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Nonlinear Modeling 

Time Integration 

Continuation 

T03 Nonlinear Simulations 



Objectives of This Tutorial 

Get familiar with NI2D tools for nonlinear simulations: 

 

     Simulate the system dynamics. 

 

     Compute nonlinear frequency response curves (NFRCs). 
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Case Study: A Nonlinear Beam 
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Import of the Linear FE Model 

 

 

 

 

 

 

ÅCreate a new model (1) and select ñMCK matricesò (2). 

ÅImport Ἑ, Ἅ, and ἕ from NLbeam.mat (3). 
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Import of the Linear FE Model 

ÅName this new system ñNLbeamò. 
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Creation of Nonlinear Connections 

At this point, the model is linear and a nonlinear connection 

(cubic+quadratic) has to be created between the displacement 

at the tip of the main beam (dof #28) and the ground. 
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ÅBring the cursor on dof 

#28 and use 

<CTRL+LEFT+DRAG> 

inside the circle to 

create a connection with 

the ground. 



Creation of Nonlinear Connections 

ÅSelect ñNonlinear polynomial stiffnessò. 

ÅCreate an odd cubic nonlinearity with stiffness set to          

ψ ρπN/m3. 
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Creation of Nonlinear Connections 

ÅCreate a new connection between dof #28 and the ground 

ÅCreate an even quadratic nonlinearity with stiffness set to      

ρȢπυρπN/m2. 
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Visualization of Nonlinear Connections 

ÅUse <RIGHT CLICK> on the nonlinear connections and 

select ñviewò to visualize each restoring force. 
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Creation of a Sine External Force 

As a first exercise, we will study the systemôs response to a 

sine excitation with a frequency close to the first resonance 

frequency of the beam (σρȢςψHz). 
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Creation of a Sine External Force 

ÅCreate a forcing by using <RIGHT CLICK> on dof #8 and 

selecting ñAdd external forceò. 
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Creation of a Sine External Force 

ÅSelect ñSineò and give the following forcing parameters, then 

click on ñApplyò. 
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Simulation of a Response to a Sine Excitation 

ÅIn order to show the time series at the tip of the main beam, 

use <ALT+LEFT> on dof #28 to display next results on that 

dof. 
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ÅYou can modify the 

color associated to 

dof #28 using 

<RIGHT CLICK> on 
dof #28. 



Simulation of a Response to a Sine Excitation 

ÅGo to ñSimulateò tab (1) and select ñNewmarkò as a       

solver (2). 
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Simulation of a Response to a Sine Excitation 

ÅClick on ñSet parameters for solverò. 

 

 

 

15 



Simulation of a Response to a Sine Excitation 

ÅGive the solver parameters as in (1) and click on ñInitial 

conditionsò (2) to set all displacements and velocities to π to 

have a system initially at rest (3). Click on ñApplyò in both 

windows. 
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Simulation of a Response to a Sine Excitation 

ÅStart the simulation. 
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WARNING: in this tutorial, you could have several heavy time series to store; 

make sure to have at least 2Gb available in your disk, or delete previous time 

series before computing new ones. 



Simulation of a Response to a Sine Excitation 

ÅTag your result ñdt = 0.01sò using <F11>. 
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Simulation of a Response to a Sine Excitation 

ÅCreate a new stack curve for this curve (which will be 

available in the ñUserò tab) using <RIGHT CLICK> on the 

curve. 
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Influence of the Time Step 

ÅPerform another simulation for a smaller time step of πȢππρs, 

tag it, select a different color using <RIGHT CLICK> on the 

curve and ñColorò, and compare in the stack curves using 

<RIGHT CLICK> on the curve and ñPaste in last stack 

curvesò. 

 

ÅRepeat the same operations for smaller time steps of 

πȢπππςs and πȢπππρs. 

 

 

 

20 



Influence of the Time Step 

ÅGo to ñUserò tab, and use <RIGHT CLICK> and ñStack 

up/downò to observe the different curves in the figure. 
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Q: Can you explain 

why the time series 

are different? 
 



Influence of the Time Step 

Q: Can you explain why the time series are different? 

 

A: Selecting a small time step is crucial for obtaining accurate 

time series. For example, linear Newmarkôs scheme has a 

periodicity error of  

 

 

 

For an error of less than ρϷ, and for Ὢ στHz, one should 

have Ὢ larger than φςπHz. 
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ɝ‫
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Frequency of interest in the signal 

Sampling frequency 



Influence of the Time Step 

Considering than third harmonics are present in the response, 

Ὢ should be even larger. Here we can choose πȢπππςs as an 

optimal time step. 
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You can notice that the 

response is slightly 

asymmetric due to the 

presence of the quadratic 

nonlinearity. 



Influence of Initial Conditions 

ÅSelect a time step of πȢπππςs, and consider an initially 

perturbed system using an initial velocity of ρm/s for dof #28. 
 

ÅUsing tags and colors, compare the initially perturbed and 

unperturbed responses. 
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Depending on the initial 

conditions, the system 

can have small or large 

amplitude oscillations. 
       

     Bistable behavior 

Amplitude = πȢπππςm 

Amplitude = πȢππρςm 


