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file:///C:/Users/Thempio/Documents/ŠKOLA/DIPMOMOVÁ%20PRÁCE/Final_2020/DP_Tomáš_Bláha-1.docx%23_Toc46688533
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file:///C:/Users/Thempio/Documents/ŠKOLA/DIPMOMOVÁ%20PRÁCE/Final_2020/DP_Tomáš_Bláha-1.docx%23_Toc46688545
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file:///C:/Users/Thempio/Documents/ŠKOLA/DIPMOMOVÁ%20PRÁCE/Final_2020/DP_Tomáš_Bláha-1.docx%23_Toc46688564
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file:///C:/Users/Thempio/Documents/ŠKOLA/DIPMOMOVÁ%20PRÁCE/Final_2020/DP_Tomáš_Bláha-1.docx%23_Toc46688598
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University of West Bohemia in Pilsen   Diploma Thesis, academic year 2019/2020 

Department of Machine Design  Bc. Tomáš Bláha 

6 

List of the essential graphic symbols (EDSM): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

-  Operator (Op) in transf./tech.transf. system (TrfS/TTrfS) 
Transforming  M, E, I, or  L object (tangible or intangible object system) / 
means   

(in case of  lack of space only operator name at the symbol of  its effect) 

-  Decision process 

(within a process, incl. TrfP) 
Set of interrelated or interacting activities (possibly structured into subprocesses, 
operations and steps) that generate one of the possible alternative of ouput(s) 

based on evaluation of  its input(s) . 

-  Function (Fu) of technical system (TS) 
Capability of a TS  abstract organ or TS concrete constructional organ  to 
operate  
(expressed by infinitive form),  e.g.: 
= operative functions:  rotate, cool, hold, … 

= passive functions:     rotation - , cooling -, holding -, …  
permit (enable, …) 

(output operator function comprises its ability to achieve a required 
effect, i.e. the operator function!) 

-  Process, transf. / tech.transf. process (TrfP/TTrfP)  
Set of interrelated or interacting activities (possibly structured 
into subprocesses, operations and steps) that change available input(s)  of 
process / TrfP to the required ouput(s). 
(also sub-process  or operation within a process/TrfP) 

- TS-cross-boundary functions (RecFu, EffFu) of TS 
(boundary elements of TS-function structure)  
Mediating function of M, E, I  inputs and outputs with TS: 
Receptor („input“) function  - left 
Effector („output“) function  - in the middle 

Receptor-effector  („bidirectional“) function - right 
(receptors and effectors may not be  necessarily located  on TS physical 

boundaries!) 

-  Receptor (Rec), effector  (Eff) of tech.syst.(TS) 
(TS-cross-boundary  elements in general) 
Elements mediating  M, E, I  TS  inputs and outputs  with TS 

(also with operator  or  a tangible object system (object) in general) 
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-  Effect (Ef) of operator (Op)  
(symbol attached to the Op symbol  which touches the TrfP symbol, 
 if it is not possible to depict the target object in TrfP):  
Action of M, E, I  outputs of  operator  (active or reactive, structural or procedural, 
operative or passive) including: 
A. Working effects (WrEf) : 

a. Needed for  transformation of operand (Od) of transformation process 
(TrfP) or technical transformation process (TTrfP)  by subset of transf. effects 
(TrEf) in the main transf. process via a technology 

(together with working effects of other operators throughout the whole considered  
process, e.g. engineering designing, manufacturing, transporting, storing, 
operating, etc.), e.g. (expressed by verbal noun): 
= operative:   rotating, cooling, holding, removing, … 

= passive:      rotating- , cooling -,  holding -,  removing - , … permiting  (enabling, 
…)  

b. Needed for conversions („assisting transformations“) of M, E, I  objects 
in asisting processes of TrfP/TTrfP by subset of assisting effects (AssEf) 
analogously to the transform. effects (see above). 

B. Connecting effects (CnEf) :  
a. Needed for grounding connection(s) of operator(s) with  a  basic tangible 
object system (object) or  with a mediating tangible object (system) connected 
to it. 
b. Needed for  carrying  connection(s) of operator(s)  with carried objects 
(systems). 

(Also mutual M, E, I  action(s) (active or reactive, structural or procedural, 
operative or passive) of object systems e.g.  among operators, among their 

- Boundary of grounding/carried  tangible object  (syst.)  
Connection zone with an operator (see Effect, ad B. above): 
ad B.a. situated on a grounding basic  object or on a mediating object 
connected to it (left part of the symbol) 
ad B.b. situated on a carried object (right part of the symbol). 
(the zone need not be  necessarily located  on the physical boundaries 

 of the  supporting, mediating or a supported  tangible object!) 

-  Operand (Od) of  transf. / tech.transf. process  (TrfP/TTrfP) 
Transformed  M, E, I, and/or L  object („object system“as a set   
of  M, E, I, L transformed objects in their states between input and output) 

(or only operand designation and state  at process input/output symbols) 
(Also abstract TS-organ, abstract TS-constructional  part , and also abstract 
general tangible or intangible object)  

-  Property (Pr) (incl. functions) of technical systems (TS) 
Attribute, characteristic, etc. of  TS , which characterizes it  
from an inherent viewpoint, incl. its behavior. 
(the concept  property also concerns transformation / tech.transf. processes 
(TrfP/TTrfP ),  and tangible and intangible object systems (objects), however ,  

the depicted symbol is not used for them  in general) 

- Input / output  (Inp/Out) of process, operator , … 
Site (if appropriate) and direction of  the M, E, I, and/or L   
action  input to / output from  a process or operator,  
(however,  the  symbol  is not at the same time the symbol  
of the  operand in  its input / output states  in context with TrfP!)  
(vector in general) 

[26] 
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1. INTRODUCTION 

Introduction of the topic of work 
Belt conveyors are very casual machines used in different types of industries. Most often they 

are used in machinery, food, and mining industry. In all these types of use are different 

circumstances, different requirements and of course, different environments also. In the food 

industry, it is usually requirements for medical harmlessness, and in the mining industry, it is 

resistance against the dusty and wet environment. This thesis aims to design the conveyor, 

which allows a disabled operator to work and of course, to offer some friendly and ergonomic 

workplace to these operators. The next goal will be to suggest opportunities for innovation of 

this product to make it "SMART". 

Introduction of the project MUPIC 
This dissertation was solved in parallel with the MUPIC (Multidisciplinary Project in an 

International Context) project, where the author was cooperating with students from different 

countries and different fields of study in innovating the required product. In this project were 

all participants using the English language. Due to that is this dissertation written in the 

English language.  

Introduction of the company ENGEL 
Company ENGEL was established by Ludwig Engel in 1945. This company focuses on the 

manufacturing of injection moulding machines which are used to generate plastic product 

created from molten plastic. The company's branches are located almost all over the world. 

Project MUPIC and this dissertation were built on the cooperation with a branch located in 

the Czech Republic in Kaplice (established in 2000). This branch focuses on the production of 

components used to assemble injection moulding machines and also on the production of belt 

conveyors which are used as equipment of these machines. [30] 

 

  Figure 1 Injection moulding machine - VICTORY [31] 
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1.1. Conveyors 

Conveyors [1] are machines working mostly on mechanical principle, which allows 

transporting of the product from place A to place B. During this transporting process can be 

included some other functions such as drying, mixing, checking, measuring. 

Machines for transporting a product can be divided into three groups. 

 For bulk material 

o This section consists of vibrating and screw conveyors, stream conveyors, bucket 

elevators, pneumatic systems, hydraulic systems. 

 For piece material 

o Inside this second section can be added roller tables, special elevators, carriage, 

lifts, hoists, cranes, lifting platforms, and overhead conveyors. 

 For bulk and piece material 

o The third section is for us the most important because this section consists of belt 

conveyors, transporting chutes, and segment conveyor. These machines are very 

casual solutions to transport the product. 
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2. ELABORATION OF THE PROBLEM 

In the first chapter will be introduced problems which will be solved during the engineering 

design process. This information is essential to understand the whole integrity of the process 

and its consequences. 

2.1. Establishing requirements specification for TS and project solution 

plan 

2.2. Assignment clarification and completion 

In the company "ENGEL" there are produced belt conveyors. These conveyors have a long 

tradition, and they did not pass through any more significant innovation for 18 years. These 

conveyors are primarily produced as equipment for injection moulding machines, but they can 

also be used as a separate transporting machine. The primary goal of these conveyors is to 

transport some product from place A to place B, but there can be a lot of other functions 

which can improve the productivity or the quality of production. Company ENGEL knows 

about this weakness of the conveyor and because of this fact they want to obtain something 

like "SMART conveyor", but one of the restricting requirements are of course the costs of 

new conveyor production. Due to this will be needed to calculate the price continuously and 

try to meet the costs requirement.  

After some dialogue with the representative from the company "ENGEL" designer obtained 

some other requirements and one and most important requirement for us was that they want to 

obtain some alternative ideas form us. The engineering designer obtained some "freedom" in 

the engineering design process, but there is a small list of primary requirements from 

company "ENGEL": 

 1. The final alternative should meet the costs requirement. 

 2. The conveyor should be able to work in continuous mode or discontinuous mode, and it 

should be able to be aligned with the injection mould.  

 3. It has to allow access to an injection moulding machine during its service. 

 4. The temperature of the product should be lowered during the transportation process. 

 5. The final product design should be done in a black and green combination. 

 6. The final alternative of the conveyor should be the "SMART online device", which allows 

the disabled operator to use it. 

 7. It is preferred to use just technologies available in the company "ENGEL".  

 8. There is preferred work using CAD system NX. 

 9. The final product should fulfil ergonomic, maintenance, lifetime, safety, and environmental 

requirements. 

 10. The production of the final product should be 500 pcs. /year. 
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 11. Required costs were not precisely defined. For rough orientation will be used costs on 

starting product 838.7 €.  

These requirements are just from company "ENGEL" as from the potential producer of this 

conveyor, but there is much potential requirement from conveyor users. All requirements can 

be divided into life-cycle phases. In all these phases can be found many requirements from 

customers (users) and from other people, which will come into contact with this product. 

These people are users, repairmen, distributors, waste sorters, and others. A unique 

"Requirements specification" table was created to meet the requirements of the users, see 

appendix two.  

2.3. Problem clarification 

The primary goal of this engineering design process will be to get some alternative of 

conveyor, which will meet the majority of the requirements. There will be more than one 

alternative, but just one (most interesting and the best alternative) will be processed in further 

detail. More details about selected alternatives and ideas will be signed later during the 

engineering design process. The final product should be more attractive for customers, and it 

should be "SMART and easy to use for handicapped operators". 

2.3.1.1. The assumption for the handicapped machine operator  

Owing to the assignment of this dissertation "Integrated conveyor engineering design with a 

focus on ergonomics and safety of the disabled service" is one of the steps needed to create 

some specification of the potential machine operator. It is necessary to create this 

specification at the beginning of the engineering design process inasmuch it helps to make the 

assignment more precise, and it also helps the designer to accelerate the engineering design 

process. 

It is challenging to specify some group of "allowed types of handicaps" to work with designed 

conveyor. However, this specification has to reduce the amount of potential disabled 

employees and select those who are probably able to work with this conveyor. Of course, it is 

necessary to consult this decision with the nursing doctor and naturally with ergo therapist.  

A part appendix of ordinance number 359/2009 Collection from Czech legislation called 

"Percentage rate of workability" was used to select a group of disabled operators able to work 

with a designed conveyor. The selected part of this document is "Limbs disability", which 

contains many types of libs handicaps, but it has to mention that this list of limbs handicaps 

was necessary to limit on just one limb disabled operator.[2] 

During the engineering design process will be given special attention to prevent any type of 

accident between operator and conveyor, but it has to be mentioned that there is a low 

possibility to prevent all possible accidents or injuries caused by wrong using of the conveyor 

belt. 
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2.3.1.2. Specification of transported products 

The maximal dimensions of transported products are 300 x 300 x 300 mm. That can be 

represented as a cube of one side length 300 mm. Minimal dimensions of the transported 

product are 10 x 10 x10 mm (also can be represented by a cube of side length 10 mm). The 

maximal weight of one product can be 5 kg, and it should have these properties: 

1. Solid surface with no sharp edges which can damage the belt. 

2. Clean surface with no pollution (such as liquids or dust) on it.  

3. Temperature range from -10°C to +80°C  

2.4. Search for the State of the Art 

During the research into the market offer and state-of-the-art was found that there are a lot of 

competing companies, which are producing conveyors, but there are many companies, which 

produce conveyors for disabled operators. Because of this fact it will be necessary to use just 

common alternatives of conveyors in the "State Of the Art". Products of these companies are 

usually based on the belt conveyor, chain conveyor, roller alternative, timing belt conveyor 

principle and a lot of other alternatives and variations. Usually, there are no alternatives with 

some modularity, and many products are based on the experienced working principle, because 

of this fact, it is possible to come up with something new. It can be expected that the biggest 

competitor on the market is the usual belt conveyor and its variations.  

Because the scale of competing companies it too large, there will be selected just a few most 

interesting and best competitor alternatives of conveyors available on the market. 

BM 8410/8420 Narrow, Front drive (INTERROLL) 
- Maximal load capacity: 50 kg/m 

- Conveyor speed: 0.1 to 2.5 m/s 

- Ambient temperature: 0-40°C 

- Conveyor belt: 2-layers PVC  

- Rated width: 420/620/840 mm 

- Module length: 650 – 3000 mm 

- Side guide height: 35 – 65 mm 

This product from company "INTERROLL" is 

possibly the biggest competitor of our potential 

product. It has a full scale of speeds so it can be 

easily adjusted to injection mould press. This 

product also has a proper and safe cowers of the belt, and it is very small and simple. [15] 

  

Figure 2 BM 8410/8420  [15] 
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80C TR (HABERKORN) 
- Maximal load capacity: 20 kg/m 

- Conveyor speed: 5 – 46 m/min 

- Ambient temperature: 10 – 80°C 

- Conveyor belt: PVC/PU/Textile  

- Rated width: 300 – 1000 mm 

- Module length: 600 – 10000 mm 

- Roller diameter: 84 mm 

This product from company "HABERKORN" has less covering of belt, but it still has a wide 

range of speeds so it can be easily adjusted too. This product has a vast range of module 

length, and it offers usage in higher temperatures. Finally, this product also offers to use more 

than one type of belt. Nevertheless, this product is very similar to VC*/90-120 from company 

"ENGEL". [16] 

C1100 – Linear Conveyor (CRIZAF) 
- Maximal load capacity: 20 kg/m 

- Conveyor speed: 3.2 m/min 

- Conveyor belt: PU  

- Rated width: 190 – 790 mm 

- Module length: 500 – 7000 mm 

Product C1100 from company "CRIZAF" is equipped 

with the adjustable stand and useful and safe covering 

of belt and product guidance. However, the most 

significant disadvantage of this alternative is the fixed 

speed. [17] 

Rotary Table DTZ-P 2040 (MK-GROUP) 
- Maximal load capacity: 100 kg 

- Drive version: Chain 

- Table diameter: 750/1000/1250/1500mm 

- Height of table: 500 – 1500 mm 

  

Figure 3 80C TR  [16] 

Figure 4 C1100 [17] 

Figure 5 Rotary Table DTZ-P 2040 [18] 
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This product from the company "MK-GROUP" is quite different because of the different 

principles of work. Nevertheless, it can be considered as a competitor. There is much space to 

stuck products on this table, and it can carry a big load. However, it is challenging to compare 

this table conveyor with a belt conveyor. [18] 

Modular conveyor (HABERKORN) 
- Maximal load capacity: 30 kg/m 

- Conveyor speed: 4 – 50 m/min 

- Ambient temperature: 10 – 80°C 

- Modular belt: PP/PE/POM/PA6 

- Rated width: 80 – 1000 mm 

- Module length: 600 – 10000 mm 

- Roller diameter: 84 mm 

 

This modular conveyor from the company "HABERKORN" has a larger load capacity, and 

the adjustable conveyor speed range is also a significant advantage. Nevertheless, the engine 

outside of the roller is a significant disadvantage because of the safety and layout place. 

Moreover, there is very weak protection against contact with the belt. Therefore this type of 

conveyor cannot be used for transporting small products, because these products can easily 

fall through the belt. [19] 

Roller conveyor - direct driven (HABERKORN)  
- Maximal load capacity: 35 kg/m 

- Conveyor speed: 3 - 31 m/min 

- Ambient temperature: 10 – 80°C 

- Roller material: PVC/ zinc coated/ stainless steel/ Al 

- Rated width: 200 – 1000 mm 

- Module length: 300 – 13000 mm 

- Roller diameter: 50 mm 

- Drive: 3 x 400 V 

This type of conveyor is beneficial in applications, 

where are transported heavier and larger products. 

These conveyors can be used even for long transport 

tracks but also for short tracks. One significant 

disadvantage of this type of conveyor is the fact that 

there cannot be transported smaller products. [20] 

  

Figure 6 Modular conveyor [19] 

Figure 7 Roller conveyor [20] 



University of West Bohemia in Pilsen   Diploma Thesis, academic year 2019/2020 

Department of Machine Design  Bc. Tomáš Bláha 

15 

Gravity roller conveyor (FEIFER)  
- Maximal load capacity: 35 kg/m 

- Roller material: Plastic 

- Rated width: 300/500/800 mm 

- Module length: 1000/1500/2000 mm 

- Roller diameter: 50 mm 

- Height adjustments range: 580 – 920 mm 

Gravity roller conveyor is a very cheap and economical 

solution because there is no drive needed, and the tilt of 

conveyor can be easily changed. However, there is the same disadvantage as in the previous 

case, and this conveyor cannot transport smaller objects. [21] 

  

Figure 8 Gravity roller conveyor [21] 
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2.4.1.1. Conclusion of the state of the art 

As a conclusion of the state of the art, it can be said that the market offer is extensive, but 

there are usually missing "SMART and adaptable" conveyors with some replaceable 

equipment. So the "SMART and adaptable" product with some equipment can be very 

successful on the market, and it can fill the hole in the market offer. There are also no 

adaptable conveyors for the disabled operator, and that means it is the hole in the market too. 

Links on all companies which were included in this state of the art can be found in the 

appendix. 

2.4.2. Analysis of patents 

Before the start of the engineering design process is necessary to create the analysis of 

patents. Because of the problem of endless research, there will be stated just the essential 

patents. During the engineering design process will be examined more patents.  

Belt conveyor – EP1710176A2 – B65G23/14 [3] 

This patent relates to the method of conveying the belt of the belt conveyor. 

The principle of this method: 

The engine drives guide roller, and this roller drives the front roller. A thong mediates the 

connection between these two rollers. 

Apparatus and methods for high-speed conveyor switching – 

US20060070857A1- B65G47/71 [4] 

This patent relates to the unique principle of conveyor with adjustable and switchable 

conveying trajectory.  

The principle of this method: 

This method allows to conveyor to drive the main rollers and other smaller wheels which are 

added to sort conveyed products. 

Conveyor assembly with air-assisted sorting – US20090272624A1 – 

B07C5/363 [5] 

This patent relates to the principle of removing from the belt.  

To the conveyor are connected special air blowers, and the airflow moves the product from 

belt to some storage place. The use of air blowers depends on the product's mass and 

dimensions. 

Conveyor storage system – US4273234A – B65G47/57 [6] 
This patent relates to the storage of products moved by conveyor.  

This storage "tower" allows transport continuously from a conveyor on the special holder, 

where the products are stored. 
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2.4.3. First engineering design reflection 

LIFE-CYCLE and ENGINEERING DESIGN PROCESS 
At the beginning of the engineering design process is necessary to think about the product life 

cycle (LC). This cycle requires some properties of conveyor, and the final engineering design 

should be the suboptimal alternative in all phases of the LC. Without this thinking can be 

possible deficiencies found too late (e.g. If the customer will found some deficiency in the 

operation stage, it is too late to fix it) and much money can be spent to fix caused problems 

not to mention the bad impact on the company name. This project is trying to avoid these 

problems using some prediction of the possible deficiencies.  

In the beginning, it will be just briefly introduced the importance of life cycle study. For this 

thesis, the main stages of the products life cycle are Pre-manufacturing, Manufacturing, 

Distribution, Operation and Liquidation. In all these phases, there are some energies 

consumed/produced, and emissions or waste produced. The designer can (from his 

perspective) influence these consumptions and productions by his decisions in the engineering 

design process. Of course, it is complicated to make whole impact research and count all 

amount of produced emissions, waste, and consumed energy, but designers can use just the 

necessary information about these values and use them for making better decisions.  

The main stages (for this thesis) of LC will be elaborated, and the requirements from these 

phases will be introduced. Of course, there cannot be introduced all requirements and due to 

that will be highlighted and listed just the requirements which are quite crucial for the 

company and user from the authors perspective. 

Pre-manufacturing stage: 

In this stage can be considered just the impacts and properties, for example, each material or 

technologies used on the final product and its impact on the environment. Nevertheless, there 

is one requirement, which will be most frequently used here: "To use materials that can be 

recycled and used again". 

Manufacturing stage: 

The essential requirement resulting from this phase is to use the technology available in the 

company "ENGEL" or "ENGEL" cooperating companies. Furthermore, the next requirement 

is to use the cheapest and undemanding alternative for manufacturing. 

Distribution stage: 

First requirement there can be the fact that the conveyor should allow being quickly packaged 

into a small object, which could easily be transported and stacked on the top of each other. Of 

course, it should be light to reduce the transport price. 
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Operation stage: 

There will be many requirements: 

- To reduce the weight of the conveyor to help the service to move with it. 

- To create an ergonomic and safe product to reduce the possibility of service injury and 

improve the amenity of the work environment. 

- To create a product that will be customized for people with physical disabilities. 

- To design a product that will fulfil the customer's requirements. 

Liquidation stage: 

There is mentioned just one main requirement. All materials should be easily recycled. 

During the elaboration of this diploma thesis, and the final product engineering design, the 

requirements concerning the environment will also be taken into account. [32] 

Safety and conveyors 
Conveyors are used very frequently, and they are usually used in every company which 

produces something in large among them. Moreover, these conveyors can sometimes be quite 

dangerous for the service, because of this fact, it is necessary to focus on the stage of product 

operation, on some safety elements and the safety perspective itself.  

A conveyor is a machine that is used to transport something somewhere. Furthermore, during 

this process is some service person needed. This service is coming in direct contact with 

conveyor during this process. There are some moving/rotating/retracting and other 

movements done by some parts of the conveyor and which means that there are many 

accident opportunities. Nevertheless, in this case, it is not precautioning enough to reduce the 

possibility of the accident or injury of service. It is necessary to create some safety elements 

and covers by the designer, and in the case of this dissertation, it is also needed to think about 

safety for physically disabled employees.  

At first is needed to cover every rotating or just moving parts which can be dangerous (such 

as belt corners, rollers, strap, engine, gears). These covers should be of course suitable from 

an ergonomic and industrial design point of view, but primarily it should protect. If we focus 

for example on belt conveyor, we can say there that is needed to cover corners on the sides of 

the belt and front and backcrossing of the belt to the lower part. However, all these safety 

elements should not endanger or limit the primary function of the conveyor. There is one 

problem which is very difficult to solve "Hairs" if someone is using a conveyor or some other 

machine it is useful to have the hair tied up. 

Nevertheless, there is still some danger of caching the hair in some moving part. Many covers 

cannot solve problems with hairs because hairs are very thin. So it is better to prevent the 

service to bend near the conveyor. 
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2.5. Establishing requirements specification for TS 

2.5.1. Requirements specification of TS 

In Figure 9, a list of requirements is stated. It will also be used in the engineering design 

process to evaluate designed alternatives and to compare starting product TS0 (in this case it 

is conveyor from company Engel "HLi 2900Lx350W"), competitive product TSA (in this 

case it is not conceived like one product, but it is conceived like a set of the best features of 

competing products) and designed TS1. The purpose of this table is to describe "How the 

requirements were used and organised", and detailed tables and charts will be listed later. 

 

Figure 9 Structure of the TS requirements specification and SWOT evaluation (charts added 

later) [26] 
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2.6. Evaluation and analysis of the starting and competitive TS 

2.6.1. SWOT evaluation of starting and competitive TS for requirements specification 

From the graph shown in Figure 10, it can be deduced that the product of company Engel, in 

this case, has considerable shortcomings in its functionality properties (against the ideal and 

competitive product) and also in properties to humans. On the other hand, it is preferable and 

more suitable than the competitive product intangible working means properties and also in 

properties to the active and reactive environment. In the rest of the properties are the results 

for starting product and competitive product identical.  

Figure 10 Results of SWOT evaluation of the suitability of the starting TS0, competitive TSA and reference ideal TSi 

for all specified Q(P-D) requirements [26] 
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2.6.2. SWOT evaluation of the mutual competitiveness of the starting    

and competitive TS 

From the chart shown in Figure 11, it is easily visible that in this step, the competitive 

product is more suitable and more attractive for the customer. 

  

Figure 11 Results of SWOT evaluation of Q^T^C(P-D)/(P-B)/(P-M) competitiveness of starting TS0, competitive TSA and reference 

ideals TSi for all comparable requirements on the designed TS [26] 
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2.7. Establishing project solution plan 

2.7.1. Feasibility study 

This engineering design process is based on the knowledge of the market and current 

technology level. During the State of the Art study and market research was found that this 

project is feasible using the technology level of company ENGEL and available knowledge. It 

is also feasible, depending on the economic perspective. 

2.7.2. Solution strategy 

This engineering design process is based on the strategy of a simplified instructive 

methodology based on the Engineering Design Science and Methodology (EDSM). [26], [32] 

2.7.3. Project solution timetable 

  

Figure 12 Schedule of the engineering design project of TS [26] 



University of West Bohemia in Pilsen   Diploma Thesis, academic year 2019/2020 

Department of Machine Design  Bc. Tomáš Bláha 

23 

3. CONCEPTUAL DESIGN  

3.1. Operational technical transformation process (TTrfP) of TS 

3.1.1. Black box of the operational Technical transformation process (TTrfP) of TS 

3.1.2. Technological principle of the operational Technical transformation process 

(TTrfP) 

 

Figure 13 Black box of the operational Technical transformation process (TTrfP) of TS [26] 

Figure 14 Technological principle of the operational Technical transformation process (TTrfP) [26] 
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3.2. Engineering Design of TS Organ structure 

3.2.1. Engineering design of TS Organ structure alternatives 

3.2.1.1. Organs for the designed Organ structure 

 

Figure 15 Morphological matrix with designed organs to fulfil the required functions [26] 
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In the matrix above (shown in Figure 15) are stated all main functions (yellow field on the 

left) which are needed to create a functional and suitable product. Moreover, in the left part of 

the matrix (white field) are possible ways to fulfil these functions. In some cases, there are 

more alternatives, but it depends on the engineering designer fantasy and also on his ideas. In 

the background of this matrix, there are many sketches and surveys, so the best alternatives 

and best solutions for every single function can be found. 

3.2.1.2. Conveyor positioning 

The main problem for the physically disabled operator is the height of the conveyor. That is 

because these operators can be on the carriage or their height is unusual. It can be, of course, 

fixed simply by using some stand or ramp, but this solution is very uncomfortable for 

disabled operators, and it can also cause the injury. The better way is to allow the adjusting of 

the conveyor height, but it can be very complicated because of the tensioning mechanism, 

type of belt, cooperation with the robotic hand working in the injection moulding machine. 

Angled conveyor 

Angled conveyor shown in Figure 16 is quite a useful alternative because there is not 

necessary to adjust the robot (because of changing height), but there is still a problem when 

the transported product is something small and rounded because of the slanted part of the 

conveyor it can start to roll down. This problem can be fixed using the shaped belt, but this 

type of belt is complicated to combine with an angled alternative.  

  

Figure 16 Angled conveyor 
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Sliding desk 

A sliding desk is some kind of desk, which can be used to capture products falling from the 

conveyor and it transports them in some lower place. That means in this alternative is 

conveyor height fixed, and the desk itself can be adjusted. Nevertheless, this desk has to fulfil 

many requirements for functionality and safety. 

 1. There has to be some kind of covering on the desk sides to reduce the risk of injury. 

 2. The product which is transported by the sliding desk should not be damaged by sliding. 

 3. The desk has to allow the changing of heights, and potentially I should be retractable. 

 4. Fixation of the desk position has to be stiff enough. 

 5. The gap between the desk beginning and the conveyor belt has to be small enough to 

prevent pulling in some objects. 

 6. Adjusting the desk has to be safe and straightforward. (Because the operator should be able 

to adjust it himself/herself) 

 7. The conveyor should be equipped with some removal place or desk, where will slide 

products from the conveyor. 

 8. The desk must not endanger the primary function of the conveyor.  

Figure 17 Sliding desk 
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Scissors positioning mechanism 

This alternative makes a conveyor adjusted to some unique positioning mechanism, which 

allows adjusting its height, but one disadvantage is the problem of adjusting the dropping 

position for the robotic arm in the injection moulding machine. 

 

Alternatives of the TS organs structure 
As an outcome of the engineering design thinking was created matrix showed in Figure 19 

where are highlighted three alternatives (distinguished by colours) which can be considered as 

final alternatives. Every alternative is connecting different ways to fulfil the functions, but in 

some cases, they are using two ways to fulfil the primary functions because that combination 

sometimes offers the best results. 

 

 

  

Figure 18 Scissors positioning mechanism 



University of West Bohemia in Pilsen   Diploma Thesis, academic year 2019/2020 

Department of Machine Design  Bc. Tomáš Bláha 

28 

  

Figure 19 Alternatives of 

organs to fulfill the required 

functions  

Alternative A – Blue color 

Alternative B – Red color 

Alternative C – Green color 
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Alternative A 
The first (blue) alternative is based on the principle of belt conveyor it is using bombeered 

roller to centre the belt, and it is powered by an electrical engine that is placed inside the front 

roller. As support of the belt is a conveyor equipped with metal sheets which allows an 

effortless and very suitable way to support the belt. Tensioning and centring of the belt are 

enabled by a horizontal pulley and adjustable roller placed in the backside of the conveyor. 

Tension in the belt is checked by a sensor placed under the belt, which is made of 

polyvinylchloride (PVC). The shape of the belt is simple, and on the sides of the conveyor are 

placed two sensors. These sensors are checking the position of the belt and preventing 

accidents with a side of the frame. The conveyor can be in emergency shut down by an 

emergency stop button or by an audio sensor which allows detecting of shout caused by 

injuring the operator. The conveyor is attached to the injection mould machine by a unique 

frame. This frame is divided into two sections. First, it is the ejecting-frame which is 

connected to the conveyor body and the second is fixed conveyor, which is placed on 

supporting triangular consoles. This alternative has special equipment that consists of 

temperature checking, cooling, and position checking. Adjusting the height is provided by an 

adjustable 

sliding desk. 

This desk can be 

turned around 

the powered 

roller and allows 

sliding of 

product to lower 

position. 

Alternative B 
The second (red) alternative is the most simple. As the other two alternatives are this 

alternative also based on the principle of belt conveyor but the centring of the belt is solved 

little bit different. The belt is equipped with a unique thong placed under the belt. It is 

connected to the belt all over its length. This thong is used to guide the belt on the conveyor 

and centre it. The engine 

is placed in front of the 

conveyor inside the front 

roller. To save the 

material the belt is 

supported just with metal 

belts, and it is also 

equipped with special Figure 21 Conceptual design of the organ structure:  Alternative B 

Figure 20 Conceptual design of the organ structure: Alternative A 
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weight which checks the mass of the product transported on the belt. This alternative uses a 

simply shaped textile belt. The central stop button can stop the conveyor. Adjusting of 

conveyor height is provided by the scissor mechanism which is manually operated. 

Alternative C 
The third (green) alternative is based on the principle of a conveyor belt. The positioning of 

the belt is enabled by bombeered rollers powered by an electrical engine that is placed inside 

the front roller. The belt is placed on smaller supporting rollers all over its length. The rollers 

can adjust the belt tension. This tension is checked by the sensor placed in the lower part of 

the conveyor; the belt comprises of polyurethane, and it is shaped to prevent products sliding. 

Corners of this belt are hidden inside the sides of the conveyor's frame. That makes the belt 

less dangerous for the operator or products. Conveyor allows to emergency stop using the 

central stop button or audio stops. The audio stop allows the machine to register shout if 

someone is injured. The main principle of this alternative is based on the principle of a twice 

angled conveyor. On the covering will be used materials that are pleasant to the touch to make 

it more comfortable to use. The conveyor will be manually adjustable, and it will be able to 

check the position of the product on the belt and check the surface of the product. Evaluating 

of the designed alternatives of the TS Organ structure 

 

  

Figure 22 Conceptual design of the organ structure: Alternative C 
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3.2.1.3. SWOT evaluation of properties and competitiveness of alternatives of TS Organ 

structures 

To decide about the suboptimal result is necessary to evaluate selected requirements for each 

alternative. Of course, there is very important to evaluate it precisely and objectively, because 

without objective evaluation cannot be the result taken as reliable. Figure 23 shows the 

evaluation of all alternatives, starting product and ideal product. 

  

Figure 23 Requir. / criteria specification for the selected key P-D properties of TS 

Organ structure and SWOT evaluation of the designed alternatives [26] 
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The best way to show the results transparently is by charts. The chart showed in Figure 24 

displays the graphical results from the previous Figure 23. It shows that the alternative A 

reaches high quality for (relatively) low price. As is shown in Figure 24, alternative C is the 

best solution from the costs perspective, but in this will be the final decision based on the 

quality perspective. That makes the alternative A the most suitable alternative from the 

quality perspective (best combinations of ways to fulfil the functions).

Figure 24 Result of the SWOT evaluation of the P-D properties of the designed alternatives of TS Organ 

structure to compare their P-D competitiveness [26] 
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3.2.1.4. Strengths and Weaknesses  

As a part of the decision process on the most suitable alternative, the list of strong and weak 

properties is also considered. This list (or in this case table) contains strong, weak and risk 

properties of all three alternatives, for better clarity, individual alternatives are highlighted 

with their colour. 

 

Figure 25 Strengths and Weaknesses of each alternative [26] 

Alternative A was selected as the most suitable because the evaluation of the reached quality 

showed that this alternative is most suitable. This alternative was a little bit weaker in the 

price, but because the number of its weaknesses is very low, it was selected as the most 

suitable alternative, and the following work will be focused on this alternative. 
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4. CONSTRUCTIONAL ENGINEERING DESIGN 

In spite of the fact that it is not enough to create just the 2D conceptual design of the designed 

product, a full constructional 3D design of the product will be created in this chapter. The 

most important and most complicated and problematic components of the conveyor assembly 

(from constructional perspective) will be introduced, and there will be mentioned most crucial 

information about them to offer the most detailed understanding of its functions and 

properties. At the end of this chapter are published some calculations and FEM analysis, 

which demonstrates the load of some (most loaded) parts. 

4.1. Engineering design of the rough TS Constructional structure 

4.1.1. Drive selection 

The first step in the whole constructional design was to answer the question "How the 

conveyor will be powered". The standard for injection moulding machine is that the conveyor 

is powered from socket placed under the machine (but of course could be solved differently) 

but there is the other question "How to place the engine to spent layout place" because there is 

very small layout place on sides of conveyor to place the engine there. Due to that were 

explored possible ways to place the engine. 

1. Engine on sides of the conveyor 

2. Engine under the conveyor 

3. Engine inside the powered roller 

In the first two cases occurred problem with the layout place. First "engine on the side" needs 

much space, and that means that the engine cannot be placed on the left side (the side where is 

the moulding machine placed), it could be placed on the right side, but that is not very 

suitable from safety, ergonomic and visual perspective. The second idea "engine under 

conveyor" seemed wrong because the conveyor should be able to be pulled out of the 

moulding machine workspace (due to maintenance) and engine under the powered roller can 

block this movement. The last idea "engine inside" was selected as an ideal solution because 

the layout place is not built-up and it means "No complex shapes" from the visual point of 

view and also "Reduce of rotating parts" (the connection between engine and roller) from the 

safety point of view. There is also one disadvantage the price can be higher and also the 

maintenance can be more complicated. 

 

 

  

Figure 26 Engine placed 

under the conveyor [7] Figure 28 Engine on the side of the 

conveyor [8] Figure 27 Engine inside the roller [9] 
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4.1.2. Drive holder 

The next step was to solve "How the drive will be attached to the construction", it was 

necessary to create some kind of holder which allows easy and reliable mounting to the 

powered roller. The powered roller is placed in the front of the conveyor. Because of the 

maintenance and manufacturing will be the mainframe assembled from aluminium Bosch 

profiles, due to that should be all parts easily connectable to these profiles. There will also be 

the next difficulty, to magnify the bending angle of the belt around the powered roller will be 

used another adjusting roller, which will allow adjusting of the wrap angle and also will help 

to centre the belt more precisely and more quickly.  

Figure 29 Scheme of powered and adjusting rollers 
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Adjusting roller should be moveable in a horizontal direction, due to spending of place. There 

arises a new question "How to adjust the adjustable roller", ideal solution for this application 

is to adjust the roller by a bolt. This bolt must be accessible from the front side of the 

conveyor to adjust it without pulling out the conveyor from the machine workspace. 

 

Figure 30 Front roller holder (rough design)  

 

In Figure 30, the front roller holder is shown, which carries powered roller and adjusting 

roller. This component is made of aluminium alloy (to be easily manufactured and spend the 

mass). The front hole for the bolt offers easy access to tight the adjustable roller. 

  

1. Cutout for the sliding desk holder 

2. Hole for adjusting bolt 

3. Cutout for powered roller 

4. Cutout for adjusting roller 

5. Hole for the desk locking bolt 
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4.1.3. Sliding desk 

The sliding desk is placed in the front part of the conveyor. It enables sliding overflow of the 

product from belt to lower place (for example, on special positioning table). This desk is 

placed on two holders which are attached to the powered roller holders (special cutout). This 

desk will enable a disabled operator to remove products from the conveyor in adjustable 

height and also slow sliding of product into some storage place (when the operator is not able 

to keep up with the conveyor). That will enable a very ergonomic working environment for 

the disabled operator. 

Figure 31 shows the rough idea of the sliding desk. The blue arrow shows the direction of the 

adjustable angle. The sliding desk is the primary component which offers an ergonomic and 

user-friendly environment for the disabled operator.  

Figure 31 Sliding desk with desk holder 

Figure 32 Sliding desk (rough design) 

1. Powered roller 

2. Desk 

3. Side ledge (protects product against falling on 

sides) 

4. Holes for bolts 

5. Desk holders (thanks to holes inside these holders 

is enabled positioning of the desk) 

6. Powered roller holder 
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Figure 32 displays the rough construction of the conveyor's sliding desk. This construction 

allows access to the adjusting bolt when the desk is folded down. On sides of the desk will be 

used bolts with the user-friendly shaped head (because the usual shape is not suitable for this 

application). The lower side of this desk (see Figure 33) is specially shaped (in the place 

where the belt is nearest to the desk) to prevent dangerous collisions with the belt because the 

product can be stuck in the vacation between the belt and the desk.  

 

4.1.4. Adjusting roller 

Adjusting roller (shown in Figure 34) is part of the conveyor, which allows changing of belt's 

wrap angle, changing tension in the belt, and also belt adjustment (if the belt is moving out of 

its centre). This roller (cylinder-shaped) is made of steel, and it is mounted on two roller 

bearings. Because of the expectation of a clean environment without dust and high humidity, 

there will be used covered bearings. Bearings are mounted on the simple shaft, and they are 

fixed by retaining rings. On sides of this shaft are parallel threaded holes. These holes allow 

adjusting the shaft by tensioning bolts. 

  

Figure 33 Shape of the desk on belt´s side 
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4.1.5. Pull out rollers 

The starting product from Engel has a straightforward solution of conveyor pulling out 

system, but this solution is not so effective because there are problems due to high friction 

between its parts. For disabled operator can be a problem to pull the conveyor out of the 

injection moulding machine workspace when there is high friction and due to that high 

resistance. So at this point, there was one crucial question "How to make the pulling system 

simple and effective". 

The first constructional design thinking was to replace sliding contact by rolling contact. That 

can reduce most of the resistance against pulling the conveyor out of the workspace and also 

it will reduce the wear of pulling out systems. The next problem was to avoid falling off the 

upper part of the frame from the lower part of the frame during the pulling movement. 

 

  

Figure 35 First thinking about „pulling out“ system 

1. Roller 

2. Holder 

Figure 34 Adjusting roller 
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Figure 35 shows the first idea about this rolling system used to pull the conveyor out. There 

are two main parts. The roller is the rotary part which is in contact with the surface of the 

upper frame. The holder is the specially shaped metal sheet which is designed to avoid falling 

off the lower part, and it is attached to the lower part.  

This rolling system is useable just for frames made from Bosch profiles because parts (rotary 

and shaped metal sheet) are adapted for it. The shape of the rotary part avoids going to the 

side, and the sheet metal avoids falling off the lower part and also offers an easy way to adjust 

the upper frame by simple bolt attached to the lower frame from the side. 

 

  

Figure 36 Roller system to pull out the conveyor (rough design) 

1. Holes for attachment the roller to 

lower part of the conveyor 

2. Pin carrying the rotary part 

3. Shaped metal sheet adapted to 

Bosch profiles  

4. Rotary part shaped and adapted to 

Bosch profiles 
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4.1.6. Back roller 

The purpose of the back roller is to adjust tension in the belt and also rough centring of the 

belt. Its construction is mostly the same as in the adjusting roller. There is a main steel roller 

coat mounted on two roller bearings, which are mounted to simple shaft and fixes by retaining 

rings to it. Threaded holes located on the shaft sides enable moving the shaft to adjust the 

tension and to centre the belt. As was mentioned before, the construction of this roller is very 

similar to the adjusting roller.  

 

4.1.7. Back roller holder 

This part is carrying and mounting back roller, and it also has to allow adjusting of this roller. 

A back roller holder is made of aluminium alloy, and there is no need for the shape because of 

the visual perspective because this part of the conveyor is placed in the injection moulding 

machine, so it is not the main part for the visual effect of the whole product. 

  

Figure 37 Back roller assembly (rough design) 

Figure 38 Back roller holder (rough design) 

1. Front hole for bolt, to enable adjusting of the roller 

2. Cutout for back roller´s shaft 

3. Threaded holes for locking bolts 
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4.1.8. Upper frame 

One of the fundamental issues concerning the supporting structure is "Which type of 

construction should be used?". There can be used welded construction, screwed construction, 

rivet construction. From these types of construction was selected screwed construction based 

on aluminium Bosch profiles, because this type of construction offers the easiest composition 

and maintenance. The primary function of this part of the conveyor is to support the belt using 

a sliding desk, to connect all parts of the conveyor, and carry the main load caused by the 

mass of conveyor and mass of the product. This frame is connected to the pull out rollers, due 

to that whole upper frame able to be pulled out. The upper part of the conveyor's frame was 

created using MAY-CAD from company MayTec. This program is using profiles, and parts 

offer from company MayTec, and it is very user friendly. 

Figure 39 shows the upper frame, and from this view, it is evident that this frame is very 

simple and very space-saving and that is an essential aspect because the construction of this 

conveyor should not be too massive.  

Figure 39 Upper frame 
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4.1.9. Lower frame 

The upper frame is connected to this part of the conveyor using the pull out rollers and load 

on the upper frame is transferred on this lower frame. There was one difficulty to solve that 

was to enable pulling out the conveyor because the pull out rollers need to its function free 

side of the aluminium profile.  

 

Figure 40 Lower frame 

In Figure 40 is displayed lower frame of the conveyor. Its construction is based on the same 

principle as the upper frame and in corners are placed rubber stoppers, which are designed to 

stop the conveyor in edge positions. 

4.1.10.  Supporting consoles 

To attach the whole assembly of the belt conveyor to the injection moulding machine are used 

two triangular consoles (shown in Figure 41).  

These consoles are made of metal sheets and in the corners (where are the in contact two 

corners) are welded. Consoles are made of the steel EN 10025 (ČSN 11 373) which is suitable 

for metal sheet constructions. Because in Engel company are very well equipped for 

manufacturing of metal sheet, there will be no problem to create this part of the conveyor, 

which can be challenging to manufacture. 
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Figure 41 Supporting consoles 

4.1.11.  Lock 

Because the sliding friction between the upper and lower part of the conveyor was reduced 

and replaced with rolling resistance arises the higher danger of spontaneous travelling of 

conveyors upper part out of the injection moulding machine workspace. Due to that is 

designed construction of a conveyor equipped with the lock which will prevent this 

spontaneous movement.  

This lock is assembled from three main parts, as is shown in the picture below. 

1) Lock body 

This part is manufactured from the metal sheet created of steel EN 10025 (ČSN 11 373). The 

lock body is made of two metal parts welded together and equipped with three holes. Two 

holes in the upper part are used to attach the lock to the upper frame (to the bottom). To this 

connection are used two bolts M8 and two connectors, placed in the profile groove. The last 

hole (Ø 14 mm) is for locking pin. 

  

1. Two holes for attachment to the injection molding machine (Ø 20 mm). 

2. Two holes for attachments of the lower frame to the consoles (Ø 16 mm) 
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2) Locking bolt 

The locking bolt is specially shaped component attached in the front of the lower frame (in 

the front of the profile a thread is created) and equipped with one hole (Ø 5 mm) used to 

inserting a locking pin. This component is made of steel EN 10025 (ČSN 11 500). 

3) Locking pin 

The locking pin is a component made of bent wire (steel EN 10025 (ČSN 11 500)).  

4.1.12. Conveyor belt 

The width of the belt is 350 mm, and that is not a typical dimension for belts made of PVC. 

The selected belt "GS220/R" is form company GUMEX. 

GS220/R – PVC Conveyor belt 

Maximal width 3000 mm 

Operating temperature -10°C /+80°C 

Thickness of covering PVC layer 0,7 mm 

Thickness 2,4 mm 

Count of inserts 2 

Figure 43 Basic information about conveyor belt [11] 

 

Figure 42 Lock assembly and its components 

1. Lock body 

2. Locking bolt 

3. Locking pin 
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4.1.13.  Adjustment system 

Adjusting and centring of the belt on the conveyor is a very common and necessary part of the 

maintenance. However, it is complicated to make it repeatable. The problem with wrong 

centring of the belt can be caused by: 

- wrong belt connection  

- wrong assembly of the conveyor 

- asymmetrical belt load 

 

To make the centring more easy and repeatable 

was the conveyor equipped with measuring 

plates. On these plates are highlighted millimetre 

distances and the plates are glued to the roller 

holders. From these plates can the maintenance 

worker easily deduct and write down the position 

of shafts sides for next adjusting.  

As was mentioned, these plates are placed on the 

front and back roller holders (see Figure 45 and 

46) above adjusting cutout for the shaft of the 

roller. For more comfortable adjusting should be 

the sides of a shaft equipped with the making line 

in the centre. 

  

Figure 45 Back holder with the measuring plate 

Figure 44 Conveyor belt 
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4.1.14.  “SMART” components. 

A. Checking of belt position 
The first needed equipment of the conveyor is two-position switches. The purpose of these 

two switches is to check the position of the belt, and if the centring of the belt is poorly 

executed, the belt will turn one of these switches on and the conveyor will be turned off. Then 

should be the belt checked and adjusted and centred more precisely to avoid the next 

shutdown of the conveyor. The location of these sensors will be adapted to the customer 

requirements because it will depend on customer needs and preferences. For these sensors 

will be created unique cutout in the upper frame (on its side) and the next cutout inside the 

covering lines (of course can be adapted to customer needs). Due to that will be the sensor 

hidden under the covering line, and the danger of the incorrect shutdown (caused by touching 

this sensor by the product) will be prevented. 

Selected position switch is Schneider Electric XEP4E1W7A326 (showed in Figure 47). 

 

 

 

  

Figure 46 Front holder with measuring plate 

Figure 47 XEP4E1W7A326 [22] 
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B. Checking of belt tension 
For checking of tension in the belt was selected similar position switch, which will be 

mounted (also based on the customer needs and preferences) to the sensor holder that will be 

attached to the traverse struts of the upper frame (bottom part). This sensor will be adjusted to 

be permanently closed by the belt, and if there will be any difference caused by sagging of the 

belt, this sensor will be turned off, and the whole conveyor will be turned off. 

Selected position switch to check the tension of the belt is Schneider Electric 

XEP4E1W7A454 (showed in Figure 48). 

C. Checking of position of the transported product on the belt 
In the routine use of these conveyors is the problem of removing products from the conveyor. 

If the product cannot be dropped from the conveyor into the storage box or the manufacturing 

of the product has a long duration, the products have to stay on the belt until the operator 

removes them. Usually are caused long downtimes and complication because the injection 

moulding machine should not stop when the conveyor is full. Due to this will be designed 

product equipped with the position checking sensor. This sensor will be placed inside the 

covering tunnel (due to missing industrial design perspective is the covering tunnel not a part 

of this document), and it will capture the object moving on the belt surface. Then will be 

started the calculation of products placed on the belt and when the conveyor is mostly full, the 

operator will be called by the beam and audio warning. 

Selected position checking sensor is SOOE-RS-L-PNLK-T from company FESTO (showed 

in Figure 49). 

  

Figure 48 XEP4E1W7A454 [23] 
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D. Cooling the product on the conveyor 
Product dropped on the conveyor from the injection moulding machine has usually higher 

temperature. If the product is not cooled down during the transporting process on the belt, it 

can cause some troubles. Firstly, the operator can be burned by this product (if the operator 

removes the product). Secondly, if the product falls from the conveyor into the box, it can be 

damaged because the plastic material can be deformed when the products have a higher 

temperature. Due to this, the conveyor will be equipped with two fans. These fans will be 

placed in the covering tunnel (covering the conveyor for almost all of its length). Exact 

placement will depend on the industrial designer because at the location of the fans will be the 

wall of the tunnel carved to enable air intake from outside of the tunnel. 

Selected fans are SUNON A2123HBT.GN (showed in Figure 50). 

 

E. Checking of product temperature 
Because the checking of temperature in the range of low temperatures is a quite complicated 

and expensive process, this product will not be equipped with this equipment. It can be solved 

if there is a demand for it. 

  

Figure 50 SUNON A2123HBT.GN [25] 

Figure 49 SOOE-RS-L-PNLK-T [24] 
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4.2. Evaluating the rough TS constructional structure 

4.2.1. Prediction of properties of the rough TS Constructional structure 

4.2.1.1. Calculation of drive power  

Firstly it is necessary to define needed values.  

Figure 51 Calculation scheme 
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In calculation was assumed that in the worst case (the hardest overload of the conveyor) is 

when there are three objects of maximal heaviness and dimensions transported by the 

conveyor in one moment. It is necessary to consider that there is also the mass of the belt in 

the upper part. 

 

There is no 1-phase motor in the Interroll market offer, due to that, we will use the nearest 

model with higher power input P = 0,075 [kW].  

Specified engine, which was selected as a final solution to run the conveyor is INTERROLL 

DRUM MOTOR 80S 362L (362 mm of length) the same one as is used in the starting 

product from Engel. This engine is equipped with a conical riser which centres the belt and 

reduces sliding on sides when the conveyor is used. 

Rated power (PN) 0,075 [kW] 

1-phase motor   

Gear ratio (i) 78,55 [-] 

Rated velocity of the shell (v) 0,149 [m/s] 

Rated revolutions (nA) 35 [min
-1

] 

Figure 52 Drum motor 80S basic information 
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Company Engel provided a 3D model of this engine, and it was used in the final assembly. 

 
Figure 53 3D model of DRUM MOTOR 80S 362L 

4.2.1.2. Conveyor assembly FEM analysis 

Because using the 3D model of a designed conveyor can cause many troubles and will be very 

time and capacity consuming will be used idealised part. In this part were deleted some parts 

of the conveyor, and the construction of the conveyor was simplified. The worst problem was 

what to do with the Bosch profiles used in the frame construction because the meshing of 

these parts is quite complicated. Due to that selected hollow profiles replaced these parts, and 

because these parts are mostly loaded on bending, there were calculated differences between 

individual quadratic bending modules to recalculate the simulation results to real results. 

  

Figure 54 Idealised part of the conveyor 
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As is shown in Figure 54, there were removed parts like rollers, bolts, belt, and other smaller 

parts. The rest of the used parts are important because they are the most stressed parts of the 

conveyor. All of the ejecting rollers were replaced by standard supporting elements (of 

defined shape) and from this element will be calculated maximal load on the ejecting roller. 

The next step was to create meshes on these parts and define their properties. 

Lower frame cross-members  

Selected options  

Type of the mesh: 3D Tetrahedral Mesh  

Type of the element: CTETRA(10)  

Size of the element: 13  

Material: Aluminum_2014 
Figure 55 Lower frame cross-members (mesh properties) 

Frame side profiles (30x60)  

Selected options  

Type of the mesh: 3D Tetrahedral Mesh  

Type of the element: CTETRA(10)  

Size of the element: 20 

Material: Aluminum_2014 
Figure 56 Frame side profiles (mesh properties) 

Back roller holders  

Selected options  

Type of the mesh: 3D Tetrahedral Mesh  

Type of the element: CTETRA(10)  

Size of the element: 12 

Material: Aluminum_2014 
Figure 57 Back roller holder (mesh properties) 

Front roller holders  

Selected options  

Type of the mesh: 3D Tetrahedral Mesh  

Type of the element: CTETRA(10)  

Size of the element: 15 

Material: Aluminum_2014 
Figure 58 Front roller holders (mesh properties) 
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Supporting consoles 

Selected options  

Type of the mesh: 3D Tetrahedral Mesh  

Type of the element: CTETRA(10)  

Size of the element: 9 

Material: Steel 
Figure 59 Supporting consoles (mesh properties) 

Elements replacing the ejecting rollers  

Selected options  

Type of the mesh: 3D Tetrahedral Mesh  

Type of the element: CTETRA(10)  

Size of the element: 9 

Material: Aluminum_2014 
Figure 60 Elements replacing the ejecting rollers (mesh properties) 

Upper frame cross-members   

Selected options  

Type of the mesh: 3D Tetrahedral Mesh  

Type of the element: CTETRA(10)  

Size of the element: 13  

Material: Aluminum_2014 
Figure 61 Upper frame cross-members (mesh properties) 

Sliding desk of the conveyor  

Selected options  

Type of the mesh: 3D Swept Mesh  

Type of the element: CHEXA(20)  

Size of the element: 12 

Material: Aluminum_2014 
Figure 62 Sliding desk of the conveyor (mesh properties) 

Figure 63 shows the FEM meshed model. All of the roller holders were attached to the frame 

using a bolt connection (1D beam) of circular cross-section with a diameter of 15 mm. Other 

connections were solved using the function "Mesh Mating". 
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This meshed model was loaded with its mass with the functions of "Gravity Load". Then was 

used the function "Force Load" to replace the mass of rollers and the sliding desk assembly in 

the front part (F1), in the back part (F2). The whole length of the conveyor was loaded by 

force (F3) this force was created to simulate the worst case of the load which can exist, that 

means maximally loaded conveyor by products of maxima dimensions and mass.  

Forces applied on the conveyor  

Selected options  

F1 150 N  

F2 25 N  

F3 450 N 
Figure 64 Loads applied on the conveyor 

The conveyor was attached to the imaginary injection moulding machine by function "Fixed 

Constraint" this constrain was placed into holes inside supporting consoles. 

  

Figure 63 FEM meshed part 
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Figure 65, there is a better view of the loaded model of the conveyor. The last step was 

selected solver, which will be used to run the process of the solution "SOL 101 Linear Statics 

– Global Constraints" and run the solution. 

The results of the solution are shown in Figures 67 

and 68. The first figure shows the results of the course 

of stress in the construction. The maximal stress found 

in the construction was 118.49 MPa, but this stress 

was (locally) placed in the part which is just 

simulation the attachment of the holders to the upper 

frame (Figure 66). There were replaced real profiles 

by idealised profile and for the real part, and the real 

solution prevents such high stress in this place.  

Other most loaded places were holes where is the 

conveyor attached to the injection moulding machine 

(maximal 38,5 MPa).  

  

Figure 65 Loads and constraints applied on the conveyors model 

Figure 66 Maximal stress in holder attachment 



University of West Bohemia in Pilsen   Diploma Thesis, academic year 2019/2020 

Department of Machine Design  Bc. Tomáš Bláha 

57 

 

The next presented are the displacement results. The maximal displacement is 1.321 mm, and 

because of its placement on the longest unsupported part of the conveyor is this displacement 

acceptable. 

  

Figure 67 RESULTS: Stress - Element - Nodal (Von Mises) 

Figure 68 RESULTS: Displacement – Nodal 
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As was already mentioned above, there were some parts in the idealised model replaced by 

some others parts with similar shape but different cross-section. Next calculation will show 

the differences in stress results. In displacement will also be some differences but the not 

significant. Because of that will be solved just stress differences. 

Equivalence of cross-sections of idealised part to the real part 
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This calculation demonstrates the differences between idealised profiles and real user profiles. 

During this calculation was assumed that the bending mostly loads these recalculated profiles. 

All other loads were not assumed. The differences results are not too significant, so it can be 

said that the idealised part is, in this case, a suitable substitute for the real model in the 

simulation.   
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4.2.1.3. Powered roller holder FEM analysis 

Next, quite loaded parts that were subjected to FEM analysis are powered roller holders (front 

holders. These two parts are predominantly similar so that they will be analysed just the right 

one form the front view. 

 

In Figure 69 is shown the idealised body of the component. There was not necessary to make 

many changes; there were just deleted some chamfers and rounding. 

  

Figure 69 Idealised part (Front holder) 

Figure 70 Meshed model (Front holder) 
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Front holder  

Selected options  

Type of the mesh: 3D Tetrahedral Mesh 

Type of the element: CTETRA(10)  

Size of the element: 6 

Material: Aluminum_2014 
Figure 71 Front holder (mesh properties) 

 In Figure 70 is shown the meshed model of the front holder. Properties of this mesh are 

stated in Figure 71. 

Three main loads were necessary to use in this solution to simulate critical load on this 

component. The first one was load caused by tensioning force this load was simulated by 

force F1. The second one was load caused by the mass of powered roller and the maximal 

product standing o it was used force F2. The last one was load caused by the mass of 

adjusting roller; this one was replaced by force F3. Body of this component was attached 

using fixed constraint (holes for attaching sticks) and fixed translation in the Z direction (back 

supporting part). 

Forces applied on the front roller holder  

Selected options  

F1 63 N  

F2 300 N  

F3 50 N 
Figure 73 Loads applied to the model (Front holder) 

  

Figure 72 Loads and constraints applied on the model (Front holder) 

F1 

F2 

F3 
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Figure 74 RESULTS: Stress - Element - Nodal (Von-Mises) 

Figure 75 RESULTS: Displacement - Nodal 
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Figures 74 and 75 show the results of stress and displacement from the analysis solution. 

Maximal stress in the component is 10.88 MPa, and the critical place with this load was 

detected on edge inside the hole for attachment (in real part is this edge chamfered). Maximal 

displacement is 0,0057 mm, and that is a safe value. 

4.2.1.4. Ejecting roller FEM analysis 

Another loaded part is ejecting roller. As it was already mentioned, this component is used to 

enable pulling quickly out of the workspace of the injection moulding machine.  

Concerning the analysis, any smaller parts were deleted to reduce the complexity of the 

analysis; the shape was simplified.  

  

Figure 76 Idealised part (Ejecting roller) 

Figure 77 Meshed part (Ejecting roller) 
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On the previous picture is shown idealised model with the mesh. Properties of individual 

meshes are selected in Figures 78, 79 and 80. 

Roller holder  

Selected options  

Type of the mesh: 3D Tetrahedral Mesh 

Type of the element: CTETRA(10)  

Size of the element: 5 

Material: Steel 
Figure 78 Roller holder (mesh properties) 

Pin  

Selected options  

Type of the mesh: 3D Tetrahedral Mesh 

Type of the element: CTETRA(10)  

Size of the element: 3 

Material: Steel 
Figure 79 Pin (mesh properties) 

Roller 

Selected options  

Type of the mesh: 3D Tetrahedral Mesh 

Type of the element: CTETRA(10)  

Size of the element: 3,5 

Material: Steel 
Figure 80 Roller (mesh properties) 

In Figure 81 is displayed how and where are the loads and constraints, placed. 
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There is applied fixed constraint to the holes for attachment to the lower frame. The bottom 

side of the holder is fixed in translation in the Z direction. 

The load applied is calculated from the previous analysis of entire conveyor construction. 

                                                                       

                                                           

     
 

 
              

    

 
       

From this calculation will be used the force F = 1570 N like a force loading the roller. That 

means this analysis will try to simulate the worst case of load in components. 

  

Figure 81 Loads and constraints applied on the model (Ejecting roller) 
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Figure 82 RESULTS: Stress - Element - Nodal (Von-Mises) 

Figure 83 RESULTS: Displacement - Nodal 
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In Figure 82 and 83 are displayed results from the analysis. Maximal stress in this module is 

58,38 MPa, and as in the previous analysis, it is stress in the element placed on the sharp edge 

(will be in real reduced by the chamfer). 

Maximal displacement from deformation in the whole model is 0,0028 mm. That can be 

considered as low value. 

4.2.1.5. Calculations of bolts in supporting consoles (shear stress) 

In this case, it will be considered that the two fitted bolts M20 in the single console are loaded 

by the mass of the conveyor and some reserve (unexpected load). When the conveyor has 

pulled out a large percentage of its mass will load one console. The approximate mass of the 

conveyor is 120 kg, and there will be added more 30 kg (product + some unexpected mass). 
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4.2.1.6. Calculation of bending stress of the sliding desk 

In this calculation will be considered that the siding desk itself (without, for example, corners, 

holder) will be loaded by a mass of one product of maximal mass. The position of the desk 

will be horizontal (that means the position where is the load maximal). 
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4.2.1.7. Calculation of shear stress in sliding desk bolt 

As in the calculation of the bending stress in the desk will be this desk loaded by the mass of 

one maximal product placed on the desk, and the desk will be adjusted horizontally. It is 

needed to realise that the desk is locked by two bolts (one on both sides). 
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4.2.1.8. Calculation of forces in the belt 

This part of calculations focuses on the forces between the belt and supporting desk mostly 

caused by friction. It is needed to find the force which has to be used to tight the rollers to 

enable transporting of the product and prevent slipping of the belt on rollers. Most of the used 

values were already mentioned in the calculation of power input. 

 

Due to the angle in the lower part of the belt force, T2 will be divided into two directions X 

and Y. For the calculation, this force was considered just in the Y direction. 

  

Figure 84 Forces calculation scheme 
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4.2.1.9. Calculation of basic dynamic load rating for bearing in the back roller 

Ball bearings 6204-2RSL [12] were selected as bearings in the back roller assembly. In this 

calculation will be checked the dynamical bearing capacity. 

 

The basic dynamic load rating was calculated for lifetime 10000 hours, which is expected 

from the conveyor.  
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4.2.1.10. Calculation of basic dynamic load rating for bearing in the adjusting roller 

As bearings in the adjusting roller assembly, ball bearings W 6302-2Z [13]were selected. In 

this calculation will be checked the dynamical bearing capacity. 

 

As in the calculations of basic dynamic load rating for back roller bearings was also in this 

case calculated for lifetime 10000 hours, which is expected from the conveyor. 
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4.2.2. Summary SWOT evaluation of the starting, competitive and designed TS for requirements specification. 

 

  

Figure 85 Results of SWOT evaluation of suitability of starting TS0, competit. TSA, designed TS1 and refer. ideal TSi [26] 
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4.2.3. Summary SWOT evaluation of the mutual competitiveness of the starting, competitive and designed TS 

Figure 86 Results of SWOT evaluation Q^T^C P-D / P-B / P-M competitiveness for all comparable requirements for the designed TS [26] 
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Results of the SWOT evaluation 
The chart showed in Figure 85 shows the results of the evaluation of suitability of starting 

(TS0), competitive (TSA), designed (TS1), and the ideal (TSi) product. This evaluation 

includes an evaluation of every single requirement from the requirements specification, and 

the results are divided into individual sections. From the mentioned chart, it is very 

transparently showed that the designed product is very strong in "properties to its 

functionality" and "properties to human". In these two groups is the score of designed product 

same as of the ideal product, due to that can be said that in these two groups fulfils the 

product selected requirements at most as it can. Rest of the sections also shows good results 

except the penultimate section "properties to know-SMQ information" where is the evaluation 

same for all three product (designed, starting and competitive). The third section "properties 

for the tangible working means" reports the same results for the designed product as for the 

starting product. The same situation as in the third section is in the fourth section because in 

this section are results for designed and starting products also the same. In the fifth section 

overcomes the designed product the starting product and the competitive product, but it is still 

not enough to equalise the ideal product. 

In Figure 86, there is also an added chart showing the competitiveness comparison of starting 

(TS0), competitive (TSA), designed (TS1), and the ideal (TSi) product. The ideal product is 

located in the top left corner, and it is connected with the starting point (0) of the chart by 

narrow line. This line highlights the ideal balance of delivery costs/time and accessed quality. 

The designed product in this case also reports quite a successful result because its accessed 

quality from all of the product (except the ideal product) is highest and but there is, 

unfortunately, the fact that its piece is higher than in other product. However, it is difficult to 

compare product which offers some functions (in this case functions for the disabled operator) 

with other product do not offer it. 
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5. FINAL ELABORATION 

This chapter will introduce the output (product) of this engineering design process and 

describe the main advantages and disadvantages. There will also be created some conclusion 

of the work. 

5.1. Final product 

The final product (shown in Figure 87) offers easy usage and working environments for the 

disabled operator. Its highest advantage is the possibility of adjusting the height of the sliding 

desk in width range. For the best results of the conveyor usage, it is recommended to equip 

the workplace with an adjustable table that allows for the potential operator (using a 

wheelchair) to take the products transported by the conveyor from the table. This desk can 

also be used in the case when the product falls directly from the conveyor into some storage 

box (small products) because the sliding desk reduces the risk of damage to the product by the 

fall shocks. This alternative can also be used in normal operations because if the desk is not 

needed, it can be easily turned down. The next significant advantage of this product is the 

simple and easy opportunity to pull the conveyor out of the injection moulding machine 

workspace because of the ejecting rollers track. This track reduces the friction between both 

parts of the frame and replaces it by the rolling resistance. When the centre of gravity is out of 

the upper part goes on the ejected part, the frame will be still locked against carrying because 

of specially shaped roller holders. 

 

 

  

Figure 87 Final design of the conveyor 
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6. SUMMARY AND CONCLUSION 

The primary goal of this document was to design a product focused on the disabled operator 

and "SMART" function for company ENGEL. This dissertation was a part of the 

Multidisciplinary Project in an International Context. Due to that was the whole dissertation 

written in the English language. 

For the elaboration of this dissertation was used software NX 12 from company SIEMENS 

and MATHCAD prime 5.0.0.0 from company PTC. 

The engineering design process was led mostly like the designing of a new product. Some of 

parts and solutions were inspired by the starting product solution from company ENGEL. 

During this process was the product evaluated and compared with the starting, competitive 

and ideal product to obtain the most suitable solution. The construction of the conveyor was 

supported by experiences from company ENGEL, calculations of the critical sections and 

FEM analysis. The result of this engineering design process is the new solution of the 

conveyor focusing on the ergonomics and safety of the disabled service (operator). 
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Links on competitive companies 

KRAUS: https://kraus-austria.com/en/conveyor-rollers 

INTERROLL: https://www.interroll.cz/ 

DORNER: https://www.dornerconveyors.com/europe 

CRIZAF: https://www.crizaf.com/ 

MK –Technology Group: https://www.mk-group.com/start.html 

MTF: https://www.mtf-technik.de/en 

TEVCO: 

https://tevco.cz/dopravniky?gclid=Cj0KCQjwoKzsBRC5ARIsAITcwXEskqk8AIbQRT5Tas

ZktXrtogO_KRtzA9D6gbEYPNUBuHUjC982ZmIaAjOcEALw_wcB 

LOGSYS: https://www.logsys.cz/cs/druhy-dopravniku 

HABERKORN: https://www.haberkorn.cz/dopravniky/ 

ALUTEC KK: https://www.aluteckk.cz/pasove-dopravniky 

BLUETECH: https://www.bluetech.cz/pasove-dopravniky 

ALVÁRIS: https://www.alvaris.eu/cz/dopravniky/dopravniky 

TMT: http://www.tmt.cz/cz/ 

ADAPT: http://www.adaptdopravniky.cz/ 

INDUCTLINE: http://www.inductline.cz/Dopravniky 

OSTROJ: http://www.ostroj.cz/hreblove-dopravniky 

MARTING: http://www.marting.cz/ 

https://kraus-austria.com/en/conveyor-rollers
https://www.interroll.cz/
https://www.dornerconveyors.com/europe
https://www.crizaf.com/
https://www.mk-group.com/start.html
https://www.mtf-technik.de/en
https://tevco.cz/dopravniky?gclid=Cj0KCQjwoKzsBRC5ARIsAITcwXEskqk8AIbQRT5TasZktXrtogO_KRtzA9D6gbEYPNUBuHUjC982ZmIaAjOcEALw_wcB
https://tevco.cz/dopravniky?gclid=Cj0KCQjwoKzsBRC5ARIsAITcwXEskqk8AIbQRT5TasZktXrtogO_KRtzA9D6gbEYPNUBuHUjC982ZmIaAjOcEALw_wcB
https://www.logsys.cz/cs/druhy-dopravniku
https://www.haberkorn.cz/dopravniky/
https://www.aluteckk.cz/pasove-dopravniky
https://www.bluetech.cz/pasove-dopravniky
https://www.alvaris.eu/cz/dopravniky/dopravniky
http://www.tmt.cz/cz/
http://www.adaptdopravniky.cz/
http://www.inductline.cz/Dopravniky
http://www.ostroj.cz/hreblove-dopravniky
http://www.marting.cz/


University of West Bohemia in Pilsen  Diploma Thesis, academic year 2019/2020 

Department of Machine Design  Bc. Tomáš Bláha 

1 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix no. 2 

 

 

 

Requirements specification [26] 



 

 

University of West Bohemia in Pilsen   Diploma Thesis, academic year 2019/2020 

Department of Machine Design            Bc. Tomáš Bláha 

2 

 

  



 

 

University of West Bohemia in Pilsen   Diploma Thesis, academic year 2019/2020 

Department of Machine Design            Bc. Tomáš Bláha 

3 

 



 

 

University of West Bohemia in Pilsen   Diploma Thesis, academic year 2019/2020 

Department of Machine Design            Bc. Tomáš Bláha 

4 

  



 

 

University of West Bohemia in Pilsen   Diploma Thesis, academic year 2019/2020 

Department of Machine Design            Bc. Tomáš Bláha 

5 

 

 

  



 

 

University of West Bohemia in Pilsen   Diploma Thesis, academic year 2019/2020 

Department of Machine Design            Bc. Tomáš Bláha 

6 

 

  



 

 

University of West Bohemia in Pilsen   Diploma Thesis, academic year 2019/2020 

Department of Machine Design            Bc. Tomáš Bláha 

7 

 



 

 

University of West Bohemia in Pilsen   Diploma Thesis, academic year 2019/2020 

Department of Machine Design            Bc. Tomáš Bláha 

8 

 

  



 

 

University of West Bohemia in Pilsen   Diploma Thesis, academic year 2019/2020 

Department of Machine Design            Bc. Tomáš Bláha 

9 

 

  



 

 

University of West Bohemia in Pilsen   Diploma Thesis, academic year 2019/2020 

Department of Machine Design            Bc. Tomáš Bláha 

10 

 

 



University of West Bohemia in Pilsen   Diploma Thesis, academic year 2019/2020 

Department of Machine Design Bc. Tomáš Bláha 

1 

 
 
 
 
 
 
 

 

 

 

 

 
 

Appendix no. 3 

 

 

 

FEM analysis of the desk holder
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The desk holder is a component of the conveyor used to support the sliding desk and also to 

attach this desk to the conveyor. This part is placed on the powered roller holder and attached 

by a bolt to it. 

 

 

In the picture above, there is shown the idealised body of the component. This idealised 

component is almost the same as the real component, there were deleted just some unwanted 

chamfers and radiuses. 

 

  

Idealised part (Desk holder) 

Meshed model (Desk holder) 
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Desk holder 

Selected options  

Type of the mesh: 3D Tetrahedral Mesh 

Type of the element: CTETRA(10)  

Size of the element: 6 

Material: Steel 
Desk holder (mesh properties) 

In the picture above is shown meshed idealised part. The selected properties of this mesh are 

shown in the table above. 

In the picture above is shown meshed part with highlighted the loads and constraints. In this 

case, is the part loaded by one force F1 which is placed on the upper part (where the desk is 

attached) and it replaces mass of the maximal product placed on the sliding desk. It has to be 

taken into account that this force is just replacing half of the mass of the product because 

there are two holders used to attach the sliding desk. The large hole inside the holder which is 

used to attaching the holder to the powered roller holder is constrained by cylindrical 

constraint fixed in radial growth. The next constraint is placed in the hole for the locking bolt 

and fixed in all directions. 

 

Forces applied on the desk holder  

Selected options  

F1 150 N  
Loads applied on the model (Desk holder)  

Loads and constraints applied on the model (Desk holder) 
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In the pictures above are visible results from the solution. The maximal stress in this part is 

41.72 MPa. This stress is located in the corner where the radius passes into the plane. In the 

real situation, it has to be considered that this stress should be reduced because of the 

attachment of the desk on both sides (the holder will not bend in –Y direction). Nevertheless, 

this maximal stress is still acceptable. 

RESULTS: Stress - Element - Nodal (Von-Mises) 

RESULTS: Displacement - Nodal 
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The maximal displacement founded in this part is 0.0277 mm. This displacement is minimal 

(especially for the thin-walled product), and it is acceptable. 
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FEM analysis of the back roller holder
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The back roller holder was designed to carry the back roller and also to enable adjusting of 

the roller. 

On the picture above is shown the idealised body of the component. There were deleted holes 

for locking bolts to the frame of the conveyor. 

  

Idealised part (Back roller holder) 

Meshed model (Back roller holder) 
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Back roller holder 

Selected options  

Type of the mesh: 3D Tetrahedral Mesh 

Type of the element: CTETRA(10)  

Size of the element: 10 

Material: Aluminum_2014 
Back roller holder (mesh properties) 

In the picture above is shown meshed idealised part. The selected properties of this mesh are 

shown in the table above.  

This part was loaded with forces F1 and F2. The first force F1 is the tensional force which is 

placed on the backside of the cutout for the rollers shaft. The second force F2 is replacing the 

mass of the back roller, and of course, the mass of one maximal product placed on the corner 

of the belt conveyor, because of the needs for the critical load was this force multiplied with 

few percents. This force is placed on the bottom of the cutout for the shaft. 

 

Forces applied on the back roller holder 

Selected options  

F1 63 N  

F2 200 N 
Loads applied on the model (Back roller holder) 

 

  

Loads and constraints applied on the model (Back roller holder) 
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On the last two pictures (above) are displayed results from the FEM analysis. The maximal 

stress in this component is 3,425 MPa, and that shows how insignificant is the stress in this 

component. The following result is maximal displacement (deformation) on this component, 

and the value is 0,00189 mm, and that is also insignificant value for this solution. 

RESULTS: Stress - Element - Nodal (Von-Mises) 

RESULTS: Displacement - Nodal 
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DETAIL A
SCALE 1:5

A

58 NUMERAL_STRING Measuring label - - - - - 4
57 SCREWM8X10 Bolt M8 x 10 - - - - - 22
56 COVERING_LINES Covering side ledge - - - - - 2
55 BELT_CONVE PVC belt - - - - - 1
54 SCREW_M8X15 Bolt M8 x 15 - - - - - 2
53 NUT_M16 Nut M16 - - - - - 4
52 SCREW_M16X40 Bolt M16 x 40 - - - - - 4
51 CONNECTOR_25 Connector (w,spring, F M6 L25) - - - - - 6
50 WINGL_STEEL Steel angle - - - 82,3 - - 4
49 SCREWM5X6 Bolt M5 x 6 - - - 1,7 - - 4
48 SCREWM5X11 Bolt M5 x 11 - - - - - 8
47 SCREW_M5X15 Bolt M5 x 15 - - - - - 2
46 SCREW_M10X40 Bolt M10 x 40 - - - - - 2
45 SCREW_M8X10 Bolt M8 x 10 - - - - - 26
44 CONNECTOR_15 Connector (w,spring, F M6 L15) - - - - - 44
43 LOCKING_PIN Safety lock - pin - - - - - 1
42 LOCKING_PART Safety lock - body - - - - - 1
41 SAFETY_CONVEYOR_LOCK_STICK Safety lock - stick - - - 47,2 - - 1
40 E_R_HOLDER Ejecting roller holder - - - 138,3 - - 10
39 BOLT Pin ⌀ 10 - - - 31,3 - - 10
38 WASHER_E_R Washer ⌀ 10 - - - 0,8 - - 10
37 SPLIT_PIN_E_R Split pin ⌀ 2,5 - - - 0,8 - - 10
36 EJECTING_ROLLER Ejecting roller - - - 49,0 - - 10
35 SCREW_M6X9.5 Bolt M6 x 9,5 - - - 1,8 - - 8
34 CONNECTING_STICKS Holder connector - - - 49,2 - - 8
33 1.85.040-99X360.00X2720.00-(3) Supporting desk (360 x 2720 x 4) - - - 30656,5 - - 1
32 1.11.030060.64LPX2720.00(2) Upper frame side (30 x 60 x 2720, 6F, LP) - - - 12046,6 - - 2
31 1.10.020020.43LPX368.00(1) Upper frame strut (20 x 20 x 368, 4H, LP) - - - 497,4 - - 8
30 0.63.D07991.04008 Bolt M6 x 10 - - - 1,0 - - 16
29 1.20.2F0 Universal MayTec connector (20 x 20) - - - 12,2 - - 16
28 SUPPORTING_CONSOLES Supporting console - - - 5868,7 - - 2
27 0.63.WN7381.06010 Bolt M6 x 10 - - - 4,2 - - 4
26 0.61.D00439.06 Bolt M6 x 15 - - - 2,7 - - 4
25 1.32.4FM6 Connector (w,spring, F M6) - - - 5,1 - - 4
24 1.21.3F0 Universal MayTec connector (30 x 30) - - - 52,1 - - 6
23 1.11.030030.43LPX368.00(1) Lower frame strut (30 x 30 x 368, 4F, LP) - - - 900,3 - - 3
22 1.11.030060.64LPX1600.00(2) Lower frame side (30 x 60 x 1600, 6F, LP) - - - 7088,1 - - 2
21 1.66.8060 Rubber stop - - - 19,2 - - 4
20 0.63.D06912.06016 Bolt M6 x 12 - - - 5,5 - - 4
19 1.46.204.2828.1 Gusset 28 x 28, nat. - - - 53,1 - - 4
18 TENSION_BOLT Adjusting bolt - - - 15,7 - - 2
17 T_R_SHAFT Adjusting roller shaft - - - 1028,0 - - 1
16 W 6302-2Z_STP W 6302-2Z - - - - - 2
15 T_R_BODY Adjusting roller - - - 3148,2 - - 1
14 SAFETY_RING Retaining ring ⌀ 15 - - - 0,7 - - 2
13 B_R_SHAFT Back roller shaft - - - 1475,8 - - 1
12 BACK_ROLLER Back roller - - - 3005,4 - - 1
11 6204-2RSL_STP 6204-2RSL - - - - - - 2
10 B_R_B_HOLDER Retaining ring ⌀ 20 - - - 1,9 - - 2
9 BACK_HOLDER_RIGHT Back roller holder - - - 319,2 - - 2

8 02201-4417_001  -  MTR GEAR
0.075KW BELT DRIVE 80S 362L Electric motor - - - 14900,5 - - 1

7 DESC_CORNER _LEFT Desk corner (Right) - - - 279,8 - - 1
6 DESK HOLDER_1_LEFT Desk holder (Left) - - - 236,1 - - 1
5 DESK_1 Sliding desk - - - 5227,4 - - 1
4 DESC_CORNER Desk corner (Left) - - - 279,4 - - 1
3 DESK HOLDER_1_RIGHT Desk holder (Right) - - - 236,1 - - 1
2 ROLLER_HOLDER_LEFT_2 Powered roller holder (Left) - - - 929,2 - DRW-00-00-01 1
1 ROLLER_HOLDER_RIGHT_2 Powered roller holder (Right) - - - 934,2 - - 1
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