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Abstract—Two strain gauges were mounted on a cantilever 

beam and connected to a half arm Wheatstone bridge circuit. 

The output voltage was amplified using a AD622 Instrumentation 

amplifier. Several different masses were hung on the end of the 

cantilever beam. Stress, voltage change, and strain were 

calculated for each mass used. Using the stress and strain 

calculated, a stress vs. strain plot was generated. The slope of plot 

is the experimental Young’s Modulus. The experimental Young’s 

Modulus was compared to the accepted value. The result was an 

error of about ten percent. Sources of possible error in the 

experiment were identified. 

I. INTRODUCTION 

Young’s Modulus is a material property that is very useful 

in many engineering applications such as elastic deformation 

calculations. Young’s Modulus is an experimentally derived 

value using strain and stress. Stress can be calculated, but 

strain must be measured. This is done using a strain gauge. 

The most common type of strain gauge is a resistance type 

strain gauge. In resistance strain gauges, strains are measured 

by detecting the resistance change in the gauge. As the strain 

gauge is stretched, the resistance increases, and the resistance 

decreases as the strain gauge is compressed. Resistances are 

difficult to measure, so a Wheatstone ½ arm bridge circuit is 

used to convert the resistance to a voltage. The voltage is 

amplified using an op-amp because the voltage changes are 

extremely small. 

II. METHODS 

Lab partners worked together setting up computer data 

acquisition program and gathering data. The procedure is as 

follows: 

A. Analysis 

 Two resistance type strain gauges were attached, one on top 

and one on bottom, to a cantilever beam approximately 370 

mm (14.57 in.) from the center of the strain gauge to the free 

end of the cantilever beam. This measurement was taken using 

a tape measure with centimeter increments. The beam had a 

width of 38.1 mm (1.5 in.), and a height of 6.55 mm (0.258 

in.). A caliper was used to measure the height and width of the 

cantilever beam. A small hole was drilled in the center of the 

free end of the beam to hang weights from.  

The strain gauges were connected to a Wheatstone ½ arm 

bridge circuit built on an unpowered breadboard. A powered 

breadboard supplied +15 V, -15 V, 5 V and a reference ground 

to the unpowered breadboard. The circuit was constructed like 

Figure 1 below. 

 
Figure 1 Strain Gauge and Wheatstone Bridge construction. 

An excitation voltage of 5.11 V, the actual value of the 5 V 

supplied, was attached to the circuit at the node (+) between R 

and R#1. The node (-) between R and R#2 was connected to 

the reference ground on the breadboard. The output voltage 

was measured at V. The positive output was the node between 

the two identical R, measured at 350Ω using a digital multi-

meter (DMM), and the negative output was the node between 

R#1 and R#2. These two outputs were connected to an AD622 

Instrumentation Amp to amplify the voltage. 

 Strains measured by the strain gauge are minuscule, so the 

voltages are amplified to make the results easier to read. A 

diagram of the AD622 used to amplify the voltage is shown 

below in Figure 2. 

 
Figure 2 Connection Diagram for the AD622 Instrumentation Amplifier. 

Pins 1 and 8 are connected to a 100Ω resistor that was 

measured to be 100.7Ω to create a gain for the op-amp 

according to the following equation: 

    
      

  
  

(1) 

Where G is the gain, and    is the 100.7Ω resistor. Pin 2 was 

connected to the negative output node from the Wheatstone 

Bridge circuit, and Pin 3 was the positive output node from the 

circuit. Pin 4 was connected to -15 volts supplied by the 

breadboard. Pin 5 was connected to the reference ground on 

the breadboard. The op-amp output, Pin 6, was connected to a 

DMM and the NI USB-6008 data acquisition device to record 

data in Simulink. The DMM was only used to verify that the 
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circuit was set up correctly. Pin 7 was connected to the +15 

volt supply.  

The circuit for the experiment with the Wheatstone Bridge 

and AD622 connected is shown below in Figure 3. 

 
Figure 3 Experimental Circuit Setup. 

 Simulink was used to measure and record data. Using a 

desktop multi-meter would have produced more accurate 

results, but one was not available at the time of the 

experiment. Instead a scope was used. The zoom command 

was utilized to magnify the results, and a visual average for 

the output voltage was taken. Data was recorded using four 

decimal places. 

B. Experimental Program 

A strain measurement was taken and recorded with the 

cantilever been in an unloaded state. Next, a weight was added 

to the end of the beam and a new strain measurement was 

taken and recorded. The strain was also measured after the 

beam was unloaded. Two measurements were made for each 

loading. Masses of 50 grams to two kilograms were used to 

load the beam. The set up for the experiment is shown below 

in Figure 4. 

 
Figure 4 Set up of the experiment with cantilever beam and strain gauge 

circuit. 

Stresses experienced by the beam were calculated using the 

following equation: 

  
  

 
  

(2) 

Where σ is the stress, M is the moment caused by the mass at 

the end of the beam, y is the distance from the neutral axis of 

the beam to the outer edge where the stress is measured, and I 

is the moment of inertia. The stress was calculated for each 

weight hung from the end of the beam. 

 The moment of inertia was calculated according to the 

following equation: 

  
   

  
  

(3) 

Where b is the base, or in this case the width of the beam and 

h is the height, or the thickness of the beam. 

 The moment caused by the weight at the end of the beam is 

calculated with the force caused by the hanging mass, and the 

distance from the end of the beam to the middle of the strain 

gauge where the stress is measured. The equation used to 

calculate the moment follows: 

       (4) 

Where m is the hanging mass on the beam, g is the 

acceleration due to gravity (      
 

  
) and L is the length 

from the end of the beam to the center of the strain gauge.  

 Strain is derived from the voltage measured. The following 

equation was used to calculate the strain using the Wheatstone 

½ arm bridge: 
   

  
 

   

 
  

(5) 

Where     is the change in voltage from loaded to unloaded, 

   is the excitation voltage (5.11 V), ε is the strain, and GF is 

the gauge factor of the strain gauge, which is given by the 

manufacturer as 2.012. The strain must be calculated using the 

original voltage change, so the gain from the op-amp must 

divide into the output voltages. The gain was calculated using 

equation 1 to be 502.5.     is the difference in voltage of the 

original voltages before being amplified. The purpose of the 

amplification was to make the voltages easier to record and 

utilize for calculations. 

 Stress and strain data was taken for each loading of the 

cantilever beam. The data was used to create a plot of stress 

vs. strain. 

III. RESULTS 

Eleven different points were taken. Data taken at each point 

is shown below in the table in Figure 5. 

m (kg)     (V) σ  (Pa) ε (mm/mm) 

0.05 0.0000269 665518.5 0.00000523 

0.1 0.0000408 1331037 0.00000794 

0.2 0.0000780 2662074 0.00001518 

0.3 0.0001138 3993111 0.00002214 

0.4 0.0001544 5324148 0.00003004 

0.5 0.0001982 6655185 0.00003856 

0.7 0.0002766 9317259 0.00005381 

0.8 0.0002868 10648296 0.00005578 

0.9 0.0003453 11979333 0.00006717 

1.0 0.0003791 13310371 0.00007375 

2.0 0.0007592 26620742 0.00014769 
Figure 5 Table of Values. This table shows the mass used, and resulting 

data. 
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The table in Figure 5 shows the mass used, and the data 

derived from equations 2, 3, 4 and 5. A plot was created for 

stress vs. strain. The plot is shown in Figure 6 below. 

 
Figure 6 Plot of Stress vs. Strain. 

The data collected was fit with a linear regression line. The 

equation of the linear regression line follows: 

                       (6) 

Where y is the stress, and x is the strain. The slope of this line 

is Young’s Modulus. The experimental Young’s Modulus (E) 

is equal to 181.59 GPa. The norm of the residuals was 

0.000789. The uncertainty is calculated using the following 

equation: 

     
     

       
  

(7) 

Where     is the standard error of the fit, which is the 

uncertainty for the for Young’s Modulus, norm is the norm of 

the residuals, N is the number of data points, and m is the 

degree of the polynomial. Using equation 7, the uncertainty of 

the data was found to be 0.00263. 

 The accepted value for Young’s Modulus of steel is 200 

GPa (Wikipedia). The experimentally found Young’s Modulus 

was 181.59 GPa. This is an error of about 9.2 percent. 

IV. DISCUSSION AND CONCLUSIONS 

Using a half arm Wheatstone Bridge with two strain gauges 

compensates for temperature. Using a full bridge is also 

temperature compensating, but more sensitive to change. 

There are no other strains to compensate for. 

Several different sources of error could explain the 9.2 

percent error between the experimentally found Young’s 

Modulus and the accepted value. One source could be from 

the measuring the dimensions of the cantilever beam, and 

measuring the distance from the center of the strain gauge to 

the end of the beam. Another error could come from the 

reading of the voltage on the scope. Since a visual average 

was taken for the output voltage, a more precise form of 

measuring the voltage, such as a desk top multi-meter, might 

reduce the error. 

 All stresses applied to the beam created strains that were 

within the elastic limit of the material. This means when a 

strain was applied and then removed, the material returned to 

its original shape. If the stress is higher than the elastic region 

of the beam, a permanent deformation occurs. Young’s 

Modulus does not apply outside of the elastic region of the 

material. 


