	Finite Element Method 


Code: MFVEG31G04-EN

ECTS Credit Points: 4
Evaluation: mid-semester grade
Year, Semester: 3rd year/1st semester

Number of teaching hours/week:

Lecture: 2
Practice: 1

Prerequisites: CAD systems II.: MFCAR32G03-EN, 

           Technical Mechanics IV. MFMMC34G02-EN
Topics: 

The finite element method in the product lifecycle. Mathematical and mechanical background of the finite element method. Fundamentals of linear elasticity (a displacement field, a strain field, a stress field). Basic equation systems (equilibrium equation, kinematic equation, constitutive equation). Boundary conditions. Boundary value problems. Strain energy and related principles. Linear spring. The Ritz method. Formulation of the finite element method. Truss and beam elements. Two-dimensional problems (plain strain, plane stress, axi-symmetric problems. Isoparametric finite elements. Numerical integration. General purpose of finite element programs. Application of Femap 9.3 FEM software. Modelling questions. Meshing. Post processing.
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Schedule

	1st week:

Lecture: Brief overview of the finite element method, historical background. 

Practice: Industrial application of the finite element method.
	2nd week: 

Lecture: Fundamentals of linear elasticity. A displacement field, a strain field, a stress field
Practice: Calculation of strain and stress measures.

	3rd week:

Lecture: The basic equation system of linear elasticity (equilibrium equation, constitutive equation, kinematic equation).
Practice: Principal values of normal stresses, scalar invariants and equivalent stresses.
	4th week:

Lecture: Boundary conditions (kinematic boundary condition, dynamical boundary condition).
Practice: Analytical solution of a one-dimensional boundary value problem.

	5th week:

Lecture: Strain energy. Total potential energy. Variational principles. The principle of minimum total potential energy.
Practice: Calculation of strain energy and the application of total potential energy.
	6th week:

Lecture: Linear spring as a finite element.

Practice: Examples for linear spring structures. Derivation of the stiffness matrices.

	7th week:

Lecture: Theory of the Ritz method. Kinematically admissible displacement fields.
Practice: Examples for the Ritz method (linear approximation, quadratic approximation).
	8th week:

Mid-term test
Lecture: Formulation of the finite element method. General derivation of the displacement based finite element equilibrium equations.
Practice: Solution of a numerical example by programming (prismatic bar problem).

	9th week:

Lecture: Properties of truss elements. Local approximation. 
Practice: Solution of numerical examples by the usage of Femap 9.3 (prismatic bar problem, truss structure).
	10th week:

Lecture: Properties of beam elements. Analytical solution of a statically indeterminate beam problem.
Practice: Solution of numerical example by the usage of Femap 9.3 (statically indeterminate beams).

	11th week:

Lecture: Finite element formulations for two-dimensional problems (plain strain, plane stress, axisymmetric problems).

Practice: Solution of numerical examples by the usage of Femap 9.3 (a plate with a hole, a tube under internal pressure, analyzing a pressure vessel).
	12th week:

Lecture: Isoparametric finite elements. One-, two- and three-dimensional mapping. Truss element. Quadrilateral and triangular elements. Brick and tetrahedron element.
Practice: Calculation of Jacobian of undistorted and distorted quadrilateral elements.

	13th week:

Lecture: Numerical integration. The Gaussian quadrature.
Practice: The usage of one-point, two-point and three-point formulas.
	14th week:

Lecture: General purpose finite element programs. Modelling questions. Meshing, post-processing. Error analysis.

Practice: Solution of a numerical example by the usage of Femap 9.3 (analysis of an assembly).

	15th week:

End-term test.
	


Requirements

A, for a signature:

Attendance at lectures is recommended, but not compulsory. 

Participation at practice is compulsory. Students must attend the practice classes and may not miss more than three times during the semester. In case a student does so, the subject will not be signed and the student must repeat the course. Students can’t make up a practice class with another group. Attendance at practice classes will be recorded by the practice leader. Being late is counted as an absence. In case of further absences, a medical certificate needs to be presented. Missed practices should be made up for at a later date, being discussed with the tutor. Students are required to bring the drawing tasks and drawing instruments to the course with them to each practice class. Active participation is evaluated by the teacher in every class. If a student’s behavior or conduct doesn’t meet the requirements of active participation, the teacher may evaluate his/her participation as an absence because of the lack of active participation in class.

During the semester there are two tests: the mid-term test in the 8th week and the end-term test in the 15th week. Students have to sit for the tests.

B, for a grade:


The course ends in a mid-semester grade (AW5) based on the test results.

The minimum requirement for both mid-term and end-term tests is 50%. Based on the score of the tests separately, the grade for the tests is given according to the following table:

Score

Grade

0-39

fail (1)

40-52

pass (2)

52-63

satisfactory (3)

64-71

good (4)

72-80

excellent (5)

If the score of the sum of the two tests is below 40, the student once can take a retake test of the whole semester material.

