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: C 8 Claims.
This invenﬁon relates to refrigerating .appara-

tus and more particularly to an improved con-
struction of refrigerating systems and motor- )

compressor units.

i1 In early refrigerating systems compressors were

driven by an . external driving means usually
through a shaft seal upon the drive shaft of the
© compressor. Such compressors are still being
used; but the shaft seals, while they have been

10 considerably improved, have always been, and .
are still, a source of considerable trouble. In the

smaller sizes of household units, sealed units con-
taining the motor and compressor have been em-
ployed to eliminate the shaft seal.
18 such sealed units, it is necessary to use alternat-
ving current motors because direct current motors

cannot be used in the presence of -the common

refrigerants.
‘ It is. an object of my’ invention to prov1de

m improved form of refrigerating system wherem'_

no shaft seal is required.

In systems employing conventional motor-
compressor units, the compressor motor is sub- )

ject to stalling upon heavy refrigeration loads.
28 It is another object of my invention to provide
o refrigerating system wherein a condenser,
evaporator, and compressor are used and in which
@ compressor, movable independently of the re-
mainder of the system, is provided with an in-
‘ertia-operated piston which is operated by an ex-

=

ternal motor which moves the compressor hous- -

. ing in such & way that the piston or the impeller
of the piston is driven by inertia without any
direct .connection with the motor.

Tt is another object of my invention to provide

a free and improved form of inertia-operated
compressor wherein means are provided to grad-
ually stop the movement of the piston at each
end of the stroke.

i It is @ further object of my mvention to pro-
vide an improved, more efficient form of inertia-
operated compressor wherein the inertia of the
body of the compressor is absorbed by springs
and returned as useful energy.

Tt is still another object of my invention to pro-

vide improved. connecting means between the in~
eriia-operated compressor and the remainmg'

clements-of the refrigerating system.
1t is snother object of my invention to improve
the cficiency and mechanical advantage of an
. inertia-operated free piston compressor.
- Purther objects snd advantages of the present
invention wili be apparent from the following
v description, reference being had to the accom-

However, in -

(CL 230—34) -

panying drawings, wherein a preferred form of
the present invention is clearly shown.
In the drawings:
Fig. 1.is a view’in elevation of a motor-com-
pressor-condenser unit embodying my invention; 5
Fig. 2 is an enlarged section of a cylinder head
similar to that shown in Fig. 5;

Fig. 3 is a sectional view taken along the lines .
3—3 of Pig. 2;

‘Pig. 4 is o view of a domestxc refrigerator cabi- 10

‘net embodying the motor compressor-condenser
. unit-shown in Fig, 1;

Fig. 5 is an enlarged view of the compressor,
partly in sectmn, shown in a position like that of
Fig. 13 15

Fig, 6 is a view in elevation of the compressor
taken from the right side of Fig. 5 showing the
upper portion of the compressor in section; ‘

Fig. Tis a sectional view of the motor and coun- .
terweight taken along the line 7-—1 of Fig. 1; 20

Pig. 8 is & sectional view siimilar to the upper -
portion of Fig. 5 of a modiﬁed form of compres-
50T,

Fig. 9 is & sectlonal v1eW taken along the line
9—9 of Fig. 10 showing another modxﬁed form 28
of the invention; and.

Fig. 10 is o sectional view taken along the line .

10—10 of Fig. 9.

Briefly, I have shown a domestic electric re-

'. frigerator cabinet provided with & refrigeration 30

system. having' & stationary motor, condenser,
and evaporator but having a compressor, rock-
ably mounted, connected to the remaining por-
tions of the refrigerating system by flexible con-
nections.” This rockably mounted connection has 35
opposed pistons therein which are sufficiently
heavy to be operated by their own inertia created

by the oscillations of the compressor. The com-
pressor is oscillated through a connecting rod
which is connected 10 an external portion of the 40
housing of the compressor at one end, but at the
other end, to-a counter-balanced crank pin upon
the motor shaft. :

Referring now to the drawings and more par-
ticularly to Figs. 4 and 1, there is shown a 4
domestic electric refrigerator cabinet 20 having
a food compartment.22 containing & refrigerant
evaporator 28 which cools the food compartment
22 and also is. provided with shelves for receiv-
ing ice trays to fresze ice.” Below the food com- £0
partment 22 is a machiné commrtment 26 which
contains the motor-compressor Unit shown: 1n g,

1, This motor-compressor unit shown in Fig. 1
is provided with a base 28 which supports either
a direct current or alternating current electric ! °
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motor 30 as well as the condenser 32 and a re-
ceiver 34, The compressor withdraws evaporated
refrigerant from the evaporator 24 through a re-
turn conduit 36 and compresses this gas and for-
wards the compressed gas to the condenser 32
where it is liquefied and collected in the receiver

34. From the receiver 34 this liquid refrigerant -

is forwarded to the evaporator through the sup-
ply conduit 38. ’

Referring now, also, to Figs. 5 and 6 for a
further description of the compressor, there is
shown a compressor base 48 which is mounted
upon the motor-compressor base 28, This com-
pressor base 40 is provided with a slotted boss
42 which receives the lower end of a rubber web
member 44 retained in the slot by a screw £6.
The upper end of this rubber member 44 is re-
ceived within the slotted boss 48 and retained
by a screw 50. This slofted boss 48 is at the
bottom of a rather large casting 52 which, at its
lower portion, has the wings 58 and §& which rest
upon coil springs 58 and 66, These coil springs

- 58-and 60 preferably have a natural frequency of

vibration when the inertia of the large casting is
considered which is the same as the frequency
at which the compressor is to be oscillated.

Above the boss 48 is the compressor inlet 62,
and above this inlet is a crank case €48 which
forms a sort of a lubricant reservoir., Upon oppo-
site sides of the upper portion of this lubricant
reservoir are the cylinders 66 and 68. Opposed
pistons 760 and 72 extend into the cylinders and
are connected together within the crank case by
top and bottom plates 74 and 76 which leaves a
space between the inner ends of the pistons to
form a Scotch yoke, Pins 18 and 80 extend into
this Scotch yoke and are cast integral with the
flywheels 82 and 84 which are provided with
bosses 86 and 88 which receive the pins 80 and 92
which protrude from the walls of the crank case
§4. These pins are held in place and the crank
case sealed by the plugs 98 and {02 which hold
the pins in proper position. The top of the erank
case is closed by a lid 104, ‘

The pistons are provided with identical inlet
valves 106 and 108 in their heads. The inlet
valve 106 is connected with the crank case
through a passage i10, while the inlet valve 108
is connected with the crank case by a passage
§12, The cylinder 66 is provided with a re-
movable cylinder head {14 provided with a dis-
charge valve {i6, while the cylinder 68 1s pro-
vided with a removable cylinder head (8. The
removable cylinder head (8 is provided with &
discharge valve §20. The discharge valve ({8
is kept in position by a pin §22 which is sur-
rounded by a valve spring (24 extending hetween
the cylinder head 114 and the valve {16.

The inlet opening 62 of the compressor is con-
nected by a flare nut 26 with a coil portion #28
of the return conduit 36 which is coiled about
the axis of the flare nut to provide sufficient
flexibility to accommodate the rocking movement
of the compressor.  The cylinder heads {18 and
118 are connected to discharge coils 130 and {32
which provide g flexible connection with the con-
duit 134 which conduits the compressed refrig-
erant to the condenser 32. The surface of these
coil tubes 130 and 132 also serves as g condens-
ing surface.

The compressor is provided with a slotted boss
136 which receives laminated strip 138 retained
at the boss 136 by & screw {40. The other end
of the laminated strip 136 Is retained within the
slot -in the end of the connecting rod 142 by &
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screw {44, The other end of the connecting rod
142 is provided with a bearing 146 which is
mounted upon a split crank pin upon the motor
shaft. Upon the end of the motor shaft a coun-
terweight 148 is fastened by a set screw 150. The
upper portion of this counterweight .is provided
with an extension {52 which forms one half of the
crank pin bearing surface. The other half of the
crank pin bearing surface is formed by & plug
156 with & shoulder which is fastened to the
counterweight member by a cap screw t56. The
counterweight (48 substantially balances the
weight of the crank pin and the adjacent portions
of the connecting rod {42, The laminated con-
nection (38 provides a connection which requires
no lubrication or maintenance,

When the motor operates it reciprocates the
end of the connecting rod adjacent the compres-
sor causing the compressor to oscillate about an
axis which is near the boss 48. The casting 52 is
made as light as possible and may be made of
magnalium or aluminum. If desired, the cylin-
ders may be provided with sleeves or inner liners
of a harder material.

The springs 58 and 60, when the inertia of the
compressor is taken into account, have a natural
frequency of vibration which is identical to the
frequency of the oscillations imparted tc the com-
pressor by the electric motor and connecting rod
162, The upper portion of the compressor rock=

back and forth upon the springs 58 and 60, and |

the springs 58 and 60 take up the inertia of the
compressor body, ‘The rocking action of the com-
pressor causes & movement between the pistons
and their cylinders to provide suction and com-
pression strokes of the pistons within the ¢ylin-
ders. This is due to the fact that the piston
tends to stay stationary while the cylinder body
moves.

The inertia of the compressor body at the two
ends of its stroke is taken up by the springs which
start it back in the opposite direction. ‘The
energy in the form of the inertia of the com-
pressor body is transmitted to the springs which
return it to the compressor body so that the
energy incorporated in the inertia of the com-
pressor body is not dissipated.

The Scotch yoke and crank connection between
the pistons and the fiywheels limits the movement
of the pistons at each end of the stroke so that
the discharge valves will not be damaged by ex-
cess movement of the piston. The flywheel and
the crank pin limit and control the movement of
the pistons and thus make the action of the pis-
tons and the compression of the refrigerant more
uniform. In order to prevenf the pistons from
stopping upon the dead center of the crank pin
when the motor-compressor unit stops, I pro-
vide a tension spring 75 extending between the
connecting plate 74 and the lid 104 to apply 2
slight pull, which would tend to keep the pistons
in center position when the compressor is idle.

In Fig. 8, an improved modification of the com-
pressor is shown. In this improved modification,
the remainder of the compressor, the motor and
the refrigerating system is the same as that shown
in Figs. 1 to 7 inclusive. However, the crank
construction is improved over that shown in Figs.
1 to 7. In this figure, the compressor is desig-
nated by the reference character 152, and has &
casting 164 which forms the crank case wall and
the cylinders §66 and §68. Within the cylinders
are the pistons {70 and 172 connected by the
plates {714 and {76 to form a Scotch yoke. With-
in the Scotch yoke is & slidabie block 178 which
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receives the crank pin 80 connecied fo¢ the fiy-
wheel {82. Within the Scotch yoke, & com-
pression type coil spring 184 urges the block (18
'towards the upper end of the yoke, so as to tend

" to keep the pistons in the dead center position

when the compressor is idle,

A passage 186 is provided, which connecis to
the inlet valve (88 formed in the piston 178,
while the passage (80 is provided in the piston
(12 which connecis to the inlet valve (92 pro-
vided in the head of the piston 172. The cyl-
inder {88 is provided with a cylinder head (84
provided with & discharge valve 186, while the
cylinder 168 is provided with a cylinder head {98,
provided with a discharge valve 202. 'The top of
the crank case is covered by & plate 204.

In operation, when the motor begins to rock
the compressor, the pistons remain substantially
when the motor ap-
proaches its full speed, the pistons begin to move
baclk and forth under the control of the crank pin
{86 and the block (78 within the Scoich yoke
along with the spring (84, which gradually per-
mits the pistons to assume & full compression
stroke at each end. The crank pin and Scotch
yoke, however, prevent the pistons from traveling
far enough to damage the discharge valves. The
fiywheel 182 may oscillate or may make complete
revolutions when the compressor is operating at
full speed. In either type of operation, the com-
pressor operates at maximum efficiency as it
comes up to approximately full speed.

The weight of the pistons plus the weight of
the Scotch yoke is sufficient to draw in the gas
from the crank case through the passages 186 and
{90 through the piston valve into the compression
chamber and to compress the gas within the com-
pression chamber and force it out of the com-
pression chamber through one of the discharge
valves (96 or 202. Since the compressor does lit-
tle compression except when the motor gets up
to speed, the compressor is virtually unloaded at
its start. If the compression load is too heavy,
the motor will not be overloaded because of the
character of the compressor load and the pistons

“will not reach top dead center.

In Figs. 9 and 10, another improved modifica-
tion ig shown. In this modification, the com-
pressor is suspended from a base 208 which Is
fastened to form an overhead support provided
upon & motor-compressor platform similar to the
platform 28 shown in Fig, 1. Tl
provided with a boss 208 having a slof which re-
ceives a rubber member 210 held in place by the
screw 212, This rubber member serves as & sort
of @ pivot for the compressor. The lower end
of the rubber member 210 is received within a
slot in the boss 214 of the compressor casting 2186.
The compressor casting 216 has wings 2(8 and
220, which support the compression coil springs
222 and 224 which extend between the wings 218
and 220 and the base 206.

The compressor casting 218 iz provided with
an inlet opening 226 which provides communica-
tion through the hollow neck 228 with the crank
case portion 230 of the casting 218, This hollow
neck 228 is provided with a split boss 232, which
receives one end of the laminated metal fAexible
connecting member 234, which has its other end
received within a slot in one end of the connect-
ing rod 236. One end of this flexible member 234
is held by the screw 238, while the other end is
held by the screw 240,

The crank case 230 is provided with cylinder
walls 242 and 244 on opposite sides. These cyl-

This base. 2066 is

3

inders are provided with pistons 246 and 248,
each of which is provided with inlet passages and
inle$ piston valves similarly to thal shown in Figs.
2 and 8. The cylinder 242 is provided with a cyl-
inder head 256 having a discharge valve (not

. shown), while the cylinder 244 is provided with

a cylinder head 252 having & discharge valve
254, which controls the discharge of gas from
the compression chamber of the cylinder 244,

The piston 248 is provided with recesses on
either side of the connecting bar 286, which
connects the pistons 246 and 248. Received
within these recesses are flexible laminated con-
necting rods. 258 and 260 which are formed of a
number of thin leaves of spring steel or spring
brass. The ends of these flexible connecting rods
258 and 268 are held by pins 262 and 264 which
pass through holes or longitudinal slots in the
leaves. 'The end of the flexible connecting rod
opposite the piston is connected to a bearing
member 266 fitted to the crank pin 268, while
the connecting rod 258 is similarly connected
to & bearing and crank shaft upon the opposite
sidé of the bar 286. In this manner, the con-
necting rod 258 is connected to an eccentric
weight 270 rotatably mounted within the bear-
ing 272, while the connecting rod 268 is con-
nected to the eccentric weight 274 which is piv-
otally mounted in the bearing 276. These con-
necting rods naturally tend to assume a straight
position, but the weights, when the compressor
is idle, are sufficiently heavy to force them to a
bent position as shown in Fig, 10. With the aid
of the gas being compressed, the connecting rods
are sufficiently powerful under ordinary circum-
stances to stop the pistons and the weights at
the dead center position. 'The hottom of the
crank case is closed by the plate 288. The con-
necting rod 286 is connected to an eccentric
upon the eléctric motor shaft in a similar way
as that shown in Figs.-1 and 7.

When the motor begins to operate, it slowly
osciflates the compressor head 238. However,
when the motor and compressor approach full
speed, the weights 278 begin to oscillate with
the pistons, thus drawing gas from the crank
case and into the compression chamber and then
expeliing the gas from the compression chamber
through the discharge valve to the condenser.
Ii should be noted that the weights 276 and 274
are so designed that they may make a complete
revolution if so desired. However, normally
these plates will oscillate substantially 90° from
the position shown in Fig, 10, and it should be
noted that toward the end of each stroke when
the greatest amount of power is required, these
weights have their greatest amouunt of mechan-
ical advantage in forcing the piston to the end
of its stroke. These weights naturally tend to
cause the pistons to assume an intermediate
position when the compressor is idle. The rock-
ing parts of the compressor, particularly the cyl-
inder heads and the crank case, may be made
of light-weight material such as aluminum or
magnalium,

Preferably, the weight of the compressor is so
adjusted to the tension of the springs that the
system has a natural vibration frequency, which
is.equal to that of the rocking of the compressor
by the electric motor when operated at full
speed. Likewise, the weights 278 and 274, to-
gether with the spring of the connecting rods
258 and 260, when the weight of the pistons is
taken into account, have a natural vibration fre-
quency which is equal to the frequency of oseil-
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lations of the compressor provided by the molor
at full speed. In this connection also, the com-
pressor is virtually unloaded when the motor
starts - and does not begin to pump the refrig-
erant until the inotor approaches full speed.
Furthermore, an unusually heavy load upsn the
compressor will not overload the motor because
the piston will only be moved as far a3 can be
done by the inertis provided by the motor and in
this way, the compressor load is prevented from
becoming abnormally high. Also, if the com-
pressor should stick or not operate properly, the
motor will not be damaged. This construction
makes it possible to use an external electric
motor without employing & shaft seal upon the
compressor. The compressor is connected o the
refrigerating system in a manner similar to that
shown in Fig. 1 with the difference that the
connections of the liquid and return conduits
are reversed from that shown in Fig. 1.

Thus, by my invention, I have provided a
sealed refrigerating system which may be oper-
ated by an external electric motor which is par-
ticularly useful where a direct current only is
available. The evaporator, condenser, and the
remaining portions of the refrigerator may be
conventional. Thus, I have provided an im-
proved form of refrigerating system which is
particularly useful when only direct current is
available.

While the form of embodiment of the inven-
tion as herein disclosed, constitutes s preferred
form, it is to be understood that other forms
might be adopted, all coming within the scope
of the claims which foliow.

What is claimed is as follows:

1. Refrigerating apparatus {ncluding a closed
circuit incorporating a compressor, a condenser
and an evaporator, said compressor incorporas-
ing an inertia-operated impeller, said evaporator
being normally mounted in a fixed position, said
compressor being yieldingly mounted and mov-
able with respect to the remsinder of the re-
frigerating system| and means for reciprocat-
ing the compressor independently of the evap-
orator for operating the impeller by inertia.

2. Refrigerating apparatus including 2 closed
circuit incorporating a compressor, a condenser
and an evaporator, said compressor incorporat-
ing an inertia-operated impeller, said evapora-
tor being normally mounted in a fized position,
said compressor being yieldingly mounted and
movable with respect to the remeainder of the
refrigerating system, and means for moving the

2,384,743

compressor independently of the evaporator to
operaite the lmpeller by inertia.

3. Refrigerating apparsius including a closed
circuit incorporating o compressor, o condenser
and an evaporator, said eompressor incorporat-
ing an inertia-coperated Impeller, said evenora-
tor being normally mounted in a fixed position,
said compressor being yieldingly mounted and
movable with respect to the remainder of the
refrigerating system), and means for moving the
compressor independently of the evaporator to
operate the impeller by inertia, said compressor
being provided with yielding connections with
the remainder of the refrigerant circuit.

4. A compressor including & housing contain-
ing & {ree piston operable by inertia, & crank and
weight for controlling the movement of the pis-
ton, yielding means for yieldingly holding said
piston in the mid-vortion of its stroke, and
means for moving the housing to operate the
piston by inertis,.

5. A pump including a housing containing a
piston, a crank connected to the piston, said
crank being provided with an eccentrically
mounted weight, and means for oscillating said
housing to oscillate said weight by Inertia to
operate the piston, said pump having spring
means {0 absord the inertia of the housing and
to return this energy as useful energy in aiding
the oscillation of the housing.

6. A pump including a housing containing
iree piston operated by inertia, said housing be-
ing rockaebly mounted, spring means for oppos-

. ing the rocking of the housing, said spring means

together with said housing having g natural fre-
quency of oscillation, and means for oscillating
said housing at saild natural frequency of oscil-
lation in order to operate said piston.

7. A pump including a housing containing a
piston, an oscillatable weighted member pivoted
10 said housing above its center of mass, means
for connecting said piston and said weighted
member, and means for reciprocating said hous-
ing for oscillating said weighted member and for
reciprocating said piston,

8. A pump including e housing containing a
piston, an escillatable weighted member pivoted
to said housing above its center of mass, spring
means for connecting said piston and said
weighted member, and means for reciprocating

-sald housing for oscillating said weighted mem-

ber and for reciprocating said piston.
HARRY F. SMITH.,
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