
 
 
Transformer Monitoring, Diagnostic and Control Expert 
System ESMDU-TRANS manufactured by  
tW{/ άZaporozhtransformatorέ 



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 
ζ½ŀǇƻǊƻȊƘǘǊŀƴǎŦƻǊƳŀǘƻǊη όtW{/ ½¢wύΦ 

 

Intelligent Transformers 

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

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

 
 



 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). 

 

Monitoring, Diagnostic and Control Expert System ESMDU-TRANS for 
Transformer equipment. 
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 Hardware structure of ESMDU-TRANS has three ς level 
system:  

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

Level 2 ς 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. 

Level 3 ς server of data acquisition and expert evaluation. 
At this level, acquisition and processing of digital 
bitstreams, archive maintenance, implementation of 
expert evaluations, information display on monitor screen 
and informational communication with adjacent systems 
of higher level is realized. Constructive arrangement is 
inside the Workstation cabinet. 



 Monitoring system supply together with transformer equipment experience for PJSC 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 
ŘƻƴŜ ōȅ ˭́˾Φ IƻǿŜǾŜǊΣ ƘŀǊŘǿŀǊŜ ŀƴŘ ǎƻŦǘǿŀǊŜ ŦƻǊ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴΣ Řŀǘŀ ǘǊŀƴǎŦŜǊ ǘƻ !/{ {{ Ƙŀǎ ōŜŜƴ ŘƻƴŜ ōȅ 
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 
ŀƴŘ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ǘǊƛŀƭ ƻǇŜǊŀǘƛƻƴ ōȅ ά½¢wέ tW{/ ōŀǎŜŘ ƻƴ /ƻƳǇŀŎǘ wƛƻ ŎƻƴǘǊƻƭƭŜǊǎ ŀƴŘ LabView software 
designed by National Instrument (NI).  

In 2012 the additional software for user training was developed.  

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. 

 

 

ZTR experience in monitoring system supply 
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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 

7. Voltage measurements devices on high and 
low voltage sides 

8. Cooling system monitoring gauges and 
indicators 

9. Tap changer monitoring gauges and indicators 

10. Technological protection devices 

Å buchholz relay 

Å shutter valve 

Å transformer tank and tap changer tank oil 
level indicators 

Å pressure relief devices 

Å tap changer control relay 

 

 

Monitoring system primary sensors and devices 
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Bushing isolation quality measuring 
sensor 

Device for temperature direct 
measurements 

Temperature measurements sensors 



 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: 

Å Three door electro technical outdoor cabinet; 

Å Microclimate supply system; 

Å Industrial removable connectors for input of incoming signals; 

Å Automatic switches for commutation of primary equipment supply; 

Å Secondary electrical supply cells with galvanic commutation; 

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

Å Industrial controller number 1 Compact RIO by National Instruments, USA; 

Å Ethernet controlled router 

 

Monitoring system Connection (Junction) cabinet 
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Figure 1 ς Example of connection cabinet unit for one phase transformer ORDCI-
210 000/1200 installed at ZTR testing field  

Figure 2 ς Example of connection cabinet unit for three 
phase transformer TNC-1 000 000/500  



 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  

Å Electro technical outdoor cabinet from stainless steel; 

ÅMicroclimate supply system; 

Å Industrial removable connectors for input of incoming signals; 

Å Automatic switches for commutation of primary equipment 
supply; 

Å Secondary electrical supply cells with galvanic commutation ; 

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

Å Input/output relay signals converters with RS-485 output and 
Modbus 

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

Å Ethernet controlled router 

 

 

Monitoring system diagnostic cabinet 
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Figure 1 ς 
Example of 
diagnostic 
cabinet unit for 
one phase 
transformer 
ORDCI-
210 000/1200  

 Figure 2 ς 
Example of 
diagnostic 
cabinet unit for 
three phase 
transformer TNC-
1 000 000/500  

 



Automatic working place provides: 

Ádata acceptance from diagnostic cabinet devices;  

Áexecution of mathematical calculations set and expert diagnostic 
algorithms;  

Á keeping of data base archives;  

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

Á current and archive data transfer to the higher level systems.  

Automatic working place includes: 

ÁElectro technical cabinet combined with ventilation and 
conditioning systems; 

ÁAutomatic switches for AWP primary hardware supply; 

ÁSecondary electrical supply cell, providing galvanic commutation; 

ÁEthernet controlled router; 

ÁLiquid crystal display monitor; 

Á Industrial computer with duplicated hard disc;  

Áuninterrupted power supply 

Monitoring system automatic working place (AWP) 
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Software (SW) and database (DB) structure 
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Controller and AWP software 
has been designed by means of 
LabView instrument (NI) 



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 

 

ESMDU-TRANS monitoring system Expertise 
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