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ABSTRACT




EXECUTIVE SUMMARY

The primary guideline document for the eismic
qualification of safety related electrical equipraent,
IEEE 344, discusses the need to consider nonlinear
effects, such as rattling, which may occur in such
equipment during seismic events, Besides the sug-
gestion of assembly 1esting in such cases, little
detail is offered as guidance for qualification. The
Office of Nuclear Regulatory Research of the
United States Nuclear Regulatory Commission
(USNRC) has contracted EG&G Idaho, Inc. at the
Idaho National Engineering Laboratory (INEL) to
address this issue with the intention of otfering
additional information concerning the presence,
effects, and proper consideration of such nonlinear
in-structure ge.erated motion when qualifying
such equipment.

The term “rattiing” refers to vibration generated
within a structure which has been exiternally
excited This internally generated vibration results
from components in the structure, which are in
close proximity to one another, responding to the
external vibration and subsequently causing addi-
tional vibration as the result of impact with near
components, The response to seismic excitation of
a cabinet exhibiting a nonlinear response such as
rattling could comain frequency content both
within the normal seismic frequency range
(<33 Hz) and boyond. 1f rattling response occurs
and all of the safety system devices are installed in
the cabinet at the time of the qualification test, the
rattling effects will have been considered by the
normal testing of that assembly. Some devices,
however, are (ested separately and when this is
done, the additional response at higher frequencies
caused by rattling must be addressed.

The idea of simply fixing a rattle assumes that
the rattling can be detected during the qualificar.on
test, the rattling mechanism can be isolated, and
some limit of acceptable rattling motion is kaown
not to affect functionality of supported electrical
devices. Without this information, reduction of
rattling to acceptable levels in cabinets is uncertain.
In addition, consideration must also be given 1o the
effect of the test laboratories' ratthing fixes upon
the safe operation of the equipinent in the plant,
¢.g., rartling in a door may be reduced to aveept-
able levels by applying screws all around but this
may impede the plant operator significantly during
manual operation o inspection of devices in the
cabinet,

1

In an effort 1o provide more useful information
on the character of in-structure generated motion,
Wyle Laboratories (Norco Facility) was contracted
by EG&C Idaho to provide information from past
seismic qualification records of various electrical
cabinets tested at boih the Norco and Huntsyille
Facilities. A survey of these records was performed
and analyzed to determine the general behavior of
the cabinet. and their mounted electrical devices in
the seismic and rattling environment.

The survey indicated that a wide range of cabinet
sizes, functionalities, and electrical devices had
been tested. Also, various high frequency
(<33 Hz) g-levels in the cabinet responses were
encountered. Electiical devices that displayed
anomalies during the tests were: relays, switches,
circuit breakers, a meter, a starter, a circuit card, a
pressure switch, and an indicating light. Anoma-
lous behavior included: contact chatter, breaker
trip, output change on the circuit card, short circuit
in the indicator light, erroneous readings on the
meter, spurious signals, and contact bouncing. One
test record indicated cabinet failure. Contact chat-
ter was the most common anomaly. Sources of rat-
tling identified in this survey were loose cabinet
doors and loos* device-mounting connectors.

Detailed signal analyses of six selected records,
cach containing the test table input motion and
device location response, were evaluated for accel-
eration amplitude and frequency content. Time
histories, response spectra, power spectral densities
(PSD), transfer functions between input and
response, and coherence functions were evaluated
for each of the records. Analysis of the six records
indicated significant levels of high frequency in-
structure generated motion but a firm correlation
butween device malfunctions and rattling environ-
ment could not be established. Even though test
results indicated high frequency cabinet response,
clectrical device malfunctions did not always occur.
Because the qualification records did not include
the time at which the anomalies occurred, the
causal effect between the occurrence of high fre-
quency cabinet response and any anomalies was
further obscured.

To investigate the possible causal relationship
between high frequency cabinet rattling response to
carthquake excitation and clectrical device mal-
function, some testing on a himited scope was per-
formed ai Wyle Laboratories. Since the axistence of
a rattling environment did not necessarily
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determine the malfunctioning of devices, an
attempt was made to establish if @ny device might
malfunction under such conditions. This meant
selecting a device which was most likely to fail,
exposing it to excitation with frequency content
beyond the seismic range, and closely monitoring
its response for evidence of malfunction. Relavs
were selected because it was the most prevalent
dev'.e with malfunctions in the seismic qualifica.
tion survey takeu at Wyle Labs. The Westinghouse
model AR660 and General Electric model CR 1208
relays® were selected because of their widespread
usage throughout the nuclear industry. Three relays
from each manufacturer were tested simultane-
ously to offar statistical reliability in the results.

The testing focus was on random excitation of
the relays with equal acceleration input levels
throughout three frequency ranges (measured by
response spectra at 2% damping) 3 1o 18 Hz,
15 10 100 Mz, and 3 10 100 Hz, The choic of the
breakdown of excitation into these frequency
bands was based upor. the existence of typical seis-
mic¢ Moor spectra having amplified response up to
about 15 Hz. With this cutoff, evalvations were
made of the minimum response spectrum peak
accelerations required to induce relay chatter by
increasing g-levels in each broadband test uatil
chatter occurred. Thus, the effects of only fyw fre-
quency (1 to 15 Hz), only high frequency 15 to
100 Hz) and the composite of frequency (3 to
100 Hz) conitent bands could be evaluated. In addi-
tion to the random excitation, swept sine testing in
the 410 100 Hz range was performed at successively
increasing input g-levels to give some relative mea-
sure of frequency sensitivity of the relays up o
100 Mz,

It was recognized that relay functionality might
be based upon the relationship of chatter duration
and electrical response of the system in which it
interfaces. A computer monitoring sysiem was
emploved to detect and quantify relay chatter dura-
tions of: 2 to &, S 10 10, 1010 20, 20 to <0, 40 10
80, and > ms. This monitonng system was
employed on, not only the on-table relays undergo-
ing the vibrgtion excitations, but also a set of off-
tuble relays energized through individual on-tabwe
v Pays. These off-table relays represented compo-
neats of different (alternating current) coil sizes.

2 "Mantion of speaific products andor manafacturers in this
document imphies neviher endorvement or preference nor yisap-
proval by the US. Government, any of us agencies, or EGRO
Idahe (o, of the use of 2 spevific product for any purpose ™

In addition to measuring the table response,
accelerometers were used to measure fixture and
relay casing response. Detailed characterizations of
the relay casing responses during the rand~m exci-
tation tests were made, Velocity and displacement
histories were examined along with the ucceleration
at inception of chatter to more clearly identify
causal relationships bytween excitation and relay
chatter response.

Ohservation of relay responses ¢ this senies of
tests affirms several characteristics which have been
determined by other research on relays. Relays with
normally closed contacts tend to be more suscepti-
ble to chatter than those with normally open con-
Lacis, Energized relays in this series of tests did not
chawter. Relays excited in a direction coincident
with their contact's dne of action were moee suscep-
tible to chatts than when exdted in a direction
orthogonai to that line of action,

New facets of relay chatter response were also
discoversd. Even though the major portion of relay
chatter responding to random excitation was
because of accelerations with frequency content
< 18 Hz, swept sine tests indicated relay frequency
sensitivity at not only < 15 Hz but also in the 45 to
85 Hz range Testing the relays with random excite-
tions of low, hgh, and @ composite of these fre-
wuency rang. s indicated that high freguency cotent
clid rot contribute to the reduc ion of functionality
af these relavs based upon peak response spectrum
acceleration, However, the characrerizanion of the
mechanism causing relay chatter under brood-
banded excitation pointed 1o a ~ritical difference in
results, depending wupon whether peak response
spectrum acceleration values or accelerction levels
on the relay sustained for a typicel duration are used
0 measure excitation leve!. The secord meusire
appeurs o be more closely correloted 1o chatter on
these relays than the Jist. IS the second measure s
used, the addition af high frequency cuntest in the
evciianon does deerade the acceleration-to-chaiter
levels,

Relay chatter and ns subsequent « [fects on inter-
facing elecincal equipment requires some consider-
ation beyond the present seismic gqualification st
procedures and broadly atfects important assu nup-
tions in seismic probabilistic risa assessm 2t
(PRA's) of safery systems. These test dat» indicate
that chattering relays induce adverse ewcirical
mechanical response in interfacing electrical equip-
ment: therefure, the PRA progedure of neglecting
chatter ¢ffects on such equipment may lead 10 inag-
Cuiawe conclusions.,
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SIGNIFICANCE OF IN-STRUCTURE GENERATED
MOTICN IN SEISMIC QUALIFICATION TES1S
Or CABINET MOUNTED ELECTRICAL DEVICES

1. INTRODUCTION

1.1 Background




1.2 Objectives

1.3 Description of Tacks
Performed




2. REVIEW AND ANALYSIS OF EXISTING
QUALIFICATION TEST PROGRAMS

2.1 Description of Test Report
Review

2.2 Results of the Test Report

Survey




3. DETAILED SIGNAL ANALYSIS OF SELECTED TEST RECORDS

3.1 Description of the Signal
Analysis




No filtering or smoothing was used. The initial
data and results of calculation of a tetal of 13 plots
tor each of the six records are presented graphically
in Appendix B of the test report in the following
order:

1. Shake table input spectra and the cabinet
response spectra. (2 plots)

2. Thirty second input and response time his-
tories. (2 plots)

1. Input and response time histories for five
second duration to present more details of
the time histories. (2 plots)

4. FFT analysis of input and; response accel
erations. (2 plots)

£ PSD of input and response accelerations.
(2 plots)

6. Coherence between input and response
acceleration, (1 plot)

7. Transmissibility between input and
response acceleration. (1 plot)

R Transfer function between input and
recponse acceleration. (1 plot)

3.2 Detailed Signal Analysis
Results

Comparisons of response spectra and time histo-
ries show that levels of acceleration at elevated
device locations were significantly higher in the
uppe frequency range when compared to input
accelerztion levels at the test table. FFT and PSD
plots also served to characterize the input and
response motion as a function of frequency. Obvi-
ously, because of motion amplification in tested
equipment, the amplitude of the PSD for the
response motion is higher than for the input
motion, but the more important fact 1s that both
“esponse spectral acceleration and the PSD for the
response motior indicate substantial motion and
energy in the higher frequency range, while input
moticn generally shows a downward trend in
amplitude as frequency increases above 18 Mz

While the PSDs offer some measure of energy
content in the table input and device location
response, causality, or the absence of noise, is best
determined by examining the transfer functions
and corresponding coherence functions between

the table in ut and cabinet response. Transfer func-
tions indicate frequency ranges of cabinet amplifi-
cation caused by resonant conditions and the
coherence functions ind.vate the degree to which a
designated response is caused by a specified input
such as table motion,

Because coherence is a function of frequency,
highly causal response of some resonant frequen-
cies can be shown in the transfer function
(3" ™ 1.0) yer at other resonances, low causality
from the input (42 < 0.5) is indicated. This is typi-
cally caused by the presence of other sources of
excitation besides the specified input. The measure
of what is “good” coherence is dependent upon
usage of the transfer function. Good estimates of
modal dauping from transfer functions require
coherence values of 43 * 0.9 or better. On the
otherhand, demonstration of relative dependence
of two components of an earthquake's accelero-
gram require only a coherence value of 4% * 0.5 or
better | Other things to consider when evaluating
coherence is that a sufficient number of averages
should be taken and the input power should be suf-
ficiently high to produce a reliable coherence value.
Considering ‘he data processed, 47 < 0.8 in the
resonant froquencies ranging up to 20 Mz and
y* < 0.5inthe higher frequency ranges was judged
as indicating modes with considerable response due
10 external sources such a rattling, i.¢., lack of cau-
sality between seismic input motion and cabinet
response motion,

Using these various tools as rattling indicators,
analysis of the six records indicated that there was a
considerable amount of rattling in most of the cabi
net responses. However, matfunctions were only
recorded in two of the five tests in which cabinet

Considering all of the evidence collected as a
result of the seismic qualification test survey, 1t was
concluded (hat, even though there was significant
high frequency cabinet ratthing in some gqualifica-
non tests, a conclusive correlation between that
phenomenon and the occurrence of functional
anomalies could not be made Primarnily, this was
due 1o the fact that the excitation wave form al the
time of anomalous occurrences could not be revon -
ered from the existing test records.

To address this problem, & series of tesls weore
performed on a very limited set of electrical
devices. The following sections describe the seles-
tion progess, test setup, and results.



4. TEST SPECIMEN

4.1 Basis for Selection

42 Specimen Description

4.3 Receiving Inspection




5. TEST PROCEDURE

5.2 Electrical Monitoring

5.1 Mounting
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Table 3. On and off-table relay arrangement

On-Table Relay Off-Table Device
Manufacturer Manufacturer
GE Cutler Hammer
GE GE
GE Allen Bradley
Westinghouse Cutler Hammer
Westinghouse Westinghouse
Westinghouse Allen Bradley

Coil Voliage

Model Vae
D4ORB 120
Series 2A
CRI120B 2%
Size | 120
Starter
DAORB 120
ARBA 120
Size | 120
Starter

mh«ssmmdlﬁlmﬂﬂmmwh
most susceptible ‘o chatter. 1f contact chatter
occurred during a test, the same test was repeated
with the test specimen energized. The off-table
relays were energized through the on-table relays
during all testing. These contact configurations
represent the worst case scenario, since normally
closed (NC) contacts require less inertial force to
cause contact chatter. Normally open (NO) con-
tacts typically have a significant gap which must be
traversed and, thercfore, require a higher inertial
force to initiate chatter or state changes than NC
contacts,

6.3 Accelerometer Arrangement

Table and relay response was measured by accel-
erometers at four locations. The table response was
measured and controlled with two accelerometers
mounted at the base of the test finture in the verti-
cal and horizontal directions. Fixture response was
measured by accelerometers mounted on top in the
horzontal and vertical directions. Relay responses
were measured by accelerometers mounted on the
relay casing of one Westinghouse and one GE relay
These also measured horizontal and vertical
response. Record of these responses offered mea-
surgment of any local response in table, fixture, or
reluys. The positions of these accelerometers are
shown in Figure | and the test setup photographs

(Figures 2 and 3). The accelerometer data was

recorded on analog M tape and also monitored by

computer

10

5.4 Excitation Wave Forms

The shake table excitations used in this program
consisted of: (a) low level resonance search tests to
aid «n the detection of any resonant response fre-
quency in the test, and (b) high level ra;.dom and
swept sine tests to actually achieve the chatter
g-levels. Additional high level amplification check
tests were performed (o more accurately define the
relay chatter spectra discus« d in Section 6.4, The
random tests were performed to best replicate wave-
forms expected in an carthquake excited, cabinet-
rattling environment. Generalized broadband
excitation was divided into low (< 1% Hz), high
(15 10 100 Hz), and composite (3 to 100 Hz) fre.
quency content bands to evaluate the effect of
dynamic excitations on the cabinet device (relay)
that are outside the range expected for purely seis-
mic motion. High level swept sine tests were per-
formed to augment the random test results by
providing a more definitive picture of the frequency
response of the table, fixtare, and relay casings.

641 Resonance Search  The resonance search
consisted of a low level sinusoida! sweep test
(0.2 g's) of the relays mounted on the test fixture in
the horizontal (v) and vertical (y) direct'ons (see
Figure 1)1o determine t*.¢ response of the test spec-
tmens and fixture in the dewired frequency band of
1 1o 100 Hz. The sweep rate of 1.2 octave per min
was employed in this frequency range on the
G-machine test table.

e e
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6.4.2 Random Excitation. The seismic fragility
tests were conducted uniaxially using random
motion that was amplitude-controlled in one-third
octave bandwidths from 1.25 to 100 Hz. This input

ber of test runs, 10-second duration strong motion
waveforms were used to reduce fatigue effects The
strong motion segment of the excitation wa e
ceded by a 2 10 3 second ramp-up and followed by a
3 10 4 second ramp-down.

Analyses of the test motions were accomplished
with a response spectrum analyzer. The analyses
were performed and plotted at one-sinth octave fre-
quency intervals up to 100 Hz. Response spectra
were plotted al damping values of 1, 2, and 3% of
critical.

Figures 4, 5, and 6 show the specified test levels
for this program. The criterion used in meeting the
test levels was that the amplified portion of the
response spectra of the table acceleration (calcu-
lated with 2% damping) envelopes the g-levels indi-
cated in these three figures. The dashed lines in
Figure 4 illustrate the cor-esponding levels of the
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6. TEST RESULTS

The following sections describe the actual
sequence of tests performed, discuss the results of
each set of tests, and offer some observations on
relay chatter characteristics encountered in the vari-
ous tests.

6.1 Test Sequence

The test log and list of test and control equip-
ment as well as detailed data sheets are presented in
Appendix C of the test report, The test program
was performed in the following sequence with the
resulting data lovated in the indicated partions of
the test report:

1. Ca¥ibration of the test table for low, high,
and composite frequency band excitations
in the horizontal directions

2. Resonance search on  G-machine
(Apr. D)

3. Random excitation in the low frequency
range in the horizoptal direction (Runs
16 App. E)

4 Random excitation in the high frequency
range in the horizontal direction (Runs
1L App. E)

§  Composite frequency band random excita-
tion in the horizontal dircction. (Runs
1217 App. E)

6. Random excitation in the low frequency
range in the vertical direction (Runs |8
to 20; App. E)

T Random excitation i the high frequensy
range in the vertical direction (Runs 21
to 3 App. E)

8§ Composite frequency band random excita-
tion in the vertical direction (Runs 24
o 28 App. F)

¥ Detailed sine sweep testing in the horizon-
tal (Runs, 2910 36; App. G) and the verti-
cal (Runs 37 10 41; App. G) directions in
the frequency range 4 to 100 M2

10. Repeat of step IN at higher g-levels (Runs
3% and 25, App. L)

11 High level sine sweep amphification check
on the F-machine (Rev. A App. H).

A summary of the simultaneous exgitation of the
GE and Westinghouse relays with random excita-
von (Runs | 1o 28) and swept sing (Runs 29 10 41)
tests s shown in Table 4.

6.2 Resonance Search

The results of the resonance search on the
G-machine are presented in Appendix D of the test
report as transmussibility plots between response and
contron accelerometer readings. A uniavial resonance
scarch was performed in the horizontal, x-, and verti-
cal, y-anes. The search consisted of a sine sweep from |
to W0 Hz using a low excitation level of 0.2 g'sat ~12
octave per min. During the resonance search, the relays
were in the de-ecer glzed state. The results of the search
mdicate that the first resonance in the horeontal direg-
tion was 70 Hz (GE relay ' and the first resonance in the
vertical direction ook place at 60 He. The vertical res-
OPANCE SOUTCE Is somew hat unclear but response on the
CiE relay is the highest of all measurement points.

6.3 Uniaxial Random Test

As 15 indicated in Table 4 and discussed previ-
ously, the random tests were performed simultans-
ously on both relay types over various frequency
ranges, uniaxially in one horizontal and the verucal
direction, and at vanous excitation levels.

The test excitation levels were controlled by
means of a response spectrum analyzer. Therefore,
the g-levels shown in Table 4 for the random tests,
indicate the levels in the amplified portion of the
response spectrum for the contral accelerometer
record at the base of the test finture. It must be
noted that table rexponse 10 the specitied control
levels s not casily mantained around natural fre-
quencies encountered in the test Thus, the peak
g levels indicated are approsumations to the actual
peak avcelerations encountered on the relays them
selves. Alsa, because of the nature of 1he random
signal, peak-to-ZPA ratios as Ligh as those indi-
cated in Figure 4 could not B¢ maumtained even
though a concerted effor was made Lo matntan as
low & ZPA & possible and still maintain the
requested peab g levels on the response spetra
This method of excitation measurement was
selevted, however, bevause of ils prevalence in seis-
mic qualification and thus, its usabality as a com-
parison parameter. Additionally, scoeleration
responses on the relay casing were recorded and
analyzed

The uniavial random test data are included in
Appendin | of the test report. As previously
stated, the 1105t phase of random (oitation Lesting
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6.4 Swept Sine Test
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Figure 10. Velocity and displacement of the GE relay Juring recorded chatter events.

only mounted on the table. Amnlification compensa-
tion was subsequently made by determining transmis-
sibility functions (peak response to peak input
weceleration ratios versus frequency) from additional
high g-level swept sine tests documented in
Revision A of the test report in which accelerometers
were mounted as illustrated in Figure 1. The transmis-
sibidity information was applied to the peak table
acceleration data within the lower bound chatter
envelopes in Figures 11 and 12. This produced the
cross-hatch shaded regions enveloping the average
peak relay casing accelerations when chatter occurred
at the indicated excitation frequencies. The accelera-
tion level at the top of the fixture is also plotted in the
upper frequency ranges to give a comparison of rela-
tive amplification of the fixture and relays. Both
relays exhibit some resonance amplification in the
upper frequency renge. The sensitivities below 15 Hz,
however, reflect those mechanisms within the relays
themselves. Note that the minimum che:ter levels of
the Westinghouse relays are ~.50% higher than those
of the GE relays in the low frequency range but lower
in the high frequency range.

19

Compasison of the swept sine and random test
results shows lower sensitivity of the relays during the
swept sine tests. The reason for th » uifference seems
clear when the mechanism causing chatter, discussed in
the previous section, is considered. It is expected that
the swept sine test could more easily achieve the mini-
mum sustained acceleration over the required duration
to induce chatter than the rather broad-banded signal
employed in the random tests.

6.5 Chatter Characterization

The functionality of a relay is not only based
upon the susceptibility of that relay to chatter but
also upon the relay's response effects upon con-
necting electrical equipment. An effort was made
in these tests to provide some insight into the relays’
characteristic responses and their effects on other
equipment. Since the on-table relavs were wired to
aff-table relays of three different cotl sizes, some
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evaluation could be made concerning interaction
functionality.

Table 6 summarizes this evaluation by presenting
a distribution of ¢hatter durations for both on- and
off-table relays for different types of excitation,
The total number of chatter events in a g'ven dura-
tion, for a given excitation (swept sine horizontal,
swept sine vertical, and random horizontal), and a
given relay type have been tabulated in this table,
Note that the off-table relays connected to on-table
relays | through 3 correspond to ever increasing
relay coil sizes. The swept sine tests are considera-
bly longer in duration than the random tests and
thus produce many more chatter events. To normal-
ize this disparity, the total number of events are
divided by the total duration of tests considered
(Table 6). The normalized number (events/s) in the
parenthases is obtained for the on-table relays.

On-tahlc relay chatter event durations ranged
from 2 to 20 ms with 30 to $0% of the events hav-
ing a duration of § to 10 ms. When excited in the
direction orthogona’ to the contact action (vertical
direction}, random e.citation of equivalent levels to
those applied parallel to contact action (horizontal)
did not cause chatter. Swept sine tests in this direc-
tion, however, did cause chatter with event dura-
tions ranging from 2 to 10 ms with 30% of the
events occurring in the 2 to § ms duration range.

Almost all off-table relays exhibited some chatter
at some time during the tests in response to the
chatter of the corresponding on-table relay. The
preponderance of the off-table chatter occurred in
the relays having the lightest coil while the second
highest number of occurrences were exhibited in
relays having the strongest coil,

From these data, the causality between on-table
chatter duration and off-table duration is not pre-
cisely defined but it can casiiy be seen that off-table
relays are exhibiting /onger chatter durations than
the curresponding on-1able relays. One explanation
might be that this result is caused by the occurrence
of multiple short duration electrical pulses being
emitted from the on-table relays in close enough
succession to appear as a much longer pulse to the
off-table relay, in comparison to its characteristic
response time, A second possibility might be that
the pulsing eniulates an alternating current (o the
off-table coil which induces a longer chatter dura-
tion in that relay, If this is indeed the case, the
equipment qualificating of relays should in¢lude
measurement of the time interlude between line
pulses to the relays or other such sensitive devices (0
which it is intended to interface.



Table 6. Distribution of relay chatter events




7. DISCUSSION OF RESULTS AND CONCLUSIONS

The results of this research effort have not only
provided information addressing the effects of in-
structure generated motion in electrical cabinets,
but have also provided insight into the fragility lev-
els of relays and their effects on other equipment.
The prime concern here, however, is the evaluation
of the effects of rattling.

At the start of this research study, it was thought
that the determination of whether rattling was a
problem requiring special attention could be
addressed by: (a) determining if significant rattling
effects in cabinets really existed and (b) whether
their presence offered detrimental effects upon the
functionality of safety related electrical devices in
tho~e cabinets.

Analysis of the Wyle L:borateries equipment
seismic qualification records pointed vut that high
frequency response spectral acceleration at device
locations did occur and that some functional
ancmalies did occur during testing. Detailed fie-
quenzy domain evaluation cf six selections of the
one hundred qualification records that included
power spectral density calculations of cabinet input
and response confirmed that significant high fre-
quency response was present. Also, coherence
functions of the input and response of certain cabi-
nets indicated that, while some frequency ranges
were quiie coherent (i.e. the response was caused by
the presumed input) othe: frecuency ranges indi-
cated a considerable amonnt of noise which could
be attributed to rat!ling. Causality between anoma-
lies and rattling could not be well established,
because even though most of the qualification
records which were studied in detail involved a rat-
tling environment, anomalies only occurred during
some of the tests. Thus, while the rattling environ-
ment may be there, the effect on functionality most
likely depends on the dynamic characteristics of the
specilic devices ‘nvolved.

As stated previously, the most prevalent anomaly
found in the qualification tests was r=lay chatter. It
has also been widely believed that relay functional-
ity offers typically low seismic capacity. Tlerefore,
relays were good electrical devices for evaluation of
functionality in a rattling environment. Dvnamic
characteristics of the excitation could be controlled
and the response closely monitored for cause-and-
effect.

Observation of relay response to this series of
tests indicated several characteristics which affirm
results of testing done by others and new facets of

the response mechanisms not documented previ-
ously. Relays with normally closed contacts tended
to be more susceptible to chatter than relays with
normally open contacts. Energized relays indicated
no chattering at relatively high test g-levels. Excita-
tion of the relays in directions orthogonal 1o the
contact line-of-action required higher excitation
g-levels to induce chatter than excitations parallel
to the contact orientation.

Testing of these relays under random excitation
also produced some results which have not been
previously reported. Since the primary measure ot
seismic qualification of equipment in the past has
been the comparison of the TRS and the RRS,
response spectral acceleration was tnitially used in
this study as the measure of relay excitation level. In
the comparisen of chatter response with this mea-
sure using low, high, and the contbination of low
and high frequency excitations, levels of response
spectral acceleration at which relay chatter
occurred v ¢ not degraded by the additional pres-
ence of high rrequency excitation, However, the
characterization of the mechanisin causing relay
chatter pointed out a critical difference in these
results which may have considerable bearing upon
whether rattling should be seriously considered in
ryvalification testing.

“he detailed evaluation of relay casing response
indicated that relay chatter was most closely correl-
ated to sustained acceleration for a ¢certain duration
rather than peak acceleration. The relays seemed to
be able to withstand much higher acceleration
peaks without chattering. Contact rebound accel-
erations were a good example of this. No chetter
was reinitiated when contact rebound induced high
acceleration peaks in the casing response. However,
when sustained accelerations beyond a limiting
7alue occurred over a long enough duration corrss-
ponding with a directional change in displacement,
chatter typically began,

Thus, a critical difference in resull. is apparent,
depending upon whether response spectin or sus-
tained acceleration criteria is used to measur: the
level of input excitation to thase relays. In consider-
ing acceleration respon<e spect a. which is a mea-
sure of peak accelerations v 2 component’s
response, there appears 1o be no reduction in seis-
mi¢ response let £y causing chatter in (2lays when
significant high rrequency content (such as from
ratthing) is added to existing low frequeancy (less
than 1§ Hz) seismic excitation, Howaver, sustained






required response spectra. In this limited
testing, levels of sustained acceleration
seemed more critical than peak accelera-
tion response.

Instances of relay interaction infer that
seismic qualification testing should base
its chatter measurement requirements 0il
the joint considerations of relay chatter
duration, time intervals between chatter
incidents, and response characteristics of
interfacing equipment.

Items 4 and 5 above are preliminary in nature

28

because of the limited set of electrical devices tested
here. The signif:cant implication is that response
spectra, which is presently used as ¢ measure of
excitation level for devices in seismic qualification
by IEEE 344, may not be the proper measurement.
Relay interaction is also a significant finding affect-
ing not only equipment qualification methods but
also assumptions used in the seismic PRAs. Con-
sideration of these findings should be factored into
future research testing in order to address these
issues from a much broader scope of testing and
uncover new areas where research should be
performed.
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ABSTRACT

The report presents a study performed by Wyle Laboratories for EG&G !daho, Inc. to
determ.ne susceptibility of electrical devices to the high-frequency in-structure
generated rmotion,

Tt 2 study was conducted in two main phases:

. Evaluation of existing test data related to seismic qualification of various electrical
and control equipment used in Nuclear Power Plants,

2. Limited testing of selected typical electrical equipment (relays) to demonstrate its
susceptibility to low and high frequency excitation.

Review and analysis of 100 selected qualification test reports demonstrated that contact
chatter is one of the most common device anomalies, These anomalies are clearly related
with excitation levels, but the reports give no conclusive evidence to correlate contact
chatters with the frequency contents of the equipment response,

An analysis of six selected sets of acceleration time histories demonstrated substantial
motion and energy of response acceleration in the high frequency range, while input
motion generally showed a downward trend at the high frequency range.

Uniaxial randorn and sine sweep testing of two types of relays, Westinghouse AR6A and
General Electric CR120B, were performed at various excitation levels and frequency
ranges, and in different directions of excitation., Good repeatability of the test results
were achieved in spite of the limited number of test specimen, The results of th: test
clearly demonstrate sensitivity of the contact chatter to the frequency contents of
excitation (see, for example, Figures 6-1 and 6-2). All test specimens exhibited contact
chatter not only in a traditional low frequency, seismic range, but in a high frequency
range 30 to 30 Hz.
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1.0 INTRODUCTION

1.1 Purpose

The seismic qualification testing of safety class equipment typically assumes that
the equipment primarily responds in a linear fashion. Theoretically this implies that
for an input excitation over a specified frequency band, the excited component will
only contain frequency response in that band, Seismic floor spectra typically have
dynamic amplification in the frequency range of 3 - 15 Hz. Therefore, a linear
structure thus excited would not be expected to respond dynamically above that
{requency range, However, a nonlinear structure could induce additional frequency
response, both within the range of frequency content of the input as well as outside
of that frequency range. attling of the structure is a good example of this
nonlinearity,

This effectively presents a problem only for particular testing scenarios, albeit, a
common one, Often times, testing of a support cabinet, and the devices which
might be used in it are tested in separate qualification tests, This is typically due to
retrofitting different devices into the cabinet from those used in the original
qualification test, While 'the effect of rattling on the cabinet itself is addressed in
the original qualification test, the Required Response Spectrum (RRS) for the
retrofitted device may not necessarily consider amplified frequency content above
33 Hz. This may be due to the RRS for the davice being derived by analysis using
table motion and a linear model for the caoinet or it may be due to testing the
retrofitted device only in the frequency range below 33 Hz, Depending upon the
device's characteristics and functionality requirements, neglecting excitation
frequencies above 33 Hz raises the question of whether the component is qualified
seismically, since rattling can introduce frequencies in the cabinet at frequencies
higher than 33 Hz,

The present study has focused upor. determining if the problem exists in electrical
cabinets, if there are electi cal devices ' ich are susceptible to such rattlirg, and
to provide some guidance for qualific. . w testing which would adequately and
feasibly address this concern,

The main objective of the program was to detect frequency and mechanisms
associated with the contact chatter and other functional anomalies in a variety of
electrical control devices,

The program was divided into two main tasks:

l.  Evaluation of existing test data related to seismic qualification of various
electrical and control equipment used in Nuclear Power Plants,

2. Limited testing of selected typical electrical equipment (relays) to
dermnmonstrate its susceptidility to low and high frequency excitation,
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Summary

Review and analysis of 100 selected qualification test reports demonstrated that
contact chatter is one of the most common device anomalies. These anomalies
are clearly related with excitation levels, but the reports give no conclusive
evidence to correlate contact chatters with the frequency contents of the
equipment response,

An analysis of six selected sets of acceleration time histories demonstrated
substantial motion and energy of response acceleration in the high frequency range,
while input motion generally showed a downward trend at the high frequency range,

Uniaxial random and sine sweep testing of two types of relays, Westinghouse AR6A
and General Electric CR120B, were performed at various excitation levels and
frequency ranges, and in different directions of excitation. Good repeatability of the
the test results were achieved in spite of the limited number of test specimen, The
results of the test clearly dernonstrate sensitivity of the contact chatter to the
frequency contents of excitation (see, for example, Figures 6-1 and 6-2). All test
specimens exhibited contact chatter not only in & traditional low frequency, seismic
range, but in a high frequency range around 80 Hz.
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2.0

2.1

2.2

REVIEW AND ANALYSIS OF EXISTING TEST QUALIFICATION PROGRAM

Approach

One hundred test reports were selected from the seismic qualification programs
conducted at both the Norco and Huntsville faciiities of Wyle Laboratories in th:»
last few years., These reports addressed the seismic qualification of typica!
electrical equipmeit used in Nuclear Power Plants, The reports were reviewed and
their data evaluated in order to establish general behavior of the control equipment
under typical seismic excitation,

A format was developed for summarizing the pertinent seismic qualification test
data. This form contains the description of equipment, anomalies, tests performed
and equipment response amplification at frequencies higher than 33 Hz.

Appendix A contains a typical summary form used to collect the data and the table
that summarizes the pertinent data.

A brief physical description of the cabinet tested is listed in the column marked
“structure” while electrical devices of interest in the cabinet during the test are
described under the "component" column, Tests performed on the structure and
maximum zero period acceleration (ZPA) g levels are subsequently listed, Next a
description of any anomalies which occurred during the test is given. An indicator
of frequency response of the cabinet above 33 Hz was measured as a percent
increase in amplitude above the amplitude at 33 Hz,

Findings

The summary indicated that a wide range of cabinet size and functionality had been
tested, Correspondingly, a wide range of electrical devices were supported in the
cabinets. Input IPA g levels ranged from 0.1 to 25 g's, Cabinet response of
elevated device '>cations showed amplification above the 33 Hz freguency
amplitude in about 335% of the cabinets tested in the survey. Amplification
increased up to 2300% for frequencies above 33 Mz,

Supported devices exhibiting anomalous behavior included: a meter, relays,
switches, circuit breakers, starter, a circuit card, a pressure switch, and an
indicating light. Relays, switches, and circuit breakers made up the majority of the
devices where anomalous behavior occurred, The anomalous behavior included:
contact chatter, breaker trip, output change (on the circuit card), short circuit on
the indicator light, erroneous readings of the meter, spurious signals, and contact
bouncing. Contact chatter was typically monitored and recorded for durations of

2 msec and greater. Sources of the rattling determined in this survey were loose

cabinet doors and loose device-mounting connectors,
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This review showed equipment response amplification at frequencies higher than 33
Hz and demonstrated that electromechanical devices are more sensitive to seismic
mation than components without moving parts., Thirty of the hundred reports
reviewed detected anomalies, and twenty-nine of them were related to device
operability, Twenty-five of the anomalies were contact chatter, change of state, or
bouncing.

Notably, most of the qualification programs reviewed were conducted with randem
multifrequency motion and designed to demonstrate that the specimen meets its
acceptance criteria, The instrumentation monitored the orcurrence of the davice
anomaly during the test but did not record the time at which the anomaly occurred
or the corresponding component response frequency, Furthermoure, most of the
evaluated reports traditionally addressed equipment performance at "seismic
frequency range" or below 33 Hz, Therefore, the recorded data at f{requencies
above 33 Hz are far from perfect being influenced by test equipment and control
system noise. In some cases, the filtering of so-called high frequency noise
camouflaged the real high frequency components of the equipment response.

The eview gives possible identification, but does not give conclusive proof of causal
effect between rattling and anomalies.
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3.0 ANALYSIS OF SELECTED TIME HISTORIES

31

Approach

Six records of input/response time histories were selected from a pool of available
time histories for detailed computerized analysis. The selection was based on the
character of time histories, comparison between input and output motions, and
performance of tested equipment, especially in the high frequency range. Location
of response accelerometers and availability of data tapes with non-filtered time
histories were also taken into consideration,

Table 3-1 presents six selected records from the identified reports, Each record
consists of input acceleration time history from control accelerometer located at
the test table close to the support of the test specimen (Accelerometer No, !) and
response acceleration time history from selected location, Location of the response
(and corresponding accelerometer number) was selected based on performance of
the tested equipment, Only one run from each report in the study was selected for
detailed avaluation; the run number is also presented in Table 3-1,

Each record set consists of shake table input spectra (based on control
accelerometer reading) and the cabinet response spectra at specified location (based
on corresponding response accelerometer reading). Thirty-second input and “esponse
acceleration time histories are also presented in each record, as well as time
histories for only five-second duration to show more details of the time histories,
All the above information was gathered from selected test reports. Based on this
information, new quantities were Jerived using VAMP software on the ir-house
computer PDP-11. First of all, each thirty-second time histories were divided into
six five-second time histories and an average time history was created, Then the
FFT analysis of input and response acceleration was performed and PSD of the input
and response acceleration were calculated. Finally, coherence, transmissibility and
;ransfer function hetween input, X, and response, Y, acceleration were calculated as
ollows:

Coherence is the amplitude of the cross-power spectrum squared divided by the
product of the two autospectra ( |XY*]2/1X|2|y |2 ),

Transmissilility is the spectrum of a response divided by the spectrum of the input
(Y /X).

Transfer function was calculated by dividing the cross-power spectrum of the
response and the input by the avtospectrum of the input (]XYI [1XX*) ).

In these definitions autospectrum means a spectrum multiplied by its conjugate
(XX*), while coijugate ol a spectrum (X*) is a spectrum with the signs of the
imaginary parts reversed,
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Table 3-1
Time History Records Description

Record Report No. Accelerometer No. Run
No. (See App. A) Input Response No.

l NORO! l 7 I

2 NORO? l b 12

3 NOROS l 4 6

4 NORIS l ) be

b NORJ?7 1 21 1>

6 NOR#4? l ) 16
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3.2

No "filtering" or "smoothing" was used, The initial data and results of calculation of
a total of 13 plots are presented graphically in Appendix B in the following order:

l.  Shake table input spectra and the cabinet response spectra, (2 plots)
2. Thirty second input and response time histories. (2 plots)

3. Input and response time histories for five second duration to present more
details of the time histories. (2 plots)

4.  FFT analysis of input and response accelerations. (2 plots)

5.  PSD of input and response accelerations, (2 plots)

6.  Coherence between input and response acceleration. (1 plot)

7. Transmissibility between input and response acceleration. (1 plot)
8. Transfer function between input and response acceleration. (1 plot)
Findings

Comparisons of response spectra and time histories show that amplification of
acceleration at elevated device locations reached significantly higher levels at the
upper frequencies when compared to input acceleration levels at the test table,
FFT and PSD serve to characterize the only input and rusponse motion as a function
of frequency, Obviously, due to motion amplification in tested equipment, the
acceleration amplitude and PSD for response motion is higher than those for input
motion. But the more important fact is that both acceleration and PSD for the
response motion indicate substantial motion and energy in the higher frequency
;‘an;o. while input motion generally shows a downward trend at frequencies above |3
2.

Coherence, transmissibililty and ransfer function between input motion and
response at elevated device locations are characterized by how much of a given
response is due to an input motion and how much of it is generated by some other
source, such as rattling. Selected records exhibit coherence values close to unity at
most frequency regions,
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4.0 TEST SPECIMEN

4.1 Basis for Selection
The electrical device selection for this program was based on the [ollowing:
1) One hundred nuclear power plant electrical equipment seiymic qualification
test reports were reviewed to identify electrical devices that are most
susceptible to seismic events,

2)  The test data for susceptible devices was evaluated to identify devices that
were more sensitive to the frequency of input maotion,

3)  The devices selected were representative of devices commonly used in nuclear
power plants,

4)  Two models of the devices were selected for testing per EG&G request, Three
devices of each model were subjected to this test program,

4.2 Specimen Description

Table 4-1 lists the electrical devices which were testad in this program,

Table 4-1
Test Specimen Description

Device
Description __ Mfgr.  Model No. Coil Yoltage No.Poles __ Dimension _ Weight
Relay GE CR1208B 230 VAC ‘ 6. 5"x2.38"x35" |5 b

Relay Westinghouse  AR6A 120 VAC A 6"x4.09"x).875" 2.} Ibs
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5.0 TEST PROCEDURE
5.1 Mounting

5.2

5.3

The test specimen were mounted on a rigid fixture as shown in Figure 35-1. The
mounting screws were No. 10 for Westinghouse and No, 8 for GE relays. The
mounting screws were tightened so that the relays were held firmly on the fixture,
The fixture was fabricated from one-inch thick plates and welded to the test table
during the test.

The tests were performed on Wyle Laboratories' biaxial seismic test "G-machine"
and single axis vibration "F-machine”. The seismic "G-machine" table is 100 inches
square and is capable of |2-inches double amplitude displacernen: horizontally and
9-inches double amplituc = displacement vertically, The seismic machine has a load
rating in excess of 10,000 Ibs. The vibration "F-machine" has a load capacity of 200
Ibs at 5 g's and double amplitude displacement up to 4 feet,

Electrical Monitoring

Electrical monitoring was designed to obtain data on a) occurrence of contact
chatter or change of state, b) chatter duration and number of chatters during each
test, <) level and frequency at which chatter occurred and d) the effects of contact
chatter on other devices connected to it,

Relays were selected as the devices connected to contact of the specimens. The
relays used in the program were grouped into "on-table" and "off-table” in order to
distinguish between the specimen and the test set up components, On-table relays
referreq to the specimens, Off-table relays were part of the test set up., Off-table
relays were selected to represent typical relays used in nuclear power plants, Table
5«1 lists each off-table relay and the on-table relay to which it is connected to,

Each test started with the test specimen in the de-energized position and held in
that position during the test, This position was selected since the only significant
force acting on the _ontact was table input excitation. !f contact chatter or change
of state occurred during a test, the same test was repeated with the test specimen
energized, The off-table relay was enorgized during all testing, These contact
configurations represent the worst case scenario, since closed contuct requires less
force to cause contact chatter, Open contact needs to travel more and, hance,
needs more force to cause contact chatter or change of state than closed contact.
Figures 5-2 and 5.3 show the set up for monitoring contact chatter/change of siate,

Accelerometer Arrangement

One test table mounted accelerometer was used for control and monitoring of the
input motion, Three accelerometers were mounted on the top of the test fixture
and on one of each GE and Westinghouse relay to monitor fixture and specimen
response, The location of these accelerometers are shown in Figure -1 and test
setup photographs (Photographs 3-1, 5-2), The accelerometer data was recorded on
analog FM tape and also monitored by computer,
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Tabie 5-1
On- and Off-Table Relay Arrangement
On-Table Relay Migr, 1 No, Coil Voltage
GE Cutler Hammer D4ORB 120 VAC
Series 2A
GE GE CR120B 230 VAC
GE Allen Bradley Size | 120 VaC
Starter
Westinghouse Cutler Hammer D40ORB 120 VAC
Westinghouse Westinghouse ARGA 120 VAC
Westinghouse Allen Bradley Size | 120 YAC

Starter
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FYPICAL CHATTER DETECTION TEST SETUP
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5.4

5.5

5.6

Resonance Search

The resonance search consisted of a low level sinusoidal sweep test (0.2 g) in the
herizontal (x) and vertical (y) directions to detetmine the response of the test
specimen and fixture in the desired frequency band of | to 100 Hz, The sweep rate
21 1/2 octave per minute was employed in this frequency range.

Random Excitation

The seismic fragility *est was conducted uniaxially using random motion which was
amplitude-controlled in one-third octave bandwidths from 1,25 to 100 Hz, This
input siaral was syn-hesized with a 'ank of parallel one-third octave filters with
individual output attenuators adjusted to meet the required response spectra shapes.
The test was conducted in three separate frequency bands; low, high and broad band
frequencies. Due to the number of test runs, 10 second duration strong-mation
waveforms were used to reduce fatigue effects, The strong motion r~rtion of the
excitation was preceded by a 2-3 second "ramp-up" and followed b, a 3-4 second
“ramp-down",

Figures 5-4, 5-5 and J-6 show the specifiad test level for this program. The primary
criteria used in meeting the test level was the ZPA porticn ot che response spectrim
for "high frequency" exc ration and the peak of the response spectrum for "low
frequency" excitation.

Analyses of the test motions were accomplished with a response spectrum analyzer,
The analyses were performed and ~ .tted at one-sixth octave irequency intervals

from 1.0 to 100 Hz, Response spectium was picttea 3t damping values of |, 2 and 3
percent,

Single Axis Sine Sweep Excitation

The test specimens were subjected to uniaxial sine sweep excitations in two
directions, selected horizontal and vertical, from 2.5 to 100 Hz on the "G-machine”
test table and at the frequency range from & - 100 Hz on the "F-machine" test table
(Photographs 5-3 and 5-4), Each test was started with the specimen in the de-
energized position and held in this position for the test duration. If a chatter or
change of state ocurred during the tes., the same test was repeated with the relay
in the energized position, The sweep rate was approximately one octave per minute,
The acceleration was increased until component malfunction occured, The
acceleration and frequency of ercitation at which specimen malfunction occurred
was recorded,
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Photograph 5-3

Horizontal Sine Sweep Test Setup
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Photograph 5-4

Vertical Sine Sweep Test Setup
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6.0 TEST RESULTS
6.1 Receiving Inspection

6.2

Upon receipt at Wyle Laboratories, and prior to any testing, the test specimens were
visually examined for evidence of damage which may have been incurred in shipping.
Specimen identification information was checked with the shipping documents for
conformity. Results of the visual examination, together with specimen
identification information, were recorded on the appropriate test data sheets,

There was no visible evidence of damage to the test specimens upon receipt at Wyle
Laboratories,

The test specimens were described as General Electric 230 Volt AC Relay, Part No.
CR120B06003 and Westinghouse 120 Volt AC Relay, Part No, AR660. Four relays of
each type have been received,

Receiving inspection data sheets are included in Appendix C.

Test Sequence

Test log, list of test and control equipment are presentad in Appendix C, as well as
detailed data sneets, The test program was performed in the following main steps:

I, Calibration ¢f the test table for low, high and broadband frequency excitations
in the horizontal directions.

2. Resonance search,

3. Ru.'!o)m excitation at low frequency range in the vertical direction (Run Nos,
13-20 .

4.  Random excitation at high frequency range in the vertical direction (Run Nos,
21-33),

5 Broadband frequency random excitation in the vertical direction (Run Nos,
24-28).

6. Detailed sine sweep testing in the horizontal (Run Nos, 29-36) and the vertical
(Run Nos, 37-41) directions in the frequency range & - 100 Mz,

A description of the first 28 runs is summarized in Table 6-1. For the following run
description, see Table 6-2,
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Table 6-1
Test Sequence with Run Numbers
HORIZONTAL VERTICAL
Peak DIRECTION . NI!CTION" =
g Relay Fr Range, Hz ange,
Level Status 3-15 15-100 3-100 3-1 15-10G 3-100
Table Calibration N/A . * . . " .
Resonance Sesrch . D . . + . + *
Random Excitation 2.0 D 1=l ? 12 - - -
3.0 D 2 8 13 - - -
4,5 D 3 9 14 18 21 24
6.75 D 4 10 15 19 22 25
10,0 D 5 11, 16 20 23, 26
ll.l. 2"1
11-2
12.0 () - 27 v - .
l’no D L4 zs - - .
19.0 e " - 17 # a
Sine Sweep 2.50 D 2.5 - 50 Hz . . -
2.0 n 50 - 100 Hz - -
2.3 D 2.5+ 100 ¥z . .
2.5 E 2.5 - 100 Hz . - A

Note: * . Numbers in the tadle present run number
D - De-energized relay status
E « Energized relay status
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LDIRECTION FRONT-TO-BACK YERTICAL e
Run Ne, " n” N » » A0 3 R »0 » k' ] » L1
Acceleration 1.0 1.9 20 2.3 10 } X L] AN ] 2.0 2.3 1.0 P N |
Peak g's
NC B 153 166 b | 154 » 3 »
wl
NO 12
NC ? s 663 122 7 M)
w2
NO
NG 744 (1%) 3} %
v
3 NO
. —
Wi b5} » o3 1§ ] )

b
.

Ot -rabile

¥) 438 208
NC » %} in 66 829 3 16 (1] L 3]
Gl
NO
NC 4 108 02 1089 »
! G2
NO
g NG 568 103
G)
g NO
_ Gl (LSS | 121 R o3 » s 6 " i
! =
3 G e 2

Wote: The table shows the number of Chatters in each test,
All runs, except Nos, 36 and 41, are in the de-energized itate,
Frequency range of & - |00 Mz applied 1o all rung, except for Run 33 which ranged 13 - 70 Ha.
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6.3

6.4

Resonance Search

The results of the resonance search are presented in Appendix D as transmissibility
plots between response and control accelerometer readings. A uniaxial resonance
search was performed in the horizontal x and vertical y axes. The search consisted
of a sine sweep from | to (0L iz using a low excitation level of 0.2 g at
approximately |/2 octave per minute. During the resonance search, the relays we-e
in the de-energized state, The results of the search do not indicate any resonance
of the test fixture up to 60 Hz. The lirst resonance in the horicontal direction was
recorded at 70 Mz, and the first resonance in the vertical direction took place at 60
Hz.

Uniaxial Random Test

The results of unlaxial random tests are presented in Appendix E, As previously
stated, the first phase of testing consisted of uniaxial excitation in the horizontal
direction at peak acceleration occurring at the low frequency range from 3 to 13
Hz. During this phase, the relays were in the de-energized state and the maximum
acceleration level was gradually increased from 2 to 10 fs at 2% damping. No sign
of chatter or other malfunction was noticed during the first four levels of the test.
But when the acceleration reached 10 g's (Run No, 3), the tirst chatter was recorded
on the normally-closed contacts of all relays. For ten seconds of excitation, all
Westinghouse relays exhibited three chatters for a duration of 35-20 milliseconds,
Each of the GE relays exhibited one chatter with 2 duration of 2-20 milliseconds, It
is worth to notice that all relays of the same model exhibited chatter during this
time period, but this time period was different for the different models, When the
relays where energized, the chatter was effectively blocked, High frequency

excitation from 15 to 100 Mz did not cause any chatter even at the highest
acceleration level of 10 g's.

Broadband excitation from 3 to 100 Hz caused relay chatter only when the response
acceleration level reached |0 g's at 2% damping, The character of relay chatter

was quite similar to previously recorded low frequency excitation, And, again, no
chatter was recorded for relays in the energized position,

The uniaxial random testing in the vertical direvtion was initiated from a medium
accleration level of 4.2 g's which did not produce any chatter during testing in the
horizontal direction. No chatter was recorded in the excitation level up to 10 g's in
low, high and broadband frequency ranges. Even acceleration levels up to 15 g's

applied in the vertical direction at high frequency ranges (see Run Nos, 27, 28) did
not cause any relay chatter,

Relay chatter usually occurred 20-30 msec after acceleration spike in the time
history, (It is worth t0 notice that some even higher acceleration spikes did not
produce any chatter,) Off-tadle relay response, il any, immediately follow the
corresponding relay chatter with time delay up to 19 msec. Rebound acceleration
was recorded in about !%9-10 msec alter the chatter occurrence. Extended time
history plots in Appendix E present these effects in greater detail. For selectec
Runs No. &, 5, 15 and 16, acceleration time histories of response accelerometer Nos.




m SCRNTHE SERCES & STSTEMS GAGLS Report No, 57724
WESTERN OPERATIONS, NORCO FACILITY

Page No, 6-5

6.5

3 and 5 (mounted on GE and Westinghouse relays correspondingly) were double
integrated and, thus, velocity and displacement time histories were denerated.
These time histories are also presented in Appendix E, A clear indication of time
correlation between chatter occurrence and table velocity is contact chatter
happening simultaneously with the peak velocity,

Sinusoidal Sweep Test

A sinusoidal sweep tast was perlormed initialiy on the "G-machine" in the {requency
range from 2.5 to 100 Hz in the horizontal direction. No chatter was recorded for
relays in the de-energized state at a peak acceleration of 2.0 a‘: and for relays in
the energized state at a peak acceleration of 2.5 g's. wever, the peak
acceleration of 2.5 g's caused substantial relay chatter in the de-energized state
(see Appendix F),

All Westinghouse relays exhibited substantial chatter of NC contacts in the
frequency range from 4 to 7 Hz, No noticeable acceleration peak was recorded
which caused contact chatter, but rebound acceleration was recorded in about 10-20
msec following chatter occurrence, Off-table relay response follows the
corresponding contact chatter with a delay of about 10 msec.

The General Electric relays, Nos, 2 and 3, exhibited contact chatter from 10 to 40
sec into testing and then from 30 sec to the end of the test. No contact chatter was
observed for relay No. |. The relation between contact chatter, acceleration time
history and performance of the off-table relays was identical to what was obtained
for the Westinghouse relays.

As one can see from recorded data plots, the sine sweep excitation on the "G-
rnachine” exnibits high noise level and distortion of sinusoidal shape of the signal.
Therefore, the test specimens were ‘nstalled on the "F-machine"” to perform a more
definite sinusoidal sweep test,

Detailed records of the sinusoidal sweep test performed on the "F-machine" are
presented in Appendix G, All test data are recorded as function of the test
duration. In order to correlate the test results with the excitation [requency,
several "{requency vs. time" plots are included in Appendix G.

The records show contact chatter, the time nf occurrence, and the corresponding
frequency and excitation level, The results of the sinusoidal test are summarized in
Table 6-2. The table presents a matrix showing correlation of relay contact
chatters with the relay mode!, specimen number, type of contact (normally-open or
normally-closed) and contach state, direction of excitaticon and specified excitation
level, It is important to notice that peak acceleration in Table 6.2 is specilied
value. The rea!l acceleration at any given time may deviate from the specified value
anqg, therefore, has to be taken from acceleration time history plots presented in
Appendix C.
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No chatter has been recorded at excitation level of | g applied in the horizontal,
front-to-back direction in the {requency range from 4,0 to 100 Hz (Run Ne. 33).
With increasing test levels to 1.5 g, NC contact of one GE relay started to chatter
(Run No. 32). Further increase of the test level caused more and more substantial
chatter of NC contacts of all the tested relays. At maximum test levels of 3.5 g, a
total of 3975 contact chatters were recorded (Run No, 34), Because most of the
relay chatters occurred below |5 Mz and above 60 Hz, the frequency range of |3 70
Hz was examinad at a higher test level of 4.0 g's (Run No, 35), The sinusoidal sweep
(u 3.5 g di)d not cause any contact chatter on the relays in the energized position
Run No, 36),

Sinusoidal sweep applied in the vertical direction caused substantially fewer contact
chatters (Run Nos, 37-40). Even the highest test excitation level of 3.5 g's (Run 37)
generated quite modest, short duration chatter in the Westinghouse relays and
contact chatter in only one GE relay. And, again, the relays showed no indication of
contact chatter while in tfie energized state,

Figures 6-1 und 6-2 show contact chatter zones for Westinghouse and GE relays as a
function of table excitation level and frequency contents of the excitation. The
figures clearly present a very important phenomenon, Both .Westinghouse and
General Electric relays exhibited contact chatter, not only in the traditional low
frequency range, but in the high frequency range 50 to 80 Hz, The contact chatter
at the high frequency was recorded for all test specimens in the horizontal, front-
to-hack direction, Vertical table excitations of 3,0 g and higher caused chatter in
the We.tinghouse relays at frequencies near 50 Mz, Only one of the GE relays
exhibited contact chatter in the frequency range of 80 to 90 Hz when the vertical
excitation level reached 2.5 g.

Response of the off-table relays were similar to the previously recorded random test
and sine sweep on the "G.machine”, Extended time histories and records in
Appendix G present these data in greater detail,
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CONTACT CHATTER ZONE FOR WESTINGHOUSE RELAY
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Figure 6-2
CONTACT CHATTER ZONE FOR GE RELAY
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6.6 Evaluation of the Test Table and Relay Responses on "F-Machine”

To further evaluate the response characteristics, a detailed evaluation of the "F-
Machine" table/relay interface has been performed. During this evaluation, sine
sweeps from & to 100 Mz at acceleration levels of | g and 3 g were applied to the
table and acceleration time histories were recorded of control accelerometer | and
response accelerometers 3, 5 and 7. These time histories are presented in Appendix
M. Based on the test results, transmissibility functions were computed and
presented in Figures 6-3, 6-4 and 6-5 for | g and 3 g excitation levels. The
transmissibility data indicate:

- The test table has first resonance at 84 to 83 Hz (see Figure 6-5).
- The Westinghouse relay has first resonance at 35 to 57 Hz (see Figure 6-4),

- The General Electric relay exhibited a first resonance at approximately 75
Mz (see Figure 6-3),

It is important tu notice that higher excitation levels lead to smaller amplification
caused by nonlinear damping in the table supports, tabie/relay interface and relays
themselves, Response frequency shift can also be explained by increasing damping
in the system with the rise of the excitation level,

The next step of the data evaluation was computation of the response acceleration
levels of Westinghouse and General Electric relays caused by input excitation
previously recorded for Run Nos. 29 through 35, The re se level at a particular
frequency was calculated as the product of the measured table acceleration times
the transmissibility at that frequency, The plots of the calculated responses are
presented in Appendix M, The plots for the Ceneral Electric relay are marked "Acc-
3*%; the plots for the Westinghouse relays are marked with "Acc-5*", The
-alculated transmissidility functions were used to evaluate the chatter area as a
function of the acceleration level at the relavs themselves, These areas shown in
Figures 6-1 and 6-2 as shaded zones were defined as the product of table
acceleration times the appropriate transmissibility values, The solid lines in Figures
6-1 and 6-2 depict the acceleration level at the top of the book end fixture, This
level is defined as the product of the table acceleration times transmissibility
between accelerometers 7 and | at 3 g excitation level,
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GENERALIZED TEST RESULTS

None of the relays showed any contact chatter while energized, It indicates that
contact chatter is caused by armature movement rather than local response of
contact elements, Most of the chatter affiliated with the normally-closed (NC)
relay contacts also prove the cause of chatter to be armature movement,

The contact chatter level was substantially higher in the horizontal direction than
vertical, Contact chatter usually caused rebound acceleration of the relay.

While random excitation of 10 g's in the frequency range from 3 to |3 Hz initiated
contact chatter, the same acceleration in the frequency runge from |5 to 109 Hz did
not cause any chatter, Chatter was recorded when broadband random excitation of
10 g» in the frequency range from 3 to |00 Mz was applied, but obviously the low
frequency portion of the excitation caused the chatter,

The sinuso!dal sweep test in the horizontal direction indicates frequency dependency
of contact chatter, Both relay models in the study exhibited contact chatter not
only in the traditicia low frequency range below '35 Mz, but in the high frequency
range 50 to 80 Mz, This phenomenon may be partially associated with the relay's
resonances at 33 to 57 Mz for the Westinghouse relay, at 72 to 77 Hz for the GE
‘wlay, as well as the table/fixture resonance at 85 Hz,

Even 3o, the study was limited to only two different relay models and three
specimens per model; ro0d level of repeatability was achieved and a clear frequency
sensitivity of relay contact chatter has been demonstrated,
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_TEST  ACCEL NO. Frequency) J A
SSE _1FB 120 __ 8l Y87
 _RBsS B3 .26 . -IZD
— J3fR . 90 _ 28 ___ZRIZ
— 8 3 S —a
— A2S 42 16£%
ave. FB 430 _Z23.0 1137 ‘
2SS __£3 18 =13%
3V 49 . %6 7%
I3FB 103 __ 5.6 $4%
_l4ss g5 92 _ — 37
18Y Mz 817 _£37 o

TAPE AVAILABILITY:  _[UvLg HSV Has TAPES.




Report No. 57724

Page No. A-4

gy
pur sjudnedured
[LERE FRE T
7H 001 043 M3 pu
v vortew wopue) MVONINND I FINNY
%% ¥/N VN ¥IN 50 €0 Fowanbazpme. ey mouey MmOy WBON
"% 191 01 %OET WOl
porsea afues 244 o1 01 O W spuavedued
wvonednduwe gl s mey 1MW
%199 sem vonesdwe 3y -050¥E pue
*TH € 10 oedun HOous v 01 7H ¢ venow wopue) MU0 OIS <3 MSOPUI
prdalgns sem waunsods 3y 1P % viN v/N vIN (14 9 fovanbaspninm perveng LT TN wemg (€ PION
TH 0C IO MIOPUR S BONT 1%
w i ¥/N ¥/N vIN §0 Lo Towanbaspninm ercerg pur oavoD) auged fvg { ZOMON
12uIgerD>
FNRIP HLEY X001
M Ul ONOU! VN PIVIU NI rogno
TETON paoday 3¢ 1T %991 V/N ¥/N v/N e ro Awanbaspnnus riveg pue joaue) 72 heg ¢ 10WON
‘312 wonwroq wonduossag weuvedwo ) -ziio)] onias vendustag 1531 1sucdwoy NG
% “xen
) SATIVINONY STIATT vaZ su1 ass
SNNVYWIY WyYADOUd 1571 o NOLLATNOSIG NN IS AN

1 "opy sPeg



Report No. 57724
Page No, A=5

‘wy00p feg
L jo emy vo
PaIUnOu: 1o
YOI PIUIW ST
SINNIP
284 08 YONOW WOPUTS VONTIUICANS ] ENJIN0%
CTON PIeday 3¢ ¥ %091 VIN VN VIN L L9 ) Aouanbasgnmw ererg pue [enue)  auIqed AT3 {  SOHON
g0 ‘yoorg ro0p
TH % HONOW WOPLT) asng “asn) om) yite
T ON ProddY I9E 1T %801 VIN VIN ¥/N 60 L | Avanbaspgnw [erxerg ‘sadaap onue?)  13wge> S0y 080N
: a1 oo™
7H 0% VONow HOPLR s SHQED PUT  _EAN FN09
* %02 V/N vIN VN o " Ouvanbaynmu [Prverg PP segsuRI ] Puge)  SCYON
oo 5 051
Nz TUOTIOW WOPLT S IPwOpINT N _IZ%4TV.OE
%00 v/N Y/N VIN 70 oo Asuanbasprmur riverg ‘shepoy 1wge) (ONON
T3 e wonwoo] wenduosag  usvodwol CIuol] onan wondiivwag 1531 yusuoduw ) Smionng
» TeW
e —— = e
. SAHTVINONY STIATT vdAZ SU1L ass
S == 3 e
CAHVWIY WYADOUS 1530 NOLIJIDOS IO NIWID 348 AN
XN

o) 1 JIeve

7 "oN 3%y




. ———— . —

57724

Report No.

Page No. A-6

“I500] 31am
SMIIIE OM] IVYL PAPHIOVOD
sem 1) pariBiaua-ap

ST 1IUIQED Sl UIYM

13 A 12 vonaduwod

LI00P M wo

PINTISL IMIY,

syly
Suaeopur 060001

WYL 1P TH 09 PIMOYS IMIW 734 08 00p VEOW WOPUT)  BOIIUD NI 1auqen
Louonbasg Sunespur vy 1€ %1 /] Y1 WO SMIIDS 00| awm ¥ 81 Aousnbaspmu eiveng pue onnwe) wof § ‘feg e 1 THON
- 300p
23 VO paluUnow
3007 3p DWOS
“ Jou Iojsue )
PUT $2DAIP
7H 001 opuUT: vene nswt 9. NI 09
® %R V/N vIN viN 0 €0 Kouanbe g ey poe 0IweD PUGY)  GTHON
SI00Pp 2y 2
PAIL YOuW SIDNIP
s =
IH 06 VOIIOW MOPUP) UOHITIUIW NSl _OEX NN 07
w Nzl V/N Vin VIN 8170 sy Awsanbasjumu ranerg puT oNueD) JuQel 4297  GONON
“Jie  wonesy]  wvonduirag usuodwo o wonsap wondusag 152 TS0 ) Smaonng
% ren
- SATVNONY T OSTIART .z sAL asS
Imcm— — —, e
SHuvVWID wyaoodd 1591 NOLLATEDSIU NIWID34S AN
X0

£ Cop afteg

{wed) | WV



Report No, 57724

Page No. A-7

TH (3
%L

Mo
" %o

*ZH (§ 1¥ sasuodcas g
ueyl $537 20 (enba 213w
I (f € 4 1v sasuodsay

¥iN VIN

VN ViIN

ViN VIN

woneso]  wonduosaq uwavodwo )

VIN 1z b i

VIN L4 o¢

VIN () &o

Si00p oq

VO PIJUNOW

SHOIMS pue

Lk R

Furpeseun

BONOW WOPUP ) ‘GO PIUIWN . SuY
Aouanbaiprnuw ereig )

Cop
HO PATUNOUL

SIIPIODAL

“saglny wagin

Suryeowpun

WOTEOL 1ROf ? “woney agsan
Omanba ipues (ereeny 1o nue))

»oop

1 WO PITUNOW

WG "TILAAIP

BOIFOW SOPUE ] WO TIUIUNIFSU

£ manbaspiw oty pur O uwo)

“ToN wONnIap

SATVNONY

STIADY VAZ Sui ass

SHEVWIN

vondiiotag 1531 1waveduio)

WVADORd 1531

(wod) | 3V




e - - _—— - —_ o - — . . R D —— — - - ..

Page No. %

TABLE 1 {cont)
: NOEX
| KEY SPECIMEN DESCRIPTION TEST PROGRAM REMARKS
3 — 1] - - —— e TS
: SSE TRS ZPA LEVELS ANOMALIES
—— e ——
' % Amp
at
Strwc ture Componcat Test Description  Vertical Hosiz. Component Description  Localicn Max. F.

NORIS Thwee bay Eaght Raarial multifrequency 24 2.3 selected bouncing, top ot I22% ar | Comprehensize study of
motor contral  controllers; ¢ aAdOm Mo non celays contact the 18 Mz VUCC under various
center twelve chatter cabinet 1oad conditions.
02190 datterent Amphilication at F>

i 3256 s ielays, panel 33 Hz did not occur.
| mousted See Record No. &,
!

NORIE 2 cabinets Control, Baansal multlrequendy 7.5 17 ight did not on the 732% at s
P IS Tt § o instrurmentation random motion operate door 30 Hz
and and indicatng 3
1 i3 lights

NORI7 2 bay cabiets Control and Biaxial multifrequency 1.5 25 N/A N/A N/A 323% at
60" 30" 90" nstr Bon random Mmotien 199 Mz

devies mounted
nsde the
< ‘Banet
: NORIS 2 semall Conteal and Biacial multulrequency 2 3 N/A NIA N/A 2% an
} <abwnets nstramentation 3ndomnm Mmotion 99 Mz
i 26 =" 2 devices. So e
} devices mounted
2 ou the door

- —

g-v ‘oy afeq
%ZLLS *ON daodey
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TABLE | {conty

Page No. 7

INDE X =T
KEY SPECIVEN DESCRIPTION TEST PROGRAM REMARKS
—— = = — — == —_—— = P —A——————
SSE T ZPA LEVELS w
Max. ®
Amp
Structure Component Test Description Vertical Horiz. Component  Description  Location at F.
NOR2Y ) cabnets Elecurical, Biaxial multilrequency 3.0 20 N/A N/A N/A 2395% at
1Y 39*x13"a80" clectromic and  vandom motion 100 Mz
E7% lbs mechanic al
2) SU"RA0" 20" devices -
973 0n stalled nside
3) 0" 30"x37" tha “abinets
NOR2 Cabiner Electrical, Reaxial muitl: equency 4.0 [ 3 N/A N/A N/A 905% at
SO"xe0" 80" elec tronic ¢ andonmn inoton 100 Mz
973 s and control
Comporents
wnstalled
inssde the
cabnet
NOR2S & wmall Ziectrical Baansal multilreguency 120 120 N/A N/A A - Responses at F > 33 bz
Cabuoets switches, randoin motion were equal or less than
1) N"x20"x10" conwral cesponse at )3 Hz,
2) W29 29" components
B 1" 20" mounted
) 3= W 10" msade the
Cabinet
NOR2E & bay cabinet  Computer Beanial multidiequency 2.4 2.2 door, detormed on dooc 250% av
subassenslics fandom motin latches and and mside 109 Mz
T -block fracwred Cabinet

01-y ‘oN a%ey

YZLLS *ON 3aodey
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TABLE 1 {cont)
INDEX
KEY SPECIMEN DESCRIPTION TEST PROGRAM REMARKS
po—— ——2 e = p ——
SSE TRS ZPA LEVELS ANOMALIES
Max. %
_ ' Amp
Strwture Compunent Test Description Vertical Honz. Componest Description  Location st F.
NOR2Z7 Mounting Segnal solator  Buawial multifrequens ; LR 210 N/A N/A N/A 136% at
trame assemblics. r andon moton 36 Hz
Fa S S it b Cach assembly
has electrical
and electromc
Components
NOR2S Small 16 PCB are Brawial multifrequency 7.5 6.3 N/A N/A N/A 63% at
enc! avare d de. randosn motion “T Hz
24%x1 w207 Push buttan and
Yey board
mounted on the
wall of the
enclosure
NOR2ZY 2 cabunels Electrical Peasial multdrequency 135 10.35 N/A N/A N/A 237% at Swucw ral damage of
1) 207 20"x 10" clectromc sandom motion 100 Hz the mator starter
2) 307°x20"x1%" components caused by test
lghts and machine maltunction,
meters.
mechancal
Components
NOR W  Moter Control Beacal meadtils equendy 90 230 NIA NJ2. N/A 37% at
starter devices, relay, rondom motion 165 Wz
cim bowa e and Contac tor
24" 200"

T11=-y ‘ox afeg

nZLLS *ON 330day
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TABLE 1 (cont)
INDEX
KEY SFECIMEN DESCRIPTION - TEST PROGRAM = REMARKS
SSE TR5 ZPA LEVELS ANOMALIES
Mac. %
Amp
Structwre  Component Test Description Vertical Horiz. Componert Doscription  Location  atF.
NOR 3L Small Duitereniial Braxial multifrequen:y 6.0 4.0 N/A W/A N/A 229% at
enclosre pressur= random molion 35 Hz
20°% 20"« 10" swivches
)
i :
: NOR)I2 MCC cabinct  Relays and Biasial multifrequey 3.0 40 relay comtact mounted 7% at
i 29313 comtacto:s random wmoton Cratter inside 4 Mz
g ndicating
hights
! NORII Cabinet Relay, switches Biaxial multifrequency 70 3.0 relay contact conzact 3i4% at
l ST x40 90" transtormer randcn notion chatter insade 8O Mz
- and electromnic
i components
NOR Two Cabinet  Lights, Brawial multifrequency 154 )33 N/A H/A N/A 1) 77% at
1) local switches andom o3 Mz
' motor motor starters 2:3 2) 24
controller and electr onc 2 3% ar
wall Components 109 Mz
nounted
2) Battevy
i charger
: Cabanet

Z21-v ‘ox afeg

.

%ZLLS 'ON 3a0day




TABLE 1 (cont)

TEST PROGRAM

SSE TRS ZPA LEVELS

Struciure Component Test Description Verucal Horiz. Component Description.  Location  atF
NORIY Cabinet Ter=inal blocks Biaxial multilrequency 0.4 0.6 N/A N/A N/A Responses at F> 1) Mz
3 bays fandom wnotion were equal or less than
response at F > 33 Mz,
Cabinet Component list  Biaxial multiliequency 7.0 3.4 N/A N/A N/A 186% at
wall not available random .onuon 30 Mz
mounted {elecwomcs)
-
Generator Transtormers, Random multili equency 156 7.0 N/A MiA NA 76% at Cabinet structure was
control switchas, motion 6L Hz damaged. No component
Cabnet control anamolies.
& bays devices See Record No. 3.
Starter Comoonert list  Random multifrequency 0.3 063 N/A N/A N/A - Responses at F > 33 Hz
Cabanet a0t available. motion were equal or less than
Pictures show respoase at F > 33 Mz
door mounted
transfer
swilches,
bl
©
o
o o
) "
% Lad
o
z
= =]
(e -
w
> >3
[ ~3
— »N
w &
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Page No. 11

i

NOR 9

NORSO

NOR41

NOR&2

SPECIMEN DESCRIPTION

_ Suwuctwe

Dusplay panel

Rack with
tilteen

ma Liplexers

Power supply
cabnet

TEST PROCRAM

SSE T2S ZPA LEVELS

_ Component Test Description Vertical Horiz.

Component hist  Biaxizl mutilrequency 2.0 2.0 N/A

not wva.lable. randon motion

Picture “howrs

door mounted

transfer

switches

Electrouic Single axis random 1.3 1.6 NIA
molun

Relays Biaxial multifrequency 0.32 075 N/A

contactors random molion

electronic

Components

Contactor, Biaxial multifreqeency 3 2.7 NIA

tune delay 7 andom motion

relay,

test switch,

terminal block,

fuse block,

fuse

N/A

N/A

Max. %

atF.

N/A

N/A

“0% at
100 Hz

- Responses at F > 33 Mz
were equal or less than
response at F > 33 Mz,

9% at
&0 Hz

“wHY at
43 Hz

v1-y 'ON afey
9ZLLS °ON 1a0day
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NORe

-

Test Desciption

Two door
Cabanel

Swatch gear
Cabinet

1) Analyzer
Cabenet

2) Conarol

Rotary relay
wene delay

fuse block
resniors

termunal blocks

Contactors,
under [over

voltage relays
door mounted

lights and

P-swatch,
lb-‘.;w.

clectronic
Camponents

eled tron
Components,
wranstormer,
tuse holder,

Biaxial multitrequendy
fandon inotion

Biaxtal mululiequency
ran ‘om moton

Biaxia®' multifrequeacy

candor. WmeTwOn

Biamial muitilrequency
randon motion

SSE TRS ZPA LEVLLS

Vecticat

3.0

i0

30

0

Horiz. Component Description  Location

ANOMALIES

== ——————— ————

40

03

3.6

3.0

relay

N/A

N/A

NA

contact
chatrer

N/A

N/A

on the
Lacw

parel

NIA

N/A

Ny

Ma. %
Amg
as F.

3% &

“s Mz

TABLE 1 {cont)
INDEX
5—‘"—-' M ——— % mmhw =ﬁwﬁ=

Responses at F > 33 Hz
were equal or less
than response at

33 Mz

Responses at F > 33 Hz
were equal or less
than response at

I Hz

Responses at F > 33 He
were equal or less
than response at

1=y ‘oN a8eg

92LLS 'ON 33oday
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Page No. 1)

TASLE 1 (cont )

TEST PROGRAM REMARKS
— SSEE
SSE TRS ZPA LEVELS ANOMALIES

Strw ture Component Test Descripton Vertical Horiz. Component  Description  Location  atF.

NOR% Cadbmnet Switches Bianial multilrequenc y 9.9 0.3 switch contact no1 known - The chattes occurred
fandoin ot chatter during Iragility test
and fragilsty

Responses at F > 33 Mz
were equal or less
than response at
DMz
NORS? Cabinet Tlectrical and  Drawial multitrequens y 06 1.2 N/A N/A NIA 127% at  See Record No. 4.
aned electromc randun amtion 70 Hz
display Cornpoacnts
el soind state
relay, tuse
Blocks, fuse
ho' ter
NORSE ) bays Dove mounted Buawial multifrequency 0.7 0.6 N/A NJA N/A 92% at
Cabinet protective € arndoen o Tion 36 Hz
relays and :
'-_m
lghts

NORSY Tweo panels Carcwt breaker, Buanial multilreguency 80 4.0 N/A N/A N/A 3% at

motor starter, 3% Mz

91-y ‘on afeg

9TLLS *ON avday



TABLE 1 (cont)

Page No. 14

TEST PROGRAM

SSE YRS ZPA LEVELS

Strw ture Compuusent Test Descriplion Vertical
NORM Telephone Electromic PCB  Sengle awis resonance 32 6.0
switclung search
Single _xis tune histocy
molon
HSVIOL Switchgear Relays, swatch  Triasial caodosn malti- 240 20
Cabanet and 15KV feequend y Mot
AN 100" Cwowt breaker.
1360 s The relays and
switch were door
mounted
MSVIOZ I wali Relay, switches Buasial seultilroguency 39 40
rvosnted ndhCating r andomm molion
panels laghts
i) 29"x 10" 30" Relays, switches
2) 3071 and wndicating
hhght dooc
mownied.
HSVIOY 2 wall Curcwt breaker Biawial multilrequency $0 6.0

mowted

pancis
1) 21°=70" 30"
bl Sl T S o

N/A

1) relay

2) 15KV
Carcamt
Lreaker

relays

Cwowit

Shusiz. C —nt “escripe

contact
chattoe

Pl Lous

chatter

Max. %
Amp
Location atF.
NIA -
door 221
nnde
Cabnet
door 138
Crcwt 65
beeaker
panel

REMARKS

Responses at F > 33 He
were equal or less

than response at

I Mz

* Maxumurm response

amplification at haghest
trequency (F = 109 Hz)

The contact chatter was
alleviated by welding 2
remlorcernent angles 1o
rear of the enclosure

rear of the enclosure at
center of the subpanel.

L1-¥ ‘ox afey

9ZLLS *ON 330day
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Page No. 15
TABLE 1 (cont)
INDE X Do
KEY SPECIMEN DESCRIPTION TEST PROGRAM REMARKS
. e P ———— E——
SSE TRS ZPA LEYVELS ANOMALIES
—_————— o=
- Mox. %
Amp
Steuc e Test Description Vertical iloriz. Component  Description  Location  atF,
MV 2 wall Relay, Bianial multulrequaen y 0% a9 NiA N/A N/A 3 * Naxmum response
it | Contactons fandonm o lon amplification at haghest
panels tume relay. trequency (F = 109 H2)
1) 18"6"% 1% “~lay mounted
33 ibs o § subpanct !
D W wr :
225 s
HSVIOS Wall mounted Cwcwt breake:  Triasial multifrequendy 3.2 L NIA NfA NIA 12 g '
panecl Ccontrol relay f asidnn o lon
I 0" mounted on j
2835 tbs subpancis
i HSVIOE MCC cabinet  Starters, Biawial multifrequency 1.3 23 contactor  contact upper i
: SR 20" 108" cwowut 7 afdocn chatter left
16l vy breakers, and rear
transtor mer corner '
wounted on
{ panels
HSVIG7 MOC cabmet  Starters and Triamal osvalte. cequency 3.0 25 contacton  Contact mounted &
20NN 1IKVA T andoen wotion chatter wnside
2000 v tr anslormer panel
' refay contact
| chatter

g1-v oy a%ey
wZLLS "ON 230day
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Page No. 16

TABLE | fcont)
KEY SPLCIMEN m - TEST PROGRAM - REMARKS
SSE TRS ZPA LEVELS ANOMALIES
Max.
Amp
Suuctae = Component Test Description Vestical Moriz. Component Descripti = Lecation  atF.

HMIV1IOP MCC cabnet Starter and Trianial mdtilrequency ..1-3.0 23 N/A N/A N/A 12 *Maximum response
SOOI Cwowmt randos Colon amplihcation at hignest
and 1320 s breaker trequency (F = 100 Hz)

HSVIOY Cadbem=t Froot surface  Triasial multifrequency 3.5 2.0 N/A N/A N/A 9
6" 36" uB" mounted, ©andom molen
3300 tos switches,

meters, and
v ating .
,’u

HSVII0 & bay cabinet  High ampere Prcudo triaxial multi- 12 0.9 Chrcuit contact nside 129*
1048 2" 104" cwcuit trequency ri -dom motion breaker chatter
9500 ibs (2000 ampere)

and doue under contact door
mounted voltage chatter

switche. and and

indicating equence

lights relay

HMSVIL] & bay cabinet Circuit breakers Bussial multdrequency s 1.3 cacwt contact wde s
21268 " door meunted  random motion brecaker chattes Cabinet
17006 ibs switches,

lights, relays
and 6.9KVA
trasslonner

61-y¥ oy afey

g~

9TLLS 'ON 330day



v - — ——

e

Page No. 17

TABLE 1 (cont)
INGEX
EEY SPECIMEN DESCRIPTION TEST PROGRAM REMARKS
P ——————————————— — 4
SSE TRS ZPA LEVELS ANOMALIES
Max.
Amp
Structwe Component Test Description Vertical Horiz. Component Description  Location  atF.
MSVi12 Cabnet 30 and 60 Biaxial multilcequency 33 39 N/A N/A N/A - Responses at F > 33 Hz
IR0 ampere Circwt  random and Wisxial were less than response
1000 s brealer, 100 mul Ul equency randam at F > 3 Mz,
ampere fusible morwa
switches
HSV1i) Cabnet Door mounted  Truasial maltilrequency 063 062 N/A N/A N/A 63° *\Maximum response
M I3"a30"  celays Fandom aw tion amplification at tughest
790 ibs frequency (F = 100 Hz)
HSVIIS Wall mounted  Switches Triaxial multiliequency 03 06 N/A N/A N/A ™
pancl and fuses random motion
b ol gt
320 ibs
HSVIL) 2 cabinets Terminal block  Triaxial multilrequency 48 s 7
random molion
1} Termunation N/A NIA NIA
Cabsnets
P e L
650 ibs
2) Relay Termna! block relay coniact subpanel
cabinet and relay mounted chatter
ITR2IWT on subpancis and
1100 s attached 1o the
side walls

0z~y ‘on ?8eq

YZLLS ‘ON 31oday



Page No. 13
TABLE | (cont)
INDEX
r DESCRIPTION
KEY SPECIMEN TEST PROGRAM - REMARKS
SSE TRS ZPA LEVELS ANOMALIES
Max. %
Amp .
Structre Component Test Description Vertical Horiz. Component Description  Location  atF.
H571 & 2 cabwnets Triaxial multifrequency i L 147 *Maximum response
r andom motion amplilication at haghest
1) 8 "x28"x38" Electric motor, N/A N/A N/A trequency (F= 100 Hz)
“00 s pamp pressure
swatch, cowrowt
breaker
2) "2 x78" Relays, circwt relay contact subpanel
1200 1bs breakers chatter
terminal blocks,
controllers,
meters, o
translormers
HSVII? Yy MCC Starters, Triaxial multifrequency 0.6 0.5 N/A N/A N/A o
< abunet Crcwt andom Botion
1) 90"x20"x90" breakers and .
1300 Ibs translonmer
2) S0 20"90”
1500 ibs
3) 207207 x90"
SO0 bs
HSVIIS MCC cabinet  Starters, Trranial wuitifrequency e 2.3 stas ter contact upper 109
30" 20" 92 Curcwmt Fandoin Mmotion chatter seCtion
2373 Ibs breakers, ol MCC
door mounied
switch and
relay

1Z-v ‘on #8eq
9ZLLS ‘ON 33oday



TABLE 1 (cont)

Page No. 19

INDEX

HSV1LY

HSVi2e

HIVI2]

Wall mownted
panet
Ml 2w

dete tors

2 Bay

78 100"
3430 s

TEST PROGRAM

Test Description

SSE TRS ZPA LEVELS

Verticai

Hogh ampere
CuCwmt

T rianal multitrequency
fandoia oton

Trianial mn itilrequendy
 andoa motion

Trianial multilrequend y
£ ANAGH MOTion

0.9 i N/A

1.7 i.7 cwcuit

breakers

N/A

N/A

chatter

N/A

NoA

75

e

* Maximum response
amplification at lughest
trequency (F = 107 Hz)

ZZ-y 'oy afeg

%ZLLS "ON F10day



Page No. 29

TABLE | (cont.)
NoEX ~
. NN IE3T spochan N
pe————a - ——————————————————
SSE TRS ZPA LEVELS ANOMALIES
Max. %
_ Swuctwre _Component Test Description Vertical Horiz. Component  Description  Location QE__.*
MSVIZ2 thgh voltage Power and Buanial multitrequency 0.8 0% N/A N/A N/A PLl * Maxunum response
starte Current random motion amplification at highest
Cabmets wransformers, frequency ‘€ = 100 Mz)
RN relays,
1600 ks Contactors,
switches, and
meter
HSVI23 Panel Contactors, Trianial multitrequenc y 0s 1.0 N/A N/A N/A 3 Ll
168" u2e" control relays, random motion
70 ivs r snfos mer
HSVI2e ) panels Circwt Triasial mudtifrequrncy 09 3 NJA N/A N/A 218~
1) AC panel breaker ., random motion
board B mowied .
e r relay, meteds,
10 s swit hes
2) DC switch-
board AC pancis
7O 0" " wall mounted
2660 Ibs DC panels
NAC panel  base mounted
Board
v
$10 s
$
o o
w
® o
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HSVIZY 3 cabenets Starters, Triaxial multi cequency 03 0.9 N/A N/A N/A 1% *Maximum response
1) 3 bay carcwt random motion amplification at highest
cabinet beeaker, trequency (F = 100 Hz)
0" 20" w90" distributor,

1360 vy ir anslormer
2) 2 bay

Cabwnet

S0™n 20" 550"

1300 bs

1) cabsne

207020 "

359 lbs

SV Cabmet Door mouwnted  Biaxial mullilrequency 1.t 0.6 switch contact door 3 o
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2150 s relays, tine

delay relay,
and 1200A
Cucwmt

e caker
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Conwey tor
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and control
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tuses,
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