305-261/262 Measurement Laboratory

Experiment IV

Time Constant

Introduction:  Time response of first-order transducers

When a transducer is used to measure some physical quantity that changes with time, the transducer produces an output signal, which represents the measured quantity. However there will always be some delay between the occurrence of an event to be measured and the transducer signal that represents it. No matter what kind of transducer is used, the value of the output signal at a time t will represent the value of the measured quantity at some earlier instant 

.

The next illustration shows how a thermocouple voltage changes after being immersed in hot water.  The sudden immersion of the thermocouple into hot water approximates a step change of temperature. The thermocouple does not reach its final steady-state output level until some time later. The basic reason for this delay is that it takes time for the measuring junction to reach the temperature of the surrounding water.




The time it takes for thermocouple’s voltage to reach  63.2% of its final value is called time constant.  It usually ranges from 0.15sec. to 3.90sec. Clearly these thermocouples cannot be used for applications where temperature changes occur over time interval of fractions of second.

Temperature transducers are described as first-order linear systems on the assumption that the rate of change of the temperature T of the measuring transducer is proportional to the difference between Ti and the final value 

 according to the relation:
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Where k is the proportionality constant. It turns out that the proportionality constant is the inverse of the time-constant (. Thus the equation can be written as:





 EMBED Equation.2  

To find the way in which temperature T of the measuring transducer changes, the solution of the above equation is obtained knowing that at t = 0 the initial temperature of the measuring junction is Ti.


[image: image2.wmf]T

T

i

=

 

+

 (T

-

T

)(1

-

e

f

i

-t

/

t

)


This equation is the algebraic expression for the measuring-junction temperature curve of the above diagram. The equation says that, at any instant, T equals the final temperature 

 less a term that represents the difference between 

and T at that instant.

Objective of the present investigation

1. To build a simple VI instrument able to capture an unknown signal.

2. To determine the approximate time-constants of two thermocouples.

3. To determine the approximate time-constant of a resistance thermometer (RTD).

Equipment provided

· One thermo flask filled with hot water.

· One type E thermocouple shielded.

· One type E thermocouple exposed.

· One Resistance thermometer (RTD).

· One signal conditioner 3B37 for type E thermocouple.

· One signal conditioner 3B14 for RTD sensor.

· One connector (purple) for type E thermocouples.

· One connector (white) for RTD sensors.

· A workstation with LabVIEW.

Procedure (read the instructions before starting)

Start LabVIEW and build a VI instrument as indicated in the diagram included with these instructions. This simple VI allows you to capture the signal and save it in a data file, however a few setting must be entered before starting the program. You must enter:

1. The channel where the signal is routed. When you test the Thermocouples (purple connector) enter channel 2. When you test the RTD (white connector) enter channel 6.

2. The number of samples to acquire: set 2000.

3. The sampling rate: set 100.

4. Right click the Waveform Graph of your VI to ensure that the X and Y-axes are in autoscale (checkmark). You can always edit the X and Y scales. 

5. Start with the shielded thermocouple (ask the technician) and select the corresponding channel on your VI.

6. Open the flask of the hot water.

7. One member of the group will dip the thermocouple in the flask (slowly!!!) while the other partner will start the program.

8. Start the program (RUN) Before dipping the sensor in the water. Since the sampling rate is 100, the sampling interval is t  = 1/100 = 0.01 sec which multiplied by the number of samples (2000) gives the total sampling time of 20 sec.

9. After the sampling time (20 sec), the computer will prompt you to save the data. Save in the F: drive as Shielded1.

10.  Repeat the experiment if you are not satisfied with the result of the output.

11. Edit the axes of the front panel if necessary.

12. Repeat steps 2 to 10 substituting the shielded thermocouple with the exposed thermocouple. Save the file as Exposed1.

13. Repeat steps 2 to 10 with the same thermocouple (exposed) but changing the number of samples to 1000 and the sampling rate to 200. Save the file as Exposed2.

14. Repeat steps 2 to 10 with the RTD setting the channel to 6, the number of sample to 2000 and the sampling frequency 100. Save the data as RTD1.

15. Calculate the sampling interval t that you used for each of the 4 tests and write them on the Datasheet. On a separate paper report all your calculations.

Now you will plot the data you obtained.

1. Start Excel and open Shielded1>> Finish. Excel will display your files in a column vector (column A). 

2. Block column A and go to INSERT>>COLUMN so you can build another column vector (time) on the left with respect to which you will plot the data. Now the data is in column B.

3. The Write 0 in the first cell of column A (time “zero”). Time must increase at intervals equal to the sampling time t.

4. In the second cell write the formula: “ =A1+t” where t is the sampling time (in seconds) you calculated for this set of data.

5. Check this cell and click COPY. You want to paste this formula in a number of cells corresponding to the number of samples. Block the next cell in the first column and drag it down along the column until you reach the end of the data in the second column.

6. Click PASTE. Now you have obtained two column vectors that can be plotted against each other (Data point on vertical axis, Time on horizontal axis).

 Now you can follow the rest of the instructions if you did not use Excel before. 

7. Block Column A and B. 

8. On the taskbar click CHART WIZARD>>XY SCATTER and choose the smoothed line without markers.

9. Click Next>>Next to write the title of the graph and to label the axis with the appropriate units. Click finish.

10. Right click on the axis to change the scale. 

11. Change the scale of the horizontal axis to allow you to measure with sufficient precision both the voltage change and the time interval.

12. When you are satisfied with the look of your graph print it. Print only the graph, not the data file.

13.  Measure directly on the graph the voltage change from the instant you dipped the transducer in the hot water to the final voltage. Write the voltage change on the datasheet. 

14. Calculate 63.2% of this voltage and mark this value on the graph.

15. Measure the time interval from the instant you dipped the transducer in the water to the instant where the voltage reaches 63.2% of the final value. This is the time constant . Write it on your datasheet.

16. Repeat these steps with the other files.

17. Hand in the datasheet, the 4 graphs with your sketches and all your calculations. 
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