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Students generally do not understand how basic
STEM (Science, Technology, Engineering and Math)
material fits into all of their engineering courses

Relationship of basic material to subseguent
courses Is unclear to the student.

Practical relevance of the material is not clear.

Students hit the 'reset button” after each course
not realizing the importance of STEM material

‘ Reset I
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Student Comment:

/meessar, why didn't yaufev
us that the material covered
in other courses was going to

be really important for the
work we need to do in this
kDynamic Systems course ?

Professor Thoughts:

A
C
Student views material Professor clearly sees
in a disjfointed fashion how pieces fit together

i \ ]
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@- How to Solve the Problem W

A new multisemester interwoven dynamic systems
project has been initiated

This is to better integrate the material from
differential equations, mathematical methods,
laboratory measurements and dynamic systems

This is done across several semesters/courses to
help students better understand the relationship
of basic STEM material to an ongoing problem

Dr. Peter Avitabile, Associate Professor
Mechanical Engineering Department
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- Develop a project which spans across several
semesters & courses to interweave related STEM
material in a coherent fashion - strongly
emphasizing the inter-relationship

- Simple RC Circuit
- Single SOOF System

- Suggested for first evaluations

* These are generic to all engineering disciplines in
that they exemplify 15" and 29 order systems
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@- What Needs to be Addressed Y<toms

Interwoven, multi-semester problem features:

- Differential equations & numerical processing
+ Fourier/Laplace transformations

- Instrumentation/signal processing/calibration
* Analog & digital data acquisition systems

- Time & Frequency data

+ Impulse response & freguency response

* Rise time & settling time
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Numerical Tools with Attention
— to Real Measurements

1
Al
it

Mathematical Methods

—————— >

Filtering Integrates
First Order Systems

4

Expéfimenfa roblem
Integrates STEM Material
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@- Scope of the Complete Project Famic

Phase 1  Develop analytically oriented material to address

? the problems and technigues for solving dynamic
system problems. The intent is to provide
analytical tools but also address the anticipated
problems encountered in a real measurement
environment

Phase 2  Develop experimentally oriented acquired data
that extends the application of previously
identified analytical technigues and addresses
measurement issues associated with collecting real
world data

Phase 3  Implement materials generated in another
discipline and another institution. Modify and
enhance of all materials based on feedback
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A simple mass, spring, dashpot system is used to
measure d/sp/acemenf and acceleration

x(t) f(t)
P L
k$ %c

Numerical processing of integration/differential
needed to process data

Dr. Peter Avitabile, Associate Professor
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Reguires extensive use of
a wide variety of different
analytical tools.

Significant numerical
data manipulation needed.

Regression Analysis

Data Cleansing

X ;--\-:‘;.‘
L CCELEROMETER -
: LVDT

Iﬂ feg/' a flbﬂ -‘ . NRQWER SLEES ? Clg:gll'_rIONER
Differentiation L by 5
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The data acquisition system and transducers are
intentionally selected such that the majority of
possible errors exist in the data

. 1

1
Plot of Displacement for a Spring-Mass System
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The students are forced to integrate key STEM
material and concepts to solve this problem

* Numerical
processing

splacement (in)

Filtering

Thinking is |
required ll |}
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.| What Has Been Addressed To Date N

Several tutorials have been developed related to
aspects of dynamic system response evaluation

MATLAB scripts utilizing a simple graphical user
interface (GUIL) emphasizing the inherent aspects
of 1" and 29 order system response developed

LABVIEW modules were also developed

Voice annotated tutorials being finalized
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Theoretical Aspects of First and Second Order Systems

First Order Systems - Modeling Step Response with ODE and
Block Diagram

Second Order Systems - Modeling Step, Impulse, and Initial
Condition Responses with ODE and Block Diagrams

Mathematical Modeling Considerations
Simulink and MATLAB Primer Materials

Miscellaneous Materials

Some examples are illustrated on the following sheets
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2nd Order System Initial Condition GUI

il
T ™
" . L

User enters M, C, K
and natural frequency,
critical damping and
damping are reported.

User can vary the
physical parameters
with slide bars.

The frequency response
function magnitude is
displayed root locus and
time response.

Single Degree of Freedom Displacement Response

UMASS Lowell

Mass
(Lbt-s"2) /in

T

Damping
(Lbf-=) fin

p3
T i —

Stiffness
Lbf/in

941

Log Amp,

T X1
M1

1

=K1

Matural Frequency
314802 Rad/sec
0.501022 Hz

Darnping Ratio {In)
1.0476491
476491 %

Critical Damping
6.29603 (Lbf-s){in
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User enters time D D

constant and sinusoidal ) _ \
frequency. )

The Bode plot is I \
displayed with the S L N
cutoff frequency and SV SR
the sinusoidal frequency o s

applied.

The initial sinusoidal |—
signal and “filtered” T
time signal are also Setsonesenc

I 7.7635

displayed. A

Dr. Peter Avitabile, Associate Professor
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User enters frequency, /ﬁaﬁi% %

amplitude and phase

compone” fs Of a User' eols Browse Window Help ilfl
o o P iy |2 ? >
defined signal to display e

the resulting signal.

The user can also select
sample signals such as

square, triangle, etc and
the pre-determined fourier - '
coefficients are applied to R e
the user-defined signal. S Q

) ) £
The time signal as well as e | | I
the corresponding frequency s e g e
component is displayed. o _ . ok
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Virtual Measurement System GUIL
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System characteristics

User enters M, C, K

system. User enters the

amount of experimental

=loix]

Initial condition and forcing functions

i L x(t)

distortion on the accel.

(sensitivity, bias, drift)

Mass (kg). m 0.001 < r| 100 59,9339 | Initial displacement (m). id | 0.01 |
Damping (kg/sec). c B | »| 100 5 | Impulse height, ih 1} |
T A A
Stiffness (Nim) k0 4 *[10,000 [ 1050 | Mass - Spring - Dashpot Step height sh | 0 |
System
Accelerometer LVYDT
Sensitivity (v per misec™2), as 0.002 | LYDT sensi tivity (). Ls 400 |
Bias (V). ab 2 4| v 2 0.04 | LYDT hias (). Lb 10 « » 10 04 |
Slope of drift (v/sec). ad 0.1 4| »| 01 | 0002 | LYDT sinusoidal noise amplitude (), Lna 0 < w1 0.0 |
™ Add random noise LvDT sinusoi dalnoise frequency (Hzy Lnf 1 o[ [ 150 lTl
k nejse amplitude (), an 1e100 4 K1 | 0o0m

and displacement LVDT

(sensitivity, bias, noise)
and the low pass filter

characteristics to virtually ==

i Simulate and store results |

m 5 k id sh ih

RC Circuit Low-Pass Filter on LVDT
RCwalug, RC 15 o[ | v 1 0.025 |

ah ad an Ls Lh Lna Lnf RC

“simulate” the &
measurement environment. e e
Data can be exported & EtE—
with ability to select
which outputs and what -
effects are included on -
the measurement. " ——.
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Single DOF Complex FRF Plot 6UI Dygyg
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) led =10l x|

User enters M, C, K o
and natural frequency, R | r

I o d S 0.274744 Hz
critical damping and
damping are reported. |
User can vary the |
physical parameters ST e T R
with slide bars.
The complex freguency ]
response function is - N s ST

. . e me T &?5 ______________________________________________________
displayed simultaneously ..~~~ P | Y A W
as real, imaginary, F 18 =] . :
mag”ifUde, p/‘lase and L s e ma —
nyquist plots. :

Start MATLAB GUI Smmm— AN
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Webpage --- dynsys.uml.edu
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2} NSF Dynamic Systems - Microsoft Internet Explorer 10| =]

File Edit ‘iew Favorites Tools Help

$Back -~ = - (@) ot | Qhsearch [HlFavorites HliMedia ¢4 | By S - L

Address I’.Gj http: f fdvnsys, uml, eduf j Ao |Links >
Multi-Semester Interwoven Project for Teaching Basic Core
@ STEM Material Critical for Solving Dynamic Systems Problems
DYNamic |
. . SYStems| .
Project Overview - Tutorials
NSF
Techm'ca/ Papers Dynamic Tutorials exist on several different topics which are grouped as;
Systems
- Simulink Materials Tutorials cover a wide assortment
Tutorials Project Overview First Order Systems . . m
Technical Papers Second Order Systems of in fegr'a ted material - both
Online Acquisition Tutoras Bt vt paper tutorials with Matlab and
Online Acguisition - . . .
Wirtual Measuremsnts
Download's i Integration and Differentiation Labview m0dll/e..$' Wlf:h voice .
Acknowedgements || Miscellaneous annotated multimedia overviews
People
Acknaw/edgemenfs Each tutorial has material that consists of a PDF file with an explanation of the
theory andfor specific steps of the tutorial. Some tutorials are stand-alone
Peap/e - wihile others have additional files that contain a MATLAE, Simulink or Labview
mﬁ module that provides a graphical user interface (GUI to complement the
UnasSE tutorial material, in many cases, a woice annotate multimedia overview to
Copyright 2004 complement the tutorial is included.

Home | Owerniew | Papers | Tutorials | Acguisition | Downloads | Admowledgements | People

&) l_l_l_lﬂ Internet 4
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Online Measurement System CYSHome
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Accelerometer LVOT
Response Under
Basic Excitation ]
B
m
k = c
Variable Damping
=& Measurement Devices
Variable Mass \
n f
System ' ' s
Characteristics ~ \‘El Excitation

Variable Stiffness

~\Impacf Force

kEQ = kLEAF + kCOIL __anel
Initial Displacement
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Online Measurement System
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RUBE

Response Under

RUBE I Basic Excitation

S—

RUBE IT
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Address @http:,-",-"d\"ns‘,'s.uml.edu,-’ » ﬁ Go ke > & snaglt [ 5 -

~
" " 3 - g 3
3 RUBE'"Response Under Basic Excitation
DYN « Edit Operate
SYStems iy
NSF 2
Dynamic — To gain control of the VI, right-dick and
T Impact is still in development = it "
Systems {ies it Displarement only select "Request Control of VI
Project Overview
Tutonials & GUls AR L AR
Online Acquisition _
Technical Papers
1
Information for
Educators sampling Rate
Acknowledgements 500 ’I
People : Il .t".-iA-.'»-_-_._-._..«.l-.-. [l CEARNIRRARRAAEY
Excitation Type 1 =
Downloads |||lh ||| !
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: (+) Initial Displacement I|I ]
= L
) |
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Copyright 2004-2005 e > ] G -
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LVDT
Accel 1
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Accel 3 URL to download data {copy and paste into a new browser window)
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v
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w
< > ¥
g] Done B Internet
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il RUBE

‘ Y i ‘ System can be remotely run
Stiffness is changed for each run
Sjmsisg - Sampling rate can be set
O :; e Impact is available
© il Displscement Initial displacements - three inputs
CEETD CA% LVDT and accelerometers can be
5 5 turned on and off as desired

Data saved and captured to browser

URL to download data {copy and paste into a new browser windaw)
|htt|:-:,.",.’dynsys—daq.uml.edu:BEl'ElQ,.’dynsys_DQlED 5_0952AM_45. html
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Online Measurement System - Sequence

DYNamic
SYStems

Initialize Virtual a

Interface ‘

Cam Switch Depressed

\
Skart Acqqrsitb:n) STOR
A

Shutting off Motor

S
Change ,StiEfne_ss]

4

Acquire Data

| Start

Sampling Rate
1000

Exritation Type

Arccel 1 fccel 3

LYDT

Aicel 1
Aiccel 2
Accel 3

Change Stiffnes

Acqmsﬂwn‘ms )

Multisemester Interwoven Dynamic Systems Project

Impact
or Initial

Displacementl

Start Acquisition

\ 4

Acquire Data

Initial
lacement
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Data has different contaminants that distort data

Amplitude
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Percent change

. Percent of Damped
Highest | Lowest Change Natural

Frequency
Damping Ratio 0.06 0.03 50% 2.30%
Mass 134 slug | .115 slug 14% 6.70%
Stiffness 11.5 Ibf/in | 9.68 Ibf/in 16% 8.00%

Damped Nat. Freq.| 4.5 Hz 5.6 Hz 20% N/A
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Online Measurement System Variation
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SYStems
Variable Mass System Characteristics
[ 3 Variable Stiffness B
: Variable Damping o= ;3" iy
| ‘ == " by b
Percent change
. Percent of Damped
Highest | Lowest Change Natural
Frequency
Damping Ratio 0.06 0.03 50% 2.30%
Mass 134 slug | .115 slug 14% 6.70%
Stiffness 11.5 Ibf/in | 9.68 Ibf/in 16% 8.00%
Damped Nat. Freq.| 4.5 Hz 5.6 Hz 20% N/A
7A
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@ Online Measurement System Variation SYStems
S gl
45Hz< f, <5.7THz
=.16k
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@ Implementation of Materials Generated Cy<toms

Materials implemented at UMASS Lowell in the
Mechanical Engineering Department

22.361 Numerical Methods for ME
22.302 Mechanical Engineering Lab I
22.403 Mechanical Engineering Lab IT
22.451 Dynamic Systems
22.457 Vibrations

as well as in the Mathematics Department
92.236 Differential Equations

Dr. Peter Avitabile, Associate Professor
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@ Implementation of Materials Generated Cy<toms

Materials implemented at UMASS Lowell in the
Chemical Engineering Department

10.303 Fluid Mechanics

10.315 Unit Operations Lab

10.317 Applied Problem Solving Course (MATLAB)
10.415 Process and Controls Lab

as well as in the Mathematics Department
92.236 Differential Equations

Dr. Peter Avitabile, Associate Professor
Mechanical Engineering Department
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Implementation of Materials Generated
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Materials implemented at Michigan Tech in the
Mechanical Engineering Department

MEEM3000 Mechanical Laboratory Seguence

MEEM3700 Vibrations
MEEM4700 Controls

MEEM4701 Experimental Structural Dynamics
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" /| Some General Observations Yo

Specific evaluations for all the implemented
materials for all the courses were not available at
the time of the paper submission.

These will be published in a future ASEE paper.
Some general student's statements are useful for

overall comments that thread a theme through the
implementation of this material.
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" /| Some General Observations Yo

The integration of the material (threaded as a
theme) through the courses helped the student to
understand the inter-relationship of material

The MATLAB and LabVIEW 6UIs helped to solidify
general concepts taught in the prerequisite courses

The hands-on application provides reality
The open-ended project with messy data forced

students to take ownership of the problem, sort
through the problem and think/

Dr. Peter Avitabile, Associate Professor
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Summary

Dy N a2 \C

SYStems

A new multisemester interwoven dynamic systems

project was described.

Several tutorials and modules developed were

presented.
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The salient feature of the project is that material
from various courses such as differential equations,
mathematical methods, laboratory measurements
and dynamic systems is integrated in a fashion that
helps the students understand the need for basic
STEM (Science, Technology, Engineering and
Mathematics) material.
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