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Abstract: Vibration diagnostics of rotary equipment is one of the reliable methods for preventing accidents and predicting equipment life.
This article will discuss the theoretical principles of the impeller’s fan bearings spectral analysis of vibration, as well as the method
practical application.
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 Rolling frequency of solid of revolution on an inner ring:

1. Introduction
All metallurgical enterprises have a large amount of rotor
equipment. All this equipment has rolling bearings. These bearings
are very important components of the equipment. When the bearing
fails, the equipment becomes unusable. Therefore, it is necessary to
constantly monitor the condition of the bearings.
It is very important to determine the defect in time, make a forecast
for its development, order the necessary spare parts and to plan the
repair. To do this, the company should have a non-destructive
testing service for equipment, which should regularly examine
critical equipment and provide recommendations. This is especially
important for responsible equipment, which directly affects the
manufacture of products. Therefore, timely repair of this equipment
can save a lot of money.
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Expressions (Eq.1, Eq.2, Eq.3, and Eq.4) are evaluating only
basic harmonics frequencies in the vibration spectrums and
envelope of its high-frequency components at the different
types of defects [1].
f sr 

2. Mathematical calculation of vibration information
frequencies of rolling bearings

3. Vibration diagnostics of the main centrifugal fan.
The object of vibration diagnostics is the impeller’s bearings of the
main centrifugal fan of the electric furnace.
To enhance the outflow of exhaust gases from the working space of
the electric furnace, 4 fans are required: 3 main fans and 1 booster
fan. An electric furnace installed at one of the metallurgical
enterprises is necessary for the smelting of metal scrap and the
production of fittings.

Rolling bearing’s work in centrifugal fans or electrical
motors composition and at presence faults in it can influence
on a vibration and modulating it processes with the
followings fundamental frequencies [1]:
 Rotation frequency of movable ring in relation to
immobile: f rot ;
 Rotation frequency of separator in relation to an outer
ring:
fr 
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This article discusses an example of vibration diagnostics for the
main fan Nr.1. The smoke exhaust unit consists of a centrifugal
smoke fan and a driving electric motor. During the experiment, the
bearings of the impeller of the main centrifugal smoke fan were
controlled (see Fig. 1.).

(1)

Where: d sr - solid of revolution diameter;
1
d r  d out  d in  - Diameter of separator;
2
d out - Diameter of outer ring;

On the empeller shaft of the fan, 2 control points were selected (see
Fig.1):
Point Nr.1 - Floating bearing TYPE SNL 226 TG (bearing C2226 C3);
Point Nr.2 - Fixed bearing TYPE SNL 226 TG (bearing 22226 E C3);
The operating mode of the unit is round-the-clock. Vibration
sensors - accelerometers were installed horizontally.

din - Diameter of inner ring;



Rolling frequency of solids of revolution in relation to
the surface of rings:

- contact angle of bodies and rolling paths;

 Rolling frequency of solid revolution on an outer ring:
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z
Where:
- revolutions number of solids;
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Point Nr.2

Point Nr.1

Fig.1. The impeller of the main exhaust fan mounted in the bearing housings with control points of vibration.

Fig.2. The part of vibration direct spectrum (point Nr.1).

Fig.3. The part of vibration envelope spectrum (point Nr.1).
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4. The vibration diagnostics route of the main fan
impeller’s bearings

spectrum of vibration control with an interval of 2 weeks for point
Nr. 1. Figure 3 shows the spectrum of the vibration envelope
control with an interval of 2 weeks for point Nr. 1.

The vibration monitoring of the main fan impeller’s bearings is
possible in two ways:
1. Use a portable system for collecting and analyzing information.
2. Using a stationary system for collecting and analyzing
information.
Which system to use – the company must decide. If in the company
is separate NDT (nondestructive testing) service, preferable to
install a stationary vibration monitoring system.
The stationary monitoring system is needed above all things for a
multimode strength equipment, guided an auxiliary personnel.
Exactly personnel errors is more frequent than all are the defects
multiplying reason of the guided equipment, which it must find out
practically instantly (for a few turns of rotor) for failure timely
prevention [2].
On Figure 4 the simplified structure of the vibration monitoring and
diagnostics stationary system is shown [2].

Figures 2 and 3 shows parts of the vibration spectra: the direct
spectrum (see Fig. 2) and the envelope spectrum (see Fig. 3). Each
figure shows the spectrum for 07/06/2012 (blue line) and
07/19/2012 (red line), respectively. In each figure, on the spectrum
graphs, a frequency of 153.31 Hz is selected, which corresponds to
the frequency of rolling elements rotation along the inner ring of the
bearing.
Analyzing this example, we can conclude that the condition of the
bearing is deteriorating and it is necessary to take appropriate
measures, for example, to analyze the quality of bearing lubrication.

5. Conclusions
The analysis of the vibration spectra of the main smoke exhaust fan
impeller’s bearings of the electric melting furnace conducted in this
study allows to conclude that constant monitoring and analysis of
the bearing’s vibration can significantly increase the equipment’s
life. Based on the study’s results, it is obvious that the condition of
the bearings of the equipment may gradually deteriorate, and may
deteriorate very rapidly. Therefore, it is very important not only to
know the condition of the bearings at the moment, but also need to
analyze the situation to find out the reasons for the deterioration of
the technical condition of the equipment. To ensure timely
monitoring and analysis of vibration, it is necessary to have the
appropriate equipment and trained personnel.

Fig.4 Structure of the vibration monitoring and diagnostics
stationary system [2].

All these activities makes possible to significantly reduce the costs
of the equipment, to extend the term of its operation, as well as
improve the quality of products. The company must have a
diagnostic service (NDT - nondestructive testing) that provides
vibration monitoring and forecasting the state of the equipment. It is
also necessary to establish the system of remote monitoring
equipment and portable systems. The cost of equipment and
software for the diagnosis is usually recouped within a year at its
regular use.

1 - The computer with special software; 2 - The Signals
transformation card in digital form; 3 - Vibration sensors; 4 –
Supervising equipment [2].
During vibration monitoring of the main fan impeller’s bearings has
been used route, consisting of the following components:
1. Direct spectrum AS1 dB(A): - Fl  800 Hz ; the number of lines
in the spectrum - 400; the number of averages - 10.
2. Envelope spectrum ES1 dB(A): limit frequency - Fl

 400 Hz
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400; the number of averages - 12.
3. Overall level of vibration OVLV dB(A): Detector - RMS;
bandpass filter - Fa  10  25kHz ; the number of samples - 6.
4. Time signal TS ( m /

s 2 ): the sampling frequency - 1024 Hz;

bandpass filter - Fa  8 kHz ; the number of samples - 4000.
In the system of vibration diagnostics that was used in this study,
there is the software for automatic diagnostics. But if in doubt, you
can examine the spectra, the time signal of vibration and the
vibration level manually. For instance, when checking and
analyzing the vibration of the impeller bearings, the state of the
points Nr. 2 is in satisfactory condition. The condition of the point
Nr. 1 is much worse.
The automatic diagnostic program gives a warning that there is
wear of the bearing’s rolling elements and the separator - 5% with
50% probability, as well as the imbalance of the rotor 12dB with
90% probability. Therefore, it was decided to reduce the time
interval between the dates of control. Figure 2 shows the direct
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