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JObjectives of This Tutorial

Get familiar with NI2D tools for nonlinear simulations:

Simulate the system dynamics.

Compute nonlinear frequency response curves (NFRCs).



Case Study: A Nonlinear Beam
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Import of the Linear FE Model

B3 NI2D (2015.1): CA\Users\Thibaut\Documents\MATLAB\ni2d_starter = [ P
l Tile Measure Identify Model Simulate Understand Design Help E
OEHE = - B 7
B NI2D: New model = DY
Spring/mass system | MCK matrices tinite element model | LMS modci! Measure.. | »
Mass: h@
Damping:
Stiffness:
‘B Mo user variables found. Create square matrices variables firsi!
[ Continue > ] [ Abort ]
‘ Measurel Identify| Model | Simulatel Understandl Designl User‘

A Createanewmodel (1) and sel

A Import E, ‘A and £ from NLbeam.mat (3).

e ct

A)M C K



Import of the Linear FE Model

AName this nMbeasdy.st em

@ NI2D (2015.1); CA\Users\Thibaut\Documents\MATLAB\ni2d_starter = O %

File Measure Identify Model Simulate Understand Design Help =
OSedE =& b- B 7

.

7 New model folde_
Folder: | C:\Users\Thibaut\Documents\Université\Doctorat\Codesini2d
Model NLbeam|

] [ Cancel ]

‘ Measurel Identify| Model | Simulatel Understandl Designl User‘




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.

B3 NIZD (2015.1): aut\Documents\Université\Doctorat\Codes\ni2d\NLbeam

File Measure Identify Model Simulate Understand Design Help
Dz EE & b- B 7

-
mode1: 312801 Hz / 127% (@ o *®
mede 2: 14384 Hz / 029 %
mode 3: 397872 Hz / 014 %
mode 4: 779.205 Hz / 0.12 %

Measure Identify| Model | Simulate | Understand | Design | User
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A Bring the cursor on dof
#28 and use
<CTRL+LEFT+DRAG>
Inside the circle to
create a connection with
the ground.



Creation of Nonlinear Connections
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A Create an odd cubic nonlinearity with stiffness set to

L

p TIN/m3.

Bd NI2D (2015.1): aut\Documents\Université\Doctorat\Codes\ni2d\NLbeam
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File Measure Identify Model Simulate Understand Design Help =
(== = - B ®
L
L . . L ]
* »
L »
L L
* L
. L
H ’ L) "
. ¥4 Polynomial NL sprin... ‘ = = 28
» Coefficient: 8ed N/mfx
» Exponent: 3
» | @odd | () even () unilateral
. —
. ( Apply ] | Cancel ]
» -
made 10 312801 Hz [ 127 % |@ w»
mode 2: 14364 Hz [ 029 %
meode 3: 397872 Hz [ 0.14 %
made 4 779205 Hz [ 012 %
‘ Measurel Identify| Model | Simulatel Understandl Designl User‘




Creation of Nonlinear Connections

A Create a new connection between dof #28 and the ground

A Create an even quadratic nonlinearity with stiffness set to
P8t v p TIN/M?2,

B NIZ2D (2015.1): aut\Documents\Université\Doctorat\Codes\ni2d\NLbeam = O %

File Measure Identify Model Simulate Understand Design Help
OEedE & b- B 7

L
L . . L ]
* »
L »
L L
* L
. L
.‘[ p L ] -
. ¥4 Polynomial NL sprin... |5|_|éj
» Coefficient: -1.08e7 N/mfax
» Exponaat; 2
» (odd [ @) even () unilateral
. —_
. [ Apply ] Cancel ]
-
made 10 312801 Hz [ 127 % |@ w»

mode 2: 14364 Hz [ 029 %
meode 3: 397872 Hz [ 0.14 %
made 4 779205 Hz [ 012 %

‘ Measurel Identify| Model | Simulatel Understandl Designl User‘




Visualization of Nonlinear Connections

A Use <RIGHT CLICK> on the nonlinear connections and
v

sel ect NV I

e wo

t o

3 NIZD (2015.1): aut\Documents\Université\Doctorat\Codes\ni2d\MLbeam

File Measure Identify Model Simulate Understand Design Help
O =HE = »- B|?
« * e,
* »
& L 2
* *
L ] L
L 4 *
-1 ®
Menu connection 28-ground
* Monlinear polynomial stiffness » View
A Nonlinear polynomial stiffness * Edit
Add element 3 Disable
[ Enable/disable connection Delete

Delete connection
-

[ ]
mede 1 312801 Ha /127 % |e »
mode 2: 14364 Hz / 029 %
mode 3: 397872 He / 014 %
mode 4: 770208 He / 012 %

| Measure | Identify| Model | Simulate | Understand | Design | User|
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Creation of a Sine External Force
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with a frequency close to the first resonance
frequency of the beam (o @ W®iz).

B NI2D (2015.1): aut\Documents\Université\Doctorat\Codes\ni2d\NLbeam

| = B e

File Measure Identify Model Simulate Understand Design Help
OedE = P- B 7

E )
[mode 1: 312801 He [ 127 % |o) o ®
mMaae i3t 20T
made 3: 397872 Hz / 014 %
mode 4: 779.205 Hz / 012 %

‘ Measurel Identify| Model | Simulatel Understandl Designl User‘
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Creation of a Sine External Force

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

s el

e ct

Il ng NnAdd

external

B4 NIZ2D (2015.1): aut\Documents\Université\Doctorat\Codes\ni2Zd\NLbeam

File Measure Identify Model Simulate Understand Design Help
DEeEdB| = - B 7

a
mode 1 312801 Hz [ 127 % (@ o ®
mede 2: 14364 Hz [ 020 %
mode 3. 397872 Hz [ 014 %
mede 4 779.206 Hz [ 012 %

| Measurel [den‘[ify| Model | Simulatel Understandl Designl User|
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i Color
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Creation of a Sine External Force

ASel ect @ Si thefollowang fbrcimgiparaneters, then
cickoni Appl yo.

B3 NI2D (2015.1): aut\Documents\Université\Doctorat\Codes\ni2d\NLbeam = = P

File Measure Identify Model Simulate Understand Design Help e
== = = - B R

Py BA External force on dof n°8 ® l = 38

L Sine | Sine Sweep | Randoml User|
* Amplitude: 3 N
» Frequency: M Hz
. Phase: 0

made 1: 31 2801
made 2: 143.64 H
maode 3: 387.872
mode 4: 773.205

[ Apply | [ Mewmark (F5) | | Cancel ]

‘ Measurel Identify| Model | Simulatel UnW
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Simulation of a Response to a Sine Excitation

A In 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.

B NIZD (2015.1): aut\Documents\Université\Doctorat\Codes\niZd\NLbeam

—=

File Measure Identify Model Simulate Understand Design Help
DedE & P B P

&
mode 1 312801 Hz / 127 % @ o @
mede 2: 14384 Hz / 020 %
mode 3: 397872 He / 014 %
mede 4: 770.205 Hz [/ 0.12 %

| Measure | Identify| Model | Simulate | Understand | Design | User|

A You can modify the
color associated to
dof #28 using
<RIGHT CLICK> on
dof #28.
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Simulation of a Response to a Sine Excitation

AGo to ASimyl amedosehlect fANewr
solver (2).

BB NI2D (2015.1): aut\Documents\Université\Doctorat\Codes\nizd\NLbeam = | S

File Measure Identify==Model Simulate Understand Design Help
== = 2 » %E ?
v' eeeee k

Wavelet transform
HB (Harmonic Balance)

| Measurel Identifyl Model| Simulate ilnderstandl Designl User|
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Simulation of a Response to a Sine Excitation

AClick on fiSet parameters for

B8 NIZD (2015.1): aut\Documents\Université\Doctorat\Codes\ni2d\NLbeam = 5] S

File Measure Identifys, Model Simulate Understand Design Help B
DeEE %} a0=004

| >et parameters for solver: Newmark (F6)|

| Mea;urel Identifyl Model| Simulate | Understand | Design | User|
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Simulation of a Response to a Sine Excitation

A Give the solver parameters as in (1)

windows.

and
c ondi t2)tosetsalbdisplacements and velocities to 1tto

have a system initially atrest (3) . C|

c k

B3 NI2D (2015.1): aut\Documents\Université\Doctorat\Codes\ni2d\NLbeam

—=

File Measure

Identify Model Simulate Understand Design Help
== = = - B R

Bd Newmark parameters [SINE]

- -

Final time: 20
Time step: 0.01
Number of time steps: 2000
Mumber of periods: 100
Time steps by period: 90
| Initial cond. |J[  Apply | [ Run(F5) | [ Cancel |

[ Apply ] [ Cancel ]

‘ Measurel Identifyl Model| Simulate | Understandl Designl User‘
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Simulation of a Response to a Sine Excitation

A Start the simulation.

BA NI2D (2015.1): aut\Documents\Université\Doctorat\Codes\ni2d\NLbeam |i@|i—h‘

File Measure Identify==Model Simulate Understand Design Help
DR = 2 M B| 2

Newmark (F5)

| Measurel Identifyl Model| Simulate | Understandl Designl User|

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

A Tag your result fdt = 0.01sousing <F11>.

g NIZD (2015.1); aut\Documents\Université\Doctorat\Codes\ni2d\NLbeam ‘='_@ DS

File Measure Identify Model Simulate Understand Design Help =
NEEEIEIEEREIE

o Displacement vs time, dof n"28

a3 T T T T T T - )
A Edit result tags/descr...él'_lﬁ

5 Date: 13-Nov-2015 16:56:57

Type: newmark
MName: dt=001s

Tags:

Description:

Cancel ]

0 2 4 5 8 10 12 14 16 18 20
time [s]

‘ Measurel Identifyl Model| Simulate | Understandl Designl User‘




Simulation of a Response to a Sine Excitation

A Create a new stack curve for this curve (which will be

av al
curve.

abl e 1 n th

e

nuser o

Xog [I‘Jl]

Copy
Copy + Paste in last stack curves
Copy + Create a new stack curves
Analyse periodicity

Wavelet transform

-3 Color
Ak User colors
0 2 ; Predefined colors

time |s]

| Measurel Iden‘[ifyl Model| Simulate | Understand | Designl User‘

L3

Bl NI2D (2015.1): aut\Documents\Université\Doctorat\Codes\ni2d\NLbeam =EN X
File Measure Identify Model Simulate Understand Design Help E
= =| = | =4
o Displacement vs time, dof n"28
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5

v 14

16

18 20

t ab)

19



ilnﬂuence of the Time Step

A Perform another simulation for a smaller time step of T8t tsp
tag it, select a different color using <RIGHT CLICK> on the
curve and 1 C o | amd compare in the stack curves using
<RIGHT CLICK>onthecurveandin Past e 1 n | a
curvesao

A Repeat the same operations for smaller time steps of
8T T 1% gnd TI8T TT T$.P
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Influence of the Time Step

<RIl GH

A GotodiUser o tab, and use
t he di ff

up/ downo to observe

i NI2D (2015.1): aut\Documents\Université\Doctorat\Codes\ni2d\NLbeam L= [

File Measure Identify Model Simulate Understand Design Help
DEHR & B V| =2
-4

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

cus
- 1 1 | 1 1 1 D I t
o 2 4 & 8 10 12 s 20
5
| Measure | Identifyl Model | Simulatel Understandl Desim
& S
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llnfluence 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
ti me series. For exampl e, | 1 n
periodicity error of

 Frequency of interest in the signal

“ Q
p Q

L. Sampling frequency

3

For an error of less than p b and for Q ¢ Hz, one should
have "Qlarger than ¢ ¢ He.
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Influence of the Time Step

Considering than third harmonics are present in the response,

"Qshould be even larger. Here we can choose 1@t 1 © gs an
optimal time step.

A NIZD (2015.1): aut\Documents\Université\Doctorat\Codes\ni2d\NLbeam = = &

File Measure Identify Model Simulate Understand Design Help
OedEd =& P B %

ot Displacement vs time, dof n"28

" 34 [dt = 0.00025]

; You can notice that the

: response is slightly
asymmetric due to the
presence of the quadratic
nonlinearity.

0 2 4 5] 3 10 12 14 186 18 20
time [s]

| Measurel Identifyl Model| Simulate | Understand | Design | User|
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llnﬂuence of Initial Conditions

A Select a time step of 8@t 1 8,@nd consider an initially
perturbed system using an initial velocity of pm/s for dof #28.

A Using tags and colors, compare the initially perturbed and
unperturbed responses.

Depending on the initial
conditions, the system
can have small or large
amplitude oscillations.

Bistable behavior
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