T-10x

Power transformer’s
bushing monitoring device

Early identification and analysis of disturbances emerging
within the bushings protects the power system from
extensive failure with catastrophic consequences and
costs. For this purpose, we have developed a dedicated
device for on-line monitoring of the condition of these
components.
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The device monitors bushings, equipped with various types of
measuring sockets, installed in power transformers, step-up
transformers and shunt reactors. The SMT-10x can monitor
bushings on the low (LV) and high (HV) voltage side:

m  autonomouslyviathe embedded webserver
m  withinthe transformer monitoring system

The SMT-10x is produced in several versions, depending on local
requirements. These devices diagnose the condition of the
bushings based on the following values:

m  values of C1 capacitance and tgd dissipation factor

®  instantaneous and rms values of the measuring probe
voltages

m  recording the instantaneous surges values- transients
m  atmosphericand switching surges

All design versions of the SMT-10x take into account the
asymmetry of line phase voltages in the calculations, so that C1
and tgb values are determined very precisely.

The SMT-10x is installed in the transformer's control cabinet or
in an independent bushing monitoring cabinet. The device is
connected with the probes located in the measurement sockets
of a bushing and - as standard - has network interfaces, pro-
tected accordingto current security requirements.

The system is resistant to harsh environmental conditions,
occurring at power substations. Measuring probes are suitable
for installation in the measurement sockets of bushings without
shields and additional protection, and are resistant to harsh
environmental conditions and vibrations.




Functionality

The SMT-10x executes the following functions:

m  determination of the relative C1 capacitance and tg6 values, taking into account the asymmetry of line phase
voltage

m identification of the rapid change of C1 and tgb

m  determination of long-term changes’ trend for C1 and tgd

m  access to characteristic values of the monitored bushing insulators via the built-in web server with possibility to
make charts

®m  on-linetransmission of measured data to the master system and local storage

m  registrations of 15-minute, hourly, daily, monthly measured C1 and tgé values

m identification and counting of surges on lines fed to the transformer

m registration of the courses of the rms values of the voltages and their oscillograms, resulting from increasing the
surge counts, exceeding one of the voltage thresholds or the rate of change of the voltage values

m  retransmission of registered values in Comtrade format to master system via a secure network connection

m  display predefined alarmsand warnings to NO/NC contacts

On the basis of the identified premises, warnings and alarms are generated, with available explanations and hints for

maintenance and operator services. This information, together with the values of C1 and tgb parameters, characteri-

sing the bushing, is transmitted to the local SCADA system and to the respective Control Centres.

The software, operating in the web site access mode, allows advanced diagnostics through analyses, operations on
charts of recorded disturbances and measurement data.

The operation of bushing monitoring system can be synchronized with other substation systems over IEC 61588
protocol. The reference source for synchronization may be a GPS clock or other time source.

Communication and security

The SMT-10x can operate autonomously or as one of the modules comprising the transformer monitoring system.
SMT-10x, installed as one of the modules of the monitoring system, communicates with independent, external
diagnostic software, for example with the SYNDIS ES monitoring system or any other system of this type. If the device
functions autonomously, the access to data is executed in the website technology over secured network links, in
compliance with IEC 62351 standard and other relevant regulations. These regulationsinclude:

m  protection of parameterization, communication and data access

m  securing of accesstothe device by password and login

m  protection of sensitive data, such as address, configuration parameters, login data, parameters

® users activity monitoring

Network interface of SMT-10x, working in IEC 61850 or DNP3.0 standard, is designed to transmit warnings and
alarms to SCADA system. The second interface enables local configuration of operation and expert access in HTTPS
standard, in website technology, to the recorded data.

Measuring probes

Measuring probes are designed to measure C1 capacitance and tgé dissipation factor (bushinginsulation indicators),
using the voltage method. They are applied in on-line transformer’s bushing monitoring systems. The probe,
together with bushing’s capacitance, creates a capacitive divider which adjusts the level of voltage from the bushing
totheinput of the SMT-10x recorder.

The probe is installed in the measurement socket of the
bushing. It is connected by means of a coaxial cable
terminated with a BNC connector to the SMT-10x
recorder. The probes may differ in size, type of thread and
screw connection.

The specific type of the probe should be selected in the
course of the design arrangements.
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Versions devices

SMT-102 — monitoring of bushings, mainly in grid
transformers. Co-operates with reference voltage
converter applied for correction of line phase voltage
asymmetry, necessary for precise calculation of

SMT-103 — reference voltage converter for correction
of grid voltage asymmetry. Installed in locations with
access to line voltage measurements. Data is trans-
mitted to SMT-102 over fiber optic connection.

parameters.

Monitoring of 3 bushings on HV side and 3 bushings on

LVside.
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SMT-104 — bushing monitoring for single phase

transformer. Monitoring of bushing on HV side and N

neutral bushing. Reference voltage connected directly
to the device within the transformer.
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SMT-105 —bushing monitoring only on HV side.
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Examples of application

SMT-102 three-phase transformer monitoring
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Example of installation

Bushing monitoring cabinet with built-in
SMT-102 device
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Function of event recorder

SMT-10x has a built-in functionality of a disturbance recorder for disturbances reaching the measurement terminal.
The examples of recorded voltage waveforms during a short circuit, as well as a graph of changes in the capacity of
bushings, are presented below.
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Technical properties

Monitored parameters of bushings

PARAMETER VALUE COMMENTS

C1 capacitance measurement range 0 + 700pF -
tgd dissipation factor measurement range  0.01 +2% =
C1 measurement uncertainty 1pF =

tgd measurement uncertainty 0,01% =

Transmission parameters

PARAMETER VALUE COMMENTS

data format Comtrade -

supported transmission protocols DNP3.0,MODBUS, PN-EN 60870-5-104, PN-EN 61850 =
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Transient recorder characteristics

PARAMETER VALUE COMMENTS

triggering from the first voltage threshold 0.4 + 800kV AC configurable
triggering from the second voltage threshold 0.4 + 1000kV AC configurable
first time interval of voltage registration 0+ 100ps configurable
second time interval of voltage registration 0.1+ 26ms configurable
rate of voltage changes resulting in oscillogram registration 1 + 2000kV/us configurable
measuring range of effective phase voltage 0 + 1000kV AC -

sampling rate 2 500 000 samples /sec as standard
frequency measurement range 46 + 54Hz -
measurement input resistance 5MOhm =

Power supply

PARAMETER VALUE COMMENTS

supplying voltage 230/220V AC/DC =
range of acceptable supply voltage fluctuations class AC3/DC3 (-20 + + 15%) PN-EN 60870-2-1
power consumption 10w =

Electromagnetic compatibility

PARAMETER STANDARD TEST LEVEL

electrostatic discharges (ESD) PN-EN 61000-4-2 level 4 15KV - in air, 8kV - contact, class A
immunity to electromagnetic field PN-EN 61000-4-3 level 4 10V/m 80MHz, 80MHz..1GHz 80%, class A
surges 1,2/50 - 8/20us PN-EN 61000-4-4 level 4 4.0 kVp

immunity to conducted disturbances PN-EN 61000-4-5 level 4 class A

immunity to fast transients PN-EN 61000-4-6 level 4 +4.0 kV, class A

immunity to magnetic field PN-EN 61000-4-8 class A

voltage sags PN-EN 61000-4-11 60% during t=1s, class A

power supply interruptions PN-EN 61000-4-11 100% during t=1s, class B
electromagnetic emission PN-EN 61000-6-4 30MHz < f < 1GHz, class A

Environmental conditions

PARAMETER STANDARD TEST LEVEL

temperature of operation: -25°C up to 55°C ~ PN-EN 60688 grupa Il -25°C up to 55°C, 96-hours testing
temperature of transportation: -40°C up to 70°C  PN-EN 60870-2-2, class Ct2 -

temperature of storage: -40°C up to 70°C  PN-EN 60870-2-2, class C3 -

water and dirt ingress protection PN-EN 60529:2006 IP51
humidity PN-EN 60870-2-2 class Cm 10+95 %
vibrations PN-EN 60870-2-2 class Cm duration of 1/2 sine wave 11 [ms]

max. acceleration 300 [m/s?]

Measuring probe parameters

PARAMETER CPT-001-112 CPT-001-212

nominal operating voltage (AC) 50 + 80V 50 + 80V

nominalna operating frequency 50Hz 50Hz

input impedance / type of connecting wire 50 Ohm / Rg400 50 Ohm / Rg400

Type of connector on CPT probe side / on SMT-10x UTS / BNC male UTS / BNC male
dimensions (I x @) / type of thread 55 x 78mm / M16x1.5 85 x 48mm / M16x1.5
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