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Introduction

= In this document, three examples are presented to demonstrate the convergence issues encountered in a hon-linear
implicit static analysis and the remedies to overcome the convergence-issues. The results presented in this document
were obtained using OptiStruct version 2022.2

= Examplel: Snap-fit analysis to demonstrate the correct choice of the secondary and main surfaces in a contact pair,
the use of the SOFT contact penalty stiffness option in the PCONT bulk data card and the primary difference between
NLPARM and NLCTRL bulk data cards.

= Example2: Denting analysis to demonstrate the convergence issue encountered due to the application of a force on a
rigid body and the remedies to prevent the rigid body motion like removing the initial gap between contacting
surfaces, the use of contact stabilization (CNTSTB) and the use of weak grounded springs (CELAS2).

= Example3: Motion between two solid deformable blocks to demonstrate the use of the CLEARANCE option in the
PCONT card to prevent unconstrained rigid body motion.



OptiStruct Nonlinear Convergence
Summary of Convergence Issues & Remedies
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Issue

Cause

Remedy

Demonstration

Non-convergence due to Penetration

Poor choice of main and secondary

Use coarse mesh as main and finer
mesh as secondary

Examplel, Run 1& 2

Non-convergence due to high penalty
stiffness

STIFF = AUTO is too high

Use STIFF = SOFT

Examplel, Run3

Non-convergence due to NLPARM
tolerance

Default tolerance of 0.001 causes
error to accumulate

Reduce EPSU and EPSP tolerance or use
default NLCTRL

Examplel, Run4 &5

Non-convergence due to local
instabilities

Nonlinear static analysis not able to
handle local instabilities

Use nonlinear transient analysis (DTRAN)
with the Backward Euler Method

Examplel, Run6 & 7

Non-convergence due to penetration
of corners

S2S may not capture contact at
corners adequately

Use N2S contact(s) with the sharp
edge(s) as secondary

Examplel, Run7

Non-convergence due to force applied
on a rigid body

Rigid body motion due to initial gap
between contact surfaces

a) Move the rigid body so that the initial
gap is zero, b) use CNTSTB, c) use weak
grounded springs to stabilize the rigid
body

a) Example2, Run2
b) Example2, Run3
c) Example2, Run4

Non-convergence due to initial gap
between deformable surfaces

Rigid body motion of parts prior to
contact initiation

Use CLEARANCE=0.0 to remove the
initial gap between the parts

Example3, Run2

Note that the same remedy could be applicable to multiple issues or multiple remedies could be applied to the same issue.
There is no perfect setting that can solve all convergence problems.
Depending on the convergence issues observed in a given model, the user may have to fine tune one or more parameters to obtain convergence.

J\ ALTAIR
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Examplel: Snap-Fit Analysis
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Examplel: Snap Fit — FE Model & Initial Settings

= The FE mesh used is same as that used in the OptiStruct
example OS-E: 0155 Slot as
main

Top face
fixed in

. . . . DOF 1,2,3
= Linear material properties (MAT1) with E=2700 MPa, v=0.35

= Second order tetrahedron elements

= S2S contact with DISCRET=CONSLI

= PCONT with STIFF=AUTO, Mu1=0.1 .
Finger as

= NLPARM with DT=0.01, CONV=UP secondary

= NLADAPT with NCUTS=10, DTMAX=0.01, DTMIN=1e-7

Enforced
displacement at
the bottom face
using RBE2
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Examplel: Snap Fit — Run List
Run NLPARM NLCTRL Secondary Main STIFF  DISCRET
#1 Snap_Fitl EPSU, EPSP=1e-3 No Finger Slot AUTO S2S
#2 Snap_Fit2 EPSU, EPSP=1e-3 No Slot Finger AUTO S2S
#3 Snap_Fit3 EPSU, EPSP=1e-3 No Slot Finger SOFT  S2S
#4 Snap_Fit4 EPSU, EPSP=1e-4 No Slot Finger SOFT  S2S
#5 Snap_Fit5 Yes Slot Finger SOFT  S2S
#6 Snap_Fit6 EPSU, EPSP=1e-4 No Contactl: Slot Contactl: Finger SOFT  N2S

Contact2: Finger edge Contact2: Slot

#7 Snap_Fit7 EPSU, EPSP=1e-4 No Contactl: Slot Contactl: Finger SOFT  N2S
Contact2: Finger edge Contact2: Slot

EPSU = Error tolerance for displacement (U) criterion. Used in NLPARM
EPSP = Error tolerance for load (P) criterion. Used in NLPARM
STIFF = Stiffness of contact interface. Used in PCONT
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Examplel: Snap Fit—Runs 1 & 2

Animations: Examplel: Snap Fit —Runs 1 & 2 Main and secondary switched in Snap_Fit2

|
451

Finger as secondary \

Slot as main 401

Failed to
357 converge

= Snap_Fitl with the initial settings fails to converge.
*** ERROR # 4966 ***
Minimum time increment reached, analysis aborted.

50

Snap_Fit2|

= The above error occurs when the incremental-iterative
nonlinear solution process using the Newton-Raphson
method does not converge using the minimum time

increment allowed (DTMIN in NLADAPT)
3
Time = 0.00000E+00

= Just reducing the minimum time increment allowed or _
05_E_0155_Snap_Fit1.h3d

increasing the number of cutbacks allowed NCUTS in
NLADAPT may not always solve the problem.

251

SPC Force

201

= For the sake of demonstration, with NCUTS=10 and
DTMIN=1e-10, the following common error is obtained
*** ERROR # 4965 ***
Maximum number of time increment cutbacks reached,
analysis aborted.

Finger as main
Slot as secondary

= |n this example, the non-convergence could be attributed
to the initial choice of master and slave surfaces which
causes penetration as can be seen in the animation.

Time = 0.00000E+00 0 2 4 6 8 10 12 14 16 18 20 22 24
0S_E_0155_Snap_Fit2.h3d Displacement

= When the surface with a coarser mesh (Finger) is
assigned as the main as in Snap_Fit2, there is no
penetration. The run proceeds farther but this run also
fails to converge with *** ERROR # 4966 ***
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Animations: Examplel: Snap Fit — Runs 2 & 3 STIFF = SOFT in Snap_Fit3
50

OptiStruct Nonlinear Convergence
Examplel: Snap Fit— Runs 2 & 3

= |f convergence is not obtained using the default penalty
stiffness option STIFF=AUTO, the SOFT option can be
used. The SOFT option uses a lower penalty stiffness
than the default AUTO option.

Snap_Fit2
Snap_Fit3

454

401

= When STIFF=SOFT is used in Run3, the run proceeds
farther but this run also fails to converge with
% ERROR # 4966 ***

354

304
Time = 0.00000E+00

0S5_E_0155_Snap_Fit2.h3d Failed to

converge

= Though the run crossed the peak load, complete
unloading may be desired in case a retraction analysis
needs to be performed.

25

SPC Force

204

= Tips: If a correct choice of main and secondary surface is
used and still some penetration is noticed, then it could
be an indication that the contact penalty stiffness is not
adequate. In this case STIFF=HARD can be used.

154

104

Additional N2S contact can be used for sharp edges to
capture edge-to-surface interaction.

Time = 0.00000E+00 0 2 4 6 & 10 12 14 16 18 20 22 24
0S5_E_0155_Snap_Fit3.h3d Displacement




© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved

OptiStruct Nonlinear Convergence

2\ ALTAIR
Examplel: Snap Fit — Runs 3 & 4 . _ : :
Animations: Examplel: Snap Fit — Runs 3 & 4 EPSU, EPSP=0.0001 in Snap_Fit4
= In the case of NLPARM, the convergence criteria or the 50 —
error tolerances EPSU & EPSP are not applied on the SnaE‘FM
maximum displacement correction and the maximum 431 -
residual force respectively. 20
= They can be considered to be applied on the displacement 2
and residual force in an average sense. Hence there can
be some error accumulated in the solution, leading to non- 30
convergence. Time = 0.00000E+00
05_E_0155_Snap_Fit3.h3d & 75
= When the error tolerance for displacement (EPSU) and §
load (EPSP) in NLPARM are reduced to 1e-4 from the 204
default value of 1e-3, the run fully converged. This may
seem counter intuitive. Due to the nature of the NLPARM 154
criteria, the error accumulated is less with a tighter
tolerance and this helps to obtain convergence. 104
= A lower error tolerance than the default for EPSU and 5
EPSP can be expected to give a higher quality of results,
though at the expense of increase run time. If accuracy is Time = 0.00000E+00 Gu 3 A & & 10 12 14 16 18 20 22 24
very important, the tolerances can also be lowered to 1e-5 05_E_0155_Snap_Fit4.had Displacement

or le-6

= Some of the drawbacks of the convergence criteria used in
NLPARM are remedied with NLCTRL which is used in
Snap_Fit5.
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Examplel: Snap Fit— Runs 4 & 5

» Inthe case of NLCTRL, the convergence criteria are applied on the maximum
displacement/rotation correction and maximum residual force/moment. Details of NLCTRL can be
obtained from the OptiStruct Reference Guide. NLCTRL with default options is used in Snap_Fit5.

= Though a significant difference is not seen between the results obtained using NLPARM and
NLCTRL for this example, the results obtained using NLCTRL are expected to be of higher quality
in general, due to the tighter convergence criteria used with NLCTRL compared to NLPARM by
default. So NLCTRL should be the preferred convergence criteria.

= NLCTRL is not supported in Hypermesh as of version 2022.3 and hence it has to be created using
BULK_UNSUPPORTED_CARD and called in a subcase using SUBCASE_UNSUPPORTED
option.

Control Card = 1

HLCTRL ,18,DT,8.081,DTHAX, 8.81,DTHIN,1e-7 T MNLCTRL=10

4

= Another option that is popular among users is contact stabilization (CNTSTB bulk data card).
CNTSTB is recommended primarily to stabilize any rigid body motion prior to contact initiation.

= Contact stabilization could be used for contact problems with instabilities like snap-fit if there are

convergence difficulties. Contact stabilization introduces artificial energy that can delay the open-to-
close and close-to-open transitions, and it should be used with caution. The user should be mindful

of the artificial energy dissipated when using contact stabilization.

» This example does not warrant the use of CNTSTB and hence it is not showcased here.

10
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NLCTRL used in Snap_Fit5

55

Snap_Fitd (NLPARM, EPSU=1e-4,EP5P=1e-4)
Snap_Fit5 (MLCTRL default)

504

45

SPC Force
[ w ¥ $=
vy i g i

[}
=)

=
g

104

0 2 4 6 8 10 12 14 16 18 20 22 24
Displacement
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Examplel: Snap Fit— Runs 6 & 7

= Snap_Fit6: The rounded corners in the model used for the previous
runs were changed to sharp corners. The slanted portion of the
finger was also removed. As a result, the response shows local
instabilities and the NLSTAT (nonlinear static) run fails to converge.

= The run with load stabilization (Snap_Fit6+STABILIZ) also fails to
converge. The stabilization factor used for the run with stabilization is
100. Higher values for the stabilization factor is not used as higher
values can negatively impact the accuracy of the solution.

= Instead, a better approach to solve such problems with local
instabilities is to use nonlinear transient analysis with the Backward
Euler Method, referred to as DTRAN (BWE) in this report.

= |t suffices to say that DTRAN (BWE) provides stability due to the
inclusion of the inertia term and the numerical damping due to the
time marching scheme. Details of DTRAN (BWE) and its use for
other applications can be found in the Altair KB article
by the author.

Finger edge

Contact 1: N2S contact between the Slot and Finger
Contact 2: N2S contact between the Finger edge and Slot

= The run referred to as Snap_Fit7 in this document uses DTRAN

. : ) Parameters used in Snap_Fit7 (Format of the cards is given in the manual)
(BWE) with NLPARM. The nonlinear parameters used for this run

are shown here. They should not be copied for other problems as TSTEP 1;
: +
they are not universal values that apply to all problems. + o1
5
HLPARH 16 0,001 up
+ 1.0-4 1.0-4
+ .z
5
1 WLADAPT L7HCUTS 10DTHAX 0. 001DTHIN 1.0-7



https://community.altair.com/now/nav/ui/classic/params/target/kb_knowledge.do%3Fsys_id%3D6c5caa171bdc45d4507ca6442a4bcb51%26sysparm_view%3Dknowledgearticle%26sysparm_record_target%3Dkb_knowledge%26sysparm_record_row%3D6%26sysparm_record_rows%3D9%26sysparm_record_list%3Dworkflow_state%253Dpublished%255Eauthor.nameSTARTSWITHmohan%255EORDERBYzztextsearchyy
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Examplel: Snap Fit— Runs 6 & 7

DTRAN (BWE) used in Snap_Fit7

Animation: Examplel: Snap Fit — Run 7

45
e  Snap_Fith + STABILIZ '

407 Snap_Fit7

354

L
L]
1

Pt
n
i

SPC Force (Mertical)
G-

104

: _ -5 r : : r r r r
Time ﬂ.ﬂDﬂQﬂEm 0 3 4 & 8 10 12 14 16
O5_E_0155_Snap_Fit7.h3d Displacement (vertical)

12
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Examplel — Summary of Tips

13

Non-convergence cannot always be fixed by reducing the minimum time increment allowed DTMIN or increasing the maximum number of cutbacks
allowed NCUTS.

When there are errors like ** ERROR # 4966 *** Minimum time increment reached, analysis aborted or *** ERROR # 4965 *** Maximum number of
time increment cutbacks reached, analysis aborted, the user should perform some diagnostics of the model to check if there are any modeling issues
that could cause non-convergence.

Penetration can be avoided if a surface with a coarser mesh is used as the main and the surface with a finer mesh is used as the secondary.

If convergence is not obtained using the default penalty stiffness option STIFF=AUTO, the SOFT option can be tried. The SOFT option uses a lower
penalty stiffness than the default AUTO option.

If the correct choice of surfaces is used for the secondary and main and still some penetration is noticed, then it could be an indication that the contact
penalty stiffness is not adequate. In this case STIFF=HARD can be used.

Additional N2S contact can be used for sharp edges to capture edge-to-surface interaction.

The default value of the error tolerances EPSU and EPSP in NLPARM can give low quality results due to the accumulation of error in the incremental-
iterative solution process and cause non-convergence. Using a tighter error tolerance like 1.0e-4 can reduce the error in the solution and prevent non-
convergence, though at the expense of CPU time. If higher accuracy is important, a lower tolerance like 1e-5 or 1e-6 can be used.

In general, NLCTRL is expected to give a higher quality of results due to the default tighter convergence criteria/tolerance than NLPARM. The user is
encouraged to use NLCTRL in place of NLPARM, though NLCTRL requires the use of unsupported entries in Hypermesh until NLCTRL card is made
available in Hypermesh.

When there are local instabilities expected in the response (snap fit, local buckling of thin-walled shells etc.), nonlinear transient analysis using the
Backward Euler Method can be a better alternative to nonlinear static analysis with load stabilization.
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Example2: Denting Analysis

14
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Example2: Denting — FE Model & Initial Settings

Fixed

E=210000 MPa, v=0.3. MATS1 with curve as shown

= CQUAD4 elements

Fixed
= N2S contact with DISCRET=CONSLI z Impactor (RBODY)
v A Secondary
= PCONT with STIFF=AUTO, Mu1=0.1 % | Radius=62.5 mm
[ =% Ppanel Y-Symmetry All dof except dof=3
= NLPARM with DT=0.001, CONV=UP, EPSP=EPSU=1.0e-4 Main constrained

634x634 mm
= NLADAPT with NCUTS=10, DTMAX=0.05, DTMIN=1e-6

= PARAM, AUTOSPC,NO

= A fine mesh is not used as it is not critical to obtain accurate stresses
and strains for the demonstration.

500
= Force is applied on the RBODY with initial gap purposely to 430
demonstrate the non-convergence and some common remedies to ‘;052 Impactor Thickness = 2.0mm
overcome the non-convergence are shown in the next sections. w Panel Thickness = 2.0mm
L 30 Thickness gap = 2.0mm
. . . n 250 iti =
= Of course, enforced displacement could be used in which case the S o E#éilts/ngasfrngm
remedies mentioned here are not required. - 150 '
100
50
000 002 004 006 008 010 012 o014

True Strain

15
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Example2: Denting — Run List

Run

#1 Dentl
#2 Dent2
#3 Dent2a
#4 Dent3
#5 Dent4

16

Secondary Main

Impactor
Impactor
Panel

Impactor
Impactor

Panel
Panel
Impactor
Panel
Panel

CNTSTB Springs Gap

No
No
No
Yes
No

No
No
No
No
Yes

2.1
2.0
2.0
2.1
2.1
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Example2: Denting — Runl

17

Dentl with the initial settings failed to converge with warning #3400.
OptiStruct lists the possible reasons in the .out file to help the user diagnose
the problem. But not all reasons may be applicable for a given problem.

In this case, reason 2 could be considered as the closest that is applicable.
Since a load is applied on a RBODY (impactor) with an initial gap between
the impactor and the panel, the rigid body motion of the impactor is not
prevented.

In this case, the nonlinear solution does not converge regardless of the size
of the initial load increment and the number of cutbacks. Eventually the run
fails with the common error when DTMIN is reached.

*** ERROR # 4966 *** Minimum time increment reached, analysis aborted.

As mentioned before, just reducing DTMIN or allowing more cutbacks than
default does not overcome the non-convergence. Just for the sake of
demonstration, with NCUTS=10 and DTMIN=1e-10 in NLADAPT, the
following common error is obtained

*** ERROR # 4965 *** Maximum number of time increment cutbacks
reached, analysis aborted.

This kind of singularity in the model is not removed by using
AUTOSPC = YES since the singularity is not due to a lack of stiffnessin a
degree of freedom.

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved
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Honlinear iteration sunnary for Subcaze 1

Starting load increment 1 Current increment 1. 0000E-03

Subca=e 1 Load =tep: 1.0000E-03

Heasures
EWI

Honlinear Err.
Iter Awg. U EUI EPI

Gap and Contact Element Status HaxEquiw
Open Closed Stick Slip Frozen FPlasStrn

*xx [TARNING # 3400
Singularity detected at following 1 DOFs.
Pos=ible reasons are:
1) insufficiently constrained model.
2) hawving rigid body mechanisms within the model,
3) extremnely ill-conditioned rigid element sets.
4) extrenely thin shells {as used for skinning) that have HID2-HID3I,
5) gap elements with extremely high stiffnes=s (KA. especially KT or HU).
6) extrensely high Poisszon's ratioc in hyperelasticity material definition.
Check the model and rerun the problem.
(HECHCHECE may be used to find the rigid body modes. To do =o,
change the input to be an eigenwvalue analvy=si= and add HECHCHECEK . )
[WARNING: result=z cbtained with HMECHCHECK cannot be used because
the model is changed internally.)

iGrid Ho. Component

678 3

Of course, if an enforced displacement is applied on the impactor, the
singularity is removed. The value of displacement to be enforced may
not be known apriori. Hence the reaction forced has to be monitored.
Multiple enforced displacement runs may have to be performed in order
to obtain the correct level of the reaction force.
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Example2: Denting — Runs 2 & 2a Thickness Gap = 2.0mm in Dent2 & Dent2a
Secondary & Main Switched in Dent2a

= In Dent2, the initial gap between the impactor and the

panel is set to 2.0mm by moving the impactor down by Animations: Example2: Time:ﬂ-%mg;gg s
1 — e, i

0.1mm Denting — Runs 2 & 2a 2400 m  Dentos
= This brings the impactor to be in contact with the panel at 2000

the beginning of the analysis and hence the rigid body

motion of the impactor is prevented. 1600
= |n Dent2a, the secondary and main surfaces are switched g

just to demonstrate that for this problem and the mesh _ L 1200

size, the choice of secondary and main does not affect the Time = 0.00000E+00

convergence. Dent2a.h3d o

400 Unloading

0 2 4 6 8 10 12 14 16
Displacement

Flastic Strain

0.048
l 0.010
0.009

— 0.oo07

0.006
l 0.005

Z Secondary and main are in contact I ggg:
at the beginning of the run. ' L )
‘{\t’ X Thicknesgs gapEZ.Omm | Animation: Example2: Denting

Run 2, Plastic Strain

18
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Example2: Denting —Runs3&4 Contact Stabilization (CNTSTB) used in Dent3
= |n Dent3, the initial gap between the impactor and the panel is set to 14000 :S;{;ﬂ g?:ggv CNTSTB:
2.1mm and contact stabilization (CNTSTB bulk data card) is used to 0001 Plastic Diss. , S0=1.0. S1=0.0
stabilize the rigid body motion of the impactor. / SCALE=0.001
10000
= The main purpose of contact stabilization is to stabilize such rigid body o Labels as provided
motion prior to contact. Contact stabilization introduces artificial energy g °°° by OptiStruct
that can delay the open-to-close and close-to-open transitions, and it * eonol
should be used with caution.
4000
= OptiStruct automatically generates the files _e.nlm and _energy.mvw and 20001
they can be used to monitor the energy dissipated due to stabilization
(Iabel ContaCt Stab in the p|0t) o0 01 02 03 04 05 06 07 08 08 10 11 12 13 14 15 16 1.7 18 18 20

Time

= The contact stabilization energy should preferably be a small percentage

(5%) of the Internal Energy. This is not a rule, but just a guideline. 2400/ g‘*“ts
------- ent
X . i . X . * Dentd
= Another option to stabilize such unconstrained rigid body motion is to use 20001
weak springs. Grounded CELAS?2 element in DOF=3 is used with
K=0.1IN/mm in Dent4. 1600
1]
Weak Grounded Spring used in Dent4 S 1200
Zero or blank can be used to indicate a 8001
grounded terminal G1 or G2 of a
CELAS2 element with a corresponding 4001
blank or zero C1 or C2. So an SPC
need not be created explicitly. 0

0 2 4 6 8 10 12 14 16
Displacement

19
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Example2 — Summary of Tips

= Applying a force on a rigid body (RBODY) can cause the singularity warning *** WARNING # 3400 and the run will eventually fail to converge
regardless of the size of the increment and the number of cutbacks.

= Enforced displacement on the RBODY can be used instead. If the correct value of enforced displacement is not known apriori and a force of known
magnitude must be applied on a RBODY, the following remedies can be used:

= If there is an initial gap between RBODY and the matting surface, the RBODY can be moved so that contact is established at the beginning.
This prevents the rigid body motion.

= If moving the part(s) to close the initial gap is not possible, weak grounded springs can be connected to the RBODY to prevent the rigid body
motion or eliminate the ill-conditioning of the system of equations. A very small initial value for the spring stiffness can be used. If the solution
converges with a small value, the spring stiffness can be further reduced.

= If moving the part(s) to close the gap is not possible, contact stabilization (CNTSTB) can also be used to stabilize the rigid body motion. It is

preferable to start with a small value for the stabilization stiffness scale factor SCALE in CNTSTB and gradually increase it until convergence
is obtained. The stabilization energy should be monitored so that it is (preferably) not more than 5% of the Internal energy.

20
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Example3: Deformable Blocks

21



OptiStruct Nonlinear Convergence
Example3 — Deformable Blocks

E=2000 MPa, v=0.3

= CHEXA 1%t order elements

= PCONT with STIFF=AUTO, Mul=0

= NLPARM with DT=0.1, CONV=UP, EPSP=EPSU=0.0001
= NLADAPT with NCUTS=15, DTMAX=0.05, DTMIN=1e-10
= PARAM, AUTOSPC,NO

= S2S contact with DISCRET=CONSLI

= CONTPRM,LSLDCLR,YES

22
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15kN RBE2 with all
DOF except DOF
3 constrained

Main
10x10x10 mm

=1.000

Secondary
10x10x10 mm

Bottom Fixed



OptiStruct Nonlinear Convergence
Example3: Deformable Blocks — Runl

Run Block1 fails to converge

In this example, though the top block is not a RBODY, due
to the gap between the two blocks, the rigid body motion of
the top block is unconstrained.

Though there is no singularity warning in the .out file as in
Example2, the non-convergence can be attributed to the
rigid body motion of the top block.

The _nl.out file shows very large displacement correction
and very large penetration correction as a result of the
unconstrained rigid body motion.

The run eventually fails to converge after 15 cutbacks as the
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Honlinear diteration sumnary for Subcase 1
Starting load increment 1 Current increment 0.1000E+00
Subcase 1 Load step: 1.0000E-01
Honlinear Err. Heasures Gap and Contact Element Status MaxEgquiv

Iter Avg. U EUI EFI EWI Open Closed Stick Slip Frozen PlasStrn

MAX FORCE —.1500000000D+04 AT NCODE 1675 DOF 3

MAX RESIDUAL FORCE 0.8519168642D+19 AT NCODE 1492 DOF 3

MAX DISPLACEMENT —.1843928417D+15 AT NCODE a17 DOF 3

MAX DISPLACEMENT INCEEMENT — 1843928417D+15 AT NCODE a17 DOF 3

MAX DISPLACEMENT CORRECTION — 1843928417D+15 AT HCOLDE 917 DoOF 3

CONVYERGENCE ERROR OF DISP 0.1000000000D+01

CONVYERGENCE ERROR OF LOAD 0.6855888973D+02

MAX PEHNETRATION CORRECTION 0.1843928417D+15 AT HCOLDE 63 CONTACT ID 1

CONTACT INTERFACE Contact (ID 2. I0_13
MAX PRESSURE CORRECTION 0.3078842526D+19 AT W CONTACT ID 1

ODE
CONTACT INTERFACE Contact (ID_2.ID 1}

CONTACT PENETRATION TOO LARGE
CUTEBACK DUE TO LARGE PENETRATION
1 7.34E+11 1.00E+00 6.8&E+01

Adjusting load increment

110 0 0 0 0.00E+00

1l {correction # 1) Current increment 0.2500E-01

minimum time increment is reached.

For this example also using weak grounded springs or
CNTSTB can prevent the rigid body motion.

But for this example the use of the CLEARANCE option in

Adjusting load increment 1 {(correction #15).

Subcase

1

Current increment 9.3132E-11

Honlinear Err.
EUI

Iter Avg. U

Load step: 9.3132E-11
Mea=zures Gap and Contact Element Status HazEgquiwv
EFI EWI Open Closed Stick Slip Frozen FlasStrn

PCONT bulk data card is demonstrated in the next section.

*xx%x ERROR # 4966

Minimum time increment reached.

R

analy=is aborted.
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J\ ALTAIR
Example3: Deformable Blocks — Run2
= Atypical use case of CLEARANCE is where the secondary and main entities can be clearly selected and the initial
contact penetration/opening is precisely known. In this case, the initial contact penetration can be directly specified to Animation: Example3
avoid approximation error from meshing. A good example is an interference fit between two cylindrical surfaces. Deformable Blocks — Run 2

= For this example CLEARANCE is used to prevent the rigid body motion of the top block. By setting CLEARANCE=0.0,

the initial gap between the contacting surfaces is considered as closed. Now the two surfaces will be considered Time = “'Slmiﬁrgg
OCK.L

touching at the beginning of the analysis regardless of their actual location and hence the rigid body motion of the top
block is prevented.

= Using CLEARANCE overrides the calculation of initial gap based on the actual location of the nodes. CLEARANCE is
now equal to the distance that Secondary and Main have to move towards each other in order to close the contact.

= Some limitations of CLEARANCE option are as follows:

o CLEARANCE cannot be set in conjunction with non-zero contact interface padding (GPAD). GPAD is ignored
with CLEARANCE

o CLEARANCE on the CONTACT entry cannot be used in conjunction with PID of a PCONT card. In this case,
clearance must be specified on the PCONT card.

o In order to use CLEARANCE with TRACK=FINITE or TRACK=CONSLI, CONTPRM,LSLDCLR,YES should
be set to bypass the restriction.

= For this example TRACK=FINITE or CONSLI is not required. CONSLI is used mainly to demonstrate the option
CONTPRM,LSLDCLR,YES.

=  When prescribing CLEARANCE on the PCONT card, the contact zone and SRCHDIS should be selected to involve
only the desired secondary/main pairs. Otherwise, secondaries that are not supposed to be engaged in the contact
initially will also be engaged, resulting in an inaccurate solution. This is illustrated in the next example using the same
model used in Example2: Denting.
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Pitfall of Using CLEARANCE
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Pitfall of Using CLEARANCE Animation: Pitfall of Using Clearance — Dent2, Dent5 A ALTAIR
. . . . Time = 0.00000E+00 ]
= This can be considered as a continuation of Example2. The model Dentzhad|  °° Dent2
used for Dent5 is same as that used for Dent2 but with the initial 2000 Dents
gap setto 2.1 and CLEARANCE=0 in the PCONT card used in the
contact definition. L%
E 12004
= |n the denting simulation, the initial contact occurs at a single point Time = 0.00000E+00
which is the center of the impactor. When CLEARANCE=0 is used Dent5.h3d| 8007
with the default SRCHDIS, multiple secondary nodes are engaged 2001
in the contact initially, resulting in an inaccurate solution.
Contact is initiated s A BB o @ b e
= |In Dent6, two contacts are used. One in which only the center over a wider area Displacement

node of the impactor is used as the secondary with
CLEARANCE=0 and the other in which the rest of the impactor

nodes are used as secondary without clearance. Animation: Pitfall of Using Clearance — Dent2, Dent6

Time = 0.00000E+00)| 24004
Dent2.h3d

20004

= The result from Dent6 is closer to that from Dent2, but the
kinematics is still not accurate as GPAD is ignored for the center
node.

16004

= For this example using CLEARANCE is not desirable. Moving the
impactor so that it is just in contact with the panel is the easiest
remedy that gives the most accurate solution.

L1}
¢
2 1200

Time = 0.00000E+00
Dent6.h3d 8001

4004

= Using CLEARANCE is more appropriate in cases where the
surface nodes are not highly irregular or the physical distance
between the surfaces is not significantly greater than the specified
clearance.

0 2 4 6 & 10 12 14 16
Displacement
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