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Material Copyright

A This course was compiled using material from a variety of
sources. These are listed in the reference section.

A The reference material includes textbooks, articles from
various journals, national and international standards,
utility and end user codes of practise and standards, power
research institute presentations and manufacturer white
papers, presentations and datasheets

A The material is copyright as per the various authors and is
provided for personal study purposes.

A Reference material used should be cross checked for
accuracy and relevance before being used in any designs.




Network Sensorlnd System
Monitoring Technologies Agenda

A Application of Sensor Information

A Sensor Technologies

A Sensor Developments

A Communication and Sensor Data Collection
A Security

A Power Harvesting

A Algorithms and Data Visualization
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Transmission Line and Substation
Challenges

Existing transmission lines and substations are agmbg the required
reliability is increasing and thesrailabilityof clearance to perform
maintenance islecreasing

Needto maximize the utilization of the system, atieerebyoperate closer
to the edge of reliability

Needto increase the available capacity of the existiransmissiorsystem
Anincreasing penetration of distributed generatiand power electronics

Theshift to an intelligent grid with less traditionall and ironrore
equipment and to more controllablgolid-state and SF6 technologies his
new fleet ofcomponentswill include automated smart diagnostics and
condition assessment enabling the shift fro@sourceintensivetime-
based maintenance to momosteffectiveconditionbased maintenance.

Needto integrate increasing amounts of renewalaeergy These sources,
especially wind, can be highhgriable intermittent and unpredictable.




Application of Sensdnformation

A Operationsc reaktime power flow especially with DG

A Safety- monitoringand communication of equipment conditions
continuously

A Personnel Deployment to prevent or repair an outage

A Condition Baseaintenance- enables maintenance actions to be
Initiated at appropriate times

A AssetManagement improvedknowledge of the condition of
equipment and stresses that they have been subjected to

A Increased Assdttilization- real time knowledge of the
components condition allows for higher dynamic ratings

A Forensic and Diagnost#malysi; sensors providé¢he information
needed to identify the root cause

A Operationsmprovement- increasedutilization of the grid is
possible if contingencgnalyses performed probabilistically




SensoiTechnologies

A Current

A Voltage

A Phase

A Frequency

A Insulation

A Temperature

A Smart Sensors




Low Resistance Current Shunt

A Current shunt is the lowest
costsolution

A Offersgoodaccuracy oot ‘ Lsh
A Heat prop?

A Theparasitic inductance of
the shunt must be
considered whemerforming
high precision current
measurements
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Phase Shift Caused by Setuctance
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Current Transformer (CT)

A Transformemvhich converts the primary current
Into asmallersecondary current. 7 xnN,=1,xN,

A CTis the most commoisensor

A CT can measure up to very high current and
consumedittle power

A CT typically have a smpahaseshift associated
with 1t (0.1°-0.3°) due to themagnetizingcurrent

A CTferrite material used in the core can saturate
at high current




HysteresiCurveof aFerrite Material
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CT Saturation

A CT saturation can occur when current surges
0SEe2yYR | [/ ¢ Q& NIther8i® Od:
substantial dc component in the current (e.g.
when driving a large halfaverectified load)

A Solutionto the saturation problem is to use
ferrite materialwith very highpermeabilitysuch
as usingMu-metal core.

A Thisi & LIS BaSincéngistat and larger
phase shiftomparedwith the conventionalron
OZNBE [/ ¢Qad




Hall Effect Sensor

A There are twamain types of Hall effect sensors:
openloop and closedoop implementation

A Most Hall effect sensors found in energy meters
use openloop designfor lower system cost.

A Halleffect sensor has outstanding frequency
responseandis capable of measuring very large
currents

A Theoutput from Hall effect sensor has a large
temperaturedrift and it usually requirea stable
external current source.

A Needs a power supplyhigher cost than CT




CurrentSensing Hall effect& Induction
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Rogowsk(Coll

A A simple Rogowski coil is an inductor which has mutua
Inductance with theconductorcarrying the primary
current.

A Rogowskcoil is typically made frorair-corecoil so in
theory there is no hysteresis, saturation,mn-linearity

A The basic operating principle of a Rogowski coil is to
measure the primary currerthrough mutual inductance

A The Rogowsldoil relies on measuring magnefield
which makes thisype of current sensor susceptible to
external magnetic fielthterference compareavith the
CT




LinearityAccuracyof RogowskColl
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RogowskCoilto MeasureAC orfFast
Transient Currents

A Simple toretro-fit - the clip-aroundsensoris thin,
lightweight, flexible andobust

A Coil size is not dependant on the magnitude of the
current

A NonIntrusive

A Wide-bandwidth withpredictable frequency response,
ideal for power gquality measurement or monitoring
complexwaveforms

A Galvanidsolation

A Excellentinearity

A Capable ohugeoverload currents withoutlamage

A Immune to DC Currents




Comparison oCurrent Sensing Technologie

Current Sensing Low resistance Current HallEffect | Rogowski
Technology current shunt Transformer Sensor Coil
Cost Very Low Medium High Low
Linearity over Very Good Fair Poor Very Good
measurement range
High Current Very Poor Good Good Very Good
measuring capability
Power consumption High Low Medium Low
DC/high current No Yes Yes No
saturation problem
Output variation Medium Low High Very Low
with temperature
DC oftset problem Yes No Yes No
Saturation and No Yes Yes No

Hysteresis problem




Magneto-Optical (MO) Effect

A Magnetooptical phenomenon ian interaction
between light and a magneticeld.

A TheFaraday effecor Faraday rotations a
magnetcaoptical phenomeno
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FibreOptic Current Sensor (FOCS

A In 2013 ABB launched a 420 kV Disconnecting Circuit
Breaker with integrated FOCS.

A With FOCS replacing the conventional current
transformer the engineering and design of the
substation is simplified, since one FOCS replaces man
current transformer cores.

A Sinceutilizing FOCS reduces the material needed and
eliminates the need of additional insulation medium, a
420 kV DCB with integrated FOCS can reduce a
adzoaul 0AZ2Y Qa T 2ZcanpiNddyoia o
conventional solution of live tank breakers with
disconnectors and current transformers




DC Breaker with FOCS
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http://upload.wikimedia.org/wikipedia/commons/b/bf/DCB_with_FOCS.jpg
http://upload.wikimedia.org/wikipedia/commons/b/bf/DCB_with_FOCS.jpg

Voltage Transformer (VT / PT)

A Similar to conventional transformer with care
to minimise errors and power transformed Is
low

A Input to output proportional to turns ratio

E, _ N
E, N,

A Widely used




Equivalent Circuit Model of a Voltage
Transformer
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VT Errors

A Voltage (Ratio) errors
A Burden errors

A Phase angle errors

A Saturation

A Frequency Response




Normalized V' Voltage Ratio vs. Phase
Shift Angle
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VTEFerroresonance

Pal o Vd Pal h
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systems
I VT Is inductive
I Capacitance to ground
I Ferroresonance can occur when=X¢
A Causesigher VT voltages and saturation
I Results in higher VT currents

I Overheating
I VT Fallure

A Add damping resistor




Resistive Potential Divider
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The ElectreOptic (EO) Effect

A The electreoptic (EO) effect is 2nd-order
nonlinear optical effect that results m
refractiveindex that is a function of the
applied electric field (voltage)

’7(E)* n(E)

0 ? 0 E
Pockels Effect Kerr Effect




Optical Voltage Sensors (OVS)

A Can use conventional sensor with optical
output

A Use linear electraptic (Pockels) effeat
essentially electric field sensors

A Various means of getting relationship between
applied voltage and electric field




170 k\VCircuit
Breakers with
Integrated
Optic
Transducers
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Phasor

A Phasor: A sinusoidal signal canrbpresented
by a cosine function with a magnitude A,
frequency. , and phase
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Phase Measurement

A Angle between voltage and current represents
flow of active and reactive power

A Angle between voltage or current
measurement devices at various parts of the
grid can be used to detect abnormal
waveshapes or fault conditions




Phase Angl®ifference () of Voltage Sinusoids
at the Ends of a Transmission Line

Time




Power Flow

A Two factors determine powsdtow: the
Impedance of a line and thdifferencein the
Instantaneous voltages at its twands

A The powelflow on a line varies directly with
the phaseangledifference(or more precisely
the sineof the phase angldifference and
inverselywithd KS f Ay SQa A Y LIS




Synchrophasor

A P,Qflow can be computedrom the
synchronized measuremenf the adjacent
bus voltagghasors at thesame timeinstant

A Thetwo voltagephasors have tbe measured
at exactly the samaéame
_ W, sin(4 — )
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Phasor Measuremeniinit (PMU)

A PMU) has beedefinedo & (G KS L9909
device that produceSynchronizedPhasor,
Frequency, and Rate @hangeof Frequency
(ROCOF) estimates froroltageand/or
current signals and a tim&/nchronizing signal

A Phasor Measuremennit (PMUX A
transducerthat converts threephase analog
signal of voltager current into
Synchrophasors




PMUMeasurements

A PMUs measurésynchronously):

I Positivesequence voltages and currents
I Phasevoltages and currents

I Localfrequency

I Localrate of change of frequency

I Circuitbreaker and switch status




PMU Instrumentation
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PMU Deployment




Insulation

A There could be no electrical power
distribution withoutelectricalinsulation

A Thehigher the potential, the greatehe level
of insulationrequired

A The life span and consequently the ability of
electrical equipment to operate reliably Is
fundamentally determined by the condition of
the Iinsulation.




Insulation Measurement

A Offline

I Insulation Resistance
I AC and DC overvoltage testing
I Dissipation Factor / Loss factor / Fan
I Surge and impulse tests
I Partial Discharge (PD)
A Online
I PD
I Current signature analysis




Inception and Extinction of Partial
Discharge
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On-Line PD Monitoring
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PD Measurement with Wireless
Wideband RF

A PD has been detected using a wide rangeemsor
technologiesincluding acousticultrasonic, infrared and
electrical.

A Eachof these sensomequires physical contact with the plant
beingmonitoredand each item of plant, therefore, requiréast
least) one dedicatedensor

A The pulsdike natureof PD and their short duration results in
radiofrequency (RF) components which are readsdgliated
either from the discharge site directy from conductors
leading away from the site.

A This makegossible the wireless detection of PD using an
appropriate broadband, radioeceiver.

A Wirelessdetection of PD using a radexceiver has the
advantage that no physicannectionneed be made to HV (or
any other)equipment




Substation Wide Antenna Arrays




