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Abstract 

This paper illustrates technologies being used to develop a multi-axis Force Torque (FT) sensor. The development stages of 
a FT sensor can be divided into selection of strain measuring sensor, the circuit for signal processing, and the data 
processing solution. This paper also discusses errors encountered while developing FT sensor, sensor mounting solution, 
chassis material options, equations related to strain measuring, and finally a list of manufacturers providing these solutions. 
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1. Techniques Used to Measure Forces/Torque in Robotic Arms 
There are five main different ways to measure force and torque when it comes to robotic arms. Those methods are: Six-axis 
force/torque sensor, Joint based force/torque sensor, link strain gauge, motor current sensors, and flexibility modeling [1]. 
However, when it comes to accuracy and repeatability, the clear winner is the six-axis force/torque (FT) sensor. The joint 
based FT sensor comes in second but with higher chance of error, followed by the motor current method, link based strain 
gauge, and finally the flexible kinetic modeling. Two or more of the techniques above are often used together for greater 
accuracy and reliability. For instance, both six-axis FT sensor and joint based FT sensor might be used on the same robotic 
arm. Here the six-axis FT sensor measures and records the forces related to the task performed by the arm and the joint 
based FT sensor and the joint based FT sensor records the forces experienced by the arm. If the joints experience greater 
than expected strain, the user can be alerted, and the process can be stopped. This helps prevent damage to the arm and 
increase its longevity. 
To design and manufacture a six-axis force/torque sensor, there are three main components that must be selected for a novel 
solution. The components being a force sensing transducer or a sensor, a circuit for converting the signals to a known unit 
and range, and a data measuring solution which can process the signal for a visual representation.    

 

2. Available Force Transducers/Sensor for Force Sensing 
Before moving forward to discuss the different strain measuring sensors or transducers available, the difference between 
transducers and sensors must be explained. A sensor senses the difference in the environment and provides an output in the 
same format such as a pressure switch, which receives signals in form of voltage and outputs the signal in the same format. 
Transducer takes the change in environment in one format and changes it to a different format, such as taking the change in 
pressure and converting it to electric charge, which can be seen in a piezoelectric sensor. Often both of the terms are used 
side by side or interchanged, which makes a sensor or a transducer harder to differentiate. When it comes to measuring 
strain, there are three major choices among researchers and manufacturers. The strain gauge, piezoelectric sensor, and force 
sensitive resistor. Each strain measuring method has their own pros and cons which are discussed in detail below. 
  

• Strain Gauge: The strain gauge is a sensor which resistance changes as varying force is applied to it. A strain 
gauge consists of fine wire or metal foil arranged in grid pattern; the pattern changes as the strain experience 
changes. This change is resistance then can be converted to force, pressure, tension, or weight change using 
necessary circuits and instruments. The term strain defines the deformation in an object when an external force is 
applied to it. As strain can be positive or negative, all strain gauges are capable of measuring both by being in 
compression or tension. It is important to know, a general purpose linear strain gauge can only measure strain 
in single direction, unless special types of strain gauges are used. There are different shapes, sizes, and patterns of 
strain gauges as well as different methods to measure the change in strain. 

• Piezoelectric Sensor: Piezoelectric sensors are sensors made of piezoelectric crystals. When force is applied 
on these crystals, the sensor produces electrostatic charge which is proportional to the input force. This change 
in charge can then be feed to a charge amplifier that converts it to change in voltage, which is simpler to measure 
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and process. A special property of piezoelectric sensor is that it can measure a wide range of forces, which allows 
it to measure wide range of forces with ease. Unlike other force transducers discussed in this paper, the 
piezoelectric sensor does not experience fatigue when wide ranges of forces are exerted on the sensor.  

• Force Sensitive Resistor: The force sensitive resistor (FSR) comparable to a strain gauge regarding how it 
functions but works on a slightly different principle. FSRs are made of two layers separated by a spacer. This 
space is sandwiched between a thin layer of flexible substrate with printed semi-conductor and another flexible 
substrate with printed interdigitated electrodes. The more of the substrate area get in contact with the printed 
electrode, the lower the resistance of FSR. The resistance of the FSR is inversely proportional to the pressure 
applied, the higher the pressure, the lower and the resistance. The maximum resistance of the FSR is at zero force 
applied. The easier preferred method to install a FSR is by using a thin double sided polymer tape. This method of 
installing a FSR also reduces manufacturing cost and is very easy to replace in case of damage [2]. With such a 
simple construction, there is a greater chance of error and are thus rarely used for measuring 
weight. Sometimes even two identical FSRs can give varying results when being used for the same amount of 
pressure. In reality, FSRs are more commonly used for touch-sensitive application where the numerical amount of 
pressure is not required; instead, a validation of pressure being applied is required. For example, the computer 
in a car does not needed to know how much the driver weighs; rather the car only needs to know if there is 
driver on the seat by detecting pressure between the person and the seat. Thus, reminding the driver to wear 
seatbelt.  

There are various solutions to measuring strain in an object. Such as, load cells, optical force sensors, ultrasonic force 
sensors, hydraulic, pneumatic based force sensors, capacitive sensors, acoustic, inductive sensors, and magnetic sensor [3]. 
However, all of these solutions are not capable of highly accurate results. They are harder to implement in a robotic arm, or 
they end up costing much more compared to strain gauge, piezoelectric sensors or FRS based force sensors. That being said, 
the three sensors above need to be discussed in much greater detail. Specifically, what sub-types of strain gauges, 
piezoelectric, and FSR sensors is available. Additionally, the paper will also discuss circuit required to use these sensors, 
data measuring and data processing from the circuit as well as problems a user might encounter when using these sensors 
along with their solutions. 

 

3. Strain gauges 
There are various types of strain gauges and methods for transducer application. There are two main types of strain gauges 
that are more common than the rest. Which are, silicone strain gauges and foil strain gauge. When it comes to selecting 
strain gauges for application, there is always a debate on which one is better suited for the task. Silicon strain gauges were 
invented few decades after foil strain gauge were invented and were thought to replace all foil based strain gauges. 
However, the transition has been slow. The reason foil based strain gauges are used widely is because of its low cost. 
Though, foil based strain gauge perform inadequately at measuring very small amount of force. This is where silicone 
based strain gauges comes in. Silicon strain gauges are capable of measuring a wide range of change in strain and at the 
same time they have a quick response [4]. Unfortunately, due to the high cost of manufacturing and the fewer different 
sizes of silicone strain gauges that are available in the market, foil strain gauges are the eventual choice for transducer 
application by researchers and manufactures.  
 
An important fundamental parameter of a strain gauge is the gauge factor (GF). It is the ratio of the fraction change in 
electric resistance to the fractional change in resistance shown in equation 1. Here, the change in length is of the resistive 
foil inside a strain gauge. Usually the gauge factor is a small number around 2 GF [6]. 
 
𝐺𝐹 = ∆𝑅/𝑅

∆𝐿/𝐿
= ∆𝑅/𝑅

𝜀
        Eq. (1) 

When purchasing a foil based strain gauge, there is a data sheet provided by the manufacturer. In the data sheet, there are a 
few technical terms that must be understood and known to select the right kind of strain gauge. The first one being its 
dimension, the grid dimension and the gauge backing dimension as shown in figure 1, must be decided by the user to pick 
the right size for the right task. The strain gauge resistance needs to be decided by the user when building the circuit. The 
most common options being, 120Ω, 350 Ω, and 1000 Ω. There are different connection types available, such as pre-wired, 
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solder pads, coated pads, and strain relief pads. The right kind of connection can be selected based on the object material 
and the strain being exerted on the gauge. The gauge factor must also be decided by the user. This can easily be determined 
by the amount of sensitivity required for the task. Finally, the active grid length must be decided. For a longer piece of 
metal which strain needs to be measured, a longer grid length gauge should be used here. For a small part, a smaller grid 

length is recommended.  

There is an, much newer type of strain gauge technology called the thin-film strain gauge, where the gauge pattern is 
directly printed onto the metal surface. In the thin-film strain gauge, the strain gauge molecularly bonds the surface of the 
material. This is a beneficial advantage, as these results in much great accuracy and is capable of functioning at higher 
temperature. In spite of that, thin-foil strain gauge being a much newer technology and relatively much more expansive 
than the other two technologies. There is very little research backing the application of thin-film strain 
gauge as a transducer [7].  

4.  Piezoelectric strain sensors 
The piezoelectric sensor is a device that uses the piezoelectric effect to measure change in temperature, pressure, 
acceleration, strain, or force by converting these changes to electric charge. There are two types of piezoelectric strain 
sensors:  
 

• Piezoceramic Sensor (PZT): Piezoceramic lead Zirconate Titanates (PZT) is the most commonly used electric 
strain sensor. The ceramic material is made by mixing a proportional amount of lead, zirconium, and titanium 
oxide heated at over 800P

o
P C. This results in a material that has advantageous properties similar to ceramic, such as 

high elastic module, but then also its failings such as brittleness and low tensile strength [8]. 
• Piezofilm Sensor (PVDF): Polyvinylidene Fluoride based piezoelectric sensors are made of long chains of the 

repeating monomers of –CH2—CF2–. The hydrogen atoms in the chain are positively charged, while the fluorine 
atoms are negatively charged. This leaves the monomer unit in dipole moment. The solidified PVDF material is 
stretched to form a piezoelectric sensor. The PVDF based piezoelectric sensor has 1/12 the Young modulus of 
aluminum, this means they are more suitable for sensing application as the PVDF sensor will not affect the host 
materials stiffness [8]. 

When comparing both the technologies, PVDF based piezoelectric sensor is a clear winner. It is easy to shape to any 
desired application and has pyroelectric properties making is highly temperature dependent.  
 

5. Force Sensitive Resistors 
As mentioned, FSRs are capable of measuring force or pressure applied to it, however they lack accuracy like strain 
gauges. FSRs come in two variations which have unique properties. The two different FSRs are a shunt mode and a thru 
mode. 
  

• Shunt Mode: Shunt mode FSRs are receptive to a wide range of forces and are also the most frequently used 
design. It typically consists of three main layers sandwiched between a layer of PET material. Between the PET 

Fig.1 Foil strain gauge with solder pads and wire [5] 
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materials, the top layer is FSR ink, followed by spacer and then followed by a silver conductive layer. 
Each layer is a few microns thick and depending on their thickness, their sensitivity is decided. When the two 
conductive layers are pressed together, electricity passes through the layers.   
A shunt mode FSR can be found in hospital bed occupancy detection, or car seat occupancy detection, and even in 
steering wheel control console, etc.  

  
• Thru Mode: Thru mode FSRs are receptive to lighter forces and are only used in specific tasks. Similar to a shunt 

mode FSR, a thru mode FSR also uses FSR ink and silver conductive layer. However, there are 5 total layers 
sandwiched between layers of PET material. There are two identical layers above and below the spacer, which are 
FSR ink above the spacer, followed by silver conductive layer.  They are used in cell phone stylus, robotic arm 
grippers, and many other applications that require detection of lighter forces. 17T  

 
 

6. Wheatstone Bridges 
The output from a strain gauge or an FSR is a minuscule change in resistance. Measuring this small of a change in 
resistance is often challenging and thus a Wheatstone bridge is needed to convert the change in resistance to change in 
voltage which then can be amplified and recorded with ease. A Wheatstone bridge is an equivalence of a two parallel 
voltage divider that consists of four resistors connected in specific arrangement, Voltage output VO can be calculated using 
equation 2.  
 
𝑉𝑂 = � 𝑅3

𝑅3+𝑅4
− 𝑅2

𝑅2+𝑅1
� ∗ 𝑉𝐸𝑋      Eq. (2) 

 
The Wheatstone bridge is used in numerous ways to measure electric resistance, specifically to determine unknown 
resistance by comparing it to a known resistor or to measure the change in resistance.  Figure 3 shows a rhombus 
configuration of a Wheatstone bridge that is widely used. This is a basic configuration of a 
Wheatstone bridge. Here, different applications call for different number/alignment of strain gauges, which are, Quarter-
bridge where either one or two - the second strain gauge is a dummy gauge – resistors are replaced with a strain gauge, 
a Half-bridge where two resistors are replaced with a strain gauge, and finally a Full-bridge where all the resistors in the 
Wheatstone bridge are replaced with a strain gauge. This circuit diagram is shown in figure 4. 
 

• Quarter Bridge: In a quarter bridge, one of the resistors from the Wheatstone bridge is replaced by a strain 
gauge. This configuration is used specifically to measure axial or bending stress. To complete the configuration, 
a passive quarter-bridge resistor or a dummy strain gauge is required. If a dummy resistor is being used, it is not 
bonded to the surface, and is made sure does not experience any strain. Also, only in the passive quarter-bridge 
resistor configuration, there is no compensation for temperature.  

• Half Bridge: In a half-bridge configuration, two strain gauges are placed either parallel or perpendicular to each 
other. When perpendicular to each other, the strain gauge can measure both axial and bending strain. However, 
when used in parallel configuration, only bending strain can be measured.  
 

• Full Bridge: Lastly, in a full bridge configuration, all four resistors as replaced by a strain gauge and can be used in 
three different configurations. In the first configuration, all four strain gauges are placed parallel to each other and 

Fig.2 Layer representation of FSR in Shunt mode and Thru mode [9] 
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only measures bending strain, this configuration has the highest bending sensitivity. In the second 
configuration, two strain gauges are placed horizontally, and two strain gauges placed vertically. Only bending 
strain can be measured with this configuration and is slightly less sensitive than the configuration above. The third 
configuration follows mounting location similar to the second configuration, though what is different here is the 
axial component being measured.   

 

 
Figuring out of the type of Wheatstone bridge to be used in a six-axis force/torque sensor depends on the number of strain 
gauges used, amount of sensitivity required, and the temperature at which the sensor is to be used and even the mechanical 
design of an FT sensor. 
 

7. Mounting the Sensors  
The mounting of a strain sensor is the most important factor, as irregular mounting can lead to incorrect measurements. For 
many strain sensitive tasks, a proper training might be required as bonding a strain gauge is not an easy task.  There are 
different methods of mounting the three different sensors. Its relatively simple for FSRs and piezoelectric sensors. The FSR 
requires a thin layer of double sided polymer tape and the piezoelectric sensor requires strong bonding glue such as 
cyanoacrylate or epoxy. While it may be easy to mount FSRs, it is the strain gauge sensor that requires the greatest attention 
to the process. 
 
 

 
For mounting a strain gauge, the surface must be prepared first. To finely clean the surface, organic solvents such as 
acetone, ethanol or isopropanol are preferred. It must be taken into consideration that most of the available commercial 
organic solvents are highly flammable and should be used in well ventilated area. These organic solvents should be 
purchased as pure chemicals as impurities can make them unusable or cause a weak bond of the strain gauge onto the 
surface. Then the type of adhesive needed for the task is to be selected. These include cold curing adhesives, hot curing 
adhesives, ceramic putty, and even spot welding. Cold and hot curing adhesives are often used for force sensor application. 
Cold curing adhesive is easy to use and requires very little effort; it is the preferred method of bonding for research 

Fig. 3 Wheatstone bridge circuit configuration in rhombus style [10] 

Fig. 4 Quarter-bridge, Half-bridge and Full-bridge configuration using strain gauge [10] 
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purposes. When it comes to choosing an adhesive for manufacturing force sensors, hot curing adhesive are preferred. Using 
hot curing adhesive takes little more effort to apply and has higher chance of running into improper bonding if not done 
correctly. But when done correctly, the strain gauge can be subjected to a wider range of temperature and strains and still 
perform with minimal error. Only hot curing adhesives are used for high precision strain gauges and tasks that require high 
accuracy. Once the strain gauge is bonded using adhesive, wires can be soldered onto the gauge directly or using solders 
terminal pads. A final visual inspection and electric continuity should be performed to check for correct mounting.  
 

8. Data measuring/recording solutions 
There are various ways to record data from strain sensors. This includes DAQs, microcontrollers/microprocessors, 
programmable logic controllers, and specific instruments made for measuring strain. Obviously, each method requires 
different approach or requires different specific steps to achieve visual outputs. Some of these methods are specifically 
designed for a very particular task. Depending on user experience, budget, and requirement, the right solution can be 
selected. The following methods are: 

 
• Data Acquisition (DAQ): DAQ is commonly used for acquiring data from sensors. As the name suggests, data 

from sensors can be easily acquired and processed by the DAQ system and output the processed data to a 
computer for visual representation [11]. The DAQ board receiving data from sensors is usually in analog form. 
The first thing to do is to convert this data to digital form. This data from the sensor is also filled with noise and 
sometimes is acquired at low amplitude; hence the DAQ also optimizes the signal by filtering the noise and 
amplifying it. This is known as signal conditioning. The final digital signal is then fed to a computer for visual 
representation. Some models of modern DAQs come pre-configured with inbuilt Wheatstone bridge to work 
alongside strain gauge and an improved graphical user interface (GUI) (interactive visual components) software 
help represent the signals in a user-friendly manner [13].  

• Microcontroller or Microprocessors: There are many different brands and models of 
microcontroller/microprocessors available in market. Every microcontroller manufacturer has their own solution to 
measuring strain and they provide their own software to run the circuit. Microcontrollers in the market make use of 
C/C++ or Python to communicate with the controller and the sensor. This becomes much easier with manufacturer 
provided software which uses easier GUI and provides a vast amount of example codes with proper explanations 
to use in a research application. 

• Programmable Logic Controller (PLC): PLCs are programmable controller that are used to control the 
manufacturing process, assembly lines, or even robotic devices. Using PLCs to measure strain is a common 
application. To measure the strain change, a PLC analog card needs to be installed that can either measure mille-
volts or amplifies the signal to a range that the PLC can measure. Different PLC manufacturers provide different 
methods and processes to measuring strain where the manufacturer provides different types of prebuilt card 
capable of doing all the signal processing and signal amplification. An advantage of using PLCs for measuring 
data is that a PLC is a rugged controller capable of handling noise. PLCs are often used to automate robotic arm 
application, using a PLC to measure strain becomes an easier task for the end user. 

Fig. 5 Steps performed for acquiring data from a sensor using DAQ and processing the data for visual representation [12] 

about:blank


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 7 Issue 12, December 2020  

ISSN (Online) 2348 – 7968 | Impact Factor (2020) – 6.72 

www.ijiset.com 

7 
 

• Devices made specifically for strain gauges: Leading strain gauge, piezoelectric and FSR manufacturers sell their 
own line of strain measuring instruments and software. These are often expensive, but they provide accurate 
results when used properly. These instruments come with guidebooks, videos, and even provide hands-on tutorials 
if required. 
 

9. Oversights and Errors 
Even when done correctly, there are instances when an FT sensor outputs the wrong reading. This is a common occurrence 
with force sensitive sensors that require high accuracy. Some of the common errors seen when using strain gauges, FSRs 
and piezoelectric force sensors can be either avoided when designing or resolved post manufacturing with calibration. The 
major issues with FT sensors are high-frequency noise, sensor heating, incorrect lead wire or bridge wire being used, and 
finally the human error during calibration. 
• High-Frequency Noise: The signal incoming from the strain gauge/piezoelectric or FSRs is often filled with all sorts of 

noise and thus it needs to be filtered before being represented on a computer screen. There are two main types of filter 
circuit that are often used with strain gauge based noise filtering, which are Low-pass filter and High-pass filter. The 
filters purpose is to eliminate signals whose amplitude is either higher than or lower than user specified. Many DAQs, 
microprocessors, and microcontrollers are capable of performing noise. 

• Sensor Self-Heating: When it comes to strain gauges, the sensor is susceptible to self-heating after extensive use and this 
can cause the false readings. This is a very common type of error that occurs in strain based transducers and can go 
unnoticed for a very long period of time. To overcome this issue, manufacturers often add a dummy resistor to the circuit 
or a dummy strain gauge that helps compensate for the temperature change that occurs in the circuit.  

• Lead Wire and Bridge Wire Resistance: Lead wire and bridge wire resistance is something that engineers and 
researchers often fail to take into consideration. This is a vital part of constructing a transducer circuit. The challenge 
here is that, to make a small transducer, manufacturers might be tempted to use thinner wire; however, as the laws of 
physics state, thinner wires have higher resistance. The next option is to use a thicker wire, but this can cause various 
issues such as, fatigue of the wire if moved around a lot. Depending on the application, the right thickness of wire is to 
be selected, and if possible, the less amount of wires the better. 

• Improper Calibration: Calibration related errors are often due to human error and the only way to avoid this issue is by 
performing the calibration process multiple times or have the calibration done at certified ISO 17025 laboratories [3].  
 

10. Chassis Material 
When it comes to selecting the metal for sensor housing, the following conditions must be met and satisfied: ease of mach 
inability, low density, low elastic modulus, and high corrosion resistance. Moreover, the tensile strength of the material 
which is the force required to stretch and break the material (higher the better), the modulus of elasticity (higher the better), 
and the materials Poisson’s ratio which is ratio of transverse contraction strain to longitudinal extension strain in the 
direction of stretching force (lower the better) need to be taken in consideration.  
However, there is not one specific metal that tick all the boxes and thus it comes down on the researcher or the 
manufacturers to choose the metal that best fits their requirements. Table 1 shows a list of metals that have previously been 
used to design and manufacture FT sensors. Each metal listed in the table has excellent corrosion resistance. 

Table 1: Parameters of metals  

0BMetal 
Density 

(g/cc) 
Tensile strength 

(MPa) 
Modulus of 

Elasticity (Gpa) 
Poisson's 

ratio 
304 Stainless steel 8 505 193 0.29 

Aluminium 2024 2.78 469 73.1 0.33 

Aluminium 6061 2.7 310 68.9 0.33 

Aluminium 7075 - T6 2.81 572 71.7 0.33 
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11. Equations 
There are lists of equations and formulas needed to calculate all parameters of strain gauge (most of them are provided by 
strain gauge manufacturers), Wheatstone bridges, and equations for calculating strain of a beam that has strain gauges 
mounted onto it. The following equations are provided for calculating and measuring those parameters. 
 
Determining Gauge Factor: 

𝐺𝐹 =
∆𝑅/𝑅
∆𝐿/𝐿

=
∆𝑅/𝑅
𝜖𝜖

 

 
Equations for Wheatstone bridge: 
𝑉𝑂 = � 𝑅3

𝑅3+𝑅4
− 𝑅2

𝑅2+𝑅1
� ∗ 𝑉𝑖𝑛 

 
Voltage output for full bridge: 

𝑉𝑂 = �
𝑅4 + ∆𝑅4

𝑅1 − ∆𝑅1 + 𝑅4 + ∆𝑅4
−

𝑅3 − ∆𝑅3
𝑅2 + ∆𝑅2 + 𝑅3 − ∆𝑅3

� ∗ 𝑉𝑖𝑛 

 
 
Strain equation for Cantilever Beam: 
For the purpose of measurements and equation, we will assume the internal 
design of the six-axis force/torque sensor is using cantilever beams with 
strain gauge mounted at distance L from the top of the beam. 
Equation for stress:  
𝜎𝜎 = 𝑀𝑦

𝐼
      Eq. (3) 

 
To calculate the Inertia: 
 
𝐼 = 𝑏ℎ3

12
      Eq. (4) 

 
To calculate moment: 
 
𝑀 = 𝑊𝐿 
 
Therefore, plugging in the stress equation gives:  
 
𝜎𝜎 = 6𝑊𝐿

𝑏ℎ2
     Eq. (5) 

 
Now the strain can be calculated using Hooke’s Law:  
 
𝜎𝜎 = 𝜖𝜖 ∗ 𝐸     Eq. (6) 
 
Once the strain gauges are mounted on the beam, the lead wires can be connected to a Wheatstone full-bridge, which will 
output voltage in mill volts. To convert the mill volts to strain, equation 7 can be used: 
 
𝜖𝜖 = 1

𝑘
∗ 𝑚𝑉

𝑉
∗ 10−3 𝑉

𝑚𝑉
    Eq. (7) 

 
The equations and procedure show are successful measurements of strain from a cantilever beam to a real-time measured 
strain using the full-bridge configuration. The same can be used for a quarter-bridge and a half-bridge. Importantly, the 
dummy resistors must be taken into consideration when calculating the voltage change, along with possible error from 
resistor percentage tolerance. 
 

𝜖𝜖 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 
𝜎𝜎 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 

Vo= Voltage Out in volts 
Vin= Voltage In in volts 
R1, R2, R3, R4=Resistance in ohms 

M = Moment  
I = Inertia 
b = Breadth of the beam 
h = Height of the beam 
W = Weight being applied 
L = Strain gauge distance from weight 
being applied 
E = Elastic Module 
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12. Manufacturers 
For the purpose of designing a six-axis force/torque sensor, all the technologies, parts, and tools can be obtained through 
various vendors and manufacturers. For the purpose of research, the following is a list of manufactures that provide parts 
related to FT sensors. Note: None of the manufacturers are listed in any specific order, and there are various other brands 
not listed below that provide the same solution. 

 
• Strain Gauge Manufacturers: Micro-Measurements, Omega, HBM 
• Data Acquisition Board (DAQ): National instruments, Key sight, Micro-measurements, HBM 
• PLC: Rockwell Automation, Siemens, Mitsubishi Electric, HELM instruments 
• Microcontroller: Arduino, Raspberry pi, Texas Instruments 
• Instruments designed for Strain Gauge Measurement: Omega, Micro-Measurements, HBM 

 

13. Conclusion 
In conclusion, the design, research, and implementation technologies for either manufacturing or providing a novel solution 
is presented with ease of use, as well as examples of the technologies with its current use. The solution for sensing force 
was found to be easier with the strain gauges when compared to piezoelectric sensor or force sensitive resistors due to its 
efficiency, large range of available shapes and sizes, and its ability to sense forces with very high accuracy. The circuit 
design for sensing and measuring the force is also provided. As mentioned, the Wheatstone bridge is introduced with great 
detail. The formula required to convert the resistance change from strain sensors to voltage change is also provided. 
Currently used technologies for measuring and recording data from the strain sensor are presented and compared which 
includes signal processing and signal conditioning for outputting the result in a visual format.  
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