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Transformer Monitoring, Diagnostic and Control Expert

System ESMDURANS manufactured by

t W{Zapomzhtransformatog¢



Intelligent Transformers
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Intelligent Transformers mean transformers and autotransformers that include special
electronic monitoring and control devices ensuring the following:

7 Electrical energy quality registration and analysis of all (high,
intermediate, low) voltage sides in steady state processes.

s Fault and healthy transient processes registration and analysis,
including: commutations (switching on, switching off) and shot circu
regimes.

7 Electrical, heat and mechanical parameters monitoring of the main
parts of the transformer construction with expert estimation of the
equipment technical condition and loading capability and life time.

7 Dispatched automatic optimum cooling system control (manageme

7 Dispatched automatic optimum tap changers control (management)

Above mentioned functions are realized in Monitoring, Diagnostic a
Control Expert System manufactured by PJSC
%l LI2NRT KON YaTF2NXEFO2Nhy ot W{/
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Monitoring, Diagnostic and Control Expert System ESMIRANS for
Transformer equipment.
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Monitoring, Diagnostic and Control Expert System ESMIRANS is purposed for technical condition control
of the transformer equipment within operation generation of diagnostic, warning and emergency messages,
database maintenance, information transfer of technical condition of the equipment in the automatic control
system of substation (ACS SS).

Hardware structure of ESMDWRANS has threelevel

SySte m. Automated Control System (ACS)
= A EEE T

s/ Level 1¢ sensors and sensing transmitters. At this level,
conversion of measured physical parameters into unitize
signals is realized for measured data transfer to level 2.

Ethernet fiber optic communication channel *‘

7 Level 2¢ controllers and input/output devices. At this
level, signal processing from level 1, performance of
calculations of series of diagnostic parameters and
generation of digitabitstreamis realized for data transfer
to level 3. Constructive arrangement is inside the
diagnostics cabinet.

Workstation cabinet

= Industrial PC
= Uninterruptable power supply (UPS)
= Network connection devices

Level 3

Ethernet fiber optic communication channel ~ L -

= Diagnostics cabinet
= Cooling system control cabinet

s Level 3¢ server of data acquisition and expert evaluatior *  OLTC control cabinet
At this level, acquisition and processing of digital ) )
bitstreams archive maintenance, implementation of 1 a9

Level 2

expert evaluations, information display on monitor SCree |« cioarioa " " omeers e precer 3
and informational communication with adjacent systems : B i  Casrolas g
of higher level is realized. Constructive arrangement is b

inside the Workstation cabinet.
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ZTR experience in monitoring system supply
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Monitoring system supply together with transformer equipment experience for PJSC ZTR is more then 10 ye:
All projects of Monitoring system, sensors and converters (1st level) assortment and installation, control
cabinet CS and TC design, dlagnostlc algorlthms and dlagnostlc parameters expertise in epr0|tat|on has be:
R2yS o6& = _ & 126SOSNE KIFENRgGINB yR a2F0g6F NB F2NJ
partner enterprise.

s/ 2001- delivery of the first monitoring system.
7/ 2011-the 1006th delivery of Monitoring system.
7/ 2013- more than 150 deliveries of Monitoring systems.

7/ In 2011 on the grounds of previous experience the first version of the ESIVRAINS system was developed
YR AYLX SYSYGSR Ay GNRFE 2LISNF GA2Y 0 BabVieksoftware t W{ /
designed by National Instrument (NI).

7/ In 2012 the additional software for user training was developed.

7/ In 2013 ESMDURANS successfully passed mechanical, climatic and electromagnetic compatibility tests in tf
laboratories of GOSSTANDARD of Ukraine and obtained proper reports. System version updated according |
test results was implemented for thrgghase transformer D0O0MVA 500 kV and threphase transformer
63 MVA 35 kV for TPBerezovskayathreephase threewinding autotransformer 125 MVA 330/110 kVpEs)
for Ruchejs/s, singlephase threewinding autotransformer 83,333 MVA 500/150 k\p@%), singlephase
three-winding transformer 83,333 MVA 500/150 {@fcs) (Uruguay).

7 Since 2011 up to 2013 ESMIDBANS was tested with more than 20 transformers at ZTR testing fields during
routine tests.

Monitoring, Diagnostic and Control Expert System ESIRRANS for transformer equipment manufacured by PJSC "ZTR"



Monitoring system primary sensors and devices

1. Dissolved gas analysis (DGA) devices
2. Moisture analyzers

5. Temperature measurements sensors

ZAPOROZHTRANSFORMATOR

Bushing isolation quality measuring device F
with particle discharge electrical technique &
measurement option.

Fiber optic probes for temperature direct
measurements

6. Current transformers for monitoring system c >

10.

>

T

high and low voltage sides

Voltage measurements devices on high and
low voltage sides

Cooling system monitoring gauges and
indicators

Tap changer monitoring gauges and indicatc
Technological protection devices
buchholzrelay

shutter valve

transformer tank and tap changer tank oil
level indicators

pressure relief devices

Bushing isolation quality measuring Device for temperaturé direct
tap changer control relay sensor measurements
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Monitoring system Connection (Junction) cabinet
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Junction cabinet provides primary sensors, primary devices, technological protection devices signals collection and primary
processing and converting, transferring to the diagnostic cabinet, cooling system and tap changer working regimes tontrol. Al
elements are of industrial performance with temperature effective rantfe.+70C

Diagnostic cabinet contains:

Three door electro technical outdoor cabinet;

Microclimate supply system,;

Industrial removable connectors for input of incoming signals;

Automatic switches for commutation of primary equipment supply;

Secondary electrical supply cells with galvanic commutation;

Input analog signals normalizing converters with galvanic commutation and frequency converting to 100kHz;
Industrial controller number 1 Compact RIO by National Instruments, USA,

Ethernet controlled router

A
A
A
A
A
A
A
A

- . Il
Figure 1¢ Example of connection cabinet unit for one phase transformer ORDCI Figure 2¢ Example of connection cabinet unit for three
210000/1200 installed at ZTR testing field phase transformer TN 000000/500
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Monitoring system diagnostic cabinet

o Io Do Do N\

o 3>

Diagnostic cabinet provides signals reception from primary s
sensors and devices, mathematical and algorithmically signafel—"=
processing, calculation of parameters set, data acquiring and#.. ;.o &
data storing, data transferring to the system AWP by the fiber® S Sasis
op(;ic coon&munication lines within temperature effective range ‘ AR
-40..+7 o=

| &
| wa . Preogs
| - ~ .

1

o
Diagnostic cabinet maintains w

Electro technical outdoor cabinet from stainless steel,
Microclimate supply system;
Industrial removable connectors for input of incoming signals;

Automatic switches for commutation of primary equipment
supply;
Secondary electrical supply cells with galvanic commutation ;

Input analog signals normalizing converters with galvanic
commutation and frequency converting to 100kHz;

Input/output relay signals converters with B85 output and
Modbus

Industrial controller number 2 Compact RIO by National
Instruments, USA;
Ethernet controlled router " ’g
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Figure 1¢
Example of
diagnostic
cabinet unit for
one phase
transformer
ORDCI
210000/1200

Figure 2¢
Example of
diagnostic
cabinet unit for
three phase
transformer TNE
1 000000/500
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Monitoring systemautomatic working place (AWP)
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s/ Automatic working place provides:
A data acceptance from diagnostic cabinet devjces

A execution of mathematical calculations set and expert diagnostic
algorithms

keeping of data base archives

displaying data concerning technical state of the object in real tim
scale

A current and archive data transfer to the higher level systems.
Automatic working place includes:

A Electro technical cabinet combined with ventilation and
conditioning systems;

A Automatic switches for AWP primary hardware supply;

A Secondary electrical supply cell, providing galvanic commutation;
A Ethernet controlled router;

A Liquid crystal display monitor;

A Industrial computer with duplicated hard disc;

-

A uninterrupted power supply
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Software (SW) and database (DB) structure
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I
I 4 2 ESMDU-TRANS users of ACS SS I
- [
| - 3 4
| ESMDU-TRANS Superintendent / D Power transformers I
: administrator operator P PPy Experts :
i Experts |
| it i i3 i
| E L |
: ‘ Soft Ware(SW) “Data transfer to AWP TS (OPC-server, Web-server)” ‘ I Developer
I —
| 60 ESMDU AWP | ]
! ‘ SW AWP user interface (11 visual devices/panels) T } PN Transformers
! } N | experts (developers) | |
| o DBSatings 31| 5, 12
= _ I | 51 —
- 2
I 1. Object Design | = KN Hard-Soft ware
| data : 5 NV | complex developers | |
! 1. Online measurements data (3 sec) 1. Self-diagnostics 2. Admissible <‘,:l'> =
| 2. Online data recorder (1 min, 1 month) parameters paramelers and : E] 13
: 3. Online data recorder (1 hour, 30 years) 2. Signals thresholds of expert | A . .
i 4. Non-typical signals recorder (3 renerator algorithms ! § [ | Testing engineers at
. Non-typical signals recorder (3 sec) generator 3. Testing results I L N | manufacture side
! : I =
i 5. Event recorder of the observed object and Setting up | w0 -
I — 6. Expertise reports results thresholds I 14
| 7. Evert recorder of the ESMDU system 4. Periodic |
I diagnostic recorder | Chef engineer and
: 15 5. Periodic system : hard ware setting up
| SW "Diagnostic parameters and SW “Event experlise and technical :ae';grg;?'::k up I adjustment engineer [~
| criteria computation” condition” 6. E ' I
| ry i . xpe@se |
: 17 IE IE description I
| 7. Tests description | |
I SW “Measurement data acquiring and |
I = analysis, time synchronization” —
R L T — ' Controller and AWP software
18 19 C cti d di i bi 1
onnection and diagnostcs cablr 20 2 22 has been designed by means of
SW Cooling system SW Controller SW “Primary signals || SW “Hard ware SW “Tap changer . .
control cell National Instrument converting and analysis” || state control” control cell’ LabV| ewnstrument (N I)
3
Primary sensors and converters signals
Analog signals 23 Digital signals 24 Relay signals 25

Currents and voltages with
discreteness 0.2 msec v 0.02 msec

1. Temperature and moisture sensors
2. Gas analyzers

1. Relay, valve, technological
protection devices operation signals
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ESMDUTRANS monitoring system Expertise
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s All parameters registered in the system by functional indication are divided into groups. Each group of parameters is
analyzed with a help of certain algorithm (expertise). All expertise in the ESNRANS monitoring system has been
grouped into program modules, which defines technical state of the components or functional subsystems. Further
those modules are called virtual devices. There are virtual devices that have been realized in BESMIBJmonitoring
system for system total control, for system work control (self diagnostics). There are also virtual devices for visualizati

of expertise algorithms and diagnostic parameters as follows:
1. Power energy parameters (steaeltate processes)
1.1 Monitoring of chosen side current parameters
1.2 Quality control of chosen side electric energy
1.3 Monitoring of amount of phase currents and voltages
1.4 Monitoring of overvoltage
1.5 Spectrum control currents, voltages and powers
2. Power energy parameters (transient processes)
2.1 Voltage amplitude of transient processes control
2.2 Current amplitude of transient processes control
2.3 Transient process statistics
2.4 Failure process statistics
3. Parameters of technological protection devices of transformer instruments
3.1 Monitoring of alarms from technological protection instruments
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