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Material Copyright

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

ÅThe 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

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

ÅReference material used should be cross checked for 
accuracy and relevance before being used in any designs.
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Network Sensor and System 
Monitoring Technologies Agenda

ÅApplication of Sensor Information

ÅSensor Technologies

ÅSensor Developments

ÅCommunication and Sensor Data Collection

ÅSecurity

ÅPower Harvesting

ÅAlgorithms and Data Visualization
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Transmission Line and Substation 
Challenges

Å Existing transmission lines and substations are aging while the required 
reliability is increasing and the availability of clearance to perform 
maintenance is decreasing.

Å Need to maximize the utilization of the system, and thereby operate closer 
to the edge of reliability

Å Need to increase the available capacity of the existing transmission system
Å An increasing penetration of distributed generation and power electronics 
Å The shift to an intelligent grid with less traditional oil and iron-ore 

equipment and to more controllable solid-state and SF6 technologies. This 
new fleet of components will include automated smart diagnostics and 
condition assessment enabling the shift from resource-intensive time-
based maintenance to more cost-effective condition-based maintenance.

Å Need to integrate increasing amounts of renewable energy. These sources, 
especially wind, can be highly variable, intermittent and unpredictable.
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Application of Sensor Information

ÅOperations ςreal-time power flow especially with DG
Å Safety - monitoring and communication of equipment conditions 

continuously
Å Personnel Deployment to prevent or repair an outage
Å Condition Based Maintenance - enables maintenance actions to be 

initiated at appropriate times
Å Asset Management - improved knowledge of the condition of 

equipment and stresses that they have been subjected to
Å Increased Asset Utilization - real time knowledge of the 

components condition allows for higher dynamic ratings
Å Forensic and Diagnostic Analysis ςsensors provide the information 

needed to identify the root cause
ÅOperations Improvement - increased utilization of the grid is 

possible if contingency analyses performed probabilistically
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Sensor Technologies

ÅCurrent

ÅVoltage

ÅPhase

ÅFrequency

ÅInsulation

ÅTemperature

ÅSmart Sensors
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Low Resistance Current Shunt

ÅCurrent shunt is the lowest 
cost solution

ÅOffers good accuracy

ÅHeat prop i2

ÅThe parasitic inductance of 
the shunt must be 
considered when performing 
high precision current 
measurements 
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Phase Shift Caused by Self-inductance 
όнƴI κ нллҡҠ {Ƙǳƴǘύ
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Current Transformer (CT)

ÅTransformer which converts the primary current 
into a smaller secondary current. 

ÅCT is the most common sensor

ÅCT can measure up to very high current and 
consumes little power

ÅCT typically have a small phase shift associated 
with it (0.1°-0.3°) due to the magnetizing current

ÅCT ferrite material used in the core can saturate 
at high current
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Hysteresis Curve of a Ferrite Material
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CT Saturation

ÅCT saturation can occur when current surges 
ōŜȅƻƴŘ ŀ /¢Ωǎ ǊŀǘŜŘ ŎǳǊǊŜƴǘΣ ƻǊ ǿƘŜƴ there is 
substantial dc component in the current (e.g. 
when driving a large half-wave rectified load)

ÅSolution to the saturation problem is to use 
ferrite material with very high permeabilitysuch 
as using Mu-metal core. 

ÅThis ǘȅǇŜ ƻŦ /¢Ωǎ has inconsistent and larger 
phase shift compared with the conventional iron 
ŎƻǊŜ /¢ΩǎΦ
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Hall Effect Sensor

ÅThere are two main types of Hall effect sensors: 
open-loop and closed-loop implementation. 
ÅMost Hall effect sensors found in energy meters 

use open-loop design for lower system cost. 
ÅHall effect sensor has outstanding frequency 

response and is capable of measuring very large 
currents
ÅThe output from Hall effect sensor has a large 

temperature drift and it usually requires a stable 
external current source. 
ÅNeeds a power supply ςhigher cost than CT
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Current Sensing - Hall effect & Induction 

http://www.nktechnologies.com/current-sensing.html
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Rogowski Coil

ÅA simple Rogowski coil is an inductor which has mutual 
inductance with the conductor carrying the primary 
current. 

ÅRogowski coil is typically made from air-core coil so in 
theory there is no hysteresis, saturation, or non-linearity

ÅThe basic operating principle of a Rogowski coil is to 
measure the primary current through mutual inductance

ÅThe Rogowski coil relies on measuring magnetic field 
which makes this type of current sensor susceptible to 
external magnetic field interference compared with the 
CT
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Linearity Accuracy of Rogowski Coil
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Rogowski Coil to Measure AC or Fast 
Transient Currents

ÅSimple to retro-fit - the clip-around sensor is thin, 
lightweight, flexible and robust
ÅCoil size is not dependant on the magnitude of the 

current 
ÅNon-Intrusive 
ÅWide-bandwidth with predictable frequency response, 

ideal for power quality measurement or monitoring 
complex waveforms
ÅGalvanic isolation
ÅExcellent linearity
ÅCapable of huge overload currents without damage
ÅImmune to DC Currents
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Comparison of Current Sensing Technologies 
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Magneto-Optical (MO) Effect

ÅMagneto-optical phenomenon is an interaction 
between light and a magnetic field. 

ÅThe Faraday effector Faraday rotationis a 
magneto-optical phenomenon
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Fibre Optic Current Sensor (FOCS)

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

ÅWith FOCS replacing the conventional current 
transformer  the engineering and design of the 
substation is simplified, since one FOCS replaces many 
current transformer cores. 

ÅSince utilizing FOCS reduces the material needed and 
eliminates the need of additional insulation medium, a 
420 kV DCB with integrated FOCS can reduce a 
ǎǳōǎǘŀǘƛƻƴΩǎ ŦƻƻǘǇǊƛƴǘ ǿƛǘƘ ƻǾŜǊ рл% compared to a 
conventional solution of live tank breakers with 
disconnectors and current transformers
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DC Breaker with FOCS

http://en.wikipedia.org/wiki/File:DCB_with_FOCS.jpg

http://upload.wikimedia.org/wikipedia/commons/b/bf/DCB_with_FOCS.jpg
http://upload.wikimedia.org/wikipedia/commons/b/bf/DCB_with_FOCS.jpg


Slides Compiled from Various Sources by TLC Engineering Solutions (Pty) Ltd

Voltage Transformer (VT / PT)

ÅSimilar to conventional  transformer with care 
to minimise errors and power transformed is 
low

ÅInput to output proportional to turns ratio

ÅWidely used
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Equivalent Circuit Model of a Voltage 
Transformer
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VT Errors

ÅVoltage (Ratio) errors

ÅBurden errors

ÅPhase angle errors

ÅSaturation

ÅFrequency Response
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Normalized VT Voltage Ratio vs. Phase 
Shift Angle

Phase Shift (degrees)
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VT Ferroresonance
Å{ǘŀǊ ŎƻƴƴŜŎǘŜŘ ±¢Ωǎ ƻƴ ǳƴƎǊƻǳƴŘŜŘ ǇƻǿŜǊ 

systems
ïVT is inductive

ïCapacitance to ground

ïFerroresonance can occur when XL = XC

ÅCauses higher VT voltages and saturation
ïResults in higher VT currents

ïOverheating

ïVT Failure

ÅAdd damping resistor
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Resistive Potential Divider
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Capacitive Voltage Divider
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The Electro-Optic (EO) Effect

ÅThe electro-optic (E-O) effect is a 2nd-order 
nonlinear optical effect that results in a 
refractive index that is a function of the 
applied electric field (voltage)

Pockels Effect Kerr Effect
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Optical Voltage Sensors (OVS)

ÅCan use conventional sensor with optical 
output

ÅUse linear electro-optic (Pockels) effect ς
essentially electric field sensors

ÅVarious means of getting relationship between 
applied voltage and electric field
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170 kV Circuit 
Breakers with 

Integrated 
Optic 

Transducers
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Phasor 

ÅPhasor: A sinusoidal signal can be represented 
by a cosine function with a magnitude A, 
frequency ̟ , and phase ̅

5
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Phase Measurement

ÅAngle between voltage and current represents 
flow of active and reactive power

ÅAngle between voltage or current 
measurement devices at various parts of the 
grid can be used to detect abnormal 
waveshapes or fault conditions
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Phase Angle Difference (˒ ) of Voltage Sinusoids 
at the Ends of a Transmission Line
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Power Flow

ÅTwo factors determine power flow: the 
impedance of a line and the difference in the 
instantaneous voltages at its two ends

ÅThe power flow on a line varies directly with 
the phase angle difference (or more precisely 
the sine of the phase angle difference) and 
inversely with ǘƘŜ ƭƛƴŜΩǎ ƛƳǇŜŘŀƴŎŜ
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Synchrophasor

ÅP,Q flow can be computed from the 
synchronized measurement of the adjacent 
bus voltage phasors at the same time instant 

ÅThe two voltage phasors have to be measured 
at exactly the same time 
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Phasor Measurement Unit (PMU)

ÅPMU) has been defined ōȅ ǘƘŜ L999 ŀǎ άŀ 
device that produces Synchronized Phasor, 
Frequency, and Rate of Change of Frequency 
(ROCOF) estimates from voltage and/or 
current signals and a time synchronizing signal

ÅPhasor Measurement Unit (PMU) ςA 
transducer that converts three-phase analog 
signal of voltage or current into 
Synchrophasors
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PMU Measurements

ÅPMUs measure (synchronously): 

ïPositive sequence voltages and currents 

ïPhase voltages and currents 

ïLocal frequency 

ïLocal rate of change of frequency 

ïCircuit breaker and switch status
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PMU Instrumentation
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PMU Deployment
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Insulation

ÅThere could be no electrical power 
distribution without electrical insulation

ÅThe higher the potential, the greater the level 
of insulation required

ÅThe life span and consequently the ability of 
electrical equipment to operate reliably is 
fundamentally determined by the condition of 
the insulation.
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Insulation Measurement

ÅOffline
ïInsulation Resistance

ïAC and DC overvoltage testing

ïDissipation Factor / Loss factor / Tan ʵ

ïSurge and impulse tests

ïPartial Discharge (PD)

ÅOn-line
ïPD

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

Å PD  has  been  detected  using  a  wide  range  of sensor 
technologies  including  acoustic,  ultrasonic, infra-red  and  
electrical.  

Å Each  of  these  sensors requires  physical  contact  with  the  plant  
being monitored and each item of plant, therefore, requires (at 
least) one dedicated sensor

Å The pulse-like nature of  PD  and  their  short  duration  results  in  
radio frequency  (RF)  components  which  are  readily radiated  
either  from  the  discharge  site  directly  or from  conductors  
leading  away  from  the  site.  

Å This makes possible the wireless detection of PD using an 
appropriate, broadband, radio receiver.

ÅWireless  detection  of  PD  using  a  radio receiver  has  the  
advantage  that  no  physical connection  need  be  made  to  HV  (or  
any  other) equipment
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Substation Wide Antenna Arrays


