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Example: Strain gauge 

resistance measurement  
This is an example for instructional purposes.  

 
Figure 1: components of the strain gauge kit. 

 
 

 

Congratulations on your purchase of a Razorbill Instruments 

measurement cell. As of July 2026, Razorbill devices ship with a 

sample that responds predictably to strain (a strain gauge) and a 

simple circuit. This is for users who wish to perform a practice 

measurement, or as a way to check the functioning of a device 

after damage.  

This document provides instructions on using this kit, and is 

intended to serve as a general guide for getting started on your 

first experiment using one of our cells.  

It should be noted that the provided strain gauge will be used 

outside of the manufacturer’s intended use, and the information 

it will provide should not be interpreted quantitatively.  
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Introduction 
This document discusses the mounting and measurement of a 

strain gauge for use with a Razorbill cell, with the intention of 

familiarizing you with the cell’s operation. Each section starts by 

stating its scope and learning objectives. If you wish for more 

clarity on a specific topic, simply skip to that section.  

This example uses the strain gauge and Wheatstone bridge PCB 

that were provided for free with your Razorbill cell. These 

components are otherwise not needed for the normal operation 

of your cell. 

 

Please note the excel workbook that accompanies this kit is 

available on the device product page or is available for download 

here: https://razorbillinstruments.com/sdm_downloads/strain-

gauge-example-analysis-workbook/ 

Mounting 
The aim of this section is to familiarize you with the process of 

sample mounting.  

When mounting your sample, your objective is to affix your 

sample so that it experiences homogenous uniaxial stresses and 

strains when the device is operated. For this reason, the ideal 

sample is long and thin, matchstick shaped. As the strain gauge is 

unlike this, you will be able to see the consequences on the 

measurement.  

Your method for mounting will also affect the straining of your 

sample as well the spring constant of the system. These will affect 

the range of your force or strain measurement. Following this 

section should make you aware of these trade-offs that you may 

be making when bonding your sample. 

If at any point in this guide you are unsure of the instructions 

provided, please direct yourself to the resource hub on our 

https://razorbillinstruments.com/sdm_downloads/strain-gauge-example-analysis-workbook/
https://razorbillinstruments.com/sdm_downloads/strain-gauge-example-analysis-workbook/
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website, and view Application Note AP005 for a detailed guide on 

mounting. Your cell datasheet will also have practical tips. 

Mounting in an FC100 device 
If you are not using an FC100 device, you may skip this sub-

section.  

When mounting the gauge to an FC sample plate, you will need to 

cut the gauge to fit, as shown below. Take care not to cut into the 

darker (metallized) areas of the gauge, as this could result in a 

short circuit to the cell. 

 
Figure 2 (left): A cut strain gauge between FC sample plates 

Figure 3 (right): Sections of the strain gauge to cut 

Once adjusted, the strain gauge should be epoxied and cured as 

usual. Please refer to the section below for general mounting tips. 
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Figure 4: A strain gauge fully mounted on an FC100 

General mounting tips 
For mounting, we recommend a two-part epoxy such as Stycast 

2850 with the 23LV catalyst.  

 
Figure 5: kit Demonstration of strain gauge grid width. 
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Bond the strain gauge to your sample plates. Pay careful attention 

to what sections of your sample the epoxy contacts. Any epoxy 

that contacts the gauge grid will greatly affect the reading.  

Note that making the epoxy layer thicker will protect brittle 

samples from fracture by making the force applied to the sample 

more homogeneous, but will also increase the share of strain that 

is applied to the epoxy instead of the sample, and will reduce the 

stiffness of the connection.  

For most customers, we recommend aiming for a thickness of 30–

50 µm, so that as much as possible of the applied displacement 

goes into straining the sample. For high force measurements, too 

thick an epoxy layer may make your system too compliant to 

achieve your target force.  

We also recommend using both bottom and top sample plates 

and sandwiching the sample to restrict bending and therefore 

distribute strain more evenly.  

The strain gauge and the sample plate spacers we provide have a 

thickness of 50 µm and 200 µm respectively. In this case, this 

would give us an epoxy thickness of ~75 µm. This is acceptable for 

this example, although for better results the spacer can be sanded 

down. 
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Figure 6: Example of a strain gage that has been cured to bottom 

and top sample plates using a two-part epoxy. 

Note that as the strain gauge is far wider than the typical sample, 

it will experience inhomogeneous strain when mounted in this 

way (strain will be smaller where the edges of the plate are more 

widely spaced). For your actual experiment, if your sample can be 

machined or etched, consider necking it. This will not only 

improve your stress/strain distribution, but make the mounting 

process easier.   

Once satisfied, cure your chosen epoxy. Ensure you do not exceed 

the maximum temperature or thermal shock on your cell 

datasheet. Ensure that the provided shorting caps are attached 

when the device is not being operated. 

  Data acquisition 

This section discusses the electrical connections to your cell, 

including power as well as resistance and capacitance 

measurement methods.  
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Figure 7: Photo of a UC200 and its cable connections. 

Your cell will come with two sets of coloured drive wires, with red-

white as tension positive and blue-black as compression positive. 

They will also come with two or four coaxial sense cables, with 

yellow or black coloured band to indicate the high or low voltage 

cable. For a UC device, a single band corresponds to the 

displacement sensor, whereas a double band corresponds to the 

force sensor.    

Interface your drive wires with your power supply, and your sense 

cables with your capacitance measurement device. If you are 

using a capacitance bridge such as the Keysight E4980A, you can 

connect the Hpot terminal to the Hcurr terminal, and Lpot to Lcurr 

using T-connectors as we don’t need to make a four-terminal 

measurement of the sensor.  

Your datasheet and AP002 both offer detailed instructions on how 

to connect your electronics if needed. If not using a razorbill 

power supply, consider consulting these for measures to take in 

order to minimise the risk of electric shock or equipment damage.  
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If using Razorbill equipment, namely the RP100 power supply or 

the MP240 multiplexer, these are compliant with the Standard 

Commands for Programmable Instruments (SCPI) standard. A list 

of commands, as well as connection instructions are provided 

with each instrument’s manual. 

Additionally, on our website in the customer resource hub is a set 

of guides on getting started with your own python script. Else, a 

simple software tool with a GUI can also be found there.  

 

Figure 8: Example of a connected Wheatstone bridge. 

For this experiment, you will be straining a strain gauge. The 

gauge resistance is about 350Ω and will change by an ohm or so 

as the experiment runs.  

If you have a resistance bridge or high resolution multimeter 

capable of measuring this directly, you can use it. If not, we have 

provided a wheatstone bridge PCB, which enables you to 
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measure with either a lock-in amplifier or a lab power supply and 

basic multimeter. 

Wheatstone Bridge measurement 
If you have a lock-in amplifier, set the output to 3V at e.g. 85Hz 

and connect it to the 3V input terminals on the PCB. Connect the 

output terminals of the PCB to the input terminals of your lock-in 

amplifier and ensure it is set to differential (A-B) voltage mode.  

If you have a bench power supply and a multimeter, connect the 

power supply at 3V to the 3V input terminal, the strain gauge to 

the RX gauge terminal, and your multimeter to the output 

terminal.  

In either case, connect the leads from the strain gauge to the 

strain gauge terminal, then adjust the varistor so that your 

voltage reading at the start of the experiment is 0V.  

In this configuration, a positive voltage indicates tension, and a 

negative voltage indicates compression.  

Example results 

This section discusses typical measurement results and the main 

considerations that affect them.  

We invite you to collect data for observing these considerations 

yourself. Simply sweep through the full range of voltages your cell 

is capable of operating at. Your datasheet provides the maximum 

voltage range for a given temperature. 

Ensure that you are recording: 

 The voltages applied to your cell 

 The capacitance(s) of your cell sensor(s) 

 The Voltage out of your Wheatstone bridge, 

 or the resistance of your strain gauge 
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We invite you to use the excel sheet provided for analysis. You can 

import your data as a csv file or copy the data as a table manually. 

Take a look at the excel file for more details.   

It should be known that a displacement cell such as the CS or UC 

series cells measures the capacitance change due to a 

displacement between sample plates. A force cell such as the FC 

or UC series cells measures the displacement of the back sample 

plate and a fixed reference, effectively measuring the force 

transmitted through the sample.  

This makes them subject to different considerations which we will 

discuss in the next sections: 

 1. The buckling of compliant samples. (All) 

 2. Converting from displacement to strain. (CS, UC) 

 3. Plastic deformation plotting. (FC, UC) 

 4. Piezoelectric hysteresis. (All) 

You can skip a section that is not relevant to your cell.  

1. Buckling of compliant samples. (All) 

Figure 9 is the graph under consideration 1 in your excel file, and 

depicts the strain calculated from your strain gauge resistance as 

a function of the displacement reported by your cell capacitor.  
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Figure 9:  Graph of strain gauge reported strain to strain cell 

displacement, not pre-tensioned 

FC users will not have this graph available, but may find it more 

intuitive than a force graph.  

Under tension, the gauge strains relatively linearly. Under 

compression however, the gauge’s strain response curves in a way 

typical of buckling.  

By pre-tensioning the gauge, a more linear response can be 

obtained. Consider applying the maximum compressive voltage 

to the cell before mounting the sample for the best results.  

If you have already mounted your strain gauge (and are not using 

a FC100 cell), you may be able to release one of the sample 

screws, apply the compressive voltages, then tighten it again. 

Doing this with a real sample has a high chance of breaking it or 

introducing strain inhomogeneity, but it is fine for the strain gauge 

and the qualitative measurements we are making in this 

experiment. 
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Figure 10:  Graph of strain gauge reported strain to strain cell 

displacement, pre-tensioned. 

This is the same graph obtained after pre-tensioning the sample 

to approximately 10N. Note the considerably more linear 

response.  

The gauge buckles partly because it is thin, but partly because it 

may not have been completely flat to start with. When preparing 

real samples, you can use Euler’s buckling criterion to assess risk 

of buckling and choose the length between sample plates and 

sample thickness accordingly. 

2. Converting from displacement and 

force to stress and strain. (CS and UC) 
Force or displacement can firstly be obtained using the curve 

provided in the calibration sheet that came with your cell. 

It is not rigorous to determine strain 𝜀 from displacement 𝑑 and 

the strained length of your sample 𝐿 using: 

𝜀 =
𝑑

𝐿
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If we measure the length of the sample being strained and use it 

to compare the strain reported by the cell to that of the gauge, 

the gauge’s strain is still lower, as seen in Error! Reference source 

not found.. (Note that due to the width of the gauge grid, the 

length of sample being strained is longer at the edges than at the 

centre.)   

Figure 11 is the graph under consideration 2 in your excel file. It 

plots the strain reported by your gauge and the strain we expect 

for a gauge of length L as a function of the displacement reported 

by your cell capacitor. 

 

Figure 11: Gauge strain and Cell displacement divided by gauge 
strained length compared for a given Cell displacement 

The smaller than expected response from the strain gauge is 

largely due to the fact that the displacement is shared between 

strain in the sample, the epoxy, and the cell itself, although the 

cell is typically far stiffer than the other two structures.  

In this case, a thinner epoxy layer would improve the agreement 

between gauge strain and displacement over L (in the graph, L = 

2.5mm). 
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3. Plotting plastic deformation (FC 

and UC) 
When straining samples to the limit of their strength, it is to be 

expected that they experience plastic effects. For compliant 

samples like a strain gauge, the preload you apply may be 

sufficient to reach yield.   

Figure 12 is the graph under consideration 3 in your excel file. A 

majority of the hysteresis in this graph is due to non-elastic 

effects. When performing your experiments, be aware of the 

yield strength of your sample, and that for viscoelastic samples, 

the time you allow between changes in voltage may have a 

significant impact on your data.  

Also consider mounting your compliant sample to a stiff support. 

 
Figure 12: Graph of gauge strain to cell force. 

For users who wish to study and quantify the plastic response of 

your lab sample, you will need a UC series cell to plot Force vs. 

displacement: 
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Figure 13: Cell displacement vs. Cell Force measured using a UC 

series cell 

This is the figure found under the Bonus section. A majority of the 

hysteresis in this graph can be attributed to non-elastic effects.  

4. Piezoelectric hysteresis and plastic 

deformation (all) 

A final consideration to highlight is that due to the nature of 

Piezoelectric stacks, there is a large degree of hysteresis in their 

response to voltage.  

This section uses both figures under consideration 4 in your excel 

file.  

Looking at Figure 14, for a displacement cell there is a hysteresis 

of up to 5 µm, which is 12.5% of the full range. 
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Figure 14: Graph of cell displacement to differential of the 

voltages applied to the stacks. 

Piezoelectric stacks typically exhibit a hysteresis of 10-15%, so this 

is expected. For this reason, applied voltage cannot be used for 

an accurate estimate of cell displacement. 

Similarly, the cell force response to applied voltage exhibits 

significant hysteresis in figure 15: 

 
Figure 15: Cell force to differential of applied stack voltage 
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Although figure 15 seemingly exhibits less hysteresis, this is 

because it is subject to hysteresis from both Piezoelectric effects 

and non-elastic effects, which happen to act oppositely for this 

voltage regime.  

For this reason, using cell voltage to estimate cell force is 

arguably even less reliable, and should be avoided. 

The capacitor readings provide the most accurate measurement 

of the behaviour of your cell. 

Final remarks 

Once you are satisfied with the data you have collected from the 

example test in this document, ensure that you clean up your 

sample plates for re-use. Recover the gauge if possible, as it may 

be helpful for future troubleshooting.  

You should now be aware of most of the considerations when 

using one of our instruments. Consider taking a look at some of 

the application notes in our resource hub relevant to your 

experiment to ensure that you are getting the most out of your 

equipment.  

Happy testing.  

 


