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Chapter 1

Introduction

Vibration is an important part in mechanical analysis systems, which can be found in
every automotive engineering problem. Vibration is a mechanical phenomenon whereby
oscillations occur through an equilibrium point. It can be occurred in two ways, either,
when a mechanical system is set off with an initial input and then allowed to vibrate
freely that is called free vibration or when an alternating force or motion is applied to a
mechanical system that is called force vibration.
Vibration force is the main factor in the analysis of moving vehicles, because, the forces
which are imposed throughout the chassis by the road cause vibration. Suspension system
of a vehicle has an important role in damping vibration of a vehicle. Due to the linkage
between the tires and chassis, hence, every force which is imposed to the tires by the
humps of the road will be transferred to the chassis. This fact has been made suspension
system as an important part during vibration analysis of the vehicle.
During operation of suspension system, when the vehicle is moving, all parts of suspension
system are vibrating with specific angular velocity and acceleration. This dynamic condi-
tion in suspension system causes dynamic forces which cause stress on different parts of
suspension system, especially on lower arm of suspension system. In order to determine
this stress on the lower arm, dynamic analysis must be done on suspension system. It
must be mentioned that each suspension system has contained different parts, where one
of them is the lower arm which has important role in operation of suspension system.
This study has 2 main parts that are Finite Element Analysis and Experimental Analysis.
The Finite Element Analysis has been performed using the software called Solidworks, then
in order to validate the results come from the finite element analysis, the Experimental
analysis has been performed using a test rig.

Problem Definition

The rough surface road profiles and its influence on vehicle, causing unwilling vibrations
due to kinematic excitations, have been made destructive problems on suspension system
of vehicle. Respectively, every part of the suspension system will be affected by destructive
created vibration. The lower drive arm of a suspension system is mainly influenced by
this condition.
Moreover, Increasing in load condition on the lower arm of suspension system can change
distribution of stress. Hence, these unpleasant vibration and force conditions will reduce
life time of lower arm, by creating physical damage due to stress. Therefore, vibration
and force analysis of this part will be helpful to make a better operation condition for
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suspension system. The main problems due to vibration and load conditions on lower arm
of suspension system can be defined as follow:

� Imposed force to the vehicle by the road has important role in load condition of
suspension system, specially, on its lower arm. Increasing in this load may cause
to increase stress on lower arm. Hence, trying to reduce this force is considerable.
The value of road force depends on specific conditions such as quality of the road,
velocity and acceleration of vehicle. There are other conditions that can affect this
force; these conditions are related to physical condition of suspension system and
vehicle tire such as: suspension stiffness, suspension damping coefficient, tire stiffness
and suspension system mass.

� Reaction forces on suspension system, also, play an important role in load and stress
conditions of lower arm. These forces are imposing to lower arm from the chassis
(the lower arm is fixed to the chassis) and from other parts which are connected to
it. Figure below describes the problem conditions on lower arm of suspension system.

General problems of suspension system of a moving vehicle can be divided in two cate-
gories. The first one is related to problems of stress on different parts of suspension system
and the second one is related to destructive vibration on suspension system.

Objective

The main goal of this study is to evaluate the life of the Lower Control, in order to estimate
it the life strain method has been applied.

Methodology

The methodology in this study can be divided in three main topic: Design, Calculation
and Simulation. The Design Part can be divided in more subpart such as Model of the
Wheel, Design of all component, assembling of all component. The calculation Part and
the Simulation one goes together because in order to have stress and strain of the lower
control arm we have to simulate different input then use this stress/strain to do the
calculation and in the end plot all the results.
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Design

In order to start the simulation the first goal is to model the wheel in order to be more
similar to the real one.
in order to do this I supposed the system as a 2 DOF quarter car model and then using the
paper called ”Dynamic Simulation of Vehicle Suspension Systems for Durability Analysis”
made by Levesley, M.C., Kember S.A., Barton, D.C., Brooks, P.C., Querin, O.M [1] i used
the damping coefficient and stifness constant of a wheel.

Symbol Value
Tyre Stiffness Constant K2 200[

kN

m

]
Tyre Damping Coefficient c2 0.1[

kNs

m

]
Suspension Stiffness Constant K2 20[

kN

m

]
Suspension Damping Coefficient c2 1[

kNs

m

]

Where:

� m1: mass of the quarter quad model;

� c1: damping coefficient of the suspension;

� K1: Stifness constant of the suspension;

� m2: mass of wheel;

� c2: damping coefficient of the Tyre;

� K2: Stifness constant of the Tyre;

The next step is to design a test rig that is more similar to the real one in order to perform
a precise simulation on the studied parts.
And in the end we must design all the other parts according with the geometry of the real
quad. Then before starting for the simulation we must choose fpr the material.

Main Support The Main support is the part that is fixed to the machine it simulates
the connection of the lower arm and of the suspension system to the chassy of the car, in
our case of the quad.
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Lower Arm This part has the design taken from the real piece. It is the center of the
study.

Damper Also this component is designed from the real one, using the real measure-
ments, then all the parameter such as damping factor and stiffness have been simulated
using the software. The Damper is assembled from the rod and from the tube.

4



Master Degree Thesis

Knuckle This is the connection between the damper and the lower arm and also this
component has been designed from the real data.

Accessories In this part we have all that part that are use to connect 2 part in order
to simulate the movement, or to lock the component in a particular position such as the
real position.
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Ball Pin

Cap
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Assembly Joining all the component in one file we obtain this assembly.

Material

For the material i followed the instuction of the paper called ”Fatigue Life Prediction
of Lower Suspension Arm Using Strain-Life Approach” [2] made by ”Prof. Dr. Md.
Mustafizur Rahman, Kumaran Kadirgama, M.M. Noor, Ruzaimi Rejab” in which they
say that Aluminium 6082-T6 is one the aluminium alloys that is used in automotive to do
lower arm, then to do a comparison i choose another material that is used in automotive
to craft that component: Steel S355.

Aluminium 6082-T6

6082 aluminium alloy is an alloy in the wrought aluminium-magnesium-silicon family (6000
or 6xxx series). It is one of the more popular alloys in its series (alongside alloys 6005,
6061, and 6063), although it is not strongly featured in ASTM (North American) stan-
dards. It is typically formed by extrusion and rolling, but as a wrought alloy it is not
used in casting. It can also be forged and clad, but that is not common practice with this
alloy. It cannot be work hardened, but is commonly heat treated to produce tempers with
a higher strength but lower ductility.
Alternate names and designations include AlSi1MgMn, 3.2315, H30, and A96082.

Chemical Composition (According to EN 573.3):
Si Fe Cu Mn Mg Cr Zn Ti

% weight 0.7 ÷ 1.3 0.5 max 0.1 max 0.4 ÷ 1 0.6 ÷ 1.2 0.25 max 0.2 max 0.1 max
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Properties:

� Density: 2.71 g
cm3

� Young’s modulus: 71 GPa

� Ultimate tensile strength: 140 to 330 MPa

� Yield strength: 280 MPa

� Thermal Expansion: 23.1 µm/m−K.

� Solidus: 575 °C

Steel s355

Steel is an alloy of iron with typically a few percent of carbon to improve its strength and
fracture resistance compared to iron. The name of different steel change for which purpose
they are used for.

Application Symbol Meaning

S Structural Steel

P Steel for pressure lines and vessels

L Steel for pipe and tube

E Engineering Steels

B Steel for reinforced concrete

R Steel for Rail use

H High Tensile strength Fiat products

D Fiat Products for Cold Forming

T Tinmill Products

M Electrical Steel

So in our case the steel is designed for structural purpose.
The next set of 3 digits gives the steel’s minimum yield strength. In our case is 355 MPa

Chemical Composition (according to EN 10025-2):

C Mn P S Si
% of weight 0.23 max 1.6 max 0.05 max 0.05 max 0.05 max

Properties:

� Density: 7.85 g
cm3

� Young’s modulus: 210 GPa

� Ultimate tensile strength: from 470 to 510 MPa

� Yield strength: 355 MPa

� Thermal Expansion: 12 µm/m−K.

� Poisson Ratio: 0.3
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Analysis

After the design of the test rig, assembly of all componenent designed and the choice of
the material, the next step is Analysis.

Motion Analysis

The aim of this section is to evaluate the stress and strain in the lower arm when difference
input are applied. For the simulation I used different scenarios
The scenarios applied are 2:

� Road Profile of the type C

� Three different Road bump

This is the Model that I used for the Simulation. The two box on the lower part represents
the contact point of the wheel with the road, and it is a way to represent the distance h
in the different scenarios. The other coefficient such m1 or m2 as been choosen according
to the datasheet of the quad under inspection, ”Polaris Sportsman 800 EFI”.

Road Profile

The Road profile has been generated according the ”ISO 6808:2016 Mechanical vibration
— Road surface profiles” where there are different classification of raod.
The road profile can be represented by a PSD function.
The power spectral densities of roads show a characteristic drop in magnitude with the
wave number. To determine the power spectral density function, or PSD, it is necessary
to measure the surface profile with respect to a reference plane. Random road profiles can
be approximated by a PSD in the form of

Φ(Ω) = Φ(Ω0)

(
Ω

Ω0

)−w
or Φ(n) = Φ(n0)

(
n

n0

)−w
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Where:

� Ω =
2π

L
in
rad

s
denotes the angular spatial frequency, L is the waveleghth,

� Φ0 ,Φ(Ω0) in
m2

rad

m

describes the values of the psd at the reference wave number

Φ0 = 1
rad

m
,

� n =
Ω

2π
is the spatial frequency, n0 = 0.1

cycle

m
,

� w is the waviness, for most of the road surface, w=2;

Road Roughness values classified by ISO

Degree of Roughness

Φ(n0)

10−6m2

cycle

m

 where n0=0.1
cycle

m
Φ(Ω0)

(
10−6m3

)
where Ω0 = 1

rad

m

Road Class Lower limit Mean Upper Limit Lower limit Mean Upper Limit
A (very good) - 16 32 - 1 2
B (good) 32 64 128 2 4 8
C (average) 128 256 512 8 16 32
D (poor) 512 1024 2048 32 64 128
E (very poor) 2048 4096 8192 128 256 512

Road Profiles in Spatial and Temporal Domain

It is well known that the amount of road excitation imposed at the vehicle tire depends
on two factors:

� The road roughness which is a function of the road roughness coefficient,

� the vehicle velocity V

Let s be the path variable. By introducing the wavelength

λ =
2π

Ω

and assuming that s=0 at t=0, the term Ωs can be written as

Ωs =
2π

λ
s = 2π

V

λ
t = ωt

where ω
rad

s
is the angular velocity in time domain, we end up with

ΩV = ω

Hence, in the time domain the excitation frequency is given by f =
ω

2π
=
V

λ
. For most of

the vehicles the rigid body vibrations are in between f = 0.5Hz to f = 15Hz. This range

is covered by waves which satisfy the conditions 0.5Hz ≤ v

λ
≤ 15Hz. Hence, to achieve

an excitation in the whole frequency range with moderate vehicle velocities profiles with

10



Master Degree Thesis

different varying wavelengths are needed.
When a vehicle is moving along the road with velocity V, the excitation frequency of

the road input ω

(
rad

s

)
becomes ω = ΩV . The mean squared value of road surface

roughness, that is the total area of the power spectral density function, does not change
with the velocity of a vehicle. Let Ψ(ω) represents the power spectral density of road
input with respect to displacement excitation frequency. Therefore we have the following
relation:

Ψ(ω)dω = Φ(Ω)dΩ

which in turn yields the relationship between Ψ(ω) and Φ(Ω)

Ψ(ω) = Φ(Ω)
1

V

Henceforth, we have

Ψ(ω) = Φ(Ω0)Ω
2
0

V

ω2

This indicates that the road profile can be obtained from integrating a white noise in time
domain. While to prevent standard deviation from going up with time as the integration
period is increased. The road roughness PSD distribution is modified as

Ψ(ω) =
2αV σ2

ω2 + α2V 2

where

� σ2 denotes the road roughness variance and V the vehicle speed, whereas

� α depends on the type of road surface.

Since the spectral density of the road profile can be factored as

Ψ(ω) =
2αV σ2

(αV + jω)(αV − jω)
= H(ω)ΨwH

T (−ω)

where

� H(ω) ,
1

αV + jω
is the frequency response function of the shaping filter,

� Ψw , 2αV σ2 is the spectral density of a white noise process.

Hence, if the vehicle runs with constant velocity
ds

dt
= V , then the road profile signal,

zR(t), whose PSD is given by the previous formula, may be obtained as the output of a
linear filter expressed by the differential equation

d

dt
zR(t) = −αV zR(t) + ω(t)
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Road Roughness values classified by ISO

Degree of Roughness

Road Class σ (10−3) Φ(Ω0) (10−6m3),Ω0 = 1 α
rad

m
A (very good) 2 1 0.127
B (good) 4 4 0.127
C (average) 8 16 0.127
D (poor) 16 64 0.127
E (very poor) 32 256 0.127

From this last equation we can build using Simulink a model that can give us the road
profile.

The results of the simulation generates this output:

The other input are the road bump present on the italian roads and regulated by the
”(Art. 42 Cod. Str.) Rallentatori di velocità”, that says:

� On the road where the max velocity is 50 Km/h, the width is 60 cm and the height
is 3 cm

� On the road where the max velocity is 40 Km/h, the width is 90 cm and the height
is 5 cm
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� On the road where the max velocity is 30 Km/h, the width is 120 cm and the height
is 7 cm

I modelled them using a sine function and a trapezoidal function on matlab and then
imported them in Solidworks. This is the results:

In the figure below it can be seen all the setup for the simulation.
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Chapter 2

Literature Review

Suspension System

Suspension is the term given to the system of springs, shock absorbers and linkages that
connects a vehicle to its wheels and allows relative motion between the two parts.
Suspension systems serve a dual purpose contributing to the vehicle’s road holding, han-
dling and braking for active safety and driving pleasure. In addition, Suspension systems
are used for keeping vehicle occupants comfortable and reasonably well isolated from road
noise, bumps, and vibrations.

These goals are generally at odds, so the tuning of suspensions involves finding the right
compromise. It is important for the suspension to keep the road wheel in contact with
the road surface as much as possible, because the road forces are acting on the vehicle
through the contact patches of the tires.
The main functions of suspension system are as follows:

� To protect vehicle from road shocks

� To safeguard passengers from shocks

� To prevent pitching and rolling
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According to the design, suspension system is mainly classified into two types, which
are dependant suspension system and independent one. Regarding to dependant suspen-
sion system, a beam holds the wheels parallel to each other and perpendicular to the
axle. When the camber of one wheel changes, the similarly camber of opposite wheel also
changes. In contrary, independent suspension points to each wheel having its own sus-
pension; it won’t upset the wheel of the axle if the opposite wheel has been experienced.
In other words, it can be mentioned that both the front and the rear wheel are utilized;
when one wheel goes down, the other wheel does not have much effect.
Comfort and control aspects are majors in field of design and manufacturing. Spring and
damper systems are used as shock absorber in automobiles. As concerned to comfort and
control aspects, their systems are lagging to provide optimum level of performance.
The geometry of suspension system does this optimum level of performance by providing
automatic compensation that minimizes deviations caused by external forces.
The automobile chassis is generally mounted on the axle through springs. These springs
are used to prevent the vehicle body from shock which refers to bounce, pitch and roll, etc.
Due to these shock frames, body is affected by additional stresses which affect indirectly
on rider to feel some discomfort.
In a moving vehicle, a proper suspension system must satisfy some duties which are con-
sidered to prevent vehicle from road shocks, to safeguard passengers from shocks and to
prevent pitching or rolling. Springs are placed between the wheels and body; when wheels
come across the bumps on road, it rises and deflects the spring. Thus, energy is stored and
released when the spring rebounds due to its elasticity. Gradually the amplitude decreases
due to the friction between spring and joints. Also, It must keep tires in contact with road.

Dynamic Analysis

Vector analysis mostly has been used to express dynamic behavior of mechanical systems,
as well as, suspension system. This method can develop the understanding of suspen-
sion operation and its effects on total vehicle performance. The calculations for dynamic
analysis will include a series of analyses including:

� Velocity analysis

� Acceleration analysis

� Dynamic force analysis

Most practical vehicles have some form of suspension, particularly when there are four or
more wheels. The suspension system in general must reduce the vertical wheel load vari-
ations which are imposed to the wheel by bumps of the road. However, the introduction
of a suspension system introduces some tasks of its own; each additional interface and
component brings some specific load condition for suspension system during its operation.
These three categories are considered as an important load condition of suspension system
that has been encountered: wheel load variation, handling load and component loading
environment.
In order to determine the wheel load variation in a vehicle, it is possible to assign spe-
cific stiffness to each wheel and suspension of each tire and model vehicle as sprung and
un-sprung mass to determine the load. It must be mentioned that the calculated load
completely depends on the profile of the load. For handling force, the distribution of loads
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between sprung and un-sprung load paths have an important role. Therefore an anti-pitch
angle will be defined in order to reduce the load between sprung and un-sprung in dif-
ferent manoeuvres of the vehicle. In the third part, component loading, each part of the
suspension 0system due to both speed and acceleration of the vehicle and imposed forces
will have interactions to each other. These interactions cause forces on each joints.
In order to analyze the lower arm of suspension system by finite element software, its
load condition must be determined. Hence, imposed forces on the lower arm created by
the other parts of the suspension system must be determined. the figure below shows
McPherson suspension system. All of components of McPherson suspension system have
been showed as well.

The imposed forces on lower arm are due to interaction of other parts with lower arm.
Hence the first step in force analysis has been related to both velocity and acceleration
analysis on suspension system. For velocity analysis, a starting point will be set on con-
tact point between the tire and the road in order to establish a boundary condition. The
position, velocity and acceleration of starting point, respectively depends on the profile of
the road and velocity and acceleration of the vehicle.
The usual method for analysis component of suspension system is vector analysis used to
determine their velocity, acceleration and dynamic forces. For proceeding with velocity
and acceleration analysis, it is necessary to identify the unknowns that define the problem
and the same number of equations as unknowns leading to solution. The angular velocity
will be assigned to the each rigid body of suspension system and a rotating velocity in the
attachment of lower arm to the chassis of the vehicle.
There is also the same assumption for acceleration analysis of suspension system. By
determining velocity and acceleration of lower arm and other components of suspension
system, dynamic force analysis of suspension system is not unavoidable. Specifically for
the lower arm of suspension system, six equations of motions will be set up. The dynamic
analysis depends on the physical properties of suspension components like mass, mass
moments of inertia and center of mass location.
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Strain Life Approach

The Strain Life approach is used to predict the how long a component will survive due to
cyclic loading.
Strain Life differs from other approaches to fatigue because it takes into account both the
elastic and plastic deformation of a material. Some approaches, like Stress Life, are only
suitable when the stresses and strains remain in the elastic region of a material.
To understand how strain life fatigue calculations work, it is helpful to understand the
relationship between stress and strain. When a load is applied over an area, it creates
stress. This stress in turn creates a strain, or elongation, as the part deforms.

Subjected to cyclic stresses over time during usage, permanent deformation (when the
part does not return to its original length when the load is removed) can occur. n fact,
the stress and strain may not maintain a linear relationship.
Eventually enough cycles can be applied that the part fails (i.e., a crack forms, or object
cannot carry a load). To understand when this failure could occur, it is necessary to
understand the non-linear relationship between stress and strain. At low stress levels, the
relationship of stress to strain is linear (i.e., elastic) and related by the Young’s Modulus
of the material. At higher stress levels, the stress to strain relationship is not linear (i.e.,
plastic). The Strain Life approach utilizes both elastic and plastic behavior.
Starting with a measured strain, the strain life approach takes the following steps:

� A corresponding stress at the same location as the measured strain is calculated.

� This creates a local stress-strain time history which is cycle counted by plotting the
stress against the strain.

� The strain cycles are converted to damage to calculate the fatigue life using the
Manson-Coffin-Morrow Strain Life curve (also called an ε-N Curve). This should
also include effects of mean stress.

In order to calculate fatigue damage, the corresponding stress at the same location of the
measured strain is needed. The Ramberg-Osgood relationship can be used to calculate
the corresponding stress. The local stress-strain time history can only predict the life at
the location of the measurement. It cannot predict the life based on any other location.
The Ramberg-Osgood relation is an equation that describes the non-linear relationship
between stress and strain, including materials that harden with plastic deformation. The
2 graph below represents the stress-strain graph in both region, plastic and elastic, using
the Ramberg-Osgood Relation.
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ε =
σ

E
+
( σ
K ′

) 1

n′

where

� ε is the strain amplitude

� σ is the amplitude of stress cycle

� E is the young’s Modulus

� n’ is cyclic hardening exponent

� K’ is cyclic hardening coefficient

Material K’ [Mpa] n’

Aluminium 6082-T6 587.5 0.203
Steel S355 630.6 0.1085

A comparison between the two relation

The number and amplitude of potentially damaging cycles in the local stress-strain his-
tory need to be determined from the operating data. This is done by plotting the local
stress-strain time history blocks against each other.
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Rainflow Counting Method

The rainflow-counting algorithm is used in the analysis of fatigue data in order to reduce
a spectrum of varying stress into an equivalent set of simple stress reversals. The method
successively extracts the smaller interruption cycles from a sequence, which models the
material memory effect seen with stress-strain hysteresis cycles. This simplification allows
the fatigue life of a component to be determined for each rainflow cycle using either Miner’s
rule to calculate the fatigue damage, or in a crack growth equation to calculate the crack
increment.
The rainflow method is compatible with the cycles obtained from examination of the
stress-strain hysteresis cycles. When a material is cyclically strained, a plot of stress
against strain shows loops forming from the smaller interruption cycles. At the end of the
smaller cycle, the material resumes the stress-strain path of the original cycle, as if the
interruption had not occurred. The closed loops represent the energy dissipated by the
material.

Manson-Coffin-Morrow Curve and Damage Calculation

The Manson-Coffin-Morrow Strain Life curve (also called a ε-N curve) characterizes the
number and amplitude of strain cycles a material can take before failing.

εa =
σ′f
E

(2N)b + ε′f (2N)c

where

� εa is the strain amplitude

� N is the number of cycles to failure

� b is the fatigue strength exponent

� c is the fatigue ductility exponent

� E is the Young’s Modulus

� ε′f is the ductility coefficient

� σ′f is the strength coefficient

Material b c E ε′f σ′f
Aluminium 6082-T6 -0.07 -0.593 70 GPa 0.209 486.8 MPa

Steel S355 -0.09 -0.616 190 Gpa 0.608 912 MPa

A comparison between the two relation
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The strain-life curve (also referred to as the ε-N curve) is property of the material itself. It
contains both an elastic portion (Red line above) and a plastic portion (yellow line above).
It relates the total cyclic amplitude (blue line above) of the strain cycle to the number
of cycles until the part fails. It is similar in concept to the SN Curve used in stress life
calculations.

Then the intercept of the total strain amplitude of the cycle with the Manson-Coffin-
Morrow Curve gives the expected life.

Smith-Watson-Topper Curve and Damage Calculation

It differs from the Manson-Coffin-Morrow Curve because it takes into accounts max stress.
Thus the Equation became:

σmaxεaE = σ′2f (2N)2b + σ′f ε
′
f (2N)b+c

� εa is the strain amplitude

� N is the number of cycles to failure

� b is the fatigue strength exponent

� c is the fatigue ductility exponent

� E is the Young’s Modulus

� ε′f is the ductility coefficient

� σ′f is the strength coefficient

� σmax is the max stress
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Chapter 3

Instrumentation

Universal Measuring Amplifier

QuantumX MX840B

QuantumX MX840B

QuantumX MX840B is a 24-bit Universal Measuring Amplifier, that has special features
like:

� 8 invidually configurable measurement channels (Galvanic isolated)

� Connection of more than 16 differenttransducer technologies per channel

� Individual sample rates up to 40kS/s perchannel, active low pass filter

� 24-bit A/D converter per channel

� Automatic channel parameterization(TEDS1)

� Supply voltage for active transducers(DC): 5V ÷ 24V

� CANbus Input/Output
1TEDS: transducer electronic data sheet; A transducer electronic data sheet (TEDS) is a standard-

ized method of storing transducer (sensors or actuators) identification, calibration, correction data, and
manufacturer-related information.
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Block Diagram

Specification MX840B
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1) When the variable transducer supply is used, there is no electrical isolation from the supply voltage.

2) Hub: IEEE1394b FireWire node or distributor

3) Hop: Transition from module to module or signal conditioning / distribution via IEEE1394b FireWire

(hub, backplane)

4) EtherCAT is a registered trademark and patented technology, licensed by Beckhoff Automation GmbH,

Germany.

5) When bridge excitation with carrier frequency (CF) is used, the maximum sample rate is 19.2
kS

s
per

channel.

6) Filter OFF is recommended only for real-time applications, e.g. to enable short latency times to be

implemented.

7) Mechanical stress is tested according to European Standard EN60068-2-6 for vibrations and EN60068-

2-27 for shock.

The equipment is subjected to an acceleration of 50
m

s2
in a frequency range of 5 ÷ 65Hz in all 3 axes.

Duration of this vibration test: 30min per axis. The shock test is performed with a nominal acceleration

of 350
m

s2
for 6ms, half sine pulse shape, with 3 shocks in each of the 6 possible directions.
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1) One of the following cold junctions is required for connecting thermocouples to the MX840B (ordering

no.: 1-THERMO-MXBOARD; 1-SCM-TCK; 1-SCM-TCE; 1-SCM-TCJ; 1-SCM-TCT)
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1) Parameterization from CANdb via catmanEASY or MX Assistant
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Decimal sample rates and digital low pass filter, type Bessel 4th order

Decimal sample rates: Amplitude response Bessel filter
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Decimal sample rates and digital low pass filter, type Butterworth 4th order

*)The delay time of the ADC is 65 µs for the sample rate 38,400 Hz and 128 µs for the all other sample
rates. This value has not been accounted in the “phase delay” column above.

Decimal sample rates: Amplitude response Butterworth filter
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Decimal sample rates and digital low-pass filters, linear phase (FIR)

*)The A/D converter’s delay time for all sample rates is 65 µs and this is not taken into account in the
“runtime” column!

Decimal sample rates: amplitude response, linear phase (FIR)
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Decimal sample rates and digital low-pass filters, Butterworth (FIR)

The A/D converter’s delay time for all sample rates is 65 µs and this is not taken into account in the
“runtime” column!

Decimal sample rates: Butterworth filter amplitude response (FIR)

35



Master Degree Thesis

Classic HBM sample rates and digital low pass filter, type Bessel 4th order

The delay time of the ADC is 65 µs for the sample rate 38,400 Hz and 128 µs for the all other sample
rates. This value has not been accounted in the “phase delay” column above.

Classic HBM sample rates : Amplitude response Bessel filter
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Classic HBM sample rates and digital low pass filter, type Butterworth 4th

order

The delay time of the ADC is 65 µs for the sample rate 38,400 Hz and 128 µs for the all other sample
rates. This value has not been accounted in the “phase delay” column above.

Classic HBM sample rates : Amplitude response Butterworth filter
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Digital Charge Amplifier

A charge amplifier is an electronic current integrator that produces a voltage output proportional to the
integrated value of the input current, or the total charge injected.
The amplifier offsets the input current using a feedback reference capacitor, and produces an output voltage
inversely proportional to the value of the reference capacitor but proportional to the total input charge
flowing during the specified time period. The circuit therefore acts as a charge-to-voltage converter. The
gain of the circuit depends on the values of the feedback capacitor.

CMD 600

Special feature:

� Digital charge amplifier for piezoelectricsensors

� Two separate parameter sets(measurement programs)

� Measuring range adjustable as requiredor via SensorTeach

� TEDS sensor detection

� Signal output ± 10V

� Fast and configurable digitalinputs/outputs

� All signal inputs and outputs electricallyisolated

� Ethernet system interface

� Compact, robust design, IP60

� IP65 version (CMD600-P)

� User-friendly parameterization software, LabView drivers and Siemens S7 operation blocks
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Block Diagram

Specification
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Connector Pin Assignment

System Input/Output connector Plug (view of pins in CMD600)

Ethernet connector socket (view of pins in CMD600)
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CMD600 Ethernet cable pin assignment to PC

Digital I/O connector socket (digital input/outputs, view of pins in CMD600)

Dimension
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Load Cell

A load cell is a force transducer. It converts a force such as tension, compression, pressure, or torque into
an electrical signal that can be measured and standardized. As the force applied to the load cell increases,
the electrical signal changes proportionally.
In our scenario, we had to evaluate the normal force and also the shear force. For this reason we choose
the CLP 62KN for the normal one and the 4.5KN for the shear one.

CLP 62 KN

Dimension
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Specification

1) must be calibrated under mounting condition
2) Fz is the force in the measurement direction
3) Related to a point of contact on the force application surface
4) Under initial stress of at least 20%

CSW 4.5 KN
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Dimension
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Specification
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Chapter 4

Results

In this chapter will be illustrated all the result obtained from the Motion Analysis using the software
”Solidworks” and plotted using the software Matlab.

Stress and Strain Distribution

To Analyze the result I choose the max stress for all the simulation and on the figure below it can ben
seen how the stress and strain distributes on the lower arm.

Stress history - Type C Road

When the load applied to the tyre is a the road generated following the ISO standard the max stress
generated on the lower control arm follows this behavior.

This one is when the material chosen is Alu-
minium.

This on instead is the behavior if the material
is Steel.
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Stress History - Type C

The strain follows this behaviour instead:

This one is when the material chosen is Alu-
minium.

This on instead is the behavior if the material
is Steel.

Rainflow Counting method

In order to reduce the number of value of strain the rainflow counting method is used.
The higher column represent the value of strain that occur many times.

Morrow’s Equation - Type C

After running the simulation we got the value of the strain amplitude so if we look for the cross point
of the morrow equation and this value of strain amplitude we obtain the expected life of the component.

For The aluminium the Strain amplitude is
2.320e-4 and so the expectect life is infinite.

For the steel the Strain amplitude is equal to
8.038E-05 and also for this the expected life is
infinite.
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Smith-Watson-Topper’s Equation - Type C

To do a comparison we use another method to evaluate the life of component the so called Smith-Watson-
Topper’s Equation. The idea is similar when the curve is crossed that is the expected life of the component.

For The aluminium the Strain amplitude is
2.320e-4 and so the expectect life is infinite.

For the steel the Strain amplitude is equal to
8.038E-05 and also for this the expected life is
infinite.

Road Bump

For this input I Simulated the different bump at different speed: 50Km/h, 80 Km/h and 120 Km/h.

Morrow’s Equation - Road Bump

As can be seen the life expected for all the test
is infinite.

The same can be said when the material is steel.

Smith-Watson-Topper’s Equation - Road Bump

Here can be seen the life is not infinite, this
happens because in the evaluation of the life,
the max stress is considered and so the curve
change.

The same can be said when the material is steel.
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Chapter 5

Conclusions

This method differs one from the other because the Morrow’s Equation considers the mean stress, instead
the Smith-Watson-Topper’s Equation considers the max stress that sometimes can be so high that changes
the life of the component. So in Conclusion can be said that the Smith-Watson-Topper’s Equation is more
conservative. The two method are equally usefull they must be chosen considering all the variable that
take part the event. For the comparison of the material obviously steel performs better, but the aluminiun
is much lighter, but it is very expensive. In my opinion the right choice is Steel.
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