Thermal Expansion and Photoelasticity


Lab Background
The concept of thermal expansion is very important when designing a part that will be used over a wide range of temperatures.  The dimensions of the part may change greatly from one end of the temperature range to the other.  If not properly accounted for, thermal expansion or contraction could lead to stresses large enough to cause the part to fail.

Photoelasticity is a stress analysis technique.  When a photoelastic material is loaded and viewed under polarized light a color pattern results that is directly proportional to the stresses and strains.  Photoelasticity can be used on actual parts by applying a photoelastic coating.  This is a very good technique to verify predictions made on paper or a computer.

Lab Procedure

Each group member should have a different item to test.  You will need to determine what material your group’s items are made from.  This can be done by consulting the manufacturer’s website or looking for information online or at the library.  If you are having difficulty determining the material, let me know and I will help you.  The following steps should be completed for this lab:
1) Measure and record at least two dimensions of your items using either the 6 or 12 inch calipers.  You can use a marker to mark the locations you measure.

2) Measure the temperature of your object using a thermometer.  If your object is shiny you will need to darken an area with a marker to get accurate temperature readings from the infrared thermometers.  You may want to measure a couple of different locations and average the results if the item is large.

3) Place your item in the freezer.

4) Have either the GTA or TA initial your data sheet.

5) Wait at least a day and then return to the lab to measure the temperature and dimensions of your object as described in steps 6-8.  You can perform these measurements any time the lab is open and the necessary equipment is available.

6) Measure the temperature immediately after removing the item from the freezer.

7) Measure the same dimensions as in step 1 using calipers.

8) Measure the temperature again after recording the dimensions.  
9) Make sure the thermometer is off after you take your measurements.  You do not need any initials for your final measurements.

The final temperature (Tf) used in your calculations should be an average of the temperature immediately after removal from the freezer and the temperature found after measuring the dimensions.  Heat from your hand and the room can cause the temperature to change in the short time it takes to measure the dimensions.  Using an average will approximately account for any warming that takes place.
Lab Report

The lab report for this experiment should be a formal report written by your group.  The report will be worth 100 points.  Describe how your group selected its items to test.  Next, explain how you determined what materials your objects were made from.  Be sure to include in your report a table showing all your measured experimental values along with values for coefficient of thermal expansion (CTE) calculated using Eq. (2).  Make sure you show one sample calculation of CTE and attach your data sheet.
I would also like for you to look up reference values for CTE, melting point temperature, and eight other properties of your choice for each material tested.  Then, compare your experimental CTE values to the reference values using percent error.  Finally, discuss whether your group’s results show a relationship between the melting point of a material and CTE.  Discuss this relationship based on both your experimental and reference values for CTE.   
Presentation

I will ask each group to come forward and fill in a table with the following headings:

	Material
	Experimental CTE
	Melting Point

(Reference Value)


Questions about your findings from the experiment will then be asked of two randomly selected groups.
Equations

(1) Temperature Conversions:

(2) Coefficient of Thermal Expansion (CTE):
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α = coefficient of thermal expansion, in/(in-ºF)                                                                       






Lf = final length, in
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= temperature, ºF


L0 = initial length, in
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= temperature, ºC


Tf = final temperature, ºF
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TR

= temperature, Rankin scale

T0 = initial temperature, ºF
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TK

= temperature, Kelvin scale
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