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(57) ABSTRACT 

A heating, ventilation, and air conditioning (HVAC) system 
is described that includes a ?rst unit and a second unit. The 
?rst unit comprises a controller con?gured to output a coded 
compressor activation signal that is based at least partially 
on a compressor run signal received from a thermostat. The 
second unit comprises at least a compressor relay. The 
second unit is con?gured to receive and decode the coded 
compressor activation signal from the ?rst unit and is 
operable to operate the compressor relay based on the 
decoded content of the coded compressor activation signal. 
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METHOD AND SYSTEMS FOR OPERATING 
COMPRESSORS AND FAN COILS USING 

ELECTRONICALLY COMMUTATED MOTORS 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to operation of 
heating, ventilation, and air conditioning (HVAC) systems, 
and more speci?cally, to operation of compressors, fan coils, 
and the like using electronically commutated motors 
(ECMs). 
[0002] Energy ef?ciency minimum requirements continue 
to be tightened for HVAC equipment and systems. Therefore 
it has become more important that outdoor condenser/ 
compressor units and indoor evaporator/ air handler units are 
properly matched to one another so that it is possible to 
achieve the desired energy ef?ciency ratings. 

[0003] Heretofore it has been a common practice, When 
servicing HVAC equipment, to retain the Working unit of the 
indoor/outdoor pair and replace the non-Working unit. In 
certain scenarios this practice may result in a less than 
optimal performance of the system, While in other cases, 
replacement of the non-Working unit may be acceptable. 

BRIEF DESCRIPTION OF THE INVENTION 

[0004] In one aspect, a heating, ventilation, and air con 
ditioning (HVAC) system is provided that includes a ?rst 
unit and a second unit. The ?rst unit comprises a controller 
con?gured to output a coded compressor activation signal 
that is based at least partially on a compressor run signal 
received from a thermostat. The second unit comprises at 
least a compressor relay and is con?gured to receive and 
decode the coded compressor activation signal from the ?rst 
unit. The second unit is operable to operate the compressor 
relay based on the decoded content of the coded compressor 
activation signal. 

[0005] In another aspect, a method for controlling opera 
tion of a compressor Within a heating, ventilation, and air 
conditioning (HVAC) system is described. The method 
includes providing a compressor run signal to a ?rst unit, 
utiliZing the compressor run signal Within the ?rst unit to 
generate a coded compressor activation signal, outputting 
the coded compressor activation signal to a second unit that 
includes a compressor, and decoding the coded compressor 
activation signal Within the second unit to determine 
Whether the compressor is to be activated. 

[0006] In still another aspect, a bloWer unit for a heating, 
ventilation, and air conditioning (HVAC) system is pro 
vided. The bloWer unit is con?gured to receive a compressor 
run signal from a thermostat and comprises at least one 
apparatus con?gured to generate a signal for combination 
With the compressor run signal. The bloWer unit is further 
con?gured to output a combination of the compressor run 
signal and generated signal as a coded compressor activation 
signal. 

[0007] In yet another aspect, a unit for controlling opera 
tion of a compressor is provided. The unit comprises a 
compressor run relay and a decoder. The decoder comprises 
a relay coil driver operable to change a state of the com 
pressor run relay. The decoder is con?gured to receive and 
decode a coded compressor activation signal from an exter 
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nal source and operable to activate the relay coil driver based 
on the decoded content of the coded compressor activation 
signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a block diagram of a thermostatically 
controlled heating, ventilation, and air conditioning (HVAC) 
system. 

[0009] FIG. 2 is a block diagram of an indoor unit of 
HVAC system that incorporates a high frequency generator. 

[0010] FIG. 3 is a block diagram of an indoor unit of 
HVAC system that incorporates a high frequency generator 
Within an electronically commutated motor of the bloWer. 

[0011] FIG. 4 is a block diagram of an outdoor unit of an 
HVAC system con?gured to operate With one of the indoor 
units of FIGS. 2 and 3. 

[0012] FIG. 5 is a block diagram of an alternative embodi 
ment of indoor unit for an HVAC system. 

[0013] FIG. 6 is a block diagram ofan outdoor unit ofan 
HVAC system con?gured to operate With the indoor unit of 
FIG. 5. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] In one embodiment, the methods and systems 
herein described prevent operation of a HVAC system Where 
only an outdoor unit of an indoor/outdoor unit pair has been 
replaced. HoWever, these same methods and systems alloW 
operation of such HVAC systems When only the indoor unit 
has been replaced. Such methods and systems results in 
HVAC system con?gurations such that ever increasing effi 
ciency enhancing measures Within indoor units can be 
utiliZed though the outdoor unit may be of a different 
con?guration. 
[0015] Generally, and referring to FIG. 1, in HVAC sys 
tems 10, an indoor evaporator/air handler unit 12 contains a 
circuit board based controller 14 that receives a 24 volt 
control signal 16 from a thermostat 18. In these embodi 
ments, circuit board controller 14 is con?gured such that a 
subset 20 of the thermostat signals are routed through to an 
outdoor condenser/compressor unit 22 to control the opera 
tion of a compressor, fan, and other components of outdoor 
unit 22. One such thermostat signal ‘Y’ is typically utiliZed 
to turn on the compressor by energiZing a compressor relay 
26 located Within outdoor unit 22. In an alternative embodi 
ment (not shoWn), a relay coil driver, operating based on a 
signal other than ‘Y’, may utiliZed to energiZe compressor 
relay 26. 

[0016] FIG. 2 is a block diagram of an indoor unit 50 
according to one embodiment of the present invention that 
is communicatively coupled to thermostat 52. Indoor unit 50 
includes a controller board 51 for routing signals to and from 
thermostat 52 as described above. In the embodiment illus 
trated in FIG. 2, When a thermostat signal 54 is present that 
is utiliZed for turning on one or more of a compressor and 
fan Within an outdoor unit, a high frequency generator 
circuit 56 in the indoor air handler adds a high frequency 
signal onto the 24 volt AC compressor run signal 58 going 
to the outdoor unit. Such combined signals are sometimes 
referred to herein as a coded compressor activation signal. 
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High frequency generator circuit 56, in one embodiment, is 
additionally con?gured to eliminate any higher harmonics of 
the high frequency signal that could cause radio frequency 
interference by ?ltering and/or loW duty factor operation. 

[0017] In another embodiment, high frequency generator 
circuit 56 is con?gured to provide the coded compressor 
activation signal Which can be received by an outdoor 
decoder board (described beloW). The frequency of the 
signal output by high frequency generator circuit 56 is 
chosen to be high enough, 100 KHZ for example, such that 
the reactance found in a typical compressor relay coil Will 
not signi?cantly attenuate the signal, and can be easily 
separated from the 24 volt, 60 HZ, compressor run signal 
utiliZing an inexpensive ?lter. As further described beloW, an 
absence of the high frequency signal at signal Y1, Which is 
output to an outdoor unit, Will not alloW activation of the 
compressor associated With speci?c embodiments of out 
door compressor units, as further described beloW. 

[0018] FIG. 3 is a block diagram of an alternative embodi 
ment for an indoor unit 100. In this embodiment, a high 
frequency generator (not shoWn, but similar to high fre 
quency generator circuit 56) is integrated into a motor 
control 102 of an ECM 104 that is poWering a bloWer 106. 
The embodiment of FIG. 3 provides an additional opera 
tional feature to that described With respect to indoor unit 50 
(shoWn in FIG. 2) in that ECM 104 becomes a key enabling 
element. Since the high frequency signal is generated Within 
ECM 104, a possibility of tampering Within indoor unit 100 
to bypass the interlock provided through utiliZation of the 
high frequency compressor activation signal may be signi? 
cantly reduced. Operationally hoWever, indoor unit 100 
provides the same capabilities as does indoor unit 50 (shoWn 
in FIG. 2), that is, an absence of the high frequency signal 
at signal Y, Which is output to an outdoor unit, Will not alloW 
activation of the compressor associated With speci?c 
embodiments of outdoor compressor units, as further 
described beloW. 

[0019] Indoor units 50 and 100, hoWever, are operable 
With existing outdoor units, for example, those that operate 
compressors therein based upon receiving a 24 VAC signal 
from a thermostat. Though indoor units 50 and 100 impose 
a high frequency signal upon the 24 VAC thermostat signal, 
existing outdoor compressor units are capable of recogniZ 
ing the 24 VAC portion of the coded compressor activation 
signal and controlling operation of their compressors based 
on Whether or not the 24 VAC signal is present. 

[0020] FIG. 4 is a block diagram of an outdoor unit 150 
according to one embodiment of the present invention. In the 
embodiment, outdoor unit 150 includes a decoder circuit 
152 for receiving coded compressor activation signals. 
Decoder circuit 152 includes a high pass ?lter 154, a 
detector 156, and a relay coil driver 158 that outputs a signal 
for operating compressor relay 160. 

[0021] Outdoor unit 150 utiliZes the high frequency coded 
compressor activation signals generated by either of indoor 
units 50 (shoWn in FIG. 2) and 100 (shoWn in FIG. 3) to 
determine Whether to activate a compressor (not shoWn) by 
applying a signal to compressor run relay 160. More spe 
ci?cally, through incorporation of high pass ?lter 154 and 
detector 156, unless a high frequency signal is input into 
outdoor unit 150 at signal Y, relay coil driver 158 Will not be 
enabled and the compressor Will not run. The signal at Y 

Sep. 13,2007 

must be of a frequency high enough to pass through high 
pass ?lter 154 and of suf?cient amplitude to cause detector 
156 to output a compressor activation signal. 

[0022] NoW referring to FIG. 5, an alternative embodi 
ment for generating a coded compressor activation signal is 
illustrated. Speci?cally, referring to the block diagram of 
indoor unit 200, a control board 202 and a bloWer motor 204 
are included. In a speci?c embodiment, bloWer motor 204 is 
an electronically commutated motor. In the illustrated 
embodiment, a compressor run signal 206 is combined With 
an identifying signal 208 from indoor bloWer motor 204 
using a resistor 210. This results in a coded compressor 
activation signal 212 that is sent to an outdoor unit over the 
compressor run signal Wire. In an embodiment, the indoor 
bloWer motor terminal changes its impedance in step With a 
changing state of identifying signal 208 so that the compos 
ite compressor activation signal 212 Will be near ground 
potential When the output terminal of the bloWer motor is in 
a loW impedance state, and at an approximately 24 VAC 
potential When it is in a high impedance state. 

[0023] Since composite compressor activation signal 212, 
also labeled as Y' in FIG. 5, cannot supply enough current 
to drive the compressor relay of an outdoor unit, due to the 
presence of resistor 210, a source of 24 VAC is needed in any 
outdoor unit that is utiliZed With indoor unit 200. In one 
embodiment, the ECM operating as the bloWer motor is 
con?gured With an open collector output channel, Which is 
utiliZed to provide identifying signal 208. In various 
embodiments, identifying signal 208 can consist of a fre 
quency code or a pulse code that is received by the decoder 
board in the outdoor unit. This output channel is con?gured 
in a speci?c embodiment so that indoor unit can provide 
identifying signal 208 only during a positive portion of the 
AC signal from control board 202, as the ECM incorporates 
a diode that clamps the negative portion of the AC signal. 

[0024] FIG. 6 is a block diagram for an outdoor unit 250 
that is operable With the indoor unit 200 of FIG. 5. Speci? 
cally, outdoor unit 250 includes a decoder board 252 that 
includes a transient ?lter 254 receiving composite signal 212 
from indoor unit 200. Decoder board 252 also includes a 
processing unit (microcontroller 256) that receives signals 
through transient ?lter 254 and controls operation of relay 
coil driver 258. Relay coil driver 258, in conjunction With a 
DC bias poWer supply 260 and a 24 VAC supply 262, control 
operation of compressor run relay 264, thereby controlling 
operation of a compressor (not shoWn). 

[0025] In one embodiment, the components of decoder 
board 252 evaluate the signal on Y' for the presence of a 
combined compressor run signal and identifying signal from 
the ECM motor 204 (shoWn in FIG. 5). In this embodiment, 
decoder board 252, through ?lter 254 and processor 256, are 
able to discriminate betWeen a positive voltage containing 
both the bloWer identifying signal and a half Wave DC signal 
(the compressor run signal) or no signal. If the compressor 
run signal is present With or Without the bloWer identifying 
signal, compressor relay 264 Will be energiZed. If a preset 
time elapses Without processor 256 detecting the identifying 
signal, compressor relay 264 Will be deenergiZed and locked 
out for a predetermined time. Otherwise the compressor (and 
condenser fan) Will be alloWed to run. 

[0026] As described above, if a standard outdoor unit (i.e., 
not one of the above described embodiments) is to be 
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connected to one of the above described indoor units, the 
compressor activation signal has to be connected to the same 
terminal as the compressor signal thermostat, so that the 
outdoor unit is provided With a typical 24 VAC run signal for 
activating the compressor, though the 24 VAC signal may be 
combined With a high frequency signal or other frequency 
coded or pulse coded signal. 

[0027] If an outdoor unit is utiliZed that is con?gured to be 
paired With one of the above described indoor unit, it Will 
contain a decoder circuit (see outdoor unit 250 shoWn in 
FIG. 6) or ?lter circuit (see outdoor unit 150 shoWn in FIG. 
4). The output of the decoder or ?lter is connected to the 
input of a relay driver circuit, Which in turn sWitches the 24 
volt AC to the compressor relay coil (158 or 258). Such a 
con?guration makes an outdoor unit unresponsive to a 
typical 24 VAC, 60 HZ, control signal, but responsive to the 
frequency or coded signal received from one of the above 
described indoor units. 

[0028] If one of the above described outdoor units 150 or 
250 is connected to an indoor unit that does not have the 
identifying, or high frequency, signal, the compressor Will be 
prevented from operating since a typical 24 VAC, 60 HZ, 
compressor run signal Will not satisfy the conditions needed 
to pass the compressor activation signal through decoder 
board 252 or the combination of ?lter 154 and detector 156. 

[0029] As described above, the methods and systems 
prevents the operation of an outdoor condenser/compressor 
unit With an indoor fan coil unit that is not con?gured to 
operate With the indoor fan coil unit, While alloWing the 
operation of other outdoor unit/indoor unit combination. 
Such con?gurations alloW an HVAC system that may 
include one or more replacement components to comply 
With increasingly rigid energy e?iciency ratings While pro 
viding the performance desired by users of such HVAC 
systems. 

[0030] Additionally, tWo stage compressor systems Within 
outdoor units are becoming popular because of the higher 
ef?ciency attainable When they run at a loWer capacity stage. 
The methods and systems described herein are easily exten 
sible to such tWo stage compressor systems, for example, 
utiliZing tWo different high frequency signals for selection of 
the tWo compressor stages in combination With one or more 
of a separate relay and driver signal for each stage and a 
single relay utiliZed in conjunction With a sWitching circuit 
to provide either of a ?rst stage connection and a second 
stage connection to the compressor. 

[0031] While the invention has been described in terms of 
various speci?c embodiments, those skilled in the art Will 
recogniZe that the invention can be practiced With modi? 
cation Within the spirit and scope of the claims. 

What is claimed is: 
1. A heating, ventilation, and air conditioning system 

comprising: 
a ?rst unit comprising a controller con?gured to output a 

coded compressor activation signal, the coded com 
pressor signal based at least partially on a compressor 
run signal received from a thermostat; and 

a second unit comprising at least a compressor relay, said 
second unit con?gured to receive and decode the coded 
compressor activation signal from said ?rst unit, said 
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second unit operable to operate said compressor relay 
based on the decoded content of the coded compressor 
activation signal. 

2. A heating, ventilation, and air conditioning system 
according to claim 1 Wherein said ?rst unit comprises a high 
frequency generator arid said second unit comprises a high 
pass ?lter and a detector receiving an output of said high 
pass ?lter, said ?rst unit con?gured to combine a compressor 
run signal received from a thermostat With the high fre 
quency for output as the coded compressor activation signal. 

3. A heating, ventilation, and air conditioning system 
according to claim 2 Wherein said ?rst unit comprises a 
bloWer motor, said high frequency generator integrated into 
a controller of said bloWer motor. 

4. A heating, ventilation, and air conditioning system 
according to claim 3 Wherein said bloWer motor comprises 
an electronically commutated motor. 

5. A heating, ventilation, and air conditioning system 
according to claim 2 Wherein said second unit comprises a 
compressor relay, an output of said detector operable to 
control operation of said compressor relay. 

6. A heating, ventilation, and air conditioning system 
according to claim 1 Wherein said ?rst unit comprises a 
bloWer motor, and Wherein to provide a coded compressor 
activation signal, said ?rst unit con?gured to combine a 
compressor run signal received from a thermostat With an 
identifying signal output by said bloWer motor. 

7. A heating, ventilation, and air conditioning system 
according to claim 6 Wherein the compressor run signal and 
the identifying signal are combined using a resistor. 

8. A heating, ventilation, and air conditioning system 
according to claim 7 Wherein the compressor activation 
signal is near ground potential When the output of said 
bloWer motor in a loW impedance state and at an approxi 
mate 24 VAC potential When the output of said bloWer motor 
is in a high impedance state. 

9. A heating, ventilation, and air conditioning system 
according to claim 1 Wherein said second unit comprising at 
least a plurality of compressor relays, each said relay oper 
able to for activating a different stage of a compressor, said 
second unit con?gured to receive and decode the coded 
compressor activation signal from said ?rst unit, said second 
unit operable to activate an appropriate one of said com 
pressor relays based on the decoded content of the coded 
compressor activation signal. 

10. A method for controlling operation of a compressor 
Within a heating, ventilation, and air conditioning system, 
said method comprising: 

providing a compressor run signal to a ?rst unit; 

utiliZing the compressor run signal Within the ?rst unit to 
generate a coded compressor activation signal; 

outputting the coded compressor activation signal to a 
second unit that includes a compressor; and 

decoding the coded compressor activation signal Within 
the second unit to determine Whether the compressor is 
to be activated. 

11. A method according to claim 10 providing a compres 
sor run signal to a ?rst unit comprises utiliZing a thermostat 
to output a compressor run signal. 

12. A method according to claim 10 Wherein utiliZing the 
compressor run signal Within the ?rst unit to generate a 
coded compressor activation signal comprises combining 
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the compressor run signal With a high frequency signal for 
output as the coded compressor activation signal. 

13. A method according to claim 12 further comprising 
integrating a high frequency generator into a controller of a 
bloWer motor Within the ?rst unit. 

14. A method according to claim 12 Wherein decoding the 
coded compressor activation signal Within the second unit 
comprises: 

high pass ?ltering the coded compressor activation signal; 

applying a result of the high pass ?ltering to a detector; 
and 

controlling operation of the compressor based on an 
output of the detector. 

15. A method according to claim 10 Wherein utiliZing the 
compressor run signal Within the ?rst unit to generate a 
coded compressor activation signal comprises combining a 
compressor run signal received from a thermostat With an 
identifying signal output by a bloWer motor Within the ?rst 
unit. 

16. A method according to claim 15 Wherein combining 
the compressor run signal With an identifying signal output 
comprises combining the compressor run signal and the 
identifying signal utiliZing a resistor. 

17. A method according to claim 15 Wherein combining 
the compressor run signal With an identifying signal output 
comprises: 

outputting a coded compressor activation signal at an 
approximate ground potential When the identifying 
signal is in a loW impedance state; and 

outputting a coded compressor activation signal at an 
approximate 24 VAC potential When the identifying 
signal is in a high impedance state. 

18. A method according to claim 17 Wherein decoding the 
coded compressor activation signal further comprises acti 
vating the compressor based on a state of the coded com 
pressor activation signal. 

19. A method according to claim 10 Wherein said decod 
ing the coded compressor activation signal Within the second 
unit to determine Whether the compressor is to be activated 
comprises decoding the coded compressor activation signal 
to determine Which compressor stage should be activated. 

20. A bloWer unit for a heating, ventilation, and air 
conditioning system, said bloWer unit con?gured to receive 
a compressor run signal from a thermostat and comprising at 
least one apparatus con?gured to generate a signal for 
combination With the compressor run signal, said bloWer 
unit further con?gured to output a combination of the 
compressor run signal and generated signal as a coded 
compressor activation signal. 

21. A bloWer unit according to claim 20 Wherein said at 
least one apparatus comprises a high frequency signal gen 
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erator, said bloWer unit con?gured to combine the output of 
said high frequency signal generator With the compressor 
run signal. 

22. A bloWer unit according to claim 21 further compris 
ing an electronically commutated motor comprising a motor 
controller, said motor controller con?gured With said high 
frequency signal generator. 

23. A bloWer unit according to claim 20 further compris 
ing a bloWer motor, said at least one apparatus con?gured to 
combine the compressor run signal With an identifying 
signal output by said bloWer motor. 

24. A bloWer unit according to claim 23 Wherein said at 
least one apparatus is con?gured to: 

output a coded compressor activation signal at an approxi 
mate ground potential When the identifying signal is in 
a loW impedance state; and 

output a coded compressor activation signal at an approxi 
mate 24 VAC potential When the identifying signal is in 
a high impedance state. 

25. AbloWer unit according to claim 20 Wherein the coded 
compressor signal comprises information regarding Which 
stage of a compressor is to be activated. 

26. A unit for controlling operation of a compressor, said 
unit comprising: 

a compressor run relay; and 

a decoder, said decoder comprising a relay coil driver 
operable to change a state of said compressor run relay, 
said decoder con?gured to receive and decode a coded 
compressor activation signal from an external source, 
said decoder operable to activate said relay coil driver 
based on the decoded content of the coded compressor 
activation signal. 

27. A unit according to claim 26 Wherein said decoder 
comprises: 

a high pass ?lter; and 

a detector, said high pass ?lter con?gured to receive the 
coded compressor activation signal and output a signal 
to said detector, said detector operable to activate said 
relay coil driver based on an amplitude of the signal 
received from said high pass ?lter. 

28. A unit according to claim 25 Wherein said decoder 
comprises: 

a high pass ?lter; and 

a detector, said unit comprising a plurality of compressor 
run relays each con?gured for activating a single stage 
of a compressor, said decoder comprising a respective 
plurality of relay coil drivers, said detector operable to 
activate a speci?c said relay coil driver based on the 
decoded content of the coded compressor activation 
signal. 


