WICHITA STATE UNIVERSITY
MECHANICAL ENGINEERING DEPARTMENT

COMPUTER-AIDED ANALY SIS OF MECHANICAL SYSTEMS
ME 729 —FALL 2001

INSTRUCTOR: H.M. Lankarani, 101R EB, Ext 6307
CLASS TIME: 12:30 - 1:45 MW
OFFICE HOURS: 1:45 — 2:45 MW, Other times by appointment
GRADING SCHEME: Homework and Computer Assignments
Exam |
Exam II
Project |
Project 11

Final Ora Presentation

COURSE DESCRIPTION:

Modeling and analysis of motion of planar mechanical systems are the subject of
this course. Equations of kinematics and dynamics are formulated in a structured
and automated format for a multibody system of interest, using Cartesian
coordinates. Numerical methods are developed and used for solving these
equations for the time response of the system. Modeling techniques are discussed
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for analysis of various types of multibody mechanical systems, from simple

mechanisms such as four-bar and slider-crank to complicated vehicle models with

suspension, steering, tire, and road interactions.
PREREQUISITIES BY TOPIC:

1. Fundamentals of statics, kinematics, and dynamics.
2. Elements of machines design and dynamics.
3. Ordinary differential equations.

COURSE MATERIAL

1. Nikravesh, P., “Computer-Aided Anaysis of Mechanical Systems,”

Prentice Hall, (copy)
2. Notes by H. Lankarani

TOPICSINCLUDE:

Basic concepts in kinematics:

Coordinate-partitioning and appended-driving constraint methods. Numerical

solution of systems of linear and nonlinear equations:



Gaussian methods, LU-Factorization, NewtonRaphson iterations; application to
position, velocity and acceleration analysis. Kinematics examples using Mathlab
programming

Planar kinematics using Cartesian coordinates:

Kinematic constraint, Jacobian and right- hand-side acceleration formulation for
variety of joints such as revolute, trandational, gear and follower; kinematic
modeling

KAP — A Computer program for analysis of planar kinematics

Model description, computer simulations. Windows-based C++ graphical
environment. Examples in kinematics of mechanisms. Introduction to Working-
Model

Basic conceptsin planar dynamics using Cartesian coordinates:

Formulation of equations of motion, vector of applied forces, spring-damper-
actuators, Lagrange multipliers and reaction forces at the joints, static forces,
static-balance forces, kineto-static forces.

Computational methods for solving ordinary differential equations coupled with
nonlinear algebraic equations:

Direct-integration agorithm, Euler's and Runge-Kutta methods. Dynamics
example using Mathlab programming

DAP— A Computer program for analysis planar dynamics:
Modeling, ssmulations, pre and post processing, program expansions. Examplesin
alarge variety of mechanical systems. Dynamics problems using working model

Computer — oriented projects:

Mechanisms analysis and design, computational methods and numerical solutions,
robot manipulators, hydraulic actuators and static-balance forces, biomechanics,
aircraft flight dynamics, vehicle modeling and simulation etc.



NOTES:

1. If time permits, additional topics might be covered, including spatial kinematics
and angular orientation of bodies in space using Euler parameters, 3D kinematics
project.

2. Assignments, projects and exams are regarded as measures of assessing both your
technical and your communication competence. No make-up exam will be given,
and no late homework is accepted.
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