PHYS 401
Materials Lab 2: compression MA 
UNH Fall 2008

Goals:

· Construct a model of how an object responds to a compressive (squeezing) force

· Familiarize your group with the equipment

· Make informed predictions based on observation

· Use equipment to gather data about force and response

· Discuss different representations of data gathered

· Describe a coherent model for interpreting or constructing representations

· Examine the relationship between stress and strain in a deformable material

Materials and Setup:


You will once again be modeling how different materials respond to forces.  Last week you investigated materials under tension; this week you’ll look at the effects of compression, and examine stress as well as deformation.


You have multiple objects (foam blocks X side up!, or marshmallows) you can compress.  (You should test only one type of material in your group, but you can compress several pieces of the same material at once, side by side: for example, your “object” might be 4 adjacent marshmallows.)  You also have a range of masses available to compress (squash) the test object with a known force, an aluminum plate to distribute force evenly, rulers, and calipers to measure the original and squashed dimensions of your test object before and after you apply a force.


Before you begin, you need to do some preliminary, qualitative experimentation to familiarize yourself with the experimental setup.  Take a minute to safely explore the experimental setup, focusing on what you observe when you use different masses to compress the object(s), please do not waste materials during this process, ask your TA for “test marshmallows” if you are indeed using marshmallows as your object.  Discuss with your group each of these preliminary questions and record the answers in your answer sheet:


0 a. What can you measure in this experiment?


0 b. Which of these do you control (independent)?


0 c. Draw a sketch of your object without any added mass on it (label all directions and measured dimensions).


0 d. Apply a moderate load to your object and sketch the material as it appears under this load, labeling how the material responded to the load.  Be sure to keep track of all the changes that take place in your experiment.


0 e. How does the object respond to your control, and which responses (dependent) are easily measured?


0 f. What is your prediction about how the dependent measurements will correspond to the independent?  Make a loose sketch of this prediction with labeled axes.


Now that you've focused on what you're going to explore there are a couple of details that you need to consider before conducting your experiment.  This week we don’t need to worry about pre-loading (gravity will do that for you), but you still need to figure out (1) exactly how you will apply the force such that it is evenly distributed across the entire “top” surface of the object (this is a direct application of balancing torques however, you will need to check your apparatus each time, from all sides), and (2) approximately what range of applied forces will give you useful data.  You should also note the following to make your data taking easier: keep your apparatus near the edge of the table so that you can use the calipers to measure the compression accurately, if someone in your group knows how to read measurements directly from calipers then go ahead and do so, if not you can get the measurement off the calipers by putting them up to a meter stick and reading the measurement off the meter stick.


You have a range of mass available; which ones will exert forces that give you useful responses depends on the object you’re testing (for comparison, you need a much greater force to compress a block of wood than to squeeze a sponge).  Take a minute with your group to explore the range of response your setup can give you, being careful not to break anything.


1a. Choose a range of mass to apply to a single “object”: be sure to explore either at least an order of magnitude (factor of 10) or the safest range of your setup.  Pick 5 to 10 masses to use as applied forces – you will measure the response of your object to each of these forces. 

OR


1b.  Choose one mass that gives a moderate deformation to three adjacent “units” of your object (3 marshmallows, 3 blocks of foam in a particular orientation).  You will measure the response of different numbers of units (of a single type) to the same force, for example 1-2-3-4... marshmallows at a time (pay close attention to which measureable you're changing in this case).  If you choose this option start with the largest number of objects and move down towards a single object, so that any permanent deformations are minimized during your experiment.

Generating and Interpreting Representations:



Now that you've worked through the preparation it is time to start taking data and making sense of the representations you can construct from the data.


2. Applying forces and measuring response.  Begin with the smallest deformation for your object(s) in the range you plan to measure, and work up to the largest.  For each trial go through all of these steps: (remember to use foam x side up)


a. measure and record the starting state of your un-loaded test object


b. add the mass to the object, and balance the plate so that it is level!


c. measure and record the response – each of the responses you noticed in 1b.


d. remove the mass, and observe whether the response is reversible: that is, does the object return to its starting position (original shape), or not?


3. Plot your data in Graphical Analysis by looking at the response of the material vs. the variable that you changed (y vs. x):


a. Sketch the plot in your answer sheet; remember to record labels and simple details of the plot's shape. 


b. Give a one-sentence verbal description of the response to force that is shown in your plot.  Is the response consistent across the full range of forces you tested?  (If not, describe how it differs across the range.)


c. Discuss with your group whether or not your plot has a linear region to it, apply a linear fit to your data where it seems reasonable, and record the equation next to your sketch, remember to use the physical variables you measured.


d. Discuss with your group what this equation represents in terms of the experiment, and write down your verbal interpretation of this equation.


e. If your object ever didn't return to its pre-loaded state record on the plot where this occurred.

Discussion: Let your TA know that you have reached this point and prepare to discuss your results so far by going back through your representations and talking about what they mean.  PLEASE DO NOT READ ON UNTIL AFTER THE DISCUSSION.


From the discussion you should have some thoughts on comparing your experimental model with that of another group that worked with the same type of object or material.


4 a. What are the differences between your test objects (if any)?


4 b. What are the differences between your procedures (if any)?


4 c. What are the differences between your current models (if any)?


4 d. Give a one sentence explanation of why your results are different than those of other groups.


Much like last week, we can make our data comparable if we mathematically re-scale our objects’ responses, accounting for the total amount of surface area across which the applied force is spread.  The ratio of force/area is termed stress (), and often assigned units of N/m2.  **The surface area that matters is the area that is loaded – that is, the cross-section of whatever shape your squashed object has taken on -- not the original area before you added any weight.**


As you did last week, begin by calculating the force due to the masses you’ve been applying and build your model in terms of the applied force per unit area, or “stress”.


The material's response, in this case strain, is (still) best expressed as a ratio of (amount of deformation):(original dimension).  Last week when we applied tensile forces, strain took the form of a proportional increase in length.  These week we are applying compressive forces, so a convenient measure of strain will be proportional decrease in length, a.k.a. shortening.  If a marshmallow that starts out 4 cm high is squashed down to 3 cm, the strain is 0.25 or 25%.


Use Graphical Analysis to create new columns of data that contain stress and strain by adding two new “calculated columns” to your data set and filling in the appropriate formulas.  This may be easiest if you take it one step at a time: a column to calculate force from mass, a column to calculate area from how many pieces you had as your “object” (this may be harder for marshmallows because they squish out and you need to use that information if you recorded it), a column to get stress from force and area... stepping out the calculation will help you see just how much we have to do to get from the raw data you recorded to the calculated variables that we can construct general models with.


Now plot strain against the applied stress by clicking on the graph’s axes and selecting the appropriate columns to plot, it is convention when speaking of materials to plot stress vs. strain (y vs. x), even though stress is the independent variable in this experiment. Again fit a line to the linear part of your plot.  (If Graphical Analysis has criss-crossed your data you can fix this by having it sort your data by strain).


5 a. Sketch the plot in your answer sheet, remembering to record labels and simple details of the plot's shape.


5 b. Give a one-sentence verbal description of the response to force that is shown in your plot.  Is the response consistent across the full range of forces you tested?  (If not, describe how it differs across the range.)


5 c. Discuss with your group whether or not your plot has a linear region to it, apply a linear fit to your data where it seems reasonable, and record the equation next to your sketch, remembering to use the physical variables you measured.


5 d. Discuss with your group what this equation represents in terms of the object, and write down your verbal interpretation of this equation.

Discussion: Let your TA know that you have reached this point and prepare to discuss your new model.  While you wait discuss with your group the difference between your original model in 3 to your new model in 5.  Your first model was a direct representation of the experiment, but your second model is more general; see if you can explain why.


6. Summarize in two sentences what your group discovered about the relationship between stress and strain in the objects you investigated through today's lab.
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