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Intelligent Transformers

ZAPOROZHTRANSFORMATOR

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

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

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

/ 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.

/ Dispatched automatic optimum cooling system control (management).

/ Dispatched automatic optimum tap changers control (management).

Above mentioned functions are realized in Monitoring, Diagnostic and
Control Expert System manufactured by PJSC
«Zaporozhtransformator» (PJSC ZTR).
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Monitoring, Diagnostic and Control Expert System ESMDU-TRANS for
Transformer equipment.
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Monitoring, Diagnostic and Control Expert System ESMDU-TRANS 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 ESMDU-TRANS has three — level

SySte m: Automated Control System (ACS)

7/ Level 1 - sensors and sensing transmitters. At this level,
conversion of measured physical parameters into unitized
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 digital bitstream is 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

7/ Level 3 - server of data acquisition and expert evaluation. * OLTC control cabinet
At this level, acquisition and processing of digital ~
bitstreams, archive maintenance, implementation of 1

. . . . . Sensors and transmitters Sensors of technological protection
expert evaluations, information display on monitor screen + Electrical
d . f t I . t th d t t = Thermal

and informational communication with adjacent systems " Elivtieal il evillgse

of higher level is realized. Constructive arrangement is

characteristics
inside the Workstation cabinet.

Level 2

= Pressure valves
= Gas relays
= Oil level indicators

Level 1

= Vibration
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ZTR experience in monitoring system supply
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Monitoring system supply together with transformer equipment experience for PISC ZTR is more then 10 years.
All projects of Monitoring system, sensors and converters (1st level) assortment and installation, control
cabinet CS and TC design, diagnostic algorithms and diagnostic parameters expertise in exploitation has been
done by 3TP. However, hardware and software for data collection, data transfer to ACS SS has been done by
partner enterprise.

2001 - delivery of the first monitoring system.
2011 - the 100-th delivery of Monitoring system.
2013 - more than 150 deliveries of Monitoring systems.

In 2011 on the grounds of previous experience the first version of the ESMDU-TRANS system was developed
and implemented in trial operation by “ZTR” PJSC based on Compact Rio controllers and LabView software
designed by National Instrument (NI).

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

7/ In 2013 ESMDU-TRANS successfully passed mechanical, climatic and electromagnetic compatibility tests in the

laboratories of GOSSTANDARD of Ukraine and obtained proper reports. System version updated according to
test results was implemented for three-phase transformer 1 000 MVA 500 kV and three-phase transformer

63 MVA 35 kV for TPP Berezovskaya, three-phase three-winding autotransformer 125 MVA 330/110 kV (2 pcs.)
for Ruchej s/s, single-phase three-winding autotransformer 83,333 MVA 500/150 kV (4 pcs.), single-phase
three-winding transformer 83,333 MVA 500/150 kV (4 pcs.) (Uruguay).

Since 2011 up to 2013 ESMDU-TRANS was tested with more than 20 transformers at ZTR testing fields during
routine tests.
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Monitoring system primary sensors and devices
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1. Dissolved gas analysis (DGA) devices
2. Moisture analyzers

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

4. Fiber optic probes for temperature direct
measurements

5. Temperature measurements sensors

6. Current transformers for monitoring system on
high and low voltage sides
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7. Voltage measurements devices on high and Temperature measurements sensors
low voltage sides

8. Cooling system monitoring gauges and
indicators

9. Tap changer monitoring gauges and indicators
10. Technological protection devices

+ buchholz relay

+ shutter valve

« transformer tank and tap changer tank oil
level indicators

+ pressure relief devices

Bushing isolation quality measuring Device for temperature 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 control. All
elements are of industrial performance with temperature effective range -40..+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

Figure 1 — Example of connection cabinet unit for one phase transformer ORDCI- Figure 2 — Example of connection cabinet unit for three
210 000/1200 installed at ZTR testing field phase transformer TNC-1 000 000/500
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Monitoring system diagnostic cabinet

Diagnostic cabinet provides signals reception from primary
sensors and devices, mathematical and algorithmically signal
processing, calculation of parameters set, data acquiring and
data storing, data transferring to the system AWP by the fiber
optic communication lines within temperature effective range
-40..+70C

Diagnostic cabinet maintains

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 RS-485 output and
Modbus

Industrial controller number 2 Compact RIO by National
Instruments, USA;

Ethernet controlled router

ZAPOROZHTRANSFORMATOR

Figure1 -
Example of
diagnostic
cabinet unit for
one phase
transformer
ORDCI-

210 000/1200

Figure 2 -
Example of
diagnostic
cabinet unit for
three phase
transformer TNC-
1 000 000/500
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Monitoring system automatic working place (AWP)
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/ Automatic working place provides:

| -

data acceptance from diagnostic cabinet devices;

execution of mathematical calculations set and expert diagnostic
algorithms;

-.-..E. .
¥ ' H

= keeping of data base archives;

displaying data concerning technical state of the object in real time
scale;

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

Electro technical cabinet combined with ventilation and
conditioning systems;

.
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= Automatic switches for AWP primary hardware supply;

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

= Liquid crystal display monitor;
= |ndustrial computer with duplicated hard disc;
= 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 |
| 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
| } 1] | experts (developers)
I . L
| o DBSatings 31| 5, 12
5 > - \t_______________,_,/ | o
- 2
I v 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 : o 13
| . ) s g thresholds of expert 5
3. Onling data recorder (1 hour, 30 vears) 2. Signals . | A . .
I ) ’ / algorithms I & A |Testing engineers at
I 4. Non-typical signals recorder (3 sec) generator 3. Testing results | L N manufacture side
i 5. Event recorder of the observed object and Setting up : 3 -
I — 6. Expertise reports results thresholds I 14
! 7. Evert recorder of the ESMDU system 4. Periodic |
! glalgnn?sg-lc recotrder I Chef engineer and
I - Feriodic sysiem hard ware setting u
I 15 = - - - - fault check up : adjustment en igeeli =
| SW “Diagnostic parameters and SW “Event expertise and technical recorder | J g
: criteria computation” condition” 6. Exportise I
: I
: 4 IE IE 4 description I
| 17 7. Tests description | |
I SW “Measurement data acquiring and i
U o e, N~
e : —"il’ff’—t["—ef’fihio—mfa;%; ———————————————————————————————————— | Controller and AWP software
18 19 C cti d di i bi H
onnection and clagnostics cabll 20 21 2 has been designed by means of
SW Cooling system SW Controller SW “Primary signals || SW “Hard ware SW “Tap changer . .
control cell Mational Instrument converting and analysis” || state control” control cell” La bV| ew Instrument ( N | )
<
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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ESMDU-TRANS monitoring system Expertise
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7 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 ESMDU-TRANS 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 ESMDU-TRANS monitoring
system for system total control, for system work control (self diagnostics). There are also virtual devices for visualization
of expertise algorithms and diagnostic parameters as follows:

1. Power energy parameters (steady-state 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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ESMDU-TRANS monitoring system Expertise

4. 4. Magnetic system parameters
4.1 Control of magnetic system thermal parameters
4.2 Control of magnetic system electromagnetic parameters
5. Windings parameters
5.1 Control of windings thermal parameters
5.2 Control of windings electromagnetic parameters
6. Insulation system parameters
6.1 Physical-chemical oil properties control
6.2 DGA control of oil from tank
6.3 Moisture content in oil control
6.4 Control of solid insulation
7. Bushings parameters
7.1 Control of bushings parameters at side
7.2 Control monitoring of phase conduction current amount
7.3 Control of partial discharge level
7.4 Monitoring of bushing parameters acc. to PD data
8. Cooling system parameters
8.1 Control of cooling system functioning parameters
9. Tap changer parameters
9.1 Control of tap changer functioning parameters

ZAPOROZHTRANSFORMATOR
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Expertise algorithms of ESMDU-TRANS monitoring system
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/ Each expertise is held under the group of specially selected diagnostic parameters (X1, X2, X3, ...
Xn). This parameters could be assigned to either monitoring system devices measuring results or
special algorithms system calculation results. Calculation algorithms use measuring data, field and
manufacture testing results, field periodic diagnostics results.

/ During each expertise it is checked whether diagnostic parameter Xi within admissible values:
Xi.min.adm.<=Xi<=Xi.max.adm., and then it is calculated admissible values of deflection and the
expertise resulting decision has been reached. Parameters Xi.min.adm. and Xi.max.adm. are
admissible values (thresholds) which had been set up by manufacture and could be corrected by
the users after expiration of exploitation guarantee period.

/ Special signal indicators of the virtual device are lighting as the result of expertise. The color of
indicator is pointing on the technical condition of the diagnostic parameters control set of either
system under control or external impact: green color — normal status; beige color — operating
status; yellow color — impaired status; red color — pre emergence status.

TexHWYECKKE COCTOAHWA: x-)‘ HOpManbHOe g pabouee 7 YEYAWeHHOe ' - NpeAagapyAHOe
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Expertise algorithms for decisions accepting in ESMDU-TRANS system

/

/
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As the result of control for the reason of color definition of signal indicator 3CMAY-TPAHC system
expertise uses different decisions accepting algorithms.

There are several types of decisions accepting algorithms:

1. Algorithm of worse value deviation of diagnostic parameter from admissible value for given
expertise: Max(|Xi-Xi.min.adm |, | Xi-Xi.max.adm|)

2. Algorithm of maximum deviation of admissible value from (not certain diagnostic parameter)
average value, deviation for different phases Max(|Yi-Xi.min.adm|, | Yi-Xi.max.adm|), where
Yi=(XiA+XiB+XiC)/3

3. Algorithm of comparison of the parameter maximum deviation between phases with
admissible values:

K1 = |XiA—XiB|, K1 = |XiA—-XiC|, K1 = |XiB — XiC|

Xi = max {K1, K2, K3}

4. In some virtual devices the expertise algorithms additionally control rate of diagnostic
parameters change and ratios between values of different parameters (parameters images) for
decision accepting.

7/ Algorithm type for decision accepting for each expertise is defined by the manufacture during

setting up process and could be corrected by the user after expiring of the guaranty period.
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Virtual device structure for visualization and expertise results
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EXPERT SYSTEM OF MONITORING, DIAGNOSTIC AND CONTROL "ESMDU-TRANS"

Settings Testing Periodical diagnﬁ START STOP Report Docurnerts Generator | EXIT l ‘ ===Hack | Main Panel |Se\ection rnenul ZAPOROZHTRANSFORMATO

Object of diagnostic | | Date | |  Time|

Diagnostic parameter of functional subsystem _)3 Expertise 1 ] J2

No Name of parameter Phase A Phase B Phase C
Parameter Mot
Parameter No2
Parameter Mo3
Parameter Nod
Parameter Mo&
Pararmeter Nob
Parameter Mo?
Pararmeter Mo
Parameter Mod

Amplitude

wf oo~ @] ;| =] =

Expertise 2 L] J2
No Name of parameter Phase A Phase B Phase C
Parameter Mot
Parameter No2
Parameter Mo3
Parameter Nod
Parameter Mo&
Pararmeter Nob
Parameter Mo?
Pararmeter Mo

23,87
11:12:20,000
10/942012

1 1 1 1 1 1 1 1
18:00:00,000 00:00:00,000 06:00:00,000 12:00:00,000 16:00:00,000 00:00:00,000 09:17:5:
10/9/2012  10/102012  10/10/2012  10j10f2012  10/10/2012  10/11/2012 10711}

Tirne:
2 |

o
Expertise Parameter number Time range e BN
C

5
- 4 4= 1 year
2: —— 5 .
z -7 3= 1 month

3. z
MY Side
2= ~ o8 2= 1 day
£ ~ = | LY Side l | Sensors l

1 E 10 hours

|| || =] ca| o] =

Types of technical conditions: __)- normal ) - operating ~ | - impaired () - pre-emergency Cooling systemmode [ |

7/ Each virtual device consists of logical elements: 1. Tables, containing values of diagnostic parameters; 2. Indicators, change in
color signalize result of expertise work; 3. Indicator, change in color signalize technical condition of the subsystem (expertise
group of virtual device) 4. Trends display (time dependent) of the diagnostic parameters; 5. Display control elements in form of
switches and buttons. 6. ESMDU-TRANS monitoring system regime control panel.



Software starting window of ESMDU-TRANS system
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/ There is panel (buttons set) located on the starting window which can be used for system operation regime selection, system
controlled transformer type equipment selection, signal indicators which characterize technical status of this equipment with its

color
EXPERT SYSTEM OF MONITORING, DIAGNOSTIC AND CONTROL "ESMDU-TRANS"
Settings ” Testing ' Periodical diagnostic | START ‘m‘ Repaort || Docurnents H Generatar ” EXIT ' Selection menu ZAPOROZHTRANSFORMATOR.
Object of diagnostic | \ Date | 13man2013r. | Time| 16:23:02 \
[TNC-1000000/500-Y1] [TRDNS-63000/35-Y1 Nei | |TRDNS-63000/35-Y1 Ne2|
\ ! F\ ! / \ [ ;\ I / \ { \ i /
AT : - ‘ :
— ~ e g
J J J

7/ The system is configured by manufacture for each substation object, at which different sensors and devices has been placed. As
an example, the monitoring system variant is represented for SRPP Berezovskaya (one transformer unit TNC-1000000/500 and

two transformers TRDNS-63000/35.
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ESMDU-TRANS monitoring system working regimes
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Settings ' Testing ' Periodical diagnostic START '_ Report ]

/7 ESMDU-TRANS monitoring system regime control panel is located in upper side of each virtual device at
starting panel of the monitoring system. System regime switching is caring out on pushing corresponding
button.

1. “Settings” regime — designed for system parameters setting up. In this regime configuration of the system
software occurs, filling up information data base with information of certain transformer, admissible values of
diagnostic parameters and thresholds for expertise).

2. “Testing” regime — designed for automatic control of AWP software in different regimes.

3. “Periodic diagnostics” regime — designed for periodic testing data input to the system which has been
provided separately from monitoring system with another devices for the purpose of more accurate expertise
result definition.

4. . “RUN” regime — in this regime system automatically making continuous request to primary sensors and
devices, making computation of the diagnostic parameters, executing expertise, expertise results signalization,
output of the corresponding messages and saving necessary information to the data base.

5. “Report” regime — designed for displaying and output to USB thumb drive of the calculation results,
diagnostic parameters measurements and expertise results for the given by the user period of time .
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“Settings” regime

Settings for steady-state processes

SETTINGS

Settings for rules ay steady-state processes

Settings for PCA and DGA

Reference data for subsystem "Windings"

Diagnostic parameters of magnetic system

Diagnostics of bushing tecnical condition

Settings for monitoring of cooling system parameters

Settings for archiving

| Reference data for subsystem "Windings" |

Browse the running settings

Upload from file with settings

Expertise 1 Monitoring of winding thermal parameters

ENTER
ENTER

ENTER

HY (base) | LV (base) [ Arch B [ Arch Ly [LinHv_2 | LimHv_3 [LmHV_4 |Limlv_2 [Limlv_3 | Linly_4
Temperature Tro_turml, °C 96,0 58,0 | L0 10,0 [500 10,0 15,0 5,0 10,0 15,0
Temperature Tfo_tumz, °C 95,0 980 |10 100 |50 10,0 15,0 5,0 10,0 15,0
Temperature Tho_HST(meas), °C 96,0 58,0 | L0 00|50 10,0 15,0 5,0 10,0 15,0
Temperature rise (Tfo_HST-top ail), °C[| 41,1 442 |10 400|200 40,0 0,0 20,0 40,0 60,0
Temperature T_HST (calculated), °C 96,0 58,0 | L0 00 |50 10,0 15,0 5,0 10,0 15,0
Temperature T_av (calculated), #C 85,0 85,0 1,0 10,0 5,0 10,0 15,0 5,0 10,0 15,0
Tempearture rise (T_HST - top oi), °C || 41,1 4h2 |10 40,0 |20,0 40,0 0,0 20,0 40,0 60,0
Overgeat (T_avicalc) - T_av.ol), °C 32,3 26,8 1,0 40,0 20,0 40,0 60,0 20,0 40,0 0,0
TFo_HEP(meas)iT_H5Picac), r.u. ) L0 | LD 150 [10,0 150 20,0 30,0 40,0 50,0

Expertise 2 Monitoring of winding electromagnetic parameters

|| Hv thase) |Lv (base) [ archbv [Arch Ly | LmHy 2 [LimHv 3 [LmHv 4 |Lmlv 2 [Lmly 3 [Limy 4 |
Current in winding Jwind, A [ 1100 Tizesg0 [150 [150 [0 [15.0 |E [ 10,0 [150 |EE |
Pwind active losses inwindina, k|| 3027 | 2337 (150 [15.0 [ioo 150 [z00 (100 15 lz0.0 1

Example of diagnostic parameter setting up for the
virtual device “Windings”

ZIr
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Monitoring system Control
Power energy parameters (steady-state processes

Instruents of technological processes
indata base

Power ener arameters (transient processes

Diagnostic parameters of transformer windings —

ch OFF recor
Diagnostic parameters of transformer magnetic system
Diagnostic parameters of insulation

Diagnostic parameters of cooling system m J

Date of last changes

Diagnostic parameters of auxiliary transformer m J

Diagnostics parameters of transformer windings

_ Expertise 1 Monitoring of winding thermal parameters
EH ()| BH(B) | HH(a) | HHIE)

1. Temperature Tfo_turnt, °C a 1 a 1
2, Temperature Tfo_turnz, °C ] 1 ] 1 ON ON
3, Temperature TFo_HSTimeas), °C 1] 1 1] 1 g
4, Temperature rise (TFo_HST-tap al), °C 1] 1 1] 1 — Archiving
S. Temperature T_HST (calculated), °C [ 1 [ 1 ) \/
6, Temperature T_av (caloulated), =C 1] 1 1] 1 -
7 Tempearture rise (T_HST - top o), °C a 1 a 1 OFF OFF
&, Cvergeat (T_aw(calc) - T_av.oll), °C a 1 a 1
9, Tfo_HSP{meas)yT_HaPicalc), r.u. ] 1 ] 1

~ Expertise 2 Monitoring of winding electromagnetic parameters

BH (a)| BH(E) | HH{a) | HH(E)

1. Current in winding Jwind, A [ 0 [ [
2, Pwind active losses in winding, ki i o ON oN
3, Qwind reactive Iosses in winding, ki i 0 i i .
4. Ren, Ohm e, Resistance, r.0. ] 0 ] ] - n
S. ¥eq, Ohm eq. Resistance, r.u. a ad a a Archlumg {
b %en, % oo oo 4 o

Example of expertise algorithms for the virtual device
“Windings”

7/ Interms of the given regime user with special rights can correct the list of diagnostic parameters, set of algorithms and expertise
models, admissible values of diagnostic parameters and criteria for technical condition. Initial setting and system correction is
carried out by manufacture by virtue of modeling, testing and industrial exploitation experience results of the system at Customer

site.



“Testing” regime
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7/ There are specified 8 tests corresponding for different transformer working regimes for checking correct work of monitoring
system algorithms of AWP software. During testing of mentioned regimes system generate testing signals, viewing it with help of
virtual devices and checks correct work comparing with inputted into the data base admissible values. Signal testing, 2nd level
controller software, data transfer channels is caring out with additional special virtual device “Monitoring system self diagnostics”

Test selection dialog window
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“Periodic diagnostic” regime
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Periodical diagnostics

Sample fo oil physical and chemiscal parameters Select |
Oil sample for DGA from the transformer tank Select |
Oil sample for DGA from the transformer bushings Select |
Oil sample for DGA from the transformer OL TC Select

Dialog window for selection of input data type

MNe 1 2 3 4 5 6 7 8 9 10
Diagnostics |Ubr kY | Wa, ppm | Tg70, % | Tg90, % [ OxN, mg*KOH)| Purity class Impurities| SHL, % ION, % Date
PD

List of controlled physical-chemical features of transformer oil parameters

o owe |1 | 2 | 3 | 4 | s | & | 7 | 8 9 | 10
. Diagnosics | HZ, ppm | CH4, ppm | C2H6, ppm |C2H4, ppm |C2HZ, ppm | CO, ppm | COZ, ppm [ OZ, ppm |N2, ppm Date
PD

List of controlled parameters during chromatographic dissolved gas analysis
7/ There is specified input of the periodic diagnostics results of oil sampling carried out by Customer independently from monitoring

system (periodic diagnostics). The results of chromatographic analysis of this oil, given from laboratory are compared with results
measured with continuous control devices, placed on transformer. This effects on increasing precision of taken decision.
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System user interface in “Run” regime
Virtual device VI_0
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«System superintendent (operator) panel»

EXPERT SYSTEM OF MONITORING, DIAGNOSTIC AND CONTROL "ESMDU-TRANS"

[
1\

Settings H Testing | Periodical diagnostic | START H STOP ‘l Report H Docurneits ” Generator H EXIT ‘ | ===Back | IMain Panel |Eie|ect|un menu‘ T oR
Object of diagnostic \TNC—1000OOOISOO, SRPP Berezovskaya \ Date 13 man 2013 1. Time 81455
SUPERVISORY DESIGNATION OF EQUIPMENT AT1(A) ATL(B) ATI(C) SYSTEM ONLINE MESSAGES
EQUIPMENT TYPE AND DESIGN gsspeol |sssapa] | sssere Chart of expertise operation results Expertise results messages on offsets at system
operation (expert: i systemic; ﬁ)
Technical condition of functional subsystems =
1. POWER ENERGY PARAMETERS a al al
(steady-state processes)
2. POWER ENERGY PARAMETERS al al ]
(transient processes)
3. INSTRUMENTS OF TECHNOLOGICAL PROCESSES al ”| ol =
1] _>l_I
4. WINDINGS
— —d —d MNe | Expertise type Expertise name - CONDIT.[ONS OF ALARMS
& I R S5 1 UST_E1 Monitoring of side current parameters
- _— _— s | ™3 UST_E2 Quality contral of side electric energy Exceeding of maximum current amplitude, A i
3 UBT_E3 Manitaring of amount of phase curren
6. INSULATION SYSTEM | | “Hlwe UST_E4 Manitaring of ovemaltage Exceeding of maximum voltage amplitudes, k¥ d
] UST_ES SpeclTum control currem&.s‘ wollage an Exceeding of maximum temperature of
7. BUSHINGS al il il B PP_E3 Transient process stalistics — | windings, °C —
7 FFP_E4 Failure process statistics Actuati F I I
8. COOLING SYSTEM o o o 3 FP_E1 Votage amplitude monitaring of chos: ctuation of pressure release value —
9 FP_EZ Current amplitude monitoring of chos Actuation of gas reley |
9. TAP CHANGER a a A 1o DEF_E1 Maonitoring of alarms from technologic
11 WIN_E1 | Monitoring ofwinding thermal parame | Malfunction of Monitoring System —
12 WIN_E2 Manitaring of winding e\ectromagnetu;l
Types of technical conditions: ©_)-normal | - operating = - impaired o - pre-emergency | Cooling system mode

7/ Virtual device VI_0 is specified for visualization of the expertise work results of all virtual devices. Buttons in the left side pointing
technical condition of the subsystems for all phases of transformer. Those buttons are designed for calling additional panels and
corresponding virtual devices. Diagram with list of expertise with a help of color defines results of the work of each expertise.
Messages of the expertise results are defined in right upper part of the device in online system messages recorder. Most
dangerous (fault) signal conditions are viewed by color of indicators in right lower part of the device.

Monitoring, Diagnostic and Control Expert System ESMU-TRANS for transformer equipment manufacured by PJSC "ZTR"



System user interface in “Run” regime
Virtual device VI_1

ZAPOROZHTRANSFORMATOR

Functional subsystem “Electrical energy parameters (steady state processes)

n 1
EXPERT SYSTEM OF MONITORING, DIAGNOSTIC AND CONTROL "ESMDU-TRANS
Settings H Testing I Perindical diagnostic I START H STOP ” Repart H Docurments ” Generator H EXIT | | ===Back ' Iain Panel |Se|ectn:|n menu‘ T ol
Object of diagnostic |TNC—1000000£500, SRPP Berezovskaya ‘ Date 13 man 2013 1 Time 8:16:54
Power energy parameters (steady-state processes) J Expertise 1 Monitoring of side current parameters E J
Side :: Parameter : Parameter Phase A Phase B Phase C
1. Voltage U, kY 296,95 298,95 256,95
2z, Current 1, & 1100,43 1100,43 1100,43
3. Apparent power 5, K& 326976,72 328974,43 328974,12
4, Cos(f, % 0,99 0,99 0,99
5. Active power component P, K& 326335,61 326327,73 326321,48
6. Reactive power component Q, kvA +1602,33 41645,95 41692, 44
7. Fundamental frequency F, Hz 50,00 50,00 50,00
=
E Expertise 2 Quality control of side electric energy E "
£
Due to Stst 13109 Phase A Phase B Phase C
[ Eias of fundamerttal frequency 0,00 0,00 0,00
2. Steady-state voltage deviation 1,37 1,37 1,37
3. Asymmetric condition of reverse sequence 0,00 0,00 0,00
4. Asymmetric condition of zeo sequence 0,00 0,00 0,00
5. Nonsinusoidalty ratio 0,00 0,00 0,00
13:07:48,035
e 05.042003 || Fyperise 3 Monitoring of amount of phase currents and voltage J
1, » _'H gm Save Parameter No 1 2 3 4 5 ]
Parameter Amplitode 30| Angle 3U | Effective value 30| Ampltude 31| Angle 31 | EFfective value 31
. . -+ Value 0,01 45,50 0,03 0,01 166,61 0,04
Expertise Parameter number Time range ]
= i | iy c g
2= ! . 3-8 1 month Monitoring of overvoltage Spectrum control currents, voltage
E MY Side and powers
1z v 2= 1 hour
IEle 1 & 137 3ceconds LY Side Experise 4 J Expertise 5 J
| Type of technical conditions: I normal ) - operating J- impaired o - pre-emergency H Cooling system mode |

7 Virtual device VI_1 is designed for electrical power parameters of the network in steady state. At this state parameters of
measured instantaneous current and voltage values of all phases (A, B, C) and sides (LV, IV, HV) are analyzed. The following is
calculated using this measured values : instantaneous and real values of linear and phase powers, parameters that characterize
network energy quality and non symmetry of phase signals, overvoltage statistics, harmonic compounds of the all steady state
signals (amplitudes, phases, active and reactive components).



System user interface in “Run” regime
Virtual device VI_0

ZAPOROZHTRANSFORMATOR

Additional information panel of virtual device “System superintendent (operator) panel

EXPERT SYSTEM OF MONITORING, DIAGNOSTIC AND CONTROL "ESMDU-TRANS"

Settings l| Testing l Periodical diagnostic l START || STOP " Report: ”Ducuments” Generator ” EXIT ‘ | <==Back ‘ IMain Panel ‘SE\EEtlnn menu‘

ZAPOROZHTRANSFORMATOR
Object of diagnostic |THC-1000000/500, SRPP Berezovskaya | Date| 13wan2013r. | Time| 81547 |
Equipment type and design Transformer electric circuit diagram List of primary sensors
Type of transformer (reactor) THC-1000000/500 1 Built-in current transformers Transformer HY and LY bushings
Manufacturer TR C 2 Vaoltage transformers Alarms from substation
Serial number - 3 Sensars of maisture and gases At coaling system inlet branch pipe
Date of production 2012 dissalved in oil
MNurmber of trnsformer assembly drawing - 4 Top and bottomn ol termperature sensors  Tank cover and bottorm part of
Rated powers of sides, MyA 10001000 of windings and active part transformer, respectively
Rated voltages of sides, K 525024 5 Fiher-optic temperature sensors of Transformer windings and
Freguency, Hz a0 windings and active part active part
MNumber of phase 3 6 Temperature sensors (Pt100) of oil and  Inlets and outlets of oil coolers
Diagram and winding vector group YinyoD1 water at oil coolers inlets and outlets
Type of regulation (side, type) MNone 7 Sensors of oil and water pressure at oil Inlets and outlets of oil coolers
Requlation parameters (number of steps, %) Nore coolers inlets and outlets
Type of tap changer MNone 8  Qil flow indicators Cutlet of oil pumps
Type of magnetic circuit design core-shell type 8 Sensors of water and oil leakage Gil cooler
YWinding arrangement on the main care Ly - HY 10 Temperature sensor (Pt100) "Connection cabinet
Winding arrangement an lateral core - OKpyHaWeid cpedbl
Type of cooling system CMAF 11 Sensor of bushing insulation quality HV bushing measuring taps
Capacities of cooling system switching - instrument
Date of commissioning 2013 12 Devices of transformer technological Set according to Contract
Qil class Mytra 11 g protection an transformer delivery

7/ For convenient work there are additional information panels in virtual device “System operator panel”, such as “Construction
type of the equipment” panel. It is called by pushing the button AT1, AT2, AT3 on the operator panel. It is mentioned at the panel :
functional parameters, winding connection scheme, list of primary sensors and devices, fiber optic probes installation scheme

Monitoring, Diagnostic and Control Expert System ESMU-TRANS for transformer equipment manufacured by PJSC "ZTR"



System user interface in “Run” regime
Virtual device VI_2

ZAPOROZHTRANSFORMATOR

Functional subsystem “Electrical energy parameters (transient processes)”

EXPERT SYSTEM OF MONITORING, DIAGNOSTIC AND CONTROL "ESMDU-TRANS"

Settings H Testing I Periodical diagnostic | START || STOP ‘l Report HDncumentsH Generator

EXIT | ‘ ===Back | Main Panel |Eie\en:t|un menu'm

ZAPOROZH

Object of diagnostic |TNO1000OOOISOU, SRPP Berezovskaya \

Date 13 man 2013 1 Time 168:24:05

Power energy parameters (transient processes) 9
Expertise[ 1 | Parameter[ 1 | Event[ 1t | Side [nv |

1400+
1200

1000
&00~
BO0 -
00—,
200-

0-

-200-

400

-600-

I ] ] | | | | ] | | | | 0 0 | | | ! 0 \
0 100 200 300 400 S00 600 700 GO0 900 1000 1100 1200 1300 1400 1500 1800 1700 1800 1300
Tirne:

el | Save
Event code:
0. Transient process is not mentioned
1.T ient ith

ith current amplitude equals to s.c. impact current amplitude
ith current amplitude equals to stedy-state amplitude of the s.c.

Expertise Parameter number
2-

ent amplitude equals to ent amplitude
current amplitude equals to off current amplitude
5. Transient process with voltage amplitude more then 0.9*Usti (short term impulse)
: - 3 Lv Side 6. Transient process with voltage amplitude more then Utest (testing voltage)
1- 1 7. Transient process with voltage amplitude more then 1.1 Uw.max (working max)
8. Failure process

MY Sde 4. Transient proce:

Transient process event recorder on side [ v

Number of chosen event (inception of the transient process) lIl
EventNo| Date Time _|Code JA [Code JB| Code IC[ Code UA|Code UB| Code UC 4|

Event code - characrteristic of transient process variation

Decoding of transient processes

Expertise 1 Woltage amplitude monitoring of chosen event J
Parameter Mo_| 1 | z | 3 &
Event No U, ki (phase &) 1, I (phase B) 1, kY (phase C)
Ad|
Expertise 2 Current amplitude monitoring of chosen event J
Parameter Mo 1 z 3 |
Event No I, A (phase A) I, A (phase B) 1, A (phase C)
1 ] 0 ]
|
Transient process statistics Eailure process statistics

Expertise 3 J Expertise 4 J

Cooling system mode

7/ Virtual device VI_2 is designed for electrical power parameters control of the network in transient processes. At this state all
events parameters (transient processes) are registered and appending into data base: oscillograms of instantaneous values of
currents and voltages, exceeding values of admissible thresholds of parameters of currents and voltages for all phases and sides. It
is possible to restore and display selected parameters within selected date period. Date of certain event and transient process

type are mentioned in recorder at right side of virtual device.

Monitoring, Diagnostic and Control Expert System ESMU-TRANS for transformer equipment manufacured by PJSC "ZTR"



System user interface in “Run” regime
Virtual device VI_3

ZAPOROZHTRANSFORMATOR

Functional subsystem “Alarms and protection devices”

n 1
EXPERT SYSTEM OF MONITORING, DIAGNOSTIC AND CONTROL "ESMDU-TRANS
Settings “ Testing 1 Periodical diagnostic 1 START || STOP “ Repart “ Docurnents “ Generator “ EXIT ‘ | ===Back ‘ Mair Parel 'Se\ection menu‘ ZAPORGZHTRANSFORMATOR
Object of diagnostic [TNC-1000000/500, SRPP Berezovskaya | Date| 13wman2013r. | Time| 164516 |
Monitoring of alarms from technological protection instruments Number of alarms actuated within operation period '
N2 Type of instrument Number of actuating
1. Buchholtz reley B
2. Qil level indicator 18
3. Pressure release device N21 [
4. Pressure release device N82 1
5. Shutoff valve 3
. )1 et oo
- - — . —
- — Fro doukca
Buhholtz relay| 0l level indicator | Pressure release Pressure release 5 utoff val - w P
device No2 device No2 i
1 hour 1 month 1 year 30 years
Time period e — Show l
1 2 3 4

Message L OG of alarm actuations as technological protection instruments

Ne Type of instrument Date Message &

1 | Buchholtz reley 10/5/2012 2:20:29 PM| Buchholtz reley: “Alarm" mode

2 | Buchholtz reley 10/5/2012 2:24:24 PM| Buchholtz reley: norm

3 | Buchholtz reley 10/5/2012 2:24:24 PM| Buchholtz reley: Trip

4 | Buchholtz reley 10/5/2012 2:25:10 PM| Buchholtz reley: norm

5 | Oil level indicator 10/5/2012 2:25:27 PM| 0il level indicator: "Minimum"

6 | Oil level indicator 10/5/2012 2:25:49 PM| 0il level indicator: norm

7 | il level indicator 10/5/2012 2:26:03 PM | 0il level indicator: ™!

8 | 0il level indicator 10/5/2012 2:34:46 PM | 0il level indicator: norm V'

7/ Virtual device VI_3 is designed for signal control of technological protection devices, mounted on the transformer equipment.
Including : gas relay operation signals, pressure release devices, rapid pressure rise relays, oil indicators and oil flow indicators in
the tank etc. The positions of the installation of technological protection devices are shown at picture in the bottom of the virtual
device.

Monitoring, Diagnostic and Control Expert System ESMU-TRANS for transformer equipment manufacured by PJSC "ZTR"



System user interface in “Run” regime
Virtual device VI_4

ZAPOROZHTRANSFORMATOR

Functional subsystem “Magnetic system”

EXPERT SYSTEM OF MONITORING, DIAGNOSTIC AND CONTROL "ESMDU-TRANS"

Settings ” Testing | Perindical diagnostic | START || STOP ” Report H Docurments H Generator || EXIT ‘ | ===Back ' Main Pangl 'Select\un menu‘ ZAFUROTHTRANSFORMATOR
Object of diagnostic |TNC-1000000/500, SRPP Bsrezovskaya | Date| 13man2013r. |  Time| 5:23:02 \
Diagnostic parameters of transformer magnetic system ) Expertise 1 Monitoring of magnetic system thermal parameters J
71,5018 Ne Mame of parameter Phase A Phase B Phase C
71,4 1 | Temperature T_fa, °C 76,00 73,00 70,00
2 | Temperature rise (T_fa - Ttop), °C -4,00 -7,00 -10,00
71,2
1] Expertise 2 monitoring of magnetic system electromagnetic parameters d
§ 203 Ne Name of parameter Phase A Phase B Phase C
§ * 1 Bav - induction in core, Tesla 1,671 1,671 1,671
< 70,6 2 | J0-magnetizing current, A 1,191 1,180 1,182
3 | J0idno-load (Bav) 0,393 0,333 0,994
70,4~ 4 5* - total power losses, KA 637840 705,180 701,753
5 Smag - portion of 3* losses in magnetic circut| 138,071 141,588 138817
70,2+ 6 | Sdiss. Partion of 5% losses, KvA 650,819 A63,582 A62,835
7 Sdiss/Pshort-losses 1,104 1,132 1,110
087104_:I4 993 03:24:44,008 08:34:44,998 D3:44:44, 998 D3:54:44,098 09:04:44,998 09: 1414 E_|Sdiee/Pehortlnssas Qa4 024 140
27,03.2013 27.03.2013 27.03.2013 27.03.2013 27.03.2013 27.03.2013 27.03 8 | Active componant af Smag, kY 138071 141,588 138817
Time 10 | Reactive component of Simag, kvar 344 957 343,280 339,340
EH ﬂ I a E 11 | RO - Ohmic resistance, Ohm 647240 631,213 £43,342
Expertise Parameter number  Time range ¢ B 12 | ¥0- Reactance, Ohm 266,968 273,238 371,142
2- 4- 1 year HY Side € u
320 1 month T Reference values of trnasformer:
> ) 220 1day LV Side Inductance [168 [Tesla, No-load losses [ 375,30 | kW,
ne 17 2 EP Tonon MNo-load current [ 1,199 |A, Load losses [ 1781 |kW.
Types of technical conditions: |_)-normal |- operating | - impaired () - pre-emergency Cooling system mode

7/ Virtual device VI_4 is caring out expertise for electromagnetic and heat parameters of the magnetic system, using fiber optic
probes measurements (T_fo). Electromagnetic parameters corresponds to parameters for magnetizing brunch in equivalent circuit
of transformer (RO, X0). Besides, it is defined: average inductance of limb, magnetizing current, loss share in loading regime inside
and outside (leakage) of the magnetic circuit (Smag, Sdiss) with respect to shirt circuit and open circuit losses.



System user interface in “Run” regime
Virtual device VI_5

ZAPOROZHTRANSFORMATOR

Functional subsystem “Windings”

EXPERT SYSTEM OF MONITORING, DIAGNOSTIC AND CONTROL "ESMDU-TRANS"

Settings ” Testing | Perindical diagnostic | START H STOP ” REport ”DncumentSH Generator H EXIT | | ===Back ' Main Panel 'SE\EctiDn memu‘

ZAPOROZHTRANSFORMATOR

Object of diagnostic \TNC%OOOOOOJSOO, SRPP Berezavskaya \ Date 13 man 2013 Time §:22.18

Diaqnostics parameters of transformer windings Jd Expertise 1 Monitoring of winding thermal parameters E J
No Hmae of pararmeter Phase A Phase B Phase C
1 | Temperature Tfo_turnt, °C 73,00 74,00 73,00
2 | Temperature Tfo_turn2, °C 74,00 73,00 7400
3 | Temperature Tfo_HST{meas), °C 74,00 74,00 7400
4 | Temperature rise (Tfo_HST-top oil), °C -6,00 -6,00 -6,00
5 | Temperature T_HST (calculated), *C 86,30 86,30 86,30
L, 6 | Temperature T_av (calculated), °C 62,88 62,88 62,88
3 7 | Tempearture rise (T_HST - top oil), °C 6,30 6,30 6,30
%\ 8 | Overgeat (T_av(cale) - T_aw.oil), °C -17,12 -17,12 -1712
b 9 | Tlo_HSPi{meas)/T_HSPi{calc), r.u. 086 0,86 0,86

Ttop oil in tank 9 Tav oil in tank [67,50|%C
Toil(fe) in insulation above winding °C
Temperature rise of Toil(fo) - Ttop oil in tank °C

0 i ] ] ] 0 ] | q P ATy .
18:00:00,000 00:00:00,000 06:00:00,000 12:00:00,000 18:00:00,000 00:00:00,000 09:17:5: Expertise 2 Monitoring of winding electromagnetic parameters [ 10
09.10,2012 10402012 10,10,2012 10102012 10.10.2012  11,10,2012 11,10,
Time Ne Name of parameter Phase & Phase B Phase C
__ng ) n 1 Current in winding Jwind, A 110043 110043 110043
Expertise e TIEGE S (i Time range 1 - 2 wa.nd active losses in .Wmdmg, [ 28541 287,34 286,95
5 3 | Qwind reactive losses inwinding, K 2374351 2403517 23893,98
2- 4 7 6 4- @) Uyear c = 1| Rew, Ohm eq. Resistance, r.0. 0,227486 0,22900 0,22869
3 -7 35 1 month 5 |Xeq, Ohm eq. Resistance, r.u 18,61 18,85 18,73
R 2 s : M¥ Side [EEES 14,23 14,40 14,32
“ 8 z- 1 day = 7 Pwind/Pshort-circuit, winding, ru 0,94 0,85 0,95
1-s I K] : [ wwsde | [ sensors | 6 [Xeaieqlbase), ru 0,93 0,35 0,34
1= 10 hours

Reference values:

‘ Pshort-circuit (HV-LV mode} rw Xeq(HV-LV reactance) [ 1524 96

GCooling system mode

7/ Virtual device VI_5 is caring out expertise for electromagnetic and heat parameters of the windings simultaneously for all phases,
using fiber optic probes measurements (Tfo), calculated values (Tcalc) for average temperatures (T_av) and hot spot temperatures
(T_hst). Electromagnetic parameters corresponds to parameters for windings in equivalent circuit of transformer. This parameters
are calculated on basis of measured values of currents and voltages in the given operating regime under the load, including: active
and reactive components of losses and resistances (Req, Xeq). Parameters of the equivalent circuit is compared with values, given
from testing results

‘ Types of technical conditions: |_)-normal .- operating ) - impaired () - pre-emergency




System user interface in “Run” regime
Virtual device VI_6

ZAPOROZHTRANSFORMATOR

Functional subsystem “Isolation system”

EXPERT SYSTEM OF MONITORING, DIAGNOSTIC AND CONTROL "ESMDU-TRANS"

Settings H Testing | Periodical diagnostic | START || STOP ‘l Report HDncurnents H Generator H EXIT ' ‘ ===Back ' Main Panel 'Select\um memu‘ ZAPOROZHTRANSEORMATOR
Object of diagnostic |TNC—1000OOOISOD, SRPP Berezovskaya \ Date 23 man 2013 1. Time 16:03:01
Diagnostic parameters of insulation {periadical diagnostic PD and continuous diagnostic CD) ) Temperature oil in tank:

30- Transformer oil class | Nytro 11 gx || Ttop,°C | sno | Ths, °C
25+ Expertise 1 Phisical-chemical oil properties monitoring

220 He 1 2 3 ] 5 [ 7 8 9

£ 5] Diagnostics |Ubr kv | Wa, ppm | Tg70,% | Tga0, % | OxN, mg®KOH| Purity class | Impurities]  SHL, % 10M %

E o PD
5 Moisture content in oil 50 |,ppm| 0,0 %

o=y v I
15:45:18,000 12:00:00,000
10.10.2012 11.10.2012

Expertise 2 DGA Monitoring of oil from tank )

EIIJ:EIIJ:IEIEI,IJEIIJ 12:EIIJ:IEIIJ,EIEIEI IJEI:EIEI:EIEIJEIIJEI 19:27:|2|J,EIIJEI
12,10,2012 12,10,2012 13.10,2012 13.10,2012 e 1 2 3 4 5 & ) 8 9
Time Diagnosics | H2, ppm | CH4, ppm | C2HE, ppm | C2H4, ppm [C2HZ, ppm | CO, ppm | CO2, ppm | 02, ppm [M2, ppm
PD 70,0 9,1 10,1 1,0 0,0 190,0 535,0 2,2 0,1
Diagnostics | H2, ppm | CH4, ppm [ C2HE, ppm |C2H4, ppm |C2H2, ppm | CO, ppm | CO2, ppm | G2, ppm M2, ppm

Z7}, Continuous 4. Image 4 Llyear [T) 28,0 20,0 0,0 9,7 0,0 39,5 28,9
_ 2 s 5 X X X , X ; .

Diaghostics Expertise Criterion Parameter Time range i] ﬂ]

3; Wrelnt] 5. =0 35 Lot Save Total of combustible gasses: | 97,2 |,ppm Total of hydrocarbons:| 29,7 |, ppm
W ) 2~ Relation 2% ) ~8 2- 1day
N . 0? g E a2 o E Expertise 3 Diagnostics of solid insulation
1~ Periadical 1-_ Parameter 1-1 10 hours
Meashured or calculated parameter
1 Relative maisure conkent in solid insulation (acc. to HST), % 7,58
Ne | Date Time | Expertise | Test code Result text 2| | Z_|[Retetive maisore conkent in solid insulation (top o), % 4,73
1_|23.05.2013| 16:02:54 | Expertise 2| DUV_ND | thermal defect, 300CT<700C 3_ || fwveraga relative moisure content in sold insulstion, % SR
4 || Relative rats thermal aging 0,00
5 || Relative rate of aging dus ta maisure in solid insulstion 95,75
[3 Total aging, hours (year/date/hoursimin) 0,00 {0/0/0:0)
7 || Speration period, hours {year/date/hours/min} 0,00 {0/0j0:0)
[ 8 [ Residual life, hours (vear/datefhours/min) 262800,00 (30/0/0:0)
9 || Temperaturs of bubbing, °C 82,66
10 || Permissible time overload in systematic load made, min 0,00
11 || Permissible time of overload in lang-term emergency overload mode, min 0,00
LI 12 || Permissible kime of overload in short-term overload mode, min 0,00

7/ Virtual device VI_6 is designed for solid isolation and transformer oil diagnostic parameters control. It is calculated life time
(residual life) and rate of aging for solid isolation. It is also carrying out physical-chemical features expertise and DGA by results of
periodic diagnostics with moisture expertise and DGA by results of system devices measurements for the transformer oil. DGA
expertise are carrying out with following standards (TOCT, M3K, IEEE), Duval method, Toshiba technique (gas images)

Monitoring, Diagnostic and Control Expert System ESMU-TRANS for transformer equipment manufacured by PJSC "ZTR"



System user interface in “Run” regime
Virtual device VI_7

ZAPOROZHTRANSFORMATOR

Functional subsystem “Bushings”

1 1
EXPERT SYSTEM OF MONITORING, DIAGNOSTIC AND CONTROL "ESMDU-TRANS
Settings H Testing | Perindical diagnostic | START H STOP ll Report H Docurnents H Generator H EXIT | | ===Back | Main Panel |Se|ect\um manu' oR
Object of diagnostic ‘TNC—WOOOOOOJSOO‘ SRPF Berezovskaya | Date 13 man 2013 1 Time 8:24:44
Diagnostics of bushing technical condinion ) Ambient air temperature, °C 25,00
_(_]I)_EI‘IOdICEl dlaanStICS PD and continuous dlaanStICS CD) Expertise 1 Monitoring of bushing parameters at side: E J
Parameter Side o Name of parameter Phase A Phase B Phase C
297,292 =) 1 [“oltage U, kv 298,95 298,85 208,85
2 | Condition current J, A 10,00 10,00 10,00
297,29 3 | Current phase shiting as referred to phase A 0,00 120,00 240,00
4 | tgf, % at Tamb™ 0,36 0,37 0,36
297,288 | A |tgh, % atT=20"C 0,38 0,39 0,38
6 | Capacitance C1, pF 588,00 603,00 600,00
§ 207,286 - 7 [Freguency, Hz 40,00 20,00 40,00
:%‘ . Expertise 2 Monitoring of phase condition current amount J
Parameter N || 1 | 2 |
Py eter || Disbalance i [ Disbalance phase |
! value || 0,51 | 5,00 |
297,28 : o .
Expertise 3 Monitoring pf partial dischange level J
297,278 -] 0 | | 1 I I Mo Name of parameter Phase A Phase B Phase C
05:28:46,023 08:33:46,023  08:48:145,023  03:58:46,023  09:08:46,023 09:18:46,023 032846 =
27.03.2013 27.03.2013 27.03.2013 27.03.2013 27.03.2013 27.03.2013 27.03.2 1| Amplitude @02, nC 0.8 a.08 a.00
Time: 2| Amplitude @02, nC 200,00 200,00 200,00
A a ay | 3 |P PDI, v 22,00 22,00 22,00
Expertise Parameter humber Time range il;@]ﬂ I A H 3 NE\:Eer nfizpu\se persecond o0 f] T
4= 4 4- 1lyear -] i g [
: | B i . L .
3_: & A 320 1 month HY Side c Expertise 4 Monitoring of bushing parameters acc. to PD data J
72— & - MY Side Ne Name of parameter Phase & Phase B Phase C
2= v ZE 1day = 1. | capacitance C1, pF
e v 7 1-_ 10 hours LV Side Saie 2. | Capacitance C2, pF
3 to 6, % at Tamb™
Types of technical conditions: ~_)- normal - operating - impaired ' - pre-emergency 4. [tg B % atT=20"C

7/ Virtual device VI_7 is designed for bushings diagnostic parameters control including: bushing isolation capacity and tangent delta,
bushing isolation leakage current, particle discharges parameters given by measurements of the sensors which are placed on
bushing pins. It is foreseen additional rate of change analysis of bushing parameters for different phases for the purpose of
excluding false operation in expertise



System user interface in “Run” regime
Virtual device VI_8

ZAPOROZHTRANSFORMATOR

Functional subsystem “Cooling system”

n n
EXPERT SYSTEM OF MONITORING, DIAGNOSTIC AND CONTROL "ESMDU-TRANS
Settings ” Testing | Perindical diagnostic | START H STOP ” Report H Documents ” Generator H EXIT l ‘ ===Back l IMain Panel ISEIE:UDH memu. on
Object of diagnostic |TRC-1000000/500, SRPF Berezovskaya | Date| 13men2013r. | Time|  26:01 |
Diagnostic parameters of cooling system o Monitoring of cooling system functioning parameters 4
0,969558 - N2 Mame of parameter Cooler Ho1|Cooler HoZ |Cooler No3 <
e 1 | Qiltemperature at coolerinlet, °C 70,0 70,0 70,0
! 2 | Qiltemperature at cooler outlet, °C 46,0 46,0 46,0
0,6 3 | Ciltemperature difference between cooler inlet and outlet, °C 14,0 14,0 14,0
§ 0,4 4 | Qilpressure at cooler inlet, Pa 2,0 2,0 20
= . 5 | Qil pressure at cooler outlet, Pa 1.4 1.4 1.4
= ! B | Qil pressure difference hetween coolre inlet and outlet, Pa 0,6 0,6 0.8
0| T |Waterterperature at cooler inlet, "C** 20,0 20,0 20,0
0,2} 8 | YWater temperature at cooler outlet, "C* 45,0 45,0 45,0 -
AR 9 |Water terperature difference between coolre inlet and outlet, °C 25,0 25,0 25,0
TS715637  15:19:15,637 1520115637  1523:15,637 152515637 152715637 15:29:15,63715:30:51, 10 | Water prassure at cooler inlet, Pa 30 30 30
03.04.2013  03.04.2013 03042013 030420013 03042013 03042013 03042013 03.04.20 11 | Water pressure at cooler outlet, Pa 2,6 2,6 2,6
Time 12 | Water pressure difference hetwee cooler inlet and outlet, Pa 0,4 0,4 04 Ll
Parameter number  Time range HE | Cooler o 1 [
I mp mp e @
5 73 3 " 4- 30 years | Ttop oil int the tank,°C Thottom ol int the tank, °C | 55,0 Tambient, °C
5. ; : analing Ing system operating
O = 5 | AgeEr Cooler o3 [N Signaling of cooling system operating mode
3- ~12 : Priming slectric pump i Priming and operating electric
2~ J 13 2- 1 month Auxiliary power source is OB . ey OFF TS 27 ETETE O
7 N E i Automatic control over
1 14 : Main and auiliary power sources
1-7  1hour are emergency OFF Operating purnps are OM ' cooling system
i i i Operating purnp(s) Manual control over
Message LOG of control circuit alarm actuations Control circuit is emergency OFF . et R e
Mg Type of signal Date Time |Code State - Si
Igrigling Circuit is emergency i Conling system is manualy OFF
OFF. Standby purnp iz OM ' 9 5y: v '
Audliary circuit is emergency Standby purnp is Ol flaw in priming pLmy
OFF . emergency OFF IR (3.2 '
Frirming and aperating pumps Control it is OFF
P oM ontrol drcuit is
WIFE) (T 3 . are simultaneoushy ON '
= Transformer is energized | Stendby pump No I:l

s/ Virtual device VI_8 is designed to control diagnostic parameters and regimes of cooling system work. Set of diagnostic parameters
is individual for the different types of cooling system (ONAN, ONAF, OF, OFAF, ODWF). For example it is shown parameters of the
cooling system type ODWF. During this process it is defined: output and input oil temperature of the coolers (radiators) of the
cooling system; number of runs and spent electrical motors hours; cooling system condition (control regime, coolers (radiators
etc.) group on/off state).
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System user interface in “Run” regime

Virtual device

VI 9

Functional subsystem “Tap changers”
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n 1
EXPERT SYSTEM OF MONITORING, DIAGNOSTIC AND CONTROL "ESMDU-TRANS m
Settings ” Testing | Periodical diagnostic | START || STOP ‘l Report ” Documents H Generataor || EXIT | ‘ ===Back ' Main Panel |Se|ect\um memu‘ T
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7/ Virtual device VI_9 is designed for tap changer diagnostic parameters control. During this process it is defined: mechanical life of
the tap changer, electrical wear out of the contacts, last switch time, mechanical load on the drive shaft, current flowing trough
the tap changer during last switching
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System user interface in “Run” regime

Virtual device VI 10 m
4

“Monitoring system self diagnostics”

|Diagnostics of Monitoring System|
Message log of Monitoring System condition |
Mo Cabinet Alarm Date Condition
|Diagnostics cabinet il | -
|Connecti0n cabinet _— |
|Contr0| cabinet - | =
ModBus Log
| No Instrument Device Date Cabinet Message s
(I
(I
Manitoring of exchange el
channels -
I
i hd
L
|Errors of Monitoring System | | -

/7 ESMDU-TRANS possessing self diagnostics facilities. With a help of this virtual device user has possibility to define system fault
date, time, cause, and localize failed device, that has been out of service at system cabinets or link chain, due to error code get
repair recommendations. Given virtual device is called by pushing the button at the bottom site of the system operator panel
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Monitoring system testing process
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7/ Since 2011 ESMDU-TRANS system hardware and software has been installed at ZTR testing fields. This equipment allows carry out
monitoring system compatible testing with any transformer produced at the plant which has primary sensors or single-phase
testing transformer 210 MVA 1200 kV which has been placed at testing field. The measurements of the monitoring system are
compared with stationary equipment and devices of the testing station during given testing

Testing transformer 210 MVA 1200 kV Room with diagnostic cabinets and AWP
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Monitoring system testing process
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7/ The example of ESMDU-TRANS system testing with three-phase transformer 1000 MVA 500 kV at ZTR testing field. By the end of
2013 is carried out more then 20ty compatibly testing of monitoring system with transformers
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Attestation of the ESMDU-TRANS system
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Electromagnetic compatibility of the Electromagnetic compatibility of the Electromagnetic compatibility of the
AWP cabinet connection cabinet diagnostic cabinet

7/ In 2013 it was carried out set of mechanical, climatic and electromagnetic compatibility testing at State Standard Laboratory of
Ukraine, which approved reliability of hardware and software of ESMDU-TRANS system.

7/ Given system is recommend by ZTR transformer manufacture for exploitation
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Thank you!

ZAPOROZHTRANSFORMATOR

Contact

«ZAPOROZHTRANSFORMATOR» PJSC

Dnepropetrovskoye shosse, 3
Zaporozhye, 69600, Ukraine
tel.: +380 61 2703900

fax.: +380 61 2703232

e-mail: office@ztr.com.ua

http://www.ztr.com.ua
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