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Figure 25 - Solid-State Protective Relays



The balance ot the paper discusses the various types of pro-
tection outlined above and compares the merits of modern solid-
state designs relative to their nearest equivalent electromechan-
ical types.

TIME-OVERCURRENT RELAYS

Solid-state overcurrent relays, used for applications pre-
sently employing induction disc types, are designed with familiar
time current characteristics, Figure 1. The inverse, very in-
verse, extremely inverse, short time, and definite time curves
are pattermed directly after comparable CO or IAC models. The
long time characteristic has been deliberately modified to pro-
vide fast clearing of moderate magnitude faults, slightly greater
than starting currents. For slow starting fan motors (up to-20
seconds or more), an added long-time curve is available to main-
tain the added protection.

The solid-state TCC curves, being conventional in shape,

allow easy coordination with induction disc models. However, a
close inspection will reveal a basic difference which facilitates
representation of the solid-state curves by computer. As all

time dials have the same shape, the curves are more easily pro-
grammed and correct settings determined using less computer
capacity. -~ (A working group of the IEEE Power Systems Relaying
Committee is actively pursuing a standardized method of repre-
senting time current curves by computer.)

Though the basic characteristics of a solid-state over-
current relay do not present radical changes from present curve
shapes, there are several significant application advantages.
These are best understood by considering the relaying problems
associated with starting motors.

Due to its overtravel, the induction-disc type of time-
overcurrent relay continues to rotate after the motor starting
current has decreased to a low value.

There are two basic reasons for this deficiency. First,
the inertia of the rotating disc. When an impulse is removed,
the disc cannot stop instantaneously, but coasts down to a zero
torque condition. Second, the relay is designed to have a
time-current curve which basically gives time inversely pro-
portional to the square of the current. Simply stated, the equa-
tion for the operating torque is
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This relay may be applied without regard for overreach -
it has virtually no overreach, as can be seen from the test re-
sults in Figure 6.

When specified as the instantaneous attachment to the solid-
state time-overcurrent relay, the inverse instantaneous unit com-
bination provides excellent protection against overload, lacked-
rotor, and short circuits, as shown in Figure 7.

A comparison of this method with the electromechanical type
shows a clear advantage for the solid-state relay.

GROUND FAULT PROTECTION - GROUND SENSOR RELAY

The schematic of a typical new solid-state ground relaying
system is shown in Figure 8. The system consists of a special
core balance current sensor and a low-burden solid-state ground
relay.

The sensor and relay are designed as a system, with matched
impedances to provide optimum performance - ground fault sen-
sitivity is less than 5 amperes, primary fault current.

Both pickup current and time-delay are adjustable, allowing
several steps of coordination. As shown in Figure 9, the sen-
sors are available in a wide variety of shapes and sizes to ac-
commodate various physical application requirements.

RESIDUAL OVERCURRENT RELAY

Solid-State Time Overcurrent Relays are used in exactly
the same way as electromechanical relays for residual overcurrent
ground protection. In this application, the principle advantage
of solid-state relays is low burden. Figure 10 shows the CT
secondaries for a phase A to ground fault.

As shown in Figure 10, the phase B and C current transformers
are in parallel with the residual relay, and the phase A CT must
supply them with their magnetizing currents. The burden of the
relay determines the voltage across the idle CT's, and so the
magnetizing current.

The higher the relay burden, then, the more exciting cur-
rent is required - not just by the idle CT's, but by all.

In order to keep these effects to a minimum, the voltage
across the relay must be kept low. In this respect, the solid-
state relay is at a distinct advantage, since it is designed to
saturate at about twice pickup. This means that the voltage
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Typically, these relays are set to trip for unbalance cur-
rents of about 157 of motor full-load. The time delay is se-
lected to coordinate with other relays, to avoid tripping the
motor feeder on an extermal fault.

An interesting bonus to the use of negative-sequence un-
balance protection is the fact that it may also be used for

ground-fault protection of the motor feeder circuit. This is
because the negative and zero-sequence networks are in series
for a ground-fault, and 12 = IO.

Superficially, it might seem that a residual relay is more
sensitive since it receives 3I,. However, an analysis of the
magnetizing currents and burdens reveals that negative-sequence
and residual ground-fault protection produce similar results.
Economics favor the use of negative-sequence protection for both
unbalanced current and ground-fault protection.

UNDERVOLTAGE AND OVERVOLTAGE RELAYS

For applications requiring single-phase voltage protection,
solid-state relays have been designed in instantaneous, definite-
time, and inverse-time delay models.

The inverse-time delay models available are Types ITE-27,
ITE-59, and ITE-27/59. These are undervoltage, overvoltage, and
combination under-and-overvoltage. The time curves for these
relays are shown in Figure 15.

The instantaneous relays are Types ITE-27H, ITE-59H, .and
ITE-27/59H. These have pickup and dropout times of 10 milli-
seconds, maximum.

The definite-delay types are available with delays of 0.1
to 1, or 1 to 10 seconds. These replace a voltage relay and
external timer.

All of the relays are rated for 160V continuous operation,
independent of tap value. Tap ranges are available from 35 to
150V in four models. Pickup to dropout ratio is 102 percent
for all types, except certain combined under-and-overvoltage
relays, which have dropout ratios adjustable down to 307% of
pickup.

All types are frequency-compensated for reliable operation
from 15 to 400 Hz. Figure 16 shows the frequency-response curve
for the undervoltage relay. This flat frequency-response is
useful in certain automatic transfer schemes where care must be
taken to prevent closing while the back emf is out-of-phase with
the incoming line.



 STARTING CURRENT -
»ABOVE PICKUP

RELAY TIME
f 't CURVE

TIME
iN CYCLES

CURRENT IN PER
UNIT OF RATED

CURRENT IN PER
UNIT OF RATED

Figure 2 - Increased Time Dial
Setting Required for
Induction-Disc Relay

@ TRIP POINT
ONO TRIP POINT

TIME 10000

IN CYCLES
100 TIME IN

SECONDS

RMS CURRENT -

CURRENT IN PER
MULTIPLES OF PICKUP

UNIT OF RATED

Figure 5 - Inverse Instantaneous

Figure 4 - Additional Instantaneous
and Timer Required with Characteristic Curve
Mechanical Relay Trip and No Trip Points
Define Band
TIMe 10000
IN CYCLES INVERSE
1000 . INST .
CURRENT IN PER
UNIT OF RATED
TRIP COIL
Sigure 6 - Asymmetrical Tests Determine Figure 7 - Solid-State Relay Improves
Motor Protection

Inverse Instantaneous Charac-
teristic Band



For an unbalance on only one phase, however, the relay op-
erates on the curve representing the equation above. With a
three-phase dropout setting of 80%, the phase-to-phase dropout
is only 647%.

Figure 18 also shows the positive and negative sequence
components of the voltage triangle for a collapse of one phase
as shown in Figure 18 Inspection of Figure 19 shows that, for
the three-phase, 80% dropout case discussed above, the relay will
not dropout on a one-phase low basis until the negative-sequence
component has reached 187% (corresponding to 64% low-phase volt-

age).

Since the motor with a 6 per unit starting current will
yield only 167% negative-sequence on an open conductor situation,
the "voltage-triangle" relay will not recognize this condition.

An Improved Characteristic

In contrast, the solid-state relay (Type ITE-47) has been
designed to operate on the difference between the positive and
negative-sequence components, that is

Veq = V1 = V2

Figure 19 shows a plot of this characteristic, which is the
same 45° line as that in Figure 18. It can be seen that the op-
erating line of the Type 47 relay is the same for a three-phase,
as phase-to-phase fault condition.

Returning to the open-conductor situation with the new relay
set for 80% dropout, it can detect unbalances of only 10% nega-
tive-sequence component. For a starting current of 6 per unit,
this relay can protect that motor with an open phase.

While we have so far limited our discussions to motor pro-
tection, it is seen that this relay characteristic is also an
important advantage in bus-transfer schemes, since the dropout
is the same for three-phase and phase-to-phase fault conditions.

These relays are available with high-speed, inverse, or def-
inite time-delay characteristics. Pickup range is 90-120V, and
dropout adjustable from 30-98% of pickup. Typical time-delay
curves are shown in Figures 20 and 21.

PHASE UNBALANCE RELAY

Applications requiring even more sensitivity to unbalanced
phase voltages, or which do not involve sensing low-voltage con-
ditions, can be handled by another relay.



CONCLUSION

This paper has shown that solid-state relays are available

in each of the motor-protective functions discussed. Figure 25
is a selection of several of these relays. This gives an over-
all view of the philosophy being used in front-panel layout,
ease of tap-selection, and built-in test features.

REFERENCES

1. ANSTI C37.92-1971, IEEE Guide for Induction Motor Protec-—
tion.

2. NEMA Standards for Motors and Generators, MG1-1972, (ANSI
C52.1, 1973).

3. ANSI Standard C€37.90-1971, "Relays and Relay Systems Asso-
ciated with Electric Power Apparatus."

4., L. L. Gleason and W. A. Elmore, "Protection of 3-Phase
Motors Against Single-Phase Operation," AIEE Trans., vol. 77,
December 1958.

5. C. C. Young and J. Dunki—Jacobs, "The Concept of In-Phase
Transfer Applied to Industrial Systems Serving Essential
Motors."

6. J. R. Linders, "Characteristics of Industrial Power Systems

As They Affect Protective Relays," IAS Conference, October
1973.




