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Finite Element Analysis in Biomechanics

AFEA is a popular tool in
biomechanics research.. PubWed

Alts use is growing.

(AThis session aims to provi\
yOU with a basic i eeson e B 5,809 results
understanding of the .

"finite element" "biomechanic
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technology and give you ' ATDCS chong
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Kthe Indlﬁerent.. / 1979 ‘..:'. 2025 ed to correlate mechanic

AAlsoa jumping off point if
you want to become
Involved or even do FEA
projects
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AFinite element analysis is
the process of dividing
structures and components
iInto small subregions and
calculating the behaviour of
the whole by combining the
behaviour of the parts.

AC KSNBQa vy 2 A
the process works is easy t¢ .~~~ ©
understand
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Some basic concepts that you need..

ATo understand what a finite element model is working with..
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What will Finite Element Models tell you?

AHowmuchthingswill l,
deform under load A

AWnhatsort of stresses . &d | Problem Definition
the system will see | =
across thepart ¢ and Vertcal

therefore hownear Suppor Sotve the
break|ng It Is.. e~ _ equations

AWhatsort of strainsit G T
sees-this is sometimes e
more |mp0rtant than - Deformed shape-
stress

A Andlots of other stuff

AWe have totell them r
hOW . m UCh Ioad IS Deformation values on deformed shape
applied, how the parts
are fixed, and what the
material modulus is..
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Stress values on deformed shape
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Basic concepts

AFinite element analysis can be used
for many types of problem, but here
we are going to concentrate on
structural mechanics..
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Basic concepts

Displacement

F= Force (N)
K = stiffness (N/m)
X = extension (m)
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Basic concepts




Basic concepts

Stiffnesses Displacements vverne
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Basic concepts

AAdding some values

K1 = 1000N/m
el

e,

K2 = 2000N/m
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Which is the following set of simultaneous equations Removing the lines which represent the constrained freedom give
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Basic concepts

AModelling real
structures
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Basic concepts
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[ 2 X

AWe have a methodology or l
process that will allow Us to -
predict how structures react to | ) .
external and internal loads in % Problem Definition

terms of deflection and stresses. I
AWe canapplythisto traditional I:ig;::; £ .

en%l_neermg components as well & . equations
as biomechanical systems. .

AIf we mix traditional engineering .. T petomedstare
components and biomechanical i o T
systemsawve can evaluate the ” G a5

Stress vaLue.s..c-}-r.]-:c;:Iefo-r;'led shape

Results

»

effectiveness of designs and
surgical interventions to a useful
degree.

Deformation values on deformed shape
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Here changes

Mesh convergence Cee cnandes

MESH REFINEMENT CURVE R2Yy QU
the answer

Here Peak VM stress in

changes of MPa 3_95/4'29

element

Size change

the answer
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Meshes matter..



Creating meshes of biomechanical systems..

ABiomechanical systems present
problems with mesh definition A
UKFO RZ2Yy QU KI LILIS
AOSYIJAYSSNAY I 0O2Y LR

i A2\

R YSAK RSTA g

AL YR YS,
with engineering components..
AScan to mesh technologies su@il | "
Fdzu 2 Y AN e
g 1

I aSimpleware
process of creating meshes
from medical images

AWe can also use more
traditional CAD geometry

approaches

yye. .odE

Fracture *

Medial overhang \
o Laurence Marks
Laurencemarks6@googlemail.com



Other element types..

ADimensional
reduction..

AMultiscales
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Sharp Corners

Sharp corners are challenging from a
stress calculation point of view and are
very bad from a durability point of view.
Which this Karting disc carrier example
shows very well.
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AReally..

Initial experience of the Journey
Deuce bicompartmental knee
prosthesis.Palumbo BT, Henderson
ER, Edwards PK, Burris RB, Gutiérrez
S,RatermanSJ.J Arthroplasty2011; &
26 (6)Suppll: 40-45.
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Modelling Biomaterials

AOften we treat materials as linear
elastic

ABut materials can be..

A Nonlinear ¢ properties are a function of
stress level

A Anisotropic¢ properties are a function
of direction

A Non-heterogeneous; properties are a
function of spatial position

A Rate dependent, properties are a
function of loading speed

A thper-elasticc properties are a function ‘
0

strain energy density..

AAnNd biomaterials are generally most
or all of the above..

Stress

L.

Modulu
“«—»

Stress

Strain

Strain

Ez
EX

Ey
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AWe have properties
which vary by
position¢ cancellous
vs cortical

AFEA models often usem. ..
mappings taken from g
scans. ma?e_
density>material
properties

1.42
1.25

A mechano-chemo-biological model for bone remodeling with a new mechano-chemo-

transduction approach

§ CELLULAR
i SOLIDS

Structure & Properties

1.08
0.90
0.73
0.56
0.39
0.22
0.05

December 2020 - Biomechanics and Modeling_in Mechanaobiology

DOI:10.1007/s10237-020-01353-0

Authors:
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Modelling Biomaterials Bone

e
T
o AN
)

Stress

AWe have properties
which vary by
position and we have
non-linearity

Aln most studies
spatially varying
linear properties ar
used.

Stress Stress

Cancellous
Tensile

Strain ;
CELLULAR

- SOLIDS

‘ Structure & Properties

Cancellous

Compressive Compressive
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Modelling Biomaterials Bone

APost processing bone models.. A common
mistake..

o

ZKsy e2dz LI 20 NBadzZ Ga LI 20 az2YSGKAyYy3
0 S

> e 2
AY(GSNB&G X

c:

TRESS: MISES
Unit: MPa
Automatic

Von Mises stress Is I

+22.68

stress combination used

+18.15
+15.88

to establish If a metal

+11.35
+9.084

has yielded. Never use o
It In assessing the state ] Tooamu
of stress In bone..

A
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Materials/biomaterials ¢ Soft Tissue

AWhere we can obtain useful results by
using simplified material responses for
bone, we need to consider phenomena
such as time dependency and e

hyperelasticity. and possibly porosity.. |

Fibular collateral ||
ligament |

i U Ligament of

Condyle
= | Wrisberg

Medial meniscus

Pibial collateral
ligament
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Bone remodelling

FAZ Wall's L ol R’ Fumstboned Adapsasnm Cromen

Julius Woolf

»/Kryaé RSyaArAlde 2F SESYSyda o6A0KA
5+ ¢ 0 2YVAARSNAY3Y
O_b_je_ctive fl_Jn_ction Constraints DV constraints
Minimize/maximize : :
quantity Physicabounds Manufacturing, symmetry

Designspace

model

Relative material
density

Optimization
max. stiffness
st XK gpi: £

Designresult
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Interfaces
AHow we define

the Iinteractions
between parts

and

components.

- rav sV

A

S ENESNIC

v,
e
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ABonded/glued
AFriction, no friction
AHard/soft

Interfaces o

AHow we define
the interactions

y
:
:
|
’ y
:

petween parts ATraction/separation
components. AHeat generation

oiye

<>

NS N
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Explicit solutions and dynamic~

ASometimes the main event is dynamics
where kinetic energy dominates (or at
least Is a significant part of) the picture

AWe can use a special type of solver for
this sort of problem.

AThese are widely employed in vehicle
crash simulations. But are also used
extensively in any biomechanics scenar!
where the event is rapid and energetic.

AYou can use this technology for slow,
guasi static events, with extreme care,
but this should be justified carefully.
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Explicit solutions and dynamics

AVAVAYAYAY
AV
Y

e
58X
s NAFEMS

HOW DOES AN EXPLICIT SOLVER WORK?

» But if we add a spring and apply an external force to one of the
balls, the other feels a force. Which then, as a result,
accelerates.
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Explicit solutions and dynamics

S NAFEMS

HOW DOES AN EXPLICIT SOLVER WORK?

eoco ol

Start of Loop |
Evaluate Drenamic Equilibrivm at Modes

[F A |

I ..

]
+ f_ﬂ} Evaluate External Forces New Time

Perform Explicit Integration Caleulate nodal forces from external m’»

1) Integrate in time loads, pressures etc. and sum at each

I node, (e)
g =il + AR,
(b)
Update Time Information
Exalvate Element Vanables New Time 1}  Calculate new time in 3olution by adding
2} Caleulate slemental strain rates and cument ime step
siraing 1)  Caleulate new stable time step:
3} Caleulated elemental stresses from Af. .. from coment element configuration
constitutive material modal B b (i

43 Calculate element intemal forces
from element formulation { _f'v) (©)

Figure 2.04: Basic Explicit Time Integrarion Loop
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Explicit solutions and dynamics

Step: Htep-1l Fram=: 0O
Total Time: 0.000000
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Explicit solutions and dynamics

Stepr Step-1l Frame: 0O
Total Time: 0.000000

Element deletion has
been used to model the
fracture process.. LAurencemarksB@googlemai.com
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Multi -body Dynamics..

Key aspects of multibody dynamics

+ Systems: MBD models systems of bodies connected by joints, such
as pins or hinges.

* Motion: It analyzes the translational and rotational movements of
these bodies under the influence of forces, torques, and constraints.

+ Rigid and flexible bodies: Models can assume bodies are rigid, or
they can include flexibility for more accurate simulations of
components like chassis or landing gear.

+ Simulation: It involves using software to solve the equations of
motion over time to simulate the system's response.

+ Applications: MBD is used across many industries, including
aerospace, automotive, robotics, and biomechanics. &

) %ckstroke

Butterfly

https://www.bob-biomechanics.com
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Computational Fluid Dynamics and |\/|u4t|
physics

AComputation Huid Dynamics
models the motion of fluids

AMulti-physics
ARuid Sructural Interaction

Step: Step-1 Frame: 0
Total Time: 0.000000

Skull/Brain Impact models
by Sam Swift, Nottingham
University
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MESH

Model Definition ¢ the process 6 PHYSICS

MATERIAL

Stress

Modulus
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Strain
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Implants and devices
AHip implan
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Implants and devices
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