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1. 
This invention relates to new and useful.im 

provements in compressor units, 
One object of the invention is to provide an 

improved compressor unit for compressing fiuids 
for use in refrigerators, temperature control, air 
conditioning and similar or allied mechanisms. 
An important object of the invention is to 

provide an improved compressor unit wherein the 
compressor and its driving motor are incor 
porated in a single assembly, whereby a compact 
structure requiring a minimum. Space for in 
stallation is had and also whereby the unit in 
cludes a minimum number of working parts. 
A particular object of the invention is to pro 

vide an improved unit, of the character described, 
wherein the compressor cylinder and its piston 
are mounted axially, within an electric driving 
motor, with improved means for coupling the 
rotor of the motor to the compressor piston to 
impart reciprocation to said piston upon rotation 
of said rotor; the cylinder having suitable valved 
intake and exhaust ports which communicate 
with the line or coil through which the fluid to 
be compressed is circulated, whereby operation of 
the motor actuates the compressor piston to com 
press said fluid. 
: A further object of the invention is to provide 
a combination compressor and motor unit which 
functions as a two-stage compressor, whereby the 
fluid is first placed under pressure and is then 
finally compressed to the desired degree and re 
circulated through the refrigerating or other Sys 
tem; the two-stage compression providing for 
more efficient operation at less operating costs 
and with a minimum load on the compressor 
unit. 

Still another object of the invention is to pro 
vide an improved device, of the character de 
scribed, wherein the compressor piston element 
has its opposite ends of different CrOSS-Sectional 
areas whereby one end functions as a piston of 
relatively large area to displace a relatively large 
volume under low pressure of fluid and the op 
posite end functions as a second piston of Smaller 
area, to displace relatively rSmall volume under 
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high pressure of fluid, with the result that each 
reciprocation of said piston element accomplish 
es a two-stage compression of the fluid. 
Another object of the invention is to provide an 

improved combination: compressor and motor 
unit, of the character described, wherein the in 
iterior of the casing or housing of the motor func 
tions as a chamber or reservoir for the fluid dur 
ing the first stage of compression of Said fluid, 
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thereby eliminating the necessity of providing an is 
auxiliary chamber for this: purpose and permit 

ting the unit to be extremely small and compact 
in construction and also permitting the fluid be 
ing compressed to act as a lubricant for the com 
preSSOr piston element as it reciprocates in its 
cylinder. 
The construction designed to carry out thein 

vention will be hereinafter described together 
With other features of the invention. 
The invention will be more readily understood 

from a reading of the following specification and 
by reference to the accompanying drawing, 
wherein an example, of the invention is shown, 
and Wherein: 

Figure 1 is a longitudinal, vertical, Sectional 
view of a compressor andmotor unit, constructed 
in accordance with the invention, 

Figure 2 is an enlarged, sectional view of the 
exhaust end of the compressor cylinder. 

Figure 3 is an enlarged, sectional view of the 
intake end of said compressor cylinder, 

Figure 4 is a transverse, vertical, sectional 
view, taken on the line 4-4 of Figure 1, 

Figure 5 is a transverse, vertical, sectional view, 
taken on the line 5-5 of Figure 1, and 
Figure 6 is an isometric view of the compressor 

piston. - 

In the drawings, the numera O designates a 
casing or housing which is substantially cylin 
drical and which has its ends closed by end plates 

which are suitably bolted or otherwise secured 
thereto. Packing gaskets 2 interposed between 
the ends of the housing and the end plates Seal 
off the joint therebetween. The housing fo is 
the casing or housing of an electric motor which 
includes a stator f3 mounted within the central 
portion of Said housing. A double cylinder or tube 
f4: extends axially through the housing and has 
its ends supported in Suitable supporting flanged 
collars 5 which are bolted or otherwise Secured 
to the inner Surface of the end plates. The cyl 
inder is non-rotatable within the housing and 
forms a Support or Shaft on which the rotor 6 
Of the electric motor may rotate. As is clearly 
shown in Figure 1 the rotor includes a metal 
sleever 7 which is rotatable around the cylinder 
4 and suitable bearings 8 are interposed be 
tween the sleeve and the outer surface of the cyl 
inder to facilitate such rotation. The cylinder 
is formed With an annular slot 20 at its central 
portion and an inwardly extending aranular rib 2 
Which is formed on the metal Sleeve T of the 
rotor is: disposed within this slot to confine the 
Sleeve and rotor-against longitudinal movement 
on the cylinder. 
The main-bore 22 of the cylinder 4 is formed 

with a reduced portion 23, whereby an internal 
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annular shoulder 25 is provided within the cyl 
inder. The main bore 22 provides a first stage 
cylinder while the reduced portion 23 comprises 
a second stage cylinder, with the first stage Cyl 
inder having communication with an inlet and 
the second stage cylinder communicating With 
an outlet, as will be explained. A double piston 
25 is adapted to reciprocate within the cylinders 
22 and 23. As is clearly shown in Figure 6 the 
main portion A of the piston 25 is of a diameter 10 
to fit within the first stage cylinder 22. The piston 
is formed With a reduced end B which is movable 
within the second stage cylinder 23 and the 
shoulder 26 formed on the piston is adapted to 
abut the shoulder 25 between the cylinders in 
one extreme position of the piston. 
To impart a reciprocating movement to the pis 

ton upon a rotation of the rotor 6, the piston is 
formed with a helical or spiral groove 2 in its 
exterior surface. A ball member 28 which is con 
fined within a radial opening 29 in the sleeve of 
the rotor has its lower surface engaged Within 
the groove 2, its upper Surface being confined 
within the opening 29. The ball is retained in 
position by a suitable follower 3. Rotation of 
the piston 25 is prevented by engagement of a 
radial pin or projection 3 which is secured with 
in the wall of the cylinder á and which projects 
into a longitudinal groove or recess. 32 provided 
in the external surface of said piston. 
- It will be apparent that the piston 25 is non 
rotatable within the cylinders 22 and 23 and when 
rotation is imparted to the rotor 6 by operation 
of the electric motor, the co-action between the 
connecting ball 28 and the helical groove 27 will 
impart a reciprocating motion or movement to 
the double piston. The helical groove is So dis 
posed that complete reciprocation of the double 
piston will occur during one revolution of the 
rotor 6. 
For admitting the fluid to be compressed to 

the intake end of the first stage cylinder 22, said 
cylinder is provided with an inlet opening 33. An 
inlet control valve 34 is mounted Within this open 
ing and has the fluid inlet pipe 35 connected 
thereto. As is clearly shown in Figure 3 the valve 
34 is constructed so as to admit fluid into the 
cylinder but to prevent escape of fluid from the 
cylinder back into the inlet pipe. Thus, upon 
the intake stroke of the piston which is a move 
ment of the piston 25 to the left in Figure 1, the 
valve 34 will be opened by the suction created 
by the piston and fuid will be drawn into the first 
stage of the cylinder. 
Upon a reverse movement of the piston 25, 

that is, a movement to the right in Figure 1, the 
fluid which has been drawn into the first stage 
cylinder will be discharged through an opening 
36 formed in the end plate f which closes the 
intake end of the piston. This opening has a 
check valve 3 which permits discharge of fluid 
from the cylinder but prevents entrance past said 
valve. A conductor 38 extends from the opening 
36 and through the closure end plate into the 
interior I of the housing 0. Thus, upon a move 
ment of the piston to the right in Figure 1, the 
fluid is displaced through the conductor and into 
the interior of the housing. Because the first 
stage piston is relatively large, displacement of 
fluid from the cylinder through the conductor 
and into the housing will be in relatively large 
volume and under a relatively low pressure. 
The interior of the housing communicates 

through a conductor or pipe 39 and a vertical 
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passage 40 with the second stage cylinder 23. A 75 

4. 
check valve 4 mounted in the passage 40 permits 
admission of fluid into the second stage cylinder 
through the passage but prevents the fluid from 
flowing from the exhaust end of the cylinder 
back into the interior of the housing. There 
fore, as the piston moves to the right in Figure 1, 
the reduced portion B of the piston Creates a 
suction which will draw fluid from the interior 
of the housing into the exhaust end 23 of the 
second stage cylinder. It will be remembered that 
this fluid is under Some preSSure having been 
placed under pressure by the large end of the pis 
ton 25 in the first stage cylinder 22. As the pis 
ton reciprocates back to the left in Figure i, the 
reduced end B of the piston forces the fluid from 
the exhaust end of the second Stage cylinder 
outwardly past a valve 42 mounted in the end of 
said cylinder and into a discharge pipe 43 which 
is connected in the end plate . The valve 42 
is a check valve type and allows discharge of fluid 
from the cylinder while preventing admission into 
the cylinder from the pipe 43. It will be apparent 
that since the end B of the piston is relatively 
small in diameter and the cross-sectional area, 
of the cylinder at the point is also relatively Small, 
the fiuid will be forced from the exhaust end of 
the second stage cylinder under a relatively high 
pressure and at a reduced volume. From the pipe 
43, the compressed fluid is circulated through the 
refrigerating or other system with which the de 
vice is used. 
The operation of the combined compressor and 

motor unit is believed obvious. Beginning the 
cycle with the parts shown in Figure 1, it will be 
apparent that as the rotor 6 rotates, the piston 
25 will be moved toward the left in this figure. 
This movement will cause the Smaller end B of the 
piston which forms the second stage piston to 
discharge the fluid under desired compression 
through the outlet 43, the discharge fiuid having 
been drawn into the second stage cylinder upon 
the preceding operation of the piston. As Said 
piston moves to the left, the second stage piston 
discharges fluid under desired compression and 
the larger end of said piston forming the first 
stage piston creates a suction in the intake end of 
the first stage cylinder 22, whereby additional 
fluid is drawn through the inlet pipe 35 past 
the valve 34 into said intake end of the first stage 
cylinder. 
Continued rotation of the rotor 6 causes the 

piston to reach the extremity of movement to 
Ward the left after which the piston moves back 
to the right in Figure 1; as this occurs, the fiuid 
which has been drawn into the first stage cyl 
inder 22 is forced outwardly through the con 
ductor .38 and into the interior of the housing. As 
explained, this displacement is of a relatively 
large volume and under SOme pressure So that 
this comprises a first stage of compression of the 
fluid. At the same time that fluid is forced into 
the interior of the chamber through the con 
ductor 38, additional fluid is drawn from the in 
terior of the housing through the conductor 39 
and vertical passage 40 into the Second stage cyl 
inder 23. This fluid which enters the Second 
stage cylinder is under the pressure which the 
larger end of the piston has created and thus 
the fluid is ready for the second stage of com 
pression. This second stage is accomplished 
when the piston again moves back to the left in 
Figure 1 to begin the next cycle of operation. 
The two-stage compression provides for ex 

ceptionally efficient operation since the compres 
sion may be accomplished with less power. The 
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entire unit is simple and compact in construc 
Étion, with the compressor unit being incorporated 
within and substantially forming a part of the 
electric motor. There is only one moving part, 
which is the double piston, in the entire device 
and the circulation of the fluid through the 
housing, which forms a first stage compression 
chamber allows the fluid to lubricate the piston 
and rotor. It is noted that the particular ball 
28 which is used to transmit the reciprocating 
movement to the piston is employed because it 
minimizes friction; however, a radial pin Would 
serve the same purpose. The valves that are 
shown are merely for the purposes of illustration 
and any suitable check valve device could be em 
ployed. The main feature of the invention is 
the two-stage compression which nakes for max 
imum efficiency. With minimum operating COStS. 
The foregoing description of the invention is 

explanatory thereof and various changes in the 
size, shape and materials, as well as in the de 
tails of the illustrated construction may be made, 
within the scope of the appended claims, With 
out departing from the Spirit of the invention. 
What I claim and desire to secure by Letters 

Patent is: 
1. A compressor, unit including, an electric mo 

tor comprising a sealed housing having a stator 
and a rotor therein, a compressor tube forming 
a pair of aligned cylinders which cylinderS pro 
vide a first and second stage of compression ex 
tending axially through the rotor and having its 
ends supported in said housing and forming a 
support on which the rotor may rotate, a piston 
treciprocable within said cylinders, means for 
coupling the rotor to the piston whereby rotation 
of said rotor imparts reciprocation to the piston, 
a valved intake inlet at one end of the first stage 
cylinder for admitting fluid to Said cylinder, 
means for establishing communication between 
the cylinders, and a valved exhaust Outlet at 
the exhaust end of the second stage cylinder for 
discharging the fluid under compression. 

2. A compressor unit as set forth in claim 1, 
wherein the means for establishing communica 
tion between the cylinders is the interior of the 
motor housing and passages connecting the cyl 
inders with said interior. 

3. A compressor unit as set forth in claim 1, 
wherein the means for establishing communica 
tion between the cylinders is the interior of the 
motor housing and passages connecting the cyl 
inders with said interior and valves mounted in 
said passages, whereby as the fuid is forced into 
the interior of the housing from the first stage 
cylinder it is placed under its initial stage of con 
pression, the second stage of compression being 
completed when the fluid from the interior of 
the housing is discharged from the exhaust end 
of the Second stage cylinder. 

4. A compressor unit including, an electric no 
tor comprising a sealed housing having a stator 
and a rotor therein, a compressor tube forming 
a first stage cylinder and a second stage cylinder 
extending axially through the rotor and having 
its ends supported in said housing, the tube form 
ing a support on which the rotor may rotate, a 
piston reciprocable within said cylinders, means 
for coupling the rotor to the piston whereby ro 
tation of said rotor imparts reciprocation to the 
piston, a valved inlet in the intake end of the 
first stage cylinder for admitting fluid into the 
cylinder, a passage extending from the first stage 
cylinder to the interior of the motor housing 
whereby fluid from said cylinder is exhausted into 
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the housing, a second passage connecting the in 
terior of the motor housing with the second stage 
cylinder to admit fluid from said housing to that 
cylinder, and a valved discharge outlet leading 
from the second stage cylinder for discharging 
fluid under compression from the cylinder. 

5. A compressor unit as set forth in claim 4, 
wherein back-pressure valves are mounted in 
the passages connecting the interior of the hous 
ing and the cylinder ends, whereby flow in Only 
one direction from the first stage cylinder, 
through the housing and into the Second stage 
cylinder is possible. 

6. A compressor unit as set forth in claim 1, 
wherein the bore of the compressor tube forming 
the second stage cylinder is reduced and also 
wherein the piston has a reduced portion recip 
rocable in said second stage cylinder, Whereby 
the fluid displaced by that end of the piston op 
erating within the second stage cylinder is greater 
in volume than that displaced by the other end 
of said piston. 

7. A compressor unit as set forth in claim 1, 
wherein the means for coupling the rotor to the 
piston is a projection on the rotor and a helical 
groove on the exterior of the piston, together 
with co-acting means on the piston and cylinders 
for preventing rotation of the piston, whereby a 
rotation of said rotor aSSures reciprocation of 
the piston. 

8. A compressor unit including, an electric mo 
tor comprising a sealed housing having a stator 
and a rotor therein, a compressor tube forming 
a first stage cylinder and a second stage cylinder 
and extending axially through the rotor with its 
ends supported in the housing, the cylinder form 
ing a support on which the rotor may rotate, 
the cross-sectional area of the bore of the first 
stage cylinder being greater than the CTOSS-Sec 
tional area of the second stage cylinder, a dual 
piston slidable within the cylinders and having a 
reduced end portion movable within the Second 
stage cylinder, means for coupling the piston to 
the rotor whereby rotation of the rotor imparts 
reciprocation to the piston, a valved inlet for 
admitting fluid to the first stage cylinder, a cham 
ber communicating with the outlet of the first 
stage cylinder, whereby fluid admitted to the 
cylinder is displaced into the chamber in a rela 
tively large volume and under a relatively low 
pressure, means for establishing communication 
between the chamber and the Second stage cyl 
inder whereby the fluid from said chamber may 
he admitted to the cylinder, and a valve outlet 
connected to the exhaust end of said Second stage 
cylinder, the displacement of the fluid from the 
second stage cylinder being under relatively 
greater pressure and lesser volume due to the 
reduced area of the cylinder and piston operable 
therein. 

9. A compressor unit as set forth in claim 8, 
Wherein the chamber is the interior of the motor 
housing which communicates with the ends of 
the cylinders through Suitable flow passages. 

10. A compressor unit as Set forth in claim 8, 
wherein the chamber is the interior of the motor 
housing which communicates with the ends of the 
cylinders through suitable flow paSSages and 
check valves in said passages for permitting flow 
in one direction only, whereby the fluid is dis 
placed from the first stage cylinder, through the 
interior of the housing, then to the second stage 
cylinder and finally discharged therefrom 
through the valved outlet, 

1. A compressor unit as Set forth in claim 8, 
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wherein the means for coupling the rotor to - REFERENCES CTED 
the piston is a projection on the rotor and a The following references are of record in the 
helical groove on the exterior of the piston, to- file of this patent: 
gether with co-acting means on the piston and O 
cylinder for preventing rotation of the piston, 6 UNITED STATES PATENTS 
whereby a rotation of said rotor assures recipro- Number Name Date 
cation of the piston. 2,222,203 Manseau ----------- Nov. 19, 1940 

DEAN C. HAGGARDT. 


