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Tutorial 01:
Introduction to NI2D

Nonlinear Identification to Design
Software
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lTutoriaIs and project in the NI2D software

Free access to the NI2D software commercialized by the NOLISYS
company.

Stand alone .exe.
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l NI2D philosophy

A prototype of the structure is available:

— Test it, identify the nonlinearities and upgrade the linear FEM.

A priori knowledge about the nonlinearities is available:

— Load the linear FEM into NI2D and implement the nonlinearities using
NI2D elements library.



Get started with NI2D

Launch NI2D and activate your license under Preferences.

Model Identify Simulate Understand Design User Help
HcER = B »r-B8 ? (V|2 2~vE NN

H

MNI2ZD Preferences

Default user folder:  E-y = x

User email address:

License file: |E-\NI2D\gaetan2024 lic & X |®
Favourite FE software: (@ none () Mastran () Samcef
FE software binaries PATH: & X
FE analysis folder: = >

Open last model on startup Use busy indicator Auto-save

Help Default units Apply Cancel



Create a new model
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Model Identify Simulate

Understand Design

User Help
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NI2D: New model

User models Spring/mass system MCK matrices Finite element model DAQ model Measured signals

Existing Lumped
model model
Continue =

FE SSE5
Model
(.mat)

Mass:

Linear damping:

Linear stifness:

FE
Model

— ®
Measured Measured
Data Data
(uffy  [9  (mat)
01 MN.s/m
1 N/m
Abort

Model Identify Simulate Understand Design User



lOpen an existing model

File. _Model Identify Simulate Understand Design User Help
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Choose here



Need Help?

File Model

Identify Simulate

DR & B »- =

Undegaignd Design  User { Help

F 11 m

NI2D help

mouse-wheel
control+mouse-whe
mouse-right
control+mouse-left
shift+mouse-left
alt+mouse-left

double+mouse-left

f2

@A S &R D

escape
tab
2
%

control+c

r
0
U

Zoom infout on 3D graphics (forward=zoom in, backward=z
Zoom infout on 2D graphics (forward=zoom in, backward=z
Menus on tab background and model elements

Add element between masses

Enable/disable elements

Select/unselect masses

Edit element or mass

Send graphic to Windows clipboard

Send graphic to image file (automatic choice)
Clone current NI2D window

Run selected solver

Change parameters of selected solver

Add to report (automatic choice)

Add to report (editing title/comments)

Result manager

Reset window

Last two results displayed

Update window

NIZD command prompt
Copy curve in NI2D clipboard
Reset 2D zoom

Reset initial conditions

User colors for selected masses

The help menu is adapted to each tab

meters..)

‘ control+v

Select and paste settings (model, views, parameters...)

You find the software
documentation here

Model Identify Simulate

Understand Design User




Launch Your First
Numerical Simulation



Let’s reproduce the result of the previous lecture

J Response to different initial displacements (w, = 1)

_2.71

o F(t
T=—=628s — ()

Jf : /\/"v—

m

— y(t)

m=k=1, c=F(t)=0



Create a new model: 1 DOF linear oscillator

File

O
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FEHE & By B X ?

Help
I PDlaav@ |

> m 0 H

NI2D [New model]

User models Spring/mass system MCK matrices Finite element model DAQ model Measured signals

ﬁmher of masses: 1 \
Mass: 1 kg
2 Stiffness: 1 Mm
k Damping: 0 M.s/m )
Ground fixations: first mass last mass
Model units: m, kg,M
Help Preferences Continue = Exit
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You can change the coefficients anytime ...

File Model Identify Simulate Understand Design User Help

DFEHR & B »- B L ¢ ([ 4r|2aveE nn '» m O H|

Linear modal properties

mode 1: 0.15915 Hz

Double click on the element to change the coefficients
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Calculate the time response with Newmark

File Model Identify Simulate Understand Design User Help

Dﬁﬂlﬁ’r‘@? 4 b2 a

v Newmark
Linear FRFs
Harmonic balance continuation
MMM (Monlinear Mormal Modes) continuation
Global analysis
Parametric study
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Crucial to choose the right sampling frequency

Accuracy
- — - N
Stability Amplitude Periodicity
limit error error
. AT
Algorithm 14 B w h p —1 -
212
Purely explicit 0 0 0 @ 4h -
. 1 212
Central difference - 0 2 0 _@ h
2 24
. 1 1 3
Fox & Goodwin - — 2.45 0 0(h?)
2 12
. . 1 1 2p2
Linear acceleration — — 3.46 0 w'h
2 6 24
Average constant 1 1 o 0 w?h?
acceleration 2 4 12
1
Average cor_13tant 1., 1+ a)? W2h? W2h?
acceleration 2 0 a—
(modified) 4 g 12
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l How many points per period ?

1
— Co
4

Error for 20 points per period:

acceleration

Do | =

Average constant |

T\ 2 2
w?h? _ (ZT) (%) _ 394 _ 0.0082 = 0.82%

12 12 " 400.12

Error for 100 points per period:

A 2
0w _(7) G8) L 394 _ 00003 = 0.03%

12 12 ~ 10000.12

w?h?
12
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Select an appropriate time step and the final time

File Model Identify Simulate Understand Design WUser Help

’DC}H

0.01 sec

v

(628 points
per period)

JEL I ORERE: (r[2avw N
MNewmark parameters
Sampling frequency: 1[]{][]| Hz
[] adapt Time step: 0.001 sec
Initial time: 0 sec
Duration: 10 sec
Mumber of time steps: 10000
Saved dofs: @ all () selectad
[ ]disp. only overall motion
low 4 normal auto
Advanced Initial cond. Apply Run (F5) Cancel

v

20 sec

15



Specify initial conditions

MNewmark parameters

Sampling frequency:

[ ] adapt

Mumber of time steps:

Advanced

Time step:

Initial time:

Duration:

Saved dofs:

Initial cond.

1000|

0.001

10

10000

@ all () selected

[ ] disp. only

low

Apply

1

normal

Run (F5)

Hz

sec

sec

5ec

overall motion

auto

Cancel

Initial conditions
Degree of freedom
Displacement:

Velocity:

Apply

all

] misec

Cancel
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Run the simulation

NI2ZD  [EATRASH\new_model]

- ([l X
File Model Identify Simulate Understand Design User Help
SECEICH D IERIE abjaavs N » = oH]
. Displacement vs time, dof 1
1m . O |< ! 1 \\ \ T T /\ T \I\1_'T_|
6.285: OK! /| | \-
\ \ | .
L I".I I".I I".I | ".._
0.6 'I,I / ".I ".I f/ ".I
I|I I|I III f' |
0.4 ',I '|I I|II -
||II I,/ I|II |||I /
0.2 I|II ||' IIII |II II|' _
— \ 'I I|I I|I '
Ej 0 I|I Ij l|I I| |III II/
& I'ul I IIII / I|I '
02 I". / I".I /." I".I /
04 F Il'lll III|II / I'lII / -
-0.6 \'.H ! 5 / i
llﬁ'u \n Illl".
-0.8 \ \\l \ n
_ 1 \ 1 1 1 \ 1 1 1 1
1
0 2 4 6 8 10 12 14 16
Time (s)
Model Identify Simulate Understand Design User

20
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Progress window: useful for long simulations but slows down

simple simulations

B
¢ File Model Identify Simulate Understand Design User Help

DEEHR = B p- B |2

Model Identify Simulate Understand Design User

/

Type ‘W’ in the model tab to remove it

dDblaavE ln

b mO|H

Bus

Y

Newmark solver (19%)

@
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Send the result to the user tab

0.8

0.6

0.4

0.2

r1 (m)

—

Right click on the curve

Displacement vs time, dof 1
T \ T T T T T
II'|I J‘r |

Copy

-0.2

-0.4

-08

Copy + Paste in last curve stack
Copy + Create a new curve stack
Exportto ..

Frequency filter

Instant frequency

==»» Power spectral density [+ <control = for params]
== Fast Fourier Transform [+ <control= for params]
=>> Wavelet Transform [+ <control> for params]

»»> Spectrogram [+ <control> for params]
Color

User colars

Predefined colors

>
8

>
10 12 14 16 18
Time (s)

20
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l Specify different initial conditions

Click and select 2m

Degree of freedom |1
Displacement:

Velocity:

Apply
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Run the simulation

File Model Identify Simulate Understand Design User Help

Y IERIE

DedR & E

dPblaa~-S N

Displacement vs time, dof 1

2m: OK ! [\

150 |

0.5

6

|

ok ox // Vo

x1 (m)

-05

-15

20
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Send the result to the user tab

Right click on the curve

{z=
\
il I'u

r1 (1m)
o
TT——

|
|
Copy
II
f
|
1

Copy + Paste in last curve stack

Copy + Create a new curve stack
I| Export to ...
1 |
| i Frequency filter
II'. '. / Instant frequency
»=»» Power spectral density [+<control= for params]
-1 I' >>> Fast Fourier Transform [+ <control> for params]
\ I'I === Wavelet Transform [+<control> for params]
|
-15 \

=>> Spectrogram [+<control> for params]
\ Color
_2 1 \ 1

User colors
| \ 1
2

Predefined colors
8

>
>
10 12 14 16 18
Time (s)

20

Displacement vs time, dof 1
\ T T T T I
\ \ / \
'|II '|II
151 | \ /
\
|
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Compare the curves

MNI2D  [EATRASH\new_model] — Od x

File Model Identify Simulate Understand Design User Help

D SEHR | w B »- 82?2 [ dD|jaavs nm | » mO|H|

Double-click to edit title — Result #3
' ' ' —— Result #5

1.5

-05 B

Displacement, (m)
o

-15 - —

Model Identify Simulate Understand Desigl User




Select an inadequate time step

File Model Identify Simulate Understand Design WUser Help

DEE-"EL#)-\E'? d P |22~ |NI » m O H
1

MNewmark parameters

Sampling frequency: 1000| Hz O . 3 14 seC
[] adapt Time step: 0.001 sec 2 > (20 p0| nts
per period)
Initial time: 0 sec
Duration: 10 sec
Number of time steps: 10000

Saved dofs: @ all () selectad

[ ]disp. only overall motion

low 3 normal auto

Advanced Initial cond. Apply Run (F5) Cancel
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Change the color and run

M| NI2D  [EATRASH\new model] — O X

File Model Identify Sirgulate Understand Design User Help

DEa@w EppBe[T [ (rz-vsum XEIE]

=W

mode 1: 0.15915 Hz

Right click
on the mass

Menu [mass n°1]

Rename

Mass

. Color

User colors >
Predefined colors >
Add external force

Add element >
Add mass >
Add vibration absorber

Model Identify Simulate Understand Design User




Send the result to the user tab

Right click on the curve

Displacement vs time, dof 1

2 Y/ ' ' VA ' ' /LA I
1.5 | \ L
1 — -
0.5 - 1 [ -
=
= Copy
- Copy + Paste in last curve stack
= Copy + Create a new curve stack
| Export to .. >
05 | _ | B -
- f Freguency filter
Instant frequency
A F | ==>> Power spectral density [+ <control= for params] 4
»>> Fast Fourier Transform [+ <control> for params]
_ >>> Wavelet Transform [+ <control > for params]
15 F | >=> Spectrogram [+<control= for params] -
' Colaor
User colars >
-2 l — l Predefined colors >
0 2 4 B o mur | [y == [ mwr o 20

Time (s)



Compare the time series

File Model Identify Simulate Understand Design User Help

DEEE s B »- 5L ? (db|laavs ne | » m O |H|
Double-click to edit title — Result #3
2 T T T T T T T T — Result #5
— Result #11
15F .

=
4]
T

Displacement (m)
o

o
o
T

1

-15 b

2 I I I I I I I I
0 2 4 6 8 10 12 14 16 18 20

Model Identify Simulate Understand Desigl User




lAnd zoom (Type “r’ to dezoom)

4.712s 4.751s
4.7 4.71 472 473 Tinig4(5) 475 476 477 478
Error 20 points per period:
THEORY: SIMULATION:
thZ 4‘.751 - 4‘.712
~ 0.82% Error = = 0.82%

4712
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Launch your first
nonlinear simulation



Introduce a cubic spring in the model (coefficient=1)

Ctrl+left click between the wall and the mass

File Model Identify Simulate Understand Design User Help

DEeHdRE & B »- 8 X 2 db|22a~v¥ Nn »mOlH

mode 1: 0.15915 Hz

Add element at position 1

Linear damping ~
(Monlinear polynomial stifness

Nonlinear cubic spline stifiness

MNonlinear piecewise linear stiffness

Nonlinear contact

MNonlinear polynomial damping

Coulomb friction

Trilinear damping

Puoint-by-point damping

Hysteretic damping (Bouc-Wen)

oK Cancel

Model Fentify Simulate Understand Design User




lCoIor: red, ICdisp=1 and time step=0.01s
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lYou see the hardening effect of the cubic spring

4.77s VS 6.28s

Displacement vs time, dof 1
T T T T \\ T T \\

1m: OK ! 'f

0.8 |
II

,
-
_ I g
\
o _________________.,/‘
o

0.4 | .IIII / | ,I | I
RN I Y S U
"l | |
, | | | |
04+ ".II / ll'.l / I",I J/ |

-06 [ I".I [ "|
\ *I \ f; Il'u '.

-08 - '.II / I,II / H\‘ / I".
\/ \ \ l "\/




l Send the result to the user tab

Displacement, (m)
o

esult #3

esult #5
esult #11
esult #14

| | | | |
4 6 8 10 12 14 16 18 20
Time (s)
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Represent the acceleration signal

Right click next to the vertical axis
Type a or z to switch between displacement and acceleration

N

- O X

Tt ]

[M] NI2D  [EATRASH\new_model]
File Model Identify Simulate Understand Design User Help

WL FIGELEERSE Ablaave nE

; Displacement vs time, dof 1
T T T T T T T \ T T 13”3'
\ \'\I \"\ \'. \
\ \ \ \ |
/ IIII_
I|
|

04 III'. | '.II | .II | .I
\ |

»eolH

0.8 '.I‘
|

0.2 - '.II f | | |II !
—— | || | \ | |

S I| l \ ; " JI \ I’
Select results to display [ '|| ] I I['
Results > l I / Ilu ’
Manage result storage I/ | f I|I /

| I| I| I|
| |

»>> Modal deflection shapes (MDS)

==> Numerical ASM [1-ground] | |

>»>> Identification | | |

Load system/parameters (press <control>) / I'. I|' 'ul .'I
1

08 H / II"'.,I / Il'wll / \ / :
\I\I\ | | \\ | | \\ | | I\\/ |
18 20

-1
6 8 10 12 14

Understand Design User
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lWe clearly see the harmonics

Acceleration vs time, dof 1
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l Exercice #1

Reconstruct the backbone curve by simulating the system
with cubic nonlinearioty for different initial conditions

1.4

- A=

1.2 Linear |

1.
_. 08¢t
E
[
=
0.6

0.4 F

0.2

'I] 1
0.5 1 1.5 2

Frequency [rad/s])



Exercice #2

Simulate a cubic spring with a negative coefficient and
compare with the linear oscillator.

0.8 F

0.6

0.4 F

0.2Fr

D2

0.4 F

06 [

08

¢13='|
-r13=-ﬁ|.5
Linear
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Exercice #3

Simulate a Helmotz oscillator.

0.6

Mewmark

— — — Elliptic sine
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