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LAB PROJECT # 1:
Modeling of a Discretized Lumped Parameter Spring Mass Damper System

Model the Single Degree of Freedom Discretized Lumped Parameter System as Second
Order differential Equation in MATLAB, Simulink and Simscape.

You may use ODEA45 variable step solver to solve the Second Order differential
Equation.

1. Choose any arbitrary values of Mass, Stiffness, and Damping, and plot the
Amplitude, Velocity and Acceleration vs Time.

Analyze the effect of change of Mass by plotting the results.

Analyze the effect of change of Stiffness by plotting the results.

Analyze the effect of change of Damping by plotting the results.

Match the excitation force frequency with natural frequency and plot the
resonance graphs.

abhw
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Mechanical Systems

Newton's laws of motion form the basis for analyzing mechanical systems. Newton’s second law, Equation (1), states that the sum of the forces
acting on a body equals the product of its mass and acceleration. Newton's third law, for our purposes, states that if two bodies are in contact,
then they experience the same magnitude contact force, just acting in opposite directions.

d*x

dt® @)

When applying this equation, it is best to construct a free-body diagram (FBD) of the sysetm showing all of the applied forces.

YF=ma=m

Example: Mass-Spring-Damper System

—}.x

~

The free-body diagram for this system is shown below. The spring force is proportional to the displacement of the mass, , and the viscous
damping force is proportional to the velocity of the mass, © = . Both forces oppose the motion of the mass and are, therefore, shown in the
negative :-direction. Note also that & = [}corresponds to the position of the mass when the spring is unstretched.

_}.x

L
e

1 fe—F

Now we proceed by summing the forces and applying Newton’s second law, Equation (1), in each direction. In this case, there are no forces
acting in the ¥-direction; however, in the a-direction we have:

F, = F(t) — bi — kxr = mi @)

This equation, known as the governing equation, completely characterizes the dynamic state of the system. Later, we will see how to use this
to calculate the response of the system to any external input, Fit ]', as well as to analyze system properties such as stability and performance.
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o First, solve for the term with highest-order derivative
mx = f(t)—cx—kx

o Make the left-hand side of this equation the output of a summing block

mx

summing
block

Drag a Sum block from the Math library

D=+ &l
. = 2 Math Al
! L Q Abs
&) Algebraic Constraint
& Combinatorial Logic
] g Complex:lo yiagnituds: &.ngle File Edit View Simulation Format Tools
i Coraplex to Real-I -
L@ Dotbriur Dsd@| s me 2= = | &
. Gain
¢ Logical Operator
- Magitude-Angle to Coraplex b
. & Math Function

& Matrix Gain
- Q Minhax e
- & Product
‘ ) Real-Irag to Complex

' . L1
- @ Relational Operator Block Parameters: Sum |

- & Rounding Function

i 0 Sign —Sum
& Slider Gain Add or subtract inputs. Specify one of the following:
[ @ a) string containing + or - for each input port, | for spacer between ports
O3 Trinanamatyie Hnwetion = (e.g. ++|++)
Add or subtract inputs. Spaify one of the b) scalar >= 1. A value > 1 sums all inputs; 1 sums elements of a single
following: Ready [l i
3) string containing + or - for each input port, - | Input ¥ector
| for spacer between ports (e.9. ++-1++)
BN mambar Ve 4 A mbia A sl nmem | S Pa'amete's
Double-click to change the block Icon shape:  [{RsElaelle]
parameters to rectangular and + - - i—iS‘ of signs:
-
[V Saturate on integer overflow
| 0K I Cancel Help ol
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0 Add a gain (multiplier) block to eliminate the coefficient and produce
the highest-derivative alone

mx

h 4

L

1
m

summing
block

Drag a Gain block from the Math

D s, o .
Simulink Library Browser
— \—_| library
[ Q Abs
- & Alzbraic Constraint
&y Cowbinatorial Logic
g Complex to IMagnitude-fingle File Edit View Simulation Format Tools
. & Complexto Real-Imag = =
- Dot Product D EE&| =8 2= » = &
& Logical Operator T
- & Magnitude-fingle to Complex L e
. @ Math Function )
. & MatrixGain imass
& Minblax =
@ Real-lmag to Corplex The gain is 4 since 1/m=4.
) Relational Operator
- & Rounding Function
& Slider Gain
L @ sm o
I % Teimnmea bvin Humekinm hd ,.
Sealar or vactor gain. v = k."u B I OCk pal’al'l'leters: 1 ..-‘l lTIaSS
Ready [l
—aan
Scalar or vector gain. v = k.*u
Double-click to change the block — Parameters
parameters. I%m
Add a title.
[V Saturate on integer overflow
[ ok | concel | Hep Sool |
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o Add integrators to obtain the desired output variable

summing
block

[¥1Simulink Library Brow... IMIsl E3

D= = éa

' E&I Continuous

) State-Space
&) Transfer Fen
. ) Transport Delay
" &) Varisble Transport Delay
0 Zero-Pole
(- 2 Discrete
(] - Functions & Tables
@ 2 Math

Continuous-time integration of the input signal.

Drag Integrator blocks from the

Continuous library

File

Edit

View Simulation Format Tools

— D ZH&| 8o » = | B

Ready

+
e T
- -

1imass Integratort Integratorz Scope

ICs on the integrators are zero.

[100% | ode45 y

Add a scope from the Sinks library.
Connect output ports to input ports.
Label the signals by double-clicking on the leader line.
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o Connect to the integrated signals with gain blocks to create
the terms on the right-hand side of the EOM

[—
-
| —
=

S A
summing cx
block
kx kL
- «
ZIMSD_sys * I [=] £ .
Fie Edt View Simulation Format Tools Drdg new Gain blocks
O|= B 2| :
IRk AR S TR from the Math library
j ) b xddotl .1_ xdot N .l x
& Intri Integfatoe ﬂ
< To flip the gain block, select it and choose
Damping Flip Block in the Format pull-down menu.
<<}<
Sethsenee
SE:mthu gain. y =k.*u ‘
Ready 100% | [ loded5 7 -
: Gain: ;
[E c=0.5
O Double-click on gain blocks to set parameters | ¥ Satusteoninteger overon |
U Connect from the gain block input backwards I T O T
i
U Re-title the gain blocks. si:';ummgam_k.u |
%“" k=1.0
™ Saturate on integer overflow ‘
0K I Cancel Help l Apply l
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0 Bring all the signals and inputs to the

block.

summing

0 Check signs on the summer.

S

input

x(7)

ek

[simulink Library Br... M= E3
lo&sw &
B

(- 2+ Signals & Systeras
- 2+ Sinks
= > Sources
& Band-Lirited White Noise
@ Chirp Signal
& Clock
. ) Constant
. & Digital Clock
& Discrete Pulse Gensrator
. &) From Workspace
& FromFile
¢ Pulse Generator

S
- Uniforra Randor Nuzaber

[+ I Control System Toolbox
o B TSP Blacleat

Output 3 step.

File Edi

View Simulation Format Tools

Dem&| @<= r = | &

1)

RN

:| 1/mass Integratort

Ready

’_' Integrator Seope
<c3le
Damping
e
N
Spring constant
[10026 | [ |ode45 Y

Block Parameters: Step E

Step
(Dutpul astep.

Parameters

Double-click on Step block to set

Step time:
arameters. For a step input of

Initial value: p ) . p p
0 magnitude 3, set Final valve to 3
Final walue:
E
Sample time:
[o

ok | Cencel [

File Edt WView Smulatbon Format Tools
DER& +=d8 2> « B
)
~ xddot 1 xdot x
Step ; _B__’@
1/mass Integratort Integrator2 Scope
Damping
e
T
Spring constant
Ready [100% | lode45 Y
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Mass-Spring-Damper in Simulink and Simscape

This example shows two models of a mass-spring-damper, one using Simulink® input/output blocks and one using Simscape™
physical networks.

The Simulink model uses signal connections, which define how data flows from one block to another. The Simscape model uses
physical connections, which permit a bidirectional flow of energy between components. Physical connections make it possible to
add further stages to the mass-spring-damper simply by using copy and paste. Input/output connections require rederiving and
reimplementing the equations.

The initial deflection for the spring is 1 meter. This is shown in the block annotations for the Spring and one of the Integrator
blocks.

Model

Simulink Model Simscape Model

- pl=fd

1/Mass

Y

..
=

b

Damping r"'ﬂ
“-\HJ"

Stiffness

Mass-Spring-Damper in Simulink and Simscape

1. Plot spring deflection (see code) W 5O
2. Explore simulation results using sscexplore — Simscape D
3. Learn more about this example v_sl —

i Simulink .
4. Open model of double mass-spring-damper Welocity
3. Learn more about modeling physical networks of Mass

Simulation Results from Simscape Logging

Position of Mass

— CiMSCApE

0.8 Simulink J

04T

0.2r

Position (m)

0 0.5 1 15 2 25 3 35 4 4.5 5
Time (s)

ssc_mass_spring damper_sl
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LAB PROJECT # 2: Damped and Undamped Free vibration response
APPARATUS: TM16 Universal Vibration Apparatus

Picture shows the Frame and
Cupboard (TM16a) and the
forced vibration experiment

> ——e e~ =

The TM16 series is a range of products that teach different aspects of vibrations and oscillations in
mechanical systems. These include pendulums, mass-springs systems and shafts and beams. The TM16 series
is a modular system, based around a Frame and Cupboard (TM16a).
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Objective

To determine the fundamental concepts of free vibration:

e Damped
e Undamped
Apparatus

TM16 Range Universal Vibration Apparatus

Figure 1: TM16 Universal Vibration Apparatus

Introduction

A vibration is the movement of a physical quantity in relation to a reference location in a cyclically increasing and
decreasing manner as a function of time. During vibrations, energy is dissipated and so a steady amplitude cannot be
maintained without continuous replacement. Viscous damping in which force is proportional to velocity affords the
simplest mathematical treatment. A convenient means of measuring the amount of damping present is to measure the
rate of decay of oscillation. This is expressed by the term ‘logarithmic decrement’, which is defined as the natural
logarithm of the ratio of successive amplitudes on the same side of the mean position.

There are two types of vibration: (1) free vibration and (2) forced vibration. Free Vibration: A system is left to vibrate
on its own after an initial disturbance and no external force acts on the system. Forced Vibration: A system that is
subjected to a repeating external force. E.g. oscillation arises from motor.
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Mechanical vibration classifications: (1) Damped Vibration: When any energy is lost or dissipated in friction or other
resistance during oscillations, and (2) Undamped Vibration: When no energy is lost or dissipated in friction or other
resistance during oscillations, finally (3) Resonance: It occurs when the frequency of the external force coincides with
one of the natural frequencies of the system.

Parts needed form the equipment

Part Number

Top loading assembly C1
Coiled spring

Mounting D1
Dashpot D2
Out of balance Discs D4
Dashpot bracket D3
Safety stop D5
Bar and stylus D6
Chart recorder D7
Beam clamp D9

Rectangular section bar | E6

il - - DT DC Motor F1
8 * Leave the motor fitted, but do not use it.

Use the speed control to power the 400 g Weights
drum recorder only.

Figure 2: Setup of the experiment

e The exciter motor (F1) is not going to be used (but leave it fitted), free vibrations will be used.
e To drive the chart recorder (D7) you need the Speed Control unit.

e The system is set vibrating freely by pulling down on the free end of the beam a short distance (15 —
25 mm) and releasing.

e Use the chart recorder to obtain a trace of just three successive amplitudes on the same side of the
mean position

e FOR DAMPED: Vary the damping by moving the dashpot (D2) and its clamps along the beam,
and also by relative rotation of the two orifice plates in the dashpot to increase or decrease the
effective area of the piston

¢ FOR UNDAMPED: Disengaged the damper and repeat above steps.
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Procedure

Connect the lead from the motor of recorder unit D7 to the auxiliary supply socket on the Speed Control unit.
Switch on the speed control unit.

Set the dashpot at distance Lq (the distance from the trunnion mounting to the center of the beam clamp D9)
Bring the recording pen into contact with the paper to produce a trace of the decaying amplitude of vibration
and thus produce a trace of the decaying applied amplitude on the chart recorder paper.

Pull the beam down a short distance, under the point of attachment of the spring, and release.

Start observing the system, its noise and from the chart recorder.

e Gradually start increasing the speed from the motor speed control unit and observe.

QUESTIONS:

Briefly explain/ discuss the following:

1.

2.

What type of damping are present in the system?

Why is damping considered only in the neighborhood of resonance in most cases?

How do you find the response of a viscously damped system under rotating
unbalance?

The equation of motion of a machine (rotating at frequency ®) of mass M, with an
unbalanced mass m, at radius e, is given by

What happens to the response of an undamped system at resonance?

Is it possible to completely avoid resonance of a damped during start up and stopping
of a rotating machinery

Is it possible to reduce the amplitude of resonance during start up and stopping of a
rotating machinery

The damping force depends on the frequency of the applied force in the case of a.
viscous-damping b. Coulomb damping c. hysteresis damping? And Why, explain

Is it possible to find the approximate value of the amplitude of a damped forced
vibration without considering damping at all? If so, under what circumstances?

10.1s dry friction effective in limiting the reasonant amplitude?
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LAB PROJECT # 3: Balancing of Machines: Static and Dynamic Balancing

APPARATUS: TM102 Static and Dynamic Balancing Apparatus

Motor-Driven Shaft
Out-of-Balance Blocks Safety Dome

Protractor Scale

Linear Scale Drive Belt

Weight Buckets

Extension Shaft
and Pulley

Base Plate
Slider on Rubber Feet 12 V Supply Terminal
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INTRODUCTION:

A shaft with masses mounted on it can be both statically and dynamically balanced. If it is statically balanced,
it can stay in any angular position without rotating. If it is dynamically balanced, it can be rotated at any
speed without vibration. It will be shown that if a shaft is dynamically balanced, it is automatically in static
balance, but the reverse is not necessary true.

e Static Balancing
Figure above shows a simple situation where two masses mounted on a shaft. If the shaft is to be statically balanced,

the moment due to weight of mass 1, tending to rotate the shaft clockwise, must equal that of mass 2, trying to turn the
shaft in the opposite direction.

Therefore, the static balance is:
Wir = Wor, 1

Similarly, the same principle holds for more than two masses, as shown in Figure 2.

Figure 3: Static balancing of a simple two-masses system

And for the static balancing:

erl cos oy = W2r2 cos a, + W3r3 COS 05

| | |
anti-clockwise clockwise 5

In general, the values of W, r and « have to be chosen such that the shaft is in balance. Nevertheless, for experiments
using TM102 apparatus, the product Wr can be measured directly for each mass, and only the angular positions have
to be determined for static balance. If the angular positions of two masses are fixed, then the position of the third mass
can be found, either by trigonometry or drawing.
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Shematic representation
of shaft and masses

W,

Figure 4: Static balancing of three-masses system
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e Dynamic Balancing

As the shaft rotate the masses are going to be subjected to centrifugal forces. If the shaft is not to vibrate as it rotates,
then two conditions must be satisfied:

1. There must be no out-of-balance centrifugal force trying to deflect the shaft
2. There must be no out-of-balance moment or couple trying to twist the shaft

The shaft will not be dynamically balanced until these conditions are satisfied.

Fi Fi
A A

Instantaneous
twisting moment

o
( O
N

Bearing

a,

A
A

Figure 5:
e Applying condition 1 to the shaft in figure 3 gives:
Fi=F 3

The centrifugal force is:
mr(oz or %r(ﬂl2

Therefore;

w w
M o? = 22y 2
g g

20 = 2@
4
The angular speed of the rotation is the same for each mass, so that for the dynamic balance :
Wir1 = Wars 5
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Note: If a shaft is dynamically balanced, it will also be statically balanced.

e The second condition will be satisfied by taking moments about some desired datum, like one of the
bearings. Hence:
aiF1 = aoF> 6

Remember, F1 = F, so as a1 = a2. Thus, in this case, dynamic balance can only be achieved if the two masses
are mounted at the same point along the shaft.

Note: If a shaft is statically balanced, it does not mean that it is dynamically balanced.
e Dynamic Balancing of three Masses

It has been shown that dynamic balance can only be achieved for a two-mass system if the masses are
mounted at the same point along the shaft.

It can also be shown that there are special conditions which must be satisfied for the dynamic balancing of
three masses.

F2
«

»"—» F,cosa,

a) General Case for Three-Mass System l

’ e

a, = 270° Fo=F+Fy

b) Actual Solution for Axially-Spaced Masses

Figure 6: Dynamic balance for three mass system
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From figure 4(a), mass 3 is positioned vertically for convenience. From condition 2, dynamic balance can be
expressed mathematically by equating moments for centrifugal forces in both vertical and horizontal planes.
In order to simplify the equations, it is convenient to take moments about mass 1, so that moments due to
forces on this mass are eliminated.

Horizontal : a;F2cosaz2 =0 7
Vertical : azFssinas = asF3 8

Conditions that can satisfy equation 7 are either a2 = 0, or a2 = 90 or 270 (that is cosaz = 0). The following
conditions are obtained after substituting these in to equation 8:

a) a2=0

az must be zero for this condition. Thus, for any arbitrary values of a2 and as, all three masses
must be located gt the same point along the shaft.

b) a2=90or 270

For these conditions, it is necessary to write down further equations to obtain solutions.
Applying condition 1 for dynamic balance:

Horizontal : F1 cosa1 = F2 cosaz 9

Vertical : F3 = Fy sinay + F2 sina» 10
If a2 =90, equation 9 gives a1 =90 or 270. Let’s assume a1 = 90, then equation 10 reduces to:

Fs=F1+F
Similarly, equation 8reduces to:

k2 = ask3 11
Combine above equations to solve for F1.

Therefore, If the masses are distributed along the shaft, the following conditions must b satisfied for dynamic
balancing:

1. Central mass at 180 degree to other two masses
2. Masses chosen such that:
Fo=F1+F;
3. Masses distributed along the shaft such that:
azF2 = asFs
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e Dynamic Balancing of More Than Three Masses

If there are more than three masses, there are no special restrictions which apply to the angular and shaft-
wise distributions of the masses, and the general conditions for dynamic balance have to be applied to
solutions.

The angular positions of the masses can be determined by applying conditions for either static balance or for
dynamic balance. The distribution of the masses along the shaft is then found by applying condition 1 for
dynamic balance. This can be done by calculation.

Figure 7: Nomenclature for Arbitrary Four-Mass System
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The rotating moments are resolved into components tending to twist the shaft in the horizontal planes. The
net moment on each plane must be zero if the shaft is to be dynamically balanced. As shown from figure 5,
the appropriate equations for a four-mass system are:

Horizontal moments about mass 1

-a,F, COSay + a3F,y cosaz + asF, cosay = 0

12

Vertical moments about mass 1

a2F2 5in0.2 + a3F3 Sin(’.3 - 34F4 5]“0‘.4 =0

13

PROCEDURE:

= Demonstration of Static Balance by Dynamic Imbalance

Remove the Perspex dome and the shaft drive belt.

Remove the disc from the four rectangle blocks using the small hexagon key. Always take the blocks
off the shaft before removing or replacing the discs.

Set up two of the blocks, as shown in figure 6, with the relative angular displacement of 180 degrees
and shaft-wise displacement of 120mm. use the slider to set and read off the positions of the blocks
of the blocks.

Observe that the shaft will remain in any angular position and is therefore statically balanced.
Connect the apparatus to a 12 VDC supply. Make sure that the slider adjacent to the linear scale is
clear of the blocks, then replace the shaft drive-belt and the Perspex dome.

Run the motor. Note the severe imbalance of the shaft.

- »
- >

120

Figure 8: Static Balance for Tow-Mass system

= Dynamic Balance using Four Masses

Remove the Perspex dome and set up the four rectangular blocks as shown in figure 7

Make sure that theoretically the shaft is both statically and dynamically balanced (refer back to
“Introduction and Theory” )

Test the shaft for static balance.

Replace the drive-belt and the Perspex dome.

Run the motor and observe the lack of vibration, thus, showing that the shaft is dynamically balanced.
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Problem to be solved

Weights of 2 Ib., 4 Ib., and 3 Ib. are located at radii 2in. ,3in. ,and 1in. in the planes C,
D, and E, respectively, on a shaft supported at the bearings B and F, as shown in
figure below. Find the weights and angular locations of the two balancing weights to
be placed in the end planes A and G so that the dynamic load on the bearings will be
zero.

B
‘?EC. ’
R
N N
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QUESTIONS:

Briefly explain/ discuss the following:

1. What are the various methods available for vibration control?

2. Why does dynamic balancing imply static balancing? and Explain why dynamic
balancing can never be achieved by a static test alone

3. What is the difference between stationary damping and rotary damping?

4. What causes instability in a rotor system?

5. Why does a rotating shaft always vibrate? What is the source of the shaking force?
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LAB PROJECT # 4: Mode shape analysis of cantilever beam with ANSYS

AlIM:
To model and visualize the mode shapes of a cantilever beam.

TOOL REQUIRED:
ANSYS software

BRIEF INTRODUCTION

The modal analysis deals with the dynamics behavior of mechanical structures under the dynamics
excitation. The modal analysis helps to reduce the noise emitted from the system to the environment. It
helps to point out the reasons of vibrations that cause damage of the integrity of system components. Using
it, we can improve the overall performance of the system in certain operating conditions. We know two
basic methods of the modal analysis, namely the numerical modal analysis and the experimental modal
analysis. The experimental modal analysis deals with measurement input data from which a mathematical
model is derived. However, it has to take different levels of analysis, from which the model is constructed.

METHODOLOGY

Step 1:

Modal (ANSYS) Project Selection

Left, click on Modal ANSYS, and drag it to the right of the "Cantilever" project. You should then see a red
box to the right of the "Cantilever" project that says "Create standalone system™

I\ CantilevNoModal - Workbench =

Fle Vew Toos Units Hebp

INew (Gopen... bed Sove lSovers.. | gflimport.. | «pRecomect & RefreshPropct o/ Update Project | {3 Prosect ) Compact Mode

- A B
- A - B8 : {‘WM ‘-E e ‘
 EEEENTETE QLT veds e : el 0| Model
AT N— 2@ Eoreemaom 7 :
3 @ Geomety v .- M) @ GCeomery v' 4 s Physics | Structersl
419 Mol v i 4 @ Mocel v 4 ¢ | Aealyss | Ratic Rrocteenl |
5 @ senp T 5 @ seao P 7 Solver | ANSYS Mechasical |
¢ @ sousen v 6 @) souton 4
7 D Resits v 4 7 D Reasts a

Cantilever Cantilever Mods
) Steady-Sate Thermal (ANSYS)

@) et
B Transient
E] Traosiest
8 Treasient Thermal (ANSYS)
€ Component Systems

@ AUTOOYN

o o

€9 Geomety

@ Mechanical A20L
@ MechanicalModd
@ Mesh

@ Resuns

@ Custom Systems
‘a] Design Exploraton

Double click on the “Engineering Data” a new window will open as shown below. Next, to add your own
new material click on “click here to add new material” Name it whatever you want and press enter, eg
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“ALUMINIUM” you should now have Aluminum listed as one of the materials in table called "Outline of
Schematic B2: Engineering Data", as shown below.

IBJ CantilevNoMaodal - Wo_

File Edit WView Toolz Units Help

':UNEW EOpen... ﬁSave ﬂSaveAs... |ﬁ]1mport...

«@Reconnect @ Refresh Project  +# Update Project | eRetum to Project 0 Com

Physical Properties

B Linear Elastic i

2 @ Engineering Data B2 Contents filtered for Modal (ANSYS)
i::z:zlz::::::;: 3 ﬁ General Materials D [ General use material samples forusein various an |
Experimental Stress Strain Data 4 ﬁ General Non-linear Materials D 1= General use material samples forusein non-linear 5
Hyperelastic 5 i explicit Materials D &l Material samples for usein an explicit anaylsis.
Plasticity 6 ﬁ Hyperelastic Materals D 2 Material stress-strain data samples for curve fitting,
Life T ﬁ Magnetic B-H Curves D B B-H Curvesamples specificforusein amagnetic anl
Strength 8 5 Favorites Quick access listand default items .

2 Material

_ | Fatigue Data atzero mean stress comes from
3 W structural steel []|= | 1398 ASMEBPV Code, Section8, Div 2, Table
5-110.1
= Click hereto add a new material
I

Ly

- A B|C s}
1 =
2 =
_ | Fatigue Data atzero mean stress comes from
3 % Structural Steel ]| | 1998 ASMEBPY Code, Section 8, Div 2, Table
5-110.1
4 ?w Aluminum D
= Click hereto add a new material

Then, (expand) Linear Elastic, as shown below.

Now, (Double Click) Isotropic Elasticity. Then set Young's Modulus to 70e9 Pa and set Poisson’s Ratio

to 0.35, as shown below
I\ CantilevNoModal - w‘:@

File View Tools Units Helj

Inew [ open... =l save (&Y

[E= Physical Properties
| = Linear Elastic
Isotropic Elastidty
Orthotropic Elastidty
Anisotropic Elastidty
Experimental Stress Strain Data
Hyperelastic

Plasticity

Life

Strength

BEEEH

Next, (expand) Physical Properties, as shown below
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_
- A B c
i Property Value Unit
2 = EI Isotropic Elastidty
3 Derive from Young's Modulus and Poisson’s Ratio
4 Young's Modulus FE+10 Fa o
5 Poisson's Ratio 0.35
6 Bulk Modulus 7.7778E+10 Pa
7 Shear Modulus 2.5926E+10 Pa

-
M CantilevMoMaodal - Workbench

File Wieww Tools Units He

IJNEW EODEI"I... HSave E

| = Physical Properties |
Density

Isotropic Secant Coefficient of
Orthotropic Secant Coefficient
Isotropic Instantaneocus Coeff
Orthotropic Instantaneocus Cos
Constant Damping Coeffident
Damping Factor {B)

Linear Elastic

Experimental Stress Strain Data

Hyperelastic
Flasticiby
Life
Strength

B|E\E B 8 B ppERREE

Now, (Double Click) Density. Then, set Density value , as shown below

Properties of Qutline Row 4: Aluminum - X

- & B C

i Property Value Unit

2 T8 Density 2700 kgm~-3 w
3 = E Isotropic Elastidty

4 Derive from Young's Modulus and Poissons Rato »

5 Young's Modulus FE+10 Fa -
6 Poisson's Ratio 0.35

7 Bulk Modulus 7.7778E+10 Pa

8 shear Modulus 2.5926E+10 Pa

Now, the material properties for Aluminum have been specified. Lastly, (Click) Return To Project,
Save your project periodically, as you are working. ANSY'S does not have an auto-save feature.
Step 2:

Geometry: Attach the Geometry

In order to attach the geometry, right click on the “Geometry” and either click on DM “New
DesignModular Geometry” or import the geometry through “Import Geometry”
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Project Schematic

- - B

I8l = static Structural (ANSYS) w
2 @ Engineering Data v 2 | @ Engneering Data + 4
3 @ Geometry v 3 @) Geometry v o4
4 @@ Model v 4 @ Model &,
5 ﬁ Setup v 4 5 ﬁ Setup F .
6 | G5 Solution v 6 g5 Solution F .
7 @ Results v . 7 @ Results 7.

Cantilever Cantilever Modal

Step 3:

Generate Mesh

Go back to “project” right click or double click on “Model” and select “Edit”, click and a new window will
open.

To generate default mesh:
First, (click) Mesh in the tree outline. Next, (click) Mesh > Generate Mesh as shown below

Cantilever Modal - Mechanical [ANSYS Academic Teaching
| File Edit View Units Tools Help || @ | +/Solve ~ 1
JMSI‘I =} Update | @ Mesh + @ Mesh Control « | Al

e | O
Project ¥ Preview Surface Mesh

B @ Model (B4) ¥ Preview Source and Target Mesh
= M@ Geome

- Li ¥ Editin CFX-Mesh
[} L

To generate Size mesh

In this section we will size the mesh, such that it has ten uniform elements. In order to size the mesh, first
expand Sizing located within the

Details of ""Mesh™" table. Next, set Element Size to 0.40 m, as shown below.
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Details of "Mesh"

[=]| Defaults
Physics Preference Mechanical
Relevance 1]

[=]| Sizing
Use Advanced Size Function | Off
Relevance Center Coarse
Initial Size Seed Active Assembly
Smaoothing Medium
Transition Fast
Span Angle Center Coarse
Minimum Edge Length 4.0m

Inflation

Advanced

Pinch

Statistics

Now, (click) Mesh > Generate Mesh in order to generate the new mesh. You should obtain the mesh, that
is shown in the following image.

A

(1) (X7 L10 )

Step 4:
Material Assignment

At this point, we will tell ANSYS to assign the Aluminum material properties that we specified earlier to
the geometry. First, (expand) Geometry then (click) Line Body, as shown below.

B : Modal (AN

J File Edit View Units Tools Hel
JGeumetq.r | ElPuintMass EilThe
Project
= ] Model (B3)
El ----- ,,‘ Geometry

I S %
Hlo _;é; Coordinate 5 ms

Then, (expand) Material in the "Details of Line Body" table and set Assignment to Aluminum, as shown
below.
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[+ Graphics Properties

= Definition
| Suppressed No

Coordinate System Default Coordinate ...
Reference Temperature | By Environment

Offset Mode Refresh on Update
Offset Type Centroid
= Material

gnme Structural Steel
| Nonlinear Effects Yes &m‘

Thermal Strain Effects  Yes
Bounding Box
| Statistics

® ®

7]
&l

Step 5:
Assign Fixed Support

First, (right click) Modal > Insert > Fixed Support, as shown below.

& 8 Modal (ANSYS) - Mechanica \ ncec
| File Edit View Units Tools Help || @ | fSohve ~ tH o 1) [A)
Environment P Inertial v @, Loads v P Supports v | [

& @ Model (83)
/& Geometry
B2k Coordnate Systems
BB Mesh
SR | Modal (84)
S, Pre-su.j Thermal Condition
7 aosys |

@, Frictionless Support
@, Cylindrical Support
. Simply Supported
@ Fixed Rotation

@, Elastic Support

@, Constraint Equation

# ShonVetces §iWetire | Ofshon Mesh . M Fandom Caers ) Arnetsson rfunces |
Ircvonment sl = B Lowds = @ Supperts = L Condtons = @, DuectfE + |
[

Fie ot Ven Unis Toos Mo || @ 1| Jlabe > /Showtnon 1/ MevebhcciBan 08 8 B 4 1) @~ W) [z - BB & S+QQ KRMAAE/
5 "

=
i ol = K= A= A= A= A= A H oo hmtions

Next, click on the “solve” button and get the results as shown below.
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@c - o

R N mm‘m!l!me '*-:-@uammqqxnss -*

57 ShowNettices S Close Vertices 22003 Jauto Scsie)  « R Wirelrame | O ShowMesh K M Random @:Preferences | 1. 1. 1. 1. 1. | e5ze > @ Locstion v [@Convert » O Miscellaneous » @ Tolersnces

8 Copboard ~ [Empty]

g~ A~ Ai- A~ A~ A~ AW Hhicken
Solution @ Deformation » B Strem + B, Stress ~ ’.t-;y~ q,o-nanu—msm- @Volume W Probe v @iTooks v | [, User Defined Resul | 21 vpte Do

MAPDL Memory Used ﬁul
MAPDL Resut Pl Sze 852,08

St T P

=;§§
ol
1.
—
1225
—
- p—- g

0 Hotessges o Seection Bactic m by N3 V,A) Degrees_roi/s Colins

To see the model right CIICk on the “graph” below the “geometry” window and select all. Right click again
on the shaded blue region on the graph and click on the “Create Mode Shape Results”, “total
deformation” 1 to 6 results will appear under the “solution (C6)” as shown below.

| File £t View Units Tools Help || 5] @ =+ | ¥ Sohe v [ NewAnolysis v 7/Showkmors t ¢ ] (A] @1~ PWorkshest i ®
StaRQa@AAAE NS S (O

@ Wicame | DyshowMesh i MRandom Dpwferences | L, 1. L. L. L. [l Sty W Gt - RGO i

r : -l v A A A A A AW AT
Deformation v @ Stean v B Stress v B, Energy B, Damage v | B Linearized Stress v @ Volume | W Probe v @ Tooks v B, User Defired Resut | 51 o 0 |
:

R —— D\ Geometry {Prnt Prevew  Repert Previen/
e — 2 Tbudus

0 No Messages [No Selection. [Metnc (m kg N sV, &) Degrees s Celsiss

Then, click solve to obtain the mode shapes “Total Deformation” results as shown below. Here, we will tell
ANSYS to find the deformation for the first six modes.
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L k’@l‘lﬁ‘... S QA QamAA NS & O

5 ShowVetices JF{Close Vetices 24001 huto Sl - @RWeeframe | PhshowMesh sk B Random D Preferences | L. 1. 1. L. L

| B Clgboerd + [Enety]

| 3 OvReet Ewwsefador T [aementerv) || MEdgeColomna > 4= S A= A= A= A W HThicken
s_mo.m-o.m.. @, Stress + @, Energy v | O, Damage » | O Linearized Stress v | @) Vohume | @ Probe v @ Tools v | B, User Defined Result | 51 v bel v

s5ue v @ Location v [@Convert + & Misceluneous » @ Tolerances

Fiter [ name 3]

BoarE@y
8 Project

MAPDL Elapiea Tme 3.5
Qs Q7S

1 2 3 4 H

= 3
88 8
*  —

| 1,0 No Messages No Selection [Metric (m kg N5V, A) Degrees rad/s _Celsius

Select “total deformatlon 1" to visualize the mode shape result 1, select the rest for mode shape 2, 3, 4,5
and 6.

| File €& View Units Took Hep || T @ =i | Salve = @ NewAnshsis = 2/Showtren 7H B ) (A @v @0 Iy B
TAT AT ABER & (SHE-QQ a@QaRnda O
Verices | B CloseVertices 2403 uto 5ol « @RVivetme | otttk M Random @ orefeences | L 1. 1. L. L. || <sSice v @Locaten ~ Comen = < Miscebaneous » &

T A A A A A A HThicken
J.l.?-nwmmnmn.. -
hd

[Geometn
[suoprecsed [
= Resats == 2ata)
| M - Goph *
i 23, || Animaton o o[ 0| 20rmes v 2seciiutol B ICEIEERED
ik ain [ > |m pi Riem|p =
Wi Oceurs On | Pat1-Freebarts it
om Occurs On Pt Freebarts
1@ |
"
gl 1 1 |
s

0 No Messages |No Selection [Metric (m kg N 5 V,A] Degrees rad/s Celsius.

In order to visualize and run the simulation result click the “play” as shown below. Then, we will be able to
see the shapes of the six modes. Additionally, we will be able to watch nice animations of the six modes.
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Based on your group select and use the given specifications below, and select the material properties
of the corresponding material assigned from (Table 1: Material properties). All the dimensions from

the given figures below are in mm.

BEAM TYPE MATERIAL ASSIGNED
Group 1 | beam Aluminum
Group 2 | beam Steel
Group 3 I beam Titanium
Group 4 T beam Aluminum
Group 5 T beam Steel
Group 6 T beam Titanium
Group 7 O beam Aluminum
Group 8 O beam Steel
Group 9 O beam Titanium
Group 10 L beam Aluminum
Group 11 L beam Steel
Group 12 L beam Titanium
g;_“
o

8

<o

&

42.50
100.00
Figure 10: | Beam Dimensions
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40.00

15.00

150.00

Figure 11: T Beam Dimensions

Figure 12: O Beam Dimensions
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00°ST

Figure 13: L Beam Dimensions

Table 2: Material properties

Material(s) Young s modulus (E) Poisson’s ration (V) Density (p)

[GPa] [Kg/m?]
Steel
(Carbon steel) 207 0.292 7850
Titanium
(Aluminum alloys) 114 0.342 4430
Aluminum (Aluminum alloys) 71 0.334 700

1. Prepare your report based on the given template, your report should include pictures of all the

major steps and they must be labelled/named.
a. Abstract

b.

Introduction

c. A brief procedure that includes (refer back to METHODOLOGY):

i.  Necessary steps.

ii.  Attach fixed support at one end.
iii.  All the images/pics of the main steps.

iv.  First, carry out the simulation based on the default setup of “default details of

mesh”, then

v.  Carry out based on the given setups from table 2 as edited “details of mesh”:

Table 3: “details of mesh”

Relevance 100

Relevance center Fine

Element size 20 mm

Smoothing High
d. Results

MENG331

i.  Under this section you are expected to show the solution of your simulation

from the “edited details of mesh” only.
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ii.  Pics of all the 6 mode shapes analyzed from the edited “details of mesh” are
expected and must be labelled.

iii. A table containing the mode shapes frequencies for both “default details of
mesh” and “edited details of mesh”.

Table 4: ........................

Modeshapes |1 2|3 |4|5|6
Frequencies

e. Discussion and Conclusion
I.  Discuss on the results obtained. Provide a comparison mode shapes table of the
“default details of mesh” and the “edited details of mesh”

Table 5: ......

“default details of mesh” frequencies
“edited details of mesh” frequencies

ii.  What Conclusions could you draw?

iii. Based on the results obtained from section “e-i”, which one is better? And
Why? What are the ways of improving the results?

Iv.  Why the choice of Element Type is important in any FEA software?

v.  Which Element Type you chose and why? Please explain in detail.

All the work carried out should be burn on CD/DVD and submitted together with hard copy
of the report. (Hard Copy conditional to university opening, otherwise softcopy via Microsoft
Teams Assignment)
o PDF report
Figures of the main steps involved (see what is under METHODOLOGY)
Figures of the 6 mode shapes
Print preview and report preview files
ANSYS Simulation, rendered avi video file of the simulation.
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