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METHOD AND APPARATUS TO PREVENT LOW TEMPERATURE
' DAMAGE USING AN HVAC CONTROL

" ABSTRACT OF THE DISCLOSURE

A heating control method is provided for a multi-stage heating system
including a heating circuit having a compressor, a condenser and an evaporator.
An auxihiary heater 1s provided that is selectively controlled independently of the

“heating circuit. During a heating cycle .in which the ambient outside temperature
1s greater than the balance point temperature associated with the operation of the
heating circuit, the auxiliary heating circuit is normally prevented from operating.
However, 1f the heating requirements are not satisfied after a predetermined time
or the compressor 1s non-functional or operating improperly, the auxiliary heater

1S enabled.
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METHOD AND APPARATUS TO PREVENT LOW TEMPERATURE
' DAMAGE USING AN HVAC CONTROL

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to a control application for a
heating system. More specifically, the present invention relates to a method and
apparatus for overriding the base controls of a heating system to provide heat from an

auxiliary heat source.

[06002] Typically, heating systems have two independent heaters to provide heat to
regulate the temperature of an interior space, such as a home. The first heater is a
heat pump, and the second heater is an auxiliary heater. The auxiliary heater typically
provides electrical resistance or fossil fuel heating. The electrical resistance heat may
be in the form of electrically resistive wires positioned in a plenum of the heating
system that generates heat in respdns'e to passing current through the wires. Air
circulated past the heated wires i the plenum 1s likewise heated and circulated
through the home. Alternately, the auxiliary heater may be in the form of electrical '
resistance baseboard heaters that are positioned throughout the home. The fossil fuel
auxiliary heater receives and burns natural gas, oil or other fuel to provide heating to
air in a plenum in the heating system that is circulated through the home.
Additionally, the auxihiary heaters can be designed to provide fwo Or niore heating

capacities, also commonly referred to as stages.

[0003] A heat pump’s capacity to provide heat to a home decreases as the outside
ambient temperature decreases. When the outside temperature 1s less- than some
preselected outdoor ambient temperature, typically referred to as the application
balance point, auxiliary heat must be used with or in place of the heat pump to
adequately heat the home. Additional]y, when the outside temperature is less than a
second preselected outdoor ambient temperature, heat pumps are a more expensive
heating method than the auxihiary heater. This second preselected temperature is
typically referred to as the economic balance point. This second preselected

temperature depends on many factors including the efficiency of the heat pump, the
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type and efficiency of the auxiliary heater, the cost of electricity to operate the heat
pump and the cost of fuel/electricity being used by the auxiliary heater. Ideally, the
balance point used by the heating system is selected to be the higher of the application

balance point and the economic balance point.

[0004] Depending upon the part_icular heat pump configuration, the heating
system balan'ce point can range considerably, from about 0°F to about 45°F, for
example. That is, if the heating system balance point is set considerably less than '
32°F and a problem occurs with the heat pump so that the heat pump cannot heat the
home, there is the potential for signiﬁcant damage to the home, such as from water
pipes freezing. For example, if the heating system balance point temperature 1s set to
0°F and the outdoor ambient temperature is 10°F, typical heating controls will not
permit the auxiliary heater to operate because the outdoor ambient temperature 1s
greater than the balance point temperature. If the heat pump malfunctions for any
reason, 1.e., failed power con-riection, internal compressor damage, etc., the home will
not be heated. If the outside ambient temperature remains greater than the balance
point temperature yet less than 32°F for a sufficient period of time, pipe freezing may

occur, especially if the homeowner is away during this period of time and unable to

intervene.

{0005] What is needed is a method or apparatus for use with heating systems that
can override the control system when the indoor room temperature is not being
maintained as required, and the auxiliary heat is being prevented from operating by

the balance point setting.
SUMMARY OF THE INVENTION

[0006] The present invention is directed to a method of providing heat for an
interior space, the method including the steps of providing a HVAC system having a
compressor, a condenser and an evaporator connected 1in a closed refrigerant loop;
providing an auxiliary heater controliable independently of the HVAC system;
operating the HVAC system to provide heat in response to a demand for heating 1n

the interior space; comparing an ambient outside temperature with a predetermined
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balance point temperature associated with the HVAC system; and enabling the
auxiliary heater in response to the ambient outside temperature being greater than the
predetermined balance temperature and at least one of the HVAC system being

operated for a predetermined time, and an indoor temperature of the interior space

“being less than a predetermined indoor temperature.

[0007] The present invention further includes a control system for selectively
providing heat to an interior space including a control panel configured to control a

HVAC system having a compressor, a condenser and an evaporator connected 1n a

closed refrigerant loop, and an auxiliary heater controllable independently of the

HVAC system, the control panel mcluding: a first sensor to measure an ambient
outside temperature; a second sensor to measure an indoor temperature of the interior
space; a microprocessor; and a storage device storing a predetermined balance point
temperature associated with the HVAC system. Wherein the microprocessor 1s
configured to engage the auxiliary heater in response to the ambient outside
temperature being greater than thepfedetermined balance point temperature and at
least one of the HVAC system being enabled for a predetermined time or an indoor

temperature of the interior space being less than a second predetermined temperature.

[0008] The present invention yet includes a HVAC system for an interior space,
the HVAC system including a control panel configured to control the HVAC system
having a compressor, a condenser and an evaporator connected 1n a closed refrigerant
loop, and an auxiliary heater controllable independently of the HVAC system, the
control panel including: a first sensor to measure an ambient outside temperature; a
second sensor to measure an indoor temperature of the interior space; a
microprocessor; and a storage device storing a predetermined balance point
temperature associated with the HVAC system. Wherein the microprocessor 1is
configured to engage the auxiliary heater in response to the ambient outside

temperature being greater than the predetermined balance point temperature and at

least one of the HVAC system being ,ehabled for a predetermined time or an indoor

temperature of the interior space being less than a second predetermined temperature.
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[0009] One advantage of the present invention is that auxiliary heating 1s providéd
after a predetermined period of time in case the heat pump malfunctions, or 1s

otherwise unable to provide sufficient heat.

0010} Another advantage of the present invention is that the heating control can

be incorporated into a thermostat.

[0011] A further advantage of the present invention is that 1t can be incorporated .

into a controller.

[0012] An additional advantage of the present invention 1s that damage to an
interior space is significantly reduced due to an override of the control system that
otherwise prevents the auxiliary heater from operating under circumstances m which

damage may occur due to freezing pipes, etc.

[0013] Other features and advantages of the present mvention will be apparent
from the following more detailed description of the preferred embodiment, taken in
conjunction with the accompanying drawings which illustrate, by way of example, the

principles of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 illustrates schematically an embodiment of a heating, ventilation

and air conditioning system for use with the present invention.

[0015] Figures 2—4 illustrate a flow chart detailing the heating control method of

the present invention.

[0016]  Wherever possible, the same reference numbers will be used throughout

the drawings to refer to the same or like parts.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Figure 1 illustrates one embodiment of a heating, ventilation and air
conditioning (HVAC) system 100 for an interior space. The HVAC system 100

preferably includes a two-stage heating or cooling system using a two-stage

-4 -



CA 02479134 2004-08-26

Docket No.: 20714-0033

compressor 102 to provide two (or more) levels of heating or cooling capacity in the
interior space. Alternately, the compressor 102 can have a single stage or more than
two stages. The compressor 102 can be a screw compressor, a reciprocating
compressor, a scroll compressor, a centrifugal compressor or any other suitablé type
of compressor. The two levels of heating or cooling capacity can be obtained by
operating the compressor 102 at a first stage or second stage, depending on the
heating or cooling demand oi‘. load. The first level of heating or cooling capacity is
obtained by operating the compressor 102 during periods of lower heating or cooling
demand and the second level of heating or cooling capacity 1s obtained by operating
the second stage of the compressor 102 during periods of higher heating demand.
Furthermore, additional compressors can be used to provide additional levels of
heating or cooling capacity or an auxiliary heater 124, such as electrical resistance
heater or fossil fuel heater, can be provided as a supplemental heat source, which can

be added to provide additional levels of heating capacity for the HVAC system 100.

[0018] The compressor when used to provide the first level of heating or cooling
capacity can be referred to as a stage one or stage one compressor and when the
compressor 1s operated to provide the f second level of heating or cooling capacity, it
can be referred to as a stage two or stage two compressor. To simplify thé-
explanation of the present mmvention and to correspond to the HVAC system 100 as
shown 1n Figure 1, the HVAC system 100 1s 1n the heating mode of operation and
compressor 102 is activated at stage one, although 1t can be activated at stage two
when additional heating 1s required. Furthermore, 1t 1s to be understood that cooling

capacity can be provided by reversing the flow of refrigeration in Figure 1 with a slide

valve 154.

[0019] Additionally, for heating mode operation, a balance point temperature
(“BPT”) for the compressor 102 may be selected by the user, such as by inputting or
entering the balance' point temperature by keystroke sequence on the thermostat or by
manipulating jumpers on the control pan'el‘ 150, or a default balance point temperamre
value may be provided by the control panel 150. The balance point temperature
corresponds to the outside ambient temperature greater than which it is optimal, for

reasons based on operating costs or heating capacity, to operate the HVAC system
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100 1n the heating mode using the compressor 102 and to prevent the operation of the
auxiliary heater 124. Under this control, the control panel 150 prevents the auxiliary

heater 124 from operating when the outside ambient temperature is greater than the

balance point temperature.

[0020] However, the control system of the present invention provides additional
controls for the HVAC system 100 1n addition to the balance point temperature
control. The control system can override the balance point temperature control if
heating requirements are not 'satiSﬁedf within a predetermined time period, which is
discussed 1n further detail below, or immediately upon detection of certain conditions
or malfunctions. For example, if the compressor 102 has a diagnostic module (not
shown) that notifies the control panel 150 when the compressor 102 is non-functional,
and the control system automatically overrides the restriction on auxiliary heat by thé

balance point temperature control.

[0021] Additionally, when the thermostat provides cbntro] signals to the control
panel 150, the control system can override the restriction on auxiliary heat by the
HVAC system 100 if the indoor temperature is less than a predetermined temperature,
such as 50°F. However, this indoor temperature restriction can be subject to a further
restriction, such as an outdoor ambient temperature. For example, if the indoor
temperature 1s 50°F, but the outdoor temperature is greater than a predetermined
temperature, such as 40°F, there should be no danger of damage to the structure due
to water freezing, and thus, the restriction on auxiliary heat by the heating system is
maintained. The outdoor restriction ambient temperature can be measured by a
temperature-sensing device, such as a sensor 152 of known cdnstruction, which
provides signals corresponding to the outdoor ambient temperature to the control
panel 150 that can be located in the thermostat or near a component of the HVAC

system 100.

[0022] During heating mode operation of the HVAC system 100, the COMPressor
102 1s preferably operated at the stage one level during times when the heating
demand 1n the mterior space is low. As the heating demand in the interior space

Increases i response to a variety of factors such as the exterior temperature, the stage
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two level 1s activated or engaged. Typically, operation of the stage two compresédr
102 and auxihiary heater 124, when needed, provides the maximum amount of heating
capacity from the HVAC system 100, although additional auxiliary or supplemental
heat sources, such as a second auxiliary heater 124, or baseboard heaters, also may be
used. Typically, the auxiliary heater 124 has one heating element, and can provide
heating when required. Alternately, the aﬁxiliary heater 124 can have a first heating
element, and an independently operable second heating element, which heating B

elements can be selectively energized depending on the heating demand. _

[0023] A control program or algorithm executed by a microprocessor, or control
device, or control panel 150 is used to control the operation of the HVAC system 100.
The control program, which can preferably be stored in a thermostat or any of the
components of the HVAC system 100, détennines when the auxiliary heatér 124 or
the stage two level of compressor 102 is to be started in response to the higher heating
demand. The control program can receive a variety of possible inputs, such as
temperature, pressure and/or flow measurements, in order to control operation of the
HVAC system 100. It is to be understood that the particular control program and
control criteria for engaging and disengaging particular components of the HVAC
system 100 can be selected and based on the particular performance requirements of

the HVAC system 100 desired by a user of the HVAC system 100.

[0024] The HVAC system 100 shown in Figure 1 operates as follows when in the
heating mode. The compressor 102 compresses a refrigerant vapor and delivers the
compressed refrigerant vapor to a corresponding condenser 112 by a discharge line.
The condenser 112 can include heat-exchange coils. A fluid, preferably air, travels or
passes over and around the heat-exchanger coil of the condenser 112. Once the air
passes through the condenser 112, it is blown by blower 118 to the interior space via a
supply duct 120. The vapor refrigerant in the condenser 112 enters into a heat
exchange relationship with the air passing through and over the condenser 112 to heat
or raise the temperature of the air before it is provided to the interior space by the
blower 118 and the supply duct 120. The refrigerant vapor in the condenser 112
undergoes a phase change to a refrigerant liquid as a result of the heat exchange

relatidnship with the air passing through the condenser 112.
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[0025] Upon leaving the condenser 112, the condensed liquid refrigerant passes
through an expansion valve 116 and 1s partially transformed into a vapor prior to
flowing to evaporator' 106. The refnigerant liquid and vapor delivered to the
evaporator 1'06 enters mto a heat exchange relationship with a fluid, preferably air,
flowing over a heat-exchanger coil in the evaporator 106 and is converted to a vapor.
To assist the passage of the fluid over and around the heat-exchanger coils of the
eVaporatOr 106, a fan 110 can be used to force air over the coils of the evaporator 106.
The vapor refrigerant m the evaporator 106 then returns to the compressor 102 to
. cdmplete the cycle. The conventional HVAC system 100 includes many other
features that are not shown'in Figure 1. These features have been purpOsely omitted

to simplify the drawing for ease of illustration.

[0026] An alternate source of heat is the auxiliary heater 124, which typically
comprises a series of electrically resistive heating elements positioned within the
supply duct 120. If the auxihiary heater 124 is a two-stage heater, the auxiliary heater
124 has two independently operable sets of heating elements, as previously discussed.
Upon mstruction from the control panel 150, electrical current is supplied to the
heating elements, which become heated due to their electrical resistance to the flow of
current. A flow of air supplied by the blower 118 pésses in heat exchange
relationship with the heated heating elements to heat or raise the temperature of the air

before 1t 1s provided to the interior space.

[0027]  In addition, the HVAC system 100 can include one or more sensors 122
for detecting and measuring operating parameters. of the HVAC system 100. The
signals from the sensors 122 can be provided to a micropl*ocessor; or control device,
or control panel 150 that controls the Opefation of the HVAC system 100 using the
control programs discussed above. Sensors 122 can include pressure sensors,
temperature sensors, flow sensors, or any other suitable type of sensor for evaluating

the performance of the HVAC system 100.

[0028] The control panel.-150 executes a control system that uses control
algorithm(s) or software to control operation of the HVAC system 100 and to

determine and implement operating controls for the compressor 102 in response to a
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particular output capacity requirément for the HVAC system 100. In one
embodiment, the control algorithm(s) can be computer programs or software stored in
the non-volatile memory of the control panel 150 and can include a series of
instructions executable by the microprocessor of the control panel 150. Whﬂe 1t 18
preferred that the control algorithm be embodied in a computer program(s) and
executed by the microprocessor, it is to be understood that the control algorithm may
be implemented and executed using digital and/or analog hardware by those skilled in

the art.

[0029] To control the HVAC system 100, the control panel 150, which may be
located 1n any of the components, such as the thermostat, may receive input signals
from temperature input devices, such as the indoor temperature from the thermostat '
and/or outdoor ambient temperature from the sensor 152. Upon receiving these
temperature signals, the control panel 150 compares the temperatures, or receives the
results of the temperature comparison from another component, such as the
thermostat, and provides feedback control to components as determined by the control
system of the control panel 150. The control panel 150 can receive input signals
indicating a demand for stage one heating or stage two heating by the compressor
102, stage one heatihg or stage two heating by the auxiliary heater 124, or any
combination of stages of the compressor ahd auxiliary heater. The control panel 150
also receives signals from sensors 122 indicating the performance of the HVAC
system 100. The control panel 150 then processes these input signals using the
control method of the present invention and generates the appropriate control signals
to the components of the HVAC system 100 to obfain the desired control response to

the received input signals.

[0030] Figures 2-4 illustrate a flow chart detailing the control process of the
present imnvention relating to heating control in a HVAC system 100, as shown in
Figure 1, wherein control is maintained by the thermostat (not shown). The heating
control process of Figure 2 can also be implemented as a separate control progrém
executed by a microprocessor, or control device, or control panel 150 or the control
process can be implemented as a S-ub~program in the control program for the HVAC

system 100. The process begins with the selection of the balance point température
- 0. ‘
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(“BPT”) 1 step 205 which may be performed by mputting or entering the desired
temperature nto the thermostat, by manipulating a jumper position on a board in the
- control panel 150, or by using the default temperature value from the control panel
150. Once the balance point temperature has been selected, a desired inside
temperature (“DIT”) in step 210 is prefefably selected by inputting or entering the
temperature into the thermostat. The actual inside temperature (“AIT”) 1s measured
in step 215. The desired inside temperature is then compared with the actual inside
temperature in step 220 to determine whether the desired inside temperature is greater
than the actual inside temperature. If the desired 1nside temperature is not greater
than the actual mside temperature, there i1s no current need for heat, and the
compressor 102 and auxiliary heater 124 are deactivated, if previously activated, in
step 225. If the desired inside temperature 1s greater than the actual inside
temperature, a need for heating exists, and a signal from the thermostat is transmitted
to the control panel 150, which is preferably inside the thermostat, and a control

signal 1s provided in step 230 to activate the COMPIESSOr 102.

[0031] Once the compressor 102 has been activated, the compressor 102 is
monitored to determine if the compressor 102 is functioning properly in step 231,
such as by a diagnostic module, that notifies the control panel 150 when the
compressor 102 is non-functional or functioning improperly. However, it is to be
understood that the diagnostic module may be used to sense or determine if any other
component, connection between components or parameter of the refrigerant heating
circuit of the HVAC system 100 is not functioning properly or is improper, such as a
sufficiently low level of refrigerant, and likewise notify the control panel 150 of the
non-functional or improperly functidnal operational status. If the compressor 102 is
functioning improperly, an error is flagged in step 232, and then error settings are
stored in step 233, that is, any component or heating system control settings
associated with the error code are stored in step 233. Additionally, evidence of the
error is displayed on the thermostat in step 234 for benefit of the user, typically in the
form of an error message listed on the thermostat display, or a light emitting diode
(“LED”) begins flashing in a pattemed sequence that corresponds to the particular

error. Once the error code is displayed, control proceeds to step 320 (see Figure 3),
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which activates the auxiliary heater 124. If the compressor 1s not malfunctioning, a
timer, T, is initiated in step 235, which corresponds to a predetermined amount of
time, such as ten minutes, which is the maximum permissible time duration TIMAX.
It 1s understeod that the time duration TIMAX can range widely, however, from less
than about five minutes to greater than about 30 minutes. The time period is
measured from the activation of the compressor 102 to the moment the heating
requirement of step 220 is satisfied, the heating requirements, or demand, being
satisfied solely by operation of the compressor 102 in the HVAC system 100. Once
tirrier T1 1s mitiated, the difference between the desired indoor temperature and the
actual mndoor temperature 1$ calculated in step 240. If the temperature difference is
sufficiently large, such as five degrees or more, although Such difference can be as
low as about two degrees or less, the heating system may automatically activate the
auxiliary heater 124, or at least activate the second stage of the compressor 102, since
the first stage of compressor 102 may not provide sufficient heating capacity to satisfy

the heating requirements within the permissible duration of timer T1.

[0032] Upon completing the temperature calculation in step 240, an inquiry is
conducted In step 245 to determine if any of the following have occurred: has T1
exceeded the predetermined amount of time TIMAXY; does the difference between
the desired 1ndoor temperature and the actual indoor temperature exceed a
predetermined maximum ATMAX?; or has the auxiliary heater been manually
enabled or activated by the user activating a switch or buttons on the thermostat? If
none of the conditions of step 245 are satisfied, control returns to step 215. However,
if at least one of the conditions of step 245 is satisfied, the actual indoor temperature

is measured in step 250.

[0033]  After the actual indoor temperature is measured, the desired inside
temperature 1s then again compared with the actual inside temperature in step 255
(which 1s similar to step 220) to determine whether the desired inside temperature is
still greater than the actual inside temperature even after compressor operation has
started. If the desired inside temperature is not greater than the actual inside
temperature, then there 1s no current need for heat, and T1 is reset in step 260 and the

compressor 102 and auxiliary heater 124, if previously activated, are deactivated, in
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step 225 and control returns to step 215. However, if the desired inside temperature is
still greater than the actual mside temperature, there is still a current need for heat,
and the outside ambient temperature (“OAT”) 1s measured in step 270. Once the
outside ambient temperature is measured, the outside ambient tempe'rature is
compared to the balance point temperature in step 275 as shown in Figure 3. If the
outside ambient temperature i1s not greater than the balance point temperature, the
auxiliary heater 124 is activated in step 280, and control is returned to step 215. This
is true for HVAC systems 100 having electrical resistance auxiliary heaters.
Alternately, for HVAC systems having fossil fuel auxiliary heaters, when the
auxiliary heater 1s activated, the compressor is typically de-energized. However, if
the outside ambient temperature is greater than the balance point temperature in step
275, a timer, T2, is initiated in step 285 of Figure 3. When the outside ambient
temperature is greater than the balance point temperature, the compressor 102 (heat
pump) operates to provide heat more efficiently, and thus more economically, than the
auxiliary heater 124. Therefore, the HVAC system 100 in the heating mode of

operation does not activate or prevents the activation of the auxiliary heater 124.

[0034] The timer T2, which is initiated in step 285, corresponds to a
predetermined time duration T2MAX, such as an hour, for the heating system fo
satisfy the heating demand without activating the auxiliary heater 124. Furthermore,
there may be other ways or conditions that may result in the auxiliary heat restriction
based on balance point to be overridden. For example, 1t 1s possible to override the
balance point immediately if a signal is received from the diagnostic module of the
compressor indicating that the compressor has failed, as previously discussed in step
231. Also, 1t may also be possible to immediately override the balance point
restriction 1f the indoor temperature is less than a certain value, such as about 32°F or
about 40°F. While timer T2 1s based on the time that the control is actually trying to
operate the compressor (compressor run time or accumulated compressor run time),
there may be other alternate timing reference frameworks. For example, a timer could
be based on compressor run time, such as timer T2, or real time if the control had a

real time clock, such as those typically used on the thermostat.
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[0035] Upon timer T2 being initiated in step 285, the actual indoor temperature 1S
meésured in step 290. Once the actual indoor temperature 1s measured, the desired
inside temperature is compared to the actual indoor temperature in step 295. If the
desired inside temperature is not greater than the actual mdoor temperature, the
- heating demand 1s satisfied, the timers T1 and T2 are reset in step 296, the compressor
102 is deactivated in step 297, and control is returned to step 215. However, 1f the
desired inside temperature is greater than the actual indoor temperature, indicating the
heating demand is not satisfied, a comparison is then made 1n step 300 to determine
. whether the timer T2 has exceeded the maximum permissible value of T2, or
T2MAX. If T2 does not exceed T2MAX, control is returned to step 290. However, if
T2 exceeds T2MAX, an error code is flagged in step 305, and error settings are stored
in step 310, that is, any component or heating system control settings associated with
the error code are stored in step 310. Additionally, evidence of the error is displayed
on the thermostat in step 315 for benefit of the user, typically in the form of an error
message listed on the thermostat display, or a light emitting diode (“LED”) begins

flashing in a patterned sequence that corresponds to the particular error.

[0036] Once the error is displayed, the auxiliary heater 124 1s activated 1n step
320. The auxiliary heater 124 is activated m step 320 déspite the balance point
setting, which occurs once the predetermined time duration T2ZMAX has been
exceeded without satisfying the heating requirements. By overriding the balance
point setting, the auxiliary heater 124 is activated to provide supplemental heat, which
auxiliary heater 124 activation normally being prevented by the HVAC heating
system. In other words, if the heat pump 1s malfunctioning, but not detectéd in step
231, the control system, after pennitting the heat pump a predetermined time T2MAX
to satisfy the heating requirements, activates auxiliary heater 124 to help prevent
damage to the interi(jr space being heated by the HVAC system. Such damage could
occur if the balance point temperature setting was sufficiently low, such as 0°F, and
the outdoor ambient temperature was sustained for a period of time at a level
somewhat greater than the balance point temperature, such as 10°F. If these
environmental conditions were to persist for a sufficient time, without the control

system of the present invention, a malfunctioning compressor could cause the indoor
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temperature to drop to a value that is less than a predetermined value which could
damage the interior space, such as 32°F, possibly resulting 1n ruptﬁ_red pipes, due to
the expansion of water inside the pipes as the water freezes. Therefore, depending
upon the interior space, or contents within the interior space, 1t 1s also poSsible that
causing the indoor temperature to drbp to a value that is greater than 32°F could

damage the interior space. It is understood that the term “interior space” also includes

the contents within the interior space.

[0037] After the auxiliary heater is activated m step 3120, a timer, T3, 1s initiated
in step 325. Timer T3 measures the elapsed time from the activation of the auxihary
heater 124 until either the heating requirement is satisfied, or a predetermined time
duration has elapsed. The maximum time duration is T3AMAX. Upon the initiation of
the timer T3, the actual inside temperature is measured in step 330. After the actual
inside temperature is measured, the desired mside temperature is compared to the
actual inside temperature in step 335. If the desired inside temperature is not greater
than the actual inside temperature, the heating requirement has béen satisfied, timer
T3 is reset in step 336, the auxiliary heater 124 is deactivated in step 337, timers T1
and T2 are reset in step 296, the compressor 102 is deactivated in step 297, and
control is returned to step 215. However, if the desired inside temperature 1s greatér
than the actual inside temperature, the heating load has not been satisfied, and elapsed
time of timer T3 is compared to the maximum time duration T3AMAX in step 340. If
the elapsed time of timer T3 1s not greater than the maximum time duration T3AMAX,
control is returned to step 330. However, if the elapsed time of timer T3 is greater
than the maximum time duration T3MAX, an error is flagged 1n step 345, as shown n
Figure 4, error settings are stored in step 350, and information apparent to the user 1s

displayed in step 355, as previously discussed.

[0038] Once the error is displayed, any remaining heat sources are activated 1n
step 360 of Figure 4 to provide heating to satisfy the heat load. In other words, the
heating system could be configured to originally activate each of the compressor 102
and the auxiliary heater 124 at its respective first stage capacity. Thus, the remaining
heat sources could include the second stage capacities (or additional stages) of each of

the compressor 102 and auxiliary heater 124. Alternately, the heating system could
C-14- ‘



CA 02479134 2004-08-26

Docket No.: 20714-0033

also sequentially activate the first stage of compressor 102, then activate the second
stage of compressor 102 prior to activating the auxiliary heater 124, or any other
- combination of compreSsor and auxiliary heater stages. Further, the remaining heat
source cOuldI also include additional compressors or auxiliary heat sources. Upon

activation of the remaining heat sources in step 360, the actual inside temperature 1s

measured 1n step 370.

[0039] After the actual 1inside témperature is measured, the desired inside
temperature is compared to the actual inside temperature in step 375. If the desired
inside temperature is not greater than the actual inside temperature, the heating
requirement has been satisfied, and the remaining heat sources are deactivated in step
380, timer T3 reset in step 385, timers T1 and T2 are reset 1n step 296, the compressor
102 1s deactivated in step 297', and control 1s returned to s‘tép 215. However, if the
desired 1nside temperature is greater than the actual inside temperature, the heating
requirement has not been satisfied, and control is returned to step 370. Theréfore, SO
long as the desired inside temperature is greater than the actual inside temperature, the
heating system defines a repeating loop. This is because the heating system will
continue to try to satisfy‘ the heating requirements even 1f it 1s unable to do so.
However, by attempting to satisfy the heating requirements, the heating system may
achieve a stable indoor temperature that' 1s sufficiently greater than 32°F to avoid

damage to the interior space of the structure caused by water freezing.

(0040] Additionally, the heating system can also incorporate features related to
inside temperature and/or ambient outdoor temperature to limit the forced operation
of the auxihiary heater. For example, one feature could limait the férced operation of
the auxiliary heater based upon a minimum inside temperature. That is, if the heating
requirements are not satisfied, but the_ inside temperature has not fallen to a value
which is less than a predetermined level, such as 50°F, the portion of the heating
system override in which the auxiliary heater 1s activated 1n step 320 will not operate.
Further, the heating system can also incorporate a feature that limits the forced
operation of the auxiliary heater based upon either a predetermined ambient outdoor
temperature or a combination of a predetermined ambient outdoor temperature and a

predetermined indoor temperature.
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[0041] An example of the feature of limiting the forced operation of the auxiliary
heater based upon a predetermined outdoor ambient temperature 1S that the heating
requirements of the inside space have not been satisfied, such as an actual indoor
temperature of 65°F when the desired indoor temperature is 68°F, but the ohtdoor
ambient temperature 1s sufficiently greater than a predetermined level, such as 32°F.
Since the outdoor ambient temperature cannot result in water freezing inside the
enclosed space of the structure being heated, the outdoor ambient temperature may be
the sole basis for himiting the forced operation of the auxiliary heater. Alternately, a
predetermined outdoor ambient température, such as sufficiently greater than 32°F as
discussed above, may be combined with a predetermined indoor temperature, such as
greater than S0°F, so that both temperature parameters must be satisfied in order for
the h'eating system override discussed above to force operation of the auxiliary heater.
Although 50°F was selected as the prédetermined indoor temperature, this selection

was arbitrarily, and could be widely varied from as low as about 35°F to at least 75°F.

[0042] While Figures 2-4 are associated with detailing the control process of the
present invention relating to heating control in a HVAC system, wherein control is
maintained by the thermostat, with relatively minor changes to Figures 2-4, the
control process can be maintained by a controller in or adjacent the compresso'r or any
other component associated with the HVAC system. For example, 1f the control panel
150 is remotely situated from the thermostat, the thermostat measures and compares
the desired indoor temperature with the actual indoor temperature, generating a signal
to the control panel 150 when there is a demand for heat. The sensor 152, for
instance, which senses outdoor ambient temperature, may directly provide signals to
the control panel 150 with temperature'information, In other words, the control panel
150 may or may not be required to measure temperatures, but may simply execute the
control system in respbnse to HVAC system heating demands received from other
components. However, the HVAC system control of the present invention, can force

the auxiliary heater to operate irrespective the controlling component.

[0043] While the invention has been described with reference to a preferred
embodiment, 1t will be understood by those skilled in the art that various changes may

be made and equivalents may be substituted for elements thereof without departing
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from the scope of the invention. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the invention without
departing from the essential scope thereof. Therefore, it 1s intended that the invgntion
not be limited to the particular embodiment disclosed as the best mode contemplated
for carrying out this invention, but that the invention will include all embodiments

falling within the scope of the appended claims.

-17-
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What 1s claimed is:

- 1. A method of providing heat for an interior space, the method comprising the steps

of:

providing a HVAC system having a compressor, a condenser and an

evaporator connected 1 a closed refrigerant loop;

providing an auxiliary heater controllable independently of the

HVAC system;

operating the HVAC system to provide heat in response to a demand

for heating 1n the interior space;
comparing an ambient outside temperature with a predetermined
balance point temperature associated with the HVAC system; and

enabling the auxiliary heater in response to the ambient outside
temperature being greater than the predetermined balance temperature and

the satisfaction of at least one predetermined criteria related to the HVAC

system.

2. The method of claim 1 wherein the at least one predetermined criteria includes the

HVAC system being operated for a predetermined time.

3. The method of claim 1 wherein the at least one predetennined criteria includes an
indoor temperature of the interior space being less than a predetermined indoor

temperature.
4. The method of claim 1 wherein the predetermined time is a compressor run time.
5. The method of claim 1 wherein the predetermined time is a predetermined value.

6. The method of claim 1 wherein the ambient outside temperature 1s less than a

value that can damage the interior space.

7. 'The method of claim 6 wherein the ambient outside temperature 1s less than about

32°F.

8. The method of claim 1 further including an additional step, of sensing the
operational status of the HVAC system, wherein upon sensing the operational

status of the HVAC system functioning improperly, the auxihary heater is enabled

- 18 -
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without regard to the HVAC system being enabled for the predetermined time or

the intenior space being less than the predetermined indoor temperature.

9. 'The method of claim 1 wherein the step of enabling the auxihary heater includes
the step of enabling the auxiliary heater in response to the ambient outside
temperature being greater than the predetermined balance point temperature and
less than a second predetermined temperature, and at least one of the HVAC
system being operated for the predetermined time and the indoor temperature of

the 1nterior space being less than the predetermined indoor temperature.

10. The method of claim 9 wherein the second predetermined temperature 1s greater

than a value that can damage the interior space.

I'1. A control system for selectively providing heat to an interior space comprising:
a control panel configured to control a HVAC system having a
compressor, a condenser and an evaporator connected in a closed
refrigerant loop, and an auxiliary heater controllable independently of the
HVAC system, the control panel comprising:

a first sensor to measure an ambient outside temperature;

a control device, the control device receiving a demand for
heating the interior space from the HVAC system based on the
interior space being less than a first predetermined indoor
temperature; and - '

a storage device storing a predeterrnilled balance point
temperature associated with the HVAC system; and
wherein the control device being configured to engage the auxiliary

heater in response to the ambient outside temperature being greater than
the predetermined balance point temperature and the satisfaction of at least

one predetermined criteria related to the HVAC system.

12. The control system of claim 11 wherein the at least one predetermined criteria

includes the HVAC system being operated for a predetermined time.

- 19 -
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13.

“includes an indoor temperature of the interior space being less than a

14.

15.

" 16.

17.

18.

19.

20).

21.

22.

The control system of claim 11 wherein the at least one predetermined criteria

predetermined indoor temperature.

The control system of claim 11 wherein the predetermined time is a COMpIressor

run time.

The control system of claim 11 wherein the predetermined time is a predetermined

value.

The control system of claim 11 wherein the control panel is incorporated in a

controller.

The control system of claim 11 wherein the control panel is incorporated in a

thermostat.

The control system of claim 11 wherein the ambient outside temperature is lesé

than a value that can damage the interior space.

The control system of claim 14 wherein the ambient outside temperature is less

than about 32°F.

The control system of claim 11 wherein the at least one predetermined criteria
including upon the control panel determining the HVAC system functioning
improperly, the control panel enables the auxiliary heater without regard to the at

least one of the HVAC system being enabled for the predetermined time and the

indoor temperature of the interior space being less than the second predetermined

temperature.

The control system of claim 20 wherein the control panel includes a diagnostic

module to determine if the HVAC system is functioning improperly.

The control system of claim 11 wherein the at least one predetermined criteria
including upon the c_ontro-l panel determining the ambient outside temperature
being greater than the predetermined balance point temperature and at least one of
the HVAC system being enabled for the predetermined time and the indoor

temperature of the interior space being less than the second predetermined
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temperature, unless the ambient outside temperature is greater than a third

predetermined temperature.

23. The control system of claim 22 wherein the third predetermined temperature 1s

greater than a value that can damage the interior space.

24. A HVAC system for an interior space, the HVAC system comprising:
~ a compressor, a condenser and an evaporator connected in a closed
refrigerant loop; '
an auxiliary heater controllable independently of the refrigerant loop;
a control panel cOnﬁgured to contfol the HVAC sYstem, the control
panel comprising:
a first sensor to measure an ambient outside temperature;
a second sensor to measure an indoor temperature of th‘,e
interior space;
a control device; and
a storage device storing a predetermined balance point
temperature associated with the HVAC system; and
wherein the control device being configured to engage the auxiliary
heater 1n response to the ambient outside temperature being greater than
the predetermined balance point temperature and the satisfaction of at least

one predetermined criteria related to the HVAC system.

25. The HVAC system of claim 24 wherein the at least one predetermined criteria

includes the HVAC system being operated for a predetermined time.

26. The HVAC system of claim 24 wherein the at least one predetermined criteria
includes an indoor temperature of the interior space being less than a

predetermined indoor temperature.

27. The HVAC system of claim 24 wherein the predetermined time is a COMPIessor

run time.

28. The HVAC system of claim 24 wherein the predetermined time is a predetermined

value.
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29.

30.

31.

32.

33.

The HVAC system of claim 24 wherein the ambient outside temperature 1s less

than a value that could result in damage to the interior space.

The HVAC system of claim 29 wherein the ambient outside temperature is less

than about 32°F .

The HVAC system of claim 24 wherein the control panel being configured to
determine 1f the HVAC system is functioning improperly, the control panel being

configured to enable the auxiliary heater without regard to at least one of the

"HVAC system being enabled for the predetermined time and the indoor

temperature of the interior space being less than the second predetermined

temperature.

The HVAC system of claim 31 wherein the control pan‘el‘includes a diagnostic

module to determine if the HVAC system is functioning improperly.

The HVAC system of claim 24 wherein the control panel oeing configured to
determine if the ambient outSide temperature 1s greéter than the predetermined
balance point temperature and at least one of the HVAC system being enabled for
the predetermined time and the indoor temperature of the interior space being less

than the second predetermined temperature, unless the ambient outside

- temperature 1s greater than a third predetermined temperature.

34.

The HVAC system of claim 33 wherein the third predetermined temperature is

greater than a value that could result in 'damage the mtenor space.
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