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Transmission BPL Proof of 
Concept Demo
November, 2006 – Charleston W VA
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Switch
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Media Converter

Amperion Electronics 
Box

S. Charleston
Station

Coupler

Arrester

CB “G”

Coupler

Arrester

CB “B”

Media Converter

Amperion Electronics 
Box

Distance of 0.6 miles, river crossing



System Components:
1) GE D-60 microprocessor based transmission line protection relay, 

configured for POTT (permissive overreaching transfer trip) scheme

2) RuggedCom RSG 2100 Ethernet switch with managed port  

3) GE WESDAC D-20 ME II RTU

4) RuggedCom RMC-10 media converter (fiber to CAT-5/RJ 45)

5) Arbiter 1093 B satellite clock
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5) Arbiter 1093 B satellite clock

6) Amperion electronics box – Griffin with two BPL communications 
modems 

7) Amperion HV BPL coupler 

8) ABB 69kV station class surge arrester  

Results:  
Successful trip of simulated fault 6 of 7 tries

Provided motivation and justification to start a fu nded R&D project 
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0.766
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Phase 1: Used a line repeater on Pole 41 until April 2009
Further development has since eliminated the need for Pole 41 repeater at 
this installation (but line repeater application is still valid for longer runs)

Phase 2:  Point to point links between stations without repeating
World’s first – a 4.4 mile HVBPL link between Granville and West Granville 
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West Granville shows all 3 BPL links Granville shows all 3 BPL links

BPL Links use 5Mhz bands: 
Channel 2:   8 to 13Mhz
Channel 4: 18 to 23Mhz
Channel 6: 29 to 34Mhz 

Measured Latency is 10 milliseconds end to end
Measured Throughput is 4-7Mbit/sec (9 to 15Mbps PHY )
High system availability – no loss of link communica tions



• ����	���	0��
�!��
• 7���	��������	��
�
�$	���������	"���	

*�"��

�	�
�"�
��	�
�"
�����

• +��
�
���
• �
�"��	���	.�
�/	�
	
������
• ?
	�"��
��	���
�
��		��.�
���

• �����!��

,�����
��

�	�
����
��	�
�"�
��

69kV HV T-Line Class Coupler
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69kV HV Station Class Coupler

69kV HV T-Line Class Coupler
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Phoenix SG-5000

Coax cable assembly
In the switchyard

HVBPL Coupler
Two 200Mbps HVBPL modems
Intelligent switch: 
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Amperion NMS

Monitors HVBPL modems and links - device and link health
Performance graphs: system up time, throughput, latency
Historical reports: daily, weekly, monthly, yearly
Configuration management: DHCP, TFTP, SW upgrade
Diagnostics features: Ping, Netperf, Syslog, SNMP get/walk
Automatic alerts by email are optional
Integration with other management systems is optional   

6 10/100 FE ports
2 1000 GE ports (Fiber)

CPU with Amperion embedded SW
DC powered from station battery
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Relay Test Set
(3 Ph I, V)

x.152x.132x.131 x.151

Setup with Ametek T1 Focus and RAD converter

1. Establish a stable communications channel for each test case and then create a fault using
the RTDS simulator.
2. Repeat 5 times and record times from fault to trip of the Heath and W. Granville relays
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Laptop

Mirrored Bits Mirrored Bits

Coax “69kV Circuit”

L 90SEL 421 L 90 SEL 421
C37.94

W GR
Phoenix

Rad-com IPMUX-24Rad-com IPMUX-24

x.152x.132x.131 x.151

Heath
Phoenix

Laptop

3213 2 1

Port 1 – Protective relay data
Port 2 – Synchrophasor and SCADA
Port 3 – Monitoring and Management (and all the rest)

T1 FocusT1 Focus

Ethernet Ethernet

GR
Phoenix

Coax “69kV Circuit”



Relay Test Set
(3 Ph I, V)

x.152x.132x.131 x.151
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Setup with Ametek BB Focus

1. Establish a baseline with back to back relay tests over serial cable
2. Add serial TDM to Ethernet converters and test over straight Ethernet cable
3. Replace Ethernet cable with HVBPL network and repeat test 
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Mirrored
Bits

Mirrored
Bits

L 90SEL 421 L 90 SEL 421
MM FIBER
ANSI C37.94

x.152x.132x.131 x.151

BB Focus BB Focus

Laptop

Coax “69kV Circuit”GR
Phoenix

Heath
Phoenix

3213 2 1

Port 1 – Protective relay data
Port 2 – Synchrophasor and SCADA
Port 3 – Monitoring and Management (and all the rest)

Laptop

GR
Phoenix

Coax “69kV Circuit”
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RX-1000 RX-1000
AEP WAN

AEP WAN

SEL 321

L 90
SW

D 20 

RMC 30

SW

D 20 

L 90

SEL 321RMC 30
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Test setup: Compare path A (Fiber) to path B (HVBPL)

Fiber
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W Granville Granville Heath 

Phoenix

69kV Circuit 69kV Circuit

Phoenix Laptop

NMS

Telular

Phoenix

NMS

Telular

camera

G.703Mirrored Bits Mirrored Bits

L 90SEL 421 L 90 SEL 421
G.703

BB FocusBB Focus
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System Clock: Adaptive
HS Clock: Adaptive
Clock Recovery: Enabled

TDM-2TDM-1

System Clock: Internal
HS Clock: Internal
Clock Recovery: Disabled

BPL Modem 1

BPL
Repeater

BPL Modem 2

R B

B

Ch. 4 Ch. 5

R

Setup with RAD converters
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Relay-1
GE L90

Relay-2
GE L90

Serial-1
64kbps

Serial-1
64kbps

Requirements:
Max Loop Latency 66ms
Max Asymmetry 1.5ms
Max Asymmetry 10.ms with GPS
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Phoenix
Port 1 Distribution
7620 Data Points
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Measuring 138kV coupler pair Comparing 138kV with 69kV coupler
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Transfer function test from 1Mhz to 40Mhz (HVBPL operating range is 2-34MHz) 
Single coupler  (dark blue line) - losses are less than 2dB from 1MHz to 28MHz 
Coupler pair (light blue line) – losses are less than 10dB from 10MHz to 34MHz
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Lab Test Phase Fault L90 B2B

21.699 ms
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