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In the modern world, there is a growing demand for stationary vibration control and
analysis systems. Planetary gearboxes, gear-type stand drives of rolling mills, intermediate
roll bearings, electric drive bearings and pump bearings have been equipped with vibration
control systems. The objective of this research is to extend the area of use for stationary
vibration control and analysis systems in metal industry. This research involves the choice
of mechanical vibration quantitative parameters, the definition of concept for vibration
analysis results visualization, design and implementation of mimic panels to display
vibration analysis results for metal industry units. This research was carried out in the
nondestructive inspection laboratory of the Closed Joint-Stock Company "KonsOM SKS"
from 2011 to 2016.The research group used methods of data collecting and visualization
through server technology and statistical data processing. As results of this research, the
increased overhaul equipment lifetime intervals were achieved and science-based schedules
for equipment maintenance were formed. Stationary vibration analysis systems have been
implemented in shops of a large steel company of the Russian Federation for mechanisms of
agglomeration machines, cold and hot rolling mills, bending-stretching machine and floating
pump.

Keywords: defect; root mean square; mimic panel; monitoring; stationary vibration
control system; vibration analysis; vibration sensor.

Introduction

Vibration of machines, mechanisms, instruments and devices as one of their operating
conditions cannot be totally eliminated. To explore causes and indicators of vibration, a
research was carried out in both experimental and industrial conditions. Scientific research
centers offer methods of analysis, estimation and classification of dynamic impact effects
from vibration. One of the wide-spread methods of studying vibration and its effect on
the object is studying in real conditions during lifetime of the object. Stationary vibration
analysis complexes were created for that purpose. The majority of techniques used there
are highly specialized.

Three main stages can be distinguished in the lifecycle of a machine or equipment:
design and tests of prototypes; production or repair of serial products, its installation
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and adjustment at the location of use; condition control during exploitation period
between repairs. For many different areas realization of these stages requires vibration
analysis. In [1]-[4] vibration study during the design period of machines and tools is
considered. Authors of [1| offer spectral method of studying vibration originating in a
cutting area at a pull-type broach as a function of cutter edge wear. This method is
based on frequency analysis and correlational processing of vibration sensors’ signals. In
[2], there were specified main directions for research of the cutter, selected a method of
nondestructive inspection for efficient estimation of dynamically operating equipment’s
actual condition. Installation points for vibration sensors were found experimentally on
the basis of obtaining the most informative vibroacoustic signal. A direct spectral analysis,
which detects periodically repeating vibrations, was selected there as a vibration analysis
method. In [3], the objective of vibration velocity reduction for metal-cutting equipment is
set. To achieve that objective, calculation automation in a form of a pro-gram and analysis
of vibration velocity’s dynamics as a function of linear dimensions for the first rolling
contact bearing have been done. The authors of [4] presented research results on modeling
a grinding machine used in metallurgy, mechanical engineering, shipbuilding, etc. They
carried out detailed vibration study during design and creation stages for transport vehicles
(aerial, railway and automobile transport) [5]-[9]. In [5], the usage of laser vibrometer for
the purpose of a plane engine testing is proposed. In [6],[7] a vibroprotective system for
grader cabin suspension is proposed. A structural-effect model of a cardan gear is described
in [8]. This model is based on equality between real alternating vibration signal that
represents the impact of cardan gear support’s energy and fictitious one that is standard
deviation. Vibration study of power reactors is also very important. The de-tailed study
of in-core instrumentation of the reactors is presented in [10],[11]. Works [12],[13] are
examples of vibration analysis’ industrial use, they consider mechatronic systems and
electric motor post-assembling tests.

In the Russian Federation, the main normative document, which states general
principles of measurement and estimation of mechanical vibration is the state standard
[14]. This standard uses three main vibration parameters: vibration displacement,
vibration velocity and vibration acceleration, also it determines how to establish their
threshold values. Fulfillment of the offered principles is a guarantee of satisfactory
equipment performance. The standard establishes general terms and conditions and a
procedure for determining and assessing the vibration condition of the object. General
evaluation criteria are based on vibration displacement, vibration velocity and vibration
acceleration measurement. A number of projects based on requirements of this standard
are being developed. They include firmware complexes for stationary vibration analysis,
which can be built in into production control systems’ intellectual support modules for
power, extractive and processing industries, mechanical engineering and transport [15].

Main objectives, that can be achieved using vibration measurement and analysis
techniques, are: elimination of machine’s and equipment’s vibration by reducing oscillating
forces in the source of that vibration and element’s mechanical properties refinement;
refinement of the object’s vibration resistance to provide reliability of machines and
equipment working in conditions of strong vibration excitated both within the studied
object itself and applied to it from without; vibration control points preparation that
should provide necessary diagnostic information during next lifetime stages of the
controlled object.
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Stationary vibration control and analysis system developed by "KonsOM SKS" is used
to detect equipment’s condition deviation from the normal level in real time which makes
it possible to prevent deviation of its performance, lifetime reduction or emergency stop
caused by defects in various parts of the equipment.

Distinctive features of this system are:

— continuity of the measurements;

— comparison of vibration signals to the reference values;

— formation of warning and emergency signalization.

The objects of the study are the main elements of mechanical and electric equipment.

The subjects of the study are root mean square (RMS) values for vibration velocity
calculated at defect frequency for each mechanism.

1. Methods

Since 2012 CJSC "KonsOM SKS" has a nondestructive inspection laboratory and
specialists with great experience in the field of vibration control and analysis. Main
functions of the stationary vibration control system are:

— data capture for signals from vibration sensors and signals from adjacent process
control automation systems including rotational speed of controlled mechanism, bearing
assembly temperature, oil pressure in lubrication system, etc.;

— on-line control of the object vibration parameters, like RMS values of vibration
velocity, displacement and acceleration, peak values of these parameters, etc.;

— structuring of information and formation of a database for object’s vibration
parameters and studied process’ technological parameters;

— warning signalization if the object’s abnormal vibrational state is registered in
accordance with the requirements of the equipment’s technical operation rules and state
industry standard;

— visualization of the vibration parameters and process control automated system’s
dynamics, trend calculation, graphic representation for actual and archive obtained signal’s
diagrams;

— data visualization on a user computer workstation according to mental perception
of the studied object and the process.

Stationary vibration control system consists of: vibration sensors permanently
installed on the object; programmable controller; server and user workstations; vibration
control and analysis soft-ware. Block diagram for the system components interconnection
is shown in Fig. 1.

In stationary vibration analysis system the vibration sensors, matching amplifiers,
data processing and storage devices are installed on the studied object on a permanent
basis, and data capture is carried out in a continuous mode. User computer workstation for
vibration monitoring provides vibrational and technological parameters’ visualization on
a mimic panel. The workstation is implemented using Flash-technology and "thin client"
technology. A "thin client" is a computer or a client program that is purpose-built for
remote access to a server. The server does all computations including data processing and
file storage on the client’s behalf. These technologies do not require the installation of the
additional software utilities. All the on-screen forms are Web-pages for standard browser,
like Microsoft Internet Explorer.
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Fig. 1. Block diagram for stationary vibration control and analysis system’s component
interconnection

Operating procedure for the stationary vibration control system is determined by
following technique:

1) continuous registration of vibration acceleration signals by sensors installed on
non-rotating parts of the controlled object with conversion rate of 100 kHz;

2) reception of the signals by electronic diagnostic instrument (controller) and
calculation of vibration amplitude for diagnosed objects on the frequencies characteristic
to different types of defects;

3) automatic adjustment of the defect frequency based on rotational speed of machine
drive;

4) transmission of information about object’s vibration level from electronic
diagnostic instruments to the polling server through Ethernet interface using OPC (OLE
for Process Control) technology;

5) processing, storage and representation of the data, concerning the vibrational
state of con-trolled mechanism on the Web-server in mimic panels.

Information processing including calculation, event formation, data archiving is
performed on the polling server by using specialized software complex "Paradigm"
developed by "KonsOM SKS".

For quantification of mechanical vibrations, the vibration analysis system uses
statistical indicators [14]: peak-to-peak value of vibration displacement H (1), peak value
of vibration velocity A (2), mean value of vibration velocity v (3), RMS value of vibration
velocity o (4):

H = Smaz — Smin, (]->

A= Umax (2)
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where s is vibration displacement, mm; v is vibration velocity, mm/s; n is the number of
studied values [14].

Vibration velocity RMS is one of the most important parameters. It takes into account
the development of the studied vibrations in real time and represents the value associated
with the signal’s energy and destructive ability of vibration. According to normative
documents on the assessment of machine vibration measured on its non-rotating parts, the
vibration velocity RMS value in the frequency range from 10 to 1000 Hz most accurately
reflects risk from mechanical vibrations. Standard [14] is a core document for development
of the machine vibration measurement and assessment manuals. The standard contains
evaluation criteria for different classes of machines. In most cases metallurgical equipment
applies to the second class according to [14]. Requirements of the [14] are the basis of
metallurgical equipment vibration analysis.

To visualize the vibration analysis results, there was defined a concept which includes a
level color display of the studied signal. In [14] for the second class of the equipment, there
were defined threshold levels of vibration, overriding which in a steady-state condition
of the operating machine results in getting "Warning" and "Stop is recommended"
signals. Graphic representation of equipment condition on a mimic panel uses color-coded
indication to represent different parts of the con-trolled machine according to registered
vibration level:

1) green color — vibration level (0 ... 1.8 mm/s) is within acceptable limits;

2) yellow color — vibration level (1.8 ... 4.5 mm/s) corresponds to "Warning" mode
which warns about vibration level overriding above the permitted limits;

3) red color — vibration level (greater than 4.5 mm/s) corresponds to "Stop is
recommended" mode.

The developed vibration control and analysis system is implemented in shops of large
metallurgical enterprises in Russian Federation for mechanisms of agglomeration machines,
cold and hot rolling mills, bending-stretching machine and a floating pump.

2. The Results

The results of the scientific research made at "KonsOM SKS" laboratory using
stationary vibration control and analysis systems were being implemented on industrial
enterprises during last five years. The systems that use proposed concept had been
integrated in the active process control automation systems. The results of this
implementation on metallurgical enterprise equipment are presented in Fig. 2-6.

Fig. 2 shows an active mimic panel of the stationary vibration control system for
planetary gear units on an agglomeration machine drive. Vibration sensors are installed
to control the input and out-put bearings and all four planet gears. The vibration velocity
RMS value according to [14] and that on the defect frequency of the bearing planetary
pinions are monitored.
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Fig. 2. Mimic panel for vibration control system of the agglomeration machine’s planetary gear

units

After the planetary gear units’ stationary vibration control system had been put into
operation, the maintenance personnel could increase time intervals between repairs from
six to eight months based on the data that had been collected within those six months.
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Fig. 3. Mimic panel for vibration control system of the tandem cold rolling mill’s gear-type stand

Fig. 3 shows vibration control system’s mimic panel for a gear-type stand of a tandem
cold rolling mill of a large metallurgical enterprise’s plate rolling shop located in the
Russian Federation. Twenty vibration sensors are installed at the tandem mill’s stands.
They monitor vibration level in the bearing assembly, and each gear-type stand has four
sensors installed on it. One of the ways to rapidly assess the mechanism’s condition is to
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use vibration velocity RMS values, currents and rotational speed of the drive. In order
to identify the relevant series cointegration, the combined charts for those parameters are
displayed on one chart, like it is shown in Fig. 4.

O

Overall Diagram

H25/06/2013 11:09:53 }@

Auto image of the left scale | Pointers _| Thickness

10 _20 30 ._40 _50 »&0

Vibration data from 4 sensors |

it

Fusro »-I

J Mptor speed |=
[ Ldad current {=

EEEEEN
3 2 I I 2 0

BEHBEBEEHEEHEEEHE

ELEEIERELEL

Fig. 4. Dynamic diagrams of the vibration velocity RMS values, motor speed and load current

Fig. 5 shows vibration control system mimic panel for bending-stretching machine

drive.
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Fig. 5. Vibration control system mimic panel for bending-stretching machine drive

Four vibration sensors are installed on motors, three sensors are located on the
matching gear box body for the purpose of condition control of the input and two output
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rolling contact bearing, and one sensor is placed on the shaft bearing. In that system only
RMS values for vibration velocity are registered according to [14].
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Fig. 6. Mimic panel for vibration control system of a finishing train on the hot rolling mill 2500
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Fig. 6 and 7 show vibration control mimic panels for finishing train drives of the hot
rolling mill 2500. The vibration sensors are placed on the engine mounting, intermediate
shaft support, stand gear boxes and gear-type stands. Also, in order to monitor the
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condition of the plain bearing, temperature sensors are installed in supports, gear-
type stands and engine mountings. This system can simultaneously display vibration
parameters, load currents, temperature and drive speed.

Mining production equipment also lends itself well to monitoring and diagnostics by
vibration signals. Fig. 8 shows stationary vibration control mimic panel for a floating

pump.
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Fig. 8. Vibration control system’s mimic panel for a floating pump

The vibration sensors are placed on the engine and mountings of the pump. One sensor
is placed on the floating pump’s outer casing. Stationary vibration control system registers
levels of vibration velocity RMS values according to [15] and those on the frequencies
corresponding to unbalance and misalignment defects.

Conclusions

1. Stationary vibration analysis systems and software "Paradigm" created on the basis
of general research of objects exposed to vibration allow their implementation in
active production with the lowest labor costs possible. Those systems use mimic
panels with mental adequacy to the operational processes of real-life assemblies and
mechanisms.

2. Improvement of the accuracy of information about mechanism’s technical condition
requires the use of additional instruments. Accuracy of a shaft location within the
plain bearing, called "orbit can be used as such an instrument. To plot the shaft
orbit, measurements of the shaft vibrations are made in relation to the stationary
part of the bearing in two orthogonally related directions. The orbit change trend
shows the degree of bearing backing wear.

3. Currently specialists of "KonsOM SKS" are developing stationary system for
measurement and display of the shaft orbit. That system together with absolute
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vibration measurement system will make it possible to identify explicitly the bearing
assembly condition
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CTAIIMOHAPHBII ABTOMATNYECKINI KOHTPOJIb
BUBPAIINN I CUCTEMHOI'O AHAJIN3A: OIIBIT
MMPUMEHEHUN Y

E.H. Huwmemwves, O.C. Jloeynosa, A.H. Ilanos, /I.B. Yucmasaxos,
E.E. Bodpos

B coBpemenHOM MUpe, pacTeT CIpoC sl CTAIMOHAPHOIO KOHTPOJIS BUOpAIMU W CHU-
CTEMHOro aHaymza. llnaneTapHble PeJyKTOPHI, MIECTEPEHYATHI CTEHJ| MPUBOJIOB IIPOKAT-
HBIX CTAHOB, MOJIIUITHUKN ITPOMEXKYTOTHOTO BAJIKA, TMOIMUITHIKY JIEKTPUIECKOTO TIPUBO-
Jla ¥ TOITUIHIKYA HacOoca ObITN OCHAIIEHBI CHCTeMaMi KOHTPOoJis Bubparuu. Lens mannoro
UCCJIEJIOBAHUS 3aKJII0UAETCS B PACITUPEHUN 00JIACTU TPUMEHEHUST JIJIsi CTAIIMOHAPHOIO KOH-
TPOJIsi BUOPAIUU M CUCTEMHOIO aHAJIN3a B METAJULYPIUU. DTO UCCIIEIOBAHNE IIPEII0/IaraeT
BBIOOP MEXaHUYIECKUX KOJIeOaHUl KOJTMUIECTBEHHBIX IMapaMeTpoOB, OMpeIe/eHIne KOHIIEIIIH
JUTsl aHAJIN3a BUOpAIMU, PE3YJIbTaThl BU3YAJU3AIH, IPOEKTUPOBAHUS U DEATU3AIIN MHE-
MOCXEM JIJIsl OTOOpasKeHUsl PE3yJIbTATOB aHAJIN3a BUOPAIUY JIjIsT METAJLIYPTUN €IUHUIL. DTH
HCCJIEJIOBAHIS TTPOBOJIMJINCH B JIAOOPATOPHE HEPA3PYIIAIOIIEr0 KOHTPOJIS 3aKPBITOrO aK-
nuorepHoro obmectBa "Korncom CKC" ¢ 2011 mo 2016 romsr.MccienoBarebekasi rpyIina
HCII0JIB30BaJjIa METO/IbI cOOpa M BU3ya u3allii Ha OCHOBE TEXHOJIOIMU cepBepa U 00paboTKu
CTATUCTUIECKUX JAHHBIX. Kak pe3ysbTarTsl 9TOro UCCIeI0BaHuUs, JJIUTETHHBIA MEKPEMOHT-
HBIH CPOK CJIy?KObI 00OPY/IOBAHMS WHTEPBAJIBI OBLIN JOCTUTHYTHI U HAYTHO-OOOCHOBAHHBIX
rpadUKOB TPOBEICHIS TEXHUTIECKOTO 00CTYKUBAHUsT 000PYI0BAHUS, ObLIN COOPMUPOBAHDI.
CrannoHapHbIe CUCTEMbBI BUOPAIIMOHHOI'O aHA/ 38 ObLIN PeaIM30BaHbl B Mara3uHbl KPYITHON
METAJIIyPrudeckoi koMnanuu PP iy MeXaHU3MOB arjiOMEPAIMOHHBIX MAIUH, XOJIOIHOM
U ropsiyeii TPOKATKU, U3rUOHO-PACTSYKHON MAIIMHBI U TIJIABAIONUX HACOCOB.

Karuesvie caosa: dedpexm; cpedHsas Keadpamuueckas; MHEMOCTEMDL MOHUMOPUH2A;
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