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Abstract. The analysis of the stress – strain at hydro accumulator cylinder under the arious 
load conditions by e perimental and numerical method are presented in this paper  The 
considered hydro accumulator is used at hydraulic installation of air plane  For e perimental 
testing  e tension measuring methods by strain gauges are used  Testing de ice that allo s 
ariations of load pressures ithin hydro accumulator cylinder is used  For temperature 

measurement  the thermocouple copper-constantan connected to miliampermeter graduate 
for different alues of temperatures in Celsius scale is used  The numerical simulation of 
stress-strain state under different alues of load pressure is done  The correlations of related 
results obtained by e perimental testing and numerical simulation are done   The alues 
obtained by measuring and related ones  that are numerically calculated are presented by 
diagrams of stresses and deformations in functions of load pressures  The research presented 
in this paper highlight hydro accumulator cylinder ans er to different load pressures under 
e ploitation conditions  so to define real limits of load pressure during e ploitation  The 
fully understanding of stress-strain state at hydro accumulator cylinder in e ploitation is ey 
element of safety and reliability analysis of air plane hydraulic installation  

 
 
 

1. Introduction 
 

ydro accumulators are de ices that obtained accumulation of potential energy of acti e 
fluid  asic function of hydro accumulator is to accumulate hydraulic energy hen hydro 
aggregates (users) in system do not use this energy and to supply those users hen they are 
acti e  ydro accumulators at hydraulic installations could do arious functions of 
accumulation and circulation of energy  perimental and numerical analysis of stress-
strain state at hydro accumulator that belongs to the piston type hydro accumulators used at 
hydraulic installation of air plane are presented in this paper  Considered hydro accumulator 
pro ides reser e of pressured fluid that ith flo  of the pump pro ide absorption of current 
ma imums of fluid usages at de ices  Also  it pro ides easy functioning of hydraulic 
installation by absorbing pressure ariations  The aim of this paper is to identify optimal 
form and dimensions by experimental and numerical analysis as function of load changing 

ith consideration of geometrical shape and stress concentration  
To the aim of stress-strain analysis is considered ibration analysis of a hydraulic cylinder 
subjected to dynamic load [1]  Also is done stress and strain in estigation at hydro 
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accumulator cylinder ith arious load conditions by the strain gauge [2]  The present 
results of strength and fatigue limits analysis applied to piston type hydraulic cylinder [3] 
are used in consideration of this problem  This paper also sho s ad antages of application 
of the up-to-date digital chain of engineering analysis ithin hich CA  tools are being 
used as ell as strength and fatigue limit analysis  
 

2. Stress-strain analysis at hydro accumulator cylinder 
 

2.1. Hydro accumulator cylinder 
 
Cylinders are mainly made of steel forgings and tubes  rarely of cast iron and  sometimes  
aluminum alloys are used [ ]  ue to impro e hardens of inner acti e surface  electrolytic 
chromatins is done ith layer thic ness of 0 2 mm  
The examined hydro accumulator cylinder is made of 32 according to Serbian ational 
Standard  relate 1 Cr i  according to erman ational Standard  ith or ing fluid 
hydraulic oil AM  10 that fulfill ational ussian Federation Standard ST 79 -7  
effecti e pressure of 20  bar  maximum capacity of 1 00 cm3  maximum gas capacity of 
2000 cm3 and nominal diameter of the piston 100 mm ith A S Aero connection  Model 
of considered hydro accumulator cylinder is presented at Fig  1  
 

 
Figure 1. Model of hydro accumulator cylinder 

 
During production  hydro accumulator cylinders are subjected to strict testings according to 
related standards under different exploitation conditions – or ing pressure  
 

2.2. Stress-strain analysis at hydro accumulator cylinder by experimental method 
 
n laboratory conditions stress and deformation alues ere measured using strain gauges 

under different alues of effecti e pressure  Also  degree of idening of the hydro 
accumulator cylinder at specific ones under different pressures as measured  ni ersal 
testing installation  part of the cylinder ith strain gauges  plotter and signal amplifier are 
presented at Fig  2  Schematic representation of the testing de ice is presented at Fig  3  
The testing is done at hydro accumulator cylinder ithout piston that made the process 
simpler but the authenticities of tests ere not lessened  ositions of the measuring and 
compensation strain gauges on considered hydro accumulator cylinder are presented at  
Fig   
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Figure 2. The uni ersal testing installation [2] Figure 3. Scheme of the testing de ice [2] 

 

 
Figure 4. Positions of measuring and compensatory strain gauges at cylinder 

       (S  – strain gauge  CS  - compensation strain gauge) [2] 
 

n the basic of the measured alues of deformations  diagrams of relati e deformation 
[ m m] dependence of pressure p[bar] for the longitudinal and trans erse axis are formed 

(Fig   and Fig  )  The stress [MPa] dependence of pressure p[bar] for the longitudinal 
and trans erse axis of the cylinder are sho n at Fig  7 and Fig   
 

  
Figure 5. Diagrams of relati e deformations [ m m] 

dependence of pressures p[bar] for the longitudinal axis 
of cylinder 

 

Figure 6. Diagram of relati e deformations [ m m] 
dependence of pressures p[bar] for the trans erse axis 

of cylinder 
 

 
Figure 7. Diagrams of stresses [MPa] dependence of 
pressures p[bar] for the longitudinal axis of cylinder 

Figure 8. Diagrams of stresses [MPa] dependence of 
pressures p[bar] for the trans erse axis of cylinder 
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n the basis of the measured alues it can be concluded that the maximum stresses 
obtained for direction of longitudinal axis umax 799 3 MPa is lo er than tensile strength 

m=1100–1300 MPa and yield strength eh=900 MPa of the cylinder material  t is 
implicated that under pressures of 00 bar and more  permanent deformations of the hydro 
accumulator cylinder can occur  
 

2.3. Stress analysis at hydro accumulator cylinder by numerical method 
 
n the aim to identify the optimal constructi e solution  dimensions and form of considered 

hydro accumulator cylinder  numeric analy e of stress state as done by finite element 
method  The most of the numeric methods for calculation of stress at mechanical 
constructions are based on the finite element method [ ]  eometric Computer Aided 
Design (CAD) model of hydro accumulator cylinder is formed from simple geometrical 
shapes called geometric forms  oad simulation at hydro accumulator cylinder barrel is 
done by using of soft are Autodesk Inventor Professional 2013 and it is presented in this 
paper [7]  The basic model that is used for numeric analysis is related to considered hydro 
cylinder  For material properties  the module of elasticity and Poisson ration are used as 

=2 1 10  MPa and =0 3  At first stage of generation of the numerical model  
discreti ation is done by 3D tetrahedral finite elements  Special consideration as put at 
cylindrical acti e surface here pressure act  so this part as discretized by finite elements 

ith smallest dimensions (Fig  9)  The border conditions are defined in relations to 
theoretic considerations of hydro cylinder  The numeric calculations are done  firstly  at 
simplified model and after that  numeric analyze of stress state due to different internal 
pressure is done   
 

 
Figure 9. Discretization of one segment of the numeric model 

 

3. Results of numeric analysis 
 
n order to numeric calculation has been done  it is necessary to repeat the procedure of 

structural analysis for e ery alue of pressure  The e ery analysis is done for different 
alues of pressure ithin inter al bet een 0 bar and 00 bar ith step of 0 bar and for 
alue of p= 00 bar  As results of numeric analyze stresses at trans ersal directions are 

obtained  isualizations of results of calculations of stresses for extreme alues of pressure 
are presented at Fig 10 and Fig 11  
 

  
Figure 10. Stresses in trans ersal direction at hydro 

accumulator cylinder due to pressure p= 0 bar 
Figure 11. Stresses in trans ersal direction at hydro 

accumulator cylinder due to pressure p= 00 bar 
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4. Evaluation of results 
 

aluations of the results pro ide precise determinations of stress state at positions of strain 
gauges at considered hydro accumulator cylinder  Comparison of results obtained by 
experimental and numeric methods are presented at Fig  12  Fig  13 and Fig 1  
 

  
Figure 12. Stress analysis at hydro accumulator 

cylinder barrel at position S 1 
Figure 13. Stress analysis at hydro accumulator 

cylinder barrel at position S 2 
 
Maximum alue of stress obtained by numerical analysis due to simplification of numerical 
model (stress concentration at the zone of shape transition from inacti e part to the 
cylinder) that is not ta en into account in calculation of stresses at the positions of strain 
gauges  
 

Figure 14. Stress analysis at hydro accumulator cylinder barrel at position S 3 
 

inear increases of stresses calculated by numeric method in relation to related alues 
obtained by experimental method pro ide precise calculation of stresses state point out the 
zones ith high stress concentrations  sho n at Fig  13  Those stress influent safety and 
reliability  so as to reduction of exploitation period of cylinder  Stress concentration at those 
zones present one of the major causes of failures at hydro accumulator cylinders  
 

5. Conclusion 
 
The experimental examination hich as carried out gi es significant indications and 
general information about the beha ior of hydro accumulators during exploitation  These 
analyses identified exploitati e conditions at hich it is possible to expect irregularities 
during functioning of hydro accumulators  
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n the basis of the conducted e aluation of obtained results  follo ing general conclusions 
are implicated: 

 Diagrams of stresses obtained by experimental method point out that alue 
of stresses at considered points  so as identification of failure position at 
considered model by numeric method is rele ant and relate to ade uate 
construction solution  The mathematical model that is formed can be ta en 
for further analysis and testing in aim to obtain decrease of maximal stress 
le el  

 Values of stresses calculated by numeric method are higher than related 
alues calculated by experimental method due to fact stress concentration  

n the basis of those conclusions it is implicated that both experimental and numeric 
methods pro ide rele ant results due to sensiti ities to alterations of input parameters  but 
special care should be ta en to influence of stress concentration at zones of the cylinders  
The alterations of maximal result stresses at specific zones of hydraulic cylinder are highly 
influenced by alterations of maximal pressure inside of cylinder  Conducted analyses 
pro ide precise identification of optimal construction solution  so as identification of its 
optimal form and by that  pro ide pre ention of damages and failures at maximal pressures 
during exploitation  
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