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Section | 3.1

Basics of Nonlinear Simulations

Key Concepts

e Contact Types

® Nonlinearities e Contact versus Target

e Causes of Structural Nonlinearities e Contact Formulations

® Steps, Substeps, and Iterations ¢ Additional Contact Settings
® Newton-Raphson Method e Pinball Region

® Force/Displacement Convergence e Interface Treatment

® Solution Information ® Time Step Controls

® Line Search e Update Stiffness
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Nonlinearities

In a nonlinear simulation, the
relation between nodal force {F} and
nodal displacement {D} is nonlinear.

we may write
[KD]{D}={F)

Challenges of nonlinear simulations
come from the difficulties of solving

the above equation.

Force {F}

Force {F}

Section 13.]1 Basics of Nonlinear Simulations
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constant.

[1] In a linear simulation,
[K] (slope of the line) is

Displacement {D}

[2] In a nonlinear
simulation, [K] (slope
of the curve) is
changing with {D}.

Displacement {D}
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Causes of Structural Nonlinearities

Details of "Analysis Setting

e Geometry Nonlinearity = Step Contols
Nurnbex Of Steps 1.
® Due to Large Deflection Cugent Step Numbex | 1.
Step End Tirre l.s
® Topology Nonlinearity Auto Tire Stepping | Progsm Contiolled
e Contact Nonlinearity 5| Salver Contials
Solver Type Puogearmn Contuolled
e Ftc. Weak Spangs Puogearn Contuolled
[Coxge Deflection. | Om
e Material Nonlinearity Inextia Relief Off
+| Restart Controls
® Due to Nonlinear Stress-Strain Relations + Honlineax Conteols
+|| Output Contxols
7| Analysis Data
+| Visibility To include
geometry

===\ nonlinearity, simply
turn on Large
Deflection.
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Steps, Substeps, and Iterations [1] Number of

steps can be
specified here.

Do of ol Soting Y
V

-|| Step Controls
[ ]
Steps (Load Steps) EEETE |
e Each step can have its own analysis settings. St Sep Torer L Q
Step End Time 01s
e Substeps (Time Steps) Axio Tre Suppns |
Define By Tirre
® In dynamic simulations, time step is used for Time Step Sellizs
Tirre Integration Off
integration over time domain. S} Solver Contsols
Solver Type Program Cal polled
® |n static simulation, dividing into substeps is Weak Spuings Off
Lasge Deflection On
to achieve or enhance convergence. +| Restart Controls
+)| Nonlineax Controls _J
® Iterations (Equilibrium Iterations) +| Output Conteols
. . . . . B Damging Controls [2] To switch
e Each iteration involves solving a linearized ¢| Analysis Data Maragem  between steps
N . ¥} Visibility type a step number
equilibrium equation. T vP herl')e
]\

[3] Each step has its
own analysis settings.




Chapter |3 Nonlinear Simulations

Section 13.]1 Basics of Nonlinear Simulations

Newton-Raphson Method

[4] External force
at next time step
(known).

— F, +AF

[3] External force
at current time
step (known).

6

T

[1TActual force-displacement

, governed by
={r}.

TJ3 B4 Displacement {D}

A

[2] Displacements at
current time step (known).

[5] Displacements at next
time step (unknown).#
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Force/Displacement

Rotation Convergence
can be activated.

Analysis Data Management

Visibality

TE—

S

Step Controls
Convergence Solver Controls [1]You can turn on
Restast Controls Force
Nonlineax Controls Convergence
Fowce Convergence Cn
—Value Caloulated by solvex anc! SeF the
G 05 criterion.
—Mintrrwm Reference 1lel2N
[3] When shell —— Mornent Convergence On
elements or beam Vel Caloulated by solver
elements are used, Tolexance 05%
Moment “Minimum Reference | 10. Homn [2] You can turn on
Convergence can Displacerment Convergence | On Displacement
be activated. —Value Caleulated by solver Convergence
~Toleance 05% and set the
Minirmun Refesence 0. rom criterion.
Rotaton Convergence Cn
/ Value Caloulated by solver
—Tolexance 05%
—Minirrum Reference (1
[4] When shell — e—
elements or beam —— of
elements are used, Output Controls

Criterion = Tolerance X maximum(Value, Minimum Reference)




Chapter |3 Nonlinear Simulations Section 13.1 Basics of Nonlinear Simulations

Solution Information

Details of “Solution Information®

FORCE CONVERGENCE VALUE = 0.994%E-01 CRITERION= 0.2227E-01
EQUIL ITER 1 COMPLETED. NEW TRIANG MATRIX. MAX DOF INC= 0.9229E- Solvtion Ouipet
LINE SEARCH PARAMETER = 1.000 SCALED MAX DOF INC = 0.9229E-02 .
FORCE CONVERGENCE VALUE = 0.6719E-02 CRITERION= 0.2173E-01 <<< CON Newton-Raphson Residusls |0
>>> SOLUTION CONVERGED AFTER EQUILIBRIUM ITERATION 1 Update Interval 25s
*** LOAD STEP 1 SUBSTEP 9 COMPLETED. CUM ITER = 20 Display Points al
*** TIME = 0.900000 TIME INC = 0.100000
EC ’
1 —#— Force Convergence Farce Criterion
H —— —— - Substep Converged SED
>3
*kx ] 4.09e-7 ] ‘
LR 1
le-7 | }
2 | l
] S245e8 I
| |
o 5.99e9 1 1
(19
1479 g o y ” v
1 ) Details of “Solution Information
3.58e-10
L. 2 4 6. 8 10 Solution Cutput Fouce Convergence
Newton-Raphson Residuals 0
~~
31 ° Update Interval 25s
o M . -
EU l o o & o o o o o 42 I Display Points All
L 4 a 8 10 12. 14 14 18 21

Cumulative Tteration ' ﬁ
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Line Search

Q
2
L
Details of "Analysis Settings" Fo +AF
[+/| Step Controls
[+]| Solvex Controls
[+ Restaxt Controls
=/ Nonlineax Controls
Fouce Convergence [ Prograom Contuolled Fo
Moment Convergence Progeaorn Controlled
Displacerent Convergence . Progeaorn Contuolled
Progearn Contuolled
On -
TN\
| Output Controls \
[+| Analysis Data Management
[+ Visibility

T ee— |

[2] Line search can be
turned on to scale
down the incremental
displacement. By
default, it is
Program
Controlled.

Section |

3.1

Basics of Nonlinear Simulations

Displacement

D, D
Goal

Calculated AD

\

[T In some cases, when the F-D
curve is highly nonlinear or concave
up, the calculated ADin a single
iteration may overshoot the goal.

9
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FORCE CONVERGENCE VALUE

EQUIL ITER 1 COMPLETED.

W TRIANG MATRIX.

Section |13.1 Basics of Nonlinear Simulations

CRITERION= 0.298&2

|LINE SEARCH PARRMETER =

SCALED MREX DOF INC =

FORCE CONVERGENCE VALUE

EQUIL ITER 2 COMPLETED.

LINE SEARCH PARAMETER =
FORCE CONVERGENCE VALUE

EQUIL ITER 3 COMPLETED.

NEW TRIANG MATRIX.

CRITERION= 0.2133

NEW TRIANG MATRIX. MAX DOF INC=

SCALED MRX DOF INC =
CRITERION= 0.2253

LINE SEARCH PARAMETER =

SCALED MARX DOF INC =

FORCE CONVERGENCE VALUE

EQUIL ITER 4 COMPLETED.

LINE SEARCH PARAMETER =
FORCE CONVERGENCE VALUE

EQUIL ITER 5 COMPLETED.

NEW TRIANG MATRIX.

NEW TRIANG MATRIX.

CRITERION= 0.291¢

SCALED MRX DOF INC =
CRITERION= 0.307¢6

LINE SEARCH PARAMETER =

=

SCALED MAX DOF INC =

FORCE CONVERGENCE VALUE

EQUIL ITER & COMPLETED.

LINE SEARCH PARAMETER =
FORCE CONVERGENCE VALUE

NEW TRIANG MATRIX.

CRITERION= 0.3313

SCALED MARX DOF INC =
CRITERION= 0.3382

>>> SOLUTION CONVERGED AFTER EQUILIBRIUM ITERATION &

LOAD STEP 2 SUBSTEP

TIME = 1.89395

COMPLETED.
TIME INC

AUTO TIME STEP: NEXT TIME INC = 0.43249E-01

CUM ITER =
0.288325E-01

MRX DOF INC= -0.1958&

MRX DOF INC=

MRX DOF INC=

MAX DOF INC=

MRX DOF INC= 0.3472E-03

CONVERGED

INCREASED (FACICR = 1.5
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Contact Types

i1
Geormetry Selection
Contact 4 Edges
Taxget 4 Edges
Taxget Bodies
[ J
Bonded Shell Thickness Effect No

(1| Definition

® No Separation

Fudction Coefficient
e Rough Socpe Moda
Behawiox
. . Tarn Contact I
® Frictionless v—— o
=] Advanced
® Frictional Forrmnlation Fuogism Contuclled
Detection Method Proguamn Contuolled
Penetiation Tolexance Progeam Contwolled
Elastic 8lip Tolerance Puogram Contuolled
Newal Stiffness Piogeaom Conteolled
e Linear versus Nonlinear Contacts Update Stffress Progam Conticlled
Stabilization Davrnping Factor | 0.
Pinbell Region Puogeam Contiolled.
Tivme Step Contiols None
]| Geometdc Modification
Intexface Treatment Add Offset, No Rawmping
Offset 0. o
Contact Georety Comection | None

—



Chapter |3 Nonlinear Simulations

Contact versus Target

® During the solution,Workbench will
check the contact status for each point
(typically 2 node or an integration
point) on the Contact faces against
the Target faces.

¢ If Behavior is set to Symmetric,
the roles of Contact and Target will
be symmetric.

¢ |f Behavior is set to Asymmetric,

the checking is only one-sided.

Section 13.]1 Basics of Nonlinear Simulations 12

[1] To specify a contact region,
you have to select a set of
Contact faces (or edges), and
select a set of Target faces

(or edges).

Devits o Frtonal O \
-] Scope

Scoping Method CGeometry Selection

Contact 4 Edges

Taxget 4 Edges

Contact Bodies TFiong

Taxget Bodies Insert

Shell Thickness Effect Ho
-| Definition

Type Factional

Faction Coefficient 01

Scope Mode Manual

Behavic: Syrmetae ;I

Tarm Contact Progeamn Con d

Suppuessed HNo

+|| Advanced

+|| Geometac Modification

[2] If Behavior is set to
Symmetric, the roles of
Contact and Target will be
symmetric.
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Contact Formulations

MPC (multi-point constraint)

Pure Penalty
Normal Lagrange

Augmented Lagrange

[2] Normal Stiffness is input here.
The input value (default to 1.0) is
regarded as a scaling factor to multiply a
stiffness value calculated by the

Section |3.1 Basics of Nonlinear Simulations 13
[ITWorkbench
offers several
formulations to
enforce contact
compatibility.
Detailsc _\ [T
-] Scope
Scopmg Method Geometry Sele: L
Contact 4 Edges
Taxget |4 Edges
Cmtact Bodies
Taxget Bodies
Shell Thickness Effect
[+ Deﬁ.ntl.m
=] Mmced
=
Demm Method
FPenetiation Tolerance
' Elastic Slip Tolessnce
Mol Stiffness
Update Stiffness Prograrn Contolled
| Stabilization Damping Factor | 0.
Pinball Region Program Contuolled
Tirme Step Contuols None
|| Geometdc Modification |

I ———
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Additional Contact

Settings

Pinball Region
Interface Treatment
Time Step Controls

Update Stiffness

Section |3.1

Basics of Nonlinear Simulations

Details of "Frictional - Prong To Insext"

Scope

Scoping Method Geometry Selection

Contact 4 Edges

Tauget 4 Edges

Contact Bodies

Taxget Bodies

Shell Thickness Effect HNo

Definition

Adranced

Forrulation Pue Penalty

Detection Method Progeam Contuolled

Penetiation Tolexance Piogiarn Contuolled

Elastic Slip Tolexance Prograom Contvolled

Norrel Stiffness Puogeam Contuolled

Update Stiffress Each Itexation O

Stabilization Davmping Factox | 0.

Pinball Region Puogeaon Conteolled (@)

Tivre Step Contols None O

Geometac Modification

Intexface Treatrent 4dd Offset, No Ramping QO
Offset 0. v O

Contact Georetyy Comection | None

P——
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Section

3.2

Translational Joint

Problem Description

[11 The translational
joint is used to connect
two machine
components, so the
relative motion of the
components is
restricted to translation
and in this direction.

[3] All connectors

have a cross section
of 10x10 mm.

20

Section 12.2 Translational Joint

I5

[2] All leaf springs
have a cross section
of Ix10 mm.
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ReSUItS A: Static Structural
Total Deformation
Type: Total Deformation
Unit: mum
Time: 1
40 Max
35.556
3111
26.667
22222
. 17.778
[1] Nonlinear [2] Linear Solution. 12.333
Solution. 85w
44444
0 Min
120
101.47
90
> 74.67
g 60
(o]
L
30
0
0 10 20 30 40

Displacement (mm)
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Section 13.3
Microgripper

Problem Description

The microgripper is made of PDMS and actuated by a SMA (shape memory alloy)
actuators; it is tested by gripping a glass bead in a lab. In this section, we want to
assess the gripping forces on the glass bead under an actuation force of 40 uN

exerted by the SMA device.
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Results

A: Static Structural
Status

Type: Status

Time: 1

Over Constrained
. Far

D Near

[] Stiding

[ sticking

[1] contact
status.

Section 13.3 Microgripper

A: Static Structural
Pressure
Type: Pressure
Unit: MPa
Time: 1

4 4387 Max
39455
34523
29591
24659
19727
1.4796
0.98637
0.49218
0 Min

[2] contact
pressure.

——————
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Section 13.4

Snap Locl o
nap Lock B Mt

7
Problem Description
10

The purpose of this o E— 1\ o
simulation is to find out ' 30
the force required to push "'}""/ 17
the insert into the . 4
position and the force

required to pull it out.

I ———
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Results (Without Friction)

| Animation | | L[ (0] | Q5 Fees

243.08 N
- P
/ )
£ )
! Y \‘
100, ! \
— Jj L
=z 4 he
/
f

075

[s]
[1] It requires 191 N

to snap in.

Section 13.4 Snap Lock

[2] It requires 243
N to pull out.

r ‘*IE ‘ \:':';“ ‘ lb_n_r 3 Cycles

-2.
A

|
' i
|'|| Ve
o
\ -
1.5 1.75 2,
[3] The curve is

essentially symmetric.

Remember that we

didn't consider the
friction.

20
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Results (With Friction)

[2] It requires 274 N to
pull out.

Graph

tion b m|mjm| Q =

27443

25199 L.
0 025 %
[3] Due to the

[I7 It requires 252 N friction, the curve is
to snap in. not symmetric.




