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ABSTRACT 

The purpose of this thesis was to design an automated facility that transfers 

a heated sheet metal specimen from the oven to a press hardening die, as-

sembled in a hydraulic press. This project was commissioned by Sheet 

Metal Centre; a research and development department of HAMK University 

of Applied Sciences located in Hämeenlinna. A primary target of this thesis 

was to achieve a complete automated system, which would provide con-

sistent specimen transfer time, leading to comparable test results for die 

hardening research.  

 

Initially, a manual system was designed and a prototype was manufactured 

to be used in the transfer of hot sheet metal specimens, but inconsistencies 

were observed in the hardening results due to differences in the transfer time 

when using the manual transfer system. Hardening process is sensitive to 

the rate of cooling, which in turn, is related to the transfer time and this 

demanded an automated system to be designed. In developing the existing 

prototype, research was conducted to find an existing transfer system. Mul-

tiple automated systems were found for cold sheet metal transfer but none 

for hot sheet metals. This necessitated a completely new system design that 

could be used in elevated temperatures. A general approach to design was 

adopted to develop the manual prototype. This process involved multiple 

discussions with the customer and supervisor. Multiple ideas were gener-

ated and discussed with supervisor and the customer to validate the mecha-

nism that performs each necessary mechanical actuation. Later these actua-

tions were combined to form a complete system. 

 

Multiple visits to the research site and meeting reviews played an important 

role in getting familiarised and understanding of the work. Implementing 

general design steps such as research, brainstorming, ideation, concept de-

sign and virtual prototype development resulted in two different transfer 

systems. One of the systems was selected by the customer for further devel-

opment. The system designed will be manufactured and assembled at the 

Sheet Metal Centre to assist the die hardening research. The gripping tool 

for the system will be designed later in another project and any optimization 

or further development of the system, if needed, will be carried out then. 
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1 INTRODUCTION 

Automating a manufacturing process, service or a task by introducing auto-

matic or distant control over machinery is automation. Automation can be 

established in a system for various purposes such as reduction in labour, 

improving precision and quality of the task, higher safety, higher produc-

tivity and optimizing energy as well as raw materials being used. It is widely 

used in industrial sector as well as research based tasks. Involving machines 

to do a task instead of human being often opens door of new possibilities of 

working in extremes such as high temperature, high radiation and other haz-

ardous zone. (Sure Controls n.d.) 

 

History of automation dates back to the early Greek civilization. Around 50 

A.D., a Greek inventor called Hero developed an automated system that 

would open a temple door when a priest lit a fire on the temple altar. Despite 

of an early birth of the concept, automation flourished during the Industrial 

Revolution of the early eighteenth century. Many of the steam-powered de-

vices built by James Watt, Richard Trevithick, Richard Arkwright, Thomas 

Savery, Thomas Newcomen, and their contemporaries were simple exam-

ples of machines capable of taking over the work of humans. (Automation 

History n.d.) 

 

The design of an automated system deals with the principles, proper func-

tionality as well as the production of the system itself. It also includes the 

industrial design aspect such as colour, texture, assembly pattern and all the 

consumer appeal to be dealt with as well. In the first stages of designing a 

mechanical system, starting point is a market need followed by conceptual-

ization of reasonable ideas as solutions leading to a full product specifica-

tion at the end. Here, as the starting point for this thesis, Sheet Metal Centre 

which is the research department of HAMK University of Applied Sciences, 

needed an automated mechanism to transfer a hot sheet metal specimen 

from the oven to the die for die hardening research. The primary objective 

was to design a system which would deliver each successive transfer in a 

uniform time of travel. (Ashby 2005, 12.) 

1.1 Customer requirement 

Steel is one of the most common materials used in the construction of static 

and mobile devices. The automotive industry and the ship construction in-

dustry as well as almost all other transportation related industries use steel 

as the basic material for their vehicles. Steel is the strongest and most af-

fordable material for applications. It can also be recycled and reused multi-

ple times for the same application. Unlike aluminium, steel does not degrade 

in quality during the recycling process and this makes it even more suitable 

as the main construction material. It can be engineered up to a microscopic 

level in a lot of different ways to meet the requirements of crash safety and 

performance of a vehicle. For higher safety, the material used in vehicles 

has to absorb crash energy so that it dissipates that energy from reaching 

the passengers. Also, during a side collision, the material has to be strong 

enough to deflect energy with minimum deformation into the passenger 
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area. Using low strength steels a higher amount of material is required to 

reach desired strength levels, this increases the mass of the vehicle making 

it less efficient. This issue has been solved through the history by utilizing 

advanced higher strength steels; developed versions of steel with applica-

tions such as heat treatment and alloying. They not just reduce the mass of 

a car but also provide better strength and allow more flexibility in the design 

process. To fulfil this need, Sheet Metal Centre needs the die hardening 

process research facility. (The future of Steel in the Automotive Industry 

2014.) 

 

This thesis introduces the manual mechanism developed as a prototype dur-

ing summer and then describes in detail the design of automated mechanism 

from a basic ideation to the final specifications of the product. Each step of 

the design process is described in the respective topic. A general arrange-

ment of the oven and die as presented by customer are shown in Figure 1 

below. 

 

Figure 1 Arrangement of oven and die presented as required by customer (Kärppä, e-

mail 01.04.2015). 

2 HARDENING 

The hardening process of a metal is based on the modification of its crystal 

structure and composition at a microscopic level. This is achieved by con-

trolling the rate of diffusion and the rate of crystal transformation within the 

microstructure during different phases of steel. Fe-C phase diagram in Fig-

ure 2 shows the phases achieved by heating steel to higher temperatures. 

Steel exists in different phases, the α-ferrite phase is stable form of iron at 

room temperature, and the γ-austenite phase is achieved by heating steel to 
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the austenite region shown in Figure 2. The austenite area extends from 727 

°C to 1493 °C depending on carbon concentration in the steel. Steels usually 

have carbon less than 1% so all the ferrite will be transformed to austenite 

when heated above 900 °C. This phase is not stable below 727 °C and is 

crucial to be attained for hardening which is why the specimen is heated to 

above 900 °C in this hardening process. The δ-ferrite phase is another phase 

which is achieved by heating steel above 1394 °C (MSE 300 Materials La-

boratory Procedures 2016). 

 

 

Figure 2 Iron–Iron Carbide (Fe–Fe3C) Phase Diagram (MSE 300 Materials Laboratory 

Procedures n.d.). 

Steel is cooled after attaining the austenite phase to achieve the desired 

product in heat treatment. Microstructures in steel exist in different forms 

and sizes. The strength and hardness of steel is related to the grain size in 

its microstructure; smaller the grain size, the stronger is the steel material 

and vice versa.  

 

Austenite transforms into different microstructures such as pearlite, bainite 

and martensite depending on the rate of cooling. Pearlite is soft as the grains 

are larger, bainite is harder and stronger than pearlite but these are not the 

final targets desired in steel after the heat treatment. Martensite is the hard-

est and strongest microstructure in steel. Figure 3 gives an overview of the 

hardening process. 
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Figure 3 Austenite transformation (MSE 300 Materials Laboratory Procedures n.d.). 

The time of cooling is crucial information for obtaining the desired micro-

structure in the hardening process. Here, the desired microstructure is mar-

tensite as it offers the hardest and strongest structure. Martensite forms 

when austenite is rapidly cooled to room temperature. The allowed time for 

cooling or the rate of cooling is estimated using isothermal transformation 

diagram or TTT diagram shown in Figure 4. The letters A, P, B and M rep-

resents austenite, pearlite, bainite, and martensite microstructure in the 

product. From the diagram, if the specimen starts cooling from 800 °C, it 

should cool down to 500 °C in one second or less, and then, to about 200 

°C in less than the next 100 seconds. This is the maximum cooling time for 

austenite to turn into martensite. Here, the first few seconds of active cool-

ing are crucial, the cooling curve cannot touch or pass through the S curve 

but should only touch or pass through the horizontal line indicating the start 

of martensite formation. This is the reason for the transfer of the specimen 

taking place in the minimum time possible.  
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Figure 4 TTT diagram (MSE 300 Materials Laboratory Procedures n.d.). 

As can be seen in Figure 4, slight variations in cooling rate can result in 

different grain sizes and microstructures, leading to varying mechanical 

properties in the resulting product. The time of travel between the oven and 

die is not involved in active cooling of specimen but variation in that time 

during different tests can result in inconsistent result of the overall research. 

During manual transfer, the transfer time does not just depend on the trans-

fer system but also on worker. Two different transfers cannot be guaranteed 

to have similar times of transfer when done manually due to several factors 

such as worktime, health, motivation, work environment and other physical 

causes.  

 

Test results should be compared with each other in this research project and 

all the tests should be conducted in same conditions to be compared. Manual 

transfer as it is now, has an uneven transfer time leading to variations in the 

results. Automated systems on the other hand are designed to execute sub-

sequent tasks in identical conditions. Introducing automation into this trans-

fer system will ensure similar conditions and transfer times in every test, 
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giving comparable results for the research project. Also, the transfer time 

can be calculated or measured in an automated system which will stay the 

same in each following transfer and its effect on the results can be analysed. 

Hence, it was essential to use automation in this transfer process to gain 

comparable test results for the research project. 

2.1 Die hardening 

Despite the same theoretical background, there are several methods of heat 

treatment based on the apparatus used and the sequences involved. Die 

hardening is a hardening process which involves applying pressure to the 

specimen while cooling. The hot specimen is placed in between two dies 

which press the specimen slowly with minimum impact. After the opera-

tion, a hardened sheet with more martensite structures is obtained and fur-

ther research will be conducted. 

2.2 Specimen 

The specimen to be transferred was a 200 mm x 300 mm sheet metal 1 to 2 

mm thick weighting 0.5 kg (1 mm) to 1 kg (2 mm). They are usually hot 

formed grades of steels intended for automotive structural and safety com-

ponents. The most common material used as a specimen is Boron steel 

22Mn5B coated with zinc. Zinc coating prevents steel from rusting and is 

commonly used to get rid of corrosion. Though steel has high melting and 

boiling points, zinc melts at 419.5 °C and boils at 907 °C. Under normal 

conditions, being exposed to 880°C - 950 °C, zinc melts and starts vaporiz-

ing. However, in this case, the zinc layer still exists after heating to 950 °C. 

Zinc on the outermost surface of the specimen forms zinc oxide which has 

much higher boiling point of 2360 °C. Hence, though the zinc melts, the 

protective layer of zinc oxide keeps zinc from escaping and the zinc coating 

still stays after hardening process. Figure 5 shows the specimen and zinc 

coating layers on it along with the oxide layer. 

 

Figure 5 Layers of zinc and its oxide on specimen. 

The specimen was heated in oven to 950 °C and is in between 880°C to 950 

°C during transfer. The time of transfer should be less than 5 seconds and 

should be prevented from cooling as much as possible. The cooling of the 

material takes place in three main ways: conduction, convection and radia-

tion. During transfer, the specimen is cooled by air through convection. This 

is responsible for low rate of cooling and needs a vacuum environment to 

eliminate the convection, so is not of primary concern. Radiation happens 

due to the high temperature of specimen, the radiation cannot be eliminated 

as the specimen is required to have higher temperature. In conduction, heat 
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is transferred from a hotter body to a colder body by direct molecular colli-

sion. Energy is transferred from higher energy particles to lower energy par-

ticles without an actual transfer of mass during the conduction. The rate of 

cooling in conduction depends on the temperature gradient, the physical 

material property, the thickness of the barrier (if any used) and area of con-

tact. The rate of cooling (Q/t) is related to area of contact A, thickness of 

barrier d, heat transfer coefficient k and temperature gradient (Thot − Tcold) 

as, 
  

 

 

Here, the surface contact area of the specimen with other metal can be re-

duced to lower the rate of cooling. If the specimen is dragged, dome shaped 

or pointed projections can be used as a sliding base to minimize surface 

contact. Since the specimen remains stiff enough after heating, the specimen 

is gripped and transferred through air without using any sliding base. This 

significantly reduces the rate of cooling and provides better hardening re-

sults as there is no surface contact at all except at the gripping area.  

3 DESIGN PROCESS 

Designing a product is a long and complex process that starts with a cus-

tomer requirement or an idea of a certain product and ends to a developed 

product, may it be a part or a complex assembly with multiple parts and sub-

assemblies. Different institutes and companies have been designing prod-

ucts for the market using their own strategies and methods. During the long 

age of industrial development, there have been numerous approaches in de-

sign processes and hence the design itself has diverged into many different 

combinations of steps optimized for various fields of applications. Design 

in the fashion world, architecture, web based applications, engineering de-

sign as well as computer and smartphone software are examples of the di-

versity in the design world.  

 

Despite the diversity, there are some basic steps every design process has to 

follow. An identification of the needs or customer requirements is the first 

step followed by research for solutions. After defining the needs, ideas and 

new concepts are gathered. The best ideas are selected based on possibilities 

and benefits, taking the process further to detailed design. Idea selection are 

done with idea selection matrix as well as discussions with supervisor and 

clients. This phase decides the basic details needed for complete product 

development which leads to knowledge and material gathering. After test-

ing and refining the ideas and prototypes (if applicable) the product is ready 

to be manufactured and launched. The lifecycle of a product including its 

retirement and environmental issues also need to be considered in the pro-

cess design of a product.  

 

An engineering design process is a series of different steps interrelated and 

linked with each other in multiple ways. The main steps in a design cycle 

are as follows: 

 Defining the problem 

Q

t

kA Thot Tcold 
d
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 Feasibility study 

 Research for solution 

 Brainstorming and ideation 

 Selection of idea 

 Design and assembly of parts and components needed 

 Prototype development 

 Prototype testing and optimization 

 Product recycle 

 

Engineering design leads to a product that is designed to be manufactured 

and follows same basic steps explained above but with few modifications. 

New problems need innovative solutions while designs related to general 

product development are manipulation of technologies and materials al-

ready available. Most of the design works are development of existing prod-

ucts, this project is a combination of redesigning the manual mechanism 

and introducing automation in the process.  

 

Design projects are guided by national and international standards to ensure 

minimal environmental impact, enhanced and certified level of safety and 

so on. Designing a mechanical system in Europe needs to follow machine 

safety directive as described in directive 2006/42/EC of the European par-

liament and of the council on machinery, and amending Directive 95/16/EC. 

On this case however, as mentioned in article 1, section 2 (h), it is not 

needed to follow up the directive for machinery specially designed and con-

structed for research purposes for temporary use in laboratories. (Council 

directive 2006/42/EC.) 

 

The progress of design is process is checked with milestone meetings. A 

milestone is an event during project that is used to give insight of progress 

about achievements of predefined goals. If there is a failure in milestone, 

the task is taken into consideration again knowing its flaws and corrective 

measures are implemented. There are several milestone meetings during the 

project and the number of meetings depend on the progress of meeting. Ta-

ble 1 below lists the milestone meetings during the design process of the 

automated transfer system. Further details of milestone meetings are at-

tached as an appendix 1. 

Table 1 Milestone meetings. 

S.N. Milestone Objective Result 

1 Thesis review meeting 1 Thesis orientation in Sheet 

Metal Centre Hämeenlinna 

Passed 

2 Thesis review meeting 2 Idea/Concept discussion Passed 

3 Thesis review meeting 3 Detailed design review/pro-

totype review 

Passed 

4 Thesis review meeting 4 Final design review Passed 
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4 FEASIBILITY STUDY 

Automation has become an essential part of industries and business now. 

Automated industries are even aiming for lights off production; a produc-

tion plant completely automated which needs no human to process the tasks. 

A lot of car industries and other sheet metal using facilities are being in-

volved in automation as well. For the given development in this field, there 

are many sheet metal transfer based automation solutions available in in-

dustrial scale. 

 

The automated platform that is to be designed for this process has multiple 

constrains. Limited dimensional separation in between the die plates allows 

only limited sized components to pass through. Due to extreme tempera-

tures, not all components can be used and selection of components should 

be done with extreme caution. Other than that, the research facility demands 

high repeatability of the automation process. The transfer time is limited 

and system needs to be reliable as multiple tests are to be carried out using 

the same facility. Safety of worker is always one of the main requirement 

in design. However, transfer time, repeatability and reliability are the main 

requirements for this design. 

4.1 Market research 

Sheet metals are not as heavy for transportation compared to other solid 

metal products and raw materials, but they are delicate as it is easy to bend 

and deform them during transportation. Usually, industries use vacuum 

technology for transportation of sheet metals within the automated facilities. 

The technology is based on creating a vacuum between the surface of sheet 

metal and a suction cup, which holds the sheet and transport it anywhere as 

designed. The flexible property of polymer cup allows working with various 

materials, geometries and surfaces qualities. A lot of companies are dedi-

cated to supplying automation solutions to industries and most of them are 

designed according to the individual needs of customer.  A crossbar robot 

used for sheet metal transfer is shown in Figure 6 below. 

 

 

Figure 6 A crossbar robot holding sheet metal (Schuler n.d.). 
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Companies such as Dreher Automation, Schuler, TCR Incorporation, etcet-

era are examples of companies that provide complete automation solutions 

for sheet metal operations. Figure 7 demonstrates an automated solution of 

a servo press with a coil feeding line, a blank holder and three axis transfer 

system developed by Schuler. In such industrial solutions, sheet metal is 

gripped by rolling wheels which pull or push the sheet metal into its desti-

nation. 

 

Figure 7 Servo press with coil feeding line, blank holder and a three axis transfer system 

(Schuler n.d.). 

4.2 Customer needs and market 

The oven and die press in Hämeenlinna are there for a die hardening re-

search project which deals with sheet metals at elevated temperatures up to 

950 °C. Rodhe ME 45/13 oven, as shown in Figure 8 is used to heat the 

sheet metal. The oven door opens down, the figure shows the oven with its 

door in an open position. 

  

Figure 8 Oven used to heat sheet metal specimen (Kärppä, e-mail 01.04.2015). 
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A hot sheet metal sheet in this temperature needs specialized design or ma-

terials to carry it. Commercially available solutions are favourable in envi-

ronment with temperature close to room temperature only. Suction cups, 

which are the contact surface between sheet metal and transfer mechanism, 

are made of flexible materials such as rubber and composite materials that 

create airtight seal when attached to a smooth surface. Such polymer mate-

rials have low melting point and hence are not appropriate for applications 

in elevated temperatures. 

 

Apart from the commercially available solutions, Tampere University of 

Technology has developed a similar system that deals with elevated tem-

perature and similar machineries. It has a door mechanism that opens up, 

allowing the user to attach a string along with a test piece before heating 

and pulling it directly after the door opens. Figure 9 demonstrates the solu-

tion applied at the Tampere University of Technology Laboratory. The so-

lution shown here is feasible but it cannot be applied to the arrangement in 

Hämeenlinna as the door there opens down. 

 

 

Figure 9 Automated solution for small specimen in Tampere University of Technology 

Laboratory.  

5 MANUAL TRANSFER SYSTEM 

The manual transfer system was designed and produced at HAMK Univer-

sity of Applied Sciences, Riihimäki during summer 2015. During the de-

sign, the primary requirements were similar to the current requirements but 

the system had to be inexpensive and manual. Several ideas were discovered 

and designed for the manual mechanism but one final idea was manufac-

tured as a prototype. The product was made of sheet metal and the frame to 

support the system was made from leftover frames from the construction 

work for lockers at the HAMK Riihimäki building during the manufacturing 

period. 

5.1 Design of manual transfer system 

All the components needed were to be manufactured at HAMK Riihimäki 

using sheet metal technology, thus the design was focused on manufactura-

bility and limitations of sheet metal processing machines available in the 
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Riihimäki laboratory. Several ideas were gathered and presented during 

meetings, a selection of ideas was made based on the manufacturability and 

simplicity of the mechanism. A 3D model of the final idea was prepared 

and drawings were extracted for manufacturing.  

 

The final product was an assembly of multiple parts and sub-assemblies. 

Figure 10 gives an overview of the final assembly tree. 

 

 

Figure 10 Manual transfer system assembly tree. 

The manual transfer system also had to solve the cooling rate issue. The rate 

of cooling is high when there is more surface contact. This had to be reduced 

and as a solution, dome-shaped projections were designed on the sliding 

base for the specimen as shown in Figure 11.  
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Figure 11 Dome shaped projections with nut as solution for cooling issue. 

Manufacturing of dome shape was not possible in production site, so, dome 

shaped nut were assembled on a sheet metal profile. The assembly was riv-

eted to table later during production. 

 

An arm with hooking mechanism was designed so that it could move along 

the length of the wall and table. There were no bearing wheels or any other 

components to check the friction in the sliding mechanism. User would have 

to drag the moveable handle assembly from oven to die and back. 

Figure 12 shows the hooking mechanism, the plate with hooks rotates to a 

certain degrees allowing the hook to enter and leave the holes in specimen.  

 

Figure 12 Hook and its assembly in lifted position. 

The hooking mechanism was installed on an arm with a handle and assem-

bled on the wall of the transfer system, allowing it to move along the length 

of the wall. Figure 13 shows the assembly of the hooking mechanism and 

the handle to the wall where it slides during its operation. The rotation of 

the hook holding plate was controlled by pulling a wire attached to the plate 

and an arm holding it. 
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Figure 13 Movable handle with hooks and specimen (hooked position) assembled on 

wall of manual transfer system. 

The wall was assembled to the supporting table along with sliding base 

(green coloured long plate like parts seen in Figure 14) for the specimen. 

Figure 14 shows the final product along with a manikin for a better under-

standing of the dimensions. On the right to the transfer system is the oven 

(brown colour) with a vertically opening door and on the left there is the die 

assembly. 

 

 

Figure 14 Manual transfer system along with oven and die. 
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5.2 Manufacturing of manual transfer system 

Manufacturing of parts based on technical drawings was conducted at the 

HAMK Riihimäki laboratory. Most of the parts were manufactured using 

sheet metal of a thickness between 1 mm to 2 mm available in the labora-

tory. Basic sheet metal processing operations were used including shearing, 

punching, bending and spot welding. A sheet metal cutting tool mainly a 

guillotine was used for shearing. Sheet metal cutting scissors were occa-

sionally used. Bending was done with three bending machines in the 

HAMK Laboratory, two of them were bending brakes and one press brake 

machine. Punching tools were used to make circular holes and rectangular 

cut outs. Joining was done using spot welding machine and normal nut bolt 

connection. For some thick plates, drilling was done using different size 

drill bits on the vertical drilling machine. Sawing was performed to cut thick 

plates on the sawing machine and also using an electric hand saw. 

 

Sheet metal of a thickness between 0.5 mm to 2 mm was used to make all 

the parts except the table. Hooks and bicycle wire were the only commer-

cially available parts which were bought from a local store. For the profiles 

designed, stainless steel hooks with brass coating were used as presented in 

Figure 15.  

 

 

Figure 15 Commercial hooks used in manual transfer mechanism. 

5.3 Manual transfer system; advantages and disadvantages 

The manual transfer system was assembled in Riihimäki and delivered to 

Hämeenlinna for its use. This system is safer to operate as there is no direct 

contact between the specimen and the user. The sliding base with dome 

shaped nuts reduces contact surface between specimen and base, which 

lowers the rate of cooling of specimen leading to better results. The hooking 
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mechanism could be easily replaced if damaged due to the intense heat, but 

despite multiple benefits, the system had some flaws as well. 

 

The handle that slides along the wall had no elements to reduce friction 

between the sliding face of wall and itself which resulted in irregular motion 

of the moving part during its use. Hooking mechanism was difficult to use 

due to lower repeatability and rigidity issues. Hooking mechanism itself 

was not reliable as the specimen would be unhooked if any disturbances 

were to occur during the transfer. On top of these limitations of system it-

self, the time of transfer was not constant in any successive transfers due to 

lack of precision and timing in work done by human. Sometimes the transfer 

would be faster and other times would be slower resulting variable time of 

transfer of the specimen. This gave difference in hardening results as the 

hardening process is very much dependent on time of cooling. 

 

Due to the later reasons, the manual transfer system would not be a reliable 

system for the research of die hardening. A system with smooth motion and 

consistent time of transfer would be needed. These demands gave birth to 

necessity of an automated transfer system. 

6 FINAL DESIGN; AUTOMATED SYSTEM 

As oven and die are next to each other, path of transferring the specimen 

can be a simple straight line through dies. This requires the grabbing com-

ponent to pass through the dies as well or it could contain an extra step in 

between which would eliminate the necessity of grabbing tool to pass 

through dies. Considering these possibilities, two different mechanisms 

were designed. One with a linear path and longer linear actuator to transfer 

specimen. Another with a rotary sequence in between the oven and die. A 

rotary actuator would rotate specimen and grabbing tool by 180 degrees so 

the tool would not need to pass through the dies, hence, any commercial 

grabbing tool can be used irrespective to its dimensions. In this topic, final 

solutions are explained and detail information regarding each mechanism 

and actuation are further described in chapter seven. 

 

Two transfer systems are proposed in this thesis. Both systems use gripping 

tool to hold the specimen during its transfer. Here, the specimen should be 

stiff enough also at elevated temperatures for the concepts to work. This can 

be validated with deflection analysis using virtual analysis tools. 

 

The specimen is 200 mm × 300 mm sheet metal of thickness 1 mm to 3 mm. 

In the process, there is no external load acting on the specimen but still, 

deflection occurs due to its own weight. The maximum deflection was on 

the opposite edge to the one from where it was gripped. Analysis tools 

CREO 2.0 and ANSYS were used to check the maximum deflection of sheet 

at 900 °C. Displacement was found to be higher for thinner material, the 

maximum for 1 mm sheet being 5.50 mm at the edge. Following figures 

show the deflection while gripped at one end and heated to 900 °C, blue to 

red colour indicates minimum to maximum deflection.  
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Figure 16 ANSYS analysis for deflection of sheet at 900 °C. 

 

Figure 17 CREO analysis for deflection of a sheet at 900 °C. 

Now, considering the probable maximum deflection, the dropping point for 

the gripper should be 6 mm higher than the die for the system that imple-

ments rotation. System where specimen is dragged through the die is not 

prone to deflection of sheet and deflections of few millimetres are not nec-

essary to be considered. 

 

It is also essential for the position of specimen in oven to be fixed for auto-

mated system to pick it up properly. This can be ensured by using ceramic 

base with a predefined area to place the specimen so that the specimen can-

not be placed anywhere else. A ceramic base with a rectangular space for 

specimen as represented by yellow part in Figure 18 can be used. It can be 

placed in oven as illustrated in following section diagram of oven. Here, the 

yellow L shaped cross section of ceramic structure stops the specimen from 

moving back deeper into oven. Side walls of ceramic base itself around 

specimen physically stops it from being placed wrong during heating. 

 

Current ceramic block being used as base in oven stays stationary because 

of friction between contact surfaces. To ensure immobility of new base, 
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holes can be drilled in ceramic base of oven and new ceramic part can be 

fixed on that. If modification of oven material is not preferred, a base of 

larger dimension and weight can be used so that the friction between new 

ceramic base and oven floor will keep it stationary in oven. The new ce-

ramic base for specimen can have rough surface to enhance friction. 

 

 

Figure 18 Specimen position in ceramic base and in oven. 

6.1 Oven door operation 

An electric linear actuator was selected and a connecting bracket was de-

signed to connect slider of linear actuator and oven handle. The mechanism 

selection and proposed ideas are explained in section 7.5.3. The connection 

bracket consists of two rods or standard screws of 8 mm diameter assembled 

to a base plate. Handle of oven will stay in between the rods and whenever 

it moves up and down, the handle as well as oven door is dragged along. 

The base plate holding rods is bolted to slider of linear actuator so that its 

vertical motion can be controlled to operate oven door. Figure 19 shows 

assembly of connection bracket with slider of linear actuator. 

 

The actuator is assembled to a vertical rectangular beam with standard 

screws and nuts which is then fixed on the side of oven handle. All rectan-

gular beams used have same profile so that same raw material can be used 

to manufacture them. The whole assembly is fixed at 520 mm behind oven 

door. Figure 20 shows open and closed positions of door as well as slider 

during operation. 
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Figure 19 Connection bracket for handle of oven door. 

 

Figure 20 Opening and closing of oven door and respective slider positions.  

Initially, similar actuator as that of horizontal linear actuation was selected 

with a smaller stroke length. Control system of the actuator was discussed 

with supplier in email and it was recommended to use actuator with ball 

screw instead of belt drive for vertical actuation. If belt in belt driven actu-

ator fails, it may lead to sudden drop of door and can harm the system as 

the brakes of actuator may not be strong enough to hold vertical load. Tak-

ing that into consideration, the ball screw model of actuator was selected 

for door operation. A stroke length of 420 mm is needed for position as seen 

in 3D model of system. Based on the load, a model LEFS 25 B-500B-S31N3 

was selected from digital catalogue. More details about the actuator can be 

found from digital catalogue provided by supplier. (SMC Product catalogue 

n.d.). 
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6.2 Transfer system with linear and rotary actuator 

This mechanism includes linear actuator with rotary actuator and a gripping 

tool available commercially. Rotary actuator is a 180 degree rotating actu-

ator, it will rotate the specimen along with gripper so the specimen can be 

placed in die without gripping tool having to pass through it. In this mech-

anism, a shorter linear actuator is used as the length of travel for linear ac-

tuation is confined within oven and die. Figure 21 shows the initial idea for 

this mechanism. 

 

 

Figure 21 Initial idea sketch for the mechanism. 

Since the specimen is gripped, there is no need of a sliding base like in the 

manual mechanism. The handle rod of oven door also does not interrupt the 

motion in any way as there is no need of a sliding base for the specimen to 

be dragged on. Removal of the sliding base also eliminates the surface to 

surface contact between hot specimen and base, thus eliminating the cooling 

of specimen by conduction. Here, cooling only occurs by conduction which 

is through gripper. Since gripping is only on a side and constrained to a very 

limited area, the heat loss is significantly lower than in manual mechanism. 

Arm represented by a blue coloured bar stays in its home position between 

the oven and die during heating of the specimen. When desired temperature 

is achieved, the oven door opens and arm moves to oven, then gripping tool 

grips the specimen. Arm then moves towards die, when specimen is com-

pletely outside the oven, rotary actuator activates and rotates specimen 

along with gripper by 180 degrees. The specimen reaches die and is placed 

there to be pressed and processed for the research. The arm moves to the 

home position after leaving the specimen to specific spot on die. Figure 22 

demonstrates each step and the locations of specimen during the transfer. 
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Figure 22 Steps in automated system with rotation of specimen. 

For the system to run, actuators must be selected respective to the specimen 

properties. 

6.2.1 Gripping tool 

A commercial work holding tool readily available and suitable for the pur-

pose was selected to be used as gripper. Selection of gripping mechanism 

and ideas proposed are explained in chapter 7.3. Specialized sheet metal 
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work holding tools manufactures by DESTACO are also available in Fin-

land, hence those were chosen for the project. 

 

 

Figure 23 Pneumatic sheet metal gripper (DE-STA-CO Sheet Metal Grippers n.d.). 

Selection of work holding tool was only based on its gripping force and in 

this case, weight of the gripper was also needed to be as low as possible. 

Since the specimen load is small, all the grippers available had enough grip-

ping capacity and hence, the smallest with lowest weight was chosen. Di-

mensions and specification of the product is described in Figure 23. 
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6.2.2 Rotary actuator 

A horizontal rotary actuator was selected for rotation of specimen and grip-

ping tool. The rotary actuator is described in chapter 7.4. Its selection was 

based on the combined weight of specimen, gripper and connecting medium 

between gripper and rotary actuator. The bending moment and reaction 

force on the rotor are used to select the component. Following figure shows 

a schematic diagram of the rotary actuator, gripper and specimen subassem-

bly with approximate maximum load and dimensional values. 

 

 

Figure 24 Selecting the rotary actuator. 

Here, 

The weight of gripper is 0.6 kg 

Approximate weight of the aluminium connector based on 3D modelling in 

CREO 2.0 is 0,091 kg 

The distance of centre of masses of each component from centre of rotation 

are as shown in Figure 24. 

 

Applying statics, load values can be transformed horizontally by adding 

moment as compensation for transferred distance. 

 

Vertical force on the rotor is 10+6+0.91 = 16.91 N 

Moment on the rotor is, 

 

 
 

From the digital catalogue, standard size 50 rotary actuator of MSQ model 

with high energy shock absorber was selected as presented in Figure 53 in 

chapter 7.4. The product code according to digital catalogue is MSQ B 50 

H 2. Minimum time for 180 degree rotation with this actuator as stated in 

catalogue is 0.4 seconds. The rotation speed can be adjusted from 0.4 to 2 

seconds for 180 degrees rotation. It will be adjusted according to the time 

taken by linear actuator to transfer specimen from oven to die. 

6.2.3 Arm design 

All of the above mentioned actuators work closely to the specimen and will 

be carried towards oven by linear actuator. An arm was needed to connect 

all the actuators and specimen to linear actuator. Since the arm in this sys-

tem does not need to pass through the dies, there are not much constrains 
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except it has to be as light weight as possible. Arm can be designed so that 

a commercial profile can be used. There are several hollow tube profiles 

with adequate strength and stiffness available commercially. Among most 

common materials available locally, aluminium profile delivers all the me-

chanical properties in a light weight package. Arm has to support weight of 

specimen, gripper and rotary actuator along with the connections between 

them. Estimation of bending and stresses can be done with data collected 

from digital catalogues, specimen and model for connection between grip-

per and rotary actuator. Arm has to sustain a combined weight of actuator, 

gripper, connection and specimen calculated to be 40.61 N and moment on 

arm due to gripper, connection and specimen weight is 5,56 Nm. Load on 

arm is demonstrated in Figure 25 and 26.  

 

Figure 25 Linear actuator with its payload. 

 

Figure 26 Load diagram for linear actuator selection. 

Usually, the beam profile selection process starts with load determination. 

All the loads and their locations as well as necessary length of beam are 

identified. Based on given loads, maximum bending moment is calculated. 

With modulus of elasticity E, allowed stresses δ, and height of profile h, 

second moment of area Itot can be calculated. Depending on profile cross 
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section, there are different equations for Itot calculation. For a hollow rec-

tangular cross section, it can be simply calculated by subtracting second 

moment of area of inner hollow rectangle from second moment of area of 

outer rectangle. The equation can be formulated as follows, 

 

After getting a numerical value of Itot, it is compared with those of com-

mercial profiles from catalogue provided by supplier and a profile with 

slightly higher second moment of area is chosen based on weight and re-

quired dimensions of desired profile. Then applicable stresses are checked 

in the profile with stress equations as follows, 

 

If they are below allowed stress values the profile is considered suitable for 

application, if not, further calculations of similar fashion are carried out un-

til suitable profile is found. 

 

In this case however, there were constrains regarding profile dimensions. 

Width of profile depended on slider dimensions from linear actuator and 

height was to be less than 30 mm. So, a profile of adequate dimensions was 

first selected and then its applicability was verified with calculations using 

a programme written in Mathcad. A Mathcad file named “palkki1De” from 

Finite Element Methods course with program for a continuous beam to cal-

culate nodal displacements U, deflection v(x), bending moment M(x) and 

shear force Q(x) was used. Numerical values regarding dimension of beam 

and its load were inputted and calculations were done by program. The re-

sults showing deflections, bending moments and stresses is attached as ap-

pendix. (Murtola 2015, lectures) 

 

A profile of 150 mm × 30 mm × 2 mm was selected to accommodate the 

150 mm wide rotary actuator. Calculations regarding deflections and 

stresses were done using Mathcad. For the given load, all values including 

bending moment, shear stresses, normal stresses and deflection were under 

safety limits with large margin. Aluminium profile has lower mass per 

length compared to more common steel structure, to further reduce weight 

circular cut outs were made on the arm as illustrated in Figure 25. 

6.2.4 Linear actuator 

The electric linear actuator was selected for its controllability. The LEFB 

linear electric actuator with slider type belt drive was selected for the rea-

sons explained later in chapter 7.2.3. Length of actuator, its size and other 

parameters were chosen from the digital catalogue. Manufacturer also sup-

plies the controller and necessary electrical components for the linear actu-

ator. There were two motor options available, servo and step motor. Servo 

motors are better suited for high speed operations but step motor was se-

lected as servo motors were not available for the chosen size. The slider of 

actuator can be stopped in several points with position repeatability of ±0.02 

mm.  
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Controller details and assembly are described in the features catalogue 

available online. Controlling the actuator as desired can be done by pro-

gramming into the controller or by using teach pendant as described in user 

manual of linear actuator provided by the supplier. There is a better suited 

option called program less controller in which actuator is taught to work 

without using PC or teaching box. The slider has to stop in three points in 

this case, one to pick up the specimen, one to drop the component in die and 

other point in between oven and die where it rests as a home position. The 

home position should be further from oven to allow opening and closing of 

door as there is a handle rod in oven door. Since the points to work are less, 

it is economical to use program less control in this case.  

As it was with rotary actuator, there were various size of linear actuator 

available. The selection of preferred size was based on the actuation length 

and load. 

 

Based on the catalogue, size 25 actuator could handle 5 kg payload but for 

enhanced safety, we selected size 32 actuator which can handle a payload 

of 14 kg horizontally. As seen in Figure 27, the LEF32 model can handle a 

payload of 5 kg in a distance more than 750 mm in the rolling direction and 

a maximum acceleration of 3000 mm/s2. All other cases allows distances 

more than 2000 mm. In our case the maximum distance of load is 468 mm 

hence is safe. 

 

 

Figure 27 Dynamic allowable moment for linear actuator (SMC Electric actuator n.d.). 
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Maximum allowed speed to drive the payload can also be graphically deter-

mined from the digital catalogue as demonstrated in Figure 28. Maximum 

allowed speed for LEFB32 actuator as selected above for 5 kg payload is 

900 mm/s. With these information of allowed speed and acceleration, the 

time needed to transfer specimen can be calculated. 

 

 

Figure 28 Workload vs speed graph for linear actuator (SMC Electric actuator n.d.). 

6.2.5 Transfer time 

Transfer in this system takes place in steps as described in Figure 22 in sec-

tion 6.2. When door opens, gripper travels to specimen, gripper grips and 

linear actuator moves towards die. During motion, rotary actuator rotates 

the specimen by 180 degree and it is dropped in die when the gripper opens. 

Total time of transfer is calculated from the moment oven door is open. It 

includes travel time to specimen, gripper closing time, travel time to die and 

gripper opening time. The time taken to rotate the specimen overlaps with 

the linear transfer time so is not added to calculate total time. However, the 

rotation time, if long, increases the linear transfer time of linear actuator 

itself hence, it affects the total time. 

 

The time of transfer of linear actuator is calculated in three parts, accelera-

tion time, constant speed time and deceleration time as described in Figure 

29. 
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Figure 29 Cycle time calculation for linear actuator (SMC Electric actuator n.d.). 

Here, the maximum allowable velocity for the actuator with 5 kg payload is 

900 mm/s and maximum allowable acceleration is 3000 mm/s2. 

 

Now, 

  

   
 

Now, time for linear transfer from oven to die is,  

 

  
 

 

 

 
 

This time is the minimum time taken by actuator to carry specimen from 

oven to die after gripping is done. When the oven door opens, the gripper is 
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in its home position. Time taken by it to travel up to the specimen is calcu-

lated in similar fashion and found to be 1.0 seconds. The gripper takes 0.2 

seconds to close as well as open while gripping the specimen as stated in its 

catalogue. Rotation can be controlled and takes 0.4 to 2.0 seconds for 180 

degrees of rotation. The linear transfer time with gripper action 1.96 sec-

onds so rotation time can be optimized accordingly to execute rotation 

within the linear transfer. If we take arm arriving time from home position 

into account, it would add one second to the calculated linear transfer time. 

Hence, total time of transfer is now 2.96 seconds or approximately 3.00 

seconds. 

 

The 3D model of system with rotation is completed using CREO and is 

available in its own format. Figure 30 demonstrates the sheet metal transfer 

system with rotary actuator. 

 

Figure 30 Transfer system with rotation. 

6.3 Transfer system with linear motion only 

This is simpler mechanism and has less processes or steps during transfer. 

Here, the specimen is gripped and transferred straight to the die without any 

rotation or other forms of motion whatsoever. In this system, the arm carry-

ing specimen and gripper has to travel through the die along with the spec-

imen which demands longer stroke length of linear actuator. Die separation 

allows limited width of gripper to pass through, a maximum height of 30 to 
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45 mm. Commercial solutions being larger than the allowed dimension, a 

special gripping solution has to be designed for this system. Designing and 

manufacturing a component takes longer time. It is expensive compared to 

the readymade commercial solutions, hence previous system is better in 

terms of time to complete the system and economic reasons. Despite the 

benefits, the previous system incorporates a rotation of hot specimen that 

may have safety related issues. If gripping action fails, the specimen may 

fly off due to centrifugal force during rotation which is hazardous. On the 

other hand, if gripper fails in this system, the specimen would drop verti-

cally to the floor which is inaccessible in everyday use and hence is safer. 

For this vary reason this system with only linear motion of specimen is pre-

ferred despite the expenses and time delay inevitable with new design of 

gripping tool. 

 

In this simpler system, the specimen travels in a straight path and rests in 

the die with exactly same orientation as it was in oven. A gripper grabs the 

specimen from oven and carries it through the separation of upper and lower 

die plates. After reaching the predefined fixed point, the gripper opens and 

specimen drops. Figure 31 demonstrates the steps of transfer in this system. 
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Figure 31 Steps of transfer in automated system without rotation. 

Just like previous system, this system also needs to a linear actuator to move 

the specimen. Here a gripper needs to be designed as there are no commer-

cially available gripper of required size. 

6.3.1 Gripping tool 

Gripper is needed to be designed with a maximum height being less than 45 

mm. The mechanism used in concept design along with proposed ideas for 

gripping mechanism are described in chapter 7.3.4. Height of gripper is the 
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primary constrain in this design. There are two power supplies available at 

site: pneumatic and electric. We can design gripper based on either of the 

power supply. First the pneumatic system was designed, a simple mecha-

nism described in Figure 51 of chapter 7.3.4 can be implemented in the de-

sign. A cylinder structure with allowable dimensions attached to moving 

arm with its rod can act as an actuator when pneumatic pressure is applied. 

The system however is expensive to manufacture as the piston needs to be 

airtight and needs high precision manufacturing. Pneumatic valves and con-

nection ports are also complex structure to produce. Figure 32 shows the 

mechanism in action. While the yellow coloured piston rod extends, the 

gripper opens and due to the geometry of connection between piston rod 

and upper jaw, when it retracts it pulls the jaw along with it. The gap be-

tween upper and lower jaws can be compensated by adding corresponding 

inserts on the jaw according to the plate thickness. 

 

 

Figure 32 Custom designed pneumatic gripper. 

Electric gripper are easier to produce as there is no need of airtight compo-

nents and tight tolerances. Heat susceptible motor can be kept in a distance 

and power transmission can be introduced with a power screw that not only 

transmits power but also performs the actuation. The gripper however, was 

discussed to be a concept design for its mechanism only and will be further 

developed in succeeding project afterwards. As a result, two mechanisms, 

one for each power type were introduced.  

 

Having all the actuations with same power supply gives easier compatibility 

for controlling applications so electric system is preferred over pneumatic. 

Pneumatic mechanism was omitted after discussion with customer during 

review meetings. During development of the gripping tool, steel has to be 

used instead of aluminium as aluminium has lower melting point. The 

length of gripping tool also has to be extended to reach centre of oven where 
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specimen is be placed for best heating results. The length of gripper deter-

mines the place where specimen will be kept during heating. It should be 

considered depending on the preferred placement of specimen and so, a 

gripper with length of 150 mm to 200 mm should be designed while design-

ing the gripper. 

 

3D models of gripper were designed to demonstrate the mechanism which 

would be the base for following project to develop the gripping tool. Figure 

33 demonstrates open and close positions of electric gripper with scissor 

mechanism. The mechanism itself is described in chapter 7.3.4 and Figure 

52. One end of scissor connection is allowed to move in horizontal direc-

tion, it is attached to a rectangular bracket which consists of a threaded 

standard hole compatible with the power screw. When screw rotates, the 

screw pushes and pulls the bracket hence operating the scissor mechanism. 

In this case also, gap is kept in between upper and lower jaw to accommo-

date removable insert which will grip the specimen. 

 

 

Figure 33 Custom designed electric gripping mechanism. 

6.3.2 Arm design 

The connecting component and supporting structure for gripper and speci-

men is arm, which was needed to be designed as a light weight and stiff 

structure. Unlike previous arm, this arm does not have to hold weight of 

rotary actuator hence, loads acting on it are even smaller. Also, the gripper 

could be directly fixed to arm and required no connector in between. The 

arm however has to show minimum deflection after loading and to ensure 

that, mechanical analysis were needed to be executed. Beam profile was 

selected from online catalogue and material for the profile is EN AW-6063 
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T5 as commercialized by Purso. Figure 34 shows the information about ma-

terial properties from datasheet. 

 

 

Figure 34 Datasheet for aluminium alloy EN AW-6063 T5 (Purso profile design manual, 

2014). 

Beam selection was based entirely on the geometrical requirements of sys-

tem and load due to gripper with specimen on it. Considering the new grip-

per to have weight of 0.6 kg just as previous one, we could proceed with 

arm design. The length of arm was same as before which was 560 mm but 

with different profile.  

 

Figure 35 Load for arm in system without rotary actuator. 

Without rotary actuator, load is reduced by a significant amount. The weight 

of beam itself is low as the profile is smaller. During calculations for beam 

profile, the load due to its own weight also is needed to be considered and 

was found to be 1.08 kg/m from commercial catalogue. The selected beam 

can be made even lighter by removing material, cutting circular hole pat-

terns on the beam makes it lighter without having significant effect on its 

stiffness as load is light. For the length of 560 mm, weight is 0.6 kg but with 

holes it is reduced to 0.527 kg. Mass analysis was done with CREO as 

shown in Figure 36. It is not important to reduce mass since the difference 
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is very small, but it is always recommended to have lighter profiles. Fur-

thermore, making big size holes demands machining so can be neglected 

for minimum improvement in results. 

  

Figure 36 Mass properties of arm after holes were created to reduce mass. 

The width of 6 threaded holes on the slider are distributed in a plane of 48 

mm × 60 mm area, since the arm is to be assembled on those holes, the 

width of arm should be larger than that. A rectangular profile of 60 mm × 

25 mm × 2.5 mm was selected and calculations regarding stresses, forces 

and deflection as well as bending moment were executed. Beam profile se-

lection was done with Mathcad and the calculations from Mathcad are at-

tached as appendix. 3D analysis software ANSYS was used to check possi-

ble deflections as presented in following figures. Maximum deflection was 

found to be 0.15 mm only. The technical drawings of arm are attached as 

appendix for further use. 
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Figure 37 Deflection analysis with ANSYS. 

6.3.3 Linear actuator 

Electric linear actuator same as explained in chapter 6.2.4 was used. Here, 

with reduced load, actuator of lower capacity could be used but for en-

hanced safety and possibility to accommodate either systems, same actuator 

was used. The actuator length however will be longer since the slider has to 

pass through die separation. Required stroke length is 1385 but standard 

sizes of actuator available is with 1500 mm stroke length. The linear actua-

tor LEFB32T-1500-R31N3 is chosen for the stroke length. 

6.3.4 Supporting structure for actuator 

The linear actuator needed a base to be assembled on. There are standard 

5.5 mm holes on linear actuator dedicated to assembly of the component on 

a fixed base. A frame structure with hollow rectangular tubes with necessary 

holes was designed to make base platform for the linear actuator. A profile 

of 80 mm × 40 mm × 4 mm was selected in order to accommodate the ac-

tuator. 3D model was created along with the system and necessary drawings 

for manufacturing are attached as appendix. 

6.3.5 Transfer time 

Transfer time in this system also can be calculated as explained in chapter 

6.2.5 above. With lower payload in this system, the actuator can use higher 

transfer speed. Along with specimen, the payload is 26 N as shown in Figure 

35. Comparing the payload for LEFB32 using workload vs speed graph for 

linear actuator mentioned in Figure 28, a maximum speed of 1100 m/s could 

be used for payload of 30 N. Also, acceleration of 5000 mm/s2 could be 

used for the case. 

 

Now, 

  

  
 

Now, time for linear transfer from oven to die is, 
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This time is the minimum time taken by actuator to carry specimen from 

oven to die after gripping is done. When the oven door opens, the gripper is 

in its home position. Time taken by it to travel up to the specimen is calcu-

lated in similar fashion and found to be 0.83 seconds. Even if the gripper 

takes 1 second to close and open, the linear transfer time with gripper action 

will be 3.5 seconds, opening of gripper in die can happen along with press-

ing. But if gripper is made to operate as fast as previous one, the transfer 

time including travelling to oven from home position and gripping/dropping 

the specimen at die will be 2.9 seconds which is as fast as previous system.   

Hence, depending on gripper operating time, total time of transfer from 

home position to oven to die will be from 2.9 seconds to 3.5 seconds. 

 

The necessary parts were designed and drawings of necessary parts as well 

as assemblies are attached as appendix. An assembly tree of complete sys-

tem including all commercial and new designed parts is also attached as 

appendix 20. A complete model of the designed sheet metal transfer system 

is presented in Figure 38. 

 

Figure 38 A section view showing complete model of transfer system. 
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7 PROPOSED IDEAS 

The development of any process or mechanism includes ideation phase as 

one of the most important step where multiple ideas are generated and gath-

ered for further processing. This topic describes all the ideas proposed for 

all the individual mechanisms that are needed in the system. Idea generation 

was assisted by group discussion with customer and supervisor. Multiple 

ideas for the new automated mechanism were gathered and proposed to the 

client. 

7.1 Position of moving components 

The linear actuators and all the mechanism including moving components 

should be positioned in place with minimum human interference for safety 

purposes. It is be carrying hot sheet metal at high velocity and has to be kept 

as far from user or other clients as possible. The side of oven closer to the 

wall settles the requirement as there is almost none interfering. The move-

ment of actuator is linear and position of the moving component is repre-

sented by a green rectangular bar in the Figure 39. 

 

 

Figure 39 Position of linear actuator. 

7.2 Linear actuation 

Transfer of specimen in this arrangement takes place in a straight horizontal 

path, so a linear actuator has to be used for the transfer. There are multiple 

ways of linear actuation. An actuator is a device that can be operated by an 
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external energy source such as electric current, hydraulic pressure or pneu-

matic pressure. Actuator is used to converts the external energy into desired 

motion. It is necessary not only to create motion but also to control the ac-

tion using different control mechanisms. 

7.2.1 Pneumatic cylinder and guide rail 

Pneumatic actuation are widely used in industrial applications that demands 

high speed and light weight components. A pneumatic cylinder uses power 

of compressed gas or vacuum to produce linear motion. In pneumatic sys-

tems there is at least one pressurised air tank or an air compressor as power 

source and the actuators are connected to it via pipelines and control valves. 

HAMK Sheet Metal Centre has pneumatic system and pneumatic pressure 

is supplied to working site via already constructed pipelines. 

Pneumatic cylinder and hydraulic cylinders have similar construction con-

sisting of a piston rod in a cylinder barrel. A piston at the end of rod helps 

in actuation upon the action of pressure and whole arrangement packed by 

two end caps with necessary ports. A cutaway model in Figure 40 below 

reveals the key features of a cylinder. 

 

Pneumatic cylinders are of different types but most of them can be classified 

as single acting, double acting and multi-stage or telescopic cylinders based 

on their modes of actuation. The single acting cylinder produces force in 

only one direction and returning to the initial state is facilitated either by 

springs or external load. The double acting cylinders can produce motion in 

both directions and so is useful in this case. Telescopic ones are either single 

or double-acting. It has a piston rod assembled within a series of hollow 

cylinders of increasing diameter. When pressurized, the piston rod and each 

succeeding cylinder "telescopes" out as a segmented piston. This arrange-

ment gives a noticeable benefit of space and so are used in places where 

large stroke length are necessary from a small storage length. 

  

Figure 40 A section model of a double acting pneumatic cylinder (Hitchcox, Hydraulics 

& Pneumatics, 2013). 
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This linear actuating feature of a pneumatic system could be used in this 

project for the linear transportation of specimen. A long double acting pneu-

matic cylinder with needed stroke length can be fixed on a side of oven. 

Guide rail for the cylinder rod with a holder for specimen can slide along 

the length between oven and die as shown in Figure 41. The guide rails 

would prevent bending of rod as well as make path of motion for the pro-

cess.  

 

 

Figure 41 Schematic illustration of application of pneumatic cylinder and guide rails. 

7.2.2 Rodless pneumatic cylinder 

The pneumatic cylinder and guide rail assembly as mentioned in above idea 

is an economical solution but requires extra space to keep the cylinder and 

when larger stroke length are needed, the cylinder themselves get longer in 

dimension. The transfer process is also sensitive to large vibrations which 

can cause dropping of specimen and guide rails in above mentioned idea 

needs precise assembly and manufacturing to resolve that. As explained in 

manual transfer system above, the guide rails will also have to face a large 

friction as there are no elements to minimize friction which causes more 

vibration and rough movement.  

 

Rodless pneumatic cylinders, which are also available commercially, al-

ready have a sliding platform for the load and hence would not need any 

guiding rails. They have easier mounting option consisting of standard holes 

on the product which can be mounted on a support structure used for place-

ment of the actuator. They are better suited for longer stroke applications as 

they are protected from bending, piston bending and irregular seal wear. A 

schematic diagram of the product is described in Figure 42. 

 

Figure 42 A section view of rodless pneumatic cylinder (RLF Rodless Cylinder n.d.).  
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Below in Figure 43 is a commercially available rodless cylinder. Mounting 

options can vary according to the model of cylinder and so does the pneu-

matic input and output ports. They can be selected based on the needs in 

industrial applications. 

 

Figure 43 A commercial rodless pneumatic cylinder (Rodless cylinders n.d.). 

7.2.3 Belt driven linear actuator 

Above mentioned actuation systems are suitable for a normal operation but 

in this project the specimen being transferred is a hot sheet metal plate. 

Specimen is to be picked up from oven and placed in the die precisely. 

Pneumatic system acts fast and smooth as well as cools itself during its op-

eration but due to the compressibility of gas, the precise control of the po-

sition of specimen can be difficult. 

 

Figure 44 An electric actuator, belt drive (SMC, Product catalogue n.d.). 

A belt driven linear actuation system is a promising solution for the case. 

The picture in Figure 44 is an electric belt drive actuation system manufac-

tured by SMC Corporation. It is also a commercially available solution for 

linear actuation in which there is a slider mounted on the top of a sliding 

base or platform that guides the motion. The slider moves by the help of a 

belt which is driven by electric motor, hence called belt drive.  
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Slider in the system consists of 6 standard size holes which can be used to 

mount the apparatus that holds the specimen. Similarly, sliding base, which 

is also the body of this actuator has multiple standard holes that are to be 

used to mount the actuator on a rigid base. Figure 45 shows slider on top of 

electric belt actuator manufactured by SMC Corporation. 

 

 

Figure 45 Slider on the linear actuator. 

A controlled linear motion which is fast and reliable is attainable using the 

electric belt drive in the sheet metal transfer system. Also, the electric power 

source is available easily in the facility hence this idea was preferred for the 

project. 

Table 2 Idea selection matrix for linear actuation mechanism. 

Evaluation  

criteria 

Importance 

rating (5) 

Pneumatic  

cylinder and 

guide rail 

Rodless  

pneumatic  

cylinder 

Belt driven  

linear actuator 

Product  

dimensions 

3 4 5 5 

Ease of operation 5 3 3 4 

Ease of assembly 2 3 4 4 

Power supply 

compatibility  

4 2 2 5 

manufacturability 4 4 5 5 

 total 57 66 83 

 

Table 2 above shows the weight of ideas and plays an important role in idea 

selection. The idea selection matrix, as in table above, were created for each 

mechanism with multiple ideas of actuation. Essential features that influ-

ence the design and function of product are listed as evaluation criteria and 

are ranked from one to five considering their influence over the other fea-

tures. The feature with minimum importance gets one point and that with 

highest influence in selection gets five points. After that, all the ideas are 

evaluated for those respective features and ranked comparing with each 

other. Finally, the points of each feature for an idea is multiplied with its 

importance rating and are added to get total points. Idea with highest total 

points is the best idea and proceeds for further development. Similar method 

is applied in idea selection matrixes mentioned in table 3 and 4 in later top-

ics. Here, the belt driven system has highest points and is preferred over 
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others for flexibility in operation, ease of assembly and power supply com-

patibility. 

7.3 Work holding mechanism 

A hot sheet metal at about 880°C - 950 °C cannot be hooked and unhooked 

manually by hands. The extreme heat and radiation due to high temperature 

makes the plate itself and its surrounding hazardous to work with. Special 

arrangement should be made for hooking and unhooking of the sheet metal. 

High temperature also changes material properties of the plate. Creeping is 

a major issue in elevated temperatures and can play role in failure of mech-

anism. A long term loading on a material induces slow flow or deforming 

of the material also known as creep. Metals used in construction show ex-

tremely low creep compared to polymer materials at elevated temperature 

of 880°C - 950 °C. Due to such properties, metal should be used in design 

of gripping tool. 

 

Furthermore, separation between the dies in the stamping press is limited to 

30 mm which can be extended to a maximum of 45 mm. If the sheet metal 

work holding tool is designed to pass through the die during operation, the 

separation dimension must be considered while designing and selecting the 

work holding tool. Multiple ideas were generated during ideation and are 

described below. 

7.3.1 Hook based solution 

A hook based solution is the simplest solution to transfer sheet metal from 

a place to other linearly. In this idea, a set of hooks would fit into holes 

made in the specimen as shown in Figure 46. The mechanism would work 

exactly as in manual system explained before. Hooks assembled to an arm 

would rotate through few degrees to facilitate the mechanism. 

 

 

Figure 46 Hooks for specimen holding. 
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Though this is an economical solution, the open end of hook is dangerous 

to work with hot sheet metal specimen. During transfer, the specimen and 

hooks should have relatively same acceleration and velocity so that speci-

men would not fly off the hook in between the transfer. The inevitable fric-

tion that acts during transfer causes vibration which would aid to unhooking 

of the specimen during transfer and heated sheet metal would be a safety 

hazard in such situations. Apart from that, surface contact in between the 

sheet metal and dome shaped guiding platform still accounts for heat loss 

from specimen which is not recommended. 

7.3.2 Magnetic gripper 

During tests of oven and specimen, there have been multiple manual trans-

fer attempts using hand tool. The hot sheet metal was grabbed by manual 

pliers as illustrated in Figure 47 and successfully transferred. This method 

has been used multiple times and has been effectively executing the task.  

 

Figure 47 Manual sheet metal grabbing pliers. 

In this idea, similar mechanism of gripping and holding the sheet metal can 

be used, the jaws of pliers can be assembled with electromagnets. When 

activated, they grip the specimen and when deactivated, they drop it. 

Springs can be used in opening of the jaws as described in Figure 48. 

 

Figure 48 Magnetic grippers. 

Instead of permanent teeth to grip the specimen, removable inserts can be 

used so that if welding occurs or any other damage happens, the teeth can 

be replaced with new ones without changing anything else. 



 

45 

7.3.3 Commercial work holding gripper 

Commercially existing work holding grippers can be used for the task with 

slight modification in the transfer path. There are various commercially 

available electric, hydraulic as well as pneumatic grippers. 

 

Electric grippers are available in small profiles just as required. They are 

fast, precise and have good control systems. They have easier mounting as 

well but the functional parts are sensitive to heat. Electric grippers has mo-

tor that creates the motion and the electromagnet in motors are sensitive to 

heat exposure hence is highly risky to be used. Figure 26 shows an electric 

gripper manufactured by SCHUNK GmbH & Co. KG. 

 

 

Figure 49 Electric 2 finger parallel gripper (Schunk n.d.). 

Hydraulic grippers need hydraulic power supply which is not available in 

the working site hence is not economical to use.  

Pneumatic grippers are fast acting and some of them have self-locking fea-

ture that locks the closing and opening of the gripper as a safety measure in 

case of power failure. Having a pneumatic power supply readily available 

at site makes it preferred over all other options. Hence, pneumatic commer-

cial grippers are clearly the best solution here. 

 

Specialized grippers for sheet metals are manufactured by a company called 

DE-STA-CO, A Dover Company. The grippers are light weight and have 

full metal body that can be used in high temperature environments as well. 

They have multiple mounting options which makes assembly easier and 

high gripping forces which makes sure that the specimen will not fly away 

during its operation. Grippers of various size and dimensions are available 

to choose from. Figure 50 shows an example of a pneumatic sheet metal 

gripper. 
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Figure 50 Pneumatic sheet metal gripper (DE-STA-CO Sheet Metal Grippers n.d.). 

7.3.4 Designing a new gripper; a concept design 

All the grippers mentioned above can be used in this project and are better 

than previous ones for the reasons mentioned above. Pneumatic sheet metal 

gripper being fast, reliable and useable in high temperature is comparatively 

better solution than others. Despite all the benefits, lowest height available 

for the product is 48.3 mm which exceeds the limits of die separation and 

hence cannot be used to pull the specimen through the die. Introducing a 

rotatory motion in the travelling path of specimen solves all the issues using 

pneumatic sheet metal gripper as described in chapter 6.2, but for higher 

safety of operation, a thinner gripper can be designed that could pass 

through the die separation removing the rotating step of the hot specimen. 

 

To design a new gripper, a mechanism has to be decided. A simple mecha-

nism as shown in Figure 51 below can be used to design the gripper. 

 

 

Figure 51 Gripping mechanism for new gripper design. 

Here, pneumatic actuation of piston creates angular movement of the jaws 

which grabs the specimen. The gripping force is proportional to the pneu-

matic pressure and the area of piston. Large gripping area makes the holding 

more stable and lessens the chances for specimen to deform hence, the grab-

bing area or the area of jaw can be extended. It can be made flat and wide 

like the gripping part of the manual plier demonstrated in Figure 47. 
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An alternative mechanism is scissor mechanism as described in Figure 52, 

found usually in scissor lifts. Scissor lifts are used as aerial work platform 

to access higher workplaces. One end of the rod at base can be arranged to 

have linear motion with help of electric motor which will push the top up 

or down as required. This can be used to grip the sheet metal. A model of 

conceptual gripper was prepared with CREO 2.0 and was presented in chap-

ter 6.3.1. 

 

 

Figure 52 Scissor mechanism (Scissor lifts information n.d.). 

Transfer system without rotation using costume design grippers is an alter-

native for the main idea for elevated safety levels in the working site. 

Table 3 Idea selection matrix for work holding mechanism. 

Evaluation  

criteria 

Importance 

rating (5) 

Hook 

based  

solution 

Magnetic 

gripper 

Commercial 

work holding 

tool 

Custom 

designed  

gripper 

Product  

dimensions 

5 4 3 3 5 

Ease of  

operation 

4 3 3 4 5 

Light weight 

structure 

2 5 3 5 4 

Power supply 

compatibility  

4 4 2 4 5 

manufactura-

bility 

4 4 3 5 4 

 total 74 53 77 89 

 

An idea selection matrix was created to compare most important features as 

illustrated in Table 3. Custom designed gripper gives the best results fol-

lowed by commercial pneumatic gripper as discussed above. 
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7.4 Rotary actuator 

There are two final automated systems described in this thesis. One of them 

has rotational motion implemented to allow use of commercial grippers. 

Grippers available commercially are larger in dimension than the separation 

of dies so cannot pass through. Using a rotary actuator would eliminate that 

requirement and any rotary actuator could be used regardless of its dimen-

sions. Here, the gripper and specimen are to be rotated through 180 degrees 

for the specimen to be placed on die. A rotary table available as MSQ model 

can be used to achieve the requirement. 

 

Rotary actuators are available with all types of power sources. Electric ro-

tors have multiple delicate components and cannot be used near intense 

heat, hydraulic actuators need dedicated pumping system which is not eco-

nomical. Here in the design with rotary actuator, the system uses a pneu-

matic gripper dedicated to sheet metal gripping and so the rotary actuator is 

also selected to be pneumatic. The company that provides linear actuator 

mentioned above also manufactures pneumatic components. A pneumatic 

rotary actuator model that allows easy mounting and enough rotation was 

selected from the catalogue and is shown in Figure 53 and 54.  

 

 

Figure 53 3D model of the rotary actuator (SMC digital catalogue n.d.). 
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Figure 54 Rotary actuator MSQ model (Rotary Table / Rack-and-Pinion Type n.d.). 

7.5 Oven door mechanism 

Electric oven for this project has a vertically opening door that operates by 

circular motion of handle rod. During opening and closing, the door not only 

moves in vertical line but also in horizontal direction because of the circular 

opening path. An actuator that allows both rotation and linear motion has to 

be used to automate the oven door operation. The pin connection of door 

handle is illustrated in Figure 55. 
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Figure 55 Rotating connection of door handle. 

7.5.1 Pneumatic cylinder 

Pneumatic cylinder can be used to allow rotation as well as linear motion 

when assembled with pin connection on both ends. The lower joint of oven 

door which is connected to handle can be attached to rod of pneumatic cyl-

inder with a pin connection to allow rotation. The back cover or the base of 

cylinder can be assembled to oven top of front wall with an external bracket. 

As described in Figure 56, a simple bracket that allows rotation can be 

bolted on the top corner of front wall and cylinder can be assembled. A 

cylinder with minimum length of 200 mm and a maximum length of 600 

mm would be required. Due to limited space, a maximum cylinder diameter 

of 50 mm can be used. 

 

Figure 56 Initial sketch for pneumatic cylinder position in door operation. 
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7.5.2 Rotary actuator 

The operation of door is related to rotation of its handle bar. A rotary actu-

ator can be used to control the rotation of the handle bar which would open 

and close the door as desired. Commercially available rotary actuator can 

be assembled on the connection between handle and oven. The concept is 

demonstrated in Figure 57 where the green square represents rotary actua-

tor. 

 

Figure 57 Using a rotary actuator for door operation. 

Multiple companies are selling rotary actuators that operates pneumatically 

or electrically and also hydraulically. Again, hydraulic system needs new 

power supply so is not economical to use here. Either of electric or pneu-

matic system can be used. Figure 58 is a pneumatic rotary actuator from a 

German based automation company Festo. 

 

Figure 58 Rotary actuator from Festo (Semi-rotary actuators with rotary vane n.d.). 

7.5.3 Custom designed actuator 

Both ideas above works well satisfying the needs of the case but they de-

mand modification in the oven itself and with the first idea, the cylinder 

being slender, there is high risk of buckling. A solution that allows rotation 
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and linear motion can be manufactured to operate the oven door. A holding 

bracket with rotating rods can be made for the handle that allows angular 

change of the handle beam of oven and assembled with any linear actuator. 

As it moves up and down, it drags handle along with it, closing and opening 

the door. 

 

 

Figure 59 Idea sketch for connection between handle rod and actuator. 

Figures 59 and 60 demonstrate the working of the door operating mecha-

nism, it is simple and easy to manufacture as well. Using a cylinder is eco-

nomical solution in this case but due to complications in controlling the op-

eration, electric actuator is preferred and was decided to be used in meeting 

with customer. 

 

Figure 60 Mechanism for custom design actuator. 

Oven door mechanism demands modification in oven structure. The rotary 

actuator needs to be fixed in joint of handle rod and cylinders need a pin 

connection on handle. These modification to oven itself may cause harm to 

door operation as well, so, it is preferred to use mechanism which eliminates 

this risk. Table 4 compares ideas for oven door mechanism. 

 

The custom designed actuator can be designed to eliminate any modifica-

tions to oven itself. It uses electric power supply which is easier to assemble 

as other actuations also share same power supply.  
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Table 4 Idea selection matrix for oven door mechanism. 

Evaluation  

criteria 

Importance 

rating (5) 

Pneumatic  

cylinder 

Rotary 

actuator 

Linear electric 

actuator with 

custom designed 

bracket 

Product  

dimensions 

5 4 4 5 

Ease of assembly 4 3 2 4 

Light weight 

structure 

2 3 3 3 

Power supply 

compatibility  

4 2 2 5 

 total 46 42 67 

8 OPERATION 

Each system explained above is designed combining multiple components 

that performs multiple tasks through series of steps. These steps need to be 

operated in certain predefined sequence for the operation to be successful. 

Operating the linear motion of arm has three stopping points or stations: 

home position, picking point and dropping point. Position of these stations 

are based on the dimensions of gripping too. The gripping tool is not com-

pletely developed yet so these positions cannot be decided precisely yet. 

However, an estimation of where these points exist is demonstrated in Fig-

ure 61. 

 

  

Figure 61 Location of home position, picking and dropping points.  

8.1 Control system 

Both transfer systems explained above use similar linear actuator, controller 

for linear actuator is supplied by the manufacturer. The slider in actuator 

needs to stop in 3 points as explained above, home position where it rests, 

pickup position near the oven from where specimen is picked and drop po-

sition near the die where it is dropped. The exact coordinates of these points 

depend directly on the gripper dimensions and so are to be determined dur-

ing development of the gripper in later project. Selecting these positions and 

controlling motion of slider is explained in user manual also provided by 

the manufacturer. 
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Gripper in electric system is operated by electric motor, the opening and 

closing of gripper can be controlled by electric switch that changes the ro-

tating direction of motor. Two limit switches can be installed in each ends 

of picking and dropping positions of actuator, so that the slider physically 

pushes them and activates respective operations. Limit switches that oper-

ates when pushed to certain angle are available commercially. A limit 

switch manufactured by Omron and available commercially in YEInterna-

tional is illustrated in Figure 62. YEInternational is distributing store that 

sells electronic and other components. Position of switch, as indicated by 

light blue structure in figure below, depends on the stopping position of 

slider on each end. It can be assembled after installing the linear actuator. 

 

 

Figure 62 Limit switch (left) and its positions (YEInternational n.d.). 

8.2 Operation sequence 

Initially, the arm will be resting at home position, the oven door will open. 

For the system without rotation, operating steps after door is opened are as 

explained in chapter 7.2. With application of proper timing and sequence, 

the whole operation is executed with these steps. First the slider moves to 

oven and stops at picking point, when it activates limiting switch the gripper 

grips specimen. Then slider moves to die. Here, to allow proper gripping, a 

predefined waiting time has to be set in controller of linear actuator. Waiting 

time depends on the gripping closing and opening time of gripper. Simi-

larly, the specimen is dropped at dropping point when other limit switch is 

activated. The machined gap of 50 mm × 50 mm on dies will allow gripper 

to stay at dropping point but a small separation between die and gripping 

tool is recommended. Arm assembly along with gripper will stay outside 

the dies during press hardening is carried out. 

 

Depending on the number of tests and complexity of programming steps in 

linear actuator, the arm can be programmed later to carry specimen into the 

oven from that position and then return to home position. During later meet-

ings with customer, the system with rotation and pneumatics was omitted 

for its dual power supply system and safety issues regarding rotation of hot 

specimen. Hence, the development of control mechanism for that system 

was suspended during the project. 

9 MAINTENANCE AND SAFETY 

Work safety and reliability of system is a primary concern in every mechan-

ical design. Sheet metal transfer system has multiple mechanisms and needs 
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maintenance after certain period of use. During operation, the insert used in 

grippers to grip hot specimen might deform of get attached to specimen due 

to intense heat. It needs to be replaced when damaged and can be done with-

out disassembling the gripper itself. The commercial linear actuator needs 

to be checked externally and internally in every 6 months. The lubrication 

in moving parts need to be inspected and belt needs to be replaced after 

2000 km of use. The detailed maintenance and mounting information are 

provided in digital catalogue of the product. (SMC, Product catalogue n.d.) 

 

Transporting a hot sheet metal specimen at high speed can result in various 

safety hazards if not considered early. Since the later system omits rotation 

of specimen, it enhances safety compared to first system. The moving com-

ponents of system are designed to reside towards wall of test site where 

there is minimum or almost none human interference to avoid possible risks. 

External physical stoppers are recommended near the end of die plates to 

stop specimen movement if gripper fails. Worker will stay behind walls of 

stamping press which will prevent direct exposure to oven and hot specimen 

in its motion. In case of exhibitions or multiple workers nearby, it is recom-

mended to build a physical barrier on the opposite side of wall. Figure 63 

below shows the position of complete system in test site. Working and pub-

lic access area are shown as green colour region and position for recom-

mended physical fence as well as external stopper near die in yellow box. 

 

 

Figure 63 Sheet metal transfer system and surrounding. 

During use, daily visual inspection of cables passing through arm is highly 

recommended. In case of system failure, the oven should be switched off 



 

56 

and specimen should be left to cool down before taking any repair and 

maintenance measures.  

 

High temperature of specimen and oven can cause burns and rashes, in case 

of accident, cold water should be applied in burnt areas. Depending on se-

verity of burn, the wounded area should be kept soaked in cold water or ice 

water for 5 to 15 minutes before applying skin care products such as aloe 

vera cream or antibiotic ointment. Bandage soaked in cold water can be ap-

plied on burnt area and patient should be taken to doctor for further treat-

ment. Third degree burns are those where burned skin looks white or 

charred due to damage in all layers of skin. Third degree burns may cause 

little or no pain at all as the nerves and tissue in the skin are damaged. Soak-

ing in water and applying ointments should not be done in such severe case, 

the patient should be rushed to hospital immediately. (First aid: Burns, 

2012.) 

 

It is highly recommended to work in pair or in presence of another worker 

nearby to enhance safety and first aid in case of safety hazards.  

10 RESULTS AND CONCLUSION 

The hardening research that is being conducted at Sheet Metal Centre of 

HAMK is important for the development of safety measures in public trans-

portation. Hardening is dependent on cooling rate and initial specimen tem-

perature, hence, the facility that is to be developed should be swift and safe. 

At early meetings with the customer, basic requirements were discussed and 

the design process was initiated. During follow up meetings, there were sev-

eral modifications made to the design and new acquired ideas as well. The 

meetings and discussions with all parties involved were helpful and essen-

tial for the development of the project satisfying all the needs. A system 

with rotation was developed to compensate the limited space in between the 

dies as products of smaller dimensions were not found. Later, it was dis-

cussed to use a system with longer stroke and no rotation of specimen for 

enhanced safety. A mechanism and its implementation in the design of the 

gripper was discussed, designed and modelled. This concept design is to be 

the foundation for following design projects dedicated in development of 

gripping tool. As a result, a completely electromechanical system as desired 

by the customer was designed.   

 

An earlier project regarding the development of a manual transfer system 

during summer led to the realization of the importance of automation in the 

system for product consistency. The design and manufacturing of a manual 

mechanism as a prototype was the background of this thesis project and the 

automated system is a developed version of that manual system to achieve 

higher safety and better results during hardening research.  

 

The design process in this thesis project included many brainstorming ses-

sions and group discussions with the supervisor and the customer. Multiple 

ideas were created and replaced during the course of development and the 

selection was made during these discussion sessions. The development of 

this system implanted a realization of the continuous progression cycle in 
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research and development process of the engineering world. Products are 

designed for certain purposes and are perfected for the time being by the 

designer and his team, but later, there will always be possibilities of im-

provement leading to the next generation of design and product families. 

The ideas generated initially were considered reasonable but later, issues 

regarding their function, usability and compatibility with the system were 

realized resulting in modifications of ideas and a generation of new auto-

mation methods. The design of the transfer system without rotation is one 

example of a better and safer version of automation as described above. 

Time being one of strongest limiting factors, this development was finalized 

to initiate the assembly of the system at the working site. There may still be 

fields in this design that can be improved, modified and even eliminated 

based on the development of new commercial components and changes in 

customer requirements. These possibilities will be considered during the 

next projects of gripper design by the designer who will carry on the project 

continuing the loop of research and development in a quest to achieve a 

better system. 
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Appendix 1 

MILESTONE MEETINGS 

 

 

 

 

 

Thesis review meeting 1: 

 

Thesis topic was discussed in customer site. The requirements for the thesis were ex-

plained and discussed. General ideas of how the project could be done were discussed 

and dimensions of oven was measured for future tasks. 

 

Thesis review meeting 2: 

 

Idea generation was done after first review meeting. The gathered ideas were discussed 

about their potential and drawbacks. Functional ideas regarding transfer of specimen and 

opening of door were accepted and some were rejected. Further development of idea was 

discussed. 

 

Thesis review meeting 3: 

 

Functional specs were updated and approved. Components selected were approved as 

well as possibility of new system without rotary actuator was discussed and proposed by 

customer for further development.  

 

Thesis review meeting 4: 

 

Latest 3D models, parts and commercial components are presented and discussed for any 

further update. Functional demonstration of process was done and approved. Final con-

cept was accepted and permitted for further development and manufacturing in customer 

site. 

 

 

 

 

 

 

 

 

 

 

S.N. Milestone Objective Result 

1 Thesis review meet-

ing 1 

Thesis topic orientation in Sheet 

Metal Centre Hämeenlinna 

Passed 

2 Thesis review meet-

ing 2 

Idea/Concept discussion Passed 

3 Thesis review meet-

ing 3 

Detailed design review/prototype 

review 

Passed 

4 Thesis review meet-

ing 4 

Final design review Passed 



 

 

Appendix 2 

BEAM PROFILE CALCULATIONS RESULTS FOR SYSTEM WITH ROTATION 

 



 

 

Appendix 3 

ALUMNUM BEAM PROFILE CATALOGUE FOR SYSTEM WITHOUT ROTATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix 4 

RESULTS OF ARM BEAM SELECTION CALCULATION FOR TRANSFER 

SYSTEM WITHOUT ROTATION 

 

 
 

 

 

 

 

 



 

 

 

[Arm beam selection calculation from Mathcad for transfer system without 

rotation are excluded from public version] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix 6/1 

TECHNICAL DRAWINGS OF LINEAR ACTUATOR FOR HORIZONTAL 

ACTUATION 

 



 

 

Appendix 6/2 

TECHNICAL DRAWINGS OF LINEAR ACTUATOR FOR HORIZONTAL 

ACTUATION 



 

 

Appendix 7/1 

TECHNICAL DRAWINGS OF LINEAR ACTUATOR FOR OVEN DOOR 

OPERATION 



 

 

Appendix 7/2 

TECHNICAL DRAWINGS OF LINEAR ACTUATOR FOR OVEN DOOR 

OPERATION 

 



 

 

[13 manufacturing drawings are excluded from public version] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix 20 

ASSEMBLY TREE FOR AUTOMATED SHEET METAL TRANSFER SYSTEM 
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ASMT3100
Leg
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Appendix 21 

PRODUCT PART LIST AND MANUFACTURER OR RESELLER 

 

Table Product part list and manufacturer/reseller. 

Manufacturer/reseller Name Product code Quantity 
 

SMC Pneumatics Fin-
land Oy 

LEFS actuator for 
door operation 

LEFS 25 B-500B-
S31N3 

1 

SMC Pneumatics Fin-
land Oy 

LEFB actuator for 
linear actuation 

LEFB32T-1500-
R31N3 

1 

Purso Oy/local distrib-
uter 

Aluminium profile 60 mm x 25 mm x 
2.5 mm  

1000 mm 

Check raw material 
store of HAMK or con-
tact raw material pur-
chaser of HAMK. 

Steel profile 80 mm × 40 mm × 4 
mm 

1580mm x 1pc 
1500mm x 1pc 
850mm x 2pc 
 

 Hexagonal nut 
DIN933 

DIN933-8.8-M05 10 

 Hex screw DIN933-8.8-M05x18 4 

 Hex screw DIN933-8.8-M05x75 10 

 Hex Screw  DIN931-8.8-M05x70 2 

 Hexagonal nut DIN934 - 8.8 - M05 2 

 Flat washer  DIN125-A 5 2 

 

Similar hex screws can be used instead of ordering different standard screws. Length of screw 

are only important dimension. 

1. SMC Pneumatics Finland Oy 

SMC Pneumatics Finland Oy 
Keskus.  0207 513513 
Fax.  0207 513595 
PL 72 (Tiistinniityntie 4) 
Y-tunnus 1650102-9 
02231 ESPOO 

Sales and technical support contact can be found in link below.  

https://www.smc.eu/portal_ssl/WebContent/lo-

cal/FI/Yhteyshenkilot/Yhteyshenkilot.jsp?tree_options=tree_contact.js&tree_state=0&tree_hi

ghlighted_node=6050 

2. Purso Oy 

Commercial profile can be found in catalogue from webpage of company. But they sell in large 

quantities only so it is recommended to contact material purchaser of HAMK to buy given pro-

file. 

 http://purso.fi/en/products-and-systems/profiilit-ja-komponentit/standard-profiles/ 

3. Local distributer or raw material purchaser from HAMK can be contacted for steel pro-

files. There may be profiles in HAMK material store as well. 

4. Blank steel slab 100 x 60 x 10 

5. Blank steel slab 100 x 100 x 5 

6. Blank steel slab 150 x 150 x 10 

https://www.smc.eu/portal_ssl/WebContent/local/FI/Yhteyshenkilot/Yhteyshenkilot.jsp?tree_options=tree_contact.js&tree_state=0&tree_highlighted_node=6050
https://www.smc.eu/portal_ssl/WebContent/local/FI/Yhteyshenkilot/Yhteyshenkilot.jsp?tree_options=tree_contact.js&tree_state=0&tree_highlighted_node=6050
https://www.smc.eu/portal_ssl/WebContent/local/FI/Yhteyshenkilot/Yhteyshenkilot.jsp?tree_options=tree_contact.js&tree_state=0&tree_highlighted_node=6050
http://purso.fi/en/products-and-systems/profiilit-ja-komponentit/standard-profiles/

