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Executive Summary
The result from the finite element analysis of the smelter shows high stresses in several areas of the 
unit.  

 
 

 This means a new unit would 
give the best opportunity for a long-term fix. The following gives a breakdown of the analysis: 
 

 
Of all the stresses, the stresses in the  are of utmost concern. The maximum fatigue stress 
amplitude was found to be  This value is more than the allowable fatigue limit of  
psi. The analysis was performed with  and full penetration welds. The stress reduced 
to  psi. This is still above the  fatigue limit for full penetration welds. It is apparent from 
these results that the  may need to be redesigned to eliminate the .  
 

 
The stresses in the are below the yield strength of the material. Under normal operations, the 

 should be able to operate as intended.  
 

  
 several high stressed areas. The major issue will be with regards to the  

holding the together. It is recommended that regular inspection is performed on the  to 
detect and correct failures before they progress. 
 
Other Considerations 
While the scope of the FEA did not cover  calculations, the information gathered 
indicated several  failures. In addition, visual inspection of the , and  

shows various degrees of failure in these components.   
 
When we consider both the results from the FEA and visual inspection, it appears that the whole unit 
may need to be redesigned. This is because trying to fix all these individual problems may end up 
being more costly, while not guaranteeing that the solutions will be long lasting.  
 
Thank you again for the opportunity to perform this service for . If you have any 
questions, please contact us at 844-880-5822, Ext. 1208. 
 
Sincerely, 

Sarah Belew    Tom Zhang, PhD, PE  Cephas Idan, PhD 
Key Accounts Specialist   Senior Engineer   Mechanical Engineer 
Optimus Solutions   Optimus Solutions   Optimus Solutions 
 
SB/sd 
cc: A.B.F., C.Hess, J.H.  
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Finite Element Model
The finite element model created for Aluminum Smelter is shown in Figure 1. The model consisted of 

elements and  nodes, with a maximum element size of 2 inches (Figure 2). The 
modeling and analyses were performed using  package.

using linear shell elements.  
 using linear solid elements. 

The material properties are listed in Table 1. The dimensions of the are shown in Table 2.

Figure 1 - Finite Element Model for the Aluminum Smelter
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Boundary Conditions 

 
 

No corrosion effects on the wall 
thickness of shell. The whole unit, including the  was constrained with a fixed constraint 
at the base of the frame. No temperature effects were considered for this analysis. The boundary
conditions are shown in Figure 3.

Figure 3 – Boundary conditions for the model

Loads

The following loads were considered:
1. Equipment weight and Product weight.

a. Total load –  
b. This load was applied across the span of the shell
c. The load acts in a direction parallel to gravity.

2. Other forces – the effect of gravity on the unit was activated. 
3. Friction forces at the as well as centrifugal forces, are significantly smaller than the 

dead weight and were therefore not considered in the analysis.
4. No thermal loads were considered for the fatigue load calculations.
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 Stresses
The stresses in the  

 

Table 7 - Maximum stress intensity in the 

Stress (psi)
Allowable 

stress (psi)

Figure 7 – Maximum stress in the

Stresses
The results showed high stresses in the several areas of the .  

 
before 

failure.

Table 8 - Maximum fatigue stress amplitudes at the

Location Stress (psi) Allowable stress (psi)

Figure 8 – Stresses in the 
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Summary of Results

FEA Results
The result from the finite element analysis of the aluminum smelter showed high stresses in several 
areas of the unit. Of all the stresses, the most consequential were the stresses in the  

. Using the original configuration, the maximum fatigue stress amplitude was . The 
allowable stress amplitude is . Though, the unit was oriented to obtain the worst possible 
configuration, the calculated stress is high enough to cause concern.  When the  

the stress amplitude drops to . This is still higher than the allowable stress, even 
when  
 
The other areas on the unit include the  

From the analysis, the stresses in the material are  
  

 Considerations 
While the scope of the FEA did not cover  

 
From a kinematic point of view 

type of motion 
the unit undergoes during loading and unloading cycles. 

Conclusions 
When we consider both the results from the FEA and the visual inspection of the failures experienced 
by the unit, it appears that the whole unit may not have been adequately designed. At best we can 
extend the life via redesign of components. It is worth exploring the economics of redesign with the 
intent to extend the life or purchasing a new unit with the intent of solving the problem. 




