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Abstract 
This degree project is a verification of a hand made calculation made by Semcon CAE in 
Gothenburg, Sweden. The main purpose has been to investigate how loads in a pre-tensioned 
bolt appear and how material displacement and contact pressures in the nuts affect bolt joints. 

A FEM-model has been created to imitate the reality as much as possible this to verify 
Semcon’s calculations. The result of the FEM-model has been compared with the result from 
Semcon report 87-082-008, see appendix 2. Thus the Semcon original report has been 
verified. 

The results between the Semcon report 87-082-008and the FEM calculations can be seen in 
chapter 2 and appendix 1. 

The basic data of the degree exam is the Semcon report and is the starting point of the whole 
project. All data regarding dimensions, geometry, materials and so on is based on the data 
from the Semcon report. 
A fatigue analysis based on the FEM-results was not conducted. This was due to the 
similarities in result between the previous Semcon report and this study 
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Sammanfattning 
Detta examensarbete är en verifikation av en handberäkning som gjordes av Semcon CAE i 
Sverige, Göteborg. Huvudsyftet är att undersöka hur laster ser ut i en förspänd bult, hur 
materialförskjutningar och kontakttryck påverkar skruvförbandet. 

För att verifiera Semcons beräkningar har en FEM-modell skapats för att efterlikna det 
verkliga lastfallet. Resultatet av FEM-modellen har sedan jämförts med resultaten från 
Semcons rapport 87-082-008, se appendix 2. På detta sätt har Semcons originalrapport 
riktighet verifieras. 

Resultaten mellan Semcon rapporten kan ses i kapitel 2 och appendix 1. 
Grunden för detta examensarbete har varit Semcons rapport 87-082-008 och har varit 
utgångspunkten för hela projektet. All data så som dimensioner, geometrier, material och så 
vidare har hämtats ur Semcon rapporten. 

Från början var det planerat att göra en utmattningsberäkning men eftersom resultatet mellan 
Semcon rapporten och resultaten från FEM-modelln var så lika så bestämdes det att detta ej 
var nödvändigt. 
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1 Implementation 
 
This degree project is built around an old analysis made by Semcon CAE group. The 
assignment was to verify the handmade calculations that are presented in Semcon CAE report  
no 87-082-008. The report is a load and fatigue analysis of the column bolts, as described 
below. 
Milenko Mekaniska in Gothenburg commissioned the analysis. Milenko performs service and 
repair aluminium extrusion equipment, among other things. 
The purpose of this degree project is to verify how accurate the original hand made 
calculation, see appendix 2, is compared to the FEM-solution.  
The degree project has been carried out in Semcon’s main office in Gothenburg at the 
Semcon CAE department. 
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1.1 Background 

The problem in this case was that the column bolts that held the aluminium extrusion machine 
(1200T HAP Raufoss) together broke premature the designed lifecycle. The bolts were 
designed to withstand the loads for a minimum of 20 years. The column bolts has broken 
premature on both sides of the bracket, see Figure 1, and a design and manufacturing fault has 
been ruled out. 
The overall function of the machine according to Figure 1 is described below. 
The column bolts (yellow, see Figure 1) and appertaining nuts (orange, se Figure 1) which is 
the areas that are going to be investigated during this degree project. Main focus will be 
turned to the “Investigated area”, shown as a crosshatched ellipse in Figure 1. 
The hydraulic cylinders are pressurised to 315 bar and this force is applied to the plunge that 
in turn applies the force to the aluminium billet. This forces the aluminium through the matrix 
that forms an aluminium profile string. 

The aluminium extrusion machine is designed to be split by the plunge, in to two parts. The 
column bolts hold these two parts together. Thus the forces from the hydraulic cylinders are 
transferred to the column bolts and carry the whole load. 

 
Figure 1. Schematic picture of an aluminium extrusion machine. 

1.2 Purpose 
The purpose of this degree project is to create a FEM-model that verifies the hand made 
calculations made in Semcon report 87-082-008, see appendix 2. The focus will be turned 
toward the pre-tensioning and how much tension and force this will result in between the 
inner and outer nut. See Figure 1 and Figure 4 for further information regarding column bolt, 
bracket and inner/outer nuts. 
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1.3 Background of Semcon report calculation 

When Semcon tried to solve the problem the approach was to compare the 
elongation/compression of the bolt and compression of the bracket. The tension in the bracket 
was assumed to take the form of Figure 2 below. The tension forces will appear in the same 
way for the bolt as in the bracket, but in opposite direction. 

 
Figure 2. Tension displacement in bracket. 

Figure 3 below, shows how the elongation/compression displacement varies between bolt and 
nut as a result of the applied pre-tensioning force. 

 

Figure 3. Elongation of bolt and nuts in relation to force. 

Formulas  and  is used to calculate the elongated/compressed displacement, 

the force is given in the as the pre-tension. 
This degree exam was made to verify the above assumptions and if necessary adjust them so 
that an accurate result can be calculated. For further details regarding this, see appendix 2. 

Tension Tension 
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1.4 Problem description 

To verify the original handmade calculations in Semcon report no 87-082-008, see appendix 2 
and the methods that were used. 

To look at the load displacement between the inner and outer nut, a FEM-model was created 
to verify if the original assumptions and results made in Semcon report 87-082-008. 

Especially interesting is how well the assumptions for the calculation of the residual load 
correspond with the FEM-model. The assumption made, during the calculation of residual 
load is primarily done by calculating how much the bracket is compressed with only the outer 
nut attached, respectively with both the inner and outer nut attached. This procedure is 
explained further in 1.7 Design facts. Information regarding stiffness calculations can be 
found in appendix 2 and appendix 5. 

1.5 Computer programs 
Mainly three different computer programs have been used during the course of this degree 
exam. 
To design the model and its different parts a computer program called IDEAS 10M3 have 
been used. IDEAS contain pre-, post-processor as well as a solver but was decided that only 
the design application should be used due to the fact that contact analysis is difficult to 
manage with IDEAS. 
The pre-processor that was chosen is called ANSA v. 11.3.5. The reason for doing this was to 
widen my knowledge base around these types of programs and that ANSA is a fairly easy 
program to learn and get productive in. 

ABAQUS was used as a solver because it is most suitable to solve contact problems that have 
caused the most problems. ANSA writes an input file (see appendix 10) that is read in to 
ABAQUS. This input file is a text document that had to be modified manually, in text editor 
in order to make full use of the input file. 

ABAQUS viewer was used as a post-processor to analyse the results delivered from the 
solver. All pictures and data for graphs is extracted from ABAQUS viewer. 

1.6 Boundary 
From the very beginning of this degree project it was planned to analyse the bolt and nut 
thread and to determine the optimum thread type for this application. But during the project it 
became clear that due to the relative short time it was impossible to manage this. 

No concern has been taken to the rest of the machine. Only a small area around the bracket 
containing a part of the bolt and the inner and outer nut has been taken to consideration, see 
Figure 1 and Figure 4. 
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1.7 Design facts 

1.7.1 Geometry 
The column bolts are designed/modelled according to dimensions given in Semcon report no. 
87-082-008, (appendix 2). 
The dimensions and a comprehensive description of the parts of the joint are described 
according to Figure 4. Exact dimensions for the bracket were not able during the time of this 
degree exam thus the dimensions for the bracket is only an approximation, however close to 
actual dimensions. 

 
Figure 4. Schematic explanation of the column bolt assembly. 

1.7.2 Pre-tensioning procedure 
The pre-tensioning procedure of the column bolts, when mounting the machine together is 
described in below steps. For easy understanding of each step, please turn to Figure 1 and 
Figure 4 for further information and details. 

1. The column bolt slides through the hole in the bracket and the outer nut is attached. 
2. The main cylinder is used to apply the pre-tension force. 

3. The hydraulic pressure applies a force of approximately 3596 kN, which gives the 
prescribed pre-tension load. 

4. The inner nut is attached and screwed by hand until it reaches the bracket (no tools 
are used, tightened by manual hand power). 

5. The force from the main cylinder is released and a residual force is now left in the 
column bolt between the inner and outer nut. 
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1.7.3 Material properties 

All material data and properties are gathered from the Semcon report 87-082-008. It is 
required to compare the results between the hand made calculations and the FEM-model, in 
consideration to material properties. 
The steel material used for the column bolts is St52-3, with properties and stress data 
comparable to S355J2H. The ultimate tensile strength is 490 MPa according to standard SS-
EN 10 210, this is according to appendix 2. 
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1.8 Loads 

The hydraulic pressure in both the main cylinder and the auxiliary cylinders that create the 
load on the column bolts. There are 4 of column bolts to absorb this force, see Figure 1. 

According to Semcon report 87-082-008, the hydraulic pressure in the cylinders reaches 315 
bars, which is information provided by Milenko Mekaniska. 

In the main cylinder the pressure is acting only on the positive side of the cylinder. But the 
pressure in the auxiliary cylinders is acting on both the negative and positive side of the 
cylinder. 
The column bolts are pre-stressed to 1,15 times over the maximum service load. The reason 
for doing this is to prevent the inner nut to loose contact with the inside of the bracket under 
working conditions. 
The load on the column bolts is calculated in appendix 3, Cylinder bolts and appendix 6, 
Residual loads. 
Table 1. Loads 

Total 
extrusion force 

[kN] 

Column 
service load / Bolt 

[kN] 

Column 
Pre-stress load / Bolt  

[kN] 

Residual load / Bolt 
[kN] 

12509 3127 3596 3127 
 
The aluminium extrusion machine cylinder does 4400 cycles each week and the designed 
service lifetime is 20 years. During the lifetime of the machine the column bolts are subjected 
to a total 4.6x106 cycles, see appendix 4 Load cycles. 
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1.9 FEM-model 

The FEM-model was created with solid, contact and beam-elements with a linear elastic 
properties, this to mimic realistic work loads. 

The FEM-model was built to imitate the actual assembly procedure that is used when 
mounting the aluminium extrusion machine (1200T HAP Raufoss), see also chapter ”1.7.2 
Pre-tensioning procedure”. The steps that follow can be seen in the input file, see appendix 
10, Input file. 

The FEM-models material properties has been set to the same as in the Semcon report. The 
elastic modulus is set to 206800 N/mm2 and poisons number of 0.29. The density is set to 
7.85 kg/dm3, also to be seen in appendix 10. 
1.9.1 Boundaries 

There are some slight differences from the actual machine, this due to the FEM-model is 
intended to work as close as possible to the hand made calculations in the Semcon report. The 
FEM-model includes a lower boundary that does not exist in reality. But it was necessary to 
have this boundary in the calculation and the effects of this boundary are taken in 
consideration in the results. 

 

Figure 5. Boundary of the FEM-model. Side view of the bracket. 

Upper Boundaries 
Lower Boundaries 
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1.9.2 Outer nut contact 

A contact is established between the outer nut and the bracket (the bracket is not shown in 
picture below for illustrative reasons). Without contacts there will not be any contact pressure 
between bracket and outer nut. The contact and the generated contact pressure is essential to 
the performance of the FEM-model. Without the contacts the bolt would travel through the 
bracket without generating any forces at all. 

 
Figure 6. Contact between outer nut and bracket (bracket not visible). 

1.9.3 Pre-tensioning force 
The pre-tensioning force was applied in the end of the column bolt, 3596 kN. 

 
Figure 7. Pre-tension force. 

Contact 
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1.9.4 Inner nut contact 

A contact was established between the inner nut and the bracket (the bracket is not shown in 
picture below for illustrative reasons). See 1.9.2 for relating information regarding contacts. 

 
Figure 8. Contact between inner nut and bracket (bracket not visible). 

1.9.5 Bolt and nut contact 

A connection between the inner surface of the nut and the outer perimeter of the bolt was 
established with small beam elements. The beam elements are connected between the nodes 
on the inside of the nut and the outside of the column bolt. The beam elements are set to the 
same material data as the nut and bolt, hence simulating the threads of the column bolt and 
column nut. The beam elements have a theoretical radius of 50 mm, thus eliminating thread 
elasticity in the calculation. 

 
Figure 9. Beam elements that holds nut and bolt together. 

Contact 

Beam element 
between nut 
and bolt. 
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1.9.6 Residual load 

When all contacts were established the pre-tension load is released this to determine the 
residual load in the column bolt between the inner and outer nut. 

The next step is to apply the maximum working load to the column bolt using the same 
principles as for the pre-tension force to determine maximum load in the column bolt and 
contact pressures on the nuts. 
In order to measure the forces inside the column bolt-element row had to be deleted and 
replaced with a beam element. A beam-element was placed in the centre of the column bolt 
cross-section, shown in figure 10. The beam element has the same material properties and 
dimension as the column bolt but the beam-element is not visible in below figure. It is not 
possible to extract the load from the FEM-model by using existing elements. By “tricking” 
the model this way it is possible to receive the forces in axial direction of the bolt. 

 
Figure 10. Shows the beam element for measuring column forces 

Beam element, 
not visible. 
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2 Results 
The result from the FEM-model is compared with the calculations in the Semcon report, see 
appendix 2. Also will a hand calculation according to appendix 3 – 9 be compared to the 
FEM-model. The hand calculation in appendix 3 – 9 also verifies that the Semcon calculation 
is correctly performed.  

2.1 Column bolt loads 

Graph 1. Shows how the load vary during the different steps 

Step 0 shows contact between outer nut and bracket while step 1 illustrates application of pre-
tension load. Step 2-5 shows that contact are made between inner nut and bracket. Step 6 
illustrates the residual load in bracket. Step 7 shows the working load. 

The table below show a comparison between the result of the FEM-model and the result from 
Semcon report see 87-082-008. 
Table 2. Comparison of load 

 FEM-model results Results from Semcon report 
Bolt pre-stress 3596 kN 3596kN 
Bolt residual 2904 kN 3127 kN 
Bolt working load 3490 kN 3535 kN 
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The residual force according to the FEM-model when pre-tension is released is shown in step 
six in Graph 1. The specific force for step 6 is 2904 kN. This is compared with the results in 
the Semcon report no 87-082-008 that specifies a residual load of 3127 kN. The hand made 
calculation according to appendix 6 “Residual force” show that the calculations are the same 
and correct according to Semcon report 87-082-008. 

The difference between the FEM-model and the Semcon report 87-082-008 is expressed as a 
percentage and the difference in loads is 7.7%, see appendix 1 “Result calculations”. 

According to the FEM-model the maximum force during operation reaches 3490 kN, see 
Graph 1 step 7. The results in the Semcon report no 87-082-008 shows that the load reaches 
3535 kN, see appendix 2. 
The difference between FEM-model and Semcon report 87-082-008 is expressed as a 
percentage and the difference in loads is 1.3%, see appendix 1. 

2.2 Displacements 

The measurement on how the bracket compresses around the hole shows how the Semcon 
original calculation concurs to the FEM-model. In the original report the actual displacement 
is never calculated. By using the original calculations, formulas and methods from the 
Semcon report it was possible to calculate the displacement according to appendix 6. 

A table to compare the results between the FEM-model and the calculated displacement in 
appendix 1 “result calculation” follows below. 
Table 3. Displacement comparison in bracket between FEM-model and handmade calculations 

 FEM-model Calculations in app. 6 
Pre-tension load in bracket 0,04414 mm 0,0668 mm 
Inner nut attached & pre-tension released 0,0713 mm 0,1162 mm 

 

 
 

Figure 11. Displacement measures. Distance from inside to outside. 

Measured distance 

Measured area 

Inside 

Outside 



 15 

 
Graph 2. Displacement in bracket. 

2.3 Bracket compression 

The red arrow marked no. 1 shows the total compression in the bracket created by the outer 
nut during pre-tension i.e. 0,04414 mm, see appendix 1 for calculations. 
When the compression is expressed as a percentage difference between the calculated 
displacement, see appendix 6, and the FEM-model the difference is 52%, see appendix 1. 

2.4 Bracket bending 
The red arrow marked no. 2 shows the overall bending in the bracket during pre-tensioning. 
The bending of the bracket is 0,03738 mm. The calculation in the Semcon report no. 87-082-
008 does not take any consideration to the overall bending of the bracket i.e. no manual 
calculations. 

2.5 Total compression 

Arrow no. 3 shows the total compression when the inner nut is applied and the pre-stress load 
is released. The compression occurs on both the inner and outer side of the bracket. The 
bending of the bracket is now zero and the total compression of the bracket is 0,0713mm, see 
appendix 1. 
The percentage that differs between the calculated displacement, see appendix 6, and FEM-
model is 63%, see appendix 1. 
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2.6 Compression during maximum operational working load 

Arrow no. 4 shows the total compression at both the inside and outside of the bracket during 
maximum operating working load as well as the bending of the bracket. The total 
compression of the bracket is according to appendix 1 is 0,04755 mm. The outer nut stands 
for the majority of the total displacement of the bracket 0,03904 mm while the inner nut only 
have displacement 0,00851 mm, see appendix 1. 
The bend of the bracket is measured to 0.0277 mm, see graph 2.  
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2.7 Nut force 

 
Figure 12. Shows the area of measurements. 

 
Graph 3. Mean value of contact pressure on the inner nut. 

To calculate the force applied to the nut during maximum working load the contact force is 
multiplied with the area of the nut.  
The area of nut is 50592 mm2 that gives a nut force of 353 kN, see appendix 9 “Nut force 
calculation” for further details. 
The nut force compared to Semcon report 87-082-008, see appendix 2, is 408 kN. 
The percentage difference is 16%, see appendix 1. 

Mean value = 6.983 MPa 

Measuring surface 
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3 Discussion 

3.1 Column bolt loads differences 
The column bolt loads from the FEM-model corresponds well to Semcon original calculations 
that are presented further in appendix 2 and appendix 3. 
The percentage differences in both the residual load and working load are relatively small and 
this shows that the original calculations are accurate and that they can be used for similar 
cases. 

The meshing grid may cause small differences but the biggest discrepancy in FEM-model is 
that the bracket does not behave as expected in real life. This is because the lower bracket 
boundaries are fixed; see 1.9.1 to make the model work. However this should not affect the 
final result. 

3.2 Displacements differences 
The displacement shows big differences between the FEM-model and the Semcon report, see 
appendix 2. As shown in 2 “Results”, the difference in percentage is relatively large. The 
compressive displacement should be the same if the same force and clamped length is used. 
The parameter that seams to make the difference between the Semcon report and the FEM-
model is the material stiffness. In the Semcon report the stiffness is assumed to take the same 
characteristics as an ordinary screw. This does not seam to be appropriate for this application 
and it is normal that a bolt of these dimensions doesn’t behave the same way as a small M12 
screw. Another difference is that the bracket behaves differently in the FEM-model than it 
would do in real life. The FEM-model starts to bend as in Figure 5. In the reality the whole 
bracket would tilt instead of bending, see 1.9.1.  

This causes the big difference in displacement between the FEM-model and the Semcon 
calculation. The residual force is calculated with help of the stiffness. 

So why are the residual forces so accurate to the value from the FEM-model? It is probably 
because the difference between the pre-tension stiffness and the stiffness when pre-tension is 
released is percent the same. 

3.3 Nut force differences 

In the Semcon original report, see appendix 2, there is no consideration to bending in the 
bracket and the bolt itself. However this is not the case fore the FEM-model and that is why 
the contact pressure varies the way it does according to Figure 12. 
The variation of 16% between Semcon original report and the FEM-model can also be 
described through the bending in bracket and bolt. Energies required to reach the same value -
as in appendix 2 is lost in the bending and the FEM-model is taking this in to its calculations. 
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4 Conclusions 
The conclusion of this degree exam means that it is fully possible to use the calculations and 
assumptions from Semcon report no 87-082-008 to calculate the forces in the column bolt as 
well as fore the loads between the nut and the bracket. 
The accuracy for calculating the compression displacement on the bracket is not correct and 
should not be trusted. 
The fault in the displacement is likely to do whit the assumptions made when calculating the 
stiffness. The calculation does not take the overall bending in the bracket and the bolt in 
consideration at all. Energy is absorbed when the bracket or the bolt is bent and this is why 
the stiffness calculation gives an incorrect value of the displacement. 
If a methodology to calculate the stiffness in the bracket were more accurate on such large 
objects as this is with the bending included it would be possible to manually calculate a 
similar problem. 
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Appendix 1 – Calculation results 
 
Percentage calculation between FEM-model and Semcon calculation 87-082-008, during  
pre-tension. 

 

Percentage calculation between FEM-model and Semcon calculation 87-082-008, during 
maximum force during service loads. 

 

Compression of bracket by the outer nut. 
 

Percentage difference of the compression between FEM-model and Semcon calculation 
87-082-008 by the outer nut. 

 

Total compression of bracket, both inner and outer nut attached. 
 

Percentage difference of the compression between FEM-model and Semcon calculation, both 
inner and outer nut attached. 

 

The calculated bend of bracket. 

 

Compression by the inner nut. 
 

Compression by the outer nut. 
 

Difference in nut force between FEM-model and Semcon report 
87-082-008. 
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Appendix 2 – Semcon report no: 87-082-008 
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Appendix 3 – Cylinder loads 
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Appendix 4 – Load cycles 
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Appendix 5 – Stiffness calculations 
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Appendix 6 – Residual loads /Displacement after pre-stressing 
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Appendix 7 – Bolt/nut at maximum working loads 
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Appendix 8 – Load and displacements according to Rötscher 
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Appendix 9 – Nut force calculations 
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Appendix 10 – INP-file (input) 
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** 

** SURFACE INTERACTIONS 
** 

*SURFACE INTERACTION,NAME=c1_interaction 
*SURFACE BEHAVIOR 

*FRICTION 
0.1000000, 

*SURFACE INTERACTION,NAME=c2_interaction 
*SURFACE BEHAVIOR 

*FRICTION 
0.1000000, 

** 
** SECTION DATA 

** 
*SOLID SECTION,ELSET=mutter,MATERIAL=mutter2 

*SOLID SECTION,ELSET=skruv,MATERIAL=skruv2 
*SOLID SECTION,ELSET=hallare,MATERIAL=hallare2 

*BEAM SECTION,ELSET=beam_mutter_skruv,MATERIAL=beam2,SECTION=CIRC 
50.00000, 

1.000000,1.000000,1.000000 
** 

*BEAM SECTION,ELSET=SF_beam,MATERIAL=skruv2,SECTION=CIRC 
202.0000, 

1.000000,1.000000,1.000000 
** 

** MATERIALS 
** 

*MATERIAL,NAME=mutter2 
*ELASTIC,TYPE=ISOTROPIC 

206800.0,0.2900000 
*DENSITY 

7.850000E-09, 
*MATERIAL,NAME=skruv2 

*ELASTIC,TYPE=ISOTROPIC 
206800.0,0.2900000 
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*DENSITY 

7.820000E-09, 
*MATERIAL,NAME=hallare2 

*ELASTIC,TYPE=ISOTROPIC 
206800.0,0.2900000 

*DENSITY 
7.820000E-09, 

*MATERIAL,NAME=beam2 
*ELASTIC,TYPE=ISOTROPIC 

206800.0,0.2900000 
*DENSITY 

7.820000,9.000000 
** 

** SURFACE DEFINITIONS  
** 

** 
** CONTACT and TIE DEFINITIONS  

** 
** 
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*CONTACT PAIR,INTERACTION=c1_interaction,EXTENSION 
ZONE=0.1000000,SMOOTH=0.5000000 
c1_mutter_slave,c1_hallare_master 

** 
*CONTACT PAIR,INTERACTION=c2_interaction,EXTENSION 
ZONE=0.1000000,SMOOTH=0.5000000 
c2_mutter_slave,c2_hallare_master 

**  
** 

** 
*********************************************************** 

** 
*STEP,NAME=steg_1,INC=20 

*STATIC 
0.3000000,1.000000 

** 
** BOUNDARY 

** 
*BOUNDARY,TYPE=DISPLACEMENT,OP=NEW 

51369,1,2,0.000000 
51369,3,,-0.3000000 

**51369,4,6,0.000000 
mutter_nodes,1,2,0.000000 

BS000001,1,3,0.000000 
mutter_nodes,3,,0.000000 

**mutter_nodes,4,6,0.000000 
** 

*EL PRINT,ELSET=SF_beam 
SF, 

*NODE FILE,FREQUENCY=2 
U, 

*EL FILE,FREQUENCY=2 
E, 

S, 
*OUTPUT,FIELD,FREQUENCY=1,VARIABLE=PRESELECT 

*CONTACT OUTPUT,VARIABLE=PRESELECT 
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*OUTPUT,HISTORY,VARIABLE=PRESELECT 

** 
*MODEL CHANGE,REMOVE,TYPE=ELEMENT 

beam_mutter_skruv, 
*MODEL CHANGE,REMOVE,TYPE=CONTACT PAIR 

c2_mutter_slave,c2_hallare_master 
** 

*END STEP 
** 
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*********************************************************** 

** 
*STEP,NAME=steg_2,INC=20 

*STATIC 
0.3000000,1.000000 

** 
** CLOAD 

** 
*CLOAD 

51369,3,-3596000. 
** 

** BOUNDARY 
** 

*BOUNDARY,TYPE=DISPLACEMENT,OP=NEW 
BS000001,1,3,0.000000 

51369,1,2,0.000000 
**51369,4,6,0.000000 

mutter_nodes,1,2,0.000000 
mutter_nodes,3,,0.000000 

**mutter_nodes,4,6,0.000000 
*END STEP 

** 
*********************************************************** 

** 
*STEP,NAME=steg_3,INC=20 

*STATIC 
0.3000000,1.000000 

** 
** BOUNDARY 

** 
*BOUNDARY,TYPE=DISPLACEMENT,OP=NEW 

BS000001,1,3,0.000000 
51369,1,2,0.000000 

**51369,4,6,0.000000 
mutter_nodes,1,2,0.000000 
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mutter_nodes,3,,0.3000000 

**mutter_nodes,4,6,0.000000 
*END STEP 

** 
*********************************************************** 

** 
*STEP,NAME=steg_4,INC=20 

*STATIC 
** 

** BOUNDARY 
** 

*BOUNDARY,TYPE=DISPLACEMENT,OP=NEW 
BS000001,1,3,0.000000 

51369,1,2,0.000000 
**51369,4,6,0.000000 

mutter_nodes,1,2,0.000000 
**mutter_nodes,4,6,0.000000 

*MODEL CHANGE,ADD=STRAIN FREE,TYPE=CONTACT PAIR 
c2_mutter_slave,c2_hallare_master 

*END STEP 
** 
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*********************************************************** 

** 
*STEP,NAME=steg_5,INC=20 

*STATIC 
** 

** BOUNDARY 
** 

*BOUNDARY,TYPE=DISPLACEMENT,OP=NEW 
BS000001,1,3,0.000000 

51369,1,2,0.000000 
**51369,4,6,0.000000 

mutter_nodes,1,2,0.000000 
**mutter_nodes,4,6,0.000000 

*MODEL CHANGE,ADD=STRAIN FREE,TYPE=ELEMENT 
beam_mutter_skruv, 

** 
*END STEP 

** 
*********************************************************** 

** 
*STEP,NAME=steg_6,INC=20 

*STATIC 
0.3000000,1.000000 

** 
** CLOAD 

** 
*CLOAD 

51369,3,-10.0000 
*END STEP 

** 
*********************************************************** 

** 
*STEP,NAME=steg_7,INC=20 

*STATIC 
0.3000000,1.000000 
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** 

** CLOAD 
** 

*CLOAD 
51369,3,-3127000. 

*END STEP 
** 

*********************************************************** 
 


