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(57) ABSTRACT 

A compressor diagnostic System incorporates a control 
which receives a plurality of data Streams about various 
operational features of the compressor. AS an example, both 
temperature and preSSure of the Suction and discharge refrig 
erant are taken and Sent to the control. Moreover, informa 
tion with regard to the power being Supplied to the motor is 
taken and Stored. All of this information is utilized at a 

control which compares the information to expected values 
and determines a fault based upon the evaluation. Moreover, 
in another feature of this invention, much of this data is 
Stored, and maintained at the compressor. In the event of a 
compressor failure, this Stored information will provide a 
maintenance worker with a good indication of why the 
compressor failed. 
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COMPRESSOR DIAGNOSTIC AND RECORDING 
SYSTEM 

0001. This application is a divisional of U.S. patent 
application Ser. No. 09/553,836, filed Apr. 21, 2000. 

BACKGROUND OF THE INVENTION 

0002 This invention relates to a system which interprets 
compressor operational factors, and monitors these factors 
to identify irregularities. Moreover, the System Stores the 
factors, thus providing a record. 
0.003 Compressors are utilized to compress a refrigerant 
as part of a refrigerant cycle in cooling Systems. Modem 
compressors for refrigerant compression are typically 
enclosed in a Sealed housing. The compressors are driven by 
a motor which is driven by a single phase or a three phase 
power Supply. Compressors operate under many extreme 
conditions. Some compressors have relatively complex 
operational parts. In one popular modem type compressor, 
two spiral scroll wraps orbit relative to each other to 
compress entrapped refrigerant. While Scroll compressors 
are gaining wide popularity, they also are Subject to design 
challenges. AS an example, if the compressor is not opti 
mally designed, there is a possibility of the Scroll members 
orbiting in an improper “reverse” direction at shut down. 
Moreover, if the compressor is improperly wired, Such 
reverse rotation can occur. 

0004) Other problems occur with compressors generally, 
but raise particular concerns in Scroll compressors. Each 
type of compressor has specific Vulnerability situations. AS 
an example, an overcharge of refrigerant or low charge of 
refrigerant can be detrimental. The operation of compressors 
generally for refrigerant cycles have many additional chal 
lenges. AS one example, Stalling of the motor can indicate 
various problems. Also, a problem with other aspects of the 
refrigerant System can be identified at the compressor. AS an 
example, if the outdoor fan fails, there will be potential 
increased temperatures which can be Sensed at the compres 
SO. 

0005 To date, compressors have typically been manu 
factured with a plurality of protection devices at each of the 
various components which are to be protected. AS an 
example, the electric motor for driving a Sealed compressor 
is typically provided with a protection Switch which is 
actuated if a predetermined temperature is reached to Stop 
the motor. Moreover, Various protection valves are incorpo 
rated into the compressor members, and in particular, the 
Scroll members, and are actuated under certain circum 
StanceS. 

0006. It would be desirable to minimize and simplify the 
number of protection devices incorporated into a compres 
Sor. Moreover, when a compressor does fail, the manufac 
turer would like to have some indication of why the com 
preSSor failed. To date, the manufacturer can only make 
interpretations of the likely cause of failure. 

SUMMARY OF THE INVENTION 

0007. In a disclosed embodiment of this invention, a 
control receives Signals relating to a number of operational 
factors in a compressor. Preferably, the discharge tempera 
ture and pressure, the Suction temperature and preSSure, and 
the power to the motor are all Sensed. The control may also 
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receive an indication of other temperatures, Such as the 
temperature in an oil Sump for the compressor. 

0008 All of these factors are sent to the control, which is 
preferably a microprocessor based control. The micropro 
ceSSor based control is designed to interpret these various 
factors and compare the Sensed factors to predetermined 
minimums, maximums, relationships, at the earliest etc. to 
determine a fault condition. Moreover, the control is pref 
erably provided with a memory that is able to store previ 
ously read factors. The memory Serves two functions. First, 
a “trend” in any of the factors can be identified. As an 
example, if one of the Sensed temperatures is gradually 
increasing over time, this may be indicative of a “slow leak” 
in the System, or other Slowly approaching fault problem. 
0009. In addition, the memory stores the sensed infor 
mation for later retrieval. Thus, should the compressor fail, 
a maintenance worker can access the information from the 
control and have a very good indication of why the particular 
compressor failed. This function of the memory may be 
“short term.” That is, it may be only a very recent time 
period which is stored in the memory. On the other hand, the 
memory could be over a very long period of time. Further, 
the memory may only Store "feature' information. AS an 
example, the memory may be configured to only Store a high 
and a low of each of the features for each calendar day. 
Alternatively, the memory could also be designed Such that 
it only Stores the previous time, Such as two days. The 
previous two days would provide the control with the ability 
to identify trends, but would not require an undue amount of 
memory. Moreover, if the compressor fails, the memory 
would still Store the most recent feature information, and 
thus should provide an indication of why the failure 
occurred. 

0010. These and other features of the present invention 
can be best understood from the following Specification and 
drawings, the following which is a brief description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011) 
0012 FIG. 2 shows a view of one embodiment of this 
invention. 

0013 FIG. 3 shows an alternative embodiment, some 
what Schematically. 

0014) 

FIG. 1 is a schematic view of a sealed compressor. 

FIG. 4 is a general flow chart. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

0015. A sealed compressor 20 is illustrated in FIG.1. It 
should be understood that compressor 20 is received within 
a Sealed housing 21, and is preferably incorporated into a 
refrigerant cycle, Such as are typically found in air condi 
tioning or other cooling cycles. 
0016 A compressor pump unit 22 is shown as a scroll 
compressor. A motor 24 drives compressor pump unit 22. A 
control 26 receives a number of Signals on operation of the 
compressor. AS shown, all of the Signals can be taken from 
external locations in the compressor. AS an example, a 
discharge tube 28 can be provided with a temperature Sensor 
30 and a pressure sensor 32. The outputs of the sensors 30 
and 32 are delivered to the control 26. A Suction tube 34 can 
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be provided with a Suction temperature Sensor 36 and a 
Suction pressure sensor 38. A control line 40 to the motor can 
be operable to Stop operation of the motor. A Sump tem 
perature Sensor 42 can be positioned adjacent a lower end of 
the housing 21, where it will be in contact with the tem 
perature that is Sensed from the housing 21 from oil in the 
Sump of the compressor. The temperature of the oil in the 
Sump is indicative of the temperature of other components 
within the housing, and in particular, the components in the 
pump unit 22. Inputs 44 and 46 are from the power being 
delivered to the motor 24. These may be current and voltage 
inputs. Preferably, there are low Voltage control Signals, and 
not the fall power. Also, Sensors could detect the motor 
winding temperatures, the Scroll members temperature, and 
other internal characteristics. 

0.017. A first line 48 leads from the control 26 to a signal 
52. A second line 50 may lead to some other system, such as 
a control for shutting down operation of an associated 
refrigerant cycle. 

0.018. The microprocessor control 26 operates to take in 
the various Signals, and apply those Signals to predetermined 
limits, etc. If one of the monitored features is approaching a 
limit, then the microprocessor 26 may indicate that a fault is 
occurring and may actuate the light 52, or may take other 
action Such as Stopping the motor 24. 
0019. The control 26 can perform a variety of analyses on 
the Sensed features. Further, by Storing the Several features 
over a brief period of time, the control 26 can identify 
“trends.” As an example, if the temperature from the dis 
charge tube Sensor 30 gradually increases over a period of 
time and is approaching a limit, then a determination may be 
made that Some problem is occurring within the refrigerant 
cycle. 

0020 Examples of various conditions which may be 
monitored by the microprocessor 26 include looking for an 
overcharge of refrigerant. Suction temperature and Suction 
preSSure may be monitored, and if they are outside a 
predetermined envelope, an overcharge of refrigerant may 
be identified. The signal light 52 can have a number of lights 
Such that a particular problem can be identified. Alterna 
tively, a fault code Such as have been used in vehicles could 
be incorporated. That is, 001 implies one fault, 010 means 
another, etc. 

0021. A low charge of refrigerant can also be identified 
by reference to the Suction temperature or preSSure or the 
discharge temperature or pressure. The compressor pump 
unit operating at too high of a temperature can be Sensed by 
any one of the temperatures readings 30, 36 or 42. The 
occurrence of reverse running is typically found in combi 
nation with an increased temperature at any one of the 
locations 30, 36 and 42. A system failure, such as a failure 
of the outdoor fan, is identified by hot temperatures and high 
preSSures. Compressors are often provided with a pressure 
relief valve to relieve undesirably high pressures at the 
discharge area of the compressor. However, it may be 
possible to eliminate Such valves by incorporating the con 
trol 26 which will instead identify the undesirably high 
preSSure, and Stop operation of the compressor, or otherwise 
identify the occurrence of the fault. 

0022. Further, information from the lines 44 and 46 on 
the operation of the electrical characteristics of the motor is 
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also important. Such operation can show the occurrence of 
Stalling, wherein the load may be high but the Voltage low. 
Further, other aspects of the motor control will benefit from 
monitoring the current and Voltage. 

0023. In sum, a microprocessor control 26 can be asso 
ciated with a compressor, which is preferably a Scroll 
compressor. The control is operable to monitor on an ongo 
ing basis various features, and compare those monitored 
features to particular boundaries, etc., and is then able to 
identify an oncoming fault. Although Several faults and 
Several features are listed in this application, it should be 
understood that a System within this invention need not look 
at the Specific features disclosed, nor is it limited to only 
those disclosed features. What is disclosed above, is dis 
closed by way of example, and many other features and 
types of faults to be identified will come within the scope of 
this invention. A worker in this art would be able to identify 
other conditions that could be monitored by looking at 
certain features. 

0024. In addition, the microprocessor control 26 may also 
be provided with appropriate Storage Such that it can Store 
the features which are monitored. 

0025. As an example, FIG. 2 shows a system 60 wherein 
a compressor housing 62 receives a control 64 on an outer 
surface. The control 64 can be designed to provide the 
function of the control 26. AS shown, there are power inputs 
66 and 68 and output 70 and 72 as in the prior embodiment. 
The control 64 is operable to store information with regard 
to the monitored features. An input jack 74 is shown 
Schematically. A worker in this art can use this jack to access 
the Stored information with regard to the operational features 
of the compressor 60. Thus, the control 64, by storing the 
information from the various Sensors is able to provide a 
maintenance worker with a complete record of the opera 
tional history of the inventive compressor. Now, should the 
compressor break, the maintenance worker will be able to 
identify the conditions leading up to the time of failure. 

0026 FIG. 3 shows another embodiment 70, which is 
similar to the embodiment 60 of FIG. 2. However, the 
control 72 is mounted within the compressor housing 73 in 
this embodiment. Again, the System is provided with appro 
priate inputs and outputs as in the prior embodiments. 

0027. The controls of FIGS. 2 and 3 may be utilized to 
Store all of the information Sensed over a long period of time 
from the Several Sensors. Alternatively, the controls only 
need Store a particular piece of “recent history' with regard 
to the operation of the compressor. Thus, if the control only 
Stores the previous two days, then at the time of failure there 
would be two days of information. This will greatly reduce 
the required memory necessary to perform this function. 

0028. In addition, the memory could only store highlights 
of a particular period of time. Thus, the memory might Store 
for each of the features a particular high and particular low 
for each day. The present invention is not limited to any 
particular algorithm or Structure for Storing the information, 
but rather, extends to the concept of utilizing Such Storage 
information, and Such diagnostic information, as is disclosed 
above in a compressor, and in particular, for a Scroll com 
preSSor in a refrigerant cycle. Based upon the above descrip 
tion, a worker in this art could identify appropriate control 
hardware and Software. 
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0029. As shown in the flow chart of FIG. 4, the present 
invention includes the method of running a compressor, and 
Sensing features during the running of the compressor. Those 
features can then be Stored. The features are also evaluated 
by a control. The control is preferably a microprocessor 
based, but other known electronic controls capable of ana 
lyzing and Storing information could also be utilized. The 
features as Stored can be extremes for a given time period, 
all of the information received, or simply the more recent 
information. 

0030 The features as sensed can be simply compared to 
extremes, or they can be compared to envelopes. Moreover, 
the evaluation can consist of looking for trends in the 
features. The particular envelopes, extremes, and ways of 
identifying what would be a trend that caused concern are 
within the skill of a worker in this art. This application is 
directed to a System and method which is able to properly 
analyze that information, however, a worker in the com 
preSSor art would recognize the types of conditions which 
are identified by a particular feature data. 
0031. The system then will decide whether a fault is 
occurring. AS used in this context, the fault could be an 
upcoming fault as opposed to an immediate fault. If a fault 
is detected, then Some warning is sent. The warning could be 
a signal warning Such a light or Sound. Alternatively, by the 
term “warning”, this invention would also cover simply 
Shutting down the motor. 
0.032 Preferred embodiments of this invention have been 
disclosed, however, a worker in this art would recognize that 
certain modifications would come within the Scope of this 
invention. For that reason, the following claims should be 
Studied to determine the true Scope and content of this 
invention. 

1. A Sealed compressor comprising: 
a compressor housing enclosing a compressor pump unit 

and an electric motor for driving Said compressor pump 
unit, 

a control; 
a plurality of Sensors for Sensing various features of 

operation of Said compressor, and Sending Signals to 
Said control, Said plurality of Sensors including at least 
one Sensor associated with a Suction area of Said 
compressor and at least one Sensor associated with a 
discharge area of Said compressor, and Said control 
being operable to analyze data received from Said 
Sensors and determine whether said analyzed data 
indicates a fault is occurring in Said compressor. 

2. A compressor as recited in claim 1, wherein Said 
compressor pump unit is a Scroll compressor. 

3. A compressor as recited in claim 1, wherein informa 
tion with regard to the power Supply to Said electric motor 
is also analyzed by Said control. 

4. A compressor as recited in claim 1, wherein Said 
Sensors Sense pressure information. 

5. A compressor as recited in claim 1, wherein Said 
Sensors Sense temperature information. 

6. A compressor as recited in claim 1, wherein a Signal is 
Sent to shut down Said motor if Said analyzed data indicates 
a fault. 
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7. A compressor as recited in claim 1, wherein Said control 
is microprocessor based. 

8. A compressor as recited in claim 1, wherein Said control 
Sends an output to a warning Signal that a particular fault is 
occurring. 

9. A compressor as recited in claim 1, wherein Said control 
further Stores said Sensed data for later retrieval. 

10. A Sealed compressor comprising: 
a housing enclosing a compressor pump unit and a motor 

for driving Said compressor pump unit; 
a microprocessor control, Said control being provided 

with data with regard to Several operational features of 
Said compressor, and Said control Storing Said data in a 
memory, Said control and Said memory being mounted 
adjacent Said housing, and being accessible to a worker 
to retrieve Said data at a later point in time. 

11. A compressor as recited in claim 10, wherein Said 
control is mounted on an outer Surface of Said housing. 

12. A compressor as recited in claim 10, wherein Said 
control is mounted on an inner Surface of Said housing. 

13. A compressor as recited in claim 10, wherein Said 
features include features with regard to Suction and dis 
charge areas of Said compressor, and further with regard to 
the power being Supplied to Said motor. 

14. A compressor as recited in claim 10, wherein Said 
compressor pump unit is a Scroll compressor. 

15. A compressor as recited in claim 10, wherein Sensors 
are provided to Sense temperature and pressure at a dis 
charge tube, and temperature and pressure at a Suction tube, 
and supplies said temperature and pressure information from 
both Suction and discharge to Said control. 

16. A compressor as recited in claim 10, wherein Said 
operational features include pressure information. 

17. A compressor as recited in claim 10, wherein Said 
operational features include temperature information. 

18. A compressor as recited in claim 10, wherein Said data 
includes a fault code with numbers indicative of a particular 
fault. 

19. A compressor as recited in claim 10, wherein said 
motor is stopped if Said data is indicative of a particular 
fault. 

20. A method of monitoring operation of a compressor 
comprising the Steps of: 

providing a control mounted adjacent a compressor hous 
ing, and providing Sensors on Said compressor to Sup 
ply data to Said control with regard to operation of Said 
compressor at both Suction and discharge areas, 

operating Said compressor, and Sending data to Said 
control; 

analyzing Said data at Said control and identifying a fault; 
and 

Sending a signal. 
21. A method as recited in claim 20, wherein Said Signal 

provides a warning that a particular fault is occurring. 
22. A method as recited in claim 20, wherein Said Signal 

Stops Said motor. 
23. A method as recited in claim 20, wherein said data is 

also stored at Said control for later retrieval. 
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