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operation of a heat tpump and a separate heating source.

@ A method and apparatus for preventing simultaneous op-
eration of a heat pump and a separate heating source are dis-
closed. A thermal sensing element is mounted to the compres-
sor discharge line adjacent the indoor coil of the heat pump
when the heat pump is in the heating mode of operation to
sense the refrigerant discharge temperature. Based upon the
temperature sensed, simultaneous operation of the furnace
and the heat pump may be prevented such that the heat pump
is not cycled on a compressor overload designed to avoid com-
pressor operation under abusive conditions. Additionally, by
the selection of the location of the high temperature sensor, the
sensor is not responsive to operation of the heat pump in the
cooling mode since the operating temperatures in cooling are
significantly below the setpoint to prevent simultaneous op-
eration during heating. The combination of a heating lockout
relay and an interlock relay are utilized to provide for fail safe
integrated operation including providing for selected control
functions and for isolating other functions to prevent a failed
electrical component from operating the system in an un-
desirable manner.

Method and apparatus for integrating operation of a heat pump and a separate heating source and preventing simultaneous
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METHOD AND APPARATUS FOR INTEGRATING OPERATION OF A
HEAT PUMP AND A SEPARATE HEATING SOURCE AND PREVENTING
SIMULTANEOUS OPERATION OF A HEAT PUMP AND A SEPARATE
HEATING SQURCE

The present invention relates to a control system
for use in supplying conditioned air to an enclosure.
More particularly, the present invention relates to a
control system for co-ordinately synchronizing a heat
pump and a furnace to provide conditioned air to an en-
closure. It has been determined that a heat pump is ca-
pable of supplying sufficient quantities of heat ener-
gy to meet many residential and commerical heating ap-
plications even in northern climates. The use of a heat
pump to transfer heat energy from an area where loss of
heat is not important, such as the outdoor ambient, to
an area where the heat energy is required is a very ef-
ficient method of heating an enclosure under the appro-
priate circumstances. Many heat pumps commercially avai-
lable are capable of transferring up to two or three
times the amount of heat energy from one area to another
as would be generated using an equivalent.amount of elec-
tricity for electrical resistance heating. The heat pump
having a high co-efficient of performance may be more
efficient than a fuel fired furnace under appropriate
héa%ing conditions and with proper use resulting in
overall energy usage savings for a given amount of hea-
ting. Heat pumps are, however, limited in overall appli-
cation since for a heat pump to operate it must be ca-
pable of removing heat energy from one area and trans-
ferring that heat energy to the area or enclosure to be
heated. Heat pumps of present design are affected by
the outdoor ambient temperature and the indoor desired
temperature such that the co-efficient of performance
of the unit depends upon the temperature difference bet-
ween the ambient and the desired temperature. In other
words, the efficiency of the heat pump decreases and the
total amount of heat energy that may be transferred de-
creases as the outdoor ambient temperature drops. Hence,

the heat pump has to work harder to absorb heat energy
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from colder ambient air and its efficiency decreases to
the point where other forms of heating energy become
less costly. Heat pumps of modern day désign are capa-
ble of performing this operation at temperatures well
below 0°C while performing more efficiently than electri-
cal resistance heating. However, when operating at ex-
tremely cold temperatures the heat pump is much less -
efficient and transfers a reduced amount of heat energy.
Under these conditions, it may be appropriate to operate
a fossil fuel fired furnace which would be more effi-
cient and would be capable of supplying additional heat
energy as may be needed to condition the enclosure.

Heat pumps also have the disadvantage that when
the refrigerant in the outdoor coil is being evaporated
to absorb heat from the ambient air, the air adjacent
to the coil is cooled below the freezing point and as it
is cooled, the moisture in the air is precipitated onto
the outdoor coil surface resulting in frost or ice build-
up thereon. The frost buildup becomes an insulating layer
further decreasing the ability of the heat pump to trans-
fer heat eﬁergy.

It has been found that below certain outdoor tem-
peratures it is both economical and advantageous to use
conventional furnace type or boiler heating to supply
heat energy to an enclosure. This may include the use of
electrical resistance heat or conventional gas, oil or
coal fired furnace or the use of a boiler fired by any
one of theses fuels. The point at which it is desirable
to switch from the use of the heat pump to the use of
the alternate heating source is called the balance point.
This point may be chosen either based on the economics
of operating the heat pump versus the furnace or may be
chosen on the basis of the capability of the heat pump
for supplying sufficient heat energy to maintain the
temperature of the enclosure or a combination of both.

Typically, many homes or residential applications
had a gas or oil furnace installed as original eguip-

ment when the residence was constructed. Many of these
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homes either have air conditioning equipment or would
be suitable for adding a heat pump in connection with
the furnace such that a heat exchanger is installed
within the furnace supply duct to the area to be condi-
tioned. With the combination of a heat pump installed in
series with a furnace when the weather conditions are
such that the heat pump is more efficient, the heat
pump may be operated and likewise when the conditions
are such that the furnace is more efficient, the furnace
is operated. Furthermore, it may be economical to install
a heat pump in combination with an existing furnace to
realize the economy of heating with the heat pump at
relatively high outdoor temperatures.

Considerable prior art exists relative to systems
being sold to integrate heat pumps and furnaces. One of
the potential problems for such a system involves the
simultaneous operation of the furnace and heat pump. If
the indoor coil of the heat pump is located downstream
from the heat exchanger of the furnace then should both
be operating simultaneocusly, heated air from the furnace
flows over the indoor coil of the heat pump serving as
a condenser. Should the condensing temperature of the
‘heat pump become sufficiently high then the heat pump
will trip on a compressor motor safety device and be
shut down. It is highly undesirable to have the com-
pressor of the heat pump intermittently operating and
tripping on the motor overload. It may also result in
damage to the motor and subsequent burnout and damage
to the entire refrigeration circuit. This potential for
motor damage occurs because the condensing temperature
and pressure of the indoor coil is increased when the
air circulated over the indoor coil has already been
heated by the furnace. Additionally, should the heat
pump compressor cycle on and off on the motor overload
the occupant of the space being heated will be unaware
of the problem since heat energy is being supplied by
the furnace.

Typically, the heat pump is discharging heat ener-



10

15

20

25

30

35

0098787

_4_
gy at the indoor coil to heat the indocr air. The in-
door coil receives hcot gaseocus refrigerant from the
compressor wherein the refrigerant is condensed giving
up its heat of condensation as well as some superheat
energy to the air circulated in heat exchange relation
with the indoor coil. The coil may typically operate
with a refrigerant temperature of approximately 49°¢
under normal conditions. However, should the supply air
to the coil, instead of being in the 15.6°C to 21JFb:mnge
as is typically found in an enclosure to be heated, be
in the 93°% range as may be found in the discharge from
the furnace then the condensing temperature.and pressure
of the unit may rise to 149°C. At such a temperature
the condensing pressure is extremely high and the com-
pressor can easily be overloaded causing compressor mo-
tor or valve failure.

Previous control circuits have attempted to solve
this problem by simply selecting one of two heat sour-
ces and ignoring the potential for simultaneous opera-
tion should a component of the control circuit fail.
Other approaches have been used such as providing ther-
mal sensing of the air stream between the furnace and
the heat exchanger.

Many heat pumps are combined with existing gas or
0il furnaces in a residential application to provide
an improved conditioning system. Many homes had gas or
oil furnaces installed as original equipment. To pro-
vide air conditioning to these homes a refrigeration
circuit including indoor and outdoor coils is typically
arranged with the indoor coil located in the duct work
between the enclosure and the furnace. In 1lieu of such
an air conditioning system it is a simple matter to
install a heat pump in place of the air conditioner
such that not only will cooling be provided during the
cooling season but that heating will be available from
the heat pump when desired. By utilizing the heat pump
it is possible to obtain efficiencies available by uti-

lizing the heat pump when it is more efficient to ope-
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rate the heat pump and to utilize the existing furnace
when it is more efficient to operate the furnace. In
addition, the availability of the furnace provides a
source of economical heat energy to supply to the enclo-
sure during defrost of the heat pump to further provide
an economical combined system.

Control systems have become commercially available
for integrating the operation of a heat pumper and a
furnace. The herein described method and apparatus spe-
cifically concerns the integration of multiple relay
means to provide for fail safe operation should a com-
ponent of the system fail. A heating lockout relay is
utilized to prevent operation of the furnace if heat
pump operation in the cooling mode is desired. The hea-
ting lockout relay is also utilized during the defrost
mode when the heat pump is operating and includes con-
tacts normally open preventing furnace boiler operation
which close to provide for furnace boiler operation du-
ring defrost conditions. The utilization of the heating
lockout relay in this application provides for fail safe
operation such that should the defrost relay fail, a
furnace boiler relay will not be energized unless the
*heating lockout relay is likewise energized. Additional-
ly, a blower pump relay may be energized when the hea-
ting lockout relay is energized but not when the fur=
nace boiler relay is energized such that a control sys-
tem is provided for allowing the boiler pump relay to
be energized when the heat pump is operated but not
when the furnace boiler is operated. When the furnace
boiler is operated separate circuitry of the furnace
boiler is utilized to control fan or pump operation.
This system combination allows for multiple fan speed
operation and for delays in fan operation when swit-
ching between the heat pump mode of operation and the
furnace mode of operation.

An interlock relay is also utilized having inter-
lock relay contacts which, when closed, act to maintain

the interlock relay energized such that a circuit is
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maintained thrcough an outdoor thermostat holding the
interlock relay energized until both the first and se-
cond stages of heating are satisfied. The interlock re-
lay further has contacts for locking out a high tempera-
ture switch which would prevent heat pump operation du-
ring furnace operation. Additionally, the interlock re-
lay has contacts arranged to connect the furnace boiler
relay to a power source to energize the furnace or boi-
ler upon the interlock relay being energized.

Hence, as may be further seen herein, the combina-
tion of relays provide for safe operation of.an integra-
ted system such that should various components fail ope-~
ration will still be maintained in a safe and orderly
manner throughout the control system.

The herein invention is directed towards placing
a high temperature switch on the compressor discharge
line physically adjacent to the indoor coil when the
indoor coil is serving as a condenser of the heat pump.
Hence, the temperature of the refrigerant before it en-
ters the indoor coil is sensed. This high temperature
switch is mounted in series in the control circuit such
that the compressor of the heat pump may not be operated
unless the switch is closed. A temperature such as 121°%
is selected which is sufficiently high that under normal
operating conditions the switch will be closed. This
temperature is, however, sufficiently low such that un-
der abnormal conditions such as simultaneous operation
of the heat pump and furnace the switch will open prior
o the compressor cycling on its overload. Thus, the
high temperature switch would sense that both the heat
pump and the furnace were running and cycle the compres-
sor off before the compressor trips on its overload.

The discharge temperature of the compressor to the
indoor coil is a particularly appropriate temperature
to sense since during the other modes of operation of
the heat pump the discharge line becomes a suction line
for receiving cooler refrigerant from the evaporator

durinag both operation in the cooling mode and in the
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defrost mode. Hence, in either of these conditions,
the temperatures detected will be distant from the le-
vel at which the switch would trip. The selection of the
location of the high temperature switch together with
the selection of the temperature at which it opens make
it possible to prevent the simultaneous operation of
the heat pump and furnace upon the failure of some con-
trol component.

It is an object of the present invention to pro-
vide a control arrangement for integrating heat pump
and alternative heating source operation.

It is a further object of the present invention
to provide a means for preventing simultaneous opera-
tion of the heat pump with the alternative heating means.

It is another object of the present invention to
provide a high temperature switch located to sense the
temperature of the refrigeration circuit such that abu-
sive operation of the refrigeration circuit does not
occur. A

It is a further object of the present invention to
prevent simultaneous operation of the furnace and heat
pump when the discharge temperature of the refrigerant
‘entering the indoor coil exceeds a predetermined level
below the level at which the compressor cycles on its
overload.

It is another object of the present invention to
provide a safe, economical and reliable control system
and method for integrating the operation of a heat pump
with a furnace or boiler.

It is an object of the present invention to pro-
vide an improved efficient, and reliable combination
heat pump and furnace system for conditioning air to an
enclosure.

It is another object of the present invention to
provide a heating system effectively combining a fur-
nace with a heat pump.

It is another object of the present invention to

provide a heating lockout relay in combination with a
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heat pump and an alternate heating means system for pre-
venting operation of components of the system upon fai-
lure of other components and for serving other purposes
such as energizing the furnace or alternative heating
means upon the unit being placed in the defrost mode.
' It is another object of the present invention to
provide an interlock relay for maintaining alternative
heating source means energized once initially energized
until all heating needs are satisfied.

It is another object of the present invention to
provide a control mechanism for installation with an
existing furnace and an add on heat pump for synchro-
nously controlling the-operation of both.

It is a further object of the present invention to
provide a combination heat pump and furnace system
wherein a high temperature switch for discontinuing
furnace operation is isolated via an interlock relay
during the second stage heating mode of operation.

It is a yet further object of the present invention
to provide a combination heat pump and furnace wherein
a high temperature switch discontinues operation of both
the heat pump and furnace if simultaneous operation of
both heat scurces is detected.

It is a still further object of the present inven-
tion to provide a safe, economical and reliable control
circuit and method for integrating operation of a fur-
nace with a heat pump system under various conditions.

Other objects will be apparent from the descrip-
tion to feollow and from the appended claims.

According to one aspect of the invention the pre-
ceeding objects are achieved according to a preferred
embodiment of the invention by the provision of a con-
trol circuit for integrating and separating the opera-
tion of a heat pump including heating and defrost modes
of operation and a separate heating means. The separate
heating means includes a circulator for circulating hea-
ting fluid and the control circuit includes a thermostat

for sensing heating and cooling needs and an outdoor
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thermostat for selecting either the heat pump or the
separate heating means for supplying heat energy to a
space to be conditioned. A heating lockout relay is con-
nected to be energized when the thermostat senses a coo-
ling need or when the unit is operating in the defrost
mode of operation for preventing inadvertent operation
of the separate heating means. A furnace boiler relay
is connected to be energized in response to the thermo-
stat sensing a first stage heating need and the outdoor
thermostat selecting furnace boiler operation and the
heating lockout relay not being energized. A circulator
relay (blower pump relay) connected to a fan energiza-
tion switch of the thermostat is energized either when
the furnace boiler relay is not energized or when the
heating lockout relay is energized such that the circu-
lator relay is energized with the energization of the
heat pump and not energized with the operation of the
separate heating means. An interlock relay may be con-
nected through normally closed heating lockout relay
contacts to the thermostat means such that the inter-
lock relay may be energized upon the thermostat detec-
tinmg a second stage heating need and the heating lock-
out relay not being energized.

The method of integrating the operation of the
heat pump including a compressor and having heating and
defrost modes of operation and a separate heating means
to provide for fail safe separation of the separate heat
sources is disclosed. The separate heating means includes
a circulator for circulating heating fluid to the enclo-
sure to be conditioned. A thermostat for sensing heating
and cooling needs and an outdoor thermostat for selec-
ting either the heat pump or the separate heating means
for supplying heat energy to a space to be conditioned
are also provided. The method includes energizing a
heating lockout relay when a thermostat senses a cooling
need for the space to be conditioned, energizing the hea-
ting lockout relay when ibthe heat pump is operated in the
defrost mdde of operation, the step of energizing the
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heating lockout relay including preventing the furnace
boiler relay from being energized through the outdoor
thermostat upon a detection of a first stage heating
need when the ambient temperature is below a predeter-
mined level such that the compressor of the heat pump
is operated and the separate heating means is not opera-
ted. The step of energizing the heating lockout relay
includes connecting a circulator relay for energizing
the circulator of the separate heating means to a fan
switch in the thermostat and the step of energizing the
heating lockout relay including connecting defrost means
to the furnace boiler relay for energizing the furnace
boiler during the defrost mode of operation.’

According to another aspect of the invention the
above objects are achieved according to the preferred
_embodiment of the present invention by a control for in-
tegrating the operation of a heat pump, including an in-
door heat exchanger and a compressor, and separate hea-
ting means for conditioning an enclosure. A thermostat
means for sensing a heating need within the enclosure
to be conditioned and a selection means for selectively
energizing either the compressor of the heat pump or
the separate heating means in response to the heating
need detected by the thermostat means are provided.
Compressor cutoff means is connected to sense the con-
dition of the indoor heat exchanger of the heat pump
indicative of simultaneous operation of the heat pump
and the separate heating means, said compressor cutoff
means preventing the selection means from energizing
the compressor when simultaneous operation is detected.

A method of integrating the operation of a heat
pump including a refrigeration circuit having a compres-
sor and indoor heat exchanger with a separate heating
means to prevent simultaneous operation of the heat
pump and separate heating means is further disclosed.
This method includes detecting a heating need in the
enclosure to be heated, selecting in response to ambient

conditions whether to energize the heat pump or the se-
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parate heating means to satisfy the need of the enclo~
sure ascertained by the step of detecting. Thereafter,
a condition of the refrigeration circuit is sensed to
indicate simultaneous operation of both the heat pump
and the separate heating means. Energization of the com-
pressor is discontinued should the simultaneous operation
of the heat pump and separate heating means be ascer-
tained by the step of sensing the condition of the re-
frigeration circuit.

Figure 1 is a plan view of an enclosure having a
combination furnace and heat pump system for supplying
conditioned air.

Figure 2 is a schematic wiring diagram of the in-
tegrated control circuit.

The embodiment of the invention described below is
adapted for use with a heat pump in combination with
alternative heating means. Alternative heating means may
be a furnace for heating air fired by oil, natural gas,
coal or electricity. In such a case, a fan relay ener-
gizes a fan for circulating air over a heat exchanger
such that the air is heated. The alternative heating
means may also be a boiler for heating water utilizing
any of the heat sources listed above for a furnace. In
such case, instead of a fan a circulating pump is uti-
lized to circulate water throughout the enclosure to
be conditioned. This circulating pump may be referred
to either as a pump or a circulator. It is further to
be understood that this control system may be utilized
as part of a new installation of a furnace and a heat
pump into an enclosure or is adapted to be added to an
existing furnace with the addition of a heat pump to
effect integrated operation.

Referring now to Figufe 1l there may be seen a plan
view of enclosure 10. Furnace 20 is mounted such that
cold air from the enclosure is received by the furnace
through cold air return 28 and thereafter conditioned
air from the furnace is supplied to the enclosure through
supply duct 26 and hot air supply 29. The furnace has
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furnace blower or fan 22 for circulating air from the
enclosure through the cold air return to the furnace
through the furnace heat exchangers 24, through supply
duct 26 and back to the enclosure through hot air supply
29. Gas valve 25 for supplying heating fuel to the heat
exchangers 24 is additionally shown.

- It can also be seen in Figure 1 that heat pump 21
is mounted such that indoor coil 34 is located within
supply duct 26 in communication with the enclosure air
being circulated by the furnace blower and that outdoor
coil 36 is mounted outside the enclosure in communication
with ambient air 42. Indoor coil 34 and outdoor coil 36
are connected to compressor unit 38. Outdoor fan 35
which is powered by outdoor fan motor 37 is located such
that ambient air is circulated through outdoor coil 36.
-High temperature sensor 33 is shown mounted on the con-
necting line between indoor coil 34 and the compressor
unit 38. This connecting line is the compressor discharge
line to the indoor coil when the heat pump is in the
heating mode of operation. Hence, when the heat pump is
in the heating mode, refrigerant flows from the compres-
sor unit to the indoor coil in heat exchange relation
with high temperature sensor 33. In the cooling mode of
operation, refrigerant flows from the compressor to the
outdoor coil where it is condensed and then is conduc-
ted through an interconnecting line to the indoor heat
exchanger. The refrigerant then flows from the indoor
heat exchanger in heat exchange relation with high temperature sensor
33 back to the compressor unit. In the cooling mode of
operation the indoor coil serves as the evaporator of
the refrigeration circuit and the line with the high
temperature sensor is the compressor suction line.

It can also be seen in Figure 1 that control box 30
is arranged to integrate the controls of the furnace
blower and gas valve, with compressor unit 38 and is
connected to indoor thermostat 40, to outdoor thermo-
stat 39, to high temperature sensor 33 and otherwise

as it needed to integrate the entire system.
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Referring now to Figure 2 there can be seen a schematic
wiring diagram of the control circuit of the entire
system, This schematic is broken into segments with
dotted lines labeled "heat pump control", "ODT" (out-
door thermostat) and "furnace or boiler". The remainder
of the circuit is essentially an integrated controls
arrangement for connecting these various components.

Power is supplied to the control circuit from lines
L-1, L-2, L-3 and L-4. Line L~1 is referenced wire 101
and is connected to transformer T-1 and to normally o-
pen compressor contacter contacts C-l. Wire 103 connects
line L-2 to transformer T-1 and to normally open..com-
pressor contactor contacts C-2. Wire 105 cdnnects nor-
mally open compressor contactor contacts C-1 with the
compressor motor, with normally closed defrost relay
contacts DFR-1 and defrost control 110. Wire 107 con-
nects normally closed defrost relay contacts DFR-1 with
the outdoor fan motor. Wire 109 connects the defrost
control 110 with the defrost relay DFR. Wire 1l1 con-
nects the compressor motor, the outdoor fan motor and
the defrost relay to normally open compressor contactor
contacts C-2.

. - Wire 102 is shown in dotted lines connecting high
temperature sensor HTS-A in series between L-1 and
transformer T-1. This wire is shown with dotted lines
since it represents an alternative embodiment locating
the high temperature sensor to interrupt power to trans-
former T-1.

Referring now to the control circuit portion of
the wiring schematic operated at reduced voltage genera-
ted through transformer T-1 it may be seen that wire
117 connects transformer T-1 to normally open defrost
relay contacts DFR-2, to normally open defrost relay
contacts DFR-3, to normally open interlock relay con-
tacts IR-1, to fan switch 60 and to system switch 62 of
the thermostat. Wire 115 connects transformer T-1 to
compressor contactor C, reversing valve solenoid RVS,

blower pump relay BPR, furnace boiler relay FBR, heating
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lockout relay HLR and interlock relay IR. Wire 119
connects low pressure switch LPS with compressor con-
tactor C. Wire 123 connects low pressure switch LPS
with high temperature sensor HTS. Wire 121 connects re-
versing valve solenoid RVS with normally open defrost
relay contacts DFR-2, with heating lockout relay HLR
and with the CO0 thermal sensing element of the thermo-
stat. Wire 125 connects normally open defrost relay
contacts DFR-3 with normally open heating relay contacts
HLR-3. (As used herein, furnace boiler relay refers to
a relay for energizing either a furnace or boiler de-
pending on the equipment involved. Likewise, .reference
to a blower pump relay refers to a relay for energizing
either the furnace blower or the boiler pump.)

In the thermostat portion of the control circuit

‘it can be seen that power may be supplied through wire

117 to fan switch 60 and to the system switch 62. The
system switch is shown in the on position and power is
supplied through the system switch to wire 143 to both
the cooling sensing elements C0 and Cl. Element CO is
designed to close first as the temperature of the enclo-
sure rises. Temperature element Cl closes at a slightly
higher temperature. Power is also supplied to the two
heating sensing elements H1 and H2 through wire 145,
heating sensing element Hl being designed to close at

a first reduction in temperature of the enclosure and
element H2 being designed to close on a second greater
reduction in temperature of the enclosure. Wire 141
connects sensing element Cl to the automatic position
of fan switch 60 and heating sensing element Hl1 to the
automatic position of fan switch 60 as well as to the
outdoor thermostat ODT. Wire 151 connects fan switch

60 to normally closed furnace boiler relay contacts FBR-%
and normally open heating lockout relay contacts HLR-1.
Wire 121 connects the C0 sensing element to the heating
lockout relay HLR and to reversing valve solenoid RVS.
Wire 135 connects the second stage heating sensing ele-

ment H2 with normally open interlock relay contacts IR-3
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and normally closed heating lockout relay contacts HLR-4.

Referring now to that portion of the wiring dia-
gram which is neither the heat pump control nor the
thermostat nor the furnace or boiler control, it may
be seen that wire 127 connects normally open interlock
relay contacts IR-1 with normally closed heating relay
contacts HLR-2 and with a terminal of outdoor thermo-
stat ODT. This is the low temperature terminal of the
outdoor thermostat indicating that the ambient tempera-
ture is below a selected level. The high temperature
connection to the outdoor thermostat indicating that
the ambient temperature is above that level is connec-
ted via wire 153 to normally open interlock relay con-
tacts IR-3 and normally closed interlock relay contacts
IR-2. Wire 129 connects normally open heating lockout
relay contac ts HLR-1] and normally closed furnace boiler
relay contacts FBR-1 with blower pump relay BPR. Wire
131 connects normally closed heating lockout relay con-
tacts HLR-2 and normally open heating lockout relay con-
tacts HLR-3 with furnace boiler relay FBR. Wire-133 con-
nects normally closed interlock relay contacts IR~2 with
the high temperature sensor HTS. Wire 135 connects nor-
mally open interlock relay contacts IR-3 with normally
closed heating lockout relay contacts HLR-4 and the se-
cond stage heating sensing element H2. Wire 137 connects
normally closed heating lockout relay contacts HLR-4
with interlock relay IR.

Shown at the bottom of Figure 2 is a separate sche-
matic for the furnace or boiler portion of the heating
system. It can be seen therein that power is supplied
separately through lines L-3 and L-4 connected by wires
201 and 203 to the high voltage side of transformer T-2.
Low voltage side of thermostat T-2 is connected via wire
217 to normally open furnace boiler relay contacts FBR-
2 and to normally open boiler pump relay contacts BPR-1.
Wire 215 connects the other side of transformer T-2 to
the fan relay circuit and to the heating mode circuit.

Wire 219 connects the fan or pump relay circuit to nor-
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mally open blower pump relay contacts BPR-1. Wire 221
connects the heating mode circuit to normally open fur-
nace boiler relay contacts FBR-2. Wire 223 connects the
heating mode circuit to the fan relay circuit and mayy
include a sensing element such as a bonnet or furnace
temperature switch. Fan or pump relay typically includes
two fan speed relays, one energized through blower pump
relay contacts BPR-1 and one energized by the heating
mode circuit.

Upon a first stage cooling need being sensed po-
wer is supplied from wire 117 through now closed ther-
mostatic sensing element C0 energizing heating lockout
relay HLR through wire 121 and also energizing rever-—
sing valve solenoid RVS to place the reversing valve
in the cooling position. Heating lockout relay HLR
changes heating lockout relay contacts HLR-1 to now be-
ing closed, changes HLR-2 contacts to being open, HLR-
3 contacts to being closed and HLR-4 contacts to being
open. By opening the HLR-4 contacts the interlocking
relay is prevented from being energized. By closing
the HLR-3 contacts the furnace boiler relay may be ener-
gized through the defrost relay contacts should the
unit be placed in the defrost mode. By opening the HLR-
2 contacts the furnace boiler relay may not be energized
through the lower temperature level of the outdoor
thermostat. By closing the HLR-1 contacts the blower
pump relay BPR may be energized through the fan switch
of the thermostat.

Upon a second stage cooling need being detected
thermal sensing element Cl closes making a circuit from
wire 117, through wire 143 and through wire 141 to fan
switch 60 and through now closed heating lockout relay
contacts HLR-1 to energize the blower pump relay to
bring on the indoor fan if it is a furnace system. The
Cl sensing element also energizes through wire 153
through wire 141 and the outdoor thermostat. since the
ambient conditions during the cooling mode of operation

will be above the switching level of outdoor thermostat
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ODT. From wire 153 current flows through normally closed
interlock relay contacts IR-2, through wire 133, through
high temperature sensor HTS which will remain closed in
cooling since the indoor coil is serving as an evapora-
tor through wire 123, through low pressure switch LPS
and through wire 119 to compressor contactor C. The
compressor contactor C closes contacts C~1 and C-2 sup-
plying power to the compressor motor COMP supplying
power through the normally closed defrost relay con-
tacts DFR~1 to the outdoor fan motor to run outdoor fan
35 and to the defrost control. The compressor of the
heat pump is run in this manner until such time as the
cooling need is satisfied. The heating lockout relay
in this mode prevents the interlock relay from being
energized thereby preventing the cooling mode of opera-
tion from being locked out and further opens the flow
path to the furnace boiler relay such that the furnace
boiler relay may not be energized in the cooling mode.
Should a first stage heating need be detected then
thermal sensing element H1l will close supplying power
through wire 141 to fan switch 60. Simultaneously there-
with, power will be supplied through the outdoor ther-
mostat and should the outdoor thermostat be in a posi-

‘tion shown sensing a high outdoor temperature indica-

ting it is desired to operate the heat pump to supply
heat energy then power will be supplied through wire
153, through normally closed interlock relay IR-2,
through wire 133, through high temperature sensor HTS
and through wire 123 and low pressure switch LPS to
energize compressor contactor C. As in the cooling mode
of operation when compressor contactor C closes, the
compressor and outdoor fan motor are operated and the
defrost control is energized. Upon a predetermined time
interval and specific defrost thermostat temperature
sensed through a defrost thermostat the defrost control
as is known in the art acts to energize the defrost
relay to place the unit in defrost. Otherwise, compres-

sor operation is similar to the operation in the cooling
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mode. Note that the high temperature sensor HTS is con-
nected in the circuit such that should the high tempe-
rature sensor detect a high temperaturé indicative of
simultaneous operation of the heat pump and furnace it
will open preventing operation of the compressor of the
heat pump.

Should the defrost control detect a defrost need
then defrost relay DFR is energized opening normally
closed DFR-1 contacts thereby de-energizing the out-
door fan motor relay and the outdoor fan motor. Defrost
relay contacts DFR-2 are closed supplying power to the
reversing valve solenoid to place the unit in the coo-
ling mode such that heat energy is supplied to the out-
door coil for heating same. Simultaneously, power is
supplied through wire 121 not only to the reversing
valve solenoid but also to heating lockout relay HLR.
With the heating lockout relay energized the normally
open heating relay contacts HLR-3 are closed. This al-
lows a circuit to be made through now closed defrost
relay contacts DFR-3 and through wires 125 and 131 to
energize furnace boiler relay FBR for energizing the
furnace or boiler by closing furnace boiler relay con-
tacts FBR—-2. This energizes the furnace or boiler in
the heating mode such that heat energy is supplied to
the enclosure from the furnace when the heat pump is
being operated in the defrost mode.

Should a first stage heating need be sensed and
should the outdoor thermostat detect that the furnace
is a more appropriate heat source than the heat pump
then the outdoor thermostat switches and power is sup-
plied through wire 141, through wire 127, through nor-
mally closed heating lockout relay contacts HLR~2 and
through wire 131 to the furnace boiler relay FBR to
energize the furnace or boiler in the heating mode
through the normally open furnace boiler relay contacts
FBR-2. Hence, the furnace or boiler is operated in the
heating mode by energization of the furnace boiler relay
FBR. The heating lockout relay is not energized in this
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condition since the unit is not in cooling and hence
power may be supplied from the first stage sensing ele-
ment Hl1 to energize furnace boiler relay FBR.

Should a second stage heating need be sensed ther-
mal sensing element H2 closes energizing through wire
135, through heating lockout relay contacts HLR-4 and
through wire 137 to interlock relay IR. Once interlock
relay IR is energized normally open interlock relay
contacts IR-3 are closed and normally closed interlock
relay contacts IR-2 are open. By closing the IR-3 con-
tacts as long as a first stage heating need is sensed
by element Hl being closed and if the outdoor thermo-
stat in response to the ambient temperature selects heat
pump operation rather than the furnace operation, then
power is supplied through wire 141, through outdoor
thermostat ODT, through wire 153, through the now closed
interlock relay contacts IR-3, through wire 135, through
closed heating lockout relay contacts HLR-4 and through
wire 137 to keep the interlock relay IR energized even
if second stage heating sensing element H2 opens. The
heat pump compressor is deenergized since the IR-2 con-
tacts are open preventing power from energizing compres-
sor contactor C.

In second stage heating the normally open interlock
relay contacts IR-1, connected to wire 117, close ener-
gizing through wire 127, through the closed heating re-
lay contacts HLR-2, and through wire 131 the furnace
boiler relay such that the furnace or boiler is opera-
ted. Should the second stage heating need be satisfied
power will be _upplied through first stage sensing ele-
ment H1 either directly to the furnace boiler relay if
the outdoor thermostat senses low ambient temperature
or will remain energized through the interlock relay
contacts IR-3 if the outdoor thermostat senses high
outdoor temperatures. Hence, one the furnace is ener-
gized in second stage heating, the furnace is operated
until both heating stages are satisfied.

The furnace or boiler portion in the schematic is
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shown such that upon energization of the furnace boiler
relay FBR the furnace boiler relay contacts FBR-2 are
closed bringing the furnace or boiler on in the heating
mode. Additionally, normally open blower pump relay con-
tacts BPR-1l are shown for energizing the fan or pump
relay of the furnace or boiler. This combination is
provided such that when the heat pump is being opera-
ted the blower pump reélay BPR is energized to directly
energize the fan or pump relay of the furnace such that
the indoor fan or pump is operated. When the compressor
of the heat pump is not being operated the contacts
are such that either the heating lockéut relay contacts
HLR-1 are open or if the furnace boiler relay FBR is
energized indicating furnace operation then the normal-
ly closed furnace boiler relay contacts FBR~1 are open
preventing operation of blower pump relay BPR. In this
condition, the heating mode circuit together with the
fan relay circuit shown as connected via wire 223 in-
cluding a bonnet switch or furnace temperature switch
act to operate the indoor fan based upon furnace condi-
tions. Hence, a delay to allow the heat exchangers of
the furnace to be heated at startup of the furnace and
a delay to allow the heat exchangers to be cooled at
the completion of furnace operation is provided. This
arrangement may also allow the indoor fan to be opera-
ted at a first speed when the blower pump relay contacts
BPR-1 are closed to energize the fan relay and at a se-
cond speed when the heating mode circuit through wire
223 energizes the fan. Hence, there are two separate
circuits for energizing the fan, each of which may be
set out to energize the fan at a separate speed. Typi-
cally, the fan may be set to operate in a higher speed
during heat pump compressor operation and a the lower
speed during furnace operation. By providing the swit-
ching of different power sources to the indoor fan re-
lay it is also possible to achieve a delay in fan opera-
tion when the unit is switched from heat pump operation

tr T oemasa awmeratian gnch that the furnace heat exchan-
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gers may come up to temperature prior to the fan cir-
culating air in heat exchange relation therewith.

The furnace boiler relay contacts FBR-2 and the
boiler pump relay contacts BPR-1 are shown as part of
the low voltage control circuitry. In some applications
it may be desirable to have these two contacts part of
the power circuitry such that power to a boiler or
furnace is supplied through these contacts when in the
closed position.

As may be seen from the above description, the com-
bination of the heating lockout relay and the interlock
relay serve to isolate various portions of the circuit
such that should various components fail the unit will
still operate in the appropriate manner. The heating
lockout relay contacts, if energized, prevent operation
of the interlock relay. Additionally, the interlock
relay, although not specifically locking out the hea-
ting lockout relay, is arranged such that the heating
lockout relay may only be energized in the cooling mode
of operation or during defrost which is the cooling mode
of operation. Heating lockout relay contacts are uti-
lized to control the operation of the blower pump relay
in the cooling mode and to prevent operation of the
furnace boiler relay in the cooling mode. Heating lock-
out relay contacts are also utilized to complete the i
circuit for defrost during heating such that the fur-
nace boiler relay may be energized to supply heat ener-
gy to the enclosure during defrost of the heat pump
system.

The interlock relay, when energized, serves to
bring on the furnace through the furnace boiler relay
and serves to lock out the heat pump through the normal-
ly closed interlock relay contacts IR-2. The interlock
relay further serves to provide electrical connections
such that the interlock relay remains energized until
both stages of heating are satisfied regardless of the
temperature sensed by the outdoor thermostat.

In the alternative embodiment the high temperature
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sensor HTS-A is connected to interrupt power to trans-
former T-1 should simultaneous separate heating means
and compressor operation be detected. When power is in-
terrupted to the entire circuit neither the heat pump
or separate heating means may be operated. Hence, the
occupant of the enclosure is made aware of a malfunction
since there is no heat energy being supplied to the
space.

The invention has been described in detail with
particular reference to a preferred embodiment thereof.
It is to be understood by those skilled in the art that
variations and modifications can be effected within the
spirit and scope of the invention.
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CLAIMS

1. A c¢ontrcl for integrating the operation of a
heat pump including an indoor heat exchanger and a
compressor and a separate heating means for condi-
tioning an enclosure which comprises:

a thermostat means for sensing a heating need
within the enclosure to be conditioned;

a selection means for selectively energizing
either the compressor of the heat pump or the sepa-
rate heating means in response to the heating need
detected by the thermostat means; and

compressor cutoff means connected to sense a
condition of the heat pump indicative of simultaneous
operation of the heat pump and the separate heating
means, said compressor cutoff means preventing the
selection means from energizing the compressor when
simultaneous operation is detected.

2. The apparatus as set forth in claim 1 wherein
the compressor cutoff means comprises a high tempera-
ture sensor mounted in heat exchange relationship with
a discharge line from the indoor heat exchanger when
the heat pump is operating in the heating mode such
that the temperature of the refrigerant being dis-
charged into the indoor heat exchanger is detected to
determine if the heat pump and furnace are operating
simultaneously.

3. The apparatus as set forth in claim 2 wherein
the temperature sensor is set to open preventing ope-
ration of the compressor of the heat pump before a
motor driving the compressor is de-energized based on
a safety means connected to the motor for preventing
operation under abusive conditions.

4. The apparatus as set forth in claim 2 wherein
the selection means comprises an outdoor ambient
thermostat connected to energize the compressor of
the heat pump through the high temperature sensor when
the outdoor ambient temperature is above a threshhold

temperature and connected to energize the separate
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heating means bypassing the high temperature sensor
when the outdoor ambient temperature is below the
threshhold level.

5. The apparatus as set forth in claim 4 wherein
the thermostat means further comprises a first
heating temperature sensor and a second heating tem-
perature sensor, said first heating temperature sen-
sor being connected to energize either the heat pump
or separate heating means through the selection
means upon a first level heating need being detected,
and the second heating temperature sensor upon detec-
ting a second level heating need being connected
to energize the separate heating means through an
interlock relay which is connected to prevent the
heat pump from being energized until both levels
of heating need are satisfied by operation of the
separate heating means.

6. A method of integrating the operation of a
heat pump including a refrigeration circuit having
a compressor and indoor heat exchanger with a sepa-
rate heating means to prevent simultaneous operation
of the heat pump and separate heating means which
comprises the steps of:

detecting a heating need in an enclosure to be
heated;

selecting in response to an outdoor ambient
condition whether to energize the heat pump or sepa-
rate heating means to satisfy the heating need of
the enclosure ascertained by the step of detecting;

sensing a condition of the refrigeration cir-
cuit indicative of simultaneous operation of both
the heat pump and the separate heating means; and

discontinuing energization of the compressor
of the heat pump in response to the step of sensing
determining simultaneous operation of the heat pump
and separate heating means.

7. The method as set forth in claim 6 wherein

the step of sensing further comprises sensing the
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temperature of a compressor discharge line to the
indoor coil when the heat pump is in the heating
mode of operation to determine if the heat pump
and furnace are simultaneously energized.

8. The method as set forth in claim 7 wherein
the compressor is connected to a compressor motor
having safety means for de-energizing the motor
under abusive conditions and wherein the step of
discontinuing further comprises de-energizing the
heat pump prior to the motor safety means de-
energizing the compressor motor.

9. A control circuit for integrating and
separating the operation of a heat pump including
heating and defrost modes of operation and a se-
parate heating means, the separate heating means
including a circulator for circulating a heating
fluid, the control circuit including a thermostat
for sensing heating and cooling needs and an out-
door thermostat for selecting either the heat pump
or the separate heating means for supplying heat
energy to a space to be conditioned which com~-
prises:

a heating lockout relay connected to be ener-
gized when the thermostat senses a cooling need or
when the unit is operated in the defrost mode of
operation for preventing inadvertent operation
of the separate heating means;

a furnace boiler relay connected to be ener-
gized in response to the thermostat sensing a first
stage heating need and the outdoor thermostat se-
lecting furnace boiler operation and the heating
lockout relay not being energized; and

a circulator relay connected to a fan ener-
gization switch of the thermostat for being ener-
gized either when the furnace boiler relay is not
energized or when the heating lockout relay is
energized such that the circulator relay is ener-

gized with the energization of the heat pump and
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not energized with the operation of the separate
heating means.

10. The apparatus as set forth in claim 9 and
further comprising an interlock relay connected
through normally closed heating lockout relay con-
tacts to the thermostat means such that the inter-
lock relay may be energized upon the thermostat de-
tecting a second stage heating need and the heating
lockout relay not being energized.

11. The apparatus as set forth in claim 10 and
further comprising:

electrical cdnnection means including normally
open interlock relay contacts between the outdoor
thermostat and the interlock relay such that the
interlock relay will remain energized through now
energized interlock relay contacts keeping the fur-
nace boiler relay energized after the second stage
heating need has been satisfied such that the se-
parate heating means remains energized and the heat
punp de-energized until both the first and second
stage heating needs are satisfied.

12. The apparatus as set forth in claim 11 and
further comprising:

electrical circuit means connecting the outdoor
thermostat to the compressor for energizing the com-
pressor when the ambient temperature is above a
predetermined temperature,

said electrical circuit means including a high
temperature switch for sensing high refrigerant tem-
peratures and normally closed interlock relay con-
tacts such that the compressor may not be energized
once a second stage heating need is satisfied until
the interlock relay is de-energized, the interlock
relay being energized until both the first and
second heating stages are satisfied.

13. A method of integrating the operation of a
heat pump including a compressor and having heating

and defrost modes of operation and a separate
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heating means to provide for fail safe operation of

- the separate heat sources, the separate heating means

including a circulator for circulating a heating
fluid to the enclosure to be conditioned, the control
system for the separate heat sources including a
thermostat for sensing heating and cooling needs and
an outdoor thermostat for selecting either the heat
pump or the separate heating means for supplying heat
energy to a space to be conditioned which comprises
the steps of:

energizing a heating lockout relay when the
thermostat senses a cooling need for the space to be
conditioned;

energizing the heating lockout relay when the
heat pump is operated in the defrost mode of operation;

the step of energizing the heating lockout relay
including preventing a furnace boiler relay from
being energized through the outdoor thermostat such
that the separate heating means is not operated when
a cooling need is sensed;

the step of energizing the heating lockout relay
including connecting a circulator relay for energi-
zing the circulator of the separate heating means to
a fan switch in the thermostat; and

the step of energizing the heating lockout relay
including connecting defrost means to the furnace
boiler relay for energizing the furnace boiler during
the defrost mode of operation.

14. The method as set forth in claim 13 and
further including an interlock relay for further se-
parating control functions and further comprising the
step of:

preventing the interlock relay from being ener-
gized when the heating lockout relay is energized.

15. The method as set forth in claim 14 and
further comprising the step of energizing the furnace
boiler relay when the interlock relay is energized to

supply heating to the space via the separate heating
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means.

16. The method as set forth in claim 15 and
further comprising the steps of:

energizing the interlock relay upon a second
stage heating need being detected by the thermostat;
and

maintaining the interlock relay energized after
the second stage heating need has been satisfied
but before the first stage heating need has been
satisfied such that the separate heating means re-
mains energized until both the first and second
stage heating needs have been satisfied.

17. The method as set forth in claim 16 and
further comprising the step of preventing the com—
pressor of the heat pump from being energized when
the interlock relay is energized thereby preventing
heat pump operation during periods of separate
heating means operation.
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