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This invention relates to steam driven fluid
compressors and more particularly to the type
employed on locomotives in steam railway service.

The ob’ect. of my invention is to provide a
steam driven compressor having novel means for
effecting an economy in steam consumption by
utilizing the exhaust steam to effect a supp’y of
supercharging air to the compressor and thus ob-
tain the delivery of air at higher pressures with
the same supply of steam.

Other objects and advantages will be apparent
from the following more detailed description of
the invention.

In the accompanying drawing the single fisure
is a diagrammatic vertical sectional view of a
cross compound steam driven air compressor hav-
ing the invention embodied therein.

Referring to this drawing, the compressor com-
prises a steam actuated driving portion, desig-
nated by the numeral I, which is covered by a
valve portion 2, and to the bottom of which is
secured by suitable means; not shown, an inter-
mediate connecting portion 8. Mounted on the
bottom of the portion -3, is an air compressing
portion 4 which is closed at the bottom by a cover
portion 5. Disposed at the left-hand side of the
several aforementioned portions is a supercharger
portion 6 which may be formed integral with the
steam portion { and Wthh is closed at the top
by a cover portion 1.

Contained in the cylinder 8 of the steam por-
tion I is a high pressure steam pisten 9. which
is connected by a rod I8 to a high pressure air

piston I carried in the cylinder 12 of the air com--

pressing portion 4. Similarly, a low pressure
steam piston 13 is contained in the cylinder {4
of the steam portion f and is connected by 3 rod
15 to the low pressure air piston 16 disposed in
the cylinder i7 of the portion 4,

The supercharger portion 6 is provided with
& cylinder 18 in which there is operatively dis-
posed-a supercharger piston {9 connected by a
rod 2i to @ steam actuated return piston 21 which
is contained in a cylinder 22 located in the upper
region of the portion 6. Rigidly secured to the
upper side of the piston 21 is an inverted U-
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mounted a fluid inlet valve 25 which is arranged
to permit inlet fluid to flow through a passage
25 to the cylinder 18 and to the cylinder 17,
The low pressure air cylinder 17 is closed at its
iower end by a portion of the upper surface of
the cover portion 5. Foirmed in this portion is an
inlet valve chamber 27 connecting with the cham-~
ber at the under side of piston {§ in cylinder {1
by way of a passage 28. In the chamber 27 there
is operably mounted a valve 23 which may open
and close communicaticn between the chamber
27 and the inlet passage 28 and which is spring
biased toward closing position.
-The upper end of the low pressure air cylinder
i7 is closed by the connecting portion 3 in which

- is formed a similar inlet valve chamber 30 open

20

at all times to the chamber at the upper-side of
piston 6 in the cylinder 47 by way of passage
&f and open to.inlet passage 28 when a similar
spring biased valve 32 mounted in chamber 30 is

- unseated in response to inlet air pressure.

25

In the central part of the portion 3 there is
formed a valve chamber §3, which is open to the
chamber at the lower side of high pressure air
piston i! by way of a passage 34. In this part

- there is also formed a valve chamber 35 which

30

35

40

45

shaped valve actuating member 2!a which is

arranged to unseat an exhaust valve 283.

This valve, preferably of the tapered type, may
engage a corresponding valve seat formed in the
interior surface of the upper end of the cylinder
18 and is provided with a stem 24 which is slid-
ably guided in a bore in the portion §. This stem
is so located that it will be engaged by the actu-
ating member 21a when the connected piston {9
nears the end of its downward stroke as will ap-
pear more fully later.

The lower end of the cylinder {8 is closed by
a pressure head 4a which is carried by the com-
pressing pOI‘thn 4. In this head there is operably
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is open to the chamber at the upper side of pis-
ton {1 by way of a passage 38. Mounted in the
chamber 33 are check valves 37 and 28 which
have a spring 38 interposed between and cpera-
tively engaging them so as to urge vaive 27 up-
wardly to seat against atmosphere and valve 28
downwardly to seat against the pressure of air
above the low pressure air piston {§. Mounted
in the chamber 35 are check valves 48 and 4i
which have a spring 42 interposed. between and
operatively engaging them so as to urge valve 48
upwardiy to seaf against atmosphere and valve
41 downwardly 0 seat against the pressure of
alr under piston 1€ transmitted therefrom by way
of a passage 43.

The high pressure air cylinder {2 is closed at
the bottom by another part of cover portion 5.
In this part of the portion-5 there is formed a
discharge valve chamber 44 in which is operably
mounted a spring biased valve 45 which, in re-
sponse to the force of high pressure air, opens
communication from -the lower end of cylinder
12 to chamber 44. From this chamber air may
flow through a passage 46 to an air discharge
port 41,

The cylinder 12 is closed at the top by a part
of connecting portion 8 in which is formed g simi-
lar discharge valve chamber 48 containing s simi-
lar spring biased valve 49 which controls .com-
munication between the upper end of cylinder
12 and passage 46 in the same way as does valve
45 at the lower end.

Mounted in the valve portion 2 is 2 main valve
mechanism, for governing the flow of steam to
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and from the steam cylinders and the super-
charging cylinder, and alsc mounted in this valve
portion is a reversing valve mechanism which
controls the movement of the main valve mecha~-
- nism by controiling the supply of steam thereto.

The supply of steam to these valve mechanisms
is in turn controlled by an intercepting valve
mechanism which is mounted in the steam por-
tion I, intermediate the low pressure steam cyl-
inder 14 and the cylinder 22,

The reversing valve mechanism comprises &
series of connecting piston heads 59, 51, 52 and
53 which may be reciprocated in a vertical bore
54 by the piston 8 through the medium of a re-
versing rod §5 in the usual manner.

Thus, there is a chamber B8 defined by the
wall of the bore 54 and piston heads 68 and &f,
and a chamber 57 defined by the wall of bore 34
and piston heads 52 and $3.

The main valve mechanism comprises a series
of connected piston heads §8, 59, 60 and 6{ having
the same diameter, and a differential piston head
62 having a larger diameter than the other heads,
all of which are reciprocable horizontally in a
bore 63 as determined by the position of the
reversible valve mechanism,

At the left-hand end of the bore §3 there is

defined by the walls of the bore and the piston
head 58 a chamber 64, A chamber 85 is defined
by the wall of bore 83 and piston heads 58 and
53. A chamber 86 is defined by the wall of bore 63
and piston heads 58 and 60. A chamber 67 is lo-
cated between piston heads 88 and gf and a
chamber 68 is located between chambers g1 and
€2 and at the right-hand face of piston €2 there
is a chamber €8.

With the reversing valve mechanism in its up-
permost position as shown and with the main
valve mechanism in its extreme position to the
1eft as shown, chamber 56 is connected to pas-
sage 18 which at all times is open to atmosphere.
With the reversing valve mechanism in its lower-
most position, the piston head 58 closes commun-
ication between the chamber 56 and the atmos-
pheric passage 10, Further with the valve mech-~
anism in this latter position, the piston head 5t
uncovers passage 711 thereby connecting the
chambers 55 and §8.

Chamber 57 is always connected to & steam
supply passage 12 leading from the intercepting
valve mechanism, and 2s shown may conduct
stearn to chamber §8 by way of passage 3. In
the lower position of the reversing valve mech-
anism passages 72 and 13 are closed off by piston
head 52,

Chamber 83 in the main valve mechanism is
always open to steam supply passage 72 and may,
as shown, conduct steam to the chamber at the
upper side of piston 9 by way of passage 14,
which latter passage will be closed off by piston
head 61 when the piston assemblage is moved
from its left-hand position.

Chamber 57 is always connected to a passage
75 which leads to the under side of a ball check
valve 16 the upper side of which valve is con-
nected to the intercepting valve mechanism
through a passage T1. With the piston 88 posi-
tioned as shown, chamber 87 is connected to at-
mosphere by way of passage 10q, but in its other
position connects passage 15 to passage 14 lead-
ing to the chamber at the upper side of piston 9.

With the main valve mechanism positioned as
shown, chamber §6 connects a passage 18 leading
from the chamber at the under side of piston 9
to a passage 19 leading to the under side of a
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ball check valve 80, the upper side of which valve
is open to the intercepting valve mechanism.
With the main valve mechanism in its octher po-
sition, chamber €6 connects passage 19 to ab-
mospheric passage T8a.

Chamber 65 is always open to steam supply
passage 72 and in its right-hand position con-
ducts steam to the chamber at the under side
of piston 9 by way of passage 18.

Chamber 88 is closed by piston 58 when the
main valve mechanism is in the position in which
it is shown, but in its other position is open to
atmosphere by way of passage 160.

The intercepting valve mechanism cormprises a
multiple head piston member 81 slidably mount-
ed in a bore 82 in the steam portion 1, into which
bore is pressed a bushing 83 for sliding and port
controlling engagement with the stem 84 of the
piston member. Directly over the bore 82 there is
formed in the valve portion 2 a chamber 85 in
which is mounted a spring 85 for determining
the movement of the piston member 81 in either
direction from the position in which it is shown.

Teld in abuiting engagement with the upper
inner surface of the chamber 85 by the spring 8%
is an annular vertically movable spring seat mem-
ber 87 which extends through an opening 88 in
the top wall of the chamber 85 and through which
the upper end of the stem 84 extends. Above the
member 87 there is secured to the stem 84 8
cross-member 89 which engages the upper sur-
face of the member 87 so as to transmit the
downward movement of the stem to the spring
&86.

Teld in apbubting engagement with the lower
inner surface of the chamber 85 is an annular
spring seat member £9, the lower surface of
which may be engaged by 2 shoulder 80 formed
on the upper end of stem 84 so that the member
¢4 may be moved upwardly against the pressure
of the spring 8%.

The piston member 81 comprises integrally
connected piston heads 88, g2, 83, 94, 85 and 96.
Defined by the lower end surface and wall of the
bore 82 and the piston head @1 is a chamber 87
which is open to the upper side of the ball check
valve 89 and by way of passage 88 to the cham-
per at the upper side of piston {3 when it is at
the bottom of the low pressure cylinder {4. This
chamber will also communicate by way of pas-
sage 99 with the under side of piston 13 instead
when piston head 8§t crosses the mouth of pas-
sage 89 in the upward movement of piston mem-
per 81 from the position in which it is shown.

Defined by the wall of bore 82 and piston heads
69 and 93 is a chamber {88 which with the piston
assemblage in the position jllustrated, is in com-
munication with low pressure steam cylinder 14
by way of passage 181 and with the chamber at
the upper side of piston 19 in the supercharging
cylinder 18 by way of passage ig2,

Defined by the wall of the bore 8% and the
piston heads $4 and 95 is a chamber {33 which
with the piston assembly positioned as shown Is
connected to steam supply pipe {84 through pas-
sage (85 and to the main valve mechanism and
veversing valve mechanism by way of passage T2,

Defined by the lower surface of the bushing
83, wall of the bore 82 and the piston head 95
is @ chamber {868 which is open to the upper
side of the ball check valve 15 by way of pas-
sage 11 and may connect, by way of passage {97,
with the chamber at the under side of piston {3
when it is at the top of ifs stroke. This cham-~
ker may also communicate with the chamber
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at the upper side of piston 13 when piston head
86 crosses the mouth of passage 188 in its down-
ward movement from the position in which it is
shown.

Leading from the steam supply pipe 194 is a re-
stricted passage 188 which conducts steam
through the wall of the bushing 83 to the sur-
face of that portion of the stem 84 which is in
closely fitting sliding engagement with the bush-
ing 83. This passage also conducts steam to the
chamber at the under side of piston 21 for the
purpose- of returning the supercharging piston
19 to the position shown after it has completed
its downward stroke. L

The piston stem 84 is provided with g trans-
verse port 118 which will, when the piston mem-
ber is in its extreme lower position, connect
passage 189 with port 111, in the bushing 83, and
passage T1. With the piston member 8{ in its
extreme upper position port (12 in piston stem
€4 registers with passage 109 and extends lon-
gitudinally through the stem to conduct steam
to chamber 97 at the lower end of the piston
member.

A ball check valve i3 is operatively mounted
in the center portion 3 with its under side open
by way of passage (14 to the chamber at the
under side of piston 13 and its upper side open
to passage 19 so that any steam or air trapped
in cylinder {4 during the downward movement of
the piston may flow to atmosphere through pas-
sage 19 and chamber 87 which at this time will
be open to atmosphere by way of passage 18a.

In a similar manner ball check valve 115 is
operatively mounted in portion 2 to permit
trapped air or steam on the upper side of piston
{3 to pass to atmosphere by way of passage 15,
chamber 67 and passage 18a.

Ovperation

With the several parts of the compressor in
the position illustrated, the high pressure steam
piston 8 has just completed its upward stroke.
Near the end of this stroke, the reversing rod 55
was moved upwardly by the piston 9 in the usual
manner, thereby moving the reversing valve
mechanism  into the position illustrated. The
connection of main valve chamber 69 to atmos-
phere by way of passage 11, chamber 56 and pas-
sage 16 was closed off by piston head 5i. Steam
passed from pipe {84 through port {05 and cham-
ber 183 in the intercepting valve mechanism to
passage 72 from whence it passed directly to
chamber 69 and, by way of reversing valve cham-
ber 81 and passage 18, to chamber 3. The com-
bined pressure of steam on the right-hand sides
of main valve pistons 58 and 62 caused them to
move toward the left-hand end of bore 63 into the
rosition illustrated.

In this position of the main valve mechanism,
steam flows from the chamber at the under side
of piston 8 in the cylinder 8 through passage 78
to main valve chamber §§. Prom this chamber
the steam flows through passage 18 and past
ball check valve 89 into chamber 27 on the under
side of piston head 91, causing intercepting valve
piston member §f to move against the pressure
of spring 8§ into its upper. position.

With piston member 81 in its upper position,
chamber 97 is connected to the chamber at the
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ber 97 and passage 99 to actuate low pressure
steam piston 13 upwardly.

Also, in this position of member &1, port 112
registers with passage 109 so that steam may
also flow from supply pipe 104 at a restricted
rate to chamber 97 and to the chamber at the
under side of piston 13 to insure that the piston
will complete its upward stroke.

At the same time, the steam supply passage
12 is closed off by piston head 94 and the passage
102 is closed off by piston head 92, so that neither
the high pressure steam piston 9 nor the super-
charging piston {9 will operate.

Previous to this action, low pressure air cylin-
der 1T had been supercharged with air under
pressure on the upper side of piston 16 by the
supercharging piston {9 in a manner to be more
fully described later.

.As piston 16 moves upwardly with piston 13, air
under pressure is delivered past check valve 38
into chamber 33 and thence by way of passage
24 to the chamber at the under side of the piston
{{ mounted in the high pressure air cylinder 12.
Also air is drawn into the chamber at the under
side of piston {6 from atmosphere by way of
check valve 28, passage 26, past valve 29, through
chamber 27 and passage 28.

When the steam piston {3 reaches the end of
its. upward stroke, steam in the chamber under
the piston will pass into chamber 186 by way of
passages I87 and 77 and thus substantially
equalize the steam pressures in the chambers
above piston head 96 and below piston head 8i.
With the steam pressures thus equalized, spring
85 will return intercepting piston member 8{ to
the position in which it is shown.

With the intercepting valve mechanism in the
position shown and piston {8 at the top of cylinder
14, steam in the chamber under piston {3 will
flow through passage 181, chamber {88 and pas-

- sage 182 into the chamber at the upper side of
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under side of low pressure steam piston 13 by way }

of passage 88. Steam will pass from cylinder 8
into cylinder {4 by way of passage 18, main valve
chamber 66, passage 79, intércepting valve cham-

76

the supercharging piston §9. In response to this
bressure, piston 19 will move downwardly forcing
the air in the chamber at the underside of the
piston through passage 26, past valve 29, through
chamber 27 and passage 28 into the chamber
beneath the piston I8.

When the piston 18 nears the end of its down-
ward stroke, the actuating member 2le¢ moving
with the piston, will engage the stem 24 to unseat
the valve 23 and vent the steam from the cham-
ber at the upper side of piston {2 to atmosphere.
With the steam pressure on piston {9 substan-
tially reduced, piston 21, under the pressure of
steam from passage 189, will move upwardly
carrying with it the piston rod {9 and thereby
piston 19. As piston (9 nears the position in
which it is shown it will engage the lower surface
of valve 23 and move it to its closed position.

The piston 19 as it was moving upwardly sucked
air past check valve 25 and through passage 26
into the chamber beneath the piston in readiness
for the next supercharging stroke.

With the valve mechanisms in the positions
shown; steam also flows from steam supply pipe
104, through passage 185, chamber 103 and pas~
sage T2 to chamber 63 in the main valve mecha-
nism. From this chamber, steam will flow
through passage 74 into the chamber above the
biston 8§ in the high pressure steam cylinder 8
to cause the steam piston 9 and thereby the high
pressure air piston il to move downwardly.

When piston {1 was being moved upward by
piston 9, air was drawn from atmosphere past
check valve 81, through chamber 33 and passage
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24 into cylinder $2. When piston {8 was being
moved upward the supercharged air in the
chamber at the upper side of the piston was
compressed past check valve 8, through chambper
23 and passage 34 into cylinder {2. As piston it
moves downwardly, the air so compressed is now
transmitted under high pressure past valve 8§,
through chamber 44 and passage 48 into air dis-
charge port &1 and a suitable reservolr, nov
shown. Af the same time, air is drawn from the
stmosphere past check vaive 48 through chamber
25 and passage &85 into the chamber at the upper
side of piston {i. .

I5 should be noted that the supercharging
piston and the high pressures steam piston move
substantially concurrently since the control of
the ports which supply steam to these pistons is
so incorporated in the intercepting valve mecha-~
nism that the ports are open only in the positicn
illustrated. ]

As the piston 8 approaches the end of ifs
downward stroke, the reversing rod 81 is moved
downward Ly pisten £ in the usual manner,
thereby moving the reversing valve mechanism
into itg lower position. Chamber §7 which for-
merly conducted steam to the main valve cham-
ber 68 by way of passage 78 is now closed off
therefrom by piston head 52. Chamber §¢ which
is constantly open toatmosphere by way of pas-
sage 70 is now also open to main valve chamber
89, thereby venting the steam pressure from this
chamber 88 to atmosphere. )

With chamber 83 vented to atmosphere and
chamber 88 open to a steam supply from passage
12, steam pressure in this chamber $8 will cause
the main valve mechanism to move to its right-
hand position. ;

Chamber 3T will be connected by way of passage
74 to the steam chamber at the upper side of the
piston 9. It will also be connected by way of
passages 15 and 77 to chamber {85 in the inter-
cepting valve mechanism. Steam will flow from
this steam chamber through passage 14, chamber
§7, and passage 7%, past ball check T8, through
passage 11 and into chamber 188 above piston
head 88 and move the piston member 81 fo its
lower position. o

Chamber 88 now ccnneets to the upper side of
valve {13 and ic passage T8¢ so that fAuid in
the chamber at the under side of the piston {8
may pass to atmosphiere by way of passages {44
and 78, chamber 88 and passage ifc.

Chamber 85, alihough connected to steam pas-
sage 11 and also to the chamber at the under
side of piston §, cannot transmit steam at this
time because the steam supply to passage T is
interrupted as will appear later. Chamber 84 is
open to atmosphere by way of passage 18b o
eliminate differential pressure opposing move-
ment, to the left for the next stroke.

With piston member 8 in its lower position,
steam in chamber 188 will fiow by way ‘of pas-
sage 188 to the chamber at the upper side of
piston {2, Thus steam from the chamber ahove
the high pressure steam piston 9 will be ex-
panded into the chamber above low pressure
steam piston i3 when the intercepting valve
mechanism is in its lower position. .

Steam passage 199 will be connected by pas-
sage 118 to passages {il and 77 to augment the
steam supply from the chamber above the Dis-
ton 8 and insure the completion of the down-
stroke of the piston §3.

Delivery of steam from pipe 133 to passage
72 and to the chamber at the under side of the
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8
high pressure steam plston 8 will be intercepted
by piston head 98,

The flow of steam from the chamber at the
under side of the low pressure steam piston 13
4o the chamber above the piston 19 will be in-
terrupted by piston head 8§ closing passage (02,
®ogsage 82 will be blocked between piston heads
21 and §2, so steam and air in the chamber un-
derneath piston 1% will be permitted to exhaust
to atmosphere through passage !4, past ball
check valve 113, and through passage 78 and
chamber 65 to passage T8¢ and atmosphere.

When the piston i3 reaches the end of ifs
down-stroke, the chamber at the upper side of
he piston is connected to chamber 87 by way
of passage 98. With the pressures above piston
head 66 and below piston head 91 equalized, pis-
ton member 81 will be returned by spring 85 to
the position in which it is shown. Steam will
flow from the chamber at the upper side of pis-
ton 12 to chamber at the upper side of piston 18
to produce the supercharging action previously
described when pistons {3 and {5 were at the end
of their upstroke. This time however air will
flow past check valve 3%, through chamber 30
and passage 2! to the chamber at the upper side
of piston £4.

The main valve piston being now in ifs right-
hand position, steam may flow through cham-
bar (68 in the intercepting valve mechanism,
passage 12, chamber §5, and passage 14 to the
chambzr at the under side of piston 9 and cause
pisten § to move upward.

AS piston {8 moves downward it will force
compressed air in cylinder {7 through passage
3%, past valve 4§ into chamber &3, and through
assage 26 to the chamber at the upper side of
piston §i. As piston 1t subsequently moves up-
ward it will deliver this air past check valve 45,
through chamber 44 and passage 46 into the dis-
charge pire 87 and an air reservoir, not shown.

B

W s

Summary

The intercepting valve mechanism in normal
position as shown, passes live steam to the high
pressure steam piston § for its next stroke and
also passes exhaust steam from the low pressure
cylinder §4 to the supercharging cylinder {8. In
its upper position it intercepts this flow of steam
to the piston § and from the low pressure cylin-
der £2 and passes steam from the under side of
prezsure stcam piston § to the under side
of the i In its lower

£ low pressure steam piston 18,
position it iniercepts the flow of steam to the
pigton § and from the low pressure cylinder 18
and passes steam from the upper side of piston
& to the upper side of piston (3.

The reversing valve piston member moves up-
wardly when piston § completes its up-stroke
causing the main valve piston member to move
4o the left. 'The intercepting valve piston mem-
har §1 is then moved upwardly by steam from
the under side of piston 9, which steam is then
delivered to the under side of piston {& to move
i, ypwardly. At the top of the stroke of piston
i3 the intercepting valve mechanism returns to
its normal position.

When the low pressure air piston {§ moves up-
wardly with piston 18, the air under pressure in
the chamber above piston 16 is transferred to
the underside of the high pressure air piston
which i5 at the top of cylinder {2 and air is
drawn from atmosvhere to the under side of
piston 6.

While piston {8 remains at the top of cylin-
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der 17, the supercharging piston 18 charges the
chamber at the under side of piston 16 with air
under pressure. At the same time the high pres-
sure air piston {1 moves downwardly transferring
the air under pressure in the chamber at the
under side of pisten }i to a suitable reservoir.
As this piston moves down air is drawn from
atmosphere to the chamber at the upper side
of it.

'The reversing valve piston member moves down-
wardly when piston 8 completes its down-stroke
causing the main valve mechanism to move to
theright. Piston member 81 is then moved down-
wardly by steam from the chamber at the upper
side of piston 9, which steam is then delivered to
the chamber at the upper side of piston 3 to
move it down. At the bottom of the stroke by
piston 13, piston member 81 returns to its normal
position.

In normal position of piston member 81 the
supercharging piston 19 is again actuated and at
the same time high pressure steam piston 9 is
again gctuated upwardly.

~When the low pressure air piston 16 moves
down with piston {3, the supercharged air in the
chamber at the under side of piston 16 is trans-
ferred to the chamber at the upper side of
piston 11 which is now at. the bottom of cylinder
§2. Air is drawn from atmosphere to the cham-
ber at the upper side of piston I86.

While piston 16 remains at the bottom of cyl-
inder 17, the supercharging piston {9 charges the
chamber at the upper side of piston 8§ with air
under pressure. At the same time the high pres-
sure piston {1 moves upwardly, transferring the
air under pressure from the chamber above piston
i1 to a suitable reservoir. As this piston moves
upwardly air is drawn from atmosphere to the
chamber at the under side of it.

Having now described my invention, what I
claim as new and desire to secure by Letters
Patent is:

1. A steam driven air compressor, in combina-
tion, a first steam operated piston and cylinder
means for compressing air into a reserveir, a
second steam operated piston and cylinder means
for compressing air into said first means, a third
steam operated piston and cylinder means for
compressing air into said second means, and valve
means conditionable upon the position of the
piston of said first means to control the se-

quence of operation of the three said means,

said -valve means being effective in one position
to admit steam to said first means and to said
third means and being effective in another posi-
tion to interrupt the steam supply to said first
means and to said third means and to supply
steam to said second means.

2. A compound steam driven air compressor,
in combination, a high pressure air compression
cylinder and piston, a high pressure steam en-
gine cylinder and piston for operating said air
compression piston, a low pressure air compres-
sion cylinder and piston, a low pressure steam en-
gine cylinder and piston for operating said low
pressure air compression piston, a main valve
mechanism operative for supplying steam to said
high pressure steam cylinder and exhausting
steam therefrom to said low pressure steam cyl-
inder, a reversing valve mechanism actuated by
the high pressure steam piston for controlling
the operation of said main valve mechanism, an
intercepting valve mechanism operative in re-
sponse to the pressure of exhaust steam from
said high pressure steam engine for so controlling

10

15

20

25

30

40

45

50

55

60

65

70

the supply of steam to said high pressure steam
cylinder and to said low pressure steam cylinder
that one engine is rendered inoperative while
the other operates, valve means for admitting
air from the atmosphere to said low pressure air
cylinder before the beginning of the stroke of
the low pressure air piston, and valve means for
admitting air from the atmosphere to said high
pressure air cylinder before the beginning of the
stroke of the high pressure air piston.

3. A compound steam driven air compressor,
in combination, a high pressure engine cylinder
and piston, a low pressure engine cylinder and
piston, a high pressure air compressing cylinder
operatively related to said first engine, a low pres-
sure air compressing cylinder operatively re-
lated to said second engine, a main valve mecha-
rism governing the supply of steam to said high
pressure engine and the transfer of exhaust steam
therefrom to said low pressure engine, a reversing
valve mechanism actuated by said high pressure
engine piston for controlling said main valve
mechanism, intercepting valve means controlled
by said main valve mechanism for so controlling
the supply of steam to said high pressure engine
and said low pressure engine that one engine is
maintained inoperative while the other engine.
operates, means responsive to the pressure of ex-
haust steam from said low pressure engine to
supercharge said low pressure air cylinder, and
means controlled by said low pressure engine for
transferring exhaust steam therefrom to said
supercharging means when said low Dpressure
engine is inoperative.

4. A compound steam driven air compressor,
in combination, a high pressure air compression
cylinder and piston, a high pressure steam en-
gine cylinder and piston for actuating said air
piston, a low pressure air compression cylinder
and piston, a low pressure steam engine cylinder
and piston for actuating said low pressure air
piston, steam operated means for supercharging
said low pressure air cylinder, valve means con-
ditionable upon the position of the high pressure
steam piston to control the sequence of operation
of said steam engines and said supercharging
means, said valve means being operative in one
position to admit live steam to said high pres-
sure steam cylinder and to transfer exhaust
steam from said low pressure steam cylinder to
said supercharging means and operative in an-
other position to interrupt the flow of steam fo
said high pressure steam cylinder and to said
supercharging means and to transfer exhaust
steam from said high pressure steam cyhnder
to said low pressure steam cylinder.

5. A compound steam driven air compressor,
in combination, a high pressure air compression
cylinder and piston, a high pressure steam engine
for actuating said air piston, a low pressure air
compression cylinder and piston, a low pressure
steam engine for actuating said low pressure air
piston, means responsive to exhaust steam from
said low pressure engine for supercharging said
low pressure air cylinder, a valve mechanism con-
trolled by the piston of said high pressure steam
engine for conirolling the supply of live steam
thereto and the exhaust of steam therefrom to
said low pressure steam engine, intercepting valve
means rendered effective when said low pressure
steam engine completes its stroke to suspend the
operation thereof while said high pressure steam
engine and said supercharging means operate
and rendetred effective when said high pressure
steam engine completes its stroke to suspend
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the operation thereof and of said supercharging
means while said low pressure steam engine op-
erates.

6. A compound steam driven air compressor,
in combination, a first steam operated piston and
cylinder means for compressing air into a reser-
voir, a second steam operated piston and cyl-
inder means for compressing air into said sec-
ond means, a third steam operated piston and
cylinder means for compressing air into said sec-
ond means, valve means controlled in accordance
with the operation of the piston of the-first said
means to control the operation of all of said
steam operated piston and cylinder means, said
valve means being operative in one position to
deliver steam to said first means and to trans-
fer steam from said second means to said third
means and operative in another position to inter-
rupt the delivery of steam to said first means and
the transfer of steam from said second means to
said third means and to transfer steam from
said first means to said second means, and means

rendered effective by the piston cof said second”

means, to return said valve means to ifs first
mentioned piston. :

7. A compound steam driven air compressor
comprising a high pressure air compression cyl-
inder and piston, a high pressure steam cylinder
and piston for actuating said high pressure air
piston, a low pressure air compression cylinder

and piston, a low pressure steam cylinder and’

piston for actuating said low pressure air pisten,
a main valve méchanism operative in accordance
with the operation of the high pressure steam
piston for controlling the supply of live steam to
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the high pressure steam cylinder and the exhaust

of steam therefrom to the low pressure steam
cylinder, a cylinder and piston means responsive
to the pressure of exhaust steam from the low
pressure steam cylinder to supercharge the low
pressure air cylinder, an intercepting valve mech-
anism “having a position to which it" is moved
in response to the pressure of exhaust steam from
the high pressure steam cylinder when the high

pressure steam Dpiston is at substantially the end °

of its stroke in which position said mechanism
effects. the suspension of the operation of the
high vpressure steam piston and of said super-
charging piston and permits the low pressure
steam piston to make its stroke, and means op-
erative when the low pressure steam piston has
completed its stroke to move said intercepting
valve mechanism -to another position in which
the mechanism suspends the operation of the
low pressure steam piston while permitting the
high pressure steam piston and said supercharg-
ing pistons to complete their strokes.

8. A multiple stage air compressor comprising a
first cylinder and piston means for compressing
air into a reservoir while charging its non-pres-
sure side with air from the atmosphere, a sec-
ond cylinder and piston means for compressing
air into the first means while charging its non-
pressure side with air from the atmosphere, a
first. engine responsive to the pressure of live
steam to actuate said first means, a second en-
gine responsive to the pressure of exhaust steam
from said first engine to actuate said second
means, a third -cylinder and piston means
chargeable with air from the atmosphere upon
movement of the piston thereof in one direc-

40

&1

65

12

tion and operative in the opposite direction in
response to the pressure of exhaust steam from
said second engine to compress air with which
it has been charged into said second means, a
third engine responsive to the pressure of live
steam to cause the piston of said third means to
make its charging stroke, a main valve mecha-
nism for controlling the admission of steam to
and the exhaust of steam from said first and
said second engine, a reversing valve mechanism
actuated by said first engine for controlling the
operation of =aid main valve mechanism, an
intercepting valve mechanism effective in one
position to admit live steam to said main valve
mechanism, thereby causing said first engine to
operate, and to admit exhaust steam from said
second engine to said third means to cause the
third means to compress air, said intercepting
valve mechanism being responsive to the pres-
sure of exhaust steam from said first engine to
move to another position and being effective in
said other position to admit the exhaust steam
from said first engine to said second engine to
render the latter operative, and being further ef-
fective to interrupt the flow of live steam to said
first engine and the flow of exhaust steam to said
third means to thereby render them inoperative,
and means for returning said intercepting valve
mechanism to the first position when said sec-
ond engine has substantially completed a stroke.
9, A compound steam driven air compressor,
in combination, a first steam operated piston and
cylinder means for compressing air into a reser-
voir, a second steam operated piston and cylin=-
der means for compressing air into said first
means, a third steam operated piston and cylin-
der means for compressing air into said second
means, a reversing valve mechanism positioned
by the piston of said first means to supply steam
to one side or the other of the piston of said first
means and to transfer steam from said first
means to one side or the other of the piston of
said second means, intercepting valve means con-
trolled in accordance with the operation of the
piston of said first means to move to one or the
other of two positions to interrupt the supply of
steam to said first means and the transfer of ex-
hatist steam from said second means to said
third means and to transfer the exhaust steam
from said first means to said second means, said
intercepting valve means being movable fo a
third position in accordance with the operation
of the piston of said-second means, to interrupt
the transfer of exhaust steam from said first
means to said second means and to supply steam
to said first means and to transfer exhaust steam
from said second means to said third means.
BURTON S. AIKMAN.
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