Mechatronics II
Laboratory Exercise 4

Thermal System - First Order Response

The simplest dynamic system is a linear first order system.  In this lab you will measure the parameters of a simple thermal system and use the measured parameters to estimate the parameters of a similar and unknown system.  The experimental setup consists of a Peltier device, a flask with a small quantity of water, and a temperature probe (Figure 1).  


Figure 1: Experimental Setup

(Warning:  The equipment will get hot enough to boil water!  Please be cautious.)

Procedure:

1. Using the bench potentiometer, provide an input to the power amplifier such that the output is 10 volts to the Peltier device (Note: measure output between yellow and white banana plugs marked “ +  POWER  - “).

2. Connect the power amplifier output to the Peltier device.  Wait for about 10 minutes so that the temperature of the Peltier device reaches a steady-state value. You may want to continue the following steps as you wait for the Peltier device to heat up.

3. Start CVI Lab windows and open the thermo project in CVI and set the scan time to an appropriate value (15- 20 minutes would be fine).

(C:\CVI\PROGRAMS\ LABS\THERMOS\THERMOS.PRJ)

4. Build an amplifier circuit to amplify the signals from your temperature sensor (using op-amps with a gain between 20-30). Determine experimentally the gain of the amplifier circuit and record this value for your report.

5. Connect the temperature sensor to your amplifier circuit and the output of the amplifier circuit to the appropriate analog input pin on the A/D box.

6. Do not worry about the output from your A/D board. We use the bench potentiometer and the power amplifier to heat up the Peltier device and not the output from the A/D board.

7. While the Peltier device is heating up, weigh an empty flask and note its mass.  Partially fill the flask with tap water and weigh again.  Determine the mass of the water in the flask.

8. Once steady state temperature of the Peltier Device has been reached (about 10 minutes), place the flask on top of the heat source with the temperature probe in the flask and run the CVI Thermo program.  The CVI program will plot the temperature of the water as a function of time.  The data is saved in two columns: first column is time (secs) and second column is the proportional voltage that represents temperature of the water (Volts).  

9. Start again by emptying the water in the flask and replacing it with a different amount of water (cold). Make sure you measure the mass and repeat step 7 for the new mass of water. 

10. Save your data and use Matlab or other plotting software to plot your results. 

Questions:

1. From your response data, determine the time constants of the system when using the two different masses of water.  

Mass 1:

Mass 2:

2. Based upon your time constants derived above and the known Mass 1, determine the Mass 2.  Compare your results to the Mass 2 that you measured.

3.  Based upon your results determine the heat transfer coefficients between the peltier device and the water, RS, and between the environment and the water, RL.

In your Lab Report include the following :

1. Your two plots of Temperature ((C) vs. time.  

2. Derivation of the State-Space Model for this thermal system.  Is a First-Order System a valid model?  Why?

3. For the first fluid mass calculate the system parameters from your data.

4. Predict analytically the mass of the fluid in the second experiment (using the system parameters determined from the first fluid response and the plot for the second system).

5. Compare the mass of the second system determined from Step 4 to the measured mass (Step 8).  Explain any discrepancies.  
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