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Modern knowledge and gained experience in the form of different data bases containing measurement
results for operational parameters of rotating machinery and high-voltage equipment allow us to assert that a
whole number of engineering and system problems in development of information technologies has been solved
for today to create integrated systems providing a transition from scheduled repairs of rotating machinery and
high-voltage equipment to the technology of on-condition maintenance of this equipment. Transferring
equipment to the on-condition maintenance technology provides the trouble—free operation of the equipment.
By processing data bases for measured parameters of technological equipment according to special algorithms
we enable the service personnel to know how long the equipment can operate with the detected defect. Using
the described —below integrated systems the personnel obtains enough on-line information to prolong trouble-
free operation intervals and reduce the risk of equipment failure. These integrated systems save financial
resources and personnel working time for maintenance and provide the capability of controlling the technical
state of the rotating machinery and high-voltage equipment of the enterprise.

In our opinion, the integrated systems providing the transition from scheduled repairs to the on-condition
maintenance technology should be only stationary. The correctness of our statement is supported by the fact that
the human factor is excluded from making a decision on the technical state of the equipment. The systems
mentioned above provide service personnel with information and instruments that enable them to make a
decision on the state of the equipment described below. The AC-AMATHOCTUKA-KBTH and AC-
JUATHOCTUKA-CBO Integrated Systems have been developed, tested and registered in the State Register of
Measuring Means and Equipment of Ukraine with number UA-MI/1p-1995-2006. The integrated systems are
operated in the petroleum-transfer stations “XKynun (Zhulin)”, “Kyposuun (Kurovichi)”, “T'omens (Gomel)”,
“3ameObe (Zaschebie)”, “Typos (Turov)”, “Kobpun (Kobrin)” of the JIPYXXBA (Friendship) international
pertroleum pipeline and in the transformer substation of the AZOT Public Corporation, Cherkassy. The AC-
JMATHOCTHUKA-KBT/] integrated system has been also registered in the State Registers of Measuring Means
and Equipment of the Republic of Belarus with No. 4762 and of Russian Federation with No. 27879.

Objects for Enhanced Monitoring and Diagnosis and Detected Defects:

Rotary Equipment — A3MB-type asynchronous and CT/I-type synchronous electric motors of 6 kV voltage and

power from 2.5 MW and greater, tooth and plate clutches, pumps, compressors, fans, et al., actuators, for
example, excavation combine reducers. The measured parameters are as specified in the standards [4].

The detected defects are the securing on and the condition of the foundation, the condition of rolling bearings
(defects of the rolling elements, retainer, the correctness of assembling and mounting) and slider bearings

(clearances and oil vibrations), disalignments, out-of-balance.

Substation High-Voltage Equipment: — power 3-phase transformers of 750-220-110\35\6 kV operating voltage

and power of 25,000 kVA and greater; 110 kV measuring current transformers; power 3-phase reducing
transformers of 6\0.4 kV operating voltage and 1,000 kVA power; SA3MB-4000 explosion-proof asynchronous
electric motors of 6 kV operating voltage and 4000 kW power; CT/-5000-2 synchronous electric motors of 6
kV operating voltage and 5000 kW power; 6 kV supply line feeders for electric motors and 6\0.4 kV
transformers; EXLIM-P096-AN123 overvoltage suppressors of 110 kV operating voltage.
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The measured parameters and detected defects are as follows:
Checked Parameter Used Checking Method

Condition of the primary insulation |Measurement and analysis of partial discharges in the transformer
insulation; the parameters: partial discharge intensity (PDI), magnitude
(Qy2), summary partial discharge pulse quantity (SumPD). Detection of the
defect type;

Correlation of the partial discharge intensity and detected defect type with
chromatography data.

Lead terminal condition checking |Lead terminal conductivity current checking. Transformer disconnection in
case of before-alarm condition;
Partial discharge checking.

Phase winding resistance checking |Measurement and analysis of current in the transformer neutral wire.
Detection of winding insulation unsymmetry appearing in case of a breach
of the winding shape after an impact of short-circuit currents.

Cooling system operation checking |Checking for difference in the temperatures of the upper and lower parts of
the transformer tank, allowing for the load and environment temperature.

Gas-chromatography analyses of |Destruction of the oil-barrier insulation in the tank; the condition of the

gases dissolved in the oil (H, — winding insulation of phases A, B, C; an arc in the oil, the solid insulation
hydrogen, CH,— methane, CO, — |is not affected; thermal decomposition of the oil; thermal decomposition of]
carbon dioxide, C,H¢— ethane, the oil-barrier insulation; pyrolysis of the cellulose insulation; pyrolysis of]

C,H,;— ethylene, C,H, — acetylene, |the oil.
CO — carbon monoxide, O, —
oxygen) and moisture content.

From the viewpoint of the hardware and software design architecture — the Integrated Systems are realized
according to a distributed design architecture. The structure of the software-engineering complex of the
automatized diagnosis system has an open three-level architecture both for the interface channels and for the
software and hardware sets and makes it possible to extend the functional capabilities of the Integrated Systems
by adding new sensors, controllers, signal processing and new-object diagnosis algorithms. Two independent
enhanced monitoring systems both for vibration-based diagnosing of rotary equipment and for diagnosing of
high-voltage equipment operate under the control of the Windows XP™ operating system. Provision is made to
integrate these Systems into the existing automated control systems and computer-integrated technological
process control systems of the enterprise.

The upper level of the Integrated System represents an operating station and is developed on the basis of an
industrial computer fitted with a dual-core processor, 1 GB random-access memory, RAID controller and hard
disks up to 300 GB in storage capacity and high-performance industrial local network systems based on the
CAN and RS-485 industrial interfaces (ModBus RTU protocol).

All smart controllers (or subsystems) included into the lower level of the Integrated System are designed to be
installed on power high-voltage equipment with an operating voltage of 6 up to 750 kV and operate within a
temperature range from - 40 °C up to 120°C. The term “smart” is used in this case because these devises are
fitted with built-in processors, storage memories, interface ports and simplified displays. In addition, these
controllers perform signal processing: amplification, normalizing, digital conversion, fast Fourier transformation
(FFT) and filtering. The algorithms loaded into the controller memory provide desired-signal extraction and
noise elimination. By using the settings entered into the controllers the equipment protection relay is activated,
which gives the right to use the term “smart”.

Each controller is linked with the upper level through the CAN or MODBUS RTU protocol (the RS-485
interface). Therefore, the term “smart” is quite applicable to the controllers used in the integrated systems. To
provide the reliability of the integrated system all controllers are autonomous systems, i. e. if the I (upper) level
of the integrated system fails, the II (lower) level will provide equipment condition monitoring and equipment
protection. The event and data archives two years long stored in the controller memory make it possible to
perform on-line diagnostics and prediction of the service life of diagnosis object at the upper (first) level of the
Integrated Systems.

The technical state of rotating machinery equipment is characterized by the following criteria: vibration
velocity root-mean-square value trend, peak factor, phase, input current I and consumed power W spectra,
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vibration velocity and vibration acceleration spectra. By using these criteria the shaft disalignment, rotor out-of-
balance, the condition of rolling bearings and slider bearings are diagnosed.

The technical state of high-voltage equipment is characterized by the following criteria: variation of the
lead-insulation dielectric-loss tangent #gd, lead capacity C1, leakage current Iy, partial discharge magnitude Qy;,
partial discharge intensity PDI, ambient air humidity H, temperature T, amount (ppm) of gases dissolved in
transformer oil (up to -8). By using the main above-mentioned criteria the technical state of transformers, the
feeder insulation of electric motors, the winding insulation of hydroelectric turbogenerators and electric motors
is diagnosed.

The Integrated Systems perform continuous enhanced technical-state monitoring of equipment and the
results of the monitoring are presented in a diagnostic information readout (see Fig. 2-5), on the basis of which
the maintenance is performed only at that time and in that place when and where the maintenance is absolutely
necessary. The simplified block diagram of the Integrated Systems is shown in Fig. 1.

The enhanced monitoring system includes:
- regular technical-state monitoring (checking) of equipment;
- searching for defects and faults;
- defect threat level determination;
- evaluation of the remaining service life of equipment.

The Integrated Systems are positioned in accordance with the design performance and functional
completeness specifications as a realizing method of technical diagnostics in the FUNCTIONAL group [1] with
addition of the methods of the Compositional Analysis and Non-electric Magnitude Measurements. The
diagnostic processors of the Integrated System are designed according to a classical scheme:

Measurement Data Base —Knowledge Data Base—Obtained Information Processing and
Result Displaying—Generation and Storing of Monitoring and Diagnosis Results.

A peculiarity of creating data bases of stationary monitoring and diagnostic systems is the fact that their
data bases are compatible with measurement data bases of portable instruments and can be supplemented with
measurement data from such instruments.

When developing the Integrated Systems and defining their functional completeness, we proceeded from
information on faults and failures [2] in transformer equipment, the Customer’s technical requirements, the
requirements specified in the standard [4] and the experience of operating the AC-JIUATHOCTUKA-KBT/I
Integrated System at the Customer’s objects. Among these objects the main ones are:

1) Electric motors: types - SA3BMB-4000, TAHP-1600, CT-2000, CTA-2500 BAO-800.

2) Pumps: types - HM-7000-210, HMII-3600x78, HMIT-2500, NG 300/460/100, ZML 400/600.

3) Power 3-phase reducing transformers for 110\35\6 kV voltage and 25,000 — 50,000 kVA power; power 3-
phase reducing transformers for 6\0.4 kV voltage and 1,000 kVA power;

4) 110 kV measuring current transformers;

5) Supply line feeders of 6 kV electric motors and 6\0.4 kV transformers;

6) Overvoltage suppressors (OVS):
EXLIM-P096-AN123 for 110 kV voltage, EXLIM-0051-CHO052 for 35 kV voltage;

7) Condition of the lead terminals of 110 kV transformers (tgd, capacity C);

8) Moisture content of 0il 0-100% at a temperature of 25°C;

9) Dissolved-gas content of oil: (H, - hydrogen, O, - oxygen, C,H, — acetylene, C,H - ethane, CO — carbon

monoxide).
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Fig. 1. Simplified Block Diagram of Integrated Systems

Conventional abbreviations and legends shown in Fig. 1.: KoMruiekcel U moacuctemMsl coopa 1 00paboTKH
nHpopmanmu — data acquisition and processing integrated systems and subsystems; OmnepaTuBHBII
mepcoHan — operating personnel; Pabouast cranmms — working station; KISS — system unit of the working
station with application software for monitoring and diagnostics; CAN — industrial controller area network
for transferring vibration data of rotary units; I1C — power and high-voltage equipment substation; ACY TII
- computer-integrated technological process control system; IIpoueccopusiii Moxyns — processor module;
CK3 BubpockopocTu - vibration velocity root-mean-square value; CrekTpbl BOOpOycKopeHus - vibration
acceleration spectra; ALIIT - analog-to-digital converter; O0beKTBI MOHUTOPUHTA M KOHTPOJIS — monitored
and checked objects; DnexrtpoaBurarenn, Hacochl M Kommpeccopel — electric motors, pumps and
compressors; ['unpo- u Typoboreneparops! — hydro- and turbogenerators; TpanchopmaTtops! — transformers;
3PV — indoor switchgear; AMTest — instrument for diagnosing rotary machines by the consumed current
and power spectra; ITIIMK-2/2 — controller (subsystem) for acquiring and processing data from vibration
sensors (accelerometers); TDM — controller (subsystem) for acquiring and processing data from partial
discharge and leakage current sensors; TRANSFIX — subsystem for analyzing gases dissolved in
transformer oil; T — temperature sensors in the transformer tank; H — ambient air humidity sensor; A, B, C,
I — vibration accelerometer sensors on rotary unit bearing supports; TRDT -3, RFCT, DB-2, CC-10 —
partial discharge sensors for the stator windings of the turbo-hydrogeneror and electric motors, the neutral
wire, 750-110/35/6 kV transformer lead terminals, buses, 6 kV feeders, current transformers, overvoltage
supressors; 'KPY, 3PV, TT, TH, OIIH — complex switchgear, indoor switchgear, current transformer,
voltage transformer, overvoltage suppressor; Tpancdopmaroproe macio — transformer oil.
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The operation results of the monitoring and diagnostic processors are shown in Fig. 2-5.
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Fig. 2. Displaying Partial Discharge Intensity in 110 kV, 80 kVA Transformer of AZOT Public Company

Ipocmotp apxusa 3amepos (I'TIIT 02 T2 80000, Yepkaccer, R500) - Looking through the measurement archive
(Main Reducing Substation 02 T2 80000, Cherkassy, R500).

Martpursr YP PD matrices OO01ue napameTpsl General parameters
Tpenn Trend BnaxHocTh Humidity

MBT mW Temneparypa Temperature
Kanan Channel Tox Current

Bpewms Time Hampsoxenmne Voltage
W3meputenpHble KaHAJbI Measuring channels A A

[TapameTpsl kaHana Channel parameters B \Y

[TapameTps! ans

Parameters for viewing

YcepenHuts o Average out by

IpOCMOTpa

[Tapamerp Parameter OTtpucoBka Drawing

HHTeHCUBHOCTH Partial discharge Pyunas orpucoBka Manual drawing

HAMITYJIECOB intensity (PDI)

CKOpOCTh H3MEHEHUS PDI rate [TepepucoBath Redraw

HWHTEHCHBHOCTHU

AMIUIMTY1a UMITYJIBCOB PD pulse magnitude BriBon Ha3zBaHuit Graph name displaying
rpadukoB

CKOpOCTh H3MEHEHUS PD magnitude rate HET No

AMILTHATY JIbI

CyMMapHoOe 91ciio Pulse summary number | cnpasa Right

UMITYJIbCOB

Enuauten Units BHH3Y Down

pas/roj time / year [To3urust kypcopa Cursor position

HMII/C pulse /s 3aMepsl ¢ MaTpUIlAMH Measurements with

matrices

Otyer Report




3= NPOCHOTP apKiwBa 3amepos (TpancdopuaTop 110_35_6 10MBA_T1, HINC KYPOBMYM, R500)

Matpuei P Trera |30 | PHD |
oC wBT

=18 x|

45] 27004 -ememee e

404 2400+-

38 21004-

30{ 18004-

251 15004-

20{ 12004------------3

15 900+ -

LR e

5]  300f---------o-

—— Kakan 1_PDI; —8—Kanan 2_PDI, —8— Kanan 4_PDI, —8— Kanan 5_PDI, ——T,

°C 29I (00:00) 024003 (00:00) 051003 (0O:00)  0810.03(00:00) 111003 (00.000  1410.08(00:00) 174003 (00000 201003 (00:00) 234003 (00:00) 261003 (0:00)

Maparerpe anA npoctoTpa

6y napaveTpet

MsmepuTensHbie KaHans!
i m

Amnimyaa wnynecos (002)
CROPOCTE HaheHErHA ahkTyae [D02_)
CyraMapHOS HHEAD Mvnybcos (SumPD)

e 1 Naparierp Enubiel Naparerp
v njg:x;‘g: rorone | WrrerevsHners unynscos (PDI) BT BnaocTs (H)
¥ NMapanerpoi kanana 5 | | Cropocrs watenemia wirercusnocrn PDI_Y pas/roa |+ Ternsparupa (T)

B Tok {1
paz/ro
[

Harprxerie (U]
Hi Alaim Count (HAC)
Hi Alaim Series [HAS]

™ Yepsanie |2 Z ‘
[0

O7pHcosk:
% I~ Pysnan orpucosra
T % Mepepucopans
4

[~ BhIB0N Ha3E&HUIA rpaikos;
ner
C crpasa
' Briay

MosuumA kypco;
04012004 21:02:00 ¥
3aMEpI © MATPHL AN
04.01.2004 21:02:00 >

orer |

The PDI trend for phases
A, B is beyond allowable
limits. Insulation check
for lead terminals A, B is
required.

Fig. 3. Displaying Partial Discharge Intensity in Lead Terminals of 110 kV, 35 kVA Transformer of

Petroleum-Transfer Station “Kyposuuu (Kurovichi)”

[Ipocmotp apxuBa 3amepoB (Tpauchopmarop 110 35 6 I0OMBA T1, HIIC KYPOBUYHU, R500) - Looking
through the measurement archive (Transformer 110_35 6 10MBA_TI, Oil-Transfer Station, KUROVICH]I,

R500).

Martpunst YP PD matrices OO0mue mapameTpsl General parameters

Tpenn Trend BraxxHOCTB Humidity

MBT mW Temneparypa Temperature

Kanan Channel Tox Current

Bpewms Time Hanpsxenue Voltage

W3mepuTensHbIe KaHAIBI Measuring channels A A

[TapameTpsl KaHaIa Channel parameters B \Y

[TapameTps! auis Parameters for viewing | YcpemnHuTh mo Average out by

POCMOTpa

[Tapametp Parameter OTtpucoBka Drawing

WHTeHCHBHOCTH Partial discharge Pyunas otpucoBka Manual drawing

HMMITYJIbCOB intensity (PDI)

CKOpOCTh H3MEHEHUS PDI rate ITepepucoBats Redraw

HWHTEHCUBHOCTHU

AMIUTATY 12 UMITYJIBCOB PD pulse magnitude BriBon Ha3BaHmMit Graph name displaying
rpa¢uKoB

CKopocTh U3MECHEHHUS PD magnitude rate HET No

AMILIUTY 161

CyMMapHOE 9UCII0 Pulse summary number | cmpaBa Right

HUMITYJIbCOB

Ennnauner Units BHU3Y Down

pas/ron time / year [To3urust Kypcopa Cursor position

uMII/C pulse /s 3amepsI ¢ MaTpUIlAMH Measurements with

matrices

Otuer

Report




HN® JATOC Nta 29.11.2007 11:15:48

BAT Yxprpancuadra, dinia MH JlpyxGa

OTiET Mo AHArHOCTHEKE 38
12.11.2007 10:23:08
HIIC "AYIIHH"
MarncTpansHeiil HacocHsi arperar 2.3

HapafoTka arperarTa oT NOCAEIHEro PEMONTA (N0 coCToRHHIO Ha 29.11.2007 11:15:48) 6046.6 vacon
HapaGotsa (no coctoannio va 29.11.2007 11:15:48) 3/] ¢ navana sxcruyataunn 152146.1 vac.
HapaGota (no cocToanuio #a 29.11.2007 11:15:48) 31 nocne kan. pemonTa 6046.1 vac,
HapaGortsa (no coctoanuio ua 29.11.2007 11:15:48) Hacoc ¢ nauana sxeruryaraumn 152146.1 wac,
HapaGorka (no coctosmmio va 29.11.2007 11:15:48) [Timu koss enas, 120146.1 vac.

HapaGorka (no coctoanuio a 29.11.2007 11:15:48) Hacoe nocne KP 6046.1 uac.

HapaGoTka (no coctosuuio Ha 29.11.2007 11:15:48) Hacoe nocne TO 4646.1 vac.

HapaBotka (no coctoanmio sa 29.11.2007 11:15:48) Ban 6046.1 uac.

Hapaforka (no coctonnyio va 29.11.2007 11:15:48) ITinw kows nacoca 83146.1 uac,

HapaGorka (no cocToanuio va 29.11. :15:48) PYTI 6046.1 uac.

Hapaforka (no coctosnmio wa 29.11.2007 11:15:48) Mydra nnactiny. 6046.1 vac,

L
Beananim mH (CE3, sowic) 8 aanasosse yscror ot 10 g0 1000 'y
Toaxa Hanp, Touka | Touks 2 Towen 3 Toukn 4
B L7 3.9 LI 1.0
n 40 3.5 32 22
4] - 6.1 - 25
Daement Medpercy Bepournocts Crenent passHTHs Pexomennnunn
olHapysennn Avdewra
Tomummime | ¥ peanscme a0pos i 044 Moaumnsme »
TPEBOKIOM COTTORIHI
TMeamnmame 2 Y HCIHYCHHE B30POR 75 049 Toaumnsng »
TPCBOHTION COSTORHMM
Toukm 2.3 Pacueirponka 30 0.53 CTemnei. pasnTig
nedexra mana; sedexT
ne pefiver
yeTpaienns
Touka 3 Kasuraams B0 034 CTeneHE PaIBHTHR
AedhexTn Mana; acdexT
e Tpeliver
YCTpaNEHE
TouKE 4 Kamirrusi &0 021 Creneui prasiTis
Acderty uum; sedert
He Tpeliver
YETpaMCIHA

Fig. 4.

Operating time of
rotary machine units

The operation results of the

Integrated System
diagnostic processor



DATOS Scientific Production Company Ltd.

29.11.2007 11:15:48

Operating time of the unit after the most recent repair (as of 29.11.2007 11:15:48) is 6046.6 hours

11:15:48) of the electric motor after the commencement of operation is 152146.1 hours.
11:15:48) of the electric motor after the major overhaul is 6046.1 hours.

11:15:48) of the pump after the commencement of operation is 152146.1 hours.
11:15:48) of the slider bearing of the electric motor is 120146.1 hours.

11:15:48) of the pump after the major overhaul is 6046.1 hours.

11:15:48) of the pump after maintenance is 4646.1 hours.
11:15:48) of the shaft is 6046.1 hours.

11:15:48) of the slider bearing of the pump is 83146.1 hours.
11:15:48) of the PVII (angular contact ball bearing) is 6046.1 hours.
11:15:48) of the plate clutche is 6046.1 hours.

Operating time (as 0 29.11.2007
Operating time (as of 29.11.2007
Operating time (as of 29.11.2007
Operating time (as 0f 29.11.2007
Operating time (as of 29.11.2007
Operating time (as of 29.11.2007
Operating time (as 0f 29.11.2007
Operating time (as of 29.11.2007
Operating time (as of 29.11.2007
Operating time (as 0f 29.11.2007

UKRTRANSNAFTA Public Stock Company, Branch Establishment of FRIENDSHIP International Pertroleum Pipeline

Diagnosis Report

as of 12.11.2007 10:23:48

ZHULIN Petroleum-Transfer Station
Pipe-Line Pump Unit 2.3

Vibration Velocity (Root-Mean-Square Value, mny/s) within Frequency Band of 10 to 1,000 Hz

Operating time of
rotary machine
units

Tension Point Point 1 Point 2 Point 3 Point 4
B 1.7 3.9 1.1 1.0
[0} 4.0 3.5 3.2 2.2
IT - 6.1 - 25
Element Defect Detection Degree of Defect Guidelines
Probability Progressing
Bearing 1 Increasing of gaps 60 0.44 The bearing is an in
alarm condition
Bearing 2 Increasing of gaps 75 0.49 The bearing is in an
alarm condition
Points 2, 3 Disalignment 80 0.53 The degree of defect
progressing is low. It
is not required to
eliminate the defect
Point 3 Cavitation 80 0.34 The degree of defect
progressing is low. It
is not required to
eliminate the defect
Point 4 Cavitation 80 0.21 The degree of defect

progressing is low. It
is not required to
eliminate the defect

The operation results of

the Integrated System
diagnostic processor
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Fig. 5. Illustration of PD Analysis and Search for Defects in Insulation Performed by Diagnostic Processor
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TF plane

Mormaocts B % oT

Power in % of the




nopora

threshold

Amnanuz pacrnpenesneHus

Pulse distribution on

Hons nedexra B

Defect portion in the

umnyabcoB Ha TF mmockoctu | the TF plane 3amepe measurement

ITo BBIOOPY At option JlocToBEpHOCTH Diagnosis
JMarHOCTHKH, %o trustworthiness, %

ABTOMaTHUYECKHUI Automatic Kopona Corona

[TapameTpsl Parameters TF miockocth TF plane

KonuyecTBo nmmnyibcoB Number of pulses [Tonnas Total PD signal
JUTUTEIBHOCTD duration, ps
curnana YP, Mxc

N3 Hux Of them JmuTenbHOCTh Duration of the first
NepBOTo UMMyJbca, | pulse, ns
HC

[TostoXuTETHHBIX Positive AMITTUTY THO- Amplitude-phase
dazoBoe distribution of pulses
pacrpenenenue
UMIYJIBCOB

OTtpunaTenbHbIX Negative Awmmutyna YP, PD magnitude, nC
HK1

MouHocTh rpynisl, MBT

Group power, mW

®daza CUHYCOUJIBI,
Irpagychl

Sine curve phase

Ot mostHO#M MoMTHOCTH, %

Of total power, %

MoOUHOCTS, y.€.

Power, conventional
units

DxkcneprtHas cucrema PD-
Expert

PD-Expert system

Ammuutyna, nb, B,
HKI1

Magnitude, dB, V, nC
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