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Abstract— A Hydraulic cylinder (also called a linear 

hydraulic motor) is a mechanical actuator that is used to give 

a unidirectional force through a unidirectional stroke. It 

converts energy from hydraulic fluid into useful mechanical 

force. It uses pressurized hydraulic fluid as an input for the 

cylinder. Design telescopic hydraulic cylinder in 3D model 

using Creo 2.0, which will be checked FEA. The proposed 

model simulates to improve lifting load capacity for the 

lifting solution By changing the design and effective diameter 

of hydraulic cylinder we can improve the lifting load capacity 

and also increase hydraulic cylinder life. Finite Element 

analysis can be used as a tool to redesign the component if it 

is already designed by classical design theory. 
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I. INTRODUCTION 

A hydraulic cylinder is a mechanism that converts hydraulic 

energy into a linear force and movement. In other words, it is 

a linear hydraulic motor. Usually this consists of a moving 

element such as piston with a piston rod or a plunger 

operating in a cylindrical bore. 

As the hydraulic cylinder is a hydraulic motor, one 

may also speak of functions, types, models and specific 

qualities of the hydraulic cylinder. This motor also has a 

specific power, efficiency, and medium, working 

temperature, adjustment and control. Hydraulic cylinders are 

normally designed for working pressures of up to 350 - 400 

bars and occasionally up to 600 bar and more for special 

purposes. Apart from its function to a linear hydraulic motor, 

the cylinder is also structural element. As structural element 

it must not only generate forces but also absorb forces. The 

hydraulic cylinder, as a linear motor and structure element, is 

greatly influenced by environmental circumstances. 

Elements such as temperature, humidity and corrosive 

influences lamely determine to what extent the cylinder 

comes up to one's expectations and are therefore decisive 

with respect to quality. 

 
Fig. 1: Telescopic Hydraulic Cylinder 

II.  LITERATURE REVIEW 

Jagadamba Potnuru , Hari Sankar Vanka[1] In this researcher 

The three-stage hydraulic cylinder here is analyzed with 

Different materials. The conventional material, stainless steel 

is compared with the optimizing materials under same load 

and the results are obtained and compared. Based on the 

Pro/E and ANSYS, the task of modeling and analyzing of 

hydraulic cylinder used in dump trucks can be completed 

quickly and efficiently. From this research paper, author 

conclude that EN8 has low values of deformation compared 

to conventional and other optimized materials. The three-

dimensional digital model of the multistage hydraulic 

cylinder was established. This way is significant to improving 

the design quality, shortening the design cycle and reducing 

the development cost. 

 
Fig. 2: Extruded Telescopic Cylinder 

P.J.Gamez-Montero, E.Salazar, R.Castilla, J.Freire, 

M.Khamashta, E.Codina[2] In this  researcher Analytical and 

experimental investigations of typical hydraulic cylinders 

have indicated that their load Capacities are significantly 

different from those obtained from simple buckling analysis 

of idealized systems. In any case, an increase in the friction 

coefficient at the restrained ends changes the actuator’s limit 

load; while an increase the initial maximum deflection (initial 

misalignment) decreases the limit load. A common practice 

of most cylinder manufacturers is to use a safety factor 

(between 2.5 and 4) to determine the service load after the 

critical load (buckling) is obtained by simple analytical 

procedure striating the cylinder as a perfect stepped column. 

The in tractate aspects of friction effects have been 

deliberately left a side in this present work. Nevertheless, 

friction and interaction between Mechanism and actuator in 

the buckling characteristics will be presented in the ongoing 

paper, which will follow this work. Authors know that, in a 

real system, the cylinder tube– rod interface is not rigid. Due 

to the flexibility of guide ring sand clearances between 

components, misalignment (an angular Deflection which 
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increases with increasing axial load) exit sat the interface. 

When initial imperfection angle exists, there is no sudden 

buckling. Then, stressed sand deflections increase with 

increasing load. After repetitive use, the tolerance between 

the parts will become larger, consequently increasing the 

initial deflection, which has been proved to considerably 

decrease the load capacities of the power cylinders. From this 

analysis, a theoretical and experimental work has been 

carried out in order to show the advantages and disadvantages 

of the current design methods, characterizing the critical 

factors that cause the collapse and proposing useful design 

criterions. The present work aims to describe the behaviour 

of actuators under load capacity with experimental validation 

P.J.Gamez-Montero, E.Salazar, R.Castilla, J.Freire, 

M.Khamashta, E.Codina et. al [3] In this research paper 

currently proposed model sand design criteria do not consider 

Real factors those commonly appearing hydraulic cylinder 

applications. Reliability of friction less models or formulas 

(including Standards) is question able when experimental and 

theoretical Results are compared. Friction moments in the 

joint of the end the tight joint of both pin-end support 

bushings of the column. Experimental results also confirm 

this behaviour. Then, it can be concluded that a column with 

a tight join in the end supports can resist a greater axial load 

than current model sand design criteria establish. An 

analytical method based on friction effects has been presented 

to calculate the load capacity of an actuator. In this work, 

misalignment effects are deliberately left out by taking a 

constant value of the imperfection angle. Results of buckling 

load capacity also prove the importance of friction moments. 

Experimental average load is placed between the limit values 

of the frictionless and friction models. However, 

experimental average load is nearer to that of the friction 

model than that of the frictionless model. Experimental 

results of bending moment distribution by means of strain 

gauges also prove that there is not an articulated boundary 

condition in the end support of the rod and makes clear the 

existence of a friction moment towing to a virtual clamped 

boundary condition. Finally, importance and influence of the 

friction effects in Columns and hydraulic cylinder is clear. 

Hence, it is stated that the knowledge of the hydraulic 

cylinder application is advisable to predict load capacity. 

Direct extra potation of results from current theories and 

criteria could lead to incorrect estimations 

I. Marczewska, T. Bednarek, A. Marczewski, W. 

Sosnowski ,H. Jakubczak, J. Rojek[4] 

In this a numerical algorithm is presented which makes it 

possible to adopt the different loading schemes of specific 

structure at hand, for instance hydraulic cylinders, to specific 

Wohler curves characterizing fatigue resistance of the given 

material. The model used in this paper is based on particular 

application of the constitutive model described mechanics 

model for mechanical fatigue analysis. Some solution of the 

crack problem in oil port area is proposed. Calculations have 

to be done for cylinders under loads, which differ from the 

experimental data provided in Wohler curve. Oil penetration 

in oil port connection zone can be eliminated after some 

design modifications. 

In order to solve the crack problem in oil port area, 

we propose to use the washer made from temperature 

resistant material or glue in order to fill up the gap between 

the oil port and the cylinder surface. Such washer or glue will 

prevent oil penetration into the above mentioned gap, thus 

eliminating the possibility of primitive fatigue crack in 

neighbouring welds. Life expectancy is values of the moment 

absolutely theoretical, and pending of the adjustment of the 

model and experimental validation. 

Alessandra Altamura, Stefano Beretta[5]  In this 

paper researcher Manufacturing process, service conditions 

and material properties are all necessary requirements to a 

good design of tubular mechanical components subjected to 

fatigue. The most common approach to this design is usually 

deterministic, where a fixed NDT threshold, related to flaw 

acceptance limit, is set. However many uncertainties are left 

aside, i.e. the failure probability related to the fatigue strength 

under applied loads. This paper addresses the reliability 

evaluation of tubular mechanical components carrying some 

flaws and subjected to cyclic internal pressure variation. The 

aim is comparing the probability of failure obtained under 

several assumptions. A reliability assessment model, based 

on a random variable approach, has been implemented by 

using the Monte Carlo method. The analysis of the results, 

from a case study based on load spectra measurements of 

hydraulic cylinders of earth moving machines, has consented 

to evaluate the most important factors influencing the fatigue 

life prediction of these components. 

In this work a large experimental campaign on cold 

drawn and stress relieved tubes for hydraulic cylinders 

permits to evaluate the distribution of surface flaws under 

NDT threshold. The results of several fatigue crack growth 

experiments suggests that   causticity of the crack growth is 

mainly controlled by the dispersion of the threshold. Based 

on the above mentioned experimental observations, a random 

variable model based on a probabilistic fracture mechanics 

approach is developed in order to evaluate the reliability of 

tubular mechanical components subjected to variable 

amplitude loads in presence of surface flaws. The probability 

of failure, obtained for four cases derived from real service 

spectra measurements on hydraulic cylinders of earth moving 

machines, is compared with the results obtained with 

simplified approaches. The comparison of the results shows 

that generally a correct life assessment of components 

subjected to variable fatigue loads has to be carried out 

considering the distribution of initial flaws and the crack 

growth under randomly applied load spectra, being the shape 

of the spectrum a key factor. Simplified hypothesis, such as 

fixed initial flaw size or the assumption that crack 

propagation implies failure, may lead to a large 

overestimation of the probability of failure, especially in 

cases of steep spectra with medium or high maximum applied 

stresses. Which do not have an explicit relation with NDT 

acceptance levels? A future development of this work could 

be the comparison of the distribution of fatigue lives obtained 

using the probabilistic crack growth model herein presented 

with the fatigue life prediction obtained applying the relevant 

design rules. 

III. CONCLUSIONS 

Fatigue fracture mechanics concepts supported by finite 

element analysis were used to demonstrate the in-service 

failure could have been predicted. Imperfection angle and a 

wear on the guide ring reduce the cylinder load capacity for 

the tested actuator.  
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Fatigue fracture mechanics concepts supported by 

finite element analysis were used to demonstrate the in-

service failure could have been predicted. 

From the literature review we conclude that EN8 has 

low values of deformation compared to conventional 

materials like stainless steel and other materials. Also carbon 

fiber can be considered as it has the deformation value nearer 

to EN8  

By changing the design and effective diameter of 

hydraulic cylinder we can improve the lifting load capacity 

and also increase hydraulic cylinder life. Finite Element 

analysis can be used as a tool to redesign the component if it 

is already designed by classical design theory. 
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