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SNAG ANu MOHAWK

NIAGARAMOHAWKPOWER CORPORATION/301 PLAINFIELDROAD, SYRACUSE, N.Y. 13212/TELEPHONE (315) 474-1511

January 15, 1987
(NMP2L 0973)

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D.C. 20555

Re: Nine Mile Point Unit 2
Docket No. 50-410

Gentlemen:

In the meeting of January 6, 1987, between Niagara Mohawk and members of
your staff, the Nuclear Regulatory Commission expressed concerns with the
current design for the power supply to the Hain Steam Isolation Valve (HSIV)
actuator solenoids.

Attachment 1 to this letter provides a design change to the method of
supplying powe'r to the actuator solenoids. Attachment 2 provides responses to
the concerns raised by your staff about the revised design during a conference
ca'll on January 9, 1987.

Niagara Mohawk believes the revised design being implemented at Nine Mile
point Unit 2 meets all requirements of IEEE 279 and General Design Criteria 21
to 10CFR50 Appendix A. It also addresses all prior concerns raised by the
Nuclear Regulatory COIIIIission. The revised design wi 11 be incorporated into
the next update of the Final Safety Analysis Report.

Very truly yours,

C. V. Hang
Senior Vice President

TS/pns
2440G
Attachment

xc: Regiorial Administrator, Region I
Ms. E. G. Adensam, Project Director
Hr. W. A. Cook, Resident Inspector
Project F11e (2)

, 8701810149 "870115
PDR .ADOCK 0500041'0F'' ',. PDQ'0
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UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

In the Matter of ]
]

Niagara Mohawk Power Corporation ]
]

(Nine Mile Point Unit 2) ]

Docket No. 50-410

AFFIDAVIT

C. V. Man an , being duly sworn, states that he is Senior Vice
President of Niagara Mohawk Power Corporation; that he is authorized on the
part of said Corporation to sign and file with the Nuclear Regulatory
Commission the documents attached hereto; and that all such documents are true
and correct to the best of his knowledge, information and belief.

Subscribed and sworn to before me, a Notary Public in and for the State of
New York and County of 0~ , this /~ day

of , 1987.

Notary Public in and for

County, New York

My Commission expires:
BETH A. MENIKHEIVr

Notary publfc ln tha State of New Yo+
Qualified In Onondaga County Ho.

48040++'ly.

Commts alon Sx pl res August 31, 19.@,



ATTACHMENT 1

REVISED MSIV ACTUATOR CONTROL POWER SCHEME

The attached sketches show the revised method of supplying the electrical
solenoids associated with the MSIVs. No transfer will exist between UPS3A and

UPS3B. In addition, the transfer that formerly existed to test the solenoid
(SVC) has also been removed. Therefore, if either UPS supply is lost, no

transfer will occur.

"'""""-"'"On'january'6 ll987, 'we'discussed''using an appropriate i,solation switch for bus

transfer that could be administratively closed during surveillance testing.
We indicated during this meeting that prior to implementing this approach a

full evaluation of the design would be performed to minimize undesirable
.operation scenarios. We have completed this evaluation and determined that
'he drawbacks associated with the required administrative controls, and the

need to address the isolation of the MSIV by the spurious trip of a single
sensor, are undesirable. We have, therefore, prepared the attached design to
eliminate both of the above stated drawbacks.

': The"proposed'design precludes closure of the MSIVs caused by a single
actuation of a NS4 sensor. It will also allow Niagara Mohawk Power

Corporation to perform their technical specification required surveillance
without requiring an administratively controlled bus transfer. We believe
that these new design features meet all regulatory requirements and fulfill
our commitments, per Nine Mile Point Unit 2 Final Safety Analysis Report
Responses to Questions 421.24, 421.25 and satisfies the Safety Evaluation
Report Supplement 3 (SSER 3), Section 7.3.2.5.

2440G
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ATTACHMENT 2

During a telephone conversation with members of your staff on 1/9/87, we

discussed a proposed revision to the MSIV actuator circuitry described in
Attachment 1. A request for additional information and clarification was

made. The following responds to these requests/clarifications.

I. ITE/TELEMECHANI UE (GOULD) TYPE J10 RELAYS USED FOR ISOLATION

The vendor supplied design for the original MSIV mechanical latch trip
actuator control logic utilized the subject relays for coil-to-contact
isolation between Logic channels 1 and 2, and between the Non-lE Logic
Channel and Channel l.

"-''"' " '«'"'The"'„proposed "logic 'circuits ~for",'the hydraulic actuators also utilize
these relays in the same manner, although in some cases they perform
different functions.

Regardless of function, the mounting configuration for the relays
remains the same, with the relay coil on one side of a metal barrier and
the contacts on the opposite side. Barrier penetration is made only by
the mechanical operating shaft of the relay which is non-metallic.
Minimum physical separation of coil and contacts is maintained.

' " Propagation>of 'postulated .fault. currents from relay coil to contacts, or
vice versa, is not possible. The enclosed information on relay
qualification, provides the technical and testing justification for this
application of J10 relays.

II. USE OF DOUBLE FUSES INTERRUPTING DEVICES AS ISOLATION DEVICES

The new actuator control circuit meets the Unit 2 Licensing commitment
described in the Final Safety Analysis Report. A detailed comparison of
the NMP2 design to the criteria contained in Regulatory Guide 1.75
"Physical Independence of Electrical Systems" and IEEE 384, "IEEE

2440G
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Trial'-Use Standard 'Criteria for Separation'of iClass lE Equipment and

Circuits" was provided to the NRC staff in Questions and Responses

F421.47. The comparison was made both for Power Generation Control
Complex and balance of plant to show that NMP2 meets the requirements of
the above mentioned documents. As explained on page 1 of 17, Table
421.47-1, NMP2 is using two interrupting devices actuated by fault
current to isolate non-class lE devices and circuits from Class 1E

circuits only in the case of control and instrument circuits. Fuses are
used as interrupting devices. These fuses are Class 1E and both are
coordinated with the upstream protective devices. This approach is
documented under NMP2 compliance to Regulatory Guide 1.75, Regulatory
Position Cl in FSAR Section 1.8, page 89 of 169. The use of two lE
fuses was accepted by the NRC staff as documented in Supplement 4 of

> SER,,Section, 8.4.5, page 8-3.

Additionally, the use of 'two Class lE interrupting devices to isolate
Class 1E circuits and,.components from non-class 1E circuits and

components within the RPS system has been specifically addressed and

accepted by. the NRC staff, as .documented in Supplement 5 of SER, Section
7.2.2.10, page 7-2 (Instrumentation and Controls Reactor Trip system).

III. Main Steam Isolation Valve Testin

The present commitm'ent for testing the MSIVs involves a monthly partial
stroke test and a full stroke test at each cold shutdown. The partial
stroke test verifies the MSIV input to the RPS scram logic circuit and

the full stroke test verifies MSIV operability under emergency trip
conditions. This testing is consistent with industry practice for
Y-pattern globe valves used in BWR's. The difference between testing
the current design and the original mechanical latch design relates to
the ability to de-energi ze one of the hydraulic solenoids. With the
previous design, the main steam isolation valve would not close with a

single solenoid de-energized. With the new design, the actuation of one

solenoid causes a full closure of the valve. Therefore, the logic
change shown in Attachment 1 (CR4C and CR48) was included. This allows

2440G
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'"'testing'<in'conformance with Regulatory~Guide",1..118 and Technical

Specifications. For both the NMP2 ball valve and the industry's Y-

-pattern globe valve, the valve full closure test occurs during cold
shutdown. This verifies correct performance of the actuator solenoids
and main steam isolation valves.

Results obtained from our testing is consistent with the results
obtained from the current staff approved industry testing practice.
Solenoid valves supplied with both Rockwell & Atwood-Morrill Y-pa'ttern

valves are not provided with valve position indication. Because of the

location of these solenoids, without position indication, positive
confirmation of position change is not practical. Therefore, the only
positive confirmation of the functioning of these valves is during each

,refuel,ing.outage test. NMP2 results will be the same. The probability
that'he protection system 'wi 1 1 fail to operate is the same as

previously provided. 's a comparison, the series 'valve arrangement

contained in the Y-pattern globe valve requires actuation of both

solenoid valves to operate the MSIV.

IV. UALITY OF SOLENOID "SVC" AND NON-1E CHANNEL

The Non-lE Channel is basically the same configuration for the hydraulic
actuator as it was for the original Mechanical latch trip actuator.
This portion of the -control circuit is 'considered Non-lE since operation
of solenoid "SVC" is not required for safe shutdown. However, the

quality of Non-lE components and their installation approach the level
of quality achieved in the Class lE circuits.

The vendor supplied Non-lE components and wiring in the logic panels are

identical to those found in the Class lE channels. The vendor supplied
solenoid, "SVC", is similar in design to the Class 1E emergency trip
solenoids (although not the identical model). Field installed wiring
for logic panel modifications uses Class lE wires, connectors and

installation procedures. All site supplied interconnecting cable is

2440G
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purchased as Class lE. Although not required to meet Class 1E design
criteria, local terminations at solenoid "SVC" included the installation
.of environmental seals to,protect terminations and components from
degradation due to high temperatures. Field installed conduit and

conduit supports are identical to Class lE installations, maintain
proper separation, and are either seismically qualified, or have had a

QA Cat II over I evaluation performed.

V. RELIABILITYOF DUAL UNINTERRUPTABLE PONER SUPPLIES FEEDING MSIV LOGIC

CIRCUITS

Power is provided to the HSIV actuator circuits via 2 sets of
uninterruptable power supplies. UPS 3A provides power to the outboard
valves '(Channel 1) and 'the inboard valves (Channel 2 and Non-lE

, Channel). UPS 38 provides power to the inboard valves (Channel 1) and

the outboard valves (Channel 2 and Non-1E Channel). Although the UPS's

are considered and classified as Non-safety related (QA Cat II) due to
the system's fail safe, design, these. units were specified and procured
to the same" specification'nd purchase order as other Unit 2 Class lE
UPS's.

Each UPS has three sources of power to draw from: 1. Normal—
.rectified, .inverted, regulated 120 VAC output from a normal 600-volt
input supply which i"s u'ltimately fed from the normal station service
transformer with a.reserve station transformer as the alternate; 2.
~tt k — i d. gl td» C tptd t ttl
batteries; 3. Alternate — regulated 120,VAC output from a 600-volt
input supply which is ultimately fed from the station service
transformer with the reserve transformer as the alternate. Also, the
alternate source can be configured with the stub bus as the source.

2440G
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= Under .normal conditions, UPS output is derived from the Normal power
source. Upon loss of Normal supply, UPS power is maintained through the
inverter from the battery backup supply. If both Normal and Backup
source are lost, the UPS logic will auto transfer to the alternate
source within 1/4 cycle.

The power distribution for the MSIV logic circuits which utilized UPS 3A

and 3B, each having three sources of input power, is inherently reliable
due to the basic design and quality of equipment.

VI. CHANGES TO PREVIOUS SUBMITTALS

The proposed removal of the RPS uninterruptable power supply
'uct'ioneering'circuit, "requi'red revisions to previously submitted

correspondence.

1. Reference Letter ¹NMP2L 0920, dated October '21, 1986, which enclosed
the final report in accordance with 10CFR50.55(e) concerning MSIV

'ctuator Problems.'' The'inal report, 10CFR50.55(e), MSIV Actuators,
page 21, Section 4.1.4, paragraph 2, should be modified as follows:

FROM:

To enhance the'reliability of the design, both 2" diameter SOVs will
be supplied from either of the two RPS uninterruptable power
supplies through appropriate auctioneering circuitry, such that a

loss of either supply will not de-energize (open) either SOV.

Enhanced monitoring of the hydraulic system will be added to detect
and alert the control room of abnormal operation.

TO:

To enhance the reliability of the design, monitoring of the
hydraulic system will be added to detect and alert the control room

of abnormal operation.

2440G
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"REASON'

Deleted section wi 1 1 no longer apply since it is proposed to remove

this enhancement from the circuit.

2. Reference Letter ¹NMP2L 0955, dated December 16, 1986, which

provided information relative to the ongoing MSIV Preoperational
Testing. Section IV and X need revisions as follows:

A. Section IV of attachment titled "Actuator Modification" lists
the following:

"6. Addition of dual power sources for all hydraulic
solenoid operated valves." This item will no longer apply
since it is proposed 'to remove the modification from the

circuit.

B. Section'X of attachment titled '"Evaluation""of'RPS Trip
Initiating During Actuator Testing." The 'last paragraph

beginning, "A modification has been developed for ...", and

ending, "... from one source to the alternate." This item will
no longer apply since it is proposed to remove the modification
from the circuit.

2440G
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1.0 OBJECTIVES

1.1 To review'the Gould Qualification Program against the require-
ments of SGW Design Specification, NMP2-P303D, for equipment
supplied for the Nine Mile Point Unit 2 Nuclear Power Generat-
ing Station.

1.2 To evaluate the Gould Control and System Division's claim that
there are no significant aging mechanisms that affect the vi-
bratory and seismic withstandability of Model J10 relays when
exposed to the specified environmental conditions.

2.0 GOULD TEST PROGRAM EVALUATION

Gould Series J10 relays have been previously qualified to IEEE .

Standard 323-1974. The Gould Test Plan is contained in a document
.-.entitled:

"Control 6 Systems Division.'s Plan for IEEE Standard
323-1974 Oualification," Report Number CC«323.74-3.6,
Revision 6, dated: April 27, 1977.

The final test report is contained in a document prepared by the
Franklin Research Center (FRC Project F-C4590) entitled:

"A Study of the Effect of Aging on the Operation of
Switching Devices during Vibration 8 Frequencies in
the Seismic Range," dated: October, 1977.

Supplemental seismic testing in accordance with IEEE 344-1975 was
performed at Wyle Laboratories per Wyle Seismic Test Plans 43513-1
and 44627-1.

Gould has classified the FRC and Wyle Test Reports as proprietary
information and copies of the final reports are not released. How-
ever, Gould maintains the reports at their Westminster, Maryland
offices for review.

On September 50, 1980, the United States Nuclear Regulatory Commis-
sion issued IE Supplement 2 to Bulletin 79-01B, entitled: "En-
vironmental Oualfication of Class IE Equipment." This document,
in a question and answer format, presented the NRC positions and
interpretations of requirements for qualification testing and docu-
mentation.
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Answer A.8 of IEB 79-018 defines the NRC staff position regarding
specific documentation required to be maintained at the utility
central file. It is stated that, "The staff will accept summary
test reports maintained at the utility's central file which refer-
ence the actual test reports and data available at a single 1 oca-

on. . . . It is further stated that, "Test reports are not re-
quired to be submitted. Test report references must be incl d du e

n the plant submittals and these reports must be available for
staff review on demand."

Gould has provided FSD with summary test reports as required by the
NRC. Although entitled "certifications", these documents contain
a listing of FSD's specified service conditions, a brief description
of the test procedure, results of testing, an evaluation of the test
versus the specified service conditions, and a reference to the test
:reports.

For the J10 relay, Gould has provided FSD with the following two
repor ts:

CC-323.74-62, Rev. 0;, Cer tificate of .Conformance for J10
Relays to IEEE 323-1974; dated 1/18/80.

~ SC 274, Rev 0; Seis'mic Certification of J10 Realys to
IEEE 344-1975 dated 1/18/80. r

FSD's revie~ of the Gould program included a technical audit of, the
actual. test reports maintained at Gould's,Westminster, Maryland
facility. FSD's review of Gould's program has determined that the

,, ~ testing performed, exceeds, the. requirements of SCM Design Specifica-
tion NMP2-P303D. Comparison of the test program with the specifica-
tion requirements is as follows:

2.1 Environmental Service Re irements

J10 relays used in the FSD MSIV electrical system are located
in the relay logic cabinets. The environmental service con-
ditions per SCW Specification NMP2-P303D for the cabinets 'are:
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Homal Conditions

pressure:

Teaperature!
Relative Heaidityt
RaNatjon:

W.l to 1.0 in water iage,
Static prebsure

65 F to 104 F

20K to QOX

0 z l0'ods
{40 year integrated dose)

Accident Conditions

tressuret

Temperature:

Relative Humidity:
Radiation:

7 in. twter gage,
static pressure
05 F to 104 F

100'.0

x 10'ads (1st hour)
2.0 x 10~ rads (anth
5ntegratad dose)

Attachnent I to Could Report CC-323,74 62 lists the environ-
mental and operational levels simulated for the aoino tests.
Caaparison with the above SCW specified conditions demonstrates
that the SCM requiranents were met or exceeded.

2,2 Definition of Class ZE Rela Safet Function

The safety function for relays in the G~W-FSD NSZV system
ia that there be no spurious operation of the'relay coo
tacts that could prevent tSIV closure during a Design
Iasis Kvent (DbE) or unintentiorml re-opening of the HS?V
following the DbE ~

Ipurioua operation is defined as inadvertent openingtclosure
Of contacts for a duration equal to ar greater than 3.0 n5115-
secondso

2.3 Discussion of Could Test Philobo hv

Could has followed an innovative approach to equipeent qual
Sficationo
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Due to the fact that each nuclear generating plant licensee
supplies earthquake data historically relevant to the plant
site in question plus anticipated structural response spectra
(as related to those localized earth»movements), it becomes
apparent that a new test program would be necessary to qual-
ify the Gould products to IEEE 344 for use at each job site
(except in the rare case where new requirements are enveloped
by previous testing) ~

If vibratory and seismic forces, were a significant aging "

mechanism when applied to Gould's switching devicesy then a
new qualification program to IEEE 323 would also be required
for each different plant.

It was recognized that if a .program could be conducted to
demonstrate environmental aging does not significantly affect
the vulnerability of switching devices to vibratory forces
in the range of seismic frequencies, then future seismic qual-
ification could be conducted. with, new off-the-shelf specimens.

This program (FRC Project F-C4590, referenced above) is de-
tailed in a technical paper, F80259-2, entitled "A Study of
the Effect of Aging on the Operation of Switching Devices,"
contained herein as Appendix A.

It was determined by FSD, during the technical audit of the
proprietary test reports at Gould's plant, that test Speciman
No. 3B was a J10 relay.

The conclusion (page 9) of Technical Paper F80259-2 states:

"In summary, it was observed that:

Thirteen devices (1B, 2B, 3B, 4B, 7B,. 8B, 15B, 16B, 17B,
18B, 22B, 27B, and 28B) gave no evidence of aging with
respect to seismic vulnerability;"

The seismic simulation of FSD's relay logic cabinet per the
SGW specified response spectra will demonstrate the ade-
quacy of Gould J10 relays as utilized in the FSD cabinets.
The seismic test report in conjunction with the Gould test
reports will provide all required qualification documenta-
tion.
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3.0 CONCLUSIONS

3.1 Gould J10 relays have the ability to perform their safety-
relayed function in the Nine Mile Point Unit 2 Nuclear Power
Generating Station per the normal and accident environmental
conditions of SGW Design Specification NMP2-P303D.

The qualified life for relays mounted in G+W-FSD's relay
logic cabinets at the maximum specification temperature of
104 F is forty (40) years.

5.2 Environmentally aged Gould J10 relays need not be used when
seismically testing the G+W-FSD relay logic cabinet. New,
off-the-shelf relays may be used.

~ ~
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A STUDY OF THE EFFECT OF ACIHC OH HE

OFERATIOH OF SCIITCHIHC DEVICES

F 80 259.2

S. t. Car fagno, Member, IEEE
Franklin Research Cancer
phil adef phiac tA 19103

C. Erich Hcberlcia, Jr., Member, IEEE
Could, Inc.
Dcstribution and Control ~ Divi~ ion
t. O. box 306
Vesta!nates, MD 21157

theta t - dn act e 'at ~ aud. ~ ca ducted
dccetntna heahat tt 'tctant ttnt tfect the

vulnerability of electric svitching devices co melan

csccticxc caused by vibratory stresses in the range
ef seismic frequencies and acceleration amplitudes.
Tbe scudy included a vibration test before and afces
a program of accelerated aging designed to simulate
forty years of service in areas outside thc concain-
acot of a nuclear pouer generating station. Cacxsa

isradiaticxc, thcrcsal aging, electrical/mechanical
cycling and siaul ation 'of operating basi ~ earth"
quakes vere included in thc program of accelerated
aging. Malfunction vas defined as spurious opening
or closing of contacts for times ia excess of I as
dosing tbe vibracion tests.

'e

For most devices the fragility level vss ap-
proximately the same bef ore and af ccr aging. In
scxce cases the fragil ity level increased and ia
others it decreased, but the changes vere usually
aot significantly different from thc difference of
fragility level ~ observed for duplicate specimens
cadcs identical test conditions. because of the
~bscnce of a cl cas correl aticxc betveen accelerated
agcng and the wlnerability to vibratory stresses,
tha results of thc study do not support the require-

t that seismic qualification be conducted vith
jagid specimens ~

IHTRODUCTIOH

Thc objective of this stud v vas to determine
tbc effect of accelerated ag ng on the vulnerability
~f electric svitching devices co vibratory motion ac
frcqucncica and ampl itudcs typical of seismic dis-
turbances. The publicaticxc of IEEE Std 323-1974 [Ij
and its cndorscmcnt'vith cxceptims) by Regulatory
Cuida 1.89 [2) of the Q.S, Hueless Regulatory
Ccmmissicn caPasiccd the requirement of an earlier
standard, EEE Std 279-1971 [3), that the degradaue
tica of safety-system equipacnt during acr vi cc be
takca into accost in qualification for use ia
aucl car psvcr generating stati cms. Hi~ever > the
status of equ'pmcnt aging technology and our ability
to define all of thc sign !icant aging stresses that
may be imposed in service ase inadequate to permit
the formol aticxc of accelcraced aging procedures (to
simulate che natural aging that occurs in service)
oa ~ scientifically sigrsous basis. Fusthermore,
vithout cxpcr iocnt al ver ificat ion, it need not
~eccssasily be assmed that aged eque pmcnt is more
likely than ncv equipment to malfcscctioa vhcn sub

t 80 259 2 A paper recorrdhcndrd and approved by the
IEEE tovcr Ccncsatfon Cocmfcceo of the IEEE Povcr
hgincerfng Society .or presentation ac the ILL tES

~frter Meeting, Hvv York, NY, February 3-6, 14CO.
Manuscript sutmfctrd September 7, 1979; made available
for printing Hcvcmber 16, 1979 ~

jectcd to thc stresses of an accident, during vhich
thc equipsent is required to perform ~ safety
function. The study reported herein vas an cf!ort
to determine experimentally the effect of accelerated
~ ging oa the wlnerability of electric svicching
devices to malfunction as ~ consequence of ~ seismic
disturbance. Mhile the accelerated aging program
vas intended to bc typical of programs used in the
qualification of electrical svitching devices, its
correlation vith a specific set of service condi»
tions vas not of major importance.

Table 1 ~ Identification of Test Specimens

Hoes. All specfmens consisted of durffcscc pairs.
except specimens 198 through 228

Srerfnca Ho.

~ 38

4l
5bs

4R+'l
gl
98

108

lll
128

138

14l
158

148

178

lbl
lbl
208

2184

22l

27l
248

Desc ipcion

Circuit lreakcr
Circuit Stacker
Relav

Relay
Time Delay Relay
Tfae Delay Relay

Tfxa Delay Relay
Tfche-Def av Relay

Relay

Relay

Concactor

Concaccor

ScarCer

SC ~ Scer

Circuit breaker

Circuic breaker
Cfrcuft breaker
Circuft breaker
Starter
Starter
Ciscuit breaker
Current Lfmfcfng Fuses!
Fuse block uf Ch Trip Inc!sac. r
Time»Delay Re Iay

Tfxe Delay Relay

~Failed !unctfoncl case after isssdfacfon.

TEST SPECIMENS

This psograa vas conducted on the 24 specimens
listed ia Table l. Specimens lb through lbb consti-
tute ~ series of 9 pairs of duplicate specimens;
specimens 27b and 28b, vhich are identical to speci-
mens 78 and bb, vere added to the program sf cr che
initial series of vibsatioa tests had baca completed.

O >990 IEEE
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Tour other devices vere rtpresentcd by one speciaen
each> Spcciacns 19b, 20b and" 21b vere svitching
4«vices; and spiciatn 22b consisted of tuses aountcd
oa ~ block equipyed vith a trip-indicating acchaniso.
Speciacns fb> 6b snd 2lb failed as a result of gs>asa
irradistica snd vere aoc carried shrough che rest ot
Cbc progrsaa

EZPERIHEHTAL yROCRAH

The cxperiacntal progra>s consisted essentially
of thc folloving elcacnsst ~ fragility-type vibra-
CCm ttst ce nev devices, accelerated aging of tht
4evicee nd a repetition of thc 'ibracion test.
These tesc elcacats are lisced in Table 2 and are
desaibed in che follovCag paragraphs.

secoads vithout aslfunction. This yroccdurc
provided ~ severe sess of tht vulaerability of sht
devCces to scisoic vibracions .

Malfunction vss dtfined as spurious contact
opening or closing for an iaterval exceeding 1 es.
The de icos vers ciao nonirorad far i efofe c f ii-
are , hich vas defined as sn doors n co c c

resistance as evidenced by a rcductim in contact
current. The criterCon for aaltunction is sooevhst
abitrsry> because no specific applicsticm vss sd-
dressedl hovever, ic is ~ conservacive choice cofs-
psred vith the typical qualiticasion requireocns
thee contact chatccr tine be less than 2 as, C.e.,
tvice tht value used in chit study. The conscrva-
tisa of 1 as is also indicated by the tact tbas IEEE
Std 649 (6) gives tht asxioL>s pere>issiblc contact
chaCter Cise as 2 ms.

Table 2. Lite ot Tete Eisa«ass

+i'4

Tunctional Test "

2. Vibration Teat
3. Functional Tete

Casssa Irradiation
f4 Functional Test
64 Accelerated Thcroal Aging

(At High Relative HusLCdisy)

74 Taaccioaal Tete
g. EIeccr ical/Hechaai eel Life Cycling

Tuaccioaal Test
10. Accelerated ThcrcLal Aging (Coils Only)C-, 'r
11. Tuactioaal Test
12 Obg Vibration
13 4pest of Vibration Test
164 Functional Test

~,

~ t e

Functional Tete. baseline tuacci>x>al tests vere
coaducscd ss a tete beach, vhere arangeatnts vere
~ cde tor the pro per coil pover source tor electri
cally o persced speciocns. Coil continuity vas
cheeked vith an ohssscser and a cheek ves sade tor
~ bsrC circuits to ground. If a device iud NC (norse
sally closed') contacts, electrical concinuity through
these contacts vas checked, Devices vith HO (aozea
aally open) contacts vera txercised to the closed
posCCC>m> snd continuity vas checked through these
coatactsl the devices vere then returned to the open
coaditicm. Three such opcracing cycles vere accuau-
late4 oa each operating devCce during each functional
Cess+

Vibration Test, This test vas designed to provide e
asses of coayar ing the per forasnct of She devices
btfore an4 after aging vhen subjected to vibracion
at dCscrece frequencies separaced. by 1/3-octave
Cacervals bcsveen 1 and 32 Hc. All speci>sans vert
seated ia their noroal > upright posicion and sub-
jecttd to single-frequency, sinusoidal vCbratCcm in
tbe borCsontal directifx>> perpendicular to che front
tact of each devict (parallel Co axis of contact
aoccoa), vhich vas judged co be the dirccticm aost
likely to yroduct spurious contact chatter. Figurc
1 illustrates ~ typical test setup. At each fre-
quency, thc acceleration aoplitude vss incrtastd
gradually so che test liait (sot TEST RESUL.S) or to
the fregil ity 1tvt1, and vibration vas then con-
tinued ta 30 sccondse Tht fragilisy l«v«l sc any
ont fr«>p>eacy vas 4c tined as the highest accsl-
~ratia s>eplitude thc device coul4 vishssaud tor

Figure 1 Viev of Spcciacns 19b and 20b
Habited oa Shaker

All the 3-pole devices vere chtclfed in tvo
aodesf

Hade 1. Coil cntrgCctd/breaker closed; tvo
closed (HO) concact pairs vircd in
~ erics vith ~ current source snd
sensitive aeetcr> one closed (SO)
contact pair connccttd to the concsct
aoaitor to detect spurious openings.

Nods 24 CoCls dc"tnergiccd/breaker open; onc
opca (HO) concact pair connected co
the contact aoaitor co detect

~ spurious closurcs.
During vCbratioa, che aged coasscts vere
aoaitortd for contact chatter, and che other
contacCs vtrt cnergiced. It aalfuncsion occurred,
thc acceleracion asplitudc vas decrees«d in sosll
steps to essablish the fragilicy level, at hich
vibration vas aainseined tor 30 secon4s.

Oyeracion of tht devices vas cheeked during
vibration at each of the tesC frequcncits; in addi-
tion, for those 4«vices thee exhibited ,fragility
(i.~ .> syurious contact opening or closing) ss
~cceleracion levels belov thc test liaits, operation
vss checked et sn accelcrati on aplisudc 10 bc lou
thc fragilCcy level.

~ e concaces verr shoe ~ chas had he n
subjected to «lectrical/aechsnical life cycling.
Sec Electrical/HochanCcsl Life Tcscs under TEST

~ TRO&DURES a
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Catxte Ttrsdiacion. Folltsfing the initial vibration

exposed to gsttsa radiation froo a cobalt 60 source..
In all but tvo cases the spcciocnc received an air
aquivalcat dose of 10 Mrd of gstxsa radiaticxc.e
gpccio»a 27b vas CrradCatcd to ~ dose of 0.5 Mrd snd

2gb to a dose of 1.0 Mrd. Th»sc doses considerably
exceed the dose expected froo 40 years of noroal
~ crvicc plus the dose duc to abnoroal operating con-
ditionss

in the outs idc-cont aittscnc local icos vhcre
the devices are noroslly used; the acts of these docs
aot exceed approxloat»ly 104 rd

Coils used to z»place Chose daoaged duriag the
supplaotntal accelerated theraal aging of coils vere
exposed, prior to their usctsbly into the teat
spcciocns, to the aaoe dose u that vhich had baca
received by thc dstsagcd coils.

Figure 2 shovs sooe of the speciocns ia a

typical arrangeocnt for gastsa Crradlaticst ~

oaC of 'thc accelerated aging period. It is ao.
lcnovn by vhat factor hcssidity «ffccts vere accclct-
~ ted t if anyh

Electric'll/Mtchsnicsl Life Tescs. The test specie»ns
vers subjected to electrical/acchsnicsl life tests to
sioulatc degradaticm caused by operation in service.
Thc projected actsbcr o! operating cycles over a 40-
year period vas dctcroiaad by chc oanuf acr.urer on
the basis of prior . OxpcrCcace. Table 3 lists th»
electrical loading and che acssber of cycles accucsu-

lated on each device. In oui ti-contact. d»vices,
only one of the contacts vu en»r gi lcd, during
operational aglngI this ~sad contact vss thc one
oonitorcd for cootact chatter .during subsequ»at
vibratioa tests .

Table 2. Cycles Accuoulated During tlcctrical/
Mechanical Life Tests

COSOLTLOXS

e
hh

.5 >o'+

~ e ~

o~
e

C ~

Figure 2. ?hotograph of Typical getup for Coma
IrradCation (Photographed at Radiation
Technology, Inc.)

Ac»claret»d 'Ihetoal in, !t vas desired thar all
o the tcsc spa»Loans be broughc to a coaditioa
~ quivalcat to chat expected af ter 40 years of
Cns talled life in a nuclear povcr pleat, vhile
de-cncrgiled, in an oabicnc cnvirotxlcnt having ~
continuous tcopcracure of 1040F f4000),
oa the Arrhcnius oodel, the calculated accelerated
aging tioe for an oven tcopcraturc
f100 C) vas 107 bourse l>j

C

buoiditv. In an effort to si'oulate thc effects of
Ksbdlty, che relacive huoldlcy in thc thetoal-aging
oven vas oaincaCned at a value close to 1002,during
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+ iir cquival»nt dose Cs defined as the energy that
vould bc absorbed pcr unit ous of air at thc g»o-
oetric canter of the volcsse occupied by the
ape»Coen if it vere replaced vich air ud ~
uniforo flux vere in»id»nt at the boundary of the
volcN»o directed tovsrd the center. Irradiation
vas conducted at Radiaticcc Technology, Inc., and
IscacdCx Inc,

Obg Vibration. For this part of thc prograo che

spcciacns vcr» again oountid in their notttsl upright
position Cn ~ rigid fixture The shaker actus'ur
vss oriented at an angle of 4) vith thc horilon-
tal direction, so that the sp»cio»ns vt re sub j»tied
sioultaneously to horilontal and vertical (inphst»)
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vCbsst an Figurc 3 illustrates a typical east
~ etup. Thc level of OSE vibraeice chosen tos these
tests and a typical test res pons ~ speetrlss are Shovn
ia Figure 4. Each device vas subjected to tive
OSE level vibrations of 30-sccoad duration! vith thc
front of thc device facing each of the four cardinal
(Lsections I asking a tocal of, tventy 30-second
ibrations.

For each of the svitching devices, the coatacc
that had been subjeeeed to LCfc cycling vas aoni-
toscd for eoatsct chatter cxceediag 1 as in duration

IS St. I)a I««
""Q<r» . r rll: '"'» '

rl r

I
8

t» ~ ~

Oat Tt5T eol)OITIOv

.l

gure 3. Typical Asrangcaent of Speciaens for
ObE Vibsation Test

Aceustor oricacation7 45o vish Hor1toneal
D Cree t C on

gpcciacn Orientation7 Noraal Uyright Position

Thc other! closed-contact pairs vere connected in
series vith ~ L)x)-voltage current supply and
enesgised vith load currents'he osE test vss
perfosT5ed only vith the spcciaens encrgised (coil-
aeeivetcd devices) or closed (handle-activated
devices ) ~

TEST RESULTS

The ease resul ts ae illustrated by thc dia-
gsaas in Figurc 5, vhLch shov thc differences
betveen fragility levels before and after the acc L-
stated aging prog.se). Ia aosc cases, there vas no
diffcrence betvecn ehc fragility level s be! ore snd
af tcr aging; this includes the cases in vhich the
fragility level exceeded the test 1Laic.

The spcciaens passed all inspections snd func
tional tests conducted, in accordance vith the out»
line given in Table 2, vith ainor exceptions occur-
ring after gsessa irradiation. These exceptions are
diacwsed Ca che folloving paragraphs.

The functional tests vhich vere pcrfosaed,foL-
LovCng 10 Hsd of gestae irradiation revealed discol-
oration ot plastic aatcsials (speciacns 13S and 14S)
and tbsce inoperative devicesl 58, 6b and 21S. The
celcoa end delrin parts in speciaens 5b) 6b .and 2lb
fractured as a consequence of cryseallitatioa ud
cabrCttlesene. A delay-tine adjustaent screv vas
broken on spcciaen 5b during the functional test.

Spcciaens 78 and db did not function properly
vhen first cheeked at " this poine in ehe progrs)a
(after Crradiacioa), and epeciaens 278 and 2SS vere
added to the Progse7a to rePlace chcar b)x)ever) vhen
the sycciaens vere rechecked, they functioned saris-
tactorLly. Consequently) speeiaeas 7S and db vere
put through thc rest of the prograa along vith ehe
duylicatc speciaens 275 and 28bl and they concinued
to function satisfactorily ehroughouc the progrs)n.'

thorough revicv of all events pertaining to
epeeiaens 7b and bb did not -resolve the conflicting
observations sade after Lrradiation during the first
fmcti)xTOL test and the subsequent recheck.

Nhea spcciaeas 27b and 28b vere added to the
psogre)s to replace epeciaens b and db, the ga7xsa
dose bad been re-cvaluatedl aad it vas decided on
the basis of additional Caforaaeioa chat a such
La)er gsx7sa dose vas aors appropriate for the out-
of"coataCaxcnt Locations vhere svitchgcar coaponents
ase likely to be placed, Therefore, spcciaens 27b
aad 28b vere subjected to 0.5 Hsd and J.O Mrd,
respectively, of gaesxa radiation. Since the initial
vibration tests had already baca coaplcted vhcn spec-
L7scns 27b and 2db vere added to the program (sad thc
vibracioa test facility vas unavailablc for a pro"
longed period)l these spcciacns vere subjected only
to the final vibration test. Sovcver) these asc
solid state tine-delay relays (i.er) have no aoving
parts) vhich eCthcr funccion satisfactorily or do
not fla)ctlon at aLL7 and since they passed the final
vibration test, it is seasonabl ~ to uslxac that they
vould also have passed thc inCtial vCbratioa test.

AllALYSIS OF THE EFFECT OF ACINC ON

~ ~

~ ~ ~T s)axial T55T

I l '" '» vtscATIov olpfeT)er))+)
WilliI)01)7OI)ae

ITI'"" '' ~'* oav«)ao'cot))icit)IT ~ 5% l':-.
":I

I IO IO0 ~oao
)aeevC)rcT ill)I

yijute 4. Typical Test Respoaee Spectr)xs of the Obg

Introduction. In those eases in vhieh the devices
Trr rrr r»»iiir rrrirrr rrrr»r rbarrcr ~irrrr
before or after the aging psograo, it i» reasonable
to usmc that aging had ncgligibl~ inf 'uence on
chair .ci.aic vulnerability as tested in this st dy
In cases vhcre contact cha tcr did occur (in one or
boch of thc vibration tests), sn atteapc vas asCr to
datcrvine vhcther aging had produced a sig)ICficsnt
change in thc fragility Level, vhich is a oc ssurv o<
the ability of the devices to vithstand vibrstiolls
Ca the seisaic range. Since onLy tvo sycciaens 'of
each device vere tested (the nla5bcr being Liaited by
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Figure 5. Changes in Pragtlity Level

The heavy lln« ln each figure represent ~ the test lialt. The arrous indicate changes in fragility level ~ the tail bclng the fragility level beforeaging and the head the fragility level after aging. Solid circles inllcate points vhere thcrc vas no change in frsglllty level ~ The absence of snarrov or a solid circle indicates the fragility level exceeded the level of thc heavy line.
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c~techo'.caL considerations), kt vas difficult to
pesfass e quantitative statistical analysis; there-
Eaer a qualitative seasuse vss thc best that could

~

~ ~

be achieved using conventional statistical proce-
dures. Essent Cel 1 y, an at t capt vas sade to as cer-.
tain vhLthcr che changes observed vere sufficiently

~ge to be lsllkkcly co have occurred by chance.
It vss assmcd thaC Che effect of aging, kf

r, vould be ~ reduction kn the value of the fsa
gklity level. A norsal distribution of frag'lity
'cvels about the scan vas accused to apply for
sepeated seasuscaents . This ksplies that ssall
vaskatians of fragility level about the sean value
cre such sore likely than large variations to occur
by chance Therefore, a large reduction kn th»
fragility level seasured after aging, caspased Co

. Che fragility le~el before aging, vas sass likely to
be a statistically si gnificant effect of aging
rather chan ~ chance var iat ian. Thc cr i ter ion
c!v5sca for disti agui s hi ag si gnkficant changes is
illustrated ia Figure 65 ~ lisicing change ia

For Nsall sssplcs, the standard deviation af
the sssple say bc estissted by the ssnge s of thc
saspke, i.e., S ~ r and Sb rb. Then for

a
n ~n >2l ve have

~ b

2) j
1/1

As sLated above, it vss decided to regard thc
change (reduction) in fsagilicy level as significant
if it vas large enough to have occurred by chance in
only 10 of ~ Large nlssbcr of tests. Accordingly,
thc probability that thc observed data could have
occurred by chance vas assigned the wluc 10 ~ Frees

tables of "scudeat" t for 2 degrees oE fseeaaa,
fos a v LOZ ve find t v 1.89. The difference
(g - g ) is significant at the 10» level,

a . b
oae tailed, if it is greater thea u, vhcre

~aaess/Llsv

lo'4 or secs
wats CusvC

saavsL
Olsss/curia/r
cuevc

For Che values given

11/2
u 1.B9 r + rb /2J

ac air/tsar
scavcllass

lelclLltv~ LlvCL ~
v

'rcarccc vae/asloes 2
1/2

1'34(r + t> )

~lail' ' .
separately
tsagkL kty
iadepandenc

Each frequency had to ~ be tested
for a signifCcant dkftcreace kn che

Level since each frequcacy is
of tbc others ~

Let g < sean g level before aging, Eros 2 sasples
g > scan g level af ter aging, Eros 2 sasplcs
r + range of values of g

~ sange ot values of g
b

estisatcd standard dfvkatkan of ssspl«b
v estksaccd standard deviatiaa of sacsple a
~ amber of units kn sasple b

s > ausber of cslkts in sacsple a

dofo v degrees of frcedos + (n 1) + (nb 1)

Tbe standard deviackon Sd of the differcace say be
calculated fras

0'/Cure 6. DefknktCon of Significant Reductions in
Fragility Level

frsgilCty lewl vas defined such that values less
than (g - u) vere Likely to occur by chance kn oaly
10 percent of the seasusescnts. If the fragility
level after aging vas less than (g - u), the change
vas regarded as being statistically significant st
tbe 10-percent level. In the language of statis-
tics, the hypothesis that agiag has ao significant
effect vas sade and a test vas applied to dctesskne
vhccher the hypothesis could be rejected.

A description of the analytical procedure cnd
'tbe tabulated resul ts arc given Cn thc follaviag
~ ecCkan ~

The analysis vss applied for each of the
frequencies tested separately and aot far a pooling
of thc changes Eos all the frequcncics.

Thc nlssbes of sssples vas insufficient sad the
variance ssong seasureaents too large to pcscLit any
~ trong statistical statcsents. Only vary large
changes ia fragility level vould allav the
dkffcrencee to bc significsat ~ .Therefore, the
treads observed could aot bc subs Cantiatcd by thc
anakysLs ~

In sost cases, thc analysis dkd not provide a
basks for rejecting the hypothesis that these vas no

statistically significant aging effect. A slassssy
of Che res u'Lts of eel culatkoas for ~ alssber of
specisens is given ia Table 4.

Alternative Statistical Analyses. Other statistical
tesCs can bc applied vhich take the changes in
fragClkCy lcwl at the several frequencies isto
account together rather than separately, as vis done
ia the foregoing section. The Mklcoxon Hatched-
pairs Signed-Ranks Test (a poverful non-parasetric
Cast) is suitable for chic purpose [6) ~ 'When this
Cast vas applied to spcciscas 9b and 10b individ-
ually, kt vas shovn that aging decreased the
fragilCty level of 9B vith a signifCcance level of
Sgr but aging did not decrease the fsagility of 10B

~t the LOT significance level,

DISCUSSION OF RESULTSe'n 1)S + ( "1)S2 2
2 a a

+
a

Thc evaluatkon of the ef face of aging on the
fragklCty level of thc devices vss based on the "dst ~

obtained on 10 pairs of speciscns (Lg through ldb.
plus 27b anJ -db) and four individual speeisens (19S
through 22b) ~
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Table 4. gssasary of Observed Changes in Fragility Level

, Seesteve ~ N See SCS

~ tete see Secrets ~

I s
~: ~ I et Se \t I It Stree

Secede»IS Sll eet Sti
i

Seceded»S SR educ sea
(

Seeeseee SN

sectess ~ tecseese s s seceesse . sec esse I

SsesIeee SA

Css~ss ~ ~. -e, ~

1A ( ~, ~

~ s.c

S.IS

CA

CA

td
~ A

SA

~ A

Q.t
I~ A

ss. I

g5,s

RA

~,

Of tha 24 speciacns Cncludcd Cn the analysis s a
pair of tiae-delav relays (55 and 65) aad ~ circuit
breaker (215) vere dropped tron thc prog.ass because
of failure to pass baseline tests after gatssa
irrad Cat Ccau It is poasibl ~ that the substitution
of radiaticss-resistant aatcrials for the celcon and
delrin parts ia these devices vould correct the
problas. Also, the devices night aot have failed if
the radiation dose had been liaited to a level con-
~ Csccnt vith aost out of-contaisascnt applications.e
Accordiaglys it Cs not certain thar. there vas
~ Cgnificant aging of specimens 55, 6b and 21b; but
Ct vould bc advisable in any case, oa the basis of
tba results of the test prograas to avoid the use of
~aterials, such as tel con and dclrin, vhich do not
have high resistance to gasasa radiaticrs.

Five pairs ot devices and one other device did
aot have any fragility levels belcst the test Levels
before or after the accelerated aging tests. (These
epeciaens vere lb/25, 35/45, -?5/db, 155/165, Llb/Ldb
~ssd 225) e Tvo devices (27bs 2db) vhich ~ did not
teceive e "bctore4 test shoved ao spurious response
Ca an "afteree teat ~ ginCe thCSe Vere SOLCd StatC
tiae deLay relays vhich have no aoving contacts, it
Cs reasonable to ass ssse that they vould aot have
esshCbited any spurious response in the vbeforeu test
CE it had been perforaed. The results obtained vith
this group of 13 speciasns is consistent vith the
poeitisss that aging does aot ~ ignCfCcan.ly aftsct
tbe eeisaic wlnerability of the devices.

The data of the reaaining sp«ciaens vere
a*jetted to a statistical analysis, the resulcs of
vbich (sae Table 4) are ssssssariscd belcvs

For ~its 9b and 105, there vss ~ signifiee
cant decrease in fragility level at tvo
trequencics and ~ signitCcant incrisse
at one treqvency. There vere changes in
fragility level at seven other frequencies

I» I ese»SI Teer ~ under TssT sssllsTs.

that vere not statistically significant ~

Ia addCtions there vas no change in
fragiLity level at six other trequsncics ~

Therefore, degradation due to aging vas not
dcaonstratcd for thai ~ tvo speciaens at the
10» significance level.

2. For units 115 and 125, at all eight frequen-
cies vhere there vas ~ change ia fragility
level the aean change vas to a higher fra-
gility level. Mhile this appeared to be
strong trend tovard iaprovcacat vith aging,
none ot the changes vas statistically
significant at the 10» level ~ In addition,
chere vas no change in fragility level at
eight other trequencies. shcrefcres the
apparent iaproveacnt in pcrforrsance vas not
deaonstratcd for these tvo speciacns at the
102 sCgnificance Level.

3e For units 135 aad 145, there vere decreases
in fragility Level at sin trcquenciesl
three of these vere statistically
sigaificant at the LOT level and three vere
not. In additions there vas no change in
fragility leveL at ten other frequencies.
Therefore, degradation duc to aging vas not
dcaonstrated Eor these tvo speciacns at the
10 significance level.

4n For thc tvo devices ~ 19b and 205, vhere
only ~ single spcciacn of each vss
available, a strong crcnd tovard a decrease
Cn fragility level vas observed across
frequencies betveen 6.3 and 32 Hc, but this
vas aot analyced statistical lv~ At
frequencies bctveen 1.0 and 5.0 Has both
units had ao change ia fragility level ~

For these tvo units, if the casse chances in
fragiLity level hcd been observed in a
larger sasplc site, it is suspected that an

aging trend could have been dcaonstrsted
stat is ti cally.
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CONCLUSION

r

tI] IEEE Standard 32S-197»f IEEE Standard for
alifvine Class IE Eoui avnt or Nuc esr

paver Ceneratine Statinna The InSCitute Of
cccrsca ~ 8 eccronscs Engineers f Inc ~ f Ncv

York) NJYJ, 1974J
t21 Regulatory Cuide 1.89, slification of Class

IE ui cent for Nuclear Pover Floats, U. S ~

tonic Energy ofasls el fxf f srectoraCe of
Regulatory Standadsf Mashingtonf D.CJf Nov.
1974.

f31 IEEE Std 279-1971, Criteria for Protection
5 steps for Nuclear tovcr Cenerstsn Scstrons,
Tbe lnscitute of Electrical snd Electronics
Engineers ~ Inc ~ f Nev Yorkf NYf 1971 ~

[4 J IEEE Std 649 f IEEE 8 tandsrd for a 1 ifvin

The study vss conducted to investigate the
effect of aging on the vulnerability of electro-
oecbsnical coopcncnts Co scisoic-type vibration vith
respect to their Class LE functim. The devi ces
tested included relays, starters, " contsctors and
circuit breakers . Each device vas subj ected to ~

vibracim test before and after an accelerated aging
Progrca intended to siautate tbc degradation caused
by 40 yeats of service in ~ nuclear povcr generating
~ tatifxf. The vibratim Cast consisted of shaking
each device in thc direction that vas nose likely to
cause spurious opening or closing of coatacts, ac
discrete frequencies betveen 1.0 and 32.0 Hc at
intervals of 1/3 occawf at oaxiofss acceleration
mplitfs}cs that increased froo 0.4 g at 1.0 Hx Co 6

g at 12.7 Ha and reoained ac tha 6 g level for
bigffcr frequencics .

In sfxsssryf it vas observed chats
~ three devices (Sb, 6b and 2lb) !ailcd as ~

consequence of exposure to gama radiation<
~ Chirteen devices (lb, 2b 3b, 48, 7b, bb,

15b, 168, 17b, lbb, 22b, 278 and 28b) gave
no evidence 'of aging vith respecc co seisoic
vulacr abil ity;

~ statistical analysis of the test data for
~ ix devices (98, 10b, 118, 128, LSS and 14b)
led to the conclusi on that, aging could not
be dcaoas Crated at a significance level of
~pproxiaaccly 10";

~ oae,device (198) exhibited ~ strong agiag
Crend, but it probably vas aot significanc
ac cbe 10 level;

~ oae device (20b) exbCbitcd ~ strong aging
tread that probably vas significant at thc
LOI level.

A factor that coatributed to coaservetils vas
>the fact that each device . vas subjected to a
relatively severe vibration tesc, vis Jf conti,nuous
sinusoidal vibracCfxf for 30 seconds at 'ragiLity
levels -(or oaxiofss test lovel ~ ) f at 16 disf=ctc
frequencics, in chc cnergised and de energised
states, before and after tbe accelerated aging
prograoJ

Mben thc 'prografs is considered ss a vbole, the
overall qwlCtative Caprcssion is that aging (as
aioulated in this prograo) docs not have a
significant etf ect oa the seisoic wlnersbility of
oost of the types of contact devices tested.

(5) FRC Final Report F~590f A Study of the Effect
of Acin on the aration of Svitchinc Dfvfces
Durin t/abrstion st Frequent ice in the Sersafc
~sn e, Frsnklsn Research Center, PhLL a., PA,
Oct. 1977.

(6) SJ Siegcl, Non-Psraoetric Statistics Yor tbe
behavioral Sc Lances f McCrsv Hall, 1956 (pp,

Aaong C}c oany persons vho contributed to this
study, the authors vish particularly to thank Ccrald
D. Cue ke (FRC), vho per foroed the expcr ioents;
Robert J. Cibsoa (FRC), vbo conducced the statisti-
cal analysis; aad Paul Higgcns (Could), vbo
~onitored the entire prograo.
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$ .0 PURPOSE

To certify that che subject Could equipmcnc of Section 2.0vill perform its r«quired Class ll'. functions after being
sub)ected to a variety of «nvironmcntal and operational
aging tests designed to simulate a 40 year life, to confirm
that the seismic a ithscandabilicy of the equipmenc is not
lowered by the agin!. phcnomcna, and to qualify the equipment
to satisfy the requircmcnts of rcfcrcnced specifications.

2.0 CLASS lE E UIPHFNT COY%RED BY TllIS DOCU.!ENT

Could type J10 control relay.

Relay JPON22
J20A20/
J20A40

40 yrs.

*See Section 4.0 of this document for a discussion of the
qualified life.

3.0 SERVICE CONDITIONS

Pressure

Relative Ilumidity

Temperature

Radia t ion

Contamination

Operation

4e0 DISCL'SSION

: -.5 psig to 5 psig

20K to 100X

«23.3 C to 65.6 C .

8-8 x 10 rads6

integrated dosage 40 yrs.

Not specified

5/I to 400 per year
+)

oooo /C»~

Representative samples of t!i««qukpmcnt listed in S«ction 2.0
werc put through an nc«cbvrnt.ud aging tust.
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The aging test program was dcv«loped with the assistance
and guidanr«nf th< ~ Fra.>El l» 7»::ttr»tc R<srarch tahorator<cs,
Philadelphia, Pennsylvania, and was, for the most part,
carried out at that facility. Furthermore, thc program was

performed in accorda«cc wktl> t.h<: principles of IFEF. Std.
323-1974.

Section 5.0 outlines the procedure and order of the accele-
rated aging program~. Attacl><»< nt A lists the levels reached
for the various cnvir<>nmcntal/op«rational tc ts.

Througl>out thc tc ts, tl>c devices progress was checked by
base line functional tests in order to determine failure
causes, if any. These ch«cks consisted of a visual check
for structural anomalies and electrical checks Eor proper
contact continuity «nd np«ration of the devices. The two
seismic withstandability test evaluations indicated were
used as a control to compar<. thc devices seismic witl>standa-
bility before and after tl>c aping sequence.

The last base line functional test was used to conEirm that
devices could still perform tl>cir Class 1F. Eunctions. Proper
Class lE operation was also verified in a 50 C ambient and0

during the seismic withstandahility evaluations.
I

Seismic aging consisted of th«application of five biaxial
(front-to-back/vert ical and std«-to-side/vertical), in and
out of phase, random m<>ti<>n t«sts. Attacl>m«nt h contains
a typical TRS curve.

The seismic withstan<lability evaluation consisted of single
frequency tests at every l/3 octave interval from 1 to 32 llz.
Tests were performed in th«axis that was determined to be
the most vulncrabl«. t'ur t.l>««quli><»«nt. Fragility 1<:vcls
at each of thc test fr«~»<n< i«s, for thc before and after
tests, werc then compared and used in the evaluation of
aging cffccts on the c<~u!pmcnt's seismic withstandability.

The order of the accclcrat«d:<ging procedure was chosen to
be thc most severe scqucnc«sine« it was impossible to perform
the various aginp; exposures sim»1tancously. Thermal aging was
performed based upon tl>c Arrl><»i>us relationship between time
and tcmpcrature Enr th< w«ak link material. The weak link
material choice by tl>«Franklin Institute was based upon the

— thermal degradation characteristics of the various .nonmetalic
materials, their sp«cifi<. E»<>«t ion and the state of tl>c art
of thermal aging teel>niqucs. A pun of water was placed in
thc oven during tl>crmal «ptng. Tl>is was done in an attempt
to simulate the effects of high humidity on the test specimens ~

Thc cq«cpm«nt has a ncr>l»<>l «<>:<1 lfl<d lifo of 40 y«ars in n
continuous 40 C ambient. TI>ls ts usually quite cons«rvative0

0since tl>c ambient < ~>«elf!<:<I E<>r <>»r cqulpmcnt fs rarely 40 C
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continuously. Usually 40 C is specified as the riaximum0

temperature (mcctinr, .'!F.."1h ICS) with an average ambient *

temperature much loi'cr than tliis. Since an average ambient
temperature is not specified, only minimum and maximum,it is difficult to glvc a precise qualifit.J 1'ife. lfovcver,
extrapolating for a G5.G C continuous ambient temperature
(worse case condition), the qiialiflcd life vould bc 1.03 *

0years; for 50 C continuous, the qualified life would be
ll-l/2 years. Based upon thc minimum and maximum tempera-
tures specified, an average temperature of 16.65 C would0

result in a qualified life greatly in excess of 40 years.
Thcrcforc, if the average tcmpcraturc is less than 40 C,

0

the subject equipmcnt vould have a qualified life of 40
years or more.

5.0 ACCELERATED ACING PRDGRAH Oirn.r. E

1. Base line function test
2. Seismic withstanilahility evaluation
3. Base line functional test
4. Gamma irradiation"=
'5. Base linc functional tcsi.

- 6. Tlicrmal and liumtdity aping
7. Base line functional test
S. >fechanical and electric:il operations
9. Base line functional test

10. Seismic aging
11. Base line functional test
12. Seismic vithstandabili ty evaluation
13. Base line functional test

6.0 RESULTS AND SUiBlhRY

The results of thc aging test program dcmonstratcd that the
equipmcnt of Section 2.0 vill operate properly (i.e;, perform
their IE functions) for 'i 4i0 yvar time period ln thc environ-
ment specified in Section 3.0, provided the number of operations
indicated in Attachment h arc not cxcecdcd, and any specified
maintenance and survcillancc procedures arc folloved. The
qualified life for tlic sub.lect cquipmcnt vill have to bc,
lovcrcd in accordance witlr tlic stipulations of Section 4 if
it is dctcrmincd tliat

tlat

«vivace ambient tcmpcraturc is
greater than 40 C. Altliougli, as shown on Attachment h, there0

vas no maintenance performri! on tliu specimens iluring thc test,
-. thc dcviccs must still l i pertodlrally inspected for any
unusual condition sucli:is ii heiivy accumulation of dust, dirt,
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moisture or abnormal heating, the cause of which must be
cnrrcctc<f. In a<I<lit f<i«, wf r< ~ t< rmfnations «f<n«l<l f>e

checked for tightness.

The statistical ana]y<fs,p«rf«rm«d nn thc results of thc
two seismic withst.andahility evaluations confirmed that
thc seismic witl<st««if:<filltty nf tl<e subJ<.ct cq«ipmcnt was
not significantly al tered hy tl<c aging simulation.

7.0 CERTIFIChTION

It is hereby certified that the information presented in
tl<is document*is tt'«c '««l tl<at:<ll tests were performed.
Test reports are considered proprietary but are available
for review at Could, Inc. nfl'icos, Westminster, Maryland.

. Erich eberlein, Jr.
Manager of Development En ineering

January 18, 1980

CC-323.74-62
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', The attnchrd table Ilats thc
various environmental and

operational lcvi l.; simulated
„ for'thc various aping tests
performed during test R-323-3.
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Radiation:
(Gamma)

~J10 Ra la

1 x 10 rads7

Thermal:
(40 C for 40 yrs. simulation)

100 C for 107 hrs.

Relative Humidity:
(During Thermal Aging)

Mechanical/Electrical
Operations:

95 to 1007 for 807
of thc time

2x10 95amps6

Make and brcak

Seismic Aging (ZPA):
(Also sec TRS Curves)

4.0 g's

Contamination:

Maintenance Performed:

Seismic Mithstandabi1.ity:

Anomalies:

Medium accumulation of
dust and dirt

Nona

No change due to aging

None
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Tn rstal>tisl> arr< 1< ratlnn ftv< ln tl>at thr sub]«et «f«fpmrnt
of Sect.ion 2.0 have successfully passed vithout contact
chatter durations preatcr than 2 mscconds.

2.0 E UlpffENT C0VERED SV TffIS nnCf.".,'.iT

Goul<f tyl>c J10 (J"OH22, J20A20/.l20A40) cot>trol relay.

S.D DISCUSSION

Seismic tests havi hcrn prrfnrmr<f on samples of thc suhfect
equipment in accordance witlt lFEE 344-1975. The equipment
tcstc<f vas ncv and random selected. Thc use of nnn-aged
equipmcnt is )ustified in that as a part nf the IEEE 323«1974.
qualifications propram, toolinp„and analysis it vas demon-
strated that wfth thc rcsprrtrd sub/rct cquipmunt, the seismic
withstandability uas not lowered by the aging parameters
used in thc propram. Host of tlic st ismic tests vere pcrfomed
on assembled structures with accelcro"eters placed next tn the
internal compon«nts. Thc TRS curves presented for these tests
arc guneratc<f frnm thc time I>fstorics for the appropriate
specimen mounted accelcromctcrs. The tests discussed in this
document vere proof tested to a particular customer's require-
ment and are not necessarily the fragility limit for the
sub5ect

equipment.'andom

multifrequrncv motion consisting of frequencv band-
vfdths spaced one»third <>ctavc apart over the frequ«ncy range
of intrrcst u:ts used as thc cxcftation function. Thc duratfun
of each test run was 30 seconds. The random motion vas applied

- simultaneously Ln th«vertical and one horizontal axis at a
ntimr.. Thc speck»:<n was rntatr<l 90 durfnp the tost sn that

tuo nrthoponal hnrianntal axrs wnubf bc trsted. Host tests
vcrc f>urformc<f with ph«s< fnrohurcnt inputs; those that vere'.t,
vore trstcd wfth tl«hnrfxn><tal an<f vertical inputs in phase
and then out of phase..

Five 0DE lovel (apprnxfmatcly half the SSE level) tests vere
run prior to the SSF. lovel tests in both the front-to'-back/
vertical and side-tn-s f<fr/vert f<:al axes.

Devices vere trsti<f in the cnrrpizcd, de-cnergi.".cd and
transftfnnal stst<>s ufth h<>th nnrmally open and normally
clos< d contacts nr»ftnre<f for f>r<>jcr operation and chatter
duratfons gr«ate r than 1 msrrnn<l.
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TRS curves for the various seismic tests performed on the
subject equipmont are contained ln Attachment A. The
curves are supplied for both horizontal axes and the
vertical axis. They are applicable for all electrical
states and contact configurations.

4.0 CFRTIFICATIO'o

It is hereby certified that this document represents a
true accountinG of seismic tests performed on seismically
equivalent samples of the subject.

In order for the test data to bo valid, the relay must be
mounted to a vertical surface in their standard configurations.

>-,Ac'.
E. Heb e n, Jr.

kfanagor of Development Fnginecring
Product Development

January 18, 1980

SC 274
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hTTACH:tF.NT A

Summary of
Seismic Test

Performed on J Relay
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Govld lhl:. conuol and systi mi uiiii»»i
Ivu, ~ ~

SUMMARY OF SEISMIC TEST
PERFORMED OII TIIE J IIELAY LI'IE

Seismic tests identified as R-STD-2, R-STS-10, R-STS-ll,
and R-STS-16 have been performed on tha Gould J Relay line.

Test R-STD-2 was performed on the J Relay mounted directly to
a test table fixture vhile tests R-STS-10, R-STS-ll and R-STS«16
vere pcrformcd with J. Relays mounted in n Motor Control Cantor.
All tests vere performed in accordance with IEEE Std. 344-1975
at Wyle Laboratories, Huntsville, Alabama.

The following is a summary of the above referenced test reports:

t

g9

(1) R-STD-2 (Wyle Report 43513-1) - This test used
Random Motion and Sine Beat superimposed on random as
the input function. Test durations were 30 seconds
for both OBE and SSE levels. The test vas performed
biaxially, in and ouc of phase. The specimen vas
rotated 90 in order to test two orthogonal horizontal0

axes. The Relay was tested in the energized and
de-energized condition and in the transition state.
Contacts vere monitored for chatter, the first mode
of failure.

(2) R-STS-10 (Vyle Report 43840»1) - J relays vere mounted
in a Motor Control Center for this test. Random motion
vas used as the excitation function, the amplitude of
vhich was controlled in 1/3 octave intervals from 1 to
40 Hz. The test vas performed bicxially vith phase
incoherent inputs. The specimen vas rotated 90 during
the cesc in order to test two orthogonal horizontal
axes. These durations werc 30 seconds for both OBE
and SSE levels. The J relays vere tested in both the
energized and de-ener"ized mnde vith their contacts
monitored for malfunctions (i.c., the unwanted change
of state of the contacts (chattering)).

(3) R-STS-ll (Wyle Report 4"946-1) - For this test, tha J
relays vere mounted in a Motor Control Center vith sine
beat used as the input function. Five beats of five
(5), ten (10) and twelve (12) cycles per beat vith 2
second pauses between beats werc used. The sine beats
vere applied biaxially in and out of phase with the
specimen rotated 90 during chc test in order co

0
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test two orthogonal horizontal axes. Contacts vere
monitored for chatter throughout the test in the
energized and du-energized st.at.u.

(4) R-STS-16 (Wyle Rcport 43472-1) - J relays ware
mounted in a Motor Control Center for this test.
Random motion,was used as tlto inpttt function, thc
amplitude of vhich was controlled in 1/3 octave
intervals from 1 to 50 iiz. The test was performed
biaxially with phase incoherent inputs. The specimen
vas rotated 90 during the test in order to test tvo
orthogonal horizontal axes. Test durations vere 30
seconds for both OBE and SSE levels. The J relays
vere tested in the cncrgizcd and dc-energized con-
ditions and in the transition state.

One additional note, the design of tltu J relays is such that an
increase in the number of contact blocks, up to a maximum of
three, has the effect of increasing the seismic vithstandability
of the relay in both the energized and dc-energized states.
Test data is available for review at Gould Control 6 Systems
Division office, Westminster, Maryland.

Attachment A contains the highest horizontal (both front-to-back
and side-to-side) and vertical RRS curves reached during the
referenced tests. Note, however, that these are not fragility
curves as contact chatter was not present.

Prepared by:

'g"( 'l~'>+i »
Paul W. liiggins
Associate Development Engineer

'pprovedby:
C

C~ ~ <2
i'.

Erich Hc erl n, Jr.
Engineering Manager
Research and Development

January 9, 1978
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ATTAClMFaiT A

Horizontal and Vortical RRS
Curves for the J Relay Line
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Gouty ino., Distribution and Controls Division
2002 Ant&Rd., Fbik burg. MD 21048

- Ti 4tbono(301) 8762214

August 21, 1981

BQUKQ

AYFEIH EN~ ~

Mr. Steven D. Slesinger
Electrical Engineer
G + W Fluid Systems
Gulf + Western Manufacturing Company
25 Graystone Street
Warwick, Rhode Island 02886

Subject: Stone 6 Webster Technical Meeting - July 31, 1981

Dear Steve:

'n
July 31, 1981 a meeting was held between Stone & Webster's Mr. Anthony

Giancatarino, Mr. William Provencher (Environmental gualification), Mr. Paul
Higgins, Project Engineer, Gould, and myself. The purpose of the meeting
.was to have a technical exchange with respect'to Gould's qualification
program. By having a direct contact, a clearer understanding of technical
information is often achieved. It is Gould's contentions that we have pro-
vided sufficient information to Gulf + Western and have met the contact
requirements. I note that you have also conveyed this to Gould.

In the meeting, in order to have a complete understanding, Gould agreed
to provide some additional technical information. Gould provides this in
the good spirit of cooperation and understanding. There were four areas of
interest:

1. Requirement: Provide Hooker Chemical correspondence referenced
in the Franklin Institute report.

Gould's Response: Attached you will find not only the Hooker
letter but all the supporting documentation provided by Hooker.

2. Requirement: Provide arrhenius plots for Phelps Dodge.

Gould's Response: The arrhenius plots are attached.

3. Requirement: Provide a calculation showing the severity or stress
that was occurred doing the electro~echanical aging.

Gould's Response: Attached you will find a paper on J Coil Life
Test. This includes the stress calculations.
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Mr. Steven D. Slesinger
August 21, 1981
Page 2

4. Requirement: Review the Franklin Institute report and provide
clarification with respect to the seismic withstandability test
in natural aged specimens.

Gould's Response: Please note that the natural aged specimens
were not subjected to the first seismic withstandability test.
It was deemed unnecessary since the naturally aged specimens
were already "naturally aged", i.e., a comparison before aging
to after aging could not be done.

In addition, we made an inspection of the actual J coils that failed under
the high temperature aging tests. There was no evidence of the epoxy material
failing.

If you have any comments or questions concerning this letter, plea'se let me
know. I would appreciate your forwarding this information to your customer,
Stone & Webster.

/7
)

Sincerely yours,Q),l I/
G. rich Heberleih, Jr.
Manager, Development Engineering

GEH/be

Enclosures
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J COIL LIEF T""ST

The following demonstrates the aging effect or aging stress due to
the rapid 'operation that is occurred during the electrical life
(electrical/mechanical aging test).

It is a natural, phenomena with. an open solenoid in an AC circuit.
that the current is higher than when the solenoid is in the closed
position. Thus, it is what is called an inrush current and a hold'ng
current. The case in point, the J relay exper'ences a 1.08 ampere
inrush current and a .125 hold'ng current. This current is at 120
volts or the voltage used throughout the aging test.

During the performance of the electrical/mechanicaL aging test, the
relay vas operated at its fastest manageable rate. This rate is
three operations per second, with the J relay experiencing 2 mill'on
operations (2 x 106) or 6.6 x L0~ seconds wh'ch is 185 hours." -By
-noting the formula on Figure 1 (attached) 'the equivalent duty cycle
can be calculated. Thus, the cu"rent experienced is a continuous
current of .54 amperes. This duty cycle current stresses the coil
at higher temperatures than would be e~erienced if the coil were
energized and left on the duration. The ratio being:

I R dt
2or assuming the samp resistance ard same time, the ratio is I t for

the duty cycle to I" continuous, i.e., 0.25 to 0.0156. This is
- 16 x the heat for the same period of time. Since the duration is

185 hours, the coils vere stressed substantial tme and as well
were stxessed electrically. Theriore, it is Gould's opinion that
any synerg'stic efzect vould occur zrom an ag'ng ohenomena of heat
and electrical stxess. The rapid opexation of three cycles per
second for a duration of 185 hours vouLd be much hignex than it
vouLd occur in actual field usage.
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NORTH TONAWANOA, NKW YORK 1if20 (716) 695-6123

December 9, 1975

Mr William Denny
Frank1in institute Research Lab
20th Street and the Park;vay
Philadelphia PA 19103

Dear Mr Denny:

As agreed in by phone, December S, 1976, I hav e".c'~ a
copy oi our e~ eC:.". co=ver dove!ooe" 'cr D =e 7o~!.
This is a 4 enera. ~ roose oh no .'c s ...ilar .". formular''on and
performance to D re 113.

Also attached is a reference to a article on r diat'.on da —...are
to plastics. Dure" 118 should be similar to an org nic fi'led
p enolic.

We understanc you are consulting fo" ITE L—.. er™al and trus.
this in'ormation will be help'ul.

Very tru'y yours,

W Andrew Dannels
Te.chnical 4fanage r
Molding Materials

Dfeeeee fe ~
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RADLA rJON DAMAGZ TO PLASTICS

Plastic mat rials are susceptible to rac at on dama~e which causes a reorie-„ta.
tjon of their mo ecular structu=e. Sirce plastics a:e polymers, reor carat on
result- in c..an es in phys cal p:ooerties d to brea<in of ol ~er c'"ains,
absorption oi oxy=en, or ".eaction'with the envi=onment.

On many of the plastics, electrica'ro"er!ies, such as volur.".e res stivity,
dielectric st engtn and arc resista..ce, appear to be pra.ctical'y unchanged a
dosages which cause extensive physical rea "down rn t.".e materra'. nclr "ed
were unfi led pnenoiic resin, a paper-tr e " ro:c, a"d a at=eral-fil ed
polyester. Commercial plas.ics cortain ng Elle".s perform in proport on to the
stability of the f.'lier. St-bie fillets (minerals) improve cornpounL stabili~ whil
unstable fille"s (ceL'ulose-organ c fibers) dec "ease stabil ty. Da ..age ir terms
of loss of physical strenoth are given below:

Mate rial Filler
Threshold Damage

(Rads)
25% Damage

(Rads)

\ ~

)

Phenol c
Pherol'
Phenol'
Phenolic
Polye ster

None (all res n)
Mineral (a sbe s to s)
Organ c (cel1ulose)
iIfineral (graphite)
Mineral

1 x 10<
1 x 107 -103
1 x 105
1 x 10~
1 x 107

'1 x 107
1 x 10~ -l0~
1 x 107
I x. 107

.1 x 10'

rad is the unit of absorbed dose and is 100 ergs per gra....

Dure" phenolic, polyester and diallyL ph"".alate mater als na'e not been . st d
but should perform within the 1 .—..its l.'sted, in 're Table above. Diall~..''. ha.'ate
should behave like the polyes:ers. Res st nce to radiation damage a e'.ev ted
tempera.ures has not been deterrnired.

~ The n or. ation he c n was extracted .""m reprints~APZX 1 o7 a.. "1 availabl
from the Of ice of Technical Services. U. S. Qepar~mcn. o~vom .. rce,
Vashin ton 25, D. C. Other sou"ces of d=ta are:

1. Plastics in Nuclear Z.".g., James O. Turner, Un. of Ca".f.
Reinhold Publishing, 430 Park Avenue, N w York22, ii. Y.

2, Materials in Design rgineer ng, Vol. 52, P. 130, July> L960-
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File Z392$ 2 Vol. I Sec. 1 Page 1

e . and Report
issued: 7-3.6-69

PRODUCT COV" R:"D:

DES CRX PTION

Durez Pheno'ic 2".oldir Ccmpounds Nos. 791, 1308,
1328; ~'864, 19089, 3.897'g-, 21Ll26, 22262 and Alkyd Molding
6'ompou..ds icos. 243.$ 0, 20g2$ and'4%0. Itin~~ thicxness 1/S in.
FACTORY LOCATI08:

Hooker Chemical Corp., Durez Plastics Division,
Horth Tonawanda, Hew 2'cd'.

~ i

G HERBAL D SCRI ION CF "4 :-HEAL (BO "OR I'fS~CTOB UB

Heat R sistant Grade Ph nolics -.—

1308'328

118K 19089

~ mineral and wood flou" f'lied
~ 'phenolic di erir~ in pigment

minera1 filled phenolic
'142,. 22262.

24480

Hi h L,.oact Gra.de Phenolic ~r
18975 minera1 filled phenolic

General 'Puroose Grade Ph nolic
791 control) .stood .flour fklled. phenolic

0 ~

HTIFICATIQN:

The infrared spectrum illustrated in ill. Nos. 1-4
may be used to identify the material covered by this
.report.

.;" mineral filled pheholi.ns,
''t'e'lat.t-erbeing'sneeia1ly sMte —a -"

for- trans fer ~old ed:-epp1zcat;ivns= ——- —-=-~ sr~,, ~CS%%
. Heat Resistant Grade Alkvds

~ ~ . uprear eas ~
'24250,:2bg25 - -.-... - - r~dlmre 'glass i'111ed ~vds

::..-a ccabination of nylon and
glass fil'

a ~ ~~ ~ 0%

~ +gO
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pile >3g2$ 2 Vol. I Sec. 1 Page 2 issued: 7-16-68
and Report

ConsTRUCTrpÃ DET.~1LS:

General - Tl.e naterial is prodnoed and snipped as
solid = annie" aterial, cat to a conical size of 1/10
inch or f'ner for.pneno'ics and 1/~ inch for the Alkyd
materials.

Fia~king - Shipping containers are narhed with the
materi ' signation arA the mac,erial manufzctu"er's name.

.GHi=BAL 3:SCR::"T:OH OF Ihf-"-STXGATZOÃ (IlOT FOR Z.'ISP="CTOR'S US=-

'N

A -~~w~a'"'na P o"r-an - Sanples oQGrades 1308,(~lR$21a2o ~'2alp0 'd -l e con.rrol Grad 79|Qwere snbJected~~spec-~ ~ functional test" ng pr endures
before oven aging and at certain intervals during oven
aging of the material. Oven aging te peratures were
selected which wou1d cause, accelera ed aging. ~ ~ing
was continued at each temperature until a property bein~
evaluated reached a tes" value of one half of the ur~ged
test va1ue. Zor that property, th's wzs conside ed the
end of life for the materia1 at..that oven tempera ure.—

5'he

end points at each'ging'e perature wece f

Cted.. Perfor~acd was ana1yzed.usE~ the least
"sauares'od

of reg essio".n analysis as indicated in ~=.~ 3 andards

calcsE&P: .-: '"'""-.wo -:"""-''n~t-a'': - "=:Wpm==—'-'.-—
P

~ ~ 0

'

A control na.terial Grade 791:was subjected:to th
'same type of functiorml testing procedures and oven aging-
con"itions to serve as a common 'base for establishing
~e-oerature ratios for the candidate materials. The
perfor ~nce of the cont ol ~teria1 was ana'yzed in the
same manner as the candidate materials.

3. Performance Zndexinz Data. - Various tests related
to the fi~ability cnaracteristics, electrical c.".zr*cter-
is ics and resistance to ignition p operties of Grades

*

13G8, 1325,,'llo64, .ljcsj, slBo79, .21 "2o, 22262, -241/5, .24525,
24%0 and the control.eGrzde jol were conducted on unatfed
speci=ens.

~ 0

~ ~ ~
~ l

~ ~ ~ w'

0&



,
1

N.

4L
pl

r

4

, 4

11 \

k 44

if'

h



File E3g252 Vol. I Sec. 1
. and Report

-
~ ZI(GEE~1."fG CONSTD:-P.gT~P r;S

Page 3 Issued: 7-16-68

.'tOT FPB Z~fSPZCT03~S USE):

Use - For use only in products where the acceptabili y
of the combination is determined by Und

rwriters'aborato."ies,Znc.

BtC' A~i. b'tt . -- Ph f 11
among the consiaeratzon to ce made in 5udging the use
of this material in an end use product.

The result™ of the therma1 aging program a e
summarized in Tab1e X.

The results of the aer1'arm ace inLming-are vzma d. d
P

These data may he used as an aid in evaluatinj the
materials covered by this. report linen used in 'e
applications.

se en product

'

Reference-should be made to the end procuct Standards
aced most current guides-to the-use of pl ti" (p as cs "(such as

feet 746 dated -3mrch 1, 1/67) with regard to other
requirements which should be .considered in judging the
)uitahility of these insulatM ~e"'"'--~cl=...

products
a

Reference ma~Km~e raane to &manufacturer's .

Technical Data (see 211. Bo. 19).
~ ~

TA3LZ 7,
P

Resu1ts of 'Zherma1 Agog Program

Temperature Bating '. Prooerties
Qe rees C

' 'Covered

'3.50 H~ Z~ F 8 D.S.

\ ~

2,55 R,E~ Fit D.S.

D.S.
D.S.

,ltR E,.F h
kl,'~ .F 5

l,70
180

~ 0

0 W
~

~
~ ~

neo ~ ~

ThicMess
- P~terial Inch

-: 7gl . 3./8
. -1309, 1329,
. ': lgG89~ 1Sg7$ ,

~ 21426, 22262,
2a480. 1/8

....118%;
'-'20525 .: .1/8

'24150 . 1jB

.: .H: -;Flexural Strength
Xmpact Strength

'- Z -.:Dielectric Strength
:.'.Arc Besistance

'..F. - .H.anmabi3.i ty...' D. 'S.:- Mmension 1 Stability
~

~
~

~
e

geo ~ ~

~ ~
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Zile F3gzg2 Vol. l Sec. l Page 4 Issued: 7-3.6-69
and Report

Flexural Stzen th - Deterred M accordance with
rASTll '(gO. Uegracatxon to 50 percent of the original
values was considered to be end of life.

~ ~

4

1t
~ ~

~ r

Xmaact Str nate. U... otched — To be determined in
accordance w. -h AS':.i~ 22~v, ~;etnol 3. Degradation o
$0 percent of the origi" 1 values was considered to be
end of 3.ife.

Dielectric Streng h -'ete mined in accordance
with AS7» DlQg-. No app eciab3.e degr dation occurred.
luring aging.

4

~ ~
0

r ~

' \ ~

~ ~
~ r ~ r~

r ~

Arc Resistance. - De erin d 'n accordance wX'thrrrr I&9, '-'.wr -ll= r i ~ d
aging

D&ensioral Stability» Measured.on =lexural Strength
specimens. ho aovreciao change durir~ a=in"-.

Plazmaai'lity - rDetemkned Es accordance wi h AP'24:--
26/5..'lo change in flazx~bf.M~ty c3.asskfication during
the ag5.ng period.

The above f.s a summa~ oZ he grope .ties coverel in
the aging program. For aatm3; failure.XM s a% property
values refer to test xecord.-

r

~ J ~ ~

~ ~ ~

~ e

r ~ ~

% ~

0 ~

~ ~ ~

~ ~

~ ~ ~ e 'was ~ ~W~r
~y%

~ Q fo
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39252 Page T2-3 issued: 7-16-68

;prials

TABLE ZU

OVZH TKIQ'EHATURZS DEGREES C

Agin"- Temoe rat;ures

240 225 215 205 150 175 ~16

ig
60
26
go
25
75
39
30

X
X
X
X

X X
X X
X X
X X
X X
X X
X

X X

X X X
X X X
X
x(l) x x
X X.

I

4

I

~ ~

~ ~

~ ~

~ ~

~ ~ ~~r ~ 0 ~ r
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je ~>9 Page T2-2 Issued: 7-16-6B

TABLE III
AGING 'TEST PER

ASTI<
o.psrty 'e thod

exural strength D790
exuvial strength D790

:mac.t strength D256
otched Method "B"

g;ensional s ability (1')
.electric strength D149 (2)
.ammability A D635 (3)
-c resistance ' D495

4 dia by 1/16
5 by 1/2 by 1/4
(4) (3)

~ 5
5

MATERIAL P=R TEllPEBATURE
Speciaren Specimens
Siie Per Measure .-

5 by 1/2 by 1/8 5
5 by 1/2 by 1/4 5
2-1/2 by 1/2 by 1/4 5

YiES:

Measure dimensional stabi1ity on flexural specimens.
500 v/ ec. to dielectric breakdown (Zii AIR).,

3 De1ayed specimens tested when other properties
decrease to 50 p-rcent of the as received value.

4) Die3.ectric strength specimens used.

33tTHOL D="XA:

Q The. control material wae a phenolic molding compound
c'5 791 which, b:.~se on tests and field experience,

s bye~ shown to be suitable for conti.nuous operation
: 153 G. Specimens of this za.terial were aged at
l.evated te-pe atu"es and the degradation of tensile
l.e}d was masured periodically to establish a time-
mnperature re1ationship ba"ed on $0 percent degradation
vr this material under the same .test procedure a that
sed for phe"olic molding compounds I<os. 1308, 21426,
1864 and Alkyd molding compound Ão; 24150.
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Page T2-1 Issued: 7-16-68

TEST RECORD N 0 ~ 2

A!!PLES:

Durez Phenolic ?soldinj Compounds hos $08, 21426,
1864 and Alkyd Holding Compound No. 24150 sere sub)ected
o the test orocedure described be1ow to determine the
herral agir;g characteristic" of the material.
.:!i-PAL:

3
f ~

t

The inve tig tion followed the proposed test
.-ocedure for ev"luation of insulating material as
:cczmended by IE~. This program is based on the
'suaption that heat aging is the chief cause of insulation
.terioration.

Samples of.the phenolic and Alkyd materials and
.so the control materi 1 were sub/ected to a specific
sting, procedure, and time temper"ture relationships
re established. 3ased on a .comparison of the relation-
ips developed,, and also with consideration to the
eld service record of 1308,:21426, 11864 and 24150

rature ratings, as indic""ed in Table I of'his
, were established.

The program covers the effects'of'aging oii the ." .

exural strength, f~pact strength and dielectric strength.
vperties of each material.

'I

3CZDURZ:

~ Selectiea of Aging Temperatures - The temperatures
be used to proauce tne acceJ.crated aging of Durez
:nolic ?lolding Compound Nos..1/08, 21426, 11864 and
:yd Kolding Ccmpound I'to. 24150 were selected as 215, 205,
), 175 and 165 degrees C. *

~ ~

Sample Preparation - A sufficd.ent number of specimens
'e compression molded in the sizes needed to perform
: physical and electrical property tests at various
<ods of time at each aging temperature..

>FERTIES EVALUATED:
'he

property measurement test data. permi ts the
phical determination of the ime needed, at each

temperature, to produce a 50 percent degradation
.as received property value. The 50 percent
ation point,s'at each agin-" temperature and for each

cherty} ~!ere used to cstabli"h a time-temperatu>e
a ionship. Fifty percent degradation poimts were
ab3.3.shed for the properties of f lg.i»i~~

o ~

~ I
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