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Engineering a Strain Gage
Learning Objectives
· Construct a strain gage and investigate its design and limitations.
· Supplement classroom instruction on the properties of simple circuits with a hands-on engineering application.
Recommended Grades/Subjects
Grades 9–12/Physics
Time needed
The project was designed to be completed in one 45-minute period.
related EXPERIMENTS
“Series and Parallel Circuits” – Experiment 23 from Physics with Vernier
“Series and Parallel Circuits” – Experiment 10 from Advanced Physics with Vernier–Beyond Mechanics
Next Generation Science Standards (NGSS)
	Disciplinary Core Ideas
	Crosscutting Concepts
	Science and Engineering Practices

	ETS2.A: Interdependence of Science, Engineering, and Technology
	Patterns
Cause and effect
Scale, proportion, and quantity
Systems and system models
	Asking questions and defining problems
Developing and using models
Planning and carrying out investigations
Analyzing and interpreting data
Using mathematics and computational thinking
Constructing explanations and designing solutions
Engaging in argument from evidence
Obtaining, evaluating, and communicating information




Information for the Instructor
Building your own sensor, as students do in this engineering extension activity, is instructive for several reasons. Students will
· Gain experience interpreting circuit diagrams and building electric circuits.
· Practice troubleshooting and solving hardware and software problems.
· Develop an appreciation for the uses and limitations of commercially available sensors.
· Build a working instrument that they may not have access to otherwise.

The Background section of the Student Handout describes how to construct and calibrate the sensor in general terms. Depending on your students’ experience with building electric circuits or using Logger Pro, or simply in the interest of time, you may want to provide them with the supplemental instructions at the end of this document. 

In the remainder of this document you will find additional resources to help you successfully integrate this engineering extension activity into your course:
· Answers to Sensor Evaluation Questions 
· Challenge Activities
· Construction Tips
· Supplemental Student Instructions – Strain Gage Construction, Calibration, & Troubleshooting


Answers to Sensor Evaluation Questions 
1.	Answers will vary, but the measurements from most strain gages will bounce around a bit. Additionally, you may find that the “zero” point of the gage moves, requiring you to re-zero the Instrumentation Amplifier. Most noise will originate from stray electric and magnetic fields generated by objects such as:
· Nearby electronics (computers, electric devices, etc.)
· AC power lines
· Fluorescent lighting
· Electric motors
2.	Shielding from stray electromagnetic signals usually consists of enclosing the strain gage in a metal such as aluminum foil or wire mesh. Of course, be careful that the shielding does not touch the gage or the circuit and create a new source of interference/noise!
3. 	It is likely that your measured strain and the theoretical strain may vary by a large percentage, but will likely be on the same order of magnitude. Note: Given the noise in the strain gage, it is a good practice to use the “Statistics” feature in Logger Pro to average the measured strain over a period of time.
4. and 5. For both of these evaluation questions, students will need to solve for F, the load or force, in the theoretical strain equation. In both cases, the calculated and measured values will vary—much like the theoretical and measured strains varied.

Challenge Activities
If your students need more of a challenge, provide them with one or more of the following options:
· Use your strain gage device as a penny counter. When a stack of pennies is placed on the end of the cantilever beam, Logger Pro should be able to determine the number of pennies and display this value. Note: Be aware that pennies minted before 1983 have more mass than those minted after 1983 because of significantly different proportions of copper and zinc. Also be sure that your pennies are clean and free of tarnish. Use your device for counting other coins, such as quarters.
· Use an electronic device to provide a warning if the load applied to the end of the beam is too high. Connect a device (such as a buzzer or LED) to the Vernier Digital Control Unit (DCU), and set a threshold value in Logger Pro so that if the load value is above the threshold, the electronic device turns on.

Construction Tips
1.	The aluminum bar should flex, but not deform permanently, when a small load is applied.	
2.	A good data-collection rate for the Instrumentation Amplifier is 2 samples/second.	
3.	The strain gages should be aligned with the longer, straight sections of wire inside the gage that runs along the length of the bar. The gages should be mounted 2–3 cm from the clamped end.
4.	Attaching the strain gages to the bar can be tricky at first. It may take a few trial runs to adhere the gage without bubbles between the gage and bar. It is recommended that you use a strain gage adhesive and follow the directions closely. Make sure the gage is glued flat against the surface of the bar with a thin, even layer of glue between the gage and the bar.
5.	While it is strongly recommended that you use an adhesive specifically designed for strain gages, the strain gage can be attached using household cyanoacrylate glue (e.g., Super Glue®). Do not use the gel-type Super Glue. Use a small amount (one drop) and minimize the bubbles between the gage and the bar when you apply the glue.
6.	The leads on the strain gages are very fragile; make sure that the leads are not ripped out by a pull on the wires. Create some strain relief by taping the wire leads firmly to the metal bar so that if the wires are pulled, force is not delivered to the strain gage leads.
7.	The gage factor for your strain gage can be found from the manufacturer’s published data. Typical values are slightly greater than two.
8.	Some strain gages are sold without long lead wires connected to the strain gage. If you have purchased this type of strain gage, solder lead wires onto the strain gage before building your device.




Supplemental Student Instructions

Strain Gage Construction, Calibration, & Troubleshooting

Mount the strain gages and lead wires
1.	Obtain an aluminum beam of rectangular cross section.	
2.	Follow the strain gage installation instructions provided by the manufacturer to adhere one strain gage to the beam, about 2 or 3 cm from the point where it will be clamped. Center the gage mid-width and align the lead wires or terminals so that they extend toward the end of the beam that will carry the load.
3.	Glue a second strain gage to the opposite side of the beam in the same location and with the same orientation as the first strain gage. Make sure the leads or terminals on both gages project in the same direction.
4.	If the gage has pre-attached metal leads, make sure that they do not touch the metal bar. Bend them away from the bar and wrap electrical tape around the bar under the leads. Then, tape the wire leads firmly to the taped bar so that the leads will not break off of the strain gage if they are pulled.
5.	Three wires should be coming from the apparatus. A single wire must extend from one terminal or lead of each of the two strain gages. A third wire must extend from the junction of the two lead wires (one from each strain gage), as shown in Figure 1. One method of creating the three leads is to use bondable terminal pads. Leads from the strain gages are soldered to the terminals. Then longer wires are soldered to these terminals and secured to the bar with tape.
[image: ]
Figure 1  Strain gage lead wires
6.	Clamp the end of the beam with the strain gage to the table.
Build the Wheatstone bridge circuit
1.	Use a breadboard to connect the various parts of the circuit (see Figure 2). Insert the circuit end of a Vernier Analog Breadboard Cable into the breadboard.
[image: ]
Figure 2  Strain gage connection to Vernier Instrumentation Amplifier 
2.	Connect the two 120 Ω resistors to the +5 V and GND pins on the cable.
[image: ]
Figure 3  Vernier Analog Breadboard Cable pin-out

3.	Connect the point between the two resistors to the positive (red) terminal on the Instrumentation Amplifier.
4.	Connect the single wire from the top strain gage to the +5 V pin on the cable. Connect the single wire from the bottom strain gage to the GND pin on the cable.
5.	Connect the wire from the junction of the two strain gage leads to the negative (black) terminal on the Instrumentation Amplifier.
6.	Clamp the beam to the table top about 2 or 3 cm away from the strain gage.

Connect the sensor to the interface
1.	Connect the Instrumentation Amplifier to Channel 1 on the interface.
2.	Adjust the knob on the Instrumentation Amplifier to ±20 mV.
3.	Connect the Vernier Analog Breadboard Cable to Channel 2 on the interface.
4.	Connect the interface to the computer.

Software Setup
1.	Start Logger Pro.	
2.	With nothing touching the end of the beam, zero the Instrumentation Amplifier by choosing Zero under the Experiment menu.
3.	Click [image: CollectNew] to begin data collection. Add a 100 g mass to the end of the beam approximately every 6 seconds. Your graph should resemble the one below.
[image: ]
Figure 4  Strain gage voltage measurements


Calibration
1.	To convert the raw voltage measurements made by the Instrumentation Amplifier to strain, you will need to create a New Calculated Column from the Data menu.	
2.	Enter Strain as the new column Name and mm/mm as the Units.
3.	The strain equation described in the Background section must be entered into the Equation box. The Analog Breadboard Cable supplies an excitation voltage of 5 volts. We assumed a gage factor of two. You must also incorporate a conversion factor to convert the Instrumentation Amplifier readings in millivolts to volts. The simplified strain equation is 


4.	Enter this equation into the Equation box, and then click Done. Note that the default name in Logger Pro for voltage readings is “Potential” (found by clicking the Variables button).
[image: ]
Figure 5  New calculated column dialog 

5.	To display strain measurements on the graph, click the y-axis label and select “Strain.” Click the Autoscale button to resize the graph.
[image: ]
Figure 6  Strain gage measurements

Troubleshooting
This activity calls for setting the Instrumentation Amplifier to the ±20 mV setting. This assumes that all four resistors in the Wheatstone bridge circuit are the same when no load is applied. However, if your resistance is not precise, the no-load output may be outside this range and the setting will have to be changed. Try using the ±200 mV setting. The instrument should still work, but the resolution of the measurements will be reduced.	
If your voltage readings keep fluctuating, you may need to shield your device from surrounding electrical interference. Place a sheet of paper and then a sheet of aluminum foil over the sensor, interface, and circuit (the paper prevents the foil from inadvertently creating a short circuit between electrical components). The aluminum bar should remain exposed.
A nice addition to the circuit is to replace one of the static resistors with a variable resistor (potentiometer). This way, the resistance on that leg of the bridge can be fine-tuned in order to balance the bridge when no load is applied.
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