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Analysis Services
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Analysis Capabilities and Expertise
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Extensive combined engineering analysis 
experience in a variety of materials and industries
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What is Nonlinear Behavior…
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Types of Nonlinearities…

Nonlinear Analysis

Material Geometric Boundary

Nonlinear Elastic

Plastic

Hyperelastic

Contact

Follower Forces

Large Displacement

• Small Rotation/Small Strain

• Large Rotation/Small Strain

• Large Strain

• Geometrically Instable

or Multi-Stable
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Linear vs. Nonlinear Behavior…
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Solving Nonlinear Problems…
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Primary Contact Algorithms (Keyopt 2)
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Contact Nonlinearities & the Penalty 
Approach
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Contact Nonlinearities & the Penalty 
Approach
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Penalty vs. Augmented Lagrangian,

Penalty Method 
74 Iterations

0.00233 in of penetration

Augmented Lagrangian
Method 

88 Iterations
0.00064 in of penetration
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Penalty vs. Augmented Lagrangian
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Pure Lagrange

Pure Lagrange Never Converged >230 iterations, 
Distorted Element Errors
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Dealing with Convergence Issues
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Stress vs. FKN

FKN Iterations Max Stress Contact Pressure
0.001 426 19217 4160
0.01 74 19173 3880
0.1 213 19527 4886
1 Didn't Converge
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Stiffness Update vs. Iterations

Keyopt 10 Description Iterations
0 Update Each Loadstep (old default) 155
1 Update Each Substep (new default) 74
2 Update Each Iteration 75
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Other Convergence Issues…
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Interference Problems…

Set Keyopt 9 = 2
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Eliminating Rigid Motion…
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Automated Adjustment of Initial 
Contact Conditions …
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Checking Contact Conditions…
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Using Auto CNOF…
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Displacement Control…
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Displacement Control Examples…

Displacement Control Used for Crush Tests
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Displacement Control Examples…

Displacement Control Used in 
Conjunction with Force Control

1. Apply UY

2. Replace UY 
with Reaction

3. Apply Final 
Load
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Displacement Control Examples…

Displacement Control Used in 
Conjunction with Force Control

1. Apply RY

2. Replace RY 
with Reaction

3. Apply Final 
Moment
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Weak Springs…
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Weak Spring Examples…
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Weak Spring Examples…
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Friction…
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Dynamics…
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Dynamics Examples…



������������������������
���� �� ��	
���
�������������������������� ��

Dynamics Examples…
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Mesh Issues
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Mesh Issues
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Nonlinear Diagnostics…
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Nonlinear Diagnostics…
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Other Methods of Dealing with 
Convergence…
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Summary…
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