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ABSTRACT 
 

The competition in the car market in the world is continuously intensifying. To gain an advantage 
in the market while making a profit, each car manufacturer needs a strong focus on always improving 
in the technology development. It is not just technology of the cars that need development, but it is 
equally important to improve the manufacturing processes itself. In the end, this will result in more 
appealing products for the customer at a competitive cost.  

 
The aim and scope of this master thesis is to get a deeper understanding of the forces in the stamping 

die during sheet metal forming in manufacturing. By using strain gauges and microcontrollers, the forces 
during the entire forming process could be measured and analyzed. The relationship between the force 
on the pressure pins in the die and the length of the pressure pins was also investigated by adding shims 
on the pressure pins.  

 
A modular system using Arduino Uno with 3D-printed parts was developed to measure the forces 

in the blank holder during sheet metal forming. An Arduino software system and TeraTerm was found 
the most appropriate for collecting and organizing data from the strain gauge sensors and 
microcontrollers. Tests were then conducted using different settings of the press, and these showed that 
the forces in the blank holder were uneven. Adding shims to the pins so that they were all of equal length 
evened out the forces in the blank holder. Another test showed that adding more shims to only one of 
the pins increased the force in that pin, and that adding 0.5mm of shims to that pin more than doubled 
the maximum force.  

 
The system developed in this thesis can measure the forces in the blank holder during the sheet 

forming process at a lower speed of production. This system can also detect different force settings in 
the press. Lastly, it can also detect a difference in force for different pressure pin lengths.  

 
Keywords: Strain gauge, Blank holder, Stamping dies, Arduino 
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SAMMANFATTNING 
 
Konkurrensen på bilmarknaden i världen intensifieras kontinuerligt. För att få en fördel på 

marknaden samtidigt som de gör vinst måste varje biltillverkare ha ett starkt fokus på att alltid förbättra 
teknikutvecklingen. Det är inte bara bilens teknik som behöver utvecklas, utan det är lika viktigt att 
förbättra tillverkningsprocesserna i sig. I slutändan kommer detta att resultera i mer attraktiva produkter 
för kunden till ett konkurrenskraftigt pris. 

 
Syftet och omfattningen av detta examensarbete är att få en djupare förståelse av krafterna i 

pressverktyget under plåtformningprocessen. Genom att använda töjningsgivare och mikrokontroller 
kunde krafterna under hela formningsprocessen mätas och analyseras. Förhållandet mellan kraften på 
mothållarpinnarna i verktyget och längden på pinnarna undersöktes också genom att lägga till shims på 
pinnarna. 

 
Ett modulsystem som använde Arduino Uno med 3D-printade delar utvecklades för att mäta 

krafterna i formen under formningsprocessen. Ett Arduino-mjukvarusystem och TeraTerm bedömdes 
vara det mest lämpliga för att samla in och organisera data från töjningssensorer och mikrokontroller. 
Tester genomfördes sedan med olika inställningar i pressen, och dessa visade att krafterna i 
pressverktyget var ojämna. Genom att lägga till shims på pinnarna så att de alla var lika långa utjämnades 
krafterna i pressverktyget. Ett annat test visade att genom att lägga till fler shims på endast en av 
mothållarpinnarna ökade kraften i pinnen. Genom att tillägg till 0,5 mm shims på den pinnen mer än 
fördubblade den maximala kraften. 

 
Systemet som utvecklats i denna rapport kan mäta krafterna i pressverktygets mothållarpinnar 

under formningsprocessen vid en lägre produktionshastighet. Detta system kan också upptäcka olika 
kraftinställningar i pressen. Slutligen kan den också upptäcka skillnader i kraft vid olika längder på 
mothållarpinnarna. 

 
Nyckelord: Trådtöjningsgivare, Plåthållare, Pressverktyg, Arduino 
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NOMENCLATURE 
 

SMF Sheet metal forming 
3D Three dimensional  
CAE Computer-aided engineering  
CAD Computer-aided design 
VCBC Volvo Cars Body Components 
Hz Hertz 
N Newton  
Kn Kilonewton 
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1 INTRODUCTION 
 
Sheet metal forming using stamping dies is a common method that has been used in the car 

manufacturing industries for many decades. The sheet metal is then often used to create body 
components for cars, for example. Volvo Cars Body Components (VCBC) in Olofström is the 
leading stamping facility for sheet metal forming for Volvo Cars in Sweden. In the last few 
decades, Volvo Cars has refined its methods and techniques for improving design and 
implementation of new stamping dies in the factory. Today, the stamping dies used for 
manufacturing sheet metal are more complex than ever before.  

1.1 Background 
 
In order to use a new stamping die in a press, there is a need to finetune the stamping die and 

the press. The contact pressure used to form the sheet metal needs to be the distributed evenly. If 
the contact pressure is not distributed evenly the press could be deformed or tilted. However, in 
some cases, the pressure is concentrated on one small area of the blank holder instead of applying 
an even pressure. For almost all blank holder today, contact pressure needs to be even when the 
sheet metal is formed. In some cases, however, pressure needs to be applied to smaller area of the 
blank holder when the sheet metal is formed. 

 
On blank holder and presses used today, there is no way to measure the force on the pressure 

pins. This means that there can be different forces on different areas in the die when the sheet 
metal is formed. The different forces on the pins can result in cracks in the sheet metal or other 
problems that can result in a faulty product. The difference in force on the different pins in a blank 
holder can occur for multiple reasons. Firstly, the lengths of the pins in the blank holder or in the 
press could be different. Secondly, there could be dirt on the bottom of the press where the pins 
are standing or dirt between the pins in the press and the blank holder. Thirdly, the cushion where 
the pins are standing in the press could have been deformed or tilted. Overall, there are many 
different reasons that the pressure on the pins can vary. 

 
Differences in pressure between different press lines in the production line can also cause 

problems. If everything works well in one press line and the stamping die is then moved to another 
press line, cracks and other problems may occur if the contact pressure is different between the 
two presses. The presses could even have the same settings, but the actual pressure applied on the 
pins could be different and therefore cause problems.  

 
In a report from Nikshep Reddy Suddapalli and Sravan Tatipala they mention the problem of 

that the loads from the reality is more complex that the loads in the CAE simulations [1]. They 
also mention that this problem needs to be addressed to get the simulations more equal to reality. 

 

1.1.1 Participating Companies   
 
VCBC in Olofström, Sweden, provided background information for this thesis. The body 

components that are used for Volvo Cars are mostly manufactured by VCBC. The stamping die, 
strain gauges, Arduino’s, cables and raw material used in this thesis were provided by VCBC.  

 
RISE is a Swedish research institute and their test facility located in Olofström is where the 

majority of the thesis was done. The necessary equipment to mount, calibrate and test the strain 
gauge sensors were provided by them and tests were conducted in their facility. They also 
provided technical support on how to set up and tune the mechanical press.   

 
 



 

 
2 

TATA Steel Europe provided initial technical support about strain gauges and knowledge 
about the measurement systems. They develop and manufacture high-quality strip steel products 
and have their own test facilities for sheet metal in IJmuiden, Netherlands. The company delivers 
products to markets in construction, automotive, packaging and engineering. TATA Steel Europe 
has worldwide operations in 26 countries and a commercial presence in more than 50 countries 
[2]. 

 

1.1.2 Approach of stamping die testing 
 
It is important that the development and manufacturing of dies works efficiently, because it is 

a long and time consuming process. Figure 1 illustrates a workflow process on how to make a 
stamping die, starting from an initial design to finishing with a working stamping die [3]. The 
workflow also illustrates the life of a typical stamping die in production.  

 

 
Figure 1. Workflow of the process on how to make a stamping die [3].  
  

The process begins with a design drawn up in CAD that corresponds to the design of the sheet 
metal it is supposed to form. After the design is done, the manufacturing of the stamping die starts. 
After the die has been manufactured, there is an expected manual rework of the stamping die 
which usually takes about five weeks. The stamping die is also tested in the factory press before 
it is finished.  

 
The stamping die can be used for different types of presses and in different types of production 

lines throughout its life. Furthermore, there is usually also wear and tear on the stamping die that 
needs to be addressed. 

 

1.2 Aim and Objective 
 
The aim and scope of this master thesis is to develop a deeper understanding on how to 

measure forces on the blank holder. The length of the pins, for example, is an important variable 
that affects the force of the pins, but what this relationship looks like must be explored further. 
Sensors will be used to measure the force of the pins, but an effective system for collecting data 
will have to be created. How new technologies, more specifically machine learning, may be 
utilized with the system is another important aspect to consider to further improve precision and 
efficiency in the production cycle in the future. 

 
This master thesis could contribute to improving the try-out of a new stamping die into a new 

press, ensuring that the process is more precise. It could also help to troubleshoot the stamping 
die and press if there are problems with the finished product. In the future, the stamping die and 
press could use machine learning to respond to unexpected variables interfering in production. 

 
 



 

 
3 

1.3 Research Questions 
 
1. How do we measure the force on the pins in a stamping operation? 
2. How do we change the length of the pins to see how it changes the force of the pins?  
3. How do we create a system for collecting data from the sensors? 
 

1.4 Hypothesis 
 
1. The force on the pressure pins in the die can be measured using strain gauge sensors. Two 

strain gauge sensors mounted opposite to each other on every pin and connected to each 
other using thin wires can measure the force. 

  
2. Adding shims between one pin in the die and one in the press will affect the force on the 

pins. The force will increase as more shims are added. This will be showed by the strain 
gauge sensor. 

 
3. An amplifier will be added to the strain gauge wires. The amplifier strengthens the signals 

that are sent to the Arduino, which is a programmable micro controller. 
 

1.5 Delimitation 
 
The following listed aspects will not be considered in this master thesis: 
 
• No other microcontroller than Arduino will be used. 
• No financial aspects are to be studied other than the price for the two types of sensors 

chosen. 
• Only one die will be studied. 
• Only one type of press will be used. 
• No compensation between reality and simulated values in CAE will be done. 
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2 THEORY  
 

2.1 Sheet Metal Forming Process 
 
The SMF process starts with a blank of sheet metal that is then shaped and cut in the stamping 

die. A press is often very large and has many parts to make it work [4]. The pressure pins in the 
blank holder and press takes up the load from the upper die when the sheet metal is shaped. Since 
the load on these pins is so great, as illustrated in Figure 2, they can probably deform and bend. 
To make the sheet metal form into the desired shape, the parts in the press and stamping die need 
to be precise even if they have large and heavy components inside. Today, most of the parts in the 
press are set up when they are simulated in CAE. To make the simulation reflect reality better, the 
complex forces in the press need to be measured. 

 
There can be many problems when forming the sheet metal, including:  
 

• Cracks 
• Wrinkling 
• Springback (Material tries to return to its original shape after being bent).  

 
 

 
Figure 2. An overview of the components in a SMF process [4]. 
 
 
 
 
 
 



 

 
5 

2.2 Production Setup 
 
In a production line for SMF, there is often multiple stamping dies for making a finished 

product. Typically, there are four or five stamping dies for making one product. The roof of the 
exterior of a car or a beam for the inner structure of a car are examples of products. To make the 
different parts of the car in the same press, the stamping dies in the production line need to be 
changed in an efficient way. This has resulted in a great extent of standardization parts and 
couplings in the different stamping dies. The stamping dies in a production line to make a part of 
the car is often used in different press lines. This is done to ensure flexibility when there are 
sudden changes in the demand for different products. 

   

2.3 Different types of presses 
 
There are mainly two types of presses that are commonly used in the SMF process [5]. The 

first one is a mechanical press. It uses a flywheel and an electric motor to move the upper stamping 
die up and down, as illustrated in Figure 3. The lower stamping die is fixed to the base of the 
press. The benefits of using a mechanical press is that is has high accuracy and high repeatability. 
The downside is that its energy is dependent on flywheel mass and speed.  

    

 
Figure 3. Mechanical press overview of the different steps in the SMF process [5].  
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The second type is a hydraulic press, where a piston is moving up and down in the press with 
help of hydraulic fluid [5].  As Figure 4 illustrates, the hydraulic fluid is firstly pumped in under 
the cylinder, which presses the cylinder up. The cylinder is connected to the upper part of the 
stamping die and they move together in the same direction. When the cylinder is in its upper 
position hydraulic fluid is instead pumped in on top on the cylinder. This makes the cylinder move 
down to its lowest position so that the upper stamping die presses down on the lower stamping 
die, and this in turn deforms the sheet metal to a new shape. The main benefit of using a hydraulic 
press is that it can generate great force on the stamping die. In this paper, a hydraulic press will 
be used. However, the stamping die can be used in both press types.  

 

 
Figure 4. Hydraulic press overview of the different steps in the SMF process [5]. 
   

2.4 Arduino  
 
An Arduino board consists of two main parts. The first part is a Microcontroller, a physical 

programmable circuit, consisting of a single metal-oxide-semiconductor (MOS) with an 
integrated circuit (IC) chip [6]. The second part is an Integrated Development Environment (IDE) 
that runs on your computer, which then uploads data to the Microcontroller. Arduino is the ideal 
tool to use for collecting data from sensors regarding for example force, temperature, humidity 
and speed. There are different types of Arduino boards that suitable for different types of projects. 
When there are many inputs and outputs from sensors, Arduino Uno and Mega are the most 
suitable types of Arduino to use. 
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2.5 Strain Gauge Sensor  
 
A strain gauge sensor can measure external forces that causes stress and strain on an object 

[7]. The internal object resisting external forces is defined as stress. The displacement and 
deformation that happens to the object as a result of the external force is defined as strain. When 
external force is applied on an object, the resistance on the strain gauge sensors changes. This 
resistance is then used to generate data on force, pressure, tension and weight. The strain gauge 
sensor can measure both expansion and reduction on an object when external force is applied [7]. 

 
To measure an round object as an pressure pin there is a need for two sensors on each pin and 

they should be mounted, as shown in Figure 5 [8].   

 
Figure 5. The placement of the strain gauges on a pin [8].  
 

2.6 Load Cell Amplifier  
 
A load cell amplifier collects data on the changing resistance from the strain gauge sensors 

and transmits it to the microcontroller [9]. The amplifier needs to be calibrated to get an accurate 
value on the forces that are applied to the strain gauge sensors. The load cell amplifier has five 
inputs ports. Four of these inputs ports use a Wheatstone bridge and the fifth input port is a ground 
port. This ground port is used as a shield against outside electromagnetic interference (EMI).       
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3 RELATED WORK 
 

3.1 Load cell and Strain gauges 
 
Load cells are commonly used in bathroom and kitchen scales. A load cell consists of strain 

gauges to e.g. measure the weight of the person standing on the bathroom scale. Sparkfun, a 
company that manufactures tech product, has accessible instructions on how to build your own 
bathroom scale [10]. Their instructions show that the strain gauges are connected together in a 
Wheatstone bridge in a bathroom scale. The same system could be used for measuring the forces 
on the pins in a blank holder. However, there are two big differences that must be taken into 
account. First, the forces on the pins in the blank holder are much larger than what the system in 
the bathroom scale could handle. Second, the strain gauges need to be mounted on the pins in the 
blank holder in comparison to the bathroom scale where the strain gauge is mounted directly 
underneath where a person is standing. 

 

3.2 Universities and VCBC 
 

Nikshep Reddy Suddapalli and Sravan Tatipala states in their report that the forces acting on 
the stamping die in the simulations are only an approximation of the forces acting on the real 
stamping die [1]. They mention also that the forces in reality are very complex, and that more 
effort can be made to obtain a better match between the forces used in simulations and the forces 
in reality.  

 
Großmann et al. researched how to obtain the best possible surface geometry and the influence 

of contact surfaces for metal sheet forming [11]. Their research was conducted with the 
assumption that the stamping die is elastic and the punch is rigid. They were then able to develop 
a method that compensated for the elasticity of the stamping die and press properties during the 
sheet metal forming. 

 
Another research project from Großmann et al. explores the forming process and what the 

interaction between the press and the stamping die looks like [12]. In their work, they also did 
simplifications by using a rigid stamping die and how to compensate for the deformation by using 
manual rework of the stamping die. The results from the study show that when comparing the 
virtual and the experimental forming, there are similar results. They therefore created a modelling 
method, the Advanced Forming Process Model, to reflect reality in a more accurate way. 

 
A study by Pozo López de Lacalle and Lopéz researched a method to reduce the try-out and 

lead-time for the development of a new stamping die using complex geometry [13]. In the study, 
the behaviour of the press was ignored and the focus was instead on the stamping die. The 
deformations caused by the bending as a result of the heavy force was also ignored. In the end, 
they concluded that the deformations of the punch and the die are more than tenths of millimetres.  

 
Forming of thin sheet metal is an important process for the manufacture of structural 

components in vehicles. This process is done by turning flat metal sheets into complex 3D-parts 
which are then assembled to form components of a car body. During this process, the thin plate is 
pressed with a punch into the plate mould, while the sheet deformation rate is controlled by means 
of a blank holder. The result of the forming process depends on how to control the sheet metal 
between the surfaces of the blank holder and die.  
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The process is designed to have a contact pressure applied to the surface of the sheet metal in 
the area of the blank holder. Due to elastic effects, the actual contact pressure distribution on the 
blank can sometimes change and thus prevent an even pressure from being formed. Measurements 
of such deviations are very important to understand and control the real process. Today, pressure 
distribution predictions are made through simulations through the Finite Element method that uses 
the various elastic parts in the process. However, these predictions could have been improved by 
actually measuring both forces and the actual contact pressure during the forming process [14]–
[16]. 
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4 METHOD 
 

4.1 General Workflow  
 
An overview of the general workflow is shown in  
Figure 6 and an overview of the testing process in Figure 7. The dark blue areas in the figure 

represent a new phase in the project. The grey areas involve when the measurement is in an 
acceptable level.  

Initiation 

Prototyping

Analysis

Related work

Interviews/Insights 

Needs

Ideation

Ordering parts 

Build/Program

Calibration

Test

Satisfying results?

Yes

No

Compare the results

Future possibilities

Future work  
 
Figure 6. Overview of general workflow. 
 

 
Figure 7. Overview of testing process.  
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4.2 Choice of force sensor 
 
There are many different types and sizes of sensors to choose from. Since many sensors are 

needed in a die and large forces are to be measured in the pins, two types of sensors were chosen 
in the lower price ranges. The first type of sensor was the cheapest [17], and the second sensor 
[18] was about twice as expensive as the first one. The two sensors are from different 
manufacturers and look different, but are approximately the same in size. The two sensors can 
measure in both x and y direction. For complete specification of the two sensors, see Appendix 
10.4. The two sensors were mounted on the same pin in order to be compared to a calibrated 
reference sensor. A calibrated reference sensor is a load cell that has already been calibrated and 
therefore shows very accurate force measurements. Comparing the strain gauge sensors to a 
calibrated reference sensor will thus show how close to reality they are. 

 

4.3 Preparation of pressure pins  
 
Before the sensors were mounted on the pins, preparations had to be made. When the pins had 

been created, they had been roughly turned down with a lathe to the right diameter, which meant 
that they had a rough surface. This rough surface does not work well to mount sensors on. 
Therefore, as illustrated in Figure 8, the pins were mounted in a lathe and sanded down to a more 
even surface using sandpaper. The sandpapers had between 40 grit down to 600 grit. After 
sanding, the pins were washed off with the help of break cleaner. 

 
 

 
Figure 8. A pin mounted in the lathe.  
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4.4 Installation of Sensor and Cables  
 

Before the sensors were mounted on the pins, it was necessary to mark out where they would 
sit on the pins. On each pin there would be two sensors opposite each other, i.e. 180 degrees apart 
[8]. A height marking gauge was used to mark where to place the sensors on the pin, as seen in 
Figure 9. The sensors were all placed on the center of the pins to make them easy to access when 
the pins were in the tool. 

 
Figure 9. A height marking gauge to mark where to place the sensors on the pin. 

 
The process of gluing the sensors to the pin began with a cleaning of the pin using acetone. A 

sensor was then mounted on a piece of tape that was then mounted on the pin, as seen in Figure 
10. This was done so that it was possible to confirm that the sensor was in the right place according 
to the markings previously made with the height marking gauge. 

 

 
Figure 10. Test to see if the placement of the sensor is correct on the pin.  
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In the left picture in Figure 11, 200 catalysts were brushed on the sensor and then allowed to 
dry for about 1 minute before continuing. Moving on, as illustrated in the middle picture of Figure 
11, a small amount of M-bond 200 adhesive was placed on the pin where the sensor would sit. 
The back of the sensor was then turned towards the pin and pressure was applied with a finger for 
about 3 minutes until the glue had hardened, as seen in the last picture of Figure 11.  

 

 
Figure 11. The process of gluing a strain gauge to the pin.  

 
This method was also used to mount the coupling decks for the wires on the pin, as illustrated 

in Figure 12. 
 

 
Figure 12. A coupling deck mounted on a pin.  

 
When the two sensors were to be connected on the pin, it was important that all the wires were 

of the same length. To achieve the most even result, a long cable was twisted around a ruler in 
Figure 13 and the cable was then cut into many small cables of equal length.  

 

 
Figure 13. Long thin wire around a ruler ready to be cut into equally small pieces.   
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The wires were then soldered together as illustrated in Figure 14. There is also a complete 

wiring diagram that can be found in Appendix 10.5.  
 

 
Figure 14. Example of the strain gauges wired together.    

 

4.5 Calibration 
 
The next step was to calibrate the sensors to ensure they were as accurate as possible in their 

measurements. To do so, pressure was applied to one pin so that the value of the following 
parameters in the code in Figure 15 could be set on a starting value. By comparing the value from 
the sensor with the value shown by the calibrated measuring instrument, a calculated conversion 
value could then be calculated. The entirety of the code is in Appendix 10.7. 

 

 
Figure 15. Starting value of the calibration part of the code.  

 
The conversion value was then entered into the code on the following previously set starting 

value in the parameters, which can be seen in Figure 16. The value displayed by the sensor was 
then checked against the value displayed by the calibrated measuring instrument. If necessary, 
even minor adjustments to the parameters can be made so that the sensor matches even better with 
the calibrated measuring instrument. The entirety of the code is in Appendix 10.7. 

 

 
Figure 16. Updated calculated value of the calibration part of the code. 

 
The sensors were calibrated using the small press with a calibrated load cell placed at the 

bottom. One at a time, each pin with its attached sensors was put into the press and the 
measurements of the sensors were compared to the calibrated load cell. When the measurements 
of the sensors and the calibrated load cell were within 1 Kn, the calibration was done. The set up 
for the calibration can be seen in Figure 17. 

 



 

 
15 

 
Figure 17. Setup for the calibration with a calibrated load cell in a smaller press.  

 

4.6 Connecting the system  
 
For each Arduino box, three pins were connected with three sensor pairs. Figure 18 illustrates 

which pins were connected to which Arduino box. Further illustrations of the connection and 
schematics can be found in Appendix 10.5. 

 

 
Figure 18. Schematics of how Arduino boxes and pins were connected.  
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4.7 Extra cutting of the sheet metal  
 
During the sheet metal forming process cracks in the sheet metal occurred. To prevent the 

sheet metal from further cracking during the testing the sheet metal was cut before. This could 
also create damage to the tool and the press and therefore also the sheet metal was cut before the 
sheet metal forming process. The left picture in Figure 19 shows that the sheet metal used in the 
pressing process cracked along the sides 20mm in total (10mm on each side) was therefore cut off 
to ensure that the blank could not get stuck in the stamping die or damage it. The sheet was then 
placed as shown in the right picture in Figure 19.  

 

 
Figure 19. Crack in the sheet after the SMF process and the work around the problem.  

 

4.8 Protection of cables  
 
To protect the open cables from touching each other and to prevent them from touching the 

pins, a protective layer was used to cover the cables. Two different types of protection were tested, 
one that was brushed on [19] and one that was sprayed on [20].  

 

4.9 Testing in press 
 
The forces on the pins in the blank holder was measured throughout the entire sheet metal 

forming process. Tests were conducted using whole sheet metal, cut sheet metal and without sheet 
metal. During the sheet metal forming process, there is a great force on the pins and in the press. 
This can make the pins deform and bend, and also make other parts in the press do the same. 

 

4.10 Cleaning of the press 
 
The length of the pins affected the force on the different pins, so it is important that they are 

of the same length. The length of the pins would be affected if there were dirt where the pins stand 
in the press. The bottom of the press where the pins stand was therefore cleaned with a compressed 
air nozzle, as shown in Figure 20. The pins were also cleaned with a cleaning spray before they 
were mounted in the bottom of the press. 
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Figure 20. Tool to clean the bottom of the press.  
 

4.11 Measurement rigs for the pins  
 
Two types of measuring rigs were made to measure the different pins: one for the stamping 

die pins and one for the press pins. Both measuring rigs measured the differences in the lengths 
using a measuring clock. 

 
In order for the measuring rig to be approved, it had to be able to measure the same result in 

the same place on the same pin at least 3 times in a row. This was done to ensure the most accurate 
and consistent measurement possible. A small mark was made with a pencil where the 
measurement would take place. Then, the pin was placed in the measuring rig and the value of the 
measuring clock was zeroed. After that, the pin was taken out of the measuring rig and then placed 
back into the measuring rig. If the measuring clock still showed zero, this indicated a good result. 
However, this process had to be repeated three more times for the measuring rig to be approved. 
After the measuring rig had been approved with the first pin, another pin was measured. After the 
second pin had been measured, the first pin was measured again to see that the measuring rig and 
the measuring clock still showed the zero for the first pin. This process was then repeated for all 
pins. If the clock did not show zero, the measuring rig was rebuilt. 

 
The first measuring rig that was for the pins in the blank holder, illustrated in Figure 21. Five 

measurements were made on each pin to ensure that the surface of the pins was even. An average 
value was also calculated from these five measurements to be used later for the shimming.  
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Figure 21. Measuring rig to compare the length of the pins in the blank holder.  

 
The second measuring rig was for the pins in the press, illustrated in Figure 22. Four 

measurements were made on each pin to make sure that the surface of the pins was even. An 
average value was also calculated from these four measurements to be used later for the shimming. 

 

 
Figure 22. Measuring rig to compare the length of the pins in the press. 
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4.12 Shimming of the blank holder   
 
Shimming was performed to get the maximum force on each pin as equal as possible. The 

measurement points for each pin in the previous step were converted into an average value for the 
length of each pin. Then, the length of each pin pair was added together, i.e. both the pin in the 
blank holder and in the press. To shim the pins to be more even in length, all pins were shimmed 
up to the same length as the longest pair of pins. The thickness of the shims that were cut was 
between 0.05 mm and 0.3 mm. To achieve the right length, several shims were sometimes added 
together. The shims were mounted on the pin in the blank holder, which can be seen below in 
Figure 23. After shims had been added, further control measurements were taken using the 
measuring clocks to see the differences between the lengths. To get an even higher maximum 
force for each pin, more shims were added to some of the pins. This time, the shims were mounted 
on the pin in the press using grease.  

 
Figure 23. How the shims in the pins in the die were mounted.  
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5 RESULTS AND ANALYSIS 

5.1 Arduino Uno setup and 3D-Printed parts 
 
According to the requirement specification, the system must be modular. Therefore, 3D-

printed boxes were made, as shown in Figure 24, where the equipment can be mounted onto. An 
Arduino Uno would be able to receive information from the sensors of 6 pins in a press tool. 
However, this would make it complicated to set up with the cables. To make the cables easier to 
set up 3 pins were therefore connected to one Arduino. As the die had 12 pins in total, 4 Arduinos 
were used for the test. The 3D-printed boxes therefore contained 1 Arduino, 3 load cell amplifier, 
3 inputs for cables from the pins, 1 input for power, 1 power deck and then various cables between 
all the components. Figure 24 also shows a box with all the equipment in it. There is a complete 
list of all the parts for 1 box and 3 pins in Appendix 10.8. In Appendix 10.1, there is a list of needs 
that the system should be able to handle. 

 

 
Figure 24. A 3D-printed box with all the components in it.  

5.2 Software tests  
 
Three different softwares were tested on their ability to collect, operate and analyse the data 

from the sensors. The first software to be tested was Arduino's own software. However, this 
software did not work when several Arduinos were to be managed simultaneously for data 
collection. The next software to be tested was PLX-DAQ. This software worked better as it was 
possible to save data directly in Excel and run several Arudinos at the same time [21]. The problem 
with this software was that when more than two Arduinos were connected, the software often 
crashed. The final software tested was TeraTerm [22]. This software could handle all Arduinos 
without crashing and it could also collect all data that could be saved directly as an excel file. This 
program clearly worked the best and it was therefore selected to be used for all tests going forward. 
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5.3 Sensor comparison  
 
When comparing the two different types of sensors, one sensor showed almost the same as 

the load cell while the other sensor showed a number of Kn more. In this test, the first sensor was 
therefore chosen to be used going forward. This sensor was the first one in Appendix 10.3. Figure 
25 shows the result of the measurement. 

 

 
Figure 25. Results of the comparison between the two types of sensors to the load cell.  

 

5.4 Sensor calibration  
 
All sensors were calibrated individually and the result was that all sensors stayed within 1Kn 

of the calibrated reference sensor at maximum load. Figure 26 shows when sensor one is compared 
to the reference sensor. In Figure 27 there is a closer view of the difference in forces between the 
load cell and the sensors on the pin. The rest of the results can be found in Appendix 10.3. 

 

 
Figure 26. The results of the calibration for pin 1.  
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Figure 27. A zoomed in graph on the top of the force curve to compare results for pin 1.  

 

5.5 One hour test  
 

To see how the sensors were affected for a longer period of time, a test of during one hour 
was conducted, see Figure 28. This was done in order to see how often spikes and noise occur in 
the system and if there are any other interferences in the system when it is run for a longer period 
of time. The test showed that the system is relatively stable as they are very small forces compared 
to the large forces in stamping. The highest measured force during the one-hour test is about 170 
N. All sensors except sensor 4 stay close to 0 N, which is the desired result. The reason why sensor 
4 had a different result is unclear, but there are many things that can interfere, such as poorer 
soldering in the connections or damage to cables connectors.  

 

 
Figure 28. Test to see the change in force in the pins during 1 hour.  
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5.6 Gradual increase of force when forming sheet metal  
 

To test the force of the pins at different settings in the blank holder, the only parameter that 
was changed was the force of the cushion at the bottom of the press, see Appendix 10.6. Table 1 
illustrates the different settings used for the cushion. Three measurements were taken at each 
increment to see if there was any variation and to have extra data if any error was detected in the 
later analysis. No such variations or errors were detected, so only one set of data is displayed at 
each stage of testing.  

 
Table 1. Increments of force settings in the press.  
 

 
 

During this test, Arduino box 4 that collected data from pins 9 to 11 did not work. This was 
due to the cables at the sensors on the pins not being properly protected when the press tool was 
assembled and there was therefore a short circuit in the cables error. When this problem was fixed, 
all sensors worked. 

 
The maximum force in each pin increased with each increment as the force in the pins 

increased. Something that stands out, however, is that the force between each pin at each 
increment is very different. This can be due to several factors but can be corrected by, for example, 
shimming the pins and cleaning the press where the pins stand in the press. 

 
Figure 29 shows the force on one pin at different settings in the press during the SMF process. 

Full results from this test are attached in Appendix 10.2. All this test was conducted by using the 
sheet metal that was narrowed and cut as described in Section 4.7. 
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Figure 29. The changes of force in the pin with the different press settings.  

 
When comparing the different forces on all the pins, there is a variation in forces. For the first 

test shown in Figure 30 the force in the press was set to 200 Kn and there was no sheet metal in 
the press. In Figure 30, the maximum force on each pin during the sheet metal forming process is 
shown. There is less force in pin 5 and in pin 10 compared to the rest of the pins. Comparing the 
left and right side of the die there is difference of almost 60 Kn. There is also almost a 20 Kn 
difference between the front and the back of the blank holder. How the force changes throughout 
the sheet metal forming process can be seen in Appendix 10.10. 

 

 
Figure 30. An overview of maximum forces in the pins before adding shims.  
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The second test was conducted when the sheet metal was in the press and the setting on the press 
was set to force of 380 Kn. In Figure 31, the maximum force on each pin during the sheet metal forming 
process is shown.  Figure 31 shows that there is also less force in pin 5 and in pin 10 compared to the 
rest of the pins, just like the previous test showed. In the left and right side of the blank holder there is 
a difference of almost 100 Kn. There is also almost a total of 25 Kn difference between the front and 
the back of the blank holder. 

 

 
Figure 31. An overview of maximum forces in the pins before adding shims.  

 

5.7 Extra shims in the blank holder 
 
After measuring the pins in the blank holder and in the press with the different measuring rigs, 

they got shims according to Table 2. There are no shims on pin four as this pin is the longest and 
there are 0.7 mm of shims on pin five as it is the shortest by 0.7 mm. Otherwise, the length of the 
pins are quite equal with only a 0.1-0.15 mm difference. 

 
Table 2. The thickness of the shims that were added on each pin.  

Pin 4 0 mm 

Pin 7 0,1 mm 

Pin 2 0,1 mm 

Pin 8 0,15 mm 

Pin 10 0,1 mm 

Pin 3 0,15 mm 

Pin 9 0,1 mm 

Pin 11 0,1 mm 

Pin 12 0,1 mm 

Pin 1 0,15 mm 

Pin 6 0,15 mm 

Pin 5 0,7 mm 
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To test how the shims affects the forces on the pins, two further test were conducted. These 
tests used the same setting as in the previous test that was conducted before the shims were added. 
The first test with shims had no sheet metal in the die and the setting on the press was set to 200 
Kn. In Figure 32, the maximum force on each pin during the sheet metal forming process is shown.  
The first test has a more even distribution of forces in the pins, see Figure 32. When comparing 
the forces on the left side of the blank holder to the right side of the die the difference is only a 
couple of Kn. The forces in the front of the blank holder and the back of the blank holder are the 
same. 

 

 
Figure 32. An overview of maximum forces in the pins after adding shims 

 
The second test after the shims were added had sheet metal in the stamping die and settings 

on the press set to 380 Kn. In Figure 33, the maximum force on each pin during the sheet metal 
forming process is shown. Although the forces are higher in this test than in the previous test, they 
are still even, as seen in Figure 33. As with the previous test, there is a small difference in forces 
on the left side of the die compared to the right side of the blank holder. There is also only a small 
difference in forces from the from to the back of the blank holder to the front of the blank holder.  

 

 
Figure 33. An overview of maximum forces in the pins after adding shims 
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5.8 Spotting image 
 
Two different spotting images were made using the setting of 200 Kn in the press. One is 

before the shims were added to the blank holder, shown in Figure 34, and the other one is after 
the shims were added to the blank holder, shown in Figure 35. These pictures could be used in the 
future when comparing the CAE simulation with reality. 

 

 
Figure 34. Spotting image of the part before adding shims on the pins.  
 

 
Figure 35. Spotting image of the part after adding shims on the pins. 
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5.9 Gradual increase of shims on one pin  
 
A test was conducted to see how the shims gradually increase the forces in the pins, see Table 

3 and Appendix 10.9. When adding shims to each increment, there is an increase in force as shown 
in Figure 36. 0.5 mm of shims added to the pin more than doubles the maximum force. No other 
parameters were changed for this test. 

 
Table 3. Maximum force in the pin with increase of shims on the pin.  
  

0 mm                        51 KN 

0.05 mm 56 KN 

0.1 mm 62 KN 

0.2 mm 73 KN 

0.3 mm 84 KN 

0.4 mm 97 KN 

0.5 mm  109 KN 
 
 

 
Figure 36. An overview of the force during SMF with difference in shims on the pin.  
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6 DISCUSSION 
 
The sensors were chosen to be mounted on the blank holder due to several factors. First, it is 

difficult to pull cables from the pins in the press table up to the ground. There is a great risk that 
the cables and sensors will be squashed and broken. Second, the pins in the press are about 3 times 
as long as those in the tool and this makes it difficult to find a smaller press that you can calibrate 
each long pin in. It is also easier to handle the smaller pins in the blank holder when measuring 
and mounting the sensors. The disadvantage of using the pins in the blank holder is that they are 
usually specific to that particular stamping die and can therefore not be used in any other stamping 
die. Had the pins in the press been used, the system would have become a more flexible instrument 
as it would have worked in most stamping dies.  

 
The installation of the sensors would have been easier and less time-consuming if the pins had 

a more even surface from the beginning. If they had a more even surface straight from 
manufacturing, grinding and sandpapering would have been a much shorter process. 

 
The sensors are suited to handle large forces and they are stable when repeating the test cycle 

multiple times. There were no issues with the sensors themselves throughout the tests conducted 
for this thesis.  

 
The filter that was developed in Arduino to remove spikes and noise in the system was not 

used in the tests as the forces to be measured were completely unknown. However, if forces are 
known beforehand, the filter can be set at a reasonable level above the forces measured. By doing 
so, it is therefore possible to remove spikes and noise that is usually significantly higher than the 
forces measured.  

 
When large pieces of sheet metal are used for manufacturing, for example when 

manufacturing an outer car door, the stamping die is large and has many pins. Since the stamping 
die is so large, it would be possible to use a smaller number of pins for measuring the forces. By 
selecting only a few pins and not all of them, time and money would be saved as less sensors 
would have to be mounted. If all pins are the same length, it is also possible to move around the 
selected pins to measure the forces. 

 
When gradually increasing the number of shims, it does not take many tenths of a millimeter 

to increase the force in the pins significantly. However, this also means that the pins and press 
must be very clean so as not to affect the force. Since the environment surrounding the press is 
quite dirty, it is very important to have strict maintenance schedules and to follow the 5S principle. 
It is also important to check the equipment regularly to see if there is any damage, as this may 
affect the force of the pins and therefore the manufactured product. 

 
A system like this makes it easier to control what happens to the machines and equipment, 

and less faulty products are therefore made. This has environmental impact, as it reduces the 
amount of products that have to be discarded. The system may also reduce the time needed and 
the number of sheets used for setting up the press with a new stamping die, and this will therefore 
allow products to be approved faster.  
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7 CONCLUSION  
 
The system developed in this thesis, comprised of the Arduino and strain gauge sensors, 

allows the pins of a blank holder to be measured during the entire sheet metal forming process. 
An Arduino software system and TeraTerm have been used to collect, organise and transfer data 
to Excel documents in the computer The force in an entire forming process can be measured when 
the system is set to a measurement frequency of 10Hz. However, this has only been tested when 
the stamping die has been set to a relatively low speed. The effect of the length of the pins on the 
force of the pins has been examined. The pins have also been shimmed to get a more even spread 
of force on all of the pins in the blank holder. 

 
Mounting the sensors on the pins has both advantages and disadvantages. An advantage of 

this method is that it is possible to calibrate the sensors and therefore get an accurate measurement 
of the forces. Another advantage is that it is easy to use the system once it has been installed. The 
greatest disadvantages of this system is that it is very time consuming to mount sensors and set up 
the system for the first time. 
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8 FUTURE WORK 
 

8.1 Simulation 
 
This system can collect data from a blank holder which and then be used in CAE simulations 

to develop new stamping dies. This would allow for more accurate simulations and decrease the 
time taken to create new stamping dies. It is also a possible to compare the images of the sheet 
metal with those in the simulation to get a better idea on how the simulation can become more 
similar to reality. If doing so, problems could be found in the earlier phases of designing and 
developing a new stamping die. This type of measuring equipment could also be used to measure 
forces on other parts of the stamping die and in the press to make the simulation even more similar 
to reality.  

8.2 Test production 
 
Further research has to be conducted on the measurement frequency of the system when 

collecting data from the sensors. A frequency of 10Hz was the only speed used for conducting 
tests in this thesis, but this might not be enough when increasing the speed of the press. The system 
and equipment used in this thesis may still work when the press is at its faster production speed, 
but it may also be the case that the frequency of the system must be increased. An external clock 
could be mounted on the load cell amplifier if the equipment used in the system is not enough. 
Doing so would make it possible to decide exactly how much data to collect per second and 
therefore also make it possible to increase the frequency of collecting data.  

 
What happens to the sensors over time is still not known, both in terms of lifespan and how 

often they need to be calibrated. Further tests could thus be conducted here. Another area of 
research could be to examine what happens to the forces over a longer period of time when 
thousands of parts are manufactured one after the other or if manufacturing stops for a longer 
period of time. This could be measured using the equipment available today and it would be 
possible to test with any stamping die that has pressure pins. The only thing that has to be done is 
to mount new sensors.  

 
If there is a stamping die being used for several different press lines, the stamping die can be 

moved around between different presses to examine the differences in force between the different 
presses. Measuring the forces in the blank holder after a faulty product has been produced and 
then comparing it to the forces used when producing an approved product might give a clue on 
what has gone wrong in the process. The system would overall be improved if the data from the 
Arduino could be sent to the computer wirelessly, for example by using Wi-Fi or by using 
Bluetooth.  

8.3 New automatic press tuning system     
 
Today, there is no system in the press that automatically regulates the force that the press 

generates on the pins. Instead, this is manually changed by the operator of the press. If it is 
discovered that the force changes a lot when pressing many sheets in a row, a production system 
that regulates the force could be installed in the press. Two different scenarios and how the 
regulation system would respond to them are outlined below. Figure 37 illustrates what would 
happen if the force measured in the pins increased and Figure 38 shows what would happen if the 
force measured in the pins decreases.  
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Figure 37. Example off how the system could work if the force reduces on pin 3. 
 

 
Figure 38. Example off how the system could work if the force increases on pin 3.    
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10 APPENDIX 
 

10.1 A1 - List of needs  
1. Robust Connection (Don’t use USB connection)  
2. Modular system  
3. Easy calibration 
4. As many sensors as possible on one Arduino Uno 
5. Develop tools/methods to easy measure where to mount the sensors  
6. Wireless connection from Arduino  
7. 80Hz from the sensors 
8. A system that can automatically delete peaks/noise  
9. From the data an Excel-file is created automatic that can be used to show the results  
10. Durable wiring from the sensors to the microcontroller  
11. Can be able to add a wireless system from microcontroller to computer   
12. The system is possible to measure the forces up to minimum of 100 Kn 
13. The system shall have a relative low cost to the rest of the die  
14. Possibilities to add a probe to measure the temperature to the microcontroller when necessary  
15. Method the measure the forces will be conduct by strain gauges 
16. No interference from eg lights etc in the factory 
17. Withstand the conditions (oil, moisture, temperature) in the press 
18. Possibilities to change a sensor if it breaks  
19. The system can be run even if one or a couple of sensor fails 
20. Instructions on how to operate the system 
21. Should be able to mount different types of strain gauges 
22. Robust wiring (connections should not break because of the vibrations)  
23. Robust soldering (Connections should not break because of the vibrations) 
24. Easy to assembly and disassembly the connections from the sensors to the microcontroller 
25. Easy to assembly and disassembly the connections inside the box with al the components 

regarding the microcontroller 
26. The positioning of the microcontroller and the amplifier should be so its easy to debug any 

faults inside the box 
27. Cheaper than other solutions and technics to measure the forces   
28. Easy and sheep to produce the case for the electronics if it gets damage  
29. Easy to switch the components if it needed  
30. Easy to upgrade the components if it necessary   
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10.2 A2 – Forces on each pin with different setting in the press   

  

 
Figure 39. Forces on the first pin during SMF at different settings in the press.   
 

 
 

Figure 40. Forces on the second pin during SMF at different settings in the press.   
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Figure 41. Forces on the third pin during SMF at different settings in the press.   
 

 
 

Figure 42. Forces on the fourth pin during SMF at different settings in the press.   
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Figure 43. Forces on the fifth pin during SMF at different settings in the press.   
  

 
 

Figure 44. Forces on the sixth pin during SMF at different settings in the press.   
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Figure 45. Forces on the seventh pin during SMF at different settings in the press.  
  

 
 

Figure 46. Forces on the eighth pin during SMF at different settings in the press. 
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Figure 47. Forces on the twelfth pin during SMF at different settings in the press. 
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10.3 A3 – Calibration  
 

 
Figure 48. The results of the calibration for pin 1.  
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Figure 49. A zoomed in graph of the top of the force curve to compare results for pin 1. 
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Figure 50. The results of the calibration for pin 2. 
 

 
Figure 51. A zoomed in graph of the top of the force curve to compare results for pin 2. 
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Figure 52. The results of the calibration for pin 3. 
 

 
Figure 53. A zoomed in graph of the top of the force curve to compare results for pin 3. 
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Figure 54. The results of the calibration for pin 4. 

 

 
Figure 55. A zoomed in graph of the top of the force curve to compare results for pin 4. 
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Figure 56. The results of the calibration for pin 5. 

 

 
Figure 57. A zoomed in graph of the top of the force curve to compare results for pin 5. 
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Figure 58. The results of the calibration for pin 6. 
 

 
Figure 59. A zoomed in graph of the top of the force curve to compare results for pin 6. 
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Figure 60. The results of the calibration for pin 7. 
 

 
Figure 61. A zoomed in graph of the top of the force curve to compare results for pin 7.  
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Figure 62. The results of the calibration for pin 8. 
 

 
Figure 63. A zoomed in graph of the top of the force curve to compare results for pin 8. 
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Figure 64. The results of the calibration for pin 9. 
 

 
Figure 65. A zoomed in graph of the top of the force curve to compare results for pin 9. 
 

  

0

10

20

30

40

50

60

70

80

90

100

1

5
9

1
1

7

1
7

5

2
3

3

2
9

1

3
4

9

4
0

7

4
6

5

5
2

3

5
8

1

6
3

9

6
9

7

7
5

5

8
1

3

8
7

1

9
2

9

9
8

7

1
0

4
5

1
1

0
3

1
1

6
1

1
2

1
9

1
2

7
7

1
3

3
5

1
3

9
3

1
4

5
1

1
5

0
9

1
5

6
7

1
6

2
5

1
6

8
3

1
7

4
1

1
7

9
9

1
8

5
7

1
9

1
5

1
9

7
3

Fo
rc

e 
(K

n
)

Time (100 Hz)

Pin 9

Sensor 9 Load cell

84

84,2

84,4

84,6

84,8

85

85,2

85,4

85,6

85,8

86

1

5
9

1
1

7

1
7

5

2
3

3

2
9

1

3
4

9

4
0

7

4
6

5

5
2

3

5
8

1

6
3

9

6
9

7

7
5

5

8
1

3

8
7

1

9
2

9

9
8

7

1
0

4
5

1
1

0
3

1
1

6
1

1
2

1
9

1
2

7
7

1
3

3
5

1
3

9
3

1
4

5
1

1
5

0
9

1
5

6
7

1
6

2
5

1
6

8
3

1
7

4
1

1
7

9
9

1
8

5
7

1
9

1
5

1
9

7
3

Fo
rc

e 
(N

) 

Time (100 Hz)

Zoom Pin 9

Sensor 9 Load cell



 

 
19 

 
Figure 66. The results of the calibration for pin 10. 

 

 
Figure 67. A zoomed in graph of the top of the force curve to compare results for pin 10. 
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Figure 68. The results of the calibration for pin 11. 

 

 
Figure 69. A zoomed in graph of the top of the force curve to compare results for pin 11. 
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Figure 70. The results of the calibration for pin 12. 
 

 
Figure 71. A zoomed in graph of the top of the force curve to compare results for pin 12. 
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10.4 A4 – Strain Gauge Datasheet  
 

 
Figure 72. Strain gauge from Kyowa that can measure in two different directions [17]. 
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Figure 73. Strain gauge from Micro Measurements that can measure in two different 

directions [18].  
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10.5 A5 – Wiring diagram 
 

 
Figure 74. Wiring diagram for 1 Arduino, 3 load cell amplifiers and 3 sensor pairs to mount 

on 3 pins. 
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10.6 A6 – Press parameters   

 

 
Figure 75. The parameters that were changed in the programing of the press.   
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10.7 A7 – Arduino Code 
#include "HX711.h"        //load library for load cell amplifier 
#include "Time.h"       //load library for time functions 
 
//allocating pins 
#define DOUT_1 2             //data transfer load cell amplifier 
#define CLK_1  3             //clock load cell amplifier 
HX711 scale_1(DOUT_1, CLK_1); //setup of loadcell amplifier library 
#define DOUT_2 4             //data transfer load cell amplifier 
#define CLK_2  5             //clock load cell amplifier 
HX711 scale_2(DOUT_2, CLK_2); //setup of loadcell amplifier library 
#define DOUT_3 6             //data transfer load cell amplifier 
#define CLK_3  7             //clock load cell amplifier 
HX711 scale_3(DOUT_3, CLK_3); //setup of loadcell amplifier library 
 
//Load values 
long Load_1=0;   //loadcell readout (converted to kN) 
long Load_2=0; 
long Load_3=0;        
 
//calibration is determined with separate routine (unique for each wheatstone bridge/amplifier 
combination!) 
long offset_value_1=0; 
float calibration_factor_1 = -1;  
long offset_value_2=0; 
float calibration_factor_2 = -1; 
long offset_value_3=0; 
float calibration_factor_3 = -1; 
 
//setting up the Arduino with a single run of the following lines 
void setup() { 
 
  //Opening the serial line and sending header text 
  Serial.begin(9600); 
  Serial.println("Start Loadcell program"); 
 
    //Serial.println("CLEARDATA"); // clears sheet starting at row 2 
    Serial.println("CLEARSHEET"); // clears sheet starting at row 1 
     
  scale_1.set_scale();    //initiating the loadcell amplifier 
  scale_2.set_scale();  
  scale_3.set_scale();    
  //CALIBRATION 
  //step 0: mount calibration loadcell in rig, using upper mount bolt only (for balancing) 
  //step 0.1: set offset_value to 0 and calibration_factor to -1 (see lines 101 and 102 
  //step 1: uncomment below 3 lines 
  //step 2: upload program and run 
  //step 3: copy value of zero_factor_raw into offset_value 
  //syep 4: upload program and run. check if zero_factor_raw is nearly zero 
  //step 5: mount lower bolt 
  //step 6: run program and apply a load.  
  //step 7: devide the reading with the applied load. Set this as the callibration factor. upload and 
run 
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  scale_1.set_offset(offset_value_1);   //Reset the scale to 0, use only if the load on the loadcell is 
zero! 
  scale_2.set_offset(offset_value_2); 
  scale_3.set_offset(offset_value_3); 
  Serial.println("Raw zero factor 1 t/m 4: "); //for calibration, raw reading 
  Serial.println(scale_1.get_units(10)); 
  Serial.println(" , "); 
  Serial.println(scale_2.get_units(10)); 
  Serial.println(" , "); 
  Serial.println(scale_3.get_units(10)); 
   
  //Get a baseline reading 
  long zero_factor_1 = scale_1.read_average();   
  long zero_factor_2 = scale_2.read_average(); 
  long zero_factor_3 = scale_3.read_average(); 
 
  Serial.println("Zero factor 1 t/m 4: "); //This can be used to remove the need to tare the scale. 
Useful in permanent scale projects. 
  Serial.println(zero_factor_1); 
  Serial.println(" , "); 
  Serial.println(zero_factor_2); 
  Serial.println(" , "); 
  Serial.println(zero_factor_3); 
 
  //Operator to cange the factor automaticly close to zero 
  //Change the calibartion factors acording to the load 
  offset_value_1=zero_factor_1; 
  calibration_factor_1 = -15.47;  
  offset_value_2=zero_factor_2; 
  calibration_factor_2 = -15.47;   
  offset_value_3=zero_factor_3; 
  calibration_factor_3 = -15.47;            
   
  scale_1.set_offset(offset_value_1);   //Reset the scale to 0, use only if the load on the loadcell is 
zero! 
  scale_2.set_offset(offset_value_2); 
  scale_3.set_offset(offset_value_3); 
   
  Serial.println("Zero"); //for calibration, raw reading 
  Serial.println(scale_1.get_units(10)); 
  Serial.println(" , "); 
  Serial.println(scale_2.get_units(10)); 
  Serial.println(" , "); 
  Serial.println(scale_3.get_units(10)); 
   
  scale_1.set_scale(calibration_factor_1); //Adjust to this calibration factor 
  scale_2.set_scale(calibration_factor_2); 
  scale_3.set_scale(calibration_factor_3); 
 
  //Fill variables with initial values 
  Load_1=scale_1.get_units(); 
  Load_2=scale_2.get_units(); 
  Load_3=scale_3.get_units(); 
  Serial.println("Initial loads 1 t/m 4: "); 
  Serial.println(Load_1);  
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  Serial.println(" , "); 
  Serial.println(Load_2);  
  Serial.println(" , "); 
  Serial.println(Load_3);    
} 
 
void loop() { 
  Load_1=scale_1.get_units();   //read loadcell 
  Load_2=scale_2.get_units(); 
  Load_3=scale_3.get_units(); 
 
//To remove noise 
//    if (Load_1>10000) { 
//    Load_1=0; } 
//else if (Load_1<-10000) {  
// Load_1=0; 
//} 
    //if (Load_2>10000) { 
 // Load_2=0; } 
//  else if (Load_2<-10000) { 
//  Load_2=0; }  
Serial.println( (String) "DATA," +Load_1 +","+Load_2 + "," + Load_3 +","+ millis() ); 
   

} 
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10.8 A8 – List of parts for 3 pins and 1 box  
 

• 1 Arduino Uno  
• 3 Strain gauge amplifiers HX711 
• 3 DIN-Male connectors  
• 3 DIN-Female socket connectors  
• 6 Strain gauges  
• 3 CEG-100C 4 piece connectors   
• 1 mobile phone power supply 5W 
• 1 breadboard  
• 1-meter AWG30 wire  
• 21 Arduino cables with male connectors 
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10.9 A9 – Maximum force in the pin with the increase of shims  
 

 
Figure 76. Change in maximum force with a different number of shims on the pin. 
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10.10 A10 – Comparing forces with and without shims during SMF 
 

 
Figure 77. An overview of the change in forces during SMF before adding shims.  

 
Figure 78. An overview of the change in forces during SMF before adding shims.  
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Figure 79. An overview of the change in forces during SMF after adding shims.  

 
Figure 80. An overview of the change in forces during SMF after adding shims. 
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