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of wall of the hydraulic cylinder barrel ߜ [mm], the classification of those cylinders can 
be define: thin wall (ܦ ݀⁄ ൑1.18) and thick wall (when this ratio is higher than 1.18), 
when ܦ and ݀ are external and internal diameters of the cylinder [7]. The material of 
the hydraulic cylinder that is considered in this paper is steel St 52-3 N according to 
DIN or S355 J2G3 according to SRPS EN 10025 with tensional strength of ܴ௠= 560 
MPa and yield strength of ܴ௘ு=355 MPa. As this type of hydraulic cilinders operate in 
extreme exploatative conditions, according to DIN 2448/1629 (EN 10201) and for 
material St 52-3 N (S355J2G3) and attest according to EN 10204-3.16 for the wall 
thickness of ߜ ൏ 40 mm, safety factor is equivalent to 2.5=ߥ, so, on the basis of the 
presented data, the stress limit of ߪௗ ൌ140 MPa is adopted. Maximal pressure in 
exploitation at hydraulic cylinder, that act as load on cylinder barrel is equivalent to 
௠௔௫݌ ൌ160 bar. For calculation of wall thickness of hydraulic cylinder barrel made of 
material with higher toughness the following relation can be used [1]: 

 
ߜ ൒

݀
2 · ቎ඨ

ௗߪ ൅ ௠௔௫݌ · ൫1 െ 2 · ௣൯ߤ
ௗߪ െ ௠௔௫݌ · ൫1 ൅ ௣൯ߤ

െ 1቏ ൌ 6.76 ሾmmሿ. 
 
                  (1) 

In relation (1) internal diameter of the cylinder is nominated as ݀ and it is 
equival to 125 mm, while ߤ௣ is Poason ration that is for steel equivalent to 0.3. As 
calculated minimal wall thickness of hydraulic cylinder barrel is equivalent to 6.76 mm 
the next standardized dimensions are adopted as D=145 mm for external diameter of 
cylinder and 10=ߜ mm for the wall thickness. On the basis of the adopted wall 
thickness, the value of stress at wall of the hydraulic cylinder barrel can be calculated 
by following relation [7]: 
 

ߪ ൌ
ଶܦ ൅ ݀ଶ

ଶܦ െ ݀ଶ · ௠௔௫݌ ൌ 108.59 ሾMPaሿ. 
 
                              (2) 

The value of stresses at maximal fluid pressure that is obtained by calculation 
is smaller than value adopted as maximal stress limit for selected material and 
exploitative conditions that confirms the constructional dimension and proper selection 
of material. Obtained value of hydraulic cylinder barrel wall thickness, so as obtained 
stress level at cylinder barrel wall due to internal pressure and pressure induced by act 
of other hydraulic cylinders, provide calculation of required dimensions and form.  
Analytic method provides relevant results for calculation of wall thickness and stress 
level due to fluid pressure at hydraulic cylinder barrel. For analysis of stress-strain in 
details at real form of the hydraulic cylinder, finite element method must be used. By 
this method, beside stress state, strains can be, also, determined and result stress-
strain state at zones with stress concentrations can be analyzed.  
 

 
Fig.2 Main parts of hydraulic cylinder  
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numeric method in relation to values obtained by analytic method provide precise 
calculation of stresses and strains.  

 
Fig. 10 Results of analytical and numerical calculations of maximal stresses and stress 

distribution as a function of the pressure variation 

Diagram presentation of numeric analyze of resulted deformation at hydraulic 
cylinder barrel for different values of maximal pressure is shown at Fig. 11. Those 
deformations could influent to reduction of exploitation period of the cylinder and 
present one of the major causes of failures at excavator bucket mechanisms. The 
analysis of deformations implicate that at pressure higher than allowed, higher 
deformations are induced that overcome allowable deformations limit, so fluid pass 
between piston and cylinder barrel and failure at hydraulic mechanism occur.  

 
Fig. 11 Results of analytical calculations of maximal deformation as a function of the 

pressure variation  
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5. CONCLUSION 
On the basis of the conducted evaluation of results, following general 

conclusions are implicated: 
• Diagrams of stresses obtained by analytic and numeric method have the 

same trends, so considered model by numeric method is relevant and 
relate to adequate construction solution. The mathematical model that is 
formed can be taken for further analysis and testing in aim to obtain 
decrease of maximal stress level, so as dynamic and fatigue analysis.   

• Values of stresses calculated by numeric method are higher than related 
values calculated by analytic method due to fact that this method does 
not consider stress concentration because of its complex determination, 
so it is implicated that for precise real stress state numerical method that 
considered real geometry and form must be used.  

On the basis of those conclusions it is implicated that both analytic and numeric 
methods provide relevant results due to sensitivities to alterations of input parameters, 
but special care should be taken on 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 the cylinder. 
Conducted analyses provide precise identification of optimal construction solution, so 
as identification of its optimal form and by that, provide prevention of damages and 
failures at maximal pressures during exploitation. 
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