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Sammanfattning 

Manuell kantpressning är tidskrävande och ineffektiv. Det finns redan robotassisterade 
lösningar på marknaden som medför en förenkling av processen, men dessa system är 
komplicerade att lära sig och inte särskilt flexibla när nya arbetsstycken ska bearbetas. Utöver 
detta kan kostnaden för fortbildning i robothantering ha en omfattande ekonomisk inverkan på 
mindre företag.  
 
Detta projekt hade som avsikt att undersöka möjligheten att underlätta hanteringen av en 
kombinerad kantpress- och robotlösning. Lösningen ska vara så enkel att den kan hanteras av 
personer utan tidigare erfarenheter av robotar. Systemet ska även vara flexibelt och kunna 
hantera detaljer med olika former, storlekar och krav på slutresultat. 
 
För att åstadkomma detta tillämpade projektgruppen Agile metoden. Under inledandet av 
projektet gjordes brainstorming av möjliga lösningar. Beräkningar av arbetsstyckets geometrier 
gjordes och idéerna testades med robot och kantpress. Lösningen verifierades kontinuerligt av 
projekthandledare för att försäkra om att projektet var på väg åt rätt håll.  
 
Ett pythonprogram skrevs, som ur CAD-filerna kunde extrahera information för användning i 
kantpressningsprocessen. Informationen kom senare att användas för beräkning av 
greppunkter för en industrirobot. En robotcell uppfördes för att demonstrera lösningen. Utifrån 
en digital ritning som skapades i kantpressens inbyggda CAD program kunde man bearbeta 
detaljen med kantpressen och roboten i samverkan. Roboten förflyttade arbetsstycket under 
hela kantpressningsprocessen och anpassade sig till rådande arbetsprocess utan behov av 
ytterligare manuella inställningar eller förberedelser. 
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Abstract 
Manual press braking is inefficient and time consuming. Robot assisted solutions already exist 
on the market to ease the process but these systems are complicated to learn and not very 
flexible when a new type of workpiece is introduced. Additionally, the required robot education 
adds further costs that can have a significant economic impact on smaller companies.  
 
This project is aimed to investigate the possibilities of making the handling of a press brake and 
robot combined solution easier. This means that anyone, including persons without prior 
knowledge about robotic systems, should be capable of operating it. The system should also be 
flexible; handling sheet metal parts of different shapes and sizes requiring different end results.   
 
To accomplish this, the project group adopted the Agile method. The project started with a 
brainstorming of different solutions. The geometries of the workpieces 
were studied and calculated. Tests were made with robot and press brake to confirm that the 
solutions worked out as expected. In order to verify that the project complied with defined goals, 
the project group had regular communication with the project coordinator.  
 
A software application was written in Python. The application extracted important information 
regarding the bending processes that were then used to generate gripping points for the robot. 
A simple robot cell was finally constructed to demonstrate the solution. A workpiece was digitally 
drawn in the press brake’s built-in CAD program and bent with a press brake and robot in 
cooperation. The robot was capable of moving the workpiece around during the whole bending 
process, dynamically adjusting to the specific operation without any need of manual 
configuration or preparation. 
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Dictionary
IFTL - Ingenjörsfirma Tommy Leindahl AB.

IPC - Industrial Personal Computer.

Clamping point - The point where the press brake’s upper tool touches the workpiece, pinching
it to its place.

In / out pallet - A place where the robot fetches new workpieces and unloads finished bent 
workpieces.

Joint configuration - The way a robot arm is positioned with its tool at a certain point with a 
certain orientation can be described by how its individual joints are configured. Different 
positions can often be reached in several different ways. 

Opto-isolator - Also referred to as optical isolator or optocoupler. Used in electronic circuits to 
transfer signals between two separate systems without electrically connecting them.

End position (of workpiece) - It represents the outermost edge of the part of the workpiece 
that resides outside of the press brake machine. This position depends on the current shape of 
the workpiece and is found by calculating the geometry of the workpiece when considering all 
the executed bends and their angles. 

XML - Stands for Extensible Markup Language. It is used to store information, structured in a 
certain format, following the rules of the markup language definition.

Triangulation Method - A technique to measure the distance to an object using the principles of
trigonometry. In digital distance sensors, this is often achieved by emitting a light beam of 
known direction and then measuring the angle of the returning reflection at a known offset.

Bendpart file - An XML formatted file used to transport information about bending jobs between
Bystronic’s different softwares. Contains all the information needed for a Bystronic press brake 
machine to perform its operation.

Base joint (of robot) - The first joint of the robot arm, closest to its mounting surface.
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1 Introduction

1.1 Background

In industries today, press brakes are used to bend sheet metal parts. A workpiece is placed between 
the upper and lower tool of the press brake and the workpiece is then bent by lowering the machine's 
upper tool. By moving the workpiece between each bend it can bend the workpiece along different 
lines. This procedure is usually performed manually by an operator, which can be quite inefficient and 
cumbersome. Despite the presence of modern and more advanced press brakes with additional 
features such as user interfaces which makes the work more user friendly and secure, manual 
bending remains ineffective.

Automated solutions exist, where the workpiece is moved by an industrial robot instead. These kinds 
of solutions are not entirely problem-free, since a lot of time is devoted to programming both the robot 
and the press brake. Furthermore, programming the robot requires knowledge in robot programming, 
and the system is not very flexible as one needs to reprogram the robot every time a new type of 
workpiece is introduced. IFTL is inquiring for a fully automated solution of a bending process. A robot 
will assist the press brake by moving and loading the sheet metal parts into the press brake. The 
operator will not need any knowledge in robot programming nor does he or she need to program it; all 
the operator needs to do is to push the start button on the robot. The operator will instead focus on 
defining the desired result of the sheet metal part in a CAD program and setting the desired 
adjustments for the press brake. When the defined outline of the sheet metal part is complete, the 
operator will initiate the bending process and the industrial robot will move automatically in order to 
meet the desired end results of the sheet metal part. When outlining a new workpiece, the operator 
does not need to do any further adjustments for the robot.

1.2 Problem Definition

Several problems emerges when handling a robot assisted bending system. It is time consuming to 
reprogram the robot for every differently shaped detail. In addition, one needs to have undergone 
special courses in robot handling which can be very costly, especially for small businesses with small 
production volumes.

1.3 Goal Definition

A robot assisted bending system should be easy to manage for an operator who lack knowledge in 
robot programming. IFTL has a modern press brake from Bystronic, complete with an IPC with a touch
panel from which all interactions with the press brake is made. In the press brake's IPC, sheet metal 
parts can be created in a built-in CAD software. On the basis of data generated from the CAD 
software the press brake will have information about position, bend radius and angles of all the bends.
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This information can further be exported as an XML formatted Bendpart file. The project’s aim was to 
create a software that extracts relevant information from the exported file. The information was then 
used to calculate gripping points for a robot arm and to control it. The solution was designed as a 
starting platform which can later be developed further and optimised for similar processes with robot 
assisted bending.

The following goals have been set for the project:

● Creating a software which can extract relevant information from the exported Bystronic XML 
file to generate gripping points of the workpiece for a robot to use.

● The software should be able to control a Yaskawa Motoman robot to move a workpiece during 
the bending process.

● The software should unite the functions of the press brake and the robot into one complete 
solution in order to perform a simple bending sequence.

● The bending system should be able to manage at least one or two bends.

1.4 Delimitations

The following delimitations were set for this project:

● The project is based on a Bystronic Xpert40 press brake and a Yaskawa Motoman MH5LS 
industrial robot, but the solution will be adaptable to any other systems with a press brake and 
a robot.

● Sheet metal parts in this project will have an area not exceeding 30x30 cm, and thickness not 
exceeding 1 cm.

● The robotic arm is not required to hold the workpiece part during the entire bending process.
● The shape of the workpiece should be solid, rectangular and not contain any holes.

1.5 Method

This project will apply the Agile Methodology. The traditional method from the project manual was not 
suitable for this project since it assumes that one is working with one phase of the project at a time 
and one cannot proceed until the actual phase has been completed. Working with software 
development one needs to focus on all phases of the project process simultaneously, from concept to 
testing to implementation. In Agile Methodology, a “sprint” is a set period of time during which work 
has to be finished; it contains all stages of software development, from analysis, design, 
implementation, testing, design of prototypes etc. A software development process usually contains 
several “sprints”. The first “sprint” results in an end product which will be shown to the customer. Even 
if the end product wasn’t to the customer’s expectation it should still be ready to be reproduced in 
large scale. Reviewing the end product, the customer will know want he or she wants in the final 
product and the next “sprint” starts and new goals are set for the software development. The process 
continues until the customer is satisfied with the results. Despite adopting Agile Methodology, the 
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project group still retained formal meetings in accordance with traditional methods in order to obtain 
confirmation from the client concerning the goal and other formalities of the project. 

In addition to using the Agile Methodology, the following methods were applied for this project:

● Reviewing Yaskawa Motoman manual for the robot.
● Studying Yaskawa Motoman software.
● Reviewing Bystronic's manual for press brake.
● Studying Bystronic software.
● Inquiring expertise at Bystronic.
● Testing of developed software and observing the behaviour of press brake and robot.
● Retrieve information from articles found at KTHB databases.
● Discuss and counsel employees at IFTL.
● Retrieve information from the Internet.
● Inquire supervisor.
● Use a test group to examine written software's user-friendliness.
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2 Hardware
Many different types of hardware were used during the project. The following chapter will cover the 
most important ones in brief detail.

2.1 Press Brake

A Bystronic Xpert 40 press brake (figure 1) was used during the project. Press brake machines like 
this one use hydraulic pressure to force its upper beam down towards the lower beam. Tools are then 
mounted on the upper and lower beam. The lower beam tool is mostly V or U shaped. The upper tool, 
often referred to as the knife, is pressed down against the lower tool. The workpiece will then bend to 
the desired shape.

Figure 1: The Bystronic Xpert40 press brake.

The Xpert40 is capable of delivering a pressure of 40 tonnes, making safety a high priority. For this 
reason a safety camera is mounted on the edge of the pressing beam, scanning the silhouette of the 
upper tool and its immediate surroundings. When activated, the camera is able to distinguish larger 
objects such as fingers and hands, halting the operation. 
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The machine is operated by a floor panel with two separate pedals. One pedal is for sending the upper
beam down when bending the workpiece. The second pedal immediately sends the beam up and is 
also used as a security switch, overriding any current operation. 

The press brake also houses a built in IPC with a touch screen mounted on the front side. The touch 
screen is used by the operator to configure and prepare bending jobs. During the bending process, the
commands are sent to the internal PILZ PLC which in turn controls the machine.

2.2 Robot Cell

2.2.1 Robot System

The robot system consists of a Yaskawa Motoman MH5LS with a DX100 controller. Designed for small
parts assembly and material handling with six degrees of freedom, it is a powerful machine for its size.
Because of its small size it can be mounted on the floor, wall or ceiling. For the project the robot was 
mounted onto a steel beam which was connected to the front side of the press brake. It was placed 
perpendicular to the press brake’s lower beam. The height of the steel beam’s support legs was 
carefully calibrated to align the robot with the tilt of the press brake. Connected to the front part of the 
steel beam, a simple in-pallet was built from which the robot can grab the workpieces. 

2.2.2 The Robot Tool

Figure 2: The robot tool mounted on the robot arm.

The robot tool (figure 2) was milled out of a solid aluminium block, custom made to fit the project-
objectives. Internal channels were extruded, connecting the inlet to the three mounted suction cups. A 
PIAB ejector was then used to create vacuum using compressed air. Control over the robot tool was 
finally enabled by preceding the ejector with a solenoid air valve.
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2.2.3 In-pallet

Figure 3: The in-pallet station.

The robot fetches workpieces from a combined loading and positioning station (figure 3). A ceramic 
plate was fastened under the steel beam using two clamps. A small rectangular metal piece was used 
as an alignment guide to ensure the sheet metal part was correctly placed on the in-pallet. 

2.3 Computer

A Windows PC laptop was used to monitor and execute the application. It was connected to the 
DX100 robot controller via Ethernet and to the Arduino Nano via USB.

The laptop was used for controlling and monitoring the application throughout the whole bending 
process.

2.4 Hardware Interface

2.4.1 Arduino Nano

Figure 4: The Arduino Nano connected to the hardware interface.
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An Arduino Nano microcontroller module was used to enable the hardware interaction between the PC
and the press brake. The Arduino module was controlled by the computer via USB using the Serial 
communication protocol to read and set its hardware ports.

Input ports were used to read values from the distance sensor and output ports were used to control 
the robot grip tool and the press brake’s foot panel. The output ports were connected via opto-isolator 
protected relays to protect the different systems at both ends from electrical interference between 
each other and to allow for different voltage levels.

The final configuration (figure 4) was assembled using breadboards and wiring. Buttons were also 
added for easy control of the press brake and robot tool during testing.

2.4.2 Distance sensor

A PepperL+ Fuchs VDM18-300/32/105/122 distance sensor was used during the project and was 
placed directly under the safety camera of the press brake (figure 5). The safety camera was 
connected to the upper press beam, following its up- and downward movement while pressing. By 
measuring the distance to the upper beam this information could then be used to determine the 
current distance between the upper and lower tools of the press brake.

The sensor uses the triangulation method to measure its distance, and the resulting value is output via
a 4-20 mA current signal. It is capable of measuring a distance between 8 to 30 cm. For this reason, it 
was placed some distance away from the safety camera. 

Figure 5: The distance sensor (lower part) aimed at the safety camera (upper part).

8



3 Press Brake Operation
This chapter aims to cover the components and steps needed to perform a bending operation using 
the Xpert40 press brake.

3.1 Software

ByVision Bending is Bystronic’s own software and includes a simple CAD program, ByVision Bending 
Profile Editor, which provides tools to draw sheet metal parts in 2D. The software enables the operator
to choose bending process order and supervise the whole bending process. 

3.2 Bendpart File

It is possible to transfer information about the bending jobs between the different softwares. This is 
done by exporting the information to a bendpart file with the .bendpart extension. Bendpart files use 
the XML format structure and contains all the information about the bending job such as the pressure, 
angle and location of each bend as well as the order in which they are to be executed. This 
information is vital for calculating the grab and release positions for the robot.

Bendpart files are specific to Bystronic press brake machines. Other suppliers of press brakes have 
their own specific structure and file extensions for their bend files. Even within Bystronic, different 
press brakes can adopt different structure and file extensions; for instance, some press brakes 
generate .dat files.

Here follows some of the information that is available in the bendpart files:
• Bend angle – The angle of the bend.
• Bend radius – The distance to the center of the curvature inside of the bend.
• Sheet thickness – The thickness of the sheet metal.
• Bend process order – The order in which the bends will be executed.
• Bend lines – Vectors describing the position and length of the bends.
• Bend surfaces – Vectors describing dimensions of the straight surfaces between the bends. 

3.3 Procedure

When using the press brake in normal operation, a certain procedure has to be followed (figure 6). 

The first step is to create the bending job using one of the bending CAM/CAD applications (either 
BySoft or ByVision Profile Editor). The bending job is then exported and imported into ByVision 
Bending. 

Once loaded into ByVision Bending the job is prepared in the Edit step with settings regarding 
everything from the order and rotation of the workpiece to where the back gauges are to be placed 
during each bend. 
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When the job is prepared it is time to execute the actual bending process by initiating the Produce 
sequence. 

Figure 6: The order of the bending procedure
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4 The Application
One of the main project goals was to create an application capable of controlling a robotic arm to 
assist a press brake; this without any need of manual configuration, making the operation truly 
autonomous. 

The application was created to run on a computer (see chapter 2.3 Computer) and via communication 
interfaces operate both the robot and the press brake; thus acting as the main control system for the 
whole process. 

This chapter will cover the different aspects of the finished application as well as the tools used in its 
creation. 

4.1 Language

The Python programming language was used while developing the main application for this project. 
Python is a high-level, open source language; being very flexible and easy to use. It allows the users 
to focus on their ideas and the actual task at hand, instead of being limited by the constraints of the 
language. This greatly increases productivity compared to a more low-level programming language 
such as C or C++. 

In addition, the numerous standard libraries built into Python provides easy access to many useful 
functionalities, for instance the XML parser and Serial interface used in the application. In short, it is a 
powerful language with a lot of potential to be utilized.

IFTL also suggested Python to be used for the project, which made the choice even more obvious.

4.2 Third Party Modules

In Python, larger sets of code can be packaged in so called modules for easy portability and usage. 
The following third party modules were used in the application.

4.2.1 PySerial

PySerial is a Python standard module providing access to the serial port of the system. The module 
was used to allow communication between the computer and the hardware interface.

4.2.2 ElementTree

ElementTree is a Python standard module for parsing files with the XML format structure. It was used 
to extract information from the bendpart file (see chapter 3.2 Bendpart file). 

11



4.2.3 ModbusHandler

The ModbusHandler module was provided by Erlansson and Skoghammar at IFTL and allows the user
to control a Yaskawa robot system via the Modbus communication protocol. It was used to move the 
robot arm between different positions.

4.3 Project Modules

Figure 7: Module structure and hierarchy

During development of the application, considerable attention was paid to modularity. By making 
certain sections into separate modules, the application became much more portable and easy to 
manage (figure 7). If one would like to mount a new robot tool for instance, the only part in need of 
modification is the RobotTool module, leaving the rest of the application unaltered.

4.3.1 BendFileParser

As described in the chapter 3.2 Bendpart file, the bendpart file contains information about the whole 
bending process.

The BendFileParser module is used to parse and extract the vital information available in the bendpart
file, package and complete the information and finally returning it as a structured data container.
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4.3.2 PressBrakeHandler and PressBrakeTool
The PressBrakeHandler module contains all that is necessary to control the press brake during the 
bending operation. This is achieved by using the serial communication link with the hardware 
interface. By utilizing the information from the distance sensor, positional data of the press beam can 
be calculated. As the module handles all the communication with the hardware interface, it is also 
responsible for controlling the gripping function of the robot tool. 

The PressBrakeTool module is used to provide tool specific information such as the height offset from 
the lower beam. This is used to calculate the offset from the robot coordinate system origin to the 
contact point of the press brake tool. 

4.3.3 RobotCell and RobotTool
The RobotCell module represents the interface towards the robot system. The module enables control
of the robot by supplying methods such as “approach the in-pallet” or “move to home position”. This is 
achieved by using the third party module ModbusHandler which communicates with the robot via the 
Modbus protocol. RobotCell also includes information about the in and out pallet position and supplies 
functions to calculate their grab and release positions depending on the width and length of the 
workpiece.

The RobotTool module handles calculations of the grab and release positions, adapted to the currently
mounted robot tool. Depending on the orientation of the workpiece compared to the next bend, the 
module determines if the workpiece should be grabbed from above or below. The needed offset is 
finally applied to the end position and verification is made to assure that there is enough gripping 
surface for the robot tool to grab the workpiece. 

4.3.4 BendHandler
BendHandler is the main module of the application. It represents the highest layer of abstraction and 
utilizes all the other modules to supply the functionality to the user. 

The module can be divided into two parts. First the initialization step that prepares all the robot 
positions and finally the bending process which executes the whole bending procedure.

The initialization step starts off by using the BendFileParser module to parse the specific bendpart file 
that was given by the user. The imported information is then returned to the BendHandler module 
where it is used for calculating the end positions of the workpiece. By using the end positions as a 
base, the offset for the press brake lower tool is applied to align the positions with the robot coordinate
system. The final positions for the robot is then calculated using the robot tool offsets in the RobotTool 
module. A verification step is also performed at the same time, assuring that the robot tool actually fits 
the workpiece at the specific locations.

Once the robot positions are calculated, a connection with the hardware interface becomes 
established, and the bending process will be ready to be executed. The bend process handles the 
press brake and the robot, executing the actual bending procedure. This is explained in greater detail 
in the chapter 5 Demonstration Setup.
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5 Demonstration Setup
A demonstration rig was designed to showcase the functionalities of the application in action. Its 
hardware configuration and usage operation will be discussed in the following chapter.

5.1 Hardware Configuration

Figure 8: The demonstration rig

The final solution (figure 8) was based around the press brake and the robot arm. A custom rack was 
installed extending from the press brake’s front side, housing as a mounting platform for the robot arm.
The press brake was stripped clean of any obstructing peripherals such as the support table and the 
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touch display for the IPC. This to give extra room for the robot and protect fragile equipment from 
accidental collisions. 

The robot tool was mounted on the robot arm and a simple in-pallet was created on the robot 
mounting rack.

A block diagram (figure 9) was created to illustrate the hardware configuration and the relationship 
between the different components. More information about individual hardware components can be 
found in chapter 2 Hardware.

Figure 9: The hardware configuration

5.2 Operation

5.2.1 User preparation

The preparation of the bending job is almost the same as preparing a manual job described in the 
chapter 3 Press Brake Operation. The only addition is that the bendpart file needs to be exported into 
the main application. 

The operator can now start the bending process, provided that the correct workpiece is positioned at 
the in-pallet.

However, there are certain criteria due to limitations in the system that needs to be considered. These 
are covered in chapter 6 Results and Discussion.

16



5.2.2 Bending process

Once the automated bending procedure has started, a certain procedure is executed by the 
application. The procedure is cyclic and can be run continuously provided that a new workpiece is 
steadily ready at the in-pallet station. 

The first step is to fetch a new workpiece from the in-pallet. It is then moved to a position in front of the
press brake where it can be freely oriented before being loaded into the machine. Once in position, the
press brake executes the bend operation. With the upper beam still pinching the workpiece, the robot 
tool moves into position and grabs the workpiece. The press brake can now raise its upper beam to 
release the workpiece, allowing the robot to unload it. This process is repeated until all the bends have
been executed and the finished workpiece is finally moved to the out-pallet.

A full cycle of the bending procedure looks as follows (figure 10):
1. Get a new workpiece from the in-pallet.
2. Check that the press brake is fully open.
3. Move the workpiece to the next load position.
4. Command the press brake to lower its upper bending tool.
5. When the press brake reaches the clamping point, release the workpiece from the robot.
6. When the press brake is finished bending, move the robot to the next unload position.
7. When the robot have grabbed the workpiece, raise the press brake again.
8. When the press brake is fully open, move the workpiece out of the press brake.
9. If more bends remains, go back to step 2. 

Else move the workpiece to the out pallet and go to step 1.

Figure 10: The bend cycle procedure
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6 Results and Discussion
By doing a couple of test runs, the project group could certify that the project was indeed successful. 
The system was tested by drawing a sheet metal part with three bends in ByVision Bending and then 
loaded the exported file into the project application. Certain machine settings had to be made in order 
to fulfil the requirements of the project; for instance setting the press brake’s upper tool to stay at 
bottom point until further command is given. Once the application was initiated, the process was 
confirmed running smoothly without any visible errors. 

The precision of the system have not been analysed in detail, but the tests so far have shown 
promising results. During bending, the robot releases the workpiece just in time as the upper press 
brake tool descends on to the clamping point, pinching the workpiece in place. There were some close
encounters between the robot arm and the mounting rack. And at times, the robot tool accidentally 
collided with the workpiece. However, this issue was solved by letting the press brake finish the bend 
and have the robot wait for the press brake tool to reach its bottom position before unloading the 
workpiece. 

The system is adaptable in the sense that modules containing information about bending and robot 
tools are exchangeable, such as PressBrakeTool and RobotTool. They can be adapted depending on 
the tools being used during the bending process, allowing flexibility and leaving room for more 
advanced bending options. The system is, despite the successful outcome, not without flaws. These 
will be presented in detail below. 

6.1 System Limitations

Due to the short time frame of the project, some simplifications had to be made to the bending 
process. On top of that, certain aspects of the pertaining hardware and software introduced additional 
limitations. This resulted in a list of certain criteria for the operator to consider when using the system.

The following criteria were established.
1. The bending process must be performed in the order outermost-to-innermost.
2. The process should not require the workpiece to be rotated 180º around its Y- or Z-axis.
3. The robot must always be able to grab the workpiece at its outermost surface.

The first criterion had to be set since it was impossible to guarantee that no collisions would occur 
between the workpiece and the internal parts of the press brake or its tools. By applying this criterion, 
the part of the workpiece that enters the machine will always be straight. This also enables the 
workpiece to be inserted in a higher position closer to the first joint of the robot, removing some of the 
joint angle issues discussed further down.

The second criterion was set due to the lack of a regrip station. The current solution only allows the 
workpiece to be rotated 180º around its X-axis (figure 11). A regrip station would have provided a 
means of temporarily unloading the workpiece, allowing for it to be grabbed from the opposite side. By
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not having this functionality, a certain degree of freedom was removed from the user as to which 
bending jobs that could be performed. 

Figure 11: Illustration of different rotation axes for the workpiece relative to the press brake tool.

The last criterion is complex and difficult to obey with several factors inflicting on whether the robot 
can grab the workpiece or not. One factor is due to where the robot is situated in relation to the press 
brake. During the project, the robot was mounted in such a way that its base joint ended up at a higher
level than the press brake’s lower beam. This resulted in making it difficult for the robot to rotate 
certain joints to grab workpieces, especially workpieces pointing downwards the mounting rack since 
the robot risked hitting its own joints. The fact that the robot arm is actually too small for the task, adds
to the problem with decreased reachability around the area in front of the press brake. Another crucial 
factor is the shape and size of the robot tool. The robot will have difficulty reaching the surface of the 
workpiece if the space between workpiece and press brake is too small. 

Since the issues of the third criterion is of such complex nature, it is hard to derive any simple rules. 
The user simply has to rely on trial and error, testing to see if the operation is possible to execute or 
not. 

6.2 Problems During Development

Many of the system limitations in the previous section emerged due to problems that arose during the 
project, many of which were unexpected. 

6.2.1 Missing robot implementation for press brake

In order to create an automated bending process with press brake and robot; the press brake needs to
have a robot communication interface installed. During the course of the project, a robot interface was 
expected to be implemented into the press brake. Unfortunately, at a very late stage the information 
arrived that the robot interface was under development, and it was not expected to be finished until 
August (4 months later). As a result, alternative measures had to be taken in order to continue the 
project. A custom-made hardware interface was created in order to communicate with the press brake.
More about it can be read in chapter 2.4 Hardware Interface. 
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However, the custom-made robot interface was not without flaws. As there was no way to 
communicate with the press brake other than using its foot panel, the means of control was very 
limited. Currently, there is no way to stop the press brake’s upper beam at a particular position, other 
than at the top or bottom position. If the upper beam’s movement could have been halted when the 
press brake’s upper tool had reached the clamping point, the robot would have been able to move 
away from the workpiece before bending it. It could also allow for the robot to release and take a new 
grip on the workpiece, working as a regrip station. Alternative solutions had to be taken in order to get 
around this problem. For example, the robot tool always had to be underneath the workpiece to avoid 
obstruction of its movement when bending. 

6.2.2 Robot gripping tool

Early in the project the project group had studied various robotic tools to be used for the project. A 
choice had to be made between vacuum gripper or a mechanical gripper. Careful considerations were 
made between the two. However, a vacuum gripper was favoured over the mechanical one due to the 
lack of a regrip station and the fact that vacuum grippers are widely used in the industry.

The project group later discovered that in some cases it was more advantageous to use a mechanical 
gripper. A vacuum gripper requires more space on the workpiece in order to grab it properly. This puts 
restrictions on the minimum width of the workpiece. It also requires that the outermost bend is located 
farther away from the edge of the workpiece. Since the workpiece cannot be rotated 180º around its Y-
axis, the robot tool will always grab it from the same side. Therefore, the area of the workpiece that the
robot tool occupies will be unavailable for bending on that side. 

Another problem with the vacuum gripper is that the workpiece needs to be approached from an angle
perpendicular to its surface. This created issues when unloading the workpiece after an executed 
bend. If the bend were too close to the press brake tool, the robot tool would not have enough room to
approach the workpiece from above. By using a mechanical gripper that grabs the workpiece on its 
edge, this issue would have been greatly reduced. However, a mechanical gripper is not able to 
detach from the workpiece fast enough. Therefore, it would need to follow its upward trajectory during 
the bending process in order to not obstruct its movement. Alternatively the press brake would need to
pause the bending process at the clamping point, allowing for the tool to release the workpiece and 
move away before it finishes the bend. Due to the lack of a robot implementation and reliable control 
of the press brake, none of these alternatives were possible, rendering a mechanical gripper 
unsuitable for the project.

Furthermore, a mechanical gripper would had required the making of a more advanced in-pallet, 
absorbing time from more important areas of the project. 

6.3 Future Development

The goal for the project was to fulfil IFTL’s demand for a fully automated bending system. The project 
result showed that it is indeed possible to create such a system, and it provides a good starting 
platform for further development. However, several features were not fully implemented due to their 
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late discovery or the time constraints of the project. Many of these need to be considered before 
launching the product for the commercial market.

6.3.1 Robot correcting for error of position

The current physical position of the robot have been calibrated with high precision in order to minimize
source of positional errors. Despite that, outer, uncontrollable factors may have an impact on the end 
position of the workpiece. For instance, a small shift in the robot’s position could have impact on the 
gripping point. When the number of bends is kept low, the positional errors are negligible. However, 
when the number of bends increases, positional errors will accumulate followed by significant 
displacement of the end position. This could affect the end result of the finished product or even the 
robot’s ability to grip the workpiece. 

One way to minimise this error is to enable two-way communication between the robot and the 
application. In addition, the system needs additional sensors, proposedly placed on the backgauges of
the press brake to indicate that the workpiece has positioned itself correctly. The MH5LS robot is 
equipped with a floating servo function which enables the joints to become flexible, adjusting to 
external forces. If the workpiece have been positioned incorrectly the robot’s floating servo function 
would compensate for the incorrect position when pushing it against the backgauges. 

As of now, two way communication between the robot and the computer is very limited. The robot is 
only capable of confirming when it has reached its destination point, not sending back information 
about its current position. This feature should be developed further, so that the positional errors can be
reduced. 

6.3.2 Overview of robot limitations

During the project, the project group discovered that it was difficult to know which positions the robot 
arm was capable of moving to. The documentation for the robot provided general information about its
limitations, but it was not sufficient. The reason for this uncertainty is due to the way the robot 
calculates its movement. With the procedure that was used in the solution, the robot is given a spatial 
position. The robot then calculates how to actuate its joints in order to reach that position. If the route 
that the robot found would force one of its joints outside of its limits, the robot would simply refuse the 
operation. This is not a desirable behavior for an application that aims to avoid or completely remove 
the need of user configuration.

To overcome this, a simulation program should be built into the application to simulate possible joint 
configurations for specific positions. The decision in choosing a suitable joint configuration is thereafter
handled by the application or if necessary by the operator. However, this could be difficult to 
accomplish without close collaboration with the supplier of the specific robot system. 

6.3.3 Protection Zone

An industrial robot can inflict great harm if one is not cautious, therefore a protection zone with light 
barriers along its perimeter needs to be implemented to lower the risk of injury. If someone enters the 
protection zone during the bending process, the system will halt its operation until the intruder has left. 
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Another solution could be to completely encase the robot cell within a protective fence, preventing 
entry without halting the process first. 

The monitor for the user application should also be located outside of the protection zone.

6.3.4 Regrip station

The current solution is not fitted with a regrip station, thus limiting the choices in the bending process. 
As of now the system assumes that all potential bends of the workpiece will be processed outermost-
to-innermost in order to avoid collisions. 

If the operator desires to process the bends in a different order, the workpiece might need to be 
rotated around its Y-axis. If a rotation would cause the robot arm to collide with the press brake then 
the robot should place the workpiece on a regrip station before continuing with the next bend. Keeping
the options for bending process open one can process bends of more complex structure. For instance,
if a workpiece is in the risk of colliding with the press brake’s bending tools, the operator should have 
the option to rotate the workpiece. 

6.3.5 Creating a more dynamic solution

Since the workpiece must be processed outermost-to-innermost in order to avoid collisions within the 
press brake, it limits bending opportunities. To make the solution able to process workpieces 
regardless of bending order, a more advanced calculation of the workpiece’s dimensions needs to be 
performed. For instance, by knowing the workpiece’s highest and lowest point inside of the press 
brake, it would be possible to determine if it will collide with the press brake tools when unloading it. A 
final solution to this issue could be to first move the workpiece sideways, avoiding the press brake 
tools entirely.

Additionally, the project application should be able to estimate the actual length of the workpiece 
inside of the press brake after each bend. In that way the unloading of workpieces would be more 
dynamic. In the current solution the robot arm is always moved a fixed distance from the press brake 
when unloading the workpiece. 

For now the application is adapted to only one set of bending tools. However, Bystronic offers many 
bending tools depending on the bending results. To be attractive to the consumer market the 
application should be adaptable to any bending tool that the supplier offers. 

Another thing to consider is that Bystronic is not the only supplier of press brake machines, so adding 
support for different machines of different brands would also be a wise decision.

6.3.6 User interface

If an operator is going to handle the application, it should be simple and intuitive. With the user 
interface, the operator could choose bending tools, robot gripping tools and which bendpart file to 
process. The interface could also offer basic functions such as “Start”, “Stop” and “Test bending cycle”.
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With “Test bending cycle” the operator could run a bending process to assure that the robot is able to 
reach all the desired positions. 

6.3.7 Collision detection

If the robot is in the risk of colliding with the press brake or nearby objects, the application should warn
about it beforehand. In order to detect collisions, a 3D simulation program needs to be developed. A 
bending cycle can be tested in the virtual world before the actual bend cycle is executed. 
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7 Conclusion
The goal with this project was to prove that it was possible to create a fully automated press brake 
solution. A software application was developed to extract relevant information about the bending 
process from the press brake. It was then used to calculate gripping positions of the workpiece for a 
robot. The application was required to handle at least two bends and the robot had to move 
autonomously without the need of further configuration. Several tests were conducted in order to verify
the solution. The project showed that this was indeed possible; all that is required from the operator is 
a drawn CAD of the workpiece, export the XML-file and load it into the application. The application will 
thereafter handle the remainder of the process automatically.

It was initially planned that employees at IFTL was going to test the finished application in order to 
evaluate its user friendliness. To meet that demand, a user interface needed to be developed. 
However, because of certain circumstances with the press brake leading to great time restraints, the 
plan had to be abandoned. This feature is indeed something that should be developed if the 
application will be launched into the commercial market. 

The use of the Agile Methodology was adapted in combination with the traditional method of the 
school. For the project, only one sprint was required to fulfil the goals of the application, it was mostly 
due to frequent communication with the client. Agile methodology has been useful and it is 
recommended to any projects focusing on software development. 
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