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Problem 3: Two-part contact with plasticity, deformation on
both parts and elastic recovery

Summary of changes from problem 2:

+ The mesh for the disc has been refined to better capture the deformation of the disc. While smooth splines
allow for coarse meshes to capture geometry, refinement is sometimes necessary to capture the correct
physics.

* Yield stress has beenincreased from 2 to 30. This is to allow for more elastic deformation, making the
elastic recovery easier to visualize

» Analysis type changed from quasistatic to implict dynamic — this to maintain a stable simulation while also
respresenting springback which is a dynamic phenomenon. The timestep has also been reduced to 0.005

* Time of the simulation (and temporal functions) have been lengthened to 13 to allow for simulation of
springback.

Notes:

» The disc will not deform as much as the block due to its geometry.

» Lowering the yield stress (to 2 for example) will make it easier to visualize the deformation inthe disc.
Raising the yeild stress will produce a larger springback effect.
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Problem 2: Learning Objectives
Tutorial participants will learn how to
* Mesh primitive geometry and create sets in Trelis
* Import Cubit file into Coreform process
« Set up simulation with multiple parts
* Impose displacement boundary conditions
« Use material model with plasticity

« Set up spline-based simulation contact definition
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Create block

()
=3

Command Panel
Mode - Geometry

AP -==0

Operation - Create Geometry
W an T e Y
B (xR

Entity - Surfaces
W |oa

Rectangle v

Width |1

Height 1

XPlane YPlane ® ZPlane

@® 9 Apply

L. - or -

Create surface rectangle width 1 height 1 zplane
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Create disc

Command Panel @6
Mode - Geometry
QPP =~ =
Operation - Create Geometry
m AR S e v
B X =R
Entity - Surfaces
20 IR RY
Circle -
Specify Circle Using
® Radius Center Vertex Vertex List
Radius |0.5|
XPlane YPlane ® ZPlane
® 9 Apply

: - or -

Create surface circleradius 0.5 zplane
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Move disc

Command Panel @6
Mode - Geometry

Q99 -=0

Operation - Transform Geometry
maRSe Y
B X =R

Entity - Surfaces

PR o &

‘ Move v

Surface ID(s) IZI

¥ 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 for download at this address:
https://coreform.com/shortcourse/deep_rolling_init.cub Slide 41
Move surface2y1



Mesh disc

Command Panel

& circle

Select Surfaces

Mode - Mesh

AT ==0
Entity - Surface
Do |+ i
2| 2|A|—|+
% |

Action - Mesh
Wk 22 B R
M| @

[2

Advanced

@ 9

v Check For Overlapping Surfaces

v Apply Scheme Before Meshing

Scheme: circle

-Or-

Surface 2 scheme circle

Apply Scheme

Mesh

Command Panel G|
Mode - Mesh

A9 ~=0
Entity - Surface

e~ @ik
24| a2lAl—|+
% | &
Action - Intervals

R e R
] B &

flill Approximate Size =

Select Surfaces

2

Approximate Size |0.1]

v| Preview

Apply Size
¥ | Check For Overlapping Surfaces
v | Apply Size Before Meshing

@ 9 Mesh

Surface 2 size 0.1
Mesh surface 2
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Mesh disc
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Mesh block

@6
Mode - Mesh
A99 <=0
Entity - Surface
Do+
24| alA|l—|+
% m
Action - Intervals
= 8]
kB R
= b E
[l Approximate Size -
Select Surfaces
[2
Approximate Size 0.1
¥ | Preview
Apply Size
¥ Check For Overlapping Surfaces
v Apply Size Before Meshing
@ 9 Mesh
=]

Surface 1size0.1
Mesh surface 1
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Create block sets - disc

Command Panel EE |

Mode - Analysis Groups and Materials

A9F-~=0

Entity - Blocks

HED @

Action - Create

e I Y A
EBE ¢ R

1l Create block -
Block ID 1
Select
Group Tet
Volume Face
® Surface T
Curve Edge
Vertex Node
Hex
ID(s) 2

Allow Blocks to Contain Duplicate Elements

Reset All Blocks

® 9 Apply

-Or-

Block 1 add surface 2
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Create block sets - block
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Command Panel @6

Mode - Analysis Groups and Materials

A09 <=0

Entity - Blocks

HHE9 @

Action - Create

oE D E e F
83 ¢ R

1l Create block v
Block ID 2
Select
Group Tet
Volume Face
o Surface Tri
Curve Edge
Vertex Node
Hex
ID(s) 1

Allow Blocks to Contain Duplicate Elements

Reset All Blocks

@ 9 Apply

- Or -
Block 2 add surface 1
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Create side sets — bottom of block

Command Panel =]

Mode - Analysis Groups an

d Materials
A99-~=0

Entity - Sidesets

Enga
HED 99

fi| R

® Curve Edge

D(s) 3

With Respect To

- Or -
Sideset1 add curve 3
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Create side sets — top of block

Command Panel []
ode - Analysis Groups and
A99-=0

Entity - Sidesets
Action - Create sideset
UE» 99
20| R
ideset ID |2|
elect
Surface Face
Curve Edg
Group Tri
1D(s) 1
With Respect To

Reset All Sidesets

@ 9 Apply

- Or -
Sideset2 add curve 1
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Command Panel @6

Mode - Geometry

Split disc curve 299-=0

Al Te Y

B X =R

Entity - Curves

P Qo
( Partition -
curve ID(s) §

Create Using Nodes

Node ID(s) 117

Virtual Geometry

@ L2 Apply

-Or_

- Partition create curve 5node 117
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Create side sets — bottom of disc

‘Command Panel 29

fi| R
ideset 1D |3
elect
ssssss Face
Curve Edge
Group Tri
IDIs) &
With Respect To

Reset All Sidesets

@ 9 Apply

- Or -
Sideset3 add curve 6
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Command Panel |

Create side sets — top of disc
A&9F-=0

Entity - Sidesets

HH9 @

Action - Create sideset

aE» E9e

21| R
Sideset ID |4
Select
Surface Face
* Curve Edge
Group T
IDis) 5

With Respect To

Reset All Sidesets

@® 9 Apply

¥ - Or -
Sideset4 add curve 5
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Export .cub file

B Edit View Display Tools Help

) New Ctri+N
{ [ Open... Ctri+0
L save Ctri+S
|  saveas.
Recent Imports »
¥ Import..

Set Directory
1/./Tutoriall_start_test.trelis

2 /../Desktop/ShortCourse/tut3.cub

3 /../ShortCourse/Tutoriall_start.trelis
4 /../CylinderForLattice.trelis)

5 /../ShortCourse/Tutoriall_start.trelis)
Exit

Export File

Look in: B home/mitchWiP/short course deeproling  ~ @ © O B B @

& Computer EMM ~ Sze
Demo
—_
Th 5 Long_Results
- we 5 Navair_Additions

5 walkthrough
deep_rolling_demo.cub

File name:  [deep_rolling_meshed_add1.cub

Files of type: | Cubit Files (*.cub) «|| cancel

export cubit "/home/username/ShortCourse/deep rolling meshed addl.cub" overwrite
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New Model Workspace

New Model Workspace untitled
.; I

* Click "New Model Workspace"

4 Add

= Remove

(@ Rename T IR

(& Copy To

» Right click the box labelled "untitled"

= Export Workspace

+ Type"Deep Rolling" in the "Rename" box and hit Enter/Return

New Model Workspace Swept Solid

* Click on"Deep Rolling" to open the workspace +
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Import Cubit File

SPC - 1 - C

Import Cubit File

Choose File  deep_rolling_meshed.cub
Degree 2
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Imp_d Cubit File
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Rename subdomians

Subdomain Elements

on Disc

on Block

Click on “Selections” pane o & [l Bottom of Biock

PO Feature Tree © <8 Top of Black

© @ I Bottom of Disc

Y Foroose e o]
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000 002 004 006 008 010 Slide 56
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Element Formulation

ormulation solid@®

Solid formulation for both parts <—
1

QP1 - default
1 <=
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—

# Free Edit Add # Free Edit
2<—
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Implicit dynamic <——

1

1 <

CONSTANT_DISPLACEMENT - default

ontrol_time_integration _newmark®

Slide 59



control_model@®

o Free Edit

1=

B Add # Free Edit
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unction _temporal linear_interpolation@

downward displacement of diSC (e

downward displacement of disd <——

DISPLACEMENT v

1 Jn< b
R

e o e
» o =]

Displacement (mm)

o
[N

0.0

o 2 4 6 8 1o 12 14 Slide 61

Time (s)
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Right displacement of disc

lsubdomain nodal dva@

unction_temporal linear_interpolation@

rz-gm displacement of disc A—) right displacement of disc <—=—o

e <—
ux
DISPLACEMENT

= e
o N

o

Displacement (mm)
s O

)

0 2 4 6 8 10 12 14

Time (s) Slide 62
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~ [function temporal constant@®
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Add # Free Edit

1 <
2 <
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ontact_surface@

disc to block] <——
1
2 <
4 <
5

problem contact surface@

Deep rolling - disc to block <——)

Add # Free Edit

<——
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subdomain_output_field@

Displacement and strain| <—=
1

o Free Edit

3 Add
displacement <—— v
eps <= v

results

vik - default
UNIFORMS <——
true - default
true - default
current - default

& coreform
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Final Setug

Add Solver Card

Front version

uspline

uspiine

nain_spiine_shel

2~ domain_spline_shel

1- patch

ch

T Disc - subdomain clems

BioCk - subdomain_ el

Botiom of Biock - subdomain_ elems

Top of Biock - subdomain_elems

Bottom of Disc - subdomain elems

Top of Disc - subdomain e

T~ Material 10 both parts - material_ISotropic. olas

Sc_rogarihmic

a1 Tor both pa

material yild_surlace_properiies von mises

1 Solld formutation for both parts - formulation sobd

1- Ouse - part

2~ Block - part

T~ Implicll dynamic - control bmestep Iy

Gynamic 2na_order

+ micgration - control me Integ:

on_newmark

1~ Dvop Roliing - problem

1~ downward displacement of disc - subdomain nodal dva

Gownward displacement of dIsC - function temporal linear Inferpotation

Tacoment of disc - subdoman nodal ov

lacement of disc - function lemporal I

ar Intetpolation

clamp botiam of block - subGomain_nodal dva

3 constant vakie 1 - hunction_temporal ©

Goep rolling boundary condians - probler

~Disc 10 Bicok - o

ndary_condiion

Wisc 10 block - contact. surtace

Deep rolling dise 10 block

<feefe]cfe]cfe ]| ] fe]s || o s |efe s [s | < fe | < fe | [s | << < | <]

T~ Ghsplacement and straun - sUbGOMAN OUpUt field
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Run simulation

SPC - r - ¢

A pane will open along the bottom of the screen with information about the running simulation

When the simulation is finished, the results will open automatically.
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View Results

. Eve
YEEEEE Gve
Lo

Ev§
S )
E/E
-
-
-
-
—
—
—
v
®v
®vE
4 v
—
- s —
—
& soid colar @
S ®v
s FE]
v
Source Ev§
S )
Paint/Cell/Calumn Status Ev&
Cell Arrays o v
-
-
Column Arrays o
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View results

Add a data visualization:
Click the = button at the
top of the left pane, then
choose Warp By Vector

b (g P i s &R

results.pva o]
filter properties.
@& Surface v
& Solid color v
[ ]
= Source

Point/Cell/Column Array Status

Cell Arrays @
PointArrays (2]

hE+e i &%
£ Annotate Time
£ Cone
£ Sphere
£ Text
£ Wavelet
+ Calculator
+ Cell Data To Point Data
+ Clip
+ Contour
+ D3
+ Extract CTH Parts
+ Process ID Scalars
+ Reflect
+ Slice
+ Stream Tracer
+ Threshold
+ Transform
+ Tube
+ Ribbon
+ Warp By Scalar
I + Warp By Vector ~

+ Extract Block:

4

Turn off the base

visualization by clicking the
red circle next to results.pvd

h B + &

I ysults.pvd

@ Surface

WarpByVectorl

filter properties.

i g (X

& Solid color

&-coreform
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View resu

Change the coloring
from Solid Color to
(p3) displacement or

(pl) eps.

Click the circling
arrows to correctly
scale the colormap.

ts

PR+ e io X
D results.pvd
WarpByVectorl w
filter properties...
@ Surface v

[ . (p3) displacer@ v|
-i- A

- Source

Vectors e

displacement A

Scale Factor 2]
1

L Representation

h B+ B i #xX b B+ 3 i o
O results.pvd O results.pvd
BB G & WarpByVectorl W
filter properties. filter properties...
@ Surface Py v @ Surface v
OR L] (pl)eps! x ? M & (p3) displacement v
W S
= SErE: - Source
Vectors (2]
Vectors (2]
displacement v
displacement v
Scale Factor (2]
Scale Factor (2]
1
1
+ Representation

Click the play arrow inthe
upper right of the results
pane to play the results
animation.

X
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hB+2ilo «x

O results.pvd
I —

=
<
b | | | oo | g |t

& ( fitter properties. 4

@® Surface v

6\ (p3) displacement v |

- Source

Vectors (7]
displacement v

Scale Factor L]

1

+ Representation

+ View

=
<
| | | o | o oo | ot | o | o ot o | ot | o | o om | ot { o | o | o | o | ot | o | | ot |

_e selections ‘© © Feature Tree @
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iresulls pvd

.

§

L]

® Surface v [
L]

& (p1)eps v s
E_ = | ]

& L]

= Source i
.

Vectors [} s
displacement v 3
.

Scale Factor (2] F
L

. L
L]

+ Representation s
+ View W

RIRRIRRIRRRIBIRRRBRRRRRRRRIRRRRRRRRRRRR|R

BEPO -ccctiions OO reature Tree © |

© Run Log Pane 1 © © Run Log Pane 2 © O Run Log Pane 3 OO Run Log Pane 4 ©
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