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(57) ABSTRACT 

A power factor correction (PFC) device may be connected 
with a power source and a compressor. A control module may 
receive a measured operating parameter of the compressor, 
compare the measured operating parameter with a predeter 

(21) Appl. No.: 12/246,893 mined threshold, and control a switch to selectively bypass 
the PFC device based on the measured operating parameter of 

(22) Filed: Oct. 7, 2008 the compressor. 
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COMPRESSOR HAVING A POWER FACTOR 
CORRECTION SYSTEMAND METHOD 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 60/978,223, filed on Oct. 8, 2007. The 
entire disclosure of the above application is incorporated 
herein by reference. 

FIELD 

0002 The present disclosure relates to a compressor, and 
more specifically a compressor having a power factor correc 
tion system and method. 

BACKGROUND 

0003. The statements in this section merely provide back 
ground information related to the present disclosure and may 
not constitute prior art. 
0004. A power source such as an electrical utility may 
Supply alternating current (AC) power to a load. A load Such 
as a heat pump system may be a reactive load, i.e., the load 
may have a net reactive component that is not part of the real 
power necessary to operate the load. The power Supplied by 
the utility may be a product of the actual Supplied current and 
the actual Supplied Voltage, or Volt-amps. The measured 
power consumed by the load may be a watt meter measure 
ment equivalent to the real power. The ratio of the real power 
divided by the Volt-amp power may provide a power factor. 
0005. The power factor for a compressor may depend in 
part on the type of drive system for the compressor. For 
example, an induction motor driven fixed speed compressor 
may have a power factor of 0.95. An inverter driven variable 
speed compressor may have a power factor of 0.6. Power 
factor issues may be addressed by a power factor correction 
(PFC) system, which may be passive or active. An example of 
a passive PFC system may be a bank of capacitors used to 
offset an inductive load. An example of an active PFC system 
may be a system that varies its reactive component with the 
load to achieve more accurate matching of the reactive load. 
0006. The rated power consumption for the compressor 
may be determined in part by measuring the power in watts at 
lower load conditions of the heat pump system. Accordingly, 
the rated power consumption for the heat pump system may 
be based on a condition where power factor correction has 
little impact on the current drawn from the utility. 

SUMMARY 

0007. A method is provided and may include measuring 
an operating parameter of a compressor motor connected to a 
power factor correction device, comparing the operating 
parameter of the compressor to a predetermined compressor 
threshold, and selectively bypassing the power factor correc 
tion device based on the comparing. 
0008. In other features, the method may include measur 
ing an input Voltage from a power source connected to the 
compressor motor, comparing the input Voltage to a predeter 
mined input Voltage range, and selectively bypassing the 
power factor correction device when the input Voltage is 
within the predetermined input Voltage range. 
0009. In other features, the predetermined input voltage 
range may be from 80% to 120% of normal power source 
Voltage. 
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0010. In other features, the selectively bypassing may 
include operating an electrical Switch to selectively remove 
the power factor device from a current path between a power 
Source and the compressor. 
0011. In other features, the operating parameter may 
include at least one of a sensed output power of the compres 
Sor motor and an estimated output power of the compressor 
motor. 

0012. In other features, the predetermined compressor 
threshold may be 50% of a rated motor output power of the 
compressor motor. 
0013. In other features, the operating parameter may 
include a commanded speed of the compressor motor. 
0014. In other features, the predetermined compressor 
threshold may be 50% of a normal operating speed of the 
compressor motor. 
0015. In other features, the operating parameter may 
include an actual speed of the compressor motor. 
0016. In other features, the predetermined compressor 
threshold may be 50% of a normal operating speed of the 
compressor motor. 
0017. A system is provided and may include a power fac 
tor correction device having a power factor device input and 
a power factor device output, a compressor electrically con 
nected to the power factor device output, a selection device 
for selectively connecting a power source with one of the 
power factor device input and an input of the compressor, a 
first measurement device measuring an operating parameter 
of the compressor, a second measurement device measuring 
an input Voltage from the power source, and a control module 
comparing the operating parameter with a predetermined 
compressor threshold and the input Voltage with a predeter 
mined input Voltage range and controlling the selection 
device based on the comparing. 
0018. In other features, the operating parameter may 
include an output power of the motor. 
0019. In other features, the control module may determine 
whether the output power of the motor exceeds a predeter 
mined percentage of a rated motor output power of the com 
pressor motor. 
0020. In other features, the operating parameter may 
include a commanded speed of the compressor motor. 
0021. In other features, the control module may determine 
whether the commanded speed of the compressor motor 
exceeds a predetermined percentage of a normal operating 
speed of the compressor motor. 
0022. In other features, the operating parameter may 
include an actual speed of the compressor motor. 
0023. In other features, the control module may determine 
whether the actual speed of the compressor motor exceeds a 
predetermined percentage of a normal operating speed of the 
compressor motor. 
0024. In other features, the predetermined input voltage 
range may be from 80% to 120% of normal power source 
Voltage. 
0025. Further areas of applicability will become apparent 
from the description provided herein. It should be understood 
that the description and specific examples are intended for 
purposes of illustration only and are not intended to limit the 
Scope of the present disclosure. 

DRAWINGS 

0026. The drawings described herein are for illustration 
purposes only and are not intended to limit the scope of the 
present disclosure in any way. 
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0027 
system; 
0028 
system; 
0029 FIG. 3 is a schematic view of a control system for 
power factor correction; and 
0030 FIG. 4 is a flow diagram of steps of a control system 
for power factor correction. 

FIG. 1 is a schematic illustration of a heat pump 

FIG. 2 is a schematic view of a power delivery 

DETAILED DESCRIPTION 

0031. The following description is merely exemplary in 
nature and is not intended to limit the present disclosure, 
application, or uses. It should be understood that throughout 
the drawings, corresponding reference numerals indicate like 
or corresponding parts and features. As used herein, the term 
module or device refers to an application specific integrated 
circuit (ASIC), an electronic circuit, a processor (shared, 
dedicated or group) and memory that execute one or more 
Software or firmware programs, a combinational logic circuit, 
or other suitable components that provide the described func 
tionality. 
0032. As seen in FIG. 1, a heat pump system 10 may 
include an indoor unit 12 and an outdoor unit 14. Aheat pump 
system is used for illustration purposes only, and it should be 
understood that the present teachings may operate in any 
application in which a motor-driven compressor may be uti 
lized, such as HVAC and refrigeration systems. Indoor unit 12 
may include an indoor coil or heat exchanger 16 and a vari 
able speed indoor fan 18 driven by a motor 20. Indoor coil 16 
and fan 18 may be enclosed in a cabinet 22 so that fan 18 
forces ambient air across indoor coil 16. Outdoor unit 14 may 
include an outdoor coil or heat exchanger 24 and a variable 
speed outdoor fan 26 driven by a motor 28. Outdoor coil 24 
and fan 26 may be enclosed in a protective housing 30 so that 
fan 26 may draw ambient outdoor air across outdoor coil 24 to 
improve heat transfer. Outdoor unit 14 may further include a 
compressor 32 connected to indoor coil 16 and outdoor coil 
24. Compressor 32 may have a motor 20 driven by a variable 
speed inverter drive. 
0033 Compressor 32, indoor coil 16, and outdoor coil 24 
may be connected to generally form a loop with compressor 
32, indoor coil 16, and outdoor coil 24 arranged in series with 
one another and with an expansion device 33 located between 
indoor coil 16 and outdoor coil 24. The heat pump system 10 
may include a reversing valve 34 disposed between compres 
sor 32 and indoor and outdoor coils 16, 24, such that the 
direction of flow between compressor 32, indoor coil 16, and 
outdoor coil 24 may be reversed between first and second 
directions. 
0034. In the first direction, heat pump system 10 operates 
in a cooling mode providing a flow in a direction indicated by 
the “cooling arrow. In the cooling mode, compressor 32 
provides a fluid to outdoor coil 24. The fluid then travels to 
indoor coil 16 and then back to compressor 32. In the cooling 
mode, indoor coil 16 functions as an evaporator coil and 
outdoor coil 24 functions as a condenser coil. In the second 
direction, heat pump system 10 operates in a heating mode 
providing a flow in a direction indicated by the “heating 
arrow. In the heating mode, flow is reversed, traveling from 
compressor 32 to indoor coil 16 to outdoor coil 24, and then 
back to compressor 32. In the heating mode, indoor coil 16 
functions as a condenser coil and outdoor coil 24 functions as 
an evaporator coil. 
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0035 Referring now to FIG. 2, a schematic diagram of a 
power utility 102 and customer 114 including compressor 32 
of heat pump system 10 is depicted. Customer 114 may 
include heat pump system 10, compressor 32, a PFC system 
104, a control module 106, a motor 108, a selection device 
112, an inverter drive 116 and sensors 121, 122, 123 and 124. 
Utility 102 may provide AC power to customer 114. Cus 
tomer 114 may have a load that includes compressor 32 and 
heat pump system 10. Although compressor 32 may be inte 
gral to heat pump system 10, it and components thereof are 
depicted separately for purposes of illustration in FIG. 2. 
Motor 108 of heat pump system 10 may be integral to com 
pressor 32 of heat pump system 10. Motor 108 may be driven 
directly, but for example purposes is driven by variable speed 
inverter drive 116 of compressor 32. 
0036) Sensor 121 may measure voltage, current and power 
(e.g., in volt-amps) delivered by utility 102. Sensor 121 may 
also provide awattmeter reading of the real power consumed 
by customer 114. It should be understood that sensor 121 may 
include multiple sensors and may be located at multiple posi 
tions relative to the customer 114 or utility 102. For illustra 
tion purposes, sensor 121 is depicted as an integrated sensor 
on the customer 114 side. 

0037 Control module 106 may control selection device 
112. Selection device 112 may be any device or combination 
of devices that may select from multiple current paths to 
change the current path based on a signal provided by control 
module 106. Selection device 112 may be an electrical switch 
112. 

0038 PFC system 104 may be located in a first current 
path such that electrical switch 112 may selectively connect 
PFC system 104 to utility 102. Current from utility 102 may 
encounter PFC system 104 prior to being used by inverter 
drive 116 to drive motor 108. PFC system 104 may be any 
device that improves a power factor of a load. PFC system 104 
may be a passive PFC. Such as a bank of capacitors used to 
balance an inductive load or an inductor to balance a capaci 
tive load. PFC 104 may also be any conventional active PFC 
that actively matches the load to the mains resulting in a high 
power factor, i.e., a power factor approaching 1.0. 
0039. Alternatively, electrical switch 112 may be con 
trolled by control module 106 to select a second current path 
that bypasses PFC system 104 and provides current from 
utility 102 to inverter drive 116 to drive motor 108. Inverter 
drive 116 may drive motor 108 at a variable speed to operate 
compressor 32 of heat pump system 10. Sensor 122 may be 
located between electrical switch 112 and inverter drive 116 
to measure parameters such as an input current oran Voltage 
and/or to take a wattmeter measurement. Sensor 123 may be 
located with motor 108 and may measure parameters from 
motor 108 Such as current, Voltage, actual compressor oper 
ating speed, and/or current command operating speed, and 
the like. Each of sensors 122 and 123 may be a single sensor 
or may comprise a number of sensors that provide measure 
ments to control module 106. Sensor 124 may be a single 
sensor or a number of sensors that measure parameters of heat 
pump system 10 Such as discharge temperature or pressure, 
Suction temperature or pressure, condenser temperature or 
pressure, evaporator temperature or pressure, compressor 
speed, refrigerant temperature or pressure, and the like. 
0040. Referring now to FIG. 3, control module 106 may 
include PFC control module 140, PFC module 142, and stor 
age module 144. PFC module 142 of control module 106 may 
be in communication with utility data from sensor 121, drive 
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input data from sensor 122, motor data from sensor 123, and 
heat pump data from sensor 124. PFC module 142 may be in 
communication with PFC control module 140 and storage 
module 144. PFC module 142 may use the data from sensors 
from 121, 122, 123 and 124 along with values stored in 
storage module 144 to determine a desired PFC status. 
0041 Storage module 144 may include stored values such 
as data received from sensors 121, 122, 123 and 124 over a 
period of time and/or predetermined threshold values used to 
determine a PFC status. Examples of threshold values are 
discussed below and may include a minimum utility input 
Voltage value and a motor power threshold for turning on 
power factor correction. PFC control module 140 may receive 
a signal from PFC module 142 regarding the PFC status. PFC 
control module may provide a signal to selection device 112 
to select a current path from utility 102 to inverter drive 116. 
0042. Referring now to FIG.4, control logic 200 including 
a flow chart for a control system for power factor correction is 
depicted. At block 202, sensor 121 may provide an input 
voltage from utility 102 to PFC module 142. Control logic 
200 may then continue to block 204. At block 204, sensor 123 
may provide PFC module 142 with a compressor motor oper 
ating parameter, Such as an output power of motor 108, the 
commanded compressor operating speed or the actual com 
pressor operating speed. Alternatively, output power of motor 
108 may be estimated based on other sensed measurements, 
such as current or voltage. While control logic 200 provides 
specific examples of measured parameters that may be used to 
control PFC system, it should be understood that these param 
eters are provided for example purposes and that other param 
eters such as power factor, utility power, watt meter power, 
utility input line Voltage, or system temperatures or pressures 
from sensors 121, 122, 123, and/or 124 may be measured for 
use in the power factor correction control system. The rate of 
change of the measured parameters may also be considered. 
Control logic 200 may continue to block 206. 
0043. At block 206, PFC module 142 may access a prede 
termined Voltage threshold range from storage module 144. 
For example, the predetermined Voltage threshold range may 
be between 80% of the rated line voltage and 120% of the 
rated line voltage. Accordingly, PFC module 142 may com 
pare the measured utility Voltage to the predetermined range 
of between 80% of the rated line voltage and 120% of the 
rated line voltage. If the utility voltage is outside of the pre 
determined range, e.g., between 80% and 120% of rated line 
voltage, control logic 200 may continue to block 210 to 
enable power factor correction. This may allow PFC to oper 
ate when the utility is heavily loaded, for example. If the 
measured Voltage is within the predetermined range, e.g., 
between 80% and 120% of rated line voltage, control logic 
200 may continue to block 208. 
0044. At block 208, PFC module 142 may access a prede 
termined operating parameter threshold from storage module 
144. The predetermined operating parameter threshold may 
be a predetermined percentage (e.g., 50 percent) of rated 
motor power or normal operating speed if commanded com 
pressor operating speed or actual compressor operating speed 
are used as the compressor operating parameter. Alterna 
tively, a combination of operating parameter thresholds may 
be used. PFC module 142 may compare the measured com 
pressor motor operating parameter to the predetermined oper 
ating parameter threshold. For example, if the compressor 
motor operating parameter is output power of motor 108 and 
the predetermined operating parameter threshold is 50 per 
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cent of the rated motor power, PFC module 142 in block 208 
may compare whether the measured output power of motor 
108 exceeds 50 percent of the rated motor power. If the 
measured output power of motor 108 does exceed 50 percent 
of rated motor power, control logic 200 may continue to 
control block 210 to enable power factor correction. In this 
manner, PFC 104 may be used when motor 108 is drawing 
more current from utility 102 and when rated watt power is 
not determined. If the compressor motor operating parameter 
does not exceed the predetermined operating parameter 
threshold, control logic 200 may continue to block 212. 
0045. As discussed above, compressor motor operating 
parameter may be an output power of motor 108, the com 
manded compressor operating speed or the actual compressor 
operating speed. Accordingly, the predetermined operating 
parameter threshold may be appropriately matched. It should 
be recognized that the above percentage threshold values and 
ranges are for example purposes only and different values 
may be used for utility Voltage, motor power, commanded 
compressor operating speed, or actual compressor operating 
speed, as appropriate. When different measurement param 
eters are used, corresponding associated threshold values 
may likewise be used. Control logic 200 may be configured 
such that a number of thresholds must be met to enable or 
disable power factor correction. 
0046. At block 210, PFC control module 140 may transmit 
a signal to electrical switch 112 to enable power factor cor 
rection. Switch 112 may connect a current path between 
utility 102 and PFC system 104. Control logic 200 may then 
end. At block 212 PFC control module 140 may provide a 
signal to electrical switch 112 to selectacurrent path such that 
utility 102 feeds current directly to inverter drive 116 through 
a normal rectifier without using PFC system 104. Control 
logic 200 may then end. 
0047 Those skilled in the art may now appreciate from the 
foregoing that the broad teachings of the present disclosure 
may be implemented in a variety of forms. Therefore, while 
this disclosure has been described in connection with particu 
lar examples thereof, the true scope of the disclosure should 
no be so limited since other modifications will become appar 
ent to the skilled practitioner upon a study of the drawings, the 
specification and the following claims. 

What is claimed is: 
1. A method comprising: 
measuring an operating parameter of a compressor motor 

connected to a power factor correction device; 
comparing the operating parameter of the compressor to a 

predetermined compressor threshold; and 
selectively bypassing the power factor correction device 

based on the comparing. 
2. The method of claim 1 further comprising: 
measuring an input Voltage from a power source connected 

to the compressor motor; 
comparing the input Voltage to a predetermined input Volt 

age range. 
selectively bypassing the power factor correction device 
when the input voltage is within the predetermined input 
Voltage range. 

3. The method of claim 2 wherein the predetermined input 
voltage range is from 80% to 120% of normal power source 
Voltage. 
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4. The method of claim 1 wherein the selectively bypassing 
includes operating an electrical Switch to selectively remove 
the power factor device from a current path between a power 
Source and the compressor. 

5. The method of claim 1 wherein the operating parameter 
includes at least one of a sensed output power of the com 
pressor motor and an estimated output power of the compres 
SOr motor. 

6. The method of claim 5, wherein the predetermined com 
pressor threshold is 50% of a rated motor output power of the 
compressor motor. 

7. The method of claim 1 wherein the operating parameter 
includes a commanded speed of the compressor motor. 

8. The method of claim 7 wherein the predetermined com 
pressor threshold is 50% of a normal operating speed of the 
compressor motor. 

9. The method of claim 1 wherein the operating parameter 
includes an actual speed of the compressor motor. 

10. The method of claim 9 wherein the predetermined 
compressor threshold is 50% of a normal operating speed of 
the compressor motor. 

11. A system comprising: 
a power factor correction device having a power factor 

device input and a power factor device output; 
a compressor electrically connected to the power factor 

device output; 
a selection device for selectively connecting a power 

source with one of the power factor device input and an 
input of the compressor, 
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a first measurement device measuring an operating param 
eter of the compressor, 

a second measurement device measuring an input Voltage 
from the power Source; and 

a control module comparing the operating parameter with 
a predetermined compressor threshold and the input 
Voltage with a predetermined input Voltage range and 
controlling the selection device based on the comparing. 

12. The system of claim 11 wherein the operating param 
eter includes an output power of the motor. 

13. The system of claim 12 wherein the control module 
determines whether the output power of the motor exceeds a 
predetermined percentage of a rated motor output power of 
the compressor motor. 

14. The system of claim 11 wherein the operating param 
eter includes a commanded speed of the compressor motor. 

15. The system of claim 14 wherein the control module 
determines whether the commanded speed of the compressor 
motor exceeds a predetermined percentage of a normal oper 
ating speed of the compressor motor. 

16. The system of claim 11 wherein the operating param 
eter includes an actual speed of the compressor motor. 

17. The system of claim 16 wherein the control module 
determines whether the actual speed of the compressor motor 
exceeds a predetermined percentage of a normal operating 
speed of the compressor motor. 

18. The system of claim 11 wherein predetermined input 
voltage range is from 80% to 120% of normal power source 
Voltage. 


