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Abstract: Automated production and assembly lines can be considered a crucial factor in 

accelerating the production processes and achieving the maximum financial savings. In particular, 

specialized single-purpose machines can significantly reduce production or assembly time. The 

submitted article presents a design of a single-purpose device that is used for the automated 

assembly of a roller bush with a screw. These components are then used for construction and 

agricultural vehicles to attach other components. Naturally, the design of this specific device is 

more demanding in terms of time consumption, precision, detail and initial investment than similar 

less complicated all-purpose devices. Nevertheless, single-purpose devices turn out to be a better 

option in the sense of quality and profit both in the long-term and high-capacity projects, such as 

automotive industry, agricultural and construction machinery. The best alternative was selected 

from several proposals using the evaluation method. The assembly machine was designed and 

optimized using Computer Aided Design systems and Finite Element Method analyses. The 

resulting equipment was used in practice, where it significantly increased the productivity and 

production efficiency. 
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1. Introduction 

Many different design principles must be considered when designing an automated single-purpose 

system, which differs from traditional automated machine design procedures. High-speed 

operations pose a number of design challenges, including high accelerations and decelerations, 

unstable forces and moments during machine operation, and higher loads than traditional machines 

due to higher cycle repetition [1]. Due to the large volume of output, greater precision and proper 

positioning of parts is needed, the equipment must not have a negative effect on the environment, 
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and, finally, construction materials are a priority. The need for this equipment is based on the effort 

to minimize weight, complexity, repair, installation, and expense, but it also stems from the need for 

greater availability, as comparable assembly lines are currently manufactured in Asia, where 

imports are difficult now; moreover, many of them fall below European standards. The main 

disadvantage is the fact that they are designed primarily for the assembly of uniform parts, such as 

screws, rivets, etc. Their introduction to the European market would significantly improve the 

quality of manufacturing and assembly [2,3]. 

2. Description of Automated Assembly Task Component 

The aim is to create an optimal system for automated assembly of housing screws by pressing in 

accordance with applicable European standards. In order to satisfy the specifications, the system 

must also be constructed according to the requirements sheet [4]. The designed unit must be 

versatile and fully self-contained. Switching the computer to a different variant model variant 

should not take more than 2 hours. Every four hours, the system is turned on for about 30 minutes. 

The device's annual production would be 9,000,000 bits. One complete assembly must take no more 

than 3 seconds. A total of 20 pressed assemblies must be produced in one minute. All screws in the 

assemblies must be tested by taking all screws out of the housing with a force of 10 N. The 

components, which will be assembled together in the given unit, must be first analysed in order to 

find the most suitable solution for a given automated assembly system. A practical diagram of the 

single-purpose machine's operation must be created as well. 

2.1 Roller Bush 

The first component to deal with are roller bushes. There are four different variants (see Fig. 1). All 

of them are made of EN ISO STN 42 5301 steel content of class 11 343.1. These parts are rolled 

into a cylindrical form after being laser-fired from sheet metal with a thickness of t = 1.25 mm. A 

positioning hole with a diameter of ϕ3.5 mm is located in the centre of each housing, immediately 

in relation to the press. After pressing, the pressing holes on the roller housing would be added. 

Both sides of each roller have a chamfer of 0.5 mm. Due to the thinness of the housing, a clamping 

mechanism that circles the entire circumference of the roller sleeve before pressing is needed. This 

prevents the sheet from bending when being pressed. The individual roller alignments must 

therefore be designed so that the positioning hole is always aligned with respect to the overhang. 

2.2 Screws 

The system is assembled using seven different kinds of screws (Fig. 1) of different sizes and 

lengths. The screws are inserted into the system only after the roller bush has been correctly placed. 
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Both screw flange diameters have a maximum of ϕ13.5 mm. Many of the screws have M6 threads. 

The height of the heads on both screws are 6.5 mm. 

2.3 Final Molded Assemblies 

After positioning the given roller bushing and inserting a special screw, the entire assembly is 

pressed together in the clamping mechanism using three press heads. The options for arranging the 

individual assemblies are shown in Fig. 1. Each assembly must be tested after crimping by pressing 

out the screw with a load force of FZ = 10 N. If the screw does not come out, it will go to the box. 

These components are used mainly for transport vehicles, and in particular for large construction 

and agricultural machinery [5]. 

 

Fig. 1 Assemble of roller bushes and screws. Source: authors 

3. Pressing Assembly Kits 

The assembly is pressed using three pressing heads. The assembly is completed with a ball shape 

with a diameter of ϕ3 mm. According to EN ISO STN 41 9312, the punch is made of steel of grade 

19 312. The punch is hardened and then tempered. The positioning hole on both roller bushes must 

face the moulding. Before pressing, a special screw is inserted into the mounted sleeve and the 

clamping device encircles the roller sleeve around its entire circumference. This prevents the sheet 

metal to be bent during the pressing process [6]. The positioning hole and the acting of the pushing 

force are shown in Fig. 2. The rotational resistance of the press heads relative to the positioning 

hole is ± 0.5 °. 
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Fig. 2 The effect of pressing force´s acting on the roller bush: a) 3D view; b) 2D view; c) roller 

bush cross section. Source: authors 

4. Automated Operation Sequence 

For a single-purpose assembly system to function properly, the individual technical operations must 

be well organized and sequenced at the beginning at the beginning of the design process. This is 

accomplished by a practical scheme, which consists of individual components [7,8] (see Fig. 3). 

The individual technical activities arranged in order of their execution are as follows: 

01. Roller bush positioning - the operator manually places individual cylindrical rollers into the 

vibrating hopper of the positioning unit (PZ1) and transports them to the next positioning station. 

After being mounted on multiple positioning devices, the bushes are placed into the interim storage 

(so that each roller is positioned in a different time range). Once being in the correct position, they 

are removed. Due to its time-consuming nature, positioning is done in a row. The roller is removed 

from the assembly line if there is no positioning hole on the roller bush (which may happen) or if it 

is not well bent (CH). 

02. Transporting the roller sleeve from interim storage to the clamping mechanism - the operator 

transports the roller sleeve from the interim storage to the clamping mechanism. A sensor detects 

whether or not the screw is present. 

03. Screwing the screw into the casing - the operator manually places the individual screws into the 

positioning system (PZ2), where they are aligned in the desired direction. The screw is inserted into 

a fixed roller bush after it has been turned to the right direction. Once the screw is inserted, the 

sensor detects its position again.  

04. Pressing of the assembly – at this stage, the screw and the roller sleeve are pressed using three 

press heads. Each of them can be specifically calibrated to the desired extension and force. 

05. Checking the assembly's pressing - in the clamping mechanism, the screw is pulled with a force 

of 10 N to see if it has been properly pressed. 

06. Removing the finished product and packaging - once the part has been pressed, the clamping 

process is stopped. If the pressing was sufficient, the part is placed in a crate (KLT type) on the 
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conveyor (P). If the pressing process stops, the part is removed from the assembly line (CH). Each 

of the 1,000 pieces serves as a control unit (K).  

 

Fig. 3 Functional diagram of automated assembly device. Source: authors 

5. Assembly Stations 

The proposed system is made up of many components, each with its own set of characteristics. The 

simplest parts of the system are the piece separators, the roller bushes storage station, the rotary 

table assembly station, conveyor with finished parts, the enclosure, and the device´s control system. 

5.1 Separating Station of Individual Components 

At the beginning of the operation, the individual components (roller bushes and screws) need to be 

sorted out and placed into a specific location. Fig. 4 shows a separating station, where the individual 

components are arranged using a vibrating hopper. 

The roller bushes and screws are moved from the vibrating hopper into the right direction using a 

vibrating linear feeder. The entire station is supported by a structure composed of ITEM modular 

profiles. A vibrating refill hopper made by AFAG company is also mounted on the platform to 

protect the individual components from having to be loaded? into the vibrating hopper at regular 

intervals [9,10]. 

5.2 Cylindrical Positioning Station 

The placement becomes important as the rollers are arranged vertically in the separating station and 

are deposited in the collector. Three positioning manipulators are located at the positioning station 

(see Fig. 4) and use rotary gripper heads to lift individual rollers out from their position and place 

them into the positioning sensors. At this stage, the rotary gripper heads begin to rotate and the 

sensors search for the positioning hole [11,12]. The individual positioning operators unload the 

placed rollers into the linear interim storage located behind the rollers in the linear direction until 

the opening is detected. 

The positioning station is placed on the top of a table. The manipulators may fail to locate the 

positioning hole. It is likely that the curved roller is absent or that the distance created by the 

curvature is greater than 1 mm. In such a situation, the sensor beam moves across the entire 
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diameter of the roller bushing. Such a roller is poorly designed [13]. The positioning manipulator 

releases the roller sleeve via the overflow hole in the table top, where it falls out following the sheet 

metal slide to the crate (KLT type), as the PLC program determines that the roller is erroneous in 

this scenario. After loading, it is emptied by the manipulator.  

 

Fig. 4 Positioning station for roller accommodation. Source: authors 

5.3 Assembly Station 

The assembly process begins after the mounted rollers have been placed into the linear pneumatic 

interim storages (see Fig. 5), which takes place on a rotary table. The entire assembly is completed 

in four pneumatic chucks: the first one contains a mounted roller, the second one inserts a screw, 

the third one presses the roller and the screw, and the fourth chuck contains a control station that 

verifies that the screw with roller bushing is correctly pressed. The entire assembly station is placed 

on a table made of ITEM profiles [14,15]. 

 

Fig. 5 Assembly station. Source: authors 
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For proper setting of the press jaws, it is important to know the internal pressure. This is done 

using the Finite Element Analysis (FEM) [16,17]. Fig. 6a shows a total deformation of the press 

jaws. The punch in the Z axis pushes a maximum of 0.0043 mm while the pressing force is applied. 

Fig. 6b illustrates the evolution of the internal upset of the punch. The pressing force produces a 

maximum pressure of 260 MPa. Since the yield strength of 19 312 steel is approximately 550 MPa, 

the proposed material meets the given requirements. 

 

Fig. 6 (a) total deformation of the press jaw; (b) resulting tension on the press jaw. Source: authors 

5.4 Conveyor for Finished Parts 

A conveyor from AFAG company is attached to the device's frame below the assembly station (see 

Fig. 7). On the conveyor, the completed pressed assemblies are moved from the rotary table into 

crates - KLT type; (dimensions: 297 x 198 x 147 mm). The IL-65 monitor laser sensor from 

KEYENCE company guarantees the proper location of the crates. 

The TBL 320-1400-AR-9 conveyor works at 9 m/min rpm. The stepper motor is turned off and 

the conveyor is stopped after the length of the crate (KLT type) [18,19] was reached before the next 

crate is loaded. Since the engine is attached to the central control, it has the information about the 

number of parts in the crate (KLT type). Although the system discards each completed 1,000 parts, 

the conveyor motor stops. This is a control piece. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7 Press assembly machine. Source: authors 

5.5 Press Assembly Machine 

Fig. 8 shows a professionally assembled press assembly unit. This device can used to assemble 

seven screws and curved roller bushings. These modules will be used in transportation vehicles in 
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the future (especially in agriculture and construction). The entire system meets all specifications 

given in the specification sheet [20]. 

The system must also be correctly wired and programmed to avoid accidents or injuries. This 

must be carried out by experts. The dimensions of the assembly table are 1,500 x 1,100 mm, with 

the height of 2,100 mm. The dimensions of the entire unit, including the fencing, are 3,700 x 2,600 

mm x 2,000 mm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8 Press assembly machine. Source: authors 

6. Conclusion 

The goal of this project was to develop and define an optimal system for the automatic assembly of 

screws and roller bushings by pressing in compliance with the European standards. The device must 

comply with the specifications outlined in the specification sheet. 

The system has been designed to be universal and fully automatic. It takes about an hour to 

switch the system over to another form of assembly variant. The system is turned on for about 30 

minutes every four hours. The device produces about 9,500,000 parts a year. One assembly takes 

2.8 seconds, which means that in just one minute, 21 pressed assemblies are formed. By removing 

all screws from the bushing with a force of 10 N, all screws in the assemblies are tested. 

Finite element analysis was performed on the pressing jaws. When using a maximum pressing 

force of 1.1 kN, it was found that the punch in the Z axis is displaced by a maximum of 0.0043 mm. 

The overall internal tension of the jaw is 260 MPa, which is caused by the pushing force. Since the 

yield strength of 19 312 steel is approximately 550 MPa, the proposed material meets the given 

requirements. 

Compared to existing systems, the proposed technology has a number of advantages. The smaller 

size allows for better positioning in the manufacturing hall and, as a result, more efficient use of 

space. Another advantage is easy assembly. Fast repair is also a great advantage compared to 
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today's computers. Many of the device's critical components are easily replaceable and available. 

The design of the device can also be a drawback since the system is highly variable, which can 

result in high costs due to many additional parts and components needed. These benefits and 

drawbacks, however, are dependent on individual consumer needs. Nevertheless, also in terms of 

protection, the device under review complies with European norms and standards. The proposed 

system has been manufactured and applied in practice. 
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