MET 440/540 MECHANICAL METALLURGY
CATALOG DATA: 

MET 440/540 MECHANICAL METALLURGY (3-0) 3 credits.
Prerequisite: Met 232and concurrent or completion in EM 217. A course concerned with the response of metals to loads. Areas covered include elastic and plastic deformation under different force systems, fracture, fatigue, creep, residual stresses, and general fundamentals of metal working. Students enrolled in MET 540 will be held to a higher standard than those enrolling in MET 440.

TEXTBOOK: 

“Mechanical Metallurgy,” by G. E. Dieter, McGraw Hill, Third Edition, 1986.

INSTRUCTOR: 

Dr. Dana J. Medlin, Office Hours: 3:00-4:00 p.m. MWF

REQUIRED/ELECTIVE:

MET 440 is required for all B.S. Metallurgical Engineering students.  

COURSE OBJECTIVES: 

To rationalize, predict, control and change the response of metals and alloys to forces and loads in order to prevent failure, and control plastic flow (deformation processing). 

Determine the state of stress using Mohr’s circle, calculation of elastic stresses from elastic strains, stress distribution and stress concentration in mechanical components, strength theories for ductile and brittle materials, yield surfaces and yield envelops, calculation of final dimensions and final state of stress in mechanical components, design with linear elastic and elastic-plastic fracture mechanics, design for fatigue in structural components, determine stress concentrations and basic fracture mechanics, design for creep in structural components.

COURSE OUTCOMES:

· Graphical and analytical determination of a state of stress in mechanical components. Vector and tensor representation in different system of axis. Calculation of elastic stresses from elastic strains and elastic stress/strain relationships.

· Stress distribution and stress concentration in mechanical components.

· Strength theories for design in brittle and ductile materials. Yield surfaces and yield envelops.

· Given the original dimensions of a mechanical component and the original tridimensional state of stress, calculate the final dimensions and the final state of stress in the mechanical component.

· Calculation in engineering materials of the: (a) theoretical cohesive tensile strength, (b) cohesive tensile strength from the stress concentration point of view, establishment of the fracture stress by the Griffith’s equations and (d) establishment of the fracture stress by the Griffith-Orowan equations.

· Measurement of the fracture toughness of engineering materials: Plane strain, COD, CTOD, J integral and R curves. Calculation of plasticity corrections.

· Calculation of dimensions, failure stresses and failure envelopes in mechanical components using linear elastic fracture mechanics and fracture theories for design.

· Criteria for the fatigue design of mechanical components including fatigue crack initiation and fatigue crack propagation. Calculation of the dimensions and fatigue life of mechanical components under specific fatigue parameters.

· Establishment of creep mechanisms and plotting of creep data for engineering design.  Working knowledge of creep deformation maps.

· Calculation of constants in creep equations, creep stresses and life time, in the creep design of engineering components.

· Introduction to the methodologies for evaluating failure analysis of metallic components.

· Calculation of stress intensity factors, strain energy release rates, fracture toughness, plane strain toughness testing methods, and toughness of materials.
TOPICS COVERED:

· Introduction (Mechanical Behavior under 1D Stress)


· Macroscopic theory of elasticity 

· Macroscopic theory of plasticity

· Strengthening mechanisms

· Fracture

· Fracture mechanics

· Fatigue of metals 

· Creep and stress rupture 

· Brittle fracture and impact testing 

CLASS SCHEDULE:

Lecture: 3 hours per week, 8:00-8:50 am, MWF

RELATIONSHIP OF COURSE TO PROGRAM OUTCOMES: (a), (b), (c), (e), (g), (k)

CONTRIBUTION OF COURSE TO MEETING THE PROFESSIONAL COMPONENT:

The course concepts are applied to the design and manufacture of materials and structural components in order to prevent failure and control plastic flow in deformation processing.
Ethical practice is a frequent discussion item in MET 440, specifically, the role engineer’s play in sound manufacture of materials and structural components.  

PERSON WHO PREPARED THIS DESCRIPTION AND DATE OF PREPARATION:

Dana Medlin, March 23, 2010.
