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Background

A submarine cable system is fed power
from Power Feed Equipment (PFE).
The PFE supplies constant current to
the fiber optic repeaters. There are long-
standing, historical requirements for
PFE including; stable output (constant
current), high reliability (even through
an earthquake), safety, and high levels
of control/diagnostics provided. In the
years of “recovery” after 2002, there were
other requirements added; low-cost, and
less complexity (smaller footprint). Fast
forward to 2006 where the first Spellman-
designed, Single-Bay complete PFE
(Gen3) started shipping out to sites.

The need for more

The Gen3 system is rated for 5kV, which
limits the length of cable that can be
powered. It is not suitable for longer
cable runs (>2000km). Increasing needs
for long cable runs drives the voltage
requirement higher, and advancements
in repeater design drive the current
higher. The higher current for the
repeaters then increases the PFE voltage
requirement even further because
this increases the cable losses (voltage
drop). Based on those needs, the next
generation of PFE, Gen4, was designed
to provide higher voltage, higher current
and higher power for long-haul systems.

Gen4 PFE

Figurel - Gen4 PFE

The Gen4 PFE has a nominal rating of
15kV, 1.5A. This is a substantial increase
in voltage (3x), current (1.5x) and power
(4.5x) as compared to Gen3. The Gen4
PFE is a 3-cabinet design.

The 3 cabinets (from left to right) are as
follows:

PFE Output/Control Bay- Contains the
Local Control Unit (LCU) and Network
Switch Unit (NSU) which work together

to unify the Ethernet communications
amongst all the internal elements of the
PFE, as well as externally, to a Network
Management System for remote

diagnostics and monitoring. Also within
this bay are the sophisticated PFE-
specific functions for output monitoring,
protection, configuration, and polarity
setting.

Figure 2 - Output Monitor Unit (OMU).
Part of PFE Output/Control Bay

Converter Bay - Contains 6 identical
High Voltage Power Converters in an
n+1 configuration. Only 5 Converters are
needed for full voltage/current. If less
than that is required, less converters are
needed to satisfy the requirements.

Test Load Bay - Contains a mixture of
1 Active Test Load (ATL) module and
4 Passive Test Load (PTL) modules.



Figure 3 - Passive
Test Load (PTL)

Figure 4 - Active
Test Load (ATL)

The ATL is a variable electronic load
utilizing an array of MOSFET transistors
operated in their active region. The
PTL is comprised of fixed resistors,
combined with high voltage relays. The
ATL provides the fine control and the
PTL provides the coarse control. These
modules work together to provide a
variable load capable of dissipating
22.5kW continuously.

Similar to the Gen3 PFE, most of the
Field Replaceable Units (FRU) within
the PFE are blind-mating which allows
quick replacement in case of failure.

Additional features

During the design process, it is often
the time to consider additional features
based on customer requests in previous
versions. Below are some features added
during the Gen4 PFE design. These
features are not available in the Gen3
PFE:

* Data Acquisition - The Gen4 PFE
is constantly recording critical
parameters; PFE Voltage, PFE Current,
Ocean Ground Voltage, Station
Ground Current, every 10ms. The
LCU integrated within

critical connection to Ocean Ground
(OG). The current is monitored in
both OG connections. Normally,
those currents should be equal. If they
aren’t, it likely indicates a connection
issue on one of them, which alerts the
user that service is required before it
affects operation of the PFE.

Configurable for multiple voltage
ranges- The Gen4 PFE has a
maximum voltage of 15kV, but it
can be configured (at the factory)
for lower voltage, while keeping the
same current rating (1.5A). Options
of 6kV, 9kV, 12kV, in addition to 15kV
are available. This is accommodated
simply by installing less Converter
and Passive Test Load (PTL) modules

the PFE has the ability to

el

plot this data locally or
it can be sent upstream
(externally) to  the
Network Management ™
system. The internal :
memory within the PFE
allows a rolling queue of
about 1 week of data.

¢ Redundant Ocean
Ground connections-
More and more

customers are requesting
this option. It allows
redundancy in  the
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Figure 5 - LCU Data Acquisition Graphical Interface



(1 converter and 1 PTL less for each
3kV reduction). The system always
contains 3 cabinets. Covering from
6-15kV picks up nicely from where
the Gen3 PFE leaves off (at 5kV)

# of cabinets 1 3
Converter 2n n+1
Redundancy

Voltage 5kV 15kV
Current 1.0A 1.5A
Power 5kW 22 5kW
Data Acquisition No Yes

Tablel - Gen3 to Gen4 PFE Comparison

Gen3 PFE

The Gen3 PFE was designed to
accommodate shorter cable runs at a
lower price, while still achieving high
levels of safety, diagnostics, reliability
and availability. To date, over 65 Gen3
PFE systems are in service, providing
reliable power to fiber optic repeaters all
over the globe. The Gen3 PFE hasnominal
ratings of 5kV and 1A. This is adequate
for +1000km cable installations and
many times is used to power cables that
hop across several landing sites across
the shores of neighboring countries.

Figure 6 - Gen3 PFE

Starting at the top, we have:

Test Load - Variable Electronic
Load, capable of dissipating S5kW
continuously.

Converters (2) - 2n configuration,
where each converter can run at 5kV,
1A in case the other one fails. During
normal operation, the converters
are in series and share the total PFE
voltage.

Local Control Unit (LCU) - PC,
Keyboard, Monitor, Mouse, Ethernet
switch.

* PFE Output Module - The output of
the Converters power the submarine
cable via sophisticated monitoring
and protection devices. Cable access
and termination (shorting or opening)
is also being provided at the PFE
output point. This access point can
be used to insert other ancillary cable
testing devices into the cable path.
Due to the dangers of High Voltage
being present, significant safety
features need to be incorporated at
this point, and throughout the PFE.

PFE for Cable Laying Ships

In addition to advancements in land-
based PFE, there also have been some
advances in ship-based PFE. The cable-
laying by ships is a costly and time
consuming process in the deployment
of a new or repaired cable and as such
it is important that the ship’s cable
engineers know that the cable they are
laying is operating correctly. This could
be powered from the land base PFE at
the landing station, but this would be a
very hazardous for the crew on the ship
for the repair as the control of when the
HV is on or off is not on the ship where
the cable engineers and handlers could
be exposed to the HV on the cable being
deployed.

Ship board PFE is used to power the cable
during these operations whilst keeping
the control of the HV at the ship so the
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Figure 7 - Ship Board PFE

safety of the crew can be maintained.
Due to the fact cable laying ships can
work on many difference cables the Ship
Board PFE is typically capable of around
12kV at around 2A.

These shipboard PFE systems are func-
tionally very similar to standard land
based PFE, only with reduced function-
ality and requirements, (and a substan-
tially lower price).

Part of the similarity is the control for
powering the cable up and down. The
cable is an enormous inductor and
capacitor it needs to have the current
changes controlled very slowly so as not
to cause any transients or oscillations
that could damage the repeaters.

The Ship Board PFE has a new System
Management Terminal (SMT) that allows
the parameters needed to be set and the
alarms and ramp rates for powering up
and down to be controlled safely. The
SMT replaces the original System Control
Unit (SCU) which is now obsolete.

Figure 9 - Ship Board SMT

The Ship Board PFE can operate from
the AC supplied from ship generators,
and generally can use more “Off the
Shelf” High Voltage power supply units.
(No need to carry all those batteries on
board and hopefully no seismic events
while out at sea). But reliability is still
paramount for the shipboard PFE, as a
PFE failure out at sea would stop cable
deployment until help arrives.

Conclusion

Highly advanced PFE solutions have
been designed and deployed and
have proved to meet and even exceed
customer requirements and expectations.
With the Gen3 and Gen4 PFE systems,
most, if not all, land-based needs are
met for powering Subsea Fiber Optic
communications around the globe.
Future advancements and solutions are
in the works, which have the possibility
of providing significantly smaller
systems with higher voltage capabilities,
as well as low-cost, lower-voltage units
(e.g. for branching power requirements).
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