




















APPENDIX I
SOLID-STATE OVERCURRENT RELAY DESIGN

As shown in the elementary diagram of figure 15, a solid
state overcurrent relay is constructed using:

(a) an input circuit

(b) a reference circuit

(c) a pickup circuit (threshold switch S1)
(d) an RC timing circuit

(e) a trip circuit (threshold switch S2)

The input circuit, which will be described later in more
detail, converts the standard C.T. secondary current, Ig, into a
proportional DC voltage Vj. The DC voltage is applied to the
reference, pickup, and timing circuits.

The output of the timing circuit is applied to the trip
circuit. This is the voltage, V,, which appears across the
timing capacitor Cgp.

The pickup and trip circuits require a fixed reference
voltage Vg which is obtained from the zener diode Dj in the
reference circuit.

When the current Ig is below pickup, a portion of the DC
voltage in the pickup circuit labeled V, is less than the refer-
ence Vp. This condition turns on a transistor which diverts
current away from the timing capacitor. Hence, the timing cir-
cuit output is clamped at zero volts. However, when the input
current exceeds the pickup level, Vp exceeds Vp and the transistor
turns off.

Input Circuit

Figure 16 shows the input circuit for a three phase solid
state overcurrent relay. Each phase input consists of a tapped
input transformer, a burden resistor, and a diode bridge. Each
input transformer produces a secondary signal current which
causes an AC voltage drop across its burden resistor. The AC
voltage, when rectified by the diode bridge, produces the DC
voltage, Vi, for the relay circuits shown in figure 16.



Full Sequence Reclosing Relay Program

The advantage of 2-cycle breakers to prevent burn down may
be offset by a simple "quick trip" scheme.

The high speed reclosing does not allow time for tree limbs
to move away from the conductors. This type of fault is cleared
by the time delay trip rather than by an instantaneous trip.

The point contact fault caused by tree limbs confines the arc
and significant delay in clearing results in burn down.

A modified scheme minimizes this hazard with a time delayed
reclosing to allow time for the tree limb to clear. The initial
trip and instantaneous reclose still provides performance for
transient faults. A second instantaneous trip clears tree limb
faults or other semi-permanent conditions and the subsequent
delayed reclose provides time for the limb to move clear. The
full sequence is

(1) 1Instant trip with instant reclose

(2) Instant trip with time delayed reclose
(3) Time delay trip with delayed reclose
(4) Time delay trip and lockout

The solid state reclosing relay, shown in figure 5, is
easily programmed for this sequence with its front accessible
controls by:

Setting the number of reclosures tap to 3.

Setting the number of instant trips tap to 2.

Setting appropraite times on the first, second and
third open interval dials and

Setting the appropriate time on the reset time dial.

With this program, induction relays travel further with the
added intervals of current and require added reset time. However,
the fast reset time of solid state overcurrent relays used in
this application provide an advantage.

Recloser Control for Loop Sectionalizing

There has been increasing interest in loop sectionalizing
systems as a means to improve service continuity.

The R10l1 recloser control has been adapted for the system
shown in figure 12. The tie is operated normally open and the
feeders have dual characteristics. When supplied by their normal
substation, the pickup, tripping and reclosing characteristics
are set to coordinate with substation recloser. When supplied
by the other substation through the tie, the pickup, tripping



Recloser for Zone Coordination (Cont'd)

For faults between the substation and the feeder, the sub-
station recloser will trip and reclose following its normal pro-
gram.

Special Recloser Logic for Lightning Exposure

In areas subjected to intense electrical storm activity, un-
desired power interruptions can occur. Overhead lines are exposed
to lightning and successive strokes, within the reset interval
of the reclosing relay, can result in moving the relay through
its sequence to lockout.

With the advent of vacuum interrupters, this type of prob-
lem can be minimized and in the majority of cases, completely
eliminated. The vacuum interrupter can repeatedly handle full
rating fault currents with no delay required to remove arc
product contamination from the interrupting chamber as with oil.

During the conditions produced by severe electrical storms,
it would be desirable to have several instantaneous trips with
fast reclose. This would permit the lightning arrestors to
perform their function. The reclosing breaker provides the
interruption and the fast reclose restores service with minimum
disturbance to the customer. 1In the event that the trip was re-
quired due to a situation whose characteristics are not the same
as a lightning stroke, a permanent fault for instance, then the
normal reclosing program typically 1 instantaneous and 2 time
delayed trips, would want to prevail.

A logic problem, such as the one illustrated in figure 14,
will give this type of protection.

Implementation of this program has been accomplished in the
recloser control pictured in figure 5. It incorporates 3 phase
overcurrent and ground fault protection plus reclosing and the
special logic of figure 14.

In the event of a fault, the vacuum recloser trips and will
reclose in 20 cycles. Upon reclosing, if no fault current is
present, the reclosing function will reset in 6 cycles and the
next trip will again be instantaneous. If a fault current should
reappear within the 6 cycle interval (or be there upon closing)
the next trip will be a time delayed trip and the second open
interval will be time delayed (15 seconds as typical but adjust-
able from 2 to 30 seconds). Reset time of the control, once
it enters the time delayed portion of the program, is normally
15 seconds.
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