Department of Mechanical Engineering, Academic Year 2020, 2nd Semester Syllabus (EN)

	Course title：(Chinese) 工程塑性力學 (全英授課)
(English) Engineering Plasticity (EMI)
	Dept.
	Mech. Engrg.

	
	Code
	4205363

	Lecture
	 .Jong-Ning Aoh
	credits
	3-0-3
	optional
	Class
	Graduate/senior

	Preliminary course required: Engineering Math, Strength of Materials, Engineering Materials, Elasticity(optional) 

	Description: This course provides students with fundamental understanding of material plasticity by introducing the basic stress strain flow behavior and the related constitutional equations. Macroscopic plastic deformation assessment using yielding criteria is introduced. Classic methods and technique such as slab method, upper bound method, slip line methods in analyzing the plastic deformation and required loading for various metal forming processes are introduced step by step. The principle of the modern finite element method for the numerical analysis of metal forming is brought to students by simultaneous hands-on practice of the commercial code SIMUFACT forming at multi-purpose classroom. This course is taught in English (English as medium of instruction, EMI).
Goal: To provide the graduate students and senior students with the competence in understanding the basic theory of engineering plasticity, in handling the basic metal forming problems with various classic methods and in modeling and analyzing some basic metal forming cases using  commercial code SIMUFACT forming. 

	Textbooks /References
	1.W.F. Hosford, R.M. Caddell, Meal forming-Mechanics and Metallurgy, 2nd ed., Prentice Hall, 1993 (Textbook)
Reference books:

2.R.H. Wagoner, J.L. Chenot, Metal Forming Analysis, Cambridge University Press, 2001

3.F. Dunne, N. Petrinic, Introduction to Computational Plasticity, Oxford University Press, 2005

4. D.W.A. Rees, Basic Engineering Plasticity, Butterworth-Heinemann, 2006
5.Kopp, Introduction to Metal Forming, Chinese Translation from German, 2009

	Outline
	course hour
	Established Core competence

	Subjects
	Contents
	Lecture
	Demo
	Exercise
	Misc.
	

	Stress & Strain
	1.Stress-strain relationship
2.Constitutive Equations
3.Flow curves
4.Strain energy
	6
	
	
	
	D1-D8

	Macroscopic plasticity & yielding criteria 
	1.Basic equations
2. yielding criteria
3.Equalent stress strain and strain rate

4.Deformation energy, work, force and efficiency 
	9
	
	
	
	D1-D8

	Basic plastic deformation modeling-Slab analysis
	1.Slab analysis-force balance
2. Upset forging
3.Extension

4.Rolling

5.Drawing

6.Extrusion
	9
	
	
	
	D1-D8

	Upper bond analysis 
	1.Principles
2. Frictionless extrusion
3.Plane strain compression

4.Plane strain extrusion

5. Plane strain drawing
	6
	
	
	
	D1-D8

	Slip line field theory and deformation zone geometry
	1Governing stress equations
2.Velocities in the field
3.Energy dissipation
4.Metal distortion

5. Deformation zone geometry
	9
	
	
	
	D1-D8

	Finite Element Analysis in Plasticity
	1.FEM Principle and modeling
2.Software SIMUFACT
3.Hands-on practice
	3
	3
	12
	
	D1-D8

	Core Competence of Graduate Program
	Index for achieving Core Competence

	D1
	Well established advanced knowledge in mechanical engineering
	Well established advanced knowledge in engineering, plasticity and metal forming

	D2
	Competence in planning and conducting research and development projects in mechanical engineering and related disciplines
	Competence in planning and conducting research and development projects in engineering plasticity and metal forming

	D3
	Proficiency at professional writing in mechanical engineering
	Proficiency at professional writing in engineering plasticity and metal forming

	D4
	Capacity of innovative thinking and independent problem solving for mechanical engineering challenges
	Capacity of innovative thinking and independent problem solving for challenges from engineering plasticity and metal forming

	D5
	Effectiveness in communication and coordination in multi-disciplinary environments
	Effectiveness in communication and coordination of engineering plasticity and metal forming projects in multi-disciplinary environments

	D6
	Well-balanced global vision
	Well-balanced competence in communication and comprehension of engineering plasticity and metal forming in English

	D7
	Capability of leadership, planning, and management
	Capability of leadership, planning, and management of metal forming related projects

	D8
	Engagement to lifelong learning
	Life-long learning through acquiring engineering plasticity and metal forming related knowledge from professional articles and medium


	Course Content

	Time
	Class
	Evaluation
	Office hour
	Evaluation of course quality

	Tuesday, 0910-1200
	Engineering  Building II, Rm 214L
	HW 25%

Midterm 25%

Final term30%

CAD Report 15%

Attendance 5%
	Monday 16:00~17:00 pm

Rm. 424 Tel: ext. 33304
E-mail: imejna @ccu.edu.tw
	Questionnaire on Core Competence

	Week
	Contents
	Remarks

	1
	Introduction to metal forming process and principles
	

	2
	Stress & Strain:1.Stress-strain relationship, 2.Constitutive Equations
	Homework I

	3
	Stress & Strain: 3.Flow curves, 4.Strain energy  
	

	4
	Yielding criteria: 1.Basic equations 
	Homework II

	5
	Yielding criteria: 2. yielding criteria applications and normality
	

	6
	Macroscopic plasticity: Deformation energy, work, force and efficiency
	Homework III

	7
	 Slab analysis: 1.Slab analysis-force balance, 2. Upset forging, 3.Extension
	

	8
	Slab analysis: 4.Rolling, 5.Drawing, 6.Extrusion
	Homework IV

	9
	Midterm exam
	

	10
	Upper bond analysis: 1.Principles, 2. Frictionless extrusion
	

	11
	Upper bond analysis: 3.Plane strain compression, 4. Plane strain extrusion, 5. Plane strain drawing
	Homework V

	12
	Slip line field theory: 1Governing stress equations, 2.Velocities in the field
	

	13
	Slip line field theory: 3.Energy dissipation, 4.Metal distortion
	

	14
	Slip line field theory: Deformation zone geometry
	Homework VI

	15
	FEM Principle and modeling
	

	16
	Introduction to SIMUFACT, hands-on practice of SIMUFACT
	Homework VII


	17
	Hands-on practice of SIMUFACT
	Homework VIII

	18
	Final exam
	SIMUFACT Report

	Misc.: 


