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A system and method for controlling a variable capacity 
compressor driven by a motor. Preferably, said system and 
method are used With a reversible, tWo-stage compressor 
motor. In one embodiment, the method includes, for 
example, operating the variable capacity compressor at a 
?rst capacity to satisfy a demand for heating or cooling; 
detecting a change in the demand for heating or cooling; 
operating the variable capacity compressor at a second, 
different capacity based on the detected change in demand; 
detecting an operating parameter that can indicate an oppor 
tunity to increase compressor efficiency When the compres 
sor is operating at a given capacity; and varying the torque 
applied by the motor When the detected operating parameter 
indicates an opportunity to increase ef?ciency of the com 
pressor by varying the torque. 
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METHODS AND SYSTEM FOR MOTOR 
OPTIMIZATION USING CAPACITANCE AND/OR 

VOLTAGE ADJUSTMENTS 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention is directed to a heating, 
ventilation, and air-conditioning system and more particu 
larly relates to a method and system for optimizing the 
torque of a compressor motor by varying at least one of a 
voltage or a capacitance. 

[0003] II. Description of the Related Art 

[0004] Conventional single-phase alternating current 
induction motors for driving compressors are connected to a 
source of poWer by a line contactor. Electric motors typically 
include a stator, Which is Wound With a start Winding and run 
Winding connected to the source of poWer. The stator 
Winding surrounds the motor, Which rotates a shaft to 
produce the motor output. In circuit With the run Winding 
and the start Winding are, if required, a run capacitor and a 
start capacitor, respectively. Start capacitors is usually siZed 
for a capacitance that is appropriate for starting the com 
pressor While a run capacitor is usually siZed for a capaci 
tance that is appropriate for the maXimum running torque of 
the compressor. 

[0005] In capacitor start motors, start circuits are con 
nected in parallel With a run Winding of each speed of the 
multi-speed motor. The start circuits include a start Winding 
Which is connected in series With start capacitors. During a 
motor start, both the run Winding and the start Winding are 
connected across the motor’s poWer source to magnetically 
eXcite the rotor and cause rotation. The start Winding and 
start capacitor combination is used to provide the high 
torque required during typical start conditions. 

I. Field of Invention 

[0006] With past approaches, conventional motors for 
driving compressors provide more than enough torque to 
satisfy the demands of the compressor. With variable capac 
ity compressors, the motor driving the compressor may 
signi?cantly vary torque. For eXample, in a tWo-stage, 
reversible compressor, the motor may provide a large 
amount of torque in a second stage of operation and a lesser 
amount of torque in the ?rst stage of operation. HoWever, 
although past approaches signi?cantly varied the capacity of 
the compressor, past approaches failed to optimiZe the 
torque of the compressor motor for a given load, resulting in 
inef?cient operation of the compressor. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, the present invention is directed to 
motor optimiZation by varying at least one of a voltage and 
a capacitance based on changing demands for heating or 
cooling. Moreover, the present invention is directed to motor 
optimiZation of a tWo-stage compressor that operates in a 
second stage When the motor rotates in one direction and 
operates in a ?rst stage When the motor rotates in the reverse 
direction. 

[0008] An object of advantage of the present invention is 
to provide an improved system and method of operating a 
compressor motor that minimiZes one or more of the limi 
tations and disadvantages of the presently available systems 
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and methods for such compressor motors and heating, 
ventilation, and air conditioning (hereinbeloW HVAC) sys 
tems. 

[0009] Additional features and advantages of the inven 
tion Will be set forth in part in the description Which folloWs 
and in part Will be obvious from the description, or may be 
learned by practice of the invention. The objectives and 
advantages of the invention may be realiZed and attained by 
the systems and methods particularly pointed out in the 
Written description and claims hereof as Well as the 
appended draWings. 
[0010] To achieve these and other advantages and in 
accordance With the purpose of the invention, as embodied 
and broadly described herein, there is provided a method for 
controlling a tWo-stage, reversible compressor, such as the 
Bristol TWin Single compressor. Compressors of this type 
and their use and application are explained in detail in US. 
patent application Ser. No. 09/133,841, ?led on Aug. 13, 
1998 and entitled “TWo Stage Reciprocating Compressors 
and Associated HVAC Systems and Methods,” and in US. 
patent application Ser. No. 09/235,288, having a ?ling date 
of Jan. 22, 1999, and entitled Variable Capacity Compressor 
Having Adjustable Crankpin ThroW Structure, both of Which 
applications are hereby incorporated by reference. Such 
compressors operate at a ?rst stage When the motor rotates 
in one direction and at a second stage When the motor rotates 
in a reverse direction. By means of eXample, such a com 
pressor With tWo cylinders may reciprocate the pistons in 
both cylinders at one stage and Will reciprocate only one 
piston at the other stage. Such a compressor having only a 
single cylinder Will reciprocate the piston at full stroke When 
the motor rotates in one direction and at a lesser stroke (e.g., 
a half stroke) When the motor rotates in the other direction. 

[0011] The method of controlling a variable capacity com 
pressor driven by a motor. The method including, for 
eXample, operating the variable capacity compressor at a 
?rst capacity to satisfy a demand for heating or cooling; 
detecting a change in the demand for heating or cooling; 
operating the variable capacity compressor at a second, 
different capacity based on the detected change in demand; 
detecting an operating parameter that can indicate an oppor 
tunity to increase compressor efficiency When the compres 
sor is operating at a given capacity; and varying the torque 
applied by the motor When the detected operating parameter 
indicates an opportunity to increase ef?ciency of the com 
pressor by varying the torque. 

[0012] Moreover, in another embodiment, there is pro 
vided a system for controlling a variable capacity compres 
sor including a start Winding and a run Winding, including, 
means for operating the variable capacity compressor in one 
or more stages such that the poWer is provided by the 
variable capacity compressor to satisfy a demand for heating 
or cooling; means for detecting a change in the demand for 
heating or cooling; means for operating the variable capacity 
compressor at a reduced capacity based on the detected 
change; and means for varying one of a voltage applied to 
the variable capacity compressor or a capacitance connected 
in parallel With a run capacitor, such that the torque provided 
to the variable capacity compressor varies to increase the 
ef?ciency of the compressor. 

[0013] In still another embodiment, there is provided a 
system for controlling a variable capacity compressor 
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including a start Winding and a run Winding, including, for 
example, a sensor for detecting an indication of a change in 
the demand for heating or cooling; a controller further 
including means for operating the variable capacity com 
pressor in one or more stages such that the poWer is provided 
by the variable capacity compressor to satisfy a demand for 
heating or cooling, and means for operating the variable 
capacity compressor at a reduced capacity based on the 
detected change. Moreover, the system includes a ?rst relay 
and a second relay connected to the controller, such that the 
?rst and second relays may vary a capacitance connected in 
parallel With a run capacitor, Wherein the torque provided to 
the variable capacity compressor varies to increase the 
ef?ciency of the compressor. 

[0014] In yet another embodiment, there is provided a 
computer readable medium containing computer softWare, 
Which, When run on a computer causes the computer to 
provide apparatus for controlling a variable capacity com 
pressor including a start Winding and a run Winding. The 
apparatus includes, for example, means for operating the 
variable capacity compressor in one or more stages such that 
the poWer is provided by the variable capacity compressor to 
satisfy a demand for heating or cooling; means for detecting 
a change in the demand for heating or cooling; means for 
operating the variable capacity compressor at a reduced 
capacity based on the detected change; and means for 
varying one of a voltage applied to the variable capacity 
compressor or a capacitance connected in parallel With a run 
capacitor, such that the torque provided to the variable 
capacity compressor varies to increase the ef?ciency of the 
compressor. 

[0015] Moreover, in an embodiment, there is provided a 
system for controlling a variable capacity compressor 
including a start Winding and a run Winding, the system 
including at least one memory including, for example, code 
that operates to control the variable capacity compressor in 
one or more stages such that the poWer is provided by the 
variable capacity compressor to satisfy a demand for heating 
or cooling, code that detects a change in the demand for 
heating or cooling, code that operates the variable capacity 
compressor at a reduced capacity based on the detected 
change, and code that varies one of a voltage applied to the 
variable capacity compressor or a capacitance connected in 
parallel With a run capacitor, such that the torque provided 
to the variable capacity compressor varies to increase the 
ef?ciency of the compressor. Moreover, the system includes 
at least one processor that executes the code. 

[0016] Furthermore, in still another embodiment, there is 
provided a system of controlling a tWo-stage reversible 
compressor including a start Winding and a run Winding, 
including, for example, means for operating the variable 
capacity compressor in one or more stages such that the 
poWer is provided by the variable capacity compressor to 
satisfy a demand for heating or cooling; means for detecting 
a change in the demand for heating or cooling; means for 
operating the variable capacity compressor at a reduced 
capacity based on the detected change; and means for 
varying a capacitance connected in parallel With a run 
capacitor, such that the torque provided to the variable 
capacity compressor varies to increase the ef?ciency of the 
compressor. 
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[0017] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary and explanatory only and are not restrictive of 
the invention, as described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
an embodiment of the invention and, together With the 
description, serve to explain the objects, advantages and 
principles of the invention. In the draWings, 

[0019] FIG. 1A illustrates an exemplary Wiring scheme 
for varying at least one of a voltage and/or a capacitance for 
a compressor motor in accordance With methods and sys 
tems consistent With the present invention; 

[0020] FIG. 1B illustrates another exemplary Wiring 
scheme for varying at least one of a voltage and/or a 
capacitance for a compressor motor in accordance With 
methods and systems consistent With the present invention; 

[0021] FIG. 2 is an exemplary ?oWchart depicting steps 
associated With controlling a tWo-stage reversible compres 
sor that provides cooling in accordance With methods and 
systems consistent With the present invention; 

[0022] FIG. 3 is another exemplary ?oWchart depicting 
steps associated With controlling a tWo-stage reversible 
compressor that provides Warm air in accordance With 
methods and systems consistent With the present invention; 

[0023] FIG. 4A is an exemplary plot of ef?ciency versus 
torque; and 

[0024] FIG. 4B is an exemplary plot of ef?ciency versus 
torque, in accordance With methods and systems consistent 
With the present invention. 

DETAILED DESCRIPTION 

[0025] Reference Will noW be made in detail to the exem 
plary embodiments of the invention, examples of Which are 
illustrated in the accompanying draWings. Wherever pos 
sible, the same reference numbers Will be used throughout 
the draWings to refer to the same or like parts. 

[0026] FIG. 1A illustrates an exemplary system capable 
of executing the steps associated With controlling a com 
pressor by varying at least one of a voltage and/or a 
capacitance. As shoWn in FIG. 1A, the system 100 includes 
a variable source of line voltage (VLine) 146, a compressor 
motor 105, a protection circuit 110, a run Winding 120, a 
start Winding 115, a run terminal 130, a start terminal 125, 
a ?rst contactor (MHigh) 140, a second contactor (MLOW) 
141, a run capacitor 180, one or more auxiliary capacitors 
(C18, C82) 181, 182, one or more relays (R1 and R2) 165, 170 
for the auxiliary capacitors, a controller 160, and one or 
more control lines 191-195. 

[0027] The variable source of line voltage (VLine) 146 may 
include a voltage source capable of providing an alternating 
current (AC) that may be varied in magnitude and/or phase. 
In one embodiment, the variable source of line voltage 146 
may vary the AC voltage betWeen 100 volts and 220 volts 
based on a control signal provided by the controller 160 and 
control line 191. Variable sources of line voltage 146 are 
knoWn and are commercially available, and any such vari 
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able system can be applied to the system 100. Alternatively, 
the variable source of line voltage 145 may vary the mag 
nitude of the AC voltage based on the control signal pro 
vided by the controller 160 and control line 191 by adding 
one or more resistors to reduce the voltage by a predeter 
mined amount (e.g., reducing the voltage by about 10%). 

[0028] FIG. 1B shoWs another exemplary system 1000 
capable of executing the steps associated With controlling a 
compressor by varying at least one of a voltage and/or a 
capacitance. Referring to FIG. 1B, the system 1000 is 
similar to the system 100 of FIG. 1A. HoWever, the system 
1000 of FIG. 1B includes an exemplary variable source of 
line voltage 146 that includes a voltage source 145, a resistor 
148, and a relay 147. The variable source of line voltage 146 
may reduce the output voltage When a control signal from 
control line 191 and controller 160 open the relay 147, 
connecting the resistor 148 in series With the voltage source 
145. The resistor 148 may be a ?xed resistor selected to 
reduce the voltage by a predetermined amount, such as about 
10%. Although FIG. 1B shoWs a resistor 148, a skilled 
artisan Would recogniZe that the resistor 148 may be embod 
ied With any device that provides a resistance or an imped 
ance. 

[0029] The compressor may include the compressor motor 
105, the protection circuit 110 for providing motor protec 
tion, the run Winding 120, the start Winding 115, the start 
terminal 125, and the run terminal 162. The protection 
circuit 110 may protect the motor Windings from damage 
associated With heat or current. In one embodiment, the 
protection circuit 110 is similar to the protection circuit 
described in US. Pat. No. 6,132,177, entitled “TWo Stage 
Reciprocating Compressors and Associated HVAC Systems 
and Methods,” Which is expressly incorporated above by 
reference in its entirety. 

[0030] The compressor motor 105 may be a motor for a 
variable capacity compressor, to be used With or Without 
associated HVAC components. In one embodiment of the 
present invention, the compressor motor 105 may be a 
reversible, compressor motor for a reciprocating, tWo-stage 
compressor that operates at a second stage, When rotated in 
one direction, and at a ?rst stage, When operated in the 
reverse direction. For example, the tWo-stage, reversible 
compressor may include the Bristol TWin Single compressor. 
In one embodiment, the compressor motor 105 for a given 
compressor is designed to match the full load capacity of the 
compressor When it is rotated in the forWard direction and 
the partial load capacity When run in the opposite direction. 
In that embodiment, the motor operates on the run Windings 
When it operates at full load capacity and on the start 
Winding When it operates at partial or reduced load capacity. 

[0031] Referring again to FIG. 1A, the ?rst contactor 
(MHigh) 140 and the second contactor (MLOW) 141 open or 
close an electrical connection based on a control signal from 
the electronic controller 160. The ?rst contactor 140 is 
electrically connected to the run terminal 130, the run 
Winding 120, the run capacitor 180, and the variable source 
of line voltage 146. On the other hand, the second contactor 
141 is electrically connected to the start terminal 125, the 
start Winding 115, and the variable source of line voltage 
146. The ?rst contactor (MHigh) 140 and second contactor 
(MLOW) 141 may be implemented With devices, such as 
single pole sWitches or relays, Which are inexpensive and 
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commercially available. Preferably, the ?rst contactor 140 
and the second contactor 141 are rated to satisfy the maxi 
mum anticipated current. Moreover, although FIG. 1A 
depicts the ?rst contactor 140 as a normally closed contactor 
and the second contactor 141 as a normally open contactor, 
a skilled artisan Would recogniZe that a normally open and 
a normally closed contactor may, respectively, be used 
instead. 

[0032] In one embodiment, the compressor motor 105 
may operate on the run Windings 120 When it is rotated in 
one direction, such as the forWard direction, and may 
operate on the start Windings 115 When it is rotated in the 
opposite direction. The compressor motor 105 may operate 
at a ?rst load associated With the maximum load of the 
compressor When operated in the forWard direction (e.g., 
using both cylinders or using a full stroke) and at a second 
reduced load When operated in the reverse direction (e.g., 
using a single cylinder or using a half stroke). 

[0033] When the ?rst contactor (MHigh) 140 is closed and 
the second contactor (MLOW) 141 is open, as shoWn in 
FIG.1A, the compressor motor 105 may operate in a second 
stage using the run Winding 120 as the main Winding and 
place the start Winding 115 in series With one or more 
capacitors, such as With the parallel combination of the run 
capacitor 180 and the auxiliary capacitors (C18, C82) 181, 
182. 

[0034] When the compressor motor 105 operates in a 
?rst-stage (or loWer capacity stage), the compressor motor 
105 may run in reverse. In the ?rst-stage, a second contactor 
(MLDW) 141 is energiZed (i.e., closed) and the ?rst contactor 
(MHigh) 140 is opened. The compressor motor 105 may then 
run using the start Winding 115 as the main Winding and 
place the run Winding 120 in series With one or more 
capacitors (e. g., the parallel combination of the run capacitor 
180 and the auxiliary capacitors 181,182). 

[0035] The run capacitor 180 may include one or more 
capacitors that are rated to satisfy the maximum anticipated 
current during sWitching. In one embodiment, the sum of the 
run capacitor 180 and the auxiliary capacitors (C18, C82) 
181, 182 may be suf?cient for the compressor operating at 
a full load. For example, in some applications (e.g., a 3 ton 
(36,000 BTU/hour) compressor With a 3 horsepoWer motor), 
the sum of the capacitance for the run capacitor 180 and the 
auxiliary capacitors (C81, C82) 181, 182 may in the range of 
about 25 microfarads to about 55 microfarads. 

[0036] The auxiliary capacitors 181,182 include one or 
more capacitors con?gured in parallel With the run capacitor 
180. In one embodiment, the controller 160 may determine 
When to connect or disconnect each of the one or more 

auxiliary capacitors 181, 182 by controlling the one or more 
relays 165, 170 to close or open. Although tWo auxiliary 
capacitors 181, 182 are shoWn in FIG. 1A, a skilled artisan 
Would recogniZe that a single capacitor or more than tWo 
capacitors may also be used instead. Alternatively, the one or 
more auxiliary capacitors 181, 182 may include a variable 
capacitor that may be controlled by the controller 160. By 
means of example only, in the exemplary embodiment 
described above, each of the auxiliary capacitors Were rated 
at 5 microfarads of capacitance. 

[0037] The one or more relays (R1 and R2) 165, 170 may 
include a coil and one or more contactors. The relays 165, 
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170 may each be controlled to open and close based on the 
control signal provided by the controller 160. For example, 
the controller 160 may provide the control signal to the ?rst 
relay 165 through a control line, such as control line 192. 
The control signal may thus toggle the ?rst relay 165 open 
or closed to disconnect or connect the ?rst auxiliary capaci 
tor 181. 

[0038] Although the relays 165, 170 may be of the nor 
mally closed type, as shoWn in FIG. 1A, a skilled artisan 
Would recogniZe that normally open relays may be used 
instead. Moreover, the relays 165, 170 may be rated to 
satisfy the average current during normal operation of the 
compressor motor 105. The relays (R1 and R2) 165, 170 may 
be implemented With devices similar to the contactors 140, 
141 (e.g., With single pole sWitches or relays), Which are 
inexpensive and commercially available. Although FIG. 1 
depicts relays 165, 170, a skilled artisan Would noW recog 
niZe that any other device for controlling the How of current 
through a circuit may be used instead including, for 
example, a Triac or a varistor. 

[0039] The controller 160 may be implemented With a 
variety of logic devices, components, subsystems, and sys 
tems capable of controlling various devices and components 
associated With the system 100. Furthermore, the controller 
160 may include a data processor (not shoWn) or a set of data 
processors to perform the functions of controlling the 
strength (or torque) of the compressor motor by varying at 
least one of the source of the line voltage 146 and/or the 
capacitance. For example, the controller 160 may vary the 
capacitance by opening or closing the relays 165, 170 and 
thus add or remove the auxiliary capacitors 181, 182. 
Moreover, the controller 160 may also include, for example, 
one or more of the folloWing additional components: one or 
more central processing units, a coprocessor, memory, stor 
age, registers, an input device, an output device, and/or other 
data processing devices and systems as appropriate. 

[0040] The controller 160 may provide and/or receive 
control signals on control lines 191-196. For example, the 
controller 160 may provide control signals on control lines 
192-195 to open or close the relays 165, 170 or sWitches 
140, 141. The controller 160 may also provide a control 
signal on control line 191 to control the variable source of 
line voltage 146. Although FIG. 1A shoWs each of control 
lines 191-196 as a bidirectional control line, a skilled artisan 
Would recogniZe that a unidirectional control line may be 
used instead. 

[0041] The controller 160 may receive an indication of the 
outdoor ambient temperature 197 from a temperature sensor 
(e.g., thermostat) and may also receive an indication of the 
pressure ratio for the compressor. The pressure ratio 198 for 
a compressor is the ratio of the suction pressure measured at 
the input of a compressor (not shoWn) over the discharge 
pressure measured at the output of the compressor. These 
pressures may be measured by a pressure sensor. 

[0042] Further, the controller 160 may be connected to or 
collocated With a device (or sensor) that measures tempera 
ture, humidity, and/or pressure (e.g., a thermostat 90, a 
humidity sensor, and/or a pressure sensor). The device may 
indicate changes in the demand for heating or cooling based 
upon, for example, temperature, humidity, or pressure. In 
one embodiment, the controller 160 may control the ther 
mostat 90 and/or receive information, such as indoor ambi 
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ent temperature, through control line 196. Alternatively, the 
controller 160 may be integrated With the thermostat 90. The 
controller 160 and/or any of the above components may be 
embodied in any suitable combination of hardWare, soft 
Ware, or ?rmWare and may be embodied as a separate 
system or incorporated into another device. Although ther 
mostat 90 may provide an indication of indoor ambient 
temperature, thermostat 90 may also provide an indication 
of outdoor ambient temperature (e.g., outdoor temperature 
197). 
[0043] FIG. 2 shoWs an exemplary ?oWchart depicting the 
steps associated With varying at least one of the capacitance 
and/or the voltage. Referring to FIGS. 1A and 2, the con 
troller 160 may control compressor 105 to operate in a 
second stage (or full capacity cooling) based on a detected 
temperature at the thermostat 90 (step 205). The compressor 
motor 105 may then operate in a second stage of cooling, 
providing full capacity cooling (step 210). When the ther 
mostat 90 detects a reduced demand for cooling (step 220), 
the controller 160 may control the compressor motor 105 to 
run in a loWer capacity ?rst stage of cooling (step 230); 
detect at least one of a pressure ratio or an ambient tem 

perature indicating an opportunity to optimiZe ef?ciency 
(step 235); and vary at least one of the capacitance or the 
voltage (step 240) to adjust the compressor motor 105 
strength. The compressor motor 105 may then continue 
operating in the ?rst stage of cooling (step 250). 

[0044] To control compressor 105 to operate in a second 
stage (or full capacity cooling) based on a detected tem 
perature at the thermostat 90 (step 205), the controller 160 
may receive indications through control line 196 of an 
indoor ambient temperature and a desired temperature set 
ting. These indications may permit the controller 160 and/or 
thermostat 90 to determine that the demand for cooling may 
require the full cooling capacity of the compressor motor 
105. For example, if the thermostat 90 indicates an indoor 
ambient temperature of 80° Fahrenheit and a desired 
temperature setting of 70° F., the controller 160 may control 
the compressor 105 to operate in a second stage to provide 
full capacity cooling. 

[0045] To operate in a second stage of cooling (step 210), 
the compressor motor 105, as noted above, may operate 
using tWo cylinders, providing suf?cient torque to satisfy the 
demand for full capacity cooling. The controller 160 may 
provide on control lines 194, 195 control signals that close 
the ?rst contactor 140 and open the second contactor 141. 

[0046] The thermostat 90 and/or controller 160 may detect 
a reduced demand for cooling (step 220) based on environ 
mental conditions, such as temperature and/or humidity. In 
one embodiment, the controller 160 may receive an indica 
tion from an outdoor temperature sensor 197 that the out 
door temperature has decreased, reducing the need for 
cooling. The controller 160 may alternatively receive indi 
cations from the indoor thermostat 90 that the demand for 
cooling has decreased. For example, the thermostat 90 may 
indicate an indoor ambient temperature of about 74° F. and 
a desired temperature setting of about 70° F., indicating a 
reduced demand for cooling. 

[0047] When the demand for cooling decreases, the com 
pressor motor 105 may operate in a reduced ?rst stage of 
cooling (step 230). To operate in a reduced ?rst stage of 
cooling, the controller 160 may open the ?rst contactor 140 
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and close the second contactor 141 by providing a control 
signal on each of the control lines 194, 195. Moreover, in 
one embodiment, the compressor motor 105 may operate in 
the reduced ?rst-stage of cooling (step 230) by operating in 
reverse. 

[0048] When the compressor motor 105 operates in a 
loWer ?rst stage, the controller 160 may determine an 
opportunity to enhance operating ef?ciency (step 235). For 
eXample, to determine an opportunity to enhance operating 
ef?ciency, the controller 160 may receive at least one of a 
pressure ratio or an ambient temperature (step 235). The 
controller 160 may then determine that the ambient tem 
perature, such as outdoor ambient temperature 197 or indoor 
ambient temperature, and/or the pressure ratio suggest an 
opportunity to enhance ef?ciency. Other operating param 
eters also may be sensed and used to determine that ef? 
ciency can be increased by varying motor torque poWer 
When the compressor is operating at a reduced capacity. 

[0049] In one embodiment, the thermostat 90 may indicate 
an indoor ambient temperature of about 72° F. and a desired 
temperature setting of about 70° F. When that is the case, the 
controller 160 may receive signals representative of one or 
more other operating parameters that indicate that ef?ciency 
may be optimiZed (or improved) by Weakening the torque of 
the compressor motor 105. 

[0050] When the controller 160 determines an opportunity 
to optimiZe ef?ciency, the controller 160 may vary at least 
one of the capacitance or the voltage (step 240). The 
controller 160 may vary the capacitance by adding or 
removing capacitance, such as by adding or removing the 
one or more auXiliary capacitors 181, 182. Furthermore, the 
controller 160 may vary the voltage by varying the source of 
line voltage 146. In one embodiment, the controller 160 
varies the source of line voltage 146 by adding one or more 
resistors (e.g., resistor 148 at FIG. 1B) to reduce the voltage 
provided to the compressor motor 105, Which Weakens the 
compressor motor. Alternatively, a recti?er circuit, such as a 
Silicon Controlled Recti?er (SCR) circuit or TRIAC circuit, 
may be used to vary the voltage provided by the source of 
line voltage 146. The SCR circuit and TRIAC circuit are 
knoWn and are commercially available. 

[0051] In one embodiment, the controller 160 may receive 
an indication that the compressor motor 105 is in a ?rst stage 
of cooling; receive an indication of the environmental con 
ditions; determine that operating ef?ciency may be opti 
miZed; and then vary the capacitance such that the torque 
provided to the variable capacity compressor varies to 
satisfy the reduced demand for cooling (step 240), In that 
embodiment, the controller 160 may reduce the torque 
provided to the compressor motor 105 by reducing the 
capacitance. The controller may reduce the capacitance by 
removing at least one of the auXiliary capacitors 181, 182 
connected in parallel With the run capacitor 180. The con 
troller 160 may also provide a control signal on the control 
lines 192, 193 to open at least one of the relays 165, 170, 
reducing the overall capacitance. The reduced capacitance 
may thus reduce (or Weaken) the torque provided to the 
compressor motor 105, causing a more ef?cient operation of 
the compressor motor 105. 

[0052] The controller 160 may continue to operate the 
compressor motor 105 in a loWer ?rst stage of cooling (step 
250) With the varied capacitance and/or varied voltage until 
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the controller 160 receives an indication that environmental 
conditions require a different stage of operation. For 
eXample, environmental conditions may prompt the control 
ler 160 to return to full cooling at the second stage (see, e.g., 
step 205 at FIG. 2) or to operate in heat pump mode 
providing Warm air, as described beloW With reference to 
FIG. 3. 

[0053] FIG. 3 shoWs an eXemplary ?oWchart depicting the 
steps associated With varying at least one of the capacitance 
and/or the voltage When the compressor operates in heat 
pump mode, providing Warm air. Referring to FIGS. 1A and 
3, the compressor motor 105 may operate as a heat pump. A 
skilled artisan Would recogniZe that a compressor may 
operate as a heat pump by using the heat generated at the 
evaporator coils instead of using the cold condenser coils. 

[0054] The controller 160 may control compressor 105 to 
operate in a second stage of heating (or full capacity heating) 
based on a detected temperature at the thermostat 90 (step 
305). The compressor motor 105 may then operate in the 
second stage of heating (step 310). When the thermostat 90 
detects a reduced demand for heating, the controller 160 
may detect the reduced demand for heating (step 320); 
control the compressor motor 105 to run in a loWer ?rst stage 
of heating (step 330); detect at least one of a pressure ratio, 
an ambient temperature, or another operating parameter, 
indicating an opportunity to optimiZe ef?ciency (step 335); 
and vary at least one of the capacitance or the voltage (step 
340) to adjust (or vary) compressor motor 105 strength. The 
compressor motor 105 may then continue operating in the 
?rst stage of heating (step 350). 
[0055] To control compressor 105 to operate in a second 
stage of heating based on a detected temperature at the 
thermostat 90 (step 305), the controller 160 may receive 
temperature indications through control line 196 (e.g., an 
indoor ambient temperature and/or a desired temperature 
setting). The controller 160 and/or thermostat 90 may con 
trol the compressor motor 105 to provide full capacity 
heating based on such indications. For example, if the 
thermostat 90 indicates an indoor ambient temperature of 
about 60° F. and a desired temperature setting of 72° F., the 
controller 160 may control the compressor 105 to operate in 
the full capacity second stage. 

[0056] To operate in a second stage of heating (step 310), 
the compressor motor 105, as noted above, may operate at 
a higher capacity, for eXample, by using tWo cylinders, 
providing suf?cient refrigerant How to satisfy the demand 
for full capacity heating. The controller 160 may provide on 
control lines 194, 195 control signals that close the ?rst 
contactor 140 and open the second contactor 141. 

[0057] To detect the reduced demand for heating (step 
320), the controller 160 may recogniZe a reduced demand 
for heating. For eXample, the controller 160 may receive an 
indication from a sensor (not shoWn) that the outdoor 
temperature 197 has increased to 65° F., reducing the need 
for heating. Alternatively, the controller 160 may receive 
indications from the indoor thermostat 90 that the demand 
for heating has decreased. For eXample, the thermostat 90 
may indicate an indoor ambient temperature of about 72° F. 
and a desired temperature setting of about 68° F. (or 70° F.), 
indicating a reduced demand for heating. 

[0058] When the demand for heating decreases, the com 
pressor motor 105 may operate in a reduced ?rst stage of 
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heating (step 330). To operate in a ?rst stage of heating, the 
controller 160 may open the ?rst contactor 140 and close the 
second contactor 141 by providing a control signal on each 
of the control lines 194, 195. 

[0059] When the compressor motor 105 operates in a ?rst 
stage of heating providing reduced capacity heating, the 
controller 160 may determine an opportunity to enhance 
operating ef?ciency (step 335). To determine an opportunity 
to enhance operating efficiency, the controller 160 may 
receive at least one of a pressure ratio, an ambient tempera 
ture, or other operating parameters that can provide an 
indication to enhance ef?ciency (step 335). The controller 
160 may then determine that the ambient temperature and/or 
the pressure ratio (e.g., suction pressure/discharge pressure) 
suggest an opportunity to improve compressor operating 
ef?ciency. 

[0060] When the controller 160 determines an opportunity 
to enhance efficiency, the controller 160 may vary at least 
one of the capacitance or the voltage (step 340). The 
controller 160 may vary the capacitance by adding or 
removing capacitance, such as by adding or removing the 
one or more auxiliary capacitors 181, 182. Furthermore, the 
controller 160 may vary the voltage by varying the source of 
line voltage 146. 

[0061] In one embodiment, the controller 160 may receive 
an indication that the compressor motor 105 is in a ?rst stage 
of heating; receive an indication of the environmental con 
ditions, such as an outdoor ambient temperature, outdoor 
ambient humidity, indoor ambient temperature, or indoor 
ambient humidity; determine that operating ef?ciency may 
be optimiZed (or enhanced); and then vary the capacitance 
such that the torque provided to the variable capacity 
compressor varies to satisfy the reduced demand for heating 
(step 340). In that embodiment, the controller 160 may 
reduce the torque provided to the compressor motor 105 by 
reducing the capacitance. The controller may reduce the 
capacitance by removing at least one of the auxiliary capaci 
tors 181, 182 connected in parallel With the run capacitor 
180. The controller 160 may also provide control signals on 
the control lines 192, 193 to open at least one of the relays 
165, 170. The reduced capacitance may thus reduce the 
torque provided to the compressor motor 105, enhancing 
ef?cient operation of the compressor motor 105. 

[0062] The controller 160 may continue to operate the 
compressor motor 105 in the loWer ?rst stage of heating 
(step 350) With the varied capacitance and/or varied voltage 
until the controller 160 receives an indication that environ 
mental conditions require a different stage of operation (e.g., 
step 205 at FIG. 2 or step 305 at FIG. 3). 

[0063] FIGS. 4A and 4B depict exemplary plots of ef? 
ciency versus torque. Referring to FIG. 4A, at a speci?c 
torque “A” the ef?ciency of a variable capacity compressor 
is at a maximum. An increase in torque to “B” may result in 
a signi?cant decrease in ef?ciency. Similarly, a decrease in 
torque to “C” may also results in a signi?cant decrease in 
ef?ciency. Such variations in torque may be common for a 
compressor motor providing torque to a compressor. 

[0064] On the other hand, FIG. 4B depicts an exemplary 
plot of a compressor motor using the systems and methods 
consistent With the present invention. For example, the 
compressor motor 105 may operate at torque “A1” With a 
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maximum ef?ciency. When the compressor motor 105 pro 
vides less torque to the compressor, such as at torque (see 
C1), the compressor motor 105 may still operate at nearly a 
maximum ef?ciency. Accordingly, by varying the capaci 
tance and/or the voltage such that the torque provided to the 
variable capacity compressor varies to satisfy the demand 
for heating or cooling, the ef?ciency of the compressor 
motor 105 may be optimiZed (or enhanced) over a Wider 
range of operation, When compared to past approaches. 

[0065] In summary, the present invention provides sys 
tems and methods to improve the ef?ciency of a variable 
capacity compressor by varying the capacity of the com 
pressor to meet load requirements and also may vary the 
motor torque in response to sensed operating parameters that 
indicate an opportunity to enhance ef?ciency by varying the 
torque. The capacity of the compressor preferably is 
changed in response to signals from a thermostat or similar 
control system that indicates the difference betWeen the 
desired temperature set point of the medium being condi 
tioned (e.g., air or Water) and the actual temperature. The 
capacity of the system is decreased in response to a loWer 
load requirement. The torque applied to the compressor, 
through the motor, is varied in response to other sensed 
parameters, such as the one or both of the outdoor air 
temperature or the pressure ratio of the compressor, to 
provide improved ef?ciency. For example, When the com 
pressor is operating at a loWer capacity and one or both of 
these sensed operating parameters indicates an opportunity 
to improve ef?ciency at loWer capacity operation, the torque 
applied to the motor is decreased by, for example, loWering 
the voltage applied to the motor, or the capacitance applied 
to the motor circuits. Although the above examples are 
described as applied to a variable capacity reciprocating 
compressor, the invention can be applied to other variable 
capacity compressors and/or screW or scroll compressors. 

[0066] The foregoing description of the invention has been 
presented for purposes of illustration and description. It is 
not intended to be exhaustive or to limit the invention to the 
precise form disclosed, and modi?cations and variations are 
possible in light of the above teachings or may be acquired 
from practice of the invention. For example, the present 
invention is not limited to the system disclosed, but is 
capable of being embodied in a variety of Ways and services. 

[0067] Other embodiments of the invention Will be appar 
ent to those skilled in the art from consideration of the 
speci?cation and practice of the invention disclosed herein. 
It is intended that the speci?cation and examples be con 
sidered as exemplary only, With a true scope and spirit of the 
invention being indicated by the folloWing claims. 

What is claimed is: 

1. Amethod of controlling a variable capacity compressor 
driven by a motor comprising the steps of: 

operating the variable capacity compressor at a ?rst 
capacity to satisfy a demand for heating or cooling; 

detecting a change in the demand for heating or cooling; 

operating the variable capacity compressor at a second, 
different capacity based on the detected change in 
demand; 
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detecting an operating parameter that can indicate an 
opportunity to increase compressor ef?ciency When the 
compressor is operating at a given capacity; and 

varying the torque applied by the motor When the detected 
operating parameter indicates an opportunity to 
increase ef?ciency of the compressor by varying the 
torque. 

2. The method of claim 1, Wherein the variable capacity 
compressor is a tWo-stage, reversible reciprocating compres 
sor. 

3. The method of claim 2, Wherein the motor includes a 
start Winding, a run Winding, and a run capacitor. 

4. The method of claim 3 further comprising the step of: 

varying one of a voltage applied to the motor or a 
capacitance in parallel With the run capacitor. 

5. The method of claim 4 further comprising the step of: 

varying a capacitance connected in parallel With a run 
capacitor based on at least one of a detected pressure 
ratio or outside temperature. 

6. The method of claim 4 further comprising the step of: 

varying the voltage applied to the motor based on at least 
one of a detected pressure ratio or outside temperature. 

7. The method of claim 4 further comprising the step of: 

operating the compressor at a loWer stage by operating the 
motor on the start Winding. 

8. The method of claim 7 further comprising the step of: 

reducing the torque supplied by the motor by reducing 
capacitance. 

9. The method of claim 5, Wherein said step of varying the 
capacitance further comprises the step of: 

removing at least one capacitor based on a control signal 
from a controller. 

10. The method of claim 6, Wherein said step of varying 
the voltage further comprises the step of: 

reducing the voltage by about at least 10 percent. 
11. The method of claim 6, Wherein said step of varying 

the voltage further comprises: 

reducing the voltage by applying one or more resistors to 
the circuit to the motor. 

12. The method of claim 6, Wherein said step of varying 
the voltage further comprises the step of: 

varying the voltage When an outside air temperature 
reaches a predetermined temperature. 

13. The method of claim 4, Wherein said step of varying 
the capacitance further comprises the step of: 

varying the capacitance by about at least 15% based on an 
indoor temperature. 

14. A system of controlling a variable capacity compres 
sor including a start Winding and a run Winding, comprising: 

means for operating the variable capacity compressor in 
one or more stages such that the poWer provided by the 
variable capacity compressor to satisfy a demand for 
heating or cooling; 

means for detecting a change in the demand for heating or 
cooling; 

means for operating the variable capacity compressor at a 
reduced capacity based on the detected change; and 
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means for varying one of a voltage applied to the variable 
capacity compressor or a capacitance connected in 
parallel With a run capacitor, such that the torque 
provided to the variable capacity compressor varies to 
increase the ef?ciency of the compressor. 

15. The system of claim 14, Wherein the variable capacity 
compressor is a tWo-stage, reversible reciprocating compres 
sor. 

16. The system of claim 14 further comprising: 

means for varying a capacitance connected in parallel 
With a run capacitor based on at least one of a detected 

pressure ratio or a temperature. 

17. The system of claim 16, Wherein said means for 
receiving further comprises: 

means for receiving an indication at a controller of the 
change in the demand for heating or cooling. 

18. The system of claim 17 further comprising: 

means for providing a control signal to one or more relays 
based on the received indication of the change in the 
demand for heating or cooling. 

19. The system of claim 18, Wherein said means for 
varying further comprises: 

means for varying the voltage applied to the variable 
capacity compressor by reducing the voltage based on 
the provided control signal. 

20. The system of claim 18, Wherein said means for 
varying further comprises: 

means for varying the capacitance by reducing the capaci 
tance connected in parallel With a run capacitor based 
on the provided control signal, such that the torque 
provided to the variable capacity compressor decreases 
to increase the ef?ciency of the compressor. 

21. The system of claim 20, further comprising: 

a relay for reducing the capacitance based on a control 
signal from a controller. 

22. A system for controlling a variable capacity compres 
sor including a start Winding and a run Winding, comprising: 

a sensor for detecting an indication of a change in the 
demand for heating or cooling; 

a controller further comprising 

means for operating the variable capacity compressor 
in one or more stages such that poWer is provided by 
the variable capacity compressor to satisfy a demand 
for heating or cooling, and 

means for operating the variable capacity compressor at 
a reduced capacity based on the detected change; and 

a ?rst relay and a second relay connected to said control 
ler, such that the ?rst and second relays vary a capaci 
tance connected in parallel With a run capacitor, 
Wherein the torque provided to the variable capacity 
compressor varies to increase the efficiency of the 
compressor. 

23. A computer readable medium containing computer 
softWare, Which, When run on a computer causes the com 
puter to provide apparatus for controlling a variable capacity 
compressor including a start Winding and a run Winding, the 
apparatus comprising: 
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means for operating the variable capacity compressor in 
one or more stages such that poWer is provided by the 
variable capacity compressor to satisfy a demand for 
heating or cooling; 

means for detecting a change in the demand for heating or 
cooling; 

means for operating the variable capacity compressor at a 
reduced capacity based on the detected change; and 

means for varying one of a voltage applied to the variable 
capacity compressor or a capacitance connected in 
parallel With a run capacitor, such that the torque 
provided to the variable capacity compressor varies to 
increase the efficiency of the compressor. 

24. A system for controlling a variable capacity compres 
sor including a start Winding and a run Winding, the system 
comprising: 

at least one memory comprising 

code that operates to control the variable capacity 
compressor in one or more stages such that poWer is 
provided by the variable capacity compressor to 
satisfy a demand for heating or cooling, 

code that detects a change in the demand for heating or 
cooling, 

code that operates the variable capacity compressor at 
a reduced capacity based on the detected change, and 
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code that varies one of a voltage applied to the variable 
capacity compressor or a capacitance connected in 
parallel With a run capacitor, such that the torque 
provided to the variable capacity compressor varies 
to increase the efficiency of the compressor; and 

at least one processor that eXecutes said code. 

25. A system of controlling a tWo-stage reversible com 
pressor including a start Winding and a run Winding, com 

prising: 

means for operating the variable capacity compressor in 
one or more stages such that poWer is provided by the 
variable capacity compressor to satisfy a demand for 
heating or cooling; 

means for detecting a change in the demand for heating or 
cooling; 

means for operating the variable capacity compressor at a 
reduced capacity based on the detected change; and 

means for varying a capacitance connected in parallel 
With a run capacitor, such that the torque provided to 
the variable capacity compressor varies to increase the 
efficiency of the compressor. 


