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COVPRESSCR | NCLUDF NG A MOTOR AND [err] Background of the Inygﬁ?ion Thi s

~invention relates to conpressor assenblies for conpressing refrigerant

within a loop of a refrigerating systemand, in particular, to a conpressor
assenbly enclosed in a housing and i nchkuding a conpressor nechani sml ocated
in the housing, a notor |located in the housing for driving the conpressor

mechani sm and a-conE%&&ﬁgggaﬁtid %%&%% hpmhggnh ing for controlling
operation of 't hedRbRT coRtinbh TR The CORERESSOR REuS D! | es. 2

cylinder-pi ston Or IOt aj¥p WiEtebB o ROT errrgerant is driven by a
notor. Both the unit ana—Tﬁé"ﬁﬁTGT“¥%#E%¢$VFﬁg‘Tt are enclosed in a
hernetically seal ed housing. Controls for the notor are external to the

housi ng rakGtggeRRKdAldfy vRUidved¥3dd ng fins or other heat sinks to dissipate
heat generated by the power sw tching conponents of the controls. This -

external contiidls dmvergsrentrelatde WX penpiressior mndtiwse fard assenbl e.
senoi ng CAETSEE pch F o (A, AR 18R BE E e R RRR Y S e and
i npedancystien BaG ol REHITHET r 30 ttheomprasser essamblyoencdiosedenot e
from t hg NQUHRMSIinH ¥R | ShA Rl TP e Q¥ sRStmechanism 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 rcotary 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

| compressor including motor and integral motor controls sealed
within the compressor housing which is inexpensive to
manufacture and simple to assemble.

_ Pt

REPLACED SHEETS 5G

\ [J Description : paged ... 10 paged .oomeere:

@ Claim(s) paged :’f to paged ..3....
i Drawing(s) : paged ... to paged .A5....

7l Abstract  © paged .J... to paged .%o
DATE OF RECEIPT .ooiivmnnmin




con%ressor assenbly which includes a control hernetically sealed within the
conpressor housing. Sunmmary of the Invention It is an object of this

i nvention to provide a conpressor including notor and integral notor
controls sealed within the conpressor housing which is inexpensive to

manuf acture and sinple to assenble. [er2] 2 It is another object of this

invention to prﬂviicgeraq%&q{gg:r Qﬁj\?«,mccghrgé N9 R YW P ({ro\ﬁ(a%t ol s seal ed

wi thin the conpressor, housi ng cool's the power swtching devices of
t he cont r SOMAYRSRAT MM ITSE GOt bRt Qth CoRtatP o sesdgsh atiehdool i ng

fins or oty JdRGreddues HAlsimMe VDWW SIS hing giRie L esviddning anot her
obj ect of fhis invention totpr vide a conpressor includi not or and not or
control s SEARGEFSYhIHG 1P ecsls‘fﬁu’rfb[gf N P sa"ﬁg%é’roéﬂiso)"‘ rect
current anteeshdicat esepRrata il lempeiithsv ahoetherdeat rginks fracidier t o

cl anp or(ngggM§ﬁiégﬂgﬁéiégyﬁggggirect current.

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 the condenser motor and integrated therewith.

It is another object of this invention to provide a

compressor including motor and motor controls sealed within
. the compressor housing which is bidirectional.

It is another object of this invention to provide a
compressor including motor and motor controls 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 mechanism in a hermetically sealed compressor
housing circulates a refrigerant located within the

, compressor housing through a loop. The loop includes an
evaporator adapted to permit the refrigerant in the



It is still another object of this invention to provide a conpressor
“including notor and notor controls sealed within the conpressor housing
which is enploys Hall effect sensors to nonitor the position of the rotor
of the motor. It is yet another object ,of this invention to provide a
conpressor including notor and notor cghtrols sealed within the conpressor
housing which is used with a integrated control for the refrigeration
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housi ng which efficiently operates and naxi m zes conpressor performance. In
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the refriamsemtly nin magnetic coupling relation to the statiomary
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 electgical power source has 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 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 connects to the power switchirng
circuit for controlling the power switching circuit to
selectively switch the power switching circuit to
sequentially energize the winding. A position sensing
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 refrigeration system to beé driven by an electrical
power source. The control is adapted to be hermetically



3 evaporator to absorb heat and a condenser adapted to permt the
‘refrigerant in the condenser to dissipate heat. A notor in the hernmetical l'y
seal ed conpressor housing and in contact with the refrigerant within the
conpressor housing is coupled with the conpressor mechanism The notor
conprises a stationary assenbly, an eneggi zabl e wi nding on the stationary
assenbly to produce a magnetic field, and a rotatable assenbly in magnetic

coupl i ng reéalédnihoatbemﬁtébb@&ahbu%&ﬂ@ﬂﬂm/dﬂﬁia&iﬁﬁﬁ%ﬁ.E%erOtate in

response tg net 12 duced by the_ w ndi ng. power supply l'i ne
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her net i cal kpntact with the refrigerant in the housing. A power
switching circuit is adapted to be located in the
hermetically sealed compressor housing and is adapted to be
in contact with the refrigerant within the compressor
housing. The power switchiﬂg 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 compressor housing. The electronic
commutating circuit is connected 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 sensing
circuit is adapted to be located in the hermetically sealed
compressor housing and is adapted to be in contact with the
refrigerant within the compressor housing. The position
sensing circuit 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 refrigeration system to be driven by an
electrical power source. The method comprises the steps of:

providing a compressor housing;



"seal ed conpressor housing and in contact with the refrigerant within the

econpr essor

the power switching circuit to selectively switch the power sw tching
circuit to sequentially energize the winding. A-position sensing circuit
the hernetically seal ed conpressor housigg and in contact with the
refrigerant within the conpressor housing connects to the electronic

comrmut ati ng ci rpnsitfeningd cxmpreddter peesiHamismofin hehe tatmtdssassenbl y

relative t
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i nterior pgétaggsfgggéegegg pass t hrough

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 mechanisp 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 power source to
the winding;

positioning an electronic commutating 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

Istippl y



and | ocated wthin the housing. The interior portion is in contact with the
‘refrigerant in the housing. A power switching circuit is adapted to be

| ocated in the hernetically seal ed conpressor housing and is adapted to be
in contact with the refrigerant within the conpressor housing. The power
switching circuit is adapted to be connected between the power supply line
and the winding for selectively applying electrical power fromthe

el ectrical HRAWRy SYHRddd e Ve dbd\ger A B EEIAP N Cr SONENUERE I NG circuit
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the rotatable assembly relative to the stationary assembly;
and ’ .

sealing the compressorrmechanism, 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 housing 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 genérated by the power
-switching circuit; and _'

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

In another form, the invention comprises an apparatus
for use as part of a refrigeration system, the apparatus to
‘be driven by an electrical power source and for use in
combination with: a hermetically sealed compressor housing;
land a compressor mechanism in the hermetically sealed
compressor housing for circulating a refrigerant located
within the compressor housing thrcough a loop including an



manufacturing a refrigeration systemto be driven by an el ectrical power

* source. The nethod conprises the steps of: providing a conpressor housing;
5 positioning a conpressor nechanismin the conpressor housing, the
mechani sm bei ng adapted for circulatin%_a refrigerant |ocated within the
conpressor housing through a | oop incldding an evaporator adapted to permt
the refrigerant in the evaporator to absorb heat and including a condenser
adapted to pernmit the refrigerant in the condenser to dissipate heat;
p03|t|onﬁﬁgparﬁﬁ9§raﬁﬁptﬁ@ tonpexsiortihe et fgd getanmuirothsei ng adapted to

be in coabagxarwcbb weasséfbgséaataamtmm&ﬁ§w&§ﬁ9{s£ﬂ ga'agﬁnpt he not or

bei ng adapted to be coupled w the conpressor nechani sm an rising a
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to a magne fre pro uce
with the refrigerant w1th1n the compressor hou51ng 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
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 hermetically 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
sequentially 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. The




provi ding a power supply line being adapted to be connected to the

el ectrical power source and having an interior portion; positioning the
interior portion within the conpressor housing, the interior portion being
adapted to be in contact with the refrigerant in the conpressor housing;
positioning a power switching circuit i®& the conpressor housing, the power
swtching circuit being adapted to be in contact with the refrigerant

wi thin the conpressor housing, the power switching circuit being adapted to
be connect ed hetween the paower supply |line and the mﬁndingrfot sel ectively

app! yi ng BASEEHI HERFIRG: REGHithe SeCOBRECESA hOwEResBURERTPBLIEhe wi ndi ng;
posi ti onidugmait adliert rcdronicommtt dndigatinguithel peatiedonnoEhenhgonpressor
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comut ati ng ciGtd§n objegtisciang Featusesdwidlt be powerrswappdkegtcanduit for

control I'ing die BRIt MGG eGinaGtich- 0 sel ectively switch

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 preferred
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 altérnating current source is external to the housing.

Figure 4 is a schematic diagram of one preferred
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 5 is a functional block diagram of the compresscr
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
betweén the evaporator fan ICM, compressor ICM and condenser
fan ICM and refrigerator control are illustrated.



the power switching circuit to sequentially energize the w nding;

- positioning a position sensing circuit in the conpressor housing, the
position sensing circuit is adapted to be in contact with the refrigerant
Wi thin the conpressor housing, the position sensing circuit being connected
to the electronic commutating circuit f9r indicating the position of the
rotatabl e assenbly relative to the stationary assenbly; and sealing the
conpressor mechanism the notor, the interior portion of the power supply
l'i ne, the pomg; swi tchin cig%git, the el ectroni¢c commutating circuit and
the position Qﬁ§Fﬁ§°€ﬁﬁgﬁiF FRPASt RBAERRPPER sHRAH® ng. I n anot her
form theodrrespondd ngoparicseshretfhduel theodragivgpower switching circuit
of a notor driving a conpressor nechani sm adapted to be located within a
conpressor housing and adapted to be in contact with refrigerant in the
housi ng. PRteikedhBescaiptions ofhshet Bpeforredi Embddinents he refrigerant in

contact with the . pavnen 15wctakieRdial beBtk 89agPeR folifAUndePrdad by the

power switching circuit; and circulating the refrigerant through a

condenseﬁmﬁﬁdl%ent of a compressor 10 agcordlng to the invention

' including a motor and motor control in the compressor

housing. In Fig. 1, the compressor 10 is shown as part of a
refrigeration system 12 which is one preferred embodiment of
the use of the compressor 10. The system includes an
evaporator coil 14 which would be located within a
compartment to be cooled. Compressor 10 pumps refrigerant in
the system through a condenser 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. &
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 tha loop
is generally referred to as the low pressure side of the loop
whereas the condenser side of the loop is generally referred
to as the high pressure side of the loop. Refrigerant in the
housing is supplied either from line 24 of the low pressure



" dissipate the heat absorbed fromthe power switching circuit. In another

- form the invention conprises an apparatus for use as part of a
refrigeration system the apparatus to be driven by an electrical power
source and for use in conbination with: a hernetically seal ed conpressor
housi ng; land a conpressor nechanisminfgthe hernetically seal ed conpressor
housing for circulating a refrigerant | ocated within the conpressor housing
t hrough a | oop including an 7 evaporator adapted to permt the
refrigerant ;in_th vaporator .to sor b, heat and incl uydi ng a condenser
adapt ed tﬁlggrﬁ#tgﬁxﬁefgg?r?ﬁef’ﬁﬂ’f‘ ’nn?h?e?c%rﬁfén%’eer r}i’@qhig%sﬁé{r@ e A
notor i s aflaphedloopbe Poereforned as shewmeimeRigall,y esieeard laorgy essor
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for releasing the low pressure refrigerant within the housing
22. Therefore, line 26 is directly connected to the
compressor mechanism 26. In this configuration, the
compressor mechanism 27 intakes low pressure refrigerant

located within the cbmpresspr housing 22, compresses it and
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. 1In this
alternative embodiment, compressor mechanism 27 intakes low
pressure refrigerant directly 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 and in contact with the refrigerant
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 wvariable
speed motors, selectable spead motors having a plurality of
finite, discrete speeds and brushless dc motors, including
electronically commutated motors and switched reluctance
motors. In addition, the motors may have a single phase



magnetic field produced by the wi nding. 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 | ocated within the hernetically seal ed
conpressor housing. The interior portion is adapted to be in contact with
the refrigerant in the conpressor housitdg. A power switching circuit is
adapted to be positioned in the herngetically seal ed conpressor housi ng and
is adapted to be in contact with the refrigerant within the conpressor

housi ng. _The hi |rc I s.cqonnected_bet t he power supply
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entire disclosures of which are incorporated herein by '

reference in their entirety.

A power supply line 30'is adapted to be connected

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 applled
to the windings.

An electronic commutating circuit 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 wvia line 38 for



8 position sensing circuit is connected to the electronic comutating

- circuit for indicating the position of the rotatable assenbly relative to
the stationary assenbly. Ot her 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 ofi2a refrigeration system having a
conpressor including a notor and notor control in the conpressor housing
according to the invention. Figure 2 is a cross sectional diagram of one

preferre i f ' i i nel udin hernmetigcally seal ed
Compr cso O ea i, tHe, P 6aleciad B thlel fofehvsaRtefEor s RFoUFF,
commut at & mel@ctdmelihwitehc Singr pover tocsequentiaalily enargbkecthnd for
control | ibagdihgy el ectronically commutated notor. Figure 3 is a schematic

di agram of one preferred enbqdi nent of the invention wherein_ all electrical
conponent s (i At RAFIT % SEREEGFaCIFGHE e bPr oy B ECCAPSRFESr YiBREN bRt ed
within t hhedeuiralds lsealed edmpeigsessbousinsi 2g and 98l ¥ohbecel weeRating

current R %éﬁg@ga%tnait%int Q%eh%%ixipr}%'ssor 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.'l, 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 contact with the refrigerant within
the compressor housing 22. Alternatively, it is contemplated
that the rectifier circuit may be external 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 advantage of the invention is that locating the
power switching circuit 34 within the hermetically sealed
compressor housing avoids the need for a heat sink associated
with the power switches of the power switching circuit. 1In
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



Figure 4 is a schematic diagramof one preferred enbodi nent of the

- invention wherein only the direct current power source is external to the
housi ng all other electrical conponents are |located within the hernetically
seal ed conpressor housing. Figure 5 is a functional block diagram of the
conpressor integrated control notor (1&®% according to the invention for a
refrigeration system wherein the conpressor ICMis shown in conbination

wi th an evaporator fan ICM and a condenser fan |ICM and refrigerator

control, wi¢nvidleeipdwiele skaRRBEhH0RS rBal veen t8ecRVaPRift 05 fRd | CM
conpressor | CM and condenser,_fan |1 CM and r frlggrator,control are
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and not oCPEFAtASR Of the PoWpres¥wdtchegswhghinntkegabavetmetednpressor 10

i's shown taspRaaltudl &anges. In the compressor 10 according to the
invention, the switches are in contact with the refrigerant
within the hermetically 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
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 100°C so that the power switches are
maintained below their maximum operating range thus awvoiding
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, electronically commutated motor having a permanent



refrigeration system 12 which is one preferred enbodi nent of the use of the
- conpressor 10. The system i ncludes an evaporator coil 14 which would be

| ocated within a conpartment to be cool ed. Conpressor .10 punps refrigerant
in the systemthrough a condenser coil 16 where excess heat is extracted.
The refrigerant then noves through an expansion valve or capillary 18 and

t hrough the evaporator coil 14-where heat 1% 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 el ectrical power
sour ce whi BRAIBELaFPYOFs AnSHPEEr RERTREL chitr@entb sertkd B coretditbr essor 10

i ncl udes athebﬁghlanélnoaeahgdzEOﬁare§§0é1@@u£¢ﬁmbEébmmu&&tiﬁgcﬁmﬁ&ui@d to
t he evapor he condenser 16
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the condenggr R d8o2" thN8en28Pebipdeleldt ¥s 8hELa % e1ow. The
overtemperature circuit is in the hermetically sealed
compressor housing and in contact with the refrigerant within
the compressor hoqsing, 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
haviﬁg a single phase winding 222. The power switches 34,

.the commutating circuit 36, the position sensing circuit 40
and the rectifier 44 are all located on a single printed

‘circuit comtrol card 224 located within the hermetic case 202
and in contact with the refrigerant circulating within the



to as the high pressure side of the loop. Refrigerant in the housing is

supplied either fromline 24 of the | ow pressure 10 side of the | oop or
fromline 26 fromthe high pressure side of the |oop. Therefore, as shown
in Fig. 1, either lines 24 and 26 are connected to conpressor mechani sm by

dashed lines and the outer line is conpected to the housing 22. In the

event that |ow pressure refrigerant is Circulated wthin conpressor housing
22, line 24 is connected to the housing 22 for releasing the | ow pressure
refrigerant within the housing 22. Therefore, line 26 is directly connected

to the cEABRessEPTHRERBHPRNPDEENE TQERE Tminesinlds df natatdempodssor
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conpressor mechanism27. Tn this alternafive enbodi ment, Conpressor
mechani siRsvlahianredisphpcement 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
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 located 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. Altermatively, 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.

housi ng 22, .cqnpr es, it and then de sed refrigerant
i rect IySYHRITReeSh Pht TR CEERSR: CA%, CHIRTARRT PR 2O prBSsur e
refriger anhdiangsb222i mayl bhe edomnedied the ttonpressml st 2242 %is0 at hat
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pressure refrigerant directly fromits direct connection with [ine 24,

- conpresses it and delivers conpressed refrigerant to the interior of
conpressor housing 22, which conpressed refrigerant would then be supplied
to line 26 connected to the housing 22. A notor 28 is located in the
hernetically seal ed conpressor housingi@2 and in contact with the
refrigerant within the conpressor housing. Mdtor 28 is illustrated as an
el ectronically commutated nmotor (ECM. However, it is contenpl ated that

notor 28 may be an l ectronically control | able notor typically powered by
an el ect})onel% %éﬁ%ﬁit?%ﬁ*c‘iﬁt@%hﬂt’ﬁ% 3%@%@%&9@3«3 and vari abl e
speed notacikometdecs £l speed notors having a plurality of finite,

di screte speegs and brushl ess d fors, including elecironi.c
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direction. 1In 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 commutate the bi-
directional motor 216 in either a clockwise or counter-
clockwise direction so that the bi-directional compressor may
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 preferred 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 dc to the windings. The position sensing circuit 40
may be any position sensing circuit known in the prior art



magnetic coupling relation to the stationary assenbly and adapted to rotate

I n response to a magnetic field produced by the w nding. Exanples of such

notors 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 Iline 30 is adapted to be

connect ed between notor 28 to the electrical power source 20 and has an

i nterior portion 32 passing through and located within the hernetically

seal ed cQupke The interior or S in contact with
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conpr ess@hNQUuFiGe?2n"dihBe 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 w%th the refrigerant. Over time,
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 avoid any



contact with the refrigerant within the conpressor housing 22. The
el ectronic commutating circuit 36 may be any conmutating circuit well known
in the art for controlling the ECM SRM or other brushless notor which is
used to drive the conpressor nechanism 27. The conmutating circuit 36 is
connected to the power switching circuig 34 via line 38 for 12
controlling the power switches of the power switching circuit to
selectively switch the power to sequentially energize the winding. A

rcuit 40 is also |located within the hernetically seal ed
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circuit 34 and, the al ternating
iternatlvely, no capacitor may be used between the
rectifier circuit 44 and the power switching circuit 34. 1In
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.

Fig. 4 illustrates another alternative 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 dc 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
dc control 404 comprise a converter adapted to be connected
to the alternating current source 20 for supplying a variable
direct current or a variable voltage. As illustrated in Fig.
4, the converter is extermnal 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 dc control 404 controls the
amount of power supplied to the power switching circuit 34



current source 20 for rectifying and conditioning the alternating current.
Rectifier circuit 44 is illustrated as within the conpressor housing 22 so
that the rectifier circuit would also be in contact with the refrigerant

- wWithin the compressor housing 22. Alternatively, it is contenplated that
the rectifier circuit may be external td89the hernetically seal ed conpressor
housing 22 as shown in phantom As illustrated and described below in
greater detail, the rectifier circuit 44 may include a capacitor for
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and is in contact with the refrlgerant within the compressor
housing. This configuration according to the invention
allows Hall devices to be used in combination with an
electronically commutated, variable speed motor. When
variable speed ECMs with an!external speed control are used
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. 5 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 Fig. 5 is to illustrate the
various connections between the evaporator fan ICM 502, the
éompressor 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 L1, the



13 which the power switching circuit 34 is external to the conpressor
housi ng 22, sone type of cooling fins or other heat sink nust 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
tenperature ranges. In the conpressor £§ according to the invention, the
swtches are in contact with the refri‘gerant within the hernetically seal ed
conpressor housing 22 which refrigerant operates to circulate through the

| oop of the, refrigeration_system 12 and functigns as a heat sink
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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 dc control

such as illustrated in Fig.'é, the speed control of

compressor ICM 500 would be plus or minus 50 rpms at normal

bulk dc voltage and 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 5i0 for
sensing the 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 516 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



t-he need for a heat sink associated therewith other than the refrigerant.
- Wthout the refrigerant to cool the power sw tching devices, the operating
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t he power switching devices would be greater than the
ating tenperature and greater than the tenperature of the
thin the conpressor housjyig. As a result, the refrigerant in
housi ng absorbs heat fromthe power sw tching devices and at
y di ssipates the absorbed heat through the condenser 16. In
the nmotor 28 conprises a variable speed, electronically
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compressor motor by supplylng DC voltage to the compressor
ICM 500; defrost heater controcl based on the status of
defrost thermostat 518 and/or an optional infegral timer to
provide defrost cycles which adapt to efficiently operate the
refrigerator or an adaptive algorithm in the control which
determines when a defrost c¥cle is complete; on/off operation
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 manufactured by a method
comprising the steps of:

providing a compressor housing 22;

positioning a compressor mechanism 27 in the compressor
housing 22, the mechanism adapted for circulating a
refrigerant located within the compressor 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;



overtenperature circuit is in the hernetically seal ed conpressor housing
and in contact with the refrigerant within the conpressor housing, the
overtenperature circuit being operable to inhibit operation of the notor or
ot herwi se di sable the conpressor 10 in the event that the tenperature of
the overtenperature circuit exceeds a mgxi numtenperature. Overtenperature
circuit So could have an optional output 52 nultiplexed with or- separate
fromthe tachonmeter signal output to indicate the tenperature being sensed.
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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 position sensing circuit’ adapted to
be in contact with the refrigerant within the compressor
housing, the position sensing circuit being connected to the



circuit control card 224 |ocated within the hernetic case 202 and in

- contact with the refrigerant circulating within the 15 case. Commut ati on
of the notor 216 results in rotation of rotor 218 to reciprocate the piston
232 of the conpressor cylinder 234 which conprises the conpressor

mechani sm The w ndi ngs 222 may be cona@adcted to the control card 224 via a

cabl e 226 or by use of a direct connection, such as by insul ation

di spl acenent term nals engaging the notor winding. The control card 224 is

connecte 0 rce.via a twg-pin fusj.te connector 228 .and interior
cabl e 23g?é??@?§1%§%?§ﬁ%?§f%§?t$kﬁ°V%kfﬁﬁﬁuﬁ%ﬂl%ﬁi%Tﬂﬁﬁ & POTIE1PE Plger ant
t enper at the petatikletaspemblyreelathicre a4 rhteors tadipeeatyu B et yt; he

pur pose gfssensing an overtenperature condition. For exanple, a thermstor
may be located on ,or in close proximty to the card 224 for sensing
refrigerant tefPetRd urRe t FRPRERS /MRS FheTmalthey Mok oan@ 8pr ¢¥iedi ng a
thermal fycépicpnpoptio®r32 her tites Meer sipie 1iematied @hedpdwarc! 0se

Do SR TELBC 67 SRISLIR B, |HRRIANY e ST ot
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 limiﬁing sense.



to sense—notor,—eard and/or refrigerant tenperature. A circuit would sense

.the resi therm stor, which resistance is tenperature
depei@ﬂﬂ,l@"!ﬂﬂg Ine the tenperature being sensed. |If the sensed
tenp L xd maxi mum the comadessor is disabled. Alternatively,

the fusite connector 228 may have an integral over-tenperature sensor for
sensing the tenperature of case 22 and di sconnecting the power source 20
from t heygenat mel ccartEd?24si.n the event that the tenperature of the case
exceeds a mninum Alternatively, a tenperature sensor may be attached to
the outer surface of case 202 and ah over-tenperature circuit in connection
with the tenpar.at & eeferigeramdond siystiem ser besdbéverechytar ¢lsttricahnect or

228 and Bgﬁ?%fgﬁhr%%p%g%pﬂﬂsi .al so contenplated that the fusite connector

228 may ee or nmore_pins tor also connecting optional line 46 (Fig.
16 1) to a spéedregdRtigialdy SSEleMacoMPResI8TpPEFdREg a t achoneter signal

I n one pref er edRipredsmnmechiaieaninesher heyheatdeal 234seayelie a
_bldlrecuégg%rég% é'fﬁ%ﬁiﬂg“ J}\Mfgcu&% &%Eeaﬁgefrigerant 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 hermeticélly 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 power 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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'conpress the refrlgerant ~within the hermetic case 202 whether the rotor 218
"rotates i jlﬂlnuﬂﬂm counter-cl ockwi se direction. In addition, the
si ngl e ph Bm'muflcoul d rotate in either direction so that the

el ectronic connufatan cirrcuit of card 224 is adapted to start and

comrutate the bi- directional notor 2162pn either a clockw se or counter-

cl ockwi se direction so that the bi-directional conpressor may be driven in
either direction. These bidirectional features of the invention avoid the

- need for @nehAkling %&&%ﬁh& Egﬁn hSOHHEQEe&hEShﬁﬂgcﬁeéé#hégl %ﬁ%ﬁ?ethe

notor with a rotatlon in Irection eac e ctiona
f eat ur es AR LY T6F ﬂ?&tﬁﬁ’tléﬂ-nﬂotbé BEeYRENEWiGFRENGr eh¥ el of@r ances,

parti cul asdnectilielvespaeicht ezhlet poieluglvaBeRihgaturesit Thbs al l ows the cost
af the startln ci.rcui t of .t eﬁﬁpnnutaélng circuit to be reduced. Fig. 3

i 11 ust r at eSS 8L eReEF RS TR VARAERYY | 828 agram of one preferred
enbodi nent ofatm@Sumu@mtB@mswngreﬁmcaht ehechelhermeoﬁ@mhbptse&ﬂédlocated

wi t hi n tf&n{gﬁ:rer%zcﬂobléﬁ %‘ﬁﬁ fiauabﬂqaaz g ggg?%g%mf%ﬂﬁ?éiﬁmg%w Yy 22

current source 20. The re frer circu
isin théhﬁbFﬁW@FeésﬁFbH@u§ﬁpageté@nﬁ@éFEHOPoS?ﬁéléﬁt@%ﬁ%ﬁiﬁgb%kmgent

sour ce Z(D;on‘aacste@ ede thiel égecityongenesrdcheingenitbgicogsse 20 and the
power smntc %fﬂdwgﬂé:p%él go%h%% Ege rotatable assembly relative to

the stationary assembly.

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 claim 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 prdviding 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,

This Shee,

i m i



power switching devices-of circuit 34 supply rectified alternating current
or direct current to the w ndings of notor 28. Commutating circuit 36
selectiv mm“ﬁmmmnhes t he power switches of power switching circuit
34 to apl“m I ngs. The position sensing circuit 40 may be any
position sendi ng clrclit known in the @6i or art 17 such as a back EMF
sensing circuit which would be connected to each of the w ndings as shown
by the dashed lines or a Hall effect device which woul d sense the position
of a nagnet on the rotor. The control circuitry for notor 28 may be

provi ded V\FF%e’énC%‘bFP?bﬁh‘Pg PR JoRG FOIRRST IR e I?éed’ctrg?é‘rgrér at ed
by the restmbteting. cCapatt toor Sgs}fbﬁwingaea anigredll domuatdlfl dtdee oref ri ger ant

h f h
hermet| caPst ool EhEbntbhy S Rt AN SERFH BRI o have
an eIectcbrytetth@mnrhsaﬁlEﬂwﬁeySWm£¢hknsnﬁﬂviﬂQS\MQﬁ1ﬁ&k£QQﬂMGlgerant Over
tine, thgogheetifYtRe ”ﬁbﬁwéﬁ%ﬁ?ﬂfﬂ iﬂ?e capasdh¥ndliad A HLAPGIALY e and

pressure changes tausing el ectr

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.

8. 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

“‘ﬁﬁ*iiif fi‘i‘ilﬁifi’li‘ﬂin



-

circulate—mﬁth~ehe refrigerant within the | oop and contam nate the

igerant. Alternatively, the pressurized environnment within the housing
22 mayumu Hﬂ[ﬂ&“ﬂgﬂ IMt to mx with the electrolyte within the capacitor
changi the capacitive effect of ,capacitor 300..
Contam nation of the refrigerant or vappation of the capaci tive val ue of

capacitor 300 may be unacceptabl e and such an arrangenent woul d be
considered inconpatible with the refrigerant. In order to be conpatible

W ih 1NRab8klkaoeatbnoBnEARACARA! wHOLL, NENE SOOR Al LA Up N 11

capaci tance I n the environment mnt oust ng an cause
cont ani &€ BAWEE Fﬁétﬁéﬁﬁggéﬁﬁﬁvlbv@@ @@heha¥¢wae§&§qﬁﬁplx91Qﬂ ectrolytic

capaci t e e&altesedcbmpanéﬁal 88t tRaL PEh ﬁoxb&: SOPE: ARy HedeCl OSure nay
nnment Wthin the housing 22 so that it.

b bl h
e peuPBlyLe BRBSRRAE BRIy SRVl alkel MO S [he fe R g

Therefore, an electrolytic capacitor enclosed in a sealant would be a

capact tive cogRongfl companl Becthih NgnielrhoieNediarpatiygly, &

non-el ectrol ytic capacitive nmponent nmy be used as capacl
to avoi §oHxge comprlses an alternatlng current source, and further

comprising a rectifier circuit, and a capacitive compoment
external to the hermetically sealed compressor housing, said
rectifier circuit adapted to be connected between the
alternating current source and the power switching devices
and wherein the power switch{ng 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 comprises 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 senging circuit comprises a Hall
effect device in the hermetically sealed compressor housing
and in contact with the refrigerant within the'compressor
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18 inconpatibility. In this alternative, the rectifier circuit 44 and the
pome u' ' It 34 do not have an electrolytic capacitive conponent
so t [mwﬂ”mﬂ'&w ching devices supply a substantial |level dc to the
wi ndi fig, *sukh A ewe c caused by the non-electrolytic capacitive conponent.
Al ternatively, no capacitor nmay be usedéetween the rectifier circuit 44
and the power switching circuit 34. In this configuration, the -rectifier 44

i s connected between the alternating current source 20 and the power
switching circuit 34 and ower swi.itchjng circuit 34 supplies rippling

direct c Péﬁp o SRS Ferdi ﬁ§ eCEj §evicp| PEIng aFeRNaRbERcECaF B8 nat i ve
preferr ecéleraﬂmdumntcominuu:laa ingvedtricadtwiiereindibat ehgCthe CPbs POVSH SOUT Ce

Ciroul i FESARE BT e Eanki EYaETle Rl Fhis 8- 8P Lolf By s Reefial TU o' e

hernmetical l'y sealed conpressor housing 22. Also, an optional external

switch 402 isjposi tm@n%e}sl%w»%&n g qct.:h&ke&n%ﬁsum&téé a4l I:EJé poyer

swntch|ngBF|rCU|t 34 fof troll1ng power in response fo a Varia
contr ol 4leFc5&PP6&a§1€§ ScPHGSeABRtPE Baft WBRTELR ERRCEPTPYESERE power
Swi t chi ngedtiandem aomprizels ed bdi-diredhdbaali sbinpreeyetr ghdewhegdinent to

the mﬁnd@%% éE@%tronic commutating circuit is adapted to start and
commutate the bi-directional motor in either a clockwise or a
counterclockwise direction so that the bi-directiomnal
compressor may be driven inreither direction.

15. The system of claim 1 further comprising an
overtemperature circuit in the hermetically sealed compfessor
housing and in contact with the refrigerant within the
compressor housing, the overtemperature circuit being
operable to inhibit operation of the motor in the event 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 Eo be connected to the electrical power source and
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rectifying circuit 44, capacitor 400, switch 402 and variable dc control

- 404 co adapted to be connected to the alternating current
sourcem’ gaﬂmmgniﬂ [a variable direct current or a variable voltage. As
illustrated 10 he converter is external to the hernetically seal ed

conpressor housing 22 and connected to thg power switching circuit 34

t hrough housing 22 to supply substantially level direct current to the

wi ndi ng. By selectively opening and cl osing switch 402, which nay be any

Swi t chi onent such_as a_ trans i able dc.control 404

i tch
control aﬁﬁbﬁPtﬁflﬁﬁhgprE&ﬁﬁlFgépgﬁdfﬁ% §6§§¥€éﬁ??%% #Ffcircuit 34
19 and LﬂdcanaﬁeMyCMQntmaewhndsdgg,Zeauueiabyrtontpottiog iMecamnﬁnt(ﬁ not or

28 and AT S8R0 RS 0RO 3% chip hALEALCUek e bORL,Sh A0l deid ey POST T On

sensing circuit- back ctance or sing circuit
or a Hall (HR @oMeEdR Sa'é\FICélénS cdgcuitenrdapEeds tanPenlpeatedaindthe t he

her met i qidnerieallay eealleds semphessofghddsang afdi adﬁpaé@mt_o vbé hid he

ref 1l ger ant ! By R C U8Rt OUs Y oAD' SoRBRLLYE 500 B Cording to

the i nv&Gr g Ompresso using,
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 cémpressor 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 sequentially 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 evaporator to absorb heat and including a
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allows Hall devices to be used in conbination with an electronically

- commut at ed,.. var.i abl e—speed notor. Wen vari able speed ECMs with an external
speed control are used to drive the conpressor nechanism 27, the position
sensi ng “ﬂmﬂmmﬁ“mw rcuit |ocated external to the conpressor housing
24. ThIS difficult to 38e Hall devices to sense the
position d&f fhe" rotor® due to interference reduced signal strength and

i npedance mi smatch caused by of the grounded hernetic housing 22 and ot her

5 ERPERRes BBRRA ko, M TSR st S Sl o =

connutattpgdgssapatezbeatthin the housing 22, as |IIustrated I n Flgures 3
and 4, this pSBE‘lHoﬁBﬁ%CQ”HHEé%'QH Ehé Ctbhp 3§s§&r%&éﬂ§3€ (& {he position
sensing circult Ha sens flincti onal bl ock

d|agran1BPtPHeb86ﬁ§ré§§BFe¢nF89P§t%H contaer ﬂ%?%réﬁqcﬁaf%kﬁ%ﬁﬁﬁhg to the
i nvent i ogithinathef cbgprassor HbesLAgpPr €a5QrmbEdt HWing £dxed o be

nbi ' | d T d
erri gor SEOPLESEER 8388 ShEbretior MorREn R St TR ARER i agr am of
Fig. 5i sta@ianWt agsembhy, vani ensrgbnabtei whsd ey werenthd estevaipmrator fan
I CM 502, JLRenteyPEsSpebabtd a0agRdiBesEaDdeNss 4 Qbandsel ri gerator

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 suppiy 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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" control 501‘ ~The--primary |line connecting the evaporator fan | CM 502 and

-cont rol a SMAtChed power line L1, the 20 nunber of wires of which
can be r @ ontrol In other words, control 504 would be in
control vaporator fan | CM 502. The only inputs to

conpressor ICNISOG aFe to bul k dc i npuB3 fromthe power source supplying
135-170 vdc (with reference to the control ground) and the control ground
itself. These power inputs would also conme fromthe control 504 and may be
in series with an overload switch 506 on the shell of the conpressor for

di sconneg8@idgrpdikionosendirgnpiresh heinsownneatiss derttheof an

over - te”_B@ééEk'éﬁ:LéO@thﬁﬁ@Qtlﬁé @99&&9& 284 i1 SIS the! YdAllipdpecont rol
such as i|lustrated in Fi eed control of, “conpréssor ICNISOO

woul d betBFugoﬁ?tﬁ?%ﬁSaﬁﬁgTB%¥ 5?1% Yral ChUtHe REAGIIEGY &FFSHRIY ior i nus

75 rpns dnding a fast pul | down cycle when additional power is supplied to

the compr essogk M, §00ne AlGb-ODEL . | ARMSnE G | NS YU, G934 may 1 ncl ude a

fresh
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 mgchanism, said c¢ircuit, motor and
mechanism adapted to be located within a compressor housing
and 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 refrigérant in the condenser to dissipate heat;
said apparatus comprising:

mnﬁfiﬁﬁﬁ‘ 10



. foéd therm stor 508 for sensing the tenperature in the refrigerator
conpartient_.and a _freezer therm stor 510 for sensing the tenperature in the
freezer. Optionally, a variable resistor control 512 rmay be provided to

contro in the fresh food conpartnent and a vari abl e
resi stumnﬁﬂnﬂmﬁm”my be provided fo_;r2 controlling freezer tenperature.

A defrost hedte 516 twoul d al so be powered fromcontrol 504 and woul d

i nclude a defrost thernostat 518 for disconnecting the defrost heater 516
in the event of an overload condition. The functions of control 504 are
listed in the &l Bekodi agrRReGoko | ot BokRad |in pahe imrmeticaddyt ol 504
coul d be h B e ofele TR Ye SOl sy of
t he el ectfggﬁilgaag?)e {:E@%%r?%%x%%‘g?% ger;bt?%irptlmr? %ﬁ %i%{rﬂiics | nsattgl“ilre%] By
conbi ni ngtBAJTPAT 2GRRERRgWHBRENt Hae cCOPRRERISN RIRS Idhd i MotRIst i s

reduced aadapesaf eet'beecobapled2dish nphe fe@fbrdSsdd InesdHaaiagh iahdi g. 5,

control SBEnEavboaon! LoL-RERY FBLEnSL, ! ey SLLont alel SEiLanly ppects
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
adapted to pass through and'ﬁe 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 hermetically 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 positioned 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 to the

This Sheet j,

i



condenser notor driving the fan which noves air over the condensing coils;
speed an jon of the conpressor notor by supplying DC vol tage
to the cﬂ!ﬂ"ﬂi*’ﬂﬁ@i&@ﬁ defrost heater control based on the status of
defrost thernosit ate d/or an optional- integral tinmer to provide defrost
cycl es which adapt to efficiently operatd3the refrigerator or an adaptive
algorithmin the control which determ nes when a defrost cycle is conplete;
on/ of f opegation of the conE(essor in response to fresh food and freezer
control s Sé@gﬁfﬁ?lngEHmHﬁé 6REOFLropeE af Ponind i ¢diel ey aptos giasidoh |3V 502
Movi ng ai thevebthbebB¥angEsakBLyapdl ¥k bk N bhend eééi:[gférfég sdhsigzer
conpartnents; optional adaptive condenser notor conirol i Tes e to a
therm stor on the control board to provide additional run time cool the
condenser notor and ctontrol 504; and optional diagnostic operation of the
condenser control to sense clean vs. dirty condensers to avoid the latter
condition and its acconpanying inefficient operation. The refrigeration
system 12 to be driven by the electrical power source 20 may be

manuf actured by a nethod conprising the steps of: providing a conpressor
housi ng 22; positioning a conpressor nechanism 27 in the conpressor
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housi ng 22, the nechani sm adapted for circulating a refrigerant |ocated
within the conpressor housing through a loop L including an evaporator 14
adapted to pernmt the refrigerant in the evaporator to absorb heat and

i ncludi ng a-condenser 16 adapted to permt the refrigerant in the condenser
to di ssipate heat; 22 positioning a@4amotor 28 in the conpressor housing,
the notor adapted to be in contact with the refrigerant within the
conpressor housing, the notor coupled with the conpressor nechani sm and

conprising a stati on@@upﬁgga@plm@ﬂ@nm;@ Evoss alde W nding 222 on the

stationary asserriy N g comPrEsebf, gafdfigr ot at abl e assenbly
218 in magnetic coupllnggggmmﬂmmm oy grgerary assenbly and adapted to

rotate in response to a magnetic field produced by the w nding; providing a
power supply line 30 adapted to be connected to the electrical power source

and havi Abshrachtefithepfnvénni®®: positioning the interior portion wthin
t he conpressor
A refrigeration system to be driven by an electrical

power source. A compressor mechanism in a hermetically
sealed compressor housing circulates a refrigerant located
within the compressor housing through a loop. A motor in the
compressor housing and in contact with the refrigerant within
the compressor housing is coupled with the compressor
mechanism. A power supply line adapted to be connected to
the electrical power source has an interior portion passing
through and located within the compressor housing. The
interior portion is in contact with the refrigerant in the
compressor housing. A power switching circuit in the
compressor housing and in contact with the refrigerant within
the compressor housing connects between the power supply line
and the winding for selectively applying electrical power
from the electrical power source to a motor winding. An
electronic commutating circuit located in the 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 sensing circuit in the 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. A control for such a
motor, a method of manufacturing such a refrigeration system
and a method of cooling the power switching circuit are also
disclosed.

FIGURE 1
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housing, the interior portion being adapted to be in contact with the
-refrigerant in the conpressor housing; positioning a power sw tching
circuit 34 in the conpressor housing, the power switching circuit adapted
to be in contact with the refrigerant within the conpressor housing, the
power switching circuit connected between the power supply line and the

wi nding for selectively applying el ectrjzal power fromthe electrical power
source to the winding; positioning an electronic commutating circuit 36 in
t he conpressor housing, the electronic conmutating circuit adapted to be in
contact with the refrigerant within the conpressor housing, the electronic
comutating circuit being connected to the power swtching circuit for
controlling the power switching circuit to sel ec"t‘ yé}_,y,.‘svxgg ch the power
switching circuit to sequentially energiz si‘tioning a
"position sensing circuit 40 in the conpre$sor hdusi position sensing
circuit adapted to be in contact with thejrefrige i the conpressor
housi ng, the position sensing circuit beipg conqected to h%,,,¥
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23 electronic conmutating circuit for indicating the position of the
rotatable assenbly relative to the stationary assenbly; and sealing the
conpressor mechanism 27, the notor 28, the interior portion 32 of the power
supply line 30, the power switching circuit 34, the el ectronic conmutating
circuit 36 and the position sensing circuit 40 within the conpressor
housing 22. A nethod of cooling the power switching circuit 34 of the notor
28 driving the conpressor nmechani sm 27 245al so di scl osed. The circuit,
not or and mechani sm are adapted to be located within the conpressor housing
22 and in contact with refrigerant in the housing. The nethod conprises 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 sw tching
circuit 34; and circulating the refrigerant through a condenser 16 so that
the refrigerant dissiypates the heat absorbed fromthe power sw tching
CIrCUIt 34. PN
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In view of the above, it will be seen that the several objects of the
‘invention are achi eved and ot her advantageous results attai ned. As various
changes coul d be made in the above constructions, products, and met hods

wi t hout departing fromthe scope of the invention, it is intended that al
matter contained in the above description and shown in the acconpanying
drawi ngs shall be interpreted as illusgygtive and not in a limting sense.
24 [err] 1. Arefrigeration systemto be driven by an electrical
alternating current jppower source conprising a hernetically seal ed
conpressor housing; {a conpressor nechanismin the herneticalty_seatet—
conpressor housing flor cifculating refriger j #hrh t he
conpressor housing fhrough a | oop ipcluding an eygpor gt or ted ¥® pdrmit
the refrigerant in fghe orator to absorb heat}{ and igncl gdi Learterser
adapted to permt t erant i-&the condens?y_Lo FS$H :
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a notor in the hernetically seal ed conpressor housing and in contact with
the refrigerant within the conpressor housing, the nmotor coupled with the
conpressor mechani sm and conprising a stationary assenbly, an energi zabl e
wi nding on the stationary assenbly to produce a magnetic field, and a
rotatable assenbly in magnetic coupling relation to the stationary assenbly
and ‘adapted to rotate in response to a ngetic field produced by the

wi ndi ng; a power supply |ine adapted t o connected to the electrical

power source and having an interior portion passing through and | ocated
within the hernetically seal ed conpressor housing, the interior portion in
contact with the refrigerant in the conpressor—hoeusiing,—a nomer swi t chi ng
circuit in the hernmeticajly seaTéd7conpresF0T‘heu i i
the refrigerant within the conpresgor housji ng, e pgwer

bei ng connected betwee power supply Ifi ne a1§ thgﬁ;
sel ectively applying i cal pe%er fromthe _L;ctu'qu povg

t he wi ndi ng; onnuta Nng ci fjcuip—tHpea .
seal ed conpr d in cpntggt \ntPJﬂg% fr
conpr essor ctroni ¢ commut gt i i ricult

o qusl |
the power-gw - ) ; { j . / J[ﬁ
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circuit for controlling the power swtching circuit to selectively swtch
the power switching circuit to sequentially energize the winding; [err]

25 a position sensing circuit in the hernetically seal ed conpressor housing
and in contact with the refrigerant within the conpressor housing, the
position sensing circuit being connected to the el ectronic conmutating
circuit for indicating the position of5£he rotatable assenbly relative to
the stationary assenbly; a rectifier_circuit adapted to be connected
between the alternating current powet “source and the power switching
circuit; and a cdpacitive conponent connected|to the rectifier circuit
external to the Hemgelibaality seal ed conpressor| Baudicecwhédeby the power
swi tching cirduit|{ supplies substanti-ally |evell dvett Reswcengyt ¢ the

wi ndi ng. 2. THe sysStemor craim I Wi gy tnhe poviRHrs@nidoeicag )cilr cui t

conpri ses at lleast—one power switcHi Bg<device whi ch.

Compressor ICM DC BULJL {(13S-110 _

- DC bulk valtage are only inputs VDC T QQ’ 3
- oveniemp-oa shell breaks 1 DC bulk input < OVER,
- speed coatrol +/- 50 RPM at nocmal bulk and [~ ~L

Y- ia)
4+~ 7S RPM at fast pull dowa
. totoc keyed to magnetization CondTROL. ] 506

Fresh v w§  Frocoer s/0
Themistor
prall (oPm auny

Fresh food Freezer
Coatrol Coatrol -
kir (optioual)

Defrost heater Detrost themostat 1§

f___SWCHEDd L}
TuUea o STAT _SEJISE

OVERLOAD SENSE,

W
St

Condenser ICM zod refrigerator coutrol

- condenser motoc and coatrol
- compressor motor coatrok: supply DC voltage to
ICM, 138 VDC avg foc acemal operatioa; 165 VDC
foc fast pull down (swritcly closure of secial
input signals fast pull down foc oae time)
. defrost beater coatrol with theemostae {nput
for sdiptive defrost —
fresh food temperanire set point pot fnput N :
optional freezer temperature set point pot . ‘S oR SEp
input (igh ead models ocly) 1&—{ﬁgﬂéﬁ—ii——-J“L
fresh food thermistoc INPUT NA
optional freezer thermistor '(O'Pnc L\
evapocator fan control SE/NL ouTAuT
adaptive condenser control (thermistoc on board for

additional rug time t0 cool condenser / coatrol plus CQWOQAq
#vailable diagnostic foc high end {clean condenser}) JEC S
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have & DA pli B 5ENY. DE0EZHR S Than the refri ger ant,
he povver (?I-?ll ngpggw cejand the | oop are configured so that an
op g terrperature of the power swi tching device is greater than a

mﬁ%ﬁ#SWﬁZl Fgerant—wthimthe—conpressor—houstng,—and—wherern—
conpressor_housi ng absorbs heat fromthe power

9w tching device and at |east partially dissipates the absorbed heat

tthrough the condenser. 3. The systemof claim 1l wherein the conpressor
mechani sm has an i nput connected to a | ow pressure side of the | oop adapteH
flor receiving refrigerant fromthe evaporator and has an output connected

tlo a high r @M‘ I gerant to
tihe condemm C]EIEIQEEIIQ&A&R/P(BT : b&ﬁ l@gn.ﬂﬁi}ﬁs fromthe
ljow pressure MWQ&M@%&M@ n the

ot atabl e assenbly conprises a permanent nmagnet rotor, wherein the notor
gonpri ses a variabl e speed, el ectronically conmutated notor, further

qonpr iAstefifigeRaticnNsystim I(IZ)etoC&HldneﬁdneBB' b® eldegical p@wézosvuecec@mym esgbf CUI t

flor gf&k{wﬁﬁﬂ (@7)51,9 aqienseg&déﬁ %ehlég rzssgﬁg@?&% @ ecxﬁﬁ&%s x mﬁ{ ein
h 1 2 O
doi ool Faety oAl o aoup&ﬁem% W no

GOmpressor mechamsm (27). A power supply line (30) adapted to be connected to the

@ clectrical power source (20) has an interior portion (32) passing through and located within
the compressor housing. The interior portion is in contact with the refrigerant. in the
compressor housing. A power switching circuit (34) in the compressor housmg and in contact
with the refrigerant within the compressor housing connects between the power supply line
and the winding for selectively applying electrical power form the electrical power source to a
motor winding (222). An electronic commutating circuit (36) located in the: compressor
housing and in contact with the refrigerant within the compressor housing connects to the
power switching circuit (34) for controlling the power switching circuit to selectively switch
the power switching circuit to sequentially energize the winding. A position sensing circuit
(40) in the compressor housing and in contact with the refrigerant within the compressor
housing connects to the electronic commutating circuit (36) for indicating the position of the
rotatable assembly (220) relative to the stationary assembly (218). A control (504) for such a
motor, a method of manufacturing such a refrigeration system (12) and a method of cooling
the power switching circuit (34) are also disclosed.
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This is the repl acenent sheet 26 5. Ar ' : m toq‘lgg‘%fi ven
by an electrical alternating current ower(? Maﬂmm{mgmg a
her et i cal ggl essor housiﬁg associ atedtw th € he power source
such t hat ~is external to the conpressor housing; a
conpressor nechani s@ refirigelati®h Gild | ed conpressor housing for
circul ati ngyerfbkig rgg& Locat ed w%hi%ﬁ%gr;gg&gg?&. Ho88i #d ecnuiegll a
| oop including an év po.afgp aBeeEd SPyrSer Fompriisingkri gerant in the
evaporator to aBsbepmaticaddy sealledi aamprEQQQE”ﬁSLs?ggpt ed to permt the

refrigerant in §hgomgpds r | ssipate heat; a no in the hernetically
seal ed conpressor ﬁo"‘asi ngégnﬁégﬁggbﬁ‘f‘a&? ﬁFth?ﬁ@e¥G¢albprwilé&t hin the

conpr essor - NOUSTHECT t euFbRGr fenupi edubat ng he FOFPLESSQL, NEChaNi am and

i si ngthe staty N bl e, wi nd tetedavibhin
aSsemblY Lprgsathie & moer o SR RBE A TG0k bl s bl gvaporagest | &

assenbly t a_magnetic
coupl i ng rﬁ%‘?ﬁcﬁj R % a"t*}%ﬂéﬁ?m yirnthedapid- 4t Qlat Sod Oep
response teaF mahdraludinigl Prashdatdy adapted to permit the

refrigerant in the condenser to dissipate heat:
'

he compressor housj
‘ usin
the motor coupled with the compressor me -

a stationary assembly,
Aassembly to produce a m
in magnetic coupling re

qhanism and comprising
an energizable winding on the stationary

agnetic field, and a rotatable assembly

lation to the stationary assembly and

adapted to rotate in res
ponse to a magneti .
the winding; g 1c field produced by

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 power 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
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;
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the winding, a pomer supply line adapgi to be connected to the el ectrical
Soft

j d ' fr. I d
W thin Che hcanBPRLLLPY SERPRNSLEABFRLEorthSas, REERERECR LTS, FARLSEE (i on i n

cont act @bﬁbrébeorehougengnandn1nheoncaptesich bhesrafrigepantdr wikihiohi ng
.circuit the h o £ r g t wth
#ggrgﬂ?@%eggak Ablik i ﬁﬁ EfleCRBRERISA sQﬂEihg c3RguiP BRALRS

the refr e compressor housin ower switching circuit
bei ng coqoaneeﬂedetmeéhetﬁée§§ﬁéﬂl§uESW?“FPﬁénSnﬂlFﬁglﬁnﬁHFn@nﬁ&catlng

sel ectivehy BBBEE&BH gecehei ¢atapapee hesembly ekeatiieaktopewer source to
the winding; an electroni¢ commutating circuit located in the hernetically

seal ed c§ﬁﬁFé§§éFYh6§§Pﬁe ¥id in contact with the refrigerant within the
conpressor hoygsiegtifhierekeéstudni adaped &b bg connecteldebegweemaddted to

the Pover, SuiLoRing SLESUEL [Rlo20aLiold B he BAUEE SWikERiag of roult to

selectiv ng circuit to sequentla ergi ze the
wi ndi ng; cIkcaikcg &hd repl acenent sheet

a capacitive component connected to the rectifier circuit
external to the hermetically sealed compressor housing, whereby
the power switching circuit supplies substantially level direct

current to the winding.

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 operaﬁing 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 claim 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, further
comprising a control line connected to the electronic
commutating circuit for providing a signal controlling the -
speed of the motor, and wherein the electronic commutating
circuit comprises power switching devices for selectively
_cuaiiecting the power supply line in sequence to the winding.
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27 a position sensing circuit in the hernetically seal ed conpressor housing
and.in contact with the refrigerant within the conpressor housing, the
position sensing circuit being connectgd to the electronic commutating

F the rotatabl e assenbly relative to

circuit for indicating fhe position o

the stati ona&' as%e‘iﬂf’;’&g%ﬁ%t’epli cfYstemrtebe driven the anrededtnitglseal ed
conpr es it it i1y ARt tene QW ¥bitcd Neompb{dfaggant within the
conpressor hou |e£1x3¢ éﬁ‘lfd]s%‘ﬁem I-fioﬁeéi circuit adggée . Lo be connected between
the alternat i"’né‘ Gt solrteR TEHEPTRRRIT MPYHh F59BAtedettehn t he
rectifi etheipawsr sourdd esyrinwarhas tlodi power rsoutcd ahe extmliecid obNai C

capacit ié’cﬁn;ﬁﬂ!%?{]?gi " wherein the rectifier circuit and the power
switching Circul 5 hot Have a el ectrol ytic capacitive conmponent so that

the power swia GAURFeSSAUINechpplsresim thhdermetiddallewesaldid ect current
o e L T

ECM wherein the ti.on sensi circuit; conprises._a

0S|
the her g8 @WV%&H’%J‘% Yh & P dnsiudingan WvaparRtor
refri geraaldpted o gemitorghies yufir ivuidmg, i ailkh Rudpsratent wde\dyhhsi ng
connect ¢l 10 L AU MY % CUHBEA L DR e Yerddd G4l N9 the pOsi tion
0 e '
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 power switching circuit in the hermetically sealed

- compressor housing and in contact with the reffigerant 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
commutating circuit beiny connected to the power switching
circuit for controlling the power switching circuit to
selectively switch the bowér switching circuit to sequentially
energize the winding;
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rotatabl e assenbly relative to the stationary assenbly. 7. A refrigeration
systemto be driven by an electrical power source conprising: a
hermet’i cal |y seal ed conpressor housing; a bidirectional conpressor

mechani smin the hernetically, seal edtonpyessor housing for circulating a

refrigerant | GcREEAThiIEATRE SFAFrdorith hermatokeml by 19ledicl udi ng
an evapoictinpreaay dibusingerand imeadmfddgaritii dHe herS\pRadmt Gfi d19igbsorb

heat and Jyncl ydi a dtqa.p 1.t the refrigerant,in the
condensertlk{éo dé’?'lésl% ﬁgﬂoectoﬁ{ezag{%%% gﬂféseq%sel 1@3{ ;gceé}?e‘rﬁg %‘g&gﬁmgo 1 DEC
1998 mpraested & itditlelasitaronir ammiiatdig adiincwidal fak dandirestsiig
housi ng ainé igbsadilcit lofvitHe LR LBl UAUmNY Hd) dthe e YPrEasor housing,

t he notor__cqupled with t conpressor mechani sm and conprising a
st at i onaRFASONMTY, 388eM9i@ Y%l e winding on the stationary assenbly to

produce a magretdectiifiled; cindutr dimitdid theaaaiidal iy SEORRY i Coni et 49
rel ati on 0 iy S ORI oL Ak ARSI Uit LesPonse To a
compressor housing, said rectifier circuit adapted to be
. connected between the alternating current source and the poﬁer

switching circuit wherein the rectifier circuit and the power
switching circuit have a.nonelectrblytic capacitive component,
and wherein the rectifier circuit and the power switching
.circuit do not have a electrolytic capacitive component so that
the power switching circuit supplies a substantially level
direct current to the winding.

6.. 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 compressor housing,
said Hall effect device being connected to the electronic
commutating circuit for indicating the position of the
.rotatable assembly relative to the stationary assembly.

7. A refrigeration system to be driven by an electrical
power source comprising:

a hermetically sealed compressor housing;

a bidirectional 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;

o —
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magnetic field produced by the w nding; a power supply |ine adapted to be
connected to the electrical power sourzg and having an interior portion ’
passing through %n%gdyygaaidﬂdjﬂdaegyzﬂﬁﬂﬂng|Hgyﬂé£i?§§h§ds%gﬁgkpssor
housing, the interior portioon in contact wth the refrigerant in the
conpressor KOUPLEFsor HOMSLng anchilsy cantastt wikh khensefrigesans sudihich
conpressor lgiesidimpreddor totisdelg, WitHa fdtdre! ednivivht Bhe tpressor
conpressor'gp%ﬂgﬂ btrma Quer §ymtch|n .Clr.cuit bein gnnected bet ween t he
pover suppl ¥ 1 Re - and e SWRE g o A &%&HWE%W&aéﬁgpg ¥g BPefPeTgdZaRIser
fromthe el #dndiagl ojokdie statienasyt Assembdingo pwodiieet aomagnediiiy tfild 1w
circuit loc i G a r s haus)| [

contact w tATha Pori abier segcLy ARChEGHCPIE! E5ART MG ST RY £8 e .
conmut at i ng SEALORRIYe 2§ eROR e ddd 2dapted SowsPtakprt éni ngspPneei tof er
control | i ngmaGfeR¢eEieWd podaced &Y theOwingifighi vely switch the power
swtching circuit to sequenthalhé ener iée t he gnndin wher.ei n t he

el ectroni ¢ comufaPPi§TrcSHERMY i n&dﬁﬁ%@ ed, tor bet contecbrauba: Ebene

bi - di r ecti oedectuticali powerhepuzcel andwhaeing ancinoeeiokopsyt sendpaestingn
so that thecRirodbheghiiotBkaEEPLEEARn ERY RE-ALLYER1LP Sb4DEE dhhSEthol:y

and

housing, the interior portion 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, 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
commutating circuit being connected to the power switching
circuit for controllihg the power switching circuit to
.selectively switch the power switching circuit to sequentially
energize the winding wherein the electronic commutating circuit
is adapted to start and commutate the bi-directional motor in h
either a clockwise or a counterclockwise direction so that the
bi-directional compressor may be driven in either direction;
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.

-
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-a position sensing circuit in the hernetically seal ed conpressor housing
and in gontact with the refrigerant wviithin the conpressor housing, the
position- sensing circuit being connectéd to the el ectronic commutating
circuit for indicating the position of the rotatable assenbly relative to

the stationary gssemile/ sydtidm it tdlmirenl amifiiers keriprPatieg Gl DEC 1998
29 8. The system of c¢laim 1 further thi'h ri Si .an erte ature circuit
in the he Qﬁﬂﬂ%f%gﬁﬁﬁﬁfﬁﬁﬁﬁﬁﬁﬁ;QN Wﬂfﬁ%ﬁfﬁ qﬂﬂﬂF??ﬂPr
refri ger adousiy mrnd drc orguiesso wittudihe, reﬁmmttemﬁﬁimm«s:i rcuit

bei A

ei ng Operemlggetﬁ%axnm&glﬁera{é %éﬁté«&b%%&fe 'aizicﬁqt%%% ?ﬁira{‘ﬁre

tenperature e overte erat ure circul't exceeds a nmaxi num

.9 . The $pstahidritcioparat-igief thedahny %ﬁéeaﬁﬁ@%thém ttlg%nses a

t enper at UltQnile detur®IdF -t h) ovkiiigetathe G AHilth ekcelds &errﬂ:éi%ﬂ.ﬁys'[ em

to be driven by an electrical alternating current power source, said
temperature.

92 . The system of claim 8 wherein the overtemperature
circuit senses a temperature of the motor.

10. A control for use with a refrigeration system to be
driven by an electrical alternating current 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
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
"hérmetically 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 aﬁd the winding for selectively
applying elec¢trical 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\foi_controlling the power switching
circuit to selectively switch the power switching circuit to
sequentially energize the winding;
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control adapted.to be hernetically sealed in a conpressor housing in
contact-with refrigerant within the conpressor housing, said contro
adapted for controlling a notor in the @npressor housing driving a
conpressor nechanism said notor having an energi zable wi nding on a
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control conprisi.n a power switching circuit adapted to t he
her met i & "@ ’&j 5%? ‘?%gt% 3 Retiddan afe the ratiatablei th

t he reﬁraq;ambﬁy\nﬁtuhetdutcmanpressor housi ng, said power switching circuit
bei ng adapte su and the wi ndi ng
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the hernetically seal ed conpressor housing and adapted to be in contact
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commutating cireult being conhect power swi t chi ng ci r cUi

cont rol | eXEe¥FRa pBReF e egﬁeﬁbcai ' sea ed compressor housing, whereby
the power switching circuit supplies substantially level direct

current to the winding.

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

a hermetically sealed compressor housing; and

a compregsor mechanism in the hermetically sealed
compressor housing for circulating a refrigerant located within
_the compressor housing through a loop including ‘an evaporator
a&apted 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: )

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 reeboﬁse to a magnetic field produced by
the winding;
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circuit to selectively switch the power sw tching circuit to sequentially
ener.gi ze.the winding; This is the rephacenent sheet Date: 0 1 DEC
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power
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 electfonic commutating circuit being connected to the power
switching circuit  for controlling the power switching circuit
to selectively switch the power switching circuit to
séquentially energize the winding;

a position sensing 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
position sensing circuit being connected to the electronic
;commutating circuit for indicating the position of the
rotatable assembly relative to the stationary assembly;

a rectifier circuit adapted to be connected between the
alternating current source and the power switching circuit; and

a capacitive component connected to the rectifier circuit
external to the hermetically sealed compressor housing, whereby
the power switching circuit supplies substantially level direct

current to the winding.
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with: a hernetically seal ed conpressor housing; and a conpressor nmechani sm
in the hernetically seal ed conpressor housing for circulating a refrigerant
located within the conpressor housing through a | oop including an
evaporat or. adapted to permt the refrigemant in the evaporator to absorb
heat and including a condenser adapted to permt the refrigerant in the
condenser to dissipate heat sald apparatus conpr|S|ng a notor adapted to
be positioned in the & RE : : G:' wA'uu5|ng and adapted to
' i ISDNG housi ng, the notor
adapted to be coupled mnt“ ‘ ‘ : ~n1and conprising a
stationary assenbly, an energlzable mﬁndlng on the stationary assenbly to

produce a magnetic field, and a rotatable assenbly in magnetic coupling
rel ation t%pé&%ﬁ%ﬁfﬁ§+§ﬂ¥%#33§¥€#§¥§ and adapted to rotate in response to a
magneti o field prodiicrel by 18¢ WALR% o T %4l Rvdd'By B LT Sfieet Date:
power source. A compressor mechanism in a hermetically
sealed compressor housing circulates a refrigerant located
within the compressor housing through a loop. A motor in the
compressor housing and in contact with the refrigerant within
the compressor housing is coupled with the compressor
mechanism. A power supply line adapted to be connected to
the electrical power source has an interior portion passing
through and located within the compressor housing. The
interior portion is in contact with the refrigerant in the
compressor housing. A power switching circuit in the
compressor housing and in contact with the refrigerant within
the compressor housing connects between the power supply line
and the winding for selectively applying electrical power
from the electrical power source to a motor winding. 2n
electronic commutating circuit located in the 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 sensing circuit in the compressor
housing and in contact with the refrigerant within the

oy,

compressor housing connects to the electronic commutating
circuit for indicating the position of the rotatable assembly
relative to the stationary assembly. A control for such a
motor, a method of manufacturing such a refrigeration system
and a method of cooling the power switching circuit are also
disclosed.

FIGURE 1
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31 a power supply line adapted to be connected to the el ectrical power
source_and having an interior portion adapted to pass through and be

| ocated within the hernmetically seal ed conpressor housing, the interior
portion adapted to be in contact with the refrigerant in the conpressor
housi ng; a power switching circuit add#Ped to be positioned in the
hernetically seal ed conpressor housing and adapted to be in contact with
the refrigerant within the conpressor housing, the power switching circuit
bei ng connected between the power supply line and the wi nding for
selectively applying electrical power fromthe electrical power source to
the wi nding; an electronic conmutating circuit adapted to be positioned in
the hernetically seal ed conpressor housing and adapted to be in contact
with the refrigerant within the conpressor housing, the electronic
commutating circuit being connected to the power swLLgnng_gLLguit for
controlling the power switching circuit to selecti§§u4p§n%ngh tthe power
switching circuit to sequentially energize the winding; a positiion sensing
circuit adapted to be positioned in the herneficallly sealed c qpressor-
housi ng and adapted to be in contact with the| refrijggrant Withijn the

conpressor housing, the position sensing circuit béin eq4po t he
el ectronic !
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comutating circuit for indicating the position of the rotatable assenbly
relative to the stationary assenbly; a rectifier circuit adapted to be
connected between the alternating current source and the power swi tching
circuit; and a capacitive conponent cgnnected to the rectifier circuit
external to the hernetically seal ed ca%ﬁressor housi ng, whereby the power
swtching circuit supplies substantially level direct current to the

wi nding. This is the replacenent sheet Date: 0 1 DEC 1998 32 a notor
adapted to be positioned in the hernetically seal ed conpressor housing and
adapted to be in contact with the refrigerant within the conpressor

housi ng, the notor adapted to be coupled with the conpressor nechani sm and
conprising a stationary assenbly, an energi zable wi nding on the stationary
assenbly to produce a magnetic field, and a rotatable assenbly in magnetic
coupling relation to thggsﬂeﬂi onary assegbly and adapted to rotate in

response to a magnetic m-ﬁl d produced det he w ndi ng;
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a power supply line adapted to be connected to the efectrical power source
and having an interior portion adapted to pass through and be | ocated
within'the ‘hermetical ly seal ed conpressor housing, the interior portion
adapted to be in contact with the refri'gerant in the conpressor housing; a
power switching circuit adapted to be3%8§itioned in the hernetically seal ed
conpressor housing and adapted to be in contact with the refrigerant within
t he conpressor housing, the power switching circuit being connected between
t he power supply line and the winding for selectively applying electrical
power fromthe electrical power source to the wi nding;, an electronic
comutating circuit adapted to be positioned in the hernetically seal ed
conpressor housing and adapted to be in contact with the refrigerant within
t he conpressor housing, the electronic conutating circuit being connected
to the power switching circuit for controlling the power switching circuit
to selectively swtch the power switching circuit to sequentially energize
the winding; and a position sensing circuit adapted to be positioned in the
hernetically seal ed conpressor housing and adapted to be in contact with
the refrigerant wthin the conpressor
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housi ng, the position sensing circuit being connected to the This Sheet Has
Been Repl aced [err] 33 electronic commutating circuit for indicating the

position of the rotatable assenbly relative to the stationary assenbly. Thi
epl aced
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