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ABSTRACT 

The present invention relates to a multi-stage hydraulic cylinder for providing multiple stages 

of displacement with different cylinder forces, comprising a cylinder housing, a first stage 

piston slidably received in said cylinder housing to be displaced over a first stage of dis

placement, a second stage piston coupled to said first stage piston to be displaced, together 

with said first stage piston, over said first stage of displacement and to be displaced relative to 

said first stage piston over a second stage of displacement, said first stage piston and said sec

ond stage piston having pressure surface areas different from each other to provide for said 

different cylinder forces, and further comprising a cushion arrangement for smoothening stage 

changes. In accordance with the present invention, the cushion arrangement includes at least 

one compression chamber of variable volume with a movable and/or deformable chamber 

wall element to be displaced by at least one of the pistons when approaching the transition 

zone between said first and second stages of displacement, said compression chamber being 

operatively connected to a gas volume to be compressed upon displacement of said chamber 

wall element and compression of said compression chamber.
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MULTI-STAGE HYDRAULIC CYLINDER ASSEMBLY 

TECHNICAL FIELD 

[00011 The present invention relates to a multi-stage hydraulic cylinder for providing 

multiple stages of displacement with different cylinder forces. In particular, the present inven

tion relates to a multi-stage hydraulic cylinder having a cylinder housing, a first stage piston 

slidably received in said cylinder housing to be displaced over a first stage of displacement, a 

second stage piston coupled to said first stage piston to be displaced, together with said first 

stage piston, over said first stage of displacement and to be displaced relative to said first 

stage piston over a second stage of displacement, said first stage piston and said second stage 

piston having pressure surface areas different from each other to provide for said different 

cylinder forces. A cushion arrangement is provided for smoothening stage changes.  

BACKGROUND ART 

100021 Certain applications of hydraulic cylinders require different displacement forces at 

different stages of displacement. For example, in large mining trucks, the dumping body for 

collecting and transporting the mining material is tilted about a horizontal axis to dump the 

material, said tilting movement requiring a large driving force at the initial stage of tilting, 

whereas the required driving force is considerably decreased when the dumping body reaches 

a more upright position with the center of gravity being closer to the tilting axis and a part of 

the material already having been dumped.  

10003] In such hydraulic systems where one or more fixed or variable displacement 

pumps may be used for operating one or more multi-stage hydraulic cylinders, there exists 

mechanical contact at the time of stage change. In applications where the force required from 

the cylinder decreases dramatically as extended length increases, it is desirable to have con

siderably smaller second stage than first stage, resulting in a large area ratio. However, such 

large area ratio causes a shock when the first stage piston reaches its mechanical stop. In cer

tain applications of such multi-stage hydraulic cylinders, basically the same pressure is sup

plied to both the first stage piston and the second stage piston so due to the large area ratio of 

such pistons a rather hard shock is caused when the first stage piston reaches the end of its 

displacement path and hits against the mechanical stop.
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[00041 In order to reduce such shocks, a cushioning arrangement may be used to deceler

ate the piston at the end of its displacement path before the piston hits said mechanical stop, 

thereby reducing the velocity of the piston when hitting against the mechanical stop. Various 

solutions for such cushioning arrangements have been proposed. For example, document US 

4,397,218 discloses a cushioning device for decelerating and stopping the piston in a hydrau

lic cylinder by restricting and throttling the fluid flow from the cylinder. More particularly, 

the flow of fluid is reduced, as the end of stroke in the cylinder is reached. A plunger is 

slidably received in a flow path, said plunger being pushed deeper into said flow path by the 

piston approaching its end position, wherein the flow path gets further restricted as the 

plunger is inserted deeper. However, the downside to this, especially in a fixed displacement 

system, is any fluid that does not do work on the cylinder is required to flow over a relief 

valve creating unnecessary heat.  

[0005] Furthermore, document US 7,104,054 discloses a way to electronically control the 

speed as a piston reaches the end of its stroke. The hydraulic cylinder system includes a sen

sor configured to generate a.signal indicative of hydraulic cylinder position and a valve cou

pled to the cylinder to control flow rate of hydraulic fluid to and from the cylinder so that an 

electronic controller that is coupled to the sensor may command valve opening and closing in 

response to the hydraulic cylinder position. Such electronic sensing and commanding system 

is quite expensive, increases complexity and is prone to damages and functional errors under 

rough environmental conditions.  

[0006] Furthermore, document US 2006/0151269 discloses a cushioning device that 

completely prevents the piston from colliding with the end boss. At the end of the piston 

stroke, a portion of the hydraulic oil to be discharged from the pressure chamber is trapped 

and may be discharged via a throttle clearance only. In addition, an elastic cushion element 

made of rubber is positioned between the end boss and the piston to prevent the piston from 

directly hitting onto the end. boss. Such elastic cushion, however, is not advantageous in cer

tain applications due to multiple reasons. In particular, the space required to have an elastic 

cushion element is not available in certain cylinders such as multi-stage cylinders where a 

plurality of pistons are to be received within the cylinder housing. Also the forces present in 

cylinders for large applications such as mining trucks or other large construction equipment 

prohibit effective use of an elastic cushion element made of rubber. Furthermore, the durabil-
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ity of an elastic cushion element is rather limited in applications where the cylinder is oper

ated at high frequencies and high loads.  

[0007] It is therefore a preferred objective of the present invention to provide for an im

proved multi-stage hydraulic cylinder that avoids disadvantages of the prior art and provides 

for improvement of the known solutions. In particular, the invention aims at a small size, 

compact cushioning arrangement that shows resistance against high loads and has an in

creased lifetime without sacrificing reliable and precise dampening and reducing the shocks at 

stage changes of multiple-stage cylinders.  

SUMMARY OF THE INVENTION 

[00081 The invention provides a multi-stage hydraulic cylinder for providing multiple 

stages of displacement with different cylinder forces. The cylinder comprises a cylinder hous

ing, a first stage piston slidably received in the cylinder housing to be displaced over a first 

stage of displacement, a second stage piston coupled to the first stage piston to be displaced 

together with the first stage piston over the first stage of displacement and to be displaced 

relative to the first stage piston over a second stage of displacement, the first and second stage 

pistons having effective pressure surface areas different from each other to provide for the 

different cylinder forces.  

[00091 The multi-stage hydraulic cylinder further comprises a cushion arrangement for 

smoothening stage changes. In a preferred form, the cushion arrangement is a gas cushion 

between the stages to reduce the mechanical shock when changing stages. The gas volume is 

arranged to become compressed when the respective piston reaches the end of its displace

ment path.  

[00101 The cushion arrangement includes at least one compression chamber of variable 

volume with a movable and/or deformable chamber wall element to be displaced by at least 

one of the pistons when approaching the transition zone between the first and second stages of 

displacement, the compression chamber being operatively connected to a gas volume to be 

compressed upon displacement of the chamber wall element and compression of the compres

sion chamber. In use, upon contact with the movable and/or deformable chamber wall ele

ment, the hydraulic fluid driving the piston continues to cause the respective stage of the cyl-
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inder to extend or retract, thus causing the cushioning chamber to compress. As the cushion

ing device compresses, so does the gas by which it is charged. As the gas is compressed, the 

cushioning device reacts with the piston reaching its end position by exerting force back 

against the piston. This force occurs until the pressure against the piston becomes greater than 

the pressure required to move the other stage piston. At that time, the other stage will begin to 

move. This happens before mechanical contact between the piston reaching the end of its dis

placement path and the respective end boss occurs, thus preventing mechanical shock. Such 

gas cushion can be designed very compact and gives large freedom in designing and position

ing.  

[00111 According to a preferred embodiment of the invention, at least a part of the com

pression chamber is integrated into the cylinder housing, wherein the movable and/or deform

able chamber wall element is preferably slidably received within the cylinder housing to ef

fect compression of the compression chamber upon contact or actuation by the piston to be 

decelerated. Such incorporation of the compression chamber into the cylinder's main body 

provides for a very compact design and reduces the elements necessary to actuate the cushion

ing device.  

[0012] The compressible gas volume may be received within the aforementioned com

pression chamber which, in this embodiment, is the gas chamber for compressing the gas vol

ume. Consequently, the gas volume, at least in part, may be incorporated into the interior of 

the cylinder housing.  

100131 Alternatively, instead of incorporating the gas cushion internal to the cylinder, it 

could be located externally and connected to the hydraulic lines of the cylinder via adequately 

sized porting. More particularly, the aforementioned compression chamber may be filled with 

a substantially incompressible fluid such as oil, wherein the compressible gas volume is re

ceived within a compressible gas chamber of an external gas spring or gas cushioning device 

which is operatively connected to the compression chamber via a conduit through which in

compressible fluid discharged from the compression chamber upon compression thereof may 

be applied to the external gas spring to compress the gas volume received therein. Such exter

nal positioning of the compressible gas cushion prevents the cylinder from being subject to 

heat resulting from compressing the gas volume. In addition, the size of the gas cushion can
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be chosen appropriately without affecting size of the cylinder or reducing longitudinal dis

placement of the cylinder.  

100141 The movable and/or deformable chamber wall element may be configured in dif

ferent ways, wherein it is preferably shaped such to create a pocket with the stationary body 

of the cylinder. This pocket forms at least a part of the compression chamber and can be pre

charged with a compressed gas such as nitrogen, through a port extending to the outside of the 

stationary cylinder body, or with incompressible fluid such as oil when providing the gas 

cushion externally.  

[0015] Advantageously, the gas chamber is precharged with compressed gas at a suffi

cient pressure which may vary with the size of the gas chamber. Because the cushioning de

vice is precharged with compressed gas, the cushioning device itself is normally in the fully 

extended position.  

100161 In accordance with a preferred embodiment of the invention, the chamber wall 

element is positioned at the displacement path of the first stage piston and includes a contact 

portion to be contacted by the first stage piston, wherein the piston may directly contact the 

movable wall element of the gas chamber with a shoulder or a face portion of the piston. Al

ternatively, the piston may get into indirect contact to the wall element, e.g. via an intermedi

ate actuation member provided between the piston and the movable wall element. As the cyl

inder is displaced, the distance between the first stage piston and the cushioning device de

creases until contact of the piston to the movable wall element occurs. Upon contact with the 

cushioning device, the piston continues to be displaced thus causing the cushioning device to 

compress.  

100171 According to a preferred embodiment, the movable and/or deformable chamber 

wall element may include a displaceable ring slidably received between an inner circumferen

tial surface of the stationary cylinder body and an outer circumferential surface of a piston rod 

or sleeve section connected to the first stage piston. When providing such displaceable ring, 

the compression chamber, particularly when filled with gas, may include a ring-shaped com

pression section between the cylinder gland and the movable ring, wherein preferably the 

compression chamber is formed by a pocket defined between the movable ring, the outer
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circumferential surface of the cylinder housing, the cylinder gland and the piston rod of the 

first stage piston.  

[0018] In accordance with another preferred embodiment of the invention, the movable 

and/or deformable wall element of the compression chamber of the cushioning device may 

form at least a part of the end stopper or end boss for limiting the first stage displacement of 

the first stage piston. Thus, the movable wall element may fulfil a double function. On the one 

hand, it serves to compress the cushioning gas to provide for shock reduction. On the other 

hand, it defines the stop for the first stage displacement.  

10019] Preferably, the gas chamber is prevented from being compressed too much so that 

the pressure in the gas chamber is limited. In other words, the gas chamber may not be com

pressed to a volume below a minimum volume. To prevent the gas chamber pression from 

exceeding a maximum admissible value, the displacement range of the movable and/or de

formable wall element is limited. Preferably, there is an expansion limiter limiting displace

ment of the chamber wall element in an expansion direction and a compression limiter for 

limiting displacement of -the chamber wall element in a compression direction, thereby allow

ing only limited displacement of the chamber wall element between a more compressed posi

tion and a more expanded position.  

100201 In case the movable wall element forms the mechanical stop for the first stage 

piston, the movable wall element is preferably provided with a mechanical stopper section 

that stops displacement of the chamber wall element when the gas chamber has reached its 

predetermined minimum volume. The stopper section of the wall element engages with a suit

able support section at the stationary cylinder body, e.g. it may engage the cylinder gland, 

when the movable wall element has reached its position of maximum compression. Upon con

tact of the stopper section with the support section of the stationary body, any further pressure 

from the piston is not transformed into additional gas pressure, but is transmitted via the stop

per section to the stationary body of the cylinder.  

[00211 In order to combine a compact design with direct backup of the forces applied to 

the movable wall element, the movable wall element may be displaceably received and 

trapped within a recess or a stepped portion of the inner circumferential wall of the cylinder
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housing and the cylinder gland thereof so the chamber wall element which is preferably ring

shaped, may be displaced between a shoulder of the inner wall of the cylinder housing and the 

cylinder gland.  

[00221 The gas cushion for reducing the mechanical shock when changing cylinder 

stages may be used in different cylinder types, wherein it is in particular advantageous in mul

tiple-stage hydraulic cylinders having a large area ratio of the effective pressure surface areas 

of the multiple-stage pistons' Such piston surface area ratio may vary and is typically larger 

than 120%. Preferably, the ratio of the effective pressure surface area of the first stage piston 

to the effective pressure surface area of the second stage piston is within a range from 120% 

to 300%, preferably 120% to 200%.  

[00231 To achieve a compact, slim cylinder design with small diameters that nevertheless 

provide for large axial displacement, the multiple-stage pistons may be incorporated into each 

other. More particularly, the first stage piston and/or the preferably hollow, sleeve-like piston 

rod connected to the first stage piston may be provided with a cylindrical bore and/or may 

form a cylinder recess in which the second stage piston is slidably received.  

100241 In the following, a preferred embodiment of the present invention is described in 

greater detail on the basis of the example illustrated in the drawings.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[00251 The drawings show: 

Fig. 1: a schematical, cross-sectional view of a multiple stage hydraulic cylinder with 

first stage and second stage pistons, 

Fig. 2: a partial, enlarged cross-sectional view of the cushion device integrated into the 

cylinder housing of the hydraulic cylinder of Fig. 1, and 

Fig. 3: a partial, enlarged cross-sectional view of the cushion device according to another 

preferred embodiment having the gas cushion externally positioned.
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DESCRIPTION OF EMBODIMENT OF INVENTION 

[00261 As shown by Fig. 1, the hydraulic cylinder I may comprise a stationary cylinder 

body including cylinder housing 2 which may form a cylindrical tube-like sleeve. At one end, 

the said cylinder housing 2 is closed and rigidly connected, e.g. by welding, to a connection or 

support element such as support boss 21. The cylinder housing's side opposite to its closed 

side, is provided with cylinder gland 18 to allow exit of the main cylinder piston rod 4.  

[00271 At its inner end, the said main piston rod 4 is provided with a first stage piston 3 

which is slidably received within the said cylinder housing 2 and separates the interior of said 

cylinder housing 2 into two pressure chambers for extending the cylinder and retracting the 

cylinder, respectively. The said piston 3 is in sealing engagement with the inner circumferen

tial side of the cylinder housing 2, wherein sealing engagement is provided in a known man

ner to allow sliding of the piston.  

[00281 As can be seen from Fig. 1, the said first piston rod 4 is formed as a hollow sleeve 

that is provided with a cylindrical bore forming a cylinder recess 20 in which a second stage 

piston 5 is slidably received. Again, the said second stage piston 5 is in sealing engagement 

with the inner circumferential surface of said sleeve-like first stage piston rod 4 so that the 

interior of said hollow first stage piston rod 4 is separated into two pressure chambers for ex

tending and retracting, respectively.  

100291 The said second.stage piston 5 is connected to a second stage piston rod 6 which 

extends beyond the open end of the first stage piston rod 4 and is rigidly connected to a con

nection or support member such as support boss 22, cf. Fig. 1.  

100301 Although not shown, it would be possible to provide the cylinder arrangement 

with further stages and further pistons. For example, a third stage piston might be slidably 

received within the second stage piston rod 6 and connected to a third stage piston rod which 

is then connected to the said support boss 22. Nevertheless, it is preferred to have a two-stage 

hydraulic cylinder for certain applications such as mining equipment or large construction 

equipment.
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100311 As can be seen from Fig. 1, the cylinder arrangement may have a central conduit 

connection EXT for applying hydraulic pressure to the extension pressure chambers and an

other central conduit connection RET for applying hydraulic pressure to the retraction pres

sure chambers. In the illustrated example, the extension conduit goes through the first stage 

piston 3 to be applied to both the first and second stages pistons. Hydraulic oil may flow from 

the central conduit connection EXT directly into the extension chamber facing the front side 

of the first stage piston 3. The extension pressure applied to first stage piston 3 may go 

through communication channels 25 through said first stage piston 3 to be applied to the sec

ond stage piston 5. Consequently, both pistons 3 and 5 are subject to substantially the same 

extension pressure.  

(00321 On the other hand, retraction pressure may flow through the second stage piston 

rod 6 into the retraction chamber for retracting the second stage piston 5 into the first stage 

piston rod 4. Furthermore, the retraction pressure is also applied to retraction chamber for 

retracting the first stage piston 3.  

100331 As can be seen from Fig. 2, there is a cushioning device 7 incorporated into the 

stationary main body at the gland end. More particularly, the said cushion device or arrange

ment 7 includes a compression chamber 8 provided, at least in part, at the gland end of the 

interior of the cylinder housing 2. At the gland end, the cylinder housing 2 is provided with a 

stepped portion 26 where the inner circumferential surface of the cylinder housing 2 has an 

end portion with increased diameter. The cylinder gland 18 inserted into said increased di

ameter portion does not fully extend to the said stepped portion 26. Consequently, there is a 

recess or pocket defined between said stepped portion 26 of the cylinder housing 2 and the 

cylinder gland 18.  

100341 In the said pocket 27, a ring 10 is slidably received, said ring 10 forming a mov

able wall element defining a part of the said pocket. As shown by Fig. 2, the said ring-shaped 

wall element 9, the cylinder gland 18, the first stage piston rod 4 and the cylinder housing 2 

together define compression chamber 8 of cushion arrangement 7. First stage piston rod 4 is 

in sealing engagement with both the cylinder gland 18 and ring 10 and may slide relative to 

said cylinder gland 18 and ring-shaped wall element 9 to effect the first stage displacement.  

On the other hand, the said ring-shaped wall element 9 may slide relative to cylinder housing
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2 so that the volume of the compression chamber 8 varies with axial displacement of the said 

ring-shaped wall element 9.  

[0035] The compression chamber 8 itself may be precharged with compressed gas so that 

the movable ring-shaped wall element 9 is urged into its expanded position shown in Fig. 2.  

Gas may be filled into said gas chamber 2 via gas conduit 28 opening to the exterior of cylin

der housing 2.  

[00361 Alternatively, as shown in Fig. 3, the gas volume may be provided externally of 

the cylinder. More particularly, the aforementioned compression chamber 8 may be filled 

with a substantially incompressible fluid such as oil and may be connected to an external gas 

accumulator or gas spring 81 via conduit 28, thereby allowing incompressible fluid that is 

discharged from the compression chamber 8 upon compression thereof, to be applied to an 

external gas chamber 80 in which the compressible gas is received. The said external gas 

chamber is also provided with a movable and/or deformable wall element, e.g. a piston, which 

defines a part of the gas chamber 80. The incompressible fluid supplied via the aforemen

tioned conduit 28 is applied to said movable and/or deformable wall element of the gas cham

ber 80, thereby transmitting the pressure of the incompressible fluid to the gas volume.  

100371 As apparent from Figures 1, 2 and 3, the first stage piston 3 approaches the ring

shaped wall element 9 when being extended and reaching the end portion of its displacement 

path. Upon contact of the first stage piston 3 with the ring-shaped wall element 9, the hydrau

lic fluid continues to cause the first stage of the cylinder to extend, thus causing the cushion

ing device to compress. As the cushioning device compresses, so does the gas which it is 

charged by. As the gas is compressed, the cushioning device reacts with the first stage piston 

3 by exerting force back against the first stage piston. This force occurs until the pressure 

against the first piston 3 becomes greater than the pressure required to move the second stage 

piston 5. At that time, the second stage piston 5 will begin to move. This happens before me

chanical contact between the stationary body and the first stage piston 3 occurs, thus prevent

ing mechanical shock.
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100381 The cushioning device 7 reduces the shock during stage change by adding time to 

the stage change what is quantified by a ramp in pressure as the gas is compressed instead of a 

near instantaneous stage change in absence of such device.  

100391 At full extension, the cushioning device 7 will be forced to full compression. At 

this position, the mechanically stopper section 14 of wall element 9 gets into engagement with 

cylinder gland 18. Thus, hard stop is designed into the movable ring-shaped wall element 9 

preventing overpressure of the gas in the gas chamber and damage to the seals.  

10040] At the moment the cylinder is pressurized to retract from full extension, the cush

ioning device 7 will exert pressure against the back of the first stage piston 3 until the mov

able ring of the cushioning device 7 reaches its mechanical stop formed by the stepped portion 

26.  

100411 The term "comprise" and variants of that term such as "comprises" or "compris

ing" are used herein to denote the inclusion of a stated integer or integers but not to exclude 

any other integer or any other integers, unless in the context or usage an exclusive interpreta

tion of the term is required.  

100421 Reference to prior art disclosures in this specification is not an admission that the 

disclosures constitute common general knowledge in Australia.
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CLAIMS 

A multi-stage hydraulic cylinder for providing multiple stages of displacement with 

different cylinder forces, comprising a cylinder housing, a first stage piston slidably 

received in said cylinder housing to be displaced over a first stage of displacement, a 

second stage piston coupled to said first stage piston to be displaced together with said 

first stage piston over said first stage of displacement and to be displaced relative to 

said first stage piston over a second stage of displacement, said first and second stage 

pistons having effective pressure surface areas different from each other to provide for 

said different cylinder forces, and further comprising a cushion arrangement for 

smoothening stage changes, characterized in that said cushion arrangement includes at 

least one compression chamber of variable volume with a movable and/or deformable 

chamber wall element to be displaced by at least one of said pistons when approaching 

the transition zone between said first and second stages of displacement, said com

pression chamber being operatively connected to a gas volume to be compressed upon 

displacement of said chamber wall element and compression of said compression 

chamber.  

2. The multi-stage hydraulic cylinder of the preceding claim, wherein an expansion lim

iter is provided for limiting displacement of said chamber wall element in an expan

sion direction and a compression limiter is provided for limiting displacement of said 

chamber wall element in a compression direction, thereby allowing only limited dis

placement of the chamber wall element between a more compressed position and a 

more expanded position.  

3. The multi-stage hydraulic cylinder of any one of the preceding claims, wherein at least 

a part of said compression chamber is integrated into said cylinder housing wherein 

said movable and/or deformable chamber wall element is slidably received within said 

cylinder housing.  

4. The multi-stage hydraulic cylinder of any one of the preceding claims, wherein said 

gas volume is received within said compression chamber.
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5. The multi-stage hydraulic cylinder of any one of claims 1-3, wherein said compression 

chamber is filled with a substantially incompressible fluid, wherein the said gas vol

ume is received within a gas chamber of variable volume of an external gas spring 

which is connected to the said compression chamber via a conduit through which in

compressible fluid discharged from the compression chamber by compression thereof 

is applied to said gas spring to effect compression of the gas volume thereof.  

6. The multi-stage hydraulic cylinder of any one of the preceding claims, wherein said 

chamber wall element is positioned at the displacement path of the first stage piston 

and includes a contact portion to be engaged and driven towards a more compressed 

position by a shoulder or face portion of said first stage piston.  

7. The multi-stage hydraulic cylinder of any one of the preceding claims, wherein said 

movable and/or deformable chamber wall element forms a displaceable stopper for 

said first stage piston at one of the end portions of the cylinder housing and includes a 

mechanical stopper section for stopping displacement of the chamber wall element 

when said compression chamber has reached a predetermined minimum volume larger 

than 0.  

8. The multi-stage hydraulic cylinder of any one of the preceding claims, wherein said 

movable and/or deformable chamber wall element includes a displaceable ring 

slidably received between an inner circumferential surface of said cylinder housing 

and an outer circumferential surface of a piston rod/sleeve section connected to said 

first stage piston.  

9. The multi-stage hydraulic cylinder of any one of the preceding claims, wherein the 

compression chamber includes a ring-shaped compression section between the cylin

der gland and said movable chamber wall element.  

10. The multi-stage hydraulic cylinder of any one of the preceding claims, wherein said 

movable and/or deformable chamber wall element is displaceably received and 

trapped within a recess and/or a stepped portion of the inner circumferential wall of 

the cylinder housing and/or a cylinder gland thereof.
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11. The multi-stage hydraulic cylinder of any one of the preceding claims, wherein the 

ratio of the effective pressure surface area of the first stage piston to the effective pres

sure surface area of the second stage piston is within a range from 120% to 300%, 

preferably 120% to 200%.  

12. The multi-stage hydraulic cylinder of any one of the preceding claims, wherein the 

second stage piston is slidably received within a cylinder recess formed in said first 

stage piston and/or in a hollow, sleeve-like piston rod connected thereto.  

13. The multi-stage hydraulic cylinder of any one of the preceding claims, wherein a first 

stage pressure chamber for driving the first stage piston and a second stage pressure 

chamber for driving the second stage piston are connectable to each other via a com

mon pressure supply conduit and/or are connectable to a common pressure connection 

so as to subject the first stage piston as well as the second stage piston to substantially 

the same pressure.  

14. Use of the multi-stage hydraulic cylinder of any one of the preceding claims in a hy

draulic system comprising at least one fixed or variable displacement pump for operat

ing the multi-stage hydraulic cylinder.  

15. Use of the multi-stage hydraulic cylinder of any one of claims 1 to 13 in a mining 

truck, mining excavator or similar mining equipment.
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