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Abstract

In order to test and measure wide ranges of loads, it is often typical that different load cells would be needed in order to achieve this. However, a major obstacle in utilizing different load cells is maintaining a good sensitivity at both low and high levels of these loads from the same transducer. An effective method to be able to achieve this would be through the design of a multi-staged load cell. This design-build project focused on the development of such a multi-stage load cell using strain gages and steel beams, which accommodate and test three-stages of wide variations of load using the digital data acquisition system at a peak voltage of 5V. The three stages included max load ranges of 1 lb, 10 lb, and 100 lb. By determining the proper dimensions of the beams, elastic modulus values, locations of the strain gage on the beams, sensitivity values of the strain gages, and amount of spacers to accommodate maximum deflection in each stage, the design conditions could be met without surpassing the 5V limit.
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Introduction & Purpose:
Most of today’s accurate measurements are acquired through the data acquisition systems that can be seen in an average, everyday PC. In order to achieve such measurements, transducers become a key role in converting physical changes into electrical ones. A load cell is a transducer-based measuring device which converts an applied amount of load proportionally into an electrical signal that can be picked up by the data acquisition system [1]. Load cells come in a variety of performance limitations depending on the margin of load it is designed to test, large or small. However as a result, these load cells also carry variations in sensitivities, which affect the accuracy in measurement when testing wider and wider load ranges.
For this study, the underlying objectives are as follows…
· Be able to develop a method of testing and measuring a wide range load, which in this case would be between a testable range of 0 to 100 lb.
· Utilize the only resources of beams and strain gages, along with a random given setup of pin orientations for these beams.
· Be able to achieve at least a 3 V reading from the strain gage, but no more than 5 V.
Underlying Theory & Principles of Operation:
The load cell design was provided the proposal to contain three simply supported beams in the orientation of pins specified in Figure 1 below.
[image: E:\UML\2015\SPRING 2015\ME Lab I\LOAD CELL TRANSDUCER DESIGN\Group B Configuration.PNG]
Figure 1. Loading Cell Layout 802-B

When the first load of 1 lb is applied the top beam must just start touching the middle beam. When the 10 lb weight is applied to the cell, the deflection must occur in a way that the second beam must be touching the bottom beam. Finally when the 100 lb weight is applied the bottom beam must not reach the bottom of the fixture. During any test, no beams can plastically deform and the output voltages from the strain gages must read 5V when at maximum deflection.

The approach taken to solve these problems were to treat the beams as a series of springs, each with a different stiffness based on their properties and from this the maximum deflections, stresses, and strains were calculated using excel.


[image: Beam Deflection & Stress]
Figure 2. Orientation of Beam Loading
Beam loading for obtaining was taken at the midpoint of the beams, as shown by Figure 2.
The first step was to find the moment of inertia for the different beams needed for the loading cell. This was calculated using the following equation.

						  (1)
Where:
I= Moment of Inertia (in4)
b= Width of the Beam (in)
t= Thickness of the beam (in)
Using Equation 1, the stiffness of the beams was calculated using the next equation when they are simply supported and only have a vertical load.

					  (2)
Where:
k= Stiffness of the Beam (lb/in)
E=Young’s Modulus (psi)
L= Length of the Beam (in)
I= Moment of Inertia (in4)
Then, the spring force equation was used where the force is equal to the applied load of 1 lb, and when solved, the maximum deflection was found.

		 	 			 (3)
Where:
= Deflection of the Beam (in)
F= Force Applied (lb)
k= Stiffness of the Beam (lb/in)

This value was then subtracted from the distance between the supports, which is 1 inch. The resulting value is then the maximum thickness of the next beam. If the middle beam had a larger thickness than the previous calculation when the 1 lb load is applied, then the top beam will not reach maximum deflection before coming in contact with the second beam. If the second beam is still less than the maximum thickness, spacers are added to make up for the loss of room.

Combining Equations 2 and 3 results in the following:

	   		   		   (4)
Where:
= Deflection of Top Beam (in)
F1= Force Applied to Top Beam (lb)
= Stiffness of Top Beam (lb/in)

With the first beam chosen and a possible second beam, the system was then treated as a system of springs, both resisting the 10 lbs. From this, the deflection for the middle beam was found using the following equation:

                       	  		                 (5)
Where:
= Deflection of the Middle Beam (in)
= Deflection of Top Beam (in)
F2= Force Applied to Middle Beam (lb)
= Stiffness of Middle Beam (lb/in)
= Stiffness of Top Beam (lb/in)

The bottom beams deflection was calculated using the same procedure as before now just treating the system as a set of three springs with one applied load of 100 lbs. This can be seen by the equation below:

	  		 	     (6)
Where:
= Deflection of the Bottom Beam (in)
= Deflection of the Middle Beam (in)
= Deflection of Top Beam (in)
F3= Force Applied to Bottom Beam (lb)
= Stiffness of Bottom Beam (lb/in)
= Stiffness of Middle Beam (lb/in)
= Stiffness of Top Beam (lb/in)

With all three beams maximum deflections known, Equation 3 was then used with each deflection and beams’ stiffness to find the force acting on each beam. Once that was completed, the beams maximum stress was found and compared to the yield stress. All beams must have stresses lower than the yield stress. Finally, strain was found using the stress calculated and the Modulus of Elasticity of the beam. This can be seen using the equation below:

	   		      		  (7)
Where:
= Stress (psi)
E= Young’s Modulus (psi)
 = Strain

			   		      (8)
Where:
x = Distance of the Strain Gage from the Support
E = Young’s Modulus (psi)
I = Moment of Inertia (in4)
F = Force Applied (lb)
T = Thickness of the Beam (in)
 = Strain as a Function of Displacement (x)

Since the internal reaction moment in the beam varies linearly as a function of horizontal distance from the end support, the stress, and therefore strain, also varies linearly [1]. The distance must be between zero and L/2. Equation 8 above determines the optimal placement of the strain gage on the underside of the beam once the necessary strain to produce the correct output voltage is known.

Attaching the strain gage to the beams would then involve a series of steps:
1. Cleaning the beam surface with gauze and conditioner
2. Applying neutralizing agent (neutralizer 5) to beam
3. Placing the gage upside with the tabs facing upward
4. Using tape to apply strain gage to beam, then pulling up on tape exposing bottom of the strain gage
5. Applying catalyst and waiting 1 minute
6. Adding a drop of adhesive and pressing strain gage down on beam
7. Applying pressure with thumb for 2 minutes
8. Lifting tape with small angle, ensuring it leaves the strain gage on the beam

Once the desired strain was determined and the distance from the support was calculated using Equation 8, the output voltage was determined [1]. 

					      (10)




Where:
Vo = Output Voltage (V)
G = Gain
Sg =Sensitivity of the Strain Gage
Vin = Excitation Voltage (V)
	 = Strain

The gain and excitation was adjusted as needed with the function generator for the proper output voltage.


Load Cell Design Goals:
The period of the design process was roughly four weeks (28 calendar days) after notice. A summary of the step-by-step design and test goals are stated below.

1. Material determination/initial calculations 
· Developed proposal
· Ordered parts
2. Setup & analysis – Week 1
· Developed test procedure
· Collected materials
3. Young’s Modulus determination & Strain gage attachment – Week 2
· Determined modulus of elasticity of beams individually; compared w/ theoretical
· Determined calculation of strain gage placement
· Performed operation of gage attachment
4. Initial testing phase – Week 3
· Determined gain levels
5. Calibration, testing & data finalization – Week 4
· Aligned beams
· Calibrated the load cell & performed final testing
· Inspected/verified precision in data
6. Re-design phase (if needed)
· Performed a troubleshoot of any major issues
· Re-checked calculations

The initial steps of determining what beams to select and work with were found using the equations stated in the underlying theory above, and stated by the proposal in Appendix B. Theoretical values of Young’s modulus were obtained based on each of their dimensions.

As the first design phase of the test procedure, it was necessary to perform actual measurements on the beams to find the true values of Young’s modulus and make sure they are close to their theoretical ones. In order to be able to obtain the actual elastic modulus values of the beams, a series of load-deflection measurements had to be taken to account.



					      (11)

					       Force     Slope  Deflection
Equation 11 was kept as the method of choice for obtaining this value. Because the variables E, b, t, and L are all considered constants for each beam, they were put together as the slope of the independent and dependent variables of deflection and force respectively. By measuring the load via a range of incremented deflection points, it could then be plotted to find this slope based on the best fit line. Then, by setting the slopes equal to the section of variables that make up the slope  and dividing it from these values, Young’s modulus could be obtained for all three beams and compared to the theoretical.

Using the new Young’s Moduli, the stiffness of the beams were calculated using Equation 2, and the deflections using Equations 4-6. The deflections were checked to ensure that they would not come into contact with another beam before reaching the required weights of 1 lb, 10 lb, and 100 lb. If the beams had extra room between them, spacers were used. The ideal placement of the strain gage on each beam would subsequently be determined by Equation 8. All of these calculations can be found in Appendix C.

By following the strain gage attachment procedure stated in the underlying theory, the strain gages would then be attached in their respective places along each beam.

During the load cell calibration stage, a beam sample would be placed on the load-displacement fixture with one end of the beam touching the tip of the load cell and the other connected to a hanging basket to hold different masses. This load cell point had to be relatively level with the point at end of the fixture in which the beam was resting on in order to ensure vertical forces were applied to the load cell as masses were added.
[image: C:\Users\ECROTEAU\Desktop\Load Cell 1.PNG]
Figure 3. Visual of Load Cell Calibration

Figure 3 is a representation of this calibration setup. Here, the length L1 must equal to that of L2 in order for calibration to work properly.


Performance of Load Cell & Beams:
The three beams Young’s moduli were found to be off from the theoretical values. These were measured in increments of 0.1 inches for beam 1 and 0.05 inches for beams 2 and 3. By plotting the force vs. deflection of each beam, the slopes were obtained as 1.200 for beam 1, 23.813 for beam 2, and 136.71 for beam 3.


Figure 4. Load Displacement Plot Used to Solve for Young’s Modulus
Figure 4 shows an example of the best-fit line used to obtain Young’s Modulus. The other plots for the beams can be found in Appendix E. Based on the results, the Young’s Moduli for all beams were slightly off from expected values; however, no beam had more than 13.6% error.

The strain gages were attached in the transverse direction. This will allow for proper strain measurements and outputs. If applied in the axial direction the strain gage will not be bent in the proper direction, giving a false reading. The strain gage ideal output was set to 1000 microstrain. This allowed for easy calculations for placement from the support. This calculation was done using Equation 8.

[image: C:\Users\ECROTEAU\Desktop\20150414_150842.jpg][image: C:\Users\ECROTEAU\Desktop\20150414_141358.jpg]








Figures 5 & 6. Final Setup of Multistage Load Cell & Performance at Max Deflection

Figure 5 shows the full final setup of the multistage load cell with all three beams stacked accordingly atop the pins with appropriate spacers, and strain gages attached to all of them to be read by the multimeter.

During the final process of the multistage load cell, the output voltage was calculated at first with a gain of 1 and excitation voltage of 5 Volts. This output voltage was determined and the gain was then established to push the output voltage to get as close to the 5 Volts requirement as possible. In this case, the gain was found to reach this value at 2500. As a result of this however, the test would experience a large amount of bias error of almost up to 2 Volts in the larger load stages, since the smallest of error is amplified 2500 times the original. Table 1 shows the final results of the voltages obtained at each loading stage of 1 lb, 10 lbs, and 100 lbs, along with these bias values. Figure 6 presents a visual of the fully loaded three stages at the 100 lb maximum.








Table 1: Final Results of Multistage Load Cell at 1 lb, 10 lb, & 100 lb Stages
	
	TEST #1
	TEST #2

	Stage #
	Bias Value
	Measured Value
	Measured Value + Bias
	Bias Value
	Measured Value
	Measured Value + Bias

	Stage 1
	0.49 V
	3.73 V
	4.22 V
	0.49 V
	3.73 V
	4.22 V

	Stage 2
	1.83 V
	3.47 V
	5.30 V
	1.71 V
	2.91 V
	4.62 V

	Stage 3
	1.63 V
	3.30 V
	4.93 V
	1.50 V
	2.71 V
	4.21 V



Another cause for error in this lab was due to the spacers that were used. The spacers were placed at the center of beams to make up for the gap between one beams maximum load not touching the next in the series. The spacers used however were not the most accurate. The increments available caused an over use and therefore discrepancies from the hand calculations to the measured values.

Spacers would also lead to error in the results between the measured and calculated voltages since their stiffnesses were not considered in the overall calculations. They were just placed in the beams without consideration of their individual deflections on material properties.


Summary & Conclusions:
As determined from this design study and analysis, the objectives of achieving a working multistage load cell were successfully met through the range of load measurements between 0 and 100 lbs. All three stages were able to achieve a voltage level at just below 5 V using a gain of 2500, and the correct spacer sizes were determined in order to reach the desired maximum loads on each stage. In addition, each beam successfully performed the test while meeting the theorized load-deflection limits based from calculation.

This design enterprise illustrated how beams cam be used as a system of springs to accommodate for a multitude of load cells in measuring a wide range of load. The operation was relatively smooth, and even after performing the tests over and over again, the beams were not appearing to deform permanently in any way. This is vital to the operation of this design, since hunchbacking of the beams will eventually cause the stiffness to gradually lessen, lowering the amount of load per deflection. This is why in theory it is possible that this type of design will not last as is in a frequent operating environment, since these beams will find themselves losing their shape overtime, eventually neutralizing the meaning of the design in the first place.

In terms of major obstacles, it was surprising as to how much gain was needed in order for this design to work properly. A gain of 2500 was more than enough to lead to balancing issues on the signal conditioner. Furthermore, the amount of spacers needed to accommodate the extra space between each beam under deflection was quite unenviable to the design itself due to having to constantly change them every once and a while and re-positioning them to where they need to be on each beam.


Recommendations:
As noted from the progress of the test, plastic deformation of the beams was one of the major obstacles. Over time, this plastic deformation would become more noticeable, particularly with the beams of smaller thicknesses. It would be recommended to be able to measure these loads under smaller amounts of deflection. This would prevent any obvious permanent hunchbacking to the beams themselves. Thermal effects may also need to be taken to account.

Due to the large amounts of gain there was a large initial bias that could not be removed. This high setting in the gain was necessary to raise the signal input to the required 5 V, however with the cost of amplifying the bias in the data. One way to eliminate the bias would be to get a more accurate signal conditioner or to use AC coupling to eliminate the DC bias.

Also, take into consideration the spacers being used and their tolerances. The spacers should not over or under fit the gap between the two beams. The stiffness’s of the spacers should be taken into account for the most accurate results.


References:
1. Wheeler, A.J. Ganji, A.R. “Introduction to Engineering Experimentation, 3rd Edition, Prentice-Hall, New Jersey, ISBN 0-13-337411-4.
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Table A1: List of Equipment Used For Testing
	DEVICE
	MODEL
	MANUFACTURER
	SS# (SERIAL NO.)

	Load Cell
	Series 3
	Mark-10
	N5987

	Signal Conditioner
	2311
	Vishay Instruments Div.
	C01616

	Multimeter
	45 Dual Display
	Fluke
	8212026

	Adjustable Load-Displacement Fixture
	-
	Mark-10
	N4375

	Manual Switch
	-
	-
	-

	Strain Gage Attachment Kit
	-
	-
	Kit #3





Table A2: Bill of Materials
	ITEM
	MATERIAL
	WIDTH (in.)
	THICKNESS (in.)
	LENGTH (ft.)
	PART NO.
	QUANTITY

	Beam 1
	6061  Alum
	0.5
	0.0625
	2.0
	8975K111
	1

	Beam 2
	2024 Alum
	1.0
	0.125
	2.0
	89215K417
	1

	Beam 3
	2024 Alum
	0.75
	0.25
	2.0
	89215K479
	1

	Linear Strain Gage
	-
	-
	-
	-
	CEA-06-125UW-350
	3
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Introduction:

For the load cell design project, a load cell consisting of three beams to be able to handle a range of loads consisting of 1, 10, and 100 lbs, with a constant output voltage of 5 Volts.

Constraints and Requirements:

 The load cell must contain three simply supported beams in the orientation specified in the figure below.
[image: E:\UML\2015\SPRING 2015\ME Lab I\LOAD CELL TRANSDUCER DESIGN\Group B Configuration.PNG]
Figure B1. Loading Cell Layout 802-B

When the first load of 1 lb is applied the top beam must just start touching the middle beam. When the 10 lb weight is applied to the cell, the deflection must occur in a way that the second beam must be touching the bottom beam. Finally when the 100 lb weight is applied the bottom beam must not reach the bottom of the fixture. During any test no beams can plastically deform and the output voltages from the strain gages must read 5V when at maximum deflection.

The approach taken to solve these problems were to treat the beams as a series of springs, each with a different stiffness based on their properties and from this the maximum deflections, stresses, and strains were calculated using excel.

Theory:

The first step was to find the moment of inertia for the different beams needed for the loading cell. This was calculated using the following equation.
				                              (1)
Using equation 1 the stiffness of the beams can calculated using the next equation when they are simply supported and only have a vertical load.
			                               (2)

Then the spring force equation was used where the force is equal to the applied load of 1 lb, when solved the maximum deflection can be found.
				                             (3)
This value is then subtracted from the distance between the supports, which is 1 inch. The resulting value is then the maximum thickness of the next beam. If the middle beam had a larger thickness than the previous calculation than when the 1lb load is applied then the top beam will not reach maximum deflection before coming in contact with the second beam. If the second beam is still less than the maximum thickness spacers are added to make up for the loss of room.
When combining the equations 2 and three it results in the following.
	     		                                 (4)
With the first beam chosen and a possible second beam the system can then be treated as a system of springs both resisting the 10 lbs. From this the deflection for the middle beam can be found using the following equation.
              	                                                (5)

The bottom beams deflection can be calculated using the same procedure as before now just treating the system as a set of three springs with one applied load of 100 lbs. This can be seen below.
	                                   (6)
With all three beams maximum deflections know equation 3 can be now used with each deflection and the beams stiffnesses to find the force acting on each beam. Once that has been completed the beams maximum stress can be found and compared to the yield stress. All beams must have stresses lower than the yield stress. Finally strain can be found using the stress calculated and the Modulus of Elasticity of the beam. This can be seen in the equation below.
				                    (7)



Using Excel multiple beams were tried to finally get a series that works that can be seen in the following tables.

Table B1: Calculated Maximum Values of Each Beam
	PETER KEVIN EREK DATA

	 
	max deflection
	max force
	max stress
	max strain
	max microstrain

	beam 1
	1.531049085
	2.2150594
	25517.48475
	0.0025517
	2551.748475

	beam 2
	0.839849085
	25.346211
	34065.30728
	0.0032137
	3213.708234

	beam 3
	0.492036655
	72.43873
	34770.5903
	0.0032802
	3280.244368




Table B2: Bill of Materials for Beams
	BILL OF MATERIALS

	Beam 
	Material
	Width (in)
	Thickness (in)
	Length (ft)
	Part Number
	Quantity

	Beam 1
	6061  Alum
	0.5
	0.0625
	2
	8975K111
	1

	Beam 2
	2024 Alum
	1
	0.125
	2
	89215K417
	1

	Beam 3
	2024 Alum
	0.75
	0.25
	2
	89215K479
	1
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Table C1: Various Material Property Calculations
	Beam Calculations to Find Displacements and Stiffness's

	Beam 1
	Thickness (in)
	Width (in)
	Moment of inertia (in^4)
	Stiffness (lb/in)
	Displacement at 1lb (in)
	Spacer Amount (in)
	6061 Al

	
	0.0625
	0.5
	1.01725E-05
	1.2
	0.833333333
	0.166666667
	

	Beam 2
	Thickness (in)
	Width (in)
	Moment of inertia (in^4)
	Stiffness (lb/in)
	Displacement at 10 lb (in)
	Spacer Amount (in)
	2024 Al

	
	0.125
	1
	0.00016276
	29.28833364
	0.360793743
	0.639206257
	

	Beam 3
	Thickness (in)
	Width (in)
	Moment of inertia (in^4)
	Stiffness (lb/in)
	Displacement at 100 lb (in)
	Distance from bottom (in)
	2024 Al

	
	0.25
	0.75
	0.000976563
	136.7083333
	0.526326281
	0.223673719
	




Table C2: Comparison of Maximum Stress Values Compared to the Young’s Modulus
	Beam's Maximum Stress Values

	 
	Max deflection (in)
	Max force (lb)
	Max stress (psi)
	Young's Modulus

	beam 1
	1.720453357
	2.064544
	23783.54721
	8294400

	beam 2
	0.887120024
	25.982267
	34920.16717
	10287000

	beam 3
	0.526326281
	71.953189
	34537.53059
	9843000










Table C3: Calculated Positions for the Strain Gages with Corresponding Output Voltage
	Calculated Positions and Output Voltages

	 
	Positioning for 1000 microstrain (in)
	Voltage Out with 2500 Gain (V)

	Beam 1
	1.35
	4.21875

	Beam 2
	1.339453125
	4.185791016

	Beam 3
	1.53796875
	4.806152344
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Testing of the Multi-stage load cell are as follows…

1. Obtain beams; ensure beams being used will not plastically deform or yield at the desired bending deflections

2. Obtain dimensions of beams; determine modulus of elasticity, stiffnesses, & deflection values at their specified loads

3. Determine position of strain gages on beams

4. Attach the strain gages using proper procedure

5. Calibrate the load cell prior to testing

6. Place the beams on the fixture; connect strain gages to manual switch, which is attached to the signal conditioner and multimeter

7. Initiate the signal conditioner and multimeter (ensuring gain is down)

8. Set the excitation to 5

9. Ensure strain gages are working properly

10. Balance the signal conditioner & set gain to value that will reach just about 5 V at the max deflection of each stage

11. Take note of the bias values at zero load of each beam

12. Steadily apply a load until the desired value is reached (in this case... 1 lb)

13. Measure the amount of free space between the midpoint of the deflected beam and that of the beam below it

14. Acquire a spacer or spacers that will accommodate for this free space and allow the next stage to commence at the same desired load

15. Repeat steps 8 thru 11 for the next two stages. The last stage will not need to account for spacers

16. Obtain the voltage values at the max load of each stage

17. Release the load
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INDIVIDUAL BEAM CALIBRATION & YOUNG’S MODULUS CALCULATION




































Equation used for finding the elastic modulus values:
                                                          (E1)


Figure E1. Young’s Modulus Determination of Beam 2

Young’s Modulus of Beam 2 = 10.287 x 106 psi



Figure E2. Young’s Modulus Determination of Beam 3

Young’s Modulus of Beam 3 = 9.843 x 106 psi


Figure E3. Young’s Modulus Determination of Beam 1

Young’s Modulus of Beam 1 = 8.294 x 106 psi
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Table F1: Calibrated Finished Assembly Using the Calculated Sensitivity of 2.669 V/strain While Taking Gains Into Account and Equation 8

	
	
	
	
	Calibration using strain gage output voltages

	
	Distance from support (in)
	Force(lb)
	Voltage (V)
	Calibrated strain
	Force at each stage (lb)
	Calibrated E (psi)

	Beam 1 (6061 Al)
	5.4
	1
	4.22
	0.00079
	1
	10499241

	Beam 2 (2024 Al)
	5.5
	10
	4.62
	0.000865
	8.750
	10682081

	Beam  3 (2024 Al)
	2.2
	100
	4.21
	0.000788
	71.953
	12856612




The Young’s modulus values of the beams were much closer to the expected values given by the type of materials that were ordered. Using the load cell to calibrate the beams gave a lower estimate of their elastic modulus values. However, the Young’s modulus values calculated from the load vs. deflection data had roughly 10-20% error. For example, the calculated Young’s modulus from the load vs. deflection curve of beam 1 was approximately 8.3 million psi as opposed to the expected 10 million.
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WEEKLY PROGRESS REPORTS





































Last Week: (3/24/15)
· Familiarized self with Load Cell and pin location/configuration
· Practiced calibrating the load sensor with rigid beam
· Adjusted gain, found out gain in the x1000 range is very sensitive and almost impossible to zero
· Found general positions for strain gages according to the practice setup
· Found how to work properly with spacers, sensitivity to the nearest .001”
· Went over the outlined test procedure and calculations
· Calculations were confirmed for accuracy, and parts ordered later in the week

This Week: (3/31/15)
· Confirm part dimensions
· Check the type of strain gage with sensitivities
· Preform calculations to find the optimal location to be placed
· Attach strain gages to the beams
· Calibrate the load sensor
· Find out if gain needed
· If time permits and strain gages attached properly, preform trial run

Weekly Progress Report
Last Week: (Week of 3/30 – 4/3)
· Two of the three beams arrived; 3 point bending tests were done to ensure that the elastic modulus of both were in the acceptable range (both were the same material: 2024 Alum)
· The two experimental E values were slightly lower than the expected 10.6 million psi, but were still in the low 10 million to high 9 million range, so they are expected to be acceptable in the final design
· Strain gage was applied to beam 2 and left to dry to be tested during next week’s lab
This Week: (Week of 4/6 – 4/10)
· Receive beam one of the load cell
· Ensure that beam one is correct dimensions
· Calculate the modulus of elasticity of the beam
1. Apply loads, and record deflections.
2. Graph load vs. deflection curve
3. Determine the slope of the curve
4. Divide the slope by the stiffness of the beam to determine the modulus of elasticity
· Update calculations to find new max displacement and forces acting upon each beam
· Using the strain gage sensitivity found from the given information on the strain gage specifications, 
· Update new voltage and position calculations for the beams for location of the strain gages.
· Attach strain gages to beams one and three
9. Clean surface
10. Apply neutralizing agent to beam
11. Using tape, apply strain gage to beam, pull up on tape exposing bottom of the strain gage.
12. Apply catalyst wait 1 minute
13. Apply adhesive press strain gage down on beam, apply pressure with thumb for 2 minutes
14. Lift tape with small angle leaving strain gage on beam
· Test beam 2 with already attached strain gage, compare theoretical strain to the actual calculated
· Find correct gain needed to attain close to 5 Volts output ensuring that it does not exceed that value
· Make adjustments as needed.

802-B
Weekly Report (4/14/15)
This Week:
· Gather beams, check to ensure strain gages are attached
· Make sure the load cell is the same as the previous week, if not calibrate it
· Set pins to proper layout
· Place beams in the load cell
· Attach strain gage wires to respective sensors
· Turn on  frequency generator
· Set eccentricity to 5 V output
· Set gain to 1000, zero lights as much as possible, and readjust gain as needed if the voltages are slightly off
· Do tests consisting of applying the theoretical maximum load for each stage in order to confirm the approximate spacer width.
· Adjust beams as necessary using the adjusted calculations and the new experimental Elastic Modulus value
· Apply a linear fit to the first, second, and third stage of the load cell ( 0 to 1 lb, 1 to 10 lb, and 10 to 100 lb, respectively using the voltage range for each which should be zero to as close as possible to 5 V) in order to determine the applied load
· Adjust positions of beams as needed if the output voltage is for some reason too low as compared to the expected values from calculations
· Perform final test during second half of lab


Last Week:
· The remaining two strain gages were applied
· All of the beams came in and were tested for structural stiffness
· The Elastic Modulus values of all three beams were within 10% of the expected values, and none are expected to yield even though they have slightly lower Elastic Modulus values than expected
· The strain gages were placed on the beam in positions such that the adjusting of calculations should not require the strain gages to be moved and re-applied
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Figure H1: Gantt Chart
Load vs Displacement for 2024 Al (2nd Beam)
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Load vs Displacement for 2024 Al (2nd Beam)
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Load vs Displacement for 2024 Al (3rd Beam)
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Load vs Displacement for 6061 Al (1st Beam)
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