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HIGHOUTPUT HYDRAULIC CYLINDER AND PISTON ARRANGEMENT

Cross-Reference (o Related Apnlication(s)

This application is being filed on November 5, 2014, as a PCT International
Patent application and claims priornity to Indian Patent Application Serial No.
126(/KOL/2013 filed on November §, 2013, the disclosure of which is incorporated

herein by reference in its entirety.

Technical Field

The present disclosure relates generally to piston and cylinder

arrangemems.

Background
Hydraulic piston and cylinder arrangements are used for mechanical
actuation in many apphications. A typical hydraulic piston and cylinder arrangemeont
meludes a piston that mounts within a cylinder body. The piston typically includes a
piston rod connected to a piston head. Pressurized hydrackc fluid is directed into and out
of the cylinder body, thereby causing the piston rod 10 extend and retract relative to the
cylinder body. Improved performance 15 desirable particularly in the arca of high output

piston and eyhinder assemblies.

Summary

The present disclosure relates generally to a piston and cylinder assembly
having piston and cyhnder devices configured to operate solely n compression. In certain
examples, a piston and cylinder assembly is configured o transfer relatively high forces to
an output rod that is configured to be coupled to a piece of machinery or equipment {c.g., a
compressor). Tn certain examples, the output rod can inchude a main shaft and at least one
end flange that is unitary with the main shaft. In certain examples, the end flange can be
coupled to an ovtput component {¢.g., a piece of machinery or equipment, or an adapter or
fitting suitable for providing a connection with a piece of equipment or machinery) by a
phurality of threaded fasteners (e.g., bolts). Each fastener s torqued safficiently to have a
desired pre-load level suitable for preventing fatigue. In certain examples, the piston and

cylinder arrangement can include multipie paired piston and cylinder devices that transfer
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forces to an cutput rod through an intermediate force transfer structure that 15 coupled to
all the piston and cylinder devices of the piston and cylinder arrangement.

Ancther aspect of the present disclosure relates o piston and cylinder
arrangements that eliminate the need for relatively large, threaded joints. The climinanon
of such large, threaded joints 15 advantageous because such large, threaded joints can
fatigue when subject to repeated tonsion and compression cycles if not provided with the
proper amourd of pre-load. This can be problematic because of the difficulty associated
with applying the proper pre-load to such large, threaded joints.

Another aspect of the present disclosure reiates to a high output Hincar
actuator having an output capacity that exceeds 15 million newtons. io certain examples,
the hinear actuator has an output rod that is free of any relatively large threaded joints that
can be difficult to pre-load. Instead, the output rod includes & main shaft and a anitary end
flange. The end flange can inchude a phlurality of fastencr openings for receiving a
plurality of threaded fastencrs {c.g., bolts) that can be used to couple the output rod to
another stracture. In certain examples, the threaded fasteners have diameters that are
substantially smaller than the outer diameter of the main shaft. In certain exampies, the
threaded fasteners are sized so as to be casily installed with a desired amount of pre-load.

Another aspect of the present disclosure relates 1o a method of reciprocally
moving an output rod mounted to a force transfer member of a hydraulic piston and
cylinder arrangement. The method includes applying hydraulic pressure to a first piston
and cylinder device to operate the first piston and cylinder device in compression to move
the force transfer member in a first direction; applying hydraulic pressure o a second
piston and cylinder device to operate the second piston and cylinder device in compression
to move the foree transter member in an opposite second direction; refraining from
applying tension to the second piston and cylinder device while applying hydraulic
pressure to the first piston and cylinder device; and refraining from applying tension to the
first piston and cylinder device while applying hydravlic pressure to the second piston and
cylinder device,

In certain implementations, an cutput component 18 coupled to the output
rod by threading a phuality of fasteners through apertures defined in an end flange of the
output rod.

Another aspect of the present disclosure relates 1o a hydraulic piston and
cylinder arrangement including a force transfer member; an output rod coupled to the

force transfer member to move with the force transfer member; a first piston and cylinder

s
L
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device coupled to the force transter member; and a second piston and cylinder device
coupled to the force transfer member. The first and second piston and cylinder devices are
configured to be operated only in compression. The first piston and cylinder device is
configured to move the force transfer member in a fivst direction when the first piston and
cylinder device is operated in compression, thereby moving the cutput rod in the first
direction. The second piston and cylinder device is configured to move the force transter
merober in a second direction when the second piston and cylinder device is operated in
compression, thereby moeving the output rod in the second direction.

A variety of additional aspects will be set forth in the description that
follows. The aspects relate to mdividual features and to combinations of features, Itisto
be understood that both the forgoing general description and the following detailed
description are explanatory only and are not restrictive of the broad inventive aspects upon

which the examples disclosed herein are based.

Brief Description of the Drawings

Figare 1 shows a fivst example high output Iinear actuator in accordance
with the principles of the present disclosure;

Figure 2 illusiraics a sccond cxample bigh output lincar actuaior in
accordance with the principles of the present disclosure; and

Figure 3 illustrates a thivd example high output lnear actuator in

accordance with the principles of the present disclosure.

Dietailed Deseription

A hydraulic piston and cylinder arrangement inchuding a force transfer
member; an output rod coupled to the force transfer member to move with the force
transfer member; a first piston and cylinder device coupled to the force transfer member;
and a sccond piston and cylinder device coupled to the force transfer member. The first
and second piston and cyhinder devices are configured o be operated only in compression.
The first piston and eylinder device is configured to move the foree transfor member ina
first direction when the first piston and cylinder device is operated in compression, thereby
moving the output rod in the first direction. The second piston and cvlinder device is
configured to move the force transfer member in a second direction when the second
piston and cylinder device is operated in compression, thereby moving the ootput rod in

the second direction.
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Each piston and cylinder device includes a piston reciprocally movable
through a rod end of a cylinder body. In certain implementations, cach piston and cylinder
device is configured to recetve hydraulic pressure at only a cap end of the respective

cylinder body and not at the rod end of the respective cylinder body.

N

In certain implementations, the cap ends of the cylinder bodies are mounted
to a frame so that the force fransfor member is configured to move relative to the frame.
In an exampie, the fraroe includes two spaced apart frame members coupled together by
cross-members along which the foree transfer member is configared to slide when moved
in the first and second directions. In another example, the force transfer member includes
10 two spaced apart flanges that arc coupled together by cross-members and between which
the frame is disposed.

I use, the output rod is reciprocally moved by applying hydraulic pressure
to the first piston and cylinder device to operate the first piston and cylinder device in

compression to move the force transfor member in a first divection, thereby moving the

[
W

output rod in the first direction; and refraining from applying tension to the second piston

and cylinder device while applying hydraulic pressure fo the first piston and cylinder

device. Hydraulic pressure is then applied to the second piston and cylinder device to

operate the second piston and cylinder device in compression to move the force transfer

member 10 an opposite second direction; and tension is not applied to the first piston and

20 cylinder device while hydraulic pressure is applied to the second piston and cylinder
device.

In certain implementations, muiltiple first piston and cylinder devices are
coupled to a first side of the force transfer member and multiple second piston and
cyhinder devices are mounted to a second side of the force wransfer member, The first

25 piston and cylinder devices are configured to move the force transfor member in the first
direction when the first piston and cylinder devices are operated in compression. The
second piston and cylinder devices arc configured to move the force transfer member in
the second direction when the sccond piston and cylinder devices are operated in
compression. In an example, the first side of the force transfer member faces away from

33 the second side of the force transfer member. In another example, the first side of the

force transfor member faces fowards the second side of the force transfor member.
In certain implementations, an output component 1s coupled to the output
rod by threading fasteners through apertures defingd 0 an end of the cutput rod. Inan

cxample, the cutput rod inclhudes a main shaft and at least one end flange that is unitary

4
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with the main shaft. The end flange defines fastener openings through which the threaded
fasteners arc inscrted to couple the end flange to an output component. In certain
examples, the main shaft of the output rod includes a second end flange that is unttary with
the main shatt at an opposite end of the main shaft from the end flange. In an exanple, the
second end flange is configured to couple to the force transfer member using threaded
fasteners.

In certain toplementations, a second output rod is coupled to the force
transfer member to move with the force transfer member. In an example, the second
output rod is coupled to an opposite side of the force transfer member than the ouiput rod.
In an example, the second output rod extends coaxially with the output vod 1o an opposiie
direction to the output rod. Another output component can be coupled to the second
output rod by threading fasteners through apertures defined in an end {¢.g., a unitary end
flange} of the second output rod.

Referring now to the drawings, Figure | illustrates an example high output
linear actuator 20 in accordance with the principles of the present disclosure. The linear
actuator 20 includes two ouiput rods 22 that are reciprocated back and forth along an axis
24 by a piston and cylinder arrangeruent 26. The piston and cylinder arrangement 26
mcludes a frame 28 having spaced-apart frame members 30 through wiach the output rods
22 extend and relative to which the output rods 22 are moveable along the axis 24. The
frame members 30 are coupled together by coupling rods 32 that extend between the
frame members 30, In an example, the coupling rods 32 are parallel to one another. The
couphing rods 32 can inchide integral flanges 34 fastened to the frame members 30 by a
plurality of threaded fastencrs 36 {¢.z., bolis).

The piston and cylinder arrangement 26 also includes a force transfer
member 38 that is mounted to shide on the coupling vods 32, The coupling rods 32 are
aligned along axes 40 that are parallel to the axis 24. The piston and cylinder arrangement
26 further includes a plurality of piston and cylinder devices 42 configured to move the
force transtor member 3% along the axis 24, A first set 44a of the piston and cylinder
devices 42 1s mounted between a first 30a of the frame members 30 and the force transfer
member 38, A sccond set 44b of the piston and eyhinder devices 42 is mounted between a
second 30b of the frame members 30 and the force transfor member 38, The piston and
cyhinder devices 42 are aligned along axes 46 that are parallel to the axis 24,

Still referring to Figure |, the piston and cyhinder devices 42 are configured

for moving the force transfer member 38 back and forth along the axis 24 between the first
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and second frame members 30a, 30b. The piston and cyhinder devices 42 each include a
cylinder body 48 having a rod ond 50 and a cap end 52, Each of the piston and cylinder
devices 42 also includes a cap 54 mounded at the cap end 52 of the cylinder body 48 and a
piston 56 that sHdes relative to the eylinder body 48 along the axis 46. The piston 56
tnclades a piston head 58 captared within the cylinder body 48 and a piston rod 60 that
projects outwardly from the rod end 50 of the cylinder body 48.

As depicted at Figure 1, the cylinder bodies 48 of the first set 44a of piston
and cylinder devices 42 are coupled to the first frame member 30a and the cuter ends of
the piston rods 60 of the piston and cylinder devices 42 of the first set 442 are coupled to
the force transfer maember 38, The eylinder bodies 48 of the second set 44b of piston and
cyhinder devices 42 are coupled to the second frame member 30b and the outer ends of the
piston rods 60 of the piston and cylinder devices 42 of the second set 44b are coupled to
the foree transfor member 38,

The output rods 22 of the lincar actuator 20 each include a main shaft 62
and end flanges 64 that are umitarily formed with the main shaft 62. The end flanges 64 at
outer ends of the oulput rods 62 are fastened to components 66 {e.g., cquipment,
machinery, or fittings or adapters suitable for providing au intermediate interface between
the end flanges 64 and the equipment or machinery} by tiweaded fasteners 68, such as
bolts. The threaded fastencrs 68 can extend through openings defined i the end flanges
64 and can be threaded into the componenis 66, The surface arca provided by the end
flanges 64 is sufficiently large to provide a sufficient number of threaded fasteuners 68 to
securely attach the components 66 to the ouiput rods 22, The threaded fasteners 68 arg
sufficiently small so as to be able to be installed at 2 precise pre-loading level. The end
flanges 64 at inmer ends of the output rods 22 are attached to the foree transfer member 38
n a stmilar manner.

The first sct 44a of piston and cylinder devices 42 is configured to drive the
force transfer member 38 and thus the output rods 22 in a first direction 70 along the axis
24. The second set 44b of piston and cylinder devices 42 1s configured to drive the foree
transfer member 38 and thus the output rods 22 n a second direction 72 along the axis 24,
The first and second directions 70, 72 are opposite with respect to one another. The piston
and cylinder devices 42 are configured to act through a common element or structure in
the form of the force transter member 38 when actuated. Thus, the force transfer member
38 tunctions to transfer force from one or more of the piston and cyhinder devices 42 to the

ouiput rods 22,

6
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The piston and cyhinder devices 42 are configured to only operale in
compression. For example, hydraulic pressure (c.g., pressurized hydraulic fluid) is only
provided to the cap ends 52 of the cylinder bodies 48 and is not provided to the rod cuds
50 of the cylinder bodies 48, In certain examples, the rod ends SO of the cylinder bodies
48 can be ported to atmosphere through a structure such as a breather valve. Thus, in such
cxamples, air is provided within the cylinder body 48 in the region between the piston
head 58 and the rod end 50 of the cylinder body 48, In other examples, fluid
communication can be provided across or through the piston head 58 such that movement
of the piston 56 relative to the cylinder body 48 causes hydrautic fluid within the cylinder
body 48 to flow from one side of the piston head 58 to an opposite side of the piston head.

1 use of the linear actuator 20, the first and second sets 44a, 44b of piston
and cylinder devices 42 are alternatingly actuated/pressuarized to drive the output rods 22
back and forth along the axis 24. The first set 44a of piston and cylinder devices 42 are
actuated by providing hydraulic pressure to the cap ends 52 of the cylinder bodies 48,
thereby causing the pistons 56 to move 1n the first direction 70 relative to the cylinder
bodics 48. Movement of the pistons 56 in the first direction 70 causcs the force transfer
member 38 and thus the outpui rods 22 attached thereto 1o move in the first divection 70
along the axis 24,

As the output rods 22 move in the first direction 70, hydraulic pressure is
not provided to the rod ends 50 of the cylinder bodies 4% of the second sct 44b of pision
and cvlinder devices 42, Instead, the pistons 56 of the piston and cylinder devices 42 of
the second sct 44b move passively along the first direction 70 within their corresponding
cylinder bodies 4% as a result of the force applied to the force transfer member 3% by the
piston and cylinder devices 42 of the fivst set 44a. Thus, the piston and cylinder devices
42 of the second set 44b do not apply force to the force transter member 38 1o actively puldl
the force transfer member 38 in the first direction 70. In other words, the piston and
cylinder devices 42 of the sccond set 44b are not operated in tension as the force transfer
merober 38 and the corresponding output rods 22 are moved in the first divection 70.

Once the force transter member 38 and the corresponding output rods 22
have been moved in the first divection 70 by the first set 44a of piston and cyvlinder devices
42, hydraulic pressure is disconnected from the cap ends 52 of the cylinder bodies 48 of
the piston and cylinder devices 42 of the first set 44a. Hydrauhic pressure is commected and
applied to the cap ends 52 of the cylinder bodies 48 of the piston and cylinder devices 42

of the sccond set 44b. This application of hydraulic pressure causes the piston and

2
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cylinder devices 42 of the second set 44b to posh the force transfer member 38 and the
corresponding output rods 22 in the second direction 72, Thus, the piston and cylinder
devices 42 of the sccond set 44b are caused to operate i compression.

When hydraulic pressure s applied to the rod ends 50 of the cylinder
bodies 48 of the piston and cyhinder devices 42 of the second set 44b, hydraulic pressure is
not provided to the rod ends 50 of the cylinder bodies 4% of the piston and cylinder devices
42 of the first set 44a. Instead, the pistons 56 of the first sct 44a are passively moved
within their corresponding cylinder bodies 48 via force derived from the second set 44b.
The piston and cylinder devices 42 of the first set 44a do not operate in tension and do not
apply a force to the force transfer member 38 for moving the force fransfer member in the
second direction 72. It will be appreciated that the first and second sets 44a, 44b are
alternatingly actuated o reciprocate the ootput rods 22 back and forth along the axis 24.

Figure 2 shows another example linear actuator 120 in accordance with the
principles of the present disclosure. The linear actuator 120 has a fixed contral frame 128,
The linear actuator 120 also inchides first and second sets 144a, 144b of piston and
cylinder devices 142 of the type previcusly described. Each piston and cylinder devices
142 bas a vod end 150 and a cap end 152, The first and sccond sets 144a, 144b of piston
and cylinder devices 142 are coupled between the fixed central frame 128 and a force
transfor member 138, In certain implementations, the first and second sets 144a, 144b are
mounied on opposile sides of the ceniral frame 128. For example, the cap ends 152 of the
piston and eyhinder devices 142 can be mounted to the cerdral frame 128,

The force transfer member 138 is coupled to output rods 122 that are
aligned along an axis 124. The force transfor member 138 is configured to move along the
axis 124, In certain examples, the force transter member 138 includes one or more rods
139 or other cross-members extending between spaced-apart flanges 138a, 138b. In
certain examples, the central frame 128 and the first and second sets 144a, 144b of piston
and cylinder devices 142 are disposed between the flanges 13%a, 138b. In an example, the
cylinder bodies 148 of the first set 144a of piston and cylinder devices 142 are coupled to
one side of the central frame 128 and the ocuter ends of the piston rods of the piston and
cylinder devices 142 of the first set 144a are coupled to a first flange 138a of the force
transfer member 138, The cylinder bodies 148 of the second set 144b of piston and
cylinder devices 142 are coupled to another side of the central frame 128 and the outer
ends of the piston rods of the piston and cylinder devices 142 of the sccond set 144b are

coupled to a second flange 138b of the force transfer member 138,
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In use, the first and second sets 144a, 144h of piston and cylinder devices
142 cooperate with the force transfer member 138 to lincarly reciprocate the output rods
122 back and forth along the axis 124, Similar to the previcusly described emboediments,
it is desirable for none of the piston and cylinder devices 142 to operate n tension.
Instead, the {irst and second sets 144a, 144b of piston and cvlinder devices 142 are
alternatingly actuated in compression to generate compression strokes that move the force
transfer member 13¥ back and forth along the axis 124, For example, when the first sct
144a of piston and cylinder devices 142 1s operated in compression, the force transfer
member 138 is moved in a first direction 170 along the axis 124, thereby causing the
output rods 122 to move io the first direction 170, In condrast, when the sccond set 144b
of piston and cylinder devices 142 is actuated in compression, the force transfer member
138 1s driven in a second direction 172 along the axis 124, thereby moving the output rods
122 in the second direction 172.

Figure 3 shows another example hinear actuator 220 in accordance with the
principles of the present disclosure. The linear actuator 220 has the same general
configuration as the lincar actuaior 120 shown in Figure 2, except that only one piston and
cylinder device 142 is provided on each side of the fixed central frame 128, A cap end
152 of each piston and cylinder device 142 is coupled to the central frame 128, A piston
156 of each piston and cyhinder device 142 is coupled to one of the flanges 1382, 138b of
the foree transfor member 138,

In use, when the piston and cylinder device 142 on a first side of the contral
frame 128 is operated in compression, the force transfer member 138 is moved in a first
direction 170 along the axis 124, thercby causing the output rods 122 to move in the first
direction 170. In contrast, when the piston and cylinder device 142 on the second side of
the central frame 128 is actuated in compression, the force transfor member 138 1s driven
in a second direction 172 along the axis 124, thereby moving the output rods 122 in the
second direction 172,

In certain toplementations, voe hydraulic pressure is applied to the rod end
150 of the piston and cylinder devices 142,

In certain implementations, no hydraulic fluid is applied to the piston and
cylinder device 142 on a second side of the frame 128 when the piston and cylinder device
142 on the first side of the central frame 128 15 operated. No hydrahic thad is apphed to
the piston and cylinder device 142 on the first side of the frame 128 when the piston and

cylinder device 142 on the second side of the central frame 128 is operated.

9
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The above specification, examples and data provide a complete description
of the manufacture and usc of the compuosition of the invention. Since many embodimentis
of the invention can be made without departing from the spirit and scope of the invention,

the invention resides in the claims heremafter appended.
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What is claimed is:

I. A method of reciprecally moving an output rod coupled to a force transfer moember
ot a hydraulic piston and cylinder arrangement, the method comprising:

applying hydraulic pressure to a first piston and cylinder device to operate the fivst
piston and cylinder device in compression to move the force transfer member in a first
divection;

applying hydraulic pressure to a second piston and cylinder device to operate the
second piston and eylinder device in compression to move the force transfer member in an
opposite second direction;

refraining from applying tension to the second piston and cylinder device while
applying hydraulic pressure to the first piston and cylinder devics; and

refraining from applying tension to the first piston and cylinder device while

applying hydraulic pressure fo the second piston and cylinder device.

2. The method as claimed in claim 1, wherein applying hydraulic pressuse o cach
piston and cylinder device comprises applying hydraukic pressure to ounly a first ond of the
piston and cylinder device and refraining from applying hydraulic pressure to an opposite

second end of the piston and cylinder device.

3. The method as claimed in claim 1, further comprising coupling an output
component to the output rod by threading a phirahity of fasteners through apertures defined

in an end flange of the cutput rod.

4. The method as claimed in claim 1, firther comprising sliding the output rod along
a first axis as the force transfer member is moved in the first and second directions, the
first axis being parallel to longitudinal axes of the first and second piston and cylinder

devices.

S, The method as claimed in claim 4, wherein the foree transfer member is shid along
portions of a frame as the force transfer member is moved in the first and second

directions, wherein the output rod extends outwardly from the frame.

6. A hydrachic piston and cylinder arrangement comprising:

1
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a force transfer member;

an output rod coupled to the force transfer member to move with the force transfer
member;

a first piston and cylinder device coupled to the force transfer member, the first
piston and eylinder device being configured to be operated only in compression, and the
first piston and cylinder device being configured to move the force transfer member in a
first direction when the first piston and cylinder device is operated in compression,
wherein the output rod moves with the force transfer member; and

a sccond piston and cylinder device coupled to the force transfer member, the
sccond piston and cylinder device being configured to be operated ounly in compression,
and the second piston and cylinder device being configured to move the force transfer
member in an opposite second direction when the second piston and cylinder device is

operated in compression, wherein the output rod moves with the force transfer member.

7. The hydraulic piston and cylinder arrangement as claimed in claim 6, wherein the
output rod includes a main shaft and at least one end flange that is unitary with the main
shaft, the cnd flange defining a plurality of fastener openings configured to receive a

phurality of threaded fasteners to couple the end flange to an output component.

8. The hydraulic piston and cylinder arrangement as claimed in claim 7, wherein the
main shaft includes a second end flange that 15 unitary with the main shaft at an opposite
end of the main shaft from the end flange, the second end flange being configured to

couple to the force transfer member.

9. The hydraulic piston and cylinder arvangement as claimed in claim 6, wherein the
first piston and cylinder device is part of a first set of piston and cylinder devices coupled
to the force transfer member and configured to move the force transfer member in the first
direction when the pisten and cylinder devices of the first set arc operated in compression;
and wherein the second piston and cylinder device is part of a second st of piston and
cylinder devices coupled to the force transfer member and configured to move the force
transfeor momber in the second direction when the piston and cyhinder devices of the

second set are operated in compression.

12
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10, The hydraulic piston and cylinder arrangement as claimed in claim 6, wherein the
first piston and cylinder device includes a first cylinder body and a first piston, wherein
the first piston mounts 1o a first side of the force transfer moember; and wherein the second
piston and cylinder device includes a second cylinder body and a second piston, wheren

the second piston mounts to a second side of the force transfer member.

1. The hydraulic piston and cylinder arrangement as claimed m claim 10, wherein the
first side of the force transfer member faces away from the second side of the force

transfer momber.

12, The hydraulic piston and cylinder arrangement as claimed in claim 10, wherein the
first side of the force transfer member faces towards the second side of the force transfer

member.

13, The hydraulic piston and cylinder arrangement as claimed in claim 10, wherein
cach piston and cylinder device is configured to receive hydraudic pressure at only a cap

end of the respective eylinder body.

14, The hydranlic piston and cylinder arvangement as clabmed in clatm 10, further
comprising a frame to which cap ends of the first and second cylinder bodies are coupled,

wherein the force transfor meomber is configured to move relative to the frame.

15.  The hydraulic piston and cylinder arrangement as claimed in claim 14, wherein the
frame includes two spaced apart frame members coupled together by cross-meombers,
wherein the foree transfer member is disposed between the frame members and configured
1o slide along at least one of the cross-members, wherein the first piston and cyvlinder
device is disposed between the force transfer member and a first of the frame members,
and wherein the second piston and cylinder device is disposed between the force transfer

member and a second of the frame members.

16.  The hydraulic piston and cylinder arrangement as claimed in claim 15, wherein the
first piston and cylinder device is part of a first set of piston and cyhinder devices coupled
10 the force transfer member and the first frame member, the first set of piston and

cylinder devices being configured to move the force trapsfer member in the first direction
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relative to the frame when the piston and cylinder devices of the first set are operated in

compression; and whercin the second piston and cylinder device 1s part of a second set of
piston and cyhinder devices coupled to the force transfer member and to the second frame
member, the second set of piston and cylinder devices being configured to move the force
transter member in the second divection relative to the frame when the piston and ¢ylinder

devices of the sccond sct arc operated in compression.

17.  The hydranlic piston and cylinder arrangement as claimed in claim 14, wherein the
force transfor member inchudes two spaced apart flanges coupled together by cross-
members, wherein the frame 15 disposed between the flanges of the force transfer member,
wherein the first piston and cylinder device is disposed between the frame and a first of
the flanges of the force transfer member, and wherein the second piston and cylinder
device is disposed between the frame and a sccond of the flanges of the force transfer

member.

18, The hydraulic piston and cylinder arrangement as claimed o claim 17, wherein the
first piston and cylinder device is part of a fivst set of piston and cyhinder devices coupled
to the frame and the first tlange of the force transfer member, the first set of piston and
cylinder devices being configured to move the force trapsfer member in the first direction
relative to the frame when the piston and cylinder devices of the first set are operated in
compression; and wherein the second piston and cylinder device is part of a second set of
piston and cylinder devices coupled to the frame and the second flange of the force
transfer member, the second set of piston and cylinder devices being configured to move
the force transter member in the second direction relative to the frame when the piston and

cyhinder devices of the second set are operated in compression.

19, The hydraulic piston and cylinder arrangement as claimed in claim 6, whercin the
first and second piston and cyvlinder devices are aligned along an axis extending paralici to

a slide axis along which the output rod moves with the force transfer member.

20.  The hydrauglic piston and cylinder arrangement as claimed in claim 6, further
comprising a second output rod coupled to the foree transfer member to move with the
force transfer member, the second cutput vod extending coaxially with the output rod in an

opposite direction to the output rod.

14
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