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[5 7 ] ABSTRACT 

Hydraulic control apparatus for automatic remote 
control of a hydraulic actuating ram. The apparatus 
has a double-acting slave cylinder connectable hy 
draulically to an actuating ram, and a double-acting 
master cylinder the piston of which is mechanically 
connected to the piston of the slave cylinder, the mas 

Apr. 14, 1972 Great Britain .................. .. 17418/72 ter cylinder being operable by hydraulic pressure sup 
plied via a pilot-operated valve arranged automatically 

[52] US. Cl. .............................................. .. 239/587 to reverse the stroke of the master mm at limits set ac 
[51] Int. Cl ........................................... .. B05b 15/08 cording to the desired stroke of the actuating ram. 
[58] Fleld of Search ........................... .. 239/587, 227 The control apparatus may be used for controlling ac 

' tuating rams which effect reciprocating pivotal move 
[56] References Clted ment about one or more axes of a water jet monitor. 

UNITED STATES PATENTS . . . 7 Claims, 5 Drawing Figures 
3,575,351 4/]971 Warren ............................. .. 239/587 ' ' I’ _ w 

7 , 73 

5 72 

6 
O O 4 

‘ l 
“\ ' /,3 
\ _ _ / 

/ 

5\I I 74 
o 1' g - 

p _ -. l l 7 

Q, . \ _ I _ l ,b 

77 





3.836.084 PAIENIEU SEP 1 H974 

SHEET 2 OF 5 









3,836,084 
1 

AUTOMATIC REMOTE CONTROL APPARATUS 

BACKGROUND OF THE INVENTION 

This invention relates to hydraulic control apparatus 
for automatic remote control of a hydraulic actuating 
ram, and is particularly, though not exclusively, con 
cerned with remote control of movement of the nozzle 
of a high-velocity water jet monitor. 

In a number of mining industries, for example the 
clay industry, a high-pressure water jet, from the nozzle 
of a water jet monitor, is used to wash minerals from 
the earth. This washing'process has been improved in 
recent years by increasing the velocity of the water jet 
and by directing the water jet more effectively at the 
area to be washed, washing being carried out by tra 
versing the jet of water continually back and forth over 
a selected area of the earth. Because of the high pres 
sure of water involved and the time required to wash a 
particular area effectively it is desirable to employ re 
mote control of the movement of the nozzle so that the 
operator can supervise the monitor from a safe distance 
and avoid repetitive manual control over long periods. 
One method of traversing the jet back and forth is by 
adapting the nozzle of the monitor to be movable, for 
example by pivoting, by means of a hydraulic actuating 
ram or rams. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention 
there is provided hydraulic control apparatus for auto 
matic remote control of a hydraulic actuating ram, 
comprising a ?rst double-acting cylinder, referred to as 

' a slave cylinder, which can be connected hydraulically 
for driving the actuating ram, and a second double 
acting cylinder, referred to as a master cylinder, the 
piston of the slave cylinder being mechanically con 
nected to the piston of the master cylinder whereby re 
ciprocating movement of the master piston causes cor 
responding reciprocating movement of the slave piston, 
the master cylinder being operable by hydraulic pres 
sure under the control of a pilot-operated hydraulic 
valve which is arranged automatically to reverse the di 
rection of movement of the master ram in response to 
pilot means actuable by limit switch means arranged 
for determining the desired length of stroke of the actu 
ating ram. 
The pilot means may comprise two hydraulic pilot 

valves arranged to be actuated at completion of a pre 
set stroke of the master or slave rams for example by 
latches which are adjustable so that their position de 
termines the length of stroke of the master ram. 
The control apparatus may include a manually 

operable hydraulic valve for controlling the hydraulic 
actuating ram, the manual valve, when operated, over 
riding the automatic control of the master and slave 
cylinders. 

In one embodiment of the invention there is provided 
a water jet monitor including a nozzle mounted for piv 
otal movement in at least one plane, the pivotal move 
ment being effected by means of a hydraulic actuating 
ram which is arranged to be controlled automatically 
by hydraulic control apparatus according to the inven 
tion. Conveniently a ?ow control valve is connected 
between the slave cylinder and the actuating ram for 
controlling the rate of movement of the actuating ram, 
thereby controlling the rate of pivotal movement of the 
monitor nozzle. 
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In practice, it is often desirable to control the move 

ment of a monitor nozzle so that the water jet traverses 
an area to be washed in a horizontal direction, or a ver 
tical direction, or in both horizontal and vertical direc 
tions simultaneously. In a preferred embodiment of the 
invention therefore, a water jet monitor is provided in 
which the nozzle is mounted for pivotal movement in 
two mutually perpendicular planes, a first actuating 
ram being provided for effecting movement of the noz 
zle in one plane and a second actuating ram being pro 
vided for effecting movement of the nozzle in the other 
plane, each actuating ram being arranged to be re 
motely controlled automatically by hydraulic control 
apparatus according to the invention. In this way the 
control apparatus may be set so as to control automati 
cally the movement of the monitor nozzle for a large 
variety of different washing programmes, by selecting 
the stroke and speed of movement of each actuating 
ram, for example, in both the vertical and horizontal 
directions. 
The hydraulic pressure for each master cylinder of 

the control apparatus may be supplied from a pump 
driven by an electric motor. This does have the disad 
vantage, however, of requiring installation of electrical 
power lines which are both costly, awkward to move 
when the monitor is to be moved to a new location, and 
constitute a hazard in a mining pit where heavy vehicles 
are usually operated. - 
According to a further aspect of the invention there 

fore, there is provided a high velocity water jet monitor 
wherein the hydraulic pressure for operating control 
apparatus of the water jet monitor is supplied by a 
pump which is coupled to a hydraulic motor driven by 
means of water pressure derived from the supply of 
water to the nozzle of the monitor. The power unit is 
thus self-contained and therefore avoids the hazards 
mentioned above, and moreover it can easily be moved 
to a new location together with the control apparatus 
and the monitor for washing different areas of the min 
ing pit. Conveniently the hydraulic motor comprises a 
Pelton wheel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be carried into practice in various 
ways, but one speci?c embodiment will now be de 
scribed, by way of example, with reference to the ac 
companying drawings, in which: 

FIG. 1 is a view of a high-velocity water jet monitor 
having a nozzle which can be pivoted horizontally and 
vertically; 

FIG. 2 is a diagrammatic layout showing the arrange 
ment of a monitor together with its remote control unit 
and a hydraulic power unit; 
FIG. 3 is a circuit diagram showing the hydraulic cir 

cuit of the control apparatus according to the inven 
tion; 
FIG. 4 is a view of the hydraulic power unit which 

supplies oil under pressure to the control apparatus, 
and 
FIG. 5 is a perspective view of the control unit, show 

ing the controls. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A high-velocity water jet monitor such as is used in 
the china-clay industry for washing china-clay from the 
earth is shown generally in FIG. 1. The monitor has a 
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nozzle 1 from which a high-velocity jet of water issues 
when the monitor is in use, the jet being directed at an 
area of earth where the china-clay is to be washed out. 
The water is supplied to the nozzle under high pressure 
through a supply pipe 2 which is secured to a base 3 
and which is further arranged in the form of a loop or 
coil 4 for countering the reaction thrust of the jet, the 
supply pipe terminating at the nozzle 1. The supply 
pipe, above the base, includes a first bearing 5 for piv 
oting the nozzle 1 about a vertical axis, and a second 
bearing 6 situated at the beginning of the loop 4 for piv 
oting the nozzle about a horizontal axis. Pivoting move 
ment of the nozzle is effected by means of hydraulical 
ly-operated actuating rams 7 and 8 connected respec 
tively to the bearings 5 and 6 so that the nozzle 1, and 
hence the jet of water, can be moved in a horizontal or 
vertical direction or both. The actuating rams 7 and 8 
which are double-acting are operated by oil under pres 
sure fed via flexible conduits 10, 11 and 13, 13 from a 
control unit as will be explained. The ?exible conduits 
are attached to the cylinders by self-sealing releasable 
couplings. 
The general layout of the monitor with its control 

unit is shown diagrammatically in FIG. 2. This figure 
shows the monitor, indicated generally at 15, the re 
mote control apparatus 20 and the hydraulic power 
unit 50 for supplying oil under pressure to the control 
apparatus. As shown, the four conduits 10, 11 and 12, 
13 connect the actuating rams 7 and 8 of the monitor 
to the control apparatus, oil being supplied through 
these conduits to operate the actuating rams 7 and 8 for 
moving the nozzle. The conduits 10, 11 and 12, 13may 
be made of any suitable length, normally 100 ft., so that 
the control apparatus 20 can be located at a safe work 
ing distance from the monitor. This feature is required 
since the high-velocity jet of water from the nozzle 1 
causes rocks and mud to be thrown considerable dis 
tances owing to the impact with which the water hits 
the earth. ' 

The control apparatus 20 and its hydraulic power 
unit are conveniently housed in a hut 60 which further 
protects the operator and makes operating possible in 
bad weather conditions. 
Using the present invention it is possible for the oper 

ator to set a programme on the control apparatus so 
that operation of the actuating rams 7 and 8 will con 
tinue automatically, the programme being selected by 
the operator according to the way in which the area is 
to be washed by the water jet. The control circuit by 
which this is achieved is shown in FIG. 3. This diagram 
shows the hydraulic circuit for operating one of the ac 
tuating rams, for example ram 7 which produces hori 
zontal movement of the nozzle. The circuit for operat 
ing the other ram 8 is not shown but is identical in all 
respects. 
The double-acting actuating ram 7 which has oil con 

_ duits l0 and 11 connected to opposite ends of its cylin 
der can be operated in two ways, either manually 
through the control lever 28 of a manual control valve 
23 or through the automatic circuit indicated generally 
at 24. The manual valve is a directional, 3-position 
valve in which the valve spool is spring-biassed to its 
centre closed position. Movement of the valve spool, 
for example to the left in FIG. 3, puts conduit 10 in 
communication with an oil reservoir, and admits oil 
pressure through conduit 11 to the cylinder of the actu 
ating ram 7, causing its ram to move outwardly. Con 
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4 
versely if the valve spool is moved to the right, oil pres 
sure is fed to conduit 10 and conduit 11 is connected 
to the reservoir, so that the ram of the actuating cylin 
der moves into the cylinder. 

In the centre position of the valve 23, as shown in the 
Figure, the actuating cylinder 7 is hydraulically locked 
against movement. 
For automatic operation, the actuating ram 7 is oper 

ated through conduits 25 and 26 which communicate 
with conduits l1 and 10 respectively. Conduit 25 has 
a needle valve 27 for controlling the rate of ?ow of oil 
from the automatic circuit 24 to the ram 7; if the needle 
valve 27 is closed the ram 7 is isolated from the auto 
matic control. 
The ‘control circuit 24 comprises basically two op 

posed double-acting rams, referred to as a slave cylin 
der 30 and a master cylinder 31, the pistons of which 
are directly coupled via a common piston rod 32 which 
carries a roller 33 for operating latches for reversing 
the direction at the completion of a stroke of the mas 

> ter and slave rams, as will be explained. The slave cylin 
der 30 is hydraulically connected to the actuating ram 
7 via the conduits 25 and 26 which are connected to 
opposite ends by the slave cylinder 30, and the bore of 
the slave cylinder 30 is the same as that of the actuating 
ram 7 so that reciprocating movement of the slave ram 
will cause exactly corresponding reciprocating linear 
movement of the actuating ram 7. 
The master cylinder 31 is operated by oil pressure 

supplied from the hydraulic power unit 50 through con 
duits 35 and 36 under the control of a pilot-operated, 
3-position directional valve 37, the centre position of 
the spool being a closed position. This reversing valve 
37 is operated by two pilot valves 38 and 39 which are 
operated by hydraulic pressure and actuated by associ 
ated‘latches 40 and 41 are arranged to be depressed in 
turn by the roller 33 on the piston rod 32. Thus in oper 
ation the master ram moves in one direction until the 
roller 33 depresses one of the latches, say 40 which op 
erates its associated pilot valve 38, thereby changing 
over the main valve 37 to reverse the direction of 
movement of the master ram. At the other end of the 
stroke, roller 33 will depress the latch 41, again to re 
verse the valve 37 through the pilot valve 39. The re 
ciprocating movement of the master ram 31 produces 
corresponding reciprocating movement of the slave 
ram 30 which in turn effects reciprocating movement 
of the actuating ram 7, thereby to oscillate the water jet 
horizontally. 
One of the latches 41 is adjustable by means of a 

lever 43 which in a particular construction can be set 
in any one of 13 positions, the position of the latch de 
termining the length of stroke of the master ram 31 and 
therefore the length of stroke of the actuating ram 7. 

As explained, the other actuating ram 8 for vertical 
movement of the nozzle is also controlled by a similar 
automatic control circuit. 
FIG. 5 shows the control unit with the various con 

trols: the control lever 28, the needle valve 27 and the 
stroke adjustment lever 43 for controlling the horizon 
tal actuating ram 7; and corresponding controls 28A, 
27A and 43A for controlling the vertical actuating ram 
8. 

It will be appreciated therefore that by selecting the 
stroke and speed of actuation of each of the actuating 
rams 7 and 8, using the controls 43, 43A and 27, 27A, 
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a wide range of automatic working programmes can be 
achieved. 'Once set, a programme will be followed con 
tinuously, until the operator changes the controls. If the 
operator decides to move the jet to a new washing posi- . 
tion all that is necessary is to operate the relevant man 
ual valve 23, by means of its control lever 28 or 28A, 
which will then override the automatic control until the 
control lever is released, when the valve spool will 
again return to its centre, locked position and the pre 
selected programme will re-commence. 

In the embodiment described the slave cylinder has 
a maximum stroke of 4" whereas the actuating ram 7 
has a maximum‘ stroke of 15". Thus under automatic 
control the range of movement is only a proportion of 
the maximum range; for example, the horizontal move 
ment possible with a full stroke of the actuating ram 7 
may constitute a swing through 120° of the jet and un 
der automatic control the maximum horizontal swing 
would be 32°; “this provides a safe and effective range‘ 
in practice. If the??? 15 required ‘to be directed at an 
area lying outside the 120°, the nozzle assembly can be 
swung round to a new direction by means of a clamp 
14, shown in FIG. 1. 
A feature of the construction is the safety, in that, if 

by accident one of the conduits is cut or torn away from 
its coupling, the oil under pressure which is normally 
fed to the actuating rams 7 and 8 will vent to atmo 
sphere and movement of the nozzle will cease. Further 
more, since under automatic operation the actuating 
rams 7 and 8 are in a closed hydraulic circuit with their 
associated slave cylinders, there is no danger of drift 
outside the programmed range, provided there is no 
leakage of oil past those rams. 
The hydraulic pressure for operating the master ram 

31, and the corresponding master ram of the vertical 
movement control circuit, is supplied by the power unit 
50, as illustrated in FIG. 4. The oil pressure for the con 
trol apparatus is supplied from an oil pump 51 which 
pumps oil from a reservoir 52 via a conduit 55 and 
thence under pressure to the control apparatus 20 via 
a pressure supply conduit 56. An oil return conduit 57 
returns oil from the control apparatus to the reservoir 
52. 
The oil pump 51 is driven by a simple water-powered 
Pelton wheel arrangement 53 — the Pelton wheel 

being driven by water under pressure fed through an 
inlet pipe 54 from the water supply pipe 2 which 
supplies the wash water to the nozzle. This provides a 
simple and efficient arrangement and it is found that 5 
gallons of water per minute provides adequate power. 
It will be appreciated that this feature provides a self 
contained power unit obviating the expense and danger 
of electrical power lines. 
Furthermoresince the monitor, the control unit and 

the power unit are interconnected by quick release, 
couplings any one of these units may be replaced 
quickly in event of trouble thereby avoiding loss of op 
erating time and eliminating the need to service the 
units in difficult conditions. 

In a further speci?c embodiment, not shown in the 
drawings, a single control circuit, as shown in FIG. 3, 
is used to control automatically either a vertical move 
ment actuating ram or a horizontal movement actuat 
ing ram but not both simultaneously. In this case the 
slave ram is connected hydraulically to both vertical 
and horizontal actuating rams via a manual valve which 
can be operated to engage automatic control for which 
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6 
ever actuating ram is selected. Since only one control 
circuit is used in this case the control apparatus is sim 
pler and less expensive to install. 

I claim: 
1. A hydraulic monitor including a water jet nozzle 

mounted for pivoting movement in at least one plane, 
the pivoting movement being effected by a hydraulic 
actuating ram which is arranged to be controlled auto 
matically by hydraulic control apparatus comprising a 
first double-acting cylinder, referred to as a slave cylin 
der, which can be connected hydraulically for driving 
the actuating ram, a second double-acting ram, re 
ferred to as a master cylinder, a mechanical connection 
between the piston of the slave cylinder and the piston 
of the master cylinder, the connection being adapted to 
cause reciprocating movement of the slave piston cor 
responding to reciprocating movement of the master 
piston, a pilot-operated hydraulic valve adapted to con 
trol the hydraulic pressure supply to the master cylin 
der, the pilot-operated hydraulic valve being arranged 
automatically to reverse the direction of movement of 
the master ram, pilot means adapted to control the pi 
lot-operated hydraulic valve, and limit switch means 
adapted to actuate the pilot means and arranged for de 
termining the desired length of stroke of the actuating 
ram. 

2. A hydraulic monitor as claimed in claim 1, in 
which the hydraulic pressure for operating the master 
cylinder is supplied by a pump adapted to be driven by 
a hydraulic motor driven by means of water pressure 
derived from the supply of water to the nozzle of the 
monitor. 

3. A hydraulic monitor including a nozzle mounted 
for pivoting movement in two mutually perpendicular 
planes, a ?rst actuating ram for effecting movement of 
the nozzle in one plane and a second actuating ram for 
effecting movement of the nozzle in the other plane, 
each actuating ram being arranged to be remotely con 
trolled automatically by hydraulic control apparatus 
comprising a first double-acting cylinder, referred to as 
a slave cylinder, which can be connected hydraulically 
for driving the actuating ram, a second double-acting 
ram, referred to as a master cylinder, a mechanical 
connection between the piston of the slave cylinder and 
the piston of the master cylinder, the connection being 
adapted to cause reciprocating movement of the slave 
piston corresponding to reciprocating movement of the 
master piston, a pilot-operated hydraulic valve adapted 
to control the hydraulic pressure supply to the master 
cylinder, the pilot-operated hydraulic valve being ar 
ranged automatically to reverse the direction of move 
ment of the master ram, pilot means adapted to control 
the pilot-operated hydraulic valve, and limit switch 
means adapted to actuate the pilot means and arranged 
for determining the desired length of stroke of the actu 
ating ram. 

4. A hydraulic monitor as‘ claimed in claim 3, wherein 
the bore of each slave cylinder is the same as the bore 
of the actuating ram associated with it. 

5. A hydraulic monitor as claimed in claim 4, wherein 
the effective stroke length of each slave cylinder is 
shorter than the effective stroke length of the actuating 
cylinder associated with it. 

6. A hydraulic monitor as claimed in claim 5, wherein 
the hydraulic motor is a Pelton wheel. ' 

7. A hydraulic monitor as claimed in claim 3, wherein 
the control apparatus is hydraulically connected to 
each actuating ram by ?exible conduits including self 
sealing releasable couplings. 

. * * * * * 


