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NIST Conceptual Model
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Distribution



Example Sensors

HYDAN® 201R model i

HYDRAN® Multi 2010

AQUAOIL® 400

T-MAPϰ3100 Acoustic PD

Temperature

Current

OLTC Motor torque

Tap position

Weather



Transformer Condition Assessment:
Advanced Sensors

On-Line LTC 

Gas-in-oil and 

contact wear

24/7 InfraRed monitoring

3D Acoustic Emission

defect location

On-Line 

Frequency 

Response 

Analysis

Solid-state 

Gas-in-oil sensors
Fiber-optic 

partial discharge 

detection

UHF Partial Discharge

(Future Research)

Benefits
ïReduced cost

ïOnline

ïLess data 
intensive

ïMore accurate

ïImproved 
prediction

Wireless Mesh 

sensors



Disconnect Temperature/Current Sensor Installation



Data collection from backscatter sensors

Interrogator Antennas



RFID-type sensors (backscatter sensors)



Antenna Array Concepts

Waveform 1

Waveform 2
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On Line Infrared systems



Weather monitoring

ÅWind Speed

ÅWind Direction

ÅRain

ÅTemperature

ÅRelative Humidity

ÅBarometric 

Pressure

ÅSolar Intensity



Main Tank 

Models

DGA

Top oil temp.

Load

Acoustic PD

Electric PD

Insulation condition

Hot spot temp.

Moisture in paper

Bubbling temp.

Ageing rate

Cumulative ageing

PD activity

Models for Main Tank

Deriving Information from Data



Integrating IEDs and other monitoring data





Dynamic Line Rating Methods

1. Tension Monitoring

2. Weather Monitoring

3. Sag Monitoring

4. Line Temperature Monitoring

5. Thermal Rate Monitoring

6. New Technologies

7. Integrated Model
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New Technologies

EPRI Vision of 

advanced 

transmission line 

monitoring and 

sensors



Role of Phasor Data in Advanced Applications



Current Reporting PMUs



Planned PMU Installations



Distribution System

Without Distribution Automation

Power Plant

Line 

Switch

N. O.

Tie Switch

Reclosers

Line Switch

Distribution 

Transformer

Line 

Switch Reclosers Line 

Switch

Distribution 

Transformer

Transmission 

Substation

Circuit 

Breaker

Circuit Brealer Line Switch Line Switch

Distribution System without DA



Distribution System

With Distribution Automation

Power Plant

N. O.

Tie Switch

Capacitor

Á IVVC

Á  ECM

Reclosers

Á FLISR

Á ECM

Line Switch

Á FLISR

Á ECM

Distribution 

Transformer

FCI

Line 

Switch Reclosers Line 

Switch

Distribution 

Transformer

Á ECM

Á IVVC

Transmission 

Substation

Circuit 

Breaker

FCI

FCIFCI

Á Peer-to-Peer Spread 

Spectrum Radio

Á Fiber Optics

Á PLC/BPL

Access Communications

Á Cellular

Á 900 MHz

Á 220 MHz

Á Frame 

Relay

Á Satellite

Á Cellular

Circuit Brealer

Á FLISR

Á ECM

Á FCI Fault 

Indicator
Á FCI Fault 

Indicator Line Switch

Á FLISR

Á ECM

House

Á PQ & Load Survey Monitoring

Á Outage Detection

Á Remote Dispatch of DG

Á FLISR

Á ECM

Server

DMS with DA Advanced App

Á FLISR

Á FCI Monitoring

Á Remote Activated ñFuse 

Savingò

Á IVVC

Á Equipment Condition 

Monitoring (ECM)

Á PQ & Load Survey 

Monitoring

Distribution Control Center

Line 

Switch

Legend

Á FLISR ï Fault Location, Isolation & 

Service Restoration

Á FCI ï Faulted Circuit Indicator

Á IVVC ï Integrated Volt/Var Control

Á ECM ï Equipment Condition Monitoring

Á DMS ï Distribution Management 

System

Á DA ï Distribution Automation

Á DG ï Distributed Generation

Distribution System with DA



Challenges

ÅTower of Babel
ïHundreds of communications methods ςmostly 

proprietary, mostly insecure, mostly not scalable

ïEven when standards based, there are multiple 
standards and few well defined information models

ÅDifficult to make the business case to 
integrate and interoperate
ïA historical problem for distribution automation

ïBecoming easier for asset management ςpreventing a 
single large transformer failure can save millions



Thank you!

ÅComments welcome!

ÅFurther questions and comments:
ïerich@enernex.com
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