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Figure 23 : Topology results - element density plots 

3.3.1   Geometry refinement 

The obtained topology from Optistruct is crude and often impractical to manufacture due 
to irregular topology. Hence, it is exported to a CAD software. In this project NX 11.0 is 
chosen as CAD tool. The imported topology is refined to create manufacturable geometry. 
The new geometry is parametrized to finalize dimensions. Due to complex topology, the 
created geometry does not exactly match the obtained topology. A few approximations 
were made to create feasible geometry. 

 
Figure 24 : Geometry refinement process 
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damage  �Ú, the element has infinite life (>5,000,000 cycles), if not finite life equations are 
numerically solved in MATLAB to obtain fatigue life. 

5.4 Results  

Once fatigue damage and life are computed for each element, it is necessary to view the 
results at all locations to find potential crack initiation sites. A python script is developed 
that reads the computed values from MATLAB and creates a custom plot in ABAQUS. 
Figure 43 shows the fatigue damage contour plots. The contour is capped at the critical 
damage value of 1 (�Ú= 1  for �O=  

�5

�¾�7
). So, the areas where damage exceeds the value 1 

are shown in grey. These grey areas have finite life. Figure 44 shows the fatigue life plots. 
In this figure, contour is reversed, and grey regions have infinite life. All regions which 
have finite life (< 5,000,000 cycles) are marked with rainbow contour.  

Although high cycle fatigue analysis indicates failure regions, because of higher strains 
(that would occur due to plasticity), stress life method cannot be used to accurately 
determine life. Strain life method using elastic-plastic material properties should be used 
to determine fatigue life accurately at these locations. However, it can be said that the 
regions with finite life or with damage greater than 1 are susceptible to fatigue failure. 

 
Figure 43: Fatigue damage plot 
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Figure 44 : Fatigue life plots 

5.5  Conclusions and Future work  

The weight of the differential case is reduced by 18.5 % with justifiable violations of the 
design criteria. Further weight can be reduced by creating geometry more closed to that 
obtained through topology optimization. Strain life methods can be explored to obtain 
accurate damage and life estimates at critical locations. 
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For the visualization of fatigue life and damage, another python script is developed which 
reads the MATLAB output and creates custom plots shown in Figure 43 and Figure 44, 
in ABAQUS. This code is shown below. 
 
from abaqus import * 
from abaqusConstants import * 
from odbAccess import * 
from abaqusConstants import * 
from odbMaterial import * 
from odbSection import * 
import numpy as np      # Import Numpy 
myOdb = session.openOdb(name='trial-27-itr9-fwd.odb',readOnly = 
False)      # Open the odb 
session.viewports['Viewport: 1'].setValues(displayedObject=myOdb) 
   
impData = np.genfromtxt('dmglist.txt', delimiter = ',')  
 # Read Damage File 
elementList = np.ascontiguousarray(impData[:,][:,0], dtype=np.int32) 
  # Get element List 
damageValues = np.ascontiguousarray(impData[:,][:,1:3], 
dtype=np.float32)   
myInstance = myOdb.rootAssembly.instances['DIFFCASE-1']  # Instance 
stepNew = myOdb.steps['Step-1']      # Step 
frame1 = stepNew.frames[-1]      # Frame 
sField = frame1.FieldOutput(name='dam_fat',description='Fat_Dam', 
type=TENSOR_3D_PLANAR, componentLabels=('S11', 'S22', 'S33','S12'), 
validInvariants=(MISES,)) # Create Field 
sField.addData(position=INTEGRATION_POINT, 
instance=myInstance,labels = elementList, data=damageValues) # Add 
values to the field 
stepNew.setDefaultField(sField) 
myOdb.close()  
myOdb = session.openOdb(name='trial-27-itr9-fwd.odb',readOnly = 
False)       # Open the odb 
session.viewports['Viewport: 1'].setValues(displayedObject=myOdb) 
  

A.2 Barrel region modifications 

 
It is mentioned in section 3.3.1 that barrel region is modified manually. The 
modifications done in this region are shown below. 
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Figure 45: Barrel region material removal 

 

 


