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A. Background

One of the most used and tested properties in engineering is strain, which was covered in several experiments of BE210. Those experiments involved measuring the strain (normal strain, ε) of different kinds of materials under different conditions. Strain (ε) is measured as deformation per unit length. In uniaxial deformation, strain is simply the change in length (Δl) to the original length (l). 
ε = Δl/l
A material loaded in one direction will undergo strains perpendicular to the direction of the load in addition to those parallel to the load. The ratio of the lateral (εlat) to the longitudinal strain (εlong) is called the Poisson’s ratio (ν). 
ν = - εlat/εlong
Poisson’s ratio varies for different materials. A perfectly incompressible material has the ratio of 0.5 and some polymer foams can be developed to have a negative Poisson’s ratio because they expand laterally when stretched. Most common materials become thinner in cross-sectional when stretched and thus have ratios between 0 and 0.5. (Lakes 1038-1040)
The two materials to be tested in this experiment are chicken skin and Slow-Recovery Confor Polyurethane Foam. From Experiment 3: Instron Tensile Testing, both materials when stretched were observed to exhibit properties characteristic of Poisson’s ratio between 0 and 0.5. In literature, Poisson’s ratio for slow-recovery polyurethane foam is said to be 0.4. (Fitzgerald 94) Instron testing at different crosshead speeds showed that longitudinal strain of chicken skin were significantly different from those of polyurethane foam (see Appendix). 
This experiment combines methods and analysis used in Experiment 2: Imaging Techniques and Experiment 3: Instron Tensile Testing. 

B. Hypothesis/Objective and Aims

Several experiments performed in BE210 dealt with longitudinal strain but never lateral strain. However, it was always obvious that whenever a material expanded in one direction, it was compressing in the perpendicular direction. This experiment will turn those observations into real numbers.
The main objective is to examine how lateral strain relates to longitudinal strain (Poisson’s ratio) in different types of materials: one material that’s uniform and one that’s not. The hypothesis of the experiment is that polyurethane foam and chicken skin will have significantly different Poisson’s ratios. This is because according to Experiment 3 of BE210, longitudinal strain (which is related to Poisson’s ratio) was significantly different for the two materials.
In addition to the main objective, this experiment also aims to test the effect of increasing/decreasing the applied load weight on lateral and longitudinal strain and Poisson’s ratio. 
C. Equipment

· CCD camera

· Ruler

· Caliper 

· Clamps

· Weight set (10 kg, 20 kg, 100 kg, 200 kg, 300 kg, 500 kg)
· Marker pens

· Scissor
· Five un-skinned chickens
· Two pieces of 12 x 12 x ¼ in. Confor Slow Recovery Polyurethane Foam

The main equipment needed for this experiment is the Sharp CCD camera. It can be used to take pictures of the materials as they undergo the deformation process. The images from the camera are uploaded to the BMPReader program on the computer, which uses the image pixels to measure how the material has deformed. For more information on how to acquire pixel data on BMPReader, read pages 4 to 6 of Experiment 2 lab manual.  
Ruler, caliper, clamps, weight set, scissors, and marker pens are all lab equipment needed for this experiment. To equalize all the trials, many pieces of skin and foam have to be cut into the same size. A ruler will be used to measure the dimensions of the materials and along with the caliper, to serve as calibration of pixels to length on BMPReader. A caliper is needed in addition to ruler since deformations are likely to be small and more accurate calibration has to be provided. Scissors will be used to remove the skin from chickens and cut the chicken skins and foam. Marker pens are for marking and following the points on the materials as to where they have moved before and after loading. The clamps are used to hold the materials as they are stretched by weight. The weight set should include varying weights from 10 kg to 500 kg since part of the aim of the experiment is to see what effect (if there is one) varying the weight load will have.

Supplies include the materials that will be used: chicken skin and polyurethane foam.  Multiple chickens and their skin from all parts of the bodies are required to make the skin tested be more representative of the whole chicken population. Not that many different pieces of foam are required since Confor foams are manufactured to be the same. 
D. Proposed Methods & Analysis
1. Sample Preparation (estimated time: 2 hours)
Remove the skin from the five chickens and cut 20 pieces of 1 x 2 ½ in. skin, taking representatives from each chicken. Use a marker to draw two lines: one at ¼ in. from the bottom and one at ¼ in. from the top of the 2 ½ length side. The markers will enclose 1 x 2 in. of the skin pieces. They are needed because the other ¼ length of the skin will be gripped by the clamps on both the top and the bottom. Also mark two dots on the edges in the middle (now 1 ¼ length on either side), one on each side. (See the bottom figure to get a better idea).  Also cut 20 pieces of 1 x 2 ¼ in. foam and perform the same procedure in marking them. Five samples from each skin and foam are for practice while the other samples will be used to procure data. Five pieces of skin and foam will be used for three different weights: 200, 300, and 500 kg.
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2. 
System Calibration (Estimated time: 1 hour)
To calibrate the system, take a picture of the ruler at four different places (1mm, 2mm, 5mm, and 10mm) and the caliper at two places (0.1mm, 0.5mm) which can be analyzed on BMPReader. From the picture shown in BMPReader, find the number of pixels that correspond to each of the 6 lengths. Repeat this trial 3 times. Calculate the average and graph these points on Matlab.  Apply a linear curve fit. This will be the relationship between pixels and lengths. 
3. Tensile Testing of Chicken Skin and Polyurethane Foam (Estimated time: 3 hours)
Before running the actual trials, run some samples for practice to make sure all the equipment works and the variables are designed well. 

Attach clamps to a skin piece at the designated marker lines. Attach a 10 kg weight to the bottom clamp and take a picture using the provided camera. This 10 kg weight is the no-load position and it was chosen because it can straighten the materials but is not too heavy to make them stretch. Save the picture to BMPReader. Replace the 10 kg weight with a 200 kg weight. After the skin is stretched, take a picture and store it on BMPReader. Repeat this process for six trials of skin and six trials of foam. Then use 300 kg and 500 kg as weights. Perform six trials for each weight and each material.

On BMPReader, find the pixels from the top marked line to the bottom marked line before and after loading. Find the distance the pixel values have increased (this is longitudinal ∆l). Also find the pixel values laterally from the marked dots before and after loading. The distance the values have decreased is lateral ∆l. From the linear relationship between pixels and lengths derived from the calibration graph, convert pixels to length. 
Find εlat and εlong using the provided strain equation (∆l/l) and use these values to find Poisson’s ratio. Observe how or if Poisson’s ratio changes significantly at different loading weight by applying a two-sample t-test. Also do a t-test to compare the Poisson’s ratio of the two materials tested: chicken skin and polyurethane foam. 
E. Potential Pitfalls & Alternative Methods/Analysis

· Variance of Skin Samples
Chicken skin does not have uniform smoothness as some areas can contain more bumps than others. These different areas can have different strain properties. Since this experiment is testing chicken skin, it is meant to incorporate all variances in skin. Thus, taking too many samples from one area of the chicken and not enough from other areas can adversely affect what the data represent. The solution is to run as many samples as time permits. For this experiment, five samples each were chosen to be run at each loading weight. 
· Effect of the Tear Load
Careful attention must be paid in deciding what load to use as the “no-load” (tear) position. If the tear load chosen is too heavy, then it may have stretched the samples already before the actual load is applied. On the other hand, if the tear load is too light, then it may not straighten the samples (especially chicken skin, which is known to fold) and give a distorted image. In Experiment 2, 20 kg as opposed to 10 kg was used as the tear load because two pieces of materials were sutured together and more weight is needed to move them as a whole. However, the 10 kg chosen is not concrete and can be changed if it’s observed to not work well. This is why before running the actual trials, at least five practice trials should be run.
· Error in Pixel/Ruler Conversion
Errors in pixel/ruler conversion can be minimized by increasing the number of calibrations. Three calibrations are chosen for this experiment taking time limit into account. The data from the three trials can be averaged and graphed on Matlab. Apply a linear curve fit to the data. This curve will serve as the pixel/ruler conversion curve. The error from the curve can be quantified by applying confidence intervals on top and bottom of the curve. The difference between the upper and bottom limit is the degree of error in conversion. For this experiment, a 95% confidence interval will be used which means that there is 95% confidence that all the data should fall between these intervals.  
· Other Ways to Minimize Error
The five practice trials should not only be for testing tear load, but also the load of other weights. This experiment is designed to test strains of the materials in their elastic range. Thus, if the load weight stretches the sample beyond the elastic limit so that there is permanent deformation, then these data will distort calculation of Poisson’s ratio. Thus, careful attention has to be given to not only choosing the right tear load, but also the right weight load. The practice trials are very important in determining this and should not be wasted.
Another way to minimize error is in choosing the right marker. The marker shouldn’t be too thick or thin. A too-thin marker will be hard to see on the image. A too-thick marker, on the other hand, can adversely affect deformation measurement on BMPReader. The program uses a very thin line to measure the marks so if the mark is very thick, it gives a lot of area for the line to move around. 
F. Budget

There are no new equipment purchases and all lab equipment are provided.

	Purchases
	Cost
	Supplier
	Other specifications

	Chickens 
	$5/chicken x 5 chickens = $25/group

$25/group x 20 groups = $500
	Fresh Grocer
	

	Confor Slow-Recovery Polyurethane Foam
	$16/foam x 2 foams = $32/group
$32/group x 20 groups = $640
	Jacobs Upholstery and Patio Furniture
	These foams from Jacobs come in 12 x 12 x 1 in. so the foams have to be cut in four to have a width of ¼ in.


Total cost: $500 + $640 = $1140
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H. Appendix
☼Data taken from Experiment 3: Instron Tensile Testing
	5mm/min Foam
	Area (m)
	Displacement (mm)
	Force (N) 
	Stress (Pa)
	Strain
	Young's Modulus

	Trial 1
	0.003175
	32.63
	4.282
	1348.661
	7.18143E-05
	1.878E+07

	Trial 2
	0.003175
	39.63
	4.416
	1390.866
	6.40828E-05
	2.170E+07

	Trial 3
	0.003175
	35.69
	4.644
	1462.677
	6.82165E-05
	2.144E+07

	Trial 4
	0.003175
	36.62
	4.228
	1331.654
	6.71826E-05
	1.982E+07


Table 1. Data for the 5mm/min foam trials at fracture point. 

	5mm/min Skin
	Area (m)
	Displacement (mm)
	Force (N) 
	Stress (Pa)
	Strain
	Young's Modulus

	Trial 1
	8.70E-05
	9.84
	15.09
	1.734E+05
	1.182E-04
	1.467E+09

	Trial 2
	8.70E-05
	17.56
	10.81
	1.243E+05
	9.699E-05
	1.281E+09

	Trial 3
	8.70E-05
	20.32
	3.074
	3.533E+04
	9.113E-05
	3.877E+08

	Trial 4
	8.70E-05
	13.08
	5.799
	6.666E+04
	1.083E-04
	6.154E+08


Table 2. Data for the 5mm/min skin trials at fracture point.

Two-sample t-test assuming equal variance on longitudinal strain gave two-tailed p value of 0.00120, which indicates significant difference.
	100mm/min Foam
	Area (m)
	Displacement (mm)
	Force (N) 
	Stress (Pa)
	Strain
	Young's Modulus

	Trial 1
	3.18E-03
	43.55
	8.98
	2828.346
	1.210E-03
	2.337E+06

	Trial 2
	3.18E-03
	43.49
	8.081
	2545.197
	1.213E-03
	2.099E+06

	Trial 3
	3.18E-03
	42.75
	6.913
	2177.323
	1.224E-03
	1.779E+06

	Trial 4
	3.18E-03
	39.88
	7.396
	2329.449
	1.280E-03
	1.820E+06


Table 3. Data for the 100mm/min foam trials at fracture point. 

	100mm/min Skin
	Area (m)
	Displacement (mm)
	Force (N) 
	Stress (Pa)
	Strain
	Young's Modulus

	Trial 1
	8.70E-05
	22.06
	13.34
	1.533E+05
	1.762E-03
	8.703E+07

	Trial 2
	8.70E-05
	29.4
	9.557
	1.099E+05
	1.525E-03
	7.201E+07

	Trial 3
	8.70E-05
	23.69
	13.17
	1.514E+05
	1.703E-03
	8.887E+07

	Trial 4
	8.70E-05
	23.41
	17.54
	2.016E+05
	1.710E-03
	1.179E+08


Table 4. Data for the 100mm/min skin trials at fracture point.

Two-sample t-test assuming unequal variance on longitudinal strain gave two-tailed p value of 0.00122, which means significant difference. 
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