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Part 2 - Finishing the Model 
 
To help apply properties, boundary conditions and define the contact between the pin and the bush, we 
shall temporarily move the pin away. This is not necessary for skilled users of Roshaz. 
 
Select move/copy/extrude from the tools menu 

 

Delete the mesh of the lug (the mesh is easily re-created later) 
 

 
 

check set box 
 
select the PIN set 
 
set action as Move 
 
set method as Vector 
 
set components as 50,50,40 
 
Apply 
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To define material properties for the lug :- 

 

similarly create and apply a material labelled MBSH for the bush using half the of the default value of 
Young's Modulus and a slightly higher Poisson's ratio (typical bearing properties) 
 

Set label to MLUG 
 
 
 
 
 
 
 
 
 
 
use default material values (steel in MPa) 
and click the first apply button 
 
 
 
 
 
 
assign the property to the LUG set and 
click the second apply button 
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Finally create and apply a material labelled MPIN for the pin, raise the Young's modulus value back up to 
that for a steel. 

Now to define the supports, from the attributes menu select supports:- 
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Label the support RY and check the rigid translation for direction 2 (the other two must remain free). 
Then click the top apply button to create this support condition. For the symmetry condition this support 
is applied to the XZ plane on all parts of the model. For the bush and lug assign this support to the planar 
shape on the XZ plane as seen in the image below, remember to click apply. (this planar shape is used by 
both the lug and the bus) 
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Repeat the assignment of the RY support for the pin. 
 

 
Now a Z direction rigid support is to be created and applied to the XY plane on all parts. 
 
Change the support label to RZ, set direction 2 back to free and set direction 3 to rigid, then click the top 
apply bottom to create this support property. Assign this to the shape on the XY plane of the bush and 
lug. 
 

Assign the RZ support to the bottom face of the pin. 



 

Roshaz Software Limited 
www.Roshaz.com 

 
Finally a X support has to been created and assigned. The intention is that loading in the X direction will 
be balanced. That is the load applied to the pin will be balanced by an equal and opposite X direction load 
applied to the termination of the I section. Therefore to prevent over supporting the model only a single 
node requires a X direction support. This will suffice in stopping rigid body motion of the model in the X 
direction. The single X direction support will not react any load when a balanced load is applied to the 
model. 
 
A convenient point is the edge of the right hand web hole which is close to the right hand termination of 
the model. As it is on the intersection of the XY and XZ planes the Y direction and Z direction supports 
must also be maintained, therefore this one point is to be fixed in all translational directions. 
 
Create a support called RXYZ rigid in all directions and apply this to the point discussed above. 
 

 
The assigned supports can be displayed (click the binoculars icon to get the view manager) 
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Items can be removed from the display by clicking on the hand with cloth icon, and then clicking on the 
hand with red question mark from the fly out icons. The supports can be wiped from the display either by 
checking the support box or by clicking on the correct picture item number and then clicking apply. 
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Whilst the pin is still in its displaced position the contact definition between the pin outer surface and the 
bush bore can be defined. From the attributes menu select Contact/Gap. 

 
For the master surface, set to shape and select the cylindrical shape used by the faces on the bush bore. 
Similarly for the slave surface, set to shape and select the cylindrical shape used by the lower part of the 
pin outer diameter faces. 
 
Select the spring tab sheet. For the direction point select the point at the far left in the image below (at the 
origin). Enter a normal stiffness value of 1000000 (this becomes the radial stiffness on the cylindrical 
shape) and set the traction stiffness to zero. Set the maximum gap to 0.05 and the angular range to 180 
(this means that spring elements will only be created plus and minus 90 degrees either side of the 
direction point. Set the spring elements to be created on both mid-side and corner nodes of each solid 
element, then click apply. 
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The contact definition can be displayed. 
 

 
 
 
Now the pin can be moved back into its correct position using the move/copy/extrude tool with a vector 
translation of -50,-50,-50. 
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Perform a final, Tools --> Check Geometry. 
 
The model is now ready to be meshed. Click on the mesh all volumes icon. 
 

 
The meshed model should appear in the display. 

 
 
To remove the mesh from the display click on the hand and cloth icon, then in the fly out menu click on 
the hand with the -1. This removes the last item to be displayed, in this case the mesh. 
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To check that the spring joint elements are being created, they can also be displayed. 

 
As intended the spring joint elements appear over a 90 degree arc, where contact between the pin and the 
bush will take place. This is a reasonable assumption and would be the same if a full blown non-linear 
analysis using either compression only gap elements or surface to surface contact was used. Only in this 
case the solution can be obtained using a linear analysis. 
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It is now time for the final part of the finite element model to be defined, the load case and the loading. 
 
First the before loads can be specified a load case title must be declared, this creates a new load case in 
which individual loads may be defined. 
 
This is found under the attributes menu --> Loading --> Case Title. 

 
In the dialog enter a title "Tension 30,000 N" and click OK 

 
 

All the loading options are no longer 
greyed out. 
 
To load the Pin the Lug/Pin/Socket 
Load 3D dialog tool is used. 
 
This is found under Attributes --> 
Loading --> Lug/Pin/Socket Load 3D 
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In the dialog set type of feature to Pin and select the cylindrical shape used by the outside diameter of the 
pin at its top end for the shape label. 
 
For the direction point, pick a point on the pin on the XZ symmetry split plane on the leading side of the 
lug as shown in the plot below. 
 
The chosen shape has been highlighted automatically and a triad of UVW axes appears at the centre of 
pressure, By default this is at the centre of the cylinder shape definition and the V direction is defined by 
the position of the selected direction point. 
 
The next three boxes after the direction point box can be left blank as the defaults will be used. These 
boxes enable specific limits to the loading area to be defined and also an offset to be used for the load 
centre position when a socket type loading is required. 
 
Check the radio button for applying forces and specify the direct loading (V direction) as 15000. 
 
For the last item, the type of pressure distribution to be used, the Gencoz distribution is best for a standard 
lug in tension. This is an empirical formula that describes the contact pressure distribution between a pin 
and a lug. It was published by Ozzie Gencoz of Boeing in 1980 in the International Journal of Fatigue. 
 
Click apply and close the dialog. 
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The defined loading can be displayed. 
 

 
the equivalent set of nodal forces for this loading can also be displayed. 
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The appearance of the nodal force vectors can be controlled under 
the view menu with the vector size dialog. 
 
For nodal force vectors a negative size factor plots a "push on" 
arrow whilst a positive value plots a "pull off" arrow. 
 
Line width determines the "fatness of the arrows drawn. 
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Lastly the loading applied by to the pin should be listed and checked. Either use the list entities dialog and 
select load or hover over the load right mouse click and list from the pop up menu. 

 
In the text console window a load listing appears:- 
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A direct load of 15000 N was specified in the loading but only half of this has been applied. This is 
because the lug/pin/socket loading tool assumes a whole pin exists, it knows nothing about symmetry 
conditions. The tool apples the appropriate and correct loading to the geometry that does exist and hence 
only half the specified load appears in the model. 
 
The load of 7500 N is a quarter of the 30,000 N in the load case title and is the expected load when two 
planes of symmetry have been used in the modelling. 
 
 
A balancing load of 7500 N is to be applied on the I section end of the lug. This is applied using the 
planar face loading tool. 
 
Attributes  -->  Loading  -->  Planar face 3D  -->  Loads / Pressures 
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Select the planar shape used by the face on the I section as indicated below. 
 
The UV axes of the UVW triad indicated on the planar section are drawn in the principal axes directions 
of the section with the W axis normal to the face. 
 
Enter the W load as 7500 and click apply. 
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Check the load application by listing the case. 
 
The total X load is negligible. The loading is correct. 
 
 

 
 
 
 
The model should now be saved, from the main menu File --> Save As 
 
Once the model has been given a name and saved, subsequent saves can be made using the save icon. 
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The model is now ready to be solved. 
 
The default solver can be set under the analysis menu 
 

 
 

 
 
The analysis control specific to the selected solver is found under the analysis type 
 

 
The frontal solution is best for 2D analyses and small 3D analyses only. An iterative solution is to be 
used. 
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Now submit the model to the solver. 

 
 
Click the submit job button. 

 
 
A DOS window appears which is created by the solver. This gives information about the run. If the last 
check box in the analysis submission dialog has not been checked then the DOS window will close by 
itself at the end of the run. 
 
The results are then loaded into the model and added to the display automatically. 
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Results Display 
 
The rainbow icon opens a results display settings dialog as seen in the image below. 
 
 

 
 
 

 
 
Here the displacements have been scaled up by a factor of 100, to make the deflection shape clear to see.
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Under the mesh deformation tab sheet the mesh can be deformed and contours of any resultant attribute 
plotted on the deformed mesh. (the displacements automatically switch to contour mode) 
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The icon above the rainbow icon with the delta and sigma (symbols for displacement and stress) opens a 
dialog to change the results attribute displayed. 
 

 

 
Here nodal average maximum principal stress is plotted. 
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Results may be plotted on a set. Here the results of the lug set are displayed. 
 

 
 

The result display settings 
dialog can be used to change the 
contour style. 
 
Contour levels can also be 
adjusted. 
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Zooming in on the peak stress in the lug in the web hole, with these settings. 

 
Changing the result type from average nodal stress to element stress (no averaging) gives this display. 
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Local Mesh Refinement 
 
The mis-match in contours between adjacent elements yields a visual indication of the quality of the 
results and the mesh. It is evident here that a finer mesh is required to improve the results. 
 
Elsewhere in the lug there is relatively little mis-match and the mesh does not require refinement. 
 

When the model is solved the mesh is automatically 
locked to prevent accidental deletion. 
 
Before the mesh can be refined the mesh needs to be 
unlocked. 
 
Under the mesh menu, lock mesh can be toggled on 
or off. 
 
Toggle the mesh lock off. 
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The local mesh sizing tool can be accessed using the icon underneath the global mesh size icon. 

Set the size to 1 , select the polygon pick tab sheet and click draw polygon. The polygon is drawn with 
left mouse clicks and is closed with right mouse click. Do not attempt to place the final vertex of the 
polygon on top of the first. 
 

 
Click apply and items within the polygon are selected. 
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Click on the mesh all volumes icon. 

 
Any existing mesh is deleted and the model is re-meshed. 
 

Now the mesh around the holes has been refined, and there is a smooth transition to the global mesh size 
in the rest of the model. 
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The can be re-submitted for analysis right away. 
 

 
 
The quality of the results has been significantly improved with the finer mesh size. 
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Displaying Contours using Solid Lines 
 
Set the result attribute back to average nodal stress and from the result display settings select solid lines 
for the contour plot method. 
 
Under the view menu select element boundary display. 
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Select no mesh. (make sure that any hidden line removal mesh has been cleared from the display and that 
a solid volume is not displayed either. Volumes should be plotted as a wire-frame) 
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Results on a Planar Cut Plane 
 
Under the results menu select Plot Loads/Results on a Cut... 
 

 
 
Select results, YZ plane with offset of  87.5 and click apply. 
 

 
Results on a cut plane through the mesh are plotted. 
 
(note: this would not be visible if hidden line removal mesh or solid volumes are displayed) 
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Leave the dialog window open. 
 
Change the display type to resultant loads. Change the offset to 67.5 and click apply. 

 
Another filled in section is plotted. This time the resultant loads and moments acting on the cut plane 
have been calculated from the stresses in the elements that this cut plane bisects. The calculation is not 
exact, but it improves with accuracy when more elements are bisected by the cut plane. Thus a finer mesh 
yields a better result. The load normal to the cut plane, the local W direction has been calculated as 7539, 
an error of 39 in 7500 or 0.5 %. 
 
Here the load in the section is determinate, we know what to expect. However this tool can used very 
effectively with sets of elements to calculate load paths in indeterminate structures. 
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Best way to display Line Contour Plots 
 
Line contour plots can also be plotted on solid volume displays to get the hidden line removal effect. 
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Displaying Results in Local Axis Systems 
 
Results can also be displayed in local coordinate systems rather than the global. First we need to define a 
local coordinate system. 
 
Local axes systems can be defined using the UVW icon 

Select a cylindrical shape on the lug bore or outer radius (make sure that the lug volume is displayed) 

 
 
This picks points at either end of the cylinder shape. A third point is required to define the angle equals 
zero position. A point on the XZ plane can be used as the third point. Click apply. 
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Hoop stress (tangential direction) on the bore of the lug may then be displayed by selecting to display 
results on the bore faces only. 
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Using Equations to define the Results Attribute 
 
Finally you can plot results using your own equation to define the attribute. The equation can be simple or 
complex, it may include any of the existing results attributes, global or local node coordinates and use 
mathematical operators  +  -  /  *  **  ()  and mathematical functions sin, cos, tan, abs, asin, acos, atan, 
sqrt, and genc (Gencoz). 
 
 
Here a simple addition of the three principal stresses has been plotted. 
 

 


