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COMPRESSOR DIAGNOSTIC AND PROTECTION SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims the benefit of U.S. Provisional Application No.
60/565,795, filed on April 27, 2004. The disclosure of the above application is
incorporated herein by reference.

FIELD

[0002] The present teachings relate to compressors, and more particularly,

to an improved diagnostic system for use with a compressor.
BACKGROUND

[0003] Compressors may be used in a wide variety of indusirial and
residential applications to circulate refrigerant within a refrigeration, heat pump, HVAC,
or chiller system (generically “refrigeration systems”) to provide a desired heating or
cooling effect. In any of the foregoing applications, the compressor should provide
consistent and efficient operation to ensure that the particular -application (i.e.,
refrigeration, heat pump, HVAC, or chiller system) functions properly.

[0004] Residential air conditioning and refrigeration systems may include a
protection device that intermittently trips the system, which will cause discomfort to a
homeowner, eventually resulting in a visit to the home by a serviceperson to repair a
failure in the system. The protection device may shut down the compressor when a
particular fault or failure is detected to protect the compressor from damage. In addition,
protection devices may also detect a pressure within the compressor or between the
compressor and associated system components (i.e., evaporator, condenser, etc.) in
order to shut down the compressor to prevent damage to both the compressor and
system components if pressure limits are exceeded.

[0005] The types of faults that may cause protection concerns include
electrical, mechanical, and system faults. Electrical faults have a direct effect on the
electrical motor in the compressor while mechanical faults generally include faulty
bearings or broken parts. Mechanical faults often raise the internal temperature of the
respective components to high levels, thereby causing malfunction of, and possible
damage to, the compressor.

[0006] System faults may be attributed to system conditions such as an
adverse level of fluid disposed within the system or to a blocked flow condition external
to the compressor. Such system conditions may raise an internal compressor
temperature or pressure to high levels, thereby damaging the compressor and causing
system inefficiencies or failures. To prevent system and compressor damage or failure,
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the compressor may be shut down by the protection system when any of the
aforementioned conditions are present.

[0007] Conventional protection systems typically sense temperaiure and/or
pressure parameters as discrete switches and interrupt power supply to the motor
should a predetermined temperature or pressure threshold be experienced. Parameters
that are typically monitored in a compressor include the temperature of the motor
winding, the temperature of the spiral wraps or scrolls (for a scroll-type compressor), the
pressure at discharge, the electrical current going to the motor, and a continuous motor
overioad condition. In addition, system parameters such as a fan failure, loss of charge,
or a blocked orifice may also be monitored to prevent damage to the compressor and
system. A plurality of sensors are typically required to measure and monitor the various
system and compressor operating parameters. Typically, each parameter measured
constitutes an individual sensor, thereby creating a complex protection system in which
many sensors are employed.

[0008] The most common protection arrangements for residential
refrigeration systems employ high/low pressure cutout switches and a plurality of
sensors to detect individual operating parameters of the compressor and system. The
sensors produce and send a signal indicative of compressor and/or system operating
parameters to processing circuitry so that the processing circuitry may determine when
to shut down the compressor to prevent damage. When the compressor or system
experiences an unfavorable condition, the processing circuitry directs the cutout
switches to shut down the compressor.

[0009] Sensors associated with conventional systems are required to quickly
and accurately detect particular faults experienced by the compressor and/or system.
Without a plurality of sensors, conventional systems would merely shut down the
compressor when a predetermined threshold load or current is experienced, thereby
requiring the homeowner or serviceperson to perform many tests to properly diagnose
the cause of the fault prior to fixing the problem. In this manner, conventional protection
devices fail to precisely indicate the particular fault and therefore cannot be used as a
diagnostic tool.

SUMMARY

[0010] A system includes a compressor, a motor drivingly connected to the
compressor, a first sensor determining high-side operating data, a second sensor
determining low-side operating data, and processing circuitry receiving the high-side
operating data and the low-side operating data from the first and second sensors. The
processing circuitry processes at least one of the high-side and low-side operating data
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to select an operating mode for the compressor. The operating modes include a normal
mode, a reduced-capacity mode, and a shutdown mode.

[0011]  Further areas of applicability of the present teachings will become
apparent from the detailed description provided hereinafter. It should be understood
that the detailed description and specific examples, are intended for purposes of
illustration only and are not intended to limit the scope of the teachings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The present teachings will become more fully understood from the
detailed description and the accompanying drawings, wherein:

[0013] FIG. 1 is a perspective view of a compressor in accordance with the
principles of the present teachings;

[0014] FIG. 2 is a cross-sectional view of the compressor of FIG. 1
incorporating a protection system in accordance with the principles of the present
teachings;

[0015] FIG. 3 is a cross-sectional view of the compressor of FIG. 1
incorporating a protection system in accordance with the principles of the present
teachings;

[0016] FIG. 4 is a cross-sectional view of a compressor incorporating a
protection system in accordance with the present teachings;

[0017] FIG. 5 is a graphical representation of discharge superheat versus
suction superheat;

[0018] FIG. 6 is a graphical representation showing discharge line
temperature due to increased suction temperature;

[0019] FIG. 7 is a graphical representation showing that an increased
discharge line temperature reflects a fast decline in suction pressure;

[0020] FIG. 8 is a graphical representation showing three phases of
compressor operation; start-up, quasi-steady state, and steady state;

[0021] FIG. 9 is a schematic representation of the protection system of FIG
2;

[0022] FIG. 10 is a flow-chart depicting a high-side control algorithm for the
protection system of FIG. 9;

[0023] FIG. 11 is a flow-chart depicting a low-side control algorithm for the
protection system of FIG. 9;

[0024] FIG. 12 is a graphical representation of a low-side sensor response
as represented by the compressor discharge line temperature under a normal condition

versus a low-refrigerant charge condition;
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[0025] FIG. 13 is a graphical representation of how other fault modes could
be differentially detected by a discharge line temperature sensor within the first 30-60
second period versus longer time periods after compressor start up;

[0026] FIG. 14 is a graphical representation of a high-side fault based on the
value of measured current being relatively higher than nominal;

[0027] FIG. 15 is a graphical representation of operating modes for a
compressor;

[0028] FIG. 16 is schematic of the compressor of FIG. 1 incorporated into a
heat pump system;

[0029] FIG. 17 is a schematic representation of an efficiency-monitoring
system incorporated into a network;

[0030] FIG. 18 is a flowchart representing a fault tree for use with the
protection system of FIG. 9;

[0031] FIG. 19 is a graphical representation of compressor power versus
condensing temperature;

[0032] FIG. 20 is a graphical representation of discharge line temperature
versus evaporator temperature;

[0033] FIG. 21 is a graphical representation of compressor mass flow versus
discharge line temperature;

[0034] FIG. 22 is a flowchart detailing a compressor capacity and efficiency
algorithm;

[0035] FIG. 23 is a graphical representatibn of compressor capacity versus
condenser temperature;

[0036] FIG. 24 is a graphical representation of compressor power versus
ambient temperature;

[0037] FIG. 25 is a graphical representation of compressor efficiency versus
condenser temperature;

[0038] FIG. 26 is a graphical representation of percentage condenser
temperature difference versus percent capacity;

[0039] FIG. 27 is a schematic representation of a high-side diagnostic based
on condenser temperature difference;

[0040] FIG. 28 is a schematic representation of a low-side diagnostic based
on discharge superheat;

[0041] FIG. 29 is a flowchart for a compressor installation;

[0042] FIG. 30 is a flow-chart of an efficiency-monitoring system in
accordance with the principles of the present teachings;

4
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[0043] FIG. 31 is a graphical representation of discharge line temperature
minus ambient temperature versus ambient temperature for use with the compressor
installation procedure of FIG. 29; and

[0044] FIG. 32 is a graphical representation of current versus ambient
temperature for use with the compressor installation procedure of FIG. 29.

DETAILED DESCRIPTION

[0045] The following description is merely exemplary in nature and is in no
way intended to limit the present teachings, its application, or uses.

[0046] With reference to the drawings, a compressor 10 includes a
compressor protection and control system 12 for determining an operating mode for the
compressor 10 based on sensed compressor parameters to protect the compressor 10
by limiting operation when conditions are unfavorable. The protection and control
system 12 toggles the compressor between operating modes including a normal mode,
a reduced-capacity mode, and a shutdown mode. The compressor 10 will be described
and shown as a scroll compressor but it should be understood that any type of
compressor may be used with the protection and control system 12. Furthermore, while
the compressor 10 will be described in the context of a refrigeration system 11,
compressor 10 may similarly be incorporated into other such systems such as, but not
limited to, a heat pump, HVAC, or chiller system.

[0047]  With particular reference to FIGS. 1-4, the compressor 10 is shown to
include a generally cylindrical hermetic shell 14 having a welded cap 16 at a top portion
and a base 18 having a plurality of feet 20 welded at a bottom portion. The cap 16 and
base 18 are fitted to the shell 14 such that an interior volume 22 of the compressor 10 is
defined. The cap 16 is provided with a discharge fitting 24, while the shell 14 is similarly
provided with an inlet fitting 26, disposed generally between the cap 16 and base 14, as
best shown in FIGS. 2-4. In addition, an electrical enclosure 28 is fixedly attached to the
shell 14 generally between the cap 16 and base 18 and operably supports a portion of
the protection system 12 therein, as will be discussed further below. ”

[0048] A crankshaft 30 is rotatively driven by an electric motor 32 relative to
the shell 14. The motor 32 includes a stator 34 fixedly supported by the hermetic shell
14, windings 36 passing therethrough, and a rotor 38 press fitted on the crankshaft 30.
The motor 32 and associated stator 34, windings 36, and rotor 38 are operable to drive
the crankshatft 30 relative to the shell 14 to thereby compress a fluid.

[0049] The compressor 10 further includes an orbiting scroll member 40
having a spiral vane or wrap 42 on the upper surface thereof for use in receiving and
compressing a fluid. An Oldham coupling 44 is positioned between orbiting scroll
member 40 and a bearing housing 46 and is keyed to orbiting scroll member 40 and a

5
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non-orbiting scroll member 48. The Oldham coupling 44 transmits rotational forces from
the crankshaft 30 to the orbiting scroll member 40 to thereby compress a fluid disposed
between the orbiting scroll member 40 and non-orbiting scroll member 48. Oldham
coupling 44 and its interaction with orbiting scroll member 40 and non-orbiting scroll
member 48 is preferably of the type disclosed in assignee's commonly-owned U.S.
Patent No. 5,320,506, the disclosure of which is incorporated herein by reference.

[0050] Non-orbiting scroll member 48 also includes a wrap 50 positioned in
meshing engagement with wrap 42 of orbiting scroll member 40. Non-orbiting scroll
member 48 has a cenirally disposed discharge passage 52 which communicates with
an upwardly open recess 54. Recess 54 is in fluid communication with discharge fitting
24 defined by cap 16 and partition 56, such that compressed fluid exits the shell 14 via
passage 52, recess 54, and fitting 24. Non-orbiting scroll member 48 is designed to be
mounted to bearing housing 46 in a suitable manner such as disclosed in the
aforementioned U.S. Patent No. 4,877,382 or U.S. Patent No. 5,102,316, the
disclosures of which are incorporated herein by reference.

[0051] Referring now to FIGS. 2 and 3, electrical enclosure 28 includes a
lower housing 58, an upper housing 60, and a cavity 62. The lower housing 58 is
mounted to the shell 14 using a plurality of studs 64 which are welded or otherwise
fixedly attached to the shell 14. ‘The upper housing 60 is matingly received by the lower
housing 58 and defines the cavity 62 therebetween. The cavity 62 may be operable to
house respective components of the compressor protection and control system 12.

[0052]  With particular reference to FIG. 4, the compressor 10 is shown as a
two-step compressor having an actuating assembly 51 that selectively separates the
orbiting scroll member 40 from the non-orbiting scroll member 48 to modulate the
capacity of the compressor 10. The actuating assembly 51 may include a solenoid 53
connected to the orbiting scroll member 40 and a controller 55 coupled to the solenoid
53 for controlling movement of the solenoid 53 between an extended position and a
retracted position. o | |

[0053] Movement of the solenoid 53 in the extended position separates the
wraps 42 of the orbiting scroll member 40 from the wraps 50 of the non-orbiting scroll
member 48 to reduce an output of the compressor 10. Conversely, retraction of the
solenoid 53, moves the wraps 42 of the orbiting scroll member 40 closer to the wraps 50
of the non-orbiting scroll member 48 to increase an output of the compressor 10. In this
manner, the capacity of the compressor 10 may be modulated in accordance with
demand or in response to a fault condition. The actuation assembly 51 is preferably of
the type disclosed in assignee's commonly-owned U.S. Patent No. 6,412,293, the

disclosure of which is incorporated herein by reference.
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[0054]  With reference to FIGS. 2-11, the protection and control system 12
generally includes a pair of sensors 66, 68, processing circuitry 70, and a power
interruption system 72. The sensors 66, 68 of protection and control system 12 detect
cumulating parameters of the system 11 to diagnose operating conditions and faults
under both normal and abnormal fault conditions. The parameters detected by sensors
66, 68 are referred to as cumulating sensors because the processing circuitry 70
diagnoses conditions of the compressor 12 and system 11 by analyzing trends and
relationships among data detected by one or both of sensors 66, 68. In addition, the
processing circuitry 70 may be in communication with controller 55 to control
compressor modulation based on system conditions detected by sensors 66, 68 or
faults determined by the processing circuitry 70.

[0055] Sensor 66 generally provides diagnostics related to high-side faults
such as compressor mechanical failures, motor failures, and electrical component
failures such as missing phase, reverse phase, motor winding current imbalance, open
circuit, low voltage, locked rotor currents, excessive motor winding temperature, welded
or open contactors, and short cycling. Sensor 66 monitors compressor current and
voltage to determine, and differentiate between, mechanical failures, motor failures, and
electrical component failures and may be mounted within electrical box 28, as shown in
FIG. 2, or may be incorporated inside the shell 14 of the compressor 10, as shown in
FIG. 3. In either case, sensor 66 monitors current draw by the compressor 10 and
generates a signal indicative thereof, such as disclosed in assignee's commonly-owned
U.S. Patent No. 6,615,594 and U.S. Patent Application No. 11/027,757, filed on
December 30, 2004, which claims benefit of U.S. Provisional Patent Application No.
60/533,236, filed on December 30, 2003, the disclosures of which are incorporated
herein by reference.

[0056] While sensor 66 as described herein may provide compressor current
information, the control system 12 may also include a discharge pressure sensor 13
mounted in a discharge pressure zone or a temperature sensor 15 mounted in an
external system such as a condenser (FIG. 16). Any or all of the foregoing sensors may
be used in conjunction with sensor 66 to provide the control system 12 with additional
system information.

[0057] Sensor 66 provides the protection and control system 12 with the
ability to quickly detect high-side faults such as a system fan failure or refrigerant
overcharging without requiring independent sensors disposed throughout the
compressor 10 and system 11. For example, because current drawn by the compressor
10 increases quickly with high-side pressure at a given voltage, a pressure increase at
the high-side of the compressor 10 is quickly detected and reported to the processing

7
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circuitry 70 as the compressor 10 draws additional current. For example, when an
internal compressor component experiences a fault, such as a locked-rotor condition,
the compressor motor 32 draws additional current in an effort to free the locked
condition. When the motor 32 draws additional current, sensor 66 detects the increase
in current draw and signals the processing circuitry 70.

[0058] In general, sensor 66 measures current drawn by the motor 32 and
indicates system high-side faults such as overcharged refrigerant, dirty heat-exchanger
coils, or condenser-fan failure within the system 11. Each of the aforementioned faults
causes the compressor 10 to increase the pressure of the refrigerant to force the
refrigerant throughout the system 10. For example, when a heat-exchanger coil is
blocked, a condenser fan is seized, or the refrigerant is overcharged, the refrigerant
within the system 11 does not fully vaporize and the compressor 10 is forced to push
liquid-phase refrigerant through the system 11.

[0059] The compressor 10 works harder to move liquid refrigerant through
the system 11 versus moving a vaporized refrigerant through the same system 11
because liquid refrigerant experiences a greater frictional resistance (i.e., between the
refrigerant and conduit(s) of the system 11). Furthermore, liquid refrigerant is more
dense than vaporized refrigerant and therefore requires greater condenser pressure
than would an equivalent amount of vaporized refrigerant. When the compressor 10 is
forced to work harder, the motor 32 draws additional current, which is detected by
sensor 66 and reported to the processing circulitry 70.

[0060] Sensor 68 generally provides diagnostics related to low-side faults
such as a low charge in the refrigerant, a plugged orifice, a evaporator blower failure, or .
a leak in the compressor. Sensor 68 may be disposed proximate to the discharge outlet
24 or the discharge passage 52 (FIG. 4) of the compressor 10 and monitors a discharge
line temperature of a compressed fluid exiting the compressor 10. The sensor 68 may
be located proximate to the compressor outlet fitting 24, generally external to the
compréssor shell 14, as shown in FIG. 2. Locating sensor 68 external of the shell 14,
allows flexibility in compressor and system design by providing sensor 68 with the ability
to be readily adapted for use with practically any compressor and in any system.

[0061] While sensor 68 may provide discharge line temperature information,
the control system 12 may also include a suction pressure sensor 17 or low-side
temperature sensor 19 (i.e., either mounted proximate an inlet of the compressor 10 or
mounted in an external system such as an evaporator). Any, or all of the foregoing
sensors may be used in conjunction with sensor 68 to provide the control system 12

with additional system information.
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[0062] While sensor 68 may be positioned external to the shell 14 of the
compressor 10, the discharge temperature of the compressor 10 may similarly be
measured within the shell 14 of the compressor 10, as shown in FIG. 3. A discharge
port temperature, taken generally at the discharge fitting 24, could be used in place of
the discharge line temperature arrangement shown in FIG. 2. A hermetic terminal
assembly 74 may be used with such an internal discharge temperature sensor to
maintain the sealed nature of the compressor shell 14, and, can easily be
accommodated by a hermetic terminal assembly.

[0063] Sensor 68 provides the protection and control system 12 with the
ability to quickly detect low-side faults such as a blower failure or a loss of refrigerant
charge without requiring independent pressure and suction-temperature sensors
disposed throughout the compressor 10 and system 11. The sensor 68 detects and
monitors discharge line temperature, and, as such, is a strong cumulating point of
compression heat. Thus, sensor 68 is able to quickly detect a rise in temperature within
the compressor 10 and send a signal to the processing circuitry 70.

[0064] Common causes of an increased discharge line temperature include
a loss of refrigerant charge or a restricted flow of refrigerant due to blower failure or
blocked orifice because the amount of refrigerant entering the low-side, or suction side,
of the compressor 10 is reduced. When the flow of refrigerant is decreased, the power
consumed by the compressor motor 32 and associated internal components exceeds
the amount needed to compress the entering refrigerant, thereby causing the motor 32
and associated internal components of the compressor 10 to experience a rise in
temperature. The increased motor and component temperature is partially dissipated to
the compressed refrigerant, which is then superheated more than under normal
operating conditions. Sensor 68 detects the increase in compressed refrigerant
temperature as the refrigerant exits the shell 14 through discharge fitting 24.

[0065] The relationship between discharge superheat and suction superheat
is provided in FIG. 5. In general, the relationship between discharge superheat and
suction superheat is generally linear under most low-side fault conditions and governed
by the following equation where SHy is discharge superheat, SH; is suction superheat,
and Tamp IS ambient temperature:

SHg = (1.3 * SHs + 30 degrees F) + (0.5 * (Tamo — 95 degrees F))

[0066] The generally linear relationship between suction superheat and
discharge superheat allows sensor 68 to quickly detect an increase in suction
superheat, even though sensor 68 is disposed near an outlet of the compressor 10.
The relationship between discharge temperature and suction temperature is further
illustrated in FIG. 6, which shows how discharge line temperature is affected by an

9
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increase in suction line temperature. The relationship shown in FIG. 6 allows sensor 68
to quickly detect a low side fault caused by a high suction temperature (such as a low
charge condition or a plugged orifice), even though sensor 68 is disposed near an outlet
of the compressor 10.

[0067] In addition to determining low-side faults associated with a rise in
suction temperature, sensor 68 is also able to detect faults associated with changes in
suction pressure. FIG. 7 shows how suction pressure decreases rapidly for a low-side
fault, such as loss of charge or compressor high-low leak. The rapid decrease in
suction pressure causes a concurrent increase in suction, thus causing an increase in
discharge line temperature, as shown in FIG. 6. Therefore, the control system 12 is
able to declare a low-side fault (such as a restricted thermal expansion valve) based on
readings from sensor 68, as will be described further below with respect to FIGS. 12 and
13.

[0068] When the compressor 10 is initially started after a sufficiently long off
period, the initial discharge line temperature is generally close to-ambient temperature
as the compressor 10 has yet to cycle refrigerant through the system. To account for
different environments (i.e., different ambient conditions), and to reduce the influence of
the environment on the ability of sensor 68 to quickly and accurately monitor the
discharge line temperature, sensor 68 monitors the rise in discharge line temperature
within the first thirty to sixty seconds following startup of the compressor 10.

[0069] The sensor eliminates the necessity of the compressor 10 to reach a
steady state prior to taking a temperature reading. For example, suction pressure
decreases the fastest during the first thirty to sixty seconds of compressor operation
under low-side fault conditions. The decrease in suction pressure results in a higher
compression ratio and more overheating. The overheating is detected by sensor 68
within the first thirty to sixty seconds of compressor operation. Without such an
arrangement, sensor 68 may become sensitive to the surrounding environment, thereby
increasing the time in which sensor 68 must wait to take a temperature reading. By
taking the temperature reading shortly after startup (i.e., within thirty to sixty seconds),
sensor 68 is able to quickly and consistently detect a low-side fault such as loss of
suction pressure, independent of ambient conditions.

[0070] Generally speaking, a high-side or a low-side sensor value changes
with three basic operating stages of the compressor 10; start-up, quasi-steady state,
and steady-state. The values taken at each stage may be used by the control system
12 to monitor and diagnose high-side and low-side faults. For example, FIG. 8 shows a
plot of a high-side or low-side sensor during start-up, quasi-steady state, and steady-
state stages of an exemplary compressor 10. For a normal plot, discharge line

10
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temperature and current should typically increase gradually during the first sixty seconds
of start-up and should start to become more linear during the quasi-steady state stage,
which could take approximately 10 minutes. Once in the steady-state stage, the plot
should be constant (i.e., no changes in readings taken by sensors 66, 68) and should
remain as such throughout operation of the compressor 10 unless ambient temperature
changes suddenly. By monitoring the rate of change of sensors 66, 68 over time, each
time period (i.e., start-up, quasi-steady state, and steady state) can be determined for
various operating ambient temperatures.

[0071] For example, a defrost cycle can be detected for a heat pump
operating in a heating mode when the sensors 66, 68 detect a sudden change in current
and/or discharge line temperature. The change in current and discharge line
temperature is a result of the compressor 10 ceasing operation to allow the system 11 to
perform a defrost. Therefore, sensors 66, 68, in combination with processing circuitry
70, are able to detect a defrost cycle during compressor start-up, quasi-steady state,
and steady-state operating conditions.

[0072] If a defrost cycle is not realized for a predetermined amount of time
(i.e., generally more than six hours of compressor run time) than the control system 12
can declare a stuck reversing valve. When the steady-state is not realized, such that
sensors 66, 68 do not reach a stabilized state, the control 12 system may declare that a
thermal expansion valve is “hunting.” The thermal expansion valve is deemed to be
“hunting” when the valve continuously modulates its position (i.e., “hunting” for a steady-
state position).

[0073] For a low-side fault, discharge line temperature increases more
rapidly during start-up as compared to the normal plot. As such, higher sensor values
are realized during the quasi-steady state and steady-state stages. Therefore, the
control system 12 is able to quickly determine a low-side fault based on the sharp rise in
discharge line temperature during start-up and then is further able to confirm the fault
when higher-than-normal conditions are also realized during both the quasi-steady state
and steady-state stage.

[0074] Sensor 68 monitors the discharge line temperature of the compressor
10 during periods where the responses in suction and/or discharge pressures are most
representative of the system fault. In other words, depending on the correlation
between the sensed temperature and the time in which the temperature is taken,
indicates a particular fault. Discharge line temperature typically increases with
compression ratio and suction superheat. Therefore, several specific low-side system
faults can be differentiated such as restricted flow orifice, system fan failure (i.e., an

evaporator or condenser fan, etc.), loss of refrigerant charge, or compressor internal
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leak by analyzing the different discharge line temperature signatures. FIG. 12 shows an
example of a low-side sensor response as represented by the compressor discharge
line temperature under normal condition versus a low-refrigerant charge condition. It
can be seen that the rise in discharge line temperature is significantly different in the first
thirty to sixty seconds as well as during the steady-state condition between the normal
and low-side fault modes. FIG. 13 shows further an illustration of how all other fault
modes could be detected differentially by sensor 68 within the first thirty to sixty second
period versus the longer time periods after compressor start up.

[0075] The thirty to sixty second time period can be adjusted as needed to
accommodate differences between cooling and heating modes of a heat pump through
use of an ambient temperature sensor (described below). It should be noted that it is
also possible to set this time period differently for various capacity stages in the case of
a variable-capacity compressor. By comparing the signals produced by sensor 66 with
those with sensor 68, low-side and high-side faults can be accurately and quickly
differentiated by the processing circuitry 70, as will be discussed further below.

[0076] The high-side and low-side signals produced by sensors 66, 68,
respectively, are sent to the processing circuitry 70 to compare the operating
parameters to base-line parameters, as shown in FIGS. 10 and 11. The base-line
parameters are determined at installation of the compressor 10 to determine “normal” or
no-fault operating conditions for the compressor 10 and system 11.

[0077] At installation, the “signature” of compressor current versus time is
determined for use in differentiating high-side faults such as condenser fan failure
versus refrigerant overcharging. The “signature” of the compressor current versus time
is referred to as the baseline reading (BL) for the system and is used in determining fault
conditions. The calibration of sensor 66 for a particular compressor size or installation
can be avoided by adaptively detecting the normal, no-fault current versus ambient
temperatures during the first 24 to 48 hours of operation following initial installation.

[0078] The no-fault signature of current versus time provides the processing
circuitry 70 with a baseline to use in comparing current sensed by sensors 66, 68. For
example, the processing circuitry 70 will declare a high-side fault when the sensed
current exceeds this initial baseline value by a predetermined amount, as shown in FIG.
14. It should be noted that in addition to sensor 66, that voltage sensing might further
be required to allow for adjustment for current due to voltage fluctuation in the field.

[0079] An ambient temperature sensor 76 is provided for use in calculating
the compressor current versus time, whereby the ambient temperature sensor 76
provides the ambient temperature for the given environment. For lower cost, the

ambient sensor 76 can also be incorporated directly onto an electronic circuitry board of
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the controller that provides the processing circuitry 70. Alternatively, the ambient
temperature for a given environment can be determined by performing a regression
equation fitting the discharge line temperature, the sensed ambient temperature
reading, and the compressor-off time. Also, the initial discharge line temperature value
determined at compressor start-up can be used as an approximation of ambient
temperature as ambient temperature does not usually change over the first ten to 15
minutes of compressor operation.

[0080] With particular reference to FIGS. 9-17, operation of the protection
and control system 12 will be described in detail. Generally speaking, the compressor
protection and control system 12 uses the compressor 10 as a system sensor with two
cumulating parameters. Because a high-side fault typically causes a faster response
than a low-side fault, the priority is to first use compressor current to determine if a high-
side fault exists before proceeding to determine any low-side faults. In this manner, the
compressor protection and control system 12 is able to quickly sense and differentiate
between high-side and low-side faults.

[0081] FIG. 16 shows the compressor 10 incorporated into a heat pump
system 11 having an evaporator coil 80, a condenser 82, an evaporator fan 84, a
condenser fan 86, and an expansion device 88. The protection and control system 12 is
incorporated into the system 11 to detect and differentiate between high-side faults such
as system fan failure or refrigerant overcharging and low-side faults such as evaporator
or condenser fan failure and low-refrigerant charge.

[0082] At installation, the baseline signature of compressor current versus
time is determined for use in differentiating high-side faults. Once the baseline is
determined, the processing circuitry 70, in combination with sensors 66, 68, serves to
monitor and diagnose particular compressor and system faults. The processing circuitry
70 works in conjunction with sensors 66, 68 to direct the power interruption system 72 to
toggle the compressor between a normal operating mode, a reduced-capacity mode,
and a shutdown mode. | '

[0083] Control algorithms for sensors 66, 68 are provided at FIGS. 10 and
11. It should be noted that the data ranges defining individual high-side and low-side
faults in FIGS. 10 and 11 are exemplary in nature, and as such, may be modified for
different systems.

[0084] At startup of the compressor 10, sensor 66 measures the relative
current (i.e., as compared to the baseline) to determine if a high-side fault exists. The
processing circuitry 70 receives current and voltage data from sensor 66 and processes
the data into a power-consumption-over-time signature. Specifically, the processing
circuitry 70 receives the current and voltage data and determines the power (VA) by the
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following formula: VA = current * voltage. The power value (VA) is then compared to the
baseline signature (BL) determined at installation under normal/no-fault operating
conditions.

[0085] If the power drawn by the motor 32 is greater than about 1.3 times
the baseline signature (current over time) for the first 30 seconds of operation, the
processing circuitry 70 determines a high-side fault. The processing circuitry 70
determines a high-side fault (either that the refrigerant is overcharged or that the
condenser coil is dirty) based on the value of the measured current being relatively
higher than nominal (i.e., about 1.3 times the baseline signature), as shown in FIG. 10
and 14. In contrast, the processing circuitry 70 determines a low-side fault (either low
refrigerant or evaporator coil is dirty) based on the measured current being relatively
lower than nominal (i.e., about 0.9 times the baseline signature).

[0086] If the detected value is about 1.5 times greater than the baseline
signature within 30 seconds of operation and the current drawn by the motor 32 after
the first ten minutes is less than about 0.7 times the base line value, the processing
circuitry 70 indicates a different high-side failure mode. Specifically, if the current drawn
by the motor 32 is greater than about 1.5 times the baseline value for the first 30
seconds and the current drawn by the motor 32 after the first ten minutes is less than
about 0.7 times the base line value, then the processing circuitry 70 indicates a
condenser-fan failure, as best shown in FIG. 14. This significant change is detected as
a condition due to compressor motor stalling and reversing direction. In either event,
the processing circuitry 70 will direct the power interruption system 72 to restrict power
to the compressor 10 to either stop operation or to allow the compressor 10 to function
in a reduced capacity.

[0087]  Sensor 68 works with sensor 66 to provide the processing circuitry 70
with enough information to quickly and accurately determine the compressor and
system operating parameters within 30 seconds of startup. Within the first 30 seconds
of startup, sensor 68 measures discharge line temperature and creates a signal
indicative thereof. The signal is sent to the processing circuitry 70 to determine the
proper operating mode for the compressor (i.e., normal mode, reduced-capacity mode,
or shutdown mode), as shown in FIG. 15.

[0088] If the sensed temperature rise after compressor start up is greater
than 70 degrees for example (roughly 1.5 times normal), and the power consumption is
less than about 0.9 times the baseline value after ten minutes, a low charge or plugged
orifice fault is declared, as best shown in FIG. 13. If the sensed temperature rise is less
than 50 degrees within the first 30 seconds of operation, but greater than 100 degrees
after 15 minutes of operation, with a power value of less than about 0.9 times the
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baseline after ten minutes of operation, a blower failure or thermal expansion valve
failure is declared, as best shown in FIG. 13. If the sensed temperature is less than 45
degrees after the first 30 seconds of operation, but greater than 25 degrees after the
first 15 minutes of operation, with a power value of less than about 0.9 times the
baseline after ten minutes of operation, a blower failure or plugged orifice fault is
declared. Finally, if the sensed temperature is less than 25 degrees, with a power value
of less than about 0.9 times the baseline after ten minutes of operation, a compressor
leak is declared.

[0089] If the processing circuitry 70 determines that the compressor 10 and
system 11 are functioning within predetermined operating parameters, the system 70
will allow operation of the compressor 10 and system 11. The processing circuitry 70
works in conjunction with sensors 66, 68 to differentiae between a high-side and a low-
side compressor and system faults. Additionally, the processing circuitry 70 and
sensors 66, 68 function to differentiate between specific high-side and low-side faults to
direct a homeowner or serviceperson to the particular compressor or system fault. In
doing so, the priority is to first use compressor current to determine if there is a high-
side fault before proceeding to determine any low-side faults. In this manner, the two
faults (i.e., high-side and low-side) can be differentiated over time in terms of which
occurred first to quickly and accurately determine a specific high or low-side fault.

[0090] The protection and control system 12 further includes a plurality of
light emitting devices (LEDs) to alert a user as to the state of the compressor and
system 10, 12. In one configuration, the system 12 includes a green LED, a yellow
LED, and a red LED 90, 92, 94, as shown in FIGS. 1 and 9. The green LED 92 is
illuminated when the compressor is functioning under normal conditions and no fault is
detected by -sensors 66, 68. The yellow LED 94 is illuminated to designate a system
fault. Specifically, if the sensors 66, 68 detect a fault condition using the control
algorithms previously discussed, the processing circuitry 70 will illuminate the yellow
LED 92 to alert a user of a system fault. It should be noted that the when a system fault
is detected, but the compressor 10 is otherwise functioning normally, that the yellow
LED 92 will be illuminated to denote that the compressor 10 is functioning within
predetermined acceptable parameters, but that the system 11 is experiencing a system-
related fault.

[0091] The red LED 94 is only illuminated when the compressor 10
experiences an internal compressor fault. In this manner, when both the compressor 10
and system 11 experience a fault, both the green and red LEDs 90, 94 will be
illuminated. When a compressor fault is detected, only the red LED 94 will be
illuminated. In sum, the green, yellow, and red LEDs 90, 92, 94 are independently
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illuminated to specifically differentiate between compressor and system faults. Such a
distinction proves to be a valuable tool to the user or repairperson. For example, a user
or repairperson can quickly look to the LEDs 90, 92, 94, displayed on the electrical box
28 of the compressor 10, and quickly diagnose the problem. As can be appreciated,
such a diagnostic system prevents incorrect diagnosis and unnecessary replacement of
functioning compressors.

[0092] The processing circuitry 70 may communicate the compressor and
system fault status and data to a central system in addition to illuminating the LEDs 90,
92, 94. In other words, the processing circuitry 70 may be linked to a network 100 to
provide compressor and system operating parameters (FIG. 17). Compressor and
system operating parameters may be collected and analyzed by the network 100 to
anticipate and protect against future compressor and/or system faults. For example, if a
the compressor 10 experiences a broken seal at or around a certain number of cycles,
an operator can plan to service the compressor 10 during a shutdown period, rather
than shut down the compressor 10 and system 11 during normal use. As can be
appreciated, such scheduled maintenance prevents shutting down the compressor 10
and system 11 during normal use, thereby increasing compressor and system
efficiency.

[0093] The system controller can confirm the diagnosis of the processing
circuitry 70 by independently checking the status of other sensors and components that
it may have access to, such as fan speed, coil temperature, etc. For example, the
system controller can confirm a fan failure finding of the processing circuitry 70 based
on fan speed data available to the controller.

[0094] The network 100, in addition to including a system controller, can also
include a hand-held computing device such as a personal data assistant or a smart cell
phone, schematically represented as 71 in FIG. 17. The hand-held computing device
71 can be used by a technician or repairperson to communicate with the processing
circuitry 70. For example, the hand-held device provides the technician or repairperson
with the ability to instantly check compressor operating conditions (i.e., discharge line
temperature and current data, for example) either locally (i.e., on-site) or from a remote
location. As can be appreciated, such a device becomes useful when a plurality of
compressors 10 are linked to a system controller over a large network 100 as
compressor operating data can be quickly requested and received at any location within
a facility.

[0095] As previously discussed, the processing circuitry 70 receives high-
side and low-side signals from respective sensors 66, 68 to dictate the compressor
mode via the power interruption system 72. The combination of the current sensing
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(i.e., sensor 66) and the discharge line temperature (i.e., sensor 68) provides an
opportunity for performing “smart” system protection.

[0096] The smart system provides the protection and control system 12 with
the ability to differentiate between “soft” and “hard” protection.. For example, upon
detection of a low-side fault, “soft’ mode would allow continued operation of the
compressor with intermittent power restriction in an effort to allow the compressor 10 to
operate in a reduced fashion, as shown in FIG. 15. The reduced operation of the
compressor 10 is allowed to provide continued refrigeration (or heating in a heat pump
application) prior to repair provided that the reduced operation is deemed safe. Such
operation of the compressor 10 may be achieved through use of actuation assembly 51.

[0097] For example, if a particular low-side fault permits operation of the
compressor 10 at a reduced capacity (i.e., a so-called “limp-along mode”), the actuation
assembly 51, through controller 55, may separate orbiting scroll wraps 42 from non-
orbiting scroll wraps 50 through interaction between the solenoid 53 and the orbiting
scroll member 40. Separation of orbiting scroll wrap 42 from non-orbiting scroll wrap 50
permits a reduction in compressor capacity and therefore allows the compressor 10 to
operate during certain low-side faults.

[0098] However, if a severe high-temperature low-side fault (i.e., discharge
line temperature above 260 degrees F) is detected, or a severe low temperature low-
side fault (i.e., discharge line temperature below 135 degrees F), the processing circuitry
70 will direct the power interruption system 72 to place the compressor 10 into the
shutdown mode until repairs are performed, as shown in FIG. 15.

[0099] While FIG. 15 depicts an operating temperature range for low-side
faults, it should be understood that temperature ranges defining compressor operating
modes for low-side faults may range depending on the particular compressor 10 or
system 11. In other words, the specific ranges defining normal, reduced-capacity, and
shutdown modes may vary depending on the particular compressor 10 and application.
A similar graph could be created for defining a normal, reduced-capacity, and shutdown
mode using specific high-side faults. Such an arrangement would define acceptable
power consumption ranges for the compressor and would therefore dictate acceptable
faults under which the compressor 10 could continue operation under a reduced-
capacity mode without causing damage. Again, high-side ranges defining acceptable
operating parameters may similarly fluctuate depending on the particular compressor 10
and system 11.

[00100] The processing circuitry 70 is able to dictate the specific operating
mode for the compressor 10 by knowing the cause of a particular high-side or low-side

fault. For example, if the circuitry 70 knows that a particular low-side fault will trip an
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internal protector 102 in 45 minutes, the compressor 10 may continue to run safely for
about 30 minutes. Such a fault places the compressor 10 in the “soft” mode, whereby
the processing circuitry 70 directs the power interruption system 72 to restrict power to
the compressor 10 at 30 minutes to avoid tripping the internal protector 102 and/or
separates the orbiting scroll wrap 42 from the non-orbiting scroll wrap 48 via actuation
assembly 51.

[00101] A “hard” mode disrupts power to the compressor 10 to effectively
shutdown further operation until service and repairs are performed. The “hard” mode is
only engaged if necessary to protect the compressor and system 10, 11 and to prevent
major repairs. Again, the only way for the processing circuitry 70 to know if continued
operation is acceptable is to know the particular cause of the fault. In the case of the
“hard” mode, the processing circuitry 72 directs the power interruption system 72 to
restrict all power to the compressor 10, thereby placing the compressor 10 in the
shutdown mode.

[00102] In addition to sensing and diagnosing high-side and low-side faults,
the compressor protection and control system 12 also provides the user with the ability
to track and control power consumption and energy usage by the compressor 10. FIG.
17 shows a schematic diagram incorporating a power consumption algorithm into the
network 100. Monitoring and storing current and voltage data, allows the user to
estimate compressor power consumption. Specifically, by multiplying the voltage by the
current, power consumption for the compressor and system 10, 11 can be determined.

[00103] By muiltiplying the product of voltage and current by an estimated
power factor, power consumption for the compressor 10 and system 11 can be
accurately determined. The power factor essentially corrects the supplied power
reading from a utility meter and provides an indication of the actual power consumed
(i.e., actual power consumed by the compressor 10). The power data can be integrated
over time to provide energy usage data such as kilowatts per day/month. Such data
may be useful for energy and system performance analysis.

[00104] As described, the compressor protection and control system 12
receives discharge line temperature data from sensor 68 and current data from sensor
66 to determine, and differentiate between, high-side and low-side faults. The
information is used generally to determine, and differentiate between, high-side and low-
side faults to better diagnose compressor and system failures. In addition to the
foregoing, such information can also be used to determine other operating parameters
associated with the compressor 10 and system 11. Specifically, discharge line
temperature data and current data can be used to determine condenser temperature,

evaporator temperature, suction superheat, discharge superheat, compressor capacity,
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and compressor efficiency. Such information is useful in optimizing compressor and
system operation as well as in simplifying and streamlining compressor installation, as
will be described further below.

[00105] With reference to FIG. 18, a fault tree 110 is provided that illustrates
how the compressor protection and control system 12 uses the discharge line
temperature and current information to determine specific faults related to compressor
operation, using such variables as condenser temperature and evaporator temperature.
The evaporator and condenser temperatures are determined from the discharge line
temperature and current data obtained by sensors 66, 68, as will be described further
below.

[00106] When the system 11 experiences an insufficient cooling or no cooling
condition, the system 12 determines if the compressor 10 has failed, is running but
cycles on a protector, or is running but at low capacity. If the compressor 10 has failed,
the control system 12 differentiates between an electrical failure and a mechanical
failure. If the failure is deemed an electrical failure, the system 12 checks the
compressor motor and associated electrical components. |f the failure is deemed a
mechanical failure, the system 12 checks for a locked rotor condition.

[00107] If the compressor 10 is running but cycles on a protector, the system
12 determines if the system is experiencing a low voltage condition. In addition, the
system 12 also checks for a high condenser temperature/high current condition or for a
low evaporator temperature/low current condition. If a high condenser temperature/high
current condition is determined, a high-side fault is declared. If a low evaporator
temperature/low current condition is determined, a low-side fault is declared. If a low
gvaporator temperature/low current condition is determined in conjunction with a high
discharge temperature, the system 12 is further able to declare that the fault is either a
loss of charge, a plugged orifice, or a blower/thermal expansion valve failure. If a low
evaporator temperature/low current condition is determined in conjunction with a low
discharge temperature, the system 12 is further able to declare that the fault is either a
blower/orifice failure or an oversized orifice.

[00108] If the compressor 10 is running, but at low capacity, the system 12
checks for a high evaporator/low current condition. If the high evaporator/low current
condition is accompanied by a loW discharge temperature, the system 12 declares an
internal compressor hi-low leak.

[00109] The above fault tree 110 relies on evaporator temperature and
condenser temperature readings in addition to the current and discharge temperature
readings to determine the fault experienced by the compressor 10 or system 11. The

system 12 can obtain such information by use of temperature or pressure sensors
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disposed in each of the evaporator 80 or the condenser 82. In such a system, the
temperature or pressure readings are simply read by the individual sensor and delivered
to the processing circuitry 70 for processing or could be obtained from another system
controller. Alternatively, use of such sensors, while effective, increases the cost and
complexity of the overall system cost.

[00110] As a preferred alternative to use of such sensors, the present system
12 can alternatively determine the evaporator temperature and condenser temperature
based solely on the discharge line temperature and current information received from
sensors 66, 68. With reference to FIG. 19, a graph showing compressor power as a
function of evaporator temperature (Tevsp) and condenser temperature (Teong). As
shown, power remains fairly constant irrespective of evaporator temperature.
Therefore, while an exact evaporator temperature is determined by a second degree
polynomial (i.e., a quadratic function), for purposes of control, the evaporator
temperature can be determined by a fist degree polynomial (i.e., linear function) and can
be approximated as roughly 45 degrees F, for example in a cooling mode. In other
words, the error associated with choosing an incorrect evaporator temperature is
minimal when determining condenser temperature.

[00111] The graph of FIG. 19 includes compressor power on the Y-axis and
condenser temperature on the X-axis. Compressor power P is determined through
application of the following equation, where A is the measured compressor current
obtained by sensor 66 and V is the measured voltage V (Obtained by a voltage sensor):

P=V*A

[00112] The condenser temperature is calculated for the individual
compressor and is therefore compressor model and size specific. The following
equation is used in determining condenser temperature, where P is compressor power,
CO0-C9 are compressor-specific constants, Teong iS condenser temperature, and Teyqp iS
evaporator temperature:

P =C0 + (C1 ™ Teong) + (C2 * Tevap) + (C3 * Teond™2) + (C4 * Teond * Tevap) + (C5 * Teyay2) +

(C6 * Teond™3) + (C7 * Tevap * Teond™2) + (C8 * Teond ™ Tevap™2) + (C9 * Teyap”\3)

[00113] The above equation is applicable to all compressors, with constants
C0-C-9 being compressor model and size specific, as published by compressor
manufacturers, and can be simplified as necessary by reducing the equation to a
second-order polynomial with minimal compromise on accuracy. The equations and
constants can be loaded into the processing circuitry 70 by the manufacturer, in the field
during installation using a hand-held service tool, or downloaded directly to the
processing circuitry 70 from the internet.
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[00114] The condenser temperature, at a specific compressor power (based
on measured current draw by sensor 66), is determined by referencing a plot of
evaporator temperature (as either a first degree or a second degree polynomial) for a
given system versus compressor power consumption. The condenser temperature can
be read by cross-referencing a measured current reading against the evaporator
temperature plot. Therefore, the condenser temperature is simply a function of reading
a current drawn at sensor 66. For example, FIG. 13 shows an exemplary power
consumption of 3400 waits (as determined by the current draw read by sensor 66). The
processing circuitry 70 is able to determine the condenser temperature by simply cross-
referencing power consumption of 3400 watts for a given evaporator temperature (i.e.,
45 degrees F, 50 degrees F, 55 degrees F, as shown) to determine the corresponding
condenser temperature. |t should be noted that the evaporator temperature can be
approximated as being either 45 degrees F, 50 degrees F, or 55 degrees F without
materially affecting the condenser temperature calculation. Therefore, 45 degrees F is
typically chosen by the system 12 when making the above calculation.

[00115] With reference to FIG. 20, once the condenser temperature is known,
the exact evaporator temperature can be determined by plotting discharge line
temperature versus condenser temperature. It should be noted that the evaporator
temperature used in determining the condenser temperature is an approximated value
(typically between 45-55 degrees F). The approximation does not greatly affect the
condenser temperature calculation, and therefore, such approximations are acceptable.
However, when making capacity and efficiency calculations, the exact evaporator
temperature is required.

[00116] The evaporator temperature is determined by referencing a discharge
line temperature, as sensed by sensor 66, against the calculated condenser
temperature (i.e., from FIG. 19) and can be accurately determined through iterations.
The resulting evaporator temperature is a more specific representation of the true
evaporator temperature and is therefore more useful in making capacity and efficiency
calculations.

[00117] Once the condenser and evaporator temperatures are known, the
compressor mass flow, compressor capacity, and compressor efficiency can all be
determined. Compressor mass flow is determined by plotting condenser temperature
and evaporator temperature as a function of mass flow (bm/hr) and discharge line
temperature. The mass flow is determined by referencing the intersection of evaporator
temperature and condenser temperature at a sensed discharge line temperature. For

example, FIG. 21 shows that for a 180 degrees F discharge line temperature, a 120
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degrees F evaporator temperature, and a 49 degrees F evaporator temperature, the

mass flow of the compressor is roughly 600 bm/hr.

[00118] FIG. 22 is a flowchart that demonstrates both a compressor capacity
algorithm and a compressor efficiency algorithm. Both algorithms use discharge line
temperature and current in making the capacity and efficiency calculations.

[00119] Compressor capacity is determined by first obtaining discharge line
temperature and current data from respective sensors 66, 68. Once the data is
collected, the compressor nominal capacity size is referenced by the processing circuitry
70 to establish constants C0-C9. The above data allows the processing circuitry 70 to
calculate condenser temperature and evaporator temperature, as previously discussed.
Such information further allows the processing circuitry 70 to determine compressor
capacity information through application of the following equation, where X is
compressor capacity, YO-Y9 are compressor-specific constants, Tqng iS condenser
temperature, and Te,4p IS evaporator temperature:

X=Y0 + (Y1 * Teona) + (Y2 * Tevap) + (Y3 * Toond™2) + (Y4 * Teona * Tevap) + (Y5 ™ Tevap2) +
(Y6 ™ Teond”3) + (Y7 * Tevap ™ Teond™2) + (Y8 ™ Toond ™ Tevap™2) + (Y9 * Teyap”3)
[00120] The above equation is applicable to all compressors, with constants

Y0-Y-9 being compressor model and size specific, as published by compressor

manufacturers. The equations and constants can be loaded into the processing circuitry

70 by the manufacturer or in the field during installation using a hand-held service tool.

The equations and constants can be loaded into the processing circuitry 70 by the

manufacturer, in the field during installation using a hand-held service tool, or

downloaded directly to the processing circuitry 70 from the internet.

[00121] With reference to FIG. 23, compressor capacity can be determined
for different evaporator temperatures by plotting compressor capacity versus condenser
temperature. Compressor nominal tonnage size can be determined by plotting
compressor power versus ambient temperature, as shown in FIG. 24. In this manner,
for a given compressor with predefined constants (i.e., Y0-Y9), the proceésing circuitry
simply references the calculated condenser temperature against the calculated
evaporator temperature or compressor tonnage to determine the compressor capacity.

[00122] Compressor efficiency is determined by plotting the evaporator
temperature as a function of compressor efficiency and condenser temperature.
Condenser and evaporator temperatures are determined by measuring discharge line
temperature and current at sensors 66, 68. Once the processing circuitry 70 determines
the evaporator temperature and condenser temperature, the compressor efficiency can

be determined, as shown in FIG. 25.

22



10

15

20

25

30

35

WO 2005/108882 PCT/US2005/011154

[00123] System efficiency is determined by first determining the net
evaporator coil capacity by adjusting for suction line superheat and blower heat, as
shown in FIG. 22. The suction line superheat is determined by first determining
discharge superheat using the following equation:

SH, = Discharge Line Temperature - Teong

[00124] Once the discharge superheat is determined, the suction superheat

can be determined using the following equation, graphically represented in FIG. 5:
SHg = (1.8 * SHg + 30°) + (0.5 * (Tamo - 95°))

[00125] The system efficiency is derived as a ratio of the net evaporator coil
capacity over the sum of compressor, fan, and blower power once the system is at
steady-state. Determining system efficacy at either start-up or quasi-steady state does
not provide a reliable indication of system efficiency. Therefore, system efficiency must
be determined once the system 11 is at steady state (i.e., compressor 10 has run for
roughly 10 minutes). The compressor power is determined by measuring. the current at
68. The blower and fan power can be measured by similar current sensors and relayed
to the processing circuitry 70 and/or the system controller.

[00126] Once compressor capacity is determined, condensing temperature
and ambient temperature can used to confirm a high-side or a low-side fault. FIG. 26
shows a graph of condenser temperature difference (TD) versus capacity. Generally
speaking, a fault yielding about 50 percent of normal condenser TD is deemed a severe
low-side fault, while a fault yielding greater than about 150 percent of normal condenser
TD is deemed as sever high-side fault. Such calculations allow the processing circuitry
to further categorize faults and confirm fault determinations.

[00127] FIG. 27 provides an additional approach to categorizing a fault as
either a low-side fault or a high-side fault and even allows the processing circuitry 70 to
declare varying degrées of high-side and low-side faults. A normal temperature
difference (TD) defined generally between a TD1 and a TD 2, may have varying
degrees of high-side and low-side faults such as mild high-side faults, severe high-side
faults, mild low-side faults, and severe low-side faults. Such categorization provides the
control system 12 with the ability to allow the compressor 10 to operate under certain
fault conditions either at full capacity or at a reduced capacity or cease operation all
together.

[00128] For example, under a mild high-side or low-side fault, the processing
circuitry 70 may allow the compressor 10 to operate in a “limp-along” mode to provide
operation of the compressor at a reduced output, while some faults, such as a severe

high-side or low-side fault require the processing circuitry 70 to immediately shut down

23



10

15

20

25

30

35

WO 2005/108882 PCT/US2005/011154

the compressor 10. Such operation adequately protects the compressor 10 while
allowing some use of the compressor 10 under less-severe fault conditions.

[00129] [n addition to stratifying faults based on temperature difference, the
control system 12 can also categorize faults (i.e., severe, mild, etc.) based on discharge
superheat, as shown in FIG. 28. Discharge superheat is generally referred to as the
difference between discharge line temperature and condenser temperature, as
previously discussed. Such categorization allows the processing circuitry 70 to similarly
allow the compressor 10 to operate, even at a reduced capacity, when certain fault
conditions are present. Such operation adequately protects the compressor 10 by
ceasing operation of the compressor 10 under severe conditions such as floodback and
wet suction conditions while currently optimizing output of the compressor 10 by
allowing some use of the compressor 10 under less-severe fault conditions.

[00130] In addition to providing information regarding compressor and system
fault information, sensors 66, 68 can also be used during installation. FIG. 29
represents a flowchart detailing an exemplary installation check of the compressor 10
based on condenser TD and discharge superheat. After installation is complete, the
initial efficiency of the compressor 10 is determined, as shown in FIG. 22.

[00131] At installation, the compressor 10 is charged with refrigerant and is
run for thirty minutes. The processing circuitry 70 is able to determine condenser
temperature, evaporator temperature, discharge superheat, and suction superheat by
monitoring sensor 66, 68, as previously discussed. Such information allows the installer
to determine an exact cause of a fault at installation such as a fan blockage or an over
or under charge, as shown in FIG. 29. For example. If the condenser temperature is
above a predetermined level, an installer. would look to see if either the system 11 is
overcharged or if the condenser fan is blocked. Conversely, if the condenser
temperature is below a predetermined level, the installer would check the discharge
superheat to differentiate between an over/under charge and between a blocked
evaporator/condenser fan. Therefore, sensors 66, 68 allow the installer to diagnose the
compressor 10 and system 11 without requiring external gauges and equipment.

[00132] FIG. 31 shows that the discharge line temperature can be used in
conjunction with the ambient temperature sensor to provide an installer with an
additional diagnostic tool.  Specifically, particular temperature differences (i.e.,
discharge line temperature — ambient temperature) relate to specific fault conditions.
Therefore, this temperature difference is useful to the installer in properly diagnosing the
compressor 10 and system 11.

[00133] FIG. 32 further demonstrates that after the discharge line temperature

is checked at installation, that current measurements can be used to further diagnose
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the compressor 10 and system 11. Specifically, once the discharge line temperature is
known to be satisfactory, the current readings taken by sensor 66 can narrow-down
additional areas of concern.

[00134] As described, the protection and control system 12 uses a single set
of dependent variables (i.e., discharge line temperature and current) to derive a
multitude of independent variables (i.e., evaporator temperature, condenser
temperature, and suction superheat). Such independent variables are then used by the
system 12, in conjunction with the dependent variables, to diagnose the compressor 10
and system 11 to thereby optimize compressor and system performance.

[00135] The description of the present teachings is merely exemplary in
nature and, thus, variations that do not depart from the gist of the teachings are
intended to be within the scope of the present teachings. Such variations are not to be
regarded as a departure from the spirit and scope of the present teachings.
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CLAIMS
What is claimed is:

1. A system comprising:

a compressor operable in a refrigeration circuit, said compressor having a shell
and a motor disposed within said shell;

a first sensor detecting high-side data indicative of an operating condition of a
high-pressure side of the refrigeration circuit;

a second sensor detecting low-side data indicative of an operating condition of a
low-pressure side of the refrigeration circuit; and

processing circuitry receiving said high-side data and said low-side data from
said first and second sensors and processing at least one of said high-side data and
low-side data to select an operating mode for said compressor, said operating modes
including a normal mode, a reduced-capacity mode, and a shutdown mode.
2. The system of Claim 1, wherein said processing circuitry processes said low-
side data and said high-side data as a cumulating parameter to identify a fault.
3. The system of Claim 2, wherein said processing circuitry selects said operating
mode based on said fault.
4, The system of Claim 1, wherein said first sensor is selected from the group
comprising: a current sensor, a pressure sensor, and a temperature sensor.
5. The system of Claim 1, wherein said second sensor is selected from the group
comprising a suction pressure sensor and a temperature sensor.
6. The system of Claim 4, wherein said pressure sensor is a discharge pressure
sensor.
7. The system of Claim 4, wherein said temperature sensor is a condenser temperature
sensor. .
8. The system of Claim 4, further comprising a voltage sensor, said voltage sensor
in combination with said current sensor and operable to detect compressor and motor
electrical component failures.
9. The system of Claim 5, wherein said temperature sensor is a suction line
temperature sensor disposed proximate to a suction port of said compressor
10. The system of Claim 5, wherein said temperature sensor is a discharge line
temperature sensor disposed proximate to a discharge port of said compressor.
11. The system of Claim 10, wherein said discharge line temperature sensor is
disposed within said shell of said compressor.
12, The system of Claim 10, wherein said discharge line temperature is disposed
external from said shell of said compressor.
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138.  The system of Claim 1, further comprising an ambient temperature sensor.

14.  The system of Claim 13, wherein said ambient temperature sensor is mounted

on said processing circuitry.

15. The system of Claim 1, further comprising a power interruption device operable

to selectively restrict power to said motor to provide system protection in response to a

signal from said processing circuitry.

16. The system of Claim 1, further comprising a diagnostics system in

communication with said processing circuitry to log and store operating conditions of

said compressor.

17. The system of Claim 1, wherein said compressor includes a plurality of light

emitting devices operable to indicate a fault condition detected by said first sensor or

said second sensor.

18. The system of Claim 1, wherein said plurality of light emitting devices includes

different colored lights to distinguish among a high-side fault condition, a low-side fault

condition, and a normal operating condition.

19. A controller for a compressor in a refrigeration circuit, said controller comprising:
a first sensor detecting high-side data indicative of an operating condition of a
high-pressure side of the refrigeration circuit;

a second sensor detecting low-side data indicative of an operating condition of a
low-pressure side of the refrigeration circuit; and

processing circuitry receiving said high-side operating data and said low-side
data from said first and second sensors and processing at least one of said high-side
data and low-side data to select an operating mode for a compressor, said operating
modes including a normal mode, a reduced-capacity mode, and a shutdown mode.

20. The controller of Claim 19, wherein said processing circuitry processes said low-

side data and said high-side data as a cumulating parameter to identify a fault.

21.  The controller of Claim 19, wherein said processing circuitry selects said

operating mode based on said fault. ‘

22, The controller of Claim 19, wherein said first sensor is selected from the group

comprising: a current sensor, a pressure sensor, and a temperature sensor.

23. The controller of Claim 19, wherein said second sensor is selected from the

group comprising a suction pressure sensor and a temperature sensor.

24, The controller of Claim 22, wherein said pressure sensor is a discharge pressure

sensor.

25. The controller of Claim 22, wherein said temperature sensor is a condenser

temperature sensor.
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26.  The controller of Claim 22, further comprising a voltage sensor, said voltage
sensor in combination with said current sensor and operable to detect compressor and
motor electrical component failures.

27. The controller of Claim 23, wherein said temperature sensor is a suction line
temperature sensor disposed proximate to a suction port of said compressor.

28. The controller of Claim 23, wherein said temperature sensor is a discharge line
temperature sensor disposed proximate to a discharge port of said compressor.

29. The controller of Claim 28, wherein said discharge line temperature sensor is
disposed within a shell of said compressor.

30. The controller of Claim 28, wherein said discharge line temperature is disposed
external from a shell of said compressor.

31. The controller of Claim 19, further comprising an ambient temperature sensor.
32. The controller of Claim 31, wherein said ambient temperature sensor is mounted
on said processing circulitry.

33. The controller of Claim 19, further comprising a power interruption device
operable to limit compressor duty cycle during said reduced-capacity mode to avoid
tripping a compressor motor protector while providing reduced compressor capacity.

34. The controller of Claim 19, further comprising a diagnostics system in
communication with said processing circuitry to log and store operating conditions of
said compressor. .

35. The controller of Claim 19, wherein said compressor includes a plurality of light
emitting devices operable to indicate a fault condition detected by said first sensor or
said second sensor.

36.  The controller of Claim 19, wherein said plurality of light emitting devices

‘includes different colored lights to distinguish among a high-side fault condition, a low-

side fault condition, and a normal operating condition.
37. A method comprising:

storing normal operating parameters for a compressor;

generating a high-side signal indicative of high-pressure side operating
conditions of said compressor;

generating a low-side signal indicative of low-pressure side operating conditions
of said compressor; '

processing said high-side and low-side operating signals in comparison to said
normal operating parameters to diagnose an operating condition for said compressor;
and

selecting an operating mode for said compressor based on said operating

condition from a normal mode, a reduced-capacity mode, and a shutdown mode.

28



10

15

20

25

30

35

WO 2005/108882 PCT/US2005/011154

38.  The method of Claim 37, further comprising storing said high-side signals and
said low-side signals.
39.  The method of Claim 37, wherein said selecting said reduced-capacity mode
includes limiting compressor duty cycle to avoid tripping a compressor motor protector
while providing reduced compressor capacity.
40.  The method of Claim 37, further comprising diagnosing a fault condition based
on said low-side signal and said high-side signal.
41.  The method of Claim 37, further comprising communicating said operating mode
of said compressor.
42.  The method of Claim 41, wherein said communicating includes illuminating a
light emitting device to indicate at least one of a high-side fault, a low-side fault, or a
normal operating condition.
43. The method of Claim 37, further comprising communicating an operating
condition when said processing circuitry determines said high-side and low-side
operating parameters vary more than a predetermined amount from said normal
operating parameters.
44.  The method of Claim 37, wherein said normal operating parameters are base-
line operating parameters measured at installation of said compressor.
45.  The method of Claim 37, further comprising processing said high-side signals
prior to said low-side signals.
46.  The method of Claim 37, further comprising detecting said low-side signal or said
high-side signal within a pre-determined time period.
47.  The method of Claim 46, wherein said detecting is performed during compressor
start-up, at quasi-steady state conditions, and at steady-state conditions.
48.  The method of Claim 46, wherein said pre-determined time period is a start-up
time period generally between thirty to sixty seconds.
49.  The method of Claim 46, further comprising calculating a change in efficiency
resulting from said high-side or low-side fault.
50. The method of Claim 37, further comprising determining energy usage by
calculating power consumption as a function of voltage and current for compressor run
time.
51. The method of Claim 50, wherein said determining energy usage includes
muttiplying the product of said voltage and current by a power factor.
52. A system comprising:

a compressor operable in a refrigeration circuit and including a motor;

a current sensor providing a high-side signal indicative of an operating condition
of a high-pressure side of the refrigeration circuit;
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a discharge line temperature sensor providing a low-side signal indicative of an
operating condition of a low-pressure side of the refrigeration circuit; and

processing circuitry processing said high-side signal and said low-side signal to
indirectly determine a non-measured operating parameter of the refrigeration circuit.
53. The system of Claim 52, wherein said non-measured operating parameter is
selected from the group comprising: condenser temperature, evaporator temperature,
suction superheat, and discharge superheat.
54.  The system of Claim 53, wherein said condenser temperature is a function of
current.
55.  The system of Claim 53, wherein said evaporator temperature is a function of
said condenser temperature and discharge line temperature.
56.  The system of Claim 53, wherein said discharge superheat is a function of said
condenser temperature and discharge line temperature.
57. The system of Claim 53, wherein said suction superheat is a function of said
discharge superheat.
58. The system of Claim 53, wherein said processing circuitry is operable to detect a
floodback condition based on a comparison of discharge superheat temperature to a
predetermined discharge superheat temperature.
59. The system of Claim 58, wherein said predetermined discharge superheat is
approximately equal to forty degrees Fahrenheit or less.
80.  The system of Claim 52, further comprising a system controller in communication
with said processing circuitry.
61. The system of Claim 60, wherein said system controller receives said high-side
signal and said low-side signal and is operable to verify said non-measured operating
parameter determined by said processing circuitry.
62. The system of Claim 60, wherein said system controller includes at least one
hand-held computer.
63. The system of Claim 62, wherein said hand-held computer is at least one of a
personal data assistant and a cellular telephone.
64. A method comprising:

generating a high-side signal indicative of high-pressure operating conditions at
a compressor in a refrigeration circuit;

generating a low-side signal indicative of low-pressure operating conditions at
said compressor in said refrigeration circuit; and

processing said high-side signal and said low-side signal to indirectly determine

a non-measured operating parameter of said refrigeration circuit.
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65.  The method of Claim 64, wherein said measuring a high-side signal includes
detecting current.
66. The method of Claim 64, wherein said measuring a low-side signal includes
detecting a discharge line temperature.
67.  The method of Claim 64, wherein said determining said non-measured operating
parameter includes determining at least one of condenser temperature, evaporator
temperature, suction superheat, and discharge superheat.
68.  The method of Claim 67, further comprising calculating a condenser temperature
difference and said discharge superheat to diagnose said refrigeration circuit.
69. The method of Claim 68, wherein said calculating includes deriving an ambient
temperature and subtracting said ambient temperature from said condenser
temperature.
70. The method of Claim 69, wherein said step of deriving includes measuring
discharge line temperature at compressor start-up.
71. The method of Claim 64, further comprising communicating said non-measured
operating parameter of said refrigeration circuit to a system controller.
72.  The method of Claim 71, further comprising verifying said non-measured
operating parameter of said refrigeration circuit determination at said system controller.
73.  The method of Claim 72, wherein said verifying includes calculating said non-
measured operating parameter of said refrigeration circuit based on said high-side
signal and said low-side signal communicated to said system controller by said
processing circuitry.
74.  The method of Claim 72, wherein said verifying includes calculating said non-
measured operating parameter of said refrigeratioh circuit based on said high-side
signal and said low-side signal detected by said system controller.
75. A system comprising:

a compressor;

“a motor drivingly connected to said compressor;

a current sensor detecting current supplied to said motor;

a discharge line temperature sensor detecting discharge line temperature; and

processing circuitry receiving current data from said current sensor and

discharge line temperature data from said discharge line temperature sensor and
processing said current data and said discharge line temperature data to determine an
efficiency of said system.
76. The system of Claim 75, wherein said efficiency is calculated using system

operating parameters that are not directly measured.
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77. The system of Claim 75, wherein said non-measured system operating
parameters include at least one of condenser temperature, evaporator temperature,
suction superheat, and discharge superheat.

78. The system of Claim 77, wherein said condenser temperature is a function of
current.

79. The system of Claim 77, wherein said evaporator temperature is a function of
said condenser temperature and discharge line temperature.

80.  The system of Claim 77, wherein said discharge superheat is a function of said
condenser temperature and discharge line temperature.

81. The system of Claim 77, wherein said suction superheat is a function of said
discharge superheat.

82.  The system of Claim 77, wherein said processing circuitry is operable to detect a
floodback condition based on a comparison of discharge superheat temperature to a
predetermined discharge superheat temperature.

83. The system of Claim 82, wherein said predetermined discharge superheat
temperature is approximately equal to forty degrees Fahrenheit or less.

84. The system of Claim 77, further comprising memory having a predetermined
compressor map, wherein said condenser temperature is a function of said evaporator
temperature, said current data, and said predetermined compressor map.

85. The system of Claim 84, wherein said predetermined compressor map includes
compressor-specific parameters.

86. The system of Claim 77, wherein said evaporator temperature is a function of
said discharge line temperature data and said condenser temperature.

87.  The system of Claim 77, wherein said evaporator temperature is a product of an
iterative process.

88. The system of Claim 77, wherein a compressor capacity is a function of said
condenser temperature and said evaporator temperature.

89.  The system of Claim 88, further comprising a sensor detecting blower current
wherein a capacity of an evaporator coil is a function of said compressor capacity and
said blower current.

90. The system of Claim 89, wherein said system efficiency is a function of said
evaporator coil capacity, said current data, and said blower current.

91. The system of Claim 75, further comprising a system controller in communication
with said processing circuitry.

92. The system of Claim 91, wherein said system controller receives said current
data and said discharge line temperature data and is operable to verify said efficiency
determined by said processing circuitry.
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93. The system of Claim 91, wherein said system controller includes at least one
hand-held computer.
94. The system of Claim 93, wherein said hand-held computer is at least one of a
personal data assistant and a cellular telephone.
95. A method comprising:

generating a high-side signal indicative of an operating condition of a high-
pressure side of a refrigeration circuit;

generating a low-side signal indicative of an operating condition of a low-
pressure side of said refrigeration circuit;

processing said high-side signal and said low-side signal to indirectly determine
a non-measured system condition; and

determining an efficiency of said refrigeration circuit based on said non-
measured system condition.
96. The method of Claim 95, wherein said generating a high-side signal includes
detecting current.
97. The method of Claim 95, wherein said generating a low-side signal includes
detecting a discharge line temperature.
98. The method of Claim 95, wherein said determining said non-measured system
condition includes determining at least one of condenser temperature, evaporator
temperature, suction superheat, and discharge superheat.
99.  The method of Claim 98, further comprising deriving said condenser temperature
as a function of said evaporator temperature, said high-side signal, and a predetermined
compressor map.
100. The system of Claim 99, wherein said predetermined compressor map includes
compressor-specific parameters.
101. The system of Claim 98, further comprising deriving said evaporator temperature
as a function of said low-side signal and said condenser temperature.
102. The system of Claim 101, further comprising using an iterative process to derive
said evaporator temperature.
103. The system of Claim 98, further comprising deriving a compressor capacity as a
function of said condenser temperature and said evaporator temperature.
104. The system of Claim 103, further comprising deriving a capacity of an evaporator
coil as a function of said compressor capacity and a measured blower current.
105. The system of Claim 104, further comprising deriving said system efficiency as a
function of said evaporator coil capacity, said high-side signal, and said measured

blower current.
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106. The method of Claim 95, further comprising communicating said non-measured
system condition to a system controller.
107. The method of Claim 106, further comprising verifying at said system controller
said non-measured system condition determination received from said processing
device.
108. The method of Claim 107, further comprising reporting said high-side signal and
said low-side signal to said processing circuitry and verifying said non-measured system
condition based on said high-side signal and said low-side signal.
109. The method of Claim 107, further comprising said system controller detecting
said high-side operating condition and said low-side operating condition and verifying
said non-measured system condition based on said detected high-side operating
condition and said low-side operating condition.
110. A system comprising:

a compressor operable in a refrigeration circuit and including a motor;

a current sensor detecting current supplied to said motor;

a discharge line temperature sensor detecting discharge line temperature of said
compressor; and

processing circuitry receiving current data from said current sensor and
discharge line temperature data from said discharge line temperature sensor and
processing said current data and said discharge line temperature data to determine a
capacity of said refrigeration circuit.
111. The system of Claim 110, wherein said capacity is calculated using non-
measured operating parameters of said refrigeration circuit.
112. The system of Claim 111, wherein said non-measured system operating
parameters include at least one of condenser temperature, evaporator temperature,
suction superheat, and discharge superheat.
113. The system of Claim 112, wherein said condenser temperature is a function of
current. o '
114. The system of Claim 112, wherein said evaporator temperature is a function of
said condenser temperature and discharge line temperature.
115. The system of Claim 112, wherein said discharge superheat is a function of said
condenser temperature and discharge line temperature.
116. The system of Claim 112, wherein said suction superheat is a function of said
discharge superheat.
117.  The system of Claim 112, wherein said processing circuitry is operable to detect
a floodback condition based on a comparison of discharge superheat temperature to a

predetermined discharge superheat temperature.
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118. The system of Claim 117, wherein said predetermined discharge superheat is
approximately equal to forty degrees Fahrenheit or less.
119. The system of Claim 112, further comprising memory having a predetermined
compressor map, wherein said condenser temperature is a function of said evaporator
temperature, said current data, and said predetermined compressor map.
120. The system of Claim 119, wherein said predetermined compressor map includes
compressor-specific parameters.
121. The system of Claim 112, wherein said evaporator temperature is a function of
said discharge line temperature data and said condenser temperature.
122. The system of Claim 112, wherein said evaporator temperature is a product of
an iterative process.
123. The system of Claim 112, wherein said compressor capacity is a function of said
condenser temperature and said evaporator temperature.
124. The system of Claim 123, further comprising a sensor detecting blower current
wherein a capacity of an evaporator coil is a function of said compressor capacity and
said blower current.
125. The system of Claim 124, wherein a system efficiency is a function of said
evaporator coil capacity, said current data, and said blower current.
126. The system of Claim 110, further comprising a system controller in
communication with said processing circuitry.
127. The system of Claim 126, wherein said system controller receives said current
data and said discharge line temperature data and is operable to verify said capacity
calculated by said processing circuitry.
128. The system of Claim 126, wherein said system controller includes at least one
hand-held computer. .
129. The system of Claim 128, wherein said hand-held computer is at least one of a
personal data assistant and a cellular telephone.
130. A method comprising:

generating a high-side signal indicative of an operating condition of a high-
pressure side of a refrigeration circuit;

generating a low-side signal indicative of an operating condition of a low-
pressure side of said refrigeration circuit;

processing said high-side signal and said low-side signal to determine system
operating parameters that are not directly measured; and

determining a capacity of said refrigeration circuit based on said non-measured

system condition.
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131. The method of Claim 130, wherein said generating a high-side signal includes
detecting current.
132. The method of Claim 130, wherein said generating a low-side signal includes
detecting a discharge line temperature.
183. The method of Claim 130, wherein said determining system operating
parameters includes determining at least one of condenser temperature, evaporator
temperature, suction superheat, and discharge superheat.
134, The method of Claim 133, further comprising deriving said condenser
temperature as a function of said evaporator temperature, said high-side signal, and a
predetermined compressor map.
135. The system of Claim 134, wherein said predetermined compressor map includes
compressor-specific parameters.
136. The system of Claim 133, further comprising deriving said evaporator
temperature as a function of said low-side signal and said condenser temperature.
137. The system of Claim 136, further comprising using an iterative process to derive
said evaporator temperature.
138. The system of Claim 133, further comprising deriving said compressor capacity
as a function of said condenser temperature and said evaporator temperature.
139. The system of Claim 138, further comprising deriving a capacity of an evaporator
coil as a function of said compressor capacity and a measured blower current.
140. The system of Claim 139, further comprising deriving a system efficiency as a
function of said evaporator coil capacity, said high-side signal, and said measured
blower current.
141.  The method of Claim 130, further comprising sending said system condition to a
system controller.
142. The method of Claim 141, further comprising verifying at said system controller
said system condition determination received from said processing device.
143. The method of Claim 142, further comprising said high-side signal and said low-
side signal to said processing circuitry and verifying said capacity of said refrigeration
circuit based on said high-side signal and said low-side signal.
144. The method of Claim 142, further comprising said system controller detecting
said high-side operating condition and said low-side operating condition and verifying
said capacity of said refrigeration circuit based on said detected high-side operating
condition and said low-side operating condition.
145. A system comprising:

a compressor operable in a refrigeration circuit and including a motor;
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a current sensor detecting current drawn by said motor and providing a high-side
condition signal;

a discharge line temperature sensor detecting a discharge line temperature of
said compressor and providing a low-side condition signal; and

processing circuitry processing said high-side condition signal and said low-side
condition signal during installation of said compressor to initially configure said
compressor based on a hon-measured condition of said refrigeration circuit.
146. The system of Claim 145, wherein said non-measured system operating
parameters include at least one of condenser temperature, evaporator temperature,
suction superheat, and discharge superheat.
147. The system of Claim 145, further comprising a system controller in
communication with said processing circuitry.
148. The system of Claim 147, wherein said system controller receives said high-side
condition signal and said low-side condition signal and is operable to verify said
compressor configuration determined by said processing circuitry.
149. The system of Claim 147, wherein said system controller includes at least one
hand-held computer.
150. The system of Claim 149, wherein said hand-held computer is at least one of a
personal data assistant and a cellular telephone.
151. A method comprising:

generating a high-side signal indicative of an operating condition of a high-
pressure side of a refrigeration circuit;

generating a low-side signal indicative of an operating condition of a low-
pressure side of said refrigeration circuit;

processing said high-side signal and said low-side signal to indirectly determine
a non-measured operating parameter of said refrigeration circuit; and

configuring a compressor based on said non-measured operating parameter.
152. The method of Claim 151, wherein said generating a high-side signal includes
detecting current.
153. The method of Claim 151, wherein said generating a low-side signal includes
detecting a discharge line temperature.
154. The method of Claim 151, wherein said determining said non-measured
operating parameter includes determining at least one of condenser temperature,
evaporator temperature, suction superheat, and discharge superheat.
155. The method of Claim 154, wherein said configuring includes determining a

condenser temperature difference.
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156. The method of Claim 155, wherein said configuring includes checking for an
overcharge condition or a condenser fan blockage if said condenser temperature
difference is higher than a predetermined value.

157. The method of Claim 155, wherein said configuring includes checking said
discharge superheat if said condenser temperature difference is within a predetermined
range.

158. The method of Claim 157, wherein said configuring includes checking for an
undercharge condition or for an evaporator fan blockage if said discharge superheat is
higher than a predetermined value.

159. The method of Claim 157, wherein said configuring includes checking for an
overcharge condition or for a condenser fan blockage if said discharge superheat is
lower than a predetermined value.

160. The method of Claim 157, wherein said configuring includes declaring a
successful compressor installation if said discharge superheat is within a predetermined
range.

161. The method of Claim 151, further comprising communicating said non-measured
operating parameter to a system controller.

162. The method of Claim 161, further comprising verifying said non-measured
operating parameter determination received from said processing device.

163. The method of Claim 162, wherein said verifying includes calculating said non-
measured operating parameter based on said high-side fault condition and said low-side
fault condition, as reported to said system controller by said processing circuitry.

164. The method of Claim 162, wherein said verifying includes calculating said non-
measured operating parameter based on said high-side fault condition and said low-side

fault condition, as detected by said system controller.
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