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A FEM MODEL OF AHYDRAULIC CYLINDER SEALING COMPONENT

CyuacHe docaidiceHHst i po3pobKu, siKi 30ilICHIOIOMbCS HA pilleHHsIX w000 3aneyamyeaHHs 2idpasaiuHux yuaindpis,
nepesajicHo KOHYeHMpymbvCcs Ha YCYHeHHI Haghmoeozo 8UMOKY 8 0Mo4eHHi, CKOpoueHHI mepms [ npodosiceHHi onepayiiiHozo
vacy. Ilanip npedcmaease Heinilinuil anaaiz emicitinoi MIKPOCKOIIII 2ymosozo0 Opyky eukopucmosysas € zidpasaiuHux
yusindpax. [locseHyma ingpopmayiss maxuii muck, KOHMAaKMHI Mucku 3mMosu 04151 pizHux sudie dpyKy, 003804s€ nepedbavamu i
nokpawjyysamu onepamueHi oneuamytoyi 30i6Hocmi i 6ymu 30amHuM 6ymu Makoxc KOPUCHUM HA pob6omax wjodo HOCIHHS
npoyecie. Bukonyeaui modenai i docsiz pezysbmamis, MoicAUB0, BUKOPUCMOBYEMbCS HAdAAl, Giablie po38usdas aHa/isu,
nokpuseatoui instroke i outstroke piston 6amoza a makooic pi3HUX men/a108ux yMos.

CospemeHnHOe uccaedosaHue Uu paspabomku, Komopble OCyWecmeAsiomcsi HA peweHUsX OMHOCUMENbHO
3ane4ambvl8aHuUs 2UudpaBAU4ecKUX YuauHopos, 60abwell 4acmvlo KOHYeHmpupyrmesh Ha ycmpaHeHuu He@msHol ymeuku 6
OKpYJCeHUU, COKpaujeHuu mpeHusi U npodoaxceHuu onepayuoHHo20 eépemeHu. bymaza npedcmaessem HeauHeliHblll aHanus
amuccuoHHoli MUKPOCKOIIHH pe3uHo8bix neuameli ucno/vb308a/ 8 2udpasauveckux YyuauHopax. JocmueHymas uHgopmayusi
makue 0as./eHusl, KOHMAkmHule daeseHust 05 pasAuvHbIX 8udo8 heyamell, no3gojsiem npedckasbleamMsv U yAyYWAMb
onepamusHble oneyamsléaioujue cnocobHocmu U 6blMb CNOCOOHBLIM GblMb MakKice N0e3HbIM HA pabomax OMHOCUMEAbHO
HOweHUsl npoyeccos. BvinosHsemvie modeau u docmue pe3y/bmamos, 803MOMCHO, UCNO/Ab3yemcsi 8 dasbHeliuleM, 60abuie
paseusas aHau3sbsl, nokpslearoujue instroke u outstroke piston niemu a makce pasAuUYHbIX MeN/108bIX YCA08ULL.

Modern research and development works which are carried out on solutions regarding sealing of the hydraulic
cylinders, are mainly focused on elimination of oil leakage into the environment, reduction of friction and extension of an
operation time. The paper presents a nonlinear FEM analysis of elastomeric seals used in hydraulic cylinders. Achieved
information such stresses, contact pressure plots for various types of seals, allows to predict and improve operational sealing
capabilities and can be also useful on works regarding wearing processes. Performed models and achieved results may be used in
further, more developed analyses covering instroke and outstroke of piston rod and also different thermal conditions.

1 Introduction

In every manufacturing process, engineers has to answer the fundamental question: Does the product meet the
requirements? In a traditional procedure of manufacturing of elastomeric sealing components, the answer was possible
after few major phases. The whole procedure consisted of the design phase, cutting a mold, starting sample production,
testing and finally deciding of possible range of changes. Every change in shape of the seal required repetition of the
procedure. This traditional method was time-consuming and relatively expensive.

Modern simulation tools allow to rearrange the traditional manufacturing process. After the preliminary design
is made, the FEA tools can be employed in order to answer the following question: Does the product probably meet the
given requirements? If changes are to be made, they are made in the design phase, and what is most important, before
cutting the mold, which is very expensive. The next steps, which are the same as in traditional procedure, mostly
demonstrate compliance with initial assumptions and requirements [2].
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Fig. 1. Block diagram of traditional and modern manufacturing procedures



The paper presents a nonlinear FEM analysis of various types of elastomeric sealing rings used in hydraulic
cylinders of heavy duty machines.

An analysis of behaviour of hyperelastic rubberlike materials is a complex engineering problem. Occurrence of
material nonlinearities, large deformations, friction and possibility of self to self contact require special tools to solve
the task.

Increasing computational power of Personal Computers allows to conduct this type of complex simulations in
a reasonable time. To conduct FEM analyses shown in this article ANSYS system has been used. This software was
chosen due to the large computational capabilities, possibility of inputting data in a batch mode as well as its
parametricity (APDL Programming Language).

Five types of sealing rings have been examined. To describe a behaviour of elastomeric material used in
following analyses the two parameter Mooney-Rivlin hyperelastic material model has been used.

1.1. Hyperelastic Material Model

Hyperelasticity refers to a specific type of materials, that can undergo large elastic strain, without losing initial
properties. The constitutive description of hyperelastic materials is based on strain energy density function.

According to [1] and [3], the hyperelastic models are based on the Lagrange description of large deformations.
The Green-Lagrange strain tensor E is defined as follows:

E—l(FTF—l) (1)
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with F deformation gradient. A variation of this strain measure is the Right Cauchy-Green stretch tensor C given as:
C=F'F (2)
The stresses can be calculated from the derivatives of the strain energy density function W to the strains:
oW oW
5= -2 (3)
OE oC
The eigenvalues of C (squares of the length ratios in principal directions) are 7»12, 7»; and 7»;, and exist only if:
detlc 221 )= 0 4)
Equation (4) can be re-expressed as:
A T+ 1A —13 =0 (5)

where |, |, and |5 are principal invariants of C, defined as:

|, = u(c) ©)

1, = elc?)- (wc)?) ™)
15 = det(C) (8)

Under the assumption that material response is isotropic, it is convenient to express the strain energy density
function in terms of strain invariants or principal stretches:

W =W(115.05) =Wy 2g.05) )
The hyperelastic materials are usually considered as purely or nearly incompressible. Thus, the function W is
split into a deviatoric part W; and hydrostatic part W,. The deviatoric part describes a constant volume deformation, the

hydrostatic part describes a uniform compression of expansion. To fulfill the separation of the deviatoric and
hydrostatic part, a modified set of deformation measures is introduced:
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I =153 (10)
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I, =1,1373 (11)
J=13 (12)
or alternatively for the principal stretches:
- _1
Am =Ryl 6 (13)
I =Mt (14)
The strain energy density function can be defined as:
w=w(3,,3,,9)=w(u1,22,23,3) (15)

It is worth noting here, that for purely incompressible materials, the third principal invariant (volume change
ratio) I;= 1 and the new measures do not differ from the originals.



For an incompressible, initially isotropic material, the Rivlin formulation can be used to construct any type of
strain energy density function. This formulation can also be used for nearly incompressible materials if the principal
invariants |; and |, are substituted by the modified invariants J; and J,. The two parameter Mooney-Rivlin model used
in FEM analyses can be derived from Rivlin formulation and it is given as follows:

1 2
W:clo(Jl—3)+001(J2—3)+H(J—1) (16)

The initial bulk modulus is:

K=— (17)

2. The Object of Research
Five types of sealing rings used in hydraulic cylinders have been examined. Typical hydraulic cylinder
structure with sealing points indicated is shown in Fig. 2. Standard gland is shown in Fig. 3.

Fig. 2: Hydraulic cylinder: 1 — Cylinder, 2 — Piston, 3—Piston rod, 4 —Gland, 5,6 — Channels,
7,8 —Ears, 9,10 — Piston rod gland static seal, 11,12 — Piston static seal, 13 — Piston dynamic seal, 14 — Piston rod dynamic seal, A — Sealing
ring, B—Wiper, C —Bearing

Analysed set of seals consist of an O-Ring, rectangular sealing ring,
W10534 and W2563 lip seals, and asymmetrical lip seal with two sealing edges.
The general technical data of examined seals are: material — 70A — based on
NBR (Acrylonitrile-Butadiene Rubber), nominal hardness 70 IRHD, operating |
temperature: -30 °C to +100 °C, maximum sealed pressure 16 MPa, maximum

3. FEM Analysis of a Cylinder Sealing

velocity of piston rod 0.5 m/s.

The models were created as a batch files for the ANSYS system. An axisymmetric model of a cylinder sealing
was used in FEM analysis. The geometry of the piston rod, seal and housing was parametrized, so that to be easily
modified or used in an optimization process.

The mesh of the seal was created using A

PLANE182 (2-D 4-node structural solid quadrilateral)
element type with activated mixed u-p formulation option.
Contact pairs consist of CONTA171 and TARGE169
elements with both initial geometrical penetration and
offset included. Each iteration of contact analysis is based
on current mean stress of underlying elements. Isotropic
friction model was also applied to contact elements, with
the coefficient of friction of 0.2. To avoid problems with
solution convergence and to obtain accurate results, the
mesh was refined in critical areas. A fine mesh can be
seen near to the the initiall contact and c}osu.re area, on the Fig. 4: Mesh applied on seal model, 1 — Piston rod, 2 — Housing,
example of W2563 type lip seal, shown in Fig. 4. a, b —sealing edges

Geometry of housing was simplified and in general consist of three non deformable rigid walls.

The initial interference fit of seal was performed by applying a radial displacement to the piston rod and
housing walls. Due to the large deformation for both the interference fit and loading process, the total displacement and
total pressure were applied in series of load steps. Direct application of displacement or pressure, may lead to
convergence problems and solution instability. The result of nonlinear static analysis (Von Mises stress distribution) of
the asymmetrical lip seal with two sealing edges under pressure of 4 MPa is shown in Fig. 5.

) Fig. 3: Gland
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Fig. 5: Von Mises stressdistribution for the asymmetrical lip seal
under pressure of 4 MPa (20 % and 100 % simulation time respectively)

Contact pressure distribution for this case is shown in Fig. 6.
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Fig. 6: Contact pressuredistribution for the asymmetrical lip seal
under pressure of 4 MPa (20 % and 100 % simulation time respectively)

An analysis of the sealing under applied pressure shows the deformation processes that can have influence seal
wearing. Large deformation and extensive extrusion of seal material into closure can lead to damage in this area. The
process of extrusion of the seal material depending on closure size is shown on the example of W2563 lip seal. The
result of analysis under pressure of 10 MPa for the closure size of 0.1 mm, is shown in Fig. 7.

Von Mises stress distribution over W2563 seal for closure size of 0.2 mm and sealed pressure of 10 MPa is

shown in Fig. 8.
:
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Fig.7: Von Mises stressdistribution for the W2563 lip seal under

pressure of 10 MPa (closure 0.1 mm) Fig. 8: Von Mises stressdistribution for the W2563 lip seal under
pressure of 10 MPa (closure 0.2 mm)

Due to higher then average contact pressure, also intensified abrasive wear occurs near the closure area.
Depending on working conditions, material properties, and groove geometry, the abrasive wear and cutting of outer
layer may appear with various intensity. Seals made of less harder material are less endangered for abrasive wear but
more for cutting by groove edge [6].

4. Conclusion



The paper presents a nonlinear FEM analysis of various solutions of elastomeric seals used in hydraulic
cylinders of heavy duty machines. To conduct FEM analyses ANSY'S system has been used.

Achieved information such stresses, contact pressure plots for various types of seals allows to predict and
improve operational sealing capabilities and can be also useful on works regarding wearing processes. The geometry of
the FEM model was parametrized, so that to be easily modified or used in an optimization process.

Performed models and achieved results may be used in further, more developed analyses covering instroke and
outstroke of piston rod and also different thermal conditions.
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