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The finite element method and photoelasticity technique are presented to predict displacement

and stress distribution for contact mechanics problems. The paper first describes 2D contact

mechanics theory. The finite element formulations based on Lagrange multiplier and Penalty method

are presented, The computational procedure and its boundary conditions are then described. The

photoelasticity theory and its procedure are also explained. To evaluate the efficiency of both

techniques, the displacement and stress distribution for two circular plates contact problem and

circular-flat plate contact problem are used to compare the finite element solutions and those from

photoelasticity technique and Hertz solution. The solutions show that the stress distributions

predicted by finite element method are in good agreement with the photoelasticity results and Hertz

solutions.
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2.3 Photoelasticity [4, 5]
Photoelasticity technique can be explained with the wave theory of light in the form of

harmonic waveform.

E  =  A cos(φ − ωt) (12)

where E is magnitude of light wave, A is the wave amplitude, φ is the phase angle of wave,

ω is angular frequency, and t is time.

(13)

(14)

where z is position along propagation axis, λ is wavelength, δ is phase of wave, f is wave frequency

and v is wave velocity.

Photoelasticity technique will control light path from source through wave plates and

measured model is located in the middle of them as shown in Fig. 2.

ω   =  2πf  =  2πv
λ

Fig. 2  A photoelastic model in a plane optical components.
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Fig. 9 shows the maximum shear stress contours of the photoelasticity result and finite element

solution based on 110.8 N applied on the top circle. As the result suggested, both results have a good

agreement.

3.2 Circular-flat plate contact problem
A circular plate is applied with a force in y direction against a deformable flat plate which

is supported by two rigid rollers as shown in Fig. 10. Because of symmetry, the finite element model

is generated only the right half of the model and consists of 5,580 nodes and 5,450 elements.

Fig. 9  Comparison of max shear stress between photoelasticity result
and finite element method solution.
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Fig. 10  Circular-flat plate contact problem.
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Near the contact surface area will occur stress and displacement behavior based on

contact theory, while the behavior at the bottom edge of the flat plate is based on bending theory.

The finite element solution agrees well with the result from photoelasticity technique as shown by

maximum shear stress contours in Fig. 11. According to the results of the Penalty and Lagrange

multiplier method, the accuracy of both methods is equally the same as shown in Fig. 12-15. Contact

lengths and displacement along y axis will increase as the applied forces is larger as shown in Fig. 12

and 13.  The maximum normal stress in the y direction will occur at the contact point (y = 0 mm.) and

decreases along the y axis away from the contact point, as shown in Fig. 14 and 15.

Fig. 11  Comparison of max shear stress between photoelasticity result
and finite element method solution.

Photoelasticity Finite Element Method



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 29 ©∫—∫∑’Ë 3 °√°Æ“§¡-°—π¬“¬π 2549266



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 29 ©∫—∫∑’Ë 3 °√°Æ“§¡-°—π¬“¬π 2549 267



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 29 ©∫—∫∑’Ë 3 °√°Æ“§¡-°—π¬“¬π 2549268




