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Sammanfattning 
Outokumpu Stainless AB är verksamma inom tillverkning och utveckling av rotsfria stål. I deras 

varmvalsverk i Avesta finns ett behov att införa en utrustning för att enkelt byta lagerhusen på 

steckel valsverkets arbetsvalsar. Idag förs detta manuellt med travers, domkraft, slägga och spett. 

Det ger slitage på operatörer och även utrustningen kan skadas i denna process. 

På uppdrag av Outokumpu Stainless AB har Bilfinger startat detta projekt som ett examensarbete 

med målsättning att ta fram ett konstruktionsförslag för en maskin som uppfyller kraven på en 

smidigare och bättre hantering av lagerhusbytena. 

I detta arbete presenteras några koncept på hur maskinen skulle kunna fungera, några analyser av 

krafter som uppstår när vals och lagerhus placeras i sitt stativ, en enklare modell för att uppskatta 

den kraft som krävs för att ta av lagerhusen från valsen samt kraft och FEM analyser av 

maskinen. 

Resultatet blev en maskin som består av ett stativ att placera valsen med lagerhusen på samt två 

avtagare, en för varje lagerhus som drar med lagerhuset då den påverkas av en hydraulisk 

cylinder. Maskinen uppfyller alla satta krav förutom produktions pris och kraften i 

hydraulikcylindern då den dras in (30% lägre).  En grov uppskattning av produktions och 

installations kostnad beräknas till lite över 1 MSEK.  
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Abstract 
Outokumpu Stainless AB operates in the production and development of stainless steels. In their 

hot rolling mill in Avesta there is a need to introduce an equipment to shift bearing housings on 

the steckel mill work rolls. Today this is accomplished manually with an overhead crane, jack, 

sledgehammer and pry-bar. It causes strain on the operators and the equipment may be damaged 

in the process. 

On behalf of Outokumpu Stainless AB, Bilfinger started this project as a thesis with the 

objective to develop a design proposal for a machine that meets the requirements for an easier 

and better handling of the bearing housing changes. 

In this thesis the author presents some concepts on how the machine could work, analysis of 

forces which occur when the roll assembly is placed on the table, a simple model to estimate the 

needed force to remove the bearing housing from the work roll as well as force and FEM 

analysis of the machine. 

The result was a machine consisting of a table to place the roll upon and two pullers, one for 

each bearing housing, which brings the bearing housing with it when actuated by a hydraulic 

cylinder. The machine meets all of the set requirements except for the production cost and the 

power of the hydraulic cylinder while retracting (30% lower). A rough estimation of the 

production and installation cost is estimated at just over 1 MSEK.  
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NOMENCLATURE 

Here are the Notations and Abbreviations that are used in this Master thesis presented. 

 

 

Notations 

Symbol Description 

A Area [m
2
] 

A+ Largest area in the hydraulic cylinder 

A- Smallest area in the hydraulic cylinder (annulus) 

E Young´s modulus [Pa] 

E’ Equivalent Young’s modulus [Pa] 

F Force [N] 

Facc Force due to acceleration [N] 

Fboltf Force in the front bolts [N] 

Fboltr Force in the rear bolts [N] 

Fcyl Force in the cylinder joint [N] 

Ffr Friction force [N] 

Fload Main load [N] 

Fshaft Force in table shaft [N] 

Fsliderf Force in front slider [N] 

Fsliderr Force in rear slider [N] 

Ght Weight of the bearing housing [N] 

Gtr Weight of the trolley [N] 

N Normal load [N] 

Nb Normal load in bolt [N] 

Nhousemax Maximal normal load from a bearing housing [N] 

P Pressure [Pa] 

Q Flow [m
3
/s] 

g Gravitational acceleration [m/s
2
]  

l length [m] 

la-f lengths a through f [m] 

m Mass [kg] 

mhousemax Maximum housing weight [kg] 
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nb Number of bolts [-] 

pm Mean surface pressure [Pa] 

pmax Max surface pressure [Pa] 

r Radius [m] 

r’ Equivalent Radius [m] 

t Thickness [m] 

v Velocity [m/s] 

µ Coefficient of friction [-] 

µP-S Coefficient of friction POM and steel [-] 

µ  Coefficient of friction [-] 

σ Stress [Pa] 

Abbreviations 

CAD Computer Aided Design 

DS Drive side 

FEA Finite Element Analysis 

OS Operator side 

OSAB Outokumpu Stainless AB 

MBS Multibody Simulation 

POM Polyoxymethylene 
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1  INTRODUCTION 

In this chapter the background, purpose, delimitations as well as the main methods that will be 

used are presented. 

 

 

1.1 Background 

Outokumpu Stainless AB operates in the stainless steel sector, with a wide variety of steel 

qualities and products (Outokumpu Stainless AB, 2015). At Outokumpu Stainless AB’s steckel 

mill in Avesta there is a need for a better procedure when changing the bearing housings of the 

work rolls that are taken from the production line to maintenance and regrinding. 

The steckel mill is a part of the hot rolling process (SMS Demag, 2000). Figure 1 below 

illustrates an overview of the hot rolling plant in Avesta which contains multiple steps. In this 

thesis the focus are on the steckel mill that is inside the black circle.  

 

Figure 1. An overveiw of the hotrollin plant in avesta (SMS Demag, 2000). 

In the steckel mill, see Figure 2, the raw material are rolled to the desired thickness by passing 

the work rolls multiple times, marked by black circle. When the desired thickness is achieved the 

strip exits the steckel mill and moves to the final machine that coils the strip and outputs it. (SMS 

Demag, 2000) 
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Figure 2. The Steckel mill (SMS Demag, 2000). 

As the rolls get used the desired surface profile is worn and after a number of uses the rolls needs 

to be reground to get the profile back. The regrinding decreases the diameter of the rolls work 

area and when the lower limit is reached the roll needs to be replaced. When the roll is replaced 

the bearing housings are moved from the old roll to the new one. Today an overhead crane is 

used to separate and join together the bearing housing and work roll, see Figure 3 below. 

Because it is done like this, the bearing housings sometimes get stuck and must be separated by 

hammering or breaking, see Figure 4. This results in a higher required work effort as well as 

potentially harmful work environment, injuries and damage on equipment. There is also a lack of 

equipment to press the bearing housing if needed during the fitting process which is a problem 

when for example to much grease has been applied to the housing and the overhead crane are not 

able to drag the housing to its position. Then extra force needs to be applied to push the extra 

grease out of the housing to make it fit. (Lindén, 2015) 

  

Figure 3. Today’s way of separating the bearing housing. 
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Figure 4. A housing that needs to be broken off. 

1.2 Purpose 

The goal is to develop a design proposal which can be used as basis for investment decisions as 

well as a solid foundation for the implementation of the equipment. The equipment has to be cost 

effective and suitable for changing the bearing housings of the work rolls in the steckel mill at 

Outokumpu Stainless AB’s hot rolling plant in Avesta, Sweden. The equipment furthermore 

needs to be simple and efficient to operate, faster, safer and eliminate the damage that can occur 

on rolls, bearing and the bearing housing compared with the current method. 

1.3 Delimitations 

The focus on this thesis is the design and function of the machine and a basic material choice. 

Due to the time limitation a complete CE-branding, in depth material choice, complete safety 

design will not be completed. 

The machine is going to be designed to fit at the roll grinding facilities at Outokumpu Stainless 

AB in Avesta, Sweden. 

1.4 Method 

The methods to be used to solve this problem are as follows. 

 Look at the state of the art and literature search 

By looking at what type of products already exists in the field of bearing and bearing 

housing press equipment. It is possible so see if there already exists commercial product 

for this application as well as look at some existing technical solutions if there is 

something that are applicable from that design. 

 Concept generation/ Brainstorming 

By generating multiple concepts, the ability to take the best ideas of the concepts as well as 

comparing different ones to find the best solution that fits the requirements. 

 Concept evaluation 

By comparing the concepts using a concept selection matrix, the concepts can be valued in 

numbers which can help with a more objective view for the decision making process. 

 Refinement of concept/design 

During the project the design will be evaluated and refined/redesign until a satisfactory 

design has been developed. 
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 Calculations 

Various calculations will be needed to be able to estimate forces and stresses acting on the 

equipment. 

 CAD modeling 

To get a foundation for Drawings, FEA, MBS and a visual representation a CAD model 

will be developed. 

 Finite element analysis (FEA) 
To analyze complex shapes in an easier way FEA will be performed to analyze the stress in 

the machine and make sure that it can be handled. 

 Multibody simulation (MBS) 
An MBS analysis will be made to estimate the forces acting in the joints or surface 

contacts during machine movement. Those values can be used as input or control values in 

other calculations or in the FEA. 

 

 



 15 

2  FRAME OF REFERENCE 

In this chapter information regarding the steckel mill and the roll assembly as well as a search 

for current products are presented 

 

 

2.1 Literature study 

In the following section the studied literature that was needed to solve the problem and put the 

machine in its context are presented 

2.1.1 Steckel mill 

There are multiple layouts of hot rolling mills and the one with the Steckel mill layout is one of 

them. There is also some configuration within the steckel mill having to do with the number of 

rolling stands there are between the steckel ovens. (SMS Demag, 2000)  

The steckel mill consists of two ovens where the metal can be coiled, one before the rolling stand 

(input side) and one after the rolling stand (output side) between the oven there are one or more 

rolling stands where the actual hot rolling are taking place. The process is as follows a rough 

rolled metal material, in Avesta it is a slab rolled to a longer metal plate, comes in from the input 

side and gets fed through the rolling stand. The material is then coiled up in the steckel oven 

(sometimes called coil box), on the output side. When the whole plate is through, the mill is 

reversed and the coiled plate is fed again through the roll stand and the coiled in the steckel oven 

on the input side. This process is repeated until the desired thickness has been achieved. The 

long sheet of metal are then fed to the final coiling and then being outputted. (Roberts, 1983) 

 

Figure 5. Overview of the steckel mill (SMS Demag, 2000). 

2.1.2 The roll assembly 

The roll and housing assembly has two different configurations depending on the roll is placed 

above or below the rolled material. Each assembly have housings with different size one for the 

drive side (DS) of the roll and one for the operator side (OS), see Figure 6. 
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Figure 6. CAD of the roll assemblies, left is bottom assembly and right is the to assembly. 

All in all there are four kinds of designs of the bearing housings and they have all different mass, 

the different weights for the roll and the housings can be seen in Table 1 and are provided by 

Outokumpu Stainless AB. 

Table 1. The weight of the different roll assembly parts 

Part Weight [kg] 

Roll 13500 

Top housing OS 2900 

Top housing DS 2500 

Top assembly 18900 

Bottom housing OS 3300 

Bottom housing DS 2800 

Dismantling strap 750 

Bottom assembly 20350 

2.2 State of the art 

To get and understanding of how the market is looking a search for hydraulic presses and pullers 

have been made. From the first searches the results shows that there are a wide variety of 

suppliers of hydraulic press equipment for home and workshop to use for more common 

applications like changing gears and bearings of for example cars, farm equipment or other 

regular size machinery. One example of a hydraulic puller can be viewed in Figure 7 below. 

 

Figure 7. Hydraulic puller (KNT Hjul & Verktyg AB, 2015). 

OS 

DS 
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The hydraulic presses found was mainly in the H-frame, A-frame and C-frame configuration 

which can be viewed in Figure 8 through Figure 10 below. 

 

Figure 8. H-frame hydraulic press (KNT Hjul & Verktyg AB, 2015). 

 

Figure 9. A-frame hydraulic press (Harbour freight tools, 2015). 
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Figure 10. C-frame (American Machine Tools Co., 2012). 

However no machine could that fit the purpose could be found at a supplier. Magnus Bohlin at 

OSAB knew however that SSAB in Borlänge did have a machine for the same purpose. 

2.3 Study visit at SSAB Borlänge 

A study visit at SSAB took place a few weeks after the concept generation. They have a system, 

which is similar to concept 3 below, where multiple rolls can be placed on a table and then they 

use a cart on rails to remove the housing and move it over to the next roll an put it back together. 

A rough sketch of the system can be viewed in Figure 11 below. It also features a grease and oil 

handling system which requires a lot of space. 

 

Figure 11. Overwiev of the system at SSAB 

That system was delivered by the same company that built the rolling mill. It is currently too big 

to fit and too expensive to build at Outokumpu Stainless AB in Avesta.  

2.4 Previous pre-studies/designs 

Since the company has been operational for a long time it is interesting to ask the question, have 

there been any design proposals before and why didn’t they build them? From conversations 

with Magnus Bohlin, OSAB and Nils Bengtsson, Bilfinger it becomes clear that it has been an 

earlier pre-study but that concept that was done then became too big, deemed too expensive and 

the machine was cancelled. The majority of data from the pre-studies has been lost by the 

company. What could be found was a requirement specification. 
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3  THE DESIGN PROCESS 

In this chapter the working process is described with thoughts and constraints relating to the 

machine 

 

 

3.1 Requirement specification 

The requirement specification is mainly derived from the requirement specification of the old 

pre-study which has been discussed with OSAB. 

1. Functions 

 The equipment need to be able to both separate and join the bearing housing and 

the roller. 

 There needs to be an axial stop to prevent the roller to slide axially during 

operation. 

 There needs to be a loading position for the equipment where it can handle the 

loads of placing the roller and housing with the overhead crane. 

 The bearing housing needs to be able to be positioned in all the directions that 

need to be able to easily fit the housing on the roller. 

 Both bearing housings need to be able to be separated and joined without an extra 

lift with the overhead crane. 

2. Performance 

 Weight that needs to be handled is around 13500 kg for the roller and 2500 kg to 

4050 kg for the housings. 

 Needs to able to do a minimum of 400 changes per year. 

 The press force should be 100 kN. 

3. Environment 

 The environment in the roll grinding facilities is greasy and somewhat dusty 

4. Life in service 

 Time in service is not specified since it will be as long as the machine can fit the 

housing and rollers that is used in the steckel mill. 

5. Maintenance 

 Proposal of suitable spare parts. 

 Specify Grease points and important areas to keep clean as well as parts that need 

to be inspected/ calibrated. 

6. Target production cost 

 Below 500000 SEK 

7. Size 

 Needs to be able to fit inside the roll grinding facilities at Outokumpu Stainless 

AB’s hot rolling plant in Avesta. 

8. Quality and reliability 

 Quality of 98% (Works as intended). 

 Reliability of 98% (Available for operation). 

 

9. Time-scales 
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Figure 12. The project timeplan. 

10. Testing 

 Will be verified with calculation, FEA and motion simulations. 

11. Safety 

 Will be following CE-standards and machinery directory 

12. Company constraints 

 The roller and bearing housing are going to be placed on the equipment with an 

overhead crane. 

13. Documentation 

 Report 

 Operation manuals 

 Drawings 

3.2 Concept generation 

The concepts developed after consulting with the OSAB employees and brainstorming are 

presented in this chapter. 

3.2.1 Concept 1: One roll 

In this concept there is space for one work roll and the housings are separated from / joined with 

the roller by moving the table that the housing is placed on, the concept can be viewed in Figure 

13 below. 

Week 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Task

Vacation

Planning report

Planning seminar

Writing report

Load and stress analysis

Finalize report

Prepare final presentation

Final presentation

Literature search

Product specification

Concept generation

Concept evaluation

Design
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Figure 13. Concept 1: One roll. 

3.2.2 Concept 2: Two rolls and rolls move 

In this concept there is space for two rolls on the machine. The new one and the old one that 

comes with the housings attached. The housings are separated from the work roll and then the 

table which the rolls are resting in is moved so that the new one will come to mounting position, 

this concept can be viewed in Figure 14 below. 

 

Figure 14. Concept 2: Two rolls and rolls move 

3.2.3 Concept 3: Two rolls and housings move 

In this concept there is space for two rolls on the machine, one new and the old one that comes 

with the housings attached. The housings are separated from the work roll then the housings can 

be moved on tables to the new work roll and be mounted, this concept can be viewed in Figure 

15 below. 
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Figure 15. Concept 3: Two rolls and housings move. 

3.2.4 Concept 4: The elevator 

In this concept there is space for two rolls on the machine one new and the old one that comes 

with the housings attached. The housings are separated from the work roll then the table is 

elevated so that the new work roll ends up in the mounting position and can be mounted, this 

concept can be viewed in Figure 16 below. 

 

Figure 16. Concept 4: The elevator. 
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3.2.5 Concept 5: The revolver 

In this concept there is space for multiple rolls in a revolving magazine. The housings are 

separated from the work roll then the magazine is revolved to the next production ready work 

roll, this concept can be viewed in Figure 17 below. 

 

Figure 17. Concept 5: The revolver 

3.3 Concept evaluation and selection 

To evaluate the concepts an evaluation matrix was created they are weighted 1-5 according to 

importance in the design and graded 1 (bad) to 5 (good) on how well the function is fulfilled. 

The main attributes that are weighted are: 

 Production cost, is important since this is the main reason why a bearing changing machine 

has not been developed earlier. 

 Functionality, is the machine easy to use and provides a good function. 

 Productivity, is how many housings that could be changed during a period of time. 

 Easy to expand, is how difficult it is to rebuild the concept to handle more rolls and 

increase productivity. 

 Size, is the required space for the machine 
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Table 2. Concept evaluation matrix. 

  
Weight Concept 1 Concept 2 Concept 3 Concept 4 Concept 5 

Production cost 
5 5 3 3 1 1 

Usability 
3 4 4 4 2 4 

Productivity 
2 2 4 4 2 5 

Easy to expand 
3 3 2 4 1 1 

Size 
5 5 3 3 3 1 

Total 
  68 52 60 32 34 

 

The scores from the concept evaluation matrix, see Table 2, shows that concept 1 would be the 

best one to continue work with and concept 3 comes on second place. 

After discussing with Outokumpu Stainless AB the chosen concept to work with was a 

combination of concept 1 and 3. To first make the machine like concept 1 to keep the cost down, 

with space for a single roll. But design the system so that it could be expanded to work like 

concept 3, if there is a need for it in the future. 

3.4 Load calculation 

To be able to analyze the structural integrity of the machine, first the loads that will act on the 

machine needs to be found out. For this machine there are two states where the loads will peak 

and that is during loading/unloading as well as separation/joining. 

3.4.1 Loading/unloading 

For the loading and unloading scenario the load will be the weight of the roll assembly plus the 

accelerating force that is needed to stop the movement of the assembly. It should be noted that 

some of the force will also be taken by the overhead crane that is carrying the roll during 

placement. The unloading will only have large loads if by accident the roll hit the table when it is 

lifted, therefore the focus will be on the loading scenario. The total weight of the assemblies can 

be found in the drawings and it is around 18.9 tons for the upper roll assembly and 20.35 tons for 

the lower roll assembly as previously mentioned in section 2.1.2 

The loads from placing the housing assembly on the table were estimated by measuring the 

accelerations of the housings when they were placed at the current table. The measurements were 

conducted by placing a cellphone on each bearing housing and log the phones built in 

accelerometers. The resolution of the accelerometers is 0.009580079 m/s
2
 on the OS and 

0.0011901855 m/s
2
 on the DS, resolution data from accelerometer program “Accelerometer 

monitor” (Mobile-tools, 2014). Then by the use of newton’s second law calculate the force that 

would have been needed to achieve the measured acceleration. In Figure 18 the test setup can be 

viewed. 
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Figure 18. The phone placement as well as the axis of the accelerometer. 

The tests were run five times and the peak acceleration was then used to calculate the force that 

was used as input in the stress analysis of the roll table. In Table 3 Below the peak test results 

can be viewed. 

Table 3. Peak acceleration testdata . 

 Test 1 Test 2 Test 3 Test 4 Test 5 

 DS OS DS OS DS OS DS OS DS OS 

Total [m/s²] 1.013 2.127 2.051 2.563 1.464 2.528 1.873 1.298 1.984 2.122 

X [m/s²] 0.530 -1.320 0.529 -0.647 -0.459 1.847 0.417 0.713 -1.136 1.052 

Y [m/s²] -0.046 -0.481 0.108 -0.240 0.057 -0.158 0.104 -0.052 0.167 -0.078 

Z [m/s²] 0.863 1.597 1.973 2.468 1.389 1.719 1.823 1.083 1.618 1.841 

Time [s] 50.481 50.648 76.551 76.706 99.320 99.835 132.980 134.093 151.500 151.801 

All of the acceleration data from the test can be viewed in Figure 19. The five highest peaks are 

when the roll assembly was placed on the roll table. The beginning and ending of the test has 

been removed due to high accelerations from the phone handling. 
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Figure 19. Acceleration data from the operator side and the drive side. 
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With the mass of 20350 kg and acceleration of 2.5 m/s
2
 inserted into equation (1), Newton’s 

second law. 

 
accF m a    (1) 

The acceleration force Facc are calculated to 50.9 kN. 

3.4.2 Separating/Joining 

During separation the load are more difficult to estimate, the roll and bearing are not press fitted 

they are just tightly slid on and then fastened by an external ring, see Figure 20. 

 

Figure 20. Housing locking mechanism. 

Interviews with operators tell that new rolls are usually quite easy to change housings on while 

the old ones especially the bottom OS housing seems to get stuck more often. This is the housing 

with the dismantling strap which shifts the center of mass for the housing slightly of the 

symmetry line. By doing a visual inspection of bearing seats of the new and old rolls there is 

possible to see wear marks on the bearing seats, see Figure 21, but no further investigations on 

what factors influence the required pulling force has been performed. 

 

Figure 21. Comparisson between new (left) and old roll (right). 

Since there are no funds to properly measure the maximum force that are needed a very simple 

model are being used here to get some estimations. By assuming that the minimum force needed 

is the one that overcomes the static friction force between the housing and the roll, see Figure 22. 
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Figure 22. Simple calculation model for mounting / dismounting case. 

 

From machine element handbook page 88-89 (Institutionen för maskinkonstruktion, 2008) the 

coefficient of friction for lubricated steel-steel contact are usually between 0.1-0.3 and dry 

surfaces are up 0.8. There might also be some form of vacuum forming between the surfaces. 

There was no data for steel-steel contact, but for iron-iron contact it can be as high as 1.5. This 

large range of values makes it difficult to know what the maximum force will be. 

 With the use of equation (2), which is the basic friction equation, the housing friction force can 

be calculated and with equation (3) the normal force Nhousemax can be calculated by using the 

heaviest housing with mhousemax= (3300+750) 4050 kg and g=9.81. The results from the 

calculations can be seen in Table 4 below. 

 
frF µ N    (2) 

 max maxhouse houseN m g    (3) 

Table 4.The results from using equation (2) and (3) and the three cases of coefficient of friction. 

Housing friction force [kN] Coefficient of friction Normal force [kN] 

11.9 0.3 39.7 

31.8 0.8 39.7 

59.6 1.5 39.7 

Since the housings are lubricated during operation the assumption will be that the friction force 

will be lower than 31.8 kN for the most of the preformed dismounting, but it could peak to 60 kN 

if the condition are particular harsh. For the mounting part the operators are making sure the 

seats are lubricated and therefor the assumption will be that the friction force will be below 31.8 

kN. Both of these values are lower than the 100 kN wanted in the specification. 

3.5 First design 

The thoughts during the design process was to improve the working conditions of the operators  

and try to keep the production cost low, a few ways to that is to reduce the degrees of freedom, 

reduce amount of moving parts and parts that need high tolerances and good surface finish. 

3.5.1 Roll table 

The main purpose of the roll table is to fixate the work roll so that the housings can easily be 

separated and joined. To design the table, the work roll has to be studied first. The roll consist of 

three major diameters, the bearing seats, middle section and finally the work area, all these 

distances can be viewed in Figure 23 below. As the work roll are used and ground, the diameter 

of the work area will be reduced. Today the rolls are placed with the work area in contact with 

the tables, which means that the center of the roll will slowly move downwards as the roll gets 

ground. By designing the table so that the rolls can be placed on the middle section should 
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eliminate the need for easy change of the lift height which will be a reduction of one degree of 

freedom (Y-axis). By assuming that the center of the roll will always be on the same spot there 

are no need for sideways alignment (X-axis) and this will further reduce the degrees of freedom. 

Remaining is the movement along Z-axis which will be the movement to separate and join the 

housings and roll, the axis orientation can be viewed in Figure 26. 

 

Figure 23. Overwiev of the different areas on the roller. 

 

The roll table is designed in Inventor’s frame environment which allows for easy beam 

manipulation of standard parts by first make a black box with the size and adding lines that can 

be used as markers where beams will be placed. This black box is presented in Figure 24. 

 

Figure 24. The black box table (first version). 

When all the beams have been placed and manipulated to fit each other, the result can be viewed 

in Figure 25. 
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Figure 25. The result of the frame design (first version). 

To safely place the roll on the table, angled planes are placed on top of the table frame to ensure 

that the roll will be positioned at the same position on the x-axis all the times. Surfaces that are 

in contact with the rolls are made out of POM to not damage the surfaces and provide some 

cushioning, as well as position the roll. 

 

Figure 26. The very first design of the roll table wih supports and coordinate system. 

To be able to fasten the table to the ground, metal plates with a Ø16 hole in every corner are 

welded on to the legs. To prevent shear stress in the bolts, the bolts has to be tightened so they 

create a sufficient normal force to achieve a friction force between the floor and the table that are 

greater than the 100 kN that it will be subjected to, equation (4). 

 
load fr b bF F µ N n      (4) 

The maximum stress of the bolt is calculated according to equation (5). 
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 bN

A
    (5) 

With the bolt quality 8.8 the yield stress is 80% of 800 MPa, which is 640 MPa in Machine 

element handbook, P66 (Institutionen för maskinkonstruktion, 2008), there is an 

recommendation to pretension the bolt to 70% of the yield strength, calculated that will be a 

maximum pretension stress of 448 MPa. The floor is plastic carpet covering up the concrete 

foundation. The coefficient of friction between steel-plastic are 0.25-0.4 (Engineering-abc, 2015) 

and for steel-concrete contact are 0.57 – 0.7 (Rabbat & Russel, 1985) to be on the safe side the 

lowest value for the coefficient of friction has been used. With equation (4) and (5) together, 

equation (6) if formed and can be used to calculate the needed area. 

 
fr

b

F
A

µ n


 
  (6) 

With use of the values in Table 5 , the area is calculated to 55.8 mm
2
 which corresponds to a 

diameter of 8.4 mm and the pretension for each bolt is calculated to be at least 25 kN. 

Table 5. Values for calculate the minimum diameter of the bolts for the roll table. 

Ffr 100 kN 

µ 0.25 

σ 448 MPa 

nb 16 

 

3.5.2 The pullers 

The function of the pullers is to separate and join the housings and the roll. The design started off 

by measuring the surroundings where the machine is going to be placed, this was made to get the 

size limitations for the machine. These measurements are taken from the edge of the work roll to 

the nearest intersecting object. The total distance to nearby equipment and walls are 5 meters but 

since there has to be space for a truck with a pallet (1.5 m) on one side and some walk  

space (0.6 m) on the other side, these values are being subtracted and instead the total free space 

from roll edge to nearby equipment can be approximately 2.9 meters by adding the length of the  

roll (5.1 m) the maximum machine length are 8 m. 

The main difference between the DS and OS is the length that the housing needs to be moved to 

come free from the roll, 1215 mm respectively 1000 mm and there for the only general 

difference in the design is the length. Early in the design stage some ways to operate the pullers 

were thought of for example hydraulics or electric motor with mechanical transmission.  

Because of the force needed and the tight space, hydraulic cylinder was chosen to power the 

pullers. Mainly dual acting cylinders has been looked in to, this was done to keep the amount of 

cylinders to two instead of four. The three main types of cylinders that have been studied are 

single rod, double rod and telescopic cylinders, basic layout of the different cylinders can be seen 

in Figure 27 below. 
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Figure 27. From left to right single rod, double rod, telescopic cylinder overwiev. 

The desire to get a compact design made the first choice a telescopic cylinder. After discussion 

with the supplier, they mentioned that it could be difficult to implement such a solution because 

of the short strokes and needed modifications of the cylinders. The final decision was to use one 

of their single rod cylinders instead. The cylinder has total length of the stroke length plus 217 

mm. 

Bottom 

The bottom part of the pullers has a simple design, which consists of a frame with space for the 

hydraulic cylinders as well as linear bearing units for the trolley to run on, see Figure 28 below. 

 

Figure 28. A view from above the bottom. 

The bottom has plates inside the frame to make improve sturdiness and holders for the hydraulic 

cylinder. The bottom is fastened to the ground by 14 bolts, M24. The two bolts closest to the 

cylinder support will be the main load carriers of the cylinder force. Therefore those bolts will 

act as the dimensioning case. For making assembling easier all of the bolts are of the same size. 

The smallest bolt needed can be calculated in the same way as in section 3.5.1 with the values in 

Table 6 to d=23.8 mm and the pretension for each bolt is calculated to be at least 200 kN. 
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Table 6. Values for calculate the minimum diameter of the bolts for the pullerbottoms. 

Ffr 100 kN 

µ 0.25 

σ 448 MPa 

nb 2 

 

Trolley 

The purpose of the trolley is to provide movement in the rolls axial direction and to work as an 

interface to the hydraulic cylinder as well as between the bottom and the housing table. The first 

though were to make a box, but the position of the bottom and the roll table would make the 

trolley collide with the table. To prevent this, a more H shaped design was made. To make it 

sturdier where the most bending force would be, the middle if the trolley is reinforced with metal 

plates, see Figure 29. 

 

Figure 29. See through picture of the trolley. 

Another important function of the trolley is to calibrate the height of the housing table. This is 

done by using bolts as height adjustment. To prevent movement of the bolts, high thread friction 

is recommended. 

Housingtable 

The purpose of the housing table is to pull the housing off and on the roll shaft when the trolley 

moves and provide a soft surface for the housings to rest on. The DS has a more simple design 

because the only difference in design between the housings is the width, see Figure 30. 
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Figure 30. Housingtable DS. 

On the OS, the lower housing has a dismantling strap which makes it longer than the upper 

housing. The solution for that was to make moveable stoppers, see Figure 31 which can be easily 

placed and removed when needed. 

 

Figure 31. Housingtable OS. 

The housing tables does also have POM supports to provide a soft surface to place the bearing 

housing. The final difference between the housings are that the upper housings are 20 mm lower 

than the lower housings and for that an extra set of POM supports are made to be used when the 

upper housings are placed upon the table. 

On the shaft contact surface there are bronze bushings mounted. If the contact pressure between 

the bushing and shaft tubes becomes too large so that there are yielding the bushing should be 

the yielding part. The bushings can be replaced by first unscrewing the shaft from bottom of the 

bearing housing table and then removed and replaced by the use of a proper tool. 

The contact pressure between the bushing and shaft tube are estimated to be a Hertzian line 

contact, cylinder in cylinder. The Hertzian line theory states the maximum pressure can be 

described as (van Beek, n.d.): 

 

 max

4
mp p


   (7) 
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 With pm calculated as: 
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The equivalent e-modulus and radius are calculated in the following way: 
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With the material and geometrical data from Table 7 inserted in to equation (9) and (10), E’ is 

calculated to 170.5 GPa and the R’ to 6162 mm. 

Table 7. Material and gemoetrical data for the steel shaft tube and bronze bushing. 

 Shaft tube (Steel) Bushing (Bronze) 

E 210 GPa 120 GPa 

𝜈 0.29 0.34 (Engineering Toolbox, n.d.) 

R -79 mm 78.5 mm 

l - 2.9 mm (10% of actual length) 

With the values on E’ and R’ together with l from Table 7 and F as the prescribed load of 100 kN  

inserted in equation (8), Pm are calculated to 30.3 MPa. By the use of equation (7) Pmax are 

calculated to 38.6 MPa. Here it has also been assumed that the actual contact length of the 

bushing are only going to be about 10% of the total length 29 mm. If compared with bearing 

bronze SAE 660 who have a yield limit of 138 MPa (Dura-bar metal services, 2015). The 

resulting pressure is lower than the yield limit of the material which would indicate  

 

3.6 Motion simulation 

The motion simulation was done on the first design and that is to further investigate the loads of 

the different system components during system operation. In this machine it is mainly the load 

on the components during dismounting that are interesting to analyze, since this is where the 

majority of the problems happens. This is done using ADAMS, a simplified 2D representation of 

the model were made, since all the forces are acting in symmetry. This can be seen together with 

the part names in Figure 32 below. The parts are thin models with the same measurements and 

the density is adjusted to achieve close to the same weight as the parts in the original model. The 

model is based upon the first design. 
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Figure 32. Overview of the 2d model with the coordinasystem. 

3.6.1 Setup 

The model is driven by imposing a motion on the piston with the speed of 1 m/min, since this 

system will be at constant linear speed the accelerations will be very low and instead it can be 

considered to be a static setup. The maximum housing load of 100 kN has been applied on the 

table, the setup of the joints between parts (black arrows), the location of the applied force (red 

arrow) and the driving motion (blue arrow) can be viewed in Figure 33 and joints are also listed 

in Table 8 below. 

 

Figure 33. Joints (black), force (red) and movement (blue) locations on the 2D model. 

Table 8. The joint layout of the 2D model. 

Body 1 Body 2 Joint type 

Piston Ground Translational 

Piston Trolley Revolute 

Trolley Bottom Translational x 2 (number of sliders) 

Trolley Table Translational x 3 ( 2 bolts and 1 pullershaft)  

Table Housing Fixed 

Bottom Ground Fixed x 2 (one on each corner) 
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The simulation is then run for 2 seconds with 500 steps, since this case will be close to static the 

results will also have a constant value. In the plots the FZ=Force z-axis, FY=force y-axis and 

TX=torque around x-axis because of symmetry in the YZ plane of the final machine all of the 

joint forces are going to be half of the one presented in this chapter. 

 

3.6.2 Results 

The resulting force in the piston joint can be seen in Figure 34 below will only be a reaction 

force to the applied force in the top of 100 kN. 

 

Figure 34. Piston joint force and torque. 

The forces in the sliders are presented in Figure 35 and the torque in Figure 36. From the figures 

it is possible to see that the force in the front slider will be 118 kN and rear slider -71 kN.  

 

Figure 35. Force in the linear sliders. 



 38 

 

Figure 36. Torque in the linear sliders. 

The force in the bolts can be seen in Figure 37 and the torque Figure 38, it is possible to see that 

the front bolts will have a load of 41 kN and the rear one will have a load of 1.8 kN. The force in 

z direction is 0 N because the bolts cannot take any force in that direction that is also why the 

torque is 0 Nm. 

 

Figure 37. The force acting on the bolts. 

 

Figure 38. Torque acting on the bolts. 

The force on the table shaft can be seen in Figure 39 and the torque in Figure 40. In the figures 

it’s possible to see that the only load that act on the puller cylinders are in the z direction and it is 
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100 kN, there are no torques because the bolts balance the force if the bolts are not balancing 

there will most likely be some torques in the puller shafts as well, or in the roll/housing contact. 

 

Figure 39.The force in the table shafts. 

 

Figure 40. The torque in the table shaft. 

3.6.3 Calculations 

Some calculations were done to see that the forces from ADAMS are in the right ranges, mainly 

for the sliders and the bolt connections. First up is the housing table, the forces and distances are 

as in Figure 41 below 

 

Figure 41. Forces acting on the bearing housing table during dismounting. 

Equilibrium around the point O gives the following three equations: 
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 : 0load shaftF F     (11) 

 : 0boltr boltf htF F G      (12) 

 : l Fa boltr b bolrf c d htl F l F l G      Ò   (13) 

 

With the values of the parameters from Table 9 below the unknown forces can be calculated to 

FShaft = 100 kN, Fboltf = 55.4 kN, Fboltr = (-12.9 kN). 

Table 9.Values and explanaition of symbols used in the bearin housing calculations. 

Unknown   

Fshaft Force in table shaft - 

Fboltf Force in the front bolt - 

Fboltr Force in the rear bolt - 

   

Known   

Fload Load from bearinghousing 100 kN 

Ght Weight of bearing housing and bearing housing table 42.4 kN 

la Distance a see fig 250 mm 

lb Distance b see fig 240 mm 

lc Distance c see fig 200 mm 

ld Distance d see fig 82 mm 

 

For the trolley the following forces and distances were used in the calculations, see Figure 42. 

 

Figure 42. Forces acting on the trolley during dismouning. 

From Figure 42 the following equilibrium equations (14) through (16) can be found: 

 : 0shaft cylF F     (14) 

 : 0sliderf sliderr tr boltf boltrF F G F F        (15) 

 : l 0e cyl g shaft j boltr h boltf i tr f sliderfF l F l F l F l G l F           Ò   (16) 

 

With the values on the parameters from Table 10 the unknown forces can be calculated as 

Fcyl=100 kN, Fsliderf=117.5 kN, Fsliderr=70.98 kN. 
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Table 10. Values and explanaition of symbols used in the trolley calculations. 

Unknown   

Fcyl Force in the cylinder joint - 

Fsliderf Force in the front slider - 

Fsliderr Force in the rear slider - 

   

Known   

Fshaft Load from the shaft 100 kN 

Fboltf Load from the front bolt 43.3 kN 

Gtr Weight of the trolley 4.1 kN 

le Distance e see fig 195 mm 

lf Distance f see fig 515 mm 

lg Distance g see fig 120 mm 

lh Distance h see fig 517.5 mm 

li Distance i see fig 179 mm 

lj Distance j see fig 27.5 mm 

 

Comparison of the results, see Table 11, shows that the ADAMS model and the calculations are 

in the same range for the slider force but there are some deviations in the bolt force. 

The negative force in Fboltr should not exist since the table is only rested on the bolt and can 

therefore not be subjected to the pulling force. Since the ADAMS values are in the positive 

range, these values are being used in the structural analysis. 

Table 11. Comparison between results (note that values has  been converted to show positive upwards and negative 

downwards in the figure coordinate system) 

 Calculaions [kN] Adams [kN] Deviation [kN] 

Fboltf 55.4 41 14.4 

Fboltr -12.9 1.8 14.7 

Fsliderf 117.5 118 -0.5 

Fsliderr -71 -71 0 

 

3.7 Structural analysis 

To make sure that the machine can handle the required load the different subsystems are being 

analyzed with FEM that is integrated with Inventor (Autodesk, 2015). In this chapter the setup of 

the simulations are presented while the results of the final analysis can be found in section 4.2 

below. The material chosen when dimensioning the machine has been S355J2 as this is a 

common structural steel found at suppliers such as BE group and Tibnor (BE group, 2015) 

(Tibnor, 2012). The yield strength is 355 MPa and the ultimate strength are between 470-640 

MPa (BE group, 2015) and in the pads where the housings and roll rests on the selected material 

is POM for the high stiffness wear properties and not too damage the roll. The yield strength is 

72 MPa (DuPont, 2000). 

In all models the gravitational force has been applied and can be seen as a yellow arrow in the 

figures showing the force load. The constraints used in the model are mainly of three types, fixed 
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support, frictionless support and pin. In the fixed support the model is fixed in all degrees of 

freedom. The frictionless support constrains movement in the surfaces normal direction, still 

allowing translation and finally the pin constraint can be applied on a curve to lock it in the 

curves radial, axial or tangential direction. Multiple FEA was performed during the design 

process only the final results will be presented in section 4.2. All of the analysis has been run 

with adaptive refinement and the settings used can be seen in Figure 43 

 

Figure 43. Convergence settings used in the adaptive refinement. 

3.7.1 Roll table 

For the roll table two load cases have been studied, Normal operation and extreme loading. The 

roll table has been constrained in the same way for all the cases. With frictionless support on the 

bottom face and fixed constraint in the holes see Figure 44, for all of the four table feet. 

 

Figure 44. Constraint set-up on the rolltable. 

The connection condition between parts is of bonded type except for the POM support pads as 

they are allowed to move freely in their seats, so instead sliding with no separation and 

separation have been used. 

The load at normal operation consists of the load of the roll assembly on the supports and the 

reaction force from disassembling the housings. The load of the roll assembly weighs 20350 kg, 

the total load will then be 200 kN (green arrows) on the supports. When pulling the roll there 

will be a friction force between the supports and the roll, the coefficient of friction between POM 

and steel, µP-S. With the load of 200 kN and the coefficient of friction of 0.14 (Engineering-abc, 

2015) the friction for are calculated to 28 kN (Purple arrows), same as equation (2) above. The 
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load from the disassembling of the housings will be the specified 100 kN subtracting the Friction 

force of 28 kN, which results in 72 kN (red arrows). The force setup can be seen in Figure 45. 

 

Figure 45. Force setup of the normal operation on the roll table. 

The extreme load case is considered when all of the weight plus the accelerating force from the 

measurements in section 3.4.1 are acting on one of the supports. Which will be the 200 kN plus 

the accelerating force measured in section 3.4.1. (50.9 kN). A total of 250.9 kN on one of the 

supports. Because the roll assembly are placed at the slowest speed another 100 kN is added so 

that the total load on one support is 350.9 kN (purple arrow), see Figure 46. This force in reality 

will probably be lower as the overhead crane will carry some of the 200 kN from the roll/housing 

assembly weight. 

 

Figure 46. Force setup of the extreme loadcase on the roll table. 

 

 

3.7.2 Bottom 

The dimensioning load case on the bottom is during mounting and unmounting, there are the 

loads from cylinder pushing at the side of the frame as well as the force from the linear units 

countering the rotation of the piston pushing on the trolley. 

From the calculations and the motion simulation the force acting during mounting are 100 kN on 

the cylinder support (red arrow, 50 kN each), the force acting on the linear units are 118 kN for 
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the rear pair (brown arrow, 59 kN each) and -70 kN for the front pair (green arrow, -35 kN each). 

Force setup can be viewed in Figure 47, values are positive in the direction of the arrow. 

 

Figure 47. Force setup on the  on the bottom. 

With the use of same model as before but reversing the loading force, the following load case for 

mounting is given. -100 kN on the supports (-50 kN each), -129 kN on the rear slider pair (-64.5 

kN each) and 82 kN on the front sliders (41 kN each). 

The parts in the model are bonded to each other (except the cover plates that have a sliding 

contact) as the parts will be welded together this is a reasonable set up. Frictionless constrains 

are applied on all of the bottom surfaces and the cut area while all of the holes are fixed. In the 

cylinder support holes a pin constraint with locked axial movement direction to simulate the fact 

that the cylinder is preventing axial movement. The constraint setup can be seen in Figure 48, the 

red surface is constrained by frictionless constraint. 

 

Figure 48. Constraint setup of the bottom. 

3.7.3 Trolley 

The trolley will have two load cases one for mounting and one for unmounting. From the motion 

analysis in section 3.6 it’s possible to get the loads acting during the dismounting. The loads 

used in the simulation can be viewed in Table 12 and Figure 49 below.  
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Table 12. Forces acting on the trolley. 

Arrow Force 

Red 100 kN (50 kN each) 

Purple 1.8 kN (900 N each) 

Green 43 kN (21.5 each) 

 

 

Figure 49. Loads applied on the trolley 

The model has pin constraints, fixed in radial direction, in the large holes where the shafts will fit 

and frictionless support on the surfaces that are in contact with the linear sliders. 

3.7.4 Housing table 

The load cases for the housing tables are mounting and dismounting and it will be the 100 kN 

pulling force (red arrow) and it will be acting on the guide bits, see Figure 50. The figure shows 

the DS housing but all of the housing has had their force applied on the guide bits that are in 

contact with the housing. 
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Figure 50. Force setup on the DS housing table. 

The model constraints are as follows, there are frictionless support on the places where the table 

will rest on the bolts and pin constraint on the bushings with only the radial direction locked, see 

Figure 51 below. The picture shows the DS but the OS is constrained in the same way. 

 

Figure 51. The constraints of the bearing housing table. 

The POM covers are not included in the simulation as well as the load from the housings. The 

movable bits have sliding and separating contacts, while the rest of the model is bonded contacts. 

3.8 Hydraulic system 

The machine is powered by hydraulics and the system is being designed upon the specifications 

in Table 13 and Table 14. As mentioned in Section 3.5.1 The pullers, some different cylinders 

was considered the final cylinders selected was AOK 100/60 with strokes of 1350 mm and 1140 

mm from Tubex (Tubex, 2015).The maximum pressure comes from what OSAB have as 

standard in their systems, the cylinders have a maximum pressure rating of 210 bar. 
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Table 13. Hydraulic cylinder diameters and areas. 

 D [mm] d [mm] A+ [mm^2] A- [mm^2] 

Stage 1 100 60 7854.0 5026.5 

Table 14. System specifications 

Load Fload 100 kN 

Speed v 1 m / min 

Max pressure Pmax 14 Mpa 

From the specifications it’s possible to calculate the specifications of the hydraulic power supply 

from (Galal Rabie, 2009) the basic equation for how to calculate the flow, Q and the pressure, P 

are described in equations (17) and (18). 

 Q A v    (17) 

 
F

P
A

   (18) 

The chosen hydraulic cylinders have a total stroke of 1140 mm for the OS and 1350 mm for the 

DS. With the values from Table 13 the volume needed to fill up the cylinders can be calculated 

by multiplying the stroke with the largest area, the largest volumes are 9 liters and 10.7 liters. 

The needed flow can now be calculated according to equation (17) with the values from Table 13 

and Table 14 to 7.85 l/min when extending and 5.03 l/min when retracting. 

The maximum force that the cylinder can give can be calculated from equation (18) with the 

values in Table 13 and Table 14. The force from the biggest area A+, are 110 kN and for the 

smallest area A- 70.4 kN. 

3.9 Control 

The control system is important to the function of the machine as well as safety of the operators. 

In this thesis no control system will be designed, but a basic function description will be 

presented. 

The machine has a simple function and the operation can be placed in three different stages start-

up, operation and shutdown. These functions could be extended with light signals with a clear 

message, for example a light to indicate which puller is active and flashing light when moving. 

To be able to turn the power supply on first the operator needs to acknowledge that the area are 

cleared and no personnel or object are on the machine and also hold down a dead man’s switch 

which will act as an emergency stop when released. When these conditions are true the operator 

can start the power supply and operate the control valves. 

During the operation the operator can switch between the OS and the DS cylinder. It should only 

be possible to operate on cylinder at a time. 

The stopping of the machine can be the same as the emergency stop and are triggered if the dead 

man’s switch is released, since there are no advanced motions. It will simply close the valves and 

cut power to the hydraulic pump. 
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3.10 Cost estimation 

The total cost of the machine is estimated by requesting quotas from companies that are the main 

suppliers to OSAB or have the wanted equipment. The final estimation is presented in section 

4.4. 

3.11 CE branding 

According to AFS2008:3 Machine directory (Maskindirektivet) all new machines needs to be CE 

branded to ensure that the design of the machine has been thought through, follows standards 

and that safety for workers and equipment has been considered. In this project a software that is 

called CEdoc 3 (CEDOC, 2015) is used to help and simplify the process of CE branding. 

The program has all the necessary information fields that needs to be filled in and generates new 

documents that needs to be gone through and filled in. One major part is the risk assessment and 

how to handle the risks and how to eliminate them. In this thesis an early risk assessment has 

been made and it can be viewed in Appendix A. A complete CE-branding have to be done when 

the machine are being built. 

3.12 Safety 

To make the machine safe to use there are some aspects to consider. First up is the control 

system, that needs to be designed in such a way that it is quick to stop and will only move when 

an operator have confirmed that the area is clear and the operator desires to make the machine 

move. 

Since the operators need to be able to access the locking mechanism it has to be safe to walk on 

which means to minimize the risk of slippage and tripping. On the machine there are no bolts or 

parts that are higher than the walking surface, see Figure 52. 

 

Figure 52. Side view of the bottom part. 

The linear units (rails) are positioned so that the top of them are at the same level as the walking 

surface. The walking surface should be made by non-slip metal sheets so the risk of slippage is 

low even if there is some oil or grease on them. 



 49 

 

Figure 53. Large coverplate covers up the hole in the frame. 

The holes of the cover plates are countersunk so that the bolt will come down to surface level, 

see Figure 54. 

 

Figure 54. Contersunk holes in the coverplates. 

To cover up the space between the cover plates no solution have been decided upon but some 

versions of telescopic plates or cover that it’s possible to roll out and retract, in Figure 55 

through Figure 57 below some suggestions on what could be used are shown. 

 

Figure 55. Extendable covers (Mekom, 2015). 
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Figure 56. Telescopic cover (Mekom, 2015). 

 

Figure 57. Dual side extended cover (Mekom, 2015). 

One final safety feature that has been considered is to have some kind of skirt on the trolley so 

that the gap to the bottom is minimized and no fingers, shoes or other items can get stuck. It has 

to be designed so that the cover plates can be removed to grant access to the hydraulic cylinders. 

3.13 Maintenance 

There are some maintenance points of the machine: 

 Visual inspection of the machine to detect issues as they appear. 

 The linear units need to be greased according to the supplier’s recommendation. 

 The bushings on the bearing housing table might have to be changed occasionally if the 

surface deforms too much. 

 The wear of the POM pads needs to be monitored and replaced if worn too much. 

 Inspect the hydraulics system for leakage, to access the hydraulic cylinder the middle 

cover plates has to be removed. 

 Inspect high stress regions (higher that yield limit) that are shown in the FEA. 

Since the operators could go back and change housing in the old way. The needs for spare parts 

are not critical. But recommended parts would be the rail of the linear unit, POM pads and 

possibly hydraulic cylinders depending on delivery times. 

3.14 Expansion 

As mentioned in the concept selection a wish was to design the machine in such a way that it 

could be converted to move sideways without the need for rebuilding the whole machine. The 

design decisions that have been made to simplify the redesign of the machine are: 
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 Left space inside the frame, 180 x 300 mm, to house shafts and wheels, Figure 58. 

 

Figure 58. Space inside the frame. 

 Left space between the hydraulic cylinder and the legs of the roll table, about 10 mm, so 

the roll table can move sideways and not collide with the table. Space between the 

bottom and the roll table top, about 95 mm and finally there are about 90 mm between 

the trolley and the housing table. to ensure some extra height when the wheels are 

mounted, see Figure 59 

 

Figure 59. Distance between table and the puller. 

In Figure 60 can a concept of what an expansion might look like with an extra table and rails. 



 52 

 

Figure 60. Concept of what an expansion could look like. 
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4  FINAL DESIGN  

In the chapter the final design are presented with the descriptions of the different parts functions 

and purposes, performance, structural analysis as well as the cost estimation.  

 

 

4.1 The final design 

The final design of the machine can be viewed in Figure 61 below, the subassemblies are 

explained in the following sections. 

 

Figure 61. Overview of the machine put together. 

 

4.1.1 Roll table 

The final design can be viewed in Figure 62 and the main function of the roll table is to position 

and fixate the roll and ensure that the center of the roll always ends up at roughly the same spot. 

The softer pads of POM will reduce the damage from placing the roll on the roll table and also 

lock it from sliding more than 10 mm in each direction. 

 

 

Figure 62. The finished Table design. 
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4.1.2 Pullers 

The main purpose of the pullers is to pull the housing off the roll during dismounting or push it 

back on during mounting. This is accomplished by the use of three different subassemblies, 

Bottom, trolley and bearing housing table, a view of the puller assembly can be seen in Figure 63 

below. 

 

Figure 63. A overewiev of the puller assembly. 

The bottoms features linear bearing units to permit movement of the trolley the bottom also 

houses the hydraulic cylinder and are the ground anchor where the puller is fastened to the floor. 

The trolley will move on the linear sliders dragging the housing table with it. It is also here the 

height calibration is done by adjusting the four bolts that the housing table is resting on (Figure 

63 to the right). The bearing units are INA, TSX rails with RWU55-HL-G2-V3 sliders. The 

linear units are a preliminary selection and has a basic dynamic load rating of  167 kN and a 

basic static load rating of 415kN (Schaeffler, 2015). 

The housing table are the interface to the bearing housing, it provides a soft surface to be placed 

upon and has guide bits the will drag the housing with it when the trolley moves. It is connected 

to the trolley by two shafts they are screwed to the housing table bottom and positioned inside 

cylinders on the trolley, see Figure 29 for a detailed view of the inside of the trolley. 

 

4.1.3 Operating the machinery 

In this section a brief description of how the bearing housing changes are performed with the 

machine are explained. The first step is to retract the machine to loading position which can be 

seen in Figure 64.  

 

Figure 64. First step in the bearing housing change process. 
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When the whole assembly is placed on the roll table the housings will be located on top of the 

bearing housing tables. The operators will then loosen the bearing housings from the roll. Then 

the hydraulics is operated to push the trolley which slides along the linear units on the bottom 

and brings the housing with it, see Figure 65. 

 

Figure 65. The second step of the bearing housing change processs. 

 After this is done for both of the housings the old roll are being removed, see Figure 66, and the 

new roll placed on the table. 

 

Figure 66.The third step of the bearing housing change process. 

The process is then reversed so that the bearing housings are slid back on the new roll, refastened 

by the operators. 

4.2 Final structural analysis 

Here the results of the structural analysis of the final design are going to be presented. All of the 

constraints and loads used in the FEA can be seen in section 3.7. To make the contour maps 

more visible the maximum or minimum stress values has been set to 355 MPa, where needed, 

which is the yield limit of the earlier mentioned structural steel. This can be seen in the figures as 

it does not say max or min at the values on the color bar. 

4.2.1 Table 

For the table there have been two load cases normal operation, extreme loading. For the normal 

load case, see Figure 67, the largest Von Mieses stress are around 75 Mpa on the beams. The 
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displacement of the beam edges is 0.34 mm and the pads 0.5 mm, complete contour plots can be 

seen in Figure 67. 

 

5

 

  

Figure 67. Contour plots of the roll table normal operation loadcase. In clockwise order starting with top left is ,Von 

Mieses stress, displacement, third principal stress and first principal stress. 

 

For the extreme load case highest Von Mieses stress are about 210 MPa in the legs with stress 

concentrations on the pad rest and the displacements of 2 mm for the steel structure, complete 

contour plots can be seen in Figure 68. 
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 8  

  

 

Figure 68. Contour plots of the roll table extreme load case. In clockwise order starting with top left is ,Von Mieses 

stress, displacement, third principal stress and first principal stress. 

4.2.2 Bottom 

The results for the bottom during dismounting shows that the maximum Von Mieses stress are 

around 186 MPa and the displacements are around 0.24 mm on the safety plate and 0.1 mm for 

the frame bottom, complete contour plots can be seen in Figure 69 and Figure 70. 
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Figure 69. Contour plots of the bottom viewing from above. In clockwise order starting with top left is ,Von Mieses 

stress, displacement, third principal stress and first principal stress. 

 

  

  

Figure 70. Contour plots of the bottom viewing from below. In clockwise order starting with top left is ,Von Mieses 

stress, displacement, third principal stress and first principal stress. 

Focusing on the hydraulic cylinder mounts, Figure 71 shows the Von Mieses stress and the 

displacements for dismounting and mounting respectively. During mounting and dismounting 

the stresses are similar in size around 76 to 82 MPa, but for the dismounting case the higher 

stress is concentrated at the rounded edges at the base of the mount. While for the mounting case 

the higher stress occurs around the mount hole. 
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Figure 71. Von Mieses Stress and displacement in the cylinder mount, from left to right, the first row are the Von 

Mieses stress and displacement during dismounting and the second row are the Von Mieses stress and displacement 

during mounting. 

4.2.3 Trolley 

The results of the FEA show that the maximum stress is close to 170 MPa for both loading and 

unloading. There are also peak stresses on the border to where the constraints on the bottom are 

placed, and the displacements are 1 mm at the cylinder joint. Complete contour plots can be seen 

in see Figure 72 and Figure 73. 
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Figure 72. Contour plots of the trolley viewing from above. In clockwise order starting with top left is ,Von Mieses 

stress, Displacement, third principal stress and first principal stress. 

  

  

Figure 73. Contour plots of the trolley viewing from below. In clockwise order starting with top left is ,Von Mieses 

stress, Displacement, third principal stress and first principal stress. 

The stress results for the mounting case are similar to the dismounting case. 

4.2.4 Housing table 

The results for the DS housing table shows that the maximum stress are about 170 MPa. The 

displacements are 0.4 mm at the housing contact point. Complete contour plots can be seen in 

Figure 74 and Figure 75. 
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Figure 74. Contour plots of the DS housingtable viewing from above. In clockwise order starting with top left 

is ,Von Mieses stress, Displacement, third principal stress and first principal stress. 

  

  

Figure 75, Contour plots of the DS housingtable viewing from below. In clockwise order starting with top left 

is ,Von Mieses stress, Displacement, third principal stress and first principal stress. 
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The results for the OS housing table during dismount are close to that of the DS housing table. 

During mounting however the OS housing table has two scenarios depending on whether upper 

or lower assembly. For the lower assembly the maximum stress are around 180 MPa. The 

displacements are 0.4 mm at the housing contact point. Complete contour plots can be seen in 

Figure 76 and Figure 77. 

 
 

  

Figure 76. Contour plots of the OS housingtable, during mounting of the lower bearing housing, viewing from 

above. In clockwise order starting with top left is ,Von Mieses stress, displacement, third principal stress and first 

principal stress. 
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Figure 77. Contour plots of the OS housingtable, during mounting of the lower bearing housing, viewing from 

below. In clockwise order starting with top left is ,Von Mieses stress, displacement, third principal stress and first 

principal stress. 

 

For mounting the upper housing the maximum stress are around 90 MPa on the bottom plates, 

180 MPa on the inner walls. The displacements are 0.9 mm at the housing contact point. 

Complete contour plots can be seen in Figure 78 and Figure 79. 

 
 

  

Figure 78. Contour plots of the OS housingtable, during mounting of the upper bearing housing, viewing from 

above. In clockwise order starting with top left is ,Von Mieses stress, displacement, third principal stress and first 

principal stress. 
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Figure 79. Contour plots of the OS housingtable, during mounting of the upper bearing housing, viewing from 

below. In clockwise order starting with top left is ,Von Mieses stress, displacement, third principal stress and first 

principal stress. 

4.3 Design verification 

Comparing the design proposal to the requirement specification, see Table 15, allows to see how 

well the machine fulfil the requirements, this comparison can be seen in table that follows. 

Table 15. Evaluation of the machine function versus the requirement specification.. 

Requirement Machine 

Functions - 

The equipment need to be able to both 

separate and join the bearing housing and the 

roller. 

Yes, 

See function description in section 4.1.3. 

There needs to be an axial stop to prevent the 

roller to slide axially during operation. 

Yes, 

The position of the roll on the table will make 

the POM pads prevent the roll from sliding mo 

than 10 mm 

There needs to be a loading position for the 

equipment where it can handle the loads of 

placing the roller and housing with the 

overhead crane. 

Yes, 

There are only one position and that one can 

handle the loads 

The bearing housing needs to be able to be 

positioned in all the directions that need to be 

able to easily fit the housing on the roller. 

Yes, 

The table positions the roll’s centre axis on the 

same place every time and the puller allows 

height calibration to match the height, no side 

movement are needed. 

Both bearing housings need to be able to be Yes, 
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separated an joined without an extra lift with 

the overhead crane. 

See function description in section 4.1.3. 

Performance - 

Weight that needs to be handled is around  

13500 kg for the roller and 2500 kg to 4050 kg 

for the housings. 

Yes, 

The loads are ok according to FEA 

Needs to able to do a minimum of 400 changes 

per year. 

 

Yes, 

At slowest one housing change should take 1 

hour 

The press force should be 100 kN. 

 

Partly, 

Press force can be up to 110 kN while the 

pulling force is 70.4 kN with current cylinders 

at the pressure of 140 bar. 

Environment - 

The environment in the roll grinding facilities 

is greasy and somewhat dusty 

 

Made with material and components that can 

handle the grease and dust. 

Life in service - 

Time in service is not specified since it will be 

as long as the machine can fit the housing and 

rolls that is used in the steckel mill. 

Yes, 

As long as there are spare parts the machine 

will be operational. 

Maintenance  

Proposal of suitable spare parts. Yes, 

See section 3.13. 

Specify Grease points and important areas to 

keep clean as well as parts that need to be 

inspected/ calibrated. 

Yes, 

See section 3.13. 

Target production cost - 

Below 500 kSEK No, 

The machine itself will have a production cost 

of roughly 600 kSEK. With project and misc. 

cost the total installation cost are likely to be 

over 1 MSEK. 

Size - 

Needs to be able to fit inside the roll grinding 

facilities at Outokumpu Stainless AB’s hot 

rolling plant in Avesta. 

Yes, 

the machine will occupy 8 m of the available 8 

m. There are space for truck with pallet on one 

side as well as some walking space on other 

side 

Quality and reliability - 

Quality of 98% (Works as intended). Has to be evaluated after production 

Reliability of 98% (Availability during 

operation). 

Has to be evaluated after production 

Safety - 

Will be following CE-standards and Machine 

directory. 

During the design process safety and 

functionality has been considered to simplify 

the CE-branding 

Company constraints - 

The roller and bearing housing are going to be 

placed on the equipment with an overhead 

crane 

Yes. 
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4.4 Total cost 

The responses from the requested production quotas are shown in Table 16 and are to be 

considered preliminary costs as not all suppliers have been asked and better deals might be 

negotiated. 

Table 16. Purchase cost of the subsystems 

Part/subsystem Price 

Rolltable, Puller OS, Puller DS 175 000 SEK 

Cylinders 17 000 SEK 

Hydraulic Power supply 105 000 SEK 

Monorail bearings 70 000 SEK 

Assembly 100 000 SEK 

Wiring work 100 000 SEK 

Total cost  567 000 SEK 

Unforeseen problems (percent of total) 30% 

Total cost including unforeseen expenses 737 000 SEK 

Project cost - 

The project cost includes for example: project management, some mechanical and electrical 

design, updating drawings to match the design, completion of the CE-branding and creating the 

control system, a price estimation for the project cost are at least 300 kSEK to 400 kSEK. 

The total project cost will most likely to be just above 1 MSEK. Even if the machine parts almost 

meet the 500 kSEK there will be more project related expenses such as installation, 

documentation and project lead.  
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5  DISCUSSION AND CONCLUSIONS 

A discussion of the results and the conclusions that the authors have drawn during the Master of 

Science thesis are presented in this chapter. 

 

 

5.1 Discussion 

The main reason that the motion simulation was only run for two seconds was that it was only a 

translational linear motion which was done at constant speed. This means that there will not be 

any change in force overtime and the system could be regarded as static. The results for the force 

in the slider are the same as the separate calculations that were made. For the bolts however the 

force differs and the force in the bolts are negative (bolts are pulling the bearing housing table) 

which will not happen, this is due to the table is only resting on the bolts. This would imply that 

there are some forces or moments that are not included in the calculations. However the 

magnitudes of these forces should not be large enough to cause any problems. For the ADAMS 

model all bolts has positive loading (bolts are supporting the bearing housing table). One more 

simplification done during the calculations was that the effect of that the roll can during the 

mount and dismount process restrict the motion of the bearing housing. 

The results of the FEA shows an estimation of the stress acting on the different parts and the 

structure can handle the loads up to 100 kN but considered the simple model presented in section 

3.4.2 and that the maximum load will only be as high as the force needed to pull the housing off 

load can be anywhere between 0 to 100 kN. There are some high stresses concentrations that are 

larger than the yield limit those are mainly in sharp corners (zero radius), those sharp corners 

will not be in the real machine as the parts are welded together and get a larger radius which will 

lower the stress concentrations and if there are some minor yield the nearby structure will instead 

take the load. But the welds in those corners should be made strong enough as well as inspected 

so that cracks are not forming. 

The requirement to be able to rebuild the machine to allow sideways movement was the greatest 

issue during the process of designing a compact machine. Because the cylinder must be placed in 

such a way that it does not interfere with the table, which means that the cylinder cannot be 

placed that far under the table. Or it has to be placed on the outside. If a more compact design is 

desired the requirement for side movement should be removed and then the cylinder can be 

placed completely under the table which would make the machine approximately 950 mm 

shorter. When deciding what to make the space limits versus the function needs to be considered. 

A system with two single acting telescopic cylinders could also be an alternative to get a 

compact design that would fulfill the side movement requirement. 

Although the machine is not completely finished the material developed in this thesis will be a 

good base for the decision making and finalizing the design. 

5.2 Conclusions 

 From the simple model 100 kN should be more than enough pulling force. 

 The accelerations when placing the roll assembly on the table at the slowest speed are 

around 2.5 m/s
2
. 
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 It was difficult to find a finished product for this purpose since it is a product for a special 

purpose and for a specific facility. Other machines with similar function are most likely 

custom built or delivered with the rolling plant itself. 

 It is possible to build a machine that fulfils the requirement specification. 
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6  FUTURE WORK 

In this chapter, future work to complete this machine is presented.  

 

 

6.1 Future work 

 Do a proper investigation on what force needed to separate and join the roll and housing 

during different operating conditions. 

 CE-branding, a complete safety analysis and a manual. 

 Design electrical system, control system and the hydraulic piping. 

 Look at what standards that needs to be followed and make sure that the machine follows 

the set standards. 

 The attachment point for one of the rails or one side of the sliders should be made 

movable in sideways direction to prevent problems that can occur if the rails are 

misaligned. 

 Dimensioning of the welds that are on the machine. 
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APPENDIX A: RISK ASSSESMENT 

 

 

The risk assessment was made in an early stage and some of the risk in here is marked as 

considered which shall be interpreted as an intention to design the part or subsystem in a way so 

that if fulfills the need. 

Here follows the risk assessment and some risk values. 

 

  



 

 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

 


