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Types of analysis
1) Linear static analysis 6) Fatigue analysis
2) Nonlinear analysis 7) Optimization
3) Dynamic analysis 8) CFD analysis
4) Buckling analysis 9) Crash analysis
D) Thermal analysis 10) NVH analysis
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1) Linear Static Analysis

Software follows this path for linear
static calculation

Actual stress-strain curve

Stress

Strain
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University of Wales

Trinity Saint David 1) Force Is static meaning there is no variation with respect to time (dead weight )

dF/dt=0 F

2_ Equilibrium condition - 2. Force = 0, 2. Moments =0

YF, =0 XM, =0
2F =0 IM =0
3F,=0 XM =0

x AE  4E
Material Steel _ L L

(= e ‘ F = Kx ‘ K= 45 4E

k L= 100 mm de Lz= 200 mm E=210GPa _T T
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2) Nonlinear Analysis

Nonlinearity

l

Geometric

l

Material

l

Contact

l

Gap elements &
Contact simulation

Large
Deformation
' ' l
Beyond Elastic Limit ‘E’ Within Elastic Limit “E’

‘metals’ ‘Non metals’

Creep
(Progressive) deformation of
material at constant stress.
- Long time process
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3) Dynamic Analysis

* Loads are a function of time
* Response is time dependent

a. Linear dynamics — force increases linearly with position, e.g. a mass and a linear spring

b. Non - Linear dynamics - force does not increase linearly with position, e.g. a mass and a non-linear spring

Dyvnamic Analysis

Free Forced
Natural frequency Response to external excitation
The frequency ‘L
at which any Frequency response Transient response Random vibrations
object will vibrate
if disturbed Frequency domain. Time domain Random nature of
loading
a_nd allowe_d to Steady state Arbitrary but well
vibrate on its . - - - ' . . . .
_ sinusoidal excitation defined excitation Usually input in
own without any
external force i i i the form of PSD
- L|Im|_1t:_ed ‘5:0 Ilr-;ear Consltan'l;_ (Power Spectral
' elastic structures acceleration or 1
w, =N k/m force at a given Density)
Rotating machinery. frequency.
unbalanced tyres.
helicopter blades Road excitations.
etc.
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4) Linear Buckling Analysis

Some key aspects: @
. e

Applicable for only compressive load
® Slender beams and sheet metal parts
® Bending stiffness <<< Axial stiffness

® |arge lateral deformation

RN NS RN N AN
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5) Thermal Analysis

Modes of Heat Transfer

!

'

Conduction Convection

!

Steady State
Conduction

. 1D

——» 2-D

L w 3D

'

Unsteady State Natural
Conduction ™ Convection
» 1-D

Forced
Convection

——» 2-D

L w 3D

'

Radiation

L » Specular

L » Diffuse
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3) Fatigue Analysis

S(stress range)

10® 104 108 10° 107 108
Nicycle)

Kelvin.Lake@uwtsd.ac.uk
Room MT104C



mailto:Kelvin.Lake@uwtsd.ac.uk

%

%

Prifysgol Cymru
Y Drindod Dewi Sant

" University of Wales
Trinity Saint David

7) Optimization

p

Topology
Topography
Size

Shape
Composite

mAhwONRE

-
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Fluid Mechanics

' ' i

Fluid Statics (Hydrostatics) Fluid Dynamics
. Fluid at rest . Fluid in motion
«  Easy from a calculation point of view *  Calculations are more complex
«  No variation with respect to time, less realistic results »  Variation with respect to time considered
. Linear equations . Nonlinear equations
. Civil engineering: Dam design *  Aerospace, automobile, marine and valves
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8) Computational Fluid Dynamics (CFD)

(cont.)

Flow Classification

!

!

|
!

:

!

= - Turbulent” S .

Inwviscid: no

wviscosity

Viscid: Viscous
flow. Most

COormimain

1D: e.g flow
through a
nozzle

2D: e g flow
through a pipe
or owver an airfoil

3D e.g flow
through a valve,
flow owver an
automobile,
aircraft, or
missile

= [ aminar:

Reynolds’s
number < 2300

= Flow through a

water tap at low
velocities

Turbulent:
Reynold's

number = 2200

Flow through
a water tap at
higher velocities

Incompressible:
high density
fluids flowing
at sub sonic
velocity (mach
number<21)

e g water, oil

Compressible:
low density fluids
flowing at sonic
Or SUpersconic
velocity e g
discontinuities
like shock and
exXpansion waves

Sub Somic
M=< 10

Trans sonic
085 <M< 1_20
Represents weak

shocks

Super sonic
120 <=M < 4.0

Hypersonic
M > 6.0
e g Space shuttle
entering earth’s
atmosphere.
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9) Crash Analysis

Crash Analysis

'

\
i

i

Structural Crashworthiness Or : _
Full Dynamic / Impact Simulations Drop Test Simutations Occupant Safety

To find deformation, stress, and
energy absorbing capacity of various
structural components of a vehicle
hitting a stationary or moving
object. The compeonent is said to be
crashworthy (safe), If it meets the
plastic strain and energy targets

Applications: Frontal, side, rear, roof
crush, car hitting a pole / wall etc.

Drop test is a free fall test
carried out to check the
structural integrity of a
component.

Applications: Black box of
an aircraft, mobile phone,
consumer goods such as
TV, fridge, etc.

To find the effects of crash on the
human body and making the nde safe
for the driver as well as the passengers .

Several regulations exist in different
countries to ensure a proper
certification, e g - FMVSS (Federal Motor
Vehicle Safety Standards) in the USA,
ECE (Economic Commission of Europe)
regulation in Europe. In India, the ARAI
has set up standard procedures for the
automobile industry and called AlS |
Automotive Industry Standards)
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10) Noise, Vibration And Harshness, NVH

Sound Radiation Or Scattering Or Coupled Or Vibroacoustics Problems
Uncoupled Problems

How much sound pressure is felt at a
certain distance from the vibrating

source.

e.g. How much sound pressure is felt
from a exhaust at a certain distance.

Solved using B.E.M

When there is a clear interaction and
transmission of the vibrations through
a structure.

e.g. How a door mirror vibrates due to
the engine vibrations.

Solved using F.E.M.
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Notes adapted from/further reading

Practical Aspects of Finite Element Simulation — Altair University
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