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(57) Abrége/Abstract:

A device comprising an actuating cylinder (10) having a piston (14) arranged to be driven along a stroke path therewithin and a
valve means (50) for controlling the flow of actuating fluid to a first side (20) of the piston (14). This device Is arranged such that
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(57) Abréege(suite)/Abstract(continued):
upon actuation of the valve means (50) the flow of actuating fluid to the first side (20) of the piston (14) Is stopped and wherein

the pressure of the actuating fluid on the first side (20) of said piston (14) upon actuation of said valve means (50) Is at |least
sufficient to substantially maintain the piston (14) in a first predetermined position along the stroke path.
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(54) Title: ACTUATOR

(57) Abstract

A device comprising an actuating cylinder (10) having a piston (14) arranged
to be driven along a stroke path therewithin and a valve means (50) for controlling
the flow of actuating fluid to a first side (20) of the piston (14). T
arranged such that upon actuation of the vaive means (50) the flow of actuating
fluid to the first side (20) of the piston (14) is stopped and wherein the pressure of
the actuating fluid on the first side (20) of said piston (14) upon actuation of said
valve means (50) is at least sufficient to substantially maintain the piston (14) in

a first predetermined position along the stroke path.
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ACTUATOR

The present invention relates to an improved actuator configuration and in an embodiment
to an actuator configuration of the type used to drive a crustbreaker of a smelter pot. The

invention also relates to an improved method of operating a crustbreaker actuator.

During the smelting process of aluminium a crust forms on the top of the smelter pot.
When additional material is to be added to the smelter pot, a crustbreaker must be driven
into the smelter pot to break up the crust formed thereon. Traditionally, a smelter will have
a very large number of smelter pots in operation at any one time. Each pot has one or more
picks or crustbreakers positioned thereabove which are arranged to be driven by an actuator
through the crust on the pot. The actuators of the pots are conventionally pneumatically
driven and typically make use of compressed air at a system pressure of about 100 pounds
per square inch (psi). A system driving pressure of approximately 100 psi is typically used
to break the crust and to ensure release of the pick or crustbreaker from the pot after it has
penetrated the crust formed thereon. Although it has been realised for some time that
significant force/pressure was required to break the pick or crustbreaker free of the crust,
and more recently that once free, a lower pressure would return the pick or crustbreaker to
its retracted position, a method of having two different pressures that would work

efficiently to operate the pick or crustbreaker assembly has until now not been developed.

The present invention proposes, in an advantageous application to the crustbreaker case,
that the supply of driving fluid (e.g. compressed air) to the actuator which drives the
crustbreaker be shut off once the crustbreaker has been released from the crust on the pot
and reaches a position essentially retracted from the pot. In this manner, an immense
saving can be achieved in the volume of compressed air required to operate the
crustbreaker of a typical smelter. This results in a substantial energy saving and therefore
reduces overall smelter costs. Furthermore, it has been found that because the pressure in
the cylinder of the actuator is very much reduced (around 25 psi), there is far less fluid
leakage through the piston rod sealing assembly. This again reduces the volume of
compressed air used by the smelter and is believed to result in an improved working life of

the actuators.
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Although the present invention 1s seen to have particular application in actuators for
smelter pot crustbreakers, the invention is envisaged to have other broader applications,
and thus according to a first aspect of the present invention there is provided an actuator
configuration including:

an actuating cylinder having a piston arranged to be driven along a stroke path
therewithin;

a valve means for controlling the flow of actuating fluid to a first side of the piston;
and

means responsive to the piston reaching a predetermined point along the stroke path
to actuate the valve means whereby to stop the flow of actuating fluid to the first side of the
piston,;

wherein the pressure of said actuating fluid on said first side of said piston upon
actuation of said valve means is at least sufficient to substantially maintain said piston in a

first predetermined position along the stroke path.

Preferably, the pressure of said actuating fluid on said first side of said piston when said
valve means is actuated is a reduced pressure as compared to a system pressure applied to a
second side of said piston when said piston is being driven to a second predetermined

position along the stroke path.
Preferably, the valve means is mounted within said actuating cylinder.

Preferably, the valve means is arranged such that if there is leakage of said actuating fluid
from said first side of the piston, said valve means will operate to provide a flow of

actuating fluid to said first side of the piston to compensate for said leakage.

Preferably, said resi)onsive means includes a portion of said valve means engaged by said
piston when at said predetermined point whereby to hold said valve means in a position
where the flow of actuating fluid to said first side of said piston is stopped. Preferably if
there is a leakage of actuating fluid from said first side of said piston, the piston moves and
disengages from said portion of said valve means, whereby said valve means allows a flow

of actuating fluid to said first side of said piston to thereby maintain said piston

FHPMELCD\96187010.8

AMENOED SHEET
PEA/AU

Prove oo nd i b v g bl diguioubiel alralb b A il - (L0 v VirkoPee s et MY Br L e et adig

8 JUL 1336



10

15

20

25

30

/AU §5 70026
2192563 RECEIVED 0 8 JuL 19?6

substantially at or adjacent said first predetermined position and thereby prevents

inadvertent stroking of said piston.

In one preferred embodiment of the invention, the actuator configuration is a crustbreaker
actuating cylinder and the piston is connected to a piston rod which is connected to or

integrally formed with a device for breaking the crust on a smelter pot.

Preterably, said valve means comprises a poppet valve having a stem arranged to contact

said piston when 1t 1s located at the first predetermined position.

[n a second aspect of the invention there is provided a method of operating a crustbreaker
actuator of a smelter pot including:

providing a flow of actuating fluid to one said of a piston of said actuator so as to
drive said piston toward said pot and thereby to drive a crustbreaker through the crust of
said pot,

providing a flow of actuating fluid to another side of said piston so as to drive said
piston away from said pot and to release said crustbreaker from the crust of said pot, and

stopping the flow of actuating fluid to said other side of said piston once said
crustbreaker reaches a predetermined point along the stroke path of the piston, wherein the
pressure of said actuating fluid on said other side of the piston after said stopping of the
flow 1s at least sufficient to substantially maintain said piston in a first predetermined

position along the stroke path.

Preferably, the flow of actuating fluid to said other side is stopped by triggering a valve

means which controls the flow of actuating fluid to said other side.

Preferably, means is provided to control the rate of flow of actuating fluid to said other side
of said piston. Preferably, the control means comprises a check valve or an adjustable
control valve which acts as a restrictor when said crustbreaker is being released from said

pot and which enables fast exhaust when said crustbreaker is driven towards said pot.

An embodiment of the invention will now be described by way of example only with

reference to the accompanying drawings in which:

FHPMELCD\96187010.8

AMENDED SHEET
IPEA/AU

GO L AT N L AN IRAI P s e e I T I s LR S e L i

Faei o U e e A R e T R s



10

15

20

- CT/AU 95 /0026 8
2194563 4 RECEIVED 0 8 Jui 1996

Figure 1 1s a partial cross-sectional view of a crustbreaker actuator fitted with a poppet

valve according to an embodiment of the invention;

Figure 2 1s a partial cross-sectional view of a crustbreaker actuator fitted with a poppet

valve and a check valve according to another embodiment of the invention; and
Figure 3 1s an enlarged view of the poppet valve shown in Figures 1 and 2.

The crustbreaker actuating cylinder 10 comprises a piston barrel 12, a piston 14 arranged
for movement along a stroke path within the piston barrel 12 and a piston rod 16 connected
to the piston 14. The lower end 16a of the piston rod 16 extends through an end cap 18
attached to the lower end 12a c;f the piston barrel 12. Attached to or integrally formed with

the lower end 16a of the piston rod is a crustbreaker or pick (not shown).

A first chamber 20 is defined by the inner wall of the piston barrel 12, the upper face of the
front end cap 18 and the lower side 14a of the piston 14. A second chamber 22 is defined
by the inner wall of the piston barrel 12, the upper side 14b of the piston 14 and the lower
face of the rear end cap 24. The rear end cap 24 is secured by connectors 26 to a mounting

plate 28. Mounted on the mounting plate 28 is the supply 29 of
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actuating fluid which in this case is compressed air. The compressed air supply 29 1s

at a system pressure of about 100 psi. A directional control valve 30 controls the flow

of compressed air into the first and second chambers 20, 22.

Compressed air from the actuating fluid source can be transferred to the first chamber
20 via a passage 32 in the rear end cap 24, via a transfer tube 36, through an air inlet
manifold 38 attached to the front end cap 18 and then via a passage 40 1n the end cap
18.

To drive the crustbreaker through the crust on a smelter pot the piston 14 must be
actuated to drive the piston rod 16 towards the pot. The piston 14 1s driven towards the
pot by providing a supply of compressed air to the second chamber 22. To raise the
crustbreaker away from the pot, the second air chamber 22 1s vented and then a supply
of compressed air is provided to the first chamber 20. The supply of compressed air

into chamber 20 will cause the piston 14 to move towards the rear end cap 24 thereby

lifting the piston rod 16 and attached crustbreaker away from the smelter pot.

Mounted within the passage 32 in the rear end cap 24 1s a poppet valve 50. Poppet

valve 50 can be triggered to engage against a valve seat 51 to thereby clo;‘,e off the
passage 32 so as to prevent further compressed air from passing into transfer tube 36,
while also maintaining the volume of compressed air within transter tube 36, manifold
38, passage 40 and first chamber 20. The poppet valve 50 includes a stem 52 having

an end 54 which extends into the second chamber 22.

As stated previously, the crustbreaker of the actuator 10 can be driven into the pot by
providing a flow of compressed air into the second chamber 22. Typically, the
compressed air supplied to the second chamber 22 would be at a pressure in the order
of 100 psi. This pressure is desirable in order to provide sufficient driving force to the
piston 14 to enable the crustbreaker to pierce through the crust on the smeiter pot. To
release the crustbreaker from the smelter pot, the second chamber 22 1s evacuated and
compressed air is passed into the first chamber 20. In order to extract the crustbreaker

from the pot, the compressed air within the first chamber 20 is generally initially at a
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pressure of, for example, about 100 psi. This pressure provides sufficient driving force
to the piston 14 to extract the crustbreaker from the crust and to raise the piston rod 16
to a position at which the crustbreaker is free from the pot and any crust. However,
once the crustbreaker has reached this free position, it has been found that the pressure
in chamber 20 actually required to then raise the piston 14 to a point at which the
crustbreaker is well clear from the pot and to hold the piston 14 in this position, 1s
substantially reduced when compared to the initial driving pressure required. Typically,
the required reduced pressure is around 25 psi. Therefore, after extraction of the
crustbreaker it is not necessary to continue to supply compressed air into the first
chamber 20 so as to bring the pressure in transfer tube 36, the air inlet mamifold 38, the
passage 40 and the first chamber 20 up to the initial driving system pressure of 100 psi.
Accordingly, a check valve 100 (not shown in Figure 1) having a limited flow orifice
can be included in the supply line between the directional control valve 30 and passage
32. The check valve being arranged to limit or restrict the rate of compressed air flow
into the first chamber 20 and to allow free flow of air when the first chamber 20 is
exhausted. In this way, the rate of flow of compressed air into the first chamber 20 will
be reduced and thereby the amount of unnecessary air admitted into the first chamber
20 between the time that the crust breaker is cleared from the crust and when the poppet
valve 50 is actuated to stop the ﬂow.of compressed air into the first chamber 20, will
be minimised. As an alternative to such a check valve, an adjustable inline flow control
valve could be used, or a restricted orifice could be incorporated within the structure of

the directional control valve 30.

Figure 2 illustrates another alternative arrangement wherein the check valve 100 1s
located at the top of the transfer tube 36. This arrangement is advantageous as 1t makes

the crust breaker unit more compact.

The present inventors have determined that the reduced pressure in first chamber 20
which is due to system lag and the inertia of the piston 14 is sufficient to drive the
piston 14 upwardly until the upper side 14b of the piston 14 contacts the end 54 of the
poppet valve stem 52. When the upperside 14b of the piston 14 contacts the end 54 of
the poppet valve 50 (Figure 2), the valve 50 engages in valve seat 51 to close off the
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supply of compressed air to the first chamber 20. As the piston 14 may strike the end
54 of the poppet valve 50 with considerable momentum, the poppet valve 50 1s mounted
within the passage 32 in a manner whereby some axial movement of the poppet valve
50 is permissible. In this particular embodiment, the poppet valve 50 and seat 51 are
held in relative position within the passage 32 by a pair of springs 60, 62.

The pressure applied by the upper side 14b of the piston 14 against the end 54 of the
poppet valve 50 is sufficient to hold the poppet valve 50 against the seat 51 thereby
maintaining the volume of compressed air 14 within the transfer tube 36 and first
chamber 20. If the upper side 14b of the piston 14 falls away from the end 54 of the
poppet valve 50, because of an inadvertent loss of pressure within the first chamber 20,
the poppet valve 50 is released from the valve seat 51 allowing compressed air to bleed
into the transfer tube 36 thereby topping up the pressure in the first chamber 20. In this

manner, the piston 14 can be maintained substantially at the uppermost first

predetermined position of its stroke path.

The crustbreaker actuator 10 described is particularly advantageous as it enables the
amount of compressed air used by the actuator 10 to be sigmficantly reduced. In a
smelter having two thousand or so such crustbreaker actuators this saving in compressed
air results in a significant overall cost saving. Furthermore, because the pressure within
the second chamber 20 is considerably reduced once the crustbreaker is free from the
pot, there is typically less leakage of compressed air through the seals of the actuator
than would normally occur using compressed air at higher pressures. As there is

therefore less leakage of compressed air the embodiment provides an even greater

overall saving in compressed air usage.

In a typical installation using a 100 psi of line air pressure to operate the cylinders,

embodiments of the present invention will reduce the residual pressure at the end of the

stroke in a cylinder retracting from the pot to around 25 to 35 psi, depending on the
bore of the cylinder, the speed of the retraction, the weight of the structure 1t is lifting

such as the pick and the feeder assembly and the degree of cushioning required to avoid

structural damage.
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Although the poppet valve 50 in the present embodiment has been mounted adjacent the
upper end of the actuator 10 it is envisaged that the valve 50 could be positioned at
other locations. The location of the poppet valve 50 as described 1s seen to be

particularly convenient as in most smelters the supply of compressed air 1s normally

positioned well above the pot. Furthermore, although the actuator and valve
arrangement has been described in connection with an actuator for a crustbreaker it 1s
envisaged that the valve arrangement and/or actuator could be used 1n other applications.
The use of different forms of valves is also envisaged. Such valves may be mounted
internally or externally of the actuator and may be triggered remotely from the piston,
by the piston rod or other means initiated for example, by the piston, the piston rod or

another mechanism.

The embodiments have been described by way of example only and modifications are

possible within the scope of the invention.
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An actuator configuration including

an actuating cylinder haviing a piston arranged to be driven by actuating fluid
along a stroke path therewithin;

means responsive to the piston reaching a predetermined point along the stroke
path to actuate the valve means to stop the flow of actuating fluid to the first side
to the piston;

wherein the pressure of said actuating fluid on said first side of said piston upon
actuation of said valve means is at least sufficient to substantially maintain said
piston 1n a first predetermined position along the stroke path, and is a reduced
pressure as compared to a system pressure able to be applied to a second side of
said piston to drive said piston in the opposite direction along the stroke path.

An actuator configuration according to claim 1, wherein the valve means is
arranged such that if there 1s leakage of said actuating fluid from said first side
of the piston, said valve means will operate to provide a flow of actuating tluid
to said first side of the piston to compensate for said leakage.

An actuator configuration according to claim 1, wherein said responsive means
includes a portion of said valve means engaged by said piston when at said
predetermined point to hold said valve means in a position where the flow of
actuating fluid to said first side of said piston 1s stopped.

An actuator configuration according to claim 3, wherein said valve means is
arranged to allow a flow of actuating fluid to said first side of said piston
whenever said piston is disengaged from said portion of said valve means,
whereby if there is a leakage of actuating fluid from said first said of said piston
which would allow said piston to move and disengage from said portion of said
valve means, actuating fluid would flow to said first said of said piston to
maintain said piston substantially at or adjacent said first predetermined position
and thereby prevent inadvertent stroking of said piston.

An actuator configuration according to claim 3, wherein said valve means

includes a poppet valve and said portion of said responsive means includes a
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stem arranged to be contacted by said piston when it is located at said
predetermined point. '

An actuator configuration according to claim 1, wherein the valve is mounted
within said actuating cylinder.

An actuator configuration according to claim 1, wherein the actuating cylinder is
a crust breaker actuating cylinder and the piston is connected to a piston rod
which 1s connected to or integrally formed with a device for breaking the crust
on a smelter pot.

An actuator configuration according to claim 1 further comprising means to
control the rate of flow of actuating fluid to said first side of said piston.

An actuator configuration according to claim 8, wherein the control means
comprises a check valve, a restrictor or an adjustable control valve which acts as
a restrictor when the actuating fluid 1s flowing to said first side of said piston,
and which enables fast exhaust when the actuating fluid is flowing to said
second side of said piston.

An actuator configuration according to claim 1, wherein said predetermined
point 1s at or adjacent an end of the stroke path of the piston.

An actuator configuration according to claim 1, wherein the responsive means
acts remotely from the piston, triggered by the piston or otherwise.

An actuator configuration according to claim 11, wherein if there 1s a leakage of
actuating fluid from said first side of said piston, said piston moves and said
valve means responds thereto to allow a flow of actuating fluid to said first side
of said piston to thereby maintain said piston substantially at or adjacent said
first predetermined position and thereby to prevent inadvertent stroking of said
piston.

A method of operating a crust breaker actuator of a smelter pot including:
providing a flow of actuating fluid at a system pressure to one side of a piston of
said actuator so as to drive said piston toward said pot and thereby drive a crust
breaker through the crust of said pot;

providing a flow of actuating fluid to another side of said piston so as to drive

said piston away from said pot and to release said crust breaker from the crust of

said pot; and
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stopping the flow of actuating fluid to said other side of said piston once said
crust breaker reaches a predetermined point along the stroke path of the piston,
wherein the pressure of said actuating fluid on said other side of the piston after
said stopping of the flow is at least sufficient to substantially maintain said
piston in a first predetermined position along the stroke path, and is a reduced
pressure compared to said system pressure of the actuating fluid.

A method according to claim 13 wherein the flow of actuating fluid to said other
side is stopped by triggering a valve means which controls the flow of actuating
fluid to said other side.

A crustbreaker actuator configuration including;

a crustbreaker actuating cylinder having a piston arranged to be driven by
compressed air along a stroke path therewithin, said piston being connected to a
piston rod which 1s connected to or integrally formed with a device for breaking
the crust in a smelter pot when the piston i1s driven by compressed air in a first
direction along said stroke path;

conduit means by which compressed air 1s delivered during operation to a first
side of the piston, including valve means for controlling the flow of the
compressed air to said first said of the piston, which flow 1s effective to drive the
piston in a second direction opposite said first direction for retracting said crust
breaking device from the crust,

means responsive to the piston reaching a predetermined point when traveling in
said second direction along the stroke path to actuate the valve means whereby
to stop the flow of air to said first side of the piston, at which predetermined
point said crust breaking device is clear of the crust; and

wherein the conduit means is such that the pressure of said air on said first side
of said piston upon actuation of said valve means is at least sufficient to
substantially maintain said piston in a first predetermined position along the
stroke path and thus maintain said crust breaking device in a position clear of the
crust.

A crustbreaker actuator configuration according to claim 15, wherein the
pressure of said air on said first side of said piston upon actuation of said valve

means is reduced pressure as compared to a system pressure able to be applied to
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a second side of said piston to drive said piston in said first direction along the
stroke path.

A crustbreaker actuator configuration according to claim 15, wherein the valve
means 1s arranged such that if there is leakage of said compressed air from said
first side of the piston, said valve means will operate to provide a flow of
compressed air to said first side of the piston to compensated for said leakage.

A crustbreaker configuration according to claim 15, wherein said responsive
means includes a portion of said valve means engaged by said piston when at
said predetermined point whereby to hold said valve means in a position where
the flow of compressed air to said first side of said piston is stopped

A crustbreaker actuator configuration according to claim 18, wherein said valve
means includes a poppet valve and said portion of said responsive means
includes a stem arranged to be contracted by said piston when it is located at said
predetermined point.

A crustbreaker actuator configuration according to claim 18, wherein if there is a
leakage of compressed air from said first side of said piston, said piston moves
and disengages from said portion of said valve means, whereby said valve means
allows a flow of compressed air to said first side of said piston to thereby
maintain said piston substantially at or adjacent said first predetermined position
and thereby prevents inadvertent stroking of said piston.

A crustbreaker actuator configuration according to claim 15, wherein the valve
means 1s mounted within said actuating cylinder.

A crustbreaker actuator configuration according to claim 15, wherein said
conduit means includes means to control the rate of flow of said compressed air
to said first side of said piston.

A crustbreaker configuration according to claim 22, wherein the control means
comprises a check valve, a restrictor or an adjustable control valve which acts as
a restrictor when said crustbreaking device is being retracted from said pot and
which enables fast exhaust when said crustbreaking device is driven towards
said pot.

A crustbreaker configuration according to claim 15, wherein said predetermined

point is at or adjacent an end of the stroke path of the piston.
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A crustbreaker configuration according to claim 15, wherein the responsive
means acts remotely from the piston, triggered by the piston or otherwise.

A crustbreaker configuration according to claim 25, wherein if there is a leakage
of compressed air from said first side of said piston, said piston moves and said
valve means responds thereto to allow a flow of compressed air to said first side
of said piston to thereby maintain said piston substantially at or adjacent said
first predetermined position and thereby to prevent inadvertent stroking of said
piston.

A method of operating a crustbreaker actuator of a smelter pot including;
providing a flow of compressed air to one side of a piston of said actuator so as
to dnive said piston toward said pot and thereby to drive a crustbreaker device
through the crust of said pot;

providing a flow of compressed air to another side of said piston so as to drive
said piston away from said pot and to release said crustbreaker device from the
crust of said pot; and

stopping the flow of compressed air to said other side of said piston once said
crustbreaker device reaches a predetermined point along the stroke path of the
piston, wherein the pressure of said compressed air on said other side of the
piston after said stopping of the flow 1s at least sufficient to substantially
maintain said piston in a first predetermined position along the stroke path.

A method according to claim 27, wherein the flow of compressed air to said

other side is stopped by triggering a valve means which controls the flow of

compressed air to said other side.
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