June 28, 1966 J. R. THOMPSON 3,258,022
HYDRAULICALLY POWERED DRIVE SYSTEM WITH

PNEUMATIC CONTROL CIRCUIT
Filed July 11, 1962 2 Sheets-Sheet 1

FIG. |

N YL

| ’I ; 27

| - 23

7

]

I /5 \ X /-(._ >/_\E_ﬁ‘ ]
il j | 14 /"

¥ : 9% =

I

INVENTOR.
J. R, THOMPSON

- )
T—

ATTORNEVYS




June 28, 1966 J. R. THOMPSON 3,258,022
HYDRAULICALLY POWERED DRIVE SYSTEM WITH
PNEUMATIC CONTROL CIRCUIT
Filed July 11, 1962 2 Sheets-Sheet 2

FIG. 2

29 37
o
o 38
(Y,
40 4o
A ,—(—-—;!_J 4z L |

L-36
SR %
\\\\\\\\\\‘\\\
7
4s ’
35 4G
4
Y
CY)
So |
‘53
54
AAA T
y Sz
"/l‘J
53
PF}-33
7 INVENTOR.
53 J R, THOMPSON

RN

ATTORNEVYS



United S_tates Patent Of

- 3,258,022
Patented June 28, 1966

1CC

1

3,258,022
HYDRAULICALLY POWERED DRIVE SYSTEM
WITH PNEUMATIC CONTROL CIRCUIT

James Russell Thompsen, Seattle, Wash., assignor to

Washington Iron Works, Seattle, Wash., a corporation

of Washington

Filed July 11, 1962, Ser. No, 209,192
19 Claims. (ClL 137—18)

This invention relates to drive systems employing a
hydraulically powered motor as a prime mover, and for
its primary object aims to provide a system by which the
fluid which powers said motor, while drawn from a fixed-
pressure source, is delivered to the motor at selectively
variable pressures so that the operator is enabled to con-
trol the speed at which the motor is driven.

It is a further and particular object to prqvide a system
of the described nature in which the concerned motor is
reversible, .

As a further object still the invention aims to provide
a hydraulically powered drive system in which the source
pressure is of high intensity, and having a séparate low-
pressure fluid circuit entirely independent of the motor-
powering fluid circuit for governing the pressure at which
the hydraulic fluid is delivered to the motor.

The invention further proposes to provide a system em-
ploying said low-pressure fluid to control the directional
course of the delivered hydraulic fluid as well as the pres-
sure at which said fluid is delivered, and having a single
manually-operated control for performing the two func-
tions simultaneously.

The invention has the still further and particular object
of providing a system of the described character employ-
ing air as the low-pressure fluid.

Yet additional objects and advantages in view will, with
the foregoing, appear and be understood in the course of
the following description and claims, the invention con-
sisting in the novel construction and in the adaptation and
combination of parts hereinafter described and claimed.

In the accompanying drawings:

FIGURE 1 is a cross-sectional view illustrating a valve
expressly designed to correlate the one to the other of
said two fluid circuits in the composite system of the
of the present invention; and

FIG. 2 is a diagrammatic view of the system.

First describing said valve, with reference being had
to said drawings, the numeral 5 designates a 3-position
shuttle valve received for reciprocal endwise motion in
the cylinder 6 of a valve chest 7. The cylinder is open
at both ends, and closing these openings are headers $
and 9 each tapped to receive a respective pipe fitting, as
19 and 11. The shuttle valve has centerbores 12 and 13
at the two ends separated one from the other by a cen-
trally placed bulkhead 14. Radial ports, as 15 and 18,
lead to the perimeter of the suttle valve from the inner
end of each center-bore. The spacing between the two
sets of ports is moderately greater than the diameter of
the ports.

The valve chest presents a center groove 18 and two
end grooves 17 and 19 each extending circumferentially
about the valve cylinder and formed in each instance to
a width corresponding to the diameter of the ports. These
grooves are spaced equidistantly from one another dis-
tances corresponding to the spacing betwen the two sets
of ports. By the abovedescribed placement of said ports
and grooves, movement of the shuttle valve to one ex-
treme of its endwise travel brings the ports 15 and 16
into register with the grooves 17 and 18, respectively,
while movement to the opposite extreme brings such ports
into register with the grooves 18 and 19, respectively.
In the centered position of the valve the grooves are
lapped by land portions of the valve.
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A passageway 20 extends from one to the other of
said outer grooves 17 and 19 so that the same are in con-
stant communication, and a passageway 21 leads to these
grooves from a relief chamber 22 formed in a body 23
which surmounts the valve chest. The center groove i8
also connects with the relief chamber but normally is
isolated therefrom by a guidably mounted relief valve 24
‘closing upon a sealing gasket 25 against pressure obtain-
ing within such center groove. Yielding thrust to urge
said relief valve into closed position is imposed through
a piston rod 26 from an air piston 27 working in a
cylinder 28 formed in the head end of the body 23.
A bonnet 38 bolted to said body complements the
cylinder to produce the air chamber for the piston, and
threaded in such bonnet is a fitting 31 for supplying pres-
sure air to the chamber. The surface of such piston 27
which is exposed to the air chamber is differentially
superior to the surface of the relief valve exposed to the
center groove of the valve chest. As here shown, and
which I find to be suitable, this superiority is on the order
of 10to 1.

As can be seen from an inspection of FIG. 2, the de-
scribed valve permits variable pressures to be applied to
a reversible hydraulic motor 32 from a fluid pump 33
of fixed displacement. A contol valve 34 having a 3-
position spool is applied between said pump and motor.
The spool normally occupies a neutral position and is

. shifted to either of its two end positions, selectively, by

air delivered through pipes 35 and 36 from a manually
operated comtrol valve 37. This valve 37 when open,
and depending upon the degree of such opening, controls
the pressure (within a low-pressure range having a ceil-
ing, say, of 1504 ) of air fed from a pressure source of
supply 29. This ceiling is low by comparison with the
pressure potential of the fluid delivered from the pump
33. The valve 37 can be moved in either of two oppo-
site directions from a centered neutral position. The
direction in which it is moved from center determines
which of the two pipes 35 and 36 receives air from said
source. The degree of such movement determines the
pressure, within said low-pressure range, of the air which

-is received. When valve 37 occupies said centered neu-

tral position, both pipes 35 and 36 are brought into com-
munication with an atmospheric exhaust- 38. Pipes 41
and 42 lead from pipes 35 and 36 to opposite sides of a
directional-control valve 39, and a pipe 44 connects valve
39 with the fitting 31. The characteristic of valve 39 is
that two check valves 40 move in concert either to the
right or left by a pressure condition in line 41 or in line
42, respectively, in the formeér instance bringing line 41
into communication with line- 44 and in the latter in-
stance bringing line 42 into communication with line 44.
In either such case the lines 44-41 or 44-42, as the case
may be, remain in communication until pressure air is
delivered to the other of the two parent lines, thereby
permitting air to be dumped from cylinder 28 back
through the valve 39 and line 41 or 42, as the case may
be, to valve 37 and through the latter to the atmospheric
exhaust 38 as the control handle of such valve 37 is
shifted either from a right-hand or a left-hand “on” posi-
tion toward a centered “off” position. Valves 37 and 39
are both standard in the industry. Valve 521,774,
produced by Westinghouse Air Brake Co., Wilmerding,
Pa., and valve #332-A, produced by Williams Power
Brake Co., Portland, Oregon, are suitable for my purpose.

The flow lines 45 and 46 which lead from two back-
side ports of the control valve 34 to the two sides of the
reversible hydraulic motor also connect by pipes 47 and
48 one with the fitting 10 and thé other with the fitting
11. Flow lines 5¢ and 51 which connect with two front-
side ports of said control valve extend one from the pump
33 and the other to a reservoir 53 from which said pump
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draws its fluid. The spool of valve 34 provides direct
connection at cne end limit of its travel, and cross-over
connection at the other end limit of its travel, between
the front-side ports and the back-side ports of the valve.
Upstream from the control valve 34, and namely between
said valve and the fixed-displacement pump 33, a relief
valve 54 dumping to the reservoir and set to a pressure
of, say 1500# connects with the supply line 50 by a
pipe 52.

Let it be assumed that the operator desires to supply
hydraulic fluid from the pump to the motor at a low
pressure so as to cause the latter to turn slowly in a right-
hand direction (clockwise in FIG. 2). For shifting the
control spool so as to obtain this desired low-speed opera-
tion of the hydraulic motor, the air valve 37 is only
“cracked,” so to speak, toward the left. The maximum
pressure of air which the present control system requires
would be 150# where, as is here provided, the air pis-
ton has a differential superiority of 10 to 1. If the de-
gree to which the air valve 37 is opened now supplies
only a 10# pressure, this is the pressure which obtains
upon the air piston and will consequently hold the relief
valve 24 closed against no higher than a 100# pressure.
As the spool of the valve 34 shifts to its right-hand posi-
tion (considered from the vantage point of FIG. 2) in
response to the 10# air pressure in the line 35, hydraulic
fluid from the pump 33 is delivered by the “direct” con-
nection of such valve spool through connecting pipes 50
and 45 to the motor 32 and also through pipe 47 to the
fitting 10 of the regulating valve. The shuttle spool 5
of such valve responsively moves to the right and brings
the ports 15 into register with the center groove 18 and
the ports 16 into register with the end groove 19. Relicf
valve 24 is perforce subjected to the pressure which ob-
tains in pipe 45, wherefore the pressure in such pipe can
rise no higher (in this instance 1004 ) than the pressure
necessary to open the relief valve against the force im-
posed by the air against the air piston 27. The operator,
by modifying the air pressure through regulation of the
control valve 37, is enabled to raise or lower the pres-
sure, and hence the resulting speed which the pumped hy-
draulic fluid imposes upon the fluid motor.

Should it be easier to drive the hydraulic motor at a
greater speed it is necessary only that the control valve
37 be opened to a greater degree. Piston 27 thereupon
becomes subject to a higher air pressure, exerting a greater
closing force upon the relief valve 24, and it follows that
a proportionately greater hydraulic pressure must exist in
the line 45 before the relief valve 24 will open and
“dump” excess hydraulic fluid back to the reservoir.
Otherwise stated, and still assuming that the air piston
27 has said given differential superiority of 10 to 1 over
the relief valve 24, an increase to, say, 55# in the force
moment which the pressure air within the line 35 im-
poses upon the air piston would instantly subject the
hydraulic motor 32 to a pressure of 5504#. For re-
versing the hydraulic motor, the operator moves the han-
dle of the control valve in the opposite direction from
center. Air under pressure now enters line 36, where-
upon the spool of valve 34 shifts to the left extreme of
its permitted travel. Hydraulic fluid responsively feeds
by the “cross-over” connection of such valve spool from
supply line 50 to the connecting lines 46 and 48 so that
simultaneoulsy, (1) the shuttle spool 5 moves to the
left extreme of its shuttle travel and (2) the hydraulic
motor 32 is driven in a counter-clockwise direction, its
speed being determined by the controlled pressure of the
air which the operator’s regulation of the variable-pres-
sure valve 37 imposes on the relief valve 24.

It is believed that the invention and the manner of its
operation will have been clearly understood from the
foregoing description of my now-preferred illustrated em-
bodiment. Changes in the details of constuction may be
resorted to without departing from the spirit of the in-
vention and it is accordingly my intention that no limita-
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tions be implied and that the hereto annexed claims be
given the broadest interpretation to which the employed
language fairly admits.

What I claim is: ]

1. In combination: a source of constant-pressure high
pressure fluid and a source of low pressure fluid, a vari-
able-speed fluid motor, a supply line between said high
pressure source and the motor, a normally closed valve
at the ingress end of said supply line, a means which
operates when subjected to pressure to open said valve
so as to deliver fluid from the high-pressure source into
said supply line, a line from the low pressure source for
supplying said pressure to the valve-opening means, a
manually operated control valve for said last-named sup-
ply line acting by the degree to which it is opened to
variably govern the pressure, within a range the ceiling of
which is prescribed by said low-pressure source, of the
fluid fed to the supply line, and means governed auto-
matically by said governed variable pressure which ob-
tains in the low-pressure supply line for dumping fluid
from the high-pressure supply line until the pressure in
the latter is a predetermined multiple of the governed
pressure obtaining in the low pressure supply line.

2. In combination: a source of hydraulic fluid under
constant-pressure high pressure, a variable speed hydraulic
motor, a supply line between said hydraulic source and
the motor, a normally closed valve at the ingress end of
said supply line, a means which operates when subjected
to pressure to open said valve so as to deliver hydraulic
fluid from the source thereof into said supply line, a lIow
pressure source of air supply, a supply line from said
source to the valve-opening means for supplying said
valve-opening pressure to the valve-opening means, a
manually operated variable-pressure contro}l valve for said
last-named supply line, and means governed automatically
by the pressure of the air as determined by the setting
manually given to said variable-pressure valve for dump-
ing hydraulic fluid from the hydraulic supply line until
the pressure in the latter becomes a predetermined mul-
tiple of said valve-determined air pressure.

3. In combination: a source of constant-pressure high
pressure fluid and a source of low pressure fluid, a revers-
ible variable-speed fluid motor, a selector valve movable
from a normal closed position into either of two open po-
sitions and so operatively interconnected with the high
pressure source and with the motor that fluid is fed from
the high pressure source to one side and dumped from the
other side of the motor, alternatively, according as the
valve occupies one or the other of its two open positions,
two separate connections from the low pressure source
to the selector valve acting to move the valve to either
of said open positions, selectively, according as fluid from
the low pressure source is supplied to either of said con-
nections, means subject to manual control for supplying
fluid from the low pressure source to either of said con-
nections, selectively, at selectively variable pressures, and
means governed automatically by the pressure at which
said low pressure fluid is being supplied for responsively
dumping fluid from the connection through which high
pressure fiuid is being fed until the pressure in the latter
is a predetermined multiple of the pressure obtaining in
the low pressure supply line.

4. In combination: a source of constant-pressure high
pressure hydraulic fluid, a source of low pressure air, a
reversible variable-speed hydraulic motor, a pressure-
operated selector valve movable from a normal closed
position into either of two open positions and so opera-
tively connected by a supply line with the source of hy-
draulic fluid and by feed lines with the two sides of the
motor that hydraulic fluid is fed from the source to either
one of the two sides, selectively, while being dumped from
the other side, two separate comnections from the air
source to the selector valve acting to move the valve to
either of said open positions, selectively, according as
air from the air source is supplied to one or the other of
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said separate connections, means including a valve sub-
ject to manual control for supplying air from the air
source to either of said separate connections, selectively,
at selectively variable pressures, and means governed
automatically by the pressure at which said air is being
supplied for responsively by-passing the hydraulic motor
through a diversion of hydraulic fluid directly from the
high pressure to the low pressure side thereof until the
pressure in the line which feeds to the former is a pre-
determined multiple of the applied air pressure selected
by the variable-pressure valve.

5. In combination: a reservoir of hydraulic fluid, a
reversible variable-speed hydraulic motor, a selector valve
chest presenting a separated pair of front-side ports and
a separated pair of back-side ports, a connection between
one of said front-side ports and the reservoir, a pump
drawing hydraulic fluid from the reservoir and feeding the
same at constant high pressure to the other of said front-
side ports, separate feed connections one between one of
the back-side ports and one side of the motor and the
other between the other of the back-side ports and the
other side of the motor, a selector valve for said chest
movable by pressure from a normal closed position iso-
lating the front-side from the back-side ports into either of
two open positions one of which provides a direct and the
other a cross-over connection between the two front-side
ports and the two back-side ports, a source of air pressure,
two air-flow lines connecting with the selector valve act-
ing to supply the pressure responsible for moving the se-
lector valve, a manually-controlled variable-pressure valve
between the air source and said air-flow lines enabling air
to be delivered at variable pressure to either of said air-
flow lines, selectively, while dumping air from the other
air-flow line, a valved by-pass connection between the two
hydraulic feed connections, and means controlled by the
applied air pressure as determined by the setting of said
variable-pressure valve for automatically opening and
closing the valve in said by-pass connection as required to
maintain the pressure of the hydraulic fluid being supplied
to the motor in a predetermined ratio relative to the pres-
sure of the applied air.

6. Structure according to claim 5 characterized in that
said predetermined ratio gives to the supplied hydraulic
fluid a substantial superiority over the applied air.

7. Structure according to claim 5, said valve in the
by-pass connection closing against the pressure of the sup-
plied hydraulic fluid, the means last recited comprising a
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piston working in a cylinder and attached to the by-pass
valve so as to move in unison therewith, said piston hav-
ing a surface subject to the applied air pressure which is
differentially superior to the surface of the by-pass valve
exposed to the hydraulic fluid.

8. Structure according to claim 7, said by-pass valve
being complemented by a shiftable spool presenting two
separated pockets one in constant communication with
one and the other in constant communication with the
other hydraulic feed connection, and a chest for said spool
providing two connecting passageways which by move-
ment of the spool in opposite directions from a normal
neutral position are selectively brought into registration
one with one and the other with the other pocket, al-
ternatively, the connection between said passageways
being closed by the by-pass valve.

9. Structure according to claim 7, the cylinder in which
said piston works having separate connection with each of
the two air-flow lines, each of said air connections being
fitted with a check valve closing against the pressure in
the related air-flow line, the two check valves being char-
acterized in that the same are connected to move in con-
cert with one opening and the other closing, alternatively,
only by the presence of a pressure condition in a selected
one of the two air-flow lines so as to permit a reverse flow
of pressure air to return past a check valve and be dumped
from the cylinder to atmosphere in the absence of a pres-
sure condition in either said line.

10. Structure according to claim 5 in which the pump
has a fixed displacement, the selector valve acting in its
closed position to connect the two front-side ports so that
the hydraulic fluid pumped by the pump returns directly
to the reservoir.
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