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not infringe privately owned tights.
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ABSTRACT

The , idaho National Engineering Laboratory (INEL) has been conducting a
research s:udy to assist the United States Nuclear Regulatory Commission (USNRC)
in determining susceptibility of electrical dolces to in structure generated motion
sometimes present in electrical cabinets, in Phase I of this study, a survey of past
seismic qualification tests conducted at Wyle Laboratories on various electrical and
control equipment housed in nuclear grade cabinets w as taken to identify components
which experienced a rattling emironment. The INEL has used soeral different meth-
ods to reduce that data and has determined the existence of a number of desice
anomalies in the presence of high frequency cabinet response to carthquake-type
excitation motion. However, causality between the high frequency content and the
malfunctions could not be conclusively confirmed. Phase 11 of the study consisted of
shake table testing for the most presalent malfunction oiscosered in the sursey, relay
chatter, with excitation frequency content in the seismic range and higher. This report
will document the results of Phase I and il of the study, insight into the susceptibility
of electrical dnices to rattling and characterization of relay chatter mechanisms
offers guidance in addressing rattling effects during qualification.
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EXECUTIVE SUMMARY

The primary guideline document for the ;cismic In an effort to proside more usefulinformation
qualification of safety related electrical equipraent, on the character of in structure generated motion,
IEEE 344, discusses the need to consider nonlinear Wyle Laboratories (Norco Facility) was contracted
effects, such as rattling, which may occur in such by EGAG Idaho to proside information from past
equipment during seismic events, liesides the sug- seismic qualificatien records of various electrical
gestion of assembly testing in such cases, little cabinets tested at bob the Nerco and Huntssille
detailis offered as guidance for qualification. The l'acilities. A survey of these records was performed
Office of Nuclear Regulatory Research of the and analyted to determine the general behulor of
United Statn Nuclear Regulatory Commission the cabinet, and their mounted electrical devices in

(USNRC) has contracted EGAG Idaho, Inc. at the the seismic and rattling environment.

Idaho National Engineering Laboratory (INEL) to The sursey indicated that a wide range of cabinet

address this issue with the intention of of fering sites, functionalities, and electrical devices had

additional information concerning the presence, been tested. Also, various high frequency
effects, and proper consideration of such nonlinear (<33112) g levels in the cabinet responses were

in structure geaerated trotion when qualifying encountered. Electrical devices that displayed
such equipment, anomalies during the tests were: relays, switches,

The term "rattling" refers to s ibration generated circuit breakers, a meter, a starter, a circuit card, a

within a structure which has been esternally prewe switch, and an indicating light. Anoma-
escued This internally generated sibration results IOus behavior included: contact chatter, breaker

,

from components in the structure, whieh are in trip, utput change on the etreutt card, short circuit

close prosimity to one another, responding to the in the indicator light, erroneous readings on the j

esternal sibration and subsequently causing addi- meter, spurious signals, and contact bouncing. One j
test record indicated cabinet failure. Contact chat-

|tional vibration as the result of impact with near
components. 'I he response to seismic excitation of ter was Me most common anomah Sounn oDab {

a cabinet exhibiting a nonlinear response such as tling identified in this survey were loose cabinet '

,

rattling could comain frequency content both doors and loose device-mounting connectors,
* * "* ""* '" I '" ' '## bwithin the normal seismic frequency range )each containint the test table input motion and(<33 Hz) and beyond. If rattling response occurs ;

## #* "'"E "#'*#" * ' " * '*###and all of the safety s> stem devices arc installed in
# '* " " * * '" *" #9"#"## # # *#the cabinet at the time of the qualification test, the '

" "'# '' ## # #" "rattling effects will have been considered by the (I SD), ' transfer functions between input and i,

|
,

i normal testing of that assembly. Some doices, response, and coherence functions were evaluated I

howner, are tested separately and when this is
, for each of the records, Analysis of the six records

done, the additional response at higher frequencies ndicated significant levels of high frequency in-
caused by rattling must be addrese.ed. structure generated motion but a firm correlation 1

The idea of simply fixing a rattle assumes that '

between device malfunctions and rattling emiron-,

the rattling can be detected during the qualificat;on ment could not be established. Esen though test
test, the rattling mechanism can be isolated, and results indicated high frequency cabinet te ponse,
some limit of acceptable rattling motion is known electrical doice malfunctions did not always occur.
not to affect functionality of supported electrical llecause the qualification records did not include
dniees. Without this information, reduction of the time at which the anomalies occurred, the
rattling to accept ble lewis in cabinets is uncertain- causal effect between the occurrence of high fre-
In addition, consideration must also be given to the quency cabinet response and any anomalies was
effect of the test laboratories' ratt!!ng fises upon furtner obscurrd,
the safe operation of the equipment in the plant, To imestigate the possible causal relationship

j c.g., rattling in a door may be reduced to accept- between high frequency cabinet rattling response to
'

able le els by applying screws all around but this earthquake excitation and clectrical dolce mal-
may impede the plant operator significantly during function, some testing on a limited scope was per-

j manual operation or inspection of doices in the formed di Wy le Laboratories. Since the nistence of
| cabinet. a rattling environment did not necessarily

lii
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determine the malfunctioning of devices, an in addition to measuring the table response,
attempt was made to establish if aqv device might accelerometers were used to measure fixture and ,

; malfunction under such conditions, This meant relay casing response. Detailed chart.cterizations of
selecting a device which was most likely to fail, the relay cesing responses during the rand ~n exci-

* exposing it to excitation with frequency content tation tests were made. Velocity and d.splacement
beyond the seismic range, and closely monitoring histories were examined along with th: acceleration
its response for oidence of malfunction. Relavs at inception of chatter to more clearly identify ,

i were selected because it was the most prevalent causal relationships between excitation and relay
,

dev'.c with malfunctions in the seismic qualifica- chatter response.
: tion sursey taken at W>l: Labs. The Westinghouse Observation of relay responses te this seines of
; model AR660 and General Electric model CR 120H tests affirms several characteristics which hase been

relaysa were selected because of their widespread determined by other research on relays. R-lays with
usage throughout the nuclear industry. Three rela 5 normally closed contacts tend to be more suscepti-s ,

from each manufacturer were tested simultane- ble to chatter than those with normally open con- f

; ously to offer statistical reliability in the results. Lac:5. Energlied relays in this series of tests did not
The testing focus was on random excitation of chatter. Relays excited in a direction coincident;

Ihe relays with equal acceleration input levels with their contaet's iine of action were more suscep.
throughout three frequency ranges (measured by tible to chatta than when exdted in a direction
response spectra at 2% damping) 3 to 15 H2, orthogonal to that line of action.
15 to 100 l{r, and 3 to 100 Hr. The choia of the New facets of relay chatter response were also

[breakdown of excitation into these frequency diseosered. Esen though the major portion of relay :
bands was based upon the existence of typical seis- chatter responding to random excitation wasi

mic Poor spectra having amplified response up to because of acceleration < with frequency content
'

i about 15 Hz. With this cutoff, evaluations were < 15 Hz, swept sine tests indicated relay frequency
made of the minimum response spectrum pc.tk sensithity at not only <15 Hz but alsoin the 45 to

i

i accelerations required to induce relay chatter by 85 Hr rave Testing the relays with rundom crcita-
! increasing g lesels in each broadband test t.ntil tiens of low, high, and a composite of these fre-

chatte: occurred. Thus, the eifeet5 of only lsv ire- quency ran tes indicated that highfrequency co: stent,

t

quency (3 to 15 Hz), only high frequency (15 to did my amirib ste to the m/uction offunctionality
100 Hz) and the composite oI trequency (3 to of these relays tused upon peak respome spectrum (

100 Hz) content bands could be evaluated, in addi*
acceleruritm. Howner the charuereri:atien of the !

tion to the random excitation, swept sine testing in mechanism causing relav charter under broad. I,

the 4 to 100 Hr range w as performed at successhely handed ea citation pointd to a cruical d /ference int !

increasing input g lesch to t e some relathe mea- results, derer, dine uptm whether peak responseh<

i sure of frequency sensithity of the relays up to s;verrum acce/cration values or acaler.nism incts '

I00 d'' on Ihe relay sustainedfor a t>picel duration are used ,8

i It was recognized that rel .y functionality might
fg -7, ,,,jfgjoy 3.vef. The seced meumre !

|
be based upon the relationship of chatter duration appeurs to Ie more closely correlated to chatter on
and electrical response of the system in which it these relays than thcAst. If the sesond measure es |;

tnteriacts. A computet monitoring s) stem was used, the addition of hegh frequemy content in the
employed to deteet and quantify relay chatter dura-<

,,,: citation does derrude the acce/crutien-to-charter
j tions of: 2 to 5,5 to 10,10 to 20,20 to 40,40 to gjs,
j S0, and >re ms. This monitorms system was Relay chatter and us subsequent (Ifects on inter-
i employed on, not only the on table relays undergo-

facing electrical equipment acqt ires some consider-
ing the ubration excitations, but aho a set of off- ation beyond the present seismic qualification at,

| t;ble relays energized through indhidual on-tabic
procedures and broadly affects important aou up-

rhys. These off table relays represented compo''

tions in schmic probabilistle itsi assessm:nts
nents of different (alternatmr current) coil sites. (PRNs) of safety systems. These test dat? bdicate

that chattering relays induce adserse ciectrical-4

| mechanical response in inter facing electrical equip-

| a. -n nten of irecA producti and 'or manufa,,tureriirs ihis ment; therefore, the PRA procedure of neglecting

| decument imr es neuher endmement or preference nor ump- chatter effects on such equipment may lead to inac-o
prosal by the U.S. Cent, ment, any of its atencies or E GAG culaie conclusions.

| tJaho toe.. of the use of a ipcofW prodwt for any purpm."

| .n

!
l
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Results indicate that relays interfacing with chat- ence function can of fer some additional
tering relays are induced to chatter for durations insight into the phenomenon. Typically,
longer than those of the initiating, chattering the quality of the transfer funct'on and the
relays. It is speculated that this increase in duration coherence function i.t resonan: frequency
could be the result of a couple of possibilities. One rances tends to degrade with the presence
possible explanation is that chains of short dura. of nonlinear structuraliesponse,
tion electrical pulses occur w hich appear to the off. 3. The occurance of rattling does not neces-
table relay as a much longer pulse because of the sarily mean that a cabinet mounted device

relay's relatively long response time. A second pos- is going to malfunction during seismic
sibility is that the pulsing might appear as an alter- excitation. Dynamic characteristics of the

nating current which affects the relay coil and, destce of concern must be considered as

thus, chatter duration. Seismic qualification crite, well as the possibility of any narrow-
ria presently require registering chat ter duratluns of banded frequency characteristics in the

2 ms or greater during the tests. In light of these rattling endronment,
4. Depending upon the desice functionalrestilts, some consideration should be gisen in the

^W'' '' * * F ""* ' ''*qualification test to the relationship between the
acteristics which better reflect functionalrelay's interfacing system responte time, the occur-
operabi'ity than the commonly used peakrence of criticallength chatter durations, and the
acceleration parameter. This parameter istime interval between those esents,
inferred from the comparison of test

These test results proside the following insigtht t response spectra (TRS) to required
qualification testing in the seismic induced rattling response spectra (RitS), presently utilized
ensironment: in IEEE 344 to indicate structuralintegrity

under seismic excitation. In this limited
1. 1 tie rattling emironment is indeed real in testing to characterire relay chatter, levels

some equipment qualification tests of of sustained acceleration seemed more
cabinets. critical than peak acceleration response.

2. Therc are analytical tools available that 5. Presently, IEEE 344 requires only the
provide son.e qualitatise measure of the recording of chatter durations >2 ms.
e.istence of cabinet in-structure generated Observations of relay interactior. infer that
motien outside the norrnal seismic range scismic qualification testing should base
of interest. Comparisons of table input its chatter measurement requirements on
and desice location and output response the joint considerations of relay chatter
spectre is one such set of tools. Compari- duration, time intervals between chatter
sons of the transfer function between the incidents, and response characteristics of
two locations and its corresponding eoher- interfacing equipment,

y

_ _ _ _ - _ _ _
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SIGNIFICANCE OF IN STRUCTURE GENERATED
|MOTION IN SEISMIC QUALIFICATION TESTS

OF CABINET MOUNTED ELECTRICAL DEVICES

1. INTRODUCTION

The Umted States Nuclear Regulatory Commis- tent of the input as well as outside that frequency
sion (USNRC), Office cf Nuclear Regulatory range. Rattling ofIhe structure is an example of this
Research, has contracted EG&G Idaho, Inc. at the nonlinear behasfor. The term "rattling" refers to
Idaho National Engineering Laboratory (INEL) to sibration generated within a structure which has
conduct a research program to improse guidance been esternally excited. This internally generated
for the emironmental and dynamic qualification of vibration results from comporents in the structure,
safety telated equipment. One identified resca:ch whleh are in close prosimity to one another,
topic concerns the current guidance for dinamic responding to the esternal sibration and subse-
qualification of equipment mounted on support quently causing additional sibration as the result of
structures when rattling occurs in the support impact with near components,
structure. Cabinets supporting sarious electrical IEEE 344,2 the prime document for guidance in
dolees and exhibiting rattling when subjected to seismie qualification of safety related equipment,
seismic motion are an example of this concern. recommends acco mting for such in-structure gen-
Wyle Laboratories v as subcontracted by crated response but offers sery little guidance for
EGAG Idaho to suney past seismie qualification either its detection or its adequate consideration,
tests w hieh they had performed to identify compo. The standard does recommend assembly testing if
nents most susceptible to rattling, and to proside possible w hen sattling does exist,
testing facilities required in the second phase of this This effectively presents a problem for some
study to simulate the rattling emironment. Results common testing scenarios. Oftentimes, testing of a
and ecnclusions are based upon data from Wyle's support structure, such as a cabinet, and the
test report,I herein referred to as the test report. A dnices w hich might be used in it are performed in
microfiche copy of this report is included as separate qualification tests. Typically, this is
Appendices A through 11. The follo+ing section because different dnices are retrofitted into the
describes the background of this reseair.h program, cabinet afte: the original qualification test or sim-
identifies its objectises, and outlines the tasks that ply that plant equipment acquisition schedules nee-
were performed. cesitates separate qualification testing. While the

effeet of rattling on the cabinet itself is addressed in

1.1 Background the original qualification test, the Required
Response Spectrum (RRS) for the retrofitted or
separately tested dniec may not necessarily con-

Seismie qualification testing of safety class sider atoplified frequency content abose 33111.
equipment is typically conducted with the assump. This may result because the RRS for the dnice was
tion that the equipment primarily responds in a lin- derived by analpis using table motion and a linear
car fashion. Theoretically, this implies that for an model for the cabinet or it may be caused by testing
input escitation oser a specified frequency hand, the retrofitted desice only in a frequency range
Ihe escited component will only contain frequeney below 33111. Depending upon the doiec's charae-
response in that band. Seismie floor response spee. teristics and functionality requirernents, neglecting
tra typically hase significant dynamic amplifica- excitation frequencies abose 3) 11: raises the ques-
tion in the frequency range of 3 to 15111. A linear tion of w hether the component is qualified seismi.
structure thus excited would not respond dynami- cally, since it is possible that rattlinF can introduce
cally abose that frequency range, llowcer, a non. response in the cabinet at frequencies higher than
linear structure could induce additional frequency 3311 as well as within the seismic frequency
response, both within the range of frequency con- range.

!
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1.2 Objectives the program, it was assumed that structuralinteg-
rity was not the primc concern but that dnice func-
tionality would be most sensitise to suchThis study has focused upon determinina the
'II"*II "''estent to which rattling may esist in electrical cabi-

nets (if high frequency cabinet response resulting T he study was disided into Iwo main tasks:

from rattling esists and there are electrical dnices
which are susceptible to such rattling) and prosid. 1. Ihaluation of existing test data related to

ing some guidance for qualification testing that seismie qualification of sarious electrital
would adequately and feasibly address this phe- and control equipment used in nuclear
nomenon. The limited scope of testing in this study power plants,

demanded naluation of a worst-ease scenario to 2. 1.imited toting of typical electrical equip-
gise some indication of the socrity of the problem, ment to demonstrate susceptibility to low
Thus, the results of this study offer a qualitalise and high frequency excitation.
assessment of rattling on doices deemed most sus-
ceptible to that ensironment. Selection of relay s as the t)pe of electrical equip-

ment to be tested in the second task was based upon
the fact that relay chatter was the most proalent1.3 Description of Tasks
anomaly detected in the sursey included in the im-

Performed tial task of the study.
Section 2 of this report describes the suncy of

To mxt the objectises of the study, typical cabi. esisting scismie qualification test records and See-
net frequency response due to in structure gener. tion 3 is a more detailed analysis of sit records
ated motions during seismic qualification tests was taken from that suneyed group. The basis for
determined. Then tests were conducted to naluate selecting the test items is outlined in Section 4,
the rattling effects on a dnice functional anomaly, w hile Section 5 describes the testing procedure and
judged most likely to occur in this ensironment and Section 6 details ihe rou|ts. Conclusions of the
had plant safety implications. Irom the outset of study are discussed it. Section 7.
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| 2. REVIEW AND ANALYSIS OF EXISTING
QUALIFICATION TEST PROGRAMS

This part of the task consisted of surse>ing esist- spondingly, a wide range of electrical de ices were
ing seismie qualification tot reports and anal > ring mounted in the cabinets, input ZPA g-Incis ranged
the test data to offer some descripdon of rattling from 0.1 to 25 g's. Cabinet respome at cloated
response. Since the scope of the program was lim- desisc iocations showed up to 2300% amplification
ited, the decision was made to limit the sursey to abose the 33 lit frequene) amplitude for frequen-
electrical doices in the cuirets. eies abose 33 Ili.

Mounted dnien e hibiting anomalous behasior
2.1 Description of Test Report included: a meter, relap, switches, circuit breakers, ,

Review a 'ta'ter, a circuit card, a prenure switch, and an
indicating light. Relay s, switchei, and circuit

# ' " * * ** # "# "#One hundred test reports were selected from the
an mal us bcha ior. The anomalous behasior ofseismie qualification r,rograms conducted at both

.

the Noreo and fluntoille facilities of Wyle I.abora- rn unted doiees meluded: contact chatter, breaker

tories in the last few years. These reports aJdresw d "I ' "'P"I change (on the circuit card). short cir-P

the seismie qualification of typical cabinet- cuit on the m. dicator light, erroneous readings on

mounted electrical de ien used in nuclear power the meter, spurious signals, and contact bouncing.
plants. The report s w ere ro iew ed and the data n al- One record indicated eabinet failure. Contact chat-
uated in order to ntablish general behasier of the ter was typically monitored a..u iecorded for dura-
control equipment under t y pical seismic tions of 2 ms and greater. Souren of rattling
excitation, determined in this suney were loose cabinet doors

A format was doeloped for summarizing the and loose de ice. mounting connectors.
pertinent seismie qualification test data. This for. The rniew showed equipment respome amplifi-
mat includes a description of equipment, anoma. cation at frequencies higher than 33 lit and dem-
lies, tests performed and equipment response onstrated that electromechanical dnices are more
amplification at frequencies higher than 33117. sensitise to seismic motion than components with-
Appendis A of the te t report contains a typical eut mosing parts. From the 100 reports rniewed,
summary form used to collest data and a table that 30 anomalie were detected and 29 of them were
summarize the pertinent data, in this summary related to dnice operabihty. Twent) fhe of the
table, a brief phpical description of each cabinet anomaliesinsohed contact chatter, change of state,
quahfication tot that was considered is li,ted in the or bouncing.
column marked sinn ture w hile electrical do ices of Notably, most of the qualification tots roiewed
internt in the cabinet during the test are described were conducted with random multifrequeno
unJer the compment column. lots performed on

motion and Jnigned to demonstrate that the speci-
the structure and maximum tero period accelera- men met its acceptance criteria. The instrumenta-
tion (/ PA ) g lnels on the test response tion monitored the occurrence of the doicespectra (IRS) are suhequently lhted. Nnt, a anomah during the te t but did not record the time
description of any anomalin which occurred dur-

at which the anomal) occurred or the correspond.ing the tot is ghen. An indicator of frequeno
ing component respome frequeno. l urthermore,rnpen e of the cabinet abose 33 Ili was measureJ
most of the oaluated reports traditionallyas a percent increase in amphtuJe abose the amph-

tude at 33 Ili. addrened equipment performance at seismic fre-
queno range, i.e., bdow 33 lit. T herefore, the
recorded data at frequencies abose 33 Ili are far

2,2 Results of the Test Report from perfeet, being innuenced b3 int equirment
Survey limitatiom and conuoi sptem noise.

T he roiew giso pouible indication, but does
The summary indicated that a wide rarige of cab. not gise conclusise proof, of causal elfeet between

inet size and functionality had been toted. Corre. rattling and anomalin.

3
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3. DETAILED SIGNAL ANALYSIS OF SELECTED TEST RECORDS

3,1 Description of the Signal duration portions of those time histories to show

Analysis more detnii. Ali or the above information was gath-
cred from selected test reports. Based upon this
information, frequency domain functions were

3derhed using the VAMP software on the W)le in-Sis records of input / response time histories were
selected from a subset of the original 100 test house computer, a Digital Equipment PDP lF-
records, which were asailble for detailed comput- These data are included in Appendis B of the test
criied analysis. The selection was based on the report.

character of time histories, comparison between in the frecruency domain analyses, each thirty-

input and output motlons, and performance of second time hetory w ai disided into six five second

tested equipment, especially in the high frequency time ensembles. Then the Fast Fourier
range.1oeation of response aceclerometers and Transform (FI-T) analysis of input and response
asailability of data tapes with nonfiltered time hi . acceleration was performed for each ensemble and
tories were aho taksti into consideration, the ensembles were aseraged in the frequency

Table 1 identifies 'he sis selected records from domain. Power Spectral Densities (PSD) of the
the 100 reports. Each record coiisists of the input input and response acceleration were then ca!cu-
acceleration time his:ory from the control acceler, lated. Finally, coherence, transmissibility and
ometer located at the test table close to the suprart transfer functions between inputJX, and response,
of the test specimen (Acceleromater 1) and the Y, acceleration were calculated as follows:

2Coherence h ) is the amplitude of the cross-response aescleration time history hom a selected
location. Selection of the response location tand power spectrum squared dhided by the product of
corresponding accelerometer number) was based the two autospectra (XY' /X2 . y ),
upon performance of the tested equipment. Only Transmissibility is the Fourier spectrum of the
one run from each report in the study was selected response dhided by the Fourier spectrum of the
for detailed es aluation; the run number is aho pre. input (Y/X).
sented in Table 1. Each record set consists of shake The trarnfer funetion was calculated by dhiding the
table input spectra, bned upon the control acerler- crou-power spectrum of the response and the input by
ometer reading and the cabinet response spectra at the autospectrum of the input (XY/XX').
a specified location, based upon the correspondi.ut In these definitNs, the autospectrum tefers to
response accelerometer reading. Input and the spectrum der'.ed from the multiplication of the

- response acceleration time hktories of 30 s dura- real part of v.e IIT and its complex conjugate
tiori are aho presented in each record as well as 3 s (NX').

Table 1. Selected records for detailed signal analysis

Accelerometer Number
Record Report Nuinber Run
Number (See Appendh A) Input Response Numter

i NOFdi 1 7 !!

2 NOR07 1 5 12

3 NOR08 1 7 6

4 NOR15 1 15 44

5 NOR37 1 21 15

6 NOR47 1 3 16

4
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No filtering or smoothing was used. The initial the table input and cabinet rnpone. Transfer fune-
dea and results of calculation of a tetal of 13 plots tions indicate frequency ranges of cabinet amplifi-
f or each of the sis records are presented graphically cation caused by resonant conditions and Ihe
in Appendit B of the test report in the following coherence functions indicate the degree to w hich a
order: designated response is caused by a specified input

such as table motion.
1. Shake table input spectra and the cabinet Decause coherence is a function of frequency,

response spectra. (2 plots) highly causal response of some resonant frequen-
2. Thirty second input and response time hls- cles can be shown in the transfer function

tories. (2 plots) (): * 1.0) yet at other resonances, low causality
3. Input and response time histories for five from the input (32 < 0.5)is indicated. This is typi-

second duration to present more details of cally caused by the presence of other sources of
the time histories. (2 plots) escitation besides the specified input. The measure

4. FFT analpis of input and response accel- of what is "good" coherence is dependent upon
crations. (2 plots) usage of the transfer function. Good estimates of

5. PSD of input and rnponse accelerations, modal dauring from transfer functions require
2coherence salues of $ * 0.9 or better. On the(2 plots)

6. Coherence between input and response otherhand, demonstration of relatise dependence
acceleration. (I plot) of two components of an earthquake's accelero-

27. Transmissibility between input and gram require only a coherence value of 3 * 0.5 or ,

response acceleration. (1 plot) better.1 Other things to consider when evaluating i
8. Transfer function between input and coherence is that a sufficient number of aserages

response acceleration. (i plot) should be taken and the input power should be suf-
ficiently high to produce a reliable coherence value.
Considering the data processed,12 < 0.8 in the'

resonant frequencies ranging up to 20 }{z and
3.2 Detailed Signal Analysis 32 < 0.$inthchigher frequency rangeswadudged

Results as indicating modes with considerable response due i

'to esternal sources such a rattling,i.e., lack of cau.
sality between seismic input motion and cabinet

Comparisons of response spectra and time histo- response motion. |
ries show that inels of acceleration at elevated Using these sarious tools as rattling indicators, I

doice locations were significantly higher in the analysis of the sis records indicated that there was a
uppu frequency range when compared to input considerable amount of rattling in most of the cabi-4

acceleraticn !nels at the test table. HT and PSD net te ponses. Ilowner, malfunctions were only
plots also sened to characterire the input and recorded in two of the five tests in which cabinet
response motion as a function of frequency. Obsi- rattling was indicated.
ously, because of motion amplification in tested Considering all of the nidence collected as a
equipment, the amplitude of the PSD for the result of the seismic quahfication test suney. it was
response motion is higher than for the input concluded that, e en though there was significant
motion, but the more important fact is that both high frequency cabinet rattling in some qualifica-
response spectral acceleration and the PSD fer the tion tests, a conclusise correlation between that
reponse motion indicate substantial motion and phenomenon and the occurrence of functional
energy in the higher frequency range, while input anomatics could not be made. Primari!), this was
motion generally showi a downward trend in due to the fact that the escitation wase form at the

: amplitude as frequency increases abose 15 Hr. time of anomalous oceurrences could not be recos-
j While the PSDs offer some measure of energy cred from the esisting test records.
. content in the table input and doice location To address this problem, a series of tests were
! response, causality, or the absence of noise, is bot performed on a sery limited set of cicetrical

determined by cumining the transfer functions dnices. The following sections describe the selee.
and corresponding coherence functions between tion process, int setup, and results.

1
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4. TEST SPECIMEN

The following subsections outline the philosophy 3. The dolces selected were representative of
of test item selection and describes the physical dolces commonly used in nuclear power
characteristics of caeh of the six relays tested, plants.

4.1 Basis for Selection 4,2 Specimen Description
Heeause the oserall objectise of this study was to

investigate the relative significance of rattling phe- Using the icfined selection criteria, electrical
nomena in selimic qualification, the philosophy of rela)i eshibiting contact chatter were the prime
testing was based on the attempt to imestigate a candidates for this testing. Additionally, other
bounding test scenario. Test specimens were sourco hase indicated relays as critical compo-4

scleeted for their probable susceptibility to a rat- nents in plant safety >et hasing relatively low scis-
tling em ironment, t heir ty pical use in nuelcar plant mic capacity. Commonly used industrial 1)pc
safety s) stems, and, if possible, their general use relays from two manufacturers, typically used in
throughout the nuclear industry. Rather than test a the control or auxiliary relay functions in nuclear
wide sariety of components, multiple items of a safety systems, were selected. Six relays, three of
few types were selected to proside some statistical General Electric manufacture and three from Wes-
confidence in the test data. This allowed the focus tinghouse, were tested simultaneously. Table 2
of attention to be placed upon: (a) the detailed describes these relay s,
characterliation of the failure mechanisms
imolved and (b) quantification of the doices'sen-
sitisity in measurements typically made in seismic 4,3 Receiving Inspection
te ting.

The electrical do icn w cre selected on the folla-
ing basis: Upon receipt at Wyle Laboratories, and prior to

any toting, the test specimens were sisually esam-
1. One hundred nuclear power plant electri. Ined for oldence of damage which may base been

cal equipment seismie qualification test incurred in shipping. Specimen identification
reports were roiewed to identify ciectrical information was checked with the shipping docu- -

doices that most prevalently indicated ments for conformity. Results of the sisual esami-
anomalous behasior during seismic nation, together with specimen identification
escitation. Information, were recorded on the appropriate test

2. The test data for susceptible doices was data sheets. There was no sisible nidence of dam-
n aluated to identify doices that indicated age to the tot specimens upon receipt at Wyle Lab.
anomalies in the prnence of escitations oratories. The test specimens were desetibed as
hasing frequency content beyond the nor- General Electric 230 Vac Relay, Part CRl20B06003
mal seismic range, and Westinghouse 120 Vac Relay, l' art AR660.

Table 2. Test specimen description

Coil Number
Dnice Voltase of Dimensions Weight

Doeription Manu facturer Model (Vae) Poles (in.) (lb)

Relay GE CR120B 230 6 4.5 x 2.38 x 3.5 1.5 lb

Relay Wotinghouse AR6A 120 6 6 x 4.09 x 3.875 2.3 lb

6
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5 TEST PROCEDURE

Details concerning the phpicallayout of the tests, 5,2 Electrical Monitoring
parameters modeled, and escitation used are given
below. In addition to these docriptions, testing phi- Electrical monitoring was designed to obtain
losophy is aho included, where appropriate.

data on (a) occurrence of contact chatter or change
of state,(b) chatter duration and number of chat-

5.1 Mounting ' " " '"' ' d " ' i "8 * * ' h ' "' ' (' ) 1" '' ' " d I' '4 " ' "'Y
at which chatter oecurred, and (d) the effects of
contact chatter on other doices connected to it.

The tot items were mounted on a fisture as lt was tecognised that relay chatter, b) itself. may
shown in figure 1. The mounting screws were or may not pre ent a problem ta nuclear plant
Number 10 for Wotinghouse and Number ft for safety depending upon the systems to whleh the
GE rela)s. The mounting screw $ were tightened so reir.y is connected. With this in m'nd, an effort was
that the relays were held firmly on the fisture. The rnade to characterite, in detail, the relay re pense
fhture was fabricated from 1 in. thick plates and and to determine the relay's response effect on
welded to the test table. ligures 2 and 3 picture the other electrical dolees to which it could be con-
act ual s et up. neeted.1 hree off table relap wcre selected to mon-

The tests were performed on W)le 1 aboratorin' itor this sensitiuty to chatter initiated from each of
biasial seismie tot table, G machine, and single theIwo on table doigns toted. The off table >clee-
asis sibration table, I' machine. The seismie tion represented doices with different coil slies
G-machine table is 1(G in. square and is capable of and, thus, pouibly offering different sensitisities
12 in. double amphtude Jnplacement horizonally to on table relas . hatter. Table 31ists caeh off table
and 9 in. double amplitude displacement serticall). doiec and the on table relay to which it was
The seismie ma,hme has a load rating in esceu of con nected.
10,00 lb. The I-machine has a load capacity of All tots were initially conducted with the test
M lb at 5 gi and double amphtude displacement specimens in the de-energised state, which was
up to 4 ft. selected because recent fragility tests by other

r~ 7n By ,r 7K Of

/ F 5x 6y c $x syFri P
W

Relay
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Figure 1. Tot thture and response acecleration INation.
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1 Table 3. On and off. table relay arrangement
|

|
, ,

'
On Table Relay Off Table Device Coil Voltage

'
,

Manufacturer Manufacturer Model Vac
3

ff GE Cutler llammer D40RB 120

] Series 2A ;

a t

j GE GE CR120B 230

GE Allen Bradley Site i 120 |
j Starter [

.

| Westinghouse Cutler llammer D40RB !:0 :
! E

j Westinghouse Westinghouse AR6A 120 [
i

Westinghouse Allen Bradley Site i 120*

'

Starter
a L

!<

3researchers haseindicated this configuration to be 5.4 Excitation Wave Forms i
i most susceptible '.o chatter. If contact chatter L

1 occurred during a test, the same ;est was repeated [

!'
with the test specimen energized. The off-table The shake table escitations used in this program |
relays were energized through the on tab!c relays consisted of: (a) low level resonance search tests to f

during all testing. These contact configurations aid in the detection of any resonant response fre- |
I represent the worst case scenario, since normally quency in the test, and (b) high level random and -

f closed (NC) contacts require less inertial force to swept sine tests to actually schloe the chatter j

] cause contact chatter. Normally open (NO) con- g lesels. Additional high inel amplification check j
i tacts ty pically hase a significant gap w hieh must be tests were performed to more accurately define the 6

| trasersed and, therefore, require a higher inertial relay chatter spectra discun\1 in Section 6.4. The ;

j force :o initiate chatter or state changes than NC random tests were performed to best replicate wee- >

contacts. forms espected in an earthquake-excited, cabinet- '

I rattling environment. Generalized broadband

| 5.3 Accelerometer Arrangement ''citati n was disided int I w (<ls lia), high
)

(15 to 100 }{r), and composite (3 to 100 }{z) fre- |.-

quency coment baMs to nakau h dect [i Table and relay response was measured by accel.
dynamic escitations on the cabinet deu,ce (rela)) jj erometers at four locations. The table response was
that are outside the range espected for purely seis- [l measured and controlled with two accelerometers
m c m tion. Wgh lesel wept sine tests were pen

|
'

mounted at the base of the test fisture in the setti-
cat and horizontal directions, l'isture response was formed to augment the random test results by

|pr siding a more definitisc picture of the frequency} measured by auclerometers mounted on top in the
resp nse f the table, fisture, and relay casingshorizontal and settical directions. Relay responses

J were measured by accelerometers mounted on the
'

clay casing of one Westinghouse and one GE relay. 5.4.1 Mesonance Search. The resonance search
These also measured horisontal and settical consisted of a low lesel sinusoidal sweep test

j response. Record of these responses offered mea- (0.2 3's)of the rela)s mounted on the test fisture in
i surement of any local response in table fisture, or the horizontal (s) and sertical (>) direct:ons (see 1

i sel )s. The positions of these accelerometers are Figure 1) to determine the response of the test spee- |
| shown in Figure 1 and the test setup photographs imens and fisture in the desired frequency band of |
| (Figures 2 and 3). The accelerometer data was 1 to 100 lli. The sweep rate of 1/2 octase per min

'

recorded on analog FM tape and a!so monitored by was employed in this frequency range on the
computer. G-machine test table.

|
t
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5.4.2 Random Excitation. The seismic fragility 102 ..,

tests were conducted unlasially using random
motion that was amplitude. controlled in one. third Damping = 2%
octase bandaidths from 1.25 to 100 Hz.Thisinput ,

signal was synthesized with a bank of parallel one.
third octave filters with individual output attenua.

7 10 g's (maximum)
-tors adjusted to meet the required response spectra -m 10 -

,

shapes. The tests were conducted in three separate .... .... 6.75 g's~

frequency bands; low, high, and a combination of f .. . . . ... 4.5 g 's
these frequency bands. Ilecause of the large num. g . . . . . . . 3 g 's
ber of test runs,10-second duration strong motion is
waseforms were used to reduce fatigue effects. The g 2 g's (minimum)

j

strong motion segment of the escitation wa. . .r.
y*joo

- - 'x
ceded by a 2 Io 3 second ramp up and follow ed by a
3 to 4 second ramp-dow n. '

i Analyses of the test motions were accomplished
,

with a response spectrum analyrer. The anal >Ses {
'

were performed and plotted at one sisth octase fre.
,

j quency intersals up to 100 112. Response spectra 10 $ u w - |

| were plotted at damping salues of 1,2, and 3r, of 103 10 102 102
critical. Frequency (Hz)'

1 Figures 4, 5, and 6 show the specified test lesels
for this program. The criterion used in meeting the s.7550
test lesels was that the arnplified portion of the i

response spectra cf the table acceleration (ealeu. Figure 5. liigh frequency RRS. |
'

lated with yr damping)cmelopes the r leseisindi-! e

i cated in these three figures. The dashed lines in

]
Figure 4 illustrate the cor esponding lesels of the j

! m
)
! 102 " """ 102 - ~i

j Damping = 2% Damping = 2%,

i -

) -

-
,

j .g 10 g's (marimum) 7 10 g's (maximum)
10 ~

6.75 9's
- 9 10 - ~ ~

J e ,

-- - \ 4.5 g's 6 9*' ~g ,

,

,.; 4 5 g.s - . . - . - . --4 m ...... i
j .E ...... \ 3 g's t 3 g.,........ .

'

I 2_9's (m nimum) g
_ _

i / \
"

N 2 g's (min: mum)et

I 10o - / \ % 10^2 ,/ . 2i -

,

! !/
| t j
; ,f 3o., y .. ~ .. . ,

10e 10 102 102 10o 10 102 102
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ZPA o . ie: taintained, as close as possi- occurred during the sweep was recorded. Data from
ble, h h - t .:m i y range testing. this set of tests were used to doelop the chatter

ione spectra discussed in Section 6.4.

5.4.3 Single Axis Sine Sweep Excitation. The
test specimens were sin 4ultaneously subjected to 5.4.4 High g t.evel Sine Sweep Amplification
uniasial sine sweep escitations in the horizontal h) Check. Initially, modal amplification of the
and sertical ()) directions indicated iri rigure 1. F machine table, fisture, or relays was not espected
The l' machine was used to sweep through the fre- to affect the test results significantly since all modal
quency range from 4 to IN) Hr (see Figures 7 frequencies seemed to be quite high. Ilowever, the
and 8). Each test began with the specimen in the chatter spectra developed from the swept sine tests
de-energized s; ate and maintained in this state for pointed out a need for determining any modal
the test duration. lf a chatter esent oecurred during response amplification of the fisture or relays'm
th'.* test, the same tot was repeated with the relay in the 60 to IN) Sir frequency range.1herefore, high
the energized state. The sweep rate was approsi- g-Inel swept sine tests were performed to quantify
mately one octase per min. The acceleration Inel the mods.1 response amplifications so that such
for each sweep was increased until component mal- amplifications could be considered in the chatter
function oecurred. The acecleration and frequeney som spectra. These tests are documented in Rni-
of cseitation at which specimen malfunction sion A of the test report.
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6. TEST RESULTS

The following scetions describe the actual 6,2 Resonance Search
sequence of tests performed, discuss the results of
each set of tests, and offer some obsersations on

The results of the resonanee search on therelay chatter characteristies encountered in the sari-
G-machine are prnented m Appenda D of the totout tests.
report as tramminibiht) plots between reponse and

| controi accelerometer readmgs. A uniasial rnonarwe
6.1 Test Sequence search was performed in the horiiootal, v, and serti- |

cal,3 asn. T be search condsted of a sine sweep from 1
The test tog and list of test md control equip- to Im ili ming a low ewitation locl of o.2 s's at s t /2

ment as wcll as detailed data sheets are proented in odate gr min. During the roonance scarsh, the relap
Appendis C of the test report. The test program were in the de-c,rrgized state. The rou!!s of the search
was performed in the following sequence with the indicate that the tirst resonance in the hon /ontal diree-
resulting data located in the indicated portions of tion wm 70 tii(GE rrlap and the first reenance in the
the test report: senical direction took place at 60 lli. The sertwal ro-

otunce source is somew hat undear but te ponw on the
1. Ca%bration of the tot table for low, high, GE relay is the highot of all measurement poin:n.,

and composite frequene) band ewitations
I in the horizontal directions

6.3 Unlaxial Random Test| 2. Resonance search on G machine
I (App.D)
'

3. Random ewitation in the low frequene) As is indicated in Table 4 and discuned proi.
range in the horizontal direction (Runs ously, the random tests were performed simultano
1-6; App. El ously on both relay types mer sarious frequenes

4. Random ewitation in the high frequency ranges, uniasially in one horiiontal and ihe s ertical
range in the horizontal direction (Runs direction, and at sarious ewitation lesels.
711; App.El The test ewitation loels were controlled by

5. Composite frequene) band random ewita- means of a response spestrum anal)ier. T herefore,
, tion in the horisontal direction. (Runs the g loch shown in Table 4 for the random te ts, f
'

1217; App. F) indsate the loels in the amplified portion of the |
! 6. Random ewitation in the low frequency response spectrum for the sontrol accelerometer

range in the sertical direction (Runs 18 record at the base of the tot fisture. It must be
i to 20; App. E) noted that table resporne to the Sgeitted control i

! 7. Random ewitation in the high frequene) Inels a not easily maintained around natural fre-
,

j range in the scrtical direction (Runs 21 quencies encountered in the test. T hus, the peak jto 33; Arp. !) g loch indicated are aprroumations to the actua!
|

i

' 8. Composite frequene) band random neita- peal acecletalions encountered on the relays them-
tion in the scrtical directica (Runs 24 sehe . Also, because of the nature of the random

. to 28; App. E) signal, real to /l'A ratios as Ligh as those indi-
| 9. Detailed sine sweep testing in the horizon- cated in iigure 4 could not be maintained oen

tal(Runs, 29 to 36; App. G)and the serti- though a concerted effort was made to rnaintain as>

cal (Runs 37 to 41; App. G) directions in low a Zl'A as ponible and still maintain the
the frequene) range 4 to l00 lli requoted peak g locis on the response spectra.

10. Repeat of step IN at higher g loels (Runs This method of ewitation measurement was
| 27 and Os; App. L) selected, howner, because of its proatence in uis-
| 11. liigh lew! sine sweep amphfication eheck mie qualifwation and thus,its usabiht) as a com-

on the f. machine (Ro. A; App.11), parison parameter. Additionall), acetteration
responses on the rela) easing were recorded and

i
A summary of the simultaneous ewitation of the a n al> ied . I

GE and Westinghouse rela)s with random ewita- 1he ununial random tot data are included in |
tion (Runs I to 28) and swept sine (Runs 29 to 41) Appendis i of the test report. As proious!)
tests is show n in Table 4. stateJ, the fir 3t phase of random ewitation toting j

|

15 |
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Tatde 4. Test run summary
|

|
|

llorizontal thrcetkm Vertical Direction |
ItaLa Ewiatism frequency Range, Ili

_
Lucitarke Frequency Range, liz

hlest Ior! RcIzy
Descripike (g's) Staten 3 to 15 15 to I(U 3 to Ito 4 to Ito 15 to 70 3 to 15 15 to I(o 3toI(n 4 to 100

Maruloan 2.0 Ik<nergued I,I-I 7 12
Random 3.0 Ik<nergiica 2 A 13
Rarutom 4.5 Ik<ncrgiied 3 9 I4 IS 21 24
Karu!orn f.75 Ik<nergiicd 4 10 15 39 22 25
Random IG 1 Ik<nctriied 3C II.II I.II-2 If8 20 23.23-I 26
Random 12.9 Ik<nergisco 27
Random 15.0 De<nergized 2A
Random 10.0 Enctgised f. 17

E Swept sine I.0 Ik<nergbed 33
Smept sine I.5 Ik-cnergized 32C
Sarpt sine 2.0 Ik<nergised 3tC 40
Swept sine 2.3 De<nerghed 30C 39C
Swept sine 3.0 De<nergised 29C 33C
Swept sine 3.5 Ik <ncighed 34C 37C
Swept sine 4.0 De<nergized 35C
Swept sine 3.5 I nergued 36 4I

a. stak g drisassumes: Rasenban . Amipl fwus guersawi est she !R% fee == rhr cumirect aartenisseneses.
%=ge same . Acrwieunase girat saNr senpass mmw.

ii. Refers so 4=wh (.I and W ertsys

c. Onasser meevif cse as lead euer se4aNr erlas derens 58us erw.
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consisted of uniasial excitation in the horizontal relation to specific chatter event times of both the
direction, which was parallel to the relay contact GE and Westinghouse relays. This particular

I line of action uhe direction most !ikely to cause record documents the response of one of the GE
chatter), with peak acceleration in the low fre- relays but the response of the Westinghouse relay
quency range of 3 to 15 Hz. During this phase, was quite similar. In Figure 10 a chatter event initi.
relays were in the de-energized state and the maxi- ated on the GE relay is h.dicated by a measured
mum spectral acceleration level was grahally voltage pulse labeled GE, w hile a chatter event ini-
increased from 2 to 10 g's at 2% damping. The tiated on the Westinghouse relay is indicated by a
response spectral levels are also included in Appen- voltage puhe labeled W. All of tne chatter events
dix E of the test report for coreparison purposes. during test runs 5 and 16 are summarized in
No sign of chatter or othei malfunction was Table 5, listing the chatter esent time, identifica-
noticed until spectral acceleration levels reached tion of the c' attering relay type and the accelera-
10 s's in I un 5. The first chatter was detected on tion, velocity, and d3 placement determined from
the normally-closed contacts of all relays. Subse- the simultaneous measurement of both the GE and
nuently, the on table relays were energized and the Westinghouse relay casing responses at the moni-
10 g level random excitation test renm and no chat- tored time of chatter.
ter was detected. Examinatior of the acceleration, velocity, and

Next, the random tests were repeated with de- displacement time h' stories in Figures 9 and 10
energized relays and filtered input such that the indicates that chatter is most closely correlated with
amplified portion of the TRS ranged from 15 to a directional change in ca,ing displacement after a
100 Itz. Excitation levels were incrementally raised sustained period of rehtively constant acceleration
i Nil peak spectral accelerations of 15 g's were (a period of relatively constant slope on t he selocity
reached with no chatter detected. Then the test curve as indicated by the boxed regions in
sequence was repeated with excitation having frc. Figure 10). As observed in Figure 9, peak accelera-
quency content in the composite frequency range, tions are not as clearly correlated with chatter. In
3 to 100 Hz. Again, chatter occurred only at the fact, a closer look at the relay ca3ing regonse
10 g lesel in Run IF This excitation was repeated show s that the relay contact rebound causes a much
after energizing the on-table relays and, as was the higher acceleration response in the relay, but does
case of the 3 to 15 Hz excitation, no chatter was not induce further chatter. While there are some
detected. exceptions to the rule, it appears that a strong cor-

Runs 18 through 26. summarized in Table 4, relation exists between chatter and a limiting aver-
shows that a similar procedure was performed with age velocity change extended oser a duration of 20
excitations in the vertical direction of the shake to 50 ms for these specific relays. In other words, a
table. This corresponds to exciting the relays in a minimum sustained ecceleration extended over a
direction orthogonal to the orieritation of the con- long enough duration, coinciding with a change in
tact action. No contact chatter was encountered casing response direction seems to cause the chat.
during any of this series of random excitation tests ter. Examination of Tab!: $ shows that chatter of a
wl'ich included peak plevels to 10 g's. given relay design is also dependent upon the direc-

While these tests did indicate the comparative tion of acceleration. The GE relay here typically
influence of high and low frequency broadband chatters with a positive average acceleration while
escitation on relay chatter, the characterliation of the Westinghouse relay chatters with a negatise
the chatter mechanism,in general, required a closer aserage acceleration applied. This is due to t he par-
look at the waseforms causing chatter. With this in ticular arrangement of the mosing and stationary
mind, the r.ccelerometer records from the relay contacts within eact. celay, gising further evidence
body responses during Runs 5 and 16 were evalu. that contact inertia plays an important part in relay
ated closely in the time domain. Acceleration time chatter.
histories were integrated to yield velocity and dis. A close look at Tables 4 and 5 points out that
placement histories la the time periods of the tests conclusions concerning the effects of high fre-
when chatter occurred in 'he relays. Comparison of quency coraent on relay chatter may be different
these time history records with chatter event depending upon the parameter on which the con-
records proved quite interesting, clusion is cased. Corr.parkon of the chatter IcVeh

Figures 9 and 10 indicate a typical comparison of Runs 5,11 and 16 in Table 4 seems to indicate
of acceleration, velocity, and displacement that, when the peak g level, of the response spectra
response on the casing of one of the relays tested in are compared, frequen6y content > 15 Hz does not

17
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Figure 9. Acceleration response on GE relay durmg recorded chatter events.

Induce chatter nor does it reduce the chatter accel- indicated in the table, chatter occurred when the
eration limit when added to ihe low frequency exci- de-energized relays were excited in the horizontal
tation. Examination of Table 5 shows, however, that direction at g !csels of 1.5 g's or greater. This ech.
when the sustained accelerarlons at inception of oes Figure 9, results of the random tests indicating
chatter are compared in Runs 3 (lowforquency) and that relays are less susceptible to chatter when
16 frompositefrequency range), a notable decrease

0. cited in a direction orthogonal to the relay's con-
in the charter causing acceleration leveloccurs, when

tact Iine of actlon. As with the random tests, when
higher frequency content is added to the low fre- the relays were tnergized no chatter occurred.
quency excitation. In this particular case the reduc-,

Figures 11 and 12 plot the resuhs of the horizontal! tion factor is s50% and affects both relay types.
swept sine tests by 1.idicating the g bris %us fre-
queney at which chatter occurred during the tests for

i 6.4 Swept Sine Test the instrumented Gn and westinghouse relays. These

| data were compiled by correlating the chatter records

in an effort to more clearly characterlie the fre- f all six n-table relays with the table response acceler-

quency dependence of the relay chatter, uniasial ation recorded. Note that the chatter spectrum for each

swept sine tests in the 4 to 100 llz range were per. manufacturer % relay comists of a lower bound eme-
formed on the relays as summarized in Table 4 and I pe of data taken from the three on table relays of the

detailed in Appendit G of the test report.The peak same manufacturer.
g lesels indicated are the controllimits w hich were The chatter spectra indicatd two areas of frequency
supplied to the shake table controller and intended semitisity. The Westinghouse relays showed sensitiv-
to be mainta ned throughout each sweep. The i y at < 1511z and in the 45 to 85112 range. The GE
sweep function used in each of the tests was plotted relays also chattered in the 7.one <15 llz and then
against time to determine the escitation frequency had al. upper frequency wnsitivity range of 60 to
at the recorded time of chatter on the relays. As 8511z. Ibr the sine sweep tests, accelerometers were

!
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Figure 10. Velocity and displacement of the GE relay Juring recorded chatter esents.

only mounted on the table. Anglification compensa- Comparison of the swept sine and random test
tion was subsequently made by determining transmis- results shows lower sensitivity of the relays during the
sibility functions (peak response to peak input swept sine tests. The reason for th 3 difference seems
acceleration ratios sersus frequency) from additional clear w hen the mechanism causing chatter, discussed in
high g lesel swept sine tests documented in the previous section, is considered. It is expected that
Resision A of the test report in which accelerometers the swept sine test could more easily achiew the mini-
were mounted as illustrated in Figure 1. The transmis. mum sustained acceleration oser the required duration

sibiiity infonnation was applied to the peak table to induce chatter than the rather broad banded signal

acceleration data within the lower bound chatter emplo>ed in the random tests.

envelopes in Figures 11 and 12. This produced the
cross hatch shaded regions enveloping the average
peak relay casing accelerations w hen chatter occurred
at the mdicated excitation frequencies. The accelera- 6.5 Chatter Characterization
tion level at the top of the fixture is also plotted in the
upper frequency ranges to gise a comparison of rela-
tive amplineation of the lhture and relays. Iloth The functionality of a relay is not only based
relays exhibit some resonance amplification in the upon the susceptibility of that relay to chatter but
upper frequency range. The sensitivities below 15 Hz. also upon the relay's response effects upon con-
howeser, reflect those mechanisms within the relays necting electrical equipment. An effort was made
themsches. Note that the minimum chz:ter levels of in these tests to proside some insight into the relays',

I the Westinghouse relays are s50% higher than those characteristic responses and their effects on other
of the GE relays in the low frequency range but lower equipment. Since the on table relays were wired to
in the high frequency range. of f table relays of three different coil sites, some

19

_ - _ _ - - - - _ _ - _ _ _ _ _ _ _ _ _ - _ _ - _ _ - - - - - - - _ - _ _ - _ _ _ _ - - - _ _ _ - _ _ _ _ _ _ _ _ _ . __ . _ _ _ _ _ _ _ _ _ _ _ - .-_____-____



__ _

|
.j

Table 5. Waveform characterization at time of chatter

Relay Instantaneous Dynamic Response at Chaiter Time
Chattering

Relay
Test General Electric Relay Westinghouse Statainted

Time at Ave.
Tess Run Chattermg Chatter Acceleration Velocity Displacement Acceleration Velocity Displacement Acceleration
Number Relay T pc (sec) (g's) (in/sec) (in.) (g's) (in/sec) (in.) (g's)f

5 GE 8.232 4.2 20 .4 5.9 23 .4 2.7

5 .W 10.068 -5 -30 4.6 -6 -25 5.1 -2.9

5 W 14.919 6.8 -22 5.2 -8.2 -20 5.2 -3.6

'5 5 .W 17.065 -5.5 -18 3.8 -6.0 -18 3.6 -1.3

16 GE 13.433 1.6 11 .6 2.1 -9 -1.4 1.4

16 GE 16.151 2.0 8 .4 2.5 8 1 1.5

16 GE 16.503 3.0 10 .6 3.6 15 .6 1.6

I t' GE 16.842 3.2 9 .7 3.5 8 1.4 1.7
,

16 W 11.152 -1.1 -22 -1 -2 -22 -1 -1.2

16 W I5.996 -0.8 3 3.4 -1 0 3.0 -2.1

|
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|

|
|

|
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evaluation could be made concerning interaction
10

' ' l
I functionality.

Calculated T'' . Table 6 summarizes this evaluation by presenting
{ relay casing \ " off-table relays for different types of excitation.

a distribution of chatter durations for both on- and
8 - chatter1;p s

zone -*- The total number of chatter events in a go.en dura-*

n s
,

f - e j tion, for a gisen excitation (swept sine horizontal,g - ,

.h Top-of fixture j - swept sine sertical, and random horizontal), and a'g 6
j lower bound . ! given relay type have been tabulated in this table,

y envelope % j Note that Ihe off-table relays connected to on table

. ! - relays 1 through 3 correspond to ever increatingm 4 -

Test table '-. relay coil sizes. The swept sine tests are considera-g
7 j bly longer in duration than the random tests andg lower bound 7', , ''

'
,

envelope
..

ize this disparity, the total number of events are
Ihus produce many more chatter events. To normal.

,,

d;vided by the total duration of tests considered
(Table 6). The normalized number (esents/s)in the, , , ,

0 E '#" '' I"# ''"# "4" * ''I I'
0 20 40 60 80 100 On tahlc re!ay chatter event durations ranged

8 7548
Frequency (Hz) from 2 to 20 ms with 30 to 50% of the events hav-

ing a duration of 5 to 10 ms. When excited in the

Figure 11. Contact chatter zone from excitation direction orthogona! to the contact action (sertical

in the horizontal direction for direction), random e.. citation of equis alent levels to

Westinghouse relay. those applied parallel to contact action (horizontal)
did not cause chatter. Saept sine tests in this diree-
tion, however, did cause chatter with esent dura-
tions ranging from 2 to 10 ms with 30% of the
esents occurring in the 2 to 5 ms duration range.

Almost alloff table relays exhibited some chatter
t s me time during the tests in response to the

10
> f[wm chatter of the corresponding on lable relay. The

i i -

twgj
~

N'$' preponderance of the of f table chatter occurred in, 3, Calculated relay

8 / casMg chauer T ,.

We relap hadng N Wen cd wMe me sea nd'

y highest number of occurrences were exhibited in"
1;r zone - __q,'-

,

S Q y zJ ; relays having the strongest coil.

g M; g ; From these data, the causality between on table
g6 W! !

~ chatter duration and off table daration is not pre-

) Y! Top-of fixture lower I cisely defined but it can casily be seen that off tabic

8 'N bound envelope # ! relays are exhibiting longer chatter durations than
/ g | - the corresponding on !able retays. One explanation84

,d'\ est table lower\ ! might be that this result is caused by the occurrencei T ! of multiple short duration electrical pulses being
'g

2 - bound envelope #'\,,,! - emitted from the on. table relays in close enou3h
succession to appear as a much longer puhe to the'

off table relay, in comparison to its characteristie
response time. A second possibility might be that0 ' ' , ,

0 20 40 60 80 100 the pulsing eruulates an alternating current to the
Frequency (Hz) off table coil which induces a longer chatter dura- ;

tion in that relay. If this is indeed the case, the8 7547
,

|

I equipment qualificatinn of relays should inelude
nicasurement of the time interlude between line IFigura 12. Contet chatter tone from excitation

in the horizontal direction for Gli pulses to the relays or other such sensitive desiecs to )
w hich it is intended to interface.

'

relay.
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| Table 6. Distribution of relay chatter events
1

1

Chatter Duiation
(ms) 2 to $ 5 to lo 10 to 20 20 to 40 40 to 80 > 80

On table

W 1015 (0.7r1 1502 (1.0) 683 (0,5)>

S.S.b
llorizontal GE 853 (0.6) 1876 (1.3) I114 (0.8)

E 162 (1.5) 20(0.2)

s.S.
\'ertical GE 101 (0.09) 48 (0.04)

Random E 3 (9.15) 5 (0.25) 7 (0.35)
llorizontal GE 2 (0.10) 4 (0.20) 2 (0.10)

Off-table
,

| S.S. Wl & Gl 189 113 397 203 63 31
1 11orizontal W2 & G2 8

W3 & G3 120 114 162 499 96 65

S.S. WI & GI 41 14 27 22 2
'

j
Vertical W2 & G2

W3 & G3
i

| Random WI & G1 1 1

florizontat W.i & G2
| W3&G3 2 3

_ _ _ _ __

a Nurnbers in parenihois indicate number of(natter cents /s asersged oser all tests applicable to each category,

b. S .S. swept sine tests.

|
|

|

|
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7. DISCUSSION OF RESULTS AND CONCLUSIONS |
|

|

The results of this research effort have not only the response mechanisms not documented previ-
provided information addressing the effects of in- ously. Relays with normally closed contacts tended
structure generated motion in electrical cabinets, to be more susceptible to chatter than relays with
but have also provided insight into the fragility lev- normally open contacts. Energized relays indicated ;

ets of relays and their effects on other equipment. na chattering at relatively high test g-lc els. Excita- |
The prime concern here, however, is the evaluation tion of the relays in directions orthogonal to the
of the effects of rattling. contact line-of-action required higher excitation

At the start of this research stuiy, it was thought g levels to induce chatter thu excitations parallel
that the determination of whether rattling was a to the contact orientation,
problem requiring special attention could be Testing of these relays under random excitation
addressed by:(a) determining if significant rattling also produced some results which have not been
effects in cabinets really existed and (b) whether previously reported. Since the primary measure of
their presence offered detrimental effects upon the seismic qualification of equipment in the past has
functionality of safety related electrical devices in been the comparison of the TRS and the RRS,
those cabinets. response spectral acceleration was initially used in

Analysis of the Wyle Lt.boratories equipment this study as the measure of relay excitation level. In
seismic qualification records pointed out that high the comparison of chatter responsc with this mea-
frequency response spectral acceleration at desice sure using low, high, and the combination of low
locations did occur and that some functional and high frequency excitations, lesels of response
ancmalies did occur during testing. Detailed f.e- spectral acceleration at which relay thatter
quen y domain evaluation of six selections of the occurred " .e not degraded by the additional pres-
one hundred qualification records that included ence of high rrequency excitation. Howeser, the
power spectral density calculations of cabinet input characterization of the mechanism causing relay
and response confirmed that significant high fre- chatter pointed out a critical difference in these
quency response was present. Also, coherence results which may hase considerable bearing upon
functions of the input and response of certam cabi- whether rattling should be seriously considered in
nets indicated that, while some frequency ranges m'alification testing.
were quite coherent (i.e. the response was caused by <Se detailed evaluation of relay casing response
the presumed input) othe; fret:uency ranges indi- indicated that relay chatter was most closely correi-
cated a considerable amount of noise which could ated to sustamed acceleration for a certain duration
be attributed to rattling. Causality between anoma- rather than peak acecleration. The relays seemed to
lies and rattling could not be well established, be able to withstand much higher acceleration
because even though most of the qualification peaks without chattering. Contact rebound accel-
records which w ere studied in detailinvolved a rat- erations were a good example of this. No chetter
tling emitonment, anomalies only occurred during was reinitiated w hen contact rebound inJuced high
so:ne of the tests. Thus, while the rattling emiron- acceleration peaks in the casing response. How ever,
ment may t,e there, t he effect on functionality most when sustained accelerations beyond a limiting l
likely depends on the dynamic characteristics of the value occurred oser a long enough duration corres-

|specific de ices invohed. ponding with a directional change in displacement,
As stated pre iously, the most prnalent anomaly chatter ty pically began,

found in the qualification tests aas ralay chatter. It Thus, a critical difference in resuh; is apparent, I
has also been widely believed that relay functional. depending upon whether response spectra or sus-
ity offers ty pically low seismic capacity. Tlierefore, tained acecleration criteria is used to measure the i
relays were good electrical desices for e aluation of le elofinput excitation to thee relays. In consider- '

functionality in a rattling environment. Dynamic ing acceleration response spctea, which is a mea. |
characteristics of the excitation could be controlled sure of peak accelerations in a component's |

| and the response closely monhored for cause and- response, there appears to be no reduction in seis-
;

; effect. mic te ponse led causingdatter in selays when
'

Obsersation of relay response to this series of significant high rrequency content (such as from
tests indicated se eral characteristics which affirm ra'tling) is added to existing low frequ:ney (less
results of testing done by otbers and new facets of than 15 Hz) seismic excitation. However, sustained

2.1

_ _
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accelerations reduced acceleration values to chatter rent could affect the relay coil. This increased chat-
by approximately 50?'o in tests on these particular tering duration in secondary relays could cause
relays (see Table 5). Obviously, there is a correla- relay contact state changes tong enough to fail some
tion between peak acceleration levels applied to the safety systems.
relay and incidences of chatter because the sus. Presently, equipment seismic qualification crite-
tained acceleration level, which appears to be the ria require registering chatter durations only in
most causal parameter, has a correlation with peak excess of 2 ms. In light of these test results, some
accelerations, llowever, the degree of correlation consideration should also be gisen in seismic quali-
betwecn peak acceleration and chatter is unknown fier. tion to the relationship between interfacing sys-
and, due to the limited scope of testing here, not tem response time, the occurrence of criticallength
reliably defined, chatter durations, and the time interval between

The swept sine tests indicate that the sensitivity those chatter incidents.
of relays to chatter in the low frequency range Seismic PRAs of commercini nuclear plants
(< 15 liz), which was demonstrated by Ilolmca, base, to date, typically neglected chatter in relays as
etal,5 alsc occurs in the high frequency ranges, a failure esent in their safety systems. This test
While it appears that broad banded excitation in data, though limited in scope question this assumn
these higher frequency ranges does not readily tion because increased contact dura. ion in second-

| induce chatter, more narrow banded waseforms ary relays could cause safety system failure. This,
; (such as swept sine)in these frequency ranges do, coupled with the fact that some safety related cir.

| This phenomenon is consistent with the dynamic cuits with auxiliary relays are not easily reset when
I characterization of the chatter mechanism dis- chatter occurs, highlights the need for more

cussed presiously, rescareb in thic area of concern.
Relay cheer and its subsequent effects on inter. A summary of these test results provides the fol-

facing electrical equipment is a failure mode w hich lowing insight to qualification testing in the
requires some consideration beyond the recom. seismic induced rattling environment:

| mended present qualification test procedures and
which broadly affects important assumptions in 1. The rattling emironment is indeed real in'

commercial plant seismic probabilistic risk assess. some equipment qualification tests of
men s (PR A's). illey et al.,6 in their recent paper cabinets,
on the impact of relay chatter on nuclear plant risk, 2. There are analytical tools available which
hase stated that: "Although most PRAs have can offer some qualitative measu,e of the
assumed that eqaipment malfunction due to rclay existence of cabinet in-structure generated
chatter will be fully reemered, Lambert 7 and oth- motion outside the normal seismic range
ers hase espressed concern that recosery of some of interest. Comparisons of table input
circuits may require difficuh d;agnosis and that and device location output response spec-
operator performance may be seserely degraded by tra is one such set of tools. Comparisons
high [ emotional) stress lesels following the earlh- of the transfer function between the two
quake." This statement is in reference to the typical locations and its corresponding coherence
seismie PRA proecdure in the past of enemially function can offer some additional insight
neglecting the effects of relay chatter in the caleub- into the phenomenon.
tion of safety system reliability since chatter was 3. T he existenec of rattling does not neecssar.
not considered to adserwly affect the relay, and no ily mean that a cabinet supported desice is
adserse effects on components in the chatte ing going to malfunction during seismic exci-
relay's circuits were known at the time. This test tation. Dynamic characteristics of ;he
data indicates that there can be adserse effects to a desice of concern must be considered as
chattermg relay's circuit and that this PRA pro;e- well as the possibility of any narrow-
dure should be reconsidered, banded frequency characteristics in the

Test results here indicate that wondar> relays rattling env|ronment.
controlled by chattering relays are induced to chat. 4 I epending upon the desice functional
ter and for longer durations than the controlling mechanisms, there may be dynamic char-
reta,.. Pouible cames for this inercase in duration aeteristics, which better reflect functional
could be that puhe sequences in close enouFh sue- operability than the comm%iy used peak
cession would appear as a single, lor.g duration accclaration parameter, inferred from the
puhe to subsequent relap or that alternating cur- comparison of test response spectra to

24
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required response spectra. In this limited because of the limited set of electrical devices tested I

testing, levels o,f sustained acceleration here. The significant implication is that response
seemed more critical than peak accelera- spectra, which is presently used as a measure of
tion response. excitation level for devices in seismic qualification

5. Instances of relay interaction infer that by IEEE 344, may not be the proper measurement.
seismic qualification testing should base Relayinteraction is also a signific. tnt finding affect-
its chatter measuiement requirements on ing not only equipment qualification methods but
the joint considerations of relay chatter also assumptions used in the seismic PRAs. Con-
duration, time intervals between chatter sideration of these findings should be factored into
incidents, and response characteristics of future research testing in order to address these
interfacing equipment. issues from a much broader scope of testing and

uncover new areas where research should be
!! ems 4 and 5 above are preliminary in nature performed.
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The Idaho National Engineering Laboratory (INEL) has been conducting a
research study to assist the Unite i States Nuclear Regulatory Commission (USNRC)
in determining susceptibility of electrical devices to in-structure generated motion
sometimes present in electrical cabinets. In Phase 1 of this study, a survey of past
seismic qua'ification tests conducted at Wyle Laboratories on various electrical anu
control equipment housed in nuclect grade cabinets was taken to identify components
which experienced a rattling environment. The !NEL has used several different meth-

ods to reduce that data and has determined the existence of a number of device
anomalies in the presence of high frequency cabinet resporise to earthquake type
excitation motion. However, causality between the high frequency content and the
malfunctions could not be conclusively confirmed. Phase !! of the study consisted of
shake table testing for the most prevalent malfunction discovered in the survey, relay
chatter, with excitation frequency content in the seismic range and higher. This report
will document the results of Phase I and 11 of the study. Insight into the susceptibility
of c!ectrical devices to rattling and characterization of relay chatter mechanisms
offers guidance in addressing rattling effects during qualification.
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ABSTRACT ,

The report presents a study performed by Wyle Laboratories for EG&G Idaho, Inc. to
,

determine susceptibility of electrical devices to the high-frequency in-structure
generated motion. |

:

Tha study was conducted in two main phases:

1. Evaluation of existing test data related to seismic qualification of various electrical ,

and control equipment used in Nuclear Power Plants. ;

2. 1.imited testing of selected typical electrical equipment (relays) to demonstrate its t

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 anomalles. 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.

'

!

Unlaxlat random and sine sweep testing of two types of relays, Westinghouse AR6A and
General Electric CR120B, were performeo at various excitation levels and frequency
ranges, and in different directions of excitation. Good repeatabi!!ty of the test results
were achieved in spite of the limited number of test specimen. The results of the 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 50 to 30 Hz.

t
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1.0 INTRODUCTION
'

4

'

l.1 Purpose
;

The seismic qualification testing of safety class equipment typically assumes that
j 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. Selsmic floor spectra typically have
dynamic amplification in the frequency range of 3 - 13 Hz. Therefore, a linear
structure thus excited would not be expected to respond dynamically above that !;

; frequency range. However, a nonlinear structure could induce additional frequency [
response, both within the range of frequency content of the input as well as outside r

4

of that frequency range. Rattling of the structure is a good example of this.

nonlinearity.
,

) This effectively presents a problem only for particular testing scenarios, albelt, a
,.

common one. Of ten 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 I

retrofitted device may not necessarily consider amplified frequency content above
33 Hz. This may be due to the RRS for the device being derived by analysis using
table motion and a linear model for the caolnet 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 quallfled
i seismically, since rattling can introduce frequencies in the cabinet at frequencies

higher than 33 Hz.>

I

| The present study has focused upor, determining if the problem exlsts in electrical [
! cabinets, if there are electr; cal devices ' Nch are susceptible to such rattileg, and
i to provide some guidatice for quallflee m testing which would adequately and i

j feasibly address this concern. j

j 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

1 electrical control devices.

The program was divided into two main tasks: '

4

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

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

{ ,-

; .

, r
I

r
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1.2 Summary
i

Review and analysis of 100 selected qualification test reports demonstrated that ;

contact chatter is one of the most common device anomalles. These anomalies
are clea'rly 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.4

Unlaxlat 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 thea

the test results were achieved in spite of the !!mited number of test specimen. Theq

1 results of the test clearly demonstrate sensitivity of the contact chatter to the
j frequency contents of excitation (see, for example, Figures 6-1 and 6-2). All test

specimens exhlbited contact chatter not only in t. traditional low frequency, seismic'

range, but in a high frequency range around 30 Hz.
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2.0 REVIEW AND ANAL,YSIS OF EXISTING TEST QUALIFICATION PROGRAM

2.1 Approach

One hundred test reports were selected from the seismic qualification programs
conducted at both the Norco and Huntsville faclittles of Wyle Laboratories in th.t
last few years. These reports addressed the seismic qualification of typica!
electrical equipment 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, anomalles, 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 (IPA) 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.

2.2 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 PA g levels ranged from 0.1 to 25 g's. Cabinet response of
elevated device ' > cations showed amplification above the 33 Hz frequency
amplitude in about 35% of the cabinets tested in the survey. Amplification
increased up to 2300% for frequencies above 33 Hz.

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 I
Hz and demonstrated that electromechanical devices are more sensitive to seismic ,

j motion 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 i

bouncing.
'

i

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 occurrence of the device
anomaly during the test but did not record the time at which'the anomaly occurred

i or the corresponding component response frequency. Furthermore, most of the
evaluated reports traditionally addressed equipment performance at "seismic,

i frequency range" or below 33 Hz. Therefore, the recorded data at frequencies
; 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.s

t
1

! The :eview gives possible identification, but does not give conclusive proof of causal
: effect between rattling and anomalles. p

.
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3.0 ANALYSIS OF SELECTED TIME HISTORIES a
j !

i

; 3.1 Approach f,
,

! Six records of input / response time historles were selected from a pool of available
time histories for detailed computerized analysis. The selection was based on the

j character of time historles, comparison between input and output motions, and |

performance of tested equipment, especially in the high frequency range. Location j
; of response accelerometers and availabl!!ty 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 I
consists of input acceleration time history from control accelerometer located at [

'

the test table close to the support of the test specimen (Accelerometer No.1) and1

] 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 evaluation; the run number is also presented in Table 3-1.i

;

Each record set consists of shake table input spectra (based on control i
accelerometer reading) and the cabinet response spectra at specified location (based i

on corresponding response accelerometer reading). Thirty-second input and response I

acceleration time histories are also presented in each record, as well as time j
histories for only five-second duration to show more details of the time histories. |

j All the above Information was gathered from selected test reports. Based on this !
information, new quantitles were derived using VAMP software on the in-house |

<

. computer PDP-ll. 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

,

4 F

transfer function between input, X, and response, Y, acceleration were calculated as
follows:

i Coherence is the amplitude of the cross-power spctrum squared divided by the
product of the two autospectra ( |X't 'l 2/lX |2 |y j 2 ), j;

Transmissibility is the spectrum of a response divided by the spectrum of the input
! (Y/X). )
i i
: Transfer function was calculated by dividing the cross-power spectrum of the f

I response and the input by the actospectrum of the input (jXY| / )XX*) ). |
:

; in these definitions autospectrum means a spectrum multiplied by its conjugate !
(XX*),while conjugate of a spectrum (X*) is a spectrum with the signs of the t

imaginary parts reversed. '
;

i ,

! I.

! !
! :

I !

( -j.. _ :
i

t

!

i
'
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:
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Table 3-1
.

!

! Time History Records Description |
! t
i n

4 ;
*

j i
1
: Record Report No. Accelerometer No. Run :
1 No. (See App. A) Input Response No. '

l !

:
1 NOR01 1 7 11'

,

i ,

| 2 NOR07 1 3 12 i

< ,

'
j 3 NOR03 1 7 6

,

.r,

)

4 NOR13 1 13 44
l

,

'
1 3 NOR37 1 21 li

I4

i 6 NOR47 1 3 16 |
'

|

I
i
J

|

1 1
'

1

1 j

,

I

|
|

d

i
|

I
1

!

a

,1

.

. . . . _ . _ _ _ _ _ . _ _ . _ _ _ __
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No "filtering" or "smoothing" was used. The loitial data and results of calculation of '{
a total of 13 plots are presented graphically in Appendix B in the following orders j

t

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

2. Thirty second input and response time histories. (2 plots)

3. Input and response time histories for five second duration to present more i

details of the time histories.(2 plots) j
t

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

3. 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) !
i

i 3. Transfer function between input and response acceleration. (1 plot) [
3.2 Findings

i !

| Comparisons of response spectra and time histories show that amp!!!! cation of !
| acceleration at elevated device locations reached significantly higher levels at the :upper frequencies when compared to input acceleration levels at the test table.

|
I

| FFT and PSD serve to characterize the only input and response 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 imotion. But the more important fact is that both acceleration and PSD for the |r

| response motion Indicate substantial motion and energy in the higher frequency !
| range, while input motion generally shows a downward trend at frequencies above 13
! Hz.
l

|
Coherence, transmissibillity and transfer function between input motion and '

response at elevated device locations are characterized by how much of a given
I response is due to an input motion and how much of it is generated by some other i

source, such as rattling. Selected records exhibit coherence values close to unity at
most frequency regions.

|

|
i

!
:
i
i

l
;

i

!
1 !

;,

<
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: 4.0 TEST SPECIMEN |
t

)
1

1 4.1 Basis for Selection
.

i !

The electrical device selection for this program was based on the fo!!owing: y

4 1) One hundred nuclear power plant electrical equipment sel2mic qualification l
test reports were reviewed to identify electrical devices that are most r4

i susceptible to seismic events.
v

2) The test data for susceptible devices was evaluated to identify devices that j
.

] were more sensitive to the frequency of input motion. |
J r

[ 3) The devices selected were representative of devices commonly used in nuclear i
| 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. ]
'

t

| 4.2 Specimen Description I
;

} Table 4-1 lists the electrical devices which were testad in this program. |
i

i
i ;

!
'

Table 4-1 f
4 :

! Test Specimen Description
.'

t

i Device !

] Description,, _ M f ar. Model No. Coll Voltage No. Poles Dimension Weight
!

j Relay CE CR1200 230 VAC 6 4.5"x2.33"x33" 1.5 lb <

l

Relay Westinghouse AR6A 120 VAC 6 6"x4.09"x3.373" 2.3 lbs |
3 !
; <

|

i
!

|

|
t

i

I

: i
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j 5.0 TEST PROCEDURE |

i
<

I 5.1 Mounting !

! i

| The test specimen were mounted on a rigid fixture as shown in Figure 3-1. The ;

j mounting screws were No.10 for Westinghouse and No. 3 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.

j The tests were performed on Wyle 1.aboratories' blaxlal seismic test "C-machine" !
and single axis vibration "F-machine". The seismic "G-machine" table is 100 inches ;

;

j square and is capable of 12-inches double amp!!tude displacemen: horizontally and |
9-inches double amplitude displacement vertically. The seismic machine has a load i

j rating In excess of 10,000 lbs. The vibration "F-machine" has a load capacity of 200 i

j lbs at 5 g's and double amplitude displacement up to 4 feet. ;

{ 5.2 Electrical Monitoring [
,

t

.
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
1 test, c) level and frequency at which chatter occurred and d) the effects of contact
j chatter on other devices connected to it.
j l.

i Relays were selected as the devices connected to contact of the specimens. The I

| 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 ti

referred to the specimens. Off-table relays were part of the test set up. Off-table j
relays were selected to represent typical relays used in nuclear power plants. Table r

'

3-1 lists each off-table relay and the on-table relay to which it is connected to.

I Each test started with the test specimen in the de-energized position and held in ;
j that position during the test. This position was selected since the only significant I

force acting on the contact was table input excitation. If 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 energized during all testing. These contact !i

| configurations represent the worst case scenario, since closed contact reoutres less i
force to cause contact chatter. Open contact needs to travel more and, hence, j
needs more force to cause contact chatter or change of state than closed contact. I
Figures 5 2 and 5-3 show the set up for monitoring contact chatter / change of state. |

I
5.3 Accelerometer Arrangement i

One test table mounted accelerometer was used for control and monitoring of the
j 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 ja

I response. The location of these accelerometers are shown in Figure 5-1 and test [
| setup photographs (Photographs 5-1,5 2). The accelerometer data was recorded on j

analog FM tape and also monitored by computer.

|
,

- -_

|
J :

!
!; _ , . _ _

_ _ _ _ . _ _ _ _ _ _ _. __ _ _ _
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i
Table 3-1'

.

! |

j On- and off-Table Relay Arrangement '-

3
i
4 .

On-Table Relay Mfar. Modtl No. Coll Voltane I

I f GE Cutler Hammer D40RB 120 VAC
Series 2A |

4 i

; GE GE CR120B 230 VAC I

;\ i.

GE A!!en Bradley Size ! 120 VACi

Starter
;

! Westinghouse Cutler Hammer D40RB 120 VAC
1 '

Westinghouse Westinghouse AR6A 120 VAC :
,

J

|

| Westinghouse A!!en Bradley Size 1 120 VAC .

I Starter I

I
'

i

I

'

|
t

1 :

! :
! !

! !

i

i !
i

3
1 1

1 i

! !
:
< t

, :
!

l !
1 t

'i
1
J l

I.

4 :
s

___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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i Figure 5-1 f
1 TEST FIXTURE AND RESPONSE ACCELERATION LOCATION
d
> ;

j -

i
!

!
1

i
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1
i

CR Ii

s -

\ !
Computer i

j A/D ;

i
i :

|
,

i
i ,

j :- !

! IK
I

,

c' i

!
*

,

i i
>

] When contact is open. "

Relay CR the cotsputer sees 9 volt. !
"

| When contact is closed. !
j the computer sees OV. !
i

~

!

! !
1

| 9V
'

I ?
; Power |

| Supply
J ,

i ;

} !

I. i.
V V !

:
1 |

I !
| ,

it

) Figure 5-2
1 TYPICAL CHATTER DETECTION TEST SETUP
i ,

1
,
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'
,

to Computer

s, .

| #
1

| 3
. .

1 CR
' N
i ''

s .

I'.
to Computer i

;

|

.I I ! '
2

1
.

CR |
;

-
g
- :

:
' !
i t t N :

'

s | I / i
*

i * g t

'
1

1, CR
CR1

, ,

, .

'
,

f

4 '

!

'
i* Off Table Relay ;'

CR1 |

3 |
2,

3 s '
'

i \/ V '
CR On Table Relay i

,

! i
1

|-
.' ,
;

I,
. . .. ..

{ l

J !
i

:

1 |
;

1 '
, ,

I' Figure 3-3
,

TYPICAL ON- AND OFF-TABLE TEST SETUP
!' 'IFOR CHATTER DETECTION
; .I

'

I

i i

i 1
1 :
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5.4 Resonance Search j

The resonance search consisted of a low level sinusoldat sweep test (0.2 g) in the !
horizontal (x) and vertical (y) directions to deteimine the response of the test '

specimen and fixture in the desired frequency band of 1 to 100 Hz. The sweep rate :

,;f 1/2 octave per minute was employed in this frequency range. |

3.5 Random Excitation
c

The seismic fragility test was conducted unlaxlally using random motion which was
amplitude-controlled in one-third octave bandwidths from 1.25 to 100 Hz. This i
input sl nal was synthesized with a tank of parallel one-third octave filters with3 fIndividual output attenuators adjusted to meet the required response spectra shapes.
The test was conducted in three separate icequency bands; low, high and broad band
frequencies. Due to the number of test runs,10 second duration strong-motion ,

waveforms were used to reduc.e fatigue effects. The strong motion partion of the
'
,

excitation was preceded by a 2-3 second "ramp-up" and followed b', a 3-4 second i

"ramp-down".
P

Figures 3-4,3-5 and J-6 show the specified test level for this program. The primary .;
criteria used in meeting the test level was the ZPA portico ot che response spectrum o

j for "hlgh f requency" exc:tation and the pealt of the response spectrum for "low
f requency" excitation. |:

t,

j Analyses of the test motions were accomp!!shed with a response spectrum analyzer. j
*

j The analyses were performed and N .tted at one-sixth octave frequency intervals i

; from 1.0 to 100 Hz. Response spectium was pletted at damping values of 1,2 and 3 |
percent. |

d

I !
f 5.6 Single Axis Sine Sweep Excitation |

t

! The test specimens were subjected to unlaxlal sine sweep excitations in two |
| directions, selected horizontal and vertical, from 2.5 to 100 Hz on the "G-machine" i

!
i test table and at the frequency range from 4 - 100 Hz on the "F-machine" test table

(Photographs 5-3 and 3-4). 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 end frequency of excitation at which specimen malfunction occurred'

was recorded.
t

|

|
! !
'

r

!
I

-.
,

t

|1

| !
'

'

I
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Photograph 3-3

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 [

i

6.1 Receiving Inspection >

| Upon receipt at Wyle Laboratories, and pelor to any testing, the test specimens were
; visually examined for evidence of damage which may have been incurred in shippin5* |

Specimen identification information was checked with the shipping documents for -

conformity. Results of the visual examination, together with specimen j

identification information, were recorded on the appropriate test data sheets.'

There was no visible evidence of damage to the test specimens upon receipt at Tyle i

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. |

6.2 Test Sequence f
1 1

< Test log, !!st of test and control equipment are presented in Appendix C, as well as |
detslied data sneets. The test program was performed in the following main steps:

|,

) 1. Calibration of the test table for low, high and broadband frequency excitations !
In the horizontal directions.

! 2. Resonance search.
j ,

1 3. Rar. dom excitation at low frequency range in the vertical direction (Run Nos.
13-20), fi

;

4 Random excitation at high frequency range in the vertical direction (Run Nos. I

j 21-33).

! 5. Broadband frequency random excitation in the vertical direction (Run Nos. f
i 24-23). j
< ;

1 6. Detailed sine sweep testing in the horizontal,(Run Nos. 29-36) and the vertical i

j (Run Nos. 37-41) directions in the frequency range 4 - 100 Hz. |
1 i

A description of the first 23 runs is summarized in Table 6-1. For the following run !

3
description, see Table 6-2.

<

i |

! E

! I
s |

!
!

L_
,

d
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Table 6-1

Test Sequence with Run Numbers

i
HORIZONTAL VERTICAL

] Peak DIRECTION DIRECTION ;

i g Relay Frequency Range, Hz Frequency Range, Hzd i

i Level Status 3-15 15-100 3-100 3-15 15-100 3-100
;,

fTable Calibration N/A + + + + + +

i
i

Resonance Search .2 D + + + + + +
|

|
|

-
.

'
5

:| ; Random Excitation 2.0 D 1,1-1 7 12 - - -

t .

) 3.0 D 2 3 13 - - -

(
'

1 | 4.3 D 3 9 14 13 21 24 |
! t,

i 6.73 0 4 10 13 19 22 23 i,' I

10.0 D 3 !!, 16 20 23, 26'

) !!-1, 23-1 j
!!-2 t

i r

j 12.0 D 27- - - -

a

!j !).O D 23- - - -

)
I 10.0 E 6 l17- - - -

ii

1
-

|

| Sine Sweep 2.50 0 2.3 - 30 Hz - - - ,

a
i

1 2.0 0 30 - 100 Hz !- - -

l I

i ! '5 0 2.5 - 100 Hz t. - - -

!
'

:

1 2.5 E 2.5 - 100 Hz i
- - -

,

i
t

Note * - Numbers in the table present run number
.

D - De-energized relay status i

J E - Energized relay status
[

*
L

4 ,

-

.

1 s

,

I
'

-
. . _
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Table 6-2

.|
'

Sine Sweep Test Numbers t

!

._ DIRECTION FRONT.TO B ACK YERTICAL

Run No. 33 32 31 30 29 34 33 M 40 39 34 JT 41

Acceleratko 1.0 IJ 2.0 2J 3.0 3J 4.0 3.3 2.0 2J 3.0 3J 3J !
Peak S*S I

r

i

NC 9 133 166 728 134 29 3 29

*1 t

NO 12 {

I

NC 2 1 643 122 7 24 |
i12

NO !

|-

h NC 744 449 23 96 |

C *) I
'

g NO
* i

11 33 33 48 18 3 $

.f. 12

U 13 434 204

NC 30 148 234 266 3 20 33 16 48 83

Cl

|"o

NC 14 10.4 202 1039 709

= NO
-jW C2

O t
i
i

NC 368 103
fy C3

a NO !

63 121 28 438 37 3 16 46 34G1 33 .

3 C2
4 ;

6 C3 336 21 ;

!

Note: The table sho s the aber el chatteri m each test.
All runs, escept Nos. 34 and 41. are in the de-energized state.
Frequency range of 4 100 Ha apphed to all runs, encept foe Run 33 which ran6'd 33 * 10 H5.

j
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6.3 Resonance Search j;

The results of the resonance search are presented in Appendix 0 as transmissibility |e

plots between response and control accelerometer readings. A unlaxist resonance ;

search was performed in the horizontal x and vertical y axes. The search consisted L

; of a sine sweep from I to ~ 100 11 using a low excitation level of 0.2 g at |
approximately 1/2 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 !

,

j of the test fixture up to 60 Hz. The first resonance in the horizontal direction was |

]
recorded at 70 Hz, and the first resonance in the vertical direction took place at 60 {

Hz. |
<

.
,

1 !

6.4 Unlaxlal Random Test
'

i

i The results of unlaxlal random tests are presented in Appendix E. As previously
j stated, the first phase of testing consisted of untaxial excitation in the horizontal |
) direction at peak acceleration occurring at the low frequency range from 3 to 13 i
j Hz. During this phase, the relays were in the de-energized state and the maximum ;

acceleration level was gradually increased from 2 to 10 g's at 2% damping. No sign i

of chatter or other malfunction was noticed during the first four levels of the test. (
Dut when the acceleration reached 10 g's (Run No. 3), the first 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 3-20 milliseconds, i

t Each of the GE relays exhibited one chatter with a duration of 2-20 milliseconds, it ;

4 is worth to notice that all relays of the same model exhibited chatter during this
j time period, but this time period was different for the different models. Then the
j relays where energized, the chatter was effectively blocked. High frequency l

excitation from 15 to 100 Hz 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 I

! acceleration level reached 10 g's at 2% damping. The character of relay chatter I

was quite similar to previously recorded low frequency excitation. And, again, no |,

chatter was recorded for relays in the energized position. |,
.

The unlaxist random testing in the vertical directlen was initiated from a medium
3- 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 13 g's f) applied in the vertical direction at high frequency ranges (see Run Nos. 27,23) did '

] not cause any relay chatter,
s

] Relay chatter usually occurred 20-30 msec af ter acceleration spike in the time
I history. (It is worth to notice that some even higher acceleration spikes did not i

j produce any chatter.) Of f-table relay response, if any, immediately follow the
J corresponding relay chatter with time delay up to 10 msec. Rebound acceleration
'

was recorded in about IMO msec af ter the chatter occurrence. Extended time j
| history plots in Appendix E present these effects in greater detail. For selected |
! Runs No. 4,3,15 and 16, acceleration time histories of response accelerometer Nos. |
i

i |
! I

i !
___ --

>
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3 and 5 (mounted on GE and Testinghouse 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.

6.5 Sinusoidal Sweep Test

A sinusoldal sweep test was performed initially on the "G-machine" in the f 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 g's and for relays in
the energized state at a peak acceleration of 2.5 g's. However, 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. Of f-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 frorn 10 to 40
sec into testing and then from 30 see to the end of the test. No contact chatter was
observed for relay No.1. The relation between contact chatter, acceleration time
history and performance of the off-table relays was identical to what was obtained
for t'ie Westinghouse relays.

As one can see from recorded data plots, the sine sweep excitation on the "G-
raschine" exhibits high noise level and distortion of sinusoidal shape of the signal.
Therefore, the test specimens were installed on the "F-machine" to perform a rnore
definite sinusoldat 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 frequency,
several "frequency vs. time" plots are included in Appendix G.

The records show contact chatter, the time n! 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 modet, specimen number, type of contact (normally-open or i

normally-closed) and contact state, direction of excitatin and specified excitation
level. It is important to notice that peak acce'eration in Table 6-2 is specified ,

value. The real acceleration at any gisen time may deviate from the specified value I

and, 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 I g applied in the horizontal,
front to-back direction in the frequency range from 4.0 to 100 Hz (Run No. 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 5975 contact chatters were recorded (Run No. 34). Because most of the
relay chatters occurred below 15 Hz and above 60 Hz, the frequency range of 15 -70
Hz was examined at a higher test level of 4.0 g's (Run No. 35). The sinusoidal sweep
at 3.5 g's did not cause any contact chatter on the relays in the energized position
(Run No. 36).

Sinusoldat 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 tr.e 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 excitatloo. 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 30 Hz. The contact chatter
at the high frequency was recorded for all test specimens in the horizontal, front-
to back direction. Vertical table excitations of 3.0 g and higher caused chatter in
the We:tinghouse relays at frequencies near 50 Hz. Only one of the GE relays
exhibited contact chatter in the frequency range of 30 to 90 Hz when the vertical
excitation level reachei 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 detall.

_ _ - _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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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 4 to 100 Hz at acceleration levels of 1 g and 3 g were applied to the
table and acceleration time histories were recorded of control accelerometer 1 and

3

i response accelerometers 3,5 and 7. These time histories are presented in Appendix
! H. Based on the test results, transmissibl!!ty functions were computed and

presented in Figures 6-3, 6-4 and 6 5 for ! g and 3 g excitation levels. The
transmissibility data indicater

The test table has first resonance at 34 to 35 Hz (see Figure 6-5).-

The Westinghouse relay has first resonance at 55 to 57 Hz (see Figure 6-4).-

The General Electric relay exhibited a first resonance at approximately 75-

Hz (see Figure 6-3).

It is important to notice that higher excitation levels lead to smaller amp!!!! cation
caused by nonllnear damping in the table supports, table / relay Interface and relays-

themselves. Response frequency shif t 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 response level at a particular
frequency was calculated as the product of the measured table acceleration times
the transmissibl!!ty at that frequency. The plots of the calculated responses are
presented in Appendix H. The plots for the General Electric relay are marked "Acc-
3*"; the plots for the Westinghouse relays are marked with "Acc-5'". The
alculated transmissibility functions were used to evaluate the chatter area as a

function of the acceleration level at the relays themselves. These areas shown in
Figures 61 and 6-2 as shaded zones were defined as the product of table
acceleration times the appropriate transmissibility values. The solid !!nes 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 transmissibl!!ty
betwet.n accelerometers 7 and 1 at 3 g excitation level.

1
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! 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 f
I 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 s's in the frequency range from 3 to 13 Hz initiated i

j contact chatter, the same acceleration in the frequency range from 13 to 100 Ha did i
not cause any chatter. Chatter was recorded when broadband random excitation of !

! 10 3% in the frequency range from 3 to 100 Hz was app!!ed, but obviously the low
; feequency portion of the excitation caused the chatter.

1 The sinusoidal sweep test in the horizontal direction Indicates frequency dependency ;

] of contact chatter. Both relay models in the study exhlbited contact chatter not
j only in the tradit!onal low frequency range below 13 Hz, but in the high frequency |
; range 30 to 30 Hz. This phenomenon may be partially associsted with the* relay's i

resonances at 35 to 37 Hz for the Westinghouse relay, at 72 to 77 Hz for the GE |4

{ relay, as well as the table / fixture resonance at 33 Hz. !
i !

| Even so, the study was limited to only two different relay models and three !
; specimens per modell good level of repeatability was achieved and a clear frequency '

sensitivity of relay contact chatter has been demonstrated,,
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Page No. 1

TAnLE I (mat.)
6

f INDEX
| KEY SPECluEN DESCsttPTION _ TEST PROGRAM RFuARKS

SSE TRS ZPA LEVER.S ANouALIES'

I
% Amp*

at
Struct.are Component Test Ekscriptime Vertical floriz. Cuenponent Description tocalica Man. F.

NORt3 Three by Eaght naaua! multifrequency 2.4 2.5 selected t>ouncing, top of 322% at Comprehensise study of
emotor control ccatto!! cts; random motion relays contact the 33 ffz MCC under various
center t cive chatter catsinet load condstsons.
60*s21*a9 7 det f erent Ampi,f acation at F>

| 3230 l'a relays panel 3) Itz did not occur.
mounted See Record No. 4g

t

NOR16 2 c.tanets Controf. B64 641 mul6frequeam'y 7.5 17 ta;ht dad not on the 732*& at
**'%*s %*m II" instrumentation ranukwn motaor: operate door 33 8tz

and and mdacating .

33*al3*at2" taghts

NOR 17 2 by ca%4ts Contros and Dianial snultifrequcacy I.3 2.5 N/A N/A N/A 323% at
6 7m)C*a?O" anstru-nentation random motion 100 Itz

devi.ces mounted
inside the
c binet

NOR13 2 small Control and Bea sial multsf regues.cy 2 ) N/A e'J/A N/A 232% at,

| catseneis anstrenentat.on randoen motaon 91 tz
26*a %"al2" devices. So w

! devices mounted
ost the dour

. W
rk
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O
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TAnLE I (con:J

INtWX
~-

(IEY SPECICEN DESCRIPTION TEST PROGR AM REMARKS

$5E Tka ZPA LEVELS ANOMAltES

Man.%
Arnp

structure cosaponent Test tuscriptiosi Ver tical floriz. Coenpo..ent Descriptiori Location _= F.

NOR2) ) cat,ane ts Electrica1, Baa mul enultitrcquency 3.0 2.0 N/A N/A N/A 2300% at
1.* 3)*n))*m30* ciectronic and rando n awtson 100 !tz
E75 tbs mechanical
2) 40 m40*m:0* devices in-
97);bs statied ansade
3) 10*m)C*m))* tra abinets '

NOR24 Catanet Electracal, naa mial saadtata equency 4.0 1.3 rJ/A N/A N/A 900% at
40*as0"mS0" electronic random emotion 100 Hz ,.,

- 97) Lbs and control
coenponents
instatted
insade the
cabinet

.

NOR2) 4 senatl Electrecal Baanial snut tif requency 12.0 12.0 N/A N/A t!/A -- Responses at F) )) Hz
cat.ir ets switches, ranJosa motson mere equal or less t!un

.
.

j !) %*s23"mIO* control response at ))Itz.

2) %*a24*a20* components
3) I)*a %*n20* mounted
4) M*= %"a10* anude the

cabinet

NOR 26 4 bay cab. net Computer Saaual multitrequency 2.6 2.2 door, deforened on door 230% at
s bassembhes sandoen emotson tatct es cno and anside 100 IIz

T. block tractured c.bine t
"

c
o

"O
'o O
D et

00 cv
G

*4
'4 O

.O
*

O
> N
e N
- PJ
O >
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TABLE I (cceit.)
.

15D0X
KEY SPEClktLtd tW5CRIPTIOtt TEST l*ROGR AM _

REMARKS

55E Tit _s Z_P_A LEVEL 5 ANO4tAl ILS

Man.%
Amp

Streture Component _ Test th scription Ver tical flosiz. Comimment Description 1. oration at F.

200R27 \tounteng Ngnal asotator Baa mial multif r equerK y 14 28.0 N/A N/A N/A !)6% at

tra-ne assembines. random motion % Itz
23"al3"nI5" Ea(f. asseenbly

has e!cctrical
and electronic,

j co<nponents

I
i

?60R23 5.nalt 16 PCB are Baa maal multif requency 7.3 6.3 N/A N/A N/A 6 Y.4 a t
67 Itzenc!asure es.ountcJ inude. randoen mation - . -

24*st3"a20" Push button and
key teoard

j n.ounted on the
watt of the

| enclosurej
:
!

i NOR29 2 catdnets Electracal ~Iha nial smultittequency 13.3 10.3 N/A N/A N/A 237% at Structraal damage of

1) 20"a20*n10" electronic randoen anotion 100llz t% motor starter
, causea by test
|

2) 3G*a20*n13" components
rnachine malfunctaan,

4
1.ghts and
me ters.

mec:.anacal
components

idOR 30 \totor Contre! Bea nsal enWtif s equesw:y 9.0 23.0 N/A N/A N/A 11% at

starter devico, relay, rendoen enotion 100 ilz
cs(low.re and contactor
26"a20*aI0" .

:o
1D

'O
*O O
f.a es

00 84

Z
M O

.O
*

> N
I N

C
!
4
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TABLE I (cont.)

INMX
KEY SPECIMEN DESCRIPitON TEST PROGRAM REMARKS

5W TRS ZPA LEVLg ANOMALIES'

Man.%
Amp

strur sure Compos. cat
,

Test Description Ver tical floriz. Cornposeer.t D-scription Locatio at F.

WOR)I Small Ot:feren tial Bianial mu4titrequesv y 6.0 4.0 N/A 14/A N/A 229% at
33 Hzenclos* re pres v - random motion

20"x20"a10" swieches
1

t
s fo0R)2 atCC cath Relays and Biamial sudtilrequexy 1.0 4.0 relay cantact enounted 77% at

i 23's)C"x!)" contactu s randora moteon cutter inside 64 Hz

{ md.ca t ang
14 ghts

' n. ,

NOR)) CatJwt Relay, switches Bianist multiftequency 7.0 3.0 relay cantact contact 314% at

60"m40"m90" transforme- randczn motion chatter inside la Hz

,
ard electronic

i componects

t NOR)4 Two Cabinet Lights, Biaaul multifrequency 1) 3.4 t) 3.3 N/A FI/A iJ/A !)77% at
I) local switches e andoen 63 Hz

motor motor starters 2) 3.3 2) 2.6
controtter and ciectronic 2) 233% at

100 HZwati cornponents

mounted

2) Bat ter y
ctwger
cabmet

y' .

t3
'O

*C O
Ca *1

73 st
CD

7
V. O
O *

.

" N
1 N
- to
PO &

4
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TABLE I (cont.)

INDCX
Kh* Y SPECluEN DESCRIPTION TEST PROGRAM REMARKS

SSE TRS ZPA LEVELS ANOMALIES

Man.%
Arr p
g_structure Component Test Description Vertical lloriz. C wnpet Descriptior. Location a

NOR3) Cabines Terminal blocks Bianial enultitrequency 0.4 0.6 FJ/A tJ/A N/A Responses at F) 33 ffz

3 bays rarkkwn motion .ere equal or less than
response at F? 3) Itz.

MOR 16 Catanet Co nponent list Diamial multitsequency 7.0 3.4 N/A N/A N/A 146% at

wa!! rwt available random c.otion SG Hz

mounted (elec tronics)

-w

JP' a N 'A 76% at Cabinet structure wasNOR 37 Cencrats Transformers, Random multifiequency t }.0 7.0 N/A
control switcta.s, motion 60Hz daniaged. No component

cabinet control anamottes.

4 bays devices See Record No. 3.

MOR33 5 tart-r Com,w t list Random multifrequency 0.3 0.6) f4/A N/A f4/A - Responses at F> )) tiz
cabinet not available. motion were equal or less than

Pictures show response at F > 33 Itz.
door mounted
transfer
switches.

~ 73
r3
*O

N O
Ca et

00 rt
13

'A
'4 O
O =

.

> -J
l *J
- PJ
Lo &



Page No. II

TABLE I (cont.)

ffiDEX REMARKS
KEY SPECIMEN DESCRIPTIOP (EST PROGRAM

SSE T25 ZPA LEVEL _5 A NOM ALIES

Mas.%
Amp

structure Component Test Description Vertical Itoriz. Component tksculption Location at F.

950R 39 Display panet Component test Diaria! muatitrequency 9.0 9.0 N/A N/A N/A 40% at
103 Hznot wa.lable, aanJoen motion

Pacture f avs
4 dwr mounted

transfer
switches

-

toOR40 Rack with Dectroaic Single amis randem 1.3 1.6 N/A N/A N/A -- Responses at F > ))Itz
were equal or less th3n

4 f allecn motto:4 response at F > 33 ttz.
digital
mu:tiplexers

IM)R41 Power supply Relays Biasial multif requency 0.32 OJJ N/A N/A N/A 3)% at

cabine cantactors random motion 40 Hz

electronic
coinponents

NOR42 Cabinet Contactor, Baamial multif req xncy 3.3 2J N/A N/A N/A 46% at

time delay randam motion 43 Nz

relay,

test switch,

terminal block,

fose block,

fuse

*M
ID

*G
't3 O
fJ *1

Ja F1
ID

*2:
% O
.O

=

> N
1 M
e-= N
V k

. _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _
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| TABLE I (cont.)

ANDEX
KEY SITCIMEN tESCRIPTION T EST E*ROGR AM REMARKS

55E TRS ZI*A LEVER.5_ ANOMALIES

Mas %
A *n g.

Structure Component Test neseriptiosa verti. 41 110:11 Cosnposwnt Description Location M F.

NOR43 T wo door Rotary relay Bianial anultitreqwacy 3.0 4.0 relay contact on the 350% e

I (abanet time delay randosa motaon chat ter t,ack 44 ffz,

relay par.cl

tose
f use block
ressstors

tersninal blocks

NOR04 Swatch gear Contactors, Baamist anultifreqw ncy 1.0 0.3 N/A N/A N/A Responses at F/ 3)liz _ , .

cabrwt underlover rarmban motion were equal or less

voltage relays than response at ,

door mounted 33 Itz

lights and
switct.cs

fdOR 6) Twe ca ,inets Contactors, 'Bia nia' snultif reque icy 3.0 3.6 N/A N/A N/A Responses at F > 33 Itz

I) Analyzer relays, ranax. *nch were equal or less

caldnet P-switch, than response at
13 ilz5-v alv e,

tiow. meter,

valves,
electronic
components

2) Contsc8 Relays. Baa nial multilreqwiec y 4.0 1.0 fJ/A N/A N/A Responses at F > 33 IIe

cat >me ciectronec :ani*oen motion were equal or less
cosaponents, than resp >nse at
traeutormer, 13 Itz
!use holder, - yline

o
*O O
fa *1
GQ tv
@

Z
Z O
O -

.

V* > w
I N
- to .

* %n V
$
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Pay,e No. I 1

TA!iLE a kuit.)

[Nl[K
~

CIEY SPECittt:N IESCRIPTION TEST PROGR AM R Ekt A R KS

1 SSE TRS ZPA LEVELS AtJOMALIES
|

Man.%
Amp

strue sure C amponcat Test Description Ver tic.al florii . Canponent Description Location at F.
.

NOR 46 Cahnet 5 itct.cs Bsamlat enultif teq=acacy 0.9 0.3 switch contact not known - The chatter occurred

randoen motion chattet durmg fragibty test
and fragibly

Resyses at F> ))Itz
- were equal or less

than response at
)) Itz

""
f60R47 Cabane t Electrical and b aial anultittequency 0.6 1.7 N/A F4/A N/A 127% at See Recor1 No. 6.

70ttzand electronic sandoen neoteen
daspla y cornponents

panet soled state
| relay, f use

blocks, f use
ho* %r

i
.
I

940R 43 ) bays Door enountcJ Maial snultif tequency OJ 0.6 tJ/A N/A N/A 92% at

cabinet protective ranJorn snotion 36 11:
*

retays and
inJ.cating
tights

PSOR e9 Two pancis Car (uit breaker, Baamaat snuf titreques.cy 4.0 4.0 N/A N/A N/A 14*4 at*

anotor starter, randarn anotion 36 ttz

e rotary relay. . A
ts ac detaY m

m
relay, 2 kterman.it*

M et
blocks o

*4
O

.'AO =

> N
a w

W 84
@ k
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1%ge No. It

TA11LE I (cesit.)

IN6CX REMARKSTEST PROGRAM
_GEY 53TCluCN DESCRIPTION

_

!
SSE TRS ZPA LEVEt 5 ArJOMALIES

I bla s. %
a Asnp
j

Structure Cassiposwnt Test Descripinon Ver tic.at lluriz. Cosoponent %scription Location at F.
g

leOR10 Telegt.one E!ectso sc PCB Sangle aus resonance 3.2 6.0 N/A rJ/A N/A - Responses at F) ))Itz.'
were equal or less

' switching search
thaa respnse at

3) ttzSingle .nas tiene history*

motion

ItSU101 Switchgear Relays, switch Traasiat ra dom .aulti- 2.0 2.0 l) relay contact door 221* * Maximum response
cleattti amphfication at highest

cabenet and ISKY tacquency motion frequency (f .10') itz) _
34*n94*n100* (arcut tarcaker.

2) l SKV spurious inside
3500 It,s The relays and

circuit open.ng cabenetswitcts were Joor.
t,reaker

enounteJ

itSU102 2 wati Relay, switches Baamaat multitrcquency 3.9 4.0 relays contact door 113* The contact chatter was
cha t ter alleviatcJ by wc! ding 2

muunicJ .nd.ca t ing ,randoen mots reinforceenent angles to
panels 1.; hts rear of the enclowre3) 24*n10*m)3" Relays, switches and adding a subpanet,

g 2) Wal4*a42" and endacating mounting stud to thelight Joor rear of the enclosure at,

mounted. center of the subpanet.

liSU10) 2 wa!! Carcuet breaker tha nial multitrequency 6.0 6.0 circuit opened circuit 6)*

.nour. red panet. The randoen smethm tereaker breaker

panets circuit breaker panet

t) 2t*=70*n30* panet was
. 2) 26*a3*=62* mountcJ in the .

,
in

tuck of the ]enclosure with y
a n

3 angte t,r.ckets oo rt
(D

Z
Z O
O a

.

> w
a w
- PJ
% k

_ . _
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TAILLE I (cont.)
. _ - _ _ _

CEY 58'ECIMEN IV.5CRIPTK)N Tf'.ST l*ROGR AM REMARKS

SV TRS Zl'A LEVEIS ANOMAltES
|

. M.; s. %

j Amp
5tructure Co nponent Test Description Ver tical 3toriz. Co nposient Description Location at F.,

| ItSYl04 2 wa!! R eta y, Baaaaal multifrequency 0.4 0.9 N/A N/A N/A 61* * 'tavemum response
snount 1 contactors randaensuot a amplification at highest
panets time relay. frequency (F = 10') stz)
I) 14" 6 alS* ".-tav snounted
3) Ibs eri4 wt,panet
2) 21"a i 2"a 67"
221 ttes

,

et1Y101 24tl emounted Cucust tweaket Tr u a ul enultair cque.ic y 1.2 1.1 N/A N/A N/A 112 ,, _
pawl control relay ramba n.otion
32"a10"a}0" saownteJ on
211 tbs subpanels ,

.

4

Itiv106 MCC catanet Starters, Biauut snultifsequesxy I.3 2.5 contactor contact upper );,

40"a20 m!Ot* carcuit randata chatter left'

3600lbs t.reakers,and rear
transforsacr (orner
snountcJ on

f Paac!S

listfl07 MCC cab. net starters and Triamut anuttGrcquency 1.0 2.5 contactor contact mounted 46
3 6*m 20"mi t* 8.5K1f A randoen anotion chatter insade
2000lbs transformer panet

relay contact
chatter

'

M.

N
'O

*o O
b *1

00 fv
G

Z.

'! Z O

.O
*

> N
s N
- PJ
% b

i
'I

_

1
I .
1
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TA11LE I (coset.)

INfM' X
~

GEY SPECluEN DESCRIPTIOta .

TEST l'HOCRAM -

_

REMARK 5

ST TRS Zi*A LEVELS ANOMALIES
'

. Man.%'

< Amp

Structure Componceit Test thription Vertical lloriz. Component _Descript!; Location at F._.

II5VIO? MCCcabmet starter and Traanial multittequency 4.1-4.0 2.1 N/A N/A F4/A !!2* 'Manimum respon -
aanplification at higiest

40"a20*a92* cucust randora Ntson frequency (F = 101 Hz)
| and 1120 lbs becaker
.

.

ItSV109 Cab t I rent surface Traaalat mutta!requency ).3 2.0 N/A N/A N/A 9'

64*n)6"a34* mounted, ranJasa motion -

35008:s sostet.es,,
meters, and *
ind'catias _ , _

;4 tsh
,

j IGYI10 4 bay cab net Higte ampere Pseuda trianial snulti- I.2 0.9 circuit contact inside 129*

104"m3 2"a t 04* cucuit treguency rt,dora enotion tweaker cf atter

9000lbs (2000 amperel
under contact daor

j anJ door "
' mounted voltage chatter

switchew and
- arid

indicating sequence*

lagt.ts relay

4

'

IISV Ii1 4 bay cabenet Cucuit becakers IWmial multifrequenc y I .4 I.1 circuit contact inside 37)*

212"a&3"a?O" door mounted ranJo.a motion breaker clatter cabinet

17000lbs s.atches,

lights, relays
and 6.9KV A
tentormer

:x3
fD
t

m O
Cs *1

z_

Z O
O .

' .

> w
a -a
* l'J

@ k

lI

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __



_ __

Page %.11

j TAftLE I (cunt.)'

LNLLK
KEY SPECluEN DESCRIPTION TEST PitOCit AM REMARKS

SSE Tits ZPA LEVELS ANOMALIES
i
8 Man.%

Amp*

structure Compunent Test Description Ver tical floriz. Compiment Description Location at F.

It$VII2 Cabanet 30 and 60 Nami4I mut tatrequency 3.1 3.9 N/A N/A N/A - Responses at F > )) Hz
3 2"m 8 4"m90" ampere circuit randoen and triamial were less than response

1000lbs t.reater,100 enultit equency randoen at F > 3) Hz.
4,npere fusible snown
Switches

,

|

al5Vis) Cabinet O m enounted Tria mial multitrequency 0.6) 042 N/A N/A N/A 63* *Manamum response

36"a l 3*m30" relays randoen es.otoon amptalscation at highest
Tuo tbs frequency (F = 100 Hz) , , . .

,

II5Vitt Wall mour sed Switches Tria nial muttats equency 0.3 04 N/A N/A N/A 729*
panel and fuses randorn section
32"m)0"n43*
120lbs

I,

itSUlt) 2 catanets Terminal block Trianial multif requency 4.3 1.3 37*
randora snotion

I) Termination F4/A N/A N/A
cabane s
24*m)6"m34"
400 lbs

2) Relay Termmal block relay contact subpanel
cat 4 net and telay mounicJ clut ter

10"m2)"m90" on subpanets and
I100 lbs attadwd to the

sade =atts .

W
r3

D
*G O
D *1
09 f*
(D

Z
Z O

] O +

. ; -

v.
| . > Mi *

I *o
| '1 ra to

' I o s-!

i
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l

|, TAntti I (contJ
|

|

| EDEX
l KEY SPECluEN DESCRIPTaot4 TEST PROGRALt

,
REMARKS

l

55ti TRS ZPA LEVE1.5 ANOMAttE5

Man.%

|
Amp

,

Structure Cornponent Test Description Ver tical IIoriz. Cosaponent . Description Location at F.

11575 6 2 cabinets Traa nbl enultif requenc y I.1 1.1 147* *Maximwn response
randoen . notion ampistication at highest

I) 43"m21*a)S* Electric motor, N/A N/A N/A f requency (F.100 Itz)
AOO ths pump pressure

switch, circuit
breaker

e

2) 34*m %"u13" 11ela ys, circus t relay contact subpanet
g

i200lbs becakers clutter

terminal blocks,

contro!Iers,
""

oneters,

transformers

!
.

Itse 17 3 MCC Starters. Trianial multifrequency 0.6 0.3 f4/A F4/A N/A 0*
cabinet circuit randorn emotion
t) S0"m20"n90" breakers and .

1300 lbs transformer
2) 60"m20*m90*
1300lbs
3) 20"m20"m?0"
900lbs

IGUll5 uCC cab. net Starters, Triambt enultif tequency 4.4 2.3 starter contact upper IOP
30"m20"u?2* cucuit randoen motion clutter sectiors
2373lbs breakers, of MCC

door snowited
swstch and
relay

,

As
o

V
'O O
b *1
00 r*
r0

Oc
"4 O

.O
=

> N
e N

N N
>* V

_ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE I (cent.)
,

IIlDLX
KEY SPECIMEN DESCRIPTION TEST PROGRAM REMARK 5

55E TRS ZPA LEVELS ANOMJL LIES

Man.%
MP

Structure Componens Test Dewription Versicd Storiz. Comt=ww nt Dewription toration at F.

i itlUI19 Wall mountcJ Relay, power Traa nial multitrequency 0.9 1.1 N/A N/A N/A M* *Mauimum respanse

panel sepply swatches randara mot on arnplaticatsori at highest
M*a 12*a60* Jetectors asul frequency (F = 100 Itz)
and s.r ens
detectors

etSUI20 2 Bay it sh anapere Ta sa sial me ititrequency 34 2.0 N/A N/A N/A 7)*
swstchgear cu cuit random metnon

,

72"a)1*a!G&* breakers, ' " ~.
* 1630 tds rela y,

transtorener
and switches

ll5VI21 2 catuncts R eis *s, Traa nial multitrequency IJ !J circuit contact inside !!7'

I) 2 t,ay LtCC circuit , randun eno: ion breakers chatter (abanet
cahnnet tweakers,
60*a20 mit0" starters,

t170lbs ground tauta
relays

2) 1 tuy uCC
cahnet
60*a20"aI10"
t 7)G Ibn

. '?s
ID
'O

O O
'ra et

03 rT
ID

Z
Z O
O *

.

> u
I M

N N
M &

_ -_.___
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i

TAIRE I (cont.)
-

i WtX
gEY_ SPECIMEN DESCRIPTION TEST PROCR AM REMARK 5

SSE TR5 Zl'A t_EVER.5, ANOMALIES

Man.%
! Amp

structure Component Test Description Ver tical lloria. Component Description Location a t I'.

! ItStf122 ft.gt voltage Po cr and B.4mial multif requency 0.4 0.4 N/A N/A N/A 24* * Ma ximum response

2 starter cwrent random mot.on
- amphf acatmn at highest

catnnets transfor mer s, frequency 'I .133 tiz)
j

4Ta %*s92" relays,
,

t600 It s contactors,

| switctes, and
meter

3t3V12) Panet Contac tor s, Traaual smultifrequency 0.3 8.0 N/A N/A N/A Ja

16*a1*m24" control relays, canaxa motam
73 &bs tr ansfos mer

itSY126 ) panels Carcuit Tria nial snuttifrequency 0.9 1.3 N/A N/A N/A 213'
I) AC panel twcakers, random motion
board door mow teJ

! 40"a l 2"m62" rela y, me ter s,
410lbs switches
2) DC switch-
board AC pancis
77m30"s90" mall mounted
2640lbs DC pancis
3) AC panel base mounted
boatd
33"aR2*J 0"
4 IO Ibs

.

tu
'O

"U O
Ca et

00 rt
ED

*/.
L's O

.O
+

> N
e N

N N
L.a b
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YA11Lli I (cunt.)

IN!iX
KEY *!,PECin4EN IV.5CRIPTIOte

_
TEST PROCilAM REMARK 5

.

55E TRS 2PA LEVEt.5 ANO4. tat.IES

Man.%
Amp

5 rocture Connponent Test Descript.asa Vertical f loriz. Cosnponent Description Location at F.

ItSVI23 3c h ts Starters, Ta saulai enuitsfrequency 0.3 0.9 N/A N/A tt/A 14* *\tanimum response

1) 3 bay circuit ran&en snotion amplification at tughest
ticquency (F = 100 Hz)cabinet breaker,

17 20"s?0" dastributor,
1500lbs transforsner

.

2) 2 bay
cabenet

( 40"m20"a90"
l300lbs

w

3) cabanet
20"u2<J"at0*
300 lbs

It1Vt26 Cab net Door mounted Bualat snultifrequency I.1 0.6 switch contact door 39*

26"m?3" .90" switches, .randoen motion clatter

2130 lbs relays, tient
dcI4y relay,
and i200A
circust
breaker

; If3Vt27 Cabines Printed 1.4 I .0 N/A N/A N/A 139*

33"st3*m70" circuit boarJ,
' 2223sts power supply,
' relays and

connector
* J3

e
"O

*O O
b M

00 t'
e

'I
'4 i

O.
*

3- M
1 N

N N
V b

_ _ _ _ _ _
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I
T AliLE I G ent.)

| INff X
| CIEY SPECluCN DESCRIPTION TEST PROGRAu REMARK 5
|

| SSE TR5 ZPA LEVEL 5 ANOMALIE5
1

Man.%
Asap

5tnarture Com m e Test Descriptio.m ver tical storia. Coeng=n.cn t Ekscript.osi Locatiori at F.

It5V123 Controt panet Front surface Tsia mial saultif regaency ).O 1.1 Indacat.ng St.or t Front 31' 'Manesnum response

Il2"m26*=34* nemted rneser, ranJo a motion ligtet circuit sur f ace amplitacatic. at higVit
2MO lbs s.s t(f.e s, frequency (F = 100 6tz)

and. cat.ng
Inght,

t anssanciator,
and control,

; relays
.

.

ItStf t 29 0.str at.utwe Tersainal manial multifregsency .3 1.2 N/A N/A N/A 16*

panel blocks rarkben motion
13*a24*m90* t uses.g

. 2000 1;r. switches

.

I
| It3Yt )3 Battery Door enounted .Tr6amial enultifrequency 4.0 3.0 N/A N/A N/A 24*

charger switches, me ter, sandoen motaosi
cab. net taghts, and

e 4 s %*n7)* frant surface
2 M O Ibs m.aunted

breakers-
' subpanels

with relays

atit7138 Relay Ibar enounted Nasial multifrequency 1.0 2.0 relay contact door 177)*
(abenet relays and aandoen mot.ove under chatter
72"a33*=3?- nn ternally voltage

mounted . y

,g potentaal
tr.ensformers o o

C2 M
a

. )Q ct

.*

Z O
I .o

-

. t,.

8 > 9
8 9

N DJ
%J6 V

*I
,
.
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1

T A11LIi I (cus.t.)i

1

INDEX
KEY SPECIMEN IV.5CRIPTION TEST l'ROGRAkt REMARKS

SSE Tats ZPA LEVEt.5 ANOMAttES

Man.%
i Ampi

Structure Cesaponent Test Ikscriptiun Ver tical I kwiz. Casup ment Description Location a t F.

Sf3VI32 Centsof pnel Rela y s, Beansal enuitstrequency 0.7 B.2 N/A N/A N/A 600* * Masunum response

60"a %*n?2" isolation ras >1oen mosson amplatication at fugt.est

2000lbs Jevges, tacquency (l' = 100 II:)
power supply

itSVi13 2 tay MCC 5 tasters anJ Nanial snultitrequency OJ OJ N/A N/A N/A 92*
cat.inet car cuit randarn snotion
40"s20*a10" bre aker
iI00lbs --

etSVI34 Switchgear Dear mounted n.ania! enuttatrequency 0.3 8.6 over chatter daor 331*

cabanea re&ay, grownJ randaan enotion ouacat

%"s t 32"a90* detectors, relay
$100 lbs sw.tches,

meters

it3VI)) Relay Reiays, Namial enultittequenc y .86 .20 N/A N/A N/A 32*
cab. net f wscs anJ raniaen esnotion
SO*n)O"a10" termeal
II00 Itrs tdock

1

It1YI% Cab ne (bar enountcJ Naziat muttitreque.(y 1.7 I.6 omtactor contact tear 6M*
74* alt a11* relay, resubese motion chatter panet*

I300ths ssieches*

one ters, lights - relay contact rear
and inssde chat ter parel m
rearsanct ]
mo.ntes ,, ,

"
Current

traasIorener Z

c etactor, y f
ecLay .

sp
- |> wJ

l %J
N N
@ V

.
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TABLt' I (cont.)

ists_X REMARKSKEY SPECluf N DESCRIPT80N_ TESTyOCRAkt _

SSE TRS ZPA LEVEL 5 ANOMAllES

Man.%
Amp

s t r uc tus e Ce=Imawn Tess Ocuriptkne Ver tical t sor az . Canp.inent Ekscripa%_ Location at F.

ItSU 131 )1.ay *.tCC Helays, carcuit Naasal mult.arequenc y OJ 1.1 N/A N/A N/A - Responses at F > )) Itz

rab nea taeaker, vandaen motio were less than response
at FJ 3) ttz.10*n 20*=9 2* w itactor,

IMO tbs anJ relay
Paael

,

itSUI)3 Dists. twt.on W tor starter, Naual snutt f requency 4.0 2.0 motor contact ansade 6* * Ma nienum f requenc y

catenet circuit randoen mornoen starter- ch4tter cat.inc t arrg stacateort at .'"ghest

9&*n20*e92- tweaker, frequency (F .109 #12) ,, ,,_

2000lbs relay relay contact
(fea t ter

It%V 819 2 t.4y Dcor enounted Pseudo triania! I.2 OJ under contact d>or 23)*
s itct.g; ear relays, hghts enultifrequency randven frequency chatter

(ab.nea se e tches, and .enetion aelay

77aS7*mt3- ssbpanel
mounscJ
s itches
relays,
transtur.act,

and a 1200A
cucuit
betaket

* W
(D

V
*t3 "s
b M
% tv
tb

Z
Z O
O =

.

> N
8 N

N N
N &
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T Atstti I (cont.)

1NDEX
CIEY SPEClutN DESCRIPTION TEST PROGRAM REMARK 5

5_W TRS ZPA LEVELS- - - _ - - ANOMALIES
,

| Man.% *

| Amp
5tructure Cosep. ment Test Descriptaun Ves tical Ilusia. Cuenpunent Description Location at F.

tGV160 Centre 4 Switches, NamLI multittequency 0.4 1.2 N/A N/A N/A 3M* *Maumum response
( m sele leghts ran&wneuwseen amplificatson at higSest
4 %"a64*aI62* freqwncy (F a 100 Hz)
37M tbs

,

inter f ace Rack -
'

(abane t enounted
163*a24*a72* power suppi es
3433 IL3

..m

,

stSV!** Catros Carcuet card Baamial enutt frequency 0.) 1.0 circuit output rack 237*
j cabinet racks, power sando m snotion card cleanged

| 31*m)G"m17* supply.
2000 m centroner,

circuit
tweaker and
rciay

4

36V142 Relay panet Selector Baa mial snuitaltequency OJ 0.3 N/A N/A N/A 165*
j M*at3*m43' swa tctics, ran&xa m.otsoa

*133 tbs pushbutton
switches
relay

e

|
ttSVit) Cabenet Ver tacal Nasaal snultif tequency .9 1.1 N/A N/A N/A SI**

72*m24*a92* (hannel randann smetion
1000 N enounted - w

relays j
*u o
D "

.
0Q ft

i C

2 O

.O
=

:D- N
I w

N N
00 k

_ - _ _ _ _ __ . - - _ _ - _ - - - - . _ - - - --
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TAliLE I (count.)

RNAM
' It4DEX TEST PRM.RAAA
| stEY SPECatAEN DESCRIPTION . . . _

SSE TR5 ZPA LEVELS At40 MATTES

Mas.%
Amp

5trurture Campoonent Test Dewriptimi Vertical floriz. Cosoponent Descriptios. Locatiosi at F.

| BGtfl64 Cahnet Rack mounted Manal multitsequency 0.6 1.3 N/A IJ/A N/A 44' *\tanimum response

aenplahcation at fughest
26*a)0*a36* sagnat raemkasa matini tregacy (f a t% Hz)

3Pa*er M4t Y
and ataren
usu ts

| *

.

esiv st) Panet Atarse control hual multitrequency 1.2 1.1 N/A N/A N/A 133*

24*m4*m24* raa&wa moti3't - w. w

43 tbs
watt

'

mounteJ
! *

.I

It3V t 66 Two cabnets Relays, power haiat enultitsequency 4.0 5.0 pressure contact subpanel 483*
6

switcta (_ hatter
1) %"mI2*m43* supplaes, . ran&na emotsens

}}0 lbs term m al retar contact door
b&ock mountcJ ctatter
on sut panci.

and attaciscJ
circuit breaker subpanet

to the; t,reaker was
enctesurei tripped

2) %*a12*a61* Duur enounted
) M ths relay. meter

switch, ar=1
sadbpa8tcI
enounte48 cafcusa
breaker,

pressare -

:as,

sostch, m
| transiatemer+ *0 O

Qi M
73 rv
G

'4
* 'A O

.O
*

' 3* N
8 N

N N
D &

!

1

- - - - __ _
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RECElVING INSPECTION

No.of Specimens Recervad:

Record identification information exactly as it appears on the tag or specimen:

Manufacturer S EM f.et A L b(to Tf2 C

Part Numbers _ C k l 7 0 8 OdN"Y3 3
-

How does identification hoformation appear: (name plat:, tag, painted, imprinted, etc.)

Serial Nu,nbors:'

__

Examination: Visaal, for evidence of damage, poor workmanship, or other detects, and completeness of identification.

insoor.cion Results: There was no vistle evidence of damage to the specimens unless noted below.

. _ __

-

___ ).

1

1
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R ECEIVING INSPECTION

No. of Specimens Received:

Record identification information exactly as it appears on the tag or specimen:

6.$51AIC N OtlS b *

Manufacturer

Part Numbers O k b lo O
,

\

How dw1 identification informstion appear: (name plate, tag, painted, in. printed, etc.)

Serial Numbers:'

-

Examination: Visual, for evidence of damap, poor workmanship, or other defects, and completeness of ids ntification.

Inspection Results: There was no vNble evidence of damage to the specimens unless noted below.

' If additional space is reouired for serial numbers, use an additional pay, or reference first functional test data

sheet (if applicebic).
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Report No. 57724
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.

.

11.if L/.DC5% TORIES.te ECO.CA. FACILITY OMTTER GO Pin T GrLYSIS PROCWit OSe19/87 11:10:07 IG ES PACE 1

.

'. START TITE- 0.0000 STOP TITE- 23.712

TEST tWE-ECG 57724. F/B AXIS. STH LE\EL. RLF4 S'

TEST LATE-05/19/87 10 43: 9 HOURS'

.

' - - - . : . + -+ +

| ' 000tEL t OV4tEl. I FIRST LAST t STATEt tutBER OF OMTTER FAIL 1RES PER TITE lECTH ITOTALI
I ID t itJMEER t OMTTER OMTTER tOFtCEt 2.00-S.00 3.00-10.0 10.0-20.0 20.0-40.0 40.0-80.0 >80.0 I i*

I I I I I I*

i '- , : . : + +
! ' U1-tC ! 2! 10.069 17.073 1 01 0 1 2 0 0 0 1 3!

' U1-to 1 3I i 0I to OMTTER I |

! ' L24C t 41 10.069 17.078 1 01 0 1 2 0 0 0 1 3!
' Ua-tO I Gt t 0t to O nTTER t t
' LO-f C t 7t 10.0CS 17.078 1 01 0 0 3 0 0 0 t 3i

' U3-t O ! 8I t 01 to O MTTER ! !

* G14C t 10 t 8.237 8.242 1 01 1 0 0 0 0 0 I it

* G1-f 0 1 11 I t 0i to Q MTTER I I
' G24C t 12 1 8.233 8.250 t 01 0 0 1 0 0 0 t il

* G2-fD I 13 I t 0t to OMTTER I I

' G3-fC ! 14 I 8.234 8.249 I OI O O 1 0 0 0 1 11
* G3-to i 15 I I Ot to OMTTER t t
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Lfe E LASCRATCRIES,tOPCO,CA. FACILITY OMTTER rdo PtI cf ArFLYSIS PROGRAri 06/03/87 03:49:20 H0tRS PAGE 1
'

,

.

! '
. START TIRE- 0.0000 STOP* TITE- 141.25

| '

TEST tFrE-EGO 57724 F/B, 4.0 G'S 15-70HZ Rutt-35 DEMGI~ALY
'

'

' TEST DATE-06/03/57 8:43: 3 HOLRS'

I .

I ' -+ +- . . --+ +

OWttEL t OV!tEL I FIRST tAST I STATER ti.210ER OF OMTTER FAlt 1JRES PER TITE LEtOTH ITOTAL! *'

ZD t itJMEER t OMTTER OMTTER IOVJOEI 2.00-5.00 5.00-10.0 10.0-20.0 20.0-40.0 40.0-80.0 >SO.0 l' !'

t I I I I l'

' + - - +
- +

' ul-tO ! 3I .052 139.601 1 01 101 53 0 0 0 0 1 1541
' UA-f C I 4 I I OI to OMTTER t !
' UE-KC 1 5I .051 136.960 1 01 59 63 0 0 0 0~ 1 1221
U2-to t 61 i OI to OMTTER ! I

'

LD-KC I 7I .050 139.673 1 0I 167 177 105 0 0 0 1 4491'

' U3-KD I 8I I OI to GMTTER t I
G1-KC i 9t .019 5.391 1 01 45 8 0 0 0 0 1 53!'

' G1-to ! 10 ! l 0t to CHATTER t !
G2-KC t 11 ! .016 139.902 1 0t 57 29 123 0 0 0 1 2091'

' G2-KD 1 12 ! l 01 to O MTTER 1 I
' G3-KC t 13 t .018 7.822 1 01 34 69 0 0 0 O ! 103t.

' G3-rO ! 14 1 1 0t to OMTTER I !
' UA-CT-to t 15 I .880 123.979 1 01 11 1 6 0 0 0 1 181

U2-OT-tOI 16 ! l 0i to OMTTER I !
'

U3-OT-f o t 17 1 .007 125.301 1 01 1 0 2 43 92 65 1 203!'

' G1-OT-fOI 15 1 .162 9.333 1 0t 4 4 25 4 0 0 ! 37!
' G2-0T-rO! 19 I I Ot to OMTTER I |
' G3-OV-f O! 20 t .031 6.832 1 01 10 C 3 9 0 0 t 231
' + -% + -.+ +

*' I ! I t TOTft- 1 13811
' ! ! I i ! 1
* + + . : +- +

a'
"

,

4 ;

E ?
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-
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