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Abstract— Various machines and machine members are 

running under different dynamic working conditions. The 

vibration produced under dynamic conditions affect many 

important design parameters such as strength, production 

costs, productivity. Under this title I studied, the 

comparative mode shape analysis of a hydraulic cylinder 

subjected to dynamic loads. Noise and vibration are major 

problem in many applications this problem becomes more 

significant in applications with higher operating speeds. 

Computer aided engineering (CAE) procedures are used to 

analyse the dynamic response of the cylinder.  The finite 

element methods used in the analysis are applied by a 

computer aided design and analysis software ANSYS14.5. 

The goal of modal analysis is to determine the natural mode 

shapes and frequencies of the cylinder and comparatively 

analyze frequency of the cylinder made by different 

composite materials. 
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I. INTRODUCTION 

Hydraulic systems are widely used systems in industry. 

While they are used widely in the industry, the system 

components like pumps, valves, cylinders are always 

became investigation topics in the history. Hydraulic 

cylinders are one of the most common components of the 

hydraulic systems used in many engineering applications 

like; automatic manufacturing and montage lines, heavy 

construction equipments, control systems, sensitive 

measurement and test systems. They are used for producing 

linear motion in the hydraulic systems and they convert 

hydraulic energy to mechanical energy. One of the most 

important factors considering at the design step of these 

equipment is working conditions of cylinder. Cylinders have 

different working frequencies according to their usage 

fields. While the huge sized cylinders used in system that 

requires higher force and power inputs, work generally in 

lower frequencies, the small sized cylinders used in sensitive 

application fields like test and measurement systems can 

have higher working frequencies. At the lower working 

frequency situations, pressure effect on the cylinder is 

considered as static load, and the hydraulic system 

equipments are designed according to this criterion. Besides 

this, at the design procedure of cylinders with higher 

working frequencies, the dynamic effect with respect to 

instantaneous change of pressure must be taken into 

consideration as well as the static analysis.  

A. Definition of Composite Material 

A composite material (also called a composition material or 

shortened to composite) is a material made from two or 

more constituent materials with significantly 

different physical or chemical properties that, when 

combined, produce a material with characteristics different 

from the individual components. The individual components 

remain separate and distinct within the finished structure. 

The new material may be preferred for many reasons: 

common examples include materials which are stronger, 

lighter, or less expensive when compared to traditional 

materials. More recently, researchers have also begun to 

actively include sensing, actuation, computation and 

communication into composites, which are known 

as Robotic Materials.  

II. FINITE ELEMENT METHOD  

The finite element method is a numerical technique which is 

commercially used for the finding of an approximate 

solution of partial differential equation as well as integral 

equation. In some solving partial differential equations the 

first problem is to create an equation that approximate the 

equation which is to be studied. It means that during 

calculations the error should not accumulate, thereby 

causing the output as to be meaningless. 

Introduction of ANSYS - ANSYS is a finite 

element analysis (FEA) software package. It uses a pre-

processor software engine to create geometry. Then it uses a 

solution routine to apply loads to the meshed geometry. 

Finally it outputs desired results in post-processing. FEA is 

used throughout almost all engineering design including 

mechanical systems and civil engineering structures. 

The goal of meshing in ANSYS Workbench is to 

provide robust, easy to use meshing tools that will simplify 

the mesh generation process. These tools have the benefit of 

being highly automated along with having a moderate to 

high degree of user control. 

A. Advantages of FEA: 

1) Visualization increases 

2) Design cycle time reduces 

3) No. of prototypes reduces 

4) Testing reduces  

5) Optimum design 

The process of performing ANSYS can be broken down into 

three main steps. 

1) Pre-processing  

2) Solver  

3) Post-processing 

B. Pre-Processing 

1) CAD Modeling 

CAD model is created by using sketching and modeling 

tools for the creation of the required part/ geometry, which 

is to be performed in FEA. 

https://en.wikipedia.org/wiki/Robotic_Materials
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2) Meshing 

one of the critical operations in FEA is meshing. In this the 

geometry is divided into pieces of large number. These 

pieces are called mesh. The accuracy of analysis mainly 

depends on this. By decreasing the size of mesh, the FEA 

speed decreases but the accuracy increases to a great extent. 

3) Defining Boundary Condition 

we have to feed the boundary conditions like direction of 

deformation, load application etc. 

4) Solve 

In this step we tell the FEA package to solve the problem for 

the defined material properties, boundary conditions and 

mesh size. 

5) Post Processing 

In this step the interpretation and viewing of result is 

performed. The results can be viewed in various formats: 

graph, contour profile, 3d view, value, animation etc.  

III. LITERATURE REVIEW  

Various related literature such as transactions, proceeding of 

various national and international conferences and other 

journals which available on Google scholar were reviewed. 

1) [Kumar Akkimaradi, 2016] In this paper the structure 

analysis of steel and FRP composite pressure vessels is 

to carried out  using ANSYS software and  analytical 

results are calculated for steel pressure vessel and 

compared with ANSYS results. FE model of a steel and 

filament wound FRP pressure vessel is established 

using ANSYS 11 software. Finally weight and 

structural efficiency of composite pressure vessel is 

compared with steel pressure vessel. The structural 

efficiency of the composite pressure vessel is 76 % 

more than steel pressure vessel. 

2) [Pritish Tapare, 2015] The study of Vibration analysis 

of the hydraulic cylinder components for the different 

size, speed and the loading conditions can be performed 

by using the finite element analysis if the dynamic 

loading of the structure is properly defined. The finite 

element methods used in the analysis are applied by 

computer aided design and analysis software ANSYS. 

ANSYS is used to find the codes for defining both the 

dynamic loading of the hydraulic cylinder and structural 

parameters. 

3) [Kadhim Hussein Mukhirmesh, 2015] The function of 

this project work is to analyzed for its strength and 

designed according to the weld efficiency by using 

Finite Element analysis with help of Ansys software. 

The Model of composite Pressure vessels is done by 

Pro/Engineer then after structure analysis are to be done 

by ANSYS on the welded joint of pressure vessel for 

different weld efficiencies. 

4) [Mohd. Azharuddin, 2015] In this paper, the composite 

materials considered are HM Carbon Epoxy and HS 

Carbon Epoxy. The composite materials are considered 

due to their high strength to weight ratio. The material 

for damping is rubber. The structural analysis is done to 

verify the strength of the shaft and compare the results 

for three materials. By observing the analysis results, 

the stress values are less when composite material 

Carbon Epoxy is used when compared with that of 

Steel. By observing the modal analysis results for shell 

element, when comparing the results without damping 

material and with damping material rubber, the 

frequencies are less when damping material is used, so 

vibrations will be less. 

5) [Mayank Nirbhay, 2014] A comprehensive modelling 

approach in order to predict the behavior and failure of 

CNG cylinders under various loading conditions has 

been proposed using Finite Element (FE) Software-

ANSYS. In the present investigation two different 

materials viz. glass/epoxy and carbon/epoxy are used 

separately and in combination with different patterns of 

helical and hoop windings, for outer reinforced layers 

of all composite gas cylinder.  

6) [Mr. Yashraj Jaywant Salunke, 2014] the main aim of 

this research work is reduced the LPG cylinder weight 

by replacing composite material at low density GFRP 

material for which ANSYS to be used. The internal 

pressure composite cylinder is to be analyzed by finite 

element analysis through ANSYS. The weight of LPG 

cylinder can be saved by using FRP composites and the 

stress values are also well within the specific limit of 

capability of materials. 

7) [N. Upendra, 2014] The vibrations produced under 

static and dynamic conditions affect many important 

design parameters such as strength, production costs, 

productivity. In this paper, the dynamic and static 

analysis of a composite hydraulic cylinder subjected to 

pressure by varying fibre orientation and different 

boundary conditions is determined. The finite element 

methods used in the analysis are applied by using 

analysis software ANSYS. 

8) [R. Indu Shekar, 2014] To design high pressure vessel 

composite cylinders there should be highest possible 

safety, reliability and minimum weight considerations, 

the behavior of composite under various thermal 

loading and mechanical need to be well understood. 

This paper deals with the system design and system 

engineering considerations for the Type-3 and/Type-4 

high-pressure vessel composite cylinders required for 

aerospace applications. The result of this paper is the 

carbon fiber based composite cylinders type-4 and type-

3 with  pressure of more than 700 bar but High-pressure 

composite cylinders have been designed for maximum 

operating pressures of 200 bar. 

9) [Anand Kumar Agrawal, 2014]  This paper calculates 

the fatigue life till crack nucleation for a steel-lined 

hoop wrapped composite pressure vessel containing a 

surface flaw (notch) using strain-life approach. Firstly, 

static stress analysis taking into account the non-linear 

material behaviour of steel liner was performed using 

finite element method to provide input for the fatigue 

analysis. Then fatigue analysis was carried out by 

applying a cyclic pressure inside the pre-stressed 

cylinder using strain-life approach, and the results 

obtained by the numerical simulations are discussed. 

The approach associated with these calculations can be 

used to study the effect of various material and 

geometry parameters on the fatigue life of the pressure 

vessel. 

10) [Subhash N. Khetre, 2014] In the present work, 

structure of the composite pressure vessel and different 

orientations of symmetric shells designed. For pressure 

were investigated and 3-D finite element analyses using 
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APDL Programming. FEA software is used for failure 

analysis on the composite shell of continuous angle ply 

laminas. The Tsai-Wu failure criterion is applied for the 

checking the first-ply failure of layers in a simple form. 

Some analytical and experimental solutions are 

compared with the finite element solutions, in which 

commercial software ANSYS 15.0 was utilized and 

close results are obtained between them. 

11) [Sagar R Dharmadhikari, 2013] This paper mainly 

discusses the work done on composite material drive 

shafts using ANSYS and Genetic Algorithm. 

Composite material instead of conventional steel 

material for drive shaft has increasing the many 

advantages of design due to its high strength and 

specific stiffness.  There are many methods are 

available at present time for the design optimization of 

structural systems and these methods based on 

mathematical programming techniques. The 

substitution of conventional drive shaft results in 

reduction in weight of automobile. 

12) [C. Sasi Rekha, 2013.]The present work deals with the 

Stress analysis of the FRP composite cylinder with 

closed ends. A four layered composite cylinder with 

semicircular ends is considered. A metal cap is 

provided in the ends for openings. The finite element 

models created in ANSYS software are validated and 

extended to evaluate the stresses at the top end, middle 

and bottom end portions of composite cylinder. 

13) [A. Hocine, 2013] The present study deals with the 

analysis of the cylindrical part of a CNG storage vessel, 

combining a plastic liner and an over wrapped filament 

wound composite. Three kind of polymer are used in 

the present analysis: High density Polyethylene HDPE, 

Light low density Polyethylene LLDPE and finally 

blend of LLDPE/HDPE. The effect of the mechanical 

properties on the behavior of type IV vessel may be 

then investigated. 

14) [Valeriu, 2012] This paper confirms the accuracy of 

composite materials data input into ANSYS Parametric 

Design Language for the numerical analysis. For this 

purpose, some specimens of the laminated composite 

were subjected to a bending moment and the 

deformations were measured. At the same time, the data 

obtained by simulating the specimens with the help of 

ANSYS APDL, were analyzed and compared to the 

experimental data in order to establish the degree of the 

accuracy. 

15) [D Gopichand, 2012] The present work deals with the 

analysis of FRP composite cylinders. Two types of 

laminates, cross-ply and angle-ply laminates are 

considered for the present analysis. Radial deflection 

and stresses are obtained by varying the diameter to 

thickness ratio and fiber orientation in both the 

laminates. The problem is modeled with layered 

element of ANSYS software which is designed based 

on 3D-elasticity theory which can be successfully 

applicable for the analysis of thick FRP composite 

cylinders. 

16) [S. Bhavya, 2012] The present work aims to determine 

the effect of diameter-to-thickness ratio with respect to 

failure pressure of a four layers, introduction of hoop 

layers at ends on four layered cylinder and introduction 

of hoop layers at middle of six layered angle-ply 

laminated cylinder which is analyzed by using Finite 

Element software ANSYS. The variation of failure 

pressure with respect to fiber angles was also presented 

in this work.  

IV. CONCLUSION 

In all above discussed literature survey it can be concluded 

that use of different composite material of having different 

material property are examined for various engineering 

application with different methods available. Also some 

parameters like high strength to weight ratio and various 

mode shape frequency are tested and optimized. It has been 

observed that most of the research scholars had worked on 

the weight, fatigue life prediction and stress analysis for 

different engineering purpose. And for this they had taken 

simulation, numerical method or experimental set ups. 

There are different mode shapes for different 

material when subjected to dynamic conditions. Also the 

deformation is different for various mode shapes at a 

particular frequency. The different mode shape pattern is 

required to be analyzed keep in view of reducing the weight 

and obtaining high strength to weight ratio for double acting 

hydraulic cylinder subjected to different dynamic 

conditions.   
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