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ABSTRACT OF THE DISCLOSURE

Apparatus which provides automatic control of the in-
let pressure to high pressure pumps and simultaneously
diverts excess fluid to a cooling unit as required to main-
tain the fluid temperature of the system at a specified
value. A digital control monitors and controls a plurality
of independent hydraulic actuators. A lock-up and release
circuit provides a means for remotely holding a load on
a hydraulic ram and a means for remotely releasing the
load at a set rate.

The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the pay-
ment of any royalties thereon or therefor.

BACKGROUND OF THE INVENTION

The present invention relates to a hydraulic system and
more particularly to a system which provides automatie
control of the temperature of the operating fluid in the
system, and provides remote control of the working units.

In the field of hydraulic systems, prior art systems gen-
erally cooled all of the oil in a supercharge circuit in
order to maintain cool oil under pressure at the inlet to
the high pressure pumps. A disadvantage of this method
is that cooling occurs only when flow is demanded at the
high pressure pumps. This method resulted in oil remain-
ing in the cooling system and thereby becoming excessive-
ly cold. Without adequate temperature control of the hy-
draulic fluid, surges of either hot or cold fluid may have
harmful effects on hydraulic machinery and tend to re-
duce their useful life.

In prior art hydraulic ram systems, when remote opera-
tion was desired, hydraulic lines were run from the ram
assemblies to a remote operator’s control unit. This re-
sulted in a large number of high pressure fluid lines en-
tering an area frequented by operating personnel, thus
constituting a safety hazard and additional expense. Prior
art control systems generally utilized analog chart records
of the desired commands, utilizing each recorder to com-
mand a plurality of actuators through a scaling process.
This method resulted in inaccurate loading spectrums and
yielded false data.

SUMMARY

The general purpose of this invention is to provide a
hydraulic system that has all of the advantages of simi-
larly employed systems and has none of the above de-
scribed disadvantages. To attain this, the present inven-
tion provides a hydraulic supercharge and cooling circuit
which automatically controls the inlet pressure to high
pressure fluid pumps and which simultaneously diveris
excess fluid flow to air-oil coolers as required to maintain
the oil temperature of the system at a specified value. The
present invention also provides a lock-up and release cir-
cuit for holding or maintaining a load on a hydraulic ram
by remote control. A control system provides digital con-
trol of a plurality of independent hydraulic actuators while
monitoring the load at each of the actuators to verify that
the required loads or commands are being followed.
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An object of the present invention is to provide a hy-
draulic system that is simple, economical and trouble free.

Another object is to provide a hydraulic system having
an automatic fluid temperature control.

A further object of the invention is to provide a hy-
draulic system for driving servo-controlled hydraulic ac-
tuators.

A still further object of the invention is to provide a
hydraulic system for static, dynamic, and fatigue testing
structural members.

With these and other objects in view, as will hereinafter
more fully appear, and which will be more particularly
pointed out in the appended claims, reference is now made
to the following description taken in connection with the
accompanying drawings in which: :

FIG. 1 is a simplified circuit diagram of a practical
embodiment of the invention.

FIGS. 2A and 2B taken together comprise a complete
circuit diagram of a preferred embodiment of the inven-
tion.

FIG. 3 is a chart of pressure versus flow of a pump
unit of the preferred embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 which shows a simplified schematic diagram of
an embodiment of the present invention may be easily
understood by following three distinct fluid paths of the
system. The first fluid path begins with a supercharge
pump unit 1, providing fluid under pressure to a super-
charge manifcld 2. High pressure pump units 3, attached
to supercharge manifold 2, raise the input pressure to a
higher level and provide the high pressure necessary to
operate the working units to be described below.

A second fluid path may be traced from the supercharge
pump unit 1, to the supercharge manifold 2, through the
first back pressure regulator unit 4, through a second back
pressure regulator unit 5 and into a reservoir 6.

A third fluid path may be traced from the supercharge
pump unit 1, to the supercharge manifold 2, through back
pressure regulator unit 4, through temperature control
unit 7, through a heat exchanger 8 and into the reservoir 6.

The supercharge pump unit 1 may preferably be a
centrifugal pump having an output flow versus down-
stream pressure drop characteristics as shown in FIG. 3.
The plot in FIG. 3 shows that for a small change in down-
Stream pressure drop, a large change in output flow
from supercharge pump unit 1 will result. This flow
characteristic is used as follows:

'High pressure pump units 3 may preferably comprise
piston pumps which require a positive pressure on their
inlet or suction ports. The pumps may also have a vari-
able output and therefore require fluid only part of their
operating time. In order to maintain the positive pres-
sure on the inlets of high pressure pump units 3 and to
maintain sufficient fluid availability, the following fluid
circuits may be established.

Back pressure regulator unit 4 senses the pressure in
the supercharge manifold 2 and automatically adjusts
its pressure drop to maintain the supercharge manifold 2
at a fixed pressure level. Because of the fact that super-
charge pump unit 1 supplies more fluid than required
by the high pressure pump units 3 and because of ‘he
fact that back pressure regulator unit 4 requires fluid
flow therethrough to maintain and regulate the pressure
in manifold 2, fluid flowing through back pressure re-
gulator unit 4 is available for other uses. For example, as
described above in the third fluid path, fluid is directed
through a conduit to a temperature control unit 7 which
detects the fluid temperature in reservoir 6 and deter-
mines the amount of fluid passing through heat exchang-



3,498,061

3

er 8 for cooling. As the temperature in reservoir 6 rises,
a valve in temperature control unit 7 opens and as the
temperature in reservoir 6 drops, the valve in tempera-
ture control unit 7 closes thereby regulating the tempera-
ture in reservoir 6.

Back pressure regulator unit 5 may preferably be simi-
lar to back pressure regulator unit 4, however, back pres-
sure regulator unit 5 is set at a higher pressure. If tempera-
ture control unit 7 closes completely, all excess flurd
from the supercharge manifold 2 is bypassed back to the
reservoir 6, thereby forming the second fluid path. Fur-
thermore, the rise in pressure in the supercharge circuit
due to control by back pressure regulator unit 5§ will
cause the supercharge pump unit 1 to reduce its output
to that amount necessary for the high pressure pump
units 3 and back pressure regulator unit 5.

Referring now to FIGS. 2A and 2B there is shown an
embodiment in accordance with the principles of the
present invention. The symbols used in the drawings
to represent the various hydraulic components are “ASA
Proposed Standard Graphic Symbols.” The fluid circnit
begins at a reservoir 6 which is connected through a ball
valve 11 to a pump 13. The ball valve 11 may also serve
to isolate the reservoir 6 for draining. The pump 13 pro-
vides supercharge pressure for the high pressure pumps
and the cooling circuit. Pump 13 may preferably be a
unidirectional, centrifugal pump having an electric motor
as an integral part of the pumping unit.

To further aid the understanding of the terminology
used in this description, the valve terminology will be
explained. This includes hand valves, relief valves, sole-
noid valves, back pressure valves and thermally-con-
trolled valves.

The following definitions and operatings parame‘ers
are included merely as examples to aid in understanding
the operation of the invention and are not to be consi-
dered as limiting factors in the practice of the invention.

A “high pressure” valve is one that is designed for
continuous operation at not less than 3500 p.s.i. at tem-
peratures ranging from 50° to 150° F., and have a burst
pressure of not less than 13,500 p.s.i.

A “low pressure” valve is one that is designed for con-
tinuous operation not less than 150 p.s.i. at temperatures
ranging from 50° to 150° F., and has a burst pressure
of not less than 1200 p.s.i.

A high pressure “check valve” is a poppet type, spring
loaded valve which allows flow in only one direction.

A “relief valve” is a pilot operated valve which will open
or relieve pressures above a preselected pressure setting.

A “solenoid-operated” valve is a valve which has an
electrical operator which allows operation of the valve
when excited with 120 volts AC, 60 cps.

A high pressure “surge valve” is a valve which res-
ponds to a rate of pressure rise but does not act as a
pressure relief valve.

A low pressure “check valve” is either a poppet type
or swing type valve, which allows flow in only one di-
rection.

A “back pressure” valve is a pilot operated valve which
has a normally closed “sliding-gate” and operates to main-
tain the pressure on the upstream side at a relatively con-
stant value up to the limit of the valve’s rated capacity.

A “thermally-operated” valve is a pilot operated “slid-
ing-gate” valve which operates with a change in tem-
perature at its sensor.

A “servo-valve” is a valve which is pilot operated,
closed center, four-way sliding spool type designed to
control the flow of hydraulic oil proportionally to input
current.

A “manual flow conirol valve” is a valve which is
manually set, temperature and pressure compensated to
maintain set flow within 5% over the full flow range.

In the outlet line of pump 13 is a filter 14, for cleaning
the fluid, and a pressure gage 15 across filter 14 to indicate
cleanliness of the filter 14. As the filter 14 becomes
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clogged, the pressure drop will increase. Gage 15, as well
as the gages described below may be of any suitable well
known construction, e.g. a “Bourdon” tube gage. The fil-
ter 14 may be of any suitable well known construction.
A temperature responsive switch 16 of any suitable well
known construction is connected across the filter 14 to
indicate the temperature of the fluid exiting from pump
13 and shuts the system off if the oil exceeds a specific
set temperature. Also located in the output line 12 is a
temperature gage 17 which indicates oil temperature for
purposes of operation and maintenance. Ball valve 18 is
connected between output line 12 and supercharge mani-
fold 2 to isolate the supercharge pump unit 1 from the
supercharge manifold 2.

Connected to the supercharge manifold 2 are the high
pressure pump units 3 in a quantity determined by the
capacity of supercharge pump unit 1. In a model arranged
in accordance with the invention, eight high pressure
pump units 3 were connected into supercharge manifold
2 in two sets of four each. A ball valve 21 connected be-
tween high pressure pump units 3 and supercharge mani-
fold 2 is used to isolate the units. High pressure pump 22
is connected to ball valve 21 through filter 23, conduit 24
and check valve 25.

Pressure gage 26 is connected across filter 23 to indicate
the cleanliness of the filter 23 as discussed above with re-
gard to filter 14. A first pressure switch 27 is set at a
pressure lower than a second pressure switch 28, pressure
switch 27, giving a warning signal that the filter 23 is
becoming dirty or the supercharge pressure at this point
is low, and pressure switch 28 being used to shut down
the system. Check valve 25 prevents fluid from flowing
back through the high pressure pump 22 if the pump 22
is shut off.

The high pressure pump 22 may preferably be a varia-
ble displacement, pressure compensated pump. The pres-
sure compensator normally operates such that any drop
in pressure at the outlet port starts the pressure compen-
sator to stroke the pump towards increasing delivery. The
pressure compensators may be matched to provide satis-
factory operation at any desired pressure ranging from
2,000 to 3,500 p.s.i. without resorting to pressure offsets
to maintain stability.

The output of high pressure pump 22 has a tempera-
ture response switch 29 to indicate possible pump failure
which generally results in a rise in fluid temperature. The
high pressure pump 22 may then be shut down to prevent
complete failure.

Also connected to the output of high pressure pump 22
is a pressure relief and dump unit 30 which comprises a
standard valve 31, a small solenoid valve 32 and a pilot
valve 33. When the solenoid valve 32 is energized, the
unit 30 acts as a standard relief valve set at approxi-
mately 4,000 p.s.i. When the solenoid valve 32 is de-ener-
gized, the pump flow is passed directly to reservoir 6, thus
performing the function of a dump valve. Connected to
the pressure relief and dump unit 30 is accumulator 34.
When solenoid valve 32 is energized, a shock wave of
pressure is created by the high pressure pump 22. Accu-
mulator 34 prevents the shock wave by slowly closing the
main pressure relief and dump unit 30 as the pressure
builds up in the accumulator 34. Connected to the line
from accumulator 34 are pressure switches 35 and 36
and a pressure gage 37 for indicating the pressure on the
high pressure pump line 38. Pressure switch 35 may be
set at a low pressure value and if the pump pressure drops
below a pre-determined value it causes a warning. Pres-
sure switch 36 may be set at a higher pressure and when
this pressure is exceeded the system will be shut down.

Pump line 38 is connected through check valve 39,
through filter 41 and ball valve 42 to the high pressure
manifold 43. Check valve 39 prevents high pressure fluid
flow back into the pump 22 when the pump is shut off.
Also connected to the line 38 is drain valve 44 for drain-
ing this section of the line. Pressure gage 45 and pressure
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switches 46 and 47 give a warning if the filter 41 becomes
partially clogged and will shut down the system if a pre-
determined pressure is exceeded. Ball valve 42 serves to
isolate the filter 41 and pump 22 from the high pressure
manifold 43.

Referring now to FIG. 2B there is shown the high pres-
sure manifold 43 having accumulators 48 and 49 for
shock compression and a transient protection valve 51 be-
tween the high pressure manifold 43 and a low pressure
manifold 52. A second transient protection valve 53
with accumulator 54 may also be used. The accumulators
and transient protection valves are arranged to absorb
any shocks which may be sent back from equipment con-
nected across the manifolds. Also connected across high
pressure manifold 43 and low pressure manifold 52 is a
pressure gage S5 which may be conveniently located on
the test floor area. Vent 56 and by-pass 57 are provided
for venting and draining the high and low pressure mani-
folds. Ball valves 58 and 59 are provided to isolate the
manifolds as desired. Filter 61 in the conduit to vent 56
further purifies the hydraulic fluid.

Connected across high pressure manifold 43 and low
pressure manjfold 52 are the fluid conduits to the working
units. High pressure lines 62 may be isolated from the
working units by ball valves 63, Check valves 64 are also
used to isolate the high and low pressure circuits. High
pressure fluid is fed through line 62, through filter 65
which is connected to the input 66 of servo-valve 67. Con-
trol current for servo-valve 67 may be provided by a hy-
brid process controller in accordance with the desired re-
sponse. Since servo-valve 67 is used to control high and
low pressure fluid flow, fluid conduit 68 connected to out-
let 69 may be provided for return fluid flow through check
valve 64 to low pressure manifold 52.

Outlet 71 of servo-valve 67 is connected through con-
duit 72 to an inlet port 73 of lock-up valve 74. Lock-up
valve 74 is connected through conduit 75 to one end of
a hydraulic ram 76, and through conduit 77 to the op-
posite end of hydraulic ram 76. Conduit 78 connects the
lock-up valve 74 through servo-valve 67 to the low pres-
sure manifold 52.

A release valve 79 is connected by conduit 75 to the
high pressure fluid side. On the low pressure side, a first
flow circuit through release valve 79 is connected through
manual flow control valve 81 to conduit 77. A second flow
circuit through release valve 79 is connected through
manual flow control valve 82 to conduit 68, the low pres-
sure side of servo-valve 67, thereby by-passing the lock-
up valve 74 and servo-valve 67.

During normal operation of hydraulic ram 76, the
servo-valve 67 controls the position and load on the hy-
draulic ram 76. The solenoid on lock-up valve 74 is
energized and the solenoid on release valve 79 is de-
energized. Interrupting electrical power to lock-up valve
74 will nearly instantaneously block both fluid ports on
hydraulic ram 76 and hold the ram position and load,
regardless of the action of servo-valve 67. To return the
hydraulic ram 76 to a neutral position at no load, release
valve 79 is energized and hydraulic fluid flow will com-
mence through the flow control valves 81 and 82. The
rate of unloading will be governed by the setting of flow
control valves 81 and 82.

Referring now to FIG. 2q the automatic temperature
control previously described with reference to FIG. 1
will be described in detail. Ball valve 83 is connected
between supercharge manifold 2 and pressure gage 84
with its associated pressure switch 85. Pressure switch
85 may be interlocked with the high pressure pump 22
to prohibit its operation until the supercharge manifold 2
reaches a pre-determined level. Also connected to super-
charge manifold 2 through a ball valve 86 are back pres-
sure regulator valves 87 and 88. In a particular model
utilizing the principles of the invention, valve 88 may be
set to maintain the supercharge pressure at 110 p.s.i. as
Jong as the system is in a cooling mode. Conduit 89,
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forming a fluid circuit from valve 87, branches into con-
duits 90 and 91. Conduit 90 is connected to the inlet of
temperature regulating valves 92 and 93 whose tempera-
ture sensor 94 is located in reservoir 6. The temperature
control unit 7, containing temperature regulating valves
92 and 93 is modulated to maintain the temperature of
the hydraulic fluid at a specific value.

The second branch, conduit 81, forms a fluid circuit
!:hrough back pressure regulator valves 95 and 96 and
into reservoir 6. If the temperature control unit 7 is
closed, e.g. fluid temperature below 110° F., back pres-
sure regulator unit 5 regulates the pressure in the super-
charged line at 125 p.s.i, This regulation in effect throttles
the supercharge pump unit 1 back to a lower output flow.

Connected across supercharge manifold 2 and high
pressure manifold 43 is a fluid circuit comprising a ball
valve 97, a check valve 98 and a conduit 99. Ball valve
97 and check valve 98 are provided to isolate the two cir-
cuits from each other. Also connected to conduit 99
is a pressure relief valve 101 which may be used to take
up leakage through the check valve 98. On the opposite
side of check valve 98, there may be connected to conduit
99 a solenoid operated dump valve 102 which may be
used for emergencies. Operation of dump valve 102 will
immediately dump all of the fluid out of the high pres-
sure manifold 43 and in effect reduce the pressure to a less
dangerous value. Dump valve 102 may also be used for
flushing purposes and also as a by-pass of the high pres-
sure pump units 3 when a lower pressure may be useful
for setup of the hydraulic rams 76.

When operating a closed loop control system, as shown
in FIG. 2B, the system may begin to oscillate because
of excessive gain in the system. The release valve 79 may
be energized or manually positioned to a flow-through
position. Flow control valves 81 and 82 may be adjusted
to cause a small amount of hydraulic fluid to leak across
hydraulic ram 76, effectively reducing gain and stopping
oscillation.

Obviously many modifications and variations of the
present invention are possible in the light of the above
teachings. It is therefore to be understood that, within
the scope of the appended claims, the invention may be
practiced otherwise than as specifically described.

What is claimed is:

1. The method of supplying hydraulic fluid to a hy-
draulic system, the method comprising the steps of:

controlling the inlet pressure to a high pressure system

by diverting a quantity of hydraulic fluid in excess of
the fluid required by said high pressure system
through a pressure regulating system which is auto-
matically responsive to said inlet pressure; and
regulating the temperature of said hydraulic fluid by
diverting a quantity of said excess fiuid through a
beating and cooling system which is automatically
Tesponsive to the temperature of said hydraulic fluid.

2. The method of supplying hydraulic fluid at a rela-
tively constant pressure and temperature to a hydraulic
system, the method comprising the steps of:

raising the pressure of said hydraulic fluid to a first

pressure level;

providing said hydraulic fluid at a first pressure level to

a distribution system, raising the pressure of the hy-
draulic fluid in the distribution system from said first
pressure level to a second pressure level;

supplying said hydraulic system with hydraulic fluid at

said second pressure level;

regulating the first pressure level of said hydraulic fluid

to"maintain the first pressure level in response to the
fluid input required to maintain said second pressure
level; and

regulating the temperature of the fluid circulating at

said first pressure level,

whereby the hydraulic fluid circulating through said dis-

tribution system is maintained at a constant desired
temperature and pressure by utilizing excess fluid



3,498,061

7

flow through a temperature and pressure regulating
system.

3. A hydraulic system comprising:

first pressure means for supplying fluid at a first pres-
sure level;

second pressure means adapted to raise the pressure of
said hydraulic fluid to a second pressure level and
adapted to supply fluid at said second pressure to a
plurality of output devices;

first pressure responsive means for detecting and auto-
matically adjusting said first pressure level thereby
maintaining a substantially fixed pressure level;

temperature responsive means adapted to detect and
automatically regulate the temperature of said fluid
in said system; and

second pressure responsive means adapted to form a
fluid bypass for said temperature responsive means
when said fluid is at a desired temperature,

whereby said first and second pressure responsive means
and said temperature responsive means control the
output of said first pressure means in response to the
fluid requirements of said output devices.

4. A hydraulic system according to claim 3 wherein

said first pressure means comprises:

a unidirectional, centrifugal pump.

5. A hydraulic system according to claim 3 wherein
said second pressure means comprises:

a variable displacement, pressure compensated piston
pump whereby a drop in outlet pressure causes the
pressure compensator to vary the pump towards an
increased output.

6. A hydraulic system according to claim 3 wherein
said first and second pressure responsive means each com-
prises:

a pilot operated valve having a normally closed sliding-

gate for maintaining pressure at a constant value.

7. A hydraunlic system according to claim 3 wherein
said temperature responsive means comprises:

a pilot operated valve having a sliding-gate responsive

to a change in temperature at its sensor.

8. A hydraulic fluid power transmission system having
a supercharge pump and a fluid reservoir, the system com-
prising:

a first fluid flow circuit from said reservoir, through
said supercharge pump, through at least one high
pressure pump, through at least one hydraulic ram
and a return flow to said reservoir;

a second fluid flow circuit from said reservoir, through
said supercharge pump, through a first and a second
pressure regulator valve and a return flow to said
reservoir; and

a third fluid flow circuit from said reservoir, through
said supercharge pump, through a first pressure reg-
ulator valve, through a temperature regulator valve,
through a cooling unit and a return flow to said reg-
ulator,

whereby hydraulic fluid flowing through said first, sec-
ond and third flow circuits is continually recirculated
and cooled thereby maintaining a relatively constant
temperature and pressure and preventing sudden
surges of potentially damaging temperature extremes.

9. A hydraulic fluid power transmission system com-

prising:
a fluid reservoir;
a unidirectional, centrifugal pump connected to said
reservoir for pumping said fluid at a first pressure;
a supercharge manifold connected to said centrifugal
pump for distributing said fluid at a first pressure;
at least two high pressure pumps connected to said su-
percharge manifold for raising the pressure of said
fluid to a second pressure level;

a high pressure manifold connected to said high pres-
sure pumps for distributing said fluid at a second
pressure level;

8

control means connected to said high pressure manifold
for applying loads to structural members for static,
dynamic and fatigue testing said structural members;

a first back pressure regulator circuit connected to said
supercharge manifold for detecting and automati-
cally adjusting said first pressure level, said regulator
circuit having a normally closed, sliding-gate pilot
operated valve;

a temperature regulator circuit connected between said
first back pressure regulator circuit and said reservoir
for detecting and regulating the temperature of said
fluid, said temperature regulating circuit having a
pilot operated, sliding-gate valve responsive to the
temperature of the fluid in said reservoir and having
a cooling and heating unit to maintain the fluid tem-
perature at a specified value; and

a second back pressure regulator circuit connected be-
tween said first back pressure regulator circuit and
said reservoir thereby forming a fluid by-pass around
said temperature regulator circuit,

whereby hydraulic fluid is circulated at a relatively con-
stant pressure and maintaining at a constant safe
temperature by utilizing excess fluid flow through a
pressure regulator system.

10. A hydraulic system according to claim 9 wherein

said control means comprises:

a servo-valve having a high and a low pressure side for
controlling the flow of hydraulic fluid proportionally
to input control current;

a hydraulic ram for applying loads to said structural
members;

a lock-up valve connected to said high and low pressure
sides of said servo-valve and adapted to provide fluid
under pressure to said hydraolic ram, said lock-up
valve also adapted for instantaneously blocking and
holding fluid flow through said servo-valve in re-
sponse to an external signal; and

a release valve connected across said hydraulic ram in
parallel relationship to the fluid flow in said hydraulic
ram, said release valve having fluid flow control
valves controlling the rate of finid flow therethrough.

11. A hydraulic system for remotely holding a load

and remotely releasing the load on a hydraulic ram at a
set rate, the system comprising:

a servo-valve having a high and a low pressure side for
controlling the flow of hydraulic fluid proportionally
to input control current;

a hydraulic ram for applying loads to structural mem-
bers for static, dynamic and fatigue testing said struc-
tural members;

a lock-up valve connected to said high and low pres-
sure sides of said servo-valve and adapted to provide
fluid under pressure to said hydraulic ram, said lock-
up valve also adapted for instantaneously blocking
and holding fluid flow through said servo-valve in re-
sponse to an external signal; and

a release valve connected across said hydraulic ram in
parallel relationship to the fluid flow in said hy-
draulic ram, said release valve having fluid flow con-
trol valves controlling the rate of fluid flow there-
through.

12. A hydraulic circuit for holding a load and releasing

the load on a hydraulic ram, the circuit comprising:

a release valve connected across said hydraulic ram and
movable between an energized and a de-energized
portion;

a solenoid operably connectd to said release valve and
adapted to be actuated by an external signal to move
said valve to an energized position; and

a flow control means connected to said release valve in
an energized position for controlling the rate of fluid
flow through said hydraulic ram and also adapted to
cause hydraulic fluid to leak across said hydraulic

10

15

20

25

30

35

40

50

55

60

65

70

75



3,498,061

9 10
ram thereby effectively reducing gain and stopping 2,246,461 6/1941 Cannon.
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