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Abstract: The imbalance is the condition in which the centres of mass of rotor is not coincided with the centres of the rotation,
therefore vibrations turn out. The current study is aimed to boost the responsibleness of fault diagnosing system. An exhaustive
experimental study created to ascertain the results of imbalance on the rotor bearing system. In this study, effect of position of
imbalance mass on rotor bearing vibration was calculated, while the two discs placed at different positions on the shaft. SCXI
laboratory based system with accelerometer has been adopted for this study. It has been noticed that the imbalance is maximum
when the disc is placed at Centre of the shaft, the amplitude of vibration increases with rise in speed.
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L. INTRODUCTION AND LITERATURE SURVEY

Rotor is an important element for dynamic mechanical system. The rotor-bearing system of contemporary rotating machines
establishes an intricate dynamic system. The stimulating nature of rotor-dynamic problems has attracted investigations contributing
to the remarkable progress in the study of rotating systems. Modern machinery is bound to fulfill the increasing economic demands
for larger machines; higher quality, environmental acceptance in production, as well as inevitably growing end-user product
requirements and expectations and the advances in vibration technology require exact and complete consideration of vibration
characteristics of the Permanent Magnet Alternator (PMA) design in its basic conception and definition. Modern machinery now
days have rotor bearing systems based on vibration technology and PMA design [1]. The vibrations in rotor bearings have been
continuously examined since 1970. Several turbine rotors failures seem within their operating life.

Noise and vibration in machines or in the environment around them happen when dynamic forces stimulate these machines. This
industrial noise creates direct and indirect effects on the fitness and protection of these operational them. They will even have effects
on buildings, machinery, equipments and vehicles around them. These effects sometimes manifest themselves within the sort of
reduced performance, wear and tear, faulty operation and irreversible injury within the sort of cracks. Vibration and noise have
adverse impact on the human health and safety in addition as on the buildings, machinery, equipments and vehicles [2]. Numerous
rotating machines, for example, control station turbo generators, might be considered as comprising of three noteworthy parts;
Rotor, Bearings (regularly liquid course) and Foundations. In numerous advanced frameworks, the establishment structures are
adaptable and impact the dynamic conduct of the entire machine. These rotating machines have a high capital cost and consequently
the improvement of condition checking methods are imperative. Vibration based distinguishing proof of deficiencies, for example,
rotor unbalance, rotor twists, breaks, rubs and misalignment and liquid actuated shakiness in view of the subjective comprehension
of estimated information and widely used in practice. Vibration method utilized for distinguishing proof of shortcomings in rotating
machines is well developed and widely used in practice [3]. The dynamic response of a rotating shaft subject to an axially, steady
speed, moving and rotating load speaks to a group of dynamic issues, which are identified with future fast and high-exact
mechanical components [4]. Rotary machines are perceived as critical hardware in control stations, petrochemical plants and car
industry that require exact and proficient execution. Bearings are the most broadly utilized mechanical parts in rotational parts
causes of breakdowns in machines. Such failures can lead to expensive shutdowns, delays in production and even human victims.
To diminish machine downtimes, a delicate and healthy monitoring system is desirable to detect liabilities in their primary stages
and to deliver warnings of probable malfunctions. Such a monitoring system can decrease maintenance charges, evade catastrophic
letdowns and increase machine accessibility. To develop an reliable diagnostic and prognostic system, a inclusive understanding of
the bearing behaviour is required [5]. gave a close review on the utilization of model primarily based identification of rotating
machines. They mentioned totally different approaches for the derivation of foundation models from operational information and so
model change. They additionally elaborate totally different models derived for the rotor faults and their application in fault
identification. The rotor—bearing system of contemporary rotating machinery is advanced and desires correct and reliable prediction
of its dynamic characteristics. Rotor bearing system in unbalanced condition effects crucial machine elements and develops faults
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comparable to heat generation etc. [6]. The existence of an eccentric or unbalanced mass in a rotating disc causes vibration, which
can be satisfactory up to a level. If the vibration originated by an unbalanced mass isn't acceptable, it may be removed either by
eliminating the eccentric mass or by addition of equal mass in such an edge that it stops the result of unbalance. so as use this
technique, we'd like to work out the quantity and also the setting of the eccentric mass by experimentation [7].

The main objectives of the paper are the study the impact of position of unbalanced mass and alter in speed of rotor on shaft
vibration.

1. MODEL BASED FAULT IDENTIFICATION METHOD
A. Mathematical Description
The vibrations diagrammatical by the vector x,(t) at N DOF of the healthy rotor system because of the operational load F(t)
throughout traditional operation is delineated by the equation of motion

Mxy(t) + Cxo(t) + Kxg(£) = F(t) (2.1)

where, M, C and K are the mass, damping, and stiffness matrices of any complicated rotor system which has the result of bearings,
foundations, rotating mechanism effects etc. and x,(t), X, (t) andx,(t) is that the vibrations delineated by the vector in sort of
acceleration, velocity, and displacement severally of healthy rotor.

The prevalence of a fault within the system changes its dynamic behavior. The extent of the modification depends on the vector b,
that describes the fault parameters appreciate location, magnitude etc. The fault-induced modification within the undulation
behavior is drawn by the extra masses functioning on the healthy system:

Mi(t) + Cx(t) + Kx(t) = F(t) + AF(B,t) (2.2)

Where F(t) initial operating load and AF (B, t) corresponding loads generated in the system due to the fault rotor.
The residual vibrations encouraged represent the distinction of antecedently measured traditional vibrations x,(t) of healthy system
from presently measured vibrations x (t) of faulty system. The residuals of vibration could so be written as

Ax(t) = x(t) — xo(t); Ax(t) = x(t) — %, (t); Ax(t) = %(t) —x%,(t) (2.3)

Deduction of the equations of motion for the healthy system from that of defective system, the equation of motion for residual
vibration can be depicted as

MAX(t) + CAx(t) + KAx(t) = AF(B,t) . (2.4)

The system matrices stay unchanged and therefore the rotor model remains linear. Individually the corresponding loads encourage
the transformation in the dynamic performance of the healthy linear rotor model. To spot the fault parameters, the distinction of the
theoretical fault model and therefore the measured equivalent load are reduced by some applied math rule like least sqg. fitting.

To calculate the fault induced residual vibrations, there's a desire of measured vibration knowledge for each healthy and faulty rotor
system at same operational and measuring conditions. Directly matching knowledge is typically not accessible for generating
residual vibrations, therefore some signal process needs to be applied to attain identical conditions. For instance, completely
different rotor speeds are compensated by adjusting the duration of the recorded traditional vibrations to the duration of presently
measured vibrations. Phase shifts are evaded by recording a trigger signal throughout the measuring [7].

B. Scheme of Imbalance Diagnosis
To identify the imbalance in any system a model primarily based theme is established with the assistance of residual generation. The
pre-requisite for this sort of imbalance designation is that the measured vibration signal information for the healthy rotor system
within the sort of displacement which might be written as"X,(¢t)". currently so as to search out the imbalance within the system,
measured vibration signal information for the imbalance system are kept in the form of displacement which might be written
as"X(t)". The residual vibration is analyzed from the amount of vibration displacement information for each the healthy system and
also the imbalance system at same operational conditions. The residual displacement is given AX,(t):

Xo@®) =X@) - X, (&) (2.5)
The above equation is used to measure imbalance in the rotor bearing system [7].
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1. EXPERIMENTAL SETUP AND DATA COLLECTION
The experimental arrangement consists of motor (1-phase 4-pole induction motor), two balls bearing, base plate, rotor shaft, two
rotor disks (having outer diameter 9 cm) and V-belt pulley with varying three speeds (1150 rpm, 2050 rpm and 3080rpm). The
material of shaft is made of mild steel. An accelerometer “PCB (353) B34” has been used for data acquisition and analysis through
Lab view based SCXI-1530 vibrational analyzer. The accelerometer is set on right side (bearing 2) block to quantify the acceleration
amplitude in axial direction. Estimation information are gathered at rotor working speeds 1150 rpm, 2050 rpm and 3080 rpm at the
five areas on shaft. The information is stored and planned through vibrational analyzer to decide the speed and removal amplitudes
by computerized joining of estimated increasing speed information. Dislodging information are moved in MATLAB programming
for information investigation.
The rotor discs are having mass 0.630 kg; diameter is 90 mm and thickness 15 mm. The disc is fixed on the rotor shaft by nut and
bolt.
Fig 3.1: Rotor discs having 90 mm outer diameter & thickness 15 mm. Fig 3.2: Rotor bearing test experiment
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Schematic of experimental setup on which experiments were conducted is shown in Fig 3.2.

The typical acquired signals from SCXI based data acquisition system for two discs (having outer diameter 9 cm) when positioned
at the different position on defect free shaft rotating at 1150 rpm, 2050 rpm and 3080 rpm respectively. Fig. 3.3, Fig. 3.4, Fig. 3.5
shows the respective signals when the two discs are mounted in the centre position and shaft rotate 1150 rpm, 2050 rpm, 3080 rpm
respectively.
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Fig. 3.3 Two discs mounted at centre position on defect free shaft rotating at 1150 rpm

©IJRASET: All Rights are Reserved 801



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 6.887
Volume 6 Issue VI, June 2018- Available at www.ijraset.com

Raw Signal

Al
] 1 !
=z [ W | Pmraame e ITT"I'""IH'IFF'I_"ITmII"' (L A ) o fT'ﬂTl'ﬂ!lWF!Tl'!lﬂ nrn

Acceleration
|

gos - . * ' 5 .1 1 L - 3 e | w 1 1 .
s a1 a0 il | IR kol B, o ikh i bkl Lk addaw s oot b ol ek

o 0.2 0.9 0.6 0.8 0.999393
Time

windows 9 Hanning FFT

0.16 —
0.14 —

0.12—

o
2
[

0.08 —
0.06 —
0.09 —
0.02 —

(1 —

Ampltude

o 200 <400 s00 S00 1000 1200 1400 1600 1800 2000 2200 24900 2600 2800 3000
Frequency

Fig. 3.4 Two discs mounted at centre position on defect free shaft rotating at 2050 rpm
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Fig. 3.5 Two discs mounted at centre position on defect free shaft rotating at 3080 rpm

V. RESULT AND DISCUSSION
Vibration of shaft was measured by putting disc and shifting it on five different positions on the defect free shaft. The data at different
speeds were collected. Set of data for two discs (having outer diameter 9 cm) is shown in Table 4.1. The same has been shown in
terms of graph in Fig. 4.1to 4.2.
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Table 4.1: Vibration amplitude at different speeds for discs placed at five different positions on the shaft

Position of disc on shaft | Amplitude (mV) at Amplitude (mV) at Amplitude (mV) at
1150 rpm 2050 rpm 3080 rpm
1 0.4348 0.8749 1.4223
2 0.4261 0.8491 1.2287
3 0.4442 0.9508 1.6671
4 0.3937 0.9490 1.7107
5 0.4813 0.9995 2.1842
2.5
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Fig. 4.1. Vibration amplitude versus Position of disc at different rpms (1150, 2050 and 3080 rpm)

Graph show that the imbalance is maximum at centre position on shaft. It is because the bending moment is maximum at centre
position of shaft.

A. Effect of change in Speed of Rotors on Shaft Vibration

The effect of change in speed of rotors on shaft vibration of when discs are placed (having outer diameter 9 cm) at different positioned
on shaft without crack are shown in Table 4.1 shows the imbalance increases with increase in speed.

The same has been shown in terms of graph in Fig. 4.2.
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Fig 4.2. Vibration amplitude versus speed for five different positions on the defect free shaft
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V. CONCLUSIONS
A.  When the two discs (having outer diameter 9 cm) were placed at first, second, third, fourth and fifth position of disc on shaft (i.e. 60
mm, 110 mm, 140 mm, 170 mm and 220 mm away from both sides of bearings), vibration amplitudes at speed 1150 rpm were
0.4348, 0.4261, 0.4442, 0.3937 and 0.4813 mV defect free shaft.
B. At the speed 1150 rpm, 2050 rpm and 3080 rpm, when discs are placed at centre position of the defect free shaft, the vibration
amplitude and imbalances increases with increase in rotor speed.
C. Bending moment is maximum at centre of the shaft, imbalance is maximum when the discs placed at centre position of the shaft
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