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How do we tell linear and
nonlinear analyses apart?
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Further reading
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Deformation of a cantilever beam
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Linear Analysis
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Nonlinear Analysis
Realintic pictvne

Surface: Total displacement (m) S

0.004 F . . ' . ' . ' T . ' T ' ] A8s66x10°
0,003 . X107
0.002 P . g
0.001 | &

or i 7
-0.001 -
.0.002 F i 6
0,003 F -
-0,004 i 5
0,005 P .
oo E=22 GPa 1 H
-0.008 b =1 mm i 5
0,009 d=1 mm :
Uooi ] [=15 mm | W’
-0.012 | P:2 N J 1
0,013 F -
0,014 | . . . . . . . . . . . . - 0

-0.002 0 C.20z 0.004 0008 0.008 0.01 0,012 0014 00l 0.018 0.02 YO

Ananthasuresh, 11Sc,



Double parallelogram: Simple }gﬁs“

tlanke regments
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Results of FEA
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Double parallelogram: Notch flexures
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Results of FEA
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Circular tlexure hinge
~
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Plane-stress analysis
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Plane-stress result
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Plane-strain analysis
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Plane-strain result
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Plane-stress or plane-strain?
On Systematic Errors of A" Toonnat d

B. Zettl
W. Szyszkowski
W. J. Zhang

Department of Mechanical Engineering,
University of Saskatchewan,
Saskatoon, S7N A9V, Canada
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Displacement
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Maximum element size:
104

Minimum element size:
0.0587

Maximum element growth rate:
1.3

Curvature factor:

03

Resolution of narrow regions:
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in
KW Fin(6)=5 Surface: von Mises stress (N/m?)
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Fin(14)=13 Surface: von Mises stress (N/m?)

F. =13 N

50 100 150 200

Fin(15)=13.05 Surface: von Mises stress (N/m?)

7
x10 200-

Fin(14)=13 Surface: von Mises stress (N/m?)

190~
180~
170
4 160-
150
140
130
120
2 110-
100~
1 90
80
70

250 60

F.=13.05N

M——

\ . .
S /
4 [N ,//.‘
N o/
7 NS N/
R
50 100 150 260

250

%107
240

5 220
200-
180-
3 160-
140
2 120
100
80

60
250

Ananthasuresh, 11Sc,

50

100

200

250

300

X

=

o
]

L S S L * A =) I N A « e I (o]

x10%
1.2

0.8

0.6

0.4

0.2



N)
9

F.
mn

—_—— —_—
(U'S]

|

Applied Force (

[
IO WEARUVMONINOO—ND
|

-50 -40 -30 -20 -10 0
Displacement (mm)

Ananthasuresh, 11Sc,

10

20

30



With output load...
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Maximum element size:
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DaCM: parametric sweep with
different output loads
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With output spring
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Maximum element size:

1.8 mm
Minimum element size:

0.0036 mm
Maximum element growth rate:

1.1

Curvature factor:
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FaCM with ditferent spring
loads and different input forces
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Non-smooth motion in contact-
aided compliant mechanisms
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S, Mises
(Avg: 75%)
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QDB: tissue_cutter.odb Abaqus/Standard 6.12-1 Sun Aug 28 17:38:47 India Standard Time 2016

X < Jl Step: loading

Increment 0: Step Time = 0.000
Primary Var: 5, Mises
Deformed Var: U Deformation Scale Factor: +1.000e+00
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Displacement
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Main points

e Abaqus, COMSOL, Creo, ANSYS, NISA,
etc.

* Be careful with what elements you use
and what we expect to see through
modeling.

* Always check mesh-convergence.

e Almost anything can be simulated for
compliant mechanisms using FEA.
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