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To all whom it maly COTCer:

Arranged upon the floor of the car are the

Be it known that I, WiLLiaM COOPER, of | liquid reservoirs 5 and 0, preferably vertical
Minneapolis, in the county of Hennepin and | eylinders adapted to hold the liquid employed 55
State of Minnesota, have invented a certain | in driving the motor and provided with suit-

¢ new and Improved Pneumatic Hydraulic Lo- { able connecting pipes for conveying the same
comotive, of which the following is a specifica- | through the motor, the liquid beingconveyed
tion. | and reconveyed to and fro through the motor

My invention relates to improvements in | from one reservoirto the other,theliquid thus 6o
locomotives, and consists in the application | being used over and overagain without waste.

1o of hydraulic engines to purposes of propul- Arranged underneath the car body, insuit-
sion force being given to the propelling lig- | able connection with the carrying wheels of
uid by the application of compressed air or | the car, is the motor A. |
oas generated under pressure. I do this Dy While anyv form of positively acting liquid 65
combining certain reservoirs containing lig- | or hydraulic motor preferred may be used, I

1z uid and eertain other reservoirs containing | prefer to use the form herein shown, in which
the ecompressed air with a suitable mechan- | 7 represents a suitable case for the motor, in
ism for controlling and conveying the com- | which arearranged thetoothed orspur wheels
pressed air from said air reservoirs into said | 8 one being preferably secured tothe driving 7o
liquid reservoirs, and a suitable mechanism | axle, and the other journaled insaid caseand

20 for controlling and conveying the liquid from | engaging with the first whereby as the liquid
said liquid reservoirs to the motor thereby | pressure is applied to the spurs or teeth the
imparting motion to the same. The pneu- | motor is operated in the ordinary manner,
matic reservoirs are charged with a sufficient | and the car thereby propellied. 7
supply of air or other gas under pressure to By positively acting motor, I wish tobe un-

2z operate the motor for a considerable time be- derstood as meaning a motor which is driven
fore being recharged. positively by the pressure of the liquid pass-

My device further consists in the construe- | ing through it, a oiven quantity of said lig-
tion and combination hereinafter deseribed | uid passing through said motor, no maitter so
and particularly pointed out in the claims. | whether the load under which 1t is running

20 In the accompanying drawings forming a | be great or small. This class of positively
partof this specification I show a special con- acting motors is used in distinetion from an-
struction, designed by me for the application | other style of motors which are driven by the
of my invention to the propulsion of street | weight or impact of the fluid, and which will 85
cars, but it is obvious that the invention may | only run under light loads, theirconstruction

35 be applied to various uses,and that such spe- | being such that under any considerable load
cial construction may be modified in a num- | the fiuid will pass through the motor without
ber of ways without departing from the spirit | causing the same to revolve.
of my invention,and hence I donot desire to While any suitable fluid may be used to gc
be confined to the exact construction shown | propel the motor, I prefer to use the mineral

dso and described. | oil which serves as a lubricator with the parts

Asshown in the drawings, Figure 1isa ver- | in which it comes 1n contact, and will not con-
tical longitudinal section of my improved mo- | geal when used at a low temperature. The
tor as applied to a street car, and Fig. 2 is a | pneumatic reservoir 1s so connected with the p;5
plan view of the same part of the floor being | liquid reservoir that the compressed air, as

45 broken away to show the arrangement of the | released irom it, is conveyed first into one
pneumatic reservoirs. reservoir thereby forcing the liquid out of

In the drawings, 2 representsthe car wheel, | the reservoir through the motor and into the
3 the pneumatic reservoir comprising three | other reservoir, and then as the liquid is ex- 100
independent cylinders arranged parallel with | hausted from the first reservoir, the air con-

<o each other under the floor 4 of the car being | nection 18 automatically shifted to the other
connected together by means of the pipe 21 | reservoir whereby the liquidis forced, by the

i pressure of the air, fromit through the motor

g0 as to form a common reservoir.
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and back to the first reservoir, so that the Fi?beingindependent-and—nom--comm-unicating._--
~ pneumatic pressure -is continuously applied

to the liquid forcing it to and frothrough the

motor until the supply of compressed air is |
~exhausted or cut off.” It will beseen that the
liquid extends in the form of a liquid column

or piston from one reservoir through the mo-
tor to the other reservoir, and therefore that

‘the pressure exerted upon the liguid by the |
admission of the air to the liquid reservoir is

transmitted through this liquid column or

' ~piston directly to the motor, and therefore

1

20

_3_0
- the connections between the fluid reservoirs
“and the motor are automatically shifted si-

35

40

50

55

that by increasing or decreasing this press-
ure the power upon the motorisinstantly in-

creased ordecreased ina corresponding ratio.
It will also be seen that by stopping the

‘movement of this liquid coluinn or piston the |
motor will be instantly stopped. This is an |
~especial advantage in a locomotive, as by this

means the locomotive may bestopped, started

~or reversed at will. - The liquid column-forms

a perfect means for controlling the motor,

~.and the speed of the locomotive, so that in
- going down grade where the weight of -the

locomotive accelerates the speed the liguid
column may be used toretard the speed, and
I am thus enabled to dispense with any other
governing device. - |
In order that the flow of the liguid through

the motor may be continuous in one direction

for the most eificient operation of the motor,

multaneously with the shifting of the air con-
nections with the reservoir, 8o that the reser-
voir which is receiving the pneumatic press-
ure is always connected with the inlet port of
the motor, and the other reservoir with the
outlet port of the motor.

Arranged 1n the reservoir 5 is the piston 9
adapted to rest upon the top of the inclosed
liquid and to move upward and downward in
the reservoir with the rise and fall of the
liquid. -

Pivoted to the top of the reservoir 6 is the
lever 10 provided with the rod 11 at its oppo-
site end which extends through thetop of the
reservoir 5 nearly to the bottom of the reser-
voir, and is adapted to be reciprocated
through the piston 9 and the wall of the res-
ervoir. Arranged upon thisrod are the stops
12 and 13 on either side of the piston 9 and
respectively near the top and bottom of the
reservoir. The piston 9 thus in its move-
ment up and down 1in the reservoir with the
varying height of the liquid strikes the stops
12 and 13 as it approaches the upper and

lower limits of its movement, thus serving to

6o

~ and partly below the floor of the car, are the

raise and lower the rod 11 and to operate the
lever 10.

Arranged, preferably in a vertical position
between the reservoirs 5 and 6, partly above

series of cylindrical chambers or cylinders
14, 15, 16 and 17, the cylinder 14 being an
open head cylinder and communicating with

excepting throughthe connectionshereinafter

~deseribed. o
Arranged in the eylinder 14, with its stem

connected to the lever 10, is the double piston

| valve 18 which is thus reciprocated in the
| cylinder by the movement of the lever as be-

fore described.
Arranged in the cylinders 15,16 and 17, and

| adapted to be reciprocated in a suitable pack-

ing in the walls between the same, is the
spindle orshaft 19 fitted with a double piston
valve 41 and 42 arranged in the cylinder 15,

‘the single piston valve 40 arranged in the

/0

15

30

cylinder 16, and the double piston valves 43

‘and 44 arranged.in the eylinder 17.

- The air e¢ylinders of the reservoir 3 are con-

nected together, as above described, by means
of the pipe 21, and are
- pipe 22 by means of which air may be forced
1 to charge the reservoir,and with the outlet
‘pipe 23 for conveying the compressed air to
“the operative parts of the motor.

fitted with the inlet

The pipe

00

23 18 provided with the branch pipe 24 com-

municating with the eylinder 15 at or about

center. Leading from the upper part of the

cylinder 14 to the lower part of the eylinder.

| its center and with the branch pipe 25 com- -
‘munieating with the cylinder 14 at or nearits

16 1s the pipe 46 and from the lower part of

the cylinder 14 to the upper part of the eyl-
inder 16 is the pipe 27. Theupperandlower
members of the double valve 18 as recipro-

cated in the cylinder 14 pass respectively the
openings into the pipes 46 and 27 whereby
when the valve is raised to its limit the pipe
40'1s put into communication with the pipe 25
whereby the air enfering the eylinder from
the pipe 25 is conveyed to the eylinder 16 be-
neath the valve 40 and when the valve 18 is
at its lower limit the pipe 46 is put in com-
munication with the outer air through the
open head 47 and the lower member of the
valve having passed below the opening of the
pipe 27 this pipe is brought in connection

IC0O
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through the eylinder with the pipe 25 and

serves to convey the air from it into the eyl-
inder 16 above the valve 40. Leading from
the upper part of the cylinder 15 into the up-
per part of the reservoir 5 is the pipe 28 and
leading from the lower part of the cylinder

15 to the top of the reservoir 6 is a pipe 29.

The funetion of the valves 41 and 42 as re-
ciprocated in the eylinder 15 is the same as
that of the valves in the cylinder14 the valve
41 1n its movement passing the opening into
the pipe 28 ana the valve 42 in its movement
passing the opening of the pipe 29 so that
when the valves are in their proper position
as shown by the full linesin the drawingsthe

115

120

125

pipe 24 communicates through the eylinder

with the pipe 28 and the pipe 29 is in com-
munication through the eylinder with the ex-
haust port 45.
lower position as indicated by dotted lines in
the drawings, the pipe 29 is brought in con-

130

When the valves are in their

the cylinder 15, but the eylinders 15, 16 and | nection through the eylinder with the pipe -
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24 and the pipe 98 with the exhaust port 26. |

A pipe 30 opening into the reservoir 5 prefer-
ably through its bottom connects it with the
upper part of the eylinder 17 and the pipe 31

connected similarly with the reservoir 6 con-

nects it with the lower part of theeylinder 17.
The pipe 33 entering the cylinder 17 between
the openings of the pipes 30 and 31 connects
the cylinder with the inlet port 32 of the mo-
tor while the pipe 35 opening into the bottom
of the ecylinder 17 and having also branch
38 opening into the top of the cylinder con-
nects the eylinder with the outlet port 34 of
the eylinder. The piston valves 45 and 44 as
reciprocated in the cylinder 17 antomatically
reverse the connections of the reservoirs with
the pipes 383 and 35. When the valves are
atthe upper limitof their movement, as shown
by the full lines in the drawings, the flow of
the liquid is from the reservoir 5, through the
pipe 80, the cylinder 17, the pipe 53 to the
motor, and from the motor through the pipe
35, the eylinder and the pipe 31 to the reser-
voir 6. When the positions of the valves are
at their lower limits, as indicated by the dot-
ted lines the flow is from the reservoir 6 10
the pipe 31, the cylinder, and the pipe 55 10
the motor, and from the motor through the
pipe 35 its branch 38, the cylinder, and the
pipe 30 to the reservoir o.

A suitable reducing valve 36 may be ar-
ranged in the air pipe 23 to control the flow
of the air or to cut it off entirely.

In arranging the deviee for use a sufficient
quantity of oil is placed in the reservoirs to
approximately fill one reservoir and all the
connections between the reservoirs, so that
when one reservoir is empty the other will be

i

full. Thepneumaticreservoiris then charged |

through the pipe 22 or by the cgeneration of
oas therein by any suitable chemical means,
and the motor set in operation by opening the
valve 36. If, for example, the reservoir 5 1s
filled with the oil so that the piston has raised
stem or rod 11 the valves 18 will be in the
position indicated by the full lines. The flow
of the air through the pipe 25 into the cylin-
der 14 and thence through thepipe46 into the
bottom of the cylinder 16 will serve by the
pressure of the airupon the valve 40 to raise it
to its higher position, indicated by the full

lines, the air above the valve being forced out

of the pipe 27 into the bottom of the cylinder
14, and thence to the outer air through the
exhaust port 26. With the movement of the
piston 40, the stem 19 is moved upward also
carrying the valves in the cylinder 15 and 17
to their upper positions as shown by the full
lines, the air above the valve 41 exhausting
through the port 26. The flowof air from the

pneumatic reservoir is then established

through the pipe 24 into the cylinder 1o, and
thence through the pipe 28 into the reservolr
5, whereby its piston 9 is foreced downward
forcing the oil out through the pipe 30 1nto
the cylinder 17, and thence by the pipe 33
through the inlet port 32 of the motor.

pressure of the oil upon the teeth of the
wheels 8 laterally beingin excess of the press-
ure upward because of the greater surface ex-
posed, the wheels are caused to rotate oppo-
sitelyin the direction indicated by the arrow,
thus turning the driving axle and the wheels
2 and propelling the cars. The oil being car-
ried up between the teeth of the wheels, within
the case, is forced outward through the outlet
port 34 whence it is conveyed by the pipe 5o
into the bottom of the eylinder 17, and thence
by the pipe 31 into the reservoir 6, the air con-
fined in the reservoir 6 being forced out by the
inflow of the oil through the pipe 29 into the
eylinder 15 and exhausting through the port
45. Asthe piston descendsinto the reservoiro
it strikes the stop 12, which moving the rod 11
and the lever 10 downward, thereby shifts
the position of the piston valves 18 to their
lowerlimitindicated by the dotted lines. The

75

30

air entering the cylinder 14 by the pipe 2518 '

then conveyed by the pipe 27 into the cylin-
der 16 above the valve 40 forcing the valve

0O

downward to the position indicated by the

dotted lines, and with i thespindlel9and the
connecting valves all of which assume their
lower positions as above described. The alr
confined beneath the valve 40 escapesthrough
the pipe 46 into the cylinder 14 and through
the exhaust vent 47. The air entering the

05

cylinder 15 through the pipe 24 is thus di-

verted into the pipe 29 and the reservoir 6
exerting its pressure upon the liguid therein
contained and forcing it cutward through the
pipe 31, thence it
above the valve 44, and is carried by the pipe
33 to the inlet port of the motor, whence it
flows through the outlet port and the pipesd
through its branch 38 into the top of the cyl-
inder 17, and thence through the pipe 30 into
the reservoir 5. The air contained in the res-
ervoir 5 is toreed outward through the pipe
98 into the eylinder 15 exhausting through
the vent 26. When the piston 9 hasrisen so
as to strilke the stop 13, the standard is raised

Ijele

lews into the cylinder 17

[0O5

{10

thereby shifting, as before described, the

valves 18 to their first deseribed position,
when the reversing action of the apparatus
takes place as above described, and the flow
of the liquid is again reversed. Thus, as will
be seen, so long as the air flows through the
pipe 23 from the pneumatic reservoir, the oil
is earried by continuous flow through the mo-

rents being automatically reversed as above
described.

Suitable means, other than those deseribed,

may be employed to regulate or stop the
movement of the motor independent of the

action of the valves, and modifications may

be made in the construction of the apparatus
so long as the pneumatic pressure is applied
to the propelling liquid to force it through
the motor, without departing from the prin-
ciple of my invention. It is also evident, as

115

120
tor, the directions of the air and liquid cur-

125

130

above indicated, that the alr or gas pressure

The | may be supplied or produced in any number
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of well known ways. Thegas thus produced
under pressure, or atmospherie air stored un-
der pressure, may be fed into the tanks or
reservoirs on the cars at a central station
where a large plant has been constructed, or
the pressure might be generated in the reser-
voirs attached to the cars by the bringing to-

gether of certain chemicals in combinations

well known for this purpose.

It should also be understood that an im-
portant feature of my invention consists in
the use of the piston, 9, or its equivalent, fit-
ting practically air tight in the tank or reser-
voir, 5, and furnishing a partition between
the liquid below and the gas above, as well as
operating the valve motion. By this con-
struetion, two beneficial results are obtained,

first, a positive valve motion is secured which

1s practically a necessary feature, inasmuch
as the valves are frequently operated under
an alr pressure of six hundred pounds to the
square inch, and present a considerable re-
sistance to be overcome by the valve actuat-
ing apparatus. When such valve actuating
apparatus consists of an air-tight piston as
above set out, it is driven with a power im-
mensely in excess of any resistance which the
valve will present, and a quick and positive
valve action is assured: whereas if the at-
tempt is made to operate the valve by simple
floats, said floats will be submerged or lifted
clear of theliquid whenever a slight sticking
of the valve occurs, and the operation of the
whole apparatus will be interfered with. The
second beneficial result-is that the piston
serving as a partition, tends in a measure to
prevent the congealing of the oil by the cold
generated by the expansion of the compressed
air above it, and, also, prevents entirely the
commotion of the oil, which would otherwise
occur, when the full air pressure is turned
onto the tank, said commotion resulting in an
unequal action of the motor, and tending to
waste the oil by vaporizing the same, and by
forcing it upinto the air passagesfrom which
it would be expelled by the exhaust on the
next reversal of action of the apparatus. |
- I claim— | |

1. The combination in a locomotive pro-
vided with a suitable driving axle, of a hy-
draulic motor connected with said axle, a
pneumatic reservoir carried by said locomo-
tive, liquid reservoirs adapted to be alter-
nately connected with said pneumatic reser-
voir, and valve controlled mechanism by
means of which said liguid reservoirs are al-
ternately connected with the inlet and outlet
ports of said motor, and a column  of liquid
extending from one of said liguid reservoirs
through said motor to the other liquid reser-
voir, whereby the air passing from the pneu-
matie reservoir to the liquid reservoirs forces
the column of liquid to and fro from one res-
ervoir to the other through said motor driving
sald motor continuously in the same direction

in its passage.

504,868

2. The combination with a pneumatie res-
ervoir, of liquid reservoirs adapted to be al-
ternately connected with said pneumatic res-
ervoir, a motor connected with said reservoirs
with aliquid column or piston extending from
one of said reservoirs to the other through
sald motor, and valve mechanism whereby
sald liquid reservoirs are alternately con-
nected with the inlet and outlet ports of said
motor.

5. The combination with a pneumatic res-
ervolr, of liquid reservoirs adapted to be al-
ternately connected with said pneumatic res-
ervolr, a suitable motor and valve controlled
mechanism by means of which said liquid res-
ervoirs are alternately connected with the in-
let and outlet ports of said motor, with a col-
umn of liquid extending from one of said lig-
uid reservoirs through said motor to the other
liquid reservoir, whereby the air passing from
the pneumatic reservoir to the liguid reser-
volirs forces the column of liquid to and fro
from one reservoir fo the other through said
motor, driving said motor continuously in the
same direction in its passage. |

4. 'I'ne combination in a locomotive pro-
vided with a suitable driving axle, of a hy-
draulic motor connected with said axle, lig-
uid holding reservoirs connected with said
motor and carried by saidlocomotive, a pneu-
matic reservoir carried by said locomotive
and connected with said liquid reservoirs and
suitable valve connections whereby the air
from the pneumatic reservoir is ad mitted first
to one and then the other of said liquid res-
ervolrs, and the liquid is thereby forced to
and fro from one reservoir to the other pass-
ing in the same direction through said motor,
for the purpose specified.

o. The combination in a locomotive pro-
vided with a suitable driving axle, of a hy-
draulic motor connected with said axle, lig-
uid holding reservoirs connected with said
motor and carried by said locomotive with g
column of liquid extending from one of said
liguid reservoirs to the other through said
motor, and a pneumatic reservoir also carried
by said locomotive and connected with said
liquid reservoirs, for the purpose specified.

6. The combination with the positively act-
ing hydraulic motor which has'inlet and out-
let ports, of a combined gas and liquid tank,
connections extending from the lower por-
tion of said tank, to both the inlet and out-
let ports of said motor, the pneumatie reser-
voir, connections extending from said pneu-
matlc reservoir to the upper portion of the
combined gas and liquid tank, a piston fitting
tightly in the tank, and valve mechanism op-
erated thereby for controlling and shifting the
above mentioned connections sim ultaneously
so that when the lower portion of the tank is
connected with the inlet port of the motor the
upper portion of the tank is connected with
the pneumatie reservoir, and when the lower
portion of the tank is connected with the out-
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let port of the motor, the upper portion of
said tank is connected with the exhaust, sub-
stantially as described.

7. The combination of the motor, the pneu-
matie reservoir, the liquid reservoirs adapted
to alternately discharge the propelling liquid
therefrom into said motor and to receive the
said liquid as discharged from said motor, au-
tomatic reversing mechanism actuated by the
rise and fall of the liquid in said reservoirs
for shifting connection between sald pneu-
matic reservoir and said liquid reservoir, and
automatic reversing mechanism actuated by
the pressure of the air from said pneumatic
reservoirs for shifting the connections be-
tween said liquid reservoirs and said motor,
substantially as deseribed.

3. The combination of the pneumatic res-
ervoir 8, the liquid reservoirs 5 and 6, the
pipes connecting said pneumatic reservoir
with said liquid reservoirs, a valve mechan-
ism adapted to alternately open and close
communication between said pneumatic res-

ervoir and each of said, liquid reservoirs, the

piston 9 carried by the liquid in one of said
liquid reservoirs, adapted by means of suit-
able connecting mechanism to actunate said
valve mechanism, the motor A, having the in-
let port 32 and the outlet port 34 and the auto-
matically reversible connections between said
ports and said liguid reservoirs, substantially
as and for the purpose set forth.

9. The combination of the pneumatic res-
ervoir, the liquid reservoir, the motor having
the rotary pistons 8, 8 the inlet port 32and the

outlet port 34, the pipe 23 connecting with the

pneumatic reservoir, and having branches24
and 25, the eylinder 14 fitted with the double
piston valve 18 and connected at a point be-
tween said valves with the pipe 25, upper and
lower outlet pipes 46 and 27, and suitable ex-
haust ports, the piston actuated lever 10 con-
nected to the stem of said piston valve and
adapted to actuate the same, the cylinders
15,16 and 17 fitted with a common valvespin-
dle 19, double piston valves secured to said
piston and arranged in said eylinder 15, and
said eylinder 17, and a single piston upon
said spindle arranged in said cylinder 16, said
pipes 46 and 27 entering said cylinder 16 re-
spectively at the bottom and top of the same
by means of which compressed air is con-
veved into said cylinder to actuate said pis-
ton, and said other valves connected to sald

| said eylinder 15 with the liquid reservoir re-

spectively above and below the connection
between said eylinder and said branch pipe
24 whereby as said piston valves are oper-
ated saia pipes 28 and 29 are alternately
brought in communication with the pipe 24,
pipes 33 and 35 respectively connecting ports
32 and 34 with the cylinder 17, and pipes 5U
and 31 respectively connecting said cylinder
with the liquid reservoir in such manner that
said double piston valve in its operation al-
ternately connects said pipes 33 and 35 to
each of the pipes 30 and 31, substantially as
and for the purpose set forth. _
10. The combination of a positively acting
hydraulie motor, two combined gas and lig-
uid tanks, a pipe connecting the lower por-
tion of one tank with one side of said motor,
and a second pipe connecting the lower por-
tion of the other tank with the other side of
said motor, whereby the liquid contained 1n
one tank may be driven through the motor
into the other tank, in a continuous column,
together with an inlet for compressed gas in
said tanks, valves controlling the flow of gas
in said inlets and the flow of liquid in sald
pipes, connecting apparatus whereby said
valves are operated simultaneously, a tightly
itting piston in one of said tanks which 1s
driven in one direction by the liquid acting
upon one side thereof and in the other direc-
tion by the gas acting upon the other side
thereof, and a suitable connecting mechanlsm
extending from said piston to the valve op-
erating apparatus,substantially as described.
11. The combination of a combined gas and
liquid tank, a tightly fitting piston 1n sald
tank, which forms a movable partition be-

tween the gas and the liquid, inlet and out-

let passage ways for gas abt one end of the
tank, inlet and outlet passage ways for the
liquid at the other end of the tank, valves
which control the flow of gas and liquid 1n
said passage ways,apparatus which simulta-
neously operates said valves, and conneections
from the above mentioned piston to said valve
actuating apparatus, substantially as de-
scribed.

In testimony whereof I have hereunto set
my hand this 19th day of September, 1539.

WILLIAM COOPER.

In presence of—
- A. M. GASKILL,

BESSIE BOOTH.
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