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Abstract. The problems of operation of hydraulic actuators in hydraulic press are considered. 

Design errors of hydraulic cylinders are identified. As the result of the simulation in the 

AnsysCFX, a new design with better strength properties is obtained, and the operational life of 

the hydraulic cylinder is increased. Also the pictures of the stressed-deformed state before and 

after structural changes are obtained. 

Introduction 

Powerful hydraulic presses are part of the industries, determining the military capability and industrial 

potential of Russia. Increasing the quantity and improving the quality of products obtained by 

hydraulic presses in a substantial way determine the development of the national economy. The 

modern technological level of present powerful hydraulic presses is provideddue to the modernization 

of hydraulic actuator, controlling and mechanization systems that is 20%  of mass and cost of the 

press [1–3]. The force of the hydraulic press, necessary for material processing under pressure, is 

created and perceived by its basic parts (main hydraulic cylinders, columns, cross-beams, elements of 

frame racks), that is 80%  of mass and cost of the press. Therefore, theessential condition for 

maintaining and increasing the technological capabilities of present powerful presses is the further 

failure-free operation of the present basic parts [4]. 

The method for engineering analysis of the hydraulic cylinder substantially depends on how it is 

attached to the press frame. The methods of attaching of the hydraulic cylinder with collars or flanges 

made in conjunction with the cylinder are widely used. Flanges are attached on the cylinder by 

threading or welding. Mounting designs are used with a split ring key. The support constructions of 

the cylinder by split-ring connector are used. The cylinder support on its bottom is used. After 

choosing the pressure P with which the pressure fluid will be supplied to the cylinder, it is necessary to 

determine the diameter of the piston or ram due to which the specified force T will be developed. The 

resulting size D is rounded off to the nearest larger size according to GOST 6540. Then, depending on 

the accepted design, the inner diameter of the cylinder is determined, which must also be in 

compliance with the standard above. When determining the wall thickness, the cylinders of hydraulic 

presses are calculated as thick-walled cylindrical shells. In thick-walled cylinders being under the 

action of internal pressure P, a complex stress state arises, as the normal stresses act simultaneously in 

the radial direction at a point remote from the cylinder axis in the tangential and axial directions. 
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Methods 

Operating experience shows that the largest number of failures of powerful hydraulic presses with the 

most serious consequences is primarily associated with destruction and damage of the hydraulic 

cylinder. With an increase in operating time, the number of failures increases, that’s why it is 

necessary to significantly increase the strength of cylinder to meet the increasing production 

requirements and to increase its operating time. 

The occurrence and development of fatigue cracks in the fillet of the bottoms are one of the main 

reasons for the destruction of large cylinders of powerful hydraulic presses under the influence of a 

cyclic load. The operation experience of mold presses has shown that cylinders made of steel 35  

(0,32 - 0,4% C, 0,17 - 0,37% Si, 0,5 - 0,8%Mn, ~ 97% Fe) are damaged along cracks in the fillet of the 

bottom in the same way as cylinders made of steel 25 GS (0.2 - 0.26% C, 0.6 - 0.9% Si, 1 - 1.3% Mn, 

~ 96% Fe)that is shown in the Fig. 1. 

 

Fig. 1.Scheme of destruction of a cylinder with a force of 50 MN along a crack in fillet of the bottom 

 

High quality structural carbon steel 35 is used for the manufacture of products of low strength, 

working with low stresses - cylinders, columns of presses, axles, crankshafts, rods, traverses, and other 

details. Steel 35 has a yield stress 315  .MPa  

Steel 25 GS structural low alloyed steel is used for welded assemblies. Yield stress is 275  .MPa

The properties of 25GS steel depend on the type of heat treatment, tempering temperature and section. 

An important difference between steel 25GS and steel 35 is good welding properties. Welding can be 

carried out without preheating, by any methods, without heat treatment of the welded joints. Thereby, 

the use of steel 25 GS is more economically feasible. 

It should be noted separately that after the examination of a number of presses after repair, during 

which cracks in hydraulic cylinders are eliminated by welding and the yield stress of welding material 
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is 450  ,MPa  destruction of hydraulic cylinders in the fillet area directly along the welding joint is 

observed. 

To determine the causes of the destruction of the cylinders, their FEM was made. The stress state 

of the main cylinders of mold presses with a force of 35 MN and 50 MN obtained from Ansys is 

shown in Fig. 2, the maximum primary stresses 1 in the fillets of the cylinder bottoms are 140.1 MPa 

and 130.5 MPa, respectively. 

In cylinders made of 25GS steel and 35 steel, fatigue cracks occur in the same zone (fillet of the 

bottom) at maximum stresses of 130-140 MPa. It means, that the cause of fatigue cracks and of the 

destruction of the cylinder bottoms is determined not by the grade of steel, but by the technology of 

manufacturing the bottoms, which was the same with different grades of steel. Different cases of 

fatigue cracks occurrence are described in [5–7]. 

 

a)b) 

Fig. 2. The stress state of cylinders with a force of 35 MN and 50 MN made of steel 35: a) — cylinder 

with a force of 35 MN; b) — cylinder with a force of 50 MN 

 

The proposition of the connection of the cause of the cylinder bottoms destruction with the adopted 

technology of blanks forging confirms the results of fatigue tests. The weight of the shell ingot  

(79 tons) is more in 1,4 times than the mass of the bottom ingot (57 tons), therefore, with the same 

forging technologies, the working intensity and endurance of the bottom material should be greater 

than the shell material. But the fatigue limit of the bottom in the fillet zone is 0 130  ,bottomσ MPa  the 

fatigue limit of the shell is σ0 0 235 250  .shellσ MPa   

A modern, more intensive technology for forging the bottom blank significantly increases the 

fatigue limit of the fillet zone. But the maximum stresses in the fillet of the bottom are higher than the 

stresses on the inner contour of the shell. So, for a cylinder with a force of 35 MN and 50 MN, the 

stresses on the bottom fillet contour are in 1,4–1,5 times more than the stresses on the inner shell 

contour (Fig. 2). This, in the general case, significantly reduces the cylinder’s factor of safety for 

fatigue and, due to the corrosive attacks of the pressure fluid, or due to accidental damagesof the fillet 

surface, leads to fatigue cracks and destruction of the cylinder. 

Results 

A significant decrease in stresses in the fillet is achieved by its embedding in the cylinder bottom with 

an increase in the fillet radius [8]. The maximum stresses in the fillet decrease in 1,4 times, from 140,1 

to 103,4 MPa for a cylinder with a force of 35 MN and from 130,5 MPa to 95,2 MPa for a cylinder 

with a force of 50 MN (Fig. 3). These stresses practically coincide with the stresses acting on the inner 
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contour of the shell and provide unlimited durability of the inner surface of the cylinder even when 

using fresh water as a pressure fluid [9].  

 

a)b) 

Fig. 3. The stress state of the inner surface of the cylinders with a force of 35 MN and 50 MN with the 

new design of the fillets of the bottom: a — cylinder with a force of 35 MN; b — cylinder with a force 

of 50 MN 

 

Cylinders, the bottoms of which are manufactured using the new design and technology solutions 

presented above, have been working in hydraulic presses of the railway wheel production line at OMK 

since 2005. The line's capacity is 820,000 wheels per year, which is the world record for productivity 

for powerful hydraulic presses. For ten years of operation, the occurrence of cracks in the fillets of the 

cylinder bottoms has not been recorded. 

Discussions 

This optimization with Ansys CFX allows increasing the operation life of the hydraulic actuator 

through the strength analysis. The destruction of the main cylinders caused by fatigue cracks in the 

fillet of the bottom, are explainedby structural and technology errors made during the creation of the 

cylinders.The discussed problem can be solved during a scheduled repair without significant financial 

costs. Besides the optimization of hydraulic systems, Ansys CFX can solve a number of problems 

caused in any technical devices. More problems occurring in technic devices solving with AnsysCFX 

are described in [10–20]. 

Reference list 

[1] Van Nguyen, T., Ha, C. The Actuator and Sensor Fault Estimation Using Robust Observer 

Based Reconstruction for Mini Motion Package Electro-Hydraulic Actuator (2019) Lecture 

Notes in Computer Science (including subseries Lecture Notes in Artificial Intelligence and 

Lecture Notes in Bioinformatics), 11645 LNAI, pp. 244–256.  

[2] Aizhambaeva, S.Z., Maximova, A.V. Development of control system of coating of rod 

hydraulic cylinders (2018) IOP Conference Series: Materials Science and Engineering,  

289 (1), article № 012020  

[3] Solazzi, L. Design and experimental tests on hydraulic actuator made of composite material 

(2020) Composite Structures, 232.  

[4] Kuznetsov, A.P., Utenkov, V.M., Shirshov, A.G. Thermal assessment of metal-cutting machines 

(2015) Russian Engineering Research, 35 (1), pp. 8–13.  

[5] Ling-Xiao, Q., Yuan, C., Hong-Liang, L., Rui, G., Haixin, G. Fatigue analysis of the cylinder in 

the axial piston pump (2015) Proceedings of 2015 International Conference on Fluid Power 

and Mechatronics, FPM 2015, pp. 116–122. 



Hydraulics

IOP Conf. Series: Materials Science and Engineering 779 (2020) 012005

IOP Publishing

doi:10.1088/1757-899X/779/1/012005

5

 

 

 

 

 

 

[6] Huang, B.S., Lu, J. Research on fatigue failure of steel E4330 for fluid cylinder (2015) 

Materials Science Forum, 814, pp. 241–248. 

[7] Yan, Z., Tang, M., Chen, G., Wang, T., Li, X., Zhuang, Z. Development of analogy method for 

thermal-fatigue crack propagation in pressurized cylinder by using permeation diffusion-

fracture model (2019) Engineering Fracture Mechanics, 222. 

[8] Birger I.A., Shorr G.F., Iosilevich G.B. Stress analysis of machine parts. Publisher: Machine 

engineering. 1977, 230 pp. 

[9] Kubachek V.V., Fazil'akhmetov R.S., Aleksandrova N.N., KarpovP.P.Improving the 

manufacturing technology of hydraulic cylinders of presses for wheel rolling shopfloors. 

Hydropress equipment manufactured by "URALMASH" and the problems of its 

development. Sverdlovsk. 1988.S. 52–59. 

[10] Murashov, M.V., Vlasov, A.V. Three-dimensional Finite Element Modelling of the Cylindrical 

Specimen Upsetting (2018) MATEC Web of Conferences, 220. 

[11] Gavryushin, S.S., Skvortsov, P.A., Skvortsov, A.A. Numerical modeling and optimization of 

the design of the corrugated pressure sensor membrane (2018) PeriodicoTcheQuimica, 15 

(Special Issue 1), pp. 174–181. 

[12] Sun, B., Ding, S.-H., Li, S.-X. Failure analysis of cylinder for reciprocating piston compressor 

based on ANSYS (2017) Petrochemical Equipment, 46 (5), pp. 40–44. 

[13] Alshare, A.A., Calzone, F., Muzzupappa, M. Hydraulic manifold design via additive 

manufacturing optimized with CFD and fluid-structure interaction simulations (2019) Rapid 

Prototyping Journal, 25 (9), pp. 1516–1524. 

[14] Ali, B., Ouahiba, G., Hamid, O., Ahmed, B. Aerodynamic optimization of active flow control 

over S809 airfoil using synthetic jet (2019) 2018 International Conference on Wind Energy 

and Applications in Algeria, ICWEAA 2018.  

[15] Gunasekharan, S., Raj, K.T. Structural design and modeling of keystone butterfly valve (2019) 

International Journal of Recent Technology and Engineering, 7 (5), pp. 288–291. 

[16] V Cheremushkin and V Lomakin 2019 IOP Conf. Ser.: Mater. Sci. Eng.492 012039 

[17] T Valiev and APetrov 2019 IOP Conf. Ser.: Mater. Sci. Eng.492 012038 

[18] V Lomakin and O Bibik 2019 IOP Conf. Ser.: Mater. Sci. Eng.492 012037 

[19] A Petrov et al 2019 IOP Conf. Ser.: Mater. Sci. Eng. 492 012036 

[20] A Shablovskiy and E Kutovoy 2019 IOP Conf. Ser.: Mater. Sci. Eng.492 012035 


