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UTILITY FIBER OPTIC APPLICATIONS

INTRODUCTION

Although not pervasive, the use of fiber optics for power system communication encompasses
a wide spectrum of applications.! These include:

® dedicated systems for pilot relaying

® fiber optic entrance links

® signal column (for series capacitor platform communication)
® clectronic current transducers

® multiplexed systems for voice, data, and protection

Presently, utilities generally utilize fiber optic systems for intra-company applications.
Multiplexed systems are becoming more prevalent versus dedicated fibers as the industry moves
from trial installations to full commercial application. Consequently, fiber optic channels are
becoming the exclusive responsibility of the communications section in many utilities. In the
future, a utilities relay section may have no more control over a fiber optic “voice channel” than
they now have over a microwave “voice channel.” Any new relay developed to work with a fiber
optic channel should have the capability to connect directly to the fiber or interface with a
“standard 4 KHz voice channel” presented by the multiplexing equipment.

Another trend in fiber optic usage appears to be away from 850 nm multimode fibers and
toward 1300/ 1500 nm single mode fibers.~ These single mode fibers are attractive because of
their lower losses and wider bandwidth, but the smaller core diameter makes it more difficult to
provide an economic and efficient light driver (transmitter). Any new relay developed to
connect directly to a fiber should have the capability of interfacing to a 850 nm multimode fiber
or a 1300/ 1500 nm single mode fiber.

RECENT HISTORY

Participation by the General Electric Co. in utility fiber optic applications to date has
consisted of systems for:

® fiber optic entrance links
® dedicated tone channels for relaying and direct transfer trip
® signal column applications

Fiber Optic Entrance Link2-3

A simplified version of typical communiction circuits serving two power stations is shown in
Figure 1. A high dielectric cable containing dedicated pairs serving the power station runs from
the power station to the central office and extends to a point where the ground potential rise
(GPR) profile has decreased to a value that is not dangerous. Communication between the
central offices is consistent with the reliability requirements of the dedicated cable between each
power station and central office. General-use cable or communication facilities are used.

Typically, an audio tone frequency shift protective relaying system is applied to the com-
munication circuit shown in Figure 1. High speed, dependable operation, and high security are
required for conditions such as low SNR, intermittent failure of the communication circuit,



power system disturbances, frequency translation, and adverse operation of the tone
equipment. Under high noise conditions, squelch or noise blocking schemes are available to
make the system secure against false tripping. However, this may affect the system’s ability to
trip (i.e., dependability).

Figure 2 describes a fiber optic entrance link that interfaces with the terminal equipment in
the power station on one end and the telephone wires of a central office on the other end. The
transmission media between the two ends is a fiber optic cable. It provides an improved
communication channel over the use of a dedicated wire cable. Because of its non-metallic
nature, a fiber optic cable can be used to avoid some or all of the problems associated with wire
line communication facilities.

At the substation, Figure 2, an audio tone 4-wire adapter is provided to interface with the
optical transmitter and receiver equipment. As shown, a Type 40 tone transmitter is used to
modulate an LED whose light output is focused into an optical fiber. In the receive path, the
light emerging from the fiber optic cable falls on a photo-detector (optical receiver) which
reproduces the transmitted signal. The optical receiver then operates the Type 40 tone receiver
equipment. This optical interface unit is shown in Figure 3.

At the telephone company central office, Ftgure 2, a remote pole mounted unit consisting of
an optical receiver, optical transmitter, power supply, and line termination unit are provided to
interface to the 4-wire 600 ohm telephone cable. The power supply is powered from a separate
source.

Theoretically the use of the fiber optic entrance link could be extended to permit interfacing
with existing conventional pilot wire relays as well as audio tone FSK equipment. This would
require additional conversion equipment at the relay location to translate the relay’s two-wire
analog signals to the 4-wire transmit/ receive signals required for the fiber optic cable. In fact,
such equipment is being developed and evaluated for installations where it is desired to retrofit
end-to-end with a fiber optic cable.

2

Generating stations and switchyards are frequently located close together (less than 5 km)
thus permitting the use of a dedicated fiber optic cable. Figure 4 illustrates the application of
fiber optic cable which runs uniterrupted from the power plant to the switchyard. A General
Electric Type 40 audio tone FSK channel, equipped with an optical interface module, provides
reliable protective relaying or direct transfer tripping between these two locations.

Type 40 audio tone equipment with a fiber optic interface has been available since 1980.
Table 1 lists typical installations using this equipment.

Dedicated Tone Channels

Signal Column

Another application of fiber optic cable is within a signal column to switch compensating
capacitors in and out of a transmission line. Since the capacitors and switches are at high
potential, a signal column consisting of a fiber optic cable inside an insulator shell is used to
connect the control transmitters to the receivers which operate the switches. Generally the signal
column provides several functions coming down from a platform at line potential to ground
potential. These functions are used to indicate the status of equipment on the platform.
Occasionally a function going up to the platform is used to initiate a status change from the
ground. A contact closure turns on an LED which is coupled into one of the light guides. On the
other end of the cable, the light is detected by a photo transistor and is converted into an
electrical signal that provides control and status indication of the capacitor switch. Special
design audio tone transmitters and receivers are used for this application since the complete
functional capabilities of the Type 40 equipment is not required.



NEW DEVELOPMENTS

General Electric recently announced the introduction of a new modular differential line
protection system, Type DLS2000. The DLS2000 is a current differential relay system - as
opposed to phase comparison — that complements the modular SLS and TLS distance line
protection systems already in production.“’

The DLS system is a unique development for GE in that both a relay system and audio
channel are integrated into a single package. A block diagram of the DLS system is shown in
Figure 5. By selecting the proper output module option the DLS can be connected: 1) directly to
a fiber optic cable, or 2) to a 4-wire, 4 KHz voice channel.

Design Consideration for the Differential Line System

The design philosophy of the DLS current differential system incorporates the following
considerations:

a) the use of design concepts that, where practical, have been proven by years of service

b) the incorporation of a high level of security to permit application on higher voltage
lines

c) the ability to field select the balance between security and dependability
d) availability of optional backup protection within the equipment

e) the use of new design concepts to minimize the potential application difficulties
inherent to previous current-only differential relay schemes

f) application to all voice channel systems in addition to direct connection to fiber optic
cables

g) extension to a single pole trip and reclose scheme
h) application to series compensated lines

The single phase signal used for comparison is an extension of the principle used successfully
for many years in GE phase comparison relay schemes. These previous schemes use a single
phase signal proportional to (I3 - KI1). This signal permits the scheme to operate for all fault
types but is desensitized by heavy load flow. To eliminate this desensitizing effect and simplify
the application, the DLS uses a comparison signal equivalent to (Ip - AKI|) where AKIj is
essentially the positive sequence component of fault current. The AK1j signal is obtained by
storing the pre-fault load currentin a memory circuit and subtracting it from the total post-fault
positive sequence current. By setting the relay tap equal to or greater than load current, the value
of (Ip- AKIy)is zero under normal load conditions eliminating the possibility of operation due
to load as opposed to earlier current differential line schemes that required a setting above load
current. However, the transient output of the AKI circuit permits tripping for internal three
phase fault current magnitudes down to approximately one half the tap without loss of security
under steady state load conditions. If the three phase fault current exceeds approximately 1.2
times tap value, then a steady state trip signal is produced for internal faults. The sensitivity to
single-line-to-ground faults is 0.2 times tap based on a radial feed (i.e., 11= I = Ig).

The DLS differential comparison circuits are similar to the operation of the percentage
restraint BDD and STD transformer differential relays. The obvious difference is that, for atwo
terminal line, the signal from the remote end must be transmitted over a channel. The (17 -AKIy)
signal is used to frequency modulate an audio signal with a center frequency of 1800 Hz. The
remote audio signal is demodulated at the receiving end and the (I - AK1j) signal is reconsti-
tuted. The local audio signal is also modulated and demodulated to produce a comparable
transient response to that of the remote signal. A phase delay adjustment is provided to



compensdte for the channel delay in the remote signal. A channel delay adjustment in the remote
signal — labelled “Remote Phase Delay” in Figure 5 — is required for multi-terminal lines.

Other DLS performance differences from a conventional percentage differential relay are:

a) To minimize the risk of misoperation on CT saturation during external faults, the
percentage restraint is increased from approximately 259% to 50% for high fault
current levels. This switching of restraint is determined by the magnitude of the sum of
the absolute values of positive and negative sequence currents.

b) The non-fundamental components of the demodulated signal resulting from channel
noise, etc. are extracted from the received signal and used to restrain the comparator.

The technique of delaying the operating signal with respect to the restraint signal to increase
security was also adopted from the BDD and STD transformer differential relays. This
technique is implemented in the DLS relay by taking the restraint signal ahead of the phase
delay required to match the local and remote signals during internal faults.

Taps on the DLS input provide for matching different CT ratios at the line ends. A further
restriction on tap setting is the requirement that the tap setting must be set above load current.

If the channel fails, the system can be blocked from operating by switching the operating (or
differential) signal from the comparator or the system can be allowed to trip on channel failure.
The choice between dependability or security on channel failure should be predicated on the
adequacy of the backup protection. An optional overcurrent backup unit can be included in the
DLS relay system, and it can be switched to a shorter operating time in the event of channel
failure. This feature is intended to provide increased selectivity if the option to block on channel
failure is selected. ,

The DLS system also includes a direct transfer trip (DTT) capability. The audio signal 1s
modulated at a higher frequency than that associated with maximum normal current signal
modulation to produce the DTT signal. When the DTT is keyed, modulation by the current
signal is prevented. The DTT logic determines that only the DTT frequency is recetved during a
delay period of approximately one cycle. Receipt of other frequencies during this period will
inhibit a DTT output.

Basic Operation of Differential Line System

As shown in Figure 5, the (I - AKI}) operating quantity phasor is applied to the FM
modulator which, coupled with the proper channel interface, transmits this phasor information
to the remote end. The output of the local modulator is demodulated, phase delayed, and the
resultant local operate signal is applied to one input of a two input summing amplifier. The
remote operating quantity phasor information is received, demodulated, phase delayed
(required only for multi-terminal lines), and applied to the second input of the summing
amplifier. Under ideal conditions there would be no output from this “total operate quantity”
summing amplifier during an external fault. This total operate quantity phasor is then rectified
to produce an absolute value that is applied to a summing amplifier which combined with an
mtegrator/detector comprises trhe DLS’s comparator. The total operate signal is supervised
prior to the comparator by the receiver’s loss of signal (channel monitor) circuit. Link L1 allows
the user to either block relay operation upon loss of signal or to allow relay operation despite a
loss of signal.

The local and remote restraint signals are tapped off at the respective demodulator outputs,
passed through an absolute value circuit, summed, and applied to the comparator. For heavy
fault currents as determined by| 1o 1| +| [ A2|, added restraint is switched into the comparator.

There are two other restraint inputs to the comparator. A fixed restraint value (bias) is
continuously applied to the comparator during quiescent (non-fault) conditions. In essence this



increases (or biases) the level detector setting of the integrator/detector. When the (I - AKIy)
level detector picks up, the fixed bias is switched off and after a time delay dependent upon the
integrator time constant the level detector setting is decreased to a lower value. The overall
operation is such that to produce a trip output at the instant of fault occurrence a higher level of
net operate signal is required than is required on a steady state basis. This adds to scheme
security. The remaining restraint input is from the channel noise detector circuit which provides
an output proportional to the non-fundamental content of the remote signal demodulator
output. In essence the comparator restraint is increased during noisy channel conditions.

Model Power System Tests of the Differential Line System
The following are summary items from Model Power System testing of the DLS system:

a) Average operating times were approximately one cycle for faults at the near end and
1.5 cycles for faults at the remote end independent of load flow. Times do not include
output relay delay.

b) The use of the AKIy signal eliminates the desensitizing effect of the load current. Thus
for high resistance ground faults the sensitivity is not reduced by load current as in
previous differential schemes.

¢) The most difficult application consideration in current differential schemes is the
potential for false tripping on external faults in the presence of CT saturation. For the
DLS, security on external faults with CT saturation was excellent. The only
misoperations occurred when one CT saturated completely. The DLS’s good
performance is partially attributable to the type of comparator that is used. The
comparator builds up a significant restraint signal on the first few cycles before CT
saturation occurs. The good performance is also partly attributable to the channel
noise detector circuit which sees the variation in output due to CT saturation as noise
and therefore adds restraint.

d) Discrimination between internal and external faults was excellent for both series
compensated lines and single pole trip/reclose systems. A functional single pole
trip/reclose DLS system will require a separate phase selector.

e) The system was checked for security on out of step conditions. Also the dependability
on internal faults during out of step conditions was checked. The use of AK | permits
operation on three phase faults except where the two sources at the two ends are
approaching the 180" out of phase relationship.

f) Reliable performance for the DLS system was observed on line pickup, load pickup,
fault current reversals, and low frequency (95%).

THE FUTURE

The protective relay engineer now has available a range of products suitable for fiber optic
application. What will be the penetration of such applications within the next 5-10 years? It
appears that the number of fiber optic cables/channels available for protective relay
applications will be more dependent upon how the electric utilities decide to exploit fiber optics
for intra-company voice and data as well as revenue producing telephone by-pass rather than
upon specification of fiber optic protective schemes by relay engineers.

Many electric utilities are presently considering or positioning for an active role as
communications providers. This diversification is a logical possibility now that fiber optic
technology has advanced to the point where it is economically feasible to install optical fibers
with extremely high data handling capability and relatively low loss in the phase or ground
conductors on transmission and distribution circuits. This is particularly attractive on new
circuit installations where the incremental cost of including imbedded optical fibers is small.



The utilities that proceed with major communication installations will logically utilize
systems with sophisticated redundant laser transmitters having longer range and enhanced
reliability. This approach is analogous to today’s muitifunction microwave installations which
justify extensive terminal equipment and path repeater investment. In these multifunction
environments the relay system will provide more traditional contact or voice frequency
modulated information to interface with the channel multiplexing equipment.

There will always be those application situations where the relay engineer may be able to
dictate the use of a dedicated fiber optic cable. An example is a generating station located several
thousand feet from the high voltage substation. Here the use of a fiber optic cable may offer such
an application advantage - considering GPR and surge immunity, etc. - that the choice is made
despite a cost premium. There are also the many existing applications of current differential line
relays using leased metallic pairs. To replace those leased circuits with fiber optic cable is the
expressed desire of many relay engineers.

Fiber optics also provide an attractive future alternate to the control cable systems presently
utilized in substations to interconnect the switchyard circuit breakers, current transformers, and
potential transformers with the protection, control, and monitoring (PCM) equipment in the
control house. The evolution of PCM equipment to digital electronic systems will eliminate the
need for the relatively high energy content of 60 Hertz currents and voltages that is now required
to operate the electromechanical relays and instruments in the control house. There are
potential economic benefits to the application of digital data acquisition and control units
located in the switchyard at the breakers and other primary equipment to permit replacement of
multiple large shielded insulated copper cables with one fiber optic cable which can handle all of
the required information. The other major benefit in this approach is the elimination of
capacitive and electromagnetic coupling problems in the control cables resulting from faults,
switching, and other disturbances. The General Electric Co. is actively developing prototype
digital substation PCM systems using fiber optic data links, which are forerunners of future
commercial systems.

CONCLUSIONS

The evolving fiber optic technology represents a major breakthrough in communications
which will have a significant impact on electric utilities. The initial applications have focused on
line protection and direct transfer tripping and have been driven primarily by the need to
overcome the effects of substation ground potential rise (GPR) and induced voltages in wire
pairs. The potential withdrawal by the telephone companies of leased metallic pair circuits is
also a near-term driver for dedicated fiber optic applications on short line relaying applications.

Electric utility application of fiber optics will be broadened over the next few years to include
multifunction installations involving voice, data, and protection. This will be driven by
economic advantages as well as spectrum constraints and other technical limitations of existing
communications media.

Protection systems designed for application in this decade of significant change must
incorporate the flexibility necessary to accomodate existing and evolving communications
technology. The modular DLS current differential line protection system typifies this design
philosophy. Itis compatible with conventional wire pairs or various types of “voice channels.” It
can be directly connected to fibers in dedicated applications or interfaced with multiplexing
equipment at voice frequency in multifunction fiber optic applications. The DLS is equally



appropriate for use over existing microwave or SSB power line carrier systems. The same design
philosophy is apparent in the modular flexibility of the protection functions in the DLS system
where direct transfer tripping, continuous path monitoring, and optional time overcurrent back
up are associated with the primary current differential protection.

Future generations of integrated digital systems will involve expanded use of fiber optic
communications within the substation to exchange data between microprocessor based data
acquisition subsystems in the switchyard and digital protection, control, and monitoring
systems in the substation control house. These substation automation systems ultimately will
interface downward to user automation and upward to utility energy management centers.
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TABLE I

FIBER OPTIC APPLICATIONS — GE SYSTEMS

UTILITY
COMMONWEALTH EDISON
CENTRAL ILLINOIS LIGHT CO.

ALLEGHENY POWER SERVICE
NYSE&G

MISSISSIPPI POWER

BPA/GE PITTSFIELD
LOUISIANA P&L

EAST KENTUCKY POWER COOP

P.S. OF NEW MEXICO
BALTIMORE G&E

MET GOVERN/NASHVILLE
& DAVIDSON COUNTY

SOUTHERN CALIFORNIA
EDISON/GE PITTSFIELD

KANSAS GAS & ELECTRIC
GEORGIA POWER

MONTANA POWER (CONSTRIP)
ARIZONA PUBLIC SERVICE
NEW ENGLAND ELECTRIC

APPLICATION
SCADA, DTT

DTT
PTT

SCADA

PHASE COMPARISON
TT

TT, SCADA
SIGNAL COLUMN
PTT
DATA/VOICE

POTT(SLYP/SLCN)
DTT(ONE-WAY)

FIBER OPTIC
POTT

SIGNAL COLUMN

DTT

POTT

SIGNAL COLUMN
SIGNAL COLUMN
DTT

TYPE OF SYSTEM
POINT-TO-POINT

POINT-TO-POINT
BI-DIRECTIONAL

ENTRANCE LINK
POINT-TO-POINT

GENERATOR CONTROL

POINT-TO-POINT
POINT-TO-POINT
POINT-TO-POINT

POINT-TO-POINT
ENTRANCE LINK

POINT-TO-POINT
POINT-TO-POINT
POINT-TO-POINT

POINT-TO-POINT

POINT-TO-POINT
POINT-TO-POINT
POINT-TO-POINT
POINT-TO-POINT
POINT-TO-POINT
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Figure 1. Power Utility Communication Circuit
EXTERNAL
POWER SOURCE
|
TRANS- | [ opTiC ! oPTIC SEND |
MITTER TRANS- H- - ———
1 MITTER T RECEIVER EEEEN
' | | I
TRANS- " :
MITZTEH FIBER OPTI o oo, ' }
, ¢ POWER | TERMINAL 6000 | ||
CABLE SUPPLY | TELEPHONE : i
RECEIVER I CABLE | {
1 I | ' Ij
\ §
[ opTic e | '=
necr;wzn oPTIC | L rRans. — EIVE ey
— RECEIVER -
VE + | MITTER AUDBIO
TYPE 40 0370 2%km REMOTE : | CENTRAL
CSHELE | | uwr i XXkm | OFFICE
SUBSTATION POLE MOUNTED - TELEPHONE
COMPANY

Figure 2. Fiber Optic Entrance Link



Figure 3. Optical Interface Unit
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Figure 4. Fiber-Optic Point-To-Point System
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