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Foreword

Hi alll

Welcome to the 1%t book in the world with hands-on applied Biomechanicsmodeling and simulations, a
book that the world needed in the last 10-20 years, without any exaggeration.

This book is meant to help the absolute beginners in simulating the behavior of simple then complex
biomechanical assemblies, explaining in minute details how the simulation domain should be approached,
how to obtain the proper geometry, and what ANSYS options are available to assign the proper boundary
conditions, discretization and solver settngs for reliable, thus useful results.

The volume starts with introductory elements in Biomechanics, modeling and simulations, then 2 modeling
tutorials in Spaceclaim follow, after that 9 simulation tutorials are presented in order to gradually
accustom the user with the needs of the full simulation procedure using ANSYS products.

Besides the PDF file, we also offer the 3D models on which the tutorials should be applied and successfully
solved.

This is the 1t volume we made in Biomechanics modeling and simulations, so we presented some of the
easier scenarios found on FEM.bio and expertfea.com — thus we opened the way for the more advanced
simulations to appear in the next Biomechanics volumes. Be sure to also attempt doing the homework
assignments, in order to acquire experience via trials and erros, followed by full successes in this awesome
domain!

As always, we wish you all the best and believe in yourself and in your bright future! If you don’t do it, then

whoelse is going to do it for you? So, start here and now! @

Claudiu, 28th of November 2022
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Introduction to Biomechanics, modeling and simulations

Here is our defintion of Biomechanics: “The science of how the living systems react when acted upon by
certain mechanical factors. These processes can be modeled and analyzed with the help of simulation
software”.

Britannica.com says that “Contemporary biomechanics is a multidisciplinary field that combines physical
and engineering expertise with knowledge from the biological and medical sciences.”

So, in this book we attempt to unite the efforts and knowledge of the engineers with the ones of medics or
biologists. Nowadays, given the advance of science, biologists can analyze and obtain various data
regarding the behavior or the state of certain tissues, organs or systems, via microscopy processes, or via
radiology, CT and RMN. Engineer and physicists can analyse and simulate in a virtual environment (with the
help of computer programs) the same data and functions, but without the need of cells, tissues, or organs
prelevated or tested on live patients.

Due to the fact that the costs of physical tests are very high when conducting research activities which
need to be applied for certain categories and ages of people, a great need arises to find out the behavior
and the physiology of certain biological parts using virtual life-like representations, or 3D models obtained
either from conversion of CT or RMN slices into 3D parts or 3D models built by talented graphicians who
use 3D software like Maya, Blender, 3D Studio Max to achieve the same accuracy of the organs’ shapes and

sizes.

In both cases mentioned above, the resulting 3D models will further be imported to simulation software in
order to be (virtually) subjected to certain forces, velocities, temperatures, voltages etc. A great advantage
is that in a virtual environment, the simulator can “push the envelope” by exaggerating certain loads or
restraints, in order to find out the limits of the respective organs or prosthetics or protective gear —
without causing the harm that would have appeared with a live subject, in vivo.

Even though the suffix “mechanics” concerns only with forces, pressure, moments and similar restraints,
we can certainly extend the scope of simulations also to the thermal domain, to the electromagnetical
domain or even to the optics domain. After all, any action, be it mechanical, thermal, electrical or optical,
it will cause a visible result on the human body, sooner or later, given that the human systems signal, react
and adapt to all disturbing factors, in order to establish a state of equilibrium or a state of normal function,
which is generally defined as health.

An useful advice is to often access this webpage which contains the anatomy of the human body, with an
easy to use, intuitive interface
https://www.zygotebody.com/#nav=1.66,150.81,16.87,0,0,0,0&sel=p:;h:;s:;c:0;0:0&layers=0,1,9415

Because in this volume we will treat only the structural domain of simulations, we will discerne 3 main
types of simulations regarding the involved bodies or parts:

1) when the human organs are simulated alone, without any additional external factors (for example

when the human body performs certain movements, such as eversion or flexion, or when the heart
pumps blood into the circulatory system or when the bolus is transported via the digestive system
etc.)

2) when external devices help regain or optimize the functioning of certain organs (as in the case of

prosthetics or orthotics, implants, stents, hearing aids, canes etc.); here the interaction becomes
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We show here a screenshot fro the Blue Sky Plan software, based on the existing x-rays.
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Artistic modeling

This is the method that we often use and highly recommend, giving the best balance between the best
shape fidelity and accuracy and time for pre-processing before going to simulation. Such 3D models can be
found for free in a limited number on GrabCAD.com, or paid models in an unlimited number on websites
like CGTrader.com, Turbosquid.com and many others.

For example, these are the results when we search for “femur” on GrabCAD.com, with around 3 pages, but
wth lots of other models, which are not all femurs, but they have in common that they might be related to
the human skeleton. All these are avalable for free download after an account has been created.
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simulations, the reality, in most of the times, proves to be different. After all, not much can be required
from free things.

Below is the result after searching “femur” on CGTrader.com, which, if properly filtered, according to our
needs and available finances, can lead to very satisfactory results.

$9.50 $159-66 -50%

max, ztl, zbp

$15.40 $72:69-30% $38.92 55560 -30%

max, max, obj, fbx, , mtl and more

@ ) 10% FOR UKRAINE

2

$19.50 535:60-50% $3.49 54:99-30% )
fhx, cad, fbm max, fbx, 3ds, c4d, =1

Lowpoly
1 A
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The models are available as K (or KEY) files for LS-DYNA, and they contain the meshed model, without
geometry. This might be a problem for people looking to alter the geometry, since it does not exist. There
are experts who successfully converted the meshes into 3D models suitable for solid or shell meshing, but
we know that a high level of experience is required to do so.

Types of contacts or interactions between parts

Everything in nature is connected and it has interactions at a very small or at a very large scale, even
though not all human minds and actual instruments can or can’t conceive it, yet. These interactions occur
in the human body at the separation between its parts because they are either very well glued or bonded
together (like the muscles are connected to the bones), or they are sliding (like the cartilages move inside
joints) or they are far away (like the hand is in relation to the leg or the head).

We show here a short categorization taken from Aradjo, Kaique & Barros, Rodrigo & Neto, Joel. (2021).
Structural analysis of pile cap as onshore wind turbine foundation. Revista IBRACON de Estruturas e
Materiais. 14. 10.1590/51983-41952021000500004.

Contact types BEAROr =
Gap Sliding
Bonded No No
No Separation No Yes,u=0
Rough Yes No, p =
Frictionless Yes Yes, p=0
Frictional Yes Yes, u>0

u: coeflicient of friction (dimensionless scalar value)

A contact has 2 sides, one (the source, or Contact in ANSYS) that moves towards the other (the Target in
ANSYS). The separate boundaries find each other by automatically constructing gap elements between the
outer nodes, which are spring-like bodies with a defined length (which give the gap or the distance
between the bodies) and a stiffness k (if the force in that spring element is F = -k * x then the stiffnessis k =

-F / x).

Here is a schematic representation of a basic contact.
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Spaceclaim tutorial 1: Healing and conversion of a STL shell body into a solid

Having obtained a shell geometry as STL, we are going to verify, then heal it if problems are found, then
convert it in fully solid body, used for meshing inside the ANSYS environment.

Open Spaceclaim. Drag and drop Spaceclaim Tooth 1.STL into the Spaceclaim window.

In the| beginning we’ll check if the file contains 1 or more bodies, this making the difference between a
single part and an assembly, and also because some stray bits and pieces might be interpreted as parts of
an assembly, but if they are too small and neglectable, they surely need to be deleted. Right click Facets,
Separate All (don’t jJump to converting to solids at this moment, have patience ;).

[ Facets

Convert to solid

| Separate All

On the bottom bar, this message will confirm that no other parts are present, which is what we needed.

Error

o No separate shell to extract.

To see that the STL geometry is a shell part (empty inside), let us create a section view. Select a triangle (or
facet) from the body which will be the reference for the section plane. Go to Design menu, then press the
Section Mode button.

Display Assembly Measure Facets Repair Prepare Workbench Detail Sheet Metal T

<° @ shenl

& (&} Home - spin - % 2 * % h @g @ & splitBody lj %

[+]
i Plan Vi P ’ Split 272 [ offset
Paste G EiPlanview < Pan Sketch Select Pull  Move  Fill Combine S s ™ I( ::: €
J @ -8 Qzoom - Mode . 2 €2 Project s 55 [ Mirror
Clipboard Orient Mode Edit Intersect Create

| Section Mode (X)
/ @ Edit solids by working with
their faces (shown as lines)
and edges (shown as points)
in cross-section.

Structure o

aMS Spaceclaim tooth 1*
M Facels

| @ PressF1 for more help.

smalA sdnoin Uoyosjes siaken

Options - Selection o
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Because there is no hatched region, this means that the geometry is empty.

Repair Prepare

W« b $3 P gzg:::“" :

% ﬂHome 2 ‘}Spm b
=2 EPIanVlew ‘I*Pan

Paste Pull  Move  Fill Combine 5y
'\’ . w QSB QZ{:{)m * Mode ﬁProject S 1
Clipboard Orient Mode Edit Intersect
Structure
'3 473 Spaceclaimtooth 1+
. Facets

smalp sdnols Uolosjes sieAen

Options - Selection
m Section Options
Maintain mirror
Maintain offset

4 Sketch

Automatically Create Constraint
[] Snap to grid

["] Snap to angle

[ Layout Sketch

The easiest way to obtain a solid part is to convert it from the very beginning, with the disadvantage that
the facets will still remain and will further dictate the meshing.

Right click the imported STL named Facets in the tree, Convert to solid, Do not merge faces.

% (&} Home - spin -
3 ﬁ::lan\.’iew ‘*'iZn % @ *

Paste Skelch Select
J @ - Qzoom - Mode

Clipboard Ornent

o i
ﬁf o ;ﬁiﬁﬁ&f Merge faces

Separate All

Reverse

sdnoly uopoajes siske

Suppress for Physics
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Right click Show All will unhide the important bodies.

Struclure i
4 P& mmi2022 Skeleton
® right
® lett
® middie

Options - Selection 5

Hole

Identify Holes

Create
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®
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Go and Auto Skin the left part and you will get this unacceptable geometry.

Go and Auto Skin the right part and you will get this unacceptable geometry, but better looking than the
left part, with less errors.
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Go to Design, Mirror and with the plane selected as reference, the mirrored hip bone will appear on the
left side.

Rename the parts to look as here.

4 7|8 spaceclaim hip 2:
3 middie
¥ right
v}
ﬂ Plane

Opfions - Selection '-':1

Properties X

Before assuming that everything is correctly made - because we know that the plane was positioned by
hand, without highest accuracy — ALWAYS check for any collisions in the assy!
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Draw a straight line that will encompass the region that you want to see in section view, something like

what is shown here along the bone length.

Section Planev 1 O X
mm I ox ¥ g
[¥] section Plane1 /

When we rotate with middle mouse then zoom in via scrolling the mouse wheel, we can see a decent
mesh, which we recommend that you refine in the later stages, when you need more reliable results.
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From the same Environment tab or from right clicking in the main window, insert a Moment.

Environment Display Selection Automation
ﬂn é'ian-e: Selection E(",Cornmands ®images ~ @_ 8 @ Force @ Fixed (
2 Coordinate System CJComment [ Section Plane N @, Moment CYFF @ Frictionless
Al i n | ial
navlysls @, Remote Point ;i Chart B annotation ne'ma Lofds @ pressure Sup?orts @ Displacement S
H Insert Structural
v40x  QQ [@w & % C- - Q@|Moment
ne |V Insert a Moment object to

distribute a moment about an axis
across faces, edges, or vertices,

Select the opposite side, where the knee joint exists, Apply. Change Define By from Vector to Components.
for the Z Component change from 0 or Constant to Tabular, since we have not 1 but 3 time steps, so 3 rows
are needed in the Steps-Time-X-Y-Z table.

[E-9[% Static Structural (B5)
- /Hi] Analysis Settings
-/, Fixed Support
|-n@, Moment v
[ 4 >

Yetails of “Moment'

- Scope
Scoping Method | Geometry Selection
Geometry ' No Selection
- Definition
'ID (Beta) [160
»Tyﬁe . .|Mom¢rlt
Define By | Components
Coordinate System | Global Coordinate Syst...
X Component | 0.N-mm (ramped)
Y Component 0. N-mm (ramped)
|_FACLUIUTL g 0. Nemm (ramped) (¥
Suppressed |No £ Import..
. Behavior | Deformable Export... 7'?\)(
H Advanced
; Constant
Tabular QX ||ebv & O X
Steps [Time [s
Tabular -8 11 0.
! 2|1 1.
1.3 32 |2
4|3 3.
BNz -
(T —
Details Section Planes Messages Graph < >




Biomechanics Modeling & Simulations Made Easy, vol. 1

To evaluate what occurs in the contacts, from the Solution tab, click the Toolbox drop down menu then
select Contact Tool.

bbb AN WL Ef

Deformation Strain Stress Energy Damage Linearized Volume Coordinate = User Defined  Probe Write Input
- - - - - Stress~ Systems ™ Result = = File...
Results ﬁ

Stress Tool
ielect " Mode- T (B ) 0@/ @ ® '\ ™ & [Clipboard~ [Empty] @Extend: ) Fatigue Tool
Contact Tool
Bolt Tool

Beam Tool
Fracture Tool
Composite Failur

Response PSD To

200D

Expansion Settini

Click Contact Tool from the model tree in the left, the contacts list appears, right click and insert a Pressure
and a Gap item.

EI./ Connections ~

i ,; :usmum Contacts Selection [All Contacts | Ak || Re
:EE w&ﬁm Contact Side [Both v Iﬂj
EIJE m(ﬁ) For additional options, please visit the context menu for this table (right mouse bu

%2 Solution Information [ Name | Contact Side |
#® Total Deformation [v Bonded - screw 1To plate \Both

’i: Egﬁ:?::: - [v Bonded - screw 1 To outer -2 Both
v

/% Equivalent Stress 2 [V Bonded - screw 1To inner +2 | Both
/% Equivalent Elastic Strain 2 F Bonded - screw 2 To plate Both
E-;Elw v Ronded - screw 2 To outer +Z  Both
i B 7;‘ Statue Insert P @ Frictional Stress
Jetails of "Contact Tool" - §  solve @p Pressure
|| Scope Export Text File @ Sliding Distan,
Scoping Method | Worksheet Penetration
ICJ Duplicate 9 Insert a result that calculates
@ Gap Pressure for the contact
B Copy
. @ Status defined in the Contact Tool.
= Cut
@ Fluid Pressure
B Copy To Clipboard (Beta) - (D) Press F1 for help.
A Information (
& Clear Generated Data
@ User Defined Result
X Delete
E. commands
Jb  Rename F2
cew 6 Toouter -2 Both
B Grouw Qr*G  rew6Toinner 47 Both

| | 'Bonded - outer -z To outer +Z |Both

Save. Before solving, make sure that you assign (almost) all physical cores to the Solve tab, near the Solve
button.
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During or after solving, change Solution Output from Solver Outptut to Force Convergence to see such

useful convergence plots.

Outline

Name -
/%) Connections Py
/T Mesh
,E:aatamumdmn

--,E Analysis Settings

iﬂ Fixed Support

-.ﬂ Moment

= , Solution (B6)
5 solution Information
'v‘ Total Deformation
- @ Equivalent Elastic Strain
- % Equivalent Stress
.~ Equivalent Stress 2
- /@9 Equivalent Elastic Strain
=& Contact Tool

v 0 O X  Worksheet -

g Foce Convergence |

8 Status
JQ Pressure
= e D
< >
Details of "Solution Informz+= § O X
=] : Solution Information

!Solution Qutput Force Converge...

| Newton-Raphseon ... 0

i‘fam Element V... 0
\Update Interval | 2.5 5

| Display Points Al

=/ FE Connection Visibility

I | Activate Visibility | Yes

Dls:.-iay All FE Connectors
| Draw Connection... AII Nodes
:—I.ine Color | | connedtion Type
'Vmble on Resuits | No |
Line Thickness | Single 1l
| Display Type Lines |

Time (s)

[~

24755

10331

43117

179.95

751

31343

13.081

54592

22784

0.95087

0.39684

~——8—— Force Convergence

~——&—— Force Criterion

MW

8. 9. 10. 1. 12,

Cumulative Iteration

Here is the Total Deformation plot in which we make sure that we do not have exaggerated values (e.g.: a
few meters or kilometers), for a bone of 0.4 meters in length, under twisting load.

50.00

100.00 {mm)

o
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Here is the Pressure in contacts, with a maximum on plate, where it is constrained by the screws heads.

We filtered the values with 100 MPa for a clearer view of the colors.

@ Total Deformation A
@ Equivalent Elastic Stri
@ Equivalent Stress

@ Equivalent Stress 2

@ Equivalent Elastic Stri
{&) Contact Tool

./0 Status

Detailsof "Pre 0 O X
=/ Definition | A
Type Pressure |
By Time |
' Displ.|last |

Calculat...| Ves
Identifier |
Suppres...:No
[=/ Integration Point ... '
Display ... | Averaged
= Results '

Mini... | -344.05 ...

| Maxi... | 20456 ...
[ ] Aver... |1.9005 ... | 0.00 20,00 (mrm)
‘Minimu... plate | L S—
[Maximu... | plate

10.00

Here is the Gap plot in contacts, with the highest and lowest values on plate.

20,00 (mm)

10.00

103
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CASE 140: ANSYS WB FINITE ELEMENT ANALYSIS - Total hip replacement implant simulation

Once in Workbench, double click or drag and drop a Static Structural scenario from the simulations list in
the left.

Engineering Data (Materials): Go to General Materials and Add the Titanium Alloy by clicking the yellow +

sign from column B.

4 il ceneral Materials ]
Outline of General Materials
A B c
Contents of General £
1 ie of O 2| add
(. STUCTOrEN
13 Steel 5r
14 Titanium Alloy =k

To easily create the materials for the bone parts, right click the Titanium Alloy, Duplicate.

Hroject’ @B2:Engineering Datx
ta ﬁ Engineering Data Sources
SOl Outline of Schematic B2: Engineering Data

rties - A B |C
Contents of Engineering
Data

ecant Coeffic = Material
antaneous Ct Cortical bone
nstantaneous -

erature 4 Titanium Alloy

5 Trabecular bone
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Now repeat the Interference command and you receive such a warning.

Assembly Measure Facets Repair Prepare Workbench Detail Sheet Me
o Spot Weld % Split By Plane @ Rounds @J Bad Faces g i
b weld < Extend &% Faces A sharp Edges
& Wrap 2 Imprint Inlerference | @y short Edges %y Clearance Proliles iy
ilysis Remove Detect

1
Gey

1 interfering region. Click an interfering region to subtract it from the larger e
S )

/lég

By default, if we press the green check button, it will subtract the smaller body from the larger one, leaving
a carve-out or dent in it, with the shape of the red body shown here. Or you can subtract the larger body
from the smaller one, leaving a dent on it with the same shape.

Options - Find/Fix
x Fix Options

Subtract from smaller body

But at this moment we do not know what the software perceives as being large or small: is it because of
the difference in volume or because of the total area? You can Undo the command and check the Subtract
from smaller body option, if you needed to carve out that one.

People sometimes use the Combine command from the Design, Intersect tabs, keeping in mind that extra
options appear, which can be more useful.

Design Display Assembly Measure Facets Repair Prepare Workbench
e ~ ¥ Spin - % @ * g-’ :’t . 6 Q @ 52 Split Body
Jiew + Pan | - B spiit

Sketch Select Pull  Move Fill Combine
Eg- QZcmm * Mode - & i Project
Orient Mode Edit Intersect

Click the Complete green check and you get this happy message.

There are no interfering bodies in the model

(k)

109
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Selecting the plane will highlight it in blue; go to Design tab, Move, then drag the blue Z axis 10 mm
towards the back, Enter.

e TN R

Iaste Skelch Select  Pull Fill Combine N, Equati
s8-8 Qum- Bl : Rross |5 K | 5 s

Clipboard Onient Mode T Intersect Create Body

Siruciure o
4|v||& Femursimplantspelvis_v5*

v| @ pelvis!_v3.Solid

[v| @ pelvis!_v3.Solid(2)

[v| @ pelvisi_v3 Solid(3)

3 a2 Solid1
/| @ implantbSolid1

K

Options - Move i
&% General

A X BT um

[ "] Create patterns

% (& Home - Spin -

CHESERREE
= 43 ®pinview < pan - i i & spiit . 3%8 @& offset
b soB uaio
S @ -8 Qzoom ~ Mode B _ @ €83 Project N T( 825 [ Mirror i
Clipboard Orient . Intersect |
© Stucture /-

@) Editsolids by working with their g
faces (shown as lines) and

4 v & Femur+implant+pelvis_v5*
edges (shown as points) in
cross-section.

@ pelvis!_v3.Solid
V| @ pelvis!_v3.Solid(2)
\v| @ pelvis!_v3.Solid(3)

| @ Press F1 for more help.

V| @ art2.Solid1
V@i Ianih Solid1
MO

Options - Move H
&b General
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From this view we can say that the femoral head is intact because it maintained its spherical shape, while
the pelvis bone seems thinned-out.

—— Measure Facels Repair Pref Workt
mi ABX SRS S o

Skelch N | Select  Pull Fill

5 Qzoom ~ Moe . | 2 & Pro

Orient Mode di
. - -

nplant+pelvis_v5*
v3.Solid
v3.Solid(2)
v3.Solid(3)

lid1

b.Solid1

[LLIN (4

tion

If we want to be 100% sure, we can compare their volumes, before and after the Interference or Combine
operation was performed. Click the 3D Mode cube button to exit Section Mode.

0 Work directly with objects in 3D space.

v3.Solid
v3.Solid(2)
v3.Solid(3)
lid1

b Solid1

@ Press F1 formore help, or F3 for a video.
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Make the 1% and last Definition, Type as No Separation.

Name v | Search Outline |V

-8 Materials IS

/@ Virtual Topology

Bl >K Coordinate Systems

&8 Connections

i EJ@ Contacts
- W, Bonded - good_femur To pelvis
-y W, Bonded - fixed_femur To implant
iy W, Bonded - pelvis To cup

., W, Bonded - cup To implant

/@ Mesh

B 20 Static Structural (DS) v
Details of “Multiple Selection” = w B O X
+ Scope
3|

_Bénded -

| Scope Mode
| Behavior
Trim Contact

e
| Trim Talaranra

Frictionless
Rough
Frictional

When we click the 1% contact to evaluate it, we can see that the parts barely touch each other.

We need to propagate the selection to encompass more faces.
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In FEA, any contact has 2 sides: a source and a target; in ANSYS, the source is called Contact, and the Target
remained. Click Contact, 6 Faces, which is the source side colored in red.

: ET;@ Contacts

Scoping Method
Contact 6 Faces
Target 110 Faces

Contact Bodies
Target Bodies
We will select on the Contact Body View window additional faces with Ctrl pressed, Apply.

utline 30X ' Contact Body View

Name v | Sea thne |V o
[‘3./@ Materials ¥
/@l Virtual Topology '
@ % Coordinate Systems
B,@ Connections

etails of "No Separ.
Scope
Scoping Method

Target | 10 Faces
IContad Bodies
_Target Bodies

Protected

Target Body View

Instead of the previous 6 faces, we now have 21 (your number can be different, precision is not needed

here, we just want to get more of the head in contact with the pelvis).

& {8 Materials A
@@ Virual Topology

- 5% Coordinate Systems

B =) Connections

Details of "No Sep
1| Scope i
IScoping Method
'Contact
Target
 Contact Bodies

| 10 Faces
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Right click each Body Sizing from the tree, Rename Based on Definition. Selected both, this should be the
result.

4@ Virtual Topology PN
2 Coordinate Systems
- @& Connections
B4 @ Mesh
- @ Element Size on pelvis
- '@ Element Size on Multiple
£l 9l Static Structural (DS) 5

< >
Details of “"Multiple Selection” -+ O X
= Scope
Scoping Method | Geometry Selection
' Geometry '
3| Definition
-Suppressed [No
fype_ i | Element Size
Element Size
- Advanced
Defeature Size | Default
'Behavior | Soft

1M An

Right click, Generate Mesh and it looks like here; you can refine the mesh as you n%lf Virtual Topology
is not used, then the mesh count can increase, and meshing errors can appear. =

B0 Virtual Topology A
i Coordinate Systems
%) Connections
T Mesh
i@ Element Size on pelvis
/'@ Element Size on Multiple
B9l Static Structural (D5) “
< R T >
Details of “Mesh" vl OX
=/ Display 1
Display Style Use Geometry Set...
[+ Defaults
[ VSizing
| Quality
.+.'_Innation
+| Advanced
g satstis |
Nodes 113791
Elements 166930

~{0-EH-[
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Right click on the Contact Tool which appeared in the tree, Insert, Pressure and Gap.

jome Contact Tool Display Selection Automation

8 ‘g lamed Selection e ® -
E [l t oo ﬁlsr::tgl:: Plane E % @ % % %

tem [JComment

A i . nitia Pr: P i lidi
Sovlve na'hrsns @, Remote Point i Chart B Annotation " ;|'|I'!!|.1‘§||-:-"| essure Penetration Gap Status DSRSISBI:?!
Solvery Insert Results

Woihes

Geometry ~
o a B Contacts Selection [All Contacts ]| Add || Remowe |

Coordinate Systems Contact Side |Both (v | Apply |
Connections I :]

Mesh

Static Structural (D5)

] Analysis Settings

/@ Fixed Support

~@ Displacement

@ Displacement 2

-/Ei Solution (D6)

........ & m sdum [nfDﬂ'l'lBthI"‘l
/@ Total Deformation

/&P Directional Deformation
&P Equivalent Stress

& Equivalent Elastic Strain
/@ Equivalent Stress 2

i/ @ Equivalent Elastic Strain 2
E}_;m Contact Tool

For additional options, please visit the context menu for this table (right mouse button)

/@ Status Insert » Frictional Stress
rtact Tool” g  Solve Pressure
Export Text File Sliding Distance

&
@
%
thod | Worksheet
] O Duplicate @ Penetration
Ga
B Copy Wi
s @p Status | Gap
= @ Fluid Insert a result that calculates
(B Copy To Clipboard (Beta) % Gap for the contact defined
- X Info in the Contact Tool.
Flase ™ amars dnrd Pinda
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This is the Equivalent Train plot with a maximum of 3.3e-2 mm/mm.

D: Static Structural
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mm/mm
Time: 3

Max: 0.014854
Min: 7.7941e-10
08-Now-22 00:23

0.014854
0.013204
0.011553
0.0099027
0.0082522

e
sraph * 40O
Animation | |~ :: .E:. 20 Frames * | 2 Sec (Auto) v | BB O\ :::::
3
3.2708e-2 A
‘
2 Se_') "
.E 2.e-2 ¥,
£ e-2 4 ]
1.5e-2 : et e o=
E —
— »
1.e-2 :
.'-r
5.e-3 /
3.3015e-11 £
0 0.4 0.8 1.2 1.6 2. 24 283

1

143
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Here is the Gap plot in contacts. The small peaks appearing on the left hip socket are due to the default
Auto Scale which is 7.2 instead of the real one = 1.

n  E Commands [@images~ 7.2 {Auto Scale) - .
tem [JComment E.Sedion Plane All Bodies -
” G et
i Chart ﬁ.&nno‘tation v Large Vertex Contours em'n g
Insert |

QQ [@e@ % [Clraa @@ st kM

After we changed to True Scale = 1, the small peaks disappeared.

1 [E commands @images~ 1.0 (True Scale) - [
em [JComment ﬂsmion Plane = All Bodies hd
ﬁ;f Chart gAnnola‘tion ¥ Large Vertex Contours G“:ndw J
Insert D

QQ @w& % C-+Qa @@ seect % Mod
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This is the Force Reaction plot with Details for the respective Bonded contact.

&%) Connections A~
- ,/% Mesh
= ‘/u Static Structural (D5)
i s} Analysis Settings
i /@ Fixed Support
‘,G Displacement
/@ Displacement 2
= -] Solution (D6)
----- 21 Solution Information
-, Total Deformation
- /&3 Directional Deformation
- /%@ Equivalent Stress
----- %0 Equivalent Elastic Strain
- /&8 Equivalent Stress 2
----- %0 Equivalent Elastic Strain 2
B {4) Contact Tool
----- 8 Force Reaction
- /%8 Force Reaction 2

W
Details of "Force Reaction 2" v Q1 OX
=/ Definition ~
Type Force Reaction
Location Method | Contact Region
Contact Region |Bonded - pelvis To cup
Orientation Global Coordinate System
Extraction Contact [Underrﬁng Element)
Suppressed No
-/ Options
Result Selection | Al Graph # 00RO e s
Display Time |End Time Animation I B E . UII 20 Frames ~ | 2 Sec (Auto) -
=/ Results i
X Axis 44896 N 12874
¥ Axis 186.54 N
1 Z Axis 35.654 N
Total 487.48 N 1000.-
=/ Maximum Value Over Time )
X Ais 273N .
Y Axis 186.54 N £ e
Z Axis 22445N
Total 12874 N _—
= Mlntmum Value Over Time
X Axis -13831N 0.
1Y Axis -14.081 N 43831
Z Axis -17.782 N
| Total 144,56 N .

Further homework:

- to allow for plasticity (or remanent deformations) to occur at higher loads, replace Titanium Alloy with
Titanium Alloy NL from Engineering Data, General Non-Linear Materials library; solve and draw the
conclusions

- go to Mesh, make Element Sizing for the par

conclusions

Revised

end, start changing contacts to Bonded

- make all contacts as Type = Frictional with
see the Pressure in Contacts (if the FEA does
type)

- change the Displacement values from 5 mm to 10 mm in their tables; solve and draw the conclusions
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CASE 246: Structural simulation of a steel stent expansion - ANSYS WB Static Structural

Max 03677
Mine@d
D =Now=2018:26
03677
0.32684
(28595
024513
020428
016342
0.12257
QeI
0040855
0

7 :;1-,-.‘1 i =N E a !.

© expertfea.com

Time: 3 '
D4-Moy-20 18:26
5 38496 Max
47018

058773 L7

."“"l‘."»

Sk

Once in Workbench, double click or drag and drop a Static Structural scenario from the simulations list in
the left.

Engineering Data (Materials): In order to avoid unrealistically high stresses, we need to allow plasticity in

the stent material, so go to General Non-Linear Materials and Add the Structural Steel NL material by
clicking the yellow + sign from column B.

:l 3 @ ceneral Nondinear Materials [}
A B
1 Contents of General Mon-inear Materials - Ac

:
i

Alurninum Alloy ML

Concrete NL

L

Copper Alloy ML

(1]

Gasket Linear Unloading

Gasket Non Linear Unloading

Magnesium Alloy ML

wo [ |~ | o

Stainless Steel NL

o] (= (e | | | e

AR A At AL A S

Structural Steel ML
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Hit Esc to exit the command, then go to the tree in the left, select the Plane, then click the button for the
Section Mode. Shift + middle mouse to pan. Rotate the scroll of the mouse for zoom.

Sketch  [EBEET Jisplay A bly Me s . Pr : ch : Tools
e BBR G Zme OB 3
43 % rianview b Pan : - ¥ s & spiit . 228 @5 offset
Sketch i : Pull  Move  Fill Combine ) s, k S Eque
J @ -8 Qzoom ~| Mode (LB 2 & Project . 228 [ Mimor
ward Orient Mode Edit . Intersect | Create

| Section Mode (X)
g Edit solids by working with their
faces (shown as lines) and
edges (shown as points) in
cross-section.

@ PressF1formore help.

lions - Selection

To have the view normal to your face, click the button form the left, the one with an eye over a grid.

#® Display your design so that you are viewing the
gnid head-on.
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Then go to the Selection tab on the top and click Adjacent 1 - 2 times to gather more faces than we had
before, Apply.

n B = Context F : Static Structural - Mechanical [ANSYS Mechanical Enterprise]
Home Connections Display Selection Automation
B Create & Qi % & Limits B
2| @ W Connection
5S¢ | - Adjacent g . Set Convert Walk
Mz = | v Hide Others @ instances Tolerances ™ To~ .
Named Selectiors Extend To
Outline . ~40Xx @@ @f Contact Body View
Name v | Search Outline |V
1 Project* A
2} Model (F4)
B9 Geometry
8 Materials
@,k Coordinate Systems
B &) Connections
i E J Contacts L
< >
Jonded - inner To stent” v QlOX
[Scoping Method Geometry Select..
[contad 1Face
Appl)‘. Cancel
| Contact Bodies
Target Bodies Target Body View
Protected No
Type Bonded
| Scope Mode Automatic
: Behavior Prugrn_m Contro..
Trim Contact Program Contro..
Trim Tolerance 0.19805 mm
Suppressed No . i
= Advanced “u‘ (mre
Formulation Program Contro.. 2a,mx
Small Sliding Program Contro.,
| Detection Method Program Contro., Geom...  PrintP...

This is the resulting selection in blue after having clicked 2 times on Adjacent.

i ./". Bonded - inner To stent
-4/ @D Mesh v

< >
Details of "Bonded - inner To stent” *QOx
= Scope | A
Scoping Method -Geomemr Select..:
Contact |1 Face '
Target 329 Faces
Contadt Bodies -
Target Bodies Target Body View
[Protectd [N
[=!| Definition
Type Bonded
Scope Mode Manual I
Behavior Program Contro...
Trim Contact Program Contro...
Suppressed -Nu 1
=/| Advanced Y
Formulation Program Contro.., o'u‘ (mmr
Small Sliding Program Contro... 2000
Detection Method Program Contro...
IPenetration Tolerance Program Contro... Geom... | PrintP...
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:-Euler Angles Z‘res

General Miscellaneous Yes

Contact Miscellaneous Yes

Fro the Environment tab on top, click the Pressure button shown on the lower right here.

Environment Display Selection Automation
B ®iamed selection [ Commands @ Images~ _@_ G @ Force
ﬂ *i Coordinate System CJComment [ Section Plane IS @, Moment
Analysis . _ = Inertial Load
navysu #, Remote Po il Chart @Annotation ne' - i @, Pressure
I Insert

Select the face gren on the inside of the stent, make Magnitude as Tabular, Apply.

®- &) Connectons A

&P Mesh

=-[4 Static Structural (F5)
- s JH] Analysis Settings

o », @@ Pressure
S _'- Solution (F6) .
iz2(] Solution Information v |
< >
Details of "Pressure” ‘e B OX
=l Scope '
Scobing Method -Geometry Selection
Apply | cancel
=!| Definition
1D (Beta) [57
Type "Pressure
Define By Normal To
'Appl'ied'By b'S'urface Effect
Loaded Area |Deformed
Magnitude | Tabular Data

Apply these values in the table.

Graph
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Rotate the image for a better view, then click the Edit Section Plane button.

I W LU T T ia
@--{8) Contact Tool
Y, ﬁ Force Reaction v
< >

B L X __l_]_'__,

%) Section pamm
Edit Section Plane

Edit a Section Plane
/j by dragging the
Section Plane anchor.

(1) Press F1 for help.

5.000

Then move the middle square or box to pull the section to show more struts touching the inner plaque.

W T T e e

- @@ Equivalent Stre:
i @@ Strain Energy
- 4@ Equivalent Elasi
/@B Equivalent Plast
& (&) Contact Tool
- ,%@ Force Reaction v

< >

Section Planes *xAOX
a3 x - [@]al.

[ section Plane1

You can uncheck Section Planel to obtain a full view of the assy.
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This is the Total Deformation plot.

Total Deformation
Type: Total Deformation
Unit: mm
Time: 3

Max: 5.2664
Min: 0
10-Nowv-22 01:39

ANSYS
2021 R1

5.2604
4.6813

Here is the Equivalent Stress plot after the section view was activated from the Section Planes tab. If
needed, from Results tab, Display, change the scale to True Scale = 1. The value being higher than 250
MPa, we can expect plasticity to occur in the stent.

(@ Images * Il.orrruesmle]- ‘ 6:1 E @ ED probe v Snap ['L__|L|
~ .

[E@section Plane 0.0 (Undeformed) [ Maximum =

Geometry Contours Edges |
Dinn-:ltatl-:m 1.4 (0.5x Auto) i 4 > _gJ E!,‘T'Ilnlmum Di

2.7 (Auto Scale) Display Beta
5.4 (2x Auto)

@ Q | & 14 (5x Auto) Q @ @ @ Select ™ Mode- & ) Gl

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1.08
Max: 319,75
Min: 0.0032063
10-Nov-22 01:41

\

31975
284.23
248.7
21347
177.64
14212
106.59
71.059
35.531
0.0032063
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Because different sides of the contact where left active, the above contact results show certain sides. Click
the Solution, Contact branch from the tree in the left and see that we can change the Contact Selection
and the Contact Side for each one, thus allowing for solution plots on certain contacts and sides.

Worksheet
Contact Tool
Contacts Selection |A|| Contacts El | Add “ Remove
Contact Side Apply
Contact
For additional options,| Target his table (right mouse button)
Active (Beta)

LA

v

e

Geometry | Print Preview |
Graph . . BN N AR N R R e e e R e e e . . . . T I S I iy - 4 D x
 Animation | » El | [ 20 Frames v 2Sec(Aute) ~ B @ I

0. 0.4 08 12 16 2 24 2.83.

Further homework:

- to deny plasticity (or remanent deformations) to occur, replace Structural Steel NL with Structural Steel
from Engineering Data, General Materials library; solve and draw the conclusions

- go to Me g . e conclusions

- double
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Go to the Selection tab, and click Adjacent once, then Apply.

Home Connections Display = Selection | Automation

QCreate é.,’ g Hide Bodies @ Suppress Bodies N ﬁlimits @ 9
5 show Bodies | "@Unsuppress Bodie : & Connection o
;'-1: 8 | @ Hide Othe i Suppre e Adjacent 3 instance esh Locitla
Named Selections Extend To
Outline v 3O X @ O | @ o Adjacent (Shift+F1)
Name - tine | ™ o #73 ™ Forthe face (or edge) selection,
: ect® adjacent faces (or edges) withir
{é:l. P& jel (H4) = shared edge (or vertex) within a
@@ Geometry
8 Materials (D Press F1 for help.

« s3 Coordinate Systems
~i%) Connections

0-&3-&8-#

| Contact Bodies
| Target Bodies
'Protected

3| Definition
' Type

Observe how more faces got into the Target (or blue) side of the contact.

B Project* A
B Model (H4)
@ Geometry
- /{8 Materials
i Coordinate Systems
+1%] Connections
=--{8) Contacts
W, Bonded - inner To outer
~ P, Bonded -inner To stent

o @ Mesh ~

-#=-#=H-8

Details of "Bonded - inner To stent” *vlOXx

=l Scope
| Scoping Method | Geometry Selection
:Contar.t 11 Face
Target | 109 Faces

' Contact Bodies
.Target Bodies
Protected

= Definition
.Type
'Scope Mode
'Behavior
[Trim Contact
' Subpr.essecl

180
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184

Ctrl+B to select bodies, then click the outer part, green here, Apply. Assign 1.5 mm.

Model (H4)
- /%@ Geometry
‘/@ Materials
st Coordinate Systems
/[%) Connections
-7@ Mesh
2'® Sizing
/[ Static Structural (H5)
L] Analysis Settings
B .? 5:?1:”‘1 (H6)

ils of "Sizing” - Sizing

oping Method | Geometry Selection

ooy | cane

finition

ppressed ' [no

se |Element Size
Element Size . 1.5 mm
Ivanced .

Defeature Size Default
havior | Soft

Insert a similar Sizing for the other 2 parts, seen blue here, 1.25 mm.

= (&) Model (H4) A
- @@ Geometry
-5 Materials
53 Coordinate Systems
%) Connections
#/@P Mesh
- 4\@ Body Sizing
L '.(!-@ Body Sizing 2
=~ Static Structural (H5) .,

0-&-&=5-558

< >
Details of "Body Sizing 2" - Szinw § O X
=l Scope '
'Scoping Method 'Gcometry Selection
'Geometry |2 Bodies
= Definition '
'Suppressed INo
'Type ' Element Size
E IAdvantcd

Defeature Size | Default
_ Behavior _ Soft
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This is the stress only in the stent. The high values are allowed by the Superelasticity parameters we
defined at the beginning of the tutorial.

Here is the stress in the 2 parts of the blood vessel. The lower values correspond to materials having
behavior near hyperelasticity.

200
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CASE 236: ANSYS WB Static Structural - FEA simulation of the closing and opening of an aortic

valve

Engineering Data (Materials): To easily create a material for the aorta with one close to having hyper-
elasticity, right click the default Structural Steel, Duplicate.

Rename it gorta then insert these values for the respective parameters; you can delete other properties
until you have only these ones.

1 Contents of Engineering Data = »‘J '@' Source

2

3 % aorta H D Flahgue Data at zero mean ¢
Fatigue Data at zero mean ¢

4 @ structural Steel =] & I

Properties of Outline Row 3: aorta

A B
1 Property Value
2 T8 Material Field Variables = Table
3 %8 Density 1000 kg m~-3
4 qfa Isatropic Secant Coeffident of Thermal Expansion
& = l-']EI Isotropic Elasticity
7 Derive from
] Young's Modulus
] Poisson's Ratio
10 Bulk Modulus
11 Shear Modulus
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Geometry cell: Right click, Replace Geometry, Browse for 2019 feb 15 aortic valve version 2.x_t

Model cell: Double click and the Static Structural — Mechanical window will open, with the proper FEA
utilities.

Geometry branch: Rename the part as aorta then apply the respective material to it. This should be the

result.
= (@ Model (34) A
B, % Geometry
i L, B amorts
il = f‘-‘Mrﬁ\lﬂ ¥
< :

Details of "aorta" * Q1 Ox

Suppressed | No
D (Beta [19
| Stiffness Behavior Flexible .
i"Coor'dinat-e Syitem YIDEf-aul't C'oord'ir'\a-t..."f
:'Reference Temperature By Environment
[Treatment | None
I Material '
Assignment ‘_'aorta
[ Nonlinear Effects -:"‘fes

jTherma[ Strain Effects :‘res
+| Bounding Box -
# Properties
) Statistics

By default, because it is a single part, ANSYS does not assign contacts to it, so we need to do that now.

Right click the Model branch, Insert, Connections.

Model (34 e 7 A
5@ Geome Insert » & Named Selection
| v® 2 Solve all PartT
® «'@ i o art Transform
3% Coordi 4 Clear Generated Data [ Construction Geometry
@ Mesh

Bl Static o Rename F2 B Cross Sections

vH A O Refresh Materials g0 Virtual Topology

<
= ?m - ¢ Update Geometry from Source ) Connections

Right click Connections, Insert, Manual Contact Region.

T rm— _

Insert » f& Connection Group
Disable Transparency ", Manual Contact Region

?;.-_‘ Static St
b LT Anal

L
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Click Scope, Contact, click one leaflet on the concave side (or bulging towards us, green here), Apply.

[ Project* A
= (& Model (34)
B Geometry
..... ‘/s aorta
15 Materials
-y 4% Coordinate Systems
-2{&) Connections
E--9{8) Contacts

lose) on” -~ lOX

o— )

I Contact Bodies
| Target Bodies
iProtmed

-I Definition
i_Type

Target Body View

Click Scope, Target, click a neighboring leaflet on the concave side (or bulging towards us, green here),
Apply.

[ project* ~
8- Model (34)
B/ Geometry
L ..‘/a aorta
@y 3K Coordinate Systems
B-2{&) Connections
| E-9{&) Contacts
i L.-9"¥, Bonded - aorta To No Selection
/@ Mesh
=90 Static Structural (J5) v
£ :
Details of "Bonded - aorta To No Selection” -+ § O X
E'Scope
Scoping Method |Geometr‘,r Selection _
= Target Body View
Contact |1 Face

Cancel

Contact Bodies
Target Bodies

. Protected No
=| Definition
Type Bonded
_'St-:;ape Mode Manual

Behavior Program Controlled
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Insert another Pressure item to apply it on the opposite side and direction, to achieve an alternative (or
pulsating) movement of the leaflets. Select the concave faces, seen here in green, Apply.

------ :_;3. Pressure 2 .
.- fE Solution (16) X

< >

Details of "Pressure 2" v 1 0Ox

= Scope

| Scoping Method | Geometry Selection
sopy | Cance

[=|| Definition
ID (Beta) 46
Type Pressure
Define By Normal To
Applied By Surface Effect

Loaded Area Deformed
Magnitude 0. MPa (ramped)
Suppressed No

Make Magnitude as Tabular then insert these values in the table. To avoid autocompletion, start inserting

the values form the bottom rows going up.

Graph ............................... L nElx Tabulal’Data - qu
3. Steps | Time [s] |[7 Pressure [MPa]
2.e-3 1|3 0. 0.
Il 21 1. 0.
1.75e-3 32 2. 0.
1.5e-3 4|3 3. 0.
5
1.25e-3 -
1'e'3 v I
7.5e-4
S.e-4
2.5e4
0. !
1 2 3 4 5
[ 1 [ 2 3 4 [ 5 |

By default, ANSYS assigns 26 equilibrium iterations, so let us extend this value to 100, to help convergence
in the solver. Select the Static Structural branch, then click the Commands button from the Environment

tab.

Home Environment Display Selection Aut
ID X B &uamedselecion [ Commands
i< Coordinate System LJComment

Duplicate Q | Solve = Analysis , ok i Chart
E o REMOLE FO 1
Insert

Outline Solvery
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Click inside the 9t row and write NEQIT,100. Then assign the details seen below in the Definition branch.

NEQIT. Specifies the maximum number of equilibrium iterations for nonlinear analyses

v/[_':-‘_ Commands (APDL) ¥ ; negit, 100
< >
Details of "Commands (APDL)" *+1OX
= File '

File Name [ ‘
| File Status Flle not found |
[=I| Definition ‘ '
'Suppressed |No
Step Selection Mode | All
'Target ‘ Mechanical APDL
hlssue Solve Command "Yés

Solution: Insert these items from the respective toolbar.

------- #{8) solution Information
/@p Total Deformation

------- /@ Equivalent Stress

/@ Equivalent Elastic Strain
/@@ Strain Energy

B--#{%) Contact Tool

. -y@ Status

/@ Pressure
- 4 /&3 Gap
Fue ?Q Force Reaction

To assign any of the contacts, make Location Method, Contact Region; Contact Region, Frictionless — aorta
To aorta.

b 2 Force Reaction
" >

Details of "Force Reaction” * 30O
i—_'._'Deﬁnition

.Type
:-"Lo-cat'ion Method |
Contact Region
Orientation
|Extraction
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To create animations, you either press the Play button from the Animation toolbar below or Export Video
File.

Graph
Animation | Bl |D O  20Frames v 25ec (Auto) ~ EH i S o =
1.3392 . Export Video File
P— Export the animation to a file.
¢ T — Supported video file types
—_ b Ll include AVI, MP4, WMV, and GIF.
% 0.75 e
T 0.5 (L) Press F1 for help.
0.25 » i
- c03I3s 7 o == P— i R e
f.2935e -
0 1 2 3 4

'E‘;pe: Equivalent Elastic Strg
Unit: mmy/mm

Time: 5
Max: 0.16565
Min: 1.4556e-5
13-Now-22 03:09

0.16565
0.14725
0.12884
0.11044
0.092034
0.07363
0.055226
0.036822
0.018419
1.4556e-5

Here is the Strain Energy plot which signals an optimal mesh with such low energy values.

J: Static Structural
Strain Energy
Type: Strain Energy
Unit: m)

Time: 5

Max: 00043506
Min: 1.3786e-8
13-Now-22 03:10

0.0043506
0.0038672
0.0033838
0.0029004
0.002417
0.0019336

0.0014502

0.0009668

0.00048342
1.3786e-8
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This is the resulting plot, with negative values showing a suction action.

The Force Reaction plot looks like here, with an unexpected peak at the start and other peaks during the
solving, which are expected.

RPN S S e e O] K
© Animation |« B IEFI m:l 20 Frames v|2sec(aut) - B QS EE D
5
5.7045e-2
4e-2
— J.e-2—
E- 2.e-2—
1e-2 -~
0.4
-1.2281e-2 T 1 T ]

0.

=
[
w
»
wn
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Model: Having this branch selected, you can access the items from the Model tab on the top.

Observe that the initial geometry has quad facets which will impose the mesh shape and density.

menu.
Maodel Display Selection Automation
EIEl Swnamed Selection [E' commands @ Imag

Bid 2 Coordinate System [JComment E.Sectio
A i _
navlysm #_Remote Point i Chart [ Annotation TartorR Sections~ Topology

™ Insert @ Prepare

Right click Vi

. "3 Generate Virtual Cells

EI %) Connections | £} Repair References (Beta) " tond Calls C ;]
/@ Mesh -
E?E licit D X Delete

Automatically create virtual
InitialCo T, Rename cells on all entities based
qﬁ Analysis oo cungs on the current settings.
=2 Solution (L6)

~y {8} Solution Information

(D Press

F1

for

.
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These are the parts propertly named and the Bone Assignment on the jaw.

v W ’ -

B-% Geometry ~
] e, @ bullet
i » @ aw
& {88 Materials
i ‘{% Bone
...... v Q} Copper Alloy NL
/% Structural Steel
-, % Copper Alloy NL 2
- /M8 Bone Assignment
i el Ve sm] Tommlo o
< >
Details of “Bone Assignment” -« J O X
-/ Common Material Properties

Density | 2¢-06 kg/mm’
Young's Modulus 17000 MPa
Thermal Conductivity | 0.00028 W/mm-*C |
Specific Heat

Tensile Yield Strength | 25 MPa
Tensile Ultimate Strength | 33 MPa
Nonlinear Behavior Tr_ue _
Full Details | Click To View F...

Connections: Because the collision between the bodies are managed by Body Interactions, we right click
and Delete the contacts.

- o &B Geometry "

{8 Materials

- Virtual Topology

% Coordinate Systems

.4, Connections
E]““Jm Contacts .

| @871 Body Int Create... ’

i/ @D Mesh

A oot ca £ Create Automatic Connections

Insert »

<
: Check Overlapping Contact Regions
Details of "Contacts"” # . =
=/ Definiti £} Regenerate Connection Mesh (Beta)
Connection Type ® Suppress
) Sfoape Disable Transparency
| Scoping Method

| Geometry Search Connections for Duplicate Pairs
=/ Auto Detection
Tol?rance Type

Tolerance Slider

%
X
X
Tolerance Value b Rename Delete
8

Use Range Group This option deletes
the selected
Rename Bas¢ Outline object(s).

FacE{Fate

Face-Face Angle Toler

Face Overlap Tolerance | Off _

 Cylindrical Faces [Include | @ Press F1 for help.

Delete Children

Delete
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To ensure that the CS is aligned to the bullet, go to Principal Axis, Axis, X, Geometry, click the same green

face, Apply.

,,Q Geometry
- {8 Materials

- B Connectinns

- /@ Virtual Topology

[l 3 Coordinate Systems

. w3k Global Coordinate System
- 34 Coordinate System

The CS is now properly aligned axially. The red X axis will indicate the velocity vector direction later.

Details of "Coordinate System" - * 10X
=| Definition

Type Cartesian

Suppressed MNo
=/ Origin

Define By Geometry Selection

Geometry Click to Change

Origin X 20,762 mm

QOrigin Y -121.76 mm

Origin Z -5.4385 mm
= Principal Axis

Axis X

Define By Geometry Selection

spply | Cancel
[~/ Orientation About Principal Axis

Axis X

Define By Default

v

..... v @ Geometry A
..... », @ Materials
....... B0 Virtual Topology
By 3K Coordinate Systems
. i+yK Global Coordinate System
g B . i Coordinate System
H- =3 Connertinns
Jetails of "Coordinate System” e O X
1| Definition
Type Cartesian
Suppressed No
1/ Origin
Define By Geometry Selection
Geometry Click to Change
QOrigin X 20.762 mm
Origin ¥ -121.76 mm
OriginZ -5.4385 mm
1| Principal Axis
Axis X
Define By Geometry Selection
Geometry Click to Change
1| Orientation About Principal Axis
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Now back to Mesh; insert a Sizing on the jaw, Apply then insert these details.

Home Mesh Display Selection Automation

O~ %+ H&% % % 9@ @-°

Duplicate Q Solve Insert  Update Generate S:qrfaﬁe ree/Target | Method Sizing Face apped |
v - - es Meshing Meshir
Outline Solverz | Insert Mesh Preview

o vA0Xx T QQA[@e® % C-+QAQA Q@ St
Name v | Sez thne |V o
#-- =X Coordinate Systems A
,@ Connections
B4 Mesh

- /\@ Body Sizing
g™ Patch Conforming Method
'@ Body Sizing 2

=1-~™ Exnlicit Dvnamics (1 5) v

Details of "Body Sizing 2" - Sizing *ROX

- Scope ' '
IScoping Method | Geometry Selection ' I
ooy | cance | |

- Definition

:Suppressed . )

Right click this Body Sizing from the tree, Duplicate.

B~ @ Mesh
- /\@ Body Sizing
" Patch Conforming Method

WY 5o g

F1-a ™ Fxnlicit Dvnami Insert
Details of "Body Sizing 2" - Siz'uj m Update
/=1 Scope
'Scoping Method ' Geometry ¢
'Geometry [ Body h Preview .
=l Definition '
'Supptessed INo
'Type !
-Spherc Center
Sphere Radius
Elemeni Size

ﬁ Generate Mesh

Show
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Properly made, the mesh should look like here.

vl Virtual Topology A
~+a Coordinate Systems
/%) Connections
+ & Mesh
v @ Element Size on bullet
% Method on bullet
'@ Sphere of Influence on jaw
'@ Sphere of Influence on jaw
=™ Explicit Dynamics (LS)
_,~'§|'| Initial Conditions
21l Analysis Settings
2% Solution (L6)
#[) solution Information

-

m

&

‘
L)

Details of "Mesh" « 1 O x
- Display
Display Style Use Geometry Setting
- Defaults
Physics Preference ' Explicit
Element Order Linear
Element Size | Default
+ Sizing
+ Quality
+ Inflation
+ Advanced
satistis |
Nodes 107569
Elements 1601216

Explicit Dynamics: Right click Initial Conditions, Insert, Velocity.

Home Initial Conditions Display Selection Automation

D é} il S E (@ images ~ — T—OJ
E3 i '~ ' tem [JComment [ Section Plane T=0 0 _3
te Solve Analysis Velocity Angular Dro
Q f e’ il Chart EJ Annotation b vel%city Heig:t
Cutline Solvery Insert Conditions

QQ Blw& % C-+QQ @@ S

Name - =
B[ Virtual Topology A
-3 Coordinate Systems ; - e
&%) Connections ; ARy :ﬁéﬁ%
_.-_‘ .-."

2@ Mesh
- @ Element Size on bullet
% Method on bullet
'@ Sphere of Influence on jaw
'@ Sphere of Influence on jaw
=91 Explicit Dynamics (L5)
R ] inital Condibong '
2] Analysis Settinc Insert * o Velocity
s . ..
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But the FEA solves with this above value of 10%.

Solution Output, Solver Output shows such a real time log.

=-£{&) Solution (L6) Cycle: 1463, Time: 2.214E-053, Time Inc.: 1.296E-08s,
ol ) Solution Information Progress:  8.85%, Est. Clock Time Remaining: 22.0 mins
------- £ @ Total Deformation v Cycle: 1464, Time: 2.215E-05s, Time Inc.: 1.296E-08s,
{ o - Progress: 8.86%, Est. Clock Time Remaining: 22.0 mins
Cycle: 1465, Time: 2.216E-053, Time Inc.: 1.296E-08s,
Details of "Solution Information” -+ L [0 X |[Progress: 8.86%, Est. Clock Time Remaining: 22.0 mins
S Sotution Information Cycle: 1466, Time: 2.218E-053, Time Inc.: 1.296E-08s,
- Progress: 8.87%, Est. Clock Time Remaining: 22.0 mins
Solbion Oulpt | Solver Output Cycle: 1467, Time: 2.219E-05s, Time Inc.: 1.296E-08s,
Update Interval  |255 Progress: 8.88%, Est. Clock Time Remaining: 22.0 mins
Display Points All Cycle: 1468, Time: 2.220E-053, Time Inc.: 1.296E-08s,
Display Filter Du.., Yes Progress: 8.88%, Est. Clock Time Remaining: 22.0 mins
Cycle: 1469, Time: 2.221E-053, Time Inc.: 1.297E-08s,
Progress: 8.89%, Est. Clock Time Remaining: 22.0 mins
Cycle: 1470, Time: 2.223E-05s3, Time Inc.: 1.297E-08s,
Progress: 8.89%, Est. Clock Time Remaining: 22.0 mins
Cycle: 1471, Time: 2.224E-053, Time Inc.: 1.298E-08s,

Making Solution Output, Time Increment we obtain a plot which signals where “hiccups” are encountered
during solving (akin to bisections for Static or Transient, or implicit analyses), which require smaller time

steps.
w | Search Outline | W
Lol LI RGN Time Increment
-] Analysis Settings A
@, Fixed Support
= 5@ Solution (L6) _
....... g m Solution Information 2.4647e-8
£ @ Total Deformation g
" i e e ielem il P 5 ZIZSQ_E
Details of "Solution Information” -+ § O X
[=I| Solution Information 2.68
Time Increment «
Update Interval 2.5% =
Display Points All ’5' 1.75¢-8
Display Filter During Solve | Yes E
g
= 1.5e-8
]
E
=
125¢-8 @
1.e-8
7.3229¢-9 - i ; i i

0. 466 B8.e6 1.2e5 1.6e-5 2.e5 2.8754¢-5
Time (s)
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When changing from Time Increment to Energy Conservation we get such a plot in which we look for the

Energy Error not to increase or have spikes, since we defined a 0.1 limit on it (review Maximum Energy
Error from Analysis Settings).

Outline it 3 » 0 O X Worksheet

fome o bl Energy Conservation
-] Analysis Settings

(o]
: -®. Fixed Support
B 5@ Solution (L6)
i--¢) Solution Information

£° Total Deformation —#— Total Energy ~——— Reference Energy
i@ Equivalent Stress ~—#—— Work Done ——#— Energy Error
* BN Em b inlant Clemnn 02
Details of "Solution Information” v w B O X 1526, \_ | i i ] )
=/ Solution Information : . : :
Update Interval 25s ' " ' '
Display Points All 1000.
Display Filter During Solve | Yes
= 750,
s
S 500,
k-
250,
o — e
407.9 i i ; 1 .
0. 2.5e-5 5.e-5 7.5e-5 1.e4 1254 1.5e4 1.8165e4

Time (s)

To see the behavior and trend of the analysis during solving, you can insert such intermediate result items
when you right click the Solution Information branch.

..... e o

E; 5@ Solution (L6) :
R wn] Soluton Inforrpaee °
o £Q Total Deforma Insert » @A Deformation Plot Tracker
i £® Ea..qvalent A B  stress Plot Tracker
£ @ Equivalent Stress 2
¢ Directional Velocity B  strain Plot Tracker

4@ Equivalent Plastic Strain

£@B Total Deformation 2 1000,

For live results, right click the needed item, Switch to Automatic Mode. Be careful when accessing too
often these intermediate items because, occasionally, they may lead to the crash of the solving.

= £ Solution (L6)
E im Solution Infurmatlon

B o oo
-4 %P Total Deformaton Insert
@ Equivalent Stress
E: E:uivdent Stress 2 $ Update Result Ctri-U

4@ Directional Velocity £ Switch to Automatic Mode
@A Eauivalent Plastic Strain ==
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-0 Geometry "
-8 Materials
B0 Virtual Topology
>4 Coordinate Systems
. (E Connections
- CD Mesh
[ Explicit Dynamics (L5)
@ Initial Conditions
o, Q Fixed Support
/&) Solution (L6)
& ,;m Solution Information
i /@@ Total Deformation
@ Equivalent Stress
%D Equivalent Stress 2
/& Directional Velodity
- /% Equivalent Plastic Strain
... /@ Total Deformation 2 v
Section Planes e § O X

MELEXso8,
[] section Plane 1

We now have a more revealing stress plot.
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This is the Directional Velocity plot in m/s only on the bullet.

Gﬁph e e T T i
© Animation |« » E > ﬂ,]_:l 20 Frames 'EZSec (Auto) |

40.859 —
-250,
=
E .500.-
-750. —
-1000, ¥ T T T T T
0. 45 8.e5 1.2e-4 1.6e-4 264 25e4
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Here is the Internal Enelrgy plot filtered with 1e5 J/kg to show the most affected regions.

Expression: INT_E
Unit: Jfkg
Time: 2.5e-004
Cycle Number: 4
Max: 5.3797e5
Min: 0
15-MNow-22 03:3%

5.3797e5
Tes
87500
75000
62500
50000
37500
25000
12500
0

—
||

Here is the COMPRESSALL plot while also showing the mesh edges; we filtered with 0.02.

L: Explicit Dynamics
COMPRESSALL
Expression: COMPRESSALL
Time: 2.5e-004

Cycle Number: 40207
Max: 0.079395
Min: -0.028342
15-Mov-22 03:38

-0.004171
-0.010214
-0.016256
-0.022299
-0.028342

260




Biomechanics Modeling & Simulations Made Easy, vol. 1 262

CASE 269: Insertion simulation of catheter guide wire into a blood vessel - ANSYS Workbench
Explicit Dynamics

COG SR 0.00 50,00 100.00 (mm)
| eeeee——__ S—
25.00 75.00

0.087707
0.043992
0.00027611 Min

From hearthousenj.com we show an overview of one of the most common catheterization procedures.

Cardiac Catheterization

Marrowed artery
on X-ray image

insertion site

In our geometry, we curled the wire at one end to avoid puncturing the blood vessel.
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Ctrl+F to select only faces. Right click Mesh, Insert, Sizing then select the 3 faces from the curled end of the
wire, where it touches the blood vessel.

@) Connections A

- ¢*% Patch Conforming Method
i~/1@ Body Sizing 2
e @ Face Slang

I @ Initial Conditions
e [ Analusic Sattinne

Details of "Face Sizing" - Sizing -~ v § O X
=l Scope

v

Scoping Method | Geometry Selection
Geometry 3 Faces
[=/| Definition
Suppressed No
Type Element Size

| NS 1.0 mm

Right click all items under mesh, Rename Based on Definition. Generate Mesh. The mesh looks pretty

coarse, since we have to define a long travel for the wire, and we don’t want that the solving to take too
much to finish.

[3 JQ Mesh
i '@ Element Size on vessel
% Method on Multiple
: V‘Q Element Size on wire
i te/I@ Element Size on wire
-9 Explicit Dynamics (NS)
... [F8 Tritial Canditinne
< >
Details of "Mesh" =i » L O X
[-I| Display
Display Style Use Geomet..,
Physics Preference Explicit
Element Order Linear
Element Size Default
[+ | Sizing
# Quality
+| Inflation
[+ Advanced
-1 Statistics
MNodes 8663
Elements 24659

Explicit Dynamics: Right click Initial Conditions, Insert, Velocity.

Y -
B[ [xpicitovnalmcs {HS)
-
3 Pre-Stres Insert » T Velodity

IH}AH&IVSISSCM J Rename F2 ¥ Angular Velocity

LB ol ibinm Tnfarmatic T ™| Drop Height
a D ki

267




Biomechanics Modeling & Simulations Made Easy, vol. 1

Right click anywhere, Insert, Fixed Support. Select all 3 ends of the blood vessel, Apply.

= /"‘-.I'J L= ] ~
=2 Explicit Dynamics (N5)
=/ Initial Conditions
5 ----- ~T=0 Pre-Stress (None)

=/| Definition
ID (Beta) lag
Type |Fixed Support
Suppressed [No

Solution: Apply these items, on the respective parts, via Rename Based on Definition. We scoped for
distinct parts in some of the solution plots, since the material differences can confuse the plots, when

shown both parts at the same time. Save, Solve.

= » m Solution (M6)
-5} Solution Information
%0 Total Deformation - wire

- %0 Total Deformation - vessel

- &9 Equivalent (von-Mises) Stress - vessel
- /&9 Equivalent (von-Mises) Stress - wire
----- &0 Total Velodty - wire

-/ Equivalent Elastic Strain - vessel

To see the evolution of the simulation, insert Solution Information then deformation, stress or strain items.
We scoped here only the wire, because we need it shown only by itself, behind a transparent (unselected)

blood vessel.

El-#{& Solution (N6)

=--£{%) Solution Information

i £%) Total Deformation
£%) Equivalent Stress

~£ @) Total Deformation 2

£%) Equivalent Stress 2

i £%) Total Deformation 3

¢ @ Total Deformation v

Details of "Total Deformation 3" * Q1 0OX
-1 Scope
Scoping Method Geometry Selection

popy | Cance_|

-| Definition
Type Total Deformation
By Time

Display Time ' Last
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This is the Total Deformation of the blood vessel at the end.

Here is shown the Equivalent Stress in the blood vessel. On the graph, the peak is shown at around 4e-3 s.

* Animation |4 p |E| »l (@] .LI_D MFames  v|2Sec(Auto) ~|EH
7e3
1.3325
I
g. 05—
0. -+ . . . -?W
0. 1.e-3 2.e-3 3.e3 4.e-3 5.e-3 7.e-3

[s]
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Ctrl+F to select only faces, then click the foot, go to the top toolbar and click Extend, Connection, then into
the Details click Geometry, Apply.

Qutline e w i 0| QQ@U'QW B O+ Q @ @ @ Select " Mode~ §T®@.®® f
Nome - : > B P S
3 & Model (P4) - [ Clipboard~ [ Empty]
E. .
% Geometry &© Adjacent
B i 9 SelectBy g Limits
JB ==y “@ Convert~ e Connection
v @ foot 8
1 R il
< >
Details of "Point Mass” - » 3 O X
|| Scope

Scoping Meth.., | Geometry Selection ‘

Applied By | Remote Attachment
184 Faces 1

Coordinate Sy... | Grlrt;ba 7CEor&irn5tie

X Coordinate 257.43 mm

Y Coordinate| 108.72 mm

Z Coordinate| 1304.1 mm

ation | Clickto Change |

108.72 mm
1304.1 mm
Click to Change

Mass MomeTedT Inertia X | 0. kg-mm

Mass Moment of Inertia Y | 0. kg-mm?

Mass Moment of Inertia Z | 0. kg-mm®
Suppressed MNo

Rigid
Pinball Region All

279
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Because we need a similar sizing on the interface between the ribcage and the body (the ribcage being
embedded into a cutout in the body, hence the touching elements should mate properly). Insert, Sizing, 20
mm, Apply.

Ctrl+B to select only bodies, click in the middle of the body, it should be colored in green, then if 2 parallel
squares appear on the bottom left of the screen, select with Ctrl pressed the one that is not red, to also
add the other body to the selection, Geometry, Apply. When one body is overlapping with other bodies,
clicking on an area which corresponds to more bodies will always yield parallel planes on the bottom left of
the screen to allow for multiple selection by clicking the planbes with Ctrl pressed (it works for adding and
also for removing parts from the selection).

Another way to select multiple neighboring bodies is to change the selection filter to Box, then dragging
the mouse cursor from the right to the left over those bodies, which will encompass them all.

n 12 g Context P : Explicit Dynamics - Mechanical [ANSYS Mechanical Enterprise]

Home Mesh Display Selection Automation Quick Launck
O« % +8& % % - *

Duplicate Q Solve Insert Update Generate Surface SourceTarget Controls Mesh | Metrics
v - - Mesh - Edit~ | Display™
Qutline Solverz| Insert Mesh Preview

Outfine 40X  QQ [@e&® % O~ QA @@ Select "k Mode~ FT {
Name v | Search QOutline |V _

(@ Materials A
B, Coordinate Systems

E|,/ Connections

i @Il Body Interactions

&~ Mesh

Details of "Body Sizing" - Sizing

Apply ] Cancel

No
Element Size
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Repeat the sizing, but only for the foot now. We will leave the wall with a default mesh. Rename Based on
Definition, Generate Mesh.

-, 3% Coordinate Systems A
@& Connections
E-» T Mesh
i /@ Element Size on Multiple
/'@ Element Size on foot
[ Explicit Dynamics (PS)

Details of "Element Size on foot" -+ I [0 X
=l Scope

IS(oping Method -Geomgtry Selection

IGeomztr_v . 1 Body
EIDGﬁI'IItIOl"I' ior - .

'Suppressed

ITyrpe

Elemen

= Advanced
| Defeature Si
'Behavior

The mesh should look like here with the settings mentioned above.

- & .‘;.'. Coordinate Systems ~
&8 Connections
E""(@ Mesh
i '@ Element Size on Multiple
. /@ Element Size on foot
-9/ Explicit Dynamics (P5) v
< >
Details of "Mesh" * 4 0Ox
| Display ‘
= Defaults
[Physics Preference iExplicit
|l.EI'ement' Order iLinear
i Element Size [Detault

il Statistics
| Nodes |221519
|| Elements | 957087
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We encountered this error, so let us investigate it.

Worksheet

ycle: B640, Time: 2.627E-03s3, Time Inc.: 1.306E-09s, Progress: 26.27%, Est. Clock Time Remaining: 1.6 hra
ycle: 8641, Time: 2.627E-03s3, Time Inc.: 1.278E-09s, Progress: 26.27%, Est. Clock Time Remaining: 1.6 hrs
ycle: B642, Time: 2.627E-03s, Time Inc.: 1.251E-09s, Progress: 26.27%, Est. Clock Time Remaining: 1.6 hrs
ycle: 8643, Time: 2.627E-03a, Time Inc.: 1.225E-09s, Progresa: 26.27%, Est. Clock Time Remaining: 1.6 hrs
ycle: 8644, Time: 2.627E-03s, Time Inc.: 1.199E-09s, Progress: 26.27%, Est. Clock Time Remaining: 1.6 hrs
ycle: 8645, Time: 2.627E-03s, Time Inc.: 1.173E-09s, Progress: 26.27%, Est. Clock Time Remaining: 1.6 hrs
ycle: 8646, Time: 2.627E-03s, Time Inc.: 1.14BE-09s3, Progress: 26.27%, Est. Clock Time Remaining: 1.6 hrs
ycle: 8647, Time: 2.627E-03s, Time Inc.: 1.124E-09s, Progreas: 26.27%, Est. Clock Time Remaining: 1.6 hrs
ycle: 8648, Time: 2.627E-033, Time Inc.: 1.100E-09s3, Progress: 26.27%, Est. Clock Time Remaining: 1.6 hrs
ycle: 8649, Time: 2.627E-03a, Time Inc.: 1.076E-09a3, Progressa: 26.27%, Est. Clock Time Remaining: 1.6 hrs
ycle: 8650, Time: 2.627E-03s, Time Inc.: 1.053E-09a3, Progress: 26.27%, Est. Clock Time Remaining: 1.6 hra
ycle: 8651, Time: 2.627E-03a, Time Inc.: 1.031E-09s, Progresa: 26.27%, Est. Clock Time Remaining: 1.6 hra
ycle: 8652, Time: 2.627E-03s, Time Inc.: 1.009E-09s, Progress: 26.27%, Est. Clock Time Remaining: 1.6 hrs
rapup timestep controlled by unstructured element: 930859 DI= 9.8710E-07

ICycle: B€53, Time: 2.627E-03s, Time Inc.: 9.871E-10s, Progress: 26.27%, Est. Clock Time Remaining: 1.6 hrs

ISIMULATION ELAPSED TIME SUMMARY

[EXECUTION FROM CYCLE 0 I0 2653

[ELAPSED RUN TIME IN SOLVER = 2.86056E+01 Minutes
ITOTAL ELAPSED RUN TIME = 3.41060E+01 Minutes
|J0B RAN OVER £ WORKERS

}JOB RAN USING Intel MPI
|JOB RAN USING DECOMPOSITION AUIO

Problem terminated .... time step tco small

We see that the element named 930859 behaved abnormally. Right click anywhere in the screen, Select
Mesh by ID...

' & Select Al Ctri=A

[ Select Mesh by ID... M
-
i0.00 — El Y Select Mesh by ID... (M)
225.00 (@, Select nodes and elements
|i ::: by entering their [Ds via 2
- ial >
Tabular Data PP

(D Press F1 for help.

You can click Select to temporarily look at the Element at fault or Create Named Selection to have it saved

separately.
Select Mesh by ID... X
Nodes O Elements @
IDs: {1or3-6o0r2 59, 47}
930859 x
Select Create Named Selection I Close I
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Let us click Select then rotate the assy until we get a better view of that element.

Nodes O Elements (@
IDs: {1 or3-6o0r2, 59, 47}

Create Named Selection I Close I

Create a Section Plane through element 930859. It seems to belong to the body, not the ribcage, but we
are not 100% sure, since it’s located at their interface.

Select Mesh by 1D.. X

Nodes ()  Elements ®
IDs: {10r3-6o0r2 59, 47}

[930859

Select Create Named Selection |  Close |
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If we click somewhere else to get rid of the element selection, we can see that it pertains to the body part;

we marked it with a red line.

Judging from the excesively elongated shape, its Aspect Ratio is extremely high, which is undesirable since
we need it closer to 1, towards an ideal tetrahedron.

Element with aspect ratio close to 1.0 | Element with large aspect ratio

This leads to the conclusion that the mesh needs to be refined in the body, but because it has the same
Mesh Sizing as the ribcage, both parts need remeshed accordingly. But we already have a fine mesh for an
Explicit analysis, with more than 200.000 nodes, sp let us refrain for the moment from further refinment.

We digressed a little to show additional options, as seen above.
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Go to Analysis Settings, make Minimum Time Increment = 1e-12 s and resolve the FEA. We could have
chosen to Resume From Cycle 9026 (the last one seen above), but the FEA did not continue when we
tested, so we sometimes need to start from the beginning, especially simulations with high nodes count.

- ,JH] Analysis Settings
-, Fixed Support
=% Solution (P6)

-4/} Solution Information
.../ @ Total Deformation
/@ Equivalent Stress

L /A Ernivalent Strace 2

Details of "Analysis Settings” «* 0
-1 Analysis Settings Preference

Type - Custom
-|| Step Controls

'N'umber Of Steps "1

'Current Step Number "1

Load Step Type | Explicit Time 1.

End Time [1.e-002

'Resume From Cycle [o

'Maximum Numhér of Cycles “1 e+07

Maximum Energy Error “0‘1

Reference Enerby Cycle "{}

Initial Time S't'ep [1 .e—'Dt.')E 5

'Minimum Time Step [1.e-0125

Maximum Time Step [1.e-006 s

After around 1.5 hours we are at 70% of the solving and, after some dives on the time increment, the FEA
works fine.

7.5e-7

6.25e-7

5.e-7

Time Increment (s)
L

4.893e-10
0. 8- 2.e-3 3.e-3 4.e-3 5.e-3 6.e-3 6.8568e-3

Time (s)
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Here is the Equivalent Strain in the assy, filtered with 0.1 mm/mm to see where the “hotspots” occur.

This is the Equivalent Strain plot only in the ribcage, filtered with 0.035 m to easily see the maximum
values.
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Apply a 5.5 mm Sizing on the tray, blue here.

,{'ﬂ Virtual ngy
B3 Coordinate Systems
%) Connections
[=- @ Mesh
..y Particle Method
ko '@ Body Sizing v X

Details of "Body Sizing” - Sizing + § O X

-/ Scope
!'Scuping' Method Geome-t'ry Selection
' Geometry 11 Body
5 Definition
I §upp ressed No
Type Element Size

M Element Size

| Advanced
Defeature Size | Default

Behavior Soft

5.5 mm

Insert a 3.5 mm Sizing on the foot. Right click all, Rename Based on Definition. Right click, Generate Mesh.

T Geometry ~
(88 Materials

- /@@ Virtual Topology

-y 3 Coordinate Systems
: :

=

Scope
Scoping Method ?Geometry Selection
Geometry 1 Body
Suppressed
Type
Element Size
‘Advanced
| Defeature Size
‘Behavior
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From the Environment toolbar Insert a Displacement condition on the foot: select any face from it, Extend,
Limits.

TRRREE®E ™ H Edpbord: [Empty] [PIERGEE.C SelectBy- @ Convert~
L = & Adjacent
| ¥ & Limits

T

Limits (Shift+F2)
/:"h For the face (or edge) selection, extend the selection to 2

the current selection as well as all faces (or edges) tange
selections within the part. The selections must meet witk

(D Press F1 for help.

After all the faces are enclosed, click Apply then chose Tabular Data for the Y Component, -8 mm. We did
not make the other components 0 to avoid rigid behavior in the foot.

n B = Context B : Explicit Dynamics - Mechanical [ANSYS Mechanical Enterprise] - A X

Home Environment Display Selection Automation Quick Launch ~ @ (7 o4
|D X g E ,@r-:ame;‘ie;er_‘- on E‘ Commands @Images' Q ] EJ E

s Coordinate System [JComment E.Section Plane
Inertial ' Structural Tools @ Views

Duplicat Sol Al i A
Llpvlta e Q ovve na'Iym #, Remote Point il Chart B annotation = - -

Outline Solvery Insert
Outline »::::cnannniw §OX | £ @ @ @_ & Ty O+ Q @ @ @ Select & Mode~

- Name w | Search Qutline 25

-------- 1 Analysis Settings ~

/@, Displacement

Details of "Displacement” * Q1 0OX

Scoping Meth'.'[Geometry Selection |
opy | conce |

|| Definition
1D (Beta) 197
Type Displacement
Define By Components

Coordinate Sy... Global Coordinate System |
X Component | Free '
¥ Component |Tabular Data
Z Component |Free
Suppressed No

(~|| Tabular Data : _ -
Independent ... | Time | % - = e

Details

Section Planes Messages Graphics Annotat

Ready #.41Message 113 Faces Selected: Area = 64622 mm’
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After the solving has finished, click the Solution branch then the Worksheet button from the top bar, on
the right to access more results. Select the items below, right click, Create User Defined results, then
Evaluate All results once they are created in the left tree.

Type | Data Type | Data Style | Component | Expression A
STRAIN_YZ Element Nodal Scalar STRAIN_YZ
STRAIN_ZX Element Nodal Scalar STRAIN_ZX
EFF_STN Element Nodal Scalar EFF_STN
EFF_PL_STN Element Nodal Scalar AlLL EFF_PL_STN,
Scalar || VISC PRES |
YlD smEss Element Nodat Scalar YLD 5‘1‘RESS
Elemthoda!
MASS Element Nodai MASSALL
COMPRESS ALL COMPRESSA
TEMPERATURE Element Noda! ALL TEMPERATUS
DAMAGE Element Nodal Scalar ALL DAMAGEALL
SOUNDSPEED Element Nodal Scalar SOUNDSPEEL
EXT_BND_FX Element Nodal Scalar EXT_BND_FX
EXT_BND_FY Element Nodal Scalar EXT_BND_FY
EXT_BND_FZ Element Nodal Scalar EXT_BND_FZ
TIMESTEP Element Nodal Scalar TIMESTEP
MASS_SCALE Element Nodal Scalar MASS_SCALE
BOND_STATUS Elemental Scalar BOND_STATL
RB_CONTACT_ENERGY  Element Nodal Scalar RB_CONTAC
EXT_BND_MX Element Nodal Scalar EXT_BND_M
EXT_BND_MY Element Nodal Scalar EXT_BND_M\
EXT_BND_MZ Element Nodal Scalar EXT_BND_M:
TC_Mass Element Nodal Scalar TC_Mass
STATUS Elemental Scalar STATUS
THICKNESS Element Nodal Scalar THICKNESS
PRESSURE Element Nodal Scalar | | PRESSURE
P_STRAIN_1 Element Nodal Scalar P_STRAIN_1
P_STRAIN_2 Element Nodal Scalar P_STRAIN_2
P STRAIN 3 Element Nodal Scalar P STRAIN 3 v

Properly made, all the resulting items should look like here.

,@ Solution (A6)

- -2} Solution Information
i /@3 Total Deformation
‘. /@ Equivalent Elastic Strain
/@ Equivalent Stress
/@ Total Deformation 2
@ Equivalent Stress 2
. /% INT_ENERGYALL
/%@ COMPRESSALL
‘..., PRESSURE
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This is the Total Deformation in the soil, filtered with 3 mm for better viewing.

We show here the Equivalent Stress plot only in the soil, filtered with 5 MPa.
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This is the COMPRESSALL plot in the soil, filtered with 0.025.

Below we show the PRESSURE plot in the assy, filtered with 3 MPa.
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CASE 322: Hemodynamics of the Arterial vs Venous Blood Flow Through the Human Heart -

ANSYS Discovery 2021 R1

Locate the Discovery application inside your installed ANSYS folders. Fastest is to search for “discovery” on
the respective bottom toolbar in Windows. Open it.

Search indexing was turned off.

R discofery 2021 R1

The Discovery package from ANSYS is revolutionary in the sense that it is simple and intuitive, addressing
the most needed and fundamental options in simulations — all these being available to experts or non-
experts in simulations in REAL TIME solving, so we can change certain geometry or pre-processing options
and we will obtain the results in a LIVE manner. This is why, in previous versions, this app was also called
Discovery LIVE.
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Simulation of venous (or oxygen-poor blood) flow

Suppress Arterial and Solid by clicking on the small corsshairs on the right of the eye icon.
- v
if) Desin \f} FACETS & Dispray I4® MEASURE

A Internal Flow
57

= : Structural Fluid Flow  Solid Thermal
QuickScope @== External Flow

- - -

Quick START PH

v 6 Volume
@ Arterial
@ Venous

& Volume
B Arterial
@ Venous

& solid

" Edit

]l Rename
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Since we do not care to have a solid body

v @& Volume

@ Arterial
@
@ solid

Beryllium ¢
Bismuth, pure

¥ & Physics

[~

| _ "
~, Structural steel, S275N. 4255
e
W 4

Boron carbide (hot p

Bl oniue el up)

Color

Opacity —=—

. Blood (Liguid)

Liquid, Water (

Data compiled

Design team af
incorporating
including JAHM

ANSYS Inc. proy
for this data.

Class

Subclass

Remove from I¢
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And the results are updated in real-time.

S B 4 ANSYS DISCOVERY - VENOUS BIOMECHANICSa/oLsr /(.7 | &S . O X
i) Desicn ) FaceTs &S DisprLay I'/* MEASURE S, REPAIR @) PREPARE A

e e @ Simulation Options ¥

Fluid Flow | Solid Thermal
ope = External Flow

- -

QUICK START PHYsICS

v (& Total Pressure :

b il % Volume
@ Arterial
@ Venous
@ solid
B plane

2 r Non-Slip Wall (default)
v =) Flows i

¥ =) How Inlets ®

=8 Flowlinlet1  r
= Flow Inlet 2
=2 How Inlet 3
=) How inlet4
K Flow Outlet5 2

2HUIQUOLL

Further homework:

- perform a similar simulation for the oxygen-rich blood flow (you can use the shown diagram or get
inspiration from our YouTube simulation with the name: Hemodynamics of the Arterial vs Venous Blood
Flow Through the Human Heart - ANSYS Discovery 2021 R1) ; solve and draw the conclusions

- change Flow Inlet velocities to 0.1 m/s; solve and draw the conclusions
- change Outlet Pressure to 0 Pa; solve and draw the conclusions

- to be physiologically correct, for the oxygen-rich CFD simulation make inlet Velocity = 0.15 m/s and
outlet Pressure = 11.000 Pa; solve and draw the conclusions

Here is the end of the 1%t volume regarding the modeling and simulations in Biomechanics with ANSYS,

published on FEM.BIO and expertfea.com; thank you for being with us in this amazing endeavour! @
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