
ES205 Analysis and Design of Engineering Systems
Rose-Hulman Institute of Technology

Lab 8

EXPERIMENTALLY DETERMINING THE TRANSFER FUNCTION OF A SPRING-
MASS SYSTEM

OBJECTIVES
At the conclusion of this experiment, students should be able to:

Experimentally determine the best fourth order transfer function model for the 2 DOF system.
Collect experimental frequency response data.
Understand the significance of the Bode plot for predicting system behavior, and determining 

non-parametric system models.

DELIVERABLES

1 page memo with contour plot and Figure 3 type plot due one week from today.

THEORY
By frequency response, we mean the response of a system to a harmonic input.  A linear system 
cannot change the frequency from input to output.  Thus, as we have seen earlier, the output will 
be a sinusoid of frequency identical to that of the input, only amplified or attenuated, and shifted 
in phase:

Plant G(s)x(t)
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Figure 1, Physical Meaning of Frequency Response

The Bode plot  is  a  mapping of  the entire  +jω axis  (the entire  positive  frequency spectrum) 
through the system transfer function to Gain and Phase plots.  We typically plot Gain and Phase 
together  on a  semilog axis.   The abscissa (x-axis)  for  the Bode plot  is  log frequency.  The 
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distance between a frequencies 1 and 10, 0.1 and 1, 10 and 100, etc. is termed a 'decade'.  Gain is  
plotted in 'decibels' (dB) where the conversion from magnitude to dB is given by

This week in class we are investigating how to determine the Bode plot knowing the system 
transfer function.  In this lab we will explore the inverse problem, that is, knowing the frequency 
response, can we determine an appropriate transfer function?  We will base our transfer function 
estimate on the experimental Bode magnitude plot only.  
The system we are trying to identify is a two 
mass,  three  spring  system  as  shown  to  the 
right.   The input  is a voltage to a DC motor 
connected to  a rack and pinion,  then directly 
connected to the first mass.  We will  neglect 
the  motor  dynamics.   Since  we  have  some 
insight into the physical characteristics, this is 
a  gray box problem,  rather than a  black box 
problem, where we have no inkling as to what 
connects input to output.  
The output is the position of the second mass  x2.  From first principles, we would expect the 
system transfer function to be fourth order.  Thus, we begin with the following transfer function, 
and try to identify the unknown parameters.

G ( s)=
Kω1

2 ω2
2

( s2+2ζ1ω1 s+ω1
2) ( s2+2ζ2ω2 s+ω2

2 )

(2)

THE ADVENTURE BEGINS

During the adventure you will set out to accomplish the following:

1.  Set up the environment.

a.  Each station should be set up in 2 DOF mode with two 500g brass masses on the first carriage 

and four masses added to the second carriage.  The first spring (k1) should be soft to allow plenty 

of movement of carriage 1-2 combination.  The third spring (k3)should be removed.  

b. Log on to the computer (username=student, password=student) and start the ECP executive 

program under Programs/ECP.  Check that the correct personality file is loaded.  Exit the ECP 

executive and start Matlab 2010a.  Open the simulink lab_9_210.mdl under the 

\Desktop\ES205\Lab 9 directory.  Also open the model ‘ecpdspresetmdl.mdl’.

2 of 4 © 2012 RHIT



ES205 Analysis and Design of Engineering Systems
Rose-Hulman Institute of Technology

XY Graph

x2

To Workspace5

time

To Workspace2

x1

To Workspace1

Sine Wave

u states 

ECP Model 210

Demux
Clock

Figure 2: Real Time Workshop ECP Model 210 Block Diagram

c.  Collect frequency response data for all of the following frequencies [1 2 3 4 5 6 7 8 9 10] Hz.  

The simulation should be set to run for 20 seconds.  In most cases, this time frame will allow the 

system to reach steady state.  For each response, you will need to do the following: Make sure the 

interface box is energized (black button). In ‘ecpdspresetmdl.mdl’, ensure the External / Normal 

window shows 'External'. Push the 'Connect to Target Button'.  The Play button should become 

black.  Push the  black  play button  and wait  about  1  sec.   The encoders  are  reset.   Now in  

‘lab_two_ol.mdl’ ensure the External / Normal window shows 'External'. Push the 'Connect to 

Target Button'. The Play button should become black. Push the black play button and watch the 

response. If you get 'Internal error' when pushing the connect to target button, simply try again. 

Errors reading 'could not execute target data map file' indicate that you are working in the wrong 

directory.  Change  the  working  directory  (at  the  top  of  the  Matlab  Command  window)  to 

'C:\Documents and Settings\Student Desktop\ES205\Lab 9' and try again.

d.  Save your workspace to an appropriately named file.

e.  You should be able to change the input frequency by double-clicking the Sine Wave block and 

changing the frequency.  Note that the input frequency is set as x*(2*pi), so that x is the input 

frequency in Hz.  You shouldn’t need to rebuild the simulation.

f.  You can use Secure FX to move your data to your afs space.  A shortcut is provided on the lab 

computer desktop.
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MODEL MATCHING

Use the findmag.m function provided by your professor to determine the magnitude ratio from 

input to output at each frequency from part c.  Convert the magnitude ratio values to decibels and 

save this data as the experimental (true) data.  Plot the experimental decibel magnitudes with 

discrete markers on semilog.  Write a Matlab script that computes theoretical magnitude values 

(in dB) for guesses of ω1, and ω2, and computes the standard error estimate between theoretical 

and  experimental  in  dB.   Overlay  the  theoretical  Bode  magnitude  curve  on  top  of  your 

experimental data.  Theoretical magnitudes can be found quickly by assigning s as  j times the 

experimental frequency vector, and evaluating the transfer function at this frequency vector—just 

as we demonstrated in Lab 8.  Assume ζ1 =  ζ2 = 0.1, and use the theoretical transfer function 

given in Eqn 2.  Produce a 3D (mesh or contour) plot of the cost as a function of  ω1, and  ω2. 

Using the ω1, and ω2  values that give the minimum cost, overlay a theoretical Bode magnitude 

curve on top of your experimental data.  NOTE: It is imperative that the comparison be done in 

dB.

A sample plot of experimental and theoretical best fit Bode magnitude data is provided below, 

your results may be significantly different depending on which set-up you use for the analysis. 

Pay  attention  to  how  the  theoretical  curve  compares  to  the  experimental  points.   Such 

observation can greatly streamline troubleshooting your contour plot and knowing how to modify 

your guesses on ω1, ω2 (and ζ1, ζ2).

Figure 3, Experimental Bode Magnitude Data with best fit theoretical transfer function.
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