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Abstract
ANSYS Workbench provides multiple ways to simulate strain gauges in order to measure local strains in a loaded body. Methods include simulating an area gauge, using a path to measure line strain, using a path to measure displacement and then calculating strain, and using nodal displacements to calculate strain. After the validation of ANSYS's ability to measure strain using bicycle cranks, the different methods of calculating local strains were compared for accuracy of results, and ease and efficiency of the procedures.

Related works: Cornell Bicycle Crank Report, ANSYS Workbench Validation

Primary Procedure
Strain field data from an aluminum bicycle crank loaded with one-hundred lbf was collected using digital image correlation with ARAMIS, and the same loading was modeled in ANSYS Workbench. Strain gauges were applied to the ANSYS model and to the ARAMIS solution in the same places on the crank in order to verify the ANSYS model. It was found that ANSYS accurately predicts the strain field in both the shape of the contours and magnitudes. The strain gauge models in ANSYS were also found to yield comparable results to the ARAMS solutions. The same ANSYS Workbench model used for the validation was used to verify different strain gauge modeling techniques in the simulation. See Appendix A.1 for a drawing of the bike crank. 

An overview of the bicycle crank set up is as follows. The bicycle crank geometry is imported into ANSYS Workbench, and the new material Al 6061 T6 is defined with the material constants of a Young's Modulus of 10^7 psi and a Poisson's Ratio of .34. The boundary conditions applied are a fixed support on the crank end and a downward force of one-hundred lbf on the pedal end of the bicycle crank. The crank is given a mesh with elements of size one millimeter. The model is then solved. 

The position for testing the gauging methods was chosen based on the strain field contours output by both ANSYS and the ARAMIS. The top and bottom edges, slightly to the right of the center of the crank, were shown to have the greatest strains, so the gauge was placed in the region of high tension, close to the top edge, to the right of the center. The exact positioning can be seen in Appendix A.2.

The area gauge method was the first to be implemented. A 1/2 mm by 1/2 mm square area gauge was created in Solidworks as a small square with zero thickness and was placed coincident to the face of the crank.  Once the geometry was imported into ANSYS Workbench, the gauge was given a small thickness, meshed with a single Shell181 element with stiffness set to zero, and was then given a mapped face meshing in order for it to interpolate its solution strain from the bike crank's underlying mesh. After the model was solved, the gauge was scoped to two Normal Strain solutions in the directions parallel to the gauge's sides. This gave a single strain value in each direction across the gauge.

For the line strain methods, construction geometry was added to the ANSYS model, and two paths were drawn on the face of the crank such that they intersected each other in about the middle of the area crank and were parallel to the gauge's sides. A Normal Strain solution in the length-wise direction was scoped to each path, and the resulting strain values at each point along the paths were averaged in Excel for the final average strain across the path. A second solution type, a directional displacement, was also scoped to each path in the length-wise direction. The displacements at each point along the paths were also exported to Excel, the first and last points' values were subtracted to find the total change in length of the path, and this change in length was divided by the initial length of the path to obtain a final strain.
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Path Centered across Area Gauge

The final strain gauge modeling technique uses nodal displacements at nodes near the area strain gauge. One node close to each of the gauge's sides was selected for a directional displacement solution. One pair of nodes that lay along the same horizontal line were selected, one immediately to the left and the other immediately to the right of the area gauge. Similarly the second pair was selected to lie on the same vertical line with the nodes being immediately above and below the area gauge. The horizontal pair of nodes was scoped for x-direction displacement while the vertical pair was solved for y-displacement. The change in the length of the line between the nodes was solved for by subtracting the directional displacements of the nodes in the pairings. Strain was then obtained by dividing each change in length by the original distance between the nodes.

Results of Primary Procedure

X and Y Strains

	Direction
	Area Gauge
	Line Strain
	Strain from Displacement
	Strain from Nodal Displacement

	X-Strain (Micro-Strain)
	787.17
	758.93
	785.71
	770

	Y-Strain (Micro-Strain)
	-251.99
	-251.65
	-250.00
	-260


Percent Differences with Area Gauge used as Basis for Comparison

	Direction
	Line Strain vs. Area Gauge
	Line Displacement vs. Area Gauge
	Nodal Displacement vs. Area Gauge

	X-Strain (Micro-Strain)
	-3.59%
	.185%
	2.18%

	Y-Strain (Micro-Strain)
	.135%
	.790%
	3.18%


ARAMIS and Theoretical results at the same Position:

	
	ARAMIS
	Theory

	X-Strain (Micro-Strain)
	932
	789.13

	Y-Strain (Micro-Strain)
	-153
	-260.41


Analysis of Primary Procedure

All four different methods of modeling strain gauges in ANSYS Workbench result in very similar strains in both the X and Y directions. The percent differences of each method compared to the area strain gauge values show negligible changes between techniques. The percent difference calculations were done for the purpose of creating an easier means of comparison between the methods, and the area gauge was arbitrarily chosen as the basis. 

Given that all of the methods produce equivalent values of strain, the choice in method becomes a question of the efficiency of the procedure.  

The set up for the area gauging technique is somewhat lengthy, with specific types of elements and commands necessary for the model to solve properly. Also, once the gauge is placed on the crank (which can be done in the DesignModeler or another CAD software), it cannot be moved from within the Mechanical workspace. This may hinder the user if the gauge positioning or size needs to be changed, as the entire model will need to be set up again. However, the area strain gauge is the only method in which the strain is directly produced without any further calculations needed. Once the gauge is set up, the boundary conditions, material properties, or underlying mesh may be changed,  and ANSYS Workbench will immediately provide the new strain. Also, this technique allows the user to find strains in directions not parallel to the X or Y axes by defining a separate solution coordinate system for the gauge. This is often necessary, for example in modeling a strain gauge rosette.

Line strain gauging and path displacement strain gauging are comparable in procedure. The set up is fast and straight forward, and because the paths are drawn in the Mechanical workspace, the dimensions and positions of the paths may be modified at any time to obtain new results without having to re-set any other part of the model. A small downfall to the path methods is that the results need to be exported to Excel and calculations need to be preformed to find the final strain values; although, the calculations are not difficult. The larger downfall to these methods is that the user is constrained to only calculating strain in the X, Y, and Z directions. Paths may be drawn diagonally across the face of the part, but Normal Strain and Directional Displacement only allow solutions in the three primary axis directions.

The only true difference in the two path gauging procedures is the type of calculations which are done in Excel. The line strain gauging values only need to be averaged, and the displacements need to be subtracted and then divided by the initial length. The path displacement method contains one extra calculation step. 

The nodal displacement technique also gives the user the ability to change the length and position of the modeled gauge within the Mechanical interface. However, besides this flexibility, this technique is poorly suited compared to the other methods. Along with the fact that calculations are necessary, the foremost issue with this technique is that there need to be nodes that are correctly in line with the exact region where strain is to be measured. The mesh must allow the user to have nodes that are along the same horizontal or vertical line. Any triangular elements will cause this to be difficult. Also, the user is still constrained to measuring only X, Y, and Z displacements and therefore only X, Y, and Z strains. 

The area gauging and line strain gauging techniques appear to have more advantages than the other methods, so further comparison of these two techniques was done.

Secondary Procedure
A new, larger area gauge was placed in a region of compression on the same CAD model of the bike crank. The dimensions were 2.31 mm x 4.00 mm (X x Y). The same boundary conditions, meshing, and material as before were used to create the model in ANSYS workbench. A path was also drawn across the length of the gauge (parallel to the Y-axis). Both gauge models were evaluated for strain in only the Y-direction.

Results of Secondary Procedure

Y-Strain across Compression Gauge

	
	Area Gauge
	Line Gauge

	Micro-Strain
	144.13
	145.00


Analysis of Secondary Procedure
The values are incredibly close. Both techniques lead to an equivalent value, either of which would be acceptable for use in predictions.

Conclusion

All four techniques for modeling strains in ANSYS Workbench result in equivalent values of strain. Any method gives accurate values, and no method is more accurate than the others.

Based on the efficiencies of the procedures for implementing the different methods and the flexibilities that each method allows, the area gauging and the line gauging techniques are the best options. The area gauging technique allows the user to measure strains in any direction without any external calculations. Any model in which strain not in a cross-wise direction needs to be measured should use this method. The line strain gauge technique gives the user the ability to change the position and dimensions of the simulated gauge whenever necessary without effecting the rest of the model. It also has a much simpler and faster set up than the area gauge procedure, so if only strains in the axis directions are required, this method is a better choice. 
Appendices
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A.1 Bicycle Crank Drawing


A.2 Gauge Placement on Crank
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