltier modules
temperature (step 182) below 200° K. or above 394° K. (step
184) causes the controller to deactivate the Peltier modules
and maintain the operation of the main exchanger fan and
waste exchanger fan (Step 186). Either of the above condi-
fions 1ndicate a system malfunction.

The third embodiment also includes a conditioned air
temperature sensor 188 positioned in the air flow of the
temperature conditioned air passing to the seat, as shown 1n
FIG. 6. The conditioned air temperature sensor 1s electrically
connected to the controller 64. The temperature climate
control algorithm described above and illustrated in FIG. 7
1s configured to deactivate the Peltier modules 144 in the
event that the temperature of the conditioned air passing to
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the seat and to the occupant is greater than about 325° K. or
below about 297° K. While the Peltier modules are deacti-

vated the main exchanger fans continue to run.

The third embodiment of the TCCS as specifically
described above and illustrated mn FIG. 6 1s used for con-
trolling multiple VI'Ss 1n multi-occupant applications such
as buses, trains, planes and the like. In such an application
the main exchanger fan, waste exchanger fan, Peltier
modules, temperature sensor, and weight sensitive switch
from each VTS are electrically connected to a common
controller. Multiple ambient air temperature sensors may be
placed at different locations within the vehicle to provide an
accurate temperature proiile throughout the interior of the
vehicle. The common controller 1s configured to accommo-
date inputs from the multiple ambient air temperature sen-
sors. The common controller may be configured to control
the main fan speed and mode of operation for the Peltier
modules 1n the same manner as that specifically described
above and 1illustrated 1n FIG. 7, taking into account the
possibility of different ambient temperature zones within the
vehicle surrounding each VTS.

Although limited embodiments of the temperature climate
control system have been described and illustrated herein,
many modifications and variations will be apparent to those
skilled in the art. For example, it 1s to be understood within
the scope of this invention that a temperature climate control
system according to the present invention may comprise
means for automatically adjusting the flow of temperature
conditioned air from a single heat pump to the seat back or
the seat bottom.

FIG. 8 1llustrates an alternative embodiment of the third
embodiment of the TCCS, incorporating the use of valves
190 and 192 placed in the air manifold 146 leading to the
scat back and the seat bottom, respectively. The valves are
activated electrically by a controller 64 according to a
predetermined control algorithm. The control algorithm may
be the same as that specifically described above and illus-
trated 1 FIG. 7 for the third embodiment, with the addition
that controller limits the flow of cooling air to the seat back
by closing valve 190 1n the event that the occupant receives
too much cooling air over a period of time. This embodiment
would help eliminate the occurrence of occupant discomfort
after using the VTS.

In addition to the embodiments of the TCCS specifically
described and 1llustrated, it 1s to be understood that such the
TCCS may incorporate mput from an energy management
system, such as that used in electric powered vehicles. In
specific embodiments, the TCCS 1s configured to accept an
inhibit signal from such an energy management system. The
inhibit signal 1s typically activated by a vehicle’s energy
management system under particular conditions of operation
when an additional amount of energy 1s required or when the
battery 1s being discharged to rapidly, such as during hard
acceleration, when climbing a hill, or when the battery 1s
weak or 1s approaching its minimum discharge voltage. The
temperature climate control algorithm according to the
present invention can be configured to deactivate the Peltier
modules, the main exchanger fans, and the waste exchanger
fans upon activation of the inhibit signal.

Accordingly, 1t 1s to be understood that, within the scope
of the appended claims, the temperature climate control
system according to principles of this invention may be
embodied other than as specifically described herein.

What 1s claimed 1s:

1. A system for controlling the temperature climate in a
variable temperature occupant secat comprising:
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an occupant seat having means for distributing tempera-
ture conditioned air through the seat to increase a seat
occupant’s thermal comfort;
at least one heat pump connected to the seat by a]n air}
conduit for providing temperature [conditioning] con-
ditioned air to the seat|, the heat pump comprising:
at least one thermoelectric module for temperature
conditioning the air];

at least one fan for passing the temperature conditioned
air [through the seat to an occupant and for removing
unwanted thermal energy from the thermoelectric
module] fo the seat;

a controller for activating and regulating the operation of
the [thermoelectric module and] fan [of at least one
heat pump] independent of occupant input after a
desired mode of operation has been selected;

means for automatically operating the controller to Jopti-

mize] change system response, to provide [maximum}
thermal comfort to the seated occupant, and to control

cooling functions of the system to [minimize] reduce
occupant discomfort and adverse physiological
response; and

an 1ndicator switch attached to the seat to detect the
presence of an occupant, the indicator switch being
clectrically connected to the controller.

2. The system as recited 1n claim 1, comprising a tem-
perature sensor [attached to the heat pump to sense the
operation of the heat pump, the temperature sensor being
clectrically connected to the controller to facilitate control-
ling the operation of the heat pump.] with ar least one of a
sensor sensing the temperature of the heat pump, a sensor
sensing the temperature of the seat, or a sensor sensing the
ambient air temperature near the seat.

3. The system as recited in claim [2]/, [comprising]
wherein the sensor comprises at least one temperature sensor
positioned 1n the flow path of the temperature conditioned
[air] fluid.

4. The system as recited in claim 1, comprising more than
one seat, the operation of each heat pump for each seat being

automatically regulated by a single controller capable of

providing different comfort conirol to different seats.

5. A method for controlling the temperature climate 1n a
variable temperature occupant seat, the method comprising,
the steps of:

activating at least one thermoelectric module to provide
temperature conditioned air Jto be distributed through a
variable temperature seat];

activating at least one electric fan for passing the tem-
perature conditioned air [through means inside of] o
the variable temperature seat;

sensing a system temperature and relaying the tempera-
ture 1nformation to a controller;

automatically adjusting the electrical power to the ther-
moelectric module when the thermoelectric module 1s
operated 1n a cooling mode and when the temperature
of the temperature conditioned air 1s below a minimum
cooling temperature a predetermined amount of time
after the cooling mode has been selected; and

automatically activating each fan and each thermoelectric
module by occupying the seat and automatically deac-
fivating each fan and the thermoelectric module by
vacating the seat.

6. The method as recited 1n claim 5, comprising manually
adjusting the speed of each electric fan and mode of opera-
fion for each thermoelectric module to provide a desired
flow rate and temperature of conditioned air directed to the
occupant.
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7. A method for controlling the temperature climate 1n a
variable temperature occupant seat, the method comprising
the steps of:

sensing whether the seat 1s occupied and relaying the
information to a controller configured to automatically
regulate the operation of one or more thermoelectric
modules and fans;

activating at least one thermoelectric module 1n response

to sensing occupancy of the seat to provide temperature
conditioned air;

activating at least one fan [for passing] fo pass the
temperature conditioned air [through air channels
inside of] fo the variable temperature seat;

sensing a system temperature and relaying the tempera-
ture 1nformation to the controller; and

automatically reducing electrical power to the thermo-
clectric modules when operated 1n a cooling mode after
the temperature of the temperature conditioned air is
below a minimum cooling temperature and after a
maximum amount of time has passed since the system
was placed 1 a cooling mode of operation.

8. The method as recited in claim 7, [further comprising
the steps of reducing electrical power to the thermoelectric
modules when operated 1n a cooling mode, the operating
temperature 1s below a predetermined cooling temperature,
a predetermined amount of time has passed since the tem-
perature was last adjusted by the occupant, and the tempera-
ture of the conditioned air directed to an occupant 1s a cooler
by a predetermined amount than the ambient temperature
surrounding the occupant] wherein the step of automatically
changing the electrical power comprises the step of chang-
ing the power based on signals correlated to temperature
and to elapsed time.

9. A method for controlling the temperature climate 1n a
variable controlled occupant seat, the method comprising
the steps of:

activating a number of thermoelectric modules [for tem-
perature conditioning air to be passed and distributed
through a variable temperature seat] to generate tem-
perature conditioned air;

[activating at least one fan for passing the temperature
conditioned air through air channels inside of the
variable temperature seat to an occupant] communicat-
ing the temperature conditioned air to the occupant
seat by at least one fan; and,

sensing [the] a control temperature Jof the thermoelectric
modules] and relaying information correlated to the
temperature [information] to a controller configured to
automatically deactivate the operation of the thermo-
electric modules and [fans] the ar least one fan when
the temperature [is below approximately 200° K. and
above approximately 349° K.;

automatically decreasing the electrical power to the ther-
moelectric modules when the thermoelectric modules
are operated mm a cooling mode, the temperature is
below approximately 303° K., and it has been more
than 6 minutes since the operating mode was last
adjusted by the occupant; and

automatically decreasing the electrical power to the ther-
moelectric modules when the thermoelectric modules

are operated 1n a heating mode and the temperature 1s

in the range of from 339° K. to 349° K] reaches a
predetermined limit for a predetermined time to prevent
damage to one of the occupant seat or a seat occupant.

10. The method as recited in claim 9, [comprising sens-
ing] wherein the control temperature comprises at least one
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of the temperature of the conditioned air directed to the
occupant and the temperature of the ambient air surrounding
the occupant [and relaying the temperature information to
the controller].

11. The method as recited 1n claim 10, comprising auto-
matically [decreasing] changing the electrical power to the
thermoelectric modules when the thermoelectric modules
are operated 1n a cooling mode, the temperature 1s below
approximately 303° K., it has been more than 6 minutes
since a the operating mode was last adjusted by the
occupant|, and the temperature of the conditioned air is more
than 3° K. less than the temperature of the ambient air].

12. A system for controlling the temperature climate 1n a
variable temperature occupant seat comprising:

an occupant seat having [means] ar least one conduit
configured to distribute a sufficient amount of tempera-
ture conditioned air through the seat [and the tempera-
ture conditioned air through the seat for the purpose ot
increasing] fo increase a seat occupant’s thermal com-
fort;

at least one heat pump for providing temperature condi-
tioned air, each heat pump being [connected to] in fluid
communication with the conduit in the seat [by an air
conduit] and including one or more fans and one or
more thermoelectric modules;

a controller [for activating and regulating the operation of
cach] in electrical communication with the heat pump
[to produce] and fan and controlled to provide tem-
perature conditioned air [at a temperature and fan speed
to maximize] o increase the thermal comfort of [the}
a seated occupant;

at least one [temperature] sensor for monitoring the
operation of at least one heat pump, [the temperature
sensor being electrically connected to the controller] or
monttoring the temperature of the air passing through
the heat pump, or monitoring ambient air temperature
and providing a signal correlated to that operation or
monitored temperature to the controller;

means for automatically operating the controller to Jopti-
mize system response, to] provide [maximum] thermal
comiort to the seated occupant, and to control heating
and cooling functions of the system to [minimize]
rediuce occupant discomiort and adverse physiological
response; and

an 1ndicator for detecting the presence of the seat
occupant, the 1indicator being electrically connected to
the controller.
13. A system for controlling the temperature climate 1n a
variable temperature occupant seat comprising:

an occupant seat having [means] ar least one distribution
conduit configured to distribute temperature condi-
tioned air through the seat Jand the temperature con-
ditioned air through the seat for the purpose of 1ncreas-
ing] fo increase a seat occupant’s thermal comfort;

at least one heat pump for providing temperature condi-
tioned air from the heat pump to the distribution
conduit, each heat pump [being connected to the seat by
an air conduit and] including one or more fans and one
or more thermoelectric modules;

a controller for activating and regulating the operation of
cach heat pump to produce temperature conditioned air
at a temperature and fan speed to [maximize] adjust the

thermal comfort of the seated occupant;

least one temperature sensor [for monitoring the opera-
tion of at least one heat pump, the temperature sensor
being] electrically connected to the controller; and

at
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means for automatically operating the controller to Jopti-
mize] vary the system response, to provide [maximum}
thermal comfort to the seated occupant, and to control
heating and cooling functions of the system, to [mini-
mize] reduce occupant discomfort and adverse physi-
ological response, wherein the means for automatically
operating the controller reduces the cooling functions
of the system when the temperature of the temperature
conditioned air 1s below a minimum cooling tempera-
ture and after a maximum amount of time has passed
since the system was placed 1n a cooling mode of
operation.

14. The system as recited in claim 13, wheremn the
[reduction in cooling functions] variation in temperature
conditioned air is achieved by [reducing power] changing
voltage to the thermoelectric module.

15. The system as recited in claim 13, wherein the
[reduction in cooling functions] variation in temperature
conditioned air is achieved by [reducing] changing power to
at least one of the thermoelectric module and [to] the fan.

16. A system for controlling the temperature climate in a
variable temperature occupant seat comprising:

an occupant seat having means for distributing tempera-

ture conditioned air through the seat to imncrease a seat
occupant’s thermal com{ort;

at least one heat pump [connected to the scat by an air

conduit for] providing temperature conditioning air to

the seat|, each heat pump comprising:];

[at least one thermoelectric module for temperature
conditioning the air;]

at least one fan [for passing] positioned to move the
temperature conditioned air through the [seat to an
occupant and for removing unwanted thermal energy
from the thermoelectric module] conduir;

a controller for activating and regulating the operation of

the [thermoelectric module and fans of each] heat pump
independent of occupant input after a desired mode of

operation has been selected;

means for automatically operating the controller to opti-
mize system response, to provide maximum thermal
comiort to the seated occupant, and to control heating
and cooling functions of the system, to [minimize}
reduce occupant discomiort and adverse physiological
response, wherein the means for automatically operat-
ing the controller reduces the cooling functions of the
system when the temperature of the temperature con-
ditioned air 1s below a minimum cooling temperature
and after a maximum amount of time has passed since
the system was placed 1n a cooling mode of operation.
17. A system for controlling the temperature climate in a
variable temperature occupant seat comprising:

an occupant seat comprising a seat bottom and a seat back
portion each having [means for distributing] an air
distribution conduit sized and located to distribute
temperature conditioned air through the seat and
direct]ing] it to an occupant;

a seat back heat pump for conditioning the temperature of
the air and passing the air through an air conduit to the
seat back][, the seat back heat pump comprising a main
exchanger fan and at least one thermoelectric module];

a seat bottom heat pump for conditioning the temperature
of the air and passing the air through an air conduit to
the seat bottom], the seat bottom heat pump comprising,
a main exchanger fan and at least one thermoelectric
module];

at least one fan arranged to move air from at least one of
the heat pumps through the air conduit associated with
the respective heat pump;
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[a] ar least one temperature sensor positioned [in each
heat pump] ro monitor the temperature of at least one
of the ambient air, conditioned air from at least one
heat pump, or at least one heat pump;

a controller [for automatically activating and regulating
the speed of the main fans, and automatically selecting
the mode of operation for the thermoelectric module 1n
each heat pump] receiving information from the tem-
perature sensor and configured to automatically acii-
vate and regulate at least one of the speed of the fans
and the temperature of the air conditioned by at least
one of the heat pumps;

means for automatically operating the controller to opti-
mize System response, to provide maximum thermal
comiort to the seated occupant, and to control cooling
functions of the system to minimize occupant discom-
fort and adverse physiological response, wherein the
means for automatically operating the controller
reduces the cooling functions of the system when the

temperature of the temperature conditioned air 1s below
a minimum cooling temperature and after a maximum
amount of time has passed since the system was placed
in a cooling mode of operation.
18. A system for controlling the temperature climate in a
variable temperature occupant seat comprising:

an occupant seat comprising a seat bottom and a seat back
portion each having [means for distributing] a system
configured and located to distribute temperature con-
ditioned air [through] iz the seat Jand directing it to an
occupant];

a seat back heat pump [for conditioning the temperature
of the air and passing the air through an air conduit to
the seat back, the seat back heat pump comprising a
main exchanger fan and at least one thermoelectric
module] in fluid communication with a fan arranged o
pass temperature condifioned air to the system;

[a] at least one seat bottom heat pump [for conditioning
the temperature of the air and passing the air through an
alir conduit to the seat bottom, the seat bottom heat
pump comprising a main exchanger fan and at least one
thermoelectric module] in fluid communication with a
fan arranged to pass temperature conditioned air to the
system,

[a] ar least one temperature sensor positioned [in each
heat pump] ro monitor the temperature of at least one
of the seat botiom, seat back, ambient air, conditioned
air from at least one heat pump, and at least one heat
pump,

a controller [for automatically activating and regulating
the speed of the main fans, and automatically selecting
the mode of operation for the thermoelectric module 1n
each heat pump] receiving information from the tem-
perature sensor and configured to automatically acii-
vate and regulate at least one of the speed of the fans
and the temperature of the air conditioned by at least
one of the heat pumps;

means for automatically operating the controller to opti-
mize System response, to provide maximum thermal
comfort to the seated occupant, and to control cooling
functions of the system to minimize occupant discom-
fort and adverse physiological response; and

an 1ndicator for detecting the present of an occupant, the

indicator being electrically connected to the Jautomatic
operating means] controller.

19. A system as defined in claim 10, wherein the time and

power to the controller vary with a temperature signal from
the least one temperatire sensor:
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20. A system as defined tn claim 17, wherein the time and
power to the controller vary with a temperature signal from
the least one temperature Sensor:

21. A system as defined in claim 9, further comprising the
step of automatically changing the electrical power to the
thermoelectric modules when the control temperature
reaches a predetermined temperature and/or when a prede-
termined amount of time has passed.

22. A system for controlling the temperature climate in a
vartable temperature occupant seat COmprising:

an occupant seat having a conduit to distribute tempera-
ture conditioned heating or cooling medium to an area
of a seat;

at least one heat pump connected to the seat by a conduit
for providing a temperature conditioning medium o the
conduit in the seal;

at least one fan for passing the temperature conditioned
air to the conduit in the seat;

a controller for activating and regulating the operation of
the fan independent of occupant input after a desired
mode of operation has been selected;

means for automatically operating the controller to
change system response, to provide thermal comjort to
the seated occupant, and to control cooling functions of
the system to reduce occupant discomjort and adverse
physiological response; and
an indicator switch located within the seat to detect the
presence of an occupant, the indicator switch being
electrically connected to the coniroller.
23. A method for controlling the temperature climate in a
variable temperature occupant seat, the method comprising
the steps of:

activating at least one thermoelectric module to provide
femperature conditioned air;

activating at least one electric fan for passing the tem-
perature conditioned air to the variable temperature
seat;

sensing a system temperature and relating the tempera-
fure tnformation to a controller;

automatically adjusting the electrical power to the ther-
moelectric module based upon temperature and
elapsed time information to adjust the temperature of
the air distributed to the occupant seat; and

automatically activating each fan and each thermoelec-
iric module by occupying the seat and activating a
welghit-sensitive sensor and automatically deactivating
each fan and the thermoelectric module by vacating the
seat and deactivating a weight-sensitive sensor.
24. A method for controlling the temperature climate in a
variable temperature occupant seat, the method comprising
the steps of:

sensing whether the seat is occupied by use of a weight-
sensitive sensor and relaying the information to a
controller configured to automatically regulate the
operation of one or more thermoelectric modules and
fans;

activating at least one thermoelectric module in response
o sensing the status of the weight-sensitive sensor to
provide temperature conditioned air;

activating at least one fan to pass the temperature con-
ditioned air to the variable temperaiure seat;

sensing a temperature and relaying the temperature infor-
mation to the controller; and

automatically changing electrical power to the thermo-
electric modules, by varying a duty cycle of power to
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the modules, when operated in a cooling mode after the
lemperature of the temperature conditioned air 1s
below a minimum cooling temperature and after a
maximum amount of time has passed since the system
was placed in a cooling mode of operation.

25. A system for controlling the temperature climate in a

variable temperature occupant seat COmprising:

an occupant seat having at least one conduit configured
to distribute a sufficient amount of temperature condi-
lioned air through the seat to increase a seat occu-
pant’s thermal comfort;

at least one heat pump for providing temperature condi-
lioned air, each heat pump being n fluid communica-
lion with the conduit in the seat and having a fan fo
move thermally conditioned air to the conduit in the
seat;

a controller in electrical communication with the heat
pump and fan and controlled to provide temperature
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conditioned air to increase the thermal comfort of a
seated occupani;

at least one sensor for monitoring the operation of at least
one heat pump, or monitoring the temperature of the
air passing through the heat pump, or monitoring
ambient air temperature and providing a signal corre-
lated to that operation or monitored temperature (o the
controller;

means for automatically operating the controller to pro-
vide thermal comfort to the seated occupant, and to
control heating and cooling functions of the system to
reduce occupant discomfort and adverse physiological
response; and

an indicator located in the seat for detecting the presence
of the seat occupani, the indicator being in commiuiri-
cation with the controller.
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