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EESSONA

Uurimustd6 on kirjutatud Tallinna Tehnikaiilikooli mehhatroonika magistri kursuse raames.
Antud t66 koosneb elektroonika, mehhaanika, andme vahetuse ja tarkvara integratsioonist.
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visiooni ja muu abi eest. Ning 10petuseks soovin tinada oma perekoda ja sdpru toetuse eest
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Tallinn, 2017,
Nagarjuna Kandarapu



1. Introduction:

A vibration measurements test rig that already exists basically consists of purely mechanical
components. My work comprises of modernizing and selecting of this apparatus which includes
introduction modern sensors for nearly exact and precise outputs. It also includes the system
being monitored and controlled by means of the computer based software. In this paper
vibration measuring apparatus which is in disassembled state should be redesigned and has been

discussed.

Tallinn University of Technology has a vibration measurements apparatus which has been in a
dismantled state where many of the parts are missing. The apparatus needs to be redesigned and

has to be modernized. The redesigned part mostly is vibration measuring system.

The figure 1.1 shows the existing system in Tallinn university of technology need to be designed

and modify. The existing system consists of bearing, shaft, disc mass, and shaft supporters.

Figure 1.1 Present existing rig



Studying the vibration phenomena is an important part of machine elements course in many
universities. This is the motivation to develop a modern, computer controlled adjustable test tig

in the of machine elements.

Laboratory of machine elements of Tallinn University of Technology has a vibration measuring
test rig, which has to be modernized. The rig work principle is based on the simple pre-existing
in lab. The test rig has started rebuild few year ago but it came to half with bearing selection,

shaft and machine components. The modernization task as shown in figure 1.2 includes:

e Redesign of a test mechanical system
e Selection of a measuring system

e Selection of a drive control system

e Selection of a data acquisition system

e Design of a rig user computer interface.

Vibration Measurement
Apparatus

Control
system

a
[1)Selecting a Developmg
Az per drive system a control
Wibration calculatm of system to
measuang torgue amd (iEeviawing monrtor and
zensor like POWEL. the drive control the
acceleromeaters. maotor will be system as per system in
salactad regquirament various
of machine conditions.
p SO N O 4

Figure 1.2 Block diagram of vibration measurement



The vibration measuring test rig must include modern technical solutions and all applicable
safety rules should be assumed. While developing 3D model design must be consider all the
issues and the test rig can be operated safely by anyone. The vibration measuring test rig is

easily reconfigure for different types of objects.

1.1 Scope

The aim of the project is to develop a suitable solution for vibration measurement on a machine
with motion system, control system and measuring system with suitable parameters. However,
the pervious works and the researches were done related to the vibration measurements when

it is subjected to the various faults as well the various parameters are discussed in this work.

1.2 Deliverables & methodology

In Tallinn University of Technology, laboratory study in the university the thesis work will
carry out systematic research. So,The students will be able to operate the machine, study and

analyze the vibration measuring in the machine using the apparatus:

e 3d design model of the Vibration measuring apparatus using the Computer Aided
Designing software

e Control system of the apparatus

e Human Machine Interface

e Technical documentation of the material suggested



Chapter 2 Background and Literature review of the present existed System. Their Properties
are discussed,working principle and measuring system of vibration. Chapter 3 mechanical
design and causefor the vibration are discussed and explained. In Chapter 4 has overview of
system. It presents the subsystems and tasks of the systems which is to be solved. In chapter 5,
motion control system is presented.motion control system component connections and system
set up are explained. Chapter 6, Measurement structure and components. In chapter 7, motion
control software is explained. Measurement, control and monitoring software has been

presented.
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2. Background and LITERATURE REVIEW

2.1 What is vibration?
Vibration is a mechanical movement whereby oscillation occurs about an equilibrium point.

The oscillations may be periodic like the motion of a pendulum or random like movement of a
tire on a gravel road. Vibration is undesirable, wasting energy and creating unwanted sound.
Vibration mainly caused due to unbalances in rotating parts,uneven friction or the meshing of
gear teeth. Careful is needed while design any product to minimize unwanted vibrations [1]. If
we could watch carefully a vibrating object in slow motion, you could have seen movements in
different directions. As any vibration has two measurable quantities, one is how far(amplitude
or intensity) and another one is how fast (frequency) the object moves help to determine its
vibration characteristics. The terms used to describe the movement are frequency, amplitude

and displacement as shown in Figure 2.1 [2].

_ H| m ,/_\I Amplitude
B H l lr  »Time
== Lo u | Lo
Vibrating I.'Ih|an1 o K
—1 Gycle 1 Cycle 1 Cycle—

v

¥l |'|I
i ‘| k
|H 'JH}
F’

Figure 2.1 Representation of the measures of vibration exposure [2]

Vibration is not always a problem. In some cases, vibration is extremely important. Machines
such as oscillating sanders and vibration tumblers use vibration to remove material and finish
surfaces. Vibration feeders use vibration to move materials. In other cases, vibration is inherent
in machine design. For instance, some vibration almost unavoidable in the operation of
reciprocating pumps and compressors and gear boxes. In well-engineered and well-maintained
machines, such vibration should be no cause of a problem. Most industrial devices are designed
and engineered to operate smoothly and avoid unnecessary vibration. Vibration can indicate the
problem in the equipment. If vibration problem is not corrected, the unwanted vibration itself
can cause additional damage. Vibration can cause by number of conditions. Vibration in
machine are cause due to auxiliary equipment, not just the main equipment. The major causes

of vibration in a machine like unbalance, misalignment, wear, and etc [3].
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So as to stay away from such disastrous accidents in future, different testing disciplines have
created since fifties, including vibration analysis and testing. Later, when computing power
turned out to be more accessible outside particular registering focuses, numerical displaying
end up plainly principle device for beginning outline approval. In perfect case all of the three

of these controls ought to be required in any product design in following order [3].

e Vibration analysis of a preliminary design;
¢ Finite element modeling of design;

e Vibration testing for exprcted environment with analysis results

2.2 Theory of Vibrations

Vibrations in the context of condition monitoring is defined as “a periodic motion or one that
repeats itself after a certain interval of time” by Mobley R Kieth in his book ‘Vibration
Fundamentals’ (Mobley, Vibration Fundementals, 1999) [4].

Following is the equation which is called as ‘Harmonic motion’, describes a relation between

the Vibration displacement in a spectrum with amplitude, frequency and time [4].

X= X0 sin(wt)

Where

X = Vibration displacement (mm)

X0 = Maximum displacement or amplitude (mm)
o = Circular frequency (radians per second)

t = Time (seconds)
The period of the vibration is the time interval, T. A spectrum or profile of a vibration is shown

in the following figure 2.2, which shows the period, T, and the maximum displacement or

amplitude, X0. [4]

12
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|

Figure 2.2 Illustrations of vibration cycles (Mobley, Vibration Fundementals, 1999) [4]

Frequency of vibration is defined as the reciprocal of time period ‘T’, which can be expressed
in units of rotations per minute (rpm) or cycles per second (cps) or Hertz (Hz). Such vibration
oscillations can be illustrated and studies by looking at a graph of simple harmonic motion

(periodic motion) of a pendulum which is illustrated in the figure 2.2. [4]

The displacement, velocity and acceleration can be obtained by first, second and third order

differentiation of the equation, respectively. (Mobley, Vibration Fundementals, 1999). [4]

13



2.3 Relations between acceleration,velocity and displacement
Classic kinematic equation explained one-dimensional motion in three terms specific to
movement: [5]

Displacement (¥) is distance traveled by an object in given period of time (t) with average
velocity (5): [5]

¢ (2.3.1)

{1

-
X =

It is know as vector distance from some initial point via use of unity vectors [5]. A two
dimensional example in cartesian coordinate system would be [5].

I=F+7] (2.3.2)

Velocity(?) is rate of change of displacement. Since velocity has a value and direction. It is
inherently a vector quantity consisting of initial velocity ¥, and changing in time t at a rate of
acceleration a: [5]

U =7, + dt, (2.3.3)
Or it expressed simply as a rate of change of displacement in time: [5]

g =tk A% (2.3.4)

t,—t, At

Acceleration (d) is rate of change of displacement. Since is derived from velocity, it is also a
vector quantity: [5]

Aﬁ 1_7)2 - 1_7)1
At t,—t,

= (2.3.5)

The above Equation (2.3.3) (2.3.4) (2.3.5) show the time and distance are base quantites,while
velocity and acceleration and derived from these base quantites [5].

a(t)

dv  d*x
= d—’t’ = d—tf (2.3.6)

Or reverse the operation to get displacement or velocity from acceleration value,based on intial

values X, and ¥: [5]

U = [ddt = dt + 9, (2.3.7)
- - - C_itz - -
X = | (at + vy)dt = - + vyt + X (2.3.8)

These equations are used when dealing with oscillatingsystems and accelerameters which
measure acceleration. In case the osscillation wavefrom and durations are know, the related

quantities can be derived. [5]

14



2.4 Dynamics of mass-spring-damper system:
Consider an ideal mass-spring-damper system with m(in kg), spring constant k(in N/m) and

damping coefficient R(in N-s/m) as show in figure 2.3. [6]

Figure 2.3 mass-spring-damper system

From above diagram the following equation is expressed: [6]

F(t) — kx(t) — bx(t) = ma(t) (2.4.1)
dx(t) d?x(t)
F(t) —kx(t)—b T m 1 (2.4.2)
d? d d
dtgt) +b );(tt) + kx(t) = F(t), xt;=x, & );(tt) . =1, (2.4.3)

From above equation (2.4.3) we can solve the mass-spring-damper system with Euler method
. we will can solve it as 2% order differential equation is split into two 15¢ order differential

equations. [6]

. dx
X=x & x2=x=E (2.44)
dx; .
E =X =Xy (245)
dx, . 1 . . 1 .
o X (Fpsinwt — bx — kx) = = (Fysinwt — bx, — kx,) (2.4.6)

By solving above equation (2.4.6) we also obtain the discrete version of above differential
equations. [6]

x(n, 1) « x;(nAt)
x(n,2) « x,(nAt)

15



x(n+1,2) = x(n, 2) + x(n, 2) XAt

a= %(FO sin(a)X(nAt)) — bxx(n,2) — kxx(n, 1)) (2.4.7)
Trajectory of mass-spring-damper system with different parameters and initial conditions of
Runge-kutta method and Euler method plots are shown in following: [6]
0Oe=MSDSE(1,0.5,1,1,3,0,0);

Or=MSDSRK(1,0.5,1,1,3,0,0);

plot(Oe(:,1),0e(:,2),'r',0r(:,1),0r1(:,2),'b--",'LineWidth',2); axis tight; grid on;

xlabel("\bfTime (sec)'); ylabel("\bfParticle Position (m)");

title({"\bf Mass-Spring-Damper System Simulation'; 'm=1kg, b=0.5Nsec/m, k=1N/m,

F 0=Im, \omega=3rad/sec, x 0=0m, & v_0=0m/sec'})
legend("\bfEuler',"\bfRunge-Kutta','Location','NorthEast')

As shown in the below figure 2.4. It explain the response of the sinusoidal excitation for the
particle when it is stationary, and there is no spring is compressed or stretched. Comparing
two results from Euler method and Runge Kutta method, they produce similar simulation

results. [6]

File Edit View Insert Tools Desktop Window  Help

Odde | ARKROBDENL- S |08 o

Mass-Spring-Damper System Simulation
m=1kg, b=0.5Nsec/m, k=1N/m, Fu=1 m, e=irad/sec, xﬂ=|}m, & vﬂ=ﬂm.fsec

04 F— - T == Feemo- | R T e Fre===- Fr==== =
ﬁ ' ' ' ' ' ' EUIEr
d - Runge-Kutta
03+ LR R R bommoe- TR T ——— LS =
L '
X i
= D 2 'Y~ """ T-""Ihv i B [ T-~-~-°-°7 B B aT TS T TT T E_ ______ r--—--- ]
= H :
= '
o '
= L ¢
= :
o
o
€
=
=
w
o

20 25 30 35 40 45 50
Time (sec)

Figure 2.4 Show no spring is compressed or stretched [6]
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Oe=MSDSE(1,0.5,1,0,0,1,0);

Or=MSDSRK(1,0.5,1,0,0,1,0);

plot(Oe(:,1),0e(:,2),'r",0r(:,1),0r(:,2),'b--",'LineWidth',2); axis tight; grid on;

xlabel("\bfTime (sec)"); ylabel("\bfParticle Position (m)');

title({"\bf Mass-Spring-Damper System Simulation'; 'm=1kg, b=0.5Nsec/m, k=1N/m,F 0=0m,
\omega=0rad/sec, x_0=1m, & v_0=0m/sec'})

legend("\bfEuler',"\bfRunge-Kutta','Location','NorthEast')

As shown in below figure 2.5 it will explain the response with no external force and no damping
when the spring is initally stretched. Comparing two results from Euler method and runge-kutta
method as shown below we can understand Runge Kutta method is more accurate then Euler

method , based on the analytical solution of the ,mass-spring-damping system. [6]

File Edit View Insert Tools Desktop Window  Help 2

Ndde | | AKODEL- S| 0E o

Mass-Spring-Damper System Simulation
m=1kg, b=0.5Nsec/m, k=1N/m, FD=I}m, w=0rad/sec, xu=1 m, & vﬂ=l}m.fsec

! — 1 1 T T 1 —IT—
' Euler
N R Runge-Kutta
f0-5'"'""'""*"""""""'E' ......................................... —
c :
= :
= s
L= '
e '
2 :
o '
g o !
05 --Af-t------ f------- fom-o-- po----- fo----- f------ q------- po----- po----
0 35 40 45 50

Figure 2.5 Show No extra force and damping [6]
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Oe=MSDSE(1,0,1,1,1,0,0);

Or=MSDSRK(1,0,1,1,1,0,0);
plot(Oe(:,1),0e(:,2),'r",0r(:,1),0r(:,2),'b--",'LineWidth',2); axis tight; grid on;
xlabel("\bfTime (sec)"); ylabel("\bfParticle Position (m)');

title({"\bf Mass-Spring-Damper System Simulation'; 'm=1kg, b=0Nsec/m, k=IN/m, F_0=1m,

\omega=Irad/sec, x 0=0m, & v_0=0m/sec'})
legend("\bfEuler',"\bfRunge-Kutta',"Location','NorthWest'")

As shown in below figure 2.6 it will explain the response of external force with the system
resonance frequency initially stretched. Resonance happens very quickly, which means the
particle position oscillates from -oo to +o0 and numerical simulation has limitaion to express the

infinity. So, as time goes on, oscillation for both methods become larger. [6]

File Edit Wiew Insert Tools Desktop Window  Help

NDdde | RANOMDENL- S| 0E =D

Mass-Spring-Damper System Simulation
m=1kg, b=0Nsec/m, k=1N/m, F =1m, e=1rad/sec, x,=0m, & v, =0m/sec
—— S A I
a0k Euler

60

40

20

Particle Position (m]

Time (sec)

Figure 2.6 Show external force on systems [6]
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2.5 Classical model:
Classical model will explain the basic role of the data acquisition part of the whole vibration

system as a signal path from transducer to the display and analysis [5]. As shown in figure 2.7
single-axis measurement this path consists of transducer,cable,signal conditioner,low-pass
filter,analog-to-digital conversion and run-time display. In morden Inbult-Electronics Piezo-
Electric(IEPE) systems have signal conditioning microelectronic circuit built into transducer

itself it helped in severely reducing of cable parameters on measurement results [5].

> T\ ol ADC o -

Transducer Conditioning Filter Anmlog-to-digital  pisplay/analyeer
conversion

Figure 2.7 Signal path in classic modeling of vibration acquisition chain [5]

As show in figure 2.7 each parts of data acquisition chain have their own sources of error and
can be analyzed separately. But direct transfer of mechnical motion information to a computer
system is not possible. Transduction into electric signals is direct proportional equivalence
between the mass-spring-damper system and a resonant circuit consisting of passive lumped

elements [5].

L] My F h E
ﬂ] h} ¥i o o

Figure 2.8 Mass-spring-damping system and b)equivalent electric circuit. [5]

As shown in firgure 2.8 coefficients are indicated as:

q(t) is change as a function of time,
L is inductance,
R is resistance,

C is capacitance and
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V; is input voltage.
The equation of mass-spring-damping system is represented as [5]
Mpi(t) + Cax(t) + KgX(t) = F (2.5.1)

And its lumped-paramter circuit system

1
Lg®) + R4 + -9 =V, (2.5.2)

From above equation (2.5.1) and (2.5.2) we can obtain equivalence between mechanical and
electrical parameters, data acquisition chain can be done in terms of electronics components.
Figure 2.9 shows signal acquisition chain as a simplified equivalent electricronic circuit [5]. In
IEPE devies charge amplifier is mounted in the same device as a sensor itself and it help to

minimizing interface cable capacitance on high-impedance connection between sensor and

charge amplifier [5].
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I X A | I Bandpass | Gcousten
I of [T | device I
filter I
Imterface Cable | » o |l | |
Senaar Capaoitance | a Vee Il | |
r » — L - :::::fl!’? Chps | |
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Figure 2.9 Signal acquisition chain modeled as electronic components. [5]

As show in figure 2.9, Filtering is done on the controller side along with analog-to digital
conversion (ADC) and subsequent Fast Fourier Transformation (FFT). Output of ADC is
digitized and signal is transfered to frequency domain [5]. The operator has control over the

interfacing cable between transducer and controller [5].

2.6 LITERATURE REVIEW:

The literature review was carried out in the areas of vibration monitoring of rotating shaft
machinery. The approach of fault diagnosis and analysis of resulting vibration signature have
been reviewed. According to Arun Kr.Jalan and A.R.Mohanty Vibration monitoring is one the
first techniques of condition monitoring of rotating machines. Vibration main cause is due to
shaft misalignment and rotor unbalance in a machine. He explained a model based technique
for fault diagnosis of the rotor-bearing system, using the residual generation technique. Residual

vibration is generated by experimental results for the rotor bearing system due to unbalance and
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misalignment. The rotating machine is very primary assets in most of the industries. The rotor-
bearing system of the modern rotating machinery is complex which needs a precise and tested
prediction of its dynamic characteristics. Shaft misalignment and disk unbalance are the two
main cause for rotating machinery vibration. Misalignment in the rotating machinery causes a

reaction force and moments in the coupling which leads to the vibration in the system [7].

Bearing 1 Two iri-axial
©  |eccelerometer Bearingd VY
Motor  Coupling Disc
shaft
| X 2
Bese
L |
Parsanal OROS Analyzer Signal
compubsr OR-25 gonditicning
ampdifear

Figure 2.10 Line Diagram of Experimental rotor-coupling-bearing system [7]

The above figure 2.10 is an experimental rotor-coupling-bearing system using a fault simulator.
The shaft is placed between two identical rolling bearings. A disc is placed in the mid-span of
the shaft. The rotor shaft is driven by a three-phase AC motor connected to flexible coupling.
The power supply to the motor can be varied through variable frequency drive (VFD) which
control the speed of the motor. The motor rig was instrumented with two of tri-axial
accelerometer along with signal conditioning amplifier. All the signals were analyzed on an

OROS 8 channel and OR-25 FFT analyzer [7].

According to Jaswinder Singh, The vibration measured at the different surface of rotating
machinery or at any other suitable place to know running condition of the machine. Due to
quick development in the industry, there are increased usage of rotating machinery and demands
for high speeds and greater power in various power plants and complex vibration issues have
been created. Vibration monitoring is a technique which aims to know the current working
condition of the machine and compare it with previously measured data or condition. Vibration

analysis is became to be the process of detected vibration signal in displacement,velocity or
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acceleration transducer. It is essential to consider the type and scope of transducers or pickup
for capturing vibration signal. A study of vibration cause in mechanical system has been made
which can give cause faults at various point in machine. Experimentation was done for
monitoring and analysis of vibrations for a machine supported by the ball bearing. The
displacement amplitude vibration has been utilized for the vibration signatures due to various

issues like misalignment,unbalance in the bearings [8] .
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Figure 2.11 Line Diagram of Rotor Test Rig [8]

The line diagram of Rotor test rig as shown in Figure 2.11. The rig consists of 0.25 HP motor
running at a speed 3000 rpm(rotations per minute). Motor is flexible coupling to the shaft of 10
mm diameter and 230 mm length fixed between two single ball bearing. The disc of 70 mm
diameter and 15 mm thick is fixed at the mid-span of the shaft. Displacement vibration
measurements are made by using the displacement transducers by integrating the output from

a velocity transducer [8].
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3. MECHANICAL DESIGN

The present rig of bench tests of rotor systems, in conditions as close as possible to the
conditions that arise when working with different type of rotor systems and having different

defects unbalance, defects of bearing, motor, clutch.

Rotating machine are important assets in most industries. One of the mojor areas of interest in
the modern day condition monitoring of the rotating machinery is that of vibration.
Misalignment and unbalance are two major sources of rotating machinery vibration.In this these
I am main discussing vibration caused due to unbalance. The vibration due unbalance will

affects critical parts of the system such as bearings, gears, motor, seals, couplings etc.

When the center of mass of a rotating disc is not coincident with the center of rotation, it is
known as unbalance. In experiment, balancing is done to balance the rotor system but due to
reasons like porosity in casting non uniform density of material, non uniform density of
material, manufacturing tolerances, and gain or loss of material during operation, rotors can

never be perfectly balanced.

3.1 Typical machinery faults

The first step in implementing any vibration monitoring program is to know the equipment.
There are many failure modes for machinery. Four basic failure modes most commonly found
in any standard equipment are imbalance, misalignment, bearing faults and looseness. Each
machinery fault has its own unique vibration signature that helps to identify the particular fault.
Each fault has specific fault frequency that help to know the fault while the amplitube of the

vibration helps to determine the fault. [9]

Imbalance:

In the case of rotating equipment, the axis (shaft) must be equally balanced. An imbalanced
axis will create a centrifugal force which causes the vibrate. As the machine speed increase the
effects of imbalance become greater. Imbalance can severly reduce bearing life as well as cause

undue machine vibration [9].

Misalignment:
Vibration can result when machine shaft are out of line. Angular misalignment occurs when the
axes of a motor are not parallel. When the axes are parallel but not exactly aligned, the condition

is know as parallel misalignment. Misalignment can be caused during assembly or develop over
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time, due to thermal expansion, components shifting or improper reassembly after maintenance

[9].

Loose connections:

Vibration that might otherwise go unnoticed can become obvious and destructive if the
component that is vibrating has loose bearing or is loosely attached to its mounts. Such
looseness might or might not be caused by the underlying vibration. Whatever its cause,
looseness can allow any vibration present to cause damage, such as further bearing wear, wear

and other components [9].

Bearing Fault:

last but not the least, here is a major contributor for vibration. In majority of the cases every
initial problem starts in the bearing and propagates to the rest of the members of the machine.
Abearing devoid of lubrication tends to wear out fast and fails quickly, but before this is noticed
it damages the remaining components in the machine and an initial look would seem as if
something had gone wrong with the other components leading to the bearing failure. Such is

the criticality of the bearings in any machinery [9].

3.2 Existing test rig

The current test rig has to modernize for vibration measurement. It has only machine
components, which has needed to select the motor as per the calaculation, drive to control the
motor speed and sensor to measure the vibration. However the most of the parts of the apparatus
are redesign as per the existing rig without changing any prinicple of the design, the

configuration and the working of the apparatus is explained.

The current test rig has only machine components such as shaft, bearing, shaft side supporters,

disc mass, extra disc mass and frame.

As shown in figure 3.1 it is the existing disc is 125 mm diameter and thickness is 47 mm is

fixed at mid spain of the shaft.
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Figure 3.1 CAD model of Existing disc

The shaft as shown in figure 3.1 is to carried by the two supporting bearing inside a frame house
and to the axis of ratation. The frame desing surrounding the rotating shaft, caries and lubricates

the support of bearing.

A CAD model redesigned shaft is used in this project as shown below figure 3.2. The shaft is
designed to be linked from right side by a flexible rubber coupling to the system driver (motor).

As shown in figure 3.2 the existing rig has shaft of 12 mm diameter and 330 mm length.

Figure 3.2 CAD model of existing shaft

By conducting FEM analysis on shaft using von Mises Stress by solidworks, the maximun stress
are found at the groove nearby critical location.Yield strength is 4.100e+004 which is less then

Maximum stress 5.849e+003.so0, the design is safe. The result is shown in figure 3.3 .
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5.374e-004

— Yield strength: 4.100e+004

Figure 3.3 FEM analysis on shaft

Selection of Bearing for this Thesis:

The bearing has selected for this these to use UCPH201 pollow block bearings, are mounted
bearing that are used to provide support for the shaft. Their mounting surface is on plane parallel
and offset to the axis of the shaft. The pillow block are permit adjustment and easy to mounting.
Pillow block bearing has dual set screw locking, wide inner ring and anti-rotation device as

shown in figure 3.4 [10].

Figure 3.4 Pillow Block UCPH201 model [11]
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3.3 Mechanical design of the apparatus:
Balancing is a technique which elimate the inertia forces and moments. Balancing a rotor shaft

is an important issue in the industry, which involves moving the centre of gravity to the centre
of rotation. In every machine the balancing is related to the rotating mass, its radius and its

speed.

The stand for diagnostics of rotor systems has a motor and a measuring system, consisting of
vibration measuring sensors, bearing. Motor is control with the help of the drive which control
the speed of the motor and a PC based control system. The oscillations receiver is in form of a
shaft with discs. The receiver of vibrations made in the form of a shaft with two disks, one of
the sensors measuring is connected through a filter with DAQ and measuring connected through
a computer program. Which measure the vibration and save the data. Analysis is done to the

vibration measured through vibration measuring sensor.

As you in figure 3.5, this machine is redesigned in the concept of study vibration causes and
affects to machine. The machine is in balance state. Disc is center of shaft with two side

supporter. So,we dont have any vibration on machine.
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Motor
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Extra mass
Shaft

Bearing
Ratating handle
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Figure 3.5 Design of vibration measuring rig
3.4 Creating disk unbalance:
Unbalance is a caused due to unequal mass distribution in a rotating system which lead to
centrifugal forces in radial direction. Unbalance system, there are many disadvantages of
unbalance system which will generate unwanted noise, excessive stress in machine element and

reduce the reliability of rotating parts. This will cause many failure in short period of time.
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When motor start to rotate the machine is in balance state. We don't have any kind of vibration.
The motor is connected through a drive. Where drive is used to control the speed of the motor.
To create imbalance we add extra disk on the shaft as shown in figure 3.6. Vibration start to
vibrate from the shaft. As installed sensors at bearing point start to measure the vibration. The
operator can measure the vibration at various speeds from minimum to maximum. The operator
can control the vibration by applying extra force opposite to the shaft. If you rotate the ratating
handle it will apply the force on shaft and vibration will decrease. It is experiment for control

vibration in Laburatory at Tallinn University of Technology.

Figure 3.6 Test rig on unbalance

3.5 Safety Measurement :
Safety is very important for machine. While designing machine for safety measurement has

taken to avoid injury due to some sudden or unexpected motion can inflict serious injury. So,

machine is covered with side frame from all side as shown in figure 3.7.

Figure 3.7 Test rig with safety side frame
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3.6 SDOF system with a Ratating unbalance:
As shown in figure 3.8 rotaing unbalance. Assume that guides are frictionless. The radius e is

measured from centre of the mass of mass m. The equation of the motion as we need an
expression for the motion if the rotating unbalance in terms of x. If the mass rotates with a

constant angular velocity w,.. [12]

Mass, m

N4

X(t)

OO

77777778

Figure 3.8 SDOF Rotating unbalance system [12]

From the figure 3.8 circle can be defines can be described parametrically as [12]
x(t) = esinw,t,y(t) = ecosw,t (3.6.1)

From above equation note that sine defines the x coordinate as it is vertical. So, we can
construct the equations of the motion. The position coordinate of the rotating unbalance is x +
sinw,t, and the acceleration is second derivative of the expression with respect to time.The
acceleration of the mass without the unbalace is X¥. Adding in the effects of the stiffness and
damper, we get below equation. [12]

(m — my)i + my(¥ — ew?sinw,t) = —kx — cx (3.6.2)

So, collecting x and its derivatives, moving the sine term to other side of the expression,
and divding by the system mass gives the final equation of motion [12].

¥+ 2lwpX + wix = mpew?sinw,t (3.6.3)

From above equation (3.6.3) this identified to the harmonic forcing function case we
encountered earlier,except that now our force is in form of a sine rather than cosine [12].
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x,(t) = Xsin(w,t — @), (3.6.4)
Where, with r = w,./w,
Mo r 6 = tan~1 =5 (3.6.5)
m [(1—72)2 + (2{r)? 1—r2
And, the homogenous solution for this expression is, [12]
xp(t) = Ae=$“nt sin(wyt + 0), (3.6.6)

A and 0 are determined from the initial conditions. Final solution is then x(t) = x,(t) +

xp (t) [12].

From below figure 3.9 we can see different natural frequency effect on rotating unbalance. and
from programm natural frequency was varied while holding all other parameters constant.
Where w,, =2 for the hightest natural frequency tested, the oscillation occurs along a single
sinusoid. This is because the natural frequency of the system is too high to be execuited by
relatively slow rotation frequencies. The first two plots have natural frequencies small enough
to be excited by the slow rotation of the eccentric mass [12].
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Figure 3.9 Response of system with different natural frequencies to a rotating unbalance [12]
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From below figure 3.10, the system damping is varied. The result is that the transient portion
becomes smaller, to the point where it disappears at { = 0.3 . A difference in the magnitude of
oscillation, as would be predicuted from the expression we havw derived for the parameter X,
is not present because the frequency ratio we are testing is in range where oscillation magnitude
shows little variation with damping ratio. This consideration is important in the design of
machinery; if the machine can be designed to have a much higher natural frequency than the
oscillating mass, then the level of damping can be made low without increasing the amplitude
past acceptable levels [12].
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Figure 3.10 Responce with varied damping ratios [12]

The below figure 3.11 show the variation of vibration with increasing system mass. Notice from
figure 3.11 how the amplitude of the vibration decreases with respective to increasing of mass.
This is due to the dependence of X on my = m. [12]
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Figure 3.11 Effect of varying system mass [12]
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4. Project

To start the process of redesigning the vibration measuring rig, The device is divided into the
subsystems. The quality of design and selection of each module in subsystem have been
identified to meet the requirements of the device [13]. Most acceptable working fundamentals
for each subsystem have been investigated and combined with a number of potential concept

designs, that were clearly analyzed afterward in order to propose the most suitable option.

Tabel 4.1 Vibration Measuring Subsystem Descriptions

Subsystems Descriptions

Loading and Vibration | Applying extra mass on the shaft to create unbalance state.

Measuring system

Motor Control Contorlling motor with help of drive and testing vibration

Measuring Structure Obtaining measurement data and process data.conversation
of gathered infomation into meaning manner and registering

for analyze.

Measurement Software | Monitoring real-time measuring process and give visualized

& Real-time Monitoring | results, charts, graphs and etc.

The Table 4.1 above show subsystems of the work. Loading and vibration measuring explain
the creation of unbalance state in machine. Motion control subsystem help to find motor and
drive control system for machine [13]. Measuring structure subsystem help to find out, which
kind of sensor is going to be use for vibration measuring in the machine. Measuring software
subsystem help to find out the software which can read the signal and operator can monitor
from the software [13]. Mechanical structure involves designing of components of loading
system as well as the design of vibration measuring system. The figure 4.1 below functional

block diagram of the project [13].
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Figure 4.1.Vibration measuring subsytems configuration

4.1 Motor control:
The role of the motor control is to command system and run based on desired speed. It has the

drive to receive commands from PC software that is sent based on user defined test parameters

such as speed and torque [13]. Then drive creates a signal in order to run the motor.

4.2 Loading and vibration measuring system :
Loading and vibration measuring system involves a application of creating unbalance loading

system. By applying the extra mass of load of shaft leads to create an unbalance state. In
unbalance state, the shaft starts to create vibration in the rig. The vibration monitoring of

rotating machinery is heavily depends on the spectral analysis [13].

4.3 Measuring structure:
To measure vibration we are using accelerometers. Accelerometers work on piezoelectric

effect. Vibration generates analog output voltage Proportional to the acceleration of the
vibration. Accelerometers create voltage signal output. Data acquisition board is used to collect
voltage signal from the accelerometer and signal is transferred to the PC equipped with software

[13].
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4.4 Measurement software and real-time monitoring:
After all Measurement and motor control system design. In order to track measurement process

and observe the result of the measurement, It is a very important platform. To achive the
excellecnt output, the system is divide into subsystem which involves designing of
measurement, control system and monitoring software [13]. In the real-time monitoring system
vibration measured signal will be processed, visualized and monitored in real time on the screen
[13]. Besides, it will have an interface for defining some parameters by the user,such as
vibration range, speed, and mass of bodies [13]. The vibration signal measured data will be

stored and for further analysis [13].
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5. Motion control system and components:
Motion control is the control of the position or velocity of machines using some type of device

such as electric motor [13]. Motion control is an important part of robotics,machine tools and

laboratory equipment.

i -.

Pc & Software Drive @ Machine

Figure 5.1Block diagram of control system

Mechanical Apparatus-Parts such as bearing,coupling and shaft which is driven by the motor

are constitute mechanical elements.

Motor- In motors,electrical energy is converted into mechanical energy and the required torque

is produced to move to the desired target position. [14]

Drive- Drives is a type of motor controller that drives an electric motor by varying the
frequency and voltage supplied to the electric motor.Frequency is directly related to the motor

speed (RPM) [15].

Application Software- Application software can be used to measure vibration and motion
control of the motor. There are many tools that is able to develop software to use for this
purpose. In this work, Labview has been chosen because of its easy inegration to external

hardware.
Selection of motor and drive:

e First check the initial condition:
To select the correct frequency converter and motor check the mains supply voltage

level (380 V to 690V) and frequency (50Hz to 60Hz) [16].

e Check the process requirements:
Is there a need for starting torque? What is the speed range need to used? What type of
load will there be? [16].
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e Select the motor:
An electrical motor should be a source of torque. The motor's thermal overloadability
should not be exceeded. It is also necessary to leave a margin of around 30% for the
motor maximum torque when considering the maximum available torque in the

dimensioning phase [16]

e Select the frequency converter:
The frequency converter is selected according to the initial conditions and the selected
motor. The frequency converter's capability of producing the required current and

power should have checked. [16]

5.1 Motor:

An electric motor is a machine which converts electric energy to mechanical energy.lt is based
on the principle that when a current carrying conductor is placed in a magnetic field, it
experiences a mechanical force. An electrical signal is connected to the input of the motor, and
the output of the motor delivers a characterized amount of torque related with the characteristics
of the motor. To achieve rotation, there must be some interaction between attractive fluxes
created by electromagnetism inside the motor. DC motor and AC motor fulfill this task in

various way [17].

The main types of motor are two types

(1) AC motors
(11) DC motors

The main difference between AC (Alternating current) and DC (Direct current) can be found in
the name itself for, DC motors run on direct current as quite oppose to alternating current on

which AC motors will run.

With direct current, energy is acquired from batteries or cells and which produces a constant
voltage.This consistent voltage then stimulates the steady flow of electrons in one direction. It
is this constant and exact flow of energy that makes direct current most reasonable for
applications that require an exact and stable operation, such as speed and torque control

applications [18].
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5.2 Selection an electric motor:

Before selecting motor we have to consider the application and certain factors :

(1) The load characteristics needed:

The first and most important task one should perform is to determine the load characteristics
that will drive the motor speed.these are the torque and speed versus time, for motors must

produce acceptable starting torque to start the load [19].

(i1)) The motor mounting:

Motors must be securely mounted to the machine,safely,adequately and efficiently. Mounts for
the electric motor are available in the difference of style. The user has to select the right

mounting motor as per machine purpose [19].

(ii1)) The motor enclosure:

Motors must be able to operate in all types of environments. The environment in which the
motor is operating effects the type of enclosure needed for the motor. The motor enclosure is

two type:open enclosure and totally enclosed [19].

(iv) The motor drive:

To select a drive, one must consider the speed of equipment and the size of the drive [19].

(v) The effect of power supplies to the system.

Before selecting,we must determine if needed is single phase or three phase motor.As per

application and load, we should select the single phase or three phase motor [19].

(vi) The maintenance and service

It is very important to know about the service provided by the company. Maintenance is also

an important factor to maintain the equipment in good working condition [19].
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5.3 Calculation of Power and Torque of motor:

Rotating mass : 1.5 kg,
The diameter of rotating mass: 120mm =0.12m,
The speed of the motor:3000 rpm

Moment of mass inertia

kgm? (5.3.1)

Where m — rotating mass, Kg;

R — Radius of rotating mass,m.

Then
mR? 1.5 0.062
I = > = > = 0.0027kgm? (5.3.2)
The torque
T=l¢,

Where ¢- angular acceleration, rad/s"2

Let us consider achieving of maximal speed in 10 seconds. Then the angular acceleration can
be as show in below

=20 (5.3.3)
t 30t
Where o — angular velocity, rad/sec,
t — Time,sec;
n — Fecquency of rotation,
Then
g= 2 314 + 3000 ~ 31rad/s? (5.3.4)
30 xt 30 %10
The torque will be equal to
T=1.e=0.0027*31~0.0837 Nm
The power of motor
P=T.w= T.ﬂ = 0.0837 *M ~26W (5.3.4)
30 30
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5.4 Selection of motor:

Tabel 5.1 Difference between siemens and ABB

Siemens

ABB

The siemens industry sector is the world's

leading supplier of innovation and
environmentally friendly products and
solutions for industrial companies [20].
Low voltage squirrel-cage motor with the
aluminum frame is suitable for a wide
range of stood drive tasks in the industrial
environment.

Extremely easy selection of energy-
saving motors due to the efficiency

classification IE2.

ABB is one of the best company in
the present market to help every
industry and application reach new
levels of efficiency and energy
saving. With the help of the best
available materials with superior
technology, the electric motor is
designed to operate reliably [21].
High-efficiency motors to meet 1E2
regulations.

Energy efficient low noise design
with suitable DOL starting or Inverter
drive use [22].

e Specification:
Power Rating 0.75 kW
Motor type 1LE1

Efficiency Class IE2
Supply Voltage 230 V-400 V
Speed 1440 rpm

Number of poles 4

e Specification:
Power rating 0.7 kW
Motor type M2BAX 80MA 2
Speed 2830 rpm
Efficiency class IE2
Supply voltage 400V
Number of pole 4
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Phase 3 Phase 3

Mounting type Foot Mounting Type Foot
Current Rating 1.79A Current rate 1.7 A
Frequency 50 Hz Frequency 50 Hz

Figure 5.3.Siemens 1LE1 AC motor [24]

Figure 5.2.ABB M2BAX AC motor [23]

In my work, I selected ABB M2BAX AC motor for my equipment taking into account
efficiency of the motor, safety factor, and power. For this project I have select AC motor
because it is cheaper then DC. Comparing all the factor between ABB and siemens, ABB
M2BAX AC motor has required speed 3000 rpm (rotating per minutes) and also ABB has the
edge over siemens when it comes to planning for the future, and the being able to put those
ideas into action.Siemens is a multination company and they haven't been able to come up with
innovations that ABB has managed to create and implement idea in the market. It easy enough
to understand that most professionals in consider ABB to be the up and coming company of the

future [25].
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5.5 Drive:

When selecting a Variable frequency drive (VFD), several decisions must be made besides the
obvious voltage and current selections.Even the name ought to be chosen, as it is frequently
called a variable speed drive.The VFD system is used to control some action such as speed of
the motor and direction of the motor, forward and reverse direction. Control system if very
widely used in the industrial application wherein the speed control is a very important issue due

to load changes wherein speed should be an increase or decrease accordingly [26].

The variable frequency drive operational principle is basic functionality which converts the
incoming electric supply of fixed frequency and voltage into a variable frequency and variable

voltage that is output to the motor.

Electric motor systems are responsible for more than 65% of the power consumptionin industry
today. Optimizing motor control systems by installing VFDs can reduce energy consumption
in your facility by as much as 70%. Additionally, the usage of VFDs improves product quality

and reduces production costs [15].

Rectifier Intermediate circuit Inverter

| | |
TETEE

Control unit

Figure 5.4 Block Diagram of Drive [15]

The above figure.5.4 shows the work flow of the drive. Rectifier the basic principle of the
rectifier is changing alternating current (AC) to Direct current (DC). In the intermediate
circuit normally by a combination of inductors,capacitors and resistor . Most of the VFD in the

market use the fixed-voltage DC link. The inverter converts the rectified and condition DC link
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into an AC supply of variable frequency and voltage. As control unit controls the whole

operation of the variable frequency drive [15].

I _: I .....
1-phase AC supply, 200 to 240 V +B0E3
_.b3r 05 [ 24 | ACS3S5-01X-0244-2 1 RO
| ACS355-01X-04A7-2 - .
S L ACS355-01X-08AT-2 Tl
15 20 | 75 | ACS3SS.01X07A52 | A2
3-phase AC supply, 200 to 240 V +B0E3

0.37 05 2.4

ACS355-03X-02484-2 : RO A1

Figure 5.5 Drive parameters [27]

In my work, ACS355-03X-04A7-2 AC drive by ABB has been selected for frequency control.
The reason behind the selection of VFD control because it has advantage of energy savings,
low motor starting current, high power factor and lower kVA(kilovolt-amps) [13]. ACS355-
03X-04A7-2 AC is selected for this project based on power supply voltage, motor power and
current rating. It is flexible to performance reduce the need for external PLC (programmable
logic controller) components with built-in sequence programming. Quick and easy

commissioning. It is compact and uniform design with remote monitoring [27].

5.6 Drive connection:

The selected drive is equipped with fieldbus interface to send and receive all its control
information [13]. The drive is connected via RS-232 serial connection to the computer [13].
ABB ACS355 AC Drive can receive start, stop and directional commands and reference values

from the integrated control panel [13].
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Figure 5.6 Control system of drive

The drive is connected to an external control systems through embedded fieldbus. The
embedded fieldbus support Modbus RTU protocol. Modbus is a serial asynchronous protocol
[13].

Local control Drive External control

! Panel

connection (X2) ¢

Panel
connection (X2)

or Embedded

FBMA adapter  |fieldbus |
Control panel connected to X3 |(Modbus*)
or

Fiel i
PC tool ] Fieldbus adapter Fieldbus

*_connection (X3)  adapter

Standard I/O

Potentiometer

Figure 5.7 SREA-01 eithernet adapter module with modbus [28]

To connect VFD to PC, the RJ45 to serial port conversation is used [13]. It is not possible to
directly connect to PC the current configuration. Pin arrangements of this conversation are
illustrated in figure 5.7. Variable Frequency Drive is capable of communicating with RS 232
communication port [13]. This drive has an advanced technology that allows users to configure

for their application requirements [13].
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ABB SREA-01 Ethernet adapter performs all essential remote access tasks. It is designed as
an optional remote interface module for ABB industrial drives, standard drives, general
machinery drives, DC drives and other ABB products.It can send process or drive data and
event messages as well as log data to the drive’s internal memory, without the need for PLC or
dedicated on site computer. The module internal web server ensures smooth access from

standard PCs, mobile phone with web browser [29].

Figure 5.8 SREA-01 Ethernet adapter module [29]
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6. Measuring structure and components
Vibration measuring is the major part of this project.Vibration is a a time-based

(periodic/cyclic) displacement of an object around a center static position. Vibration measuring
is complex because of its many components. Also the measurement is in different ways as peak-
to peak,peak, average.each of them is measured in frequency domain. Monitoring mainly the
bearing part in critical application while loading on a machine, it can start to vibrate at the
bearing part due to unbalance of the load. Vibration is measured by accelerometer sensor and

data will be transferred to software for saving and monitoring desired information [13].

6.1. Accelerometer sensor:

Accelerometer is used as basic vibration sensor which works of the piezoelectric effect, which
occurs when a voltage is generated across a certain type of crystals as they are stressed. The
acceleration of the test structure is transmitted to a seismic mass inside the accelerometer that
generates a proportional force on the piezoelectric crystal. This external stress on the crystal
then generates a high-impedance,electrical charge proportional to the applied force and,

thus,proportional to the acceleration [30].

Seismic Mass

Piezoelectric Material

Preload Bolt

Amplifier: IEPE Accels
Need Current Excitation

Figure 6.1 Accelerometer sensor with IEPE [30]

46



In Figure 6.2 it will show three difference type accelerometer sensor. Pressure type of
accelerometer, which is the most prone to these parasite loads. Other two Versions of
accelerometers are bending and shear types which are more resistive to them. Shear type
accelerometer are which have sensitive enough and durable comparing with other two type of
sensors. It is most common type oftransducersused for vibration measurements.
Accelerometer is easy to install on the machine, they have a wide range of frequency from (0.1

Hz to 30 kHz), Accelerometer are also Available for high operation temperatures [31].

Wide frequency range Lower sensitivity
Quite durable
Low temperature influence

PRESSURE connector Wide frequency range Sensitive for temperature effect
durable to shocks Sensitive for base deformation
e mass
ampifier. piezoceramics
m base __ mounting
Serew
. Very low frequency fragile,sensitive for shocks
BENDING connactor
'Y measurements
ampiifier plznceramics WVery high sensitivity
mounting seismic
base mass

+ SLTEW

Figure 6.2 Accelerometer Types [31]

Proper selection sensor is very important for any industrial application. The three main area
required before selecting sensor are sensor design, dynamic expectations and application

environment.
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Specification:

Before selecting accelerometer to an intended application, we must consider the products
acceleration range and frequency. A device which measures +2 g (gravity)is suitable for
measuring the movement of robots, vehicles or aircraft. For applications involving

measurments of sudden stops or voilent changes in direction, a £5 g. [32].

Accelerometers are also limited by range of vibration frequency they can sense, and must be
matched to the frequency of the intended application. The most sensitive accelerometers can
detect vibration as low as 0.2 Hz, although they are typically inaccurate below frequency 10-

15 Hz [32].

The graph below shows a typical frequency-sensitivity curve. The spike which occurs between
10,000 and 50000 Hz is likely due to the accelerometers natural frequency, at which point the
sensor experiences a large increase in sensitivity, resulting in oversensitivity and possible

saturation. Many devices feature filters which correct this oversensitivity [32].

250 _|
225 |
200 |
175 |
150 _
125 _
100 _

75 _

50 _

25 |

Accellerometer Sensitivity (mv/g)

5 10 100 1000 10000 50000
Frequency (Hz)

Figure 6.3 Typical frequency-sensitivity curve [32]

Piezoelectrical accelerometer is an accelerometer which work on piezoelectri effect of certain
matrial to measure the dynamic behavior in mechanical variables like acceleration, vibration,
and mechanical shock. Piezoelectric effect is the ability of certain materials to generate an
electric charge in responce to applied mechanical stress. The force exerted on the piezoelectric
material can be observed in the change in the electrostatic force or voltage generated by the

piezoelectric material [32].
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Accelerometer axes:

When selecting an accelerometer, it is important to determine the number of axes the device is

designed for:

e Single-axis accelerometers are among the most common types. They are often used to
measure simple vibration levels. An example of a single-axis device can be seen in the
image under construction and operation above.

e Two-axis accelerometers are designed to measure acceleration or vibration along both
x- and y-axis as it can be used for forward,backward and side-to-side.

e Three-axis device add a vertical z-axis to the two-axis accelerometer. These are capable

of comples 3- dimensional positioning and measurement.

Accelerometer sensor consist of different types of shear, pressure, bending designs.

Figure 6.4 PCB model 604B32 accelerometer sensor [33].

Vibration is measured by accelerometer model 604B32 by PCB, which has triaxial ring-style,
shear ICP accel 500 mV/g, 0.5 to 5 kHz, side exit 4-pin connector [33].
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Specification:

e Sensitivity: (£20%)500 mV/g(51 mV/(m/s?))
e Frequency range : (£3dB) 30 to 180000 cpm (.5 to 3000 Hz)
e Measurement range : £10 g (£98 m/s?)

e Flectrical connector:4 — Pin MIL-C-26482

In my work I selected ICP accelerometer sensor (from PCB Piezotronics, Model No.604B32),
directly fixed on a mounting base. To measure vibration due to fault of unbalance the
frequencies are typically in the 2-1000 Hz range. As selected vibration range is 0.5 to 3000 Hz
which more sutable for my measuring system. As piezoelectrical accelerometer is an
accelerometer which work on piezoelectri effect of certain matrial to measure the dynamic
behavior in mechanical variables like acceleration, vibration, and mechanical shock.
Piezoelectric effect is the ability of certain materials to generate an electric charge in response
to applied mechanical stress. The force exerted on the piezoelectric material can be observed in

the change in the electrostatic force or voltage generated by the piezoelectric material.

6.2 Vibration analysis in the domain:

When analtzing vibration data in the time doamain ( amplitude plotted against time) we are
limited to a few parameters in quantifying the strength of a vibration profile like ampitude,peak-

to-peak value, and RMS. A simple sine wave is shown below diagram 6.5 [34]
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Simple 60 Hz Sine Wave
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Figure 6.5 A simple 60 Hz sine wave is shown [34]

e The peak or amlitude is valuable for shock events but it doesn’nt take into account the
time duration and thus the energy in the event [34].

e The same is true for peak-to-peak with the added benefit of providing the maximum
excursion of the wave,useful when looking ar displacement information,specifically
clearances [34].

e The RMS (root mean square) value is generally the most useful because it is directly
related to the energy content of the vibration profile and thus the destructive capability

of the vibration. RMS also takes into account the time history of wave form [34].

Vibration is an oscillating motion about equilibrium so most vibration analysis looks to
determine the rate of the oscillation, or the frequency which is proportional to the system’s
stiffness. The number of times a complete motion cycle occurs during a period of one second
is the vibration’s frequency and is measured in hertz (Hz). For Simple sine time domain; but as
we add different frequency components and noise, we need to perform spectrum analysis to get

aclearer picture of the vibration frequency [34].
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Fast Fourier Transform(FFT):

FFT Background, Any waveform is actually just the sum of series of simple sinusoids of
different frequencies, amplitudes, and phases. A fourier series is that summation of sine waves;
and we use fourier analysis or spectrum analysis to deconstruct a signal into its individual sine
wave somponents. The results is accleleration/vibration amplitude as a function of frequency,
whcih lets us perform analysis in the frequency domain to gain a deeper understanding of our

vibration profile. Most vibration analysis will perform in the frequency domain [34].

The most important thing to understand though is that the number of discrete frequencies that
are tested as part of a fourier waveform. With N being the length of the signal, the number of
frequency lines or bins is equal to N/2. These frequency bins occer at intervals (Af) equal to
sample rate of raw waveform (Fs) divided by the number of samples(N), which is another way
of saying that the frequency resolution is equal to the inverse of the total acquisition time (T)

[34].

6.3 Measuring vibration with accelerometers:

Accelerometers are small devices that are installed directly on the surface of the vibrating
object. It contain a small mass which is subpended by flexible parts that operate like springs.
When the accelerometer is moved, the small mass will deflect proportionally to the rate of
acceleration. Different type of sensing techniques can be used to measure the amount of
deflection of the mass. Because the mass and spring value are know, the amount of deflection
is readily converted to an acceleration value. Accelerometers can provide acceleration
information in one or more axes. Inactivity vibration measurements in which the forces acting
upon the object are critical factor are well served by accelerometers, but they are sensitive to
frequency. Vibrations at higher frequencies have greater accelerations than those at lower
frequency. So, accelerometers will produce very low signal level for low-frequency vibration

and also poor signal to noise ratios.

Accelerometers are a great choice for larger objects, vibrating at higher frequencies, in which

the inertial forces acting upon the object is what needs to be measured.
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6.4 Data Acquisition (DAQ):

DAAQ is used to measure an electrical or physical such as voltage, current, temperature, pressure
[13]. DAQ is a combination of software, hardware, and computet for getting signal from the
sensor [13]. The common goal of every data acquisition system is acquring, analysing, and
presenting information. Data acquisition systems involve signals, data acquisition devices,

sensors,signal conditioning, and application software [35].

Data Acquisition board contains both ADC & DAC and that allows sensors transmit a voltage
or current signal directly to a computer [13]. Some of the sensors may require additional
components and circuity to properly produce a signal that can accurately and safely be ready a

DAQ device [35].

A computer with programmable software we will control the operation of the DAQ device and
is used for processing and visualizing and store the measureing data. We are LabVIEW software
to control the application. Software such as LabVIEW controls the acquisition and processing

of such data. The following properties of the input signal [35].

e Sampling rate
e Resolution
e Range

e Amplification

6.5 NI 9234

The NI 9234 bridge module contains all the signal conditioning required to power and measure.
NI 9234 Measurement system measures 4 accelerometer channels at 51.2 kS/s (kilo samples
per second)with 24-bit resolution, sending data to PC. NI 9234 is a 4-channel C series dynamic
signal from intregreated electronic piezoelectric (IEPE) and non-IEPE sensor with NI compact

DAQ. It can measure up to four sensors simultaneously [36].
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Figure 6.6 N1 9234 DAQ Board [36]

Properties of NI 9234 DAQ Board:

e 4 Channels, 50 kS/S per channel simultaneous Al
e +£5 Vinput range

e 24-bit resolution

e 102 dB dynamic range and anti-aliasing filters

e BNC Connectivity

e —40°Cto 70°C operating

6.6 System set up

The figure 6.7 below shows the connection flow diagram of measuring system composends.
The accelerometer send signals to NI19234 DAQ board through the MIL-C to BNC plug
connector. MIL connector is connected to Sensor and other end BNC plug is connected to NI
9234 DAQ. The pinout of the MIL connector can be customized for different measurement
type. It is not commonly used in every measurement type. BNC is a commonly used connector
type for communication in measuring dynamic range. It has Transducer Electronic Data Sheet

smart sensor compatibility [37].
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Figure 6.7 Accelerometer data acquisition system
6.7 NI USB -9162 DAQ:
NI Compact DAQ USB chassis provide the plug-and-play simplicity of USB to sensor ans
electrical measurements on the benchtop, in the field, and on the production line [13].The NI
USB-9162 single module carrier is a low-cost and highly portable solution, which delivers high-

speed data and ease of use in a flexible mixed-measurement system. [38]

The DAQ-9162 USB has advantage over other PC peripheral buses is easy to use the device
detection [13]. DAQ USB chassis is directly connected to a Windows PC and it is automatically
detected with no additional configuration needed [13]. Once DAQ-9162 USB is ready to run
with the included LabVIEW software [13]. The setup of USB is a good choice for portable

applications that may move from one PC to another [38].

55



Figure 6.8 DAQ-9162 USB Connector [39]
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7. Measurement software and real time monitoring

Using LabVIEW, you can create exactly the type of virtual instrument you need, when you
need it, at a fraction of the cost of traditional instruments. When you needs change, you can
modify your virtual instrument in moments. LabVIEW tries to make your life as easy as
possible. It has extensive libraries of function and subroutines to help you with most
programming tasks. LabVIEW also contain application-specific libraries of code for data
acquisition(DAQ). Gerneral purpose interface bus (GPIB) and serial instrument control, data
presentation,data storage and communication over the internet. The analysis library contains a
multitude of useful functions, including signal generation,signal processing, filters windows,

statistics, linear algebra and array arithmetic.

LabVIEW offers analsis and mathematical which will make easy to natively work together with
data acquisition. LabView offer point-by-point execution, this is designed to specifically to
meet the needs of real-time applications. Point-by point analysis is essential when dealing with
control processes. The point-by-point approach simplifies the design, implementation and test
process, because the flow of the application closely matches the natural flow of the real-world

processes that the application is monitoring and controlling [40].

Data gathered from measurement is often not immediately useful [13]. Most of the data is stored
in a system and it will useful after processing to analysis error in the system. So, specific
software is used to collect data and analysis it [13]. LabVIEW is best and useful software [13].
LabVIEW is a software environment is specifically designed for engineer and scientists
analyzing data [13]. Regardless of programming experience, LabVIEW makes development
fast and easy for all users. It is also known as dataflow programming as it is depending on the

structure of the graphical block diagram to execute the user designed program [41].

LabVIEW has virtual instrument (VI) a front panel where you can choose to visualize data or
make controls available to your users [13]. VI is easy to create with help of controllers and can
displays the specific result and by providing the setting more accurate the result will take less
time to get measurement data [13]. Similar to other conventional programming, LabVIEW has
standard features such as looping structure,data structures, event-handling, object-oriented
programming. Lab VIEW has front-end interface application that allow user to design and then
use for controlling systems. In general LabVIEW has three main elements: the front panel, the
block diagram and the connector panel. The front panel allows the user to build the contols and

indicators. The controls are including Cons, push buttons, dials, and other input mechanism.
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Indicators are graphs, LEDs and other output displays. Meanwhile, the block diagram let user

to add code user VIs and strucutres to control the front panel objects.
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Figure 7.1 Labview front panel & block diagram

LabVIEW can be used to communicate easily between hardware. The drive used in this work
is capable of communicating with RS232 communication port. For this Purpose, LabVIEW

MODBUS library is needed for communicating with the drive [13].

7.1 MODBUS library for labVIEW

MODBUS library is a set of virtual instruments (VIs) that provide modbus communication from
any standard Ethernet or serial port [13]. The LabVIEW library implements the Modbus
protocol in software and offers both master and slave functionality [13]. Using the Modbus
library, Programmable Automation Controllers (PACs) can communicate with gateway devices
connectivity to a wide variety of industrial networks, such as PROFIBUS, EthernetIP and

DeviceNet [42].

I selected Labview software for the control system and measurement system because as I need
a software to control, collect data and analysis. For this purpose, LabVIEW is very convenient
and useful software. MODBUS library in labview is really very important in this project as 1
am going to control the speed of the motor through MODBUS communication protocal. Instead

of using PLC for control as cost will increase.
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Figure 7.2 Control and vibration measuring system
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Figure 7.3 Measure control interface
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In Lab VIEW, we open new VI file and selected DAQ assistant then we create rate,number of
samples and timeout in seconds.one of plot diagram it is will show the raw voltage of
accelerometer, Then we convert that raw voltage into acceleration meters per seconds square.
In this project we are using two accelerometer sensor. So, the we are using two accelerometer
to measure the acceleration of the machine. The data we have measured need to save it and we
have analysis it. we can save the file with file name and it can be store in computer with date

and time, we can analysis what are the cause for vibration and can take necessary precaution.

LabVIEW offers analsis and mathematical which will make easy to natively work together with
data acquisition. LabView offer point-by-point execution, this is designed to specifically to
meet the needs of real-time applications. Point-by point analysis is essential when dealing with
control processes. The point-by-point approach simplifies the design, implementation and test
process, because the flow of the application closely matches the natural flow of the real-world

processes that the application is monitoring and controlling.

7.2 Motion control module
For measuring process, it is very important to observe experiment conditions [13]. Speed

control of motor is an important factor. So, motion should be adjustable in terms of speed. In

order to meet requirement, Software which is developed need to have following features:

e Adjustable frequency
e Adjustable Ramp
e Adjustable Acceleration

e Adjustable Deceleration

70,00 -
Ramp 10,0 |2 |SET RAMP | 40,00~
Dec Time 300 |%| | SETDEC | < 20,00-
AccTime 300 |3 | SETACC | g 000-
= T -20,00-
Frequency 100 |3 | SETFRE | £ oo
| DIRRIGHT | DIRLEFT | -

-70,00 -} : ,
| START VFD || STOP VFD | -0,00 0,50 1,00 . 2,00
Time (sec)
CEBE .

Figure 7.4 Motor control and monitoring software and user interface
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Figure 7.4 above represents the user interface of motor control software. The interface has
subdivisions for defining of motion profile. And it allows user to control manually and specify
the first point for control the speed of the motor. As show in figure 7.4 user can control motor
as it can be set forward and reverse direction, can define acceleration time and deceleration time
for motor. Motor control is very important to check vibration at different speed. It is easy for
user to control the motion of the system with user interface. By using Labview as the motion
control, we can control a motor for multiple purposes using only one software environment.
With the pushing a button in software, a motor can start, and turn in desired direction. The
system can monitor the response in real-time using a waveform graph in the LabVIEW front

panel, which eliminates the need for an oscilloscope.

Chapter Summary:

In this chapter measurement of vibration and monitoring software is reviewed. The concept of
LabVIEW software includes a module for the configuration of the motor properties for the
experiment. By this software, measured data presented on the screen in real time as well as
experiment parameters for speed, acceleration and deceleration. It includes a graph which give
frequency output. Measurement module is designed as well. By measurement module,

LabVIEW software gets signal information through the data acqisition boards and process data.
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Summary:

The purpose of thesis was to develop a vibration measurement test rig by modernizing existing

test rig.
The aims of the thesis is:

e Redesign of a test mechanical system

e Selection of a vibration measuring system
e Selection of a drive control system

e Selection of a data acquisition system,

e Design of a rig user computer interface

At first, the current available machine has been reviewed and their working principle were
studied deeply. Vibration theory and Vibration on machine are studied and its parts has been
checked and redesigned. It dont have AC motor which can be used in motion system, VFD (V
ariable frequency drive) as controller of motion.It is necessary to build a complete system in

this thesis.

Secondly, work is divided into subsystems to set specification and make it easier to study. The

subsystem are defined as following:
Motion control:

Motion control system is main part of the machine systems like AC motor and VFD controller.
These components were not present in existing rig. The motor and VFD drive has selected as
per required specification for existing rig. Motion control system was designed to system and
run based on desired speed. To control speed of the motor needed to develop a speed control

system in LabView software with the help of VFD .
Vibration measuring system:

Vibration measuring mechanism has been absent in present test rig. According to design, two
accelerometer sensors are placed on two bearing. During experiments, after completion of
physical assembly of machine, create unbalance state in machine then vibration will developed
from rig and measured by accelerometer sensor. Rig material and fixing mechanisms are also

considered in this system.
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Measuring structure:

In order to measure vibration, accelerometer sensor are used. As a result of measurement, the
accelerometer sensor output signal is not directly related to vibration. So,for that purpose, the
measuring structure is designed. Data acquisition board is used to collect voltage signal from
accelerometer sensor output as a result of acceleration. The signal from DAQ is transferred to
PC system via software. Connections of accelerometer sensor, DAQ board and PC were

explained.

Measurement software and real-time monitoring

All selection of motor, drive and sensor. It is very important which software are using to control
measurement and to monitor the real-time. Measurement, control, and monitoring system in
software has been created. Project has been started with a plan that can be get ready in couple
of months but during the execution of plan, there are some problem has been faced. First, in
motion control system, it has problem to find out how to connect drive to computer. Secondly,
in vibration measuring, it is very difficult to select the range and sensitivity of sensor for

designed rig.

Considering the process, work has been completed in conceptual level. Motion control system
have been selected and their connections and motion control method have been explained.
Mechanical system for vibration measurement has been selected. From 3D models diagram
from solidworks are used to develop assembly drawings.Vibration measurement system
components and the connection are presented. For the future work, these subsystems can be

studied in detailed level an system assembled.
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Kokkuvote

Antud t60 tlesanne on arendada vibratsiooni mootmise katseseadeldis moderniseerides

olemasolevat katseseadeldist.
To66 eesmargid olid:

Umber kujundada katseseadeldise mehhaaniline siisteem
Valida vibratsiooni modtmise siisteem
Valida juhtimissiisteem

Valida andmete omandamise siisteem

YV V. V V V

Disainida katseseadeldise arvutiliides

Esmalt vaadeldi iile vabad néidis seadeldised ning selgitati vdlja nende tootamise printsiibid.
Uuriti vibratsiooni mddtmise katseseadeldist ning kontrollitud said selle komponendid.
Seadeldise timberkujundamine sai vdimalikuks muutmata seadeldise olemasolevaid disaini
pohiprintsiipe. Seadeldisel ei olnud AC mootorit ja VFD-d. Vdttes arvesse olemasolevaid

komponente selgus, et on vajalik luua terviklik siisteem.

T66 on jaotatud mitmeks osaks vastavalt all slisteemide spetsifikatsioonidele, et uurimust oleks

lihtsam analtitisida.
Liikumiste/toimivuste kontroll:

Liikumiskontrollide siisteem sisaldab elemente AC mootor ja VFD kui kontrollija. Kuid antud
test katseseadeldisel need puuduvad. T66s on valitud mootor ja VFD kontrollimaks siisteemi

litkumist ja toimivust.
Vibratsiooni mootmise siisteem:

Vibratsiooni mdotmise mehhanism puudub antud katseseadeldisel. T66s on valitud sensor

vastavalt sagedusele ja mddtepiirkonnale.
Mootmise struktuur:

Selleks, et modta vibratsiooni on valitud kiirendusmodtjaga sensor ja moodtehdive struktuur on

kujundatud vastavalt NI 9234 andmehdivesiisteemile.

Mootmise tarkvara ja reaalajas monitoorimine:
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Selleks, et jdlgida ning mddta mdotmise tulemusi oli vaja vastavat platvormi, kust jilgida kogu

protsessi — modta signaali reaalajas ekraanilt.

Uurimust alustades oli eesmérk Idpetada t66 mone kuuga, kuid uuringu kéigus ilmnesid

kriitilised tegurid, mis pikendasid projekti.

Esmalt jélgides ja uurides litkumisi oli viga raske leida viisi kuidas on véimalik ithendada VDF
arvutiga, et toimuks andmevahetus. Teiseks olid raskusi vibratsioonide mdotmisel. Oli

keeruline valida modtepiirkonda ning sensori tundlikkuse astet.

Vottes arvesse protsessi, on uurimus ldbitud kontseptuaalsel tasemel. Liikumiskontrolli
komponendid said valitud ning nende iihilduvus ja mootori kontrolli meetod sai loodud.
Mehhaaniline siisteem vibratsiooni mdotmiseks sai valitud. Detaili joonised tuleb aga teha
vottes arvesse olemasolevat 3D mudelit. Modtehdive komponendid ja nende iithendatavused on
esitletud. Edaspidi on vdimalik uurida alamsiisteeme detailsemal tasemel ning luua terviklik

kokkupandud stisteem.
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Appendix A

Accelerometer sensor
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Appendix B
NI 9123

The following specificafions are typical for the range —40 to 70 *C unless otherwise noted.

Input Characteristics:

MNumber of channels 4 analog imput channels

ADC resolution 24 bits

Type of ADC Delta-Sigma (with analog prefiltering)
Sampling mode Simultaneous

Internal master timebase (f,)
Freguency 12.8 MHz
Accuracy 100 ppm max
Data rate range (f,) using internal master timebase
Minimum 20kSis
Mazimum 50 kSis

Data rate range (f_) using extemnal masier timebase

Minimum 2.0 kSl
Mastimum 513 kS/s
Data rates '
f. 2565 kSis fu* 256
: 7 .n=213,..,25
> 2565 kSis fu~ 128
i ,n=23
Input coupling AT

AL cutoff frequency response

—3dB 0.5 Hz typ
—0.1dB 4.2 Hz max
Frequency (Hz)
Input range 5

AL voltage full-scale range

Minimum 5V

Typical 5.4 Vpk

Maximum +58 \"'pk
Common-mode voltage range (Al to earth ground) +2 ' max

|EPE excitafion current

Minimum 20maA
Typical 22ZmA
|IEPE compliance voltage 19 W max

Use the following equation to make sure that your configuration meets the IEPE compliance voltage range.

LY de T Viins TV sate Must be O to 19, where V is any common-mode voltage applied to the NI 8233, V. is the bias voltage of the accelerometer, and V'
fullscale is the full-scale voltage of the accelerometer.

Overvoltage profection (with respect to chassis ground)

For an IEPE sensor connecied to Al+ and Al +30W

For a low-impedance source connected to Al+ and A —$Hto 30V
Input delay

25,65 kS5 12.8/f +3ps

= 2665 kSis 13.15!'}"= tips

Accuracy (—40 to 70 *C)
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NI USB-9162
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Appendix C

Drive

The pin configuration of the RS-232 connector is shown below.The maximum length of the
communication cable with RS-232 is restricted to 3 meters (9.8 ft)

Drive
PC__ RS-232 AN RJ-45
DcD 1| — [T v . 1
RXD 2|» —— 2
TXD 3| — 3
DTR 4l e— |1 { | — 4
GND 5 ll—-l:I l' 1 II  — 5
DSR g o— Lo — - &
RTS 7| — "‘__th._; — 7
CTS 8| — 8
Ri 9| —
Shield | housing
I I ||| I Fieldbus controller
_ | Fieldbus
H':l Other
devices
Dirive
FMBA-01 Ela-485" | ' Embedded fieldbus
Modbus adapter [ xq -  (Modbus) conneclion is
either RS-232 or ElA-485.
Data flow
-4— Controd word (CW) ——
-4——— References — )
Status word (SW) Process 110 (cyclic)
——— Actual values — = |
- mgﬂgg‘;gp%ﬁgﬁ Service messages (acyclic)
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Setting up communication through the embedded Modbus

Before configuring the drive for fieldbus control, the FMBA-01 Modbus adapter (if used) must be mechanically
and electrically installed according to the instructions given in section Attach the optional fieldbus module on page
38, and the module manual.

The communication through the fieldbus link is initialized by setting parameter 9802 COMM PROT SEL to STD
MODBUS or MODBUS RS232. The communication parameters in group 53 EFB PROTOCOL must also be
adjusted. See the table below.

Farameter Satting for Function/information Modbus register
fisldbus address
control
CONTROL COMMAND SOURCE SELECTION ABB DCU
ORY
1001 EXTH COMM Enables 0301 F& CMD WORD 1 bits 40031
COMMAND 0...1 (STOPISTART) when EXT1 ie Bits 0...1
5 salected as the active contral
lacation.
1002 EXT2 COMM Enables 0301 F8 CMD WORD 1 bits 40031
COMMAND 0...1 (STOPISTART) when EXT2 ie bits 0...1
5 salected as the active contral
lacation.
1003 DIRECTION | FORWARD | Enables the ratation direction contral 40031
REVERSE | as defined by parameters 1007 and bit 2

REQUEST | 1002. The direction control is
explained in seclion Reference

handiing on page 323,
1010 JOGGING | COMM Enables jogging 1 or 2 activation 40032
SEL through 0302 FB CMD WORD 2 bils bits
20...21 (JOGGING 1/ JOGGING 2). 20,21
1102 EXTI/EXT? | COMM Enables EXT1/EXTZ selection 40001  |40031
SEL through 0301 FB CMD WORD 1bit5 [bit 11 |bits

(EXTZ), with the ABB drives profile
5319 EFB PAR 19 bit 11 (EXT CTRL
LOC).
1103 REF1 COMM Fieldbus reference REF1 is used 40002 for REF1
SELECT | coMM+Al |when EXT1 is selected as the active
1 conirol location. See section
COMM A | Fisldbus references on page 320 for
information on the altermative
setfings.
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Sefting for Functioninformation Modbus register

tieldbus address
conirol
Hos REFZ COMM Fleldbus reference REFZ Is used 40003 for REF2
SELECT COMM+Al |when EXTZ is selectad as the aclive
1 contral kecation. See section
COMM AT | Flaidbus references on page 320 for
information on the akemative
setlings.
OUTPUT SIGHAL SOURCE SELECTION ABB DCu
DR
1401 RELAY COMM Enables relay output RO controd by | 40134 for signal
QUTPUT 1 | comMy-1) |signal 0134 COMM RO WORD. 0134
1501 AO1 135 Directs the contents of the Sieldbus | 40135 for signal
CONTENT reference 0135 COMM VALUE T1o | 0135
analog cutput A0
SYSTEM CONTROL INFUTS ABB oDCu
DRW
1601 RUN COMM Enables the contral of the Inverted  [40001 | 40031
ENABLE Run enable skynal (Run disable) bit 3 bit &
through 0301 FE CMD WORD 1 bit 6
(RUN_DISABLEY, with the ABB
drives profile 5319 EFB PAR 19 bit 3
(INHIBIT OPERATION).
1604 FALLT COMM Enables fault reset through the 40001 | 40031
RESET SEL fleldbus 0301 F8 CMD WORD 1bit4 |bit 7 bit 4
(RESET); with the ABB drives profile
5316 EFE PAR 19 bit 7 (RESET).
1606 LOCAL COMM Local controd mode bock signal - 40031
LOCK through 0301 FB CMD WORD 1 bat bit 14
14 (REQ_LOCALLOC)
1607 PARAM DONE Saves parameter value changes 41607
SAVE SAVE..  |(including those made through
fieldbus control) fo permanent
MEMGy.
1608 START COMM Inverted Start enable 1 (Start - 40032
ENABLE 1 disable) through 0302 FE CMD bit 18
WORD 2 bit 18 (START_DISABLET)
1609 START COMM Inverted Start enable 2 (Start . 40032
ENABLE 2 disable) through 0302 FE CMD bit 18
WORD 2 bit 18 (START_DISABLEZ)
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Faramater 5-E'l‘t|l'lﬂ for Functionfinformation Modbus register

fieldbus address
control

LIMITS ABE DCu
DRv
2013 MIN COMM | Minimum torque limit 1/2 selection |- 40031
TORQUE through 0301 FB CMD WORD 1 bit b 15
SEL 15 (TORGLIMZ)
2014 MAX COMM | Maximum torgue limit 1/2 selection |- 40031
S?ETG'UE through 0301 FE CMD WORD 1 bit bt 15
15 { TORGLIMZ)
221 ACC/DEC | COMM Acceleraton/deceleration ramp pair | - 40031
1/2 SEL selection through 0301 F8 CMD b 10
WORD 1 bit 10 (RAMP_2)
2209 RAMP oMM Ram input to zero through 0301 FE | 40001 | 40031
INFUT O CMD WORD 1 bit 13 (RAMP_IN_0); | bit 6 b 13
with the ABB drives profile 5319 EFB
PAR 19 bit 6 (RAMP_IN_ ZERO)
COMMUMICATION FAULT FUNCTIONS ABE DCu
DRv
3018 COMM NOT SEL | Determines the drive action In case | 43018
EEELET FAULT  |the fleldbus communication s lost.
-.’I_I.r':Eh'.'STS'P
LAST
SPEED
3019 COMM 0.1... Defines the time between the 43019
FAULT TIME 80008 | eymmunication loss detection and
the action selected with parameter
3018 COMM FALLT FUNC.
PID CONTROLLER REFERENCE SKIGHAL SOURCE SELECTION ABB Dcu
DRV
40100 SETPOINT [COMM | PID control reference (REFZ) 40003 for REF2
41100 SEL COMM=A
4210 1
COMM*AI1
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16 Fieldbus confrol with embedded feldbos

The new settings will take effect when the drive is next powered up, or when
parameter 5302 EFB STATION ID sefting is cleared and reset.
Drive control parameters

After the Modbus communication has baen sat up, the drive control parameaters listed
in the table below should be checked and adjested when necessary.

The Setting for fieldbus control column gives the value to use when the Modbus
interface is the desired source or destination for that paricular signal. The
Function/information column gives a dascription of iha parameler.

ﬂlE"l'ﬂﬂﬂ for Functisnilntormation Modbus l'ﬂﬂ|'5-l&l'
fieldbus address
controd
CONTROL COMMAMD SOURCE SELECTION ABE Dcu
DRy
1001 EXT1 COMM Enables 0301 F8 CMD WORD 1 bits 40031
COMMAND 0...1 (STOFSTART) when EXT1 & bits 0.._1
s selected as the active control
location.
1002 EXTZ COMM Enables 0301 F8 CMD WORD 1 bits 40031
COMMAND 0...1 (STOFSTART) when EXTZ & b= 0.1
5 selected as the active control
location.
1003 DIRECTION | FORWARD | Enables the rotation direction control 40031
REVERSE |as defined by parameters 1007 and bt 2

REQUEST | 1002, The direction control ks
explained in saction References

handling on page 323
00 JOGGING | COMM Enables jopging 1 or 2 acivation 40032
SEL through 0302 FE CMD WORD 2 bits bits
2003 (QOGGEING 11 JOGGEING 2). 2021
102 EXTHEXTZ | COmM Enables EXT1/EXTZ sslaction #0001 4003
SEL through 0301 F8 CMD WORD 1bit 5 | bit 11 b 5

(EMTZ); with the ABB drives profile

5319 EFB PAR 19bit 11 (EXT CTRL

LOGC).

1103 REF1 SO Fieldbus reference REF1 Is used 40002 for REF1
SELECT | commeAl |when EXT1 is selected as the active

1 control lecation. See sactian

COMM AT | Flalgbus references on page 320 for

information on the allermative

sefings.
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Appendix D

Accelerometer measurement system labview block diagram.

rate

numbet of samples

timeout (3)
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b )
DAQ Assistant

data Y
'}
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i
Set Dynamic |
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v Signals In Data Attributes
E Signals Out_ser======__Signals In
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Write To
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File

EH
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Appendix D
MATLAB Programs:

The mass-spring-damper system is solved with Euler method is implemented as below matlab
code: [6]

function Oe=MSDSE(m,b,k,F0,w,x0,v0)

% Solver for Mass-Sprring-Damper System with Euler Method

% m: mass for particle

% b: damping coefficient

% k: spring constant

% FO0: amplitude of external force

% w: angular freuency of external force

% x0: 1nitial condition for the position x(0)

% vO0: 1nitial condition for the velocity v(0)

% t: time series with given time step from ti to tf.
% x: state variable matrix for corresponding time t matrix
% Define time step in Euler method

dt=0.1;

% Make time series with given time step
t=[0:dt:50]";

% Initialize output matrix

% the 1st column: the position of the particle

% the 2nd column: the veleocity of the particle
x=zeros(length(t),2);

% the 1st row has initial conditions

x(1,:)=[x0 vO0];

% Start the simulation with Euler method

for i=1:length(t)-1

% Apply Euler method

% x(nt+1)=x(n)*v(n)*dt
x(i+1,1,1)=x(1,1)+x(i,2)*dt;

% v(n+1)=v(n)*a(n)*dt

%where a(n)=1/m*(FOsin(wt)-bv(n)-kx(n))*dt
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x(i+1,2)=x(1,2)+(1/m)*(FO*sin(w*t(i))-b*x(i,2)-k*x(i,1)) *dt;
end

% Extract only particle position trajectory

Oe=[t,x(:,1)];

end. [6]

Mass-spring-spring damper system with Runge-Kutta method as solved with following code

[6]

function Or=MSDSRK(m,b,k,F0,w,x0,v0)
% Solver for Mass-Sprring-Damper System with Runge-Kutta Method

% m: mass for particle

% b: damping coefficient

% k: spring constant

% FO0: amplitude of external force

% w: angular freuency of external force

% x0: initial condition for the position x(0)

% vO0: initial condition for the velocity v(0)

% t: time series with given time step from ti to tf.

% x: state variable matrix for corresponding time t matrix
% define time steps for solver and display

dt=0.1;

% set both initial time step size and maximum step size
% for Runge-Kutta solver
options=odeset('InitialStep',dt,MaxStep',dt);

% set time span to be generated from Runge-Kutta solver
% from 0 sec to 50 sec with 0.1 sec time step
td=[0:dt:50];

% Solve differential equation with Runge-Kutta solver
[t,x]=oded5(@(t,X)MSD(t,X,m,b,k,FO,w),td,[x0;v0],0options);
% Extract only particle position trajectory

Or=[t x(:,1)];
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end

function dX=MSD(t,X,m,b,k,FO,w)

%

% With two 1st order diffeential equations,
% obtain the derivative of each variables

% (position and velocity of the particle)

%

% t: current time

% X: matrix for state variables

% The first column : the particle position

% The second column : the particle velocity
% m,b,k,FO,w: parameters for the system

%

% Apply two Ist order differential equations
% dx(n+1)/dt<-v(n)

dX(1,1)=X(2,1);

% dv(n+1)/dt<-1/m*(FOsin(wt)-bv(n)-kx(n))
dX(2,1)=(1/m)*(FO*sin(w*t)-b*X(2,1)-k*X(1,1));
end [6]
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MATLAB program of rotor unbalance system:

For simulating rotating unbalance created a program in MATLARB, the initial conditions were
assumed to be zero [12].

Reponse of the systems with different natural frequencies to a rotating unbalance [12]

%This program solves for the response of a single
%degree of freedom system having a rotating unbalance.
%The equations of motion were derived using MAPLE and
%are valid only for zero initial conditions.

%

mo=3;

m=7;

e=0.1;

wr=4;

zeta=0.05;

tf=10;

t=0:tf/1000:tf;

for i=1:3

wn(i)=input('Enter a natural frequency. ");
wd(i)=wn(i)*sqrt(1-zeta"2);

end

for j=1:3

r=wr/wn(j);
X=mo*e/m*(r"2/sqrt((1-r"2)"2+(2*zeta*r)"2));
phi=atan2(2*zeta*r,(1-1"2));
Z1=(-zeta*wn(j)+wr*cot(phi))/wd(j);
Z2=sqrt((zeta*wn(j))"2-2*zeta*wn(j)*wr*cot(phi)+ ...
(wr*cot(phi))*2+wd(j)"2)/wd(j);

7=71+72;

theta=2*atan(Z);
Anum=X*(wd(j)*sin(phi)-Z*zeta*wn(j)*sin(phi)+Z*wr*cos(phi));
Aden=Z*wd(j);

A=Anum/Aden;
xh(j,:))=A*exp(-zeta*wn(j)*t).*sin(wd(j)*t+theta);
xp(j,:)=X*sin(wr*t-phi);

end

x=xp+xh;

for k=1:3

subplot(3,1,k)

plot(t,x(k,:))

title(['Rotating Unbalance with wr=',num2str(wr),'wn=', ...
num2str(wn(k)),'and zeta=",num?2str(zeta)]);

grid

82



end
xlabel('Time, seconds')

The below MATLAB program show Responce with varied damping ratios [12]

%This program solves for the response of a single
%degree of freedom system having a rotating unbalance.
%The equations of motion were derived using MAPLE and
%are valid only for zero initial conditions.

%

mo=3;

m=7;

e=0.1;

wr=4;

wn=12;

tf=10;

t=0:tf/1000:tf;

for i=1:3

zeta(i)=input('Enter a damping ratio (zeta). ');

end

for j=1:3

wd=wn*sqrt(1-zeta(j)"2);

r=wr/wn;
X=mo*e/m*(r"2/sqrt((1-r"2)"2+(2*zeta(j)*r)"2));
phi=atan2(2*zeta(j)*r,(1-1"2));
Z1=(-zeta(j)*wn+wr*cot(phi))/wd,
Z2=sqrt((zeta(j)*wn)"2-2*zeta(j)*wn*wr*cot(phi)+ ...
(wr*cot(phi))"2+wd"2)/wd;

7=71+72;

theta=2*atan(Z);
Anum=X*(wd*sin(phi)-Z*zeta(j)*wn*sin(phi)+Z*wr*cos(phi));
Aden=7*wd;

A=Anum/Aden;
xh(j,))=A*exp(-zeta(j)*wn*t).*sin(wd*t+theta);
xp(j,:)=X*sin(wr*t-phi);

end

x=xp+txh;

for k=1:3

subplot(3,1,k)

plot(t,x(k,:))

title(['Rotating Unbalance with wr=',num2str(wr),'wn=, ...
num2str(wn),'and zeta=",num2str(zeta(k))]);
ylabel('Response x')

grid
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end
xlabel('Time, second")

The below MATLAB program Effects of varying system mass

%degree of freedom system having a rotating unbalance.
%The equations of motion were derived using MAPLE and
%are valid only for zero initial conditions.

%

mo=3;

zeta=0.05;

e=0.1;

wr=4;

wn=12;

tf=10;

t=0:tf/1000:tf;

fori=1:3

m(i)=input('Enter a system mass. ");

end

for j=1:3

wd=wn*sqrt(1-zeta"2);

r=wr/wn;
X=mo*e/m(j)*(r"2/sqrt((1-r"2)"2+(2*zeta*r)"2));
phi=atan2(2*zeta*r,(1-r"2));
Z1=(-zeta*wn+wr*cot(phi))/wd;
Z2=sqrt((zeta*wn)"2-2*zeta*wn*wr*cot(phi)+ ...
(wr*cot(phi))"2+wd"2)/wd;

7=71+72;

theta=2*atan(Z);
Anum=X*(wd*sin(phi)-Z*zeta*wn*sin(phi)+Z*wr*cos(phi));
Aden=7*wd;

A=Anum/Aden;
xh(j,:)=A*exp(-zeta*wn*t).*sin(wd*t+theta);
xp(J,:)=X*sin(wr*t-phi);

end

x=xp+txh;

for k=1:3

subplot(3,1,k)

plot(t,x(k,:))

title(['Rotating Unbalance with wr=',num2str(wr),', wn=/, ...
num2str(wn),', mass=',num2str(m(k)),', and rotating mass=, ...
num?2str(mo)]);

grid

end
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xlabel('Time, seconds")
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Appendix E

Pillow block mounted ball-bearing
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