














TRIP

The trip circuit utilizes an Opto-Coupler to provide bias current to fire
the output SCR and decouples the output circuit from the timing and measuring
circuits.

TARGET

The target circuit shown in Figure 11 consists of an indicator coil DS and
capacitor C-13. When a fault occurs, C-13 discharges through the set-coil

of DS and the output of U-5. This current through the set coil of DS reverses
the magnetic remanence of the coil core. The change in magnetic polarity

causes the magnetized disc indicator to rotate and stably display the inter-
national orange side. Reset is achieved by the discharge of C-13 in the opposite
direction through the reset coil which reverses the magnetic remanence in

the coil core.

GENERAL DESCRIPTION OF PROTOTYPE MODEL

The sensor is packaged in a semi-flush, panel mounted case with a clear
plastic front cover (see Figure 12). The input section is a single phase

unit with the input transformer built into the case. The III, di/dt, and

time delay circuits are built as a single, drawout section. The current input
circuits are built as a non-drawout section.

HARDWARE

To achieve maximum reliability the highest quality components must be used.

All resistors, capacitors and semiconductors are military grade. The circuit
board is made of fungus resistant, non-hydroscopic FR-4. Two ounce copper

is used on all runs. Gold to gold is used on the PC connector to assure immunity
to hostile environments and long term continuity.

TESTING
Four categories describe the types of test conducted on the sensor. They

can be broken down into: verification of dial settings, waveforms, environ-
mental testing and special tests.

VERIFICATION OF DIAL SETTINGS

The |I] range is continuously adjustable from 0.3 to 3 per-unit. The cali-
brated dial was tested at 0.3, 1, 2, and 3 per-unit.

The rate of rise range is continuously adjustable from 1.0 to 3.0 per-unit.

The linear calibrated dial was tested at 1, 1.5, 2, 2.5, and 3 amperes/micro-
second.
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The "F" value of 0.5 indicates that the available symmetrical fault current
will be limited to a maximum value of 17.5 kA rms. Power system components
must be capable of withstanding the asymmetrical and symmetrical value of

the limited fault current (17.5 kA). Faults and current surges with magnitudes
less than those of the 17.5 kA level (low level faults) impose no threat to

the system and do not require FCL action. Since the present Fault Current
Limiter has an expendable fuse, the number of operations can be minimized

by only operating on fault current levels that would normally exceed the

17.5 kA level. Thus, in addition to detecting a fault in the shortest possible
time, the sensor is also required to discriminate between faults that do and

do not require limiter operation.

The wave forms in Figure 4 illustrate the discrimination and sensing problems

in the 72.5 kV model power system. The sensing criteria must be able to rapidly
discriminate between low level faults whose asymmetrical and symmetrical wave
forms fall on or below the dashed line (Figure 4) and faults whose waveforms
would exceed the 17.5 kA level if the limiter was not present. This discrim-
ination criterion and associated sensing times was used to evaluate the di/dt,
|I\, and I’t sensing schemes.
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FIGURE 4
di/dt SENSING

A sensing criteria using the rate of rise of current was applied to the model
power system. Analysis indicated that a di/dt of six times the maximum di/dt
found in the 3000 A rms load current would successfully discriminate the 17.5
kA rms symmetrical fault (low level fault). With a di/dt sensing level of

6, the 17.5 kA rms symmetrical fault and all of its degrees of asymmetry never
reach a level of six times normal load current. It is important to note

that the worst case for discrimination in a di/dt sensing scheme is the dis-
crimination between the symmetrical case of the 17.5 kA current (whose di/dt
is maximum near current zero) and the fully asymmetrical value of currents
exceeding the 17.5 kA level (whose di/dt value starts off very low and slowly
increases to its maximum). Table 1 shows the time it takes a 35 kA rms sym-
metrical fault to reach six times the di/dt of normal load current for various



INPUT

The sensing circuit shown in Figure 10B is energized from a conventional

five amp secondary current transformer. The C.T. secondary current feeds

a tapped input transformer T-1 through taps 5, 6, 7, 8, 9, 10, or 12 amperes.

The secondary signal of the input transformer is rectified and applied to

the two 5 ohm burden resistors. A full wave rectified signal is developed

across the burden for the remaining circuitry. The base signal occurs when

the input current equals the current tap setting. For this condition, the

input transformer secondary current equals 0.1 amps which flows into a total

of 10 ohms burden resistance. Therefore, the base signal for the sensor circuitry
is one volt rms (v 2 peak).

RATE OF RISE

The rate of rise circuit consists of the variable gain inverting amplifier
U-1, the differentiator U-2, and the voltage comparator U-3. A potentiometer
R-3 sets the gain of U-1. This provides a calibration of 1 to 3 P.U. of tap
setting for the rate of rise pickup. The inverting amplifier U-1 allows the
differentiator U-2 to produce a positive going voltage on the leading edge
of each half cycle of signal. The output of the differentiator is fed to
the voltage comparator U-3. Normally, the output of U-3 is positive and

the NPN transistor Q3 is on. When the signal exceeds the threshold of =35
its output swings negative to turn Q3 off. The threshold of U-3 is set equal
to the maximum output of the differentiator with base signal applied. This
value is 5.33 volts (377 V" 2 RC).
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The signal across the 5 ohm burden resistor R-2 is fed to the voltage comparator
U-4. Normally the comparator output is positive-biasing the NPN transistor

Q2 on. When the signal exceeds the comparator threshold, the output swings
negative to turn off Q2. The potentiometer R-32 provides adjustment from

0.3 to 3 P.U. of tap setting.

TIME DELAY

A time delay is provided by the RC circuit formed by resistors R-36, and
capacitor C-12. Normally the capacitor is clamped by transistors Q2 and Q3.
Consequently, both the rate of rise and the current magnitude must exceed

the settings to initiate the time delay. The time delay circuit feeds the
voltage comparator U-5. Normally, the output of U-5 is positive and the Opto-
Coupler OTC-1 is off. When the capacitor voltage exceeds the comparator thres-
hold, the comparator output swings negative biasing OTC-1l on. Time delay
settings of 0.4, 0.6, 0.8, and 1.0 milliseconds are available. The minimum

time delay setting of 0.4 milliseconds was chosen to filter out noise, lightning
arrester operation, capacitor switching, insulator scintillations, etc.
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