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VRapid installation for instant intelligence
VVersatile applications
VIndustry leader
VSmart Grid Monitoring Compatibility
VPower Quality Functionality
VSuperior Remote Communication Options
VInternational Protocol Compatible

Line Monitoring
back



Smart Power Monitoring

ÁPRODUCT BACK GROUND

üFourth generation design with over 15 years line monitoring experience.
üWidely adopted throughout North America, Oceania, Asia Pacific & Europe. 
üRobust Australian design & manufacturing.

ÁDESIGNED FOR THE UTILITY CUSTOMER WITH OUTSTANDING FEATURES

üRapid live line installation up to 138kV minimising installation costs. 
üIntuitive software for quick and effective identification of troublesome networks.
üHigh speed flexible communication  module options to suit your network.
üCompatible with international protocols for direct connection to control/SCADA systems.
üDesigned to international standards.
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System Components
back

1. Sensing & Detection

Å LTCMSConductor Mount Sensor

Å Monitoring current, conductor & 
ambient temperature 

Å Time stamped Event and Load data

3. Data Management & Analysis

Å View load, fault and outage data

Å Analytical and export tools

Å LineViewAnalysis software

2. Wireless Communications

Å Low powered radio communications

Å Wireless configuration & downloading

Å LT-DataLINKand LineMansoftware

Data Management & 
Analysis

On-Site Wireless 
Communications

Sensing &

Detection
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Remote Data 
Communications
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ÅLT Conductor Mount Sensor
ï Adaptive sensing of I & V

ï Ambientand conductortemperature logging

ï Load logging up to 3,000 amps

ï Fault logging up to 25,000 amps

ï Voltage rating up to 132kV

ï Outage detection and logging

ÅUnique features
ï Solar and battery power (7yrs)

ï Rapid live line installation

ïWireless download while installed

ï Local and remote monitoring

ï Flexible communication (3G/NextG/SAT/Zigbee/Wifi,etc)

ï Compatible with international protocols for direct connection to 
control/SCADA systems

Sensing & Detection



Logged and Event Data

LOGGED DATA

ωI & V sensors adapting to line conditions
ωAuto-Event Capture Thresholds

ωFault Current
ωPower Off
ωPower On

ωAmbient and conductor temperature
ωPower Factor

EVENT DATA

ω60-second Event profile
ωPre, fault & post measurements
ωProtection and outage measurements
ω10-cycles of Fault waveform

* Stored in a partitioned rolling memory.
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Å Event Trigger and profiling principles

Time

Current

5 Sec Avg

Trigger point

End of Event record (60secs)

Beginning of 

fault trigger

Saved values based on threshold bandwidth

Samples recorded on upper threshold 

Samples recorded on lower threshold

High current recorded (2 x 5 Sec Avg,)

5 Sec average  value prior to trigger:

Current value after 60 seconds from 

trigger time:

Event trigger & Profiling Principles



Outage Management Support
ÅIdentifying fault paths minimizing outage times

ÅPreventative outage management 

ÅReliability performance data (SAIDI, CAIDI SAIFI & MAIFI)

Network Planning
ÅPeak load monitoring

ÅDemand Side Management

ÅInvestment planning

ÅTemperature monitoring to enable dynamic rating of lines

Asset Protection
ÅSubstation transformer monitoring

ÅBreaker and reclosermonitoring

Condition Monitoring
ÅIdentifying problem areas, i.e. Tree Trimming,

ÅLocating the cause of an outage

ÅEarth leakage monitoringApplications
back



Local Load & Fault monitoring
3xCMS units installed on 44Kv line

Installation Example



Local Load & Fault monitoring
3xCMS units and installed at substation

Installation Example



Load & Fault monitoring
3xCMS units installed at substation

Installation Example



 

 LineTracker Indication Chart 
Xenon Flash (1 flash every  4 to 8 seconds - fast by day, slow at night) 
   

Fault with Sustained outage - resets after 4 

hours * (Red LED backup starts, as below) or on 
voltage return (Red LED changes to 2 flashes, i.e. 
transient) 
 

Red LED (10 seconds between flash bursts) 

                                   No of Flashes     

3                  Fault with Sustained Outage  

                               2    Fault with Short Interruption    

                                1                  Fault detected with no interruption  

                                     0              No fault 

 

Amber LED (30 seconds between flash bursts) 

                    

                   3   No volts present on conductor   

2 Volts on, low load current detected** 
1  Normal Operating Conditions   

                                                  0                  Check battery volts with LTC30. If OK, return for service 

 

* To vary reset times, or set Xenon flash for transient faults etc., consult operating instructions 
** Depends on configuration and mounting distance, but usually less than 5 amps 
 

 

 

 

Visual Indication



Example 1Permanent Fault 

Current

Time
T=0s T =60s

Voltage

Time

Event Capture - 60sec

T=0s T =60s

Å Fault detected with sustained outage

Possible cause ςPole down or tree on line

Indication

Red Led flash burst 
every 10 seconds

Amber Led flash 
burst every 30 
seconds

Time, manual or line 
restoration reset



Example 2 Momentary Fault

Current

Time
T=0s T =60s

Å Fault detected with momentary interruption

Voltage

Time
T=0s T =60s

Event Capture - 60sec

Possible cause ςTree branch touching or birds

Indication

Red Led flash burst 
every 10 seconds

Amber Led flash 
burst every 30 
seconds

Time or manual 
reset



Example 3 Self-Clearing Fault

Current

Time
T =60sT=0s

Voltage

Time

T=60sT=0s

Event Capture - 60sec

Å Fault detected without interruption

Possible cause - Cracked insulator or frayed wire

Indication

Red Led flash burst 
every 10 seconds

Amber Led flash 
burst every 30 
seconds

Time or manual 
reset



LineTracker Summary

ÁLineTracker
üFocussed on providing a flexible and scalable solution for bringing instant intelligence 
to your network.
üCan be used in conjunction with other GridSense solutions to provide 360 degree 
network coverage. 
üRapid live line installation to minimise impact and cost (30 min install per site).
üSmart, accurate monitoring system to provide reliable data on your networks 
reliability and performance. 

ÁGridSense
üIndustry specialist with over 30 years experience.
üCustomer feedback used to create intuitive smart utility solutions.
üProduct currently used by major global organisations including:

ÅETSA (Australia)
ÅSouthern Electric (USA)
ÅPowerCo(NZ)
ÅScottish Power (UK)
ÅESKOM (South Africa)
ÅNPC (Philippines)

back



GridSense Platforms



Power Quality Solutions

VCover All Failure Modes
VDesigned for Retrofit
VSubstations & Distribution
VProgramming Simplicity
VWeb Data Access

back



Rugged Design

Á MONITORING FEATURES

Å Top & Bottom Oil Temperature 

Å Oil Moisture/Humidity

Å Calculated WHS modeling

Å WHS ςFiber Optic probes

Å Load Current Logging

Å Voltage and PF modeling

Å Cooling System Control

Å Insulation Loss of Life modeling

Å LTC Differential Temperature 

Å LTC Position recording 

Å LTC Motor current recording 

Å Core Ground Fault Current

Å Bushing Monitoring

Å DGA Monitor Trending

back

ÁAPPLICATIONS

Å Substation Transformers
Å Distribution Transformers
Å Vaults & Multiple Units
Å Distribution Switching & Feeders

ÁDATA ACCESS

Å Display Interface ςno manual needed
Å Software ςagain, no manual, no cost
Å Web Hosting & Email Alerts



ÁADDRESSING ALL FAILURE MODES

Through Faults

Insulation Deterioration

Inadequate Maintenance

Moisture

Loose Connections

Workmanship

Overloading

All Others

ÁMost failures  can be 
prevented with continuous 
condition assessment.

2%

3%

6%

6%

11%

13%

22%

12%

25%

William H. Bartley, P.E. The Hartford Steam Boiler 
Inspection and Insurance Co .; 2008



ÁALARM ANNUNCIATION

Å Map any/all alarms (48+ possible) to any 
discrete relay to RTU

Å Programming time delays & latching as 
with familiar annunciators

Å Report status on easy, walk-up display

ÁARCHIVING

Å Alarms time-stamped to 1 second
Å Last 100 alarms stored  & accessible by 

keypad or Excel download
Å Last occurrence of each alarm also saved



ÁLOAD LOGGING

Å Up to 12 windings
Å Voltage and power factor (TIQ 

EXCLUSIVE!)
Å Current transformers or Rogowski coils 

accepted (TIQ EXCLUSIVE!)
Å Store hourly loads for 30 days
Å Store average monthly load for one year
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ÁCALCULATED HOT SPOT

Å Up to 12 windings in 6 different tanks (TIQ 
EXCLUSIVE)

Å Perform ANSI/IEC standard calculations using 
variable winding exponents  1.6-2.0

Å Hotspot = Topoilltemp+ (A-E)*loadfactor^2m

Oil Depth

ÁC Rise

Oil Temperature

Winding Temperature

8065

A-E= 

ñCopper

Riseò

A D E

C

B

A - Top Oil (Measured)

B ïBottom Oil (Measured)

C ïAverage Winding (Measured)

D ïIdeal Hot Spot Temperature

E ïTrue Hot Spot Temperature

(Reported for each winding

on Transformer test report)



ÁDIRECT MEASURED HOT SPOT

Å Access 3rd party fiber optic controllers as slaves 
on RS485 via MODBUS

Å Smallest temperature error
Å Excellent long term reliability as well as durable 

sensors for new transformer installation
Å Only technology that cannot be retrofitted

Photo courtesy of 
Photon Control Inc.
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ÁDEFINING INSULATION LOSS OF LIFE

Å Loss rate = (10^(B/383))/(10^(B/(Hotspot°C+273))), where B=17000 per ANSI C57.92

Å Nominal loss( 180,000 hrs=20.54 yrs) at 110°C 

Å Custom relationship allowed (TIQ EXCLUSIVE!)

Å Notice that <80°C has virtually no life lost while >140°C is above flash point of oil



ÁLOSS OF LIFE CALCULATION

Å Store time spent at each temperature to recalculate entire life lost

Å Store for 12 different windings on different transformers

Å LOL is extrapolated back to transformer install date



ÁDISSOLVED GAS & MOISTURE TRENDING

Å Integrate 3rd party sensors via analoginput or 
MODBUS

Å Single system then reports all data to SCADA

Å Trend total combustible gases, moisture or 
independent gases (Newly integrated to TIQ)



ÁLTC POSITION FEEDBACK AND TRENDING

Å Tap changes per position recorded to better interpret  LTC usage and maintenance

Å Determine proper de-energized tap changer placement (Too many ops above or below neutral)

Å Sense incomplete tap change  at time of command (LTC Command Failure Alarm)

Å Determine excess daily operation or narrow bandwidth (Hunting & Excess Operations alarms)
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ÁLTC MOTOR CURRENT PROFILING 

Å Motor time-current profile should be constant in size & duration

Å Symptomatic of motor failure, mechanism binding, or contact wear

Å Can be compared with each tap change and analyzed over time



ÁLTC-MAIN TANK TEMPERATURE 
HEAT TRANSFER

Å Ideally no heat should be generated 
inside LTC compartment

Å Main Tank-LTC tank oil temp difference 
senses this heat flow

Å Heat flow will vary with transformer 
loading

Å Slowed or reversed heat flow 
symptomatic of contact heating



ÁCORE GROUND FAULT ENERGY SENSING

Å Fault point completes path for current to flow 
through tank wall

Å Gases can be generated from breakdown of 
oil (can be low or high energy)

Å Can be continual current or sputtering

Å Transformer monitors on a half-cycle basis 
and records maximum value in last second, 
hour over last month, and month over year

Å Core ground alarm signal alarm threshold 
reached

Å Rogowski coils is attached over external 
core ground bushing when available



ÁBUSHING CONDITION MONITORING

Å Gridsense recently acquired On-Line Monitoring 
Inc., with over 3000 bushings of experience

Å!ǇǇƭƛŎŀōƭŜ ǘƻ ŎŀǇŀŎƛǘƻǊ ƻǊ άŎƻƴŘŜƴǎŜǊέ ōǳǎƘƛƴƎǎ

Å System continually looks for changes in power 
factor between 3-bushing sets

Å Continuously comparing bushings negates 
temperature & moisture variations

Å Alarm is dispatched upon reaching alarm threshold

Å Power factor refers to 
measurement of resistive 
leakage current, IR



ÁCOOLING CONTROL & MONITORING

Å Fan contactor counters to sense control issues

Å Cooling stage hour meters to sense fan usage

Å Daily exercising to free bearings and sense fan 
problems in winter rather than first hot day

Å Daily stage swap to even usage of each stage

Å Expectation of current draw at each fan stage 
Main Control Cabinet

AC Current 
Transducer

3-stage

Cooling 

(Fan or pump)

Controls



ÁCOOLING EFFICIENCY (HEAT TRANSFER)

Å Heat flow = Transfer Coefficient * ( Average case temp ςAmbient temperature)

Å Transfer Coefficient should be constant if transformer is cooling properly

Å Gridsense has a patent on calculated and trending this heat transfer coefficient 
and trending against changing load and environmental conditions

Å An alarm is triggered when the heat transfer degrades below threshold value

Tank Oil Adjacent to Coils

Oil Depth

ÁC Rise

8065

Top OilRadiator Oil

Radiator

s

Top Oil

RTD

Top Oil

RTD

Bottom Oil RTD



ÁDISTRIBUTION TRANSFORMER APPLICATION

Å Compact size fits compartment

Å Identify fault phase & magnitude

Å Asset loss of life back to install

Å Data logging used to determine asset utilization

Å Voltage, current, power factor  measured

Å Distribution power reading for theft detection

Å Hand-held display for quick programming & data

Å 600VAC  powered with ride-through energy storage



ÁMULTIPLE TRANSFORMER/VAULT 
APPLICATION

Å Assign up to 12 windings to 6 different 
transformer tanks

Å Winding hot spots calculated 
independently

Å Insulation life lost calculated per winding

Å Voltage and power factor captured on all 
windings

Å Termination enclosure (break-out-box) 
allows for permanent utility connection 
point while maintaining quick disconnect 
of processor or any component



ÁFEEDER MONITORING APPLICATION

Å Enclosure attaches magnetically inside compartment

Å Monitor up to 4 feeders 

Å Rogowski coils attach easily  around insulated cables

Å Capture fault as short as ½ cycle

Å Record fault magnitude and identify feeder



ÁDISTRIBUTION MONITORING EQUIPMENT



ÁSUBSTATION TRANSFORMER APPLICATION

Å Comprehensive monitoring of all failure modes

Å Designed for retrofit ςeven re-deployable

Å Easy to configure to complex units with simple 
Q&A wizard

Å Easily locate in any existing enclosure or use 
best-in-industry stainless cabinet

Å Walk-up display requires no manual

Å LCD keypad can be mounted in adjacent cabinet 
panel cut-out or mounted in control room



ÁSUBSTATION TRANSFORMER APPLICATION EQUIPMENT



ÁDASHBOARD SOFTWARE

Å Access data from serial 
connection or any 
number of networked 
units simultaneously

Å Modify set points

Å Excel sync for 
programming or 
comprehensive data 
download

Å Configurable archiving 
period

Å Perform firmware 
upgrades



ÁPROGRAMMING & DATA RETRIEVAL MADE EASY

Å English Q&A 
Programming

Å Comprehensive 
graphing

Å Import to reports



ÁWEB DATA HOSTING
Å Units report on schedule and by exception through secure VPN connection

Å Email alerts dispatched upon receiving new alarm or when unit fails to report on schedule

Å User logs on through regular browser to see details of fault, time of event and all regular data

Å Extremely cost effect at less than the price of a cell phone bill ςapproximately $35/month








































































