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6 Claims.’ (Cl. 230-184) 
This invention relates to multi-stage compres 

ject to provide a compact and simple construc 
tion adapted more ‘especially for the compression 
of air or gas. ' . 

- According to this invention in 
the compressor a higher rotational speed is em 
ployed than in the subsequent stages, the ‘first 

. stage being operated by a crankshaft which is 
rotated at a speed greater than that of the crank 
shaft by which are operated the pistons of the 
subsequent stages. There is at least ‘one cylin 
der with piston therein vconstituting the ?rst 
stage this piston being reciprocated by a crank‘ 
shaft driven at relativelyv high speed and‘ pistons 
in cylinders constituting the subsequent stages 
which are reciprocated by a second crankshaft 

the first stage ‘of , , 

'sors of the reciprocating type and has for its _ob- ‘ 
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driven at a lower speed and conveniently through ' ‘ 
gearing from the ?rst crankshaft. . The valves of 
each cylinder in the first stage are positively ac 
tuated mechanically, while the valves of the 
cylinders in each subsequent stage operate auto 
matically. These inlet and delivery valves‘. of the‘ 
first stage are of the piston type and areoper- - 
ated by a shaft rotating at half the speed of the 
crankshaft of the ?rst stage, and the opening 
and closing of the inlet and delivery ports is ef 
fected while these piston ‘valves are moving at 
their maximum velocity, that is during the middle 
portion of the stroke of each valve. Thetshaft 
which operates these piston valves is conveniently 
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the crankshaft which reciprocates the pistons in - 
the cylinders of the subsequent stages these cylin 
ders and pistons being disposed coaxially with 
the piston valves to which those higher stage 
pistons are connected so that they are actuated 

\ through the valves. Each of the latter thus acts 
as a cross-head to- which is connected on the one 
hand thelpiston of a higher stage and on the 
other hand a connecting rod ‘running from a 

_ crank on the second crankshaft. In a convenient 
arrangement the delivery valve of the ?rst stage 

‘ is connected to and serves as a cross-head for 
the piston of the third stage, this valve being 

' actuated from a crank on a crankshaft driven 
1 through gearing at half speed from the crank 
shaft which operates the ‘first stage. To a second 
crank on this half speed crankshaft isconnected 
'the inlet‘or suction valve of the first stage cylin 
der and this valve in turn acts as a cross-head 
for and is connected to the piston of the second 
stage cylinder. .From this piston may- extend a 
plunger which‘reciprocates in‘ the cylinder of a 
fourth stage. This latter may be omitted if the 

’ may be referred to as the main crankshaft while‘ ' 
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, compressor is constructed with only three stages. 55 

Suitable intercoolers may be provided between‘ 
the various‘ stages, and an aftercooler may be 
provided to cool the gas delivered by the last or 
highest stage. i -, _ ' 

The accompanying draw‘ gs illustrate diagram 
matically and by way of example a construction 
of four-stage compressor according to this inven- ‘ 
tion. In‘ these drawings, - . 

Figure 1 is a vertical sectional 
compressor the section being taken as on the line 
l—: in Figure-2'looking in the direction of the 
arrows. The section shows the piston valves for 
the ~first stage and the cylinders of-the second, 
third and fourthstages, the section being taken 
in the planein which lies the axis of the crank 
shaft bywhichfare reciprocated' these valves and 
the pistons in these cylinders. ‘ ~ 
Figure 2 is a plan- of the compressor shown in _ 

Figure 1., ' v 

Figure 3 is a transverse‘vertical section on the 
line 3-3 in Figure l, and the broken line-3—3 
in Figure 2, the section showing the piston and 
cylinder of the ?rst stage, ‘the inlet valve there 
for, vand the cylinders, pistons and ‘valves of- the 
second and fourth stages.v ~ 

"Figure 4 is 'a vertical section similar to Fig 
ure 3, ‘but taken on the-line l,--& in Figure 1 and 
.on the broken line 4-4 in, Figure 2', and'showi 
ing the piston and cylinder of the ?rst stage, 
the, delivery valve for that cylinder, and the cylin- , 
~der and piston of the third stage. ' 

. There are two crankshafts of which" the one 'A 

the ‘other B may .be' referred to as, the second 
' crankshaft or layshaft. The compressor is'driven _ ’ 

by power applied in some convenient manner and 
from asuitablesource to the main shaft A, and 
the layshaft B is‘ driven by gearing C from the 
shaft A so that the. layshaft’B will be rotated at 
half the speed of the main shaft These'two' 
shafts A and B are parallel ‘and atno, great dis-, 
tance apart with the axis of the shaft B lying a . 
horizontal plane above the similar plane in w ch 
lies the axis of the shaft A, as can be seen m 
Figures}; and 4. The vertical plane in which ‘lies 
the axis of the shaft B and'the ‘axes of‘ the pis- . 
tons driven from that shaft is set back behind 
the vertical plane in which lies the axis of the 
cylinder of the?rst stage as can be seen in Fig-_ 
-ure 2 as-well as in Figures 3 and 4. Considered 
in plan, as seen in Figure 2, the cylinder D of the 
?rst stage with the piston E therein appears as 
having‘ at one side of it the cylinders F and G 
with the piston valves H and J therein. Coaxial 
with the cylinder F'and above itare the cylinder 

elevation of the I 



2. 
K of the second stage with the piston L recipro- ‘ 
cating therein, and the cylinder M of the fourth 
stage with the plunger piston N‘therein. Co 
axial with the cylinder G and above it is the 
cylinder 0 of the third stage with the piston P 
which is reciprocated in it. ' 

The piston valves of thei?rst stage are hollow 
and the suction valve H. controls an inlet port 

‘ D1 to the ?rst stage cylinder D and an inlet port 
F1 from the atmosphere to the valve cylinder F 
as seen in Figure 3. The valve J controls the de 
livery port D2 from the cylinderD and the, com 
pressed air passes through the valve J and cyl 
inder G into the passage G1 which communicates 
conveniently with an intercooler of suitable type 
which is not shown in the drawing. From this 
?rst stage intercooler the air passes the suction 
valve K1 into the secondstage cylinder K_ whence 
it is delivered past the delivery valve K2 to a sec 
ond intercooler, also not shown in the drawing. 
From this second stage intercooler the air goes 
past the suction valve 01 into the third stage 
cylinder 0 and thence past the delivery valve 02 
to a‘ third stage intercooler which is not shown. 
Finally the air enters the fourth stage cylinder M 
past the valve M1 and is delivered past the 
valve M2. . i 

The hollow piston valves H and J are substan 
tially similar in their general structure with ports 
formed in the walls of their upper parts. In the 
valve H which functions also as a cross-head, is a 
partition H1 below which is carried the 
gudgeon pin H2 through ‘ which the valve 
is connected to the crankshaft B. From this 
partition'H1 a coupling rod Q extends tothe 
piston L of the second stage. This coupling rod 
has'curved faces at its ends which engage corre 
spondingly curved bearing blocks carried respec 
tively by the partition H1 and~ the piston L. By 
suitable means the ends of the coupling rod are 
maintained in'engagement with the curved seats 
in these blocks. The ‘arrangement obviates dif 
?culty which might arise owing to some lack of 

_ alignment between the clinders F and K. There 
is a similar coupling rod between a partition J1 
in the piston valve J, which also functions as a 
cross-head for the gudgeon pin J2, and the piston 
P of the third stage.’ _ 
By leading the air from the ?rst stage cylinder 

D into the ‘end of the cylinder G beneath the 
piston P in the'c-ylinder O of a higher stage the 
pressure difference is reduced on the rings of the 

; piston of the higher stage. 
There may be a throttle valve of suitable form 

.in the induction passage leading to the suction 
valve inlet port F1. In'the head of the cylinder D 
of the ?rst stage there may be a port controlled 
by a poppet valve which has to be lifted against 
spring action. This valve may be lifted by a hand 
lever operative on the end of the valve spindle 
when it is desired to relieve the pressure in the 
cylinder or prevent compression as at starting or 
for unloading. ‘ - i _ 

The valves of the second, third and fourth 
stage cylinders are of some type which will oper 
ate automatically. In the case of the second stage 
cylinder K each of the valves K1 and K" is a disc 
~which is ‘mounted freely, except for a light spring, 

“ between a perforated seat member and a retain 
ing member. The ports controlled by these 
valves are in the head of the cylinder K. with 
regard to the third stage the piston P is of trunk 
form with the trunk of substantial length. The' 
end of the cylinder 0 and the face of the piston 
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2,373,779 
are conical the ports being in the sloping end of 
the cylinder. The inlet valve 01 is preferably of 
the poppet type and the delivery valve 02 is a disc 
acted on by-a spring. 
What I claim as my'invention and desire to 

secure by Letters Patent is: 
1. In a multi-stage compressor of the recipro 

cating type the combination of at least one cyl 
inder with piston therein constituting the ?rst 
stage of the compressor, at least one other cyl 
inder with piston therein‘ constituting a sub 
sequent stage, a crankshaft to which is connected 
the piston in the said cylinder of the ?rst stage, 
a second crankshaft to which is connected the 
piston in the said cylinder of a subsequent stage, ' 
valves associated _( with the said cylinder of the 
?rst stage with. means whereby these valves are 
positively actuated mechanically, valves as 
sociated with the said cylinder of a subsequent 
stage with means by which these valves are actu 
ated automatically, and means whereby the said 
second crankshaft is rotated at a speed which is 
less than the speed at which the said ?rst crank 

. shaft is driven. 
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2. In a multi-stage compressor of the recipro 
cating type the combination of at least one cyl 
inder with piston therein constituting the ?rst ' 
stage of the compressor, at least one other cyl 
inder with piston therein constituting a subse 
quent stage, a crankshaft to which is connected 
the piston in the said cylinder of the ?rst stage, 
a second crankshaft to which is connected the 
piston in the said cylinder “of a subsequent stage, 
valves associated with the said cylinder of the 
?rst stage, means by which these valves are actu 
ated from the said second crankshaft, valves as 
sociated with the said cylinder of a subsequent 
stage with means by which these valves are actu 
ated automatically, and means whereby the said 
second crankshaft is rotated at a speed which is 
less than the speed at which the said ?rst crank 

, shaft ‘is driven. 
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3. A multi-stage compressor of the reciprocat 
ing type comprising the features as set out in 
claim 2 in which piston valves connected to and 
reciprocated by the said second crankshaft func 
tion as the inlet and delivery valves of the said 
cylinder of the ?rst stage. 

4. In a multi-stage compressor of the recipro 
cating type the combination of at least one cyl 
inder with piston therein, constituting the ?rst 
stage of the compressor, at least' two cylinders 
each with a piston therein and constituting sub 
sequent stages of the compressor, a crankshaft 
to which is connected the piston in the said cyl 
inder of the ?rst stage, a second crankshaft to 
whichare connected the pistons in the cylinders 
of the subsequent stages, piston valves connected 
to and reciprocated by the second crankshaft 

' these valves functioning as the inlet and delivery 
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valves of the said cylinder of the ?rst stage and 
being respectively coaxial withthe cylinders of 
the higher stages, valves associated with the said 
cylinders of stages subsequent to the ?rst stage 
with means by which these valves are actuated 
automatically, and means whereby the said sec 
ond crankshaft is rotated at a speed which is 
less than the speed at which the said first crank 
shaft is driven. ' ‘ 

5. In a multi-stage compressor of the recipro 
' cating type the combination of at least one cyl 

75 

inder with piston therein constituting the ?rst 
stage of the compressor, at least two cylinders 
each with a piston therein and constituting sub~ 
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'_ sequent stages ofthe compressor; a crankshaft to 
which is connected the piston in the said. cylinder‘ 
of the ?rst stage, a second crankshaft to which . 
are connected the pistons in the cylinders of the 
subsequent stages, piston valves connected to and ' 
reciprocated by‘ the second crankshaft these 

of the said cylinder of the ?rst stage and being 
' respectively coaxial with and acting as crossheads 
for the pistons in the cylinders of the higher 
stages, valves associatedwith the said cylinders. 

. valves functioning as the inlet and delivery valves - 
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of stages subsequent to the-?rst stage with means I 
by which these valves are actuated automatically, 
and means whereby the said second crankshaft 
is rotated at a speed which is less than the speed 
at which the said ?rst crankshaft is driven. 

' 6. Ina multi~stage compressor of the recipro 
cating type; the combination with at least‘one 
cylinder with piston therein constituting the ?rst 
stage of the compressor, at least two cylinders 

_ f each with piston‘ therein and-constituting sub 
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sequent stages of the compressor, at least, two of 
these cylinders of subsequent stages being coaxial 
with the pistons therein connected,'a crankshaft. 
to which is connected the piston in the said cyl 

1 inder of the ?rst stage, a second crankshaft to 
which are connected the pistons in the cylinders 
of the subsequent stages, piston valves connected 
to v and reciprocated by the second crankshaft 
these valves functioning as the inlet and delivery 
valves of the said cylinder of the ?rst stage and 
being respect‘vely coaxial with and acting as 
cro’ssheads for the pistonsin the cylinders of the 
higher stages, valves associated with the said cyl 
inders of stages subsequent to the ?irststage with 
means whereby these valves are actuated auto 

1 matically, and means whereby the said second 
crankshaft is rotated'at a speed which is less than 
the speed at which the said ?rst crankshaft is 

; driven, 
20 HARRY RALPH RICARDO. 


