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Gustay

- This invention relates generally to fluid compressor
apparatus, and more particularly to a fluid compressor
apparatus adaptable for use in refrigeration systems,

- An ever-present problem in refrigeration systems of the
type employing a compressor and circulating refrigerant,
lies in-the loss of refrigerant from the system -and particu-
larly. from the compressor. It has previously been pro-
posed to avoid the loss of refrigerant in systems of this
type by enclosing the compressor in a hermetically-sealed
chamber. Of course, due to the fact that the compressor
is normally driven by an -electrical motor; to avoid the
existence of a drive shaft passing through the sealed
chamber, it has been customary to enclose the motor as
well as the compressor, Although arrangements of this
type render the motor inaccessible for maintenance, re-
quiring degasification of the system to gain access to the
motor, such systems provide a considerably-improved
arrangement wherein alternating-current motors- are em-
ployed. However, in the event that direct-current motors
are used this arrangement does not provide a solution.
Electrical arcing is invariably present in
motor, for example at the commutator, and if a direct-
current motor is enclosed in an atmosphere of refrigerant,
the arcing is likely to effect a chemical change in the re-
frigerant to form various acids which are corrosive to the
refrigeration system. Therefore, compressors which em-
ploy. direct-current electrical motors have not generally
been housed in hermetically sealed chambers, and as a
result losses of refrigerant have been tolerated.

When compressors, or other apparatus employing mov-

ing parts, are hermetically sealed, the inaccessibility of the
apparatus demands that the maintenance requirements of
the apparatus be reduced as much as possible, Of course,
the: moving parts of the apparatus must be lubricated in
order to function»properly; therefore, it hag previously
been proposed to employ the compressed fluid, e.g. circu-
lating fluid refrigerant, in a compressor to-carry lubricant
in; suspension fo the friction surfaces in the COMmpressor.
However, if the refrigerant is
the: efficiency of the refrigeration system is considerably
reduced. . ‘Therefore, there is a need for a method and
apparatus for providing lubricant to the moving parts of
an apparatus in a sealed chamber by means of a circulating
fluid, in.which the cficiency of the system employing the
apparatus is not substantially reduced.

Many different types of small compressors for refrigera-.

tion use have been proposed in the past; however, there
remains a need for a .small, efficient compressor that is
economical I

weight and is flexible

in its application so as to be capable
of being mounted in

various positions,

The present invention, in its more general form com-

prises a refrigeration system utilizing a small compressor
which. is hermetically-sealed separately from the driving
motor. In the apparatus, the driving motor is coupled ‘to
the compressor through a sealed non-ferrous plate, by
employing magnetic coupling,
Iagnetic’ toroids. positioned upon
fetrous plate, that are mechanically affixed to the shafts
which are to be interconnected, - :
The magnétic coupling of the present invention effects

a synchronous drive between the motor and' the com--
préssor, ie. coupling without slip, therefore if for any

reason the compressor falls out of synchronism with the
motor, -the- coupling is broken. The present invention

a direct-current

well saturated with lubricant, .

to manufacture and which -possesses light.

The coupling -includes-
each -side of the non--
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therefore includes a control system which functions to
sense the occurrence of a break in the magnetic coupling,
to de-energize the motor for a brief interval whereby- the
motor may come t6 a stop and allow the magnetic coupling
to become re-established, ‘ :

Furthermore, the present invention provides an im-
proved compressor Structure, which is Iubricated by a
lubricarit carried by the refrigerant. Means are incorpo-
rated in the system for controlling the extent to which the-
refrigerant'is saturated with lubricant, thereby maintaining
the efficiency of the refrigeration system relatively high.

It is therefore a major object of the present invention
to provide an improved refrigeration system. : :

It is another- object of the present invention to provide
an improved fluid compressor. S h

till another object of the present invention is to provide
a’ compressor unit- employing a- direct-current motor,
wherein the compressor unit is hermetically sealed. )

A further object of the present invention is to provide
an improved coupling apparatus whereby motion may be
transmitted through a closed chamber, )

Still a further object of the present invention is to pro-
vide an improved system for lubricating the friction sur-
faces in an enclosed compressor,

A still further object of. the present invention is to pro-
vide an improved control system for use in conjunction-
with a magnetic coupling, which functions to control a
driving means in a manner so that the driving means is
stopped temporarily in the event of a break in the mag-
netic coupling, to thereby allow automatic restoration of
the magnetic coupling. . E -

These and other objects and advantages of the present
invention will become apparent from the following specifi-
cation and accompanying drawings in which: )

FIGURE 1 isa perspective view of a compressor unit
incorporating the principles of the present invention;

FIGURE 2 is an enlarged vertical sectional view taken
along the line 2—2 of FIGURE 1;

FIGURE 3 is a partial vertical sectional view taken
along the line 3—3 of FIGURE 2; C :

FIGURE 4 is a vertical sectional view taken aleng the
line 4—4 of FIGURE 25

FIGURE 5.is a vertical sectional view taken along the
line 5—5 of FIGURE 2; o Co

FIGURE 6 is a partial horizontal sectional view taken
along the line 6—& of FIGURE 2; and

FIGURE 7 is a-diagrammatic representation of g re-
frigeration system  and -electrical control system incor-
porating the- principles of the present invention.

Referring now to the. drawings- and particularly to
FIGURE 1 thereof, there is shown a direct-current motor
19 having a housing 12 mounted thereon. The housing
12 contains a. control circuit (hereinafter described) and
provides a pair of terminals 14 which are adapted to be
connected 1o a source of direct-current power to energize
the motor 12.. The motor 1 is rigidly affixed and cou-
pled o a compressor 16,  which will be more fully de--
scribed hereinafter. -The integrated unit formed by the
compressor-16 and the ‘motor 1§ is supported by mount-
ing brackets 18 and 28 which may be employed to mount
the unit in either a horizontal or a vertical position.

A fan 22 is connected to the shaft of the motor 19,
at the end remote from the compressor- 16, The fan
22 functions to :circulate air about the motor 10 -and
the compressor 16 to. maintain these units at g satisfac-
tory “operating. temperature, :

In the operation of the compressor finid, e.g. gaseous .
refrigerant,. is drawn into the compressor 16 through”
2 tube 24 at a relatively low: pressure -and’ exhausted
from ‘the compressor through a tube 26 at 5 relatively
high pressure., Of course; the gaseous fluid from the
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tube 26 may be employed in refrigeration apparatus as

hereinafter described.

Reference will now be made to FIGURE 2 for a con-
sideration .of the manner in which the motor 19 is cou-
pled to drive the compressor 16. 'The motor 10 has a
divided housing formed of a major housing 28, con-
structed in accordance with conventional motor tech-
niques, and an end housing cap 39 which carries a bear-
ing 32 that in turn supports the drive shaft 34 of the
motor. A pair of bolts 35 serve to hold the cap 38 to
the housing 28. Thus the operating components of the
motor are readily accessible simply by removing the
bolts 35.

A backing plate 36 is affixed to the drive shaft 34 of
the motor 10 by a set screw 38. The plate 36 is formed
of ferrous material and is circular in form. A toroid
40, formed of ferrite material, is rigidly affised upon the
backing plate 36. Of course, other ferrous materiais,
having considerable magnetic  retentivity may also be
used in forming the toroid 4€. In the event that the
toroid 49 is formed of a ferrite material, it may be af-
fized to the plate 36 by a synthetic resin adhesive.

The motor 18 is held in rigid engagement with the
compressor 16 by a plurality of studs 42 which pass
through an external Tim of the cap 30 and a circular
non-ferrous plate 44 to threadably engage an end section
46 of the compressor housing. The non-ferrous plate
44 may for example, be formed of fiber glass impreg-
nated with synthetic resin.” The separator or plate 44
has a center section 48 of increased thickness (FIGURE
4) which is concentric to the plate. The motor 18 is
afiixed to the compressor 16 so that the torcid 49 is
positioned contignous 1o the plate 44, and the center
section 48 lies within the toroid 40.- The center section
48 of the plate 44 reinforces the plate against flexing
under pressure and rubbing against the revolving mem-
bers as the toroid 498.

_At the compressor side of the plate 44 a toroid 59 is
positioned, which also receives the center section 48 of
the plate 44. The toroid 58 is similar to the toroid 490
and is affixed upon a backing plate 52 which is in turn
mounted upon a shaft 54 of the compressor and there
held by a set screw 56.

A counterbalance 58, in the form of a circular segment,
is adhered to the compressor side of the plate 52 to
offset the weight of the reciprocating portion of the
compressor.  This member may consist of .resin im-
pregnated fiberglass, and be adhered to the plate 52 by
resin.

‘The toroids 40 and 50 coniain & magnetic pattern as
shown in FIGURE 3, which includes a number of al-
ternate north and south pole radially-extending mag-
netized areas 68. In-providing the magnetic pattern as
shown in FIGURE 3, considerable potential energy - is
contained by the state of the toroids. Therefore these
members are formed as torcids to avoid a center section
wherein a large number of magnetic interfaces would be
closely positioned which would tend to be difficult to
maintain, That is because the magnetized members are
toroidal in shape, the proximity of the radial magnetic
interfaces may be spaced apart and therefore.the rem-
anence of magnetic pattern is higher or more lasting.

Referring now to FIGURE 2, it may be seen that the
magnetic_coupling between the toroids 40 and 50 posi-
tioned in faced-opposing relationship jncludes a num-
ber of magnetic circuits, e.8. eight circuits which pass
through the backing plates 36 and 52, the toroids 48 and
£9, and the non-magnetic gap including the plate 44, In
the operation of the coupling, the toroids 40 and 5% are
locked together by the magnetic lines of force in these
magnetic circuits, therefore the energy of motion which
appears at the shaft 48 is transferred through the mag-
netic coupling to the shaft 54. .

Referring now to FIGURES 2 and 5, a congideration
will be made of the components of the compressor ap-
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paratus. 'The compressor shaft 54 is formed integral with

" crank shaft 64 that terminates in a shaft 66 which is

journaled into a bearing 63. The crank shaft 64 carries
a connecting rod 70 by means of a rod bearing 72. The
connecting rod 79 is in turn connected to a wrist pin
74 mounted in a piston 76, A small wick 77 (FIGURE
2) is positioned between the piston 76 and the top of
the connecting rod 79.. The wick 77 receives lubricant
from the circulating fluid which carries suspended lubri-
cant. The wick provides lubricant for the wrist pin 74.

The piston 76 is positioned -within a cylinder 78 sup-
ported upon the end section 46 of the compressor hous-
ing by studs 80. By lcosening the studs 88, the cylinder
may be adjusted vertically over a small distance to com-
pensate for variations .in the compressor components.
The cylinder 78 is formed to include extensions 82 (FIG-
URE 5) which contain bores that receive the ends of a
lubricating wick 84.

A valve plate 86 (FIGURE 2) is positioned over the
top of the cylinder 78 and contains intake and exhaust
ports. Contacting the lower, or internal surface, of the
valve plate 86 is a reed 88 (FIGURE 6) which includes
extensions 38 and 92 that cover ports in the valve plate 86
which are mated with similar ports in 2 cylinder head 94.
It is to be noted, that the ports are opened as the reed
82 is flexed over a curved fulcrum surface o4’ of the
cylinder 78. As a result, the flexing reed &8 does not
encounter a sharp surface and is capable of extended pe-
riods of operation. . )

The: cylinder head 84 is affixed to the cylinder 78 by
studs 85 (FIGURE 5) and contain a passage (FIGURE
2) which is cofmnected to the exhaust tube 26. An ex-
haust valve plate 96 is beld within the cylinder head on
pins 98 which also. carry springs 18§ that urge the plate
86 downwardly to cover a port 162 in the valve plate 86.

" Of course, when the pressure within the cylinder 78 ex-
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ceeds the pressure in the cylinder head 74 by a predeter-
mifed amount, the springs 168 yield thereby  opening
the port 182 and enabling fluid to pass from the cylinder
inito the exhaust tube 26. :

" In the operation of the compressor as considered above,
the motor 10 revolves the shaft 34 which is coupled to
the shaft 54 through the plate 44 by the toroids 46 and
59 and by magnetic flux. Revolution of the compressor
shaft 54 reciprocates the piston 76 by means of the con-
necting rod 78 to perform the compressing operation.

In considering the intake or down stroke of the piston
76, it is to be noted that the low pressure intake 24 is
connected to the interior of the compressor housing
through a tube 184 (FIGURE 5), therefore, the initial
flow is into the housing.  Inmside the compressor housing,
the tube 104 divides into a short open section 166 and an
extended restricted section 188, In passing through the
tube 104, the circulation fluid is impinged against the sur-
face of the inner wall of the tube and oil or other lubri-
cants which may be carried in suspension by the gaseous
fluid is deposited upon the surface. The gaseous fuid
then passes through the upper section 106 of the tube 164
to discharge into.the compressor housing. The lubricant
deposited upon the tube surface drains out of the tube
section 108. Of course, some gaseous fluid also passes
through the section 108 forcing lubricant from a nozzle-
like section 118-of the tube 104, to be sprayed upon aft
exposed portion of the rod bearing 72. Of course, the
rod bearing is channeled to receive the lubricant. - It is
to be noted, that by reason of this arrangement the amount
of lubricant carried by the refrigerant is somewhat con-
trolled as lubricant is continually removed by impinge-
ment of the gaseous fluid against a surface in the tube 164.
Furthermore, it is to be noted that free lubricant in the
compressor is taken up by the wick 84 which provides
lubricant to the piston 76. Of course, by avoiding the
use of unconfined Iubricant which would normally be
splashed about within the compressor and by removing
lubricant from the refrigerant, the amount of lubricant
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carried’ by ‘the  refrigerant is .soméwhat  controlled and

maintairied” relatively” low thereby maintainifig the effi-
cie'ncy_ of the system at a higher level.

. The fluid refrigerant cotitained in the compressor Hous-

ing at a relatively” low’ pressute is drawn through ports
in'the cylinder head 94 and the valve plate 86 during a
downstroke of the piston 76. The fluid is permitted to

pass through the cylinder head 94 and the valve plate’

86 when the ‘pressure outside the cylinder 76 exceeds the
pressureinside the cylinder by an amount'adequate to flex
the “extensions 9% and 92 of the reed 88 (FIGURE 6),
thereby. opening the
cylinder head. ] o o )

At the end of the' downstroke of 'the piston 76 dn up-
strokeis initiated to compress the fluid in the ¢ylinder 78,

During an upsiroke ‘of the piston” 76, the fluid, e.g. gas-’

eous’ refrigerant; ‘is compressed to éxert a pressure upon

the exhaust valve plate 96 (FIGURE 2) which moves up--

wardly; by compressing the springs 198, to allow the fluid-

to pass through a port 182 into ‘the exhaust tube 26,

In view of the above description, it may . be seen that
the fluid compressed by the compressor ‘16 is maintained

within' the compressor by a positively sealed structure.
Thus, the compressor of the present invention is hermeti-
cally sealed yet does not enclose the drive motor and can
therefore employ-a direct current motor, It is also to be
noted that none of the COMPpresser’s output serves to main-
tain seals or ‘other closure mechanisms in the COMpressor.

It is also to ‘be noted, that the compressor incorporates

a novel lubricating system which employs the fluid of -

the compressor to carry lubricant; however, the Iubricant
content of the fluid is somewhat coiitrolled and does not
reach saturation and- decrease the efficiericy of operation
in arefrigeration system.

As previously indicated, the‘magnetic coupling between 3

the toroids-4¢ and 58 is locked therefore, the compressor
16 is driven in synchronism with the motor 10. In the
event of a break in the magnetic coupling between the
compressor and the motor it is_necessary to stop the
motor to enable the magnetic coupling to- become re-es-
tablished, Also, the magnetic coupling may not possess
sufficient strength o ‘allow the compressor to be started
under load conditions. = Of course, unless the compressor
Is given a'period to balitice ths various pressurés therein
after shut-down; the torque réquiired for starting the com-
pressor may be considerable,

Upon the oceurrence of a break in the magnetic cou-
pling, the motor’ 16 wold ‘continue to revolve under no
load ‘conditioris with "the™ cotipressor 16 idle, To pre-
vent the occurrence of operation failures of this type,
an automatic electrical control system is provided for
use in conjunction with the motor 16 and the compressor
16, which functions to sense the occurrence of g failure
in the magnetic coupling and to de-energize the motor 1§
upon such an occurrence, and allow the motor to halt
and re-establish magnetic coupling. A delay interval
may also be provided by the control system during which
the motor remaing stopped while the various pressures
within the compressor 15 balance out to allow the motor
to start under no-load conditions.

Referring now to FIGURE 7, the control system of
the present invention will be considered. A COMpressor
112, which may comprise the compressor described above,
is connected to a condenser 129. The condenser is in
turn connected to an evaporator 118 which is connected
to the compressor block 112 to form a conventional re-
frigeration system. A thermostat 124, associated with
the evaporator 112 functions to control a switch 126 in
accordance with the temperature of the evaporator 118.
The capillary 116, along with the evaporator 118 and
the condenser 12¢ may be standard refrigeration system
components and, as previously indicated, the compressor
112 may comprise a compressor as previously described
herein. The compressor 112 is mechanically coupled to
a motor 128 which may be the motor 10 and which op-

ports throtigh the valve plate and the”
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6 .

erates’ the” compressor in accordance with the tempera-
ture’ of the evaporator 118, under control of the switch -
126 and a control circuit 130,

In the control circuit 130, a pair of lines 132 and 134
are addptéd to be’ connected to a source of direct cur-
Tent power as through terminals 14 (FIGURE 1).- The
line 134"is connected through the’ thermostat-controlled
switch 126 to one terminal of the motor 128. The other
terminal of the motor 128 is connected to 3 relay having
@ hold coil 138 and an actuating coil 349, The actuating
coil of the relay is in turn connected to contacts 142
of the relay. The line 134 is also connected through a
line 144" and 2 resistance heating element 146 to the
stationary contact of contacis 3148, The other direct cur--
rent-receiving line 132 is connected to the movable con-
tact of contacts 159 and to the movable contact of con--
tacts 152.° The movable contact of contacts 152 also
tngages a second stationary contact to form contacts 154."

In the operation of €.8ystem, the resistance element
146 functions to hedt a bimetallic blade of the type well-
known in the art, which' may comprise the movable con-
tact of the contacts 154, Heating of the blade opens
the coniacts '156. Additionally, the: bimetallic blade is
mechanically coupled to the contacts 152 and prevents
the closure cf contacts 152 until such time as the bimetal-
lic blade is heated to a predetermined temperature,

An understanding of the conirol. circuit may ncow best
be effected by considering a cycle of operation thereof,
Assume that the lines 132 and 134 are connected fo a
source of direct current and that the temperature of the
evaporator ‘118 has reached a level so that the thermo--
stat 124 functions to close the switch 128, Blectrical -
current then flows through the line 134, the switch 126,
the ‘motor 128, and hold coil 138, the activate coil 149,
the contacts 156. and 152 then through the line 158 back
to the line 132. During the initial surgeof this current, ;
the contacts of the relay 137 are raised by the activate
coil 146 thereby closing the contacts 159, 154, and 142~
and opening the contacts 152 and 148, Upon the com-
pletion of this switching operation, it is to be noted that-
the ‘activate ‘coil 145 is shorted out through the contacts
142 and 154; line 158, and contacts 15¢. ‘

The motor 128 now continues, to run with the control
circuit 136 consuming essentially no energy; the only en-:
ergy being that required to maintain the relay 137 in ;
an energized position by the energization of the hoid’
coil 138, ) v o v .

Assume ow that for some reason the coupling betiween
the motor 128 and the compressor 112 fails and ‘the
motor 128 begins 6 run under no load ‘conditions. Upon-
this cocurrence the current through the motor 128 will
decrease substantially as will the current in the serially
connected hold coil 138. As a result, the movable con-
tacts of the relay 137 drop to the lower position open-
ing the contacts 158 and 142 and closing the comntacts
148. Of course, as previously indicated, the contacts
152 are prevented from closing until such time as the
bimetallic blade associated with the thermal heating ele-
ment 146 reaches a predetermined temperature.

With the contacts in the above-described state, the
thermal element 146 is energized by current passing from
the line 134, through the Line 144, the element 146, con-
tacts 148, contacts 154 and the line 158, After a prede-
termined interval, during which the motor 128 stops and
the pressures in the compressor 112 balance out, the heat-
ing element 146 heats the bimetallic element to an ade-
Quate temperature to open the contacts 156, and allow
the contacts 152 to close. Upon this ‘coecurrence the cur-
rent passing through the contacts 152 is interrupted and
the resistance element 146 is de-energized. However,
the contacts 156 remain open for a brief interval until
such time as the bimetallic blade associated with the
element 146 cools sufficiently to enable the contacts 146
to close. Upon closure of the contacts 156 the motor 128
is again energized in the manner first described,
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Of course, it is to be understood that the time delay
may be varied to allow various periods for the magnetic
coupling to become re-established. Such variations may
be effected int accordance with well-known practices either

by varying the resistance heating element 146 or the bi-.

metallic blade associated therewith.

It may therefore be- seen, that in the event that the
motor 128 becomes decoupled from the compressor 112
for any reason, or if coupling- is never effected due to
the system attempting to operate prior to the balancing
of pressures in the compressor, the control system 138
senses such an occurrence and - temporazily delays the
‘operation of the motor 128, enabling the system to pre-
pare for a subsequent stari-up operation.

An important feature of the control system of the
present invention resides in the mode of operation which
does not require substantial energy demands during non-
operating intervals.

It should be noted that although the particular em-
bodiment of the invention herein shown and described is
fully capable of providing the advantages and achieving
the objects previously set forth, such embodiment is
merely illustrative of this invention and therefore modi-
fcations and changes may be made thersto without de-
parting from the spirit of the invention or the scope of
the following claims.

I claim:

1. A drive system for inter-coupling first and second
concentric aligned mechanical shafts, comprising: a first
homogeneous toroid of magnetic material having 2 fiat
annular surface containing an even plurality of alternate-
polarity elongate magnetic pole faces extending radiaily
fully across said annular surface; first mounting means
for affixing said first toroid to said first shaft whereas
said first toroid is concentric with saidfirst shafi and
said annular surface of said first toroid is face-opposing
said second shaft; a second homogencous toroid of mag-
netic material having a flat apnular surface containing a
like even plurality of alternate-polarity elongate magnetic

pole faces extending radially fully across said annular’
surface; second mounting means for affixing said second -

toroid to said second shaft whereas sald second toroid
is concentric with said second shaft and said annular sur-
face of said second toroid is face-opposing said first shaft;
and a housing substantially enclosing one of said toroids,
and including a flat separator of non-ferrous material
supported and contacted solely by said housing and posi-
tioned between said flat annular surfaces of said first and
second toroids whereby said toroids are magnetically in-
tercomnected and physically separated.

(21}
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9. A drive system for inter-coupling first and second
concentric aligned mechanical shafts, comprising: a first
homogeneous toroid of magnetic material having a flat
annular surface containing an even plurality of uniformly-
spaced - alternate-polarity elongate magnetic pole faces
extending radially fully across said annular surface and
having a length greater than the internal diameter of said
first toroid; first mounting means for affixing said first
toroid to said first shaft whereas said first toroid is con-
centric with said first shaft and said annular surface of
enid first toroid is face-opposing said second shaft; a sec-
ond homogeneous toroid of magnetic material having
a flat aunular surface containing a like even plarality
of uniformly-spaced. alternate-polarity elongate magnetic
pole faces extending radially fully acress said annular
curface and having a length greater then the internal
dizmeter of said second toroid; second mounting means
for affixing said second toroid to said second shaft whereas
said second toroid is concentric with said second shaft
and said aunular surface of said second toroid is face-
opposing said first shaft; and a housing substantially en-
closing one of said toroids, and including a flat homogene-~
ous separator of non-ferrous material supported and con-
tacted solely by said housing and positioned between said

flat ennular surfaces of said Hyst and second toroids where-
- by said toroids are physically separated and magnetically

coupled, said separator having an integrally-formed center
section of increased thickness extending axially into each
of said torcids whereby to provide additional support for

30 gaid toroids.
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