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Abstract 

 

In this project, three sensors will be tested in order to determine the ideal one to use in the 

creation of a weighing grapple based on technology printed electronics. Furthermore, a first 

prototype of the printed circuit board is going to be designed, for it to be printed in the grapple.  

 

1. Introduction 

 

The work done in this report is done for the creation of a weighing grapple (Figure 1), which 

is a real project proposed by the company Derisys. The sensors used for the weighing grapple 

are based on screen printing, a technology that provides better efficiency as the need of power 

is very low (low voltage needed), and a small design that facilitates its printing in the material 

of the grapple. 

 

RMT -XW GRAPPLE SCALES, RECYCLING TODAY 

Figure 1: Weighing grapple communicating the weight to a device 
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2. Project definition 

 

The aim of this part of the project is to characterize three sensors which are provided by 

ArcenCiel, done by screen printing technology, to determine which one of them responds 

better, to then implement it on the final PCB design.  

 

These sensors were designed in order to substitute the S-shaped sensors used in the industry 

until now. They also measured the strain but are much more voluminous and difficult to place 

in the grapple, whereas the screen-printed sensors offer a lightweight and easy to set product. 

These are made of various inks, such as silver and carbon, last one possessing the properties 

that allows it to change its conductivity depending on the deformation of the material where it 

is fixed. 

 

3. Description of the tools and resources used 

 

Due to it being a practical project, many resources were used for the different tests done, 

including a mechanical stress machine and a temperature humidity chamber. The first one used 

for the calculation of the gauge factor, which indicates how the sensor answers to deformation 

in relation to the change in its conductivity. The second one was used for the temperature, 

thermal ageing, and humidity drift tests.  

 

All the data has been collected by using a DEWE, a device that is able to obtain the changing 

measurements of the sensors in real-time. Additional material like, samples, calibration sensors 

(for measuring temperature and strain) or cables were provided by INSA Lyon.  

 

4. Results 

 

Firstly, we observed a decrease in the resistance in the temperature test. This lead to think that 

a thermal ageing test was going to be necessary to see if this resistance stabilized, which can 

be useful to determine if a preconditioning process by ageing of the sensor is necessary before 

use.  
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Secondly in the mechanical strain test, we established that sensor 1 was the ideal to do the 

printed circuit which had a good gauge factor of 2.26. Figure 2, shows the response of this 

sensor function of a commercial sensor, used to compare the change in the resistance according 

to the change of voltage in the circuit, which goes by the resistance of the sensor.  

 

 

Figure 2: Resistance function of time and strain function of time 

 

The tendency of sensor 1 is to be more and more steady, we need to do thermal ageing to see 

this stabilization. We obtain the results in Figure 3, which shows the resistance is maintained 

after a few hours which means that it might be necessary to do thermal ageing of the sensor 

before use. Also, we can see that small thermal drift that we need to take into consideration in 

the final design.  
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Figure 3: Response to ageing (48 hours at 80°C) 

Where: Ymax=10.620  Ymean=10.530  Ymedian=10.570  

 

Next, we did the humidity drift test, whose results are shown in Figure 4. We observed the 

increase in resistance and then stabilization. According to the data, a humidity drift 

compensation may be necessary.  

 

Figure 4: Response of sensor 1 under humidity test 

Where Ymedian is 7350  and the response stabilises at almost 30000s ≈ 8 hours. 

 

Lastly, we did a first design of the printed circuit board using the software ALTIUM, 

considering all the data gathered. The design had two critical aspects: 
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- A Wheatstone bridge configuration (Figure 5): four of these sensors (in red) are 

configurated in a full Wheatstone bridge. Doing this configuration ensures better 

subsequent temperature compensation and precision in the deformation measurements. 

 

- A MAX1452 component: due to the temperature drift, it is compulsory to add the 

MAX1452 in the circuit, to compensate the change in the resistance caused by 

temperature change. 

 

 
BESTECH: SENSORS AND TEACHING EQUIPEMENT, FULL WHEATSTONE BRIDGE 

Figure 5: Full Wheatstone bridge configuration 

 

5. Conclusions 

 

Screen printing offers a technological advancement in the world of sensors and printed 

electronics. Their ability of the carbon to change its conductivity, allows to implement it 

directly on the weighing grapple, and the printed circuit to process it and send it to the according 

device, that will display the weight carried by the hook.  

 

Appropriate tests are going to be needed in order to characterize the sensor, so to determine its 

response to different factors that we will take into consideration in the final design, like thermal 

drift. 

 

Also, these sensors are defined by its gauge factor, which measures their resistance dependence 

to the strain of the material. In this case, we obtained one of 2.26, which corresponds to those 

of metallic gauges, and decreases with temperature and humidity. 
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For future improvements, we might need to do more humidity tests cycles and thermal ageing 

tests, to analyse how it affects the strain gauge at different conditions of temperature and 

humidity. Moreover, it is important to further develop the electronic design, for the 

implementation of more specifications requested by Derisys, like the antenna to send the data 

by radio link.  
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Project Report 

1. Introduction 

In this project, the company Derisys is working with ARCenCIEL Sérigraphie (AEC) to design 

a weighing grapple that provides real time weight information, necessary in different industrial 

applications like container loading and unloading. To illustrate this, we can see inFigure 6, an 

example of a weighing grapple operating by radio link in an industrial exploitation. 

 

 

 

WIRELESS GRAPPLE SCALE ALLOWS SCRAP OPERATIONS TO ADD IN-MOTION WEIGH CAPACITY, RECYCLING PRODUCT NEWS 

Figure 6: example of a weighing grapple operating by radio link 

 

The objective is to test different sensors (Figure 7,) made by screen printing, technique that is 

developed by AEC with INSA Lyon to then design a printed circuit board, that will transmit 

the data by radio link to another device, that will show the weight. The aim is to identify the 

most optimal sensor to implement in the design of the printed circuit board that will be within 

the metal structure of the grapple itself. 
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Figure 7: Three types of sensors 

For the sensor to be as efficient as possible, it is desirable for the signal processing and 

conditioning to be done as close to the transducer as possible. Hence, integrating the electronic 

circuit is an advantage for this development.  

 

To do the final design, four different tests are going to be carried out. The sensors will be under 

a temperature, mechanical, humidity and ageing test. The aim is to measure the response of the 

three kinds of sensors, choosing to use in the final prototype the one with the best response to 

mechanical stress while also considering the influence of temperature, humidity, and ageing. 

Ideally, it should not be influenced by those last three factors. The other option is for the sensor 

to have a linear or quadratic variation, function of those values, so it can be designed 

considering those variations. 
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2. State of question 

A first version of the grapple done by DERISYS based on the integration of an S-shaped sensor, 

like the one showed in Figure 8, presented a series of inconveniences according to: 

 

- Size: this sensor may be larger than desired, as industrial settings might have a limited 

space, a bulky grapple might be less efficient and difficult to operate with. Screen printing 

allows for the customization of sensor (Figure 9) designed to fit specific shapes and sizes, 

which can be tailored to seamlessly integrate with the structural elements of the weighing 

grapple.  

 

- Mechanical interface: doing the mechanical interface might be challenging, this is to say 

how well is the interaction between the sensor and the different mechanical components of 

the grapple. Issues may arise regarding alignment, stability, or the durability of the sensor's 

physical attachment to the grapple structure. As said before, screen printing allows 

designing the sensor to fit the grapple structure, also by easily integrating onto the metal 

structure of the weighing grapple, reducing the complexity of mechanical interface. 

 

- Weight: despite it is a secondary criterion in this case, the additional weight of the sensor 

as well as the supporting electronics and mounting structures can impact the efficiency of 

the weighing grapple, for example, by limiting its maximum load capacity. However, the 

screen-printed sensor addresses this issue owing to its lightweight nature and compact size. 

 

 

S TYPE PRESSURE SENSOR, PORTABLE S TYPE BEAM LOAD CELL SCALE SENSOR WEIGHTING SENSOR 500KG FOR HOPPER WEIGHT HIGH 

PRESSURE TENSION WEIGHING, YANMIS 

Figure 8: S-shaped sensor 
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Figure 9: Three types of sensors used to measure stress 

 

The most important criterion for the transducer (strain sensor) is to obtain an electrical 

reproducibility of the signal compatible with an industrial environment. This means that the 

realization of the transducer must guarantee a tolerance compatible with the calibration range 

determined or acceptable by the entire electronic circuit. 

 

For this sensor to be as efficient as possible, it is desirable that the processing of the sensor 

signal and its conditioning are done at most near the transducer. This is why the integration of 

the electronic circuit is ideal for this development. 
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3. Motivation 

The engineering school of INSA Lyon in France hosts numerous research projects and 

collaborates with various companies in the sector. The large number of its laboratories gave me 

the idea to take advantage of my time at this school to carry out my Bachelor's thesis. 

 

I then contacted the electrical department, which offered me the opportunity to work in 

collaboration with AEC Sérigraphie, a company within DERISYS that partners with INSA on 

various projects. 

 

The project in question involved creating a weighing gripple using sensors made through screen 

printing, which caught my attention for several reasons: 

 

- I was given the opportunity to visit the sensor manufacturing facility and gain firsthand 

insight into the fabrication processes, ranging from initial design phases to the 

coordination of various production processes (including screen printing, cutting, and 

performance testing) culminating in the final product. 

 

- I wanted to learn more about screen printing, a technique I was unfamiliar with, which 

offers several advantages such as easy integration and low cost, as we will discuss later. 

 

- I could developpe the ability to make decisions based on experiment results and 

specifications. This includes selecting the sensor based on tests conducted for 

temperature, mechanical deformation, aging, and humidity drift. It also involves 

choosing the PCB design that ensures compliance with the specifications. 

 

In a nutshell, the ability to make of a design according to the availability of components, in 

(this case the sensors), learn about the different stages involved in the making of a prototype, 

and efficiently respond to an everyday necessity, are the goals of every industrial engineer. This 

project seeks efficiency in an industrial environment, which is also a key point to learn in my 

training as an engineer. 
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4. Project objectives 

1. Design a printed circuit board according to the specifications given by DERISYS which 

are shown in Table 1. 

Table 1: Specifications of the design 

 

- Test different sensors to select the most appropriate for my application, and then consider 

this results in the making of the PCB, to allow compatibility to the industrial exploitation. 

 

- Learn about the different stages of an industrial project, from an initial problem that needs 

to be addressed (the inefficiency of sensor type S in measuring weight), to the final design 

of a sensor that fits better in an industrial setting, to its implementation in the circuit design 

of a weighing grapple. 

 

- Prove the advantages of printed electronics, like its effectiveness and efficiency in the 

industrial exploitation. 

 

In French, direct specifications from DERISYS Translation to English 

 

Functional Specifications of the Device 

- Weight of the grapple: approximately 25 kg max in the 10T version 

- Capacities: the grapple will be available in different load capacities, 

which could be 5T, 10T, 15T 

- Mechanical safety factor: 2.5 times the nominal capacity, torsional 

resistance to be defined 

- Operating temperature: -20°C to +50°C (note the sensor 

confinement) 

- Shock resistance: 5G? to be defined based on the conditions of use 

- Design with an RSE approach: to ensure maximum device lifespan 

- Power supply for the grapple: integrated powerbank-type battery, 

rechargeable from the outside via a USB-B connector, potentially 

USB-C later (pre-definition on the electronic board) 

- Desired input voltage for the electronic circuit: 3.3V, thus a 3.3V 

sensor 

- Radio link: XBEE technology, 868MHz, network, with protected 

external antenna 

- Desired autonomy: ideally >100 hours of use, minimum 50 hours 

- Adaptable mounting interfaces: depending on the brands, either ears 

or clevis types 

- Usable printing surface (sensor + electronics): rectangle 

80x130mm, max connector height: 10mm 
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- Understand all the parts involved in doing a real engineering project like this, where 

enterprises like AEC, within of DERISYS, work with INSA laboratories to carry out an 

industrial project. 

 

- Design a prototype that improves the industrial performance, in this case the weighing 

grapple. 

 

2. Alignment with the Sustainable Development Goals (SDG) 

 

Number 9: Industrial, innovation and infrastructure.  

This project is to improve and resolve issues that we encounter in the industry today. Applying 

printed electronics in this case may lead to have printed electronics in other applications, so it 

contributes to technological development. 

 

3. Work methodology 

 

The working plan of the project is the following:  

 

Week 1. Thermal drift of sensor 

• Measuring resistance function of temperature 

• Range of temperature -20°C to 60°C 

• Analyse the respond plotting resistance function of temperature 

 

Week 2. Mechanical sensitivity of sensor 

• Instrumentation of device using classical strain gauge 

• Measuring R function of strain 

• Analyse the respond of the sensor 
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Week 3. Humidity drift 

• Measuring resistance function of humidity 

• At 80% relative humidity, for 2 days 

• Analyse the drift respond of the sensor 

 

Week 4. Thermal ageing 

• Static ageing: 24H at 80°C, 48H at 80°C 

• From -20°C to 80°C at a rate of 1°C/min stopping every 10°C for 10 min 

• Measuring R function of time 

• Analyse the respond of the sensor due to thermal ageing. 

 

Week 5 and Week 6. Proposition of sensor network linked to application requirements. 

• Testing the different designs 

• Analyse the respond of the sensor. 

 

 

Figure 10: Gantt diagram of the working plan 
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4. Resources 

 

In this project, fortunately, a large variety of resources have been at my disposal. In the first 

place, the sensors were fabricated with AEC sérigraphie technology at its laboratories. A 

considerable amount array of machinery was used in the different stages of the fabrication 

process, from screen printing machines to laser tools used to cut the wanted shapes of the 

sensors. I also had the opportunity of visiting the factory where they were produced, along with 

observing their manufacturing process, topic on which I will elaborate in the forthcoming AEC 

Sérigraphie section. 

 

Secondly, the laboratories of INSA provided the equipment to do the testing of the sensors. 

Including an oven for the temperature test, a temperature humidity test chamber for the thermal 

ageing and humidity experiments (Figure 11) and a material testing machine for the mechanical 

strain tests (Figure 12). Also, the necessary tools like the samples and commercial sensors used 

in the strain tests.  

 

To obtain all signal data from the sensor testing, it was imperative to utilize the DEWE (Figure 

13), a data acquisition technology developed by Dewesoft. A company which also generated 

the software that processed the data obtained of the sensors, which had the same name, 

Dewesoft. 

 

Once the characterizations of the sensors were done, ALTIUM was the software adopted to 

propose the design of the electronic interface schematic and of final printed circuit board 

(PCB).  

 

For a better insight of this types of machines and software, a detailed explanation is to continue: 

 

Temperature humidity test chamber 

 

This machine is developed by Weiss Technik to provide a controlled environment where precise 

temperature and humidity conditions need to be maintained to simulate the real-world scenarios 

where our sensor is going to be under.  

 



  Marina Martín Cadahía 

 
25 

This type of equipment is going to be used in the temperature, thermal ageing, and humidity 

test. The samples are placed inside the chamber after the calibration to ensure the accuracy of 

the measurements. A configuration with the specifications is made before, directly on the screen 

on the front of the machine, which is implemented by its control system. 

 

 

TEMPERATURE TEST CHAMBERS, TYPE TEMPEVENT, WEISS TECHNIK 

Figure 11: Humidity temperature chamber. 

 

Mechanical stress machine 

 

The mechanical stress machine developed by SHIMADZU, is an advanced equipment used for 

testing the mechanical properties of materials. It applies controlled stress to samples to measure 

properties like tensile strength, elasticity, and deformation behaviour, the last one being our 

case. It offers precise measurement capabilities and can simulate various real-world conditions 

to assess how the sensors will respond under stress.  

 

The software used to control the machine is TRAPEZIUM X, developed by SHIMADZU, 

where we will do the configuration for the mechanical strain test, which is specifications will 

be displayed in this test section. 
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SHIMADZU, AUTOGRAPH AGS-X SERIES 

Figure 12: Mechanical stress testing machine 

 

DEWE 

 

The specific name of the device developed by Dewesoft is SIRIUS-UNI Universal. This is a 

data acquisition gadget, equipped with multiple channel configurations, capable of measuring 

with high precision strain gauges, bridge sensors and voltage.  

 

This technology can provide with high dynamic range and low noise. It also uses 

DualCoreADC technology, developed also by Dewesoft, used to precisely convert signal 

analogic inputs analogic to digital outputs with minimum noise. In our application, this system 

is going to be used to acquire the signal received from the sensors throughout the tests.  

 

The type of configuration is going to be done by the Dewesoft software. For each test, an 

appropriate one has been fixed, specified in each test section. 

 

The data treated in Dewesoft will be transformed to a .mat file that is later going to be managed 

by MatLab, to generate the charts used to characterise the sensors. 
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SIRIUSi-8xUNI data acquisition system with universal signal inputs 

Figure 13: DEWE 

 

ALTIUM 

 

This software platform is primarily used, as in our case, for designing electronic circuit boards.  

It offers tools for schematic capture, component placement, and routing, facilitating the 

creation of complex multi-layer PCBs. The software includes component libraries and supports 

circuit simulation for verifying design functionality.  

 

Its capacity and ease of use make this software ideal to design a final PCB, that responds 

adequately to the demands of the project. 
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5. Fabrication and characteristics of sensors  

5.1. AEC sérigraphie 

 

As mentioned at the introduction, INSA Lyon works in partnership with AEC sérigraphie in 

various projects, including the production of the sensors under testing. Therefore, I was given 

an opportunity to visit the factory where the sensors were fabricated to learn about how these 

types of projects are carried out in an enterprise. The production chain consisted in various 

steps, each done by an employee or team of employees, who kindly explained to me how 

everything worked. The factory is located in Régny, a small town near Lyon. 

 

1. Design 

 

A person implements the previously designed sensor in the software unic.Draw. Each layer is 

set up in the software, in this stage it could happen that small changes are done in order to 

improve the functionality of the design. Next step is to flash print the design on a film that will 

be used later as the pattern for screen printing. 

 

2. Sensor planification 

 

Afterwards, the planification of the different stages to produce the sensor is carried out.  This 

is done considering aspects like working hours, time of production and materials supply, for 

then to calculate total time of production and total cost. 

 

3. Fabrication process 

 

a) Preparation of the screen printing. 

 

The substrate and screen (that can be metallic or polymerous) is ordered and supplied. In the 

case of the substrate, it is needed to be cut and tested to ensure that it withstands the subsequent 

processes (for example the oven at 130°) 
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Regarding the screen, we need its mesh parameter to be small for precision, but not too small 

that it doesn’t allow, in this case the silver ink, to pass through the material. A cleaning of the 

screen beforehand and between layer deposition is also needed. 

 

b) Screen printing process. 

 

Screen printing for the development of the sensor is a process that involves depositing 

conductive materials, such as silver inks, onto a substrate using a mesh and a stencil. The sensor 

design is created on the stencil, and the ink is pressed through the mesh to transfer the pattern 

onto the substrate. This method enables the production of precise and reproducible sensors in 

large quantities in a cost-effective manner. The steps to follow are shown in Figure 14 and are: 

 

1. Deposition of a photoUV mask on the substrate.  

2. Placing the film with the design made in negative (done in step 1). 

3. Applying UV radiation that only affects the part not covered by the design. 

4. Cleaning of the UV mask that was not affected by the UV radiation with a dissolvent 

(the activated UV mask won't be affected by the cleaning of the material layer) 

5. Deposition of the ink that is then pressed through the mess onto the substrate. We can 

see in Figure 15 the ink being deposited controlled by a squeegee, the metallic blade 

shown. In the case if the sensor, two inks are used: silver and carbon. 

6. Each deposition layer is exposed to high temperatures in a in a thermal tunnel for the 

product to be then placed afterwards, in an oven at 130°. 

7. Additionally, we can clean the photoUV mask so we can use the screen again. 

 

c) Adding of a layer to protect the design (part in green) 

 

d) Laser cutting with the desired shape of the sensor. 

 

e) Lastly, the sensor is tested to verify the sensor proper functioning. 
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Figure 14: Steps for screen printing 

 

Figure 15: screen printing using silver ink 

5.2. Screen printing 

 

Screen printing is an ancient technique dated in the 3000 b.C in the Fiyi islands, which it just 

consisted in using leaves with holes in them where the ink was distributed. Nowadays, the 

principle is the same, where a mesh stretched over a frame is used to transfer ink onto a surface, 
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except in areas blocked by a substance impermeable to ink. This creates a design on the desired 

surface.  

 

This idea is then used in electronics, to be able to successfully print electronic circuits on 

substrates such as PCBs or sensors. It uses a special mesh or stencil to transfer conductive or 

insulating ink onto the substrate. This method allows for the creation of precise patterns of 

electrical conductors that connect components such as resistors, transistors and microchips in 

electronic devices. It is essential for the efficient and accurate manufacturing of modern 

electronic equipment, and the technology developed by Arc en Ciel. 

 

5.3. Sensors addressed 

 

Three sensors are obtained with the following characteristics: 

Sensor 1: D24-002 GRAPIN / Ag ECI 1014 / Carbonne ECI 8120 

Sensor 2: D24-001 Jauge / Ag ECI 1014 / Carbonne ECI 8001 

Sensor 3: D24-001 Jauge / Ag ECI 1014 / Carbonne ECI 7004 30%, ECI 7002 70% 

 

A design of the sensor has been done in Figure 16, that shows the structure of the sensor, made 

by carbon and silver inks. 

 

Figure 16: screen printed sensor 

The carbon of the sensors is piezoresistive, which means that the resistivity of the material 

varies depending on the mechanical stress. The sensor will change its resistance in proportion 

to the stress in a specific direction. 
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It has been mentioned before in the resources section, that a commercial sensor is used in the 

mechanical test. One might ask why this sensor is not used in our application, the weighing 

grapple. The reason is that this sensor has a low resistance which results in more power 

consumption, reducing the autonomy of the device, that needs pouring provided by batteries. 

With bigger resistances, like the ones of the sensors of 5k and more, we will have low-battery 

consumption. On the contrary, the sensors may suffer from a bigger thermal and humidity drift, 

which will be analyzed in future sections. 

 

6. Test results 

6.1. Temperature 

 

The first test done was measuring the resistance according to temperature. The experiment 

consisted in placing the sensors inside the oven that was configurated to vary the temperature 

from -20C to 55C, by a rate of 2C per minute in order to have a homogenous temperature 

in the whole oven. 

 

Using a DEWE, we measured the resistance of the three sensors, using two of each to ensure 

the reliability of the results. We obtained the data in the tables below. Each data corresponds to 

two cycles of temperature. 

 

Sensor 1 

Type 1.1 R-20°C (Ohm) R55°C (Ohm) Linear fit Quadratic 

Data 1 5184 7162 24.73x+5505 0.2032x^2+16.41x+5464 

Data 2 5273 7085 23.9x+5539 0.1979x^2+15.67x+5506 

Data 3 5373 7031 21.57x+5644 0.1691x^2+14.66x+5611 

Data 4 5472 7058 20.48x+5734 0.1549x^2+14.09x+5703 

Data 5 5428 7016 19.89x+5721 0.1485x^2+14.02x+5683 
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Table and chart 2: Resistance results for the sensor 1.1 

 

Type 1.2 R-20°C (Ohm) R55°C (Ohm) Linear fit Quadratic 

Data 1 4855 6741 22.52x+5262 0.1599x^2+15.97x+5230 

Data 2 5171 6786 21.12x+5433 0.1628x^2+14.36+5406 

Data 3 5389 6820 18.91x+5617 0.1383x^2+13.26x+5589 

Data 4 5513 6882 18.03x+5730 0.1267x^2+12.8x+5705 

Data 5 5439 6810 17.34x+5706 0.1143x^2+12.82x+5676 

 

 

Table and chart 3: Resistance results for the sensor 1.2 
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∆𝑅 = 𝑅55℃ − 𝑅−22℃ 

 

Figure 17: chart of R of sensor 1 

 

𝑦 = 𝑎𝑥 + 𝑏; 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎 

 

Figure 18: value a of linear fit 

Analysis: 

 

In the case of sensor 1, we can see a quadratic tendency on the value of resistance depending 

on the temperature, which means there is an aging of the sensor, which causes the measure to 
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be lower and lower as well as the difference of the resistance to the higher temperature (55°C) 

and the lowest (-22°C) indicating fatigue of the material. 

 

According to the results, the aim would be to see if this tendency stops, and the sensor 

measurement stabilises, which can be seen in the future thermal ageing test.  

 

Sensor 2 

Type 2.4 R-20°C (Ohm) R55°C (Ohm) Linear fit Quadratic 

Data 1 3637 7387 42.66x+4004 0.6539x^2+15.89x+3873 

Data 2 3415 6317 36.47x+3645 0.5397x^2+14.05x+3356 

Data 3 3202 5703 31.24x+3452 0.4467x^2+12.99x+3363 

Data 4 3080 5408 28.92x+3319 0.4082x^2+12.06x+3238 

Data 5 2988 5233 26.99x+3261 0.3752^2+12.17x+3164 

 

Table and chart 4: Resistance results for the sensor 2.4 

 

Type 

2.5 

R-20°C 

(Ohm) 

R55°C 

(Ohm) 

Linear fit Quadratic 

Data 1 3851 7881 45.33x+4245 0.6876x^2+17.18x+4107 



  Marina Martín Cadahía 

 
36 

Data 2 3578 6554 37.22+3818 0.5395x^2+14.81x+3729 

Data 3 3327 5849 31.44x+3588 0.4385x^2+13.52x+3501 

Data 4 3190 5524 28.96x+3390.396 2x^2+12.6x+3360 

Data 5 3094 5338 26.97x+3375 0.3638x^2+12.6x+3281 

 

 

Table and chart 5: Resistance results for the sensor 2.5 

∆𝑅 = 𝑅55℃ − 𝑅−22℃ 

 

Figure 19: chart of R of sensor 2 
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𝑦 = 𝑎𝑥2 + 𝑏𝑥 + 𝑐; 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎 

 

Figure 20: value a of quadratic fitting 

Analysis: 

 

In this case, since the decrease of the sensor resistance is quadratic, an analysis of the most 

significant component of the fitting (value of a) is the most appropriate to review. Like with 

sensor 1; sensor 2 shows a fatigue, which causes a decrease in its resistance as well as in the 

gap between highest and lowest temperature resistances. 

 

Sensor 3 

Type 3.1 R-20°C 

(Ohm) 

R55°C 

(Ohm) 

Linear fit Quadratic 

Data 2 1.114e4 1.152e4 -1.065x+1.129e4 0.0668x^2-3.84x+1.128e4 

Data 3 1.113e4 1.165e4 -2.236x+1.136e4 0.07628x^2-5.353e4 

Data 4 1.111e4 1.161e4 -2.171x+1.133e4 0.06021x^2-4.657x+1.132e4 

Data 5 1.108e4 1.127e4 -1.014x+1.12e4 0.03064x^2-2.224x+1.119e4 

y = 0.0155x2 - 0.1618x + 0.7999

y = 0.0204x2 - 0.2014x + 0.8652
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Table and chart 6: Resistance results for the sensor 3.1 

Type 3.5 R-20°C 

(Ohm) 

R55°C 

(Ohm) 

Linear fit Quadratic 

Data 2 1.262e4 1.303e4 -0.9601x+1.278e4 0.07696x^2-4.157x+1.277e4 

Data 3 1.262e4 1.319e4 -2.232x+1.287e4 0.08927x^2-5.879x+1.285e4 

Data 4 1.26e4 1.315e4 -2.187x+1.283e4 0.07049x^2-5.097x+1-282e4 

Data 5 1.255e4 1.276e4 -0.8912x+1.267e4 0.03526x^2-2.284x+1.266e4 

 

Table and chart 7: Resistance results for the sensor 3.5 
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∆𝑅 = 𝑅55℃ − 𝑅−22℃ 

 

Figure 21: chart of R of sensor 1 

𝑦 = 𝑎𝑥 + 𝑏; 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎 

 

Figure 22: value a of linear fitting 
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Analysis: 

 

In this case, the results greatly differ from sensor 1 and 2, where the tendencies are similar to 

that of a parabola, the results show little variation of the resistance, which may indicate an 

indifference of sensor 3 regarding temperature. 

 

Conclusion 

 

It is important to point out that in sensor 1, the differences between resistances (∆𝑅 = 𝑅55℃ −

𝑅−22℃ ) as well as the variation between a values is quite high if we compare them to values 

in sensor 3, which also has a linear fitting. This means that sensor 3, as we predicted, is not 

really affected by temperature varying. It seems that in the case of choosing sensor 1 or 2, a 

compensation of temperature will be needed in the making of the PCB design, whereas if we 

choose sensor 3, temperature drift can be negligible. 

 

Another point to consider is that the two sensors of each type share the same tendency, so it is 

not necessary to do more tests with other examples of the same sensor. 

 

Finally, it can be pointed out, that it is normal to have a first expansion stage when measurement 

starts, for it to then stabilise and have a more linear behaviour. 

 

6.2. Mechanical strain 

 

The mechanical strain test is crucial to know how the resistivity of the sensors responds to 

mechanical stress, so we can choose the best one to do our circuit.  

 

Preparation 

 

In this experiment both the mechanical strain machine (Figure 23) to perform the mechanical 

strain of a still sample (which is the same material as the future gripple) and the DEWE to 

quantify the stress were used. Moreover, a commercial sensor (with a gauge factor of 2) was 

used as a way of calibration, measuring the strain of the sample regarding time. It is used to 
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compare with the measures of the other three sensors, whose design is supposed to provide a 

better, more precise measurement.  

 

As we can see in Figure 24, we apply glue to place the commercial sensor in one of the sides. 

After this, we use a welder and tin to make the contacts between the sensor and the cables red 

and black for then to protect all by a layer of silicon. On the other side we may set the sensors 

by sticking them with the adhesive. Nevertheless, we ended up using also glue to place the 

sensor, as the adhesive did not stick well, which interfered with the precision of measures. 

 

In this case, sensors of same the same type are being used. On the other hand, the commercial 

sensor was used as a reference for the charts, having in axis y the resistance of the strain sensors 

and in axis x the strain measured by the commercial.  Three tests of 10 cycles each were done. 

 

The mechanical strain machine was configurated by TRAPEZIUM X software the abiding by 

the following conditions: 

 

Characteristics of the sample: 

• L=180mm 

• Le=144,7mm 

• e=0,6mm 

• w=25mm 

 

Characteristics of the tensile-testing machine: 

• We know that the maximum deformation in application is 174 µdef. 

• I imposed a maximum deformation of 0.3 mm on the specimen to cover the entire 

deformation range. 
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Figure 23: mechanical strain machine 

 

Figure 24: placement of the comercial sensor 

 

Results 

 

As mentioned earlier, it is important to determine how different carbon inks respond to 

deformation. This is achieved by determining the gauge factor, which indicates the resistance 

variation relative to deformation. In our case, the commercial sensor has a gauge factor of 2, 

and we are interested in achieving a deformation gauge factor of at least 1.5 for our sensor. 
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We may take a closer look at the Gauge factor:  

 

𝐺𝐹 =
∆𝑅/𝑅

∆𝐿/𝐿
 

𝑅 → initial resistance 

𝐿 → initial length 

∆𝑅 → change in resistance 

∆𝐿 → change in length 

 

Initially, a quarter bridge configuration of the DEWE was made and the following results were 

obtained: 

 

Type 1 Linear fit  Gauge factor 

Test 1 0.006912x+1.334e4 0.006912 

Test 2 0.004648x+1.334e4 0.004648 

 

Type 2 Linear fit  Gauge factor 

Test 1 -0.01301x+1.672e4 0.01301 

Test 2 3.647x-6321 3.647 

 

Type 3 Linear fit  Gauge factor 

Test 1 0.01197x+6373 0.01197 

Test 2 0.01772x+6325 0.01772 

 

Table 8: Mechanical strain tests 1 and 2 
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Analysis: 

 

The results are not satisfactory, the GF is too low (we wanted at least 1.5) and the linear fit is 

not good in any of the sensors, we could see that the results have a lot of noise due to the output 

not being attenuated, but apart from that, the change in the resistance was not enough to provide 

a good measurement.  

 

There are a few reasons why a quarter bridge configuration does not work. Firstly, the 

sensitivity of the carbon is low, this means that the exit signal is too low for the DEWE to 

amplify to detect the small variances in the strain. Secondly, the DEWE is consuming too much 

power in a quarter bridge configuration, as it needs to excite the Wheatstone bridge. 

 

The solution was to change the configuration of the DEWE to have a better quality of the 

response, using a full Wheatstone bridge configuration instead of a quarter bridge one: 

 

 

 

 

This type of configuration is used to measure low resistances. When there is no current in the 

galvanometer (Vin), we know that the system is balanced and we can measure Rs, which is the 

resistance of the sensor.  

 

The DEWE had this configuration (with the resistances) inside, but in this case, we do the an 

external Wheatstone bridge, so we can choose the resistances to better match the initial 

DEWE 



  Marina Martín Cadahía 

 
45 

resistance of the sensors. This helps the DEWE to measure the low variation of the sensor 

resistance. 

 

The GF is then calculated from the measurement of the variation of voltage: 

 

∆𝑉𝑜𝑢𝑡 =
(𝑅𝑠 + ∆𝑅𝑠) · 𝑅4 − 𝑅2 · 𝑅3

((𝑅𝑠 + ∆𝑅𝑠) + 𝑅2) · (𝑅3 + 𝑅4)
· 𝑉𝑖𝑛               [𝐸𝑞1] 

 

Because 𝑅2 = 𝑅3 = 𝑅4 = 𝑅 and 
𝑅𝑠

𝑅2
=

𝑅3

𝑅4
 , we obtain: 

 

∆𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=

∆𝑅𝑠

4𝑅
;          [𝐸𝑞2] 

 

𝐺𝐹 =
∆𝑅𝑆/𝑅0

∆𝐿/𝐿0
=

(4𝑅 ·
∆𝑉𝑜𝑢𝑡

𝑉𝑖𝑛 ) /𝑅0

∆𝐿/𝐿0
=

4𝑅

𝑅0
·

∆𝑉𝑜𝑢𝑡 𝑉𝑖𝑛⁄

∆𝐿/𝐿0
    [𝐸𝑞 3]  

 

Sensor 1 

Temperature test results of sensor 1 are: 

Sensor 1 Linear fit  Gauge factor 

Test 3 -0.0005373x+18.91 2.26 

 

Figure 25: Voltage variation function of strain of sensor 1 
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We calculate th gauge factor taking into account that the linear fitting gives the value of mV/V 

per um/m, using Eq3:  

 

𝐺𝐹1 =
∆𝑅𝑆/𝑅0

∆𝐿/𝐿0
=

4𝑅

𝑅0
·

∆𝑉𝑜𝑢𝑡 𝑉𝑖𝑛⁄

∆𝐿/𝐿0
=

4 · 5600

5330
· 0.0005373 · 103 = 2.26  

 

We compare, regarding time, the strain of the commercial and the varying of the voltage of the 

sensor 1: 

 
Figure 26: Resistance function of time and strain function of time 

Analysis: 

 

A gauge factor value of 2.26 is highly satisfactory for our application, as it is similar to those 

of the metal gauges, making sensor 1 a strong candidate for our needs. Additionally, we observe 

that the resistance is inversely proportional to the deformation measured by the commercial 

sensor, allowing us to determine the material deformation and subsequently calculate its 

 

1 The 10^3 component is due to the units of a Al/l [um/m] and Av/v [mV/V] 
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weight. Furthermore, the resistance shows a slight tendency to increase but stabilizes 

progressively with each cycle. 

 

Sensor 2 

Temperature test results of sensor 2 are: 

Sensor 2 Linear fit  Gauge factor 

Test 3 -0,0001779x-2,747 0,71 

 

 

Figure 27: Voltage variation function of strain of sensor 2 

The same calculus is done for sensor 2: 

 

𝐺𝐹 =
∆𝑅𝑆/𝑅0

∆𝐿/𝐿0
=

4𝑅

𝑅0
·

∆𝑉𝑜𝑢𝑡 𝑉𝑖𝑛⁄

∆𝐿/𝐿0
=

4 · 15900

15880
· 0.0001779 · 103 = 0.71 

 

We also compare the commercial and sensor 2 regarding time: 
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Figure 28: Resistance function of time and strain function of time  

Analysis: 

 

Unfortunately, a gauge factor of 0.71 is not enough, as we can see in Figure 28, so we must 

dismiss sensor 2. 

 

Sensor 3 

Temperature test results of sensor 3 are: 

Sensor 3 Linear fit  Gauge factor 

Test 3 0,0007568x-6,637 3.09 
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Figure 29: Voltage variation e function of strain of sensor 3 

We calculate the gauge factor: 

 

𝐺𝐹 =
∆𝑅𝑆/𝑅0

∆𝐿/𝐿0
=

4𝑅

𝑅0
·

∆𝑉𝑜𝑢𝑡 𝑉𝑖𝑛⁄

∆𝐿/𝐿0
=

4 · 10300

10080
· 0.0007568 · 103 = 3.09 

 

Comparing the commercial and sensor 3: 

 

Figure 30: Resistance function of time and strain function of time 
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Analysis: 

 

In this case, although the strain gauge is high, we can see the problem with this result in the 

charts. In fact, the variation in resistance with respect to deformation is nearly negligible, 

making this result unsuitable for our application. Thus, sensor 3 is discarded. 

 

Conclusion 

 

According to the results, sensor 1 is the only one that satisfies the criteria and the one that is 

going to be used in our application. 

 

6.3. Thermal ageing 

 

Once we have chosen the sensor 1 for our weighing grapple, we still need to do two more tests: 

thermal ageing and humidity drift.  

We do thermal ageing to determine if a preconditioning of sensor 1 is necessary: 

 

- In electronics, sometimes the components such as sensors, are thermal aged to adjust 

its sensitivity and response to the measured conditions, ensuring it operates within 

specified parameters.  

 

- Some sensors may experience drift in their measurements over time, as we could see 

in the temperature and mechanical tests. Thermal aging helps reduce this initial drift, 

resulting in more stable and accurate readings over time. 

 

- The sensor can be calibrated more precisely, as its properties will have stabilized, 

resulting in more accurate measurements from the start of its use. 

 

For thermal ageing, a first test is done adjusting the oven to go from -20°C to 80°C and back, 

at a rate of 1°C per minute and stopping every ten degrees for ten minutes. Nevertheless, it is 

important to mention that we do not stop in 0 degrees due to it being freezing temperature. 

Furthermore, we stay for 24 hours in 80°C. 
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The objective is to see the changes in the initial resistance and to calculate GF again with new 

initial resistor, which may be decreased as the resistance increases when temperature increases. 

 

Figure 31: Resistance response to thermal ageing regarding time 

 

Figure 32: Resistance response to ageing regarding temperature 

Calculus of the new gauge factor: 

 

𝐺𝐹 =
∆𝑅𝑆/𝑅0

∆𝐿/𝐿0
=

4𝑅

𝑅0
·

∆𝑉𝑜𝑢𝑡 𝑉𝑖𝑛⁄

∆𝐿/𝐿0
=

4 · 5600

8500
· 0.0005373 · 103 = 1.41  

 

A second test is also run for 48 hours at 80°C: 
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Figure 33: Response to ageing (48 hours at 80°C) 

Where:  Ymax=10.620  Ymean=10.530  Ymedian=10.570  

 

Calculus of the new gauge factor: 

 

𝐺𝐹 =
∆𝑅𝑆/𝑅0

∆𝐿/𝐿0
=

4𝑅

𝑅0
·

∆𝑉𝑜𝑢𝑡 𝑉𝑖𝑛⁄

∆𝐿/𝐿0
=

4 · 5600

10570
· 0.0005373 · 103 = 1.13 

 

Conclusion 

 

We can observe an increase of the sensor resistance during the first 11 hours.  Afterwards, the 

resistance stabilizes at approximately 10570 . This could imply that a previous conditioning 

of the sensor may be performed, this means doing thermal ageing the sensor before use. 

 

Nevertheless, we can see in Figure 32, that the is a decrease on the resistance when the 

temperature is lowered. The gauge factor significantly decreases with the higher resistance, 

what we previously expected, making it necessary to compensate the thermal drift in the final 

design of the printed circuit board. 
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It interesting to point out that the resistance is bigger at 80°C depending if it has been directly 

up to this temperature Figure 33 or if it has been increased slowly, like in Figure 31. 

 

We can see that after thermal ageing, there is a decrease of the gauge factor by half, this could 

be due to the carbon ink layers, the conductivity changes due to ageing, in this case the ink 

should be investigated more or due to the interface with the dielectric layer of the sensor. 

 

Additionally, more thermal tests could be carried out in order to analyse the evolution of the 

gauge factor in relation to the different temperatures and to be able to predict its variation and 

consequently, precisely correct the drift in the final design.  

 

6.4. Humidity drift 

 

A humidity drift test is necessary because humidity might affect the calibration and long-term 

stability of the sensor, as well as our design of the printed circuit board. Testing helps determine 

how humidity impacts the sensor’s calibration and whether it needs frequent recalibration or if 

a built-in compensation mechanism is necessary to implement in the PCB. 

 

In other words, humidity testing is a crucial step in ensuring that a sensor performs reliably and 

accurately in real-world conditions where humidity is a factor. It helps validate the sensor's 

design, materials, and calibration, ensuring it meets the necessary performance standards for 

our application. 

 

Ideally, the humidity drift test should be at 85% RH and 40°C for twelve days, in this case the 

test is going to run for only two days, to see if the relative humidity affects significantly enough 

to take it into account on the design.  

 

We configurate the humidity chamber (Figure 34): 

• Time = 2 days 

• Relative humidity = 85%  

• Temperature = 40°C 
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Figure 34: Temperature and humidity chamber 

 

Figure 35: Sensors placed inside the chamber 
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We obtain the results showed in Figure 36: 

 

Figure 36: Response of sensor 1 under humidity test 

Where Ymedian is 7350  and the response stabilises at almost 30000s ≈ 8 hours. 

 

The sensor shows an important initial sensitivity to humidity, for the first hours, resistance 

increases for then to be decreased and stabilised around 8 hours.  

 

Considering that the purpose of the sensor is to give real-time weight data, the sensitivity must 

be addressed in the design of the PCB. We may have various solutions: 

 

- Protect the sensor with a anti humidity coating, minimizing its effects on measurements. 

 

- Implement a compensation system which considers the humidity drift. It must be considered 

in the microcontroller code of the final design, mitigating the impact of the humidity drift 

on the sensor response, thereby smoothing its effect in the initial stage of the sensor. 

 

- Do a preconditioning of the sensor with a humidity plus temperature test, as we have seen 

that the resistance stabilizes after a few hours. 

 

Additionally, we can see from the results of sensors 2 and 3 in Figure 37, the choice of type 1 

is proven to be optimal, as we can easily code its humidity drift as first linear and then stabilized. 

Meanwhile, type 2 still decreases after a long period of hours and type 3 has a lot of oscillations 
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that are too complex to compensate. This response verifies the correct choice of sensor 1, as it 

has the best tendency out of the three of them. 

 

 

Figure 37: Humidity drift of sensors 2 and 3 

On another note, the increase in the resistance is a surprising result, as sensors normally 

increase their conductivity, so decrease their resistance when they are under humidity 

conditions. This anomaly should then be studied more, with more future humidity tests, by 

doing more cycles and testing other values of relative humidity. Also, to determine the 

compensation component needed. 
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7. Circuit design 

 

7.1. Schematic 

The design must consider the thermal drift of sensor 1. To do so, different components are 

implemented to fulfil the specifications.  

 

Full bridge configuration 

 

To have a precise measurement and a better thermal drift compensation, we need a full bridge 

configuration of the sensor. The configuration can be shown in the Table  9 below, that shows 

how two sensors are placed perpendicularly to the other two, giving respectively the tension 

and compression of the material, ratio described by Poisson ratio ( 𝜈 )where:  

 

𝑡𝑟𝑎𝑛𝑣𝑒𝑟𝑠𝑎𝑙 𝑠𝑡𝑟𝑎𝑖𝑛 = −𝜈 · 𝑙𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑖𝑛𝑎𝑙 𝑠𝑡𝑟𝑎𝑖𝑛 (𝜀) 

 

 

Table  9: characteristics of a full Wheatstone bridge 

Amplifier INA8181D 

 

The small signal given by the Wheatstone bridge configuration needs to be amplified to make 

temperature deviation compensation more effective.  

 

MAX1452 

 

For thermal drift compensation it is used the component MAX1452 has an internal temperature 

sensor and an internal microcontroller that adjusts the compensation parameters in real time 

based on the reading of temperature measured by the sensor. A schema of this component is 

shown below (Figure 38). 
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Figure 38: internal structure of a MAX1452 

 

Microcontroller ESP32 

 

This MCU was chosen in order to convert, by its internal ADC, the analogic data transmitted 

by the MAX1452 to digital data. ESP32 has also a radiofrequency output, ideal to then be 

connected to the module BXee 864MHz of the specifications given by Derisys, that will read 

the data and then send it to the antenna. 
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General schematic of the circuit design 

 

 

Figure 39: Final schematic design 
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7.2. PCB design 

The schematic is implemented in the making of the printed circuit board, which meets the 

condition that is located in the usable printing surface (sensor + electronics), a rectangle with 

dimensions 80x130mm. 

 

 

Figure 40: PCB, connection design 

 

Figure 41: 3D design of the PCB 
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8. Future improvements 

Beyond the scope of this project, further features can be implemented to increase the precision 

of the weighing grapple, that will need to be developed in further stages. Here it is a preliminary 

list of most relevant points to be taken into consideration: 

 

a) It is imperative to consider humidity drift in the design. Consequently, more humidity 

cycles must be carried out, in order to determine the solution, such as the component 

that will act to compensate the deviation of the resistance regarding humidity. 

 

b) Further analysis of the gauge factor, obtaining its value for different values of 

temperatures in thermal ageing. 

 

c) According to DERISYS specifications, a BXee 868MHz module needs to be added to 

the design, connected to the ESP32 component. Likewise, an external antenna has to 

be connected to the BXee to transmit the data to the device that displays the weight 

taken by the gripple. 

 

d) The MAX1452 component needs coding that must correspond to the compensation of 

thermal drift. This coding is done externally, and then implemented in the component 

by one of its ports (specifically, the one named DIO in Figure 39), that corresponds to 

the internal EEPROM (Electrically Erasable Programmable Read-Only Memory). 

 

e) Similarly, the ESP32 needs also coding, bearing in mind that it transforms the analogic 

data of the MAX1452 to digital data that can be processed by the BXee technology. 

 

f) To refine the final PCB design to optimize the location of the new components. 
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9. Conclusion 

Screen printing allows a more efficient and optimal design of a weighing grapple. The test 

results show the utility of sensor 1, that is the chosen one to do the PCB, as it offers an adequate 

strain gauge, of value around 2.2, the same as metallic strain sensors. From the tests, we should 

consider a few aspects of this sensor: 

 

o Its dependency to temperature makes it compulsory to treat the temperature variation 

with the component MAX1452, which acts to compensate the drift. 

 

o The stabilization of the sensor resistance after the ageing test, so might be a good option 

to do a preconditioning process, to achieve this stabilization for an optimal performance 

of the sensor.  

 

o A stabilization after a few hours in the humidity test, which can also be taken into 

consideration for the preconditioning of the sensor.  

 

For personal perspective, it has been an exceptional opportunity to participate in a genuine real 

engineering project and to understand the various stages involved, from identifying an issue, 

such as the inefficiency of an S-sensor, to the proposal of a solution. Additionally, it has 

provided insight into the procedural steps, including the numerous tests that require 

considerable trial and error and time to determine the appropriate adjustments for achieving 

satisfactory results.  

 

Furthermore, this experience offers the chance to learn about advanced technologies such as 

screen printing in printed electronics, which represent significant progress toward future 

innovations and the optimization and enhancement of product efficiency. This is, ultimately, 

the primary objective of engineering. 
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