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Abstract
Kopoonpat, S.!, Seadan, M.! and Luksameevanish, V.
Compression and shear properties of elastomeric bearing using
finite element analysis
Songklanakarin J. Sci. Technol., 2006, 28(5) : 1121-1134

Standard size samples of four natural rubber compounds, varying the amount of carbon black from
10 to 70 phr, were characterised under uniaxial compression and simple shear tests in order to obtain the
strain energy function constants. These constants were then used as hyperelastic material constants for the
Windows-based finite element package (COSMOS/M version 1.75). The investigated bearings, made with
those NR compounds, had the approximate area and thickness of 50x106 mm? and 50 mm respectively. Each
compound of bearing consisted of four different values of shape factor ranging from about 0.33 to 1.70,
according to the number of reinforcing plates in the bearing. Three deformation modes of compression,
shear and compression-shear were predicted. Good agreement was found between twelve compression model
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predictions and the corresponding experimental values of bearings, containing 10, 20 and 40 phr of carbon
black and each of which consisted of four different layers of reinforcing metal plates (0, 1, 2 and 3 layers).
On the other hand, deviation from the predicted valve was clearly seen in the 70 phr black bearing case. The
percentage difference increased with respect to the increasing number of reinforcing plates or the rising
shape factor. Therefore, the improved FEA model was supplemented with an imaginary elastic glue layer
between the rubber block and metal plate as glue failure compensation. The optimum value of the elastic
layers modulus is 8 MPa while the thickness of the layer depends on the total thickness or total volume of
rubber block. This model can predict the 70 phr carbon black bearings, having shape factor ranging from
0.5 to 2.35 for 11 cases. The FEA prediction of shear behaviour agrees well with the experimental data for
all four bearing compounds and there is no effect of shape factor on shear stress. Moreover, shear stress does
not depend on the compressive force applied to like bearing before shear and the FEA results agreed with
the corresponding experimental results.

Key words : Finite Element Analysis, elastomeric bearing, compression model,
shear model, compression-shear model, hyperelastic material
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Table 1. Compounds formulation

No.1 No. 2 No. 3 No. 4
Ingredients (BR70) (BR40) (BR20) (BR10)

phr phr phr phr
Natural Rubber 100.0 100.0 100.0 100.0
7ZnO 5.0 5.0 5.0 5.0
Stearic acid 2.0 2.0 2.0 2.0
HAF 70.0 40.0 20.0 10.0
Spindle Oil 6.0 6.0 - -
Flectol TMQ 3.0 3.0 3.0 3.0
Paraffin Wax 3.0 3.0 3.0 3.0
CBS 1.5 1.5 1.5 1.5
Sulphur 1.5 1.5 1.5 1.5
6PPD 2.0 2.0 2.0 2.0
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Table 2. Conditions of uniaxial compression and simple shear tests

Conditions Compression Shear
Standard procedure BS903 Part A4 BS903 Part A14
Sample geometry Cylindrical specimen Double sandwich specimen
o
[ |
Ho T
-l
Size D =29 mm, H0 = 12mm Area = 25x50 mm?, Thickness 7 mm
Cross head speed 5 mm/min 10 mm/min

Condition of testing
Maximum strain
Others

= 50%

Cyclic test, taken the average values of the 3" to the 6™ loaded cycle

= 70%

Lubricated at upper and lower surfaces

Table 3. Conditions of FEA models of compression, shear and compression shear bearings

Number of reinforcing metal plate

Conditions
0 1 2 3

Bearing size: WxLxH (in mm) 50x106x50 50x106x50 50x106x50 50x106x50
Model size: WxLxH (in mm)

- compression 25x%53x50 25x53x24 25x53x13 25x53x10

- shear and compression -shear 50x106x50 50x106x24 50x106x13 50x106x10
No. of element at each side

- compression 7x10x10 7x10x9 7x10x8 7x10x7

- shear and compression -shear 10x20x10 10x20x9 10x20x8 10x20x7
Boundary conditions See Figure 2

Loading conditions
- compression model
- shear model

- Apply Y-displacement steps up to about 25% strain
- Apply X (shear) displacement up to about 30% shear strain

- Apply fix compressive displacement (5, 10 and 15% compression

strain)
- compression shear model

- Apply X (shear) displacement, while the step compressive strain

change were hold at 5, 10 and 15%
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Figure 1. Bearing arrangements in compression, shear and compression-shear tests
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is the upper part of rubber block, which is
bonded to metal plate and where the step
compressive displacement is applied

is the lower part of rubber block, which is
bonded to metal plate and it is fixed for no
movement in all directions

Face 3 and 4 are the side faces, which are defined as

in y and x symmetry plane, respectively.

is the upper part of rubber block, which is
bonded to metal plate and where the step
compressive displacement and/or shear
displacement applied

is the lower part of rubber block, which is
bonded to metal plate and it is fixed for no
movement in all directions

(b) Shear and compression-shear models

Naodes are fixed in x and vy directions.

el Step compressive displacement is

E

L.

applied in z direction.

——TFubber block

N_Nodes are fixed in all directions.

(c) Perfect bonded compression model

"Imagine" elastic layer
Young's modulus =8 MPa,
Poisou’s Ratio =0 .49
Rubber block

Z

L.

/

(d) Elastic bonded model

Figure 2. Diagram of (a) 3D-one quarter compression model, (b) 3D full size of shear and
compression-shear model (c) xz-plane of compressive “perfect bonded” mesh and
(d) xz plane of compressive ‘“‘elastic bonded” mesh.
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Figure 3. Reduced stress plotted against (I,-3) tested from uniaxial compression and simple
shear modes for 4 rubber compounds.

Table 4. Strain energy constants for each compounds, preformed from
uniaxial compression and simple shear tests.

Compounds Strain Energy Constants in MPa Correlation
i 2
C, C, C, coefficient, r
BR10 0.3113 -0.0450 0.0277 0.9310
BR20 0.3772 -0.0761 0.0489 0.9451
BR40 0.5326 -0.2485 0.1815 0.9135
BR70 0.9700 -0.7948 0.6409 0.8758
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Figure 5. Comparison of experimental compressive stress-strain relationship with the
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[Color figure can be viewed in the electronic version]
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