
LAB 3: FORCED VIBRATION

3.1. Start-Up Procedure.

3.1.1. The Physical Setup
For your initial setup, be sure that you have found the tools required: 6 masses (500±5 grams each), 2
springs (175 N/m, 400 N/m), and hex wrenches. Additionally, check the apparatus to be sure it is in
the following configuration:

(1) The stops for carts 1 and 2 are set to allow up to 3 cm of motion but not much more. The stops
for cart 3 are set to render it immobile.

(2) Cart 1 should have 4 masses. Cart 2 should have 2 masses.
(3) Use the heavy spring to connect Cart 1 to ground and the medium spring to connect carts 1

and 2. Carts 2 and 3 should be disconnected.
(4) The damper is connected to Cart 2.

3.1.2. Safety Items.

(1) Do not touch the device while it is moving.
(2) Before touching the apparatus, use a pencil to move the 1st mass to verify that the system is

not being actively controlled.
(3) Make sure the carts can move without obstruction.
(4) Make sure that the masses are held tight by the screw.
(5) When connecting dashpot take care to not over-tighten or cross thread the screws.

3.1.3. Exporting Data and Printing Plots.

(1) Data Export: (Data → Export Raw Data). Save the file in the same directory as the Matlab
codes for the lab.

(2) Print Plot: (Plotting → Setup Plot). Put the Encoder 1 position and Encoder 2 position on
the left axis. Leave the right axis empty. (Plotting → Print Plot). You may physically print
the plot OR use snip to capture the screen.

3.1.4. Turn on the power.

(1) Download the Matlab programs for Lab 3 from the course website.
(2) Open the ECP32 program located at start → Programs → Ecp → Ecp32
(3) Turn on the ECP system by pressing the black “ON” power button on the white and black box.

3.1.5. Helpful Hints.

(1) Be sure to fill out the ”Short Form Report” as you proceed through the lab. DO NOT WAIT
UNTIL THE END!

(2) Reset the zero if the plot has an offset (Utility → Zero Position )
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2 LAB 3: FORCED VIBRATION

Part I. Forced Vibrations

3.2. Experiment A. - Base excitation: sinusoidal motion.
Goals: The goal of this experiment is to determine the frequency response and phase response curves

for a system with base excitation.

(1) To build the frequency response we will run a series of single frequency experiments and plot
the results using excel:

(2) Adjust the dashpot thumbscrew such that the damping ratio ζ = 0.17. This will be done by trial
and error: Adjust the trajectory parameters to: Amplitude:0, Frequency:1, Number of reps:10,
displace mass 2, and then Execute as done in Labs 1 and 2. Export the data to Matlab and run
Lab3Zeta.m, and calculate the damping ratio by dividing the resulting exponent coefficient (in
the Matlab directory window) by the natural frequency of the system. (Hint: Consider the
system as a single degree of freedom having the middle cart as its mass, and the
medium spring as its total stiffness).

(3) (a) In the ECP program, set the user units to centimeters. Go to (Setup → User Units) then
click Centimeters and press OK.

(b) In the ECP program, change the excitation to a sinusoid: (Command → Trajectory →
Sinusoid) and Click Setup within the window. Check the Open loop option. Set the Ampli-
tude to 0.3, the Number of reps to 15 Volts, and the Frequency to the calculated DRIVING
FREQUENCY (in HZ) such that r is equal to 0.6. Press OK to both windows.
IMPORTANT HINTS: (1) r = DrivingFrequency/ResonantFrequency. (2) The Driv-
ing Frequency should be inserted in the Frequency in Hz in the Setup window. (To convert
from rad/s to Hz, divide by 2pi)).

(c) Execute the command by (Command → Execute). You should have it on Normal Data
Sampling and press run. Press OK after it says the data is uploaded.

(d) You will need to redo the experiment if:
(i) ... the system knocks against the bumpers: Redo the experiment with a smaller

amplitude.
(ii) ... the system does not achieve steady state. Redo the experiment with a larger

”number of reps”. The system has reached steady state when the amplitudes of the
carts are no longer growing or shrinking.

(e) Plot the data by going to (Plotting → Setup Plot). Put the Encoder 1 Position and
Encoder 2 Position on the left axis. Then press Plot Data.

(f) Use the plot to ensure that the system has reached steady state.
(g) Export the data (see Startup 3.1.3-1) to the directory with your Matlab files. Label the

exported data “r06”.
(h) Run Lab3XYZ.m, and read the amplitude of both Y signal and Z signal using the cursor

tool in Matlab.
(i) Use Y and Z amplitude values to fill in the first row of the excel spread sheet. Every row

should consist of the current r value and the corresponding Y, Z, Z/Y values.
(4) Repeat items (3b - 3i) for r values of [0.8∗, 0.9, 1.0∗, 1.1, 1.2, 1.4, 2.0∗].
(5) Plot the experimental result (Z/Y) on the same graph with the theoretical (Z/Y) using Excel.

(Hint: Use Equation (3.12) in the PreLab to calculate the theoretical (Z/Y)).
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(6) Attach the plot to the end of the short form and Label it ”Figure 3.A1 Z/Y comparison”
(7) * For r = 0.8, 1.0, and 2.0, you will Print the plots. Plots should be labeled ”Figure 3.A2

r=0.8”, ”Figure 3.A3 r=1.0”, and ”Figure 3.A4 r=2.0” respectively and attached to the end of
the short form.

3.3. Experiment B. - Base excitation: sinusoidal sweep.
Goals: The goal of this experiment is to experimentally determine the frequency response and phase

response curves using the sinusoidal sweep function.

(1) To build the frequency response we will run a single sine sweep and examine the data in Matlab.
(2) Use your damping chart from the last lab to set the damping at ζ = 0.17.
(3) In the ECP program, change the excitation to a sinusoid sweep: (Command → Trajectory →

Sine Sweep) and Click Setup within the window. Select the Open Loop and Linear Sweep
options. Set the amplitude to 0.3 Volts, enter a starting frequency such that r is equal to 0.6
and end frequency such that r is 2.0. Press OK to both windows.

(4) Execute the command by (Command→ Execute). You should have it on Normal Data Sampling
and press run. Press OK after it says the data is uploaded. Warning: Wait the full 30 seconds
before touching the system. It will start out with minimal motion.

(5) You will need to redo the experiment if the system knocks against the bumpers. Redo the
experiment with a smaller amplitude.

(6) Plot the resulting data by going to (Plotting → Setup Plot). Put Encoders 1 and 2 on the left
axis. Select OK. Print this plot and label it “Figure 3.B1”. Attach to your short form.

(7) Export the data and label it “Lab3SineSweep”.
(8) Open Matlab and run “Lab3FrequencyResponse.m”. Print the resulting figure and label it

“Figure 3.B2”, and attach it to your short form.
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