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Objective

The purpose of this experiment was to compare the predicted and actual deflections for the center-point of a four-point bend test.
Procedure

The width and height of the beam are measured, as well as the distances to the loading points, a and b.
	Width of beam, w (m)
	.00981 

	Height of beam, h (m)
	.00973

	a = Distance from end of rod to load (m)
	.354

	b = Distance from center of rod to load (m)
	.27 


Table 1. Measurements taken of the apparatus initially.  See Appendix Handout for clarification of drawing.
The experimenter adds hangers to the beam at points a and b and then measures the initial height of the beam from the floor.
Initial height = .926 m

The experimenter then adds 200 g weights, one on each hangar, and measures the heights between each increment.  
The experimenter can then compare these measurements of the deflections to the predicted deflections, using geometry.  To see an explanation for this calculation, see Appendix Calculations and the handout.  The experimenter assumes that the only forces on the beam are in the vertical direction (up or down), and that it does not matter what order one loads the beam (left hangar first, then right, or right hangar first, then left).  The experimenter also must assume that the beam’s mass is negligible, and that the system is symmetric.
Results and Discussion

With the distances from the floor recorded, we can calculate the deflections, and then compare them to the predicted values.  To see an example of this comparison and the calculations to arrive at the predicted value, see Sample Calculations (Appendix).
	M (kg) [on each hangar]
	P(N)
	h (m)
	Original height (m)
	δ(m)
	Predicted δ(m)
	% error (%)

	0.2
	1.962
	.924
	.926
	.002
	.008
	-75

	0.4
	3.924
	.921
	.924
	.003
	.0015
	100

	0.6
	5.886
	.919
	.921
	.002
	.026
	-92.3

	0.8
	7.848
	.916
	.919
	.003
	.0067
	-55.2

	1
	9.81
	.914
	.916
	.002
	.044
	-100.8

	1.2
	11.772
	.912
	.914
	.002
	.053
	-96.2


Table 2. Measured and calculated values 
We see considerable error in our predicted δ values and our measured δ values.  In our measured values, there was a general value for all deflections, meaning that as long as the weight increments are equal, the deflections will also be nearly equal.  However, we see that it isn’t the case in the calculations.
While no trend in the predicted values is witnessed, they are almost all higher than the measured values.  Several sources of error could have contributed to this.  The measuring method, to place a ruler stick perpendicular to the floor and measure the height from the floor where the beam has deflected to, is an imperfect method of measuring.  It relies on the human hand being able to place the meter stick exactly perpendicular to the floor, and not at an angle to the bar.  It also relies on the experimenter reading a perfectly accurate height from the meter stick, which is extremely hard to do.
The apparatus might move or shake when the experimenter attempts to measure the height, and the experimenter may involuntarily move the meter stick while measuring.  These sources of error, together, compile to produce significant error in the experiment.  When dealing with such small deflections as a few millimeters, an experiment that requires steady hands and accurate eyesight if prone to error.

Conclusion

Through examination of four-point bending, deflections can be measured and calculated.  Comparing these two sets of values, we find that the deflection in the experiment seems to be a uniform .002 or .003 m, but in the calculations, we find that most deflections were very different from one another, and higher than .002 or .003.  Human error in the lab, however, can explain the deviation.  
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Sample Calculations
This expression is used to calculate the predicted values for δ:

ρ = ((a+b)^2 + δ^2)/ 2δ

where δ = |h – initial height|, and ρ is the radius of curvature that can be derived from the equation:

M2 = EI/ ρ 

where E (elastic modulus) is given, I (Moment of inertia) is determined by 1/12 bh^3, and M (moment) is calculated by M = P*a.  a is collected, and P can be calculated by 9.81*mass of load on the bar.   

Mass in kg of loads:
1 g = 1E-3 kg

200 g = 200E-3 kg = .2 kg

P (N)

1 N = 1 kg * 9.81 m/s^2 (assume gravitational constant is about 9.81 m/s^2)
.2 kg * 9.81 m/s^2 = 1.962 N

δ(m)

δ(m) = |new length – original length|
|.924 m - .926 m| = .002 m

Predicted δ:

M1 = Pa

M1 = (1.962 N) (.354 m)

M1 = .695 N*m

a is the moment arm, and so a will change for each load.  The value a = .354 will be added to 2b to calculate the ‘a’ for the other load.

M2 = Pa

M2 = (1.962 N) (.354 + 2(.27) m)

M2 = 1.75 N*m

Another way to calculate the moment is to realize that the two forces can be combined to make a single force in the center of the beam.

Mt = 2P(a + b)

Mt = 2(1.962 N)(.354 + .27 m)

Mt = 2.449 N*m

Which is roughly what we get, ignoring rounding error, when we add M1 to M2.  (1.75 + .695 ~ 2.449 N*m).

M = EI / ρ
ρ = EI / M

E of Aluminum 7075 is 71.7 GPa
.  
I for a rectangular shape is 1/12 bh^3.  Assume shape is perfectly rectangular.
ρ = (71.7E9 Pa) (1/12 (.00981 m)(.00973 m)^3) / 2.449 N*m
ρ = 22.04 
We can rewrite the formula ρ = ((a+b)^2 + δ^2)/ 2δ to obtain a quadratic equation:

(ρ^2)δ = (a+b)^2 + δ^2

And using the formula for quadratics:

x = -b +/- [(b^2-4ac)^(1/2)]/2a 

Used for an equation ax^2 + bx + c = 0, we can find that 

δ = -2ρ +/- [(4ρ^2 – 4(-1)(-[a+b]^2)]^(1/2) / 2(-1)

δ = -2(22.04) +/- [(4(22.04)^2 – 4(-1)(-[.354 + .27]^2)]^(1/2) / -2
δ = .008, -44.07.  
Clearly, we’ll take .008, because .008 is much closer than 44.07 to .002.

% error = ((experimental value – accepted value)/accepted value)*100

% error = ((.002 - .008)/.008)*100 = 75% error

Each predicted δ and % error were calculated by this method. 
� Modulus of Elasticity for Al 7075.  � HYPERLINK "http://www.matweb.com/search/DataSheet.aspx?MatID=9592&ckck=1" ��http://www.matweb.com/search/DataSheet.aspx?MatID=9592&ckck=1�.
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