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Abstract

The Kolb model describes an entire learning cycle where

students are provided four learning experiences as is shown
In Figure 1

Finite Element (FE) method is a numerical procedure used
to analyze engineering problems

The Kolb model of learning has been used for the past three

years at Pacific to instruct undergraduates in an introductory
course of FE
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Introduction and Background

Teaching of FE historically resided in Graduate Programs
Today FE method is widely used in Industry

The FE method has been used to reduce product design
time and costs

We currently teach FE as an elective in ME/CE

Future Plans are to offer FE modules for required courses in
all engineering curricula
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Goals and Objectives

Course Learning objectives
Instruct students in mathematical theory of FE

Formulation and solving engineering problems using Analytical formulation
of FE method

Instruction of various finite element topologies

Instruction in using MSC.Nastran to model and analyze structures and
thermal problems

Instruction in error analysis of FE models using experimental test data
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Teaching FE using the Kolb Learning Cycle

Introduction of Basic Direct Stiffness-Analysis Method for
Trusses

( Abstract Hypothesis - Conceptualization)

Build a Truss Problem using MSC.Nastran Tutorial
(Concrete Experience with software model)
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Teaching FE using the Kolb Learning Cycle

Run the Truss Example Problem in the computer
(Active Experimentation-simulations)

Respond to Questions at the end of Tutorial Exercise
(Reflective Observation)
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Teaching FE using the Kolb Learning
Cycle (Abstract Conceptual Topics)

Review of matrix math, solution of linear simultaneous
equations

Stiffness Matrices, Springs and Bar Elements
Truss Structures: The Direct Stiffness Method

Mathematic Basics of FE (Min Pot Energy, Nodal Loads,
Singularity, Weighted Residual Method, Shape Functions)

Topology of FE ( 1D, 2D, 3D Elements and their uses )
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MSC.Nastran FE Tutorials

MSC Tutorial Concepts Engr. Problem
1. 1-D Element Spar Theory Bar

2. 1-D Element Truss Theory  Truss

3. 2-D Element 2D Spar Theory Frame

4. 3-D Element 3D Solid Bearing Fix
5. 3-D Element 3D Solid with HT Cooling fin
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Problem Description

+ Expectations

The analytic solution for stresses and displacernents for this problem 15 readily available . Any
Ivlechardes of Materials text will prosade ecuations for the displacerments and stresses
throughout the bar, The problem is indeterninate because there are two reactions (one at each
wally and only one relevant equilibrium equation{ %) F =0 ) Therefore, it is necessary to
use the Mechanics of matenals (stress and or displacernent) equations as well as the force
eepulibrinn ecuations to sobe the probler.

The nomrnal stress due to axial loading 15 grvenby: 4= %

. Where P 1z the internal force in the axial direction and & 18 the cross sectional area of the bar,
The displacerments are computed frorm o = % here L is the bar’s length and E 15 the Elastic
(Young's) rodulus,

sorne basic guestions to consider before creating the coraputational rode] are:
»Where will the stresses be tensile and where wall they be cormpressoee?
=What willbe the magmtude and direction of the reaction forces?
=Where will the displace ments be greatest?
*Howr do the displacements vary along the length (linear, quadratic ete)?
=What will the local effect of the concentrated load be on the stresses?
=lz the mode] fully constraned frora rigd body rotations and displacerents?

Lnswenng these gquestions gquabtatreely, along with the quantitatiee analytical solutions for the
stresses and displacerents, will provade remforceraent that your cormputational model 15
correctly constructed.
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Background Information (Continued)
Finite Element Theory

The finite elements used to model two and three dimensional truss structures are actually
juzt the zimple 2-node bar elements spatially exrapolated to function in two or three
dimenzional space. Thiz spatial extragoolation is in the form of a transformation of the axial
direction of the arbitrarily oriented bar into the global (ficed) coordinste system. The results
of the transformation is found in the fallowing stiffness matrix for the tavo dimensional cass.

e a5 —a  —es
P = AE| es & —es -
L [-2 -o5 o a5

where the ceder of the degrees of freedom iz . The &, E, and L arethe cross sectional
area, Young's (elastic) modulus and axial lendgth respectively. The cand = in the matrix

stand for Cos () and Sin () respectively. The orientation of the bar and the angle are shonn
beloany.
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Problem Description
+ Nodel Definition

The truss structure shown below has nine members. Each of the
members is made of aluminum and each has the same cross
sectional area. The lower left cormer of the structure is constained
in all three directions. The lower right hand corner is constrained in
the % and Z directions, butis free to roll in the X direction. A wvertical
load of 100 Mewtons is applied at the midpoint of the top of the
truss. The loading is directed dowrward. The truss geometry is
symmetric about the vertical line through the point at which the force
is applied. Material properties, as well as physical dimensions, are

given below.
b ¥
P = 10 Mewtons

For the fruss:

Young's modulus =
(Al

Foisson's ratio = 0.3

Truss members are (3
Cm ¥ 3 om) sguare

lm 3

!
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+ Exercises

The guestions bhelow refer to the truss model described at the beginning of this
tutarial. Also, information from the output file truss 06 will be needed in order to
answer many of these questions. As used below, the term "member” refers to
the portion of a truss structure between two joints. For example, the top of this
structure has two horizontal members which are connected by the joint at which
the load is applied.

1a. What is the maximum displacement far the structure ?

1h. |5 this displacement cansistent in location, magnitude and direction with yaur
physical intuition ?

2a. Whatis the maximum stress in the structure ?

2b. 1= this stress consistent in location, magnitude and direction with your physical
intuition

3. Arethere any members with very low stresses? Does this make physical sense?

4. How many equations are solved in order to determine the displacements for this
structure 7

5. What assumptions are invalved in using this specific element as apposed to using
a 2 node beam element with B degrees of freedam (3 displacements and 3
rotations) per node 7

6. The present model uses a single 2-node bar elerment for each truss memkber.
Would the accuracy of the model increase if two bar elements were used to
model each truss member ¥ Justify your answer.
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Student Assessment of the MSC.Nastran Tutorials

1. What was most helpful about Tutorials?

Student responses: tutorials provided procedure for analysis
step by step process

2. What can be done to improve Tutorials?

Student responses: covered what we needed to learn, clean
up inconsistent directions, explain in detail why decisions
were made In tutorials
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Student Assessment of the MSC.Nastran Tutorials

3. Were tutorials easy or hard to use?

Student responses: details were good, fairly easy, took
about 2 hours per tutorial, moderately difficult

4. Was level of detail in the TEXT appropriate?

Student responses: yes, tutorials told you exactly what to
do, details excellent
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Student Assessment of the MSC.Nastran Tutorials

5. Were the GRAPHICS in the tutorials helpful?

Student responses: yes clearly illustrated, easy to follow,
they were helpful most of the time, needed some color for
pictures

6. Did answering the questions at the end help you
understand FE?

Student responses: yes, sometimes needless work, made
you think about what was accomplished in the tutorial

MS&SOFTWARE@ : e Huntington Beach, California



Student Assessment of the MSC.Nastran Tutorials

7. What do you see as the advantages/disadvantages to
learning to use commercial FE software?

Student responses: prepare you to enter the competitive job
market with computer engineering experience, advantage
fast results to complex problems, disadvantage you could
rely on it too much if unsure of analytical FE knowledge.
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Teaching FE using the Kolb Learning Cycle

Students are required to complete a project during this course

Learning Objectives of Project:
Develop engineering designs for “Real-World Problem”

Model the problem using MSC.Nastran FE and perform
computer analysis of the “best” engineering design

Verify computer FE analysis using hand FE calculations
Create prototype model (metal or plastic ) of the problem

Authenticate FE computer predictions for prototype model’'s
performance with experimental measurements of the model’s
performance under similar constraints and loadings
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Student Project MECH 178

Msc Patran 240G EdE 14 B Mini, Bsoject || Forced Convection Design 7 B8+001

Fringa: Dafault, PW Linear - 100. % of Load_3: Temperatures, -[NON-LAYERED)
7.40+001

7 1{J+uu1i

& 7o+001L |
Kevin Braswell and Laurin Johnson [
8.31+001]
5 92+001
5.53+001
5.14+001

4, 74+001

4 35+001

/-; 3.95+004
¥
3,57+001

¥ 5 18+001

Heat Flux g=3,720 W/m2

2.78+001
2.36+001

- 2 00+001
% Temperature Profiles for Velocity=1250ft/min default Fringe :
Max T BE+001 @iNd 174
Min 2.00+001 @Nd 874

Huntington Beach, California




MSQSOFTWARE@ , California



Student Project for MECH 178
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