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Figure 5 - Solid-State Protective
Relays Mounted in Rigid
Test Fixture.
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The depth of earthquake focus can range from several hun-
dred Km to as little as 50 Km. Severe damage is caused by
earthquakes of shallow depth.

Magnitude and Intensity

Lacking a direct way to measure the released energy of an
earthquake, Dr. C. F. Richter suggested an arbitrary definition
which is now universally used. The magnitude is defined in terms
of the motion measured on a specific torsional seismograph hav-
ing a static gain of 2800 and a natural period of 0.8 seconds
located 100 Km from the earthquake hypocenter. The Richter value
is calculated by taking the natural log of the maximum amplitude
in microns. The magnitude scale may be used to obtain an ex-
pression of the energy radiated from the hypocenter:

loglo W=11.8 + 1.5M
where W = energy released in ergs
M = Richter magnitude

It is estimated that one step up in magnitude gives an increase
in energy of about 30 times.

EARTHQUAKE STATISTICS

Thousands of small earthquakes occur in this country each
year. Severe and moderate earthquakes are infrequent. Neverthe-
less, they pose a significant threat to critical facilities.

In the past 10 years, the United States has experienced one
severe and one moderate earthquake. The severe one, Alaska,
1964 (between 8.3 and 8.7 on the Richter scale) released energy
equivalent to 100 underground 100-megaton nuclear explosions in
one line. The moderate one at San Francisco (6.6 Richter magni-
tude released 1/1000 as much energy but caused equivalent loss
($500 million) and half the loss of life. The loss is due to
poor structures, because structures can be built to withstand
the most severe earthquake.

Earthquake Ground Motion

Earthquake ground motion results from two types of body waves:
longitudinal and transverse waves. In longitudinal waves the mo-
tion is due to the alternate compression and rarification of par-
ticles in the path of the wave. Longitudinal waves propagate at
higher velocity and precede the transverse waves. Both combine
at the surface of the earth to produce larger surface waves.
However, the transverse (also called shear waves) are known to
have the major effect on structures.



AMPLIFICATION FACTOR

40

STEADY STATE VIBRATION

L

Q=50/3

20 OSCILLATIONS/BEAT

_____‘__————"1

-

10 OSCILLATIONS/BEAT

|
vt 7

20 A yd

5 OSCILLATIONS/BEAT

* / 3 OSCILLATIONS/BEAT

A~V

\
\
s
\
WA
\ \
\ /,\ 1 RANDOM VIBRATION
A
N

e e

10

A \ 5

4 S .

- Q¢‘«\

fp‘
\J

- — |

— | — 5

0 5 10 15

£ PERCENT OF CRITICAL DAMPING

Figure 3 - Severity Comparison of
Continuous Sine, Sine Beat,
and Random Vibration.



Using geological records for the area an earthquake en-
vironment must be postulated for the site of a nuclear plant.
The form of the simulated seismic motion used for qualifica-
tion of equipment, by analysis or test, can be described by one
of the following plots: time history, response spectrum, or power
spectral function.

These data may be generated for the foundation or floor upon
which the equipment is to be mounted. The data is supplied by
the user to the manufacture as a specification or generated by
the manufacturer to cover future applications. The directional
nature of the seismic motion and the filtering effects of inter-
vening structures, the directional components of the motion must
also be specified.

Floor Response Spectrum

Ground motion records are difficult to evaluate because the
information they contain is very complex. The floor response
spectra is an alternate means to display more significant facts
concerning the nature of the motion. To plot a response spectra,
the postulated motion is used to calculate the acceleration of
a single degree-of-freedom linear system. The resultant maximum
acceleration is plotted against the natural frequency of the sys-
tem. Other points are calculated in the same way by changing
the natural frequency of the system but holding the damping factor
constant. Again the maximum acceleration obtained is plotted
against the natural frequency. The resultant plot is a family
of curves with damping factor held constant for each curve. The
response spectra, therefore, tells at glance the effect of the
postulated motion equipment with certain natural frequencies of

response. A typical plot is shown in Figure 2. The plot gives
no information as to the form of the actual motion or its dura-
tion. The time duration must be supplied separately.

Seismic Testing

Assembled Switchgear and its components are too complex for
efficient mathematical analysis. Therefore, full scale testing
is required for seismic qualification. The test program must
specify the input function, duration, acceleration and critical
frequencies, and the failure modes.

Among the input functions recommended for seismic testing
are random motion, sine beat, and continuous sine.

Random motion more closely simulates actual earthquake mo-
tion and is easily justified when used to test complete assem-
bplies of switchgear.
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The output relay used is a cradle type consisting of a bob-
bin coil and pole piece assembly, rotary armature, and contact
spring assembly. The contact springs are of short length. The
contact springs themselves provide the armature reset torque in
the manner of short form telephone relay construction. In addi-
tion, its armature is balanced about its axis of rotation in or-
der to prevent torque caused by motion of the entire relay assem-
bly. Consequently, its short contact lever arm, and balanced
armature provide a vibration immunity specification of 10 g,

5-55 Hz.

The operation indicator is a moving part. However, its op-
erating principle renders its status immune to vibration. The
indicator is a small assembly containing a thin permanent magnet
disk, 3/8 inches in diameter. The disk is free to rotate to dis-
play either of its two sides; one black, one orange.

The disk is attracted by a soft ferrous U-shaped pole piece
containing a set-reset coil. A pulse of current of reset polarity
magnetizes the pole piece such that the disk is attracted to dis-
play its black face. The reset pulse is initiated by the target
reset push button on the front panel of the relay. Conversely,

a pulse of coil current in the set polarity caused by the relay
output function magnetizes the pole piece such that the disk is
attracted to display its orange face. Although vibration may
cause the disk to rotate, the disk always orients to its proper
state.

Circuit Operation Vs. Vibration

The pickup point of an electromechanical protective relay
occurs when the input torque, due to current, equals the restrain-
ing torque, due to a calibration spring. At this balance point
there is zero net torque and a slight increase of input causes
relay operation. Since the torque, due to current, is propor-
tional to the square of the input current, the restraining torque
(TR) can be expressed by

~ )
g = (M —l)'rS

where M is the input in multiples of pickup and T, is the cali-
bration spring torque. When the relay input is zero (M=0), the

restraining torque equals the spring torque. However, when the
input is 90% of pickup (M=0.9), the restraining torque to re-
sist vibration is reduced to 197 of the spring torque. For

this reason the fragility level is a function of the setting and
the relay must be tested to predetermined condition.

In a solid-state protective relay the thresholds are voltage
levels which do not respond to mechanical vibration. When an out-
put relay is used, it remains de-energized up to pickup and the
full spring torque resists motion and when pickup is reached,
the relay is energized with full control voltage. Consequently,
the fragility level should be unaffected by the level of input.



Instrumentation

The acceleration was monitored by a control accelerometer
mounted on the table near the driving point. Output contacts
and/or SCR output were monitored by chatter detection calibrated
to detect 2 millisecond contact chatter. The output functions
were also monitored by an oscillograph recorder. In addition,
the oscillograph was used to provide a simultaneous record of
the relay input voltage current.

Articles Tested

Three Phase Long Time Overcurrent Relay applied in large
motor protection schemes. Type ITE-51L, Cat. No. 203T5241,
S/N 2565.

Settings: Current tap: 5A
Time Dial: #1 (30 sec. at 1.5 x tap)
Inst. pickup: 2 x tap
Relay Input: Non-operating: 0.8 x tap, 4A
Operating: 1.5 x tap, 7.5A
Transition: switch 4A to 7.5A
Control Power: 125 VDC

Monitor: Trip SCR output

Three Phase High Dropout Instantaneous Overcurrent Relay
applied in breaker failure schemes or when a 98% dropout to pick-
up ratio is required. Type ITE-50Z, Cat. No. 218T0773, S/N 1023.

Settings: Pickup dial 1 x 8A

Relay Input: Non-operating: 0.8 x pickup, 6.4A

Operating: 1.2 x pickup, 9.6A
Transition: switch 6.4A to 9.6A
Control Power: 125 VDC

Monitor: (1) N.O. and (1) N.C. output contacts



