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General equations for mechanical system

> Dynamic equilibrium
© The dynamic equilibrium equations are written for convenience with the inertial forces
isolated from the other forces:

el : 308_Document_2021

P—-I=Miu
g“ ©P = the external applied force vector
2 (o | = the internal force vector

© Mit = inertial forces (mlss x acceleration)

yslémes
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Fmplicit: Method for Nonlinear Static Simulation

» Nonlinear problems are generally solved in an incremental fashion.

O For a static problem a fraction of the total load is applied to
the structure and the equilibrium solution corresponding to
the current load level is obtained.

Initial time increment 0.1s

Minimum time increment = 1¢-005s

© The load level is then increased (i.e., incremented) and the i s e -
process is repeated until the full load level is applied. c-cmmmmmmmmmmeee s

© The implicit solution scheme uses an incremental-iterative solution technique based on
the Newton-Raphson method.

© The method is unconditionally stable (any size increment can be used).
© Accuracy in dynamic simulation is affected by the increment size, however.

© Each increment usually requires several iterations to achieve convergence, and each
step usually consists of several increments.

www.solidsolutions.ch 3
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Internal force
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Implicit: Method for Nonlinear Static Simulation
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Two convergence criteria:
@A @ Small residuals
/ ¥
y EQ: @ Small corrections
:‘—': ' Correction :
' : -
l Uine 1 Upeo
~increment1 | increment 2 *| Displacement
N step -
4
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Explicit Dynamics

& Explicit dynamics is a mathematical technique for integrating the equations of motion through time.

€ The explicit dynamic integration method is also known as the forward Euler or central difference

algorithm.

© Values are updated from information already known:

I TIN

Calculate velocity at the half-step from the current acceleration

Calculate the displacement an increment forward in time from the half-step velocity
Use the displacementto calculate the strain, stress and internal forcesin the element
Use the internal forces and applied loads to calculate the new acceleration

Repeat...

> Stress wave propagation

s

© This stress wave propagation example illustrates how the explicit dynamics solution procedure works
without iterating or solving sets of linear equations.
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Explicit Dynamics vs Implicit

Load

ptotal inc2

ﬁflar inc 1

Residual--=---

Internal force

|

Our implicit solver using
increments and iterations

L

> @),
>1 9
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z '

:‘—’: Correction

____________________________

Two convergence criteria:
@ Smallresiduals

@ Small corrections

Uine 1

'
:
Uine 2

 increment1 | increment 2

*1 Displacement

step

QO No inherent limitation on increment size
Q Increment size determined from accuracy and.convergence

@ Number of increments required is generally orders of magnitude smaller than Explicit
0 The computational cost per increment in implicit is much greater than Explicit
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Explicit Dynamics vs Implicit
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Explicit Dynamics vs Implicit

Load

No iterations with Explicit
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Displacement

Q Explicit requires a really small increment size
Q Simulations take on the order of 10* or 108 increments
U The computational cost of these increments is relatively small

www.solidsolutions.ch
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Explicit Dynamics: Stable time increment

¢+ Stable time increment

© Itis the minimumtime that a dilatational wave takes to move across any element in the model

Lé’

- ) where L° is the characteristic length of the
d

€ For each elementit can be expressedas At = (

element and ¢, is the dilatational wave speed.

© For a linear elastic material with a Poisson’s ratio of zero: c; = J: where E is the Young's modulus
p

and p is the material density.

© Largerelements, a softer material and a larger material density are frequently used to increase the size
ofthe stable time increment.
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Explicit can be used for quasi-static events
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& At first glance it appears the implicit solver would be the appropriate choice for modeling highly nonlinear static

problems.

&
&
s
o

-
D

| 102072022 | rel . 30S$,

£ However, explicit dynamics solvers are more efficient for this class of problems.

© This is especially true for three-dimensional problems involving contact and very large deformations.

solution.

© Attificially increasing the speed ofthe processin the simulation is necessary to obtain an economical

ssaull Systémes |

www.solidsolutions.ch

Note: In general you can almost always get
results, but are these results appropriate for
the event you are trying to simulate?
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Put effort into generating good meshes
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© Since the element with the smallest stable time increment controls the increment size for the
entire model, having a uniformly sized mesh helps increase At.

» Try to generate regular meshes and uniform elements
> Reguiar elements will handle distortion better
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» Workto eliminate tiny elements and sliver elements — these will kill
your minimum time increment!

» Clean up and idealize geometry

> The Age Old battle: geometry data can be acceptable for CAD bu; make life
more difficult for simulation and mesh generation

» Simplify geometry and eliminate small features where it makes sense

©Dassault Systémes|
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Put effort into generating good meshes

» Run time went from 40 hours to 3 hours

> Cleaned up surface geometry and produced a better tet mesh
» More regular elements allowed for an increase in minimum time increment
» Reduced the total number of elements (800,000 to 300,000)

| 10202022 | rel : 30S_Document_2021

DS VAR Confidential. DO NOT SHARE WITH CUSTOMERS.

Systémes |

©Dassaull
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Check for the critical elements

» The most critical elements are reported to the status (.sta) file during the datacheck phase of the analysis
» Also check out the Field Output variable EDT

l:_'!
3 Sermulation Status
€
0 W 1on Xpl-shell | o static_grav
fL_';' W tcon_Xpi-shell compileted
.: Meusages Plots Revations Duagnone fies
= Dats Mesage | Statut Log
gj Statistics for all eloments:
‘cj Nean = 7.620458-05
— Stenderd devistion = 1.94349€-10
Host critical elements:
Element number  Rank Time {ncrement Increment rotio

103258 1 7. 629060€ -05 1. DO0000E +00

103654 2 7. 629063 -05 9. SPPIGE 01
i 02666 3 7.629963€ -05 9. PHOINGE 01
b 2665 4 7. 629064 -05 9. 999995E-01
$ 92660 s 7.6290648 -05 9. 999E-01
& 102662 6 7. 6293658 -05 9. 9999nE-0
5 92638 7 7. 6290658 -05 9. 9999E-01
§ 92641 L] 7. 629366€ -05 9.9999R2€ -0
a 102466 9 7. 6299706 -5 9. 9FFNTE-01 h
@ 102070 10 7.62907E-05 9. 999MEE -0
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Check for the critical elements

» The 10 most critical elements are reported to the status (.sta) file during the datacheck phase of the analysis
» Also check out the Field Output variable EDT

§l
z Output x
€
é Name: | Output 1
g sorpert [ -
E frequency. | Evenly spaced time intenals » ]
g Number of intervals: 45
g Output at exact times
- OUPAGOUE Fitd v
Apply presetected defaults
S8 s - EDT
B Oisplacemenyvelocity/Accelenation +9.349-05
1 el +8573e-05
= B contact +7.797e-05
; S8 gy +7.021e-05
b €07, Scaled stable time increment +6.245e-05
& EMSE, Mass scaling factor :3 gggggg
’;, ENER, All energy densities
3 sl +3.917e-05
i +3.141e-05
S ELSE, Total elastic strain energy - +2.365e-05
e — +1.58%e-05
POROS. | Detalt +8.127e-06
Element QP AT insegeation points ¥ +3.668e-07

Apply Filter

oK Cancel

www.solidsolutions.ch 14



Use Rigid Body abstractions when possible

® solid

solutions

Ein Unternehmen der Bechtle Gruppe

© Since the element with the smallest stable time increment controls the increment size for the

entire model, having a uniformly sized mesh helps increase At.
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©Dassaull Systémes|

» The elements of the rigid body abstractions won'’t affect smallest stable time increment
> Note: sections containing materials with densities are still necessary for these elements

N

Rigid Body
Abstractions

19
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Stick with solver default for incrementation

b For most analysis the defaultautomatic global estimation method is appropriate.

£ Occasionally, experienced users may choose an alternative time incrementation method.
© For example, to use a more conservative stable time increment.

cument_2021

_Do

308

Explicit Dynamic Step X

| 102002022 | ret

Name: | plug_vac_P
Steptime: | 03g
¥ Incrementation

Incrementation type | solver Default ¥

Systémes |

» Continuation Data: 1 Evenly Spaced Intervals
» Advanced

©Dassaull

OK Cancel

P
20 7S BAssAULT
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Adjust time scale for quasi-static simulations

» Artificially increase the speed of the process in the simulation

> Increase the load rate for simulation (reducing the time scale of the process)

For quasi-static you don’t have to match the actual time duration of the event

&
v“)l
5
8

y

» Modify (reduce) the step time or increase velocity of load
> Fewer increments needed to complete the job

» Don't overdo it, or you will lose your static response as the simulation becomes dynamic

| 10/20/2022 | ref : 308

© Asthe speedofthe processis increased, a state of static equilibrium evolves into a state of dynamic
equilibrium.

Systémes|

© Inertia forces become more dominant.

© Dassaull

©  The goalis to modelthe process in the shortest time period (or with the most mass scaling) in which
inertia forces are still insignificant.

k D75 DASSAULT

21 SUSTEMES
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Check Energies for quasi-static simulation

> Energy balances

© An energy balance equation can be used to help evaluate whether an Abaqus/Explicit simulation is
yielding an appropriate response.

a
&
-
s
&
2
o
\
@
=1
o

© In Abaqus/Explicit the energy balance equation is written as

E; + EVD + EFD + EKE = EW = E'ro'r = constant

| 10/20/2022 | ref

where:
E, internal energy (elastic, inelastic, “artificial” strain energy), ALLIE
_ E,n | energy absorbed by viscous dissipation ALLVD
; Ep |frictional dissipation energy ALLFD
E.p | Kkinetic energy ALLKE
. E,; |artificial strain energy due to hourglass ALLAE
Ey | work of external forces (including constraint penalties and ALLWK
propelling mass added by mass scaling),
E~y |total energy in the system ETOTAL
» & These energies can be requested forthe entire model or for subsets of the model. D7S pAssAuULT

www.solidsolutions.ch 18



® solid

;olutions

wmen der Bechtle Gruppe

Check Energies for quasi-static simulation

# Indicators of problems when reviewing the energy balance are:
€ Excessive “artificial” strain energy (ALLAE) that is used to suppress hourglass modes.

© It should be less than 1-2% of internal energy (ALLIE) for all but the enhanced hourglass control
method.

C Excessive kinetic energy (ALLKE) in a quasi-static simulation.
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© Thykinetic energy (ALLKE) should be a small fraction (typically 5—10%) of work (ALLWK) or
internal energy (ALLIE).

© Rememberthat rigid bodies with mass contribute to the total kinetic energy in the model and thus
should not be consideredin the above assessment.

Systémes|

©Dassault

© ltis generally not possible to achieve this in early stages of the analysis since the deformable
body will be moving before it develops any significant deformation.

.
" 73S DassauLr

SYSTEMES

www.solidsolutions.ch 19



® solid

solutions

Ein Unternehmen der Bechtle Gruppe

Check Energies for quasi-static simulations

& We examine three different punch speeds:

C 3mfs
. c 30m/s
2 € 150m/s
€
Z & Contours of blank thickness in final formed configuration
g C Excessive punch speedslead to results that do not
& correspondto the physics. At 150 m/s unrealistic thinning
- ofthe blank is predicted.
C Results obtained at 30 m/s and 3 m/s are very similar, even
though the difference in computation costis a factor of 10.
Vounen = 30 mfs
g
’:’ Punch speed Time Normalized CPU
S (m/s) increments time
3(1x) B 27929 10
30 (10x) 2704 0.097
V, = 150 m/s
150 (50%) 529 0.019 -
Zc passauLT
25 DS S5STEE
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Check Energies for quasi-static simulations

& Comparison of internal and kinetic energies
€ Ata punch speed of 150 m/s the kinetic energy of the blank is a significant fraction of its internal energy.

C Atpunch speeds of 3 m/s and 30 m/s the kinetic energy is only a small fraction ofthe internal energy

S
z over the majority of the forming process history.
g
f:j. W TTTI T T T T bl [ W 0 R I LT R i 6
(=1 - 4
o
T 00 |- Vpunch =3ms s “000 |- Vpunch =30m/s
8 - ~ ]
§ g 3000 = I—‘ g 30000 b= ALLIE f:.
g £ ALLIE,-" | & 3 3
pe > ’ >
o , s
§ mo ¢ - S‘ 20000 |- pr .
w ," J w ’
’ td
0000 |- +“  ALLKE - 0000 |- e -
2 ! ,+°  ALLKE |
@00 T ol AR Y SR B N a0 —A-E.:h—ﬁ-r—f—r_'r‘_‘
= Qo ‘a0 1800 2400 3200 000 800 1800 2400 3200
2 Punch displocement (m)  [x0™) Punch displocement (m)  [w0™)
&
<":' bl L B L B B B B I |
Vounch = 150 mvs -]
é wamo | | punch ’/ al
@ o ’ 4
s,
;_ a0 ALLIE,” =
, g
Em f:\/_,”/—-
’ e
ALLKE 7
000 - " -
" p
oo f’l‘. Lol b a la bt b 1,
Q0o aco W00 2400 3200 7
Punch dispiocement (m)  (wo™) S DASSAULT
26 2D SUSTEMES
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Use Smooth Step amplitude curve for loading

A fifth-order polynomial transition is created:

© Instantaneous loading may induce the propagation of a stress wave through the model, the first and second time derivati;esfare
: z zero at the beginning and the end of the
producing undesired results skl
.::EJ Smooth Step Amplitude X
5 Name: [ Smooth Step Amplitude.6 al 31.04
D1 « g
® Time spanc ) Step Time | Total Time El.
3; . ©
»‘E: I Time/Frequency (s) Amplitude
- 0 1.0E-5 2.0E-5
‘ time
3
N
4
< E Tabular Amglitude
;F; s o lﬂ_q‘ Periodic Amplitude
é’,‘ tcon Xol-shell * Plugwac P ¥
3 Ven Mo oK Cancel IM 5"“’"‘”"""”“""“"
%{: H l"ﬁ Power Spectral Density
stond (Gep) Procedures | il Concis T T T L L) A R o
= (740} ¥ )
o I &) § @ % LN a4 & & & Q@ = & (3 2
Undo Model Scenano Results Feature Update Finite Automated Element Create Material Tabular Simulation User Keyword Automated
Manager Element Mo, FEM Type Assign. Analysis Case Palette Amplitude Properties Subroutine Edit Publication
7_§ DASSAULT
27 2 SUSTEMES
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Consider using Velocity instead of Displacement

© High energy impact between the stent and the tools could increase the dynamic effect

© By gradually increasing the velocity of the tools, the impact at the beginning ofthe step is

g minimized
é
g
E; —— Apply displacement - linear ramp
- Apply displacement - smooth step
o —— Apply velocity - linear ramp
. ——  Apply velocity - smooth step
w
L
& F i, |
U Time
Applying velocity using smooth step amplitude curve
minimizes the kinetic energy at impact
2
DASSAULT
28 DS SGSTEE
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Consider using Velocity instead of Displacement S

= Ramp tool velocity to zero at the end of the step

€ Ramping the tool velocity to zero brings the stent closeto a state of static equilibrium

€ Otherwise, the stent will vibrate after the tool suddenly stops

5
&
b
€
:
€
5
3
3
o
\
@
o
™
®
.
&
&
S
&
S

vl tase3)
g oo
:l ¢l
5. :
5 .
o D‘u - X n:: .'u 040 ek 3] » e o 1 ]
Time Time
3 P g
2 ot é:ii'
o § b -
§ LEIT] g P
& aml & s}
i e B o e TR s
Time
Without ramping down the velocity With ramping down the velocity
7 DASSAULT
29 DS SOSENES
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About Parallelization and Double Precision
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» Explicit parallelizes very well with additional compute cores, especially for larger models

> RAM is not nearly as big of a factor for Explicit as it is for the Implicit solver

» Double precision may be important
> Larger models, more increments, rotating components etc.

8
&
\
€
s
€
3
=1
\

L d
o
©
b
8
]
&
S

> User needs to be mindful when not using this
> Single precision will run faster
& Preferences X
Expand All | Collapse All
Preference Categories Preference Pages
- X< Prefe & App » Common Submission
» yi  Sodisl and Collaborative v Structures
» 3D 30 Modeling Structures
= ' e Generate Abaqus Q08 results | Sngle
-’}: Common Model
g o Use external Abaqus sobver Double - analysis only
. o connns oy
:.’:l: HM““HHMHMM mulati “m'. i h d)
N Material Definition Note: Stopping Critena i applicable for Structural Validation, Linear Structural Validation only.
» E Simulation Process Modeling Use plastic strain (PEEQ) ket
v ji ieformation Intelligence Allowable percent plastic stean (PEEQ) 1
Expoct | | Reset Ok | Apply Cose 7
DASSAULT
3 DS 5655
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Use Mass Scaling when appropriate

e Lmz‘n . Lmz‘n\f’ﬁ h
At riicar 5= ‘/'—
IE‘ / E
N /P
8 + Mass scaling can be accomplished by b
g increasing the material density; however,
& the variable mass scaling capabilities
8 provided by Abaqus are a far better option
® Mass Scaling X
& . - ; .
& » Mass scaling is not limited to quasi-static Name: | Mass Scaling 2
g problems but it must be used with caution e 5
to ensure that the additional inertia forces Support:| Who Hode
do not dominate and change the solution! Scaling type: | eginning of the Step ¥
Factor: 10
- Specify time increment
:'; OK Cancel
g v pl-shell ¥ v P w
@ ” m Explicit Dynamic Step
Fstandard | Setug] Procedures Jnitial Condt Boundary Conditions  Loads  Predefined Fiekds Durabiity  Simulate | Display
= R * k £
© [B]. ® B & » o R X B X B b B
Model Scenario Results Feature Update Edt Delete Static Static Static Bucide Quasi-Static Imglicit Explicit Frequency
Manager Current Step  Current Step Step Riks Step  Perturbation. Step Step Dynamic Step Dynamic S. Step
7 DASSAULT

32 DS SUYSTEMES
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Use Mass Scaling when appropriate

€ Mass scaling

© If strain rate sensitivity is being modeled, erroneous solutions can result if the load rates are

8 increased. .
g
) © Mass scaling allows you to model processesin their natural time scale when considering rate-
& sensitive materials.
§
: Artificially increasing the material density by a factor of /2 increases the stable time
- increment by a factor of f.
g
7 DASSAULT
33 DS SUSTEMES
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Use Mass Scaling when appropriate

& Variable mass scaling

g C There are situations in which it is desirable to mass scale elements periodically during

E a step in quasi-static analyses. e %
u © This might be the case if some elements experience such large deformationh Name: | Mass Scaling.2

8 that their stable time increment is drastically reduced. Support: | Whole Model b v

Scaling type: 'Throughout the Step ':
€ The variable mass scaling option provides this capability.

© Mass scaling calculations are performed periodically during the step.
You specify how frequently the mass matrices are updated.

| 10202022 | ret

Type Below Minimum v

Target time increment: | 14.0065
Select mode of mass saalingtiming ) Frequency Number interval

© Typically, variable mass scaling is defined by specifying a target stable time increment. Frequency: | 700

© Aswith fixed mass scaling you can chooseto scale all the elements (uniformly
or nonuniformly) or only the elements below the target. oK Cancel

ssaull Systémes |

©Da
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Use Mass Scaling when appropriate
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Simulation Status

:l Solving Structural Analysis Case 1. 54%

_ Messages Licensing Messages | Plots | | Diagnostic files
b [ Step || Inc |[ Tot Time (5) ][ Wall Time (s) |[ Step Time (s) || Stable Inc (s) ][ Kin Engy () ][ TotEngy () | Total Mass Change (%) |-
é Explict .ic Step.1 0 0 1 0 7e-007 11.55 11.55 9.167
3 Explicit .ic Step.1 358 25066004 6 2506e-004  7e-007 0015 11,546 9.167
8 Explicit .ic Step.1 715 5005¢-004 11 5.005e-004  7e-007 0.111 11.544 9.167
2 Explicit ic Step.1 1072 7504¢-004 16 7504004 7¢-007 0.494 11,543 9.167
g Explicit .ic Step.1 1429 0.001 21 0.001 7e-007 1362 11,543 9.167
g [Explicit .ic Step.1 | 1803 [0.001 127 10,001 16667¢-007 | 3.164 (11544 [9.167
N Explicit .ic Step.1 2177 0.002 32 0.002 6.668¢-007 589 11.546 9.169
Explict .ic Step.1 2552 0.002 39 0.002 6.669¢-007  10.051 11555 9.173
Explicit .ic Step.1 2027 0.002 44 0.002 6.669¢-007  15.037 11.568 9.173
Explicit .ic Step.1 3303 0.002 50 0.002 6594¢-007 2096 11577 9.75
= Explict .ic Step.1 3682 0.003 57 0.003 6623¢-007 28,002 11.584 9.176
£ Explicit .ic Step.1 4059 0.003 63 0.003 6.626e-007 35704 11613 9477
& Explicit .ic Step.1 4436 0.003 69 0.003 663e-007 44039 11.655 9.177
Explicit .ic Step.1 4814 0.003 76 0.003 6.623¢-007 52847 11.681 9.177
3 Explicit .ic Step.1 5199 0.004 82 0.004 6.604¢-007 61,509 11.704 9.182
Explidt .ic Step.1 5586 0.004 89 0.004 644e-007 70293 1.71 9.191
Explicit .ic Step.1 6016 0.004 97 0.004 6219¢.007  77.127 1713 9.204
Explicit .ic Step.1 6468 0.004 105 0.004 5.296e-007  83.433 1717 9.204 5
Stop
35

www.solidsolutions.ch
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About output

& Qutput to the output database file
C Two types of output data: fie/d and history data.

© Field datq}are used for model (deformed, contour, etc.) and X=Y plots.
*QUTPUT, FIELD

g
o
\
»
o

© History data are used for X-Y plots.
*OUTPUT, HISTORY

| 10202022 | ret

PEECMAX

[ Avge 75\

Systémes |

~300.00

Time (s)

field output X-Y plot generated from

www.solidsolutions.ch 30
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About output

XY Plot from Expression X
Name XY« Expression. 1 a
Expresmon filter{Sxy!,"Eutterworth”,200) [}
= Argument 3-cutoff frequency (real) above which the uignal is attenuated
- \G Units.
g Filtered data K X Ve~
g § ‘b Yaurs: Energy () ¥
g x10°] ol :
§ .00 LA B I B NN N NN BB A | @ o) Optetions
- 'Qg Allow vanable to reference multiple curves > 7 s 9
= - R é\ Name J[ X Aosunits || Y Axi..Units <lals]s
% 100.00 Q‘{\\ XY-History A Ja 1/ALLKE Time ()  Energy U) | v (2] 3] -
g \(b C S O /
. g ow bfb (1] o gt | exp | log
= . 2A8
1) 1
2 = . e
Xy ' UTterwWOr (4 eV’
-100.00 2 0
g Nome |[ XY Curvets) T i Wi :
. wl X¥-History ALL..calan). 1/ALLKE  &° : T S0
£ -200.00 = | ==
-3.: l L3600 2321000
if | snebutterworth smooth :
i\.:: -300.00 PR TR NN NN NNNTUN NI S : 1mooth? 1
% 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 —————————
Deactivate existing curves from the current chart
Time (s) KEa
Apply | | Close
FStandard | Setup m ors | Calculabions Oisplay Explose View AR-VR Tools Touch
3, = A 1Z |
IO | HF E & B G W= E L 5 ‘ (e,
Scerano Regudts Pay Feature Contour Symbal oContour Color XY xY xr Xy
Animation Manager Plot Plot Plot code Plot Plot from Mast. Plot from Feld] Piot from Ex ot from Path
7S DASSAULT
37 2D SUSTEMES
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Troubleshooting
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| 10202022 | rel - 3DS

©Dassault Systémes |

¢ Excessive wave speed

This error indicates that something in the
model has caused an element (or elements)
to deform dramatically in a single increment.

Most likely associated with some event that
occurred shortly before the first warning
message appears.

Potential causes include: contact, unstable
time increment (user scaling of the time
increment, direct user control, etc.), mesh
distortion, and hourglassing

**WARNING: In element 21 of instance BEAM-1 the
ratio of deformation speed to wave speed is 0.30353 at
incrwnent 32444,

"™ERROR: The ratio of deformation speed to wave
speed exceeds 1.0000 in at least one element. This
usually indicates an error with the model definition.

£ Warped surface warnings indicate that the contact surfaces are so distorted that contact tracking may

fail

38
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o Element distortion

© These messages are issued when the volume at an
integration point of an element becomes negative

© Often associated with incorrect material properties,
loads, andfor boundary conditions. May require
additional mesh refinement - , :

***WARNING: EXCESSIVE DISTORTION
AT A TOTAL OF 1 INTEGRATION POINTS
IN SOLID (CONTINUUM) ELEMENTS
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o Excessiveyielding

© Relatively large deformations in a problem in which
the material model has some form of plasticity

© Usually related to:

©Dassaull Systémes |

- Loading:is the magnitude of loading realistic?

- Material data: perfectly plastic at too low a strain?

- Mesh refinement. meshes that are adequate for
linear elasticity may not be adequate for large-
strain plasticity problems

***WARNING: THE STRAIN INCREMENT

HAS EXCEEDED FIFTY TIMES THE STRAIN

TO CAUSE FIRST YIELD AT 48 POINTS >
DASSAULT
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€ Hourglassing

© Is a mesh instability that affects first-order
reduced-integration continuum elements and
reduced-integration shell elements.

5

© Because of the numerical discretization of the
problem, certain deformations of these
elements cause no strain energy.

© It behaves in a manner that is similar to that
of a rigid body mode.
Unless these nonphysical deformations are
controlled, they will dominate the solution

© Alternatives to address hourglassing:
- Refine the mesh
- Change the element type
- Use non-default hourglass controls

www.solidsolutions.ch

o s ________ )

Expected Linear element with
deformation reduced integration

The edges of a linear element are unable to curve
{(formulation restriction). No changes in length or angle at
the integration point. All components of stress are zero!

Simply supported plate showing
clear signs of hourglassing
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