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COMPRESSOR INCLUDING A MOTOR AND 
MOTOR CONTROL IN THE COMPRESSOR HOUSING 

.AND METHOD OF MANUFACTURE 

Background of the Invention 

This invention relates to compressor assemblies for 
compressing refrigerant within a loop of a refrigerating 
system and, in particular, to ~ c~mpressor assembly enclosed 
in a housing and including a compressor mechanism located in· 
the housing, a motor located in the housing for driving the 
compressor mechanism and a control circuit located in the 
housing for controlling operation of the motor. 

_In convention compressor assemblies, a cylinder-piston 
or rotary unit for compressing refrigerant is driven by a 
motor. Both the unit and the motor for driving it are 
enclosed in a hermetically sealed housing. Controls for the 
motor are external to the housing and generally require 
cooling fins or other heat sinks to dissipate heat generated 
by the power switching components of the controls. This 
external control arrangement can be expensive to manufacture 
and assemble. In addition, such units generally do not 
employ Hall effect sensors for sensing the position of the 
rotor of the motor because of interference and impedance 
limitations resulting from the location of the controls 
remote from the housing. There is a need for a low cost 
compressor assembly which includes a control hermetically 
sealed within the compressor housing. 

~ \ Summary of the ·Invention . 
\ It is an object of this invention to provide a 

compresso_r including motor and integral motor controls sealed 
within the compressor housing which is inexpensive to 
manufacture and simple to assemble. 
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It is another object of this invention to provide a 
compressor including motor and motor controls sealed within 
the compressor housing which cools the power switching 
devices of the control circuit of the motor and avoids the 
need for separate cooling fins or other heat sinks for the 
power switching devices. 

It is another object of this invention to provide a 
compressor including motor and motor controls sealed within 
the compressor housing which is powered by direct current and 
operates at variable speed without requiring a capacitor to 
clamp or otherwise condition the direct current. 

' It is still another object of this invention to provide 
a compressor including motor and motor controls sealed within 
the compressor housing which is employs Hall effect sensors 
to monitor the position of the rotor of the motor. 

It is yet another object of this invention to provide a 
compressor including motor and motor controls sealed within 
the compressor housing which is used with a integrated 
control for the refrigeration system, the control being part 
of tpe condenser motor and integrated therewith. 

It is another object of this invention to provide a 
compressor including motor and motor controls sealed within 
the ~ompressor housing which is bidirectional. 

It is another object of this invention to provide a 
compressor including motor and motor ~ontrols sealed within 
the compressor housing which efficiently operates and 
maximizes compressor performance. 

in one form, the invention comprises refrigeration 
system to be driven by an electrical power source. A 
compressor mecbanism in a hermetically sealed compressor 
housing circulates a refrigerant located within the 

1 
compressor housing through a loop. The loop includes an 
evaporator adapted to permit the refrigerant in the 
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evaporator to absorb heat and a condenser adapted to permit 

the refrigerant in the condenser to dissipate heat. A motor 

in the hermetically sealed compressor housing and in contact 

with the refrigerant within the compressor housing is coupled 

with the compressor mechanism. The motor comprises a 

stationary assembly, an energizable winding on the stationary 

assembly to produce a magnetic field, and a rotatable 

assembly in mB.gnetic coupling relation to the stationary 

assembly and adapted to rotate in response to a magnetic 

field produced by the winding. A power supply line adapted 

to be connected to the elect~ical power source ha~ an 

interior portion passing through and located within the 

hermetically sealed compressor housing. The interior portion 

is in contact with the refrigerant· in the compressor housing. 

A power switching circuit in the hermetically sealed 

compressor housing and in contact with the refrigerant within 

the compressor housing connects between t~e power supply line 

and the winding for selectively applying electrical power 

from the electrical power source to the winding. An 

electronic conunutating circuit located in the hermetically 

sealed compressor housing and in contact with the refrigerant 

within the compressor housing connects to the power switching 

circuit for controlling the power switching circuit to 

selectively switch the power switching circuit to 

sequentially.energize the winding. A position sensi~g 

circuit in the hermetically sealed compressor housing and in 

contact with the refrigerant within the compressor housing· 

connects to the electronic commutating circuit for indicating , 

the position of the rotatable assembly relative to the 

stationary assembly. 
In another form, the invention comprises a control for 

use with a retrigeration system to be driven by an electrical 

power source. The control is adapted to be hermetically 
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sealed in a compressor housing in contact with the 
refrigerant within the compressor housing. The control 
controls a motor in the compressor housing driving a 
compressor'mechanisrn. The control is connected to a power 
supply line adapted to be connected to the electrical power 
source and has an interior portion adapted to pass through 
and located within the housing. The interior portion is in 
contact with the refrigerant in the housing. A power 
switching circuit is adapted to be located in the 
hennetically sealed compressor housing and is adapted to be 
in contact with the refrigerant within the compressor 
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housing. The power switching circuit is adapted to be· 
connected between the power supply line and the winding for 
selectively applying electrical power from the electrical 
power source to the winding. An electronic commutating 
circuit is adapted to be located in the hermetically sealed 
compressor housing and is adapted to be in contact with the 
refrigerant within the comp~essor housing. The electronic 
commutating circuit is connected to the power switching 
circuit for controlling the power switc~ing circuit to 
selectively switch the power switching circuit to 
sequentially energize the winding. A position sensing 
circuit is adapted to be located in the hermetically seared 
compressor housing and is adapted to be .in contact with the 
refrigerant. within the compressor housing. The position 
sensing circµit is connected to the electronic commutating 
circuit for indicating a position of a rotatable assembly of : 
the motor. 

In another form, the invention comprises a method of 
manufacturing a r~frigeration system to be driven by an 
electrical power source. The method comprises the steps of: 

providing a compressor housing; 
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positioning a compressor mechanism in the compressor 

housing, the mechanism being adapted for circulating a 

refrigerant located within the compressor housing through a 

loop including an evaporator adapted to permit the 

refrigerant in the evaporator to absorb heat and including a 

condenser adapted to permit the refrigerant in the condenser 

to dissipate heat; 
positioning a motor in the compressor housing, the motor 

being adapted to be in contact with the refrigerant within 

the compressor housing, the motor being adapted to be coupled 

with the compressor mechanism and comprising a stationary , 
assembly, an energizable winding on the stationary assembly 

to produce a magnetic field, and a rotatable assembly in 

magnetic coupling relation to the stationary assembly and 

being adapted to rotate in response to a magnetic field 

produced by the winding; 
providing a power supply line being adapted to be 

connected to the electrical power source and having an 

interior portion; 
positioning the interior portion within the compressor 

housing, the interior portion being adapted to be in contact 

with the refrigerant in the compressor housing; 

positioning a power switching circuit in the compressor 

housing, the·· power switching circuit being adapted to be in 

contact with the refrigerant within the compressor housing, 

the power-switching circuit being adapted to be connected 

between the power supply line and the winding for selectively 

applying electrical power from the electrical pqwer source to 

the winding; 
positioning an electronic conunutating circuit located in 

the compressor housing, the electronic commutating circuit 

being adapted to be· in contact with the refrigerant within 

the compressor housing, the electronic commutating circuit 
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being connected to the power switching cire.uit for 
controlling the power switching circuit to selectively switch 
the power switching circuit to sequentially energize the 
winding; 

positioning a position sensing circuit in the compressor 
housing, the position sensing circuit is adapted to be in 
contact with the refrigerant within the compressor housing, 
the position sensing circuit being connected to the 
electronic commutating circuit for indicating the position of 
the rotatable assembly relative to the stationary assembly; 
and 
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sealing the compressor mechanism, the motor, the 
interior portion of the power supply line, the power 
switching circuit, the -electronic commutating circuit and the 
position sensing circuit within the compressor housing. 

In another form, the invention comprises method of 
cooling a power switching circuit of a motor driving a 
compressor mechanism adapted to be located within a 
compressor ho~sing and adapted to be in contact with 
refrigerant in the housing. The method comprises the steps 
of: 

circulating the refrigerant in contact with the power 
switching circuit to absorb heat generated by the power 
·switching circuit; and 

circulating the refrigerant through a condenser to 
dissipate the heat absorbed from ~he power switching circuit. 

In another form, the invention comprises an apparatus 
for use as part of a refrigeration system, the apparatus to 
:i,e driven by an electrical power source and for use in 
combination with: a hermetically sealed compressor housing; 
and a compressor mechanism in the hermetically sealed 
compressor housing for circulating a ref r~gerant located 
~ithin the compressor housing through a loop including an 
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evaporator adapted to permit the refrigerant in the 
evaporator to absorb heat and including a condenser adapted 
to permit the refrigerant in the condenser to dissipate heat. 
A motor is'adapted to be positioned in the hermetically 
sealed compressor housing and is adapted to be in contact 
with the refrigerant within the compressor housing. The 
motor is adapted to be coupled with the compressor mechanism 
and comprises a stationary assembly, an energizable winding 
on the stationary assembly to produce a magnetic field, and a 
rotatable assembly in magnetic coupling relation to the 
stationary assembly and is adapted to rotate in response to a 
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magnetic field produced by the winding. A power supply line 
is adapted to be connected to the electrical power source and 
has an interior portion adapted to pass through and be 
located within the hermetically sealed compressor housing. 
The interior portion is adapted to be in contact with the 
refrigerant in the compressor housing. A power switching 
circuit is adapted to be positioned in the hermetically 
sealed compressor housing and is adapted to be in contact 
with the refrigerant within the compressor housing. The 
power switching circuit is connected between the power supply 
line and the winding for selectively applying electrical 
power from the electrical power source to the winding. An 

electronic commutating circuit is adapted to be positioned in 
the hermet~cally sealed compressor housing and is adapted to 
be in contact with the refrigerant within the compressor 
housing, the electronic commutating circuit connected to the 
power switching circuit for controlling the power switching 
circuit to selectively switch the power switching circuit to 
sequentialiy energize the winding. A position sensing 
circuit is adapted to be positioned in the hermetically 
sealed compressor housing and is adapted to be in contact 
with the refrigerant within the compressor housing. T~e 
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position sensing circuit is connected to the electronic 
commutating circuit for indicating the position of the 
rotatable assembly relative to the stationary assembly . . 

Other objects and features will be in part apparent and 
in part pointed out hereinafter. 

Brief Description of the Drawings 

Figure 1 is a block diagram of a refrigeration system 
having a compressor including a motor and motor control in 
the compressor housing according to the invention. 

Figure 2 is a cross sectional diagram of one pref erred 
r 

embodiment of the invention including a hermetically sealed 
compressor housing enclosing a compressor mechanism, an 
electronically commutated motor driving the compressor 
mechanism and a control card for controlling the 
electronically commutated motor. 

Figure 3 is a schematic diagram of one preferred 
embodiment of the invention wherein all electrical components 
(including an optional nonelectrolytic capacitor) are located 
within the hermetically sealed compressor housing and only 
the alternating current source is external to the housing. 

Figure 4 is a schematic diagram of one pref erred 
embodiment of the invention wherein only the direct current 
power source is external to the housing all other electrical 
components are located within the hermetically sealed 
compressor housing. 

Figure s is a functional block diagram of the com.presser 
integrated control motor {ICM) according to the invention for 
a refrigeration system, wherein the compressor ICM is shown 
in combination with an evaporator fan ICM and a condenser fan 
ICM and refrigerator control, and wherein the connections 
between the evaporator fan ICM, compressor ICM and condenser 
fan ICM and r~f rigerator control are illustrated. 
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Corresponding reference characters i·ndicate 
corresponding parts throughout the drawings. 

I 

Detailed Description of the Preferred Embodiments 

Fig. l illustrates in block diagram form one preferred 
embodiment of a compressor 10 according to the invention 
including a motor and motor control in the compressor 
housing. In Fig. l, the compressor 10 is shown as part of a 
refrigeration system 12 which is one pref erred embodiment of 
the use of the compressor 10. The system includes an 
evaporator coil 14 which would be located within a 
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compartment to be cooled. Compressor 10 pumps refrigerant in 
the system through a cpndenser coil 16 where excess heat is 
extracted. The refrigerant then moves through an expansion 
valve or capillary 18 and through the evaporator coil 14 
where heat is absorbed. A fan (not shown) circulates air or 
other fluid over the evaporator or, optionally, over the 
condenser. The refrigeration system 12 is powered by an 
electrical power source which usually is an alternating 
current source 20. 

The compressor 10 includes a hermetically sealed 
compressor housing 22 which is connected to the evaporator 
via line 24 and to the condenser 16 via line 26. A 
compressor mechanism 28 is located within the hermetically 
sealed compressor housing 22 for circulating the refrigerant 
located within the compressor housing 22 through a loop L 
including the evaporator 14 to absorb heat and. including the 
condenser 16 adapted to permit the refrigerant in the 
condenser to dissipate heat. The evaporator side of the loop 
i~ generally referred to as the low pressure side of the loop 
whereas the condenser side of the loop is generally ref erred 
to as the high pressure side of the loop. Refrigerant in the 
housing is supplied either from line 24 of the low pressure 
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side of the loop or from line 26 from the high pressure side 
of the loop. Therefore, as shown in Fig. 1, either lines 24 
and 26 are connected to compressor mechanism by dashed lines . 
and the outer line is connected to the housing 22. In the 
event that low.pressure refrigerant is circulated within 
compressor housing 22, line 24 is connected to the housing 22 
for releasing the low pressure refrigerant within the housing 
22. Theref.ore, line 26 is directly connected to the 
compressor mechanism 26. In this configuration, the 
compressor mechanism 27 intakes low pressure refrigerant 
located within the compressor housing 22, compresses it and 
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then delivers the compressed refrigerant directly via line 26 
to the condenser 16. Alternatively, high pressure 
refrigerant may be circulated within the compressor housing 
22 so that line 26 is connected to housing 22 and line 24 is 
directly connected to compressor mechanism 27. In this 
alternative embodiment, compressor mechanism 27 intakes low 
pressure refrigerant directiy from its direct connection with 
line 24, compresses it and delivers compressed refrigerant to 
the interior of compressor housing 22, which compressed 
refrigerant would then be supplied to line 26 connected to 
the housing 22. 

A motor 28 is located in the hermetically sealed 
compressor housing 22 anq in contact with the refrigeranc 
within the.compressor housing. Motor 28 is illustrated as an 
electronically commutated motor (ECM). However, it is 
contemplated that motor 28 may be any electronically 
controllable motor typically powered by an electronic 
commutating circuit. Such motors include single and variable 
speed motors, selectable speed motors having a plurality of 
finite, discrete speeds and brushless de motors, including 
electronically commutated motors and switched reluctance 
motors. In addition, the motors may have a single phase 
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winding, a single split phase winding or a multiphase 
winding. In particular, the motor comprises a stationary 
assembly, an energizable winding on the stationary assembly 
to produce'a magnetic field, and a rotatable assembly in 
magnetic coupling relation to the stationary assembly and 
adapted to rotate in response to a magnetic field produced by 
the winding. Examples of such motors and controls therefor 
are disclosed in U.S. Patent No. 4,449,079 and 5,125,067, the 
entire disclosures of which are incorporated herein by 
reference in their entirety. 

A power supply line 30 is adapted to be connected 
f 

between motor 28 to the electrical power source 20 and has an 
interior portion 32 passing through and located within the 
hermetically sealed compressor housing 22. The interior 
portion 32 is in contact with the refrigerant in the 
compressor housing 22. A power switching circuit 34 is also 
in the hermetically sealed compressor housing 22 and in 
contact with the refrigerant within the housing. The power 
switching circuit 34 is connected between the power supply 
line 30, 32 and the winding for selectively applying 
electrical power from the electrical power source 20 to the 
winding. The power switching circuit 34 may include a pulse 
width modulated current control, an overcurrent control or 
other circuit for controlling or conditioning current applied 
to the windings. 

An electronic commutating circ~it 36 is also located 
within the hermetically sealed compressor housing 22 and in 
contact with the refrigerant within the compressor housing 
22. The electronic commutating circuit 36 may be any 
commutating circuit well known in the art for controlling the 
ECM, SRM, or other brushless motor which is used to drive the 
compressor mechanism 27. The commutating circuit 36 is 
connected to the power switching circuit 34 via line 38 for 
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controlling the power switches of the power switching circuit 
to selectively switch the power to sequentially energize the 
winding. 

A position sensing circuit 40 is also located within the 
hermetically sealed compressor housing 22 and in contact with 
the refrigerant within the compressor housing 22. The 
position sensing circuit 40 is connected to the electronic 
commutating circuit 36 via line 42 for indicating the 
position of the rotatable assembly relative to the stationary 
assembly. 

As illustrated in Fig. 1, the compressor 10 according to , 
the invention may include an optional rectifier 44 connected 
between the power switching circuit 34 and the alternating 
current source 20 for rectifying and conditioning the 
alternating current. Rectifier circuit 44 is illustrated as 
within the compressor housing 22 so that the rectifier 
circuit would ~lso be in cont~ct with the refrigerant within 
the compressor housing 22. Alternatively, it is contemplated 
that the rectifier circuit may be ex~ernal to the 
hermetically sealed compressor housing 22 as shown in 
phantom. As illustrated and described below in greater 
detail, the rectifier circuit 44 may include a capacitor for 
clamping or smoothing the waveform being applied through the 
power switching circuit 34 to the motor 28. 

One adyantage of the invention is that locating the 
power switching circuit 34 within the hermetically sealed 
compressor housing avoids the need for a.heat sink associaced 
with the power switches of the power switching circuit. In 
order to employ inexpensive power switches and reduce costs; 
it is preferable to operate the power switches so that their 
operating temperature does not usually exceed an operating 
range of 130°C-140°C and preferably avoiding any maximum 
operating temperatures in excess of 175°C. In systems.in 
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which the power switching circuit 34 is external to the 
compressor housing 22, some type of cooling fins or other 
heat sink must be associated with the power switches to 
dissipate heat generated by the switches in order to maintain 
operation of the power switches within the above-noted 
temperature ranges. In the compressor 10 according to the 
invention, the switches are in contact with the refrigerant 
within the herm~tically sealed compressor housing 22 which 
refrigerant operates to circulate through the loop of the 
refrigeration system 12 and functions as a heat sink. 
Therefore, the· refrigerant in contact with the power switches 
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cools the power switches and maintains the power switches at 
the same temperature as the refrigerant being circulated 
within the compressor housing 22. If low pressure 
refrigerant is located within compressor housing 22, the 
power switching circuit 34 may be maintained within a 
temperature ·range of 15°C-25°C which is well below the 
preferred maximum operating range. Even in the case where 
high pressure refrigerant is circulated within the compressor 
housing 22, the temperature of such high pressure refrigerant 
is usually well below l00°C so that the power switches are 
maintained below their maximum operating range thus avoiding 
the need for a heat sink associated therewith other than the 
refrigerant. Without the refrigerant to cool the power 
switching devices, the operating temperature of the power 
switching devices would be greater than the preferred 
operating temperature and greater than the temperature of the 
refrigerant within the compressor housing. As a result, the 
refrigerant in the compressor housing absorbs heat from the 
power switching devices and at least partially dissipates the 
absorbed heat through the condenser 16. 

In the event that the motor 28 comprises a variable 
speed, electr~nically commutated motor having a permanent 
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magnet rotor, a speed cont~ol line 46 could be connected 
through the housing 22 to the electronic commutating circuit 
36 for providing a signal to the circuit 36 to control the 

' speed of the motor 28. Additionally, commutating circuit 36 
may provide a tachometer signal through housing 22 via line 
48 indicating the speed of the motor 28. Another option 
could include an overtemperature circuit 50 including a 
thermistor to sense temperature as noted below. The 
overtemperature circuit is in the hermetically sealed 
compressor housing and in contact with the refrigerant within 
the compressor housing, the overtemperature circuit being . ' 
operable to inhibit operation of the motor or otherwise 
disable the compressor 10 in the event that the temperature 
of the overtemperature circuit exceeds a maximum temperature. 
Overtemperature circuit 50 could have an optional output 52 
multiplexed with or separate from the tachometer signal 
output to indicate the temperature being sensed. Outputs 48 
and 52 may be part of a fusite connector (see Fig. 2) 
supplies signals through the housing 22. 

Fig. 2 is a cross-sectional diagram of compressor 10 
according to the invention.in one preferred embodiment. 
Compressor housing 22 is shown as a clamshell-type case 202 
having an upper portion 204 and a lower portion 206 joined at 
a seam 208. A plurality of brackets 210 are welded to the 
interior of the lower portion 206 and engage a support 212 
which supports the motor/compressor mechanism assembly by 
springs .214. As illustrated in Fig. 2, a single phase ECM 
motor 216 is shown including a ·rotor 218 and stator 220 
having a single phase winding 222. The power switches 34, 
the commutating circuit 36, the position sensing circuit 40 
a~d the rectifier 44 are all located on a single printed 
circuit control card 224 located within the hermetic case 202 
and in contact with the refrigerant circulating within the 
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case. Commutation of the motor 216 results in rotation of 
rotor 218 to reciprocate the piston 232 of the compressor 
cylinder 234 which comprises the compressor mechanism. The 
windings 22'2 may be connected to the control card 224 via a 
cable 226 or by use of a direct connection, such as by 
insulation displacement terminals engaging the motor winding. 
The control card 224 is connected to a power source via a 
two-pin fusite connector 228 and interior cable 230. It is 
contemplated that the control card will sense refrigerant 
temperature or other temperature (such as motor temperature) 
for the purpose of sensing an overtemperature condition. For 

. t 

example, a thermistor may be located on or in close proximity 
to the card 224 for sensing refrigerant temperature thereby 
monitoring thermal cycle and providing a thermal cycle 
control; or the thermistor may be l·ocated on or in close 
proximity to ·the motor 28 for. sensing motor temperature; or 
the thermistor may be located between the motor and the card 
to sense motor, card and/or refrigerant temperature. A 
circuit would sense the resistance of the thermistor, which 
resistance is temperature dependent, to determine the 
temperature being sensed. If the sensed temperature exceeds 
a maximum, the compressor is disabled. Alternatively, the 
fusite connector 228 may have an integral over-temperature 
sensor for sensing the temperature of case 22 and 
disconnecting the power source 20 from the control card 224 
in the event that the temperature of the case exceeds a 
minimum. Alternatively, a temperature sensor may be attached 
to the outer surface of case 202 and an over-temperature 
circuit in connection with the temperature sensor would be in 
series between the fusite connector 228 and the power source. 
It is also contemplated that the fusite connector 228 may be 
three or more pins for also connecting optional line 46 (Fig. 
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1) to a speed control or optional line 38 providing a 
tachometer signal. 

In one preferred embodiment, the compressor cylinder 234 . 
may be a bidirectional compressor which will operate to 
compress the refrigerant within the hermetic cas.e 202 whether 
the rotor 218 rotates in a clockwise or a counter-clockwise 
direction. In addition, the single phase ECM motor 216 could 
rotate in either direction so that the electronic commutating 
circuit of card 224 is adapted to start and conunutate the bi­
directional motor 216 in either a clockwise or counter­
clockwise direction so that the bi-directional compressor may 
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be driven in either direction. These bidirectional features 
of the invention avoid the need for a starting circuit for 
the motor which necessarily starts the motor with a rotation 
in the same direction each time. These bidirectional 
features also allow the motor to be designed with greater 
tolerances, particularly with respect to its reluctance 
features. This allows the cost of the starting circuit of 
the commutating circuit to be reduced. 

Fig. 3 illustrates, in simplified form, a schematic 
diagram of one pref erred embodiment of the invention wherein 
all electrical components are located within the hermetically 
sealed housing 22 except for the alternating current source 
20. The rectifier circuit 44 located within the housing 22 
is in the form of a diode bridge connected to the alternating 
current source 20. This diode bridge is connected between 
the source 20 and the power switching circuit 34 so that the 
power switching devices of circuit 34 supply rectified 
alternating current or direct current to the windings of 
motor 28. Commutating circuit 36 selectively opens and 
closes the power switches of power switching circuit 34 to 
apply de to the windings. The position sensing circuit 40 
may be any position sensing circuit known in the prior art 
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such as a back EMF sensing circuit which would be connected 
to each of the windings as shown by the dashed lines or a 
Hall effect device which would sense the position of a magnet 
on the rotor. 

The control circuitry for motor 28 may be provided with 
an optional capacitor 300 for conditioning the de generated 
by the rectifier 44. Capacitor 300 must be compatible with 
the refrigerant since it is in contact with the refrigerant 
circulating within the hermetically sealed housing 22. For 
example,· electrolytic capacitors have an electrolyte therein 
which may be incompatible with the refrigerant. Over time, 

. t 

the electrolyte may leak from the capacitor due to 
temperature and pressure changes causing electrolyte to 
circulate with the refrigerant within the loop and 
contaminate the refrigerant. Alternatively, the pressurized 
environment within the housing 22 may cause refrigerant to 
mix with the electrolyte within the capacitor changing or 
eliminating the capacitive effect of .capacitor 300. 
Contamination of the refrigerant or variation of the 
capacitive value of capacitor 300 may be unacceptable and 
such an arrangement would be considered incompatible with the 
refrigerant. In order to be compatible with the refrigerant, 
a capacitor would have to be able to maintain its capacitance 
in the environment within the housing 22 and not cause 
contamination of the refrigerant over time. For example, an 
electrolytic capacitor enclosed in a sealant or potted in 
some type of an enclosure may be able to withstand the 
environment within the housing 22 so that it would be 
compatible with the refrigerant environment in the housing. 
Therefore, an electrolytic capacitor enclosed in a sealant 
would be a capacitive component compatible with the 
refrigerant. Alternatively, a non-electrolytic capacitive 
component may be used as capacitor 300 in order to avotd any 
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incompatibility. In this alternative, the rectifier circuit 
44 and the power switching circuit 34 do not have an 
electrolytic capacitive component so that the power switching 
devices supply a substantial level de to the winding, such 
level de caused by the non-electrolytic capacitive component. 

Aiternatively, no capacitor may be used between the 
rectifier circuit 44 and the power switching circuit 34. In 
this configuration, the rectifier 44 is connected between the 
alternating current source 20 and the power switching circuit 
34 and the power switching circuit 34 supplies rippling 
direct current to the windings. 

f 

Fig. 4 illustrates another alternativ~ preferred 
embodiment of the invention wherein the electrical power 
source comprises external alternating current source 20 and 
wherein the rectifier circuit 44 and optional capacitive 
component 400 are also external to the hermetically sealed 
compressor housing 22. Also, an optional external switch 402 
is positioned between the rectifier circuit 44 and the power 
switching circuit 34 for controlling power in response to a 
variable de control 404. If optional capacitor 400 is part 
of the circuitry, the power switching devices are supplied 
with substantially level direct current to the winding. The 
rectifying circuit 44, capacitor 400, switch 402 and variable 
de control 404 comprise a converter adapted to be connected 
to the alte+nating current· source 20 for supplying a variable 
direct current or a variable voltage. As illustrated in Fi~. 
4, the converter is external to the hermetically sealed 
compressor housing 22 and connected to the power switching 
circuit 34 through housing 22 to supply substantially level 
direct current to the winding. By selectively opening and 
closing switch 402, which may be any switching component such 
as a transistor switch, variable de control 404 controls the 
amount of power supplied to the power switching circuit 34 
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and ultimately to the windings 28 thereby controlling the 
speed of motor.28 and compressor mechanism 27. 

As indicated in Figs. 3 and 4, the position sensing 
circuit 40 'may be a back EMF, inductance or other sensing 
circuit or a Hall (H) effect device circuit, either of which 
is located in the hermeticaliy sealed compressor housing 22 
and is iµ contact with the refrigerant within the compressor 
housing.. This configuration according to the invention 

allows Hall devices to be used in combination with an 
ele.ctronically commutated, variable speed motor. When 

variable speed ECMs with an external speed control are used 
I 

to drive the compressor mechanism 27, the position sensing 

should be a BEMF circuit located external to the compressor 

housing 24. This is because it is difficult to use Hall 
devices to sense the position of the rotor due to 
interference reduced signal strength and impedance mismatch 
caused by of the grounded hermetic housing 22 and other 
circuit aspects. In general, it is preferable to locate the 

Hall device as close as practical to the commutating circuit 
26. By positioning the commutating circuit 26 within the 
housing 22, as illustrated in Figures 3 and 4, this permits 

the commutating circuit 26 to be close to the position 
sensing circuit 40 which may be a Hall sensor. 

Fig. s is a functional block diagram of the compressor 
integrated _control motor (ICM) according to the invention for 
a refrigerator. The compressor ICM 500 is shown in 
combination with an evaporator fan ICM 502 and a condenser 
fan ICM and refrigerator control 504. The purpose of this 
functional block diagram of ~ig. 5 is to illustrate the 
various connections between the evaporator fan ICM 502, the 
compressor ICM 500 and the condenser ICM and refrigerator 
control 504. The primary line connecting the evaporator fan 
ICM 502 and control 504 is a switched power line Li, the 
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number of wires of which can be reduced by phase control. In 
other words, control 504 would be in control of operation of 
evaporator fan ICM 502. 

The only inputs to .compressor ICM 500 are to bulk de 
inputs from the power source supplying 135-170 vdc (with 
reference to the control ground) and the control ground 
itself. These power inputs would also come from the control 
504 and may be in series with an overload switch 506 on the 
shell of the compressor for disconnecting power to the 
compressor ICM 500 in the event of an over-temperature 
condition. If control 504 implements a variable de control 

t 

such as illustrated in Fig. 4, the speed control of 
compressor ICM 500 would be plus or minus SO rpms at normal 
bulk de voltage an~ plus or minus 75 rpms during a fast pull 
down cycle when additional power is supplied to the 
compressor ICM 500. 

Additional inputs to the control 504 may include a fresh 
food thermistor 508 for sensing the temperature in the 
refrigerator compartment and a freezer thermistor 510 for 
sensing ~he temperature in the freezer. Optionally, a 
variable resistor control 512 may be provided to control the 
temperature in the fresh food compartment and a variable 
resistor control 514 may be provided for controlling freezer 
temperature.. A defrost heater Sl6 would also be powered from 
control 504 and would include a defrost thermostat 518 for 
disconnecting the defrost heater 516 .in the event of an 
overload condition. 

The functions of control 504 are listed in the block 
diagram box labelled 504. In particular, control 504 could 
be an integral part of the condenser motor and may control 
many of the electronic aspects of the refrigerator in which 
it is installed. By combining and integrating most the 
controls in the condenser, cost is .reduced and manufacture is 
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simplified. As illustrated in Fig. 5, 9ontrol 504 could 
control one or more of the following electronic aspects of 
the refrigerator: speed and on/off operation of the 
condenser motor driving the fan which moves air over the 
condensing coils; speed and on/off operation of the 
compressor motor by supplying DC voltage to .the compressor 
ICM 500; defrost heater control based on the status of 
defrost thermostat 518 and/or an optional ineegral timer to 
provide defrost cycles which adapt to efficiently operate the 
refrigerator or an adaptive algorithm in the control which 
determines when a defrost cycle is complete; on/off operation 

f 

of the compressor in response to fresh food and freezer 
controls 510-514, speed and on/off operation of the 
evaporator fan ICM 502 moving air over the evaporator and 
within the refrigerator or freezer compartments; optional 
adaptive condenser motor control in response to a thermistor 
on the control board to provide additional run time cool the 
condenser motor and control 504; and optional diagnostic 
operation of the condenser control to sense clean vs. dirty 
condensers to avoid the latter condition and its accompanying 
inefficient operation. 

The refrigeration system 12 to be driven by the . . 

electrical power source 20 may be manufac~ured by a method 
comprising the steps of: 

providing a compressor housing 22; 
positioning a compressor mechanism 27 in the compressor 

housing 22, the mechanism adapte4 for circulating a 
refrigerant located within the compres~or housing through a 
loop L including an evaporator 14 adapted to permit the 
refrigerant in the evaporator to absorb heat and including a 
condenser 16 adapted to permit the refrigerant in the 
condenser to dissipate heat; 
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positioning a motor 28 in the compressor housing, the 
motor adapted to be in contact with the refrigerant within 
the compressor housing, the motor coupled with the compressor 
mechanism and comprising a stationary assembly 218, an 
energizable winding 222 on the stationary assembly to produce 
a magnetic field, and a rotatable assembly 218 in magnetic 
coupling relation to the stationary assembly and adapted to 
rotate in response to a magnetic field produced by the 
winding; 

providing a power supply line 30 adapted to be connected 
to the electrical power source and having an interior portion 

• 32; 

positioning the interior portion within the compressor 
housing, the interior portion being adapted to be in contact 
with the refrigerant in the compressor housing; 

positioning a power switching circuit 34 in the 
compressor housing, the power switching circuit adapted to be 
in contact with the refrigerant within the compressor 
housing, the power switching circuit connected between the 
power supply line and the winding for selectively applying 
electrical power from the electrical power source to the 
winding; 

positioning an electronic commutating circuit 36 in the 
compressor housing, the electronic commutating circuit 
adapted to be in contact with the refrigerant within the 
compressor housing, the electronic commutating circuit being 
connected to the power switching circuit for controlling the 
power switching circuit to selectively switch the power 
switching circuit to sequentially energize the winding; 

positioning a position sensing circuit 40 in the 
compressor housing, the posicion sensi~g circuit' adapted to 
be in contact with the refrigerant within the compressor 
housing, the position sensing circuit being connected to the 
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electronic commutating circuit for indicating the position of. 
the rotatable assembly relative to the stationary assembly; 
and 

sealing the compressor mechanism 27, the motor 28, the 
interior portion 32 of the power supply line 30, the power 
switching circuit 34, the electronic.commutating circuit 36 
and the position sensing circuit 40 within the compressor 
housing 22. 

A method of cooling the power switching circuit 34 of 
the motor 28 driving the compressor mechanism 27 is also 
disclosed. The circuit, motor and mechanism are adapted to 
be located within the compressor housing 22 and in contact 
with refrigerant in the housing. The method comprises the 
steps of: 

positioning the power switching circuit 34 within the 
housing; 

circulating the refrigerant in contact with the power 
switching circuit 34 so that the refrigerant absorbs heat 
generated by the power switching circuit 34; and 

circulating the refrigerant through a condenser 16 so 
that the refrigerant dissipates the heat absorbed from the 
power switching circuit 34. 

In view of the above, it will be seen that the several 
objects of the invention are achieved and other advantageous 
results attained. 

As various changes could be made in the above 
constructions, products, and methods without departing from 
the scope of the invention, it is intended that all matter 
contained in the above· description and shown in the 
accompanying drawings shall be interpreted as illustrative 
and not in a limiting sense. 
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WHAT IS CLAIMED IS: 

1. A refrigeration system to be driven by an electrical 

power source comprising: 

a hermetically sealed compressor housing; 

a compressor mechanism in the hermetically sealed 

compressor housing for circulating a refrigerant located 

within the compressor housing through a loop including an 

evaporator adapted to permit the refrigerant in the 

evaporator to absorb heat and including a condenser adapted 

to permit the refrigerant in the condenser to dissipate heat; , 
a motor in the hermetically sealed compressor housing 

and in contact with the refrigerant within the compressor 

housing, the motor coupled with the compressor mechanism and 

comprising a stationary assembly, an energizable winding on 

the stationary assembly to produce a magnetic field, and a 

rotatable assembly in magnetic coupling relation to the 

stationary assembly and adapted to rotate in response to a 

magnetic field produced by the winding; 

a power supply line adapted to be connected to the 

electrical power source and having an interior portion 

passing through and located within the hermetically sealed 

compressor housing, the interior portion in contact with the 

refrigerant in the compressor housing; 

a powe~ switching circuit in the hermetically sealed 

compressor housing and in contact with the refrigerant within 

the compressor housing, the power switching circuit being 

connected between the power supply line and the winding for 

selectively applying electrical power from the electrical 

power source to the winding; 

an electronic commutating circuit located in the 

hermetically sealed compressor housing and in contact with 

the refrigerant within the compressor housing, the electronic 
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commutating circuit being connected to the power switching 
circuit for controlling the power switching circuit to 
selectively switch the power switching circuit to 
sequentially energize the winding; and 

a position sensing circuit in the hermetically sealed 
compressor housing and in contact with the refrigerant within 
the compressor housing, the position sensing circuit being 
connected to the electronic commutating circuit for 
indicating the position of the rotatable assembly relative to 
the stationary assembly. 

I 

2. The system of claim 1 wherein the power switching 
circuit comprises at least one power switching device which 
does not have a heat sink associated therewith other than the 
refrigerant, wherein the power switching device and the loop 
are configured so that an operating temperature of the power 
switching device is greater than a temperature of the 
refrigerant within the compressor housing, and wherein the 
refrigerant in the compressor housing absorbs heat from the 
power switching device and at least partially dissipates the 
absorbed heat through the condenser. 

·3. The system of ~laim 1 wherein the compressor 
mechanism has an input connected to a low pressure side of 
the loop adapted for receiving refrigerant from the 
evaporator and has an output connected to a high pressure 
side of the loop adapted for providing refrigerant to the 
condenser and wherein the refrigerant 'within the housing is 
from the low pressure side of the loop. 

4. The system of claim 1 wherein the rotatable assembly 
comprises a permanent magnet rotor, wherein the motor 
comprises a variable speed, electronically commutated motor, 

•· 
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further comprising a control line connected to the electronic 
comz'.nutating circuit for providing a signal controlling_ the 
speed of the motor, and wherein the electronic commutating 
circuit comprises power switching devices for selectively 
connecting the power supply line in sequence to the winding. 

5. The system of claim 1 wherein the electrical power 
source comprises an alternating current source external to 
the hermetically sealed compressor housing, further 
comprising a rectifier circuit in the hermetically sealed 
compressor housing and in contact with the refrigerant within 

. , 
the compressor housing, said rectifier adapted to be 
connected between the alternating current source and the 
power switching devices and wherein the power switching 
devices supply direct current to the winding. 

6. The system of claim 5 wherein the rectifier circuit 
and·the power switching circuit do not have a capacitive 
component so that the power switching devices supply rippling 
direct current to the winding. 

7. The system of claim 5 wherein the rectifier circuit 
or the power switching circuit have a capacitive component 
compatible with the refrigerant so that the power switching 
devices supply a substantially level direct current to the 
winding. 

a. The system of claim 7 wherein the capacitive 
component compatible with the refrigerant comprises an 
electrolytic capacitor enclosed in a sealant. 

9. The system of claim 5 wherein the rectifier circuit 
and the power switching circuit have a nonelectrolytic 
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capacitive component, and wherein the rectifier circuit and 
the power switching circuit do not have a electrolytic 
capacitive component so that the power switching devices 
supp~y a suostantially level direct current to the winding. 

10. The system of claim 1 wherein the electrical power 
source comprises an alternating current source, and further 
comprising a rectifier circuit, and a capacitive component 
external to the hermetically sealed compressor housing, said 
rectifier circuit adapted to be connected between the 
alternating current source and the power switching devices 

r 

and wherein the power switching devices supply substantially 
level direct current to the winding. 

11. The system of claim 1 wherein the electrical power 
source comprises an alternating current source and further 
comprising a converter adapted to be connected to the 
alternating current source for supplying a variable direct 
current, said converter external to the hermetically sealed 
compressor housing and being connected to the power switching 
devices through the housing to supply substantially level 
direct current to the winding. 

12. The system of claim 10 wherein the electrical power 
source comp~ises an alternating current source, and wherein 
the converter comprises a rectifier circuit and a capacitive 
component adapted to be connected between the alternating 
current source and the power switching devices. 

13. The system of claim 1 wherein the motor comprises 
an ECM, wherein the position sensing circuit comprises a Hall 
effect device in the hermetically sealed compressor housing 
and in contact with the refrigerant within the compres~or 
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housing, said Hall e_ffect device being connected to the 
electronic commutating circuit for indicating the position of 
the rotatable assembly relative to the stationary assembly. 

14. The system of claim 1 wherein the motor comprises a 
bi-directional single phase motor and wherein the compressor 
mechanism comprises a bi-directional compressor and wherein 
the electronic commutating circuit is adapted to start and 
commutate the bi-directional motor in either a clockwise or a 
counterclockwise direction so that the bi-directional 
compressor may be driven in either direction. 

t 

15. The system of claim 1 further comprising an 
overtemperature circuit in the hermetically sealed compressor 
housing and in contact with the refrigerant within the 
compressor housing, the overtemperature circuit being 
operable to inhibit operation of the motor in the eve~t that 
the temperature of the overtemperature circuit exceeds a 
maximum temperature. 

16. The system of claim 15 wherein the overtemperature 
circuit senses a temperature of the motor. 

17. A control for use with a refrigeration system to be 
driven by an electrical power source, said control adapted to 
be hermetically sealed in a compressor housing in contact 
with refrigerant within the compressor housing, said control 
adapted for controlling a motor in the compressor housing 
driving a compressor mechanism, said motor having an 
energizable winding on a stationary assembly adapted to 
produce a magnetic field for rotating a rotatable assembly, 
said control adapted to be connected to a power supply line 
adapted to be connected to the electrical power source and 

-------- - ·-
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having an interior portion adapted to pass through and 
located within the housing, said interior portion in contact 
with the refrigerant in the housing, said control comprising: 

a power switching circuit adapted to be located in the 
hermetically sealed compressor housing and adapted to be in 
contact with the refrigerant within the compressor housing, 
said power switching circuit being adapted to be connected 
between the power supply line and the winding for selectively 
applying electrical power from the electrical power source to 
the winding; 

an electronic commutating circuit adapted to be located 
in the hermetically sealed compressor housing and adapted to 
be in contact with the refrigerant within the compressor 
housing, said electronic commutating circuit being connected 
to the power switching circuit for controlling the power 
switching circuit to selectively switch the power switching 
circuit to seCIU:entially energize the winding; and 

a position sensing circuit adapted to be located in the 
hermetically sealed compressor housing and adapted to be in 
contact with the refrigerant within the compressor housing, 
said position_ sensing circuit being connected'to the 
electronic commutating circuit for indicating a position of 
the rotatable assembly of the motor. 

18. A _method of manufacturing a refrigeration system to 
be driven by an electrical power source, said method 
comprising the steps of: 

providing a compressor housing; 
positioning a compressor mechanism in the compressor 

housing, said mechanism being adapted for circulating a 
refrigerant located within the compressor housing through a 
loop including an evaporator adapted to permit the 
refrigerant in the evaporate~ to absorb heat and including a 

lli~;ur 
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condenser adapted to perm.it the refrigerant in the condenser 
to dissipate heat; 

positioning a motor in the compressor housing, said 
motor being adapted to be in contact with the refrigerant 
within the compressor housing, said motor being adapted to be 
coupled with said compressor mechanism and comprising a 
stationary assembly, an energizable winding on the stationary 
assembly to produce a ~agnetic field, and a rotatable 
assembly in magnetic coupling relation to the stationary 
assembly and adapted to rotate in response to a magnetic 
field produced by the winding; 

' providing a power supply line adapted to be connected to 
the electrical power source and having an interior portion; 

positioning the interior portion within the compressor 
housing, said interior portion being adapted to be in contact 
with the refrigerant in the compressor housing; 

· . positioning a power switching circuit in the compressor 
housing, said power switching circuit being adapted to be in 
contact with the refrigerant within the compressor housing, 
said power switching circuit being connected between the 
power supply line and the winding for selectively applying 
electrical power from the electrical power source to the 
winding; 

positioning an electronic commutating circuit in the 
compressor housing, said electronic commutating circuit being 
adapted to be in contact with the refrigerant within the 
compressor housing, said electronic commutating circuit being 
connected to the power switching circuit for controlling the 
power switching circuit to selectively switch the power 
switching circuit to sequentially energize the winding; 

positioning a position sensing circuit in the compressor 
housing, said position sensing circuit being adapted to be in 
contact with the refrigerant within the compressor housing, 
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said position sensing circuit being connected to the 
electronic commutating circuit for indicating the position of 
the rotatable assembly relative to the stationary assembly; 
and 

sealing the compressor mechanism, the motor, the 
interior portion of the power supply line, the power 
switching circuit, the electronic commutating circuit and the 
position sensing circuit within the compressor housing. 

19. A method of cooling a power switching circuit of a 
motor driving a compressor mechanism, said circuit, motor and .. 
mechanism adapted to be located within a compressor housing 
an4 in contact with refrigerant in the housing, said method 
comprising the steps of: 

circulating the refrigerant in contact with the power 
switching circuit so that the refrigerant absorbs heat 
generated by the power switching circuit; and 

circulating the refrigerant through a condenser so that 
the refrigerant dissipates the heat absorbed from the power 
switching circuit. 

20. An apparatus for use as part of a refrigeration 
system, said apparatus to be driven by an electrical power 
source and for use in combination with: 

a hermetically sealed compressor housing; and 
a compressor mechanism in the hermetically sealed 

compressor housing for circulating a refrigerant located 
within the compressor housing through a loop including an 
evaporator adapted to permit the refrigerant in the 
evaporator to absorb heat and including a condenser adapted 
to permit the refrigerant in the condenser to dissipate heat; 
said apparatus comprising: 

111t1r1nr 
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a motor adapted to be positioned in the hermetically 
sealed compressor housing and adapted to be in contact with 
the refrigerant.within the compressor housing, the motor 
adapted to 'be coupled with the compressor mechanism and 
comprising a stationary assembly, an energizable winding on 
the stationary assembly to produce a magnetic field, and a 
rotatable assembly in magnetic coupling relation to the 
stationary assembly and adapted to rotate in response to a 
magnetic field produced by the winding; 

a power supply line adapted to be connected to the 
electrical· power source and having an interior portion 

r 

adapted to pass through and be located within the 
hermetically sealed compressor housing, the interior portion 
adapted to be in contact with the refrigerant in the 
compressor housing; 

a power switching circuit adapted to be positioned in 
the hermeti·cally sealed compressor housing and adapted to be 
in contact with the refrigerant within the compressor 
housing, the power switching circuit being connected between 
the power supply line and the winding for selectively 
applying electrical power from the electrical power source to 
the winding; 

an electronic commutating circuit adapted to be 
positioned in the hermetically sealed compressor housing and 
adapted to be in contact with the refrigerant within the 
compressor housing, the electronic commutating circuit being 
connected to the power switching circuit for controlling the 
power switching circuit to selectively switch the power 
switching circuit to sequentially energize the winding; and 

a position sensing circuit adapted to be posit~oned in 
the hermetically sealed compressor housing and adapted to be 
in contact with the refrigerant within the compressor 
housing, the position sensing circuit being connected ~o the 
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electronic conunutating circuit for indicating the position of 
the rotatable assembly relative to the stationary assembly. 
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