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ABSTRACT 
  
In this paper, we present a collaborative press brake application that uses a collaborative robot (also known as a 
cobot) to perform a series of operations on a series of sheet metal parts. The benefits of the automated machine 
operation mirror those of automating production tasks in general: improving efficiency and accuracy and freeing 
up workers to perform other tasks while the series is in production. This application is equipped with a safety 
scanner and ABB's SafeMove function to meet the stringent machine safety standards. The paper discusses the 
harmonized machine safety standards and risk assessment required to evaluate the application and presents the 
process and the results of the risk assessment of this application. The ISO 12100 standard is used as a reference 
framework for risk assessment and mitigation. The article also compares a real application using a collaborative 
robot with a simulated application using an industrial robot in the same machine tending task. The aim is to 
compare the safety characteristics required for a collaborative robot application and a traditional industrial robot 
application. 
  
The results of the article show the differences between a real collaborative robot application and a simulated 
industrial robot application. The main conclusions are that the use of a collaborative robot makes material flow 
management more flexible and application programming and minor modifications easier. In addition, the use of a 
collaborative robot saves expensive floor space in production. SMEs have also shown interest in integrating a 
robot into an older production machine already in use as a cost-effective way to modernize and improve 
productivity. In practice, however, a collaborative robot cannot usually run a series as fast as an industrial robot 
because it is not isolated by fences, and the high speeds of an unisolated robot are usually dangerous from a 
machine safety point of view. In addition, an industrial robot has a better load-bearing capacity than a collaborative 
robot. Nevertheless, the application attracted the interest of SMEs because of its production efficiency and staff 
involvement. In addition, the mobile collaborative robot station used in the application attracted the attention of 
the SMEs because of its versatility. However, current standards require the station to be stationary during the risk 
assessment process and the risk assessment of a collaborative robot is generally a more demanding process than 
for a traditional fenced industrial robot. Yet, the benefits of flexible and collaborative manufacturing processes 
make it important to investigate risk assessment examples to facilitate broader adoption of such applications.  
  
INTRODUCTION 
  
As generations age, finding skilled labor for the metalworking industry is becoming increasingly difficult [1, 2]. 
The problem is compounded by the fact that younger generations are less interested in the physical work of the 
industry and in learning the traditional skills required of production workers. In addition, the increasing complexity 
of products and quality requirements, as well as the general shortening of working lives and increased competition, 
particularly in SMEs, pose significant challenges for the training and qualification of staff. This is a big problem 
in Finland, as the metal industry's share of the sold production was 40% in the year 2022 [3]. 
  
Robotics has been present in the metalworking industry for decades and its role has increased with technological 
progress and decrease in price [4]. According to the International Federation of Robotics (IFR), the number of 
global robot installations has risen from 159 000 units to 553 000 units between 2012 and 2022. In Finland, the 
corresponding rise was from 330 units to 631 units – however, the peak year was 2016 with 699 installations [5]. 
The forecast of the annual global market growth from 2023 to 2026 is 7% [5]. Globally, the three biggest sectors 
using industrial robots are the electronics industry (28%), the automotive industry (26 %) and the mechanical 
engineering industry (12%) [5]. In Finland, the mechanical engineering industry was responsible of over 42% of 



the new robot investments in 2022 [5].  Robotic applications in the metal sector have mainly focused on welding 
and related processes and machine service [4].  
  
In recent years, the integration of collaborative robotics, known for its versatility and safety, has increased in many 
applications and uses as technology has developed. There is no separate statistics for collaborative robotics, but in 
general it is known that the global market share has already increased to 10% of the total of investments, which 
for Finland would correspond to the trade of approximately 60 units annually [6]. The most typical industrial 
applications of cobots are assembly, pick and place tasks, and material handling [7]. Also, welding tasks have 
recently become more common especially within SMEs [7, 8]. Applications have also seen an increase in the 
integration of collaborative robotics to work with older production machines.  
  
Safety in industrial cobotics is an important aspect, and research has been conducted in different areas including 
collision prevention, prediction of human intentions, and risk analysis approaches [9]. A safety design process for 
collaborative robots has also been defined [10]. The process includes applying the relevant safety standards, 
performing a risk assessment for the application and the chosen tools, and assessing the adequacy of the internal 
safety functions [10]. In general, one of the main challenges in applying the standards is to identify the relevant 
risks for the company and to implement appropriate measures to reduce the application-specific risks to a tolerable 
level. The harmonised standards provide comprehensive, general guidelines, but applying the standards to achieve 
the required level of safety places a considerable amount of responsibility on the user. For this reason, in addition 
to carrying out high quality risk assessments, examples of risk assessments are crucial in providing guidance for 
comprehensive risk management.  
  
This paper presents a collaborative press brake application using a cobot, which is then compared with a simulated 
industrial robot application to achieve the same manufacturing purpose. The risks of the application are determined 
by the relevant standards. This article states that conducting a risk assessment for a collaborative robot, despite the 
novelty of the products, is implementable. Furthermore, in such applications, it is possible to achieve a higher level 
of safety more cost-effectively with a collaborative robot than with a standard industrial robot. The paper is 
organised as follows: first, the risk assessment for the real and simulated application is carried out, then the main 
results of the risk assessment are presented, then the conclusions are presented, and the last sections include 
acknowledgements and references. We also emphasise that the ultimate responsibility and integrity of the risk 
assessment lies with the user. 
 
RISK ASSESMENT 
 
In order to provide a risk assessment for the application introduced earlier, the relevant harmonized standards must 
be taken into account for the general risk assessment structure, and for finding the application specific risks for the 
collaborative press brake solution and for the simulated industrial robot solution. The general risk assessment and 
reduction strategy of ISO 12100-1 introduces a five-step procedure [11]. First, the limits and the foreseeable 
misuses of the machine are identified. Second, the hazards and associated hazardous situations are identified. 
Third, the risk is estimated for each identified hazard and hazardous situation. Fourth, the risk is evaluated and 
decisions are made to reduce the risk. Finally, in the fifth step, the hazard is eliminated or the risk associated with 
the hazard is reduced by protective measures [11]. 

 Figure 1: Servo press brake machine integrated with a collaborative robot. 



The first step is to determine the limits of the machine. Figure 1 shows the real application where CoastOne Cone 
G25 servo press brake and ABB Gofa CRB 15000 are integrated together to achieve an automatic bending cycle. 
The press brake could be used separately when the robot is not in automatic mode. In the simplified simulated 
application, the collaborative robot is replaced by an ABB IRB 2400 industrial robot. That is shown in Figure 2. 
 
The applications have several things in common. The intended use is the automated bending of sheet metal parts, 
with material handling performed by either a collaborative industrial robot or an operator and actual forming 
performed by a servo-operated press brake.  
 
Operating modes include automated cycles and, for the collaborative solution, manual cycles when the robot is not 
in operation. Operators must be suitably trained and agree to use the machine in a safe manner. All workspaces 
must accommodate the robot's range of motion and the press brake's operations. Safety zones with detection 
devices are required to prevent unauthorized access during operation and to slow down or stop the machines if 
approached. 
 
The foreseeable misuses in a collaborative press brake solution include improper loading, unauthorized operation 
and misuse of the space required for safety scanners as storage. Robot movement requires adequate space, and 
operators need basic training in robotic systems and press brake operations. The collaborative nature allows both 
automated and manual modes. 
 
A simulated industrial robot solution has the same assessment as a foreseeable misuse as the collaborative 
application, but because this application uses an industrial robot without physical barriers, it requires larger safety 
zones due to higher speeds and forces. Operators and factory personnel need special training to work near the 
robot. The risk of hazards is greater when the press brake is operated manually. 
 
In the second step of identifying application-specific hazards, the following standards were used: ISO 10218-2: 
Robots and robotic devices – Safety requirements for industrial robots – Part 2: Robot systems and integration 
[12]; ISO TS 15066: Robots and robotic devices – Collaborative robots [13]; ISO 11161: Safety of machinery – 
Integrated manufacturing systems – Basic requirements[14]; and ISO 12622:2009 +A1:2013: Safety of machine 
tools – Hydraulic press brakes[15]. In addition, the draft ISO 6909: Machine tools – Safety – Presses provides 
useful information for identifying and analyzing hazards and risks for the application in question, as it includes 
servo-operated press brake systems [16].  
 
For this article, the risks presented are limited to the mechanical hazards. Once the hazards have been identified, 
the third step is to assess the hazards. Table 1 provides the hazard and risk analysis and the mitigation measures 
for the collaborative robot solution and Table 2 for the simulated industrial robot application. The tables also 
include the reference to the standard where the hazard is mentioned. The high-risk mechanical hazards are listed 
in the first columns of the tables. The risk for each of the hazard is estimated according to ISO 12100 [11] by 
analyzing the severity and the probability in columns. In the fourth step, the risks are evaluated and the decisions 
on the need for risk reduction are presented in fourth column. The decisions presented in the table also include the 
fifth step, where the hazard must be eliminated, or the risk associated with the hazard must be reduced by means 
of protective measures. The mitigation measures are presented in the fifth column. Tables 1 and 2 are provided 
only as an example and their use is the responsibility of the personnel responsible for its application. 
 
 

Figure 2: Simulated example environment (notice: safe zones only for example) 



Table 1: Hazard identification, risk evaluation and risk mitigation for the collaborative robot solution. 

Table 2: Hazard identification, risk evaluation and risk mitigation for the industrial robot solution. 

RESULTS 

The assessment of the mechanical hazards for collaborative and industrial robots reveals differences in risk 
severity, probability and mitigation measures. Collaborative robots generally have lower severity and probability 
ratings due to their design for safer human interaction. For example, pinch points have a high severity and medium 
probability for both robots, but collaborative robots use built-in safety sensors and lower speeds and loads, while 
industrial robots require more robust monitoring and control. 

Collisions with the robot arm have a medium severity and high probability for collaborative robots, requiring 
mitigation through safety sensors, safety zones, speed and separation monitoring, and collision detection systems. 
Industrial robots with higher impact forces require similar measures, with an additional focus on monitoring and 
control, as they do not usually have built-in safety sensors, such as joint force and torque measurement. For this 
reason, more external safety features and mechanisms must be installed to reduce the risk to a tolerable level. 

Cutting hazards are of high severity and medium probability for both robots, requiring guarding, safety sensors 
and PPE. Crushing and shearing hazards are significant for industrial robots, requiring guards and barriers, but are 
not as likely for collaborative robots. Entanglement hazards, which are of medium severity and probability, require 
similar mitigation for both types of robot, again with more emphasis on industrial robots. 



Ejection of machine components and workpieces is a critical hazard for industrial robots, with high severity but 
low probability, which can be mitigated by securely mounting components, using protective barriers and 
implementing maintenance protocols. Unexpected movements of machines or robot cell parts are high severity, 
medium probability risks for both robots, requiring emergency stop functions, fail-safes and regular maintenance. 
 
Finally, the risk of being trapped inside a robot cell is high severity but low probability for both types, and is 
mitigated by providing accessible emergency exits, ensuring that cell doors can be opened from the inside, and 
installing safety sensors. 
 
In summary, while both types of robot share common risks and mitigation strategies, industrial robots often require 
more stringent safety measures due to higher operating forces and the lack of built-in torque and force control 
safety sensors. This highlights the need for tailored safety protocols to address the specific risks associated with 
each type of robot application. For the hazards and risks assessed from the industrial robot cell, fencing around the 
robot cell is suggested to ensure safe operation. This is shown in Figure 3. Partial fencing is also proposed for 
collaborative robotic cell to ensure that the area is not used for storage and accidental approach of operators and, 
for example, forklifts are better controlled. 
 
It should also be noted that the risk protection measures are fully or partially achieved by the safety components 
controlled by a safety system. Standards 13849-1 and 13849-2 are required to assess the required performance of 
the electromechanical safety system [17, 18]. These results are only intended to give an example of risk assessment 
for collaborative and industrial robot solutions, and the final responsibility for risk assessment lies with the 
personnel responsible for their own solution. 
 
CONCLUSION 
  
From the results it can be concluded that the use of collaborative robots in machine tending applications still 
requires consideration of external safety features. Even if the collaborative robots are built with safety features 
such as force and torque sensors, the sharp edges of the workpiece or the robot tool still pose a hazard to the 
operator. However, the collaborative robot application in this application could be made safer because the 
collaborative robot has built-in safety features for force and torque monitoring of the robot joints. Using safety-
rated laser area scanners in collaborative setups increases flexibility and safety by enabling dynamic safety zones 
and reducing the need for physical barriers. This makes the workspace more adaptable to change and improves 
productivity, particularly in low-volume production and mixed product assembly environments [19].  
 
In the future, these applications will become more common as collaborative robotics presents a low barrier for 
workers to learn robot programming and overall machine usage. This article states that conducting a risk 
assessment for a collaborative robot, despite the novelty of the products, is feasible. Furthermore, in such 
applications, it is possible to achieve a higher level of safety more cost-effectively with a collaborative robot than 
with a standard industrial robot. Small and medium-sized enterprises (SMEs) in Europe, including Finland, often 
produce small series. This is due to the niche markets they serve, which typically require production in small batch 
sizes rather than large scale production [20]. The use of collaborative robots with machines where manual 
operation is still possible offers opportunities for companies specialising in customised products. Benefits of 
flexible and collaborative manufacturing processes make it important to investigate risk assessment examples to 
facilitate broader adoption of such applications. 
 

Figure 3: Suggestion of fencing with industrial robotic application. 
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