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Coreform Process
Required card types

Control Model

Problem

Control Timestep

Part

I:I User-defined in Coreform Process

- Created by "build uspline" command

- Created by "build uspline" with user defined
setting

Element Formulation

\

Material
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Coreform Process
Output cards

Subdomain output field

Function temporal Subdomain

I:I User-defined in Coreform Process

- Created by "build uspline" command

- Created by "build uspline" with user defined
setting



et

’\

»-coreform

Coreform Process

Displacement Boundary
Condition cards

I:I User-defined in Coreform Process

- Created by "build uspline" command

- Created by "build uspline" with user defined
setting

Problem

Problem boundarycondition

Subdomain nodal dva

Function temporal Subdomain
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Coreform Process
Pressure load cards

Problem

Problem field load

Subdomain scalarfield load

I:I User-defined in Coreform Process . .
Function temporal Subdomain

- Created by "build uspline" command

- Created by "build uspline" with user defined
setting
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Coreform Process
Contact cards

Problem

\

Problem contact surface

\

Contact surface

I:I User-defined in Coreform Process Formulation contact Subdomain

- Created by "build uspline" command

- Created by "build uspline" with user defined
setting




Overview

This tutorial will simulate the dynamic
pressure loading of the part shown on the
left. The pressure graphed on the right will
be applied to the inside of the part, and the
resulting displacementwill be observed.

The problemwill be modelled using half of
the given part, with symmetry boundary
conditions.
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Problem 1: Simple unstructured solid simulation

300

0.0

0.5
Time (s)
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Learning Objectives

Tutorial participants will:
« Mesh a swept solid in Trelis and build a smooth spline over the mesh

« Setup and run a simple simulation on a semi-unstructured solid
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Open Part

4
‘\t—’
A

This file is available at https://coreform.com/shortcourse/PressureVessel/pressurevesselpart.trelis



o<

Command Panel Bx
Mode - Geometry

Operation - Decompose Geometry
| |
mlmaaely
B R (E|R
Entity - Volumes

P A=

@ coordinate Plane v

Volume ID(s) 1

Yz * ZX XY
Offset Value 0

Rotate Plane

Imprint

Merge

Group Results

@ (2] Preview Apply

- ()r -

webcut volume 1 with plane yplane
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Delete half of the part

Command Panel P®
Mode - Geometry

A99 <=0

Operation - Delete Geometry
| |
maaaey
B X\ =
Entity - Volumes

P Q| oa

Volume ID(s) |2|
Keep Lower Geometry

(O]R2}

Apply |

- ()r -

delete volume 2

~
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Set mesh element size

Command Panel {E0]Es)
Mode - Mesh
A99 =0
Entity - Volumes

| @il Approximate size =

Select Volumes

L |

Approximate Size 1 |

| Preview

_Or_

volume 1 size 1
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Command Panel B
Mode - Mesh

|IPaue '|

Select Surfaces

[z |

Allow 1 Triangle

Paver Cleanup

(%) On ) off () Extend

‘@| f) ‘Apply Sgheme|
¥ Check For Overlapping Surfaces

¥ Apply Scheme Before Meshing

Scheme: pave Mesh X
- Or -

surface 7 scheme pave
mesh surface 7



Mesh volume as swept surface

-

volume 1 scheme sweep source

mesh volume 1

surface 7 target

surface 8

Command Panel
Mode - Mesh

A99-<=0
Entity - Volumes
B @ik
24 82|A|—|+
5% -
Action - Mesh
| 9|2

RArdL)
HE LY e

R

s sweep
Select Volumes

1

® Specify Source and Target
Auto Select Source and Target

Source Surface ID(s) 7

Target Surface ID 8

® Default Extrude Advanced

v | Check For Overlapping Surfaces
| Apply Scheme Before Meshing

Scheme: sweep |

Mesh

|
K
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Create block

Command Panel @®
Mode - Analysis Groups and Materials

Q99 -~ =0

Entity - Blocks

HE9 e

Action - Create

- I EITIE
1l Create block -

Block ID 1

Block Name | Pressure Vessel

Select
Group Tet
® Volume Face

Surface Tri
Curve Edge
Vertex Node
Hex

ID(s) |1

Allow Blocks to Contain Duplicate Elements

Reset All Blocks

olkp) e
_Or-

block 1 add volume 1
block 1 name "Pressure Vessel"
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Create sidesets -

symmetry boundary seN- m
H9 e

Action - Create sideset

DE» 9@
gi| R

Sideset ID it

Sideset Name |Symmetry Boundary

Select
® Surface Face
Curve Edge
Group Tri
ID(s) 78

With Respect To

Direction

L.

. Reset All Sidesets
sideset 1 add surface 7 8

sideset 1 name "Symmetry Boundary" @ 9 [ aoply |
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Create sidesets -
299~ =D

Entity - Sidesets

pressurized surface
H9 e

Action - Create sideset

DE» =99

fi| R

S]]

Sideset ID 2
Sideset Name Pressurized Surface

Select
a o Surface Face
rl Curve Edge
Group Tri
ID(s) 910 12

I
il

With Respect To

e

Direction

R

sideset 2 add surface 9 10 12

sideset 2 name "Pressurized Surface" Reset Al Sidesets

@9

Apply

The mesh atthis pointis available at
https://coreform.com/shortcourse/PressureVessel/pressurevesselmesh.trelis
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Generate and view simulation geometry cards

The simulation cards tab should now look like this:

Command tine .® Simulation Cards @®
Trelis>sideset 2 name "Pressurized Surface" =
Journaled Command: sideset 2 name "Pressurized Surface” @ @ 5 @ [@
. =] 10001 - basis_uspline
Trells>undco group er‘d d d =] 20001 - basis_uspline
Journaled Command: undo group en ] 1 - basis_uspline_tensor_product
Trelis>build uspline from mesh <=== & 1 - domain_spline_solid

3 E 1 - patch
\ seript /\ cOmmand/@/\History/ = 1 - subdomain_elems - Pressure Vessel

E] 2 - subdomain_elems - Symmetry Boundary

. . .. . = 3 - subdomain_elems - Pressurized Surface
Build is finished when Trelis> prompt returns. i

=] version

Select "Simulation Cards" tab in bottom right

Command Panel Flex Workflow | Simulation Cards

Command Panel  Flex Workflow | Simulation Cards



Adding Cards

Simulation Cards @®

=8 & & &
[E] 10001 - basis_uspline

[ 20001 - basis_uspline

[E 1 - basis_uspline_tensor_product

E 1 - domain_spline_solid

E 1 - patch

[ 1 - subdomain_elems - Pressure Vessel

E 2 - subdomain_elems - Symmetry Boundary

E 3 - subdomain_elems - Pressurized Surface

E version

Command Panel  Flex Workflow = Simulation Cards

Poag
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[

I Search

basis_uspline

contact_surface

control_model
control_time_integration_generalized_alpha
control_time_integration_newmark
control_timestep_implicit_dynamic_2nd_order
control_timestep_quasistatic_pc
domain_spline_solid

formulation_contact

formulation_solid
function_spatial_temporal_vector_valued_6
function_temporal_constant
function_temporal_linear_interpolation
include

material_isotropic_elastoplastic
material_isotropic_elastoplastic_logarithmic
material_isotropic_linear_elastic
material_yield_surface_properties_von_mises
part

patch

patch_operation_extrude

problem

problem_boundary_condition

problem_contact _surface
bl finld Lo

Xcoce
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Add material and formulation cards

material_isotropic_linear_elastic formulation_solid
desc ‘Steell <= desc Linear elastic 3d solid <=
material_id formulation_id
formulation_type lsolid_3d <= -
®E 1000 <$===m quadrature QP1 .
E_time_dependent_function_temporal_id material_id 1 - material_isotropic_linear_elastic <4 x

E_temperature_dependent_function_temporal_id

nu 0.3 <=
rho 100 <=

thermal_expansion 0

£) | Applyg==m €)|| Apply <=
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Add part card

part Select an Id X

desc Pressure Vessel <==m Search
i
part_id 2 - Symmetry Boundary
. . . . . 3 - Pressurized Surface
formulation_id | 1 - Linear elastic 3d solid <= v
subdomain_ids + | [X
1 - Pressure Vessel <=

X cancel

temperature_id

€)|| Apply <==



Add timestep cards

control_time_integration_newmark

desc Trapezoidal integration scheme <==m
control_time_integration_id

beta 0.25 <=
gamma |0.5 <= |

) Apply <==m

P oA )
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control_timestep_implicit_dynamic_2nd_order

desc implicit dynamic timestep <=
control_timestep_id
control_time_integration_id | 1 - Trapezoidal integration scheme vh
predictor_type CONSTANT_DISPLACEMENT v
max_corrector_step_n 10
newton_tol_abs le-32
newton_tol_rel 1e-06
delta_tol_abs le-32
delta_tol _rel 0.001
line_search
line_search_tol 0.5

€) | Apply <=
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Add problem and control_model cards

control_model

problem = desc |Global Parameters| <= ]
desc Pressurization of Vessel <= ‘ control_time

problem_id initial_time_step 0.1 <=
part_ids || X termination_time |1

1 - Pressure Vessel < adaptive_timestep

iteration_optimal

iteration_window

control_timestep_id | 1 - control_timestep_implicit_dynamic_2nd_order ~<¢m=m i

e Han )| x reduction_factor
delta_t_min
delta_t_max
control_linear_solver
b control_problem 1 - problem <=~
0 Apply <= enahle narent hasis 3

) Apply <==m
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Add temporal functions

function_temporal_constant
desc |Always and Forever <= |

function_temporal_id

value 1

birth 0

death 10000000000
tol le-10

€) || Apply ¢==

function_temporal_linear _interpolation

desc |Pressure variation with time| <= l

function_temporal_id

birth 0

death 10000000000

tol le-10

graph 5| X
t f(t)

10 < 0 <

211 <= 1 ]

€) |  Apply <=
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Add symmetry boundary condition

subdomain_nodal_dva

desc Symmetry Boundary Condition <= problem_boundary_condition
subdomain_nodal_value_id desc Associate BCs with problem| <= ]
subdomain_id 2 - Symmetry Boundary <= - problem_id 1 - problem v
dva_type DISPLACEMENT <= -~ subdomain_nodal_value_ids 4 || X
UX 0 1 - Symmetry Boundary Condition <=
v UY <=m 0
uz 0
RX 0
RY 0
RZ 0
e function_temporal_id 1- Always and Forever —<$==m~

function_spatial_temporal_id
€) | Apply ==
€) | Apply <==m
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Add pressure load

subdomain_scalar field_load problem_field_load
desc Pressure on inside face <= desc Associate load with problem| <=
subdomain_field_value_id problem_id 1 - problem v
subdomain_id 3 - Pressurized Surface <= - subdomain_field_value_ids % | X
load_type EIREEIIE - 1 - subdomain_scalar field_load <=
L]
magnitude 300 <
domain_type reference <==- ‘

function_temporal_id | 2 - Pressure variation with time = <==m~

function_spatial temporal_id

£)|  Apply <= €) | Apply ¢==
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Add output

subdomain_output _field
desc Data output settings <= |

subdomain_output_id

subdomain_ids 4| X

1 - Pressure Vessel ]

function_temporal_id 1 - Always and Forever _ -
field_types

V| displacement ~ <{===m
velocity

acceleration

delta_time

o delta_step |1 <=

file_name_prefix results

file_type vtk -
sample_type BEZIER <= - @
v cache_basis_evals

V! include_elem_outlines

solution_type current -

bezier_projection_relative_continuity

€)||  Apply <==m
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Input finished

Trelis Pro 17.1b

File Edit Di

play Tools

Help

DOoOEFF DRE@® o 9TTFTIFILPLLECALIFEIIT 2 -

Model Tree ®

Current View | Full Tree -

Name
- @ Volumes
+ @ volume 1 1
» &5 Groups
+ i Boundary Conditions
» @ Materials
- @ Blocks
@ pressure Vessel 1
- Side Sets
¥ symmetry Boun... 1
JH Pressurized Surf... 2
HH Node sets
[l Boundary Layers

0
* seript /\ Command /\ Error |\ History /

Your window should now look like this:

&> 4=

Simulation Cards

=8

=1 10001 - basis_uspline

I 20001 - basis_uspline

=11 - basis_uspline_tensr_product

1 control_model - Global Parameters

=11 - control_time_integration_newmark - Trapezoidal integration scheme
11 - control_timestep_implicit_dynamic_2nd_order - implicit dynamic timest:
1 1 - domain_spline_solid

11 - formulation_solid - Linear elastic 3d solid

EI 1 - function_temporal_constant - Always and Forever

1 2 - function_temporal linear interpolation - Pressure variation wi
111 - material_isotropic_linear_elastic - Steel

I 1- part - Pressure Vessel

E=11-patch

11 - problem - Pressurization of Vessel

=1 1 - problem_boundary_condition - Associate BCs with problem
11 - problem field_load - Associate load with problem

=11 - subdomain_elems - Pressure Vessel

12 - subdomain_elems - Symmetry Boundary

=1 3 - subdomain_elems - Pressurized Surface

11 - subdomain_nodal_dva - Symmetry Boundary Condition
11 - subdomain_output_field - Data output settings

11 - subdomain_scalar field load - Pressure on inside face

=1 version

BE

J

Command Line
Degree: 2 =
Continuity: 1

Domain: solid

Building uspline and patch...Done

Writing Cards...Done

Journaled Command: build uspline from mesh

Trelis>
] v
Flex Workflow

Command Panel Simulation Cards

Warking Directory: jhome/calebg/treliscubit_build/claro/bin Q
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un simuiation RN

Look in: [ /homejcalebg/shertCourse/Pressurevessel - Q O O ﬁ. @ @

Simulation Cards @® & computer

7 caleb
=8 % @@ g

[E] 10001 - basis_uspline

E 20001 - basis_uspline

[E 1 - basis_uspline_tensor_product

E control_model - Global Parameters

= 1 - control_time_integration_newmark - Trapezoidal integration scheme
E 1 - control_timestep_implicit_dynamic_2nd_order - implicit dynamic timest
E 1 - domain_spline_solid

E 1 - formulation_solid - Linear elastic 3d solid

E 1 - function_temporal_constant - Always and Forever

= 2 - function_temporal_linear_interpolation - Pressure variation with time
[E 1 - material_isotropic_linear_elastic - Steel

El 1 - part - Pressure Vessel File name: |PressureVesseISim\ | { ke save I
E 1 - patch
E 1 - problem - Pressurization of Vessel IESERTTER (paddd ~ | cancel

=l 1 - problem_boundary_condition - Associate BCs with problem
[E 1 - problem field_load - Associate load with problem

E 1 - subdomain_elems - Pressure Vessel Command Line 3 ®
E 2 - subdomain_elems - Symmetry Boundary

E 3 - subdomain_elems - Pressurized Surface

= 1 - subdomain_nodal_dva - Symmetry Boundary Condition
E 1 - subdomain_output _field - Data output settings

& 1 - subdomain_scalar field_load - Pressure on inside face
E version

© canceljob | M x

\ Script / \ Command / \ Error / \ Ristory /\ Coreform Analyze Prcssurevesselslm/




View Results

Command Line P®

Post Process |||] Close

ParentBasis: timer 0: 0
PatchBasis: timer 0: 17.547
Solver process exited normally with exit code 0

\ Script / \ Command /\ Error /\History/\Coreform Analyze - PressureVesseISnm/ E
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Set Post Process Executable
& oo

Command Panels Post Meshing
Display

General Executable |fhome/mitch/bin/paraview
Geometry Defaults
History Arguments

Label Defaults .
script Browse...

youl
Mesh Defaults
Mouse

g
» Quality Defaults

Save Close

Tools -> Options -> Post Meshing
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View

Pipeline Browser
i

ﬂ builtin:
|

results.pvd

Properties | Information
Properties

| " Apply l @

= Properties (results.pvd)

_¢| Point/Cell/Column Array Status

 Delete 17 )

esults

Ex®

2]
-]

¢] %% displacement

uw Display

= View (Render View)

Axes Grid | Edit

Center Axes Visibility

Orientation Axes

«| Orientation Axes Visibility
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Warp By Vector

File Edt View Sources Filters Tools Cotalyst Macros  Help

Paraview

BT E D n dRETF AP B el s [maxsn B @

i@ e s . o xR 2 (Bleea
R LR - D SE W REp

Pipeline Browser EE | M wayourer 3 | +

B buinin mj F @

WAl AN 2 F o e H D0 ®

Properties | information

Properties
) * Delete
ot

= Properties (results.ped) | [*]
|ls] PointiCelliColumn Array Status

@] % displacement

= Display (UnstructuredGridRepresentation) | | *]
Representation

Surface

Calaring

® Solid Color -

. Edit ¥ . 4 v L

Styling




View Smooth Spline

Pl Edt Vew Souces Fites Toos Cotast Macros Help
BB PO ¥ &7 ka

B B @ 3 5% 52| e sodcoor

Pipeline Browser
|
]

builtin

results.pud

-

Properties | information

Praperties g

L) *® Delete

Triangulate
Use Shader Replacements

Nonlinear
b bdvisdon tovel  ——————————————

3iock Colors
Distinct Values 12

Use Data Partitions

cing
Use Scale Array

Scale Array
displacement

scale Function Edit

PEHEHE s S =

(1 <[5 [Jimensni &

Surface

Properties | Information

Properties

Triangulate

Use Shader Replacements

Nonlinear

@
Pl

Subdivision Level

Block Colors
Distinct Values

Use Data Partitions

Ray Tracing

Use Scale Array

Scale Array

displacement

Scale Function
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View Mesh

ParaView 5.8.0-RC1

File Edit View Sources Filters Tools Catalyst Macros Help
0 C|(maxiss) o5

B E@Oma F T KA D> DG o -
Surface With Edges - v‘ xxrqﬁum;@;@mQ¢ .eﬁ‘j @@@@

2238 3 ek |

E9EPHROOEL2e LR UER DR

Pipeline Browser EE La
yout #1 +
. | @

i uiltin ) | = Hr P i W el (=d A
T B & 3 @ (¢ SR A NN

L] results.pvd
* W

m Information

Properties E X
*® Delete ‘ 'Tl
@

(]

|S<a ch ... (use Esc to clear text)
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View Displacements

File Edit View Sources Filters  Tools Catalyst Macros Help

RO n R T A > D P E itmefo -0 [Hmaxiss: & &
E ) % ho <l = = T > 4 displacement _ - Magnitud  ~ | | Surface With Edges -
E D P P R © O & £ & R S W 2 8 V4
Pipeline Browser B ® Layout #1
= O |+
builtin: ey Fe==a rm==a p==n pemay
| @ ' 30 @ i# = B A
0 results.pvd

e WarpByVectorl
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Play Displacements

You may need to adjustthe color scaling
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Problem 2: Deep Rolling

This tutorial will simulate
contact betweena disc and
a block as shown on the left.

The material model used for
both parts will allow for
plastic deformation

T a0 The problem will be modeled
hI as a 2D solid quasi-static
/ simulation




Learning Objectives

Tutorial participants will learn:

« How to manage a simulation with multiple parts

« How to set up displacement boundary conditions
« How to use material models with plasticity
 How to set up contact

{©-coreform
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Create block

Command Panel &
Mode - Geometry

A99-=0

Operation - Create Geometry
LILIEAEITARY
B x| =R
Entity - Surfaces

LI I EIE

] Rectangle

Width |1

Height |1

XPlane YPlane ® ZPlane

@ 2] Apply

_Or_

Create surface rectangle width 1 height1 zplane
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Create disc

Command Panel @6
Mode - Geometry

A99-=0

Operation - Create Geometry
maRS e Y
B XER

Entity - Surfaces

P W oa

Circle -
Specify Circle Using
® Radius Center Vertex Vertex List
Radius [0.5]
XPlane YPlane ®) ZPlane
@ 2] Apply

_Or_

Create surface circleradius 0.5 zplane
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Move disc

Command Panel @6
Mode - Geometry

A99-=0

Operation - Transform Geometry

wanS ey
B || R
Entity - Surfaces
LILIGE
‘ Move >
Surface ID(s) |2|
¥ Include Merged
Select Method
To Coordinates To Entity
® Distance General Location

In Direction Of Surface Normal

X Distance
Y Distance |1

Z Distance

_Or_

This geometry is available at this address:
https://coreform.com/shortcourse/deep rolling init.cub Move surface2y1



Mesh disc

Command Panel
Mode - Mesh

A99-~=0

Entity - Surface
e~
24| 2|Al—|+
%

[
2

Action - Mesh
i ? 2 P R
| b B

I circle .

Select Surfaces

12

Advanced

® 9 Apply Scheme

¥ Check For Overlapping Surfaces
7 Apply Scheme Before Meshing

Scheme: circle Mesh

_Or_

Surface 2 scheme circle

Command Panel @6
Mode - Mesh
A99-=0
Entity - Surface
Do~
B 4ln|lA|—|+
% | m
Action - Intervals
bk ? e B R
| = | B
il Approximate Size .
Select Surfaces
|2
Approximate Size |0.45
v Preview
Apply Size

¥ Check For Overlapping Surfaces
v Apply Size Before Meshing

@ 9 Mesh

_Or-

Surface 2 size 0.45
Mesh surface 2
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Mesh disc




& coreform
Mesh block .

Mode - Mesh

A9F =~ =0

Entity - Surface

Action - Intervals
AR XL

[l Approximate Size -

Select Surfaces

[2

Approximate Size 0.1

v | Preview
Apply Size
¥ | Check For Overlapping Surfaces
v Apply Size Before Meshing
@ (] Mesh
A

Surface 1size0.1
Mesh surface 1
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N

Create block sets - Disc - =

Mode - Analysis Groups and Materials

Entity - Blocks

Action - Create

= )

eIl 1Y

| [l Create block -

BlockiD 1 |

Block Name ‘Disc ‘

Select

() Tet
I Face
() Tri
() Edge

) Node

IDis) |2

Allow Blocks to Contain Duplicate Elements

Reset All Blocks

@ 9

Block 1 add surface 2
Block 1 name "Disc"
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N

Create block sets - Block ' ....... =

Entity - Blocks

Action - Create

| 1l Create black v

Block ID |2 |

Block Name |Bluck |

Select

) Group ) Tet

Volume ) Face
(®) Surface O Tri
) Curve ) Edge
) Vertex ) Mode
) Hex
IDis) |1

Allow Blocks to Contain Duplicate Elements

Reset All Blocks

@9

Block 2 add surface 1
Block 2 name "Block"




Create side sets
bottom of block

Command Panel

Made - Analysis Groups and Materials

A99 <=0

Entity - Sidesets

HHE9 @

Action - Create sideset

mE S E e
gi| R

Sideset ID 1

Sideset Name |Bottom of Block

Select

() Surface ) Face
(® Curve () Edge
) Group O Tri
ID(s) 3

With Respect To

Reset All Sidesets.
@9 Apply

Sideset1 add curve 3
Sideset1 name "Bottom of Block"

B
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Create side sets -

Mode - Analysis Groups and Materials

A9 -=0

top of block

HE9 @

Action - Create sideset

ESE 99
21 R

Sideset D [2]

Sideset Name | Top of Block

Select
() surface ) Face
(s Curve ) Edge
() Group T
ID(s) |1

With Respect To

Reset All Sidesets

@ 2] Apply

Sideset2 add curve 1
Sideset2 name "Top of Block"




Split disc curve

Command Panel @6
Mode - Geometry

A&99-=0

Operation - Modify Virtual Geometry

waATe Y

B K=
Entity - Curves
9wl
/ Partition -
Curve ID(s) §
Create Using Nodes -
Node ID(s) 15

Virtual Geometry

@ 9 | awply |

_Or_

Partition create curve 5node 15
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N

.
Command Panel BE
Mode - Analysis Groups and Materials

A9F==0

bottom of disc =

Action - Create sideset

mE» E 99
2 R

Sideset ID g

Sideset Name Bottom of Disc

Select
() Surface () Face
(8 Curve () Edge
) Group (i

ID(s) &

With Respect To

Reset All Sidesets.

© 9 Apply

Sideset3 add curve 6
Sideset3 name "Bottom of Disc"
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Generate and view simulation geometry cards

The simulation cards tab should now look like this:

Command Line G Simulation Cards @®

Finished Command: set node constraint smart

Finished Command: undo on [5] @ J‘i @ [@

Trelis>build uspline from mesh  <(zmmm =] 10001 - basis_uspline

=] 20001 - basis_uspline

] 1 - basis_uspline_tensor_product

=l 1 - domain_spline_solid

E 1 - patch

\ scrpt \, Command ]\ Eror /\ History ] EH1- subdoma?n_elems - Pressure Vessel

E] 2 - subdomain_elems - Symmetry Boundary
=l 3 - subdomain_elems - Pressurized Surface
= version

Build is finished when Trelis> prompt returns.

Select "Simulation Cards" tab in bottom left

Command Panel Flex Workflow | Simulation Cards

Command Panel  Flex Workflow | Simulation Cards



©)coreform

Build U-spline

Command Line ®

Finished Command: set node constraint smart
Finished Command: undo on

Trelis>build uspline from mesh draw| <===

Script [\ Command / \ Error / \ History

Build is finished when Trelis> prompt returns.




View simulation cards

Simulation Cards ®

=& & B &

E 1 - basis_uspline

E 2 - basis_uspline

E 1 - domain_spline_solid

E 2 - domain_spline_solid

E 1 - patch

= 2 - patch

E 1 - subdomain_elems - Disc
Select "Simulation Cards" tab in bottom right =R

g E 3 - subdomain_elems - Bottom of Block
E 4 - subdomain_elems - Top of Block
E 5 - subdomain_elems - Bottom of Disc

= version
Command Panel Flex Workflow | Simulation Cards



Simulation Cards

=&8®

= 1 - basis_uspline

E 2 - basis_uspline

=l 1 - domain_spline_solid

= 2 - domain_spline_selid

E 1 - patch

= 2 - patch

=l 1 - subdomain_elems - Disc

E 2 - subdomain_elems - Block

= 3 - subdomain_elems - Bottom of Block
= 4 - subdomain_elems - Top of Block
E 5 - subdomain_elems - Bottom of Disc
=l version

Creating Cards

(]

& &

Create Card

Poag

> Core

[

] Search

basis_uspline

contact_surface

control_mede!
control_time_integration_generalized_alpha
control_time_integration_newmark
control_timestep_implicit_dynamic_2nd_order
control_timestep_quasistatic_pc
domain_spline_solid

formulation_contact

formulation_solid
function_spatial_temporal_vector_valued_6
function_temporal_constant
function_temporal_linear_interpolation
include

material_isotropic_elastoplastic
material_isotropic_elastoplastic_logarithmic
material_isotropic_linear_elastic
material_yield_surface_properties_von_mises
part

patch

patch_operation_extrude

problem

problem_boundary_condition
problem_contact_surface

B P S P Pt

Xcoce

form




Material definition

material_isotropic_elastoplastic_logarithmic material_yield_surface_properties_von_mises
desc Material for both parts <= desc Material for both parts <==m
material_id material_yield_surface_properties_id |1
K 0
e E 1000 <===m yield_stress 2 <=m
E_time_dependent_function_temporal_id S=TE Sihees
E_temperature_dependent_function_temporal_id saturation_exponent 0
nu 0.3 <=
rho 0 <=

material_yield_surface_properties_id | 1 - Material for both parts <z=== -
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Element Formulation

formulation_solid

desc Solid formulation for both parts <==

formulation_id

formulation_type solid 2d <= g
guadrature QP1 -

material_id 1 - Material for both parts <= =
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part

desc Disc <==m

part_id

formulation_id | 1 - Solid formulation for both parts <(===m

subdomain_ids

1-Disc <z==m

temperature_id

part

desc Block <==m

part_id

formulation_id | 1 - Solid formulation for both parts <z==m v
subdomain_ids || X
2 -Block <¢=mm

temperature_id =



”
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Control Timestep

control timestep quasistatic_pc

desc

control_timestep _id

max_corrector_step_n 10 <=
newton_tol abs 1le-32
newton_tol rel 1e-06
delta tol abs 1a-32
delta tol rel 0.001

v line_search <==
line_search_tol 0.5

line_search_max_iterations 10



Problem and C

problem

desc Deep rolling contact <(zmmm
problem_id

part_ids

1- Dist <==m

2 -Block <==m

control_timestep_id | 1 - control_timestep_quasistatic_pc <(z==m

coupled_problems

control_linear_solver

options_from_command_line

solver_type | superlu

ontrol Model

control_model
desc
control_time
initial_time_step |0.01 <==m
termination_time |9 <zmm
adaptive_timestep
iteration_optimal
iteration_window
growth_factor
reduction_factor
delta_t_min

delta_t_max

control_problem 1 - Deep rolling contact <==m
enable_parent_basis
V| enable_output
enable_output_restart
output_restart_file_name_prefix result
output_restart_delta_t 0
output_restart_delta_time_step |1

output_restart_based_on_time_step
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Downward displacement of disc

function_temporal_linear_interpolation subdomain_nodal_dva
desc Downward displacement of disc <z desc Downward displacement of disc <z
function_temporal_id subdomain_nodal_value_id
) N .0
birth o subdomain_id 1- Disc _ - 1
d DISPLACEMENT <(z==m - r=
death 10000000000 va_type £0.8
Ux 1] g
tol le-10 =
vluy -0.075 <=== € 0.6
graph 4| X a
vz 0 qE_,
t fit) o 0.4
RX 0 &
10 0 <= %
RY 0 502
2|1 1 <= = R
3(10 1 < 0.0
0 2 4 6 8 10
@ function_temporal_id 1 - Downward displacement of disc <= ~ Time (s)

function_spatial_temporal_id



Right displacement of disc

function_temporal_linear_interpolation

desc Right displacement of disc <z subdomain_nodal_dva
. . desc Right displacment of Disc _
function_temporal_id
subdomain_nodal_value_id 8
birth 0 St Diamarid 1-Disc <= -
death 10000000000 dva_type DISPLACEMENT  <Gmmmm - 6
v UX 0.075
tol 1le-10 <=
uy 0

graph vz 0

t fit) RX 0

10 o

N

RY 0

RZ 0

Displacement| (mm)
S

@ function temporal_id 2 - Right displacement of disc = 0.0 2.5 5.0 7.5 10.0
function_spatial temporal_id T| me (S)

I



Clamp bottom of block

function_temporal constant

desc
function_temporal_id
value

birth

death

tol

Always 1 <=m

1
t]
10000000000

1e-10

subdomain_nodal_dva

desc Clamp bottom of block ¢===

subdomain_nodal_value_id

subdomain_id 3 - Bottom of Block <==
dva_type DISPLACEMENT <==
v UX D <=
v UY 0 <=
Uz 0
RX 0
RY 0
RZ 0

& function_temporal_id

function_spatial_temporal_id

3-Alwaysl <=m



Problem boundary condition

problem boundary condition

desc Deep rolling boundary conditions <=
problem_id 1 - Deep rolling contact <= -
subdomain_nodal value ids 9 | X

1 - Downward displacement of disc <=
2 - Right displacment of Disc <=

3 - Clamp bottom of block pa—



Set up

formulation_contact

desc
formulation_id
formulation_type
penalty
use_soft_contact
gap_tolerance

nearest_point_tolerance

nearest_point_max_iteration_n

master_seed_points_n
search_sphere_tolerance
search_cone_tolerance
master_seeds

slave_quadrature

Disc to block -

contact_gpts_2d <(zmmmm
100000 <(===m

1le-06
le-12 <$mmm
10
10

0.1

QrPl

QrP1

contact

contact_surface

desc
contact_surface_id
formulation_id
slave_subdomain_id

master_subdomain_id

Disc to block <{=mmm

2 - Disc to block <z
4 - Top of Block <¢===m

5 - Bottom of Disc <z=m

problem_contact_surface

desc Deep rolling - disc to block <{zmmm
problem_id 1 - Deep rolling contact {zmmm

contact_surface_ids

1 - Disc to block <(z===m



desc

subdomain_ids

2 - Block <=

function_temporal_id

field_types

v displacement _
velocity
acceleration
strain
stress
wm_stress
pressure
contact_pressure
contact_gap

vieps <m==m
effective_plastic_work
effective_driving_energy
phase_field
phase field rate

weight

(®) delta_time 0.1 <{z==m

delta_step

file_name_prefix
file_type

sample_type

V| cache _basis_evals

V| include_elem_outlines
solution_type

bezier_projection_relative_centinuity

Displacement and Strain <{=m=m

3- Always 1 <mmmm

results

vtk

current



Simulation Cards

=& ®

=1 - basis_uspline

= 2 - basis_uspline

= 1 - contact_surface - Disc to block

= control_model

= 1 - control_timestep_quasistatic_pc

= 1 - domain_spline_solid

= 2 - domain_spline_solid

= 2 - formulation_contact - Disc to block

= 1 - formulation_solid - Solid formulation for both parts

= 3 - function_temporal_constant - Always 1

= 1 - function_temporal_linear_interpolation - Dewnward displacement of disc
= 2 - function_temporal_linear_interpolation - Right displacement of disc
= 1 - material_isotropic_elastoplastic_logarithmic - Material for both parts
= material_yield_surface_properties_von_mises - Material for both parts
= 1 - part - Disc

= 2 - part - Block

= 1- patch

= 2 - patch

= 1 - problem - Deep rolling contact

= 1 - problem_boundary_condition - Deeo rolling boundary conditions
= 1 - problem_contact_surface - Deep rolling - disc to block

= 1 - subdomain_elems - Disc

= 2 - subdomain_elems - Block

= 3 - subdomain_elems - Bottom of Block

= 4 - subdomain_elems - Top of Block

= 5 - subdomain_elems - Bottom of Disc

= 1 - subdomain_nodal dva - Downward displacement of disc

= 2 - subdomain_nodal_dva - Right displacmeent of Disc

= 3 - subdomain_nodal_dva - Clamp bottom of block

= 1 - subdomain_output_field - Displacement and Strain

= version

Run Simulation

@

B &

Look in:

& computer
= wip

P mitch

5 fhome/mitch/WIP/short...g/DeepRollingComplete  ~

1

Save cards and run

Name

alysis

0200 @0MHE

¥ |Size Typ

3

File name:

DeepRollingComplete

) Cisave |

Files of type:

*json

v X cancel
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Run Simulation
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e

View Results
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Set Post Process Executable
& oo

Command Panels Post Meshing
Display

General Executable |fhome/mitch/bin/paraview
Geometry Defaults
History Arguments

Label Defaults .
script Browse...

youl
Mesh Defaults
Mouse

g
» Quality Defaults

Save Close

Tools -> Options -> Post Meshing
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Tessellate

(tes)

Tessellate

Append Attributes
Append Location Attributes
Random Attributes

B9 Threshold

Append Datasets
Cell Centers
Compute Derivatives

B Compute Quartiles
Count Cell Vertices
Evenly Spaced Streamlines 2D
Extract Time Steps

e Group Datasets
Group Time Steps
e Plot On Intersection Curves

Temporal Particles To Pathlines
Unstructured Cell Types

Type to search. Enterto select. Esc to cancel.

Filters -> Search -> Tessellate
Then click apply
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View Displacements

File Edit View Sources Filters Tools Catalyst Macros Help

B®HT® O » ¥R FiMAd P P im0 o [maxisoni @ &

B BB 2 S S | - dsplacement _ + | | Magnitug  ~ Surface -

E 9P EMEU S E=2 6 RSP R
Plpelme Browser

EX [ tayour w1 (K] | +
[
ﬁ r,

builtin: g
1 3N
L] results. pvd

|
® yarppyvectort




B

[ g |

' . 4 JLLL YR ) W L J \\ r ; -\ : , ‘.
ey, . Ve ) e\ N\ =\ e \ (Y CO re FO rm
o = Need

N

Play Displacments

UUUUUU

You may need to adjustthe color scaling
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N

View eps

File  Edit  View Sources Filters Tools Catalyst Macros  Help

R BDD 0o FRF AP DB Tme|es v [H|mxison: & @

g %ﬁﬁﬁﬁﬁ ° eps _ = Surface - x
EOEPHPOEL65 REBRE &

Fipeline Browser EE
| O evour#1 (%] | +
@ builtin:
I
=@ results.pvd
I
=@ WarpByVectorl
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You may need to adjustthe color scaling
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Problem 3: Flex Cable

~ 2000

This is a specific industry application that has
been proven to be difficult to simulate using
traditional FEA. It consists of a flexible cable
made up of copper traces surrounded by
adhesive and encased in Kapton. The
simulation has 2 stages: first cable is bent
into a U shape and then a heat load is
applied.

A custom workflow has been created to
simulate this problem. The first step is

to create a U-spline of the cable cross
section. The cross section is then extruded to
form a 3D solid and the boundary conditions
are applied. The extrusion and application of
boundary conditions are automated using a
Python script



&-coreform

Learning Objectives

Tutorial participants will learn:

« A custom workflow created for a specific customer application
* How to import multiple cards to add to your simulation
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Import geometry

File->Import

Look in: {9 home/mitch/WIP/Flex 1...xample Files/step Files ~ | @ © © @ [ |E
2 computer Name ~ |5ize TP
a ComplexConforming st 95.._.KiB st
= wip i el : e

B simpleConforming.stp 88..KIB stp
P mitch simpleNonComforming.stp 28...KIB stp

i v
File name:  |SimpleConforming stp
Files of type: | STEP (*.stp *.STP *.step *.STEP) - X Cancel

Accept import default options

- Or-

Importstep "<path>" heal

This file is available at https://coreform.com/shortcourse/FlexCable/SimpleConforming.stp
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Imprint and merge

Command Panel

B imprint/Merge

@®
Mode - Geometry

A9F - =0

Operation - Imprint and Merge
m AR e Y
B X =R

Entity - Volumes

P Qo

Volume ID(s) |all

Keep Originals

Group Results

(O]R2]

_Or_

Imprintall
Merge all
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Set mesh size then mesh surface

Command Panel (=]
Mode - Mesh

A9F-=0

Entity - Surface

P |+ @il
Bd|0|Al— +
i |
Action - Intervals

mE ? 2B x
& = |

[li] Approximate Size -

Select Surfaces

Approximate Size |5

v Preview
Apply Size
¥ Check For Overlapping Surfaces
V| Apply Size Before Meshing
O]K2] Mesh

-Or-

surface all size 5
Mesh surface all
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Setup Trelis Blocks - Copper

Command Panel =[]

Mode - Analysis Groups and Materials

AP <=0

Entity - Blocks

HE9 e

A > E e
k= IR 3RS

1l Create block -
Block D 1
Block Name |Copper
Select
Group Tet
Volume Face
o surface i
Curve Edge
Vertex Node
Hex
IDis) [132

Allow Blocks to Contain Duplicate Elements

Reset All Blocks

@9

_Or_

Block 1 add surface12 3
Block 1 name "Copper"
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- Adhesive

Command Panel

Mode - Analysis Groups and Materials

A99=-=0

Entity - Blocks

HHES @

Action - Create

E»E P
=l R 2R
Wl Create block

Block ID 2

Block Name  Adhesive

Select
Group Tet
Volume Face

e Surface Tri
Curve Edge
Vertex Node
Hex

ID(s) |64

Allow Blocks to Contain Duplicate Elements

Reset All Blocks.

@9

- 0or -
Block 2 add surface 6 4
Block 2 name "adhesive"

Apply

(=]E]
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Setup Trelis Blocks - Kapton

Command Panel @6

Made - Analysis Groups and Materials

A9F-<-=0

Entity - Blocks

HE9 @

Action - Create

maE > E e
BB g R

1 Create block -

Block ID 3

Block Name  Kapton

Select
Group Tet
Volume Face

) Surface Tri
Curve Edge
Vertex Node
Hex

ID(s) 785

Allow Blocks to Contain Duplicate Elements.

Reset All Blocks

@ 2) Apply

, - Or -
1___ Block 3 add surface57 8
Block 3 name "kapton"
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Flex Workflow L3

Check strip quality

Body ldis)

@ Analyze Mesh
Worst Edges

Edge ID Length Ratio

2 0 ’ - e
502 1896896
-

age 1816831
517 1743831
5717 1737403
502 1737403

500 1664681

615 1638608
649 1602681
Ll

-
!1.51

1.26

Draw Strip

1.02 Cor.

Uspline strip quality body all
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Imprint mesh onto geometry

Flex Workflow 5]
Steps - Imprint Mesh

tin o<

Imprint Mesh ento Body |a |

V| stitch all bodies
v Compress IDs
Keep the Mesh

|§| | Apply |

-0r -
Imprint mesh onto body all
Stitch body all

) compress



Build U-spline

Flex Workflow &

Steps - U-spline Commands

tines

Commands - Build U-spline

® g &R

Body Id(s) [all |
Degree |2 ‘
Default Continuity |1 |
Domain Type | solid -

V| Convert Blocks to Subdomains

V| Crease Subdomain Boundaries

V| Draw U-spline

Show Continuity

|®| | Build U-spline|

_Or_

Build usplinebodyall p2 c1 domain"solid" draw



View simulation cards

Simulation Cards @

=8 & B &

E 1 - basis_uspline

X 1 - domain_spline_solid

= 1 - patch

E 1 - subdomain_elems - Copper
E 2 - subdomain_elems - Adhesive
= 3 - subdomain_elems - Kapton
= version

Command Panel Flex Workflow Simulation Cards
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Create card

“ ] Search
basis_uspline =
Simulation Cards £ contact_surface

control_model

= % @ E % control_time_integration_generalized_alpha
control_time_integration_newmark

p . control_timestep_implicit_dynamic_2nd_order

& 1 - basis_uspline control_timestep_quasistatic_pc

= 1 - domain_spline_solid domain_spline_solid

= 1- patch formulation_contact

= 1 - subdomain_elems - Copper fonm_]\at\on_splld
= 2 - subdomain elems - Adhesive function_spatial_temporal_vector_valued_6
- function_temporal_constant

= 3 - subdomain_elems - Kapton function_temporal_linear_interpolation

= version include
material_isotropic_elastoplastic
material_isotropic_elastoplastic_logarithmic
material_isotropic_linear_elastic
material_yield_surface_properties_von_mises
part
patch
patch_operation_extrude
problem
problem_boundary_condition

problem_contact_surface
rablan finld laad

Xcance
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Add material for adhesive

material_isotropic_elastoplastic
desc Adhesive <zmm
function_temporal_linear_interpolation material_id
desc Adhesive Modulus <===
. . E
function_tempeoral_id

E_time_dependent_function_temporal_id

birth 70 <= ® E_temperature_dependent_function_temporal_id |1 - Adhesive modulus ===
death 160 <=m
nu 034 <=m
tol le-10 rho 1.07e-06 <mmm
graph g ([ X thermal_expansion 5e-05 <==m
t flth

1|70 689 - * None

function_temporal_id
2100 0.689 <=
3160 0.6 D .

yield_stress

saturation_stress

saturation_exponent

plastic_work_threshold 0
effective_plastic_work_measure | plastic_work

yield_type ]2
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Add adhesive formulation and part

part
desc Adhesive <mmmm

formulation_solid part_id
desc Adhesive <mmm formulation_id |1 - Adhesive <zm v
formulation_id subdomain_ids +/| x
formulation_type | solid_3d == - 2 - Adhesive <=
quadrature QP1 -
material_id 1 - Adhesvie <z==m -

temperature_id -



Import cards for copper and kapton

Simulation Cards

=& &

E 1 - basis_uspline

E 1 - domain_spline_solid

E 1- patch

E 1 - subdomain_elems - Copper
E 2 - subdomain_elems - Adhesive
E 3 - subdomain_elems - Kapton
E version

o e

I@ E] Look in: [ /home/mitch/WIP/short...e_feb2020/FlexProblem ~

[E computer Name
= 2dTrial
= FromChris
B mitch = Images
¥ ProblemDefinition
B Triala
B Trials
= Trialé
B TrialRun
B TrialRun2
B TrialRun3

= wip

B CopperKaptonCards.json
DemoMatt_R360.json
| NewNameTest_R10.json
" PreScript.json

| renfr isan
1

File name: CopperKaptonCards.json

Files of type: | JSON file (*json)

C O0CEEBE

* Size e

2.24 MiB ¢
2.45 MiB e
3.05 KiB js
175 MiR ’ic'

~ || X cancel

This file is available at https://coreform.com/shortcourse/PressureVessel/CopperKaptonCards.json
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Associate imported parts with
correct subdomain

part part

desc Copper <===m desc Kapton <==

part_id part_id

formulation_id | 2 - Copper <==m - formulation_id | 3 - Kapton <==m -
subdomain_ids || X subdemain_ids 4 || X
1-Copper === 3 - Kapton <=mm

temperature_id v temperature_id -



Add output cards

function_temporal_constant
Always 1 <===

desc
function_temporal_id

value

subdomain_output_field
desc
subdomain_output_id

subdomain ids

1- Copper _
2 - Adhesive _
3-Kapon  <GmmmEm

function_temporal_id 2- Always 1

field_types

v! displacement _

velogity

acceleration

strain

stress

vm_stress

pressure
contact_pressure
contact_gap

eps
effective_plastic_work
effective_driving_energy
phase field

phase field rate

weight

delta_time (0.1 <(mmmm

delta step

file_name_prefix results
file_type vtk
sample_type BEZIER

V| cache basis_evals
v/ include_elem outlines
solution_type current

bezier_projection relative_continuity
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Export Flex simulation file

Flex Workflow ®

Steps - Export Flex Simulation

i g o &

Bend radii 360
Length of extruded cable is set to bend radius * pi

Element size along cable length 50

Element degree along cable length 2

DR

Element continuity along cable length |1

Starting temperature 70
Max temperature 150
Rate of temperature increase 4
Positive X moment True
Body ID of source geometry 1

{Optional) User-defined variable

Output file name jitch/wWIP/shortcourse_feb2020/FlexProblem/ProblemDefinition/ScriptOutput Browse

(Optional) User-defined python function

Browse

@ Export Input File(s)

When the users clicks "Export Input File(s)", the

simulation cards and the parameters entered

into this dialog are input into a python script that

will:

 Adda patch_operation_extrude card that will
turn the 2d cross sectioninto a 3d solid
model*

« Addboundary conditions

« Add other cards required for the simulation
(control_model, problem etc)

» Export this modified solid simulation input file
that is ready to run in the solver

*Visualization of 3D U-splines is not currently supported in Trelis, so
it is not possible to view the solid flex cable model



Poag

{&-coreform

Import Flex simulation cards

Simulation Cards @E@

=& ® B &

E 1 - basis_uspline

= control_model

= 1 - control_time_integration_generalized_alpha
E 1 - control_timestep_implicit_dynamic_2nd_order
=l 1 - domain_spline_solid

E 1 - formulation_solid - Adhesive

= 2 - formulation_solid - Copper

= 3 - formulation_solid - Kapten

[E 1000 - function_spatial_temporal_vector_valued_6
= 2 - function_temporal_constant - Always 1

E 1 - function_temporal_linear_interpolation - Adhesive Modulus
E 2000 - function_temporal_linear_interpolation
= 1 - material_isotropic_elastoplastic - Adhesvie
E 2 - material_isotropic_elastoplastic - Kapton
= 3 - material_isotropic_elastoplastic - Copper
= 1 - part - Adhesive

El 2 - part - Copper

= 3 - part - Kapton

E 1 - patch

=] 1001 - patch_operation_extrude

= 1 - problem

E 1 - problem_boundary_condition

=l 1 - subdomain_elems - Copper

E 2 - subdomain_elems - Adhesive

& 3 - subdomain_elems - Kapton

=] 1000 - subdomain_elems - z0

E 2000 - subdomain_elems - z1

=] 1000 - subdomain_nodal_dva

= 2000 - subdomain_nodal_dva

& 1 - subdomain_output_field

= 1 - temperature

E version



