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@ Locking device for fluid cylinders.

@ The invention relates to a locking device for end position
locking of a cylinder piston (5) which is displaceable back and
forth between a first and second cylinder end walil (3,4) ina
fiuid cylinder (1), comprising at least one locking piston (12},
which is movable at an angle to the cylinder axis (L), and
which is spring-loaded towards a locking position for
engagement with the cylinder piston or a means connected
therewith, so that the cylinder piston (5) is locked adjacent to
said first cylinder end wall (3). According to the invention, the
locking piston (12} is movable to a retracted position by the
action of the pressurized fluid exerted on a piston surface on
the locking piston in a separate chamber, which communi-
cates (10) with the cylinder chamber situated between the
cylinder piston {5) and said second cylinder end wall {4), so
that, when the cylinder piston (5} is moved away from said
first cylinder end wall (3), the residual pressure of the pres-
surized fluid in said cylinder chamber keeps the iocking pis-
ton (12) in its retracted position, whereby the locking piston,
due to the spring loading, secures the locking of the cylinder
piston (5) only in case of a predetermined pressure drop of
the pressurized fluid.
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Locking device for fluid cylinders.

The invention relates to a locking device for end position

locking of a piston in a fluid cylinder, i.e. a pneumatic or
hydraulic actuating cylinder.

In many cases it is desirable to enable the piston to be fixed
in a fluid cylinder during transport and mounting operations
as well as during final use of the cylinder. By locking the
piston with the piston rod in a fully retracted position,

the rod is protected during packing and transport operations.
When mounting the cylinder, e.g. in a vertical position with

a hanging load, it is likewise advantageous to lock the piston
in an end position in the cylinder. Moreover, in many cases,
in particular for safety reasons, it is essential to provide
that the piston is locked automatically in an end position in

case of a pressure drop of the operational fluid.

Thus, in connection with electrolytical production of alumi-
nium, a s.c. crust breaker is used, which pierces through a
solid crust formed on top of the molten aluminium, so that the
solid material is brought down into the molten material and

is united therewith. Crust breakers of this kind are preferably
suspended in and operated by pneumatic cylinders. In such an
environment, the cylinders are exposed to great strain, i.a.
by way of high temperatures, risk of damage on connection ho-
ses, etc. Normally, the cylinder piston and the crust breaker
attached to the piston rod are held in an upper end position,
and the cylinder is intermittently actuated for piercing
through the solid material and bringing down the latter into
the molten material. Now, it is desirable to provide an auto-
matically operating locking device, which will positively

lock the cylinder piston in its upper end position in case

of a pressure drop of the pressurized air (e.g. by hose break-
age) and, thus, prevent the piston rod and the crust breaker

from falling down into the molten material for a relatively
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long period and causing contamination and damage to the wvalu-
able aluminium molten material.

To provide such a locking device it is close at hand to use
one or more locking bars co-operating with the cylinder piston
and being movable transversally thereto, said locking bars
being spring-loaded towards locking positions and being nor-
mally retracted in positions permitting the cylinder piston

to freely perform the operational strokes.

However, for such a locking device, it is rather difficult to
prevent wear (since the spring loaded locking bar contacts the
cylinder piston or a member connected thereto) or stalling

(in case the locking bar is continuously kept in a retracted
position and is brought into a locking position only in

case of hose breakage or the like).

The object of the invention is therefore to achieve a generally
useful locking device which solves the above-mentioned problems
and secures an automatical end position locking of a cylinder
piston in case of a predetermined pressure drop of the pressur-
ized fluid without requiring high durability of the parts be-
ing in mutual locking engagement or involving any risk of
stalling.

This object is achieved by means of a locking device having
the features stated in claim 1. Suitable additional features
are defined in the sub-claims 2-6.

Thus, owing to the fact that the locking bar operates in res-
ponse to the pressure in the opposite cylinder chamber, two
substantial advantages are obtained. In the first place, during
normal operation, any locking engagement is avoided between the
locking bar and the cylinder piston, and in the second place,

a passive stroke back and forth will be effected by the locking
bar for each working stroke, namely when the cylinder piston

is at distance from the locking bar. Hereby, the locking bar
is kept operative soc as to eliminate the risk of stalling. Thus,
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the operational reliability is very good.

The invention will be described further below with reference
to the drawings illustrating a preferred embodiment of a
locking device according to the invention.

Fig. 1 shows schematically a vertically arranged pneumatic
cylinder and conduits and valves connected thereto; and

Fig. 2 shows in a larger scale a portion of the upper end
wall, in which a locking device according to the invention
is disposed.

The pneumatic cylinder shown in Fig. 1 comprises, as previous-
ly known per se, a cylinder tube 2, two end walls,namely an
upper end wall 3 and a lower end wall 4, a piston 5 displac-
able between the end walls 3,4 in the cylinder tube, a piston
rod 6 connected to the piston 5, said rod extending sealingly
through the lower end wall 4 and carrying at its end a load 7
(e.g.the crust breaker discussed above), as well as connec-
ting ports 8 and 9 for the supply of pressurized air to the
two cylinder chambers situated between the cylinder piston 5

and the end walls 3 and 4, respectively.

For the operation of the actuating cylinder by means of pres-
surized air, the connecting ports 8,9 are connected to each
one of two pressure controlled 3-port, 2-position valves

V1l and V2, respectively, provided with a return spring (in
principal, the valves V1,V2 can be replaced by one directional
valve only, namely a 5-port, 2-position . valve). A pressur-
ized air source K (main pressure, e.g. 3-8 bar) is connected
to the inlet ports 1' and 3", respectively, of the valves,
while the outlet ports 2' and 2", respectively, of the valves
are connected to connecting ports 8 and 9, respectively, of
the actuating cylinder. In the illustrated rest position, 7
wherein the piston is located in its upper end position adja-
cent to the upper cylinder end wall 3, the pressurized air
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source K communicates with the lower cylinder chamber via the
valve V2, i.e. the chamber between the cylinder piston 5 and
the cylinder end wall 4, whereas the upper cylinder chamber
(having a negligable volume in the shown position) communi-
cates with the valve outlet 3' via the connecting port 8 and
the outlet port 2' of the valve V1.

If an actuating signal (a certain air pressure) is applied
simultaneously on the control ports 12,12" of the valves,
the positions of the valves V1, V2 are reversed, so that the
upper cylinder chamber is instead connected to the pressur-
ized fluid source via the ports 2' and 1' of the valve V1,
whereas the lower cylinder chamber is connected to the outlet
1" of the valve V2. Hereby, the piston 5 will perform a down-
ward movement, so that the load 7 is lowered from the fully
drawn upper position (minus position) to the dashed lower
position (plus position). The load is kept in the lower posi-
tion as long as the actuating signal is applied on the con-
trol ports 12' and 12". As soon as the actuating signal ceases,
the valves V1 and V2 are reversed, and the piston 5 and the
load 7 are returned to the upper end position.

As appears further from Fig. 1, the connecting port 9 of the
cylinder 1 communicates with a connecting port 11 in the upper
end wall 3 via a conduit or hose 10. Hereby, a locking piston
12 mounted in the end wall 3 is actuated in a way described
further below with reference to Fig. 2.

In a radial recess or bore 13 in the cylinder end wall 3

a sleeve 14 is inserted to perform a guiding means for the
above-mentioned locking piston 12. Radially outside of the
guide sleeve 14 and the locking piston 12, an end plug 15 is
screwed therein. The end plug 15 is provided with a central,
through opening 16, in which a filter 17 is inserted between
an inner O-ring 18 and an outer locking ring (a s.c. Seeger
ring). The through opening 16 of the end plug 15 has internal-
ly (i.e. to the left in Fig. 2) a wider portion, the shoulder

rs
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surface 20 of which forms a seat for a pressure spring 21,
which urges the locking piston 12 towards the axis L of the
cylinder (dashed), so that in the shown position an inter-
nal locking tongue 22 on the locking piston 12 is brought
into locking engagement with a member connected to the cy-
linder piston 5, namely a locking flange 23 which is centrally
fixed by means of a screw 24 to a neck 25 protruding axially
from the cylinder piston 5. The upper edge 26 of the locking
flange 23 is bevelled obliquely, and the lower edge 27 of

the locking tongue 22 has a corresponding bevel, though not

as steep, so that the locking flange 23 can be displaced up-
wards so as to cause the locking piston 12 to move (towards
the right in Fig. 2) against the action of the spring 21,

e.g. before transport of the cylinder 1 or in connection with
the suspension of a load 7 at the end of the piston rod 6 (see
Fig. 1) before connecting the p;essurized air.

In order to prevent the locking piston 12 from rotating about
its axis, a guide pin 28 is inserted into the wall of the
guide sleeve 14. The guide pin 28 protrudes into a longi-
tudinal groove 29' in the upper portion of the locking piston.
The above-mentioned connecting port 11, communicating with the
connecting port 9, is connected to a chamber 29 inside the
guide sleeve 14, said chamber 29 being limited on the one hand
by an annular shoulder surface 30 of the guide sleeve 14 and
on the other hand by an annular piston surface 31 on a widened
portion 32 of the locking piston 12. Annular sealings 33 and
34, respectively, of a s.c. sliding-O-ring type ensure that
the chamber 29 is kept pressure separated from the upper cy-
linder chamber of the cylinder 1 as well as the ambient air.

The locking device operates in the following way: In the rest
position according to Fig. 1, the lower cylinder chamber and
the separate chamber 29 communicate with the pressurized air
source K, and therefore the locking piston is located in its
right hand position not shown in Fig. 2, because the spring 21

is dimensioned so as to be overcome by the pressure exerted by
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the pressurized air on the piston surface 31. Now, when an
actuating signal is applied to the control ports 12', 12" of
the valves V1,V2, whereby the valves are reversed , the full -
main pressure is quickly obtained in the upper cylinder cham-
ber of the cylinder 1, since this cylinder chamber has a very
small volume. The lower cylinder chamber, however, has a
rather large volume and will therefore be emptied rélatively
slow via the outlet port 9 and the outlet 1".

When the pressure difference between the upper and the lower
cylinder chambers reaches a certain value, e.g. 0,5-1 bar,

the cylinder piston 5 starts its downward movement. At this
momenf, however, the lower cylinder chamber and the chamber

29 communicating therewith still have a remaining counter
pressure of e.g. 2-3 bar, and therefore the locking piston

12 is held in its retracted position to the right. Only when
the remaining pressure in the last-mentioned chamber has been
reduced to a predetermined value, e.g. approximately 1,6 bar,
the spring 21 has the power to displace the locking piston 12
to its left end position. At this time, however, the cylinder
piston 5 and its locking flange 23 have already sunk far down
into the cylinder 1, normally all the way down to the lower
end position (dashed in Fig. 1). As long as the actuating sig-
nal is applied on the valves, the piston 5 and, consequently,
the load 7 as well remain in this lower end position.

As soon as the actuating signal ceases, the valves V1, V2 are
reversed again, whereby the lower cylinder chamber and the
separate chamber 29 (now having a rather small volume) quickly
reach the air source main pressure of 3-8 bar. Hereby, the
locking piston 12 immediately returns to its retracted right hand
position, whereas the cylinder piston 5 together with its load

7 somewhat later reach their upper positionl2(the rest position
according to Fig. 1, wherein the locking piston, as mentioned
above, is located in its right hand position).

The locking device described above has the following advantages:
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- During normal service conditions, no locking engagement
between the locking piston 12 and the cylinder piston 5
will ever occur, and therefore the wear is reduced to a
minimum;

- Each time the cylinder piston 5 performs an actuating
stroke, the locking piston is displaced passively back
and forth, and therefore the locking piston is kept ope-
rative so that risk of stalling is small;

- When the air pressure disappears (and only then), e.g.
due to a hose breakage in the main conduit from the
pressurized air source or in one of the conduits which
are integrated with the cylinder-valve-system, the
locking piston 12, by the action of the spring 21, will
be quickly displaced to its left end position into lock-
ing engagement with the locking flange 23 connected to
the cylinder piston 5;

- The area of the piston surface 31 of the locking piston 12
and the spring force 21 can easily be so dimensioned
that a good safety margine is obtained for the desired
functions for a given load and a given main pressure of
the pressurized air source;

- The cylinder piston 5 can be fixedly held in its end
position during transport and, moreover, the maunting
of the cylinder unit is facilitated, especially in a
vertical positon, in that the cylinder piston is locked
in a retracted position.

The inventive locking device can be modified in many ways
within the scope of the inventive idea defined in claim 1.
Thus, one or more locking pistons can be mounted at each end
of the cylinder. Moroever, the locking piston can co-operate
with the piston rod instead of the locking flange 23. Nor is
the orientation of the cylinder essential to the invention,
though several advantages are gained by the illustraded

vertical orientation. The actuating cylinder may be single-
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acting (by means of a return spring or by way of a load)
or doublefacting (as described). Finally, the pressurized
fluid may be constituted by either oil or gas (air).
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CLAIMS

1. A locking device for end postion locking of a cylinder
piston (5), which is displacable back and forth between a
first and a second cylinder end wall (3,4) in a fluid cylinder
(1), comprising at least one locking piston (12), which is
movable at an angle to the cylinder axis (L) and which is
spring-loaded (21) towards a locking position for engagement
with the cylinder piston or a means (23) connected therewith,
so that the cylinder piston (5) is locked adjacent to said
first cylinder end wall (3), c haracterized in
that the locking piston (12) is operable towards a retracted
position by the action of the pressurized fluid exerted on

a piston surface (31) on the locking piston in a separate
chamber (29), which communicates (10) with the cylinder cham-
ber situated between the cylinder piston (5) and said second
cylinder end wall(4), so that, when the cylinder piston (5) is
moved away from said first cylinder end wall (3), the resi-
dual pressure of the pressurized fluid in said cylinder cham-
ber keeps the locking piston (12) in its retracted position,
whereby the locking piston, due to the spring loading, se-~
cures the locking of the cylinder piston (5) only in case of

a predetermined pressure drop of the pressurized fluid.

2. A locking device as set forth in claiml, characte-~-
r i zed in that the locking piston (12) is slidably mounted
in a recess (13) in said first cylinder end wall (3), said

separate chamber (29) forming a part of said recess.

3. A locking device as set forth in claim 2, ch ar ac -
terized in that the recess (13) is situated in a peri-
pheral part of the cylinder end wall (3), wherein the locking
piston (12) in its locking position extends inwardly and engages
with said means (23) connected to the cylinder piston (5,25).
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4. A locking device as set forth in claim 3, c har ac -~
terized in that said means (23) is arranged on a
cylinder piston neck (25), which is displacable into a cen-
tral cavity in the cylinder end wall (3).

5. A locking device as set forth in anyone of claims 1-4,
characterized in that said cylinder chamber
(between 5 and 4) and said separate chamber (29) are jointly
connected to a pressurized fluid source (K) via a two-posi-
tinal valve (V2), which in one of its positions connects

said chambers to the pressurized fluid source and in its other

position connects said chambers to an outlet (1").

6. A locking device as set forth in claim 5, ch a r a c-
terized in that the spring force (21) exerted on

the locking piston (12) is dimensioned in such a way that
the spring force balances the pressurized fluid pressure
exerted on the piston surface (31) of the locking piston at
a pressure exceeding the outlet pressure but lying below

the pressure of the pressurized fluid source (K).
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