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CAUTION: It is recommended that the user of
this equipment become acquainted with the in-
formation in these instructions before energizing
the LCB and associated assemblies. Failure to ob-
serve this precaution may result in damage to the
equipment.

Printed circuit modules should not be removed
or inserted while the LCB is energized. Failure
to observe this precaution can result in an un-
desired tripping output and/or component dam-
age. In addition, modules should not be inter-
changed between relays without rechecking
calibration. :

All integrated circuits used on the modules
are sensitive to and can be damaged by the
discharge of static electricity. Electrostatic dis-
charge precautions should be observed when han-
dling modules or individual components.

APPLICATION
UNIVERSAL APPLICATION

The LCB relay is a 3—phaée, solid-state current
differential relay system for high speed pilot pro-

tection applications. It is suitable for any system
voltage, subtransmission through UHV trans-
mission, and may be applied on any lengih line,
up to 250 miles (400 km). The LCB can be sup-
plied loose and unmounted or completely mounted
and wired in a panel.

CONSTRUCTION

The basic LCB is a self-contained, 19" wide
rack mounting chassis (3 RU high), prewired for
all available options. The relay can be supplied
with an integral audio-tone output suitable for
interface with the user’s leased lines (3002 or
equivalent), microwave or carrier with equivalent
3002 characteristics or an optional fiber-optic in-
terface can be supplied for direct connection to
the user’s fiber-optic cable. An integral direct
transfer trip option can be supplied, eliminating
the need for separate channel equipment.

When supplied for audio-tone application, a
separate tone protection package isrecommended.
The tone protection package consists of a surge
protector and isolating transformer in a 19" wide
rack mounting panel (2 RU high). For fiber-optic
applications, an optional fiber assembly can be

All possible contingencies which may arise during installation, operation, or maintenance, and all
details and variations of this equipment do not purport to be covered by these instructions. If further
information is desired by purchaser regarding his particular installation, operation or maintenance of
his equipment, the local Westinghouse Eleciric Corporation representative should be contacted.

NEW INFORMATION

EFFECTIVE SEPTEMBER 1985



LL.40-217

supplied with connectors on each end. The user
cuts the cable in half for splicing to his cable
bundle or connects directly with the appropriate
optical connector. All external connections to
the relay are made to terminal blocks on the
rear of the chassis. '

INSTALLATION AND TESTING

Most adjustments and test points are available
from the front panel to simplify installation
and testing. An optional test panel consisting
of 2 FT-1 switches on a 19" wide steel panel
(3 RU) can be used to disconnect the ac inputs
and dc outputs and provide a means for direct
connection of the type UCTB portable, func-
tional test box. This allows the user to completely,
functionally test the relay system. Card extenders
can also be supplied for simplified diagnostics.

In addition, options can be added in the field or

the system can be converted for 3-terminal-line
protection by the simple addition of plug-in
modules — no rewiring of the relay chassis is
required.

FEATURES

Both relay and channel equipment are contained
in one chassis, which is prewired for all available
options.

Flexibility of communications channel:

® Integral audio tone suitable for interface with
leased line, microwave, single-side-band carrier,
or T1 carrier systems.

e Optional fiber-optic interface can be applied
on lines up to 8.5 km without repeaters using
50 micrometer core fiber-optic cable with
maximum loss of 4dB per km, at 820nm.

Options are available at 1300nm and single-
mode fibers for longer distances.

Fiber-optic channel is immune to station
ground mat rise or longitudinally induced
voltages.

Optional direct transfer trip function (pat-
ented).

High speed operation:
¢ Trip Time

10-30 ms, with time decreasing as multiples
above pickup increases.

Current only system — no potential required:

Extremely low CT burden.
Accommodates 3 to 1 difference in CT ratios.
Immune to system swings (out-of-step).

Available for either 1A or SA-CT secondary, 50
or 60 Hz.

Provides 2-terminal line protection, with op-
tion for 3-terminal line protection.

Weak feed capability — will trip all terminals
if pickup level is reached at any one terminal.

High speed channel monitoring circuits (pat-
ented) provide condition indication, alarm con-
tacts, and input to trip decision logic.

Fully independent positive, negative and zero-
sequence sensitivity settings.

True magnitude comparison up to 5 times
pickup — then a gradual change to phase compari-
son above 5 times pickup.

Advanced SNR detection circuit (patented)
minimizes noise effect on audio-tone interface
applications.

Self-contained,

adjustable channel delay

equalization, with independent settings for 2 -

and 3-terminal applications.

Relay  waveform  distortion eliminated-
comparison based on composite sequence network
output with linear response up to 25 p.u.

Unique comparison circuit (patented) per-
forms a true phasor evaluation of the local and
remote quantities.

Unique sequence network (patented) vastly
improves the phase and magnitude dependency
and sequence purity problems found in tradi-
tional designs.
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Pulse-period modulation (patented) provides
secure information transmission and accurate,
wide-range current phasor reproduction.

Field set-up adjustments and test points avail-
able from front panel of modules.

Optional tone protection package consisting
of surge protector and isolating transformer in
194nch rack mounting (2 RU) panel — recom-
mended for all audio-tone interface applica-
tions to leased lines.

Optional 19-inch rack mounting (3 RU) test
panel with FT-1 switches — disconnects ac inputs
and dc outputs to facilitate field testing, and
provides breaker simulation.

Optional type UCTB portable test box to per- .

form functional system test.

Optional UME-3 card extender provides access
to all adjustments and test points on printed
circuit modules.

Meets ANSI C37.90 and IEC-2535 specifications.
LCB relay system and all major options identi-

fied by a single, unique catalog number.

BENEFITS

Self-contained 19" rack mounting chassis
(3 RU high) requires minimal panel or rack space
allocation.

Prewired chassis enables vser to add functions
or change channel interface at any time — no
chassis rewiring required.

Provides full range of channel options:

e Audio-tone interface for leased line, power
line carrier or microwave.

e Fiber-optic interface for direct connection
to user’s fiber-optic cable.

Use of fiber-optic channel eliminates the
need for separate mutual drainage reactor and
neutralizing reactor.

Eliminates need for separate channel equip-
ment by providing integral direct transfer trip

option.

~ High speed operation — applicable to any
system voltage.

Current only fault detection simplifies in-
stallation — eliminates need for potential in- :
put for relay operation.

Accommodation of 3 to 1 difference in CT
rafios permits simplified upgrades of. existing
installations. -

Universal appllcatlon — IA or SA CT’s, 50 or

‘60 Hz.

Can be converted for 3-terminal-line protec-
tion at any time by simple addition of plug-in
modules — no field rewiring of chassis required.

Inherent weak feed trip capability — no addi-
tional relays required.

Provides the user flexibility of choice in a
loss-of-channel condition:

e Block tripping following loss-of-channel.

e Trip as an overcurrent relay following loss-
of-channel. ’

e Trip as an overcurrent relay after an adjust-
able time delay following loss-of-channel.
(Zone 2 type function.)

e Trip as an overcurrent relay for 150ms follow-
ing loss-of-channel. — Unblock feature.

e Combination of Unblock followed by iime-
delayed overcurrent trip.

Contains ability to remotely convert the unit
to an overcurrent trip mode, with the option
to remove or sustain the local channel trans-
mission.

Greater installation flexibility — CT neutral
does not need to be formed at the relay; LCB
input current transformers are connected to
phase currents only.
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More reliable operation than conventional
systems is possible by advanced LCB features,
many of which are patented or have patents
pending.

Installation, testing and setting simplified —
front panel adjustments and test points.

LCB system test is greatly simplified by use
of optional test panel, type UCTB portable
functional test box, and type UME-3 card ex-
tenders.

Ordering information simplified — complete
system defined by a single catalog number.

Simplified wiring — all external connections
are made to terminal blocks on the rear of the
chassis.

Simplified fiber-optic connection — a cable
with connectors at each end (one for trans-
mitter, one for receiver) is available. The
user. then cuts the cable in half and. splices to his
cable bundle — or connects directly with the
appropriate fiber-optic connector.

CHANNEL CONSIDERATIONS
Audio-Tone

The audio-tone system contains many security
oriented features and provides interface with
unconditioned 3002 circuits, microwave channels,
single-sideband power line carrier, or circuits
with equivalent characteristics. Transmit level
is adjustable from +15 to -40 dBm with a 600 ohm
balanced output. Receiver sensitivity is adjust-
able from 0 to —40 dBm and with AGC control
has a +10 dBm dynamic operating range. The sys-
tem operates with up to a 17 dB signal-to-noise
ratio over a 3 KHz bandwidth.

An optional audio-tone surge protection pack-
age is available for added telephone line inter-
face protection. Further recommended protec-
tion is shown on Figure 17 for both exposed and
unexposed leased cable circuits.

Fiber-Optic

The most common fiber being used today for
medium range communication systems is a graded

index fiber with a core diameter of 50 microm-
eters referred to as 50/125 (50 micrometer
core/125 micrometer cladding). ‘

This type of fiber attempts to limit pulse
dispersion and, as a result, has a very large band-
width for high density communication systems.
If fibers are being installed for high density
communications along with fibers in the same
cable for use with the LCB, then the 50 microm-
eter graded index fiber is the best choice. If on
the other hand, a fiber is being installed only for
the purposes of the LCB then the 50 micrometer
fiber is not the best choice. In the latter case, a
fiber with a larger diameter would be preferred.

The LCB does not need a large bandwidth, in
fact, its bandwidth is limited to about 2 kHz,
and all optical fibers can transmit this small
bandwidth. The most important items of con-
cern are the amount of light that gets into the
fiber and the total loss of the fiber. Since the
LED used has a light-emitting area of about
300 micrometers in diameter any fiber with a
smaller diameter will cause a significant loss
of light when coupling to the fiber. When the
LED is coupled to a 50 micrometer fiber a light
loss of 20 dB is encountered. This is primarily
due to the diameter difference of the LED
spot and the cable diameter. If a large cable is
used then the loss is less and more light is avail-
able for transmission. ‘

The 50-micrometer fiber is the reference in
the LCB when comnsidering channel loss capa-
bility,
attenuation for this fiber is 40 dB when used
at a wavelength of 820 nanometers. The 40 dB
is based on the given light source and the de-
tector selected. The coupling losses have al-
ready been taken into account and the 40 dB
is just losses in the fiber-optic cable itself, splice
losses, and connector losses. The channe] atten-
uation limit listed above allows for a 3 dB sys-
tem degradation and a minimum of a 20 dB
signal-to-noise ratio at the recejver.

The following is an example of the loss calcu-
lation. Assume that the fiber being used has an
average loss of 4 dB per km at 820 nm and the
optical channel length is 8.5 km with 8 fusion-
type splices (.5 dB/splice) and connector loss
(2) (1 dB/connector). The example described

and the maximum allowable channel

b
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represents the maximum channel loss for this
system. If the cable had been a 100 micrometer
cable with the same cable loss per km then the
system would handle an added length of 1.5 km.
This is because of the extra light which would
be coupled to the larger fiber.

The LCB is also available for wavelengths at
1300 nm where fiber attenuation is generally
lower, and also for single-mode fibers.

INSTALLATION

Individual chassis are shipped in separate
packing cartons except when supplied as part
of a complete relay system. Care should be
taken when opening to ensure that the equip-
ment is not damaged or scrafched.

The LCB relay, test panel {when used) and
audio-tone protection package (when used)
should be mounted on switchboard panels or
their equivalent, in a location free from dirt,
moisture, corrosive fumes, excessive vibration
and heat. Mount the chassis by means of the
slotted holes on the front of the case. Additional
support should be provided toward the rear of
the units in order to protect against warping of
the front panel mounting due to extended weight
within the chassis.

Care should be taken when wiring the LCB in-
puts and outputs in order to reduce the possi-
bility of false signals induced between the leads
and from external sources. Refer to “Silent
Sentinels” publication RPL 79-2 for recom-

‘mended protection practices.

System interconnection when associated with
the LCB, test panel (when used) and audio-tone
protection package (when used) is shown on
system schematics Figs. 8 and 9 (tones) and
Figs. 10 and 11 (optical). All chassis should be
grounded with 14 AWG (or large diameter)
copper wire to the appropriate studs or frame.

All equipment should be operated within an
ambient temperature range of -20° to +60°C.
Ventilation may be required to insure that.am-
bient temperature of 60°C is not exceeded
within the enclosure in which the equipment is
mounted. '

CONSTRUCTION
LCB I

The Type LCB II Relay is mounted on a 19-inch
wide panel, 5.25 inches high (3 rack units) with

" slotted edge holes for mouniing on a standard

relay rack or panel. For the outline and drilling
plan, refer to Fig. 12.

The removable front cover has a smoked
plexiglass front for viewing of the LED indi-
cators on the various enclosed modules. Two
holes in the cover provide accessibility for the
dc input power onfoff and system indicator reset
switches. The front cover is removable with two
thumb secrews, which also have a hole for sealing
if desired. '

The rear panel consists of seven & point ter-
minal blocks for making all external connec-
tions. Screw size is 6-32 and can handle wire sizes
from No. 10 to 30 AWG with appropriate Iugs.
Ground studs are also available on the rear panel
for system grounding. A cutout exists in this
panel for access to fiber-optic connectors on the
fiber-optic interface modules (when used).

Inside the rear panel, the terminal blocks
connect to a circuit board comprised of surge
capacitors connected from the terminal to
ground, for those leads exposed to the switch-
vard environment. These capacitors provide the
necessary protection from external surges. Be-
tween this rear panel and the rear of the module
enclosure, the LCB is prewired for all possible
available options.

All of the circuifry associated with the LCB
operation and suitable for mounting on printed
circuit boards is contained in the enclosure
behind the front cover. The printed circuit
modules slide into position in slotted guides
at the top and bottom of the enclosure and
engage a printed-circuit connector at the rear
of the compartment. Each module and connector
are keyed so that they cannot be accidentally
inserted into the wrong slot location. Handles
and a front plate on the modules are used for
identification of the module name and location,
indication description, module removal and
insertion and as a bumper with the front cover to
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prevent the terminals from accidentally becoming
disconnected from the terminal connector. The
modules may be removed for replacement pur-
poses or for use in conjunction with a module
extender, Type UME-3, Style 1447C86G0l,
which permits access to the module’s test points
and terminals for making measurements while
the relay is energized.

All components used in the LCB are com-
pletely tropicalized.

TEST PANEL

The optional LCB test panel is mounted on a
19<nch side panel, 5-1/4 inches high (3 rack
units) with slotted edge holes for mounting on
a standard relay rack or panel. For the outline
and drilling plan refer to Fig. 13. This unit con-
sists of 2 type FT-1 10 terminal FT switches and
is used to provide interface between the LCB
and the power system for such inputs as the
current. transformer, dc battery, trip circuits

- and breaker control. Four resistors and a push-

button are included to simulate breaker trip coil
current. Fuses are provided for ac voltage.

AUDIO-TONE PROTECTION PACKAGE

The optional audio-tone protection package is
mounted on a 19-inch wide panel, 3.5 inches
high (2 rack units) with slotted edge holes for
mounting on a standard relay rack or panel
For the outline and drilling, refer to Fig. 14.
Mounted behind the panel are 600 ohm
isolating/matching transformers and resistor/zener
surge protectors. Connection from the pilot
pair and LCB tone output is made via terminal
blocks at the rear of the panel. Test jacks on the
front panel aré available for facilitating measure-
ments of the incoming and outgoing tone levels.

PORTABLE TEST BOX (UCTB)

The test box is built to be portable with rubber
feet on the bottom or it can be mounted on a
194nch wide relay rack or panel by means of
two thumb screw latches on each side. The
height of the unit is 5.25 inches (3 rack units).
When mounted in the rack by means of the
latches, the bottom should be supported with
a steel bracket.

A 6-foot harness and grounding wire comes
with the test box to provide connection between
the box and test panel.

The UCTB contains an isolating step-down
transformer, loading resistors, FT-1 switch and
two rotary switches, one for fault selection and
one for fault application.

Outline of the UCTB is shown in Fig. 15.

OPERATION
SYSTEM OPERATION

The essential elements of the relay are shown
on block diagrams Figs. 4 and 5, audio-tones,

-2 and 3-terminal lines, and Figs. 6 and 7, fiber-

optics, 2 and 3-terminal lines. The 3-phase cur-
rents are transformed to voltages which are then
combined into a representative single-phase voltage
by means of the sequence filter. This active solid-
state circuit produces a precise, repeatable output
as a function of the 3-phase current load or fault
conditions. The relative amount of positive (P),
negative (N), and zero (Z) sequence may be ad-
justed independently to best match power system
conditions. The only data required for calculating
settings are minimum 3-phase fault current from
the strongest terminal, minimum phase fault
current from the strongest terminal, and maxi-
mum expected load current. (Ref. SETTINGS
Section.)

The output of the sequence network is simul-

taneously fed to a local comparison circuit and |

a channel interface unit. The interface unit
transmits the locally generated signal to the
other terminal(s} over one channel while re-
ceiving a signal from the other terminal(s) on
another channel(s). :

For the comparison process, two quantities are
generated from the local (VLD) and remote
(VRIF and VR2F) voltages. One is called the
operating quantity (VOP) and is derived by the
vector addition of the local and remote voltages.
This addition is performed by a summing and
inverting amplifier located on the RELAY mod-
ule (“L + R”). The output is rectified and fil-
tered to produce a dc¢ voltage for comparison.
The other, the restraint quantity (VRES) is ob-
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tained by adding the local (VLD), each remote
quantity, VRIF and VR2F, on a magnitude
basis, after conversion to dc¢; in a summing and
inverting circuit also located onthe RELAY mod-

ule. This output (~VRES) is opposite in polarity
to the “operate” voltage (VOP). Further details
of the comparison circuit are covered later under
“Comparison Technique”.

The “operate” and “restraint’ voltages are
combined and the resultant fed to a level de-
tector which produces a trip signal. if the re-
sultant is above the pickup setting. Variable
system' pickup settings are entered by a knob
on the front of the RELAY module and may
vary from 2 to 20 amperes (5 A CT) or one
fifth of that for 1A CT’. The trip signal lights
an indicator labeled “LCB TRIP” on the RELAY
module and causes ftrip -relays to operate if
tripping has not been blocked by monitoring
circuits..

In summary, the local and remote currents
are converted to representative voltages at each
terminal. By means of a communication channel
the remote signals are brought into each local
terminal, compared as to magnitude and phase
relations, and a trip signal generated accordingly.

The above description has been greatly simpli-
fied to cover just the basic system operation.
Before covering added functions and logic pro-
vided in the system, some discussion of the modu-
Jation technigue used for remote data trans-
mission is in order. In order to provide accurate
and tapid trip determination, the voltage de-
veloped by the sequence network at each terminal
is reproduced at the remote terminal(s) with a
minimum of delay and distortion. The éncoding

technique is suitable for both audio-tone and

fiber-optic data channels. The technique em-
ployed in the LCB is known as pulse-period
modulation (PPM), where the carrier period is
varied linearly with the modulating signal ampli-
tude. In essence, samples of the line current are
taken at a 3.4 kHz rate and reproduced as a
stepped signal at the receiving end. The envelope
of this output is an accurate representation of the
original voltage.

The device which develops the pulse frain is
called the modulator and the unit which trans-
lates the pulses to a magnitude wave is called

the demodulator. The demodulator uses a sample
and hold technique which minimizes the in-
herent delay in filter circuitry required by other
techniques.

One modulator is required at each terminal to

produce a local signal for transmission to the

temote terminal(s). This unit is part of the
modulator-demodulator (MD) module. A demodu- -
lator for the signal from one remote terminal is
located on the same module. For three-terminal
applications a second demodulator is required
to convert the signal from the second remote
terminal. This demodulator is located on the
demodulatOr/time delay module (DTD).

Further details of the “Modulanon Technique™
are covered later,

F UNCT TONAL OPERATION

The current transformation package is located
behind the relay nameplate and consists of three
current-to-voltage transformers (current to current
with loading resistors). These low-burden trans-

. formers are accurate to 100 p.u. symmetrical

(1 p.u. equals one or five amperes). The voltage
outputs go to the sequence network previously
discussed. While it is desirable that the line cur-
rent transformers have the same ratio, if there are
different ratios, the current settings of the relays
(T SET, RELAY module) may be adjusted to
provide the same primary current sensitivity at
each terminal. The setting range is 2 to 20 amperes
for the 5A unit which generally can accommodate
a three-to-one ratio difference between line trans-
formers. Careful consideration must be given to
the current transformer with the lower ratio,
since it may saturate before the current trans-
former with the higher ratio. The very low-burden
of the relay aids in solving this problem.

Correct and reliable operation of a differential
relay requires that the quantities being compared
be faithful equivalents of the measured primary
quantities. This is especially critical during tran-
sient conditions, since unequal response in terms
of magnitude, phase or time delay will result in a
false comparison. In the LCB relay, the local sig-
nal prior to comparison is conditioned by a series
of circuits nearly identical to the ones needed to

‘process the remote signal. Since the remote termi-

nal may be far enough away to produce a signifi-
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cant real time delay in the received signal with re-
spect to the local signal, to make a valid compari-
son the local signal must be delayed so that it
reaches the comparison circuit at the same time
the equivalent real time signal arrives from the
remote terminals.

The local delay in the LCB is provided by an
adjustable, distortion free delay equalization
circuit. This circuit consists of sectionalized all-
pass delay networks which supply adjustable de-
lay times up to 8 ms and is similar to a lumped-
parameter delay line circuit. It exhibits a linear
phase (constant time delay) characteristic over a
wide frequency range.- A similar design is also
used for equalizing the remote signals of a three
terminal line application. The system delay cir-
cuitry for the local signal is on the RELAY mod-
ule. The third terminal delay is on the
demodulator/time delay module (DTD).

In the LCB relay all the signals required to
transmit information from one terminal to
another are generated as an integral part of
the relay system. The module which connects

.the. LCB System to the communication channel

is the interface module. One module is required
for each remote channel. Both are identical,
except for the label, for a given type of channel.
There are two versions of the interface module,
one.for a fiber-optic channel (IFO) and one for
a tone channel (IFT).

The LCB Block Dijagrams, Figs. 4 and 5, show
the audio-tone interface module, IFT (see left
hand side). This module may be divided in three
functional elements. The blocks across the top
of the IFT block diagram constitute the receiver.
The incoming signal goes through an isolating
transformer, then through a common-mode
noise-rejection circiit to a scaling circuit. Depend-
ing on the received signal level, this device may
be set by a jumper to act as either an amplifier
or attenuator. The signal is then adjusted to the
nominal AGC level using a control accessible at
the - front panel of the module (RX adjust).
The band-pass filter eliminates noise and spurious
signals outside the desired 1 to 2.5 kHz modu-
iated carrier range. The automatic gain control
(AGC) unit maintains a nearly constant magni-
tude signal going to the demodulator.

The middle series of blocks represent the re-
ceived tone signal monitoring circuits. The AGC
control voltage is used for high and low signal
level monitoring as well as the reference for
signal-to-noise (SNR) monitoring.

In the high/low limit monitoring circuit, the
AGC control voltage is compared with predeter-
mined levels. The differential comparison func-

‘tion of the relay is permitted to perform only

when the incoming carrier is within these set

limits (£10dB).

In the SNR. monitoring circuit, the carrier
signal output from the AGC circuit is condi-
tioned by a band-reject circuit (carrier removal),
and only the noise voltage will remain at the out-
put of this circuit. An absolute-value circuit is
used to further process the noise into a dc quan-
tity which in turn is to be compared with a volf-

age derived from the AGC control voltage for

the desired SNR level. If the noise voltage equals
or exceeds the set level, a logic signal is sent to
the relay circuit to terminate the differential com-
parison. The use of the AGC control voltage for
the SNR level setting permits the SNR monitoring
to be a truly relative function not tied to any
specific input signal or noise level. The noise volt-
age obtained in this circuit is used yet for another
purpose,

In the relay design, as described earlier, the re-
mote and the local currént quantities are evalu-
ated by circuits which perform the vector com-
parison and magnitude comparison. The out-
puts of the two comparisons are then combined
to determine a trip. If the recovered remote cur-
rent contains noise due to a noisy channel, it is
desirable that this noise can be recognized and
eliminated. The very nature of the comparison
technique .and the characteristics of random
noise have already provided some inherent noise
rejection. However, additional noise rejection is
achieved by relating the noise voltage (VN) to the
trip reference. This feature provides an adaptively
desensitized trip maintaining the comparison ac-
curacy in the presence of channel noise.

The high/low carrier frequency detector is a.

fast responding -detection circuit which directly
senses the carrier signal and provides an output
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if the signal is outside of its range for more than
one cycle. This monitoring together with the
SNR and high/low monitorings merge into one
logic output indicating the channel status, each
with appropriate time delays for system restora-
tion.

The bottom series of blocks represent the tone
transmitter. The transmitterdevel control is a
combination unit similar to the receiver which is
used to adjust the transmitter output to the level
required by the tone channel to be used at the re-
lay location. The signal conditioning converts the
incoming square wave to a sine wave and the pro-
tection and isolation unit provides a safe and
matched connection to the channel.

The. LCB Block Diagram Figs. 6 and 7 shows
the optical interface, IFO (see left hand side)
which connects the relay system directly to the
fiber channel. The transmitter is an amplifier
diode combination which turns a fiber-optic
emitter on and off to generate light pulses with
the offfon period determined by the pulse-period
modulation output. The receiver consists of a
photo-diode producing electric pulses which are
then amplified through a trans-impedance ampli-
fier, passed through a band-pass filter and into an
automatic-gain control circuit thereby providing
a relatively constant-amplitude cartier signal for
the demodulator.

The channel-condition monitoring section
comprises two detection circuits. The low carrier
signal detection uses the AGC control voltage to
detect carrier signals that are below a preset level.

"A low carrier signal signifies a malfunction in the

channel. Since the AGC voltagé is a relatively
slow responding signal, this detection is imple-
mented primarily to provide an early warning
indication that problems are developing in the
channel. An adequate margin has been given in
the design to accommodate the time delay effect
in the AGC voltage. The carrier-frequency moni-
tor, on the other hand, is a fastresponding de-
tection circuit. By sensing the carrier signal di-
rectly, any fast interruption or change in the
channel lasting -for more than one carrier cycle
will activate this circuit instantly. The two de-
tection outputs are combined to produce a
channél-malfunction signal. '

The channel trouble outputs (EN) on the
channel-interface modules are applied to logic on
the RELAY module to immediately discard the

remote signal and block fripping. The LCB. under -

this condition can still be used as an overcurrent

function after 22 ms by using the local sequence . -

quantity only, if desired, (link selectable), on the
AXIM module.

Time-delayed indication and alarm is provided
for sustained loss-of-channel by means of a 500
to 5000-ms timer, CA. indicator and alarm on the
AXIM module.

Final breaker-tripping control is accomplished
by means of type-AR relays mounted on the LCB
trip module (ARTM-1 for LCB trip, AR-1),
(ARTM-2 for DTT trip, AR-2). Each AR is pro-
vided with four (4) normally open contacts, two
(2) for tripping and two (2) for spares. Those con-
tacts for tripping have a series reed relay, which
when energized with dc currents in excess of 0.5
amperes operate to cause an LED trip indication.

The AR tripping circuits and relay indication
are blocked from false operation for a period of
approximately 3.5 seconds during dc power up
conditions in order to permit associated relay
and communijcation circuits to become stable.
This power-control circuit also blocks the sys-
tem immediately during momentary loss or dip
of +15 Vdc. PSME from the ALS power supply
actuates this circuit as well as blocking the
modulator output during power up/down. .

Other features incorporated in the LCB sys-
tem are selection of overcurrent trip on a loss-
of-channel, remote control of overcurrent trip,
ability to reset indicators remotely, and desen-
sitized trip on line energizing. These are all
included as part of the AXLM module, with
additional selection on the MD for the OCCC
features.

Six options are selectable in the LCB during a
loss-of-channel condition, and are controlled by
link “LC”, which in turn through signal BS con-
trol the LCB trip output. “OT"” allows trip while
“BLK” blocks overcurrent trip on a loss-of-
channel. “OTD” allows overcurrent trip only
after loss-of-channel has been present for a time
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delay of 0.1 to 2.0 seconds, adjustable by the
user. Unblock tripping, “UB”, is commonly
used where the channel mediuwm is power-line
carrier, where moméntary loss-of-channel could
occur during some internal faults., This feature
allows overcurrent tripping for 150 ms followirng
loss-of-channel, after which time, trip is blocked.
If “UB/OTD” is selected, then unblock tripping
is allowed, followed by the time-delayed over-
current trip. Another feature associated with
unblock tripping is unblock trip on reclose. If
selected, “UR-IN”, then unblock trip on reclose
will be permitted again for up to 150 ms assuming
the initial LCB trip bad occurred in the preceding
2.5 seconds. Unblock trip on reclose requires 52b-
breaker status information which is optional via
an optically-isolated voltage-selectable input
buffer.

Remote control of overcurrent (OCC) is a
feature controlled by a contact input through
an optically-coupled isolated voltage-selectable
input buffer. With an input, OCC becomes “1”
to ‘block the Jloss-of-channel options, while
applying a signal to the RELAY module to
momentarily block trip while opening the re-
mote signal. The OCC signal also goes to the MD
module to control the transmit signal, with link
OCCC, which does the following:

“QUT” does not affect modulation, “LOC”
causes loss-of-chiannel, “TTO stops 60 Hz modu-
lation and transfer trip but keeps the channel in
service and “TTI” blocks 60 Hz modulation while
leaving the transfer trip feature still available.

External reset of targets is accomplished by
applying a signal to the LCB target reset input
which is optically-isolated and voltage-selectable
depending on the system battery voltage and sig-
nal source. Resét of indicators can also be per-
formed with the system indicator reset push-
button on the LCB trip module.

Trip desensitizing is a feature occasionally used
on power systems where excessive line charging
inrush may occur on the closing-in of a breaker.
This circuit (Link-selectable) provides trip block-
ing (BS) for 200 ms after closing the breaker
unless the magnitude of the frip voltage (VTRIP)
as determined by the operate and restraint
quantities is at some level above the trip point as
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determined by the “T” setting. Depending on the
power system parameters, this desensitized level
can be calibrated at a level of 1 to 10 times the
normal pickup. Operation of this feature is de-
pendent upon the breaker 52b contact for indi-
cation of breaker status — input of the 52b con-
tact information status is through an optically-
coupled, voltage-selectable isolated buffer.

An optional feature available for LCB systems
is direct transfer trip (DTT). The breaker or
breakers at the remote terminal(s) of a pro-
tected line can be fripped at high speed from
the local terminal using elements of the LCB
and the same communications channel. An
additional module, direct transfer trip (DTT), is
required at each terminal. To initiate transfer
tripping, some external device (keying circuit)
must connect battery voltage to terminal DTTBP
and DTTBN on the local LCB. The DTT initiate

circuit provides optical isolation from battery -

transients and has a jumper which must be set
prior to inserting the module to maich the
battery voltage. :

Referring to the block diagrams, the transfer
trip signal is conditioned and then switches the
operation of the PPM modulator to cut out the
local current signal! input. At the same time the
PPM is modulated to represent a magnitude
greater than the maximum current signal at a
420 Hz rate. This signal is transmitted by the
channel interface unit to the remote terminal(s).

At the receiving ferminals, the signal is pro-

cessed by the channel interface and demodulator

elements. The DTT detector and recognition
circuitry checks both frequency synchroniza-
tion and magnitude of the signal from the de-
modulator. A wvalid. direct transfer trip signal
will be higher in magnitude. If these criteria are
met the remote signal is switched off (DTI, DT)
to disable the comparison circuit and block LCB
tripping on the RELAY module. The 50/60 Hz
demodulated signal and at a higher frequency
(420 Hz) transfer trip signal starts a timer which
produces a trip output if the transfer trip signal
is maintained for 10 milliseconds. This time is
supervised by the channel monitoring circuitry
(CA-1 and CA-2) to prevent tripping in the
presence of channel problems.

D
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COMPARISON TECHNIQUE

As mentioned earlier (System Operation), two
quantities are generated from the local and re-
mote signals. The first is called the operating
quantity and is derived by the vector addition of
the local delayed signal, VLD, and the remote
signals (VR1F) and (VR2F). This is accomplished
by a sum and inverting circuit whose output is
“L + R”. Once summed, the resultant “L + R”
signal is converted to a dc level and amplified by
unity gain to produce the operating voltage, VOP.
The operating quantity is given by equation (1).

VOP = |VLD + VRIF + VR2F| (1)

where VOP operating quantity

VLD = delayed local voltage vector
VRI1F = channel 1 remote voltage vector
VR2F = channel 2 remote voltage vector

| | = indicates absolute value

The restraint quantity is obtained by adding
the local and remote voltages on a magnitude
basis, thus phase angle does not enter the result.
In reference to the block diagram, the local
quantity, VLD, and.remote VRI1F and VR2F are
individually converted to a dc magnitude,
summed and amplified (gain = .7) to produce a
negative dc magnitude referred to as VRES. The
restraint quantity is shown in equation (2).

VRES =-0.7 (JVLD| + [VRIF|+ [VR2F])  (2)
where VRES = the restraint voltage

The quantities VOP and VRES are then summed
and filtered to determine if the fault is internal or
external to the protected line. Equation (3) shows
how this is accomplished.

VOP + VRES = VPU 3)
where VPU = a preset pickup threshold
The combined equation is as follows (4)

[VLD + VR1F + VR2E| ~
0.7 ([VLD| + [VR1F| + [VR2F|) 2 VPU 4)

This signal is fed to a trip comparer where the
final trip output, TRC, is set for VPU with the
pickup setting potentiometer.

Fig. 18 represents the characteristic of the
comparison circuit if the fault currents at the
two ends of the line are either in-phase (internal
fault) or out-of-phase (external fault). This curve
indicates that tripping occurs for in-phase cur-

rents and also for out-of-phase where the differ-

ential between them is significant. Since many .
times the currents at the two ends are not ex-’
actly in- or out-of-phase, Fig. 19 shows the relay
characteristic when the local (VL) is at three
times pickup, and the remote varies in-phase
and magnitude. A family of curves similar to
Fig. 19 could be drawn for different magnitudes
of local voltage. It can be seen that the relay sys-
tem will operate for small amount of out-feed at
the remote terminal. This is the differential
aspect of the LCB, and provides out-feed trip
capability in weak terminal applications, As ob-
served in the drawing the relay has about an 829
characteristic; that is, the two quantities can be
up to 820 out-of-phase and the relay will trip for
any set of magnitudes above pickup.

MODULATION TECHNIQUE

The modiilation technique used in the LCB is
PPM — pulse-period modulation. PPM provides a
means of accurately transmitting and receiving
the sequence quantity output, while also pro- .
viding the capability of working over fiber-optics
or a 3002 unconditioned or equivalent channel
without change.

PPM, where the carrier time period is varied -
linearly to the meodulating signal amplitude, is
similar to FM when the deviation ratios are small.
A prominent merit of the PPM scheme is the
comparatively miniscule filter requirements in
the demodulator. A sample-and-hold process
implemented in the demodulator virtually re-
moves the carrier frequency content without
the need of a filter.” This feature greatly en-
hances the relay speed and also simplifies the
circuit that is needed to compensate the local
sequerice signal. Diagrams illustrating the PPM
operation are shown in Fig. 20 (modulator) and
Fig. 21 (demodulator).

The modulator formation is based on the
charging time of capacitor Cm under a constant
current Im. The voltage on Cm is compared to
the modulating voltage Vm. When the voltage on

Cm reaches Vm, flip-flop FF-1 is toggled and Cm

1"
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is reset, commencing another charging cycle.
This encoding operation is performed at 27.2
kHz center frequency which is then counted
down by 16 to 1.7 kHz for transmission. Per-
forming modulation at a higher frequency per-
mits a more practical design and produces a
digitally selectable center frequency.

The PPM modulatlon can be charactenzed by
the equation,

rI"(’c)=To+KmXVm (t) ' (1)
where T (t) = period of modulated carrier
. To = period of unmodulated carrier
Km = Cm/Im, a design constant
Vm(t) = the modulating voliage

T (t) and Vm (t) are time functions.

In the demodulator, the incoming carrier is
first shaped to a square wave. Two pulse signals,
Pl and P2, generated from transitions of the
square wave are used respectively for the sample-
and-hold operation and capacitor Cd reset func-
tion. Constant current Id charges Cd to produce

a linear ramp voltage. Prior to reset (P2 function)
of the ramp, Cd voltage is sampled (P1 function)
and stored in capacitor C3. C3 holds the sampled
ramp voltage until the next P2 pulse appears. As-
sume that the modulating signal in the carrier is a
60 Hz (50 Hz) sinusoidal wave carrying very little
residual carrier frequency components. A simple
filter removes the steps accurately recreating the
original signal. The demodulator operat1on is
given by the equanon

Vo (#)=Kd X T(t) 3 (2)
where Kd = Id/Cd, a design constant.

To demonstrate the overall PPM process, one
can substitute T (t) by the expression given by
equation (1). Then

Vo (t)=Kd X To+KmX Kd X Vm (t) 3)

deTo is a constant voltage term and can be
removed by a simple highpass filter leaving
Vo(t) = KxVm(t). K = KmxKd = CmxIm/CdxId,
a constant term representing the gain of the PPM
process. ' ‘
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It is noted that the demodulation is performed
on each half of the carrier signal. This yields an
effective sampling rate of 3.4 kHz, or approxi-
mately 57 samples per cycle of 60 Hz frequency
(68 samples at 50 Hz). This is a more than ade-
guate rate to insure good representanon of the
original modulating signal. '

LCB II CHARACTERISTICS
1. ac Ratings:
ct Ratio Continuous Ohm 1 Second
Secondary-A Rating-A Burden Rating-A
5 100 002 250
1 20 006 | 50
2. Setting Range (amperes):
| : Phase-to-Ground
ct Ratio 3.Phase Fault Fault
Secondary Sensitivity(A) Sensitivity(A)
5 2.01040.0 023 —44.
1 041080 0.046 — 088

3. Power System Frequency: 50 or 60 hertz.
4. Carrier Fréquency: 1700 hertz, unniodulated.

Maximum Deviation: 200 Hertz without DTT
option.

Modulation Technique: Pﬁlse—period, (PPM).

5. Direct Transfer Trip (Optioﬁ): 420 hertz
- modulating frequency.

6. Channel Delay Equalizer:
Adjustable 0 to 8 ms. (local s1gna1)
Adjustable 0 to 4 ms. (third term)

7. Input Current Transformers: Linear resbonse
up to 100 per unit (1 p.u. = 5A or 1A sym-
metrical current) with an accuracy of 1%.

8. Power Supply Voltages:

Nominal | Range
48/60 Vde 38-70
110/125Vde | 72-145
220/250 Vde 170-290
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9. dc Burden (Watts)

12. Output Contacts:

Module (No.) Contacts

Added Drain For
2 Terminal DIT l 3 Terminal
Standby 20 5 ’ 5
Operate 35 15 5

10. (a) Non Seal-In Indicating Lights (LED):

Module Functions
ALS (switching DC INPUT
power supply) DC OUTPUT
IFT (audio-tone SNR (Signal-to-Noise)
interface) HI (High Level)
LO (Low Level)
IFO (fiber-optic LO (Low Level)
interface)

10. (b) Seal-in Indicating Lights (LED):

Module Functions
RELAY LCB TRIP
DTT (Direct DTT KEY
Transfer Trip) DTT TRIP
AXIM CA (Channel Alarm)
(Auxiliary Logic) OC/UB TRIP
DES TRIP
ARTM-1 (Trip) LCB TRIP #1
LCB TRIP #2
ARTM-2 (Trip) LCB TRIP #1
LCB TRIP #2
DTT TRIP #1
DTT TRIP #2

11. Indicator Reset:

ARTM-1 (2) Independent, heavy-duty, seal-in
contacts for tripping 2 breakers

(LCB trip).

(2) Light-duty contacts for auxiliary
function such as breaker failure
initiate or reclose initiate (LCB -
trip).

ARTM-2 | (2) Independent, heavy-duty seal-in
contacts for tripping two break-
ers (LCB trip).

(2) Light-duty contacts for auxiliary
functions such as breaker failure
initiate or reclose initiate (LCB
trip).

(2) Independent, heavy-duty, seal-in
contacts for tripping 2 breakers
(DTT trip).

(2) Light-duty contacts for auxiliary
functions such as reclose block

(DTT trip).
AXIM (1) Form C channel alarm.
ALS {(2) Form B loss of dc alarm.

13. Contact Rating:

AR Heavy-Duty (Tripping):
Make and carry 30 amperes for a minimum of
100 ms.

A. Manual Reset on ARTM Module. (System
Indicator Reset).

B. AXLM Module has input to allow indi-
cators to be reset remotely. Isolated input
buffer, link selectable for 15, 48, 125 or
250 Vde.

AR Light-Duty (Auxiliary):
3 amperes continuous.
Interrnpting Rating (Amperes)
Resistive Inductive
48 Vdc 3.75 1.75
125Vde 0.5 " 0.35
250 Vde 0.25 0.15

13
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4,

15.

16.

14

Form C Alarm - make continuous, and inter-
rupt 100V A, resistive.

Form B Alarm — make continuous, and inter-
rupt S0V A, resistive,

Channel Alarm (Contacts and Indication) out-
put has adjustable time delay of 500 to 5000
ms. (Factory set at 2500 ms.)

Fiber-Optic Cable Interface:
(820 nm, multimode)

Frequency response: 1.0 — 2.5 kHz

Minimum optical power input to maintain 20
dB SNR is 0.5 nanowatts.

Low signal level setting — 0.5 nanowatts
{820 nm).

Optical channel capability is 40 dB when

using a 50 micrometer core fiber. cable, at

820 nm.
Optical power output ~ 1.0 milliwatt.
Audio-Tone Interface:

Transmitter:

Output Level — Adjustable within the follow-
ing ranges:

+15 to -5 dBm
- 4to-25dBm
-23 to -40 dBm

Amplitude Stability £ 1 dB

Qutput Impedance 600 ohims, balanced
Frequency stability 1%

Frequency bandwidth 1.0 to 2.5 kHz

Receiver:

Input sensitivity +10 to -40 dBm, selectable,
with a 20 dB (z10 dB) window dynamic range

Input impedance 600 ochms, balanced.

Signal-to-noise ratio 17 dB over 1.5 kHz band-
width, unmodulated, and 20 dB, full modula-

tion.

17.

18.

19.

20.

Audio-tone interface can be applied over a
3002 unconditioned circuit or equivalent.

Temperature range -20°C to +60°C around
chassis. Storage temperature ~40°C to +80°C.

Dielectric Capability: 2000 Vac (50/60 Hz)/
2850 Vdc, 1 minute, exposed terminals. 1000
Vac (1450 Vdc) between contacts and across
open contacts.

Surge withstand capability per ANSI C37.90
and IEC-255 specifications.

SETTINGS

There are several Settings and Link Options re-

quired for the LCB. They are dependent upon the
system configuration, dc voltage, channel con-
siderations and user relaying practices.

1.

Required settings/link options:

Positive-sequence sensitivity (P} — RELAY
module.

. Negative-sequence sensitivity (N) — RELAY -
module.

. Zero-sequence sensitivity (Z) ~ RELAY mod-
ule. : '

. Current sensitivity adjustment (1) — RELAY
module,

. Loss-of-channel options (LC-OT, BLK, OTD;

UB, UB/OTD) (UR — IN/OUT) — AXLM
module.

. dec input selection for

a) DTT initiate (15, 48, 125, 250) — when
used — DTT module.

b) Target reset (15, 48, 125, 250) — AXIM
module, -

¢) 52b contact (15, 48, 125, 250) — AXIM
module.

d) Overcurrent Control (OCC) (15, 48, 125,
250) — AXLM module.

. Loss-of-channel alarm and indication and time

delay (AL1, CAD) — AXILM module.
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8. Trip desensitizing level (DES ADJ) and selec-
tion {TRDS) — AXLM module.

9. Time-delayed overcurrent trip (TD ADJ) —

AXIM module.

10. Overcurrent control channel options (OCC-

OUT, LOC, TTI, TTO) — MD module.

11. Trip seal-in feature (J1, J2, J3, J4) — ARTM-
1/2 module.

NOTE: The settings listed in this section are in

~ addition to the FIELD SET UP procedure where

the transmitters and receivers for tones (when
used) are adjusted and the local and remote mag-
nitude and channel delays are equalized.

SEQUENCE (P, N, Z) AND CURRENT (T SET)
SENSITIVITIES — RELAY MODULE

The seqﬁence—network voltage output refer-
enced to secondary current quantities is shown in
equation (1).

VF = (14.14/T) (C1xIal+C2xIa2+COx1a0) (1)
where

VF = voltage output of network

T = current setting of the relay

C1 = positive-sequence network constant
C2 = negative-sequence network constant
CQ = zero-sequence network constant

Ial, Ia2, and Ia0=A phase positive, negative, and
zero-sequence current components respectively
(phasor quantities)

T =the ampere tap setting of the relay

The sequence network constants are shown in
Table 1. Since there are a large number of combi-
nations to choose from, a list of the preferred
combinatjons is shown in Table 2. These combi-
nations of settings and the values of sequence net-
work constants were chosen to assure adequate
sensitivity for three-phase faults, phase-to-phase

. sensing compatible with three-phase fault levels,
~ and high sensitivity to ground faults.

TABLE 1
Sequence Network Constants
Constant Position Value
Pl -0.10
Cl P2 -0.05
Off (P) 0
N1 0.23
N2 0.22
€2 N3 0.20
Off (\N) 0
Z1 2.45
Co z2 _ 1.25
Off (Z) -0
TABLE 2
Preferred Jumper Combinations
Combination Link
Number Position
1 P1,NIL, Z1
2 P1, N1, Z2
3 P2, N2, Z1
4 P2,N2, Z2
5 Off, N3, Z1
6 Off, N3, 22
7 P1, Off, Z1
8 P1, Off, Z2
9 P2, 0ff, Z1
10 P2, Off, Z2

Tripping occurs on a single end basis when
Vg is greater than or equal to 1.414 volts. Sub-

-stituting this value into equation 1, and rear-

ranging, equation 2 is obtained.
Clxlal+C2xIa2+C0xTa0=0.1T (2)

The left side of equation 2 must be equal to
or greater than the right side for a single end
trip. It should be noted that all terminals of
an LCB system generate the Vg quantity, so
that for an internal fault, the combination of
signals from local and remote terminals can be
considered when determining settings as will
be shown later in a setting example.

15
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Equation 2 is the basis by which the following
setting criteria are developed.

Three-Phase Fault and Load Criteria

Three-phase faults ideally contain only positive-
sequence currents, and load current is also posi-
tive sequence in character. When the channel over
which the relay system is operating is intact, load
current is ignored by the LCB relay system
because it is a through current condition to
the protected zone. If the relay is strapped to
overcurrent trip during a loss-of-channel con-
dition, the LCB relay may trip on load when
the channel is lost, and load must be consid-
ered in the setting criteria. If tripping is
blocked during a loss-of-channel condition,
then load current can be disregarded in the
setting criteria.

If tripping is allowed during loss-of-channel,
then the setting of the positive-sequence sensi-
tivity should be above the maximum load level
to avoid undesirable tripping. The setting must
also be below the level of the minimum three-
phase-fault current fed from all line terminals
under any switching condition for which it is
desired to protect the line. For a three-phase-
fault and load current condition, only Ial exists
(Ia2 and IaQ are equal to zero), thus equation 2
reduces to eguation 3.

I3p>0.1x T/CI 3)

Where I3P is the minimum total internal three-
phase-fault current fed from all line terminals
under any switching condition for which it is
desired to protect the line.

Equation 3 is criterion number 1 in setting
the relay. If the relay is set to biock on loss-of-
channel then this is all that need be considered.
However, if the relay is set to overcurrent trip
on channel failure than equation 4 will assume
that the relay is set to above load with a 25%
margin.

0.10T/C1 > 1.25 1L (4)

Where IL is the maximum load current through
the protected line. Equation 4 is then criterion
number 2 in setting the relay.
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Some people prefer to use these two criteria
together, and when combined together equation
5 is the resuit.

I3p>0.10T/C1 >1.25 Iy (5)

Phase-to-Phase Fault Criterion

Discriminating choice of positive and negative-
sequence weighting factors (Cl, C2, CO0) in
the design of the LCB relay avoided any problem
of incorrect identification of fault location. In
general, positive and negative sequence distribu-
tion factors are identical. However, in the vicinity
of a generating plant with the machine positive-
sequence impedances varying with time following
the occurrence of a fault and negative-sequence
impedance remaining fixed, there will be, with
sources on both sides of the fault, different dis-
tribution factors for positive and negative-sequence
currents. Because of this, the ratio Ial/la2 will
vary. However, with the C; and Cp constants in
the network equation having been chosen with
opposite signs, and the signs of the currents
being opposite for a2 BC phase fault, an additive
effect takes place rather than a cancellation effect.

The A-phase oriented filter must serve for all
phase contributions of faults. For AB and CA
faults, VF is much less than that for a BC fault.
To make AB and CA fault sensing compatible
with the level of three-phase fault sensing, it is
necessary to choose C2 equal to approximately
minus 2C1. The natural result of this is to pro-
duce slightly higher sensitivity (I3p/1.732) for
BC faults than for the other two combinations
(1.73213p/2).

Thus, if combinations of strap P and strap N
are selected from Tablé 2, then combinations 1
to 4 will always provide adequate phase-to-phase
fault sensitivity for the minimum case if criterion
number 1 above is met. On the other hand, if
one of the combinations 7 to 10 is selected it is
desirable to check the phase-to-phase fault
sensitivity. In this case, the minimum phase-to-
phase fault current required to trip the relay is
given in equation 6.

Ip.p > 0.1732T/Cl (6)

where Ip.p is measured for the same conditions
as I3p is above.
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Thus, equation 6 becomes criterion number 3,
and is used only when the link N of the relay is
set to the OFF (N) position.

Phase-to-Ground Faults

Because of the likelihood of appreciable re-

sistance existing in a ground fault path, increased
sensitivity is desired to zero-sequence current.
This is accomplished in the design by choosing a
CO constant 24.5 times larger than Cl. Applica-
tions involving continuous zero-sequence current
flow or “througlt’” zero-sequence current flow for
internal phase faults will require cutting this
weighting factor in half or reducing it to zero.
Parallel untransposed circuits can cause zero-
sequence to be present to the extent of approxi-
mately 10% of the load current level.

The criterion number 4 for setting the relay’

for phase-to-ground faults is given in equation 7.
Ig = 0.3T/(C1 + C2 +C0) (T

where I is the minimum internal phase-to-
ground fault current fed from all terminals for
which it is desired to protect the line.

Equation 7 is derived from equation 2 and
uses the fact that JTal = Ia2 = Ja0 and that I =
31, at the fault location.

SETTING CALCULATIONS FOR
THE GENERAL CASE

Case of Equal CT Ratios

This section will show how to calculate and
pick the settings on the relay for the general
application case. It may be useful to restate the
definitions of the currents that will be needed
to calculate the settings.

I3p =Minimum total internal three-phase fault
current fed from all line terminals under
any switching condition for which it is
desired to protect the line.

Ip.p = Minimum total internal phase-to-phase
fault current for the same conditions as
I3p above.

I =Minimum total internal phase-to-ground

favlt current fed from all line terminals

under any switching condition for which
it is desired to protect the line.

I1, =Maximum load current through the pro-
tected line,

Also it may be usefult ¢ summarize the sefting
criteria for the relay,

CRITERION #1: (Equation 3):
Isp>0.1T/Cl1

CRITERION #2: (Equation4):
0.1T/C1 > 1.25 I} (See Note 1)

CRITERION #3: (Equation 6):
Ip.p > 0.1732T/C1 (See Note 2)

CRITERION #4: (Equation 7):
Ig = 0.3T/(C1+C2+C0)

NOTE 1: Criterion 2 is only required when the
relay is set to trip as an overcurrent device on a
loss-of-channel. ‘

NOTE 2: Criterion 3 is only required when the
sequence network is set for no negative-sequence
response.

First of all two things must be determined.
One, will the relay be allowed to irip as an
overcurrent device on loss-of-channel, and two,
is there any reason to set the negative-sequence
sensitivity of the relay to zero (C2 = 0). For this
example, a two-terminal line js used and the
relay may have a negative-sequence response.
The only time it need be considered to eliminate
the relay’s negative-sequence response is when

there is a load tap on the line with a delta-wye

transformer. Also it will be assumed that the
overcurrent time delay trip will be used as a
backup during channel failure. Based on the
above assumptions, it will then be required to
use criterion #2 and not use criterion #3.

TABLE 3
System Fault Currents For Setting Example
Fault Station G Station H
Three-Phase 500A 2500A
-Phase-to-Ground 400A 150A
Load Current 600A

CT Ratio = 600/5

17
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The current and CT information for the exam-
ple is shown in Table 3.

Therefore:
I3p = (2500 -+ 500) 5/600 =25 A
I} =(600)5/600=5 A
Ig = (400 +150) 5/600=4.58 A

The three-phase fault and load current criteria
will be considered first: Substituting into crite-
rion #1:

25 >0.1T/Cl ®
and substituting into criterion #2:
0.1T/C1 > 6.25 ©)

From equation 8 and 9 the value of 0.1T/Cy
can vary anywhere between 6.25 and 25 A. The
choice should now be made on the basis of the
speed of relay operation. In general, the more
multiples above pickup the fault current is, the
faster the relay will operate. Therefore, it is de-
sirable to set the relay as close to the load crite-
rion as possible. The relay should then be set such
that 0.1T/C1 = 6.25. In order to provide the best
sensitivity, link P should be set on Pl {most sensi-
tive position). In this case then, C; = ~0.1 (from
Table 1) and therefore, T should be set to 6.25.
Since link P is set to Pl then link N should be set
to N1 (from Table 2) in order to provide proper
phase-to-phase fault sensitivity for the same con-
ditions. This makes the value of C2 = 0.23 from
Table 1.

Now the ground fault sensitivity should be
checked. Substituting for Ig, T, C1, and C2 into
criterion #4, equation 10 is obtained.

4.58 > 0.3 (6.25)/ (-0.1 +0.23 + C0) (10)

Therefore by rearranging, 4.58 (0.13 + C0) >
1.875 and solving for CO equation 11 is obtained:

C0>0.279 (11)
Observing the values of C0O on Table 1, it can

be seen that either position Z1 or Z2 will meet
equation 11. Therefore, since it is desired to make
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the relay as fast as possible and to handle as much

fault resistance as possible the inequality should

be as large as possible. Thus, based on the above,
the Z link on the relay should be set to Z1. For
this example, the relay setting that is to be used
is T=6.25, P=P1, N=NI, and Z=Z1. It has been
past experience that link settings of P1, N1, and
Z1 will be appropriate for 90 to 95% of the appli-
cations of the LCB relay.

In the above example, the currents that are
used in the criteria were selected using the total
current with both line terminals closed. The re-
sulting setting of the relay will allow the relay to
clear a three-phase fault when line testing from
terminal H. However, the setting will not allow
clearing of a three-phase fault if the line test
occurs by closing station G. All ground faults
will be cleared since the ground fault sensitivity
is 87.2 A primary current. In order to cover the
line test case from station G for three-phase faults
it would be necessary to set the sysiern below
load current, and then it would be required to
block tripping on loss-of-channel condition. If it
is both desired to line test from station G and
pravide overcurrent ftrip then possible over-
tripping must be accepted during a loss-of-channel
when loaded above the relay pickup.

Unequal CT Ratios

When the two CT ratios at the ends of the line
are different it is necessary to compensate for the .
current differences by changing the T current:

sensitivity setting The P, N, and Z links must
always be set on the same position at all line ter-
minals.

The settings are calculated on the basis of the
higher CT ratio, and then the T setting at the
lower CT ratio terminal is modified. The end
which has the lower CT ratio has a higher second-
ary current than that at the higher ratio CT end,
and thus, T must be set to a higher value. The
equation for making the compensation is given
in equation 12.

T1R = (RER/RLRITHR (12)

where

Ty R =T setting at the terminal with the lower
CT ratio

O
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TR =T setting at the terminal with the higher
CT ratio

Ryyr = Higher CT ratio

Ry R = Lower CT ratio

If in the previous example the CT ratio at sta-
tion H were 400/5 and station G remained 600/5,
the tap setting (T) at station G would remain the
same as calculated. The tap setting (T) at station
H would be modified by equation 12.

T at station H= (600/400) 6.25 or T at station
H = 9.38. The links P, N, Z, remain the same at
both line terminals.

T-Setting

The T ““tap” setting is continuously adjustable
from 2 to 20 amperes for 5 Amp CT rated relays.

. Setting is made by means of a front mounted 10

turn precision potentiometer with a three digit
digital counting dial. The dial is referred to as
T-SET and is located on the front of the RELAY
module. '

Once the Ampere value of T is determined, the
dial is set by the following formula:

DS =1082.5 —2000/T

where DS = Dial Setting
T = Tap value in amperes

For example, for a T setfing of 6.25 Amperes,
DS = 1082.5 — 2000/6.25 which equals 762.5. In
this case on the digital dial, the first digit would
be 7, the second 6 and the third halfway between
2 and 3. Once the setting is made, the dial can be
locked in place by means of the lever below the
diai mechanism.

For relays rated for I Ampere CT’s, the setting
range is 0.4 to 4 Amperes, and, for the dial setting,
T is replaced by 5T so that DS = 1082.5 — 400/T.

LOSS-OF-CHANNEL OPTIONS
(LC, UR) — AXIM MODULE

LC-OT: Allows immediate overcurrent trip
on loss-of-channel (after 22 ms).
LC-BLK: Blocks all LCB tripping during loss-

of-channel.

LC-OTD: Allows overcurrent tripping after
a preset time of 0.1 to 2.0 seconds
(TD ADJ-AX1LM module). '
LC-UB: Allows overcurrent trip for u15 to

150 ms following loss-of-channel
(unblock feature for power line
carrier),

LC-UB/OTD: Allows overcurrent trip for 150 ms
following loss-of-channel followed -
by time-delayed overcurrent trip
capability.

UR-IN: Allows the 150-ms unblock (UB)

feature, if selected, to be reinserted

on reclose if a trip has occurred i

the past 2.5 seconds. '

DC INPUT SELECTIONS

1. Target Reset Input — AXIM Module

Electrical (remote) reset of seal-in indicating
lights. Set “TARGET RESET” link for the-
desired input dc voltage (15, 48, 125, 250).

2. 52b Contact Input — AXIM Module

52b breaker contact input used in conjunc-
tion with line energizing trip desensitizing
and/or unblock trip capability. Set “52B”
link for the desired input dc voltage (135, 48,
125, 250).

3. DTT Initiate Input — DTT Module (When
Supplied)

Set “DTT KEY” link for the desired input
voltage. (15, 48, 125, 250).

4. Overcurrent Control — AXLM Module. Set
OCC link to the desired input dec voltage (15,
48, 125, 250).

LOSS-OF-CHANNEL ALARM/INDICATION
SEAL-IN AND TIME DELAY —
AXIM MODULE

Loss-of-channel alarm ALl and indication CA
can be set to seal-in by placing links “AL1” and
“CAI” on “S8” or to follow the signal by placing
links on “NS™.
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Time delay for alarm after loss-of-channel is
factory set at 2500 ms. If a different time be-
tween 500-5000 ms is desired, refer to the CALI-
BRATION section.

TIME DELAYED OVERCURRENT TRIP
(TD ADJ) — AXLM MODULE

If the LC-OTD option has been selected, then
the time can be set from 0.1 to 2.0 seconds. Refer
to CALIBRATION section for setting procedures.

OVERCURRENT CONTROL CHANNEL
OPTIONS - MD MODULE (OCCC)

If this option is to be used to control over-
cutrent tripping, then several alternatives exist
for control of the channel signal to the remote
terminal.

QOCCC-OUT: Does not affect channel informa-
tion (set in this position if this
feature is not used).

OCCC-LOC: Causes loss-of-channel at the re-
mote terminal.

OCCC-TTO: Blocks 50/60 Hz and transfer frip
modulation, but keeps the channel
in tact.

OCCC-TTI:  Blocks 50/60 Hz modulation and

keeps the channel in tact for trans-
fer trip (if keyed).
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TRIP DESENSITIZING — AXIM MODULE

This feature when utilized allows the LCB trip
level to be desensitized for 200 ms when energiz-
ing the line. Factory calibration is for a desensi-
tized level of 5 times (5X) pickup but the link
activating this feature is “QUT™. If this feature is
desired, then link “TRDS” must be set on “IN”.
If a different multiple of trip level setting is re-
quired, then recalibrate per the CALIBRATION
section.

TRIP SEAL-IN SELECTION — ARTM-1/2
MODULE

Links J1 (LCB-Trip), J2 (LCB-Trip 2) on the

ARTM-1 and Links J3 (DTT-Trip 1), J4 (DTT-

Trip 2) on the ARTM-2 when in, permit the trip
AR to be sealed-in, providing 0.5 amperes dc
through the respective trip contacts. With the
links removed, the AR relays will be energized
only when an LCB or DTT trip signal exists.
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RECOMMENDED
ROUTINE MAINTENANCE

- Periodic checks of the LCB including the relay-
ing as well as the communication portions of the
system are advisable to verify the stability of the
settings or possibly indicate component degrada-
tion. These checks will allow corrective action to
be taken before settings may drift out of toler-
ance or components actually fail

Any accumulated dust should be removed at
regular maintenance intervals.

The AR relays used for tripping and mounted
on the ARTM module should be periodically in-
spected for proper contact action and wear. For
worst case operating conditions, 30 amperes re-
sistive, contact make duty; the contacts should be
inspected each year or 50 operations and re-
placed when necessary. Reference, L. 41-759.

Note: ARTM-1 contains one AR for LCB trip;

ARTM-2 contains two AR’s, one for I.CB tirip
and one for DTT-Trip.

In normal operation, or through functional
testing, the monitoring function (LED’s) on the
various modules provide a check on the perfor-
mance of the system.

The areas set and checked during the SET UP
procedure as well as those areas that can be cali-
brated (CALIBRATION section) are key areas
to verify at regular maintenance intervals. Ref:
LCB SYSTEM FUNCTIONAL TEST/SYSTEM

VERIFICATION PROCEDURE.

RECOMMENDED
TEST EQUIPMENT

The following is recommended test equipment
and associated test devices for an LCB system.

Dual-trace oscilloscope.

Frequency counter.

Digital multimeter with true rms. ‘

Three-phase 50/60 Hz current source with

meters. ‘

5. de voltage source.

UME-3 board extender — Westinghouse Style

1447C86G01. '

7. Variable attenuator (600 chm) — tone sys-
tems.

8. Optical Power meter-optical systems: (op-
tional but preferred). o

9. Random noise generator - tone systems (op-
" tional).

10. Optical attenuvator — optical systems (op-
tional).

11. Optical cable with connectors for connecting -

the relay back to back — optical systems {for

SMA connectors, 10 meter length, 50/125

fiber-Westinghouse Style 1604C71G04).

WD

o
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LCB I ACCEPTANCE
TEST PROCEDURE

It is recommended that an Acceptance Check
be applied to the LCB system to verify that the
circuits and system components are functioning
properly.

The LCB test diagram shown on Fig. 16 aidsin
test of the unit on a stand-alone basis. If the LCR
is to be acceptance tested in an operating system,
then the communication channel should be set
initially as per the FIELD SET UP procedure.

The CALIBRATION section of the LL. gives
further detail on those portions of the LCB that
can be calibrated.

NOTE: When removing or inserting modules, dc
power should be turned off.

I. PRELIMINARY
A. Links and Dial Settings:
RELAY Module:

N-N1, P-Pl, Z-Z1, I{ms)2, T-SET — Max
clockwise

IFT-Tone Interface Module(s):
XDB to “+15”, R to “AMP” (when used)

AXLM Module:

AL-1 to “S8”; CAl to “S$”; UR to “OUT”; LC-
BLK; TRDS to “IN”; 5X, 10X links to “5X7;
52B, TARGET RESET, and OCC to rated dc
voltage.

DTT Module (when used):
“DTT KEY” Link to rated dc voltage.

MD Module:
“QCCC” link to “OUT™.

B. Test Setup

" Connect relay to rated dc voltage and 3-phase
current source in accordance with Fig. 16.

NOTE: All measurements are with respect to
“COM” unless otherwise specified.
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II. POWER SUPPLY (ALS MODULE)

Energize relay with rated dc voltage, and with
the ALS module power switch on.

A. Check that the “DC INPUT” and “DC QUT-
PUT” indicators are on.

B. Measure +15 Vdc to be between +14.990 and
+15.010 Vdc.

C. Measure =15 Vdc to be between ~14.750 and
-15.250 Vdec.

D. Insert a board extender in place of the RE-
LAY module. Short the (+15) volt terminal
15 to common, terminal 35; the DC QUTPUT
indicator should go off and the PSA relay
contacts (PSA-1, 2 and PSA-3, 4) should
close. Repeat by shorting (~15) volt terminal
19 to common, terminal 35.

JII. SEQUENCE NETWORK (RELAY
MODULE)

A. Open communication channels by removing
in‘perface module(s). (IFT-1, 2, or IFO-1, 2).

CAUTION: When verifying the negative and posi-
tive sequence in steps B and C, the three-phase
source must be undistorted and balanced, other-
wise the low measured levels of <5mv at TP4, 3
or 6 may be higher.

B. Apply 3-phase balanced positive-sequence cui-
rent at CT rating (5A or 1A): measure ac volt-
age per table below.

TP1 TP2 TP3
348~-.358 .348~.358 .348~.358
TP4 TP5 TP6

<5 mv .348-.358 <5 mv

C. Apply 3-phase balanced negative-sequence
currenf at CT rating (5A or 1A); measure ac
voltage per table below.

TP1 TP2 TP3
.348-.358 .348-.358 .348-.358
TP4 TPS TP6
.348-.358 <5 mv <5 mv

7N
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Iv.

Apply zero-sequence currents by applying
rated single-phase-to-neutral current. Measure
ac voltage on TP6 to be 113 to 123 mv.

DIAL SETTING (T-SET) — (RELAY
MODULE)

Open Z jumper (Z-Z), and leave communica-
tion channels open.

Apply 3-phase positive-sequence current at 4
amps for 5A CT or .8 Amp for 1A CT.

Slowly adjust T-SET for “just trip” by moni-
toring the TRC test jack and observing the
voltage fall from +15 Vdc to -~15 Vdc
(approx.). “LCB TRIP” should light.

Dial setting should be between 560 and 600.

TP-7 voltage should be between 1.400 and
1.430 Vrms.

Measure VTRIP test jack (or TP14) voltage to
be between .45 and .60 Vdc.

NOTE: There is approx. 15% hysteresis in the
frip setting. In order to assure proper reading,
set T-SET dial to maximum clockwise to “‘re-
move {rip” then slowly turn T-SET counter-
clockwise until “just trip>” is observed. Re-
peat several times to verify reading.

Refer to Table 4 for verification of pickup
values versus other sequence settings and fault
types (3-phase, AB, BC, CA, AN, BN, CN).
Tolerance of + 5%.

Leave the Z jumper out (Z-Z) for the re-
mainder of the Acceptance test.

V. DESENSITIZED TRIP (AXLM MODULE)

A. With channel interface modules still removed,

apply single-phase current (IB-N) at 2 amp for
5 Amp CT or .4 Amp for 1 Amp CT). Set
T-SET dial for “‘just trip”” as monitored at
TP-TRC. “LCB TRIP” indicator should light.
(Dial setting approx. 100 or less.)

Close 52b test switch (see Fig. 16).

Press “SYSTEM INDICATOR RESET” but-
ton, “LCB-TRIP” indicator on RELAY mod-
ule should turn off,

C. Increase input current until “LCB-TRIP”
indicator just lights. Input current should
be approximately 10 amperes for 5A CT or-
2 amperes for 1A CT. “DES TRIP” indicator
shouid also light.

D. Open 52b switch. Push “SYSTEM INDICA-
TOR RESET” button; “LCB-TRIP” indicator
should remain lit, “DES TRIP” will be off.
(Note: “DES TRIP” is disabled 200 ms after
opening 52b). '

E. Remove jnput current and press “SYSTEM
INDICATOR RESET” button to reset indi-
.cators.

VI. CHANNEL INTERFACE (IFT OR IFO
MODULES)

Reinsert IFT or IFO interface modules.
A. Transmitter Qutput

1. Tone Interface Module(s) IFT-1 and IFT-2
{(when used).

Use ac voltmeter (preferably true rms) to
measure output at TB3-7, 8 (XMTR #1) or
TB3-5, 6 (XMTR #2) or at the two XMTR
OUT terminals on the front of the IFT mod-
ules. Check transmitter output level by mov-
ing link and adjusting “TX-ADI” per table
below.

TX-ADJ | Lik | Lk | Link

=23 -4 +15
Max ccw | ~40dB (8mv) | -24dB (49mv) | -5dB (.43V)
Max cw | -22dB (62mv) | -3 dB (.55V) | +16dB (4.8V)

Set output level at 775 mv (0 dbm, 600 chm)
(+15 1link) for the remainder of the accep-
tance checks.

2. Optical Interface Module(s) IFO-1 and IFO-2

(when used).

There is no transmitter adjustment.
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3.

Receiver Sensitivity

(1) Tone Interface Module(s) IFT-1 and IFT-2

{(when used).

Set attenuator to read -15 dbm (138 mv) at
RCVR terms TB3-3, 4 (R1), TB3-1, 2 (R2).

Adjust “RX-ADJ” to read 138 mVrms at
TP-AGC.

Vary attenuator to check the various indica-
tor thresholds per table below. Note: all volt-
ages are measured at received input terminals.

“Lo” “HI” “SNR”
Received Indicator | Indicator | Indjcator
‘Level On Off | On Off | On Off
=3 dBm (548mv) X X X
<7 dBm (350mv) X X X
~15dBm (138mv) X X X
-22dBm (61.5mv) X X X
-27dBm (34.6mv) X X X
-35dBm (13.7mv) X X X

(2) Optical Interface Module(s) IFQ-1 and IFO-2

(when used).

If an optical attennator is avajlable and con-
nected between transinitter output and re-
ceiver inputs; vary attenuator until “LO” in-
dicator goes on. This attenuation should be
—-40dB or less, including optical attenuator
insertion loss. AGC should read -6 Vdc (£.5
Vdc) when the light turns on.

If optical attenuator is not available, then
simply disconnect fiber cable between trans-
mitter and receiver, observe “LO” indicator
lights.

(3) Noise evaluation test (IFT modules only)
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a. Connect a noise generator (continuous
noise) through an attenuvator to TP9 (or
printed circuit board (PCB) terminal 5)
and COM.

b. With the noise generator turned oif, but
attenuator connected to TP9 and set for
at least ~10 dB attenuation, measure and

record the signal at “AGC IN” with the
normal received tone signal (measure in
dB).

¢. Increase noise untjl the “SNR” indicator
just begins to operate.

d. Disconnect the incoming receiver input and
measure the signal at “AGC IN”, It should
be 17 dB (+2 dB) less than the signal mea-
sured in step b.

VII. PPM MODULATOR (MD MODULE)

A. With no acinput current applied, monitor the
“RFQ” test jack. Adjust P1 on MD module
for a frequency of 1700 Hz +5 Hz. RFO
voltages should be a square wave from 0 to
+15 Vde.

VIIL PPM DEMODULATOR
[MD AND DTD (WHEN USED)
MODULES]

A. Set channel attenuation to nominal signal
level.

1. Tone Interface — Set received signal level(s) to
-15 dBm (138mv).

2. Optical Interface — No attenuation or noeminal
attenuation representing expected loss for
user’s optical system.

B. Null Adjustment (residual carrier signal re-
moval) .

1. With no ac current input applied, monitor
“VRI1” terminal (MD module) and “VR2”
(DTD module when used) with a scope. Ad-
just P4 on MD module and DTD module
(when used) for a null. The waveform should
be at zero dc level with minimum separation.

C. Demodulator Gain (MD Module) Channel #1

1. Set T-SET dial (RELAY module) to 580 and
apply singie-phase ac current (IB-N) at 5 am-
peres for 5A CT or 1 ampere for 1A CT.

2. Use dual trace scope to monitor “VLD”, RE-
LAY module, and “VRI1F”, MD module, ter-
minals.
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Set the “DM GAIN" pot on the MD module
so that waveform on “VRIF” is equal in mag-
nitude to “VLD”, as measured with an ac
voltmeter.

. Demodulator Gain (DTD) module (when used

— Channel #2 — 3 terminal lines).

Repeat step C using “DM GAIN” and “VR2F”
on the DTD module.

. Channel #2 Delay (DTD Module) (when used

— Channel #2 — 3 terminal lines)

Set “J(ms)” link on RELAY and DTD mod-
ules to “2”, RELAY module, and “0”, DTD
module. Apply single-phase ac current (IB-N)
input of 5 amperes for SA CT or | ampere for
1A CT. :

Monitor “VLD” RELAY module, and
“VR2ZF”, DTD module.

Observe “VLD” and “VR2F” waveforms for
time delay between respective zero crossings.

. Move J(ms) link on DTD module to 2.

Adjust “DEL-ADJ” on DTD meodule; observe
the adjustment range to be up to approxi-
mately 2 ms more than step 2.

Move J(ms) link on DTD module to 4. Two
additional ms of delay should be observed.

Reset J(ms) link to “0” (DTD).

. CHANNEL DELAY EQUALIZER

CIRCUIT (RELAY MODULE)

. Apply single-phase ac input current (IB-N) at

5 amperes for SA CT or 1 ampere for 1A CT.

. Monitor “VLD”, RELAY module, and

“VR1F”, MD module.

With “J(ms)” link set on “2”; adjust “DE-
LAY ADJ” on the RELAY module to observe
a range of adjustment approximately 2 ms.

Set. “DELAY ADJ” (module front) so that .

waveforms are in phase.

Move “J(ms)” link to “4”, “6” and “‘8” posi-
tions. Check the effect of each adding 2 ms
per link position.

D. Reset “I(ms)” link to *“2”.
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LOSS OF CHANNEL ALARM/INDICATION
LOGIC (AXLM MODULE) ‘

Set channel attenuation (between transmitter -

and receiver) of each channel to receive nor-
mal signal level.

Remove ac input current.

Push “SYSTEM INDICATOR RESET” but-
ton to reset all indicators.

Momentarily open channel #1 communication

by removing connection to receiver terminals;

observe “CA” indicator light after approxi-

mately 2.5 seconds. AL-1 relay should pick
up.

Restore normal channel; “CA™ indicator
should remain on; AL-1 should remain
picked up.

Push “SYSTEM INDICATOR RESET” but-
ton to turn “CA” indicator off and dropout
AL-1.

Repeat B with AL-1 and CAI links set-to NS.
In this case the CA light and AL-1 will drop
out when the channel is restored.

Repeat the above procedures for communica-
tion channel #2 (if used).

OVERCURRENT TRIP/LOSS-OF-
CHANNEL OPTIONS (AXLM MODULE)

LC-BLK: “Block trip on loss-of-channel”,

- Set LC link to “BLK”.

Open communication channels #1 and #2
(if used).

With T-SET dial (RELAY module) set af 580,
apply single-phase ac current (IB-N) at 6 am-

peres for 5A CT or 1.2 amperes for 1A CT:
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“QC/UB TRIP” indicator (AXLM module)
and “LCB TRIP” indicator (RELAY module)
should remain off.

Remove current then restore channels.
LC-OT: “Allow trip on loss-of-channel”.
Set LC link to “OT”.

Open communication channels #1 and #2
(if used).

With T-SET dial (RELAY module) set at 580,
apply single-phase ac current (IB-N) at 6 am-
peres for SA CT or 1.2 amperes for 1A CT:
“QC/UB TRIP” indication (AXLM module)
and “LCB TRIP” indication (RELAY mod-
ule) should occur.

Remove input current; press “SYSTEM IN-
DICATOR RESET” button and “OC/UB
TRIP” and “LCB-TRIP” indicators should
turn off.

Restore channels.

LC-OTD: “Time-delayed trip on loss-of-
channel.

Set LC link to “OTD”.

Monitor “TRC” (RELAY module) and
“OCTD” (AXLM module).

Open communication channels #1 and #2
(if used).

With T-SET dial set at 580; apply single-
phase ac current input (IB-N) at 6 amperes
for 5A CT or 1.2 amperes fora 1A CT.

“TRC” should fall to =15 Vdc immediately
and “QCTD” from +15 Vdc to zero after a
time delay as set by “TD ADJ” on the AXLM
module.

“OC/UB TRIP” (AXLM) and “LCB TRIP”
(RELAY) indication should occur when
“QCTD” drops to 0 volts.

Remove input current; press “SYSTEM IN-
DICATOR RESET” button and “OC/UB

TRIP” and “LCB TRIP” indication should
reset.

Restore channels.

. LC-UB: Unblock trip for 150 ms on loss-of-

channel.
Set LC link to “UB™.

Set communication channels to normal
whereby receivers are receiving nominal level.

Set T-SET (RELAY moedule) to 580.

Monitor “TRC” and printed circuit terminal 2
on the RELAY module.

Apply single-phase input current (IB-N) at 6
amperes for 5A CT or 1.2 amperes for 1A CT.

“TRC” voltage should fall from +15 to ~i5
Vdc. Printed circuit terminal 2 should fall
from +15 to 0 Vdc. “LCB TRIP” indicator
should light.

Open channel #1 communication by removing
input signal to receiver.

TP-TRC voltage should remain at approxi-
mately ~15 Vdc; printed circuit board ter-
minal 2 voltage should rise to +15 Vdc for 20
ms immediately following channel loss then
returns to 0 Vdc for approximately 130 ms
and rises to +15 Vdc, and remains at that
level. Press “SYSTEM INDICATOR RESET”,
“LCB TRIP” indicator should turn off and
remain off.

Repeat for channel #2 (if used).

Remove input current and restore channels.

. LC-UB/UR-IN: Reclose unblock tripping on

loss-of-channel.

Set link LC to “UB™, link UR to “IN”, and
TRDS to “OUT™. (All links are on AXIM
module). Set T-SET dial (RELAY) at 580.

. With the channel(s) set for normal received

signal, close 52b switch (Ref. - Fig. 16) and
apply single-phase ac current (IB-N) of 6
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amperes {(5A CT) or 1.2A (1A CT). “LCB
TRIP” indication should occur.

Open channel by removing the input signal,
remove input current, then reset indicators
with “SYSTEM INDICATOR RESET”, and
ALL within 2.5 seconds, reapply input cur-
reat. “LCB TRIP” should reoccur.

Repeat step 2 then 3, but wait longer than
2.5 seconds in step 3. “LCB TRIP” should
not reoccur.

. For systems utilizing channel #2, (3 terminal

lines), repeat the process by opening channel

Open 52b and restore all channels.

. LC-UB/OTD: “Unblock and time-delayed

trip on loss-of-channel”.
Set LC link to “UB/OTD”.

Set communication channel(s) to normal. Set
T-SET dial (RELAY) to 580.

Monitor TP-TRC and printed circuit terminal
2 on the RELAY module.

Apply single-phase input current (IB-N)} at
6 amps for 5A CT, or 1.2 amps for 1A CT.

“TRC™ voltage should fall from +15 to ~15
Vdc. Printed circuit terminal 2 should fall
from +15 to 0 Vdc.

Open channel #1 communication by removing
input signal to receiver. '

“TRC” should remain at ~15 Vdc. Printed cir-
cuit terminal 2 should rise to +15 Vdc for 20

ms immediately following channel loss, then

return to 0 Vdc for approximately 130 ms,
rise to +15 Vde, then drop back to 0 Vdc
when an output for the overcurrent time
delay circuit, OCTD, AXIM module occurs,
Note: If the OCTD is set for 150 ms or less,
then terminal 2 will remain “0”.
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Press “SYSTEM INDICATOR RESET.”‘,
“LCB TRIP” and “OC/UB TRIP” indication
should remain.

Repeat for channel 2 (if used).

Remove input current. Press “SYSTEM INDI-
CATOR RESET”. “LCB TRIP” and “OC/UB
TRIP” should reset. B

Restore channels.

XII. OVERCURRENT CONTROL (0OCC)

A.

(AXLM AND MD MODULES})

Set LC link to BLK (AXLM). T-SET dial to
580.

Open communication channels #1 and #2 if
used, by disconnecting the received signal or
simuiating LO level.

 Apply single-phase ac current (IB-N) of 6 am-

peres (SA CT) or 1.2 amperes (1A CT).

“LCB TRIP” indication should not occur.
Simulate an OCCBP/OCCBN input (Ref. test
diagram Fig. 16).

“LCB TRIP” indication should occur.
Observe “RFO” (MD rhodule) with a scope

with the following OCCC link options on the
MD module.

OCCC-OUT: 1700 Hz square wave with 50/60
Hz modulation.

OCCC-LOC: Signal remains 0 Vdc.

OCCC-TTOQ: 1700 Hz steady square wave
with and without DTT keyed.

OCCC-TTI: 1700 Hz steady square wave nor-
mally. DTT modulated square wave when
DTT is keyed.

Return channels to normal, set OCCC link to

TTI and remove OCC contact input. Reset
all indicators.
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X1I TRIP OUTPUT CIRCUIT

A.

(ARTM MODULE)

With communication channels set for normal
condition, and T-SET dial (RELAY module)
set at 580, apply single-phase input current
(IB-N), at 6 amperes for 5A CT or 1.2 am-
peres for 1A CT: AR-1 trip relay should pick
up, “LCB TRIP” should light.

Close Trip control switch (ref. Fig. 12). “LCB
TRIP-17 and “LCB TRIP-2” indicators should
light.

Remove input current and press “SYSTEM
INDICATOR RESET”. “LCB TRIP-1” and
“LCB TRIP-2” indicators should remain on
and AR1 should remain picked up. “LCB
TRIP”® indicator (RELAY module} should
turn off.

Open Trip control switch: AR-1 should drop
out but “LCB TRIP-1” and “LCB TRIP-2”
indicators should remain on.

Press “SYSTEM INDICATOR RESET” but-
ton; “LCB TRIP-1” and “LCB TRIP-2” in-
dicators should reset.

XIV. DIRECT TRANSFER TRIP (DTT

A,

28

MODULE) — WHEN SUPPLIED

With the channels set for normal signal, and
no ac current applied, close DTT switch (ref.
Fig. 12). “DTT KEY” and “DTT TRIP” in-
dicators on the DTT module must light, and
AR-2 on the ARTM-2 module will operate.

Close Trip control switch; “DTT TRIP-1” and
“DTT TRIP-2” indicators (ARTM-2) must
light.

Open DTT switch; all indicators should re-
main on. ’

Push “SYSTEM INDICATOR RESET”. “DTT
TRIP 1 and 2” indicators (ARTM-2) should
remain on, “DTT KEY and TRIP” indicators
(DTT) should turn off, AR-2 should remain
picked up.

“SYSTEM INDICATOR RESET” —

Open Trip control switch, push “SYSTEM IN-
DICATOR RESET” - all indicators must turn
off, AR-2 must drop out.

Apply single-phase ac input current (IB-N) at
6 amperes for 5A CT or 1.2 amperes for 1A
CT with T-SET dial at 580. “LCB TRIP” in-
dicator should light.

Close DTT switch. “DTT KEY and TRIP”
indicators should light.

Press “SYSTEM INDICATOR RESET”: “LCB
TRIP* indicator should turn off, “DTT KEY
and TRIP” indicators should remain on.

Remove ac current, open DTT switch. Press
“DTT
KEY and TRIP” indicators should turn off.

XV. TARGET RESET (AXLM MODULE)

A,

Set up an LCB trip condition as in step XIII
or a DTT trip as in step XVI. Open the trip
contro] switch and remove ac current (LCB
trip) or DTT Key (DTT trip). Trip indicators
should be on and sealed-in.

Close the target reset switch TR (ref. Test
Diagram, Fig. 12). All sealed-in indicators

.must reset, and remain reset when TR is

opened.

XVL POWER-UP TRIP/INDICATION BLOCK

D.

{ARTM MODULE)
Set up an LCB trip condition as in step XIII
or a DTT trip as in step XIV.

Turn off dc power switch. Trip AR(s) will
drop out and indication will turn off.

Turn on dc power switch. Trip AR(s) will

operate and indication will occur 2.5 to 4.5
seconds after turning on de.

Remove trip condition and reset indicators.

XVIL. AT .COMPLETION OF ACCEPTANCE

TEST, REFER TO “SETTINGS”
SECTION FOR DESIRED POSITION
OF LINKS
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R TABLE 4

Ny Fault Current Magnifudes in Multiples of
T-Setting for Al Combinations of
Sequence Tap Settings

Fault Current Fanlt Current
Sequence Positive Negative Zero  in Multiples Sequence Positive Negative Zero  in Multiples
Taps ®) {N) {Z) of T Taps ®) (N) @) of T
3-Phase 0 0 1 INFINITE A-Bor 0 0 1 INFINITE
Fault 0 0 2 INFINITE C-A 0 0 2 INFINITE

0 1 0 INFINITE Fault 0 1 0 748
0 1 1 INFINITE 0 1 1 748
0 1 2 INFINITE 0 1 2 748
0 2 0 INFINITE 0 2 0 785
0 2 1 INFINITE 0 2 1 785
0 2 2 INFINITE 0 2 2 785
0 3 0 INFINITE o 3 0 864
0 3 1 INFINITE 0 3 1 864
0 3 2 INFINITE 0 3 2 .864
1 0 0 1.000 1 0 0 1.732
1 0 1 1.000 1 0 1 1.732
i 0 2 1.000 1 0 2 1.732

1 1 0 1.000 1 1 0 861
1 1 1 1.000 1 1 1 - .861
1 1 2 1.000 1 1 2 861
)T".;] 1 2 0 1.000 1 2 0 805
" 1 2 1 1.000 1 2 i 905
1 2 2 1.000 1 2 2 905
1 3 0 1.000 1 3 0 .998
1 3 1 1.000 1 3 i .998
1 3 2 1.000 1 3 2 998
2 0 0 2.000 2 0 0 3.464
2 0 1 2.000 2 0 1 3.464
2 0 2 2.000 2 0 2 3.464
2 1 0 2.000 2 1 0 821
2 1 1 2.000 2 1 1 .821
2 1 2 2.000 2 1 2 .821

2 2 0 2.000 2 2 0 .864
2 2 1 2.000 2 2 1 864

2 2 2 2.000 2 2 2 864 .
2 3 0 2.000 2 3 0 959
2 3 1 2,000 2 3 1 959
2 3 2 2.000 2 3 2 .959
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i TABLE 4 (Cont'd.)
!l\ Ay .
% Fault Current Fault Current
i Sequence Positive Negative Zero in Multiples Sequence Positive Negative Zero in Multiples
it Taps ®) ™) @) of T Taps ®) ™ 2) of T
il B-C Fault 0 0 1 INFINITE || A-Neutral 0 0 1 124
i 0 0 2 INFINITE Fault 0 0 2 242
0 1 0 748 0 1 0 1.296
|l 0 1 1 748 0 1 1 113
Ll 0 1 2 748 0 1 2 204
Jit 0 2 0 785 0 2 0 1.359
il 0 2 1 785 ] 2 1 113
T 0 2 2 785 0 2 2 205
| 0 3 0 364 0 3 0 1.497
W 0 3 1 864 0 3 1 114
I 0 3 2 864 0 3 2 208
I 1 0 0 1732 1 0 0 3.000
e 1 0 1 1.732 1 0 1 129
i 1 0 2 1.732 1 0 2 263
] 1 1 0 523 1 1 0 2.282
1 1 1 523 1 1 1 117
1 1 2 523 1 1 2 219
1 2 0 540 ! 2 0 2.484
1 2 1 540 1 2 1 118
1 2 2 540 1 2 2 220
1 3 0 577 1 3 0 2.988
1 3 1 577 1 3 1 119
1 3 2 577 1 3 2 224
2 0 0 3.464 2 0 0 6.000
2 0 1 3.464 2 0 1 126
2 0 2 3.464 2 0 2 252
2 1 0 615 2 1 0 1.653
2 1 1 615 2 1 1 115
2 1 2 615 2 1 2 211
2 2 0 640 2 2 0 1.757
2 2 1 640 2 2 1 115
2 2 2 640 2 2 2 213
2 3 0 692 2 3 0 1.995
2 3 1 692 2 3 1 116
2 3 2 692 2 3 2 216

30



IL.40-217

Ry TABLE 4 (Cont’d.)

Fault Current
Sequence Positive Negative Zero  in Multiples

Taps ®) ™ @) of T

B-Neuitral
or
C-Neutral
Fault

124
242
1.296
129
263
1.359
129
262
1.497
129
260
3.000
121
232
1.019
126
248
1.055
126
247
1.132
.125
246
6.000
122
237
1.153
128
255
1.202
127
254
1.307
0.127
253

e
—

0
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
B 1
uu]\\ 1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
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LCB I1 CALIBRATION
PROCEDURE

The proper adjustments to insure correct oper-
ation of the LCB have been made at the factory
and should not be disturbed after receipt by the
customer. However, if the adjustments or any
components have been changed or modules inter-
changed, then that portion of the LCB should be
recalibrated and acceptance checked, and the
Field Setup procedure rechecked.

The following procedure applies to those areas
of the LCB that can be recalibrated, and does not
cover those adjustments required for Field Setup.
All measurements are with respect to “COM” un-
less otherwise specified.

ulated, the waveform at “VRI” will be a sine
wave or clipped sine wave; if not modulated, a
zero de level will exist.

IV. AUDIO TONE INTERFACE MODULES
(IFT-1 AND IFT-2 FOR 3 TERMINAL
LINES)

A, “Hi” Level Adjustment

With the channel receiving a signal either from
the remote terminal or back to back, adjust the
signal at “AGC IN” to 0.436 Vrms with “RX
ADJ*. At this level (+10dB from normal) adjust
potentiometer P4 so that the “Hi” level indicator
just lights.

B. 1700 Hz Trap Adjustment

1. ALS POWER SUPPLY MODULE

With the channel receiving an unmodulated
signal (1700 Hz), adjust potentiometer Pl for
minimum negative dc voltage at TP5.

Maf-l The front adjust potentiometer on the front
j M panel is used to adjust the +15 Vdc output to
| +15.000 (£.01). Once adjusted, ~15 Vdc should

be ~15.0 (.2) Vde. V. RELAY MODULE

II. DTD MODULE — 3 TERMINAL LINES CAUTION: Calibration of Negative or Positive
‘ h ‘ _ Sequence requires an undistorted and balanced
M With the channel levels properly set, (refer to  three-phase source.

Field Setup), and a signal being received either

from the remote terminal or connected back to
back, adjust P4 for minimum residual carrier sig-
nal (minimum waveform separation) at “VR2”
as observed on a scope. If the received signal is
modulated, the waveform at “VR2” will be a

A. Negative Sequence

Apply a balanced 3-phase positive-sequence
current at power system frequency (50 or 60 Hz)
and CT rating (5A or 1A). Adjust P1 for a null at .

sine wave; if not modulated, a zero dc level will TP4.

| \
‘ exist.

B. Positive Sequence

Apply balanced 3-phase negafive-sequence cui-
rent (reverse phase A and B) at the power system
frequency (50 or 60 Hz) and CT rating (SA or
1A). Adjust P2 for a nuil at TP5.

H ‘ . MD MODULE

A. Modulator

|

‘ With no modulation (no 50/60 Hz input cur-

N rent to the relay), set potentiometer P1 for 1700 D1

.I‘ Hz as measured with a counter on “RFO”. C. Trip Pickup

h 1. This setting requires local quantities only, and

i B. Demodulator 1) the channel “lost” from the remote termi-

|‘|h nal(s) (“LO” level), or 2) the channel inter-
! With the channel levels properly set (refer to face cards (IFT-1/2 or IFO-1/2) removed so

Field Setup) and a signal being received either that they don’t affect calibration, In addition,

from the remote terminal or connected bhack to if either the “UNBLK” or “TRDES” option

back, adjust P4 for minimum residual carrier sig- on the AXILM module have been selected,

nal (minimum waveform separation) at “VRI1” as then this module should be removed to pre-

observed on a scope. If the received signal is mod- vent trip blocking.
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VL

Apply 3-phase or single-phase current to ob-
tain 1.414 Vac rms at test point TP7. This
level is more readily settable by applying a
fixed current and adjusting the “T” dial to
obtain the 1.414 Vrms. The waveform should
be a clean undistorted sine wave. (Note: Due
to the high gain associated with zero sequence,
and depending on the cleanliness of the cur-
rent source used, it may be advisable to tem-
porarily remove the zero sequence sensitivity
link (Z).

Adjust potentiometer P5 for trip to just occur.
This can be observed by 1) observing the
“LCB TRIP” indicator and 2) tip jack “TRC”
should fall from “1” (+15 Vdc) to “0” (~15
Vde). The value for ftrip, as measured at
VTRIP test jack, TP14, or terminal 28, should
be approximately 0.5 Vdc.

Repeat several times to insure the proper
setting. Note: The trip output has some
hysteresis (approximately 15%), so to re-
check the trip level it must first be reset be-
low the trip hysteresis level by removing and
reapplying the input ac current, or changing
the “T SET"’ dial.

AXILM MODULE

Line energizing trip desensitizing. Initial fac-
tory calibration is for a desensitized level of
5 times pickup. For different multiples of
trip level setting, then the following recali-
bration is required.

Determine the multiple of trip for desensi-
tizing. For 1 to 5 times pickup, set link on
5X. For 5 to 10 times, set link on 10X. Set
TRDS link to “IN™,

Apply current to the LCB relay to just cause
an LCB trip (per method as described for the
RELAY module). The voltage as measured
on VITRIP (RELAY module) should be .45
to .60 Vdc.

Apply signals to simulate the desired desen-
sitized trip level by one of the following
methods:

(a) Apply current at the desired multiple, or

(b) Simulate the VTRIP voltage level {multiple

times VTRIP level at pickup) by,

1. Removing the RELAY module and place
the AXILM module on a board extender.

2. Jumper TP9 to TP8 and adjust potentiom-
eter P3 for the desired dc voltage.

(NOTE: REMOVE JUMPER ON COMPLE-

TION OF FINAL SETTING).

With the proper current or VIRIP dc voltage
applied, adjust P1 “DES ADJ” so that the
“TRDS” jack just changes from “0” to “1”
(+15 Vdc).

. Channel alarm (AL-1) time delay. Initial fac-

tory calibration is for 2500 ms. For different
times, then the following recalibration is re-
quired.

Simulate a low signal by increasing attenua-
tion. {Open channel.)

Adjust potentiometer P2 for the desired time
between 500 to 5000 ms.

. Time Delayed Overcurrent Trip (OCTD). This

time is adjustable from 0.1 to 2.0 seconds
with front mounted potentiometer P4, “TD
ADJ”, and is initially factory set for 250 ms
(.25 seconds). For different times, then the
following recalibration is required, Link LC
should be set to OTD.

Simulate a low signal by -increasing attenua-
tion or opening the channel.

Monitor “TRC” (RELAY module) and
“OCTD” (AXLM module).

Apply ac input current above LCB pickup.

Measure the time between TRC dropping
from +15 Vdc to ~15 Vdc (when ac current is
applied) and “OCTD” changing from +15 Vdc¢
to zero. This is the Time-Delayed Overcurrent
trip time and is adjustable with “TD ADJ”.
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FIELD SETUP AND
VERIFICATION PROCEDURE

This adjustment procedure assumes that the
LCB has been checked per the Acceptance Test,
set for proper sequence sensitivities, pickup and
link selections per the Settings, and that the re-
lay is wired into a relay system and comnnected to
a communications channel. This procedure must
be followed before closing the breaker trip cir-
cuits. Refer to Fig. 22 for typical waveforms.

1. COMMUNICATION CHANNEL
ADJUSTMENT

A. Transmitter

1. Optical Cbannel

a. Channel 1 (IFO-1) — no adjustment is required.
Channel 2 (IFQ-2) — 3 terminal lines — no ad- -

justment is required.
2. Audio Tone Channel
a. Channel 1 (IFT-1)

1) Set link (XDB) on the IFT-1 module for
the desired transmitter output range
(XDB to “+15” for ~5dBm to +15dBm;
“-4” for -25dBm to ~4dBm; “~23” for
~-40dBm to ~23dBm).

2) Connect a true rms ac VM to the trans-
mitter ouiput “XMTR OUT” on the
IFT-1 module and adjust “TX ADJ” for
the desired output level (Ref: O0dBm =
0.775 Vrms).

NOTE: This level can also be measured on the
rear terminal block, TB3-terminal 7 and 8; or
the output of the audio tone protection pack-
age, with level reduced by several dB.

b. Channel 2 (IFT-2) — 3 terminal lines. For the
majority of 3 terminal line applications, only
one transmitter output is required, and
through proper matching in the audio tone
protection package, the signal from IFT-1
can be transmitted at the same level to the
two remote terminals. If this is the case, fol-
low step 1).
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If, however, it is desired to transmit at dif-
ferent levels to the remote terminals, then
step 2) below should be followed.

1} When the second transmitter is not re-
quired, set the transmit level link to min-
imum (XDB to “-23") and adjust “TX
ADJ” for minimum output.

2) When the second transmitter is required,

a. Set link XDB) on the IFT-2 module for
the desired transmitter output range
(XDB to “+15” for -5dBm to +15dBm;
“4” for -25dBm to —-4dBm; “-23” for
~40dBm to ~23dBm).

b. Connect a true rms ac VM to the trans-
mitter output “XMTR OUT” on the
IFT-2 module and adjust “TX ADJ”
for the desired output level (Ref: OdBm =
0.775 Vims).

NOTE: This level can also be measured
on the rear terminal block TB3 — termi-
nal 5 and 6; or the output of the audio
tone protection package, with level re-
duced by several dB.

B. Receiver

{Note: Transmitters must be adjusted fixst).

1.

a.

Optical Channel

Channel 1 (IFO-1) — no adjustment is required
but insure that the “L0O” indicator is not on.
The ACG dc voltage at “AGC” on the IFQO
module must be -10 fo -14 Vdec.

(NOTE: “LO” indicator should light with
40dB or more fiber-optic cable, connector
and splice losses.)

Channel 2 (IFO-2) — 3 terminal lines — no
adjustment is required but insure the “LO”

indicator is not o1, and the “AGC” dc voltage
is ~10 to ~14 Vdec.

Audio Tone Channel

Channel 1 (JFT-1)
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1)

2)

3)

1)

2)

3)

With a true rms ac VM, measured the normal
received signal at “RX IN” with respect to
COM, (Note: This signal can also be measured
at the output of the audio-tone protection
package or on the LCB rear terminal block,
TB3, terminals 3 and 4.) Set link “R” on the
IFT-1 module to “ATT” if the measured sig-
nal is ~15dBm to +10dBm or to “AMP” if
the signal is ~40dBm to -15dBm.

Measure the level at “AGC IN” with respect
to COM with a true rms ac VM and adjust
“RX ADJ” for 138 mv ac (~15dBm/600
ohm).

Insure the “HI” and “LO” level and “SNR”
indicators are not on.

(NOTE: “HI” and “LO’ level will come on
with a +10dBm or -10dB signal around the
adjusted level.) ‘

Channel 2 (IFT-2) - 3 Terminal Lines

With a true rms ac VM, measure the normal
received signal at “RX IN” with respect to
COM. (Note: This signal can also be measured
at the output of the audio-tone protection
package or on the LCB rear terminal block,
TB3, terminal 2 and 2). Set link “R” on the
IFT-2 module to “ATT” if the measured sig-
nal is -15dBm to +10dBm, or to the “AMP”
if the signal is ~40dBm to -15dBm.

Measure the level at “AGC IN” with respect
to COM with a true rms ac VM and adjust
“RX ADJ” for 138 mv ac (~15dBm/600
ohm).

Insure the “HI” and “LO” level and “SNR”
indicators are not on.

CARRIER FREQUENCY VERIFICATION

A. With no modulation at the local terminal (no

50/60 Hz current applied) verify that the
RFO signal measured with a counter on the
front of the MD module is 1700 5 Hz.

If required, this frequency can be fine tuned -

with potentiometer P1 on the MD module
(not front accessible).

III. DEMODULATED SIGNAL

Al

VERIFICATIONS

With modulation from the remote terminal(s)
(50/60 Hz current applied) monitor VR1 (MD
module} and VR2 (DTD module — 3 terminal

. lines) with a scope. The waveform(s) should

appear as a clean sine wave or clipped sine
wave with minimum distortion and no wave-
form separation.

If the waveform appears distorted {(not
clipped) or separated the residual carrier
frequency can be removed by readjusting the
limiter potentiometer P4 on the MD module
(VR1) or DTD module (VR2). This poten-
tiometer is not front accessible.

. SIGNAL LEVEL EQUALIZATION

ADJUSTMENT

With no modulation at any terminal (no
50/60 Hz current to any LCB), temporarily
set the channel delay equalization link to min-
imum (Link J(ms) to J1(2ms), RELAY mod-
ule).

At the local terminal, connect a jumper be-
tween the RELAY module “SETUP” and
the MD module “SETUP’ front test jacks.

Channel 1

At the remote terminal for channel 1, connect
a jumper between the RELAY module
“SETUP” and the MD module “SETUP™.

At the local terminal, measure signal “VLD”’
on the RELAY module and “VRIF” on the
MD module with an ac VM (approximately
3.4 Vac).

Adjust “DM GAIN” on the MD module so
that “VRI1F” is the same magnitude as
“YLD”.

Channel 2 (3 Terminal Lines)_

At the remote terminal for channel 2, connect

a jumper between “SETUP” on the RELAY
and MD modules.
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At the local terminal, measure signals “V1D”
on the REILAY module and VR2F on the
DTD module with an ac VM.

Adjust “DM GAIN” on the DTD module so
that “VR2F” is the same magnitude as
(‘VLD’!D.

Remove all SETUP jumpers and return the
delay egualization jumpers to the original
position.

CHANNEL DELAY EQUALIZATION
ADJUSTMENT

NOTE: For 3 terminal line systems, channel 1
must be the slowest channel since additional de-
lay equalization adjust is available for channel 2.

A. Channel 1

1.

36

Set the “channel delay equalization links™ on
the RELAY module for the anticipated chan-
nel delay. Link J(ms)2 =0 to 2 ms, J(ms)-4 =
2 to 4 ms, J(ms)-6 = 4 to 6 ms, J(ms)-8=6 to
8 ms. Optical channels will generally be set
on J(ms)-2, whereas audio tone channels will
generally be longer, depending on the com-
munication medium.

Apply equal modulation at each terminal of
channel 1.

This is done by energizing each LCB relay
with a single-phase current which is in phase.
In-phase currents are most easily derived from
voltage to current auxiliary test transformers
which have a2 consistent angle between input
voltage and output current, This angle must
be the same at both terminals. Of course, this
technique also requires in-phase voltages at
the two line terminals, The most direct way
to obtain in-phase voltage is to energize the
transmission line from one end only and use
line side potential supply at the open breaker
terminal, and either bus or line side potential
supply at the closed breaker terminal.

Equal modulation also requires the sequence
sensitivity settings (P N, and Z) to be identical

at each station, and for the “T” pickup setf-
ting to be the same, or for different CT
ratio’s, the magnitude of single-phase current
to be proportionally different.

Monitor waveforms VR1IF (MD Module) and
“VLD” (RELAY Module) on an oscilloscope
(dc coupled). With in-phase current simula-
tion (internal fault) at each terminal, “VRI1F”
and “VLD” will appear as sine waves, equal in
magnitude and close in-phase. Adjust “DE-
LAY ADJI” (RELAY Module) so that VLD is
exactly in-phase with VRIF. To check this,
“L + R” will be 2 maximum.

To further prove validity of this calibration,
one of the input currents can be reversed
1800 to simulate an external fault. In this
case “VLD” and “VRIF” will be equal and
opposite (1800 out-of-phase). “L + R” in this
case will be a minimum.

. Channel 2 (3 Terminal Line Systems Only)

Set the second channel (fastest channel)
“channel delay equalization links” on the
DTD module for the anticipated additional
delay required to match channel 1 (the
slowest channel).

Apply equal modulation at each terminal of
channel 2.

Monitor waveforms “VR2F” (DTD Module)
and “VLD” (RELAY Module) on an oscillo-
scope {dc coupled). With in-phase current
simulation (internal fault) at each terminal,
“YR2F” and “VLD” will appear as sine
waves, equal in magnitude and close in-phase.
Adjust “DEL ADJ” (DTD module) so that
VR2F is exactly in-phase with VLD. To check
this, “L + R” will be a maximum.

To further prove validity of this calibration,
one of the input currents can be reversed
180° to simulate an external fault. In this
case, “VLD” and “VR2F” will be equal and
opposite (180° out-of-phase). “L + R” will
be a minimum.
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LCB II SYSTEM FUNCTIONAL TEST/SYSTEM
VERIFICATION PROCEDURE

After commissioning, the L.CB system should
be tested at routine maintenance intervals to ver-
ify operation. The exact functional test varies de-
pending upon particular user preference. The
recommended “standard™ functional tests are
performed with the LCB relay and associated
channel equipment in place, properly set and op-
erating. The tests require an operator at each
terminal with voice communications between
operators.

FUNCTIONAL TEST EQUIPMENT

The following “‘standard equipment’ is recom-

mended.

e Test Panel: Test panel with 2 FT-1 switches
and breaker trip current simulator as described
earlier.

e Test Box: Type UCTB test box as described
earlier.

° ac/d'c volimeter for channel magnitude equal-

ization verification, and for the channel, AGC .

level verification.

e Dual trace oscilloscope for channel delay equal-
ization and residual carrier signal removal veri-
fication.

e Electronic counter for carrier signal frequency
verification.

FUNCTIONAL TEST PROCEDURE

The following is the suggested procedure. If
the standard test panel was not supplied, refer to
user’s supplementary instructions.

I. Disconnect Outputs

The first step is to prevent false breaker opera-
tions by disconnecting the trip output circuits at
all line terminals by OPENING THE RED FT-1
SWITCHES ON THE TEST PANEL, followed by
the auxiliary trip contacts, DTT key and 52b in-
puts with the black Ft switches.

II. Disconnect the LCB relays from the CT’s by
operating the current shorting blades in the
FT-1 switch on the Test Panel at each station.

III. Verify Status at Each Station

A. dc power switch is on and “DC QUTPUT”
and “DC INPUT” indicators on the ALS mod-
ule are on.

B. Press “SYSTEM INDICATOR RESET”.
C. Al channel status and trip indicators are off,
IV. Current Differential Test

At each station (for 3-terminal lines; test ftwo
stations at a time, not all three) connect the
UCTB or equivalent test box using the FT-1
switches-and the multiconductor cable furnished
with the UCTB. NOTE: FIRST BE SURE THE
PLUG THE PERSONNEL SAFETY GROUND
WIRE ON THE FT-1 PLUG INTO THE SPECIAL
JACK ON THE FT-1. After connecting, check
that the “Test Box Energized” light is ON. Ini-
tially set the Fault Locator (FA) to OFF.

A. At both stations, turn the fault selector (FS)
switch on the UCTB to position phase A.

B. At station B, turn the fault applicator (FA)
switch on the UCTB to the forward (FWD)
position. A single-end-feed trip condition will
be satisfied at both stations as indicated by
the “LCB Trip” indicator on the RELAY
module. Also, both the “LCB TRIP-1" and
“LCB TRIP-2” indicators on the ARTM mod-
ule will indicate and seal when the pushbut-
ton on the test panel is depressed.-

C. At station A, also turn the FA to FWD. All
conditions now exist for a double end feed
internal fault. Press “SYSTEM INDICATOR
RESET” (on ARTM module) at both stations.
All indicators as in step B should remain on.
{(NOTE: Trip LED’s will not remain sealed
unless the test panel pushbutton is held in.)

D. At station A, return the FA switch to OFF,

then reverse, REV. This simulates an external
fault. Press “SYSTEM INDICATOR RESET”
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at both stations. All indicators at both sta-
tions should turn off.

At station B, turn FA switch to OFF and then
REV, trip indication should occur and remain
at both stations, both in OFF and REV.

At station A, turn FA to OFF then FWD.
Press “SYSTEM INDICATOR RESET”. All
indicators at both stations should reset.

Return FA to OFF at both stations; all indi-
cation should reset.

Repeat this procedure for phase B and phase
C faults. For three-terminal line applications,
repeat this procedure for the third terminal.

Reset all indicators at completion of tests and
insure that the trip AR’s are not operated by
depressing the pushbutton on the test panel.

V. Loss-of-Channel/Overcurrent Trip Test

A. At station B, turn off the dc¢ with the ON-

38

QFF switch on the ALS module. At station
A, “LO” indication and 8/N (Tone systems)
should occur on the channel interface mod-
ule. CA will indicate and its associated alarm
relay on the AXLM module will operate after
approximately 2.5 seconds.

Overcurrent Trip or Block

For systems strapped to block or unblock for
150 ms on loss-of-channel (Link LC = BLK
or UB).

At station A, apply a FWD or REV fault for
phase A, B, or C. “LCB TRIP” and OC/UB
TRIP* should not occur.

or

For systems strapped to trip as an overcurrent
or time-delayed overcurrent on Joss-of-
channel. (Link LC = OT, OTD, or UB/OTD.)

At station A, apply a FWD or REV fault for
phase A, B and C. “LCB TRIP” and “OC/UB
TRIP” should occur. For those systems
strapped for a time-delayed trip, delay should
be observed between fault application and in-
dication.

V1.

Repeat steps A and B above by reversing the
procedure i.e. turning off the dc at station A
and applying current at station B.

Turn FA to OFF. Restore dc and reset all in-
dicators at completion of tests and insure that
the trip AR’s are not operated by depressing
the pushbutton on the Test Panel at both sta-
tions.

Desensitized Trip

Simulate an open breaker (52b contact closed)
at both stations by applying rated positive dc
to the open FT-1 switch (Test Panel) associ-
ated with 52b.

For systems strapped for desensitized trip:
TRDS link — IN, AXLM module.

At both stations, turn the fault selector
switch on the UCTB to phase A.

At station B turn the fault applicator (FA)
to FWD. A single-end-feed trip condition will
be satisfied at both stations as indicated by an
“LCB TRIP” and “DES TRIP” indication.
(Note: This is assuming the 12 amperes (5A
CT) or 2.4 amperes (1A CT) phase to neutral
current from the UCTB is above the desensi-
tized relay pickup (Ref: Table I of LCB Ac-
ceptance Test.) '

At station A, turn FA to FWD. This simulates
a double-end-feed internal fault. Press “SYS-
TEM INDICATOR RESET™ at both stations.
All indicators as in step 2 should remain on.
(Note: If in step 2, trip indication did not
occur due to user’s settings, this step due to
feed from both terminal is twice as sensitive
and in most cases should permit desensitized

trip.)

At station A, turn FA to REV. This simulates
an external fault. Press “SYSTEM INDICA-
TOR RESET” — all indicators must reset and
remain off.

Repéat for phase B and C if desired. At com-
pletion of tests remove current, FA to OFF,
and reset all indicators.

For systems strapped for no desensitized trip:
TRDS link — OUT, AXLM module, the LCB
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should respond as per step IV — current differ-
ential test.

VII. Direct Transfer Trip Test (When Supplied)

A.

D.

Direct transfer trip keying can be simulated
by applying rated positive dc to the Test
Panel FT-1 switch associated with the DTT
key input.

At station B, simulate DTT key initiation as
per step A.

(1) At station B, the “DTT KEY” indicator
will turn on.

(2) At station A, “DTT TRIP” will light, and
“DTT TRIP-17 and “DTT TRIP-2" will
indicate when the TEST pushbutton on
the test panel is depressed.

Reverse procedure by simulating DTT key
at station A, and observing DTT trip at sta-
tion B.

Optional test (DTT priority).

With no DTT simulated at either station, apply

an internal fauit by setting the UCTB fault selec-
tor to phase A and fault applicator FA to FWD at
both stations. “LCB TRIP” and “LCB TRIP-1”
and “LCB TRIP-2” should occur at both stations.

1.

With an LCB trip sustained, simulate DTT
KEY at station B as described earlier.

(a) At station B, “DTT KEY”’ indicator
should occur and “LCB TRIP’ should
remain.

(b) At station A, DTT TRIP should occur and

take priority over LCB TRIP. Press “SYS-
TEM INDICATOR RESET” then depress
the TEST pushbutton on the test panel.
“DTT TRIP” only (ne “LCB TRIP)
should indicate.

Repeat 1, except simulate DTT KEY at sta-
tion A and observe station B.

At completion of tests, remove current, FA to
OFF, and DTT key inputs, and reset indica-
tion.

VIIL Overcurrent Control Option (When Used)

For users employing the overcurrent control
function (OCC), and with the LCB set to block
trip on loss-of-channel (LC = BLK), the following
function test can be performed.

A. At station B, turn off the dc with the ON-
OFF switch on the ALS module. At sta-
tion A, “LO” indication will occur and CA
will indicate after a time delay.

B. At station A, apply a FWD or REV fault for
phase A, B or C. “LCB TRIP” and “OC/UB
TRIP” should not occur.

Return FA to Normal.

C. At station A, simulate an OCC contact input
by applying rated positive dc to the LCB
OCCBP input, TB5, terminal 7. (NOTE: TBS,
terminal 8, is negative.) At station A, again
apply 'a FWD or REV fault for phase A, B
or C. The time, “LCB TRIP” and “OC/UB
TRIP** should occur.

Return FA to Normal and remove the OQCCRP
input at station A.

D. At station B, simulate an OCC contact input
by applying rated positive dc to the LCB
QCCBP input, TBS, terminal 7.

Restore dc at station B.

Observe the following at station A, depending
on the OCCC link selection on the MD mod-
ule.

1. At station B, apply a FWD or REV fault for
phase A, Bor C,

(a) OCC=0UT
“LCB TRIP” should occur at station A.

(b) OCC=LOC
LO level and CA indication, and no trip
should occur at station A.

(c) OCC=TTI or TTO

“LCB TRIP” should not occur at sta-
tion A.
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Return FA to Normal at station B and simu-
late direct transfer trip DTT at station B by
applying rated positive dc to the test panel
FT-1 switch associated with the DTT KEY
input.

(a) OCCC — OUTor TTI
“DTT TRIP” should occur at station A.

(b) OCCC — TTO _
LO level and CA indication and no trip
should occur at station A.

{c) OCCC — TTO
“DTT TRIP” should not occur at sta-
tion A.

Remove OCC and DTT simulation at sta-
tion B.

Repeat the preceding steps by reversing the
station.

Reset all indicators at completion of tests
and insure all simulated inputs are removed.

IX. System Restoration (CT’S, DTT, 52b)

Remove UCTB test harness assembly at all
stations.

Close the FT-1 switches on the test panel
assocjated with the CT circuits at all stations.

Close the FT-1 switches on the test panel as-
sociated with the DTT key and 52b inputs at
all stations.

X. System Trip Restoration (AR’s)

A. Press “SYSTEM INDICATOR RESET” at all
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stations: all indicators except those indicating
DC INPUT/OUTPUT must be off.

‘Depress the TEST pushbutton on the test

panel at each station to insure that no stand-
ing trips exist.

Restore the trip circuits by closing the re-
maining FT-1 switches on the test panel at
each station, RED ONES LAST.

SYSTEM CALIBRATION
VERIFICATION PROCEDURE

The following is a recommended procedure to

perform on a periodic basis and generally in con-
junction with the Functional Test procedure. This
procedure verifies those calibrations as made dur-
ing the FIELD SET UP PROCEDURE.

L

IL

As in the Functional Test Procedure, first in-
sure that all trip outputs are disconnected
from the breaker trip circuits; then discon-
nect the CT and remaining circuits with the
appropriate FT-1 switches on the Test Panel.

NOTE: Measurements are with respect to
“COM?” unless specified otherwise.

Refer to Fig. 22 for typical waveforms.
Receive Levels

Audio Tone Channel(s) (When Used).

Measure the ac level at “AGC IN” on the IFT
module(s). A reading of 137 mVrms should
be obtained for a normal received signal level.

“HI”, “LO”, and “SNR” indication must be
off. '

Optical Channel(s) (When Used)

Measure the dc voltage at ““AGC™ on the IFO
module(s). A reading between -10 to ~14 Vdc
(typically -13 Vdc) should be obtained for a
normal received signal level.

“1L.0O level indication must be off.

IIl. Carrier Frequency Verification

Iv.

Measure the frequency at “RFO” on the MD
module. It must read 1700 Hz (£5 Hz).

Fine tuning of this frequency can be made by
extending the MD module and adjusting po-
tentiometer P1.

Signal Level Equalization
Adjustment Verification

At the local terminal, connect a jumper be-
tween the RELAY module “SET UP” and the
MD module “SET UP” front test jacks.
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. Channel 1

At the remote terminal for channel 1, connect
a jumper between the RELAY module “SET
UP” and the MD module “SET UP™.

At the local terminal, measure signal “VLD”
(RELAY Module) and “VR1F” (MD Module)
with an ac VM. They should be equal in mag-
nitude. (= 5%).

For fine tuning, adjust “DM GAIN’ on the
MD module so that “VRI1F” is the same mag-
nitude as “VLD”,

. Channel 2 (3-terminal lines)

At the remote terminal for channel 2, connect
a jumper between “SET UP” on the RELAY
and the MD modules.

At the local terminal, measure signal “VLD”
(RELAY Module) and “VRZF” (DTD Mod-
ule) with an ac VM. They should be equal in
magnitude.

For fine tuning, adjust “DM GAIN” on the
DTD module so that the “VR2F” is the same
magnitude as “VLD”.

. Repeat above procedure for all line terminals,

then remove all SET UP jumpers,

V. Demodulated Signal Verifications

A. At remote terminal(s), connect the UCTB

test box to the Test Panel as in the Functional
Test Procedure. Set the fauit selector (FS) to
phase A and the fault application (FA) to
FWD.

. At the local terminal, monitor “VR1” (MD

module) and VR2 (DTD module — 3 terminal
lines) with a scope. The waveform(s) should
appear as a clean sine wave or clipped sine
wave with minimum distortion and waveform
separation.

. If the waveform(s) appears to be separated,

fine tuning can be accomplished by extending
the MD module and, for 3-terminal lines, the
DTD module, and readjusting potentiometer
P4, limiter adj.

D. Repeat above procedure for all line terminals.

At completion of tests, remove the simulated
fault current by turning FA off on the UCTB.

VL Channel Delay Equalization Verification

NOTE: For 3-terminal line system, channel 1 will
be the slowest channel since additional delay
equalization is provided for channel 2.

A. Channel 1

1.

Connect the UCTB to both line terminals of
channel 1. Set the fault selector (FS) and ap-
plicator (FA) to the same positions at each
terminal (i.e. A and FWD). For proper delay
verification, the voltage source energizing the
UCTB must be in phase at both terminals.

Monitor waveforms “VRI1F” (MD Module)
and “VLD” (RELAY Module) with a dual
trace oscilloscope (dc coupled), These wave-
forms should be equal in magnitude and in
phase. Fine tuning of the phase relationship
can be accomplished with the “DEL ADJ”,

Reverse the fault polarity at one terminal by
changing the fault applicator (FA) to REV.
The waveforms must now appear equal in
magnitude but opposite in polarity.

. Channel 2

Repeat the procedure as in channel 1 except
apply current to the 2-line terminals of chan-
nel 2.

Fine tuning of this delay is accomplished with
the “DEL ADJ” on the DTD module. The
second remote “VR2F” is observed on the
DTD module.

Above procedures A and B should be per-
formed at all line terminals.

VIIL. System Restoration (CT’s, DTT, 52b)

A

Remove UCTR test harness assembly at all
stations.

Close the FT-1 switches on the test panel as-
sociated with the CT circuits at all stations.
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C. Close the FT-1 switches on the test panel as-
sociated with the DTT key and 52b inputs at
all stations.

VIIL. System Trip Restoration (AR’s)

A. Press “SYSTEM INDICATOR RESET” at all
stations: all indicators except those indicating
DC INPUT/OUTPUT must be off.

B. Depress the TEST pushbuiton on the test
panel at each station to insure that no stand-
ing trips exist.

C. Restore the trip circuits by closing the re-
maining FT-1 switches on the test panel at
each station, RED ONES LAST.
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RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable spare mod-
ules or components can be furnished to the cus-
tomers who are equipped for deing repair work.
When ordering parts (components, modules, etc.)
always give the complete catalog number, appro-
priate Westinghouse style number(s), and for
modules, sub number identification.
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LCB Il CATALOG NUMBER

The following illustrates the LCB system cata-
log number designations.

CatalogNumber: ICB 5 T1 TS5 AP
Position: 1234 56 7809 10

Position Code Description

1,2,3 LCB  Current Differential Relay-
Standard

Two-terminal line
Three-terminal line-fiber optic
Three-terminal line-audio tone
Direct transfer trip — 2 terminal
Direct transfer trip — 3 terminal
No transfer trip

48/60 Vdc power supply
110/125 Vdc power supply
220/250 Vdc power supply
Fiber Optic, 820 nm, multi-
mode fiber, AMP OPTIMATE
connector

Fiber Optic, 820 nm, multi-
mode fiber, SMA connector
Fiber Optic, 1300 nm, multi-
mode fiber, SMA connector
Fiber Optic, 1300 nm, single-
mode fiber

Audio-tone output

1A CT, 50 Hz

1A CT, 60 Hz

SACT, 60 Hz

5ACT,50Hz

Two-terminal tone protection
package

Three-terminal tone protection
package

No tone protection package
Standard test panel

No test panel

4
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Following are the associated Westinghouse
style numbers of the components/modules asso-
ciated with the LCB catalog number.

Basic standard LCB Relay includes:

LCB Chassis Style 1352D70G01

MD Module (POS D) Style 1603C76G0!
RELAY Module (POS G) Style 1603C78G01
AXLM Module (POS L) Style 1603C82G01

Audio Tone Channel 2 terminal
IFT1 Module (POS F) Style 1603C80G01

Audio Tone Channel 3 terminal
Includes 2 Terminal Interface plus,
IFT2 Module {POS E) Style 1603C80G01
DTD Module (POS C) Style 1603C76G02

Fiber Optic Channel 2 terminal
IFO1 Module (POS F)
Style 1605C05G01 — Fiber Optic, 820 nm,
multimode fiber, SMA connector
Style 1605C05G02 — 820 nm, multimode fiber
AMP OPTIMATE connector
(Later) — Fiber Optic, 1300 nm, multimode
fiber, SMA connector
(Later) — Fiber Optic, 1300 nm, single-mode
fiber

Fiber Optic Channel 3 terminal
Includes 2 terminal interface plus, same style
module as IFO2 in POS E.
DTD Module (POS C) Style 1603C76G02

dc Power Supply
48/60 Vdc: ALS Module (POS A)
Style 1349D85A01
110/125 Vde: ALS Module (POS A)
Style 1349D85A02
220/250 Vde: ALS Module (POS A)
Style 1349D85A03

Trip Output (No transfer trip)
ARTM-1 Module (POS M) Style 1581C25G01

Direct Transfer Trip
DTT Module (POS K) Style 1603C84G01
(2 Term)
Style 1603C84G02
(3 Term)
ARTM-2 Module (POS M) Style 1581C25G02

Frequency and CT rating
50/60 Hz, 5A-CT:
Transf. Assembly (POS J) Style 1581C70G03
50/60 Hz, 1A-CT: :
Transf. Assembly (POS J) Style 1581C70G04

Audio Tone Protection Package (Separate item)
2 terminal Style 2047D16G11
3 terminal Style 2047D16G03

Test Panel (Separate item) Style 1579C61G02
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Following are additional items that can be sup-
plied as part of an LCB system, but are not in-
cluded in the catalog number system.

UCTB Test Box:
50/60 Hz, 5A-CT: Style 1337D24G02
50/60 Hz, 1 A-CT: Style 1337D24G03

TUUME-2 Board Extender: Style 1447C86G0!

Fiber optic connector cable:
Style 1604C71G04 10 meter long,
50/125 micrometer, dual window
(850/1300 nm) graded index fiber
optic cable with SMA connectors
on each end.
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LCB I GLOSSARY OF TERMS OUTPUT SIGNALS
MODULES Name Source Description
Name Description XMTR1 IFT1 Audio-Tone Transmitter -
Channel 1
ALS Analog Logic dc Power Supply XMTR2  1FT2 Audio-Tone Transmitter -
ARTM1 AR Trip - One AR Channel 2 '
ARTM2 AR Trip - Two AR’s OT1 IFO1 Optical Transmitter - Channel 1
AXIM Auxiliary Logic 0T2 1FQ2 Optical Transmitter - Channel 2
CcT Current Transformation Assembly PSAI ALS Form b Contact - Loss of dc -
DTD Demodulator and Time Delay PSA2 ALS Form b Contact - Loss of dc
DTT Direct Transfer Trip PSA3 AlS Form b Contact - Loss of de
IFO Fiber-Optic Interface PSA4 ALS Form b Contact - Loss of de
IFO1 Fiber-Optic Interface - Channel 1 CANOD  AXIM Form cContact - Loss-of-Channel
IFO2 Fiber-Optic Interface - Channel 2 CACOM AXIM Form ¢ Contact - Loss-of-Channel
IFT Audio-Tone Interface LCB
IFT1 Audio-Tone Interface - Channel 1 TRIP 1 ARTM 1/2 LCB AR Trip 1 Contact
IFT2 Audio-Tone Interface - Channel 2 LCB
MD Modulator and Demodulator TRIP 2 ARTM 1/2 1.CB AR Trip 2 Contact
RELAY Relay Sensing Logic LCB
SPARE1 ARTM 1/2 LCB AR Spare 1 Contact
INPUT SIGNALS LCB
SPARE2 ARTM 1/2 TCR AR Spare 2 Contact
Name Source  Description DIT '
‘ TRIP 1 ARTM 2  DTT AR Trip 1 Contact
BP ALS Battery Positive DTT
BN ALS Battery Negative TRIP2Z ARTM2  DTT AR Trip 2 Contact
GND ALS Chassis Ground DTIT
1A CT Phase A Current SPARE1 ARTM2 DTT AR Spare 1 Contact
IAR cT Phase A Current Retum DTT
IB CT Phase B Current SPARE2 ARTM2 DTT AR Spare 2 Contact
IBR CcT Phase B Current Returmn
IC CT Phase C Current
ICR CT Phase C Current Return
RCVR1  IFT1 Audio-Tone Receiver - Channel 1
RCVRZ  IFT2 Audio-Tone Receiver - Channel 2
ORI 1IFO1 Optical Receiver - Channe! 1
OR2 IFO2 Optical Receiver - Channel 2
52bBP AXLM  52b Contact - Battery Positive
52bBN AXIM  52b Coantact - Battery Negative
TRBP AXIM  Target Reset Contact - Battery
Positive
TRBN AXIM  Target Reset Contact - Battery
Negative
OCCBP  AXIM  Overcurrent Control - Battery
Positive
OCCBN  AXIM  Overcurrent Control - Battery
Negative
DTTBP DIT DTT Contact - Battery Positive
DTTBN DITIT DTT Contact - Battery Negative
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INTERNAL ANALOG SIGNALS

Name Source Description

VA CT IA Current Voltage

VB CT IB Current Voltage

VC CT IC Current Voltage

RFIL IFT1/IFO1 RF Input - Channel 1

RFI2 IFT2/IFQ2 RF Input - Channel 2

VN1 IFT1 Noise Voltage - Channel 1

VN2 IFT2 Noise Voltage - Channel 2

NT1 IFT1 Noise Test - Channel 1

NT2 IFT2 Noise Test - Channel 2

AGC IFO AGC Output DC

AGCIN IFT AGC Input

VRI1 MD Remote Voltage - Channel 1

VRIF MD Remote Voltage Filtered -
Chanzel 1

RFO MD RF Output

RF1F1 MD RF Input Filtered - Channe] ]

VR2 DTD Remote Voltage - Channel 2

VR2F DTD Remote Voltage Filtered and
Delayed

VR2DF DTD Remote Delayed Filtered Voltage -
Channel 2 (same as VR2F)

RF1F2 DTD RF Input Filtered - Channel 2

VL RELAY Local Voltage

ViD RELAY Local Delayed Voltage

VRES  RELAY Restraint Voltage

VOP RELAY Operate Voltage

VTRIP RELAY Trip Voltage

L+R RELAY Voltage Local + Remote

Vi RELAY Positive-Sequence Volizge

V2 RELAY Negative-Sequence Voltage

VO RELAY Zero-Sequence Voltage
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INTERNAL DIGITAL SIGNALS

Name Source Description

PSMP ALS _Multi-Power Supply Control
PSME ALS Power Supply de Status
NA1 IFT1 Noise Alarm - Channel 1
NA2 IFT2 Noise Alarm - Channel 2
LAl IFT 1 Low Alarm - Channel 1

1A2 IFT 2 Low Alarm - Channel 2
HA1 IFT 1 High Alarm - Channe] 1
HA2 IFT2 High Alarm - Channel 2

EN1  IFTI/IFO1
EN2  IFT1/IFO2
CAl  IFTI/IFOL
CA2  IFT2/IFO2

Channel Loss - Channel 1
Channel Loss - Channel 2
Channel Loss Alarm - Channel 1
Channel Loss Alarm - Channel 2

LCB

TRIP RELAY LCB Trip Output

RST  RELAY Indicator Reset

RB RELAY Remote Signal Block

TRC  RELAY Trip Comparator

DTI DTT DTT Key Initiate

DTQ DIT DTT Receive (Solid Qutput)
DT DIT DTT Receive (Pulse Output)
DTT :

TRIP DTT DTT Trip Output

BS AXLM Block Trip Signal

TRDS AXIM Trip Desensitize Qutput
OCC  AXLM Overcurrent Control

RFS1 MD RF Syac - Channel 1

RFS2 DTD RF Sync - Channel 2

MISCELLANEOUS TERMINOLOGY

Name Source
Z,Z21,Z2 RELAY

P, P1, P2 RELAY

N, N1, N2,

N3 RELAY

T SET RELAY

DM GAIN MD/DTD
DELAY

ADJI RELAY/DTD
TD ADJ AXIM
QUTPUT

ADJ ALS

DES ADJ] AXIM

TX ADT IFT

RX ADJ IET

SET UP RELAY/MD

Description

Zero-Sequence Component
Positive-Sequence
Component

Negative-Sequence
Component

Tap Dial Pickup Setting
Demodulator Gain Control

Channel Delay
Equalization Adjust

Time Delay on Overcurrent
Trip Adjust

+15 Vdc Adjust
Desensitize Trip Adjust
Tone Transmitter Adjust
Tone Receiver Adjust
Amplitude Setup
Calibration
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LCB II SYSTEM
INSTRUCTION LEAFLET REFERENCE

The following is a list of additional LCB system
supporting instruction leaflets.

Power Supply (ALS, DLS)

Module.................. I.L. 41-830.11
" LCBIIModules ............. I.L. 40-218
UCTB Test Box............. I.L. 40-250
Tone Protection Package. .. ... I.L. 40-475
Application Data. .. ....,.... A.D. 40-217
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Fig.
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LCB II Photograph - Front View

1.CB II Photograph - Rear View

LCB 1I Tone System Photograph

LCB II - Block Diagram - Audio
Tone - 2-Terminal Lines

LCB II - Block Diagram - Audio
Tone - 3-Terminal Lines

L.CB II - Block Diagram - Fiber
Optic - 2-Terminal Lines

LCB II - Block Diagram - Fiber
Optic - 3-Terminal Lines

LCB II - System Schematic -
Audio Tone - 2-Terminal Lines

LCB 1I - System Schematic -
Audio Tone - 3-Terminal Lines

LCB II - System Schematic -
Fiber Optic - 2-Terminal Lines

FIGURES

Drawing
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13
2381F97 14
2381F98 15
16
2381F9% 17
18

2382F01
19

2383F21
20
2383F22 21
22

2383F23

LCB II - System Schematic -
Fiber Optic - 3-Terminal Lines

LCB Outline and Drilling

Test Panel - Qutline and Drilling

Tone Protection Package -
Outline and Drilling

UCTB Test Box Outline

LCB Test Diagram

Leased Cable Circuit Protection

LCB Operating Characteristics
(IN/OUT phase)

LCB General Operating
Characteristics

LCB PPM Modulator

LCB PPM Demodulator

Field Set Up Waveforims

2383F24
1598C09
1589C67

1598C25
3520A69
1493B9%
205C508

3537A17

3537A18
3537A19
3537A20
1346D42
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Fig. 1. LCB I Photograph — Front View

Fig. 2. LCBIT Photograph — Rear View
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Fig. 3.

LCBIT Tone System Photograph




e

1.L. 40-217

BAT
POS
BAT
NEB

o

S2bBP)
S2bBN

TRBP

TRBN
DTTBP
DTTBN|
OCCaP

OCCBN

1S s2b8p| [15,48,125,250

ki
LIS “OUTPUT ADJ" L1
*oc tupurs I'cﬁ’l "0 guTPuT
F1 I N
TERY 53 e A" =l
1rive | © 1 pell INPUT OC POVER Up |—ESHR 1y or
H | PROTECTION COH peNE 13, by RIP 1
et | O—e 33 BN AND CONTROL POVER UP Q
T J_eNo @R 15, 19,
RouND | @9 -+ “s 3 3
pe-1 | (D= <& = PsA-) CoNpY 10NN L—ZL»—:—P!N 3 - 1F 1, IF 2, AXLE 'QI-T
CONTROL _AND | [~—PIN 15 - DD, HD, IF 3, IF 2, RELAY, OTT —_—
See s PEA~2 Pl con Con, =% TRIP
rar-2| @ Len 17 PreoTeETIn 22 T - IF 1, IF 2, AXLK ] P ® :
pSA-3 PIN 1 - . . C
rsa-3 | B JSTITRER A @ L 3'l PIN 35 ~ DTD., MD, IF 1, IF 2, RELRY, OTT l Hhb »
pSA~4 af - !
rsama | () yaran -13 13 :: PIN 19 - OTD, WD, IF 1, IF_2, RELAY, DTT s e sysven | arnez w3l 4o Hady
ALS SWITCHING POVER SUPPLY 32} 35 PSHE 9| CONTROL I—x ARTH- !
S | aLS~POS A 4 :; 53;» M So5TRRE ) 9 AEDLCATOR } (OTT TRIPY 2y 0
L) L o 300 1 com | 30, @
- 20 3% v | YR DIT AR
Y84 = SEQUENCE SRGUENCE 2 1 Aﬁz;‘ SPARE 2
w [ va 9 va NETVaRK WELECTION “DELAY ADU* + I ®
’O ‘L( o @ V1 P1_P VARZABLE > .
108 (S s yg | tneur | |[8E9_¢F2) Lopz pod 1N L h - PN
\® X srovect. N1 N sunMNe (3 ] ER ®
. va [neenT1ve] V2 N2 N e ANPLIFLER - i LCB AR
=& 1eve jsea (P} NS NOT | |T" semrine DELAY 413 AR e SPARE 2
T 20 [ | —dusely o3t Eo [l o ns ST
LAWY s 22 209 o) @ 22, ©
i T L| . L1 am;lu'l b ‘ig:n‘sml
& HES .
18 Ly con 1 suy )5, ®
CT TRANSFORMATION - POS. J ®©) oin, | ovres) oy
SU s YL~ g AR1-2
(O VR20F AC-0C satne.7 LCB AR
S VE):W ) L TRIP 2
I} 7_VRIF ®
= 5 X TRX AD" ABE d 13
83 | pee————— i (+VOP) voe 20, Caren ¢ v 2
(& 78 st kEH ' S B 4 ; G
® S1aNAL RE11 33, VIRIP 29, TRIP 1% AP 2 PRSI T Lca an
REVR coNDITIONING) 17ENy FIEKUF (ps ] e N0 TRIP 1
! ® 9 T6END 0722 AE_TINER,, SETTING TRE L Ly,
e —— | O=-0—0 TRIGOERED ON @ L e ; s, h
RECEIVER INPUT ATT R ANP (LINKS) 24 oce [RETURN TO NORMAL] m larTs-172 —Fos. N »
7 ASC_CONTROL VOLTAGE b
Vi y 0
SHTR @ CRRRTER WOTSE VOLTAGE Ny 27, R, RET —
L {x PROCESSING 1107 OR [~LOSS OF CHANNEL
@O x4z {tac_To-pe_cownv) OR DURING DTT m 19 TRep__[TS, 46,125,250
. "SR 13070 voLTase sELECT[OPTICAL FET_38
STGNAL/ROISE] A 25, s 85 21 TREN
DETECTOR i E— 82 o
% ca-1
TG LEVEL ’ ] 27 UNt 1:‘” — ;ji ca-2 o8 T Tee
AUDIO TONE RECEIVER BETECTOR L I R NSO~ _)174-@ cA
|ReLavm - pos. @ 9 occep [73748,1235,250 _—T ND
a5 COM = 3 _—lvm.mus SELECT}' PTICAL € _l
(—@) HI LEVEL Ha 29, D@ 31 0cCeN Llea
DETECTOR HAE2 oT - BuFreR 1T u H ol
v . 0
"UARATER. > PSHE 13 1R ! . I {com
REQUENE RE i
i > gcc s Tate H ®
PROTECT I0] .
1RO POMER : dR =oc/us ®
AHPLIFIER TRIP*
11 j IND ®
IFTY - POS. F g

-
]
]

OLTASE SELECT[] OPTICAL
S2bp! ISOLATED]
17 ozheu BUFFER

o IN TAOS
200 0/-
ouT R
33vvate 3
1-5% SX=10X j X

[cooeooo0o

1 s Py |
con TADS
\axunm - pos. 7 *oes ang"
. — DT TRIP
T —
B8
RFO 014
oT1 L ('L
oT
; i
oTYEP [15,48,123,250 Faad
eromee orieas g3t
23 DTTeN BUFFER d @
e Caren —®
— “DTT KEY* “DTT TAIP*
HANNEL & NG 5 o
s
ZoH BPF RESET Thte 21
e et
CHANNEL 1 RecosnITION 01013,
: or 11
s2bgP
S2bBN
JRBP
TREN
DTToF
a! 077N
occep
oscen

(BTII - £0S: X _(DIRECT TAANSFER TRLP OPTION ONLY)

Sub 2
2381F97

Fig. 4.

LCB II — Block Diagram — Audio Tone — 2-Terminal Lines

51

52



LL. 40-217

-5 87
81 —
“OUTPUT ADU*
*0C_INPUT* 'é-m: aureut e)_'f ®
IND
o711 AR
S oe A" s
! soerrive | ® 23 e { INPUT DT POER UP JoeeennniBEMP 11 Ly TRIP 1
| Hen 5¥1] PROTECTION ‘ CoH PEHE 13, H
| sn'rerx«vs @ 35 BN AND CONTROL POVER UP . @
: NEGATIV *- .
: T J__ano () %ﬂs 19 ®
sround | @) 4 +s
psat | ® = 3 = PSAZ] CONpITIONING zl'»—:_”" 3 - IF 1, IF 2, AXLH W ST oR ,9|_T orr o
Yar s pgan2 } SanthoL e con con . 27) —PIN 15 - DTO, WD, IF 1, IF 2, RELAY. OTT ’9}1 RIp S
pn-2 | © e 17 " psae3 " % 22 PIN 1 - 1F 1, IF 2, AXH 33 REY, S ®
esa-3 | D¢ 31y PIN 35 - DTD, D, IF 1, IF 2, RELAY, DTT 3 s @ 24, H 5
® i Lsazd 13 ©"5 23, IN 19 - DTD, D, IF 1, IF 2, RELAY, OTY e /Sou T sveren ARTH-2 L anz-s Sanen
FER=A - PIN 19 = DD, 1D, : 2 BELAY: 35 psi o = SPARE 1
L ALS S¥ITCHING POVER BUPPLY 25s vi 32] 35 PSHE o} CONTROL INDICATOR (DTT TRIP) 25, il ‘
. ALE-POS & » TED (3.5 SEC) ? RESET .
A} — e s e > 1 B__Dn 30 @
L vo so: .
" T 2 v e FHARN
= "SERUENCE SEQUENCE TP
T84 NETVORK SENBITIVITY — @
IR V& 29 va SELECTION SDELAY ADJ* 1 A}J ]
| 240 0o ITIVE| “vi| PP VARIABLE “SETUP® 2 ll}-¢.9
; T'|(-||' “# ; E‘ 25yg | meur [ |lBE9 22 Topz P ATN <. 20, H ®
: 18R | & V8 | prorecr. NE N, ARPLITUDE ° LeB AR
=B @ 2| C Y LIRITER - sl 4k SoAaE 2
; = 16 ve 18ve jsea (nll NN erriNg | |¢SX PICI s _ Y o
: [ a#ll 1En:] svoly 21 2 (FNOKT Bin) CHANNEL DELAY EQUALIZER 2 LB 22 S ®
188 b sEQ 0
=4 EXT sl | Lo AR
o L VLD 23, TR eh SPARE 1
@ L|(-| ) ¢ ' VL 31 9]
{0
IcR con SUM 18, @
XELE 20H - vRes 224
r® CT TRANSFORHATION - POS. J 9 1Ry (YRS pem-zl - $5H] LCB AR
@‘THI' S _VR2DF AC-0C | “VLO! BAIN=.7 - H
7 _VRIF @ @
83 (+VOP) vop 204 ® .
1 VIRIP 28
d ® SIGNAL ERND FASS RFI1 38 LCB AR
RCVR | “E . HZ U 17ENT TRIP 1
- ® &0 ALY YRTBSERED O L® ,
RECETVER INPUT . ATT R AHP (LINKS) 24 occ RETURN TO_NORMAL] [ARTH=1/2 = POS. W
XHTR @ CARATER NOISE VOLTAGE ,___“EM__‘ oy 27, ’ o2z BS TIHER, TBE
Pl 1107 OR [ILOSS OF CHANNEL
-l FILYER 19 TRBP. 15,48,125,250
O+ t1.5-7.5 Kkuzy| |tar vo-pc cowv) sNR Sore OR DURING OTT » VoL TAmE seikeT grTica,
7l m 25, A 8s TREN BUFFER
NA_25, <A 8BS n 236
- 25E 182
31 = cA
AUDTC TONE RECEIVER e revoR LA 26 vn2 | 20}
: IReLayn - pos. & 29 gcese 15,48, 123,250
- —| OPTICAL
con In — S voLTaee seLecy[] ORTICS
&.@ 29, g ) DCCBN, BUFFER
= T or ol
- YL (coM)
S RIGH/LOW on EN1 17 S ponE 13 TRE
> - CARRIER - — ot 8 - pey
*TX ADU" FRESUENSY pRIveRpCAZLES, L D s fehe ®
ROTECTION : B )
\ AND_1SOLATION 13 Tocce pse( 13 ®
REQ 7 occ ouT.
TRANSHITTER| & P
OUTPUT 11 O% ®
. IN UR ®
IFT1 - POS. F % o
. . oot @
9 OTI
P 15s2b8p | (13,36, 125,250
COLNTER IVOLTRGE SELECT[]OPTICAL
3t 2 27.2 KHZ s 1700 HZ RFQ 21 17 s2b8N I5OLATED) —
oo MODULATOR = =161 BUFFER
& (FRE@. ADJ.~P1) (647 (+512) | —
183 6'0/ 425 HZ |93 HZ
IN TADS
@ REI2 S 33 " 0
COoH YSET UP' 200
RCVA ——0
o2 ® S BB oﬁv/~
RET
RECEIVER INPUT ATT R AMP (LINKS) SSvrRIP —I
1=5X  SX-10X
- ® CARRIER SE VOLTAGE I‘JM_ i 27, 33 RFI) S 5 o )
e REmgvaL PROCESSING | [seTTInG | _J
© KH T c [ 1 > a0l
(MBI -_POS. D Qoo [ —FnT rpps
§A 28, AXLHI - POS. U_*DES ADJ
——, PR s I e S22 S T
acc
[
= 0Ta
3
AUDIO TONE RECEIVER L8 ot
3 = i e =
=) T TEVEL Ha 29, VOLTAGE SELECT ] aor e 077 31
— 25 DT ISOLATED
8% DETECTOR RFI RFIF DTTBN BUFFER m
W ENz 17,
32b8P| (1 AAHTeR z 33 AFL2 BANDEASE H vR2 7. — 2 *DTT KEY* *oTT TRIP
szbon| @ DETECTOR “XHTR m K Te1.0-215 KH2) DEHODULATOR] T CHANNEL & 1IN o7 m
s Terarion] @ ol @ 1
“DEL ADJ* e
e| G L< TRANSHITTER
whap| @ OUTRUT 11 7 vy | A20HZ SR TRIP 21
| ren| @ CHRNNEL 1 RECOGNITION oTa 13,
’ ?CA-2 pT 11
IFT2 - PDS. € (3 TERMINAL LINE OPERATION ONLY} CHANREL
orree| G - 17 aFsz|syNe cRECK
{DTDIX - POS. C_ (3 TERMINAL LINE OPTION ONLY)
<
! orTey J2ber - 420RZ BPF
] (07 FETTT] 5 VR2 | g SQUARER
TRBEP ¢
occee| O ‘Lm:‘ - CHANNEL 2
DTT6¢
10 Srcor OYIN - POS. K _(DIGECT TRANSFER TRIP OPTION OGN ________ | Sub 2
; occa

‘ 2381F98

Fig. 5. LCBII— Block Diagram — Audio Tone — 3-Terminal Lines

53 54




BATTERY
POSITIVE
BATTERY
NEGATIVE

BROUND

PSR-3

52bBP|

52bBN|

TRBP

OTTBP|

DTTEN| A

OCCBP|

QCCBN,

o

=) (S

"OUTPUT ADJ*
*bC OUTPUT*
IND

AMPLIFIER
DRIVER

--» - OPTICAL
TRANSHITTER

cou

=8

1 RFO

IF0t - POS. F

RECEIVER

AGC_CONTROL VOLTAGE

HIGH/LOW
CARRIER
FREQUENCY
DETECTOR

LO LEVEL
DETECTOR

VYNI(IFTY) 27,

R
1107 OR [—].0S5 oF CHANNEL [
OR DURING DTT

SYSTEN ARTH-2
INDICATOR (DTT TRIP)
RESET

PSHP 11
POVER UP
A con 3
— POVER UP £SME
T 15 19,
o e 15
= = - QUTPUT DC 21
= 3 = PSA-1 CONDITIONING =P PIN 3 -IF 1, IF 2, Axn 4 57T TRTE
AT [ P::;Egur.xgnu con com . 27l [—PIN 15 - DYD, M0, IF 1, IF 2, RELAY, OTT 34 BIT TRIP
Hen 1y - 2 1= IF 1, IF 2. AgLK 33 FST
- PSA-3 31 GERET
ST 8 s -_@ > PIN 35 - DTD, MD. IF 1, IF 2, RELAY, 3 w8
A-4 % .
i “15 15y 22 PIN 19 - DTD, MD, IF 1, IF 2, RELAY, DC POVER
v ALS SWITCHING POWER SUPPLY 25 - 35 psuE gg'/‘gng
LALS-POS 4 sl - T T|505 58
o 1_com
= o 2 =
g va 29va v “DELAY_ADJ* 4
IPOBITIVE bl VARIABLE -
LK‘“' “} ”% svg | meur | |leEa cp2) &
1 B erorecr.| )
v8 [NEBATIVE| -
- —ﬁ__] 18ve 8EQ (P1)
T-|(—||| ] }“E T tFRONT DIAL) =
> £35)
EXT 2 TRIP
o ve 213V0
e 24 J
coy 35 con o
- - ) ARTH-1
e £T TRANSFORMATION - POS. o “cone © “ﬁ;'sﬂn {-VRES) {LCB TRIP)
@ S _VR2DF AC-DC | "VLD* BAIN®,7
. £P08) vTRIP
7_VRIF
. RFI
Gr) :
<I b - TRANS =IMPEDANCE BRND Foss n8C RF1y 33,
AN AMPLIFIER (1.0-2.5 kHz) CIRCUIT 17En1 e —
166Nz | op TRi2aENED oh SETTING (3
E18eR opvIC opTiCAL © asc ©— 24 occ RETURN TG NoRaL|

ARTM~1/2 = POS, M

187
1
OTT AR
TRIP 1
3
OTT AR
TRIP 2
3
DTT AR
8PARE 1
©
7
DYT AR
EPARE 2
©]
C)
LCB AR
SPARE 2
LCB AR
SPARE
)
4
LCB AR
TRIP 2
LCE AR
TRIP 1

R

o e
Forrn voLTa ECT
2 8BS BN
23 EA-1
7 vNy OR S CA2 OR
o [sun
(:é N2, I
PERAYE - oS, 8 29occee_[15,48, 125,250
ES voLTsE seLecT]
018 31 occen
N VU
Lore 137Re
oce it
N S _TRIP
H ocee (T
et Y27 ace ouT PSHE
e DS
L
: ul
TT 8
e 130
TTI OR D
9 BV - e anD) UB/
RFO a) 610
—— b
3 Ve woDULATOR  |2Z22 KHZ RFO 21 17 5250 VoLTARBE SELECT] zoo A
FREG. ADJ.— ]
‘;o/ o (FREG. ADJ.-P1) : ot
R
== - con WSET Y 2]y Thos
78 o
RET YOEKOD BAIN“ VR VRIF ouT o
_‘elsvvaxp o
AND L VRIF S, 1=5X SX-10X
S xiz) DEMODULATOR FILTER conp
LI SETTING
|MOX ~ PCS. D LASART 25 . con —
RFEST “—©Q TROS
CA-1 [AXLHI - POS. ¥ “DES ADJ"
VRIF OTT_TRIP
— % oce
X RFO 8%
i)
o1y oI
oT

27 0YT8P [15,48,125,250

VOLTAGE SELECT]
25 orran -

33 RST

S
LATCH
R

S CA-1

—

3 CHANNEL &
RES1|SYNC CHECK

7 vpy | 420HZ BPF RESET
& SOUARER OrT
CHANNEL 1 [RECOBNITION

*DTT KEY"
IND

R
LATCH
S

10 HS
TinER [(®-JOR!

L M

[OTTR POS. K _(DIRECT TAANSFER TAIZ GPTION oNLY)

ca
tcomy

Sub 2

2381F99

Fig. 6. LCBIT— Block Diagram — Fiber Optic — 2-Terminal Lines




: LL. 40-217

87
I3 i)
; 8L *QUTPUT ADJ™ 7
*0C OUTPUY* YA ©
o e @7 " e
33 pEyP 13
: Posirive | © Yo pel INeuT BE ZOVER U , bn
| sarrenr | 5 35 o8 >~ AND_GONTROL POVER UP " ®
i NEBATIVE o :
:‘ sround | @4 L _ouo “3 - orz-zl g5 T ®
= 3 F PAn1 CONBITIONENG —PIN 3 - IF 1, IF 2, AXLN 34 GYTTRIE OR @ 01T AR
pea-1 | (D CONTROLAND i——PIN 15 ~ DTD, MO, IF 1. IF 2, RELAY, OTT H TRIP 2
ron-z | @ b 15 FB“'Zj PROTECTION cox 33 FgF ; 19 ®
= . P - AXLN
LST2TI . PEA-3 IN 1~ IF 1, IF 2, RX ot S o ) 2 D
pen-s | ® 1 PIN 35 - DTD, WO, IF 1, IF 2, RELAY, o PovER il I ® Tt an
0 9 - } ARTH~ - . .
rea-s | & 4 - E8A°A -3 PIN 19 - OTD, HD, IF 1o IF 2. RELAY: OTY e 33 pone of EOATROL }.&lﬁ?ﬁﬁm T Thies sl R ® SPARE Y
e ALS SWITCHING POVER SUPPLY L 32,5 (3.5 SEC) RESET
e LaLe-Pos A, vz 3b 1 _con 30 ®
vo 30y £3 KR DTT AR °
“ T : 2 ARZ=4 SPARE 2 .
N STOUENGE SEQUINET. 2 T
_ = NETVORK. SENSITIVITY o " 'y __.®
VA 247) SELECTION DELAY_ADY L3
L '@ . 08ITIVE| -V P) P VARIABLE e
] Lle_", A# ; ﬂ o | TR ) - @
! 18R 23V o HPL 0-Z WG e Lco AR
16; NEeATIvE ourk i DELAY SPARE 2
» ve 18ve [szo_tr1) NS NO- *T* SETTING ) ®
i & 8 g svol 21 2 (FRONT D1AL) CHANNEL DELAY EQUALIZER
IoR n K 1522 207 o ©®© \ch AR
‘ 1 C_é} ve 2150 ‘ v 23 ® SPARE 1
ks - e
FABI yL 3
.. 2 : T —
Lo LH cot = {ionz) e | c-vaes) VRES 22 ®
CT TRANSFORMATION - POS, J “con* o) I ppe— Les AR
O S _VAzZOF AC-DC | VL T Lilall VIRIP TRIP 2
{tFos; ] ‘
i LoR
@ 7_vmie fAg-b% et @) o © ®
L= [ REY . (POS) - ®
®
BAND PASS | 33, LB AR
TRANS~IHPEDANCE A8 REIY Lca on
AHPLIFIER Hn.:-xz".'raﬂxuz)HﬂRCUl'f| 7
- 16N o O
FIBER OPTIC OPTICAL noc O — S L
(- CABLE RECEIVER 6722 W5 TTHER,. THe
VNI CIFTY ) 27, oR TRIGBEREQ ON 't
AGC CONTROL VOLTAGE 1107 [-oss O S e grrica,
[150LA’
3018 X L1y SoLATe
- S . s ss . - — , 3
- S OPTicAL < 235FT 5575553
TRANSMITTER m 2STAE oR 5 82
HIGHLOY T 27w < [ D o
CARRIER -
' R - b} ©
2! . 1,250
heLavI - pos. 8 5 Poccar [ TneE stveer PTica:
s CO¥ 578 S10CCEN BUFFER
CC) 1 2 [en -
Vi 13 e @ [FEoms NN
PSHE
— m —
] TO LEVEL Ca-1 23 —oce s ',;:‘:P ®
DETECTOR 1 @
occe ' psne| 3
21 RFO. —_— 27 oce ouT
La~i 3t — 1 8 y @
IFOY - POS. € (0]
13 32p0P | OPTICAL _©
17 5268 Ry %
1 e
| ®
|<b7‘ BAND PASS | 33, S IN TRDS
TRANS=IMPEDANCE ABC REI2 2
:“: » ANPLIFIER H( OLTER e ,chncunl u{- .
_l . N
OPTICAL G _Ahl‘.ﬂ'—'——l
fiame opric RECEIVER nec ©— - © oo o
" | wn2eseve) 27 5 KHZ)
AGC CONTROL VOLTAGE = ' —_r—
' (L2 Sl TR v e—Qcon TRD8
R - [AXLHIT - $OS. —
’ ————— - 7
— 0PTICAL T ca2 ?
TRANSHITTER VRt (1]
HIBH/LOY <-BEQ. 076
FREADEREY o (14
DETECTOR : 14
8 [ e e e e . e e e S e et
(ﬂ_@ T 25 SDENOD_GAIN® 25 prron \LOLTAGE SELECT |isotaTed
83 REI /FIF s vR2 BUFFER
33 RET.
szoep| (D) S per2 BANDPABS PPH vR2 7. : S *oTT TAIPH 4
Lo TEVEL | 11,025 kuzs penoouLAvoR[ ™ qF @
s LATCH
s2neN| (2 A
i COM TT
1
i ree| G &L 8k o 3 EQ TRIP 21
i ) ra 3.
ren| _ or 11
or1ee| GH IF02 ~ POS. € (3 TERKINAL LINE OPTION ONLY) L2 B —
. DTDXX — P_ﬂ_ﬁ‘ c_ (3 TE_'_"!INkL LINE UPT@'N_ENLV’
| ;
! OTTBN] S2boP A20HZ BPF
© 8N S VA2 | 4 saURRER
' TREP CHANNEL 2
occer| (OH TREN
DTTEP
Sear DTTII - POS. K _(DIRECT TRANSFER TRIP OPTION ONLY) - sub 2
occoN ] e e e e e e e e e e i ot i 0 e e e e e e P e e e e e
1 ccey

2382F01

Fig. 7. LCBII— Block Diagram — Fiber Optic — 3-Terminal Lines

57 58



LL. 40217

i 1
BUS L TR
a H *0UTPUT ADY* —$Tepc o5
. fir — =
(3 BP 3, UENCE
¢ [ INPUT OC PsMR 11 ENTTIVITY
& Ly ten s/ e conthos| | SomevTrBSime Yo (29 V1 g 0fL.E
—<M cgu“m‘ nIm 13} psme \L°:2 rrag vag:?:l.s “SETUPH ,
8 . 6ND PROTECTION 1 N SUMMING | o-8 s
L:}— ve 5 V2 SN DUUSTREL VLD 23,
G 1 Lesar Ly T %ﬂ NETVORK NS ot I SE T NG LOAL DeLhy 1 TARReTen
[:’ “ ve 18 +v0 212, "’,’32#*,,3‘““ i TRIP
2 jpsa2 s 274 con 022 zo- = '
j 3y psas Ly 2% ] S21LEXT 3vo ’
- — 2 & oC POVER
- - N ';"‘ ETEY o~ v eenegss OB /bove DTT OPTION ONLY
- -~ - peLesae o >3 ) leeoels e vop 20 con_ 1 CONTROL_anD
1 25 P RESET LosIC
'1 1 L_ ALS - POS A i @ fap 285 VIRIP
| Lc 1
- - VRES 2
1FT=1 lray VRIE 37 [ ——I "REs""’EVL]"I"m]‘IVRzBD-I:I e,
3 s va gl AC-0C ;“__] SYSTEN INDICATOR
52 ;3 }””“* ENY_ 17 104 R RESET
n
o 3 EN2 16 0/22 NS TIMER -
4 E—Q— T R TRIGBERED ON 1" KOs | “TRe — hee 10—
[ oce RETURN_TO_NORMAL| Lee i, IND Lca
10 [ e RIP, LcB AP Thip 2»
i ; £ Fiiaded e [ eseon ud
) 7 B}“ oY __ gt 1088 OF CHANNEL LosIc ’ i
- > O b ora_ L1 OR_DURING DTT w2 #ggp
LIN
E 14 13 Ve as 4 =
- 2 I
12 1 or
L | d con VNt 7 AL
1o - CT TRANSFORMATION = POS. o e 26 [su
By T IreLayn - pos. 8
16 13 <
H 3, 1
I it ARTH-1/2 - POS. M .
- = oce T86
oT1 21! rro <
TP= ™= RX “RX ADJ* Aac v
17 38 1\5|_a(l] (183 &N IN Rer vi_ CIRCUITRY THBE l? e ear 33, 75
120VAC f,)—ﬂ:D—O A FPROTECTION O " —
(USED ONLY FOR | | 1 COMNUNICATION . . LA 88 uz DEMOC BAINY . pyw TREN 21 |SELECT
TESTING WITH [Tp- TP-| 7_| 1SOLATION ScALING CHANNEL. \RET: | SETUP (@—-’ r'ﬁl'l p—
OPTIONAL UETB) 19 3A 19\éoih INTERFACE v o i [s00-5000) NS
HP_D_O 3 R CIRCUITRY ey {os, [ Paweass PP yYRL i les  |oR e
1 - -
ATT & ANP (LINKS) 1.0-2.5 KHZ CIRCUITRY 23, RES1 “10 ADge g °% B2y
Les TESTNPR};EL LAT o Bal oo NO_ 9. 1
- a o - ;l']
OPTIONAL > O o, *RFI REIeL 1 ] TE_—— nso- .. NC 1
@ "i:g — D liﬂn 'x':lu S.!va fu— [anpl—]-1=2_sec IND = i
. 270 vy jvate | LT s e —©)oco “ocrum 1 !
M RE__j»2 aA 7 [VoLTace ica (ol N0 1 2
CHANNEL _Na__ 23/ EE DYTEP GPTICAL Piet TRIP 1S aND)
CONDITION T i#oz -_Pos. SVRIF* P 1SOLATED DTy 2 <1 LaTer -
HONITOR — DTTEN ——| _BUFFER oceae /29 R
Thebyey e 2, Azl (23 occen L 31_|seriens
o VT L5 p1 2 174 ENy [arsr | ] m
bt uBs
150L., SURBE 23 et o
8 / 141783 Tea|vRaNsE. | PROT: m va unaLock (2100~
— *TX ADJ* _Tyvee VAL Y
L PROTECTION (yexuTR RFIz L33 AND CHANNEL [OTD
coNDITION-( |/ AND ouTe, 5 25, pFsz :Ld BLOCK LOBIC
= REO. ING AND s288P
L CONTROL posas it @" y VR2 S 134078 5286N o
Ly EE—
17 — .
AUDIO CLINKS) R—st (;' 21 u;'!rp VIRIP, ¥
TB1 781 P Ea-z 10 HS| T LATCH b
oUTPUT b 1py e 1 B e TIHER) 1-5X SX=10X I R .
B3, 158 857 IFTY - POS. F o conp “0E8
1sou. | | sumee | 1 H L e eI i
R TE3 TEN|TRANSF.] | PROT. | 121 & R n6 1O7DM = POS. C_ t3 TERMINAL LINE OPTION) | an)
TRDS
s DTTH - POS. K
/ ', {DIRECT TRANSFER TRIP OPTION) Il [AXLHET - POS. L "0ES ADJ™
SHIELOED T &e FOS
rvx:rsu POS+  Pos 4 POS +
PAI s EXTERNAL
(TYPICAL) € Pos oS P08 PO Pos PoS POs  ros iR . o8 Pos PO8 doce AESET
&7 #92b oce
gt 7 351 aego J. =TTP  O—s28p PBAY P8AY cacon ¢—occep b—TREP
CVR K - o o e - S, — -——— - o, W
ol 9 T8¢ rsiI Yag]  AB&T 187 787 Y87 T 167 T T8 V82 TET )
o AR an “dan Cdans ' Lane ARz aR2 " arz R AR i
L i 2 T3 A it e b pry i 2 !
T @ @ @ @ .
1183 Leem 186 86 86 86 87 187 87 | 787 ™81 81 82 ¢y 88 !
: - 9 -2 s -1 - ]
g} szsee 273wz (RELAY =1l -3 P 2 e, Sl 1 o L T -
s2b ) . (
28, P [ [ I
KEYING 12 | sanan v a— L——_\ ;_j ;,\,
'? 1y TP=1T TP=9
1
3 -1Ree | —f—;-) 1 30 ) I s 70 13 15 10 20
T EN2
Reser - Uy | 7Ren “'):._. 2FT-1 [a s E F ¢ ] 6 (/ H b )
q = 2 ‘ 10 12 ] @ 140, 16 O17 01y
uzv;:s NO. DEVICE nzv:.”;n; &}5 DTTER : 3 56 ;
LCBX RELAY 8 .
oIt
13, TEST l—< TEST I—< TesT ]—< TEST I—~ |
TP LCB TEST PANEL 1579C61 KEYING { Lg Vorran| | peazas 2 » A 8 5288P
— SP & 1SOL TRANSF 6666071 - — o e ey
520 c:r BRR azx T = [ P 1 sav TP-2 4BV TP-10 48V TP-14
32b CKT BKR AUX 8 -
overcurment | T 128V TP = 123V TP
52T [CKT BRR TRIP COIL | ——wwn CONTROL { 1o 1 pccan - kg AR =
88 LOCKOUT RELAY T ? IFT2 - POS. £ (3 TERMINAL LINE OPTION) S TEST 250V TP-4 230V TP~g 250V TP-12
= e ettt e ONAL)Y P-PSAZ  Q—PEA4  Q—CAND 9—occaN b~ TREN
Vicen ReLay ——
=520 =52 (]
r ~bo L vockout ckvs| (& ~L_ L. L L L
Tesr e TR el i) T
- TEST POINTS BROUGHT QUT ~ POSITIVE VOLTRGE CAN BE 1S5V, ci s CKTS CKTS exTS
@ TO FRONT PANEL T dov; 123y o a3 voirs oc CKTS Lokt B At o o Lo Lo 1EKTE § el Ll
SELECTING APPROI A’
IN RESPECTIVE HODULE NEB NEG NEG NEB NEB NEG NE§ NEG NES NES NES NES NES NEG NES NEE NEG NEG NEB
AA - B HIBH SIGNAL CAUSES ELECTRONIC
SVITCH TO OPEN

= TO APPROPRIATE HODULES

AVRILABLE ¥ITH DTT OPTION

Sub 2
2383F21

Fig. 8.

LCBII — System Schematic — Audio Tone — 2-Terminal Lines

59

60




LL. 40217

r " 1
1 T a7
] (THET ;
[} yo__30,
¢a ;1 BEQUENCE {
SENSITIVITY
1 v lliﬁnunu zl
b vA 29 = "
Yo lao ot ] ke "€ | e 3
) |ve 425 | 22 @z‘ o AMPLIFIER ADJUETABLE |.g¥L0 23, ]
1 PSAYL NETWORK N3 NO~ (FHD:$T"NE LOCAL DELAY % }
[:l ve 10 +V0 21 2 DIALY | “
2 | psaz POT P3 “yLpY
2 022 204 =
3_1PsA3 (21 EXT 30 —
l;’— ; EIRETH oC poveR OTT OPTION ONLY 1
4_1PSAs LR cONTROL anD
-l VR2DE 43 -
1 _*@ — prve— VOP 20 RESET LOGIC E)
l._ “ @ 283 VIRIP 1
E : 1
I Y *_VRES 22 .
i VRIE_ 37 5. 7 Veal+ Ve g -5
Ty -YRLE ¢ m _ SYSTEM_INDICATOR -
T Nt 17 104 FB RESET T
2 EN2__ 16 FICKUP PN
L e S :
10 [ | .
o3 TATP R LCa_TRIF
1y ﬁ.{fgug&glgﬁﬁ " COHPARISION DECISION ORIVER 1
) 7 1, oT it LOSS OF CHANNEL 214 :I . 5
- & 0 O DURING DTT 32 s
LINE oTa_ (13
14 13 ! T J1
y Bs 4
12 11 I
(S e AA 3
- 2
o T By
| 112 \7 e 26 PR ;
\neLayn - pos. o
16 é’ PSNE 4
1
L . : TREON ARTM=1/2 = POS. 1 -
T8¢
Pon oz @ 2
- i a3 noouLAToN (17 KHZ
17 38 1 218 = CIRCUITRY
120vAC —I-C o - AST
{USED ONLY FOR | | 1 sy uz| MDD BRIN®uygy«
TESTING WIT! i Te- TP=] wSETUP® I'(ﬁh o)
B P LR eh Q.
J BANDPASS PPH ALt
BFI) (33 FILTER DENDULATION 25, S0 m (o)
@ |1.0-2.5 knz CIRCUITRY [ A 82|
o ‘ : s g :
“RF1Y AT WA . o—(0
REIF1 11 A=
' : g T
i mo
RE__ ° ] DTTER _ ool 20
_ pos. ! ayRIE" TT q -
AUDIO INPUTH1 jTBS T84 HoX 2 £08: 1 = DTTEN
8 p 13 1le g b3 ~
soL. | | surse
A ot TRANSF.| | PROT. e
C_ “REL] lotoy,
Al o 5@ BANDPASS PPN 7
= FILTER oenopiLATION | [, LLLIS
1.0-2.5 Kz CIRCUTTRY | o
o~

AUDIO OUTPUT #1781
8 a3

AUDID OUTPUT #2 T82

B B 3—‘

1S0L. SURGE
TRANSF .| PROT.

A A4

AuDIO INPUT#2 lve3

SURGE

ISOL.
TRANSF .} PROT.

SURGE

180L.
TRANSF .| PROT.

*DEL ADJ*

REIF2 “3

“VR2F"

| S,
L]

RE12

AN

-

/

DIRECT
> TRANSFER
TRIP

LCB
TRIP

POS +

+ sxrzaum.é’l_‘

occ RESET

i & ISOL. TRANSF ! !"
= lse ' . H = U
4)1_ 52bBP
SHIELDED TVWISTED s2b
PAIR (TYPICAL) KEYING {éz_ s2bBN
1 | 1ame
EXTERNAL 7
RESET lﬁ“— TREN
DEVICE NO. OWG. NO. | Y R
07 L.CBI RELAY 2301F98 . =
TP LCB TEST PANEL 1579C61 KEYING 1o ! orren
— SP_& 1S0L TRANSF | 6666071 R
S2a CKT_BKR AUX S¥ = - 1, ! occep
52b CKT BKR_AUX SW ———— r ?_—
527 CKT BKR TRIP COIL | ~———-~ CONTROL { 15 ! occon
86 LOCKOUT RELAY ————— l?“—
-
Yicem ReLay
LEGEND

¢3_TERMINAL LINE OPTION)

= TEST POINTS BROUGHT OUT
TG FRONT PANEL

AA « A HIGH SIGNAL CAUSES ELECTRONIC
SWITCH TO OPEN

E VOLTABE CAN BE 1SV,
v L
BY SELECTING ﬁFFRDFE

- TO APPROPRIRTE MODULES

' POS +  POS
s POS POS POS POS oS Lot Fsen
' l . l J} —11P  O—S28P
8 T8 I T8 T8 ""-r’Ez 87
Rt A LARD  z:AR AR2 aR2
- -3 -4 -1 -2
Leam T8 86 86 86 87 87
LRELAY | - -5 =7 = =
; ) {} £ ! i
L o
TP=1 TP-5 TP-9
i 30 0 110 50 70 19 20
2F1-1 fa € F c o H g
) 4 10 12 6 ] 017 Q19
30 s
ES
TesT, TesT, i—0TTBP ¢—S528BP
P——— ———
48V TP=6 4BY TP-10
123V TP-11
Sear
250v TP-12
PANEL
COPTIONAL) e "5
A _—2
L32
. ° r=lm pmiey (89) cookour exrs| (8
1P jeusT! [cusT
BKR T ckrs!  ervs!
CKTS [k e a6 e¢
-1
NEG NEG NEG NEG NEB NEG NEG

AVARILABLE ¥ITH DTT OPTION

P~ CAND

Lo=d
T

NEG

p— TREN

NEG

61

T

LCB II — System Schematic — Audio Tone — 3-Terminal Lines

62




LL. 40-217

A
RS . -
r ! i
H vi_ 3 87
8 vz s T
a e i oc OUTPUT ADU* ~$epc vo 30, I:IIJ
. i INPUT® ourPUT* vo_ 30 T
sloe Joa X 1D o [ eeauvee ™) !
o i | esye 11 N
B 1 |, F2 |PROTECTION OUTPUT DC 29
7 lpn (;_q/ . AND_CONTROL gg:}n_:;:u:%u 13,3 PSHE YR B Vﬁ.lj'l&:l-E "SETUP" 3
PR - su 0-0 HE
er,!__.ew Ly PROTECTION va__ 23 |seavenc AHPLIFIER ADJUSTABLE | VL0 23 1 (omecr
c = 195418 I~ NETWORK *Te SETTING LOCAL DELAY TRAANSFER
1lesey la X4 (FRONT DIAL) s
o ¥ » ve_ e POT P3 LD
2 | PSAZ_ 5 271 com
} [:" o ¢ O 2L EXT 3vo s U3 1
. 3 lpsas Ly 3 1 — stive pens 38 DS DaveR OTT OPTION ONLY AR223| ]
-~ = - : - “LeR® SHE S ONTROL AND L#—
g_ g_ g- RIS 33;.._.‘..’3. |umzoe (8 ocTne Vop ™ [T+ Tay + Vol vop 20, con (1 fESET Lottt 30,
» SVTRIP
' | ALS - POS A d @ 284 VTRIP, AR2=4A [
L. I T ) L)
T i v "'7&-‘71‘["7 Jo]%, III o vRES 224 l
. A [ VRIF 7 AC~DC RES LR R2 SYSTEM INDICATOR 28, oL N\
o = en a7 10} 7 RESET
S2 - T "# |E ﬁ ENZ 16 0722 WG TINER o T '[M“-; I
: rt s O e oce_ 24 AORRED ON al Jor SETTING TAg = ;
10 5 1 TRE TR, Lce TRIP
: 93 . TR e '
8 : 7 1 B# IE E] OT __ Gt LOSS OF CHANNEL AND — Losic a
« pYy OR_DURING DTT ice L! LB
- i 0 oro i3 TRLP TRIP
LINE 7 13 ty . ve BS 4
: i 51k g
c
11 1 [
i F O- al £ol L (27— A4 2
[ s vy T CT TRANSFORMATION - POS. J e 26 _ 5
, 7 < ST
T lrecavn - pos. o s —
16 13 esne — T o
"2 T 13 “RFOT | ARTH-1/2 = POS. H =5/
= L ! 1 86
. * PPH @ 21 a0
6= -
AL 6\6‘—.¢ 55 ClRoLITRY T0BP 1 e TaoE] 33 REY
120VAC G—ILD-0 o “BEMOD GAIN® \yp1u | reen l21 secect
e viTe S dre 1-| RO rlﬁh AT L2 .
= . =1 NS
OPTIONAL UCTE) | 19 3R I,\éo—zo—tll ast a1 - AL
' J REL pen (@33, | SRiTeR DEWaDLATION 25 arst |18 gz O o2 () 182
© [1.0-2.5 knz CIRCUITRY il «ID ADJ* s 22)
LCB TEST PANEL l ATCH——0_CAT o NO_ 9 7
8 CORMUNICATION Pl Nso—-2 10 -
{OPTIONAL) 33} gery RFI RFIFY 1% < ? “gan uc_l .
INTERFACE $——— [-1-2 sec =
o 1 _ i CIRCUITRY 5. ve BE-NPAL] oo} % Qocro ~acrum o
RE_)? AA orvee 427 [vorTasE | 1o _ e 1 ol 0 L L 20
FIBER OPTIC 2l Wiy {MDE - POS. D “VRIF* 1S0LATED T o Latch -
CRBLE - | DTTBN . BUFFER ocege (22 r—t R
-1
CHANNEL | 17560 ::s‘ copn (31 |SELECT | T =
y 3 oPTICAL us/
aeve 5 N TRANSMITTER CONDITION| —4 . oro
) HONITOR @ N UR UNBLOCK [0~
LLA IND 7lvea [ VR1 .% T
23, RFI2_\33 % oo AND CHANNEL | OTO
—— or —o-
\ e 25, RFS2 s auT BLOCK LOBIC oK
AT 3t o s | | |2BERl N YRDS —o-
RFD L21 vR2_ (5 ' VOLTAGE 20] [[0
11 >0T8 J | | 529N 17 {SELECT N I P R ad or
' Ly o0
f RES2 )17 —_ ’
| T ses ‘2l Talp | viRse iy @
. ta-2 2% 10 MS o LATCH|
IFO1 - POS. F B R TInER i q “ocs
. . - pos. _ —r 5
s 7L i TRIP
] B8 o — LaTCH|
T, BIBE - pos. ©_ 3 TeRmtmaL Live opTiow: | RSP (33 D .,,®,, .| el
: 7 g }nﬂn - POS. K TR1P"
: € [{DIRECT TRANSFER TRIP OPTION} ND
M .
e E . ’i’ +
Posf  POs POS t  exremnaL
! ros Pos Pos  POS  POS PoS POS  POS dor kseo  pos POS 208 Locc RESET
| l b—TTP  Q—320P #8A1 P83 cncon - occor
1
ACVR ¢ o 56 87 Y87 T 187 Er T T TB2 Tos Y]
#e Ly o "I,R L oare "5 Lare ™" Lare B T 2
¢ o e : e =
t S\ RFI2 %) @
lres > © Tn 87 ™7 | 187 83 81 82 4y 88
fres Lean T8 B¢ B ° : ~6 < -2 -4 -1 -
[‘I;'__!& LRELAY Sl 0 u] il = (= = i
s2b
- KEVING 1 N2 ) o .
l?—z - S2pEN ] 27 (1FT2) TEA] Yros] The97 P13
q',_a_ TREP 171 ena 10 30 90, 10O 50 70 130 ; 150 18 20
4 | TRBY 2 4 10 12 ] (] 14 16 Q17 019
DEVICE NO. DEVICE owa, NO, ! i oree 23] T 50 70
"oy LCBI RELAY 2301799 ort " > — Ol_, TEST l—‘ TEST }-a W
TP LCB TEST PANEL | 1579C61 KEYING 1o prran aro L2t 3y N 6 8 o _grommee g-saese
S2a CKT KR AUX SW ———— | o 1o o Tre1s T Ti
32b CKT_BKR AUX SV etenteltel 12 !occae ABY TP-§ H
s2T___[CKT_BKA TRIP COIL "o - 1257 TP=11 128V TP-13 !
—a H 123V TP=7 !
o6 LOCKOUT RELAY CONTROL Lea
S |1Foz - POS. E (3 TERMINAL LINE OPTION} 250v TP-a asgv TR 12 2y T i
r- F0z .20 R = PANEL jLcem T8 b-PSA2  §—PSAN  G—CAND ~occen b—TRBN
H {OPTIONAL) IRELAY ¢ S
I cax ReLay LAY 8 e 20
320 L. ~ L LockouT cKkTs| {2 e po L L. ~L.
LEGEND BKR TRIP {cusr—l {cusr_{ |g=$ﬂ !§2¥ﬂ F\Lan;} {'m.aaﬂ, rauan;ll
- TEST POINTS BROUBHT OUT + - POSITIVE VOLTAGE CAN 9E 15V, e jexts! jexTs| 86 ICKTE| (kTS| [CKTS | (CKTS | jeKTs | .
TO FRONT PANEL 49V, 125 OF 230 VOLTS OC | -2
';; :Ekgggwi HOBULE NEG NEG NE® NEG NEG NEG NE@ NEB NES _ NEG NEB NEB NES HEB NE® HEG NEB NEG S b 2
- A HIGH SIBNAL CAUSES ELECTRONIC
)y 2 AL - AR oPEN @ - To APPROPRIATE MODULES AVAILABLE VITH DTT OPTION u
33F22 2383F23
.

Fig. 10. - LCB IT — System Schematic — Fiber Optic — 2-Terminal Lines

63 | 64



LL. 40-217
4 ,
i
i 1 1
BUS L yi_ 32, o]
a i e “OUTPUT ADJ* ~$=vpc Yz 34, :: 3 o3 ?. “:J N
1 INPUT® QUTPUT* Yo 30, Larz-1
¢ lep ns Fl IND IND —taverer 1
o ' U ¢ pan 11 e — !
. i NP b ,
} 8 . i | PROTECTION ut R e | VBT . @ 1r1P 1" TorT ; 11 2)
! '.?1 BN 435 AND CONTROL ggn%;{u:%u 13] pene va 29 - ria vag:s;:t.s ~gETUP* OTT IRIP o }né" 2% V7 ;$
. ¢ o lenn /s - PROTECTION v 25 we Lf_,’!L N SUHNING o0 ns Lo 23 SRie BECISION 1 0\ Lonze T
i g lva__25 | NI~ AHPLIFIER ADJUSTABLE
y lesmy My F . 12 NETVORK Lons NoJ *T* SETTING LOCAL DELAY N~ [N
' r;l ve 18 +vD 212 (FRONT OIAL}Y RBT_, 33 | $ 19, ol TRIP *
2 1 PSA2 s 327 POT P3 “yLO* o
- L 24 )
een3 by ] (2L EXT 3O T 41843 L
' - - 31ty €35 BC PoveR OTT OPTION ONLY an2=3] 1
S E S < e =3 : et R 8 L. :
- _ [ [ N N .
. i ? | VR2DF AC-DC vop = [¥L ¢ Vg + Vol - - VOP 204 - COH_ ! RESET LO8IC 30, 7
—l —1 —]. lL... PRLC BN " @ VTP 264 VIRIP T£aaa-4 i
Z {I" . ].‘7 i |V Il’ = VRES 224 i ) 3N n_? )
I va M R1171'R2 SYSTEW INDICATOR * 200 % '
52 0 o L1z RESET —
Ja . enz 16 5 TRy I
o Mees G4 = @ TRIP 1 9, 27 2
ace ice XD 181 Lcp 3 )
e ve —TRIEE LCB TRIP TRIP 2% L-A*—
0722 NS TIMER DECISION : _s!
T B oR TRIGBERED ON _'1" e aie ART=3| 1
: I oT it LOSS OF CHANNEL 2l 15
o N OR DURING DTT 15 " e
ora_ 1
: LINE 14 5 i ve dani-z2| ¥ ./ A1
| 5 ? BS 4
12 11 1 "% % |:( @
LY coy 13 3
—! F O o VN 27
i N e 7 ! CT TRANSFORHATION - POS. J '—‘L"*v YR z 2
: L 7 e e i Lart-1
T {ReLaym - pos. o :
, 16 1s
H ; S, 15
! L . tryri ARTH~1/2 - POS. H -
r— @ ! 86
Ha T 2 TP- 183 wopuLaT1oN (1 KHZ 215 REO .
. 17 3 18 CIRCUITRY TREP 119 —_—
| 120vAC a DEMOD GRIN® VOLTAGE|, 33
| (USED ONLY FOR | | i sy up| DENOD SRIN".ygyu | IBBN 21 )SELECT
| BRI s o B - e, g
. 19 \o-—zlfl a1 <
; rno 3 [ eanopass FPH YRl | [Tea= tzs lor 55
; FILTER DEMODULATION | | Ea~2 D (o)
; 1.0-2.5 KHZ CIRCUITRY BFS1 . . 5 s
LCE_TEST PANEL 0 _ADJ
tOPTIONAL) - LATeH oG
RFI1 “RF1* REIF1 11 E - -0
— SLVRIF || Tee 13
I 9 tce
F1eeR OPTIC - - E— oPTICAL & ThIP S "'“
cABLE 27} (1FT1y iuol - POS. O : nrTeN 1§nulﬁg1s'§n cca 2 X LATCH
i - T g '—‘<;|vm.'raes ) -
| CHANNEL EN) i PR occen 231 |seLECT ™
3 S o G L
; [=; "2 TRu:;"I:?I';EH CONDITION DEHOD GRIN® .ynou RFS1 EO—
: REVR § ANSH HONITOR
‘ #1de oy @ 7 Va1 017 T e
f tasi | ez _PPR Ly YR2 =S DETECTION .
! RELE DEMODULATION [ |, CHARNEL 1 nT AND CHANNEL | 9T0
2 CIRCUITRY RES2 OR 2560 115 BLOCK LosIC|
RFO 21 - | VR2 nE‘rgH!uM VoLTAGE :
T oTg 17 °
+_RFIFZ 11 CHANNEL 2| L3280N 17 [SELECT oT,
o~
RFSZ T3 ¥ 3
. vRzoF | EATE_0 29 10 HE TRIP VIRIP ;35 D LaTcHi—()
1F01 - POS. F — TIMER 15X sxs10x q ange
XHTR "1 LT _ TRIP®
#1 éa 0TON - POS. C T E— anoh e
{ lorrn - pos, &
. i | (DIRECT TRANSFER TRIP OPTION)
i XHTR <
XA E " Pr +
i Post  eos P8t exvennaL
! POS POS POS POS POS POS POS  POS Loy dsop PO P08 oS 4
¢ f l l —TTP  O—328P i—vsm i_"“ cacon
RCYR ABC f— U, N—
#2 1, rqu raq rs: .I. ra: raz T87 19; -rs; . fa: “§ 82
?_ oy o8y oRy o8 ar2 Az a2 AR #RR il =
- - p pt p ) L i p iy b
CONHUNICATION
. | ! oPTICAL CHANNEL F12 B < Q)
' ' yes RECEIVER e any LCBX  TBé B¢ 86 86 87 87 87 | 187 8 81 T82dy”
E',l' s268P SIRCUITRY |RELAY = -3 -5 =7 -2 =4 26 28 2| b4 =
s2b H b ol o ) L’ - =) L) W b
KEYING
2 ! sopen FIBER OPTIC e [ 0
? CABLE 27 t1FT2) Tpes TP-9 TP-13
3 | TReP 10 " 30 <] (o] o
EXTERNAL q— PrYTTTR! 17) enz 9 1" 50 70 13 150 Pre 20
RESET ! | tRBN TRg:;l!&?’leR CONBITION| ~@— 2FT-1 A B 3 F c ) 8 H x/ K
¢ HONITOR @ 2 4 10 12 ] ] 14 16 017 019
DEVICE WO, DEVICE DVG. WO, [ o :
87 LEBT RELAY 2382F01 oTT G-' 10! 30 SO 70
s TEST TEST
™ LCB_TEST PANEL __| 1379C61 KEYING 1o Lorren aro L2s A2 N 2 N Test, TesT, b—DTTEP Q—S288P
S20 CKT BKR AUX SV | weov B - —_——
s2b CKT_BKR AUX_SW | [ AV TP-6 a8V TP-=10 4BV TP-14 !
s2r CKT BKR_TAIP COIL | o e !
[ LOCKOUT RELAY CONTROL [ — Lce 128V 1p=3 125v TP=7 12857 TAm11 125V TP~15 !
. t 11F02 ~ POS. £ (3 TERWINAL LINE OPTION fEst 2507 Teon 2507 1Fo8 !
[ H—— (OPTIONAL) fLEBIL TBS >-PSA2  @—PSA4  O—CAND 9—occeN b~ TREN
t fu=ri} Y S—
320 L¥2q % q
LEGEND r== 1o (op) vockout exts| (G [== I==m L L L
— _ ) K cust! joust cusT! (CUST Gtermt  Tavasml  favanm
© - T om0t - e e o g6, 5" e BB T, “ o] jen) o e [
BY SELECTING APPROPRIATE LINK T et 22 A s S
AA - 5 HIGH SIGNAL CAUSES ELECTRONIC I¥ RESPECTIVE HODULE NES NEG NEB WEG NEE  NEG  \NEG NEG NEG NES NEE  NES NEG NER NES NES NES NEB NES Sub 2
- £ NODULES
SWITCH TG OPEN @ - TO APPROPRIATE N AVATLRBLE WYTd DT OPTION 2383F 24

Fig. 11. LCBII— System Schematic — Fiber Optic — 3-Terminal Lines )

65 66

[P



1.L. 40217

REMOVEAGLE. SHROUD
813
120,651

1 —t
=~ (it
\_ ¥
i -7

£.500
R 1o o01

o .

15318 17.434
(353, 1501 1442,82]
13,258
(3074261

10.000
1254.000]

26 aa0)| 26 6501
LIBT . — 137

VIEW A-A r—
SCALE

149 1,592}
19.354

A L ) S ——

_— Cl & 15 =
Ll
Ll . P -
4.981 529 szso P ©
uZ6.¥7Y (e emiiioi

1,838 ' ia
25,421

1 L3
sa‘ﬂfcsl

T 00 17,0601 10 b

iz.541 2731406 SLOTS
A : GEN. DWG. REF 1346004 14 PLACES)

Sub 1
1598009

Fig. 12. LCB Outline and Drilling

p
L

o, —

.

b

FUSE FUSE
CUSTOHER INTERCONMELT IONS D CUBTCHMER INTERCONMECTIONS
RESISTOR RESISTOR
| 1 1 TEST P.B. I | | 1 ] ]
| 7
| |= éa éu &9 é,’ 5 I én 9 PSERP AP SEW SEP AT S S I L
\? \?\? ] a |2 Fre1 \:-J LAk r\s u\< a\oa
20 i@ 1 o Te é Z 20 18 e T1é 12 J10 T8 [ A 2
T L 1 T
CUSTONER INTERGONKECTIONS CUSTOMER INTERCONNECTIGNB
Ll K1 E1EY K D R XA DO kLl (I O T T (T FRI 2 R
—_— —_—
CUSTONER INTERCONNECTIONS CUSTONER INTERCONNEGTIGNS
RESISTOR RESISTOR

HOTE
FOCR CUSTOHER INTERCOHNECYIONS
SEE DRAVINGE 2381757 [TELEPHOWE INTERFACE - 2 TEAM.LINE!

Hl
23e2F01 {CPTICAL XHTERFRCE

= 5 TEAM.LINE}

TEST PANEL (AEAR VIEW}

REFERENELE STYLE NO.1575C41602

2.008

150,401

1,688
42,8251

i

594
[ et ]

1.000
125,400 s

R 1

64688 ammenrnmtm]
[RTTN-73]

2.s25
1 186, 6751

z-81
(71,4580

S

OIRINSIONS IN § 1 = HM

2 FT-1 1 FT=!
L' E' A=A
(432,40}
1héé, 7281
A0 ] 18,378
7.7 361,98}
14, 25|
(233,360
9.108
1,404 (1045751
B | P —4.125
(37,9941
| — Co——
5,219 4 o
13325637 | TEST T
2.250 1 I
t57.15) 4}
1 1 F 2 FT=i

|
L

(IG! 9251 SLOT (& RED'

J3derosay x En:u(n.lzs)

Sub 2
71589067

Fig. 13.

Test Panel — Qutline and Drilling

67




LL. 40-217

|10 ToNE SR

| JT0 PiLaT PatR
[T TONE EQuUIS,
| [[® PioT ram

4
I.Ii'mﬂz EQUIP

| {10 PROT PAIR
TIoPiLoT PR

-4

y o
e

I
o
]
5

o

2ol

a
2|

PARTIAL TOP YIEW

— 2128 fe—— 4,500 —n 11.508) {5,044
{53,975} 014301 453 .234
4
e —
f _flinaasla Lg I | r g{g 3 T
2500 i f (aa.u:; oo ! L (o o ﬂ i !
(aTm) | : J:a‘a.wes) L - |
i L ¥ gy ) st
-] T &_ | k]
f —-—‘l_’;;r;g#—————-—— 15,500/ 2237001
421 - (486.750)
110.683} "‘asulzaﬁ'.rs) ug;gg (735;225—,'- 18,376
APEROX.
(aB2 600!
19.000
CIMENEIONS IN [ }=MM SUb 3
1598C25
Fig. 14. Tone Protection Package — Outline and Drilling
A =L e — B
; ] |
| 1
A e ntaiiate ity n prmmmmmmmmemm
T YT F
i e ——m- = - O e -4 1
::r‘qti'l: S e :-_-_“i*-:!;:_‘;*-J: e _“'**F':,TE
I S e
o P : H-= [
o Voo ol
no N EE [
! h rm———— N R "
1 : 1 . « 1 . : 1 i ‘|
TR ; PP o . .
! I L Len rooTTa oW
| 1 1 K R ! t v
| 1 \ IR (SN (I 1 1 b
N R R T ! T
1L ! | ][ ! T N
| E— T T ' T .
Lt R L I N B A
S S = =
— TOP VIEW— J
HANDLE—\ /—Hmm.z
- -
3] Y
o (L TE 15 JC 16 ar BHY
T FI-1 TEST SWITCH TR
BHIU SELECBTGR APPL&CF»:TUF\
A B /.OFF £
o NEL g N
Larck—/ —FRONT VIEW — Latch

Sub 3
3520A69

68

Fig. 15. UCTB Test Box Outline
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