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NIAGARA MOHAWK POWER CORPORATION/301 PLAINFIELD ROAD, 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 Main Steam Isolation Valve (MSIV)
actuator solenoids.

Attachment 1 to this Tetter provides a design change to the method of
supplying power to the actuator solenoids. Attachment 2 provides responses to
the concerns raised by your staff about the revised design during a conference
call 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 Commission. The revised design will be incorporated into
the next update of the Final Safety Analysis Report.

Very truly yours,

C. V. Mangzx

Senior Vice President

TS/pns
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

In the Matter of

]
]
Niagara Mohawk Power Corporation 1} Docket No. 50-410
]
(Nine Mile Point Unit 2) ]
AFFIDAVIT
C. V. Mangan , 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.

/:\MAAAA&&M,\
Subscribed and sworn to before me, a Notary Public in and for the State of
New York and County of (7/hlﬂwalzlza4L/ , this /f;ak day
of O&nuuuq, » 1987.
4 /

/ébbt Nt i Bhorns;

Notary Public in and for

C?/nl”76£22€ym_/ County, New York

My Commission expires:

BETH A. MENIKHEIN
Notary Public In the State of New York
Quallfied In Onondaga County No. 4804074
My Commlssion Explres August 31, 19,
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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.

““€3*Oh”ﬂanuaryﬁsﬁﬂﬂ987,ﬂwe?discussed?using an- appropriate-isolation 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. He have completed this evaluation and determined that

““the’ 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. MWe have, therefore, prepared the attached design to
eliminate both of the above stated drawbacks.

* * The*proposéd '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. HWe 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.

A } D
87012101491
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MSIV REVISED CIRCUITRY
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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/TELEMECHANIQUE (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-1E Logic
Channel and Channel 1.

“ﬁ‘*%}kﬁ“Thezprbpdsedﬂlogié“cichitsVForvthe 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 penetfation is made only by
the mechanical operating shaft of the relay which is non-metallic.
Minimum physical separation of coil and contacts is maintained.

»+ U Propagationiof 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

24406
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Trial=Use Standard Criteria for Separation‘of.Class 1E Equipment and
Circuits" was provided to the NRC staff in Questions and Respon§es
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

d 421.47-1, NMP2 is using two interrupting devices actuated by fault

current to isolate non-class 1E 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 C1 in FSAR Section 1.8, page 89 of 169. The use of two 1E
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 1E 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.

2440G

Main Steam Isolation Valve Testing

The present commitment forlteSting 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-energize one of the hydraulic solenoids. MWith the
previous design, the main steam isolation valve would not close with a
single solenoid de-energized. HWith 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 CR4B) was included. This allows



- 2y wiad - w

1 5

V- PRI L PR -
r-

Cam
. i
2t Bake s
'
3

wane



R ]

*“testing*in.conformance-with Regulatory:Guide-1.118 and Technical
Specificétions. 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-pattern
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

~refueling.outage test. NMP2 results will be the same. The probability

'thafﬁthe protection system Will fail to operate is the same as
previously prdVided. *As a comparison, the series valve arrangement
contained in the Y-pattern globe valve requires actuation of both
solenoid valves to operate the MSIV.

QUALITY OF SOLENOID "SVC" AND NON-1E CHANNEL

The Non-1E 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-1E since operation
of solenoid "SVC" is not required for safe shutdown. However, the
quality of Non-1E components and their installation approach the level
of quality achieved in the Class 1E circuits.

The vendor supplied Non-1E components and wiring in the logic panels are
identical to those found in the Class 1E 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 1E wires, connectors and

installation procedures. All site supplied interconnecting cable is

2440G
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purchased as Class 1E. 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 1E installations, maintain
proper separation, and are either seismically qualified, or have had a
QA Cat II over I evaluation performed.

RELIABILITY OF DUAL UNINTERRUPTABLE POWER SUPPLIES FEEDING MSIV LOGIC
CIRCUITS ’ '

Power is provided to the MSIV actuator circuits via 2 sets of
uninterruptable power supplies. UPS 3A provides power to the outboard

valves (Channel 1) dnd the inboard valves (Channel 2 and Non-1E

. Channel). UPS 3B 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” and purchase order as other Unit 2 Class 1E
UPS's. ‘

Each UPS has three sources of power to draw from: 1. Normal -

.rectified, .inverted, requlated 120 VAC output from a normal 600-volt

" input supply which i's Wltimatély fed from the normal station service

2440G

transformer with a reserve station transformer as the alternate; 2.
Battery Backup - inverted, regulated 120 VAC output direct from station
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.




e Xe

w

R T FA sk




™

VI.

¥

2440G

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 cycie.

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.

CHANGES TO PREVIQUS SUBMITTALS

The proposed removal of the RPS uninterruptable power supply
auctioneering‘’cifcuit, ‘required revisions to previously submitted
correspondence.

1. Reference Letter #NMP2L 0920, dated October *21, 1986, which enclosed
the' final report in-accordance with '10CFR50.55(e) -concerning MSIV
Actuator Problems. ' The final report, 10CFRS0.55(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.

T10:
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.






“'REASON:

‘D "+ » ™ _Deleted section will no longer apply since it is proposed to remove
this .enhancement from the circuit.

2. Reference Letter #NMP2L 0955, dated December 16, 1986, which
provided information relative to the ongoing MSIV Preoperational
- Testing. Section IV and X need revisions as follows:

"y 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 “Evaluationvof:RPS Trip
: Initiating During Actuator Testing." The last paragraph
‘D K S 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

2.0

1.1 To review the Gould Qualification Program against the require-
ments of SCW 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.

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 & Systems Division's Plan forAIEEE Standard
323-1974 Qualification," 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 @ 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 30, 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 79-01B 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 loca-
tion. . ", It is further stated that, "Test reports are not re-
quired to be submitted, " Test report references must be included
in 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
reports:

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

» SC 274, Rev 0; Seismic Certification of J10 Realys to
IEEE 344-1975; dated 1/18/80.

r

FSD's review 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 SEW Design Specifica-

- tion NMP2-P303D. Comparison of the test program with the specifica-
tion requirements is as follows:

2.1 Environmental Service Requirements

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:

.y
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T 2.2

2.3

=3
Hormal Conditions
Frassure! 0.1 to «1,0 in wxter gage,
static pressurs
Temperature: 65°F to 104°r
Relative Humidity: 0% to QO%
Madiation: 5,0 2 10" rads

(40=yanr intsgrated dona)

Accidont Conditions

- Prassure: ' 7 in. water gaga,
"static pressure
Temparature: 65°F to 304°F
Relative Humidity: 100% .
Radiation: 4.0 % 10! radp (18t hour)

2.0 % 10° radg (&-month
integrated dose)

Attachnent A to Gould Report CC-323,74-62 lists ths environ-
mental and operational levels simulated for the aging tests.
Compmrison with the above SCW spacifiod conditions demonstrates
that the 5CW requirements wers mat or exceaded. ’

»

Definition of Class IZ Nelay Safety Function

The zafety function for ralays in the G+W=FSD NSIV syptem
im that there be no spurious opnration of the relay con-
tacts that could prevent HSIV clopure during a Dasign
Banis Event (DBE) or unintentional ra-oponinq of the HSIV
following the DBE.

Spurious operation is defined am inndvertant opening/closure
of econtacts for a duration equal to or greater than 3.0 milli~

seconds.,

Discussion of Gould Test Philosophy

Gould has followed an innovative approach to equipment fgualw-

‘dfication.
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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 agiﬁg‘
mechanism when applied to Gould's switching devices, 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 Operat;on of Switching Devxces "

‘contazned herein as Appendix A.

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

Y

The qonclusion (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,
188, 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
SEW specified response spectra will demonstrate the ade-
quacy of Gould J10 relays as utilized in the FSD cabinets.
The seismic test veport 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 ab111ty to perform thexr safety-
relayed function in the Nine Mile Point Unit 2 Nuclear Power
Generating Station per the normal and accident environmental -
conditions of SEW 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. | -

3.2 Environmentally agéd 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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< | | | F 80 259.2

o . A STUDY OF THE EFFECT OF ACING OXK THE
= OPERATION OF SWITCHING DEVICES .

$. ?. Caxrfagno, Member, 1EIE
Pranklin Resesrch Center
miledelphia, PA 19103

Adbstract = An experimental study wvas conducted
to deternine vhether equipcent aging affects the
vulnerability of electric switching devices to mal-
functicn caused by vidratory. stresses in the range
of seismic frequencies and acceleration amplitudes.
The study included & vibration test before and after
8 progras of accelersted aging designed to sirulate

. forty years of service in areas outside the contsin=
aet of a nuclear pover generating station., Cxoa
{rradistion, thermal aging, electrical/mechanical
cycling snd sisulation of opersting bdasis earth~
quakes vere included in the program of accelerated
aging, MNalfuncticn vas defined as spurious opening
ot closing of contacts for times in excess of 1 ms
daring the vibration tests.

* .

For most devices the fragility level wvas ap-
sroximately the sese before and after aging. 1Ia
scoe cases the fragility 1level incressed and in
others {t decreased, but the changes vere usuzlly
vot significantly different from the difference of
Zragility levels observed for duplicate specimens
woder identical test conditions, Because of the
a%ence of a clear correlation batveen accelerated
agiug and the wvuinerability to vibratory stresses,
the results of the study do mot support® the require-
‘=zt that seisnic qualification be conducted with
. .Jaged specinens.

INTRODUCTION

The objective of this study vas to detersine
the effect of accelersted aging on the vulnerability
of electric svitching devices to vibratory motion at
frequencies snd =plitudes typical of seismic dis-
turbances, The publication of IETE Std 323-1974 (1)
and {ts endorseoent’ (vith exceptions) by Regulatory
Cuide 1.89 [2}) of the U.S. Nuclear Regulatory
Cxzission ecjhasized the requirezent of an earlier
standard, ITIE Std 279-1971 (3], that the degrada~
tica of safety-system equijment during service be
taken into asccont in qualificatica for use in
muclear pover generating stations., Hovever, the
status of equipment aging technology and our ability
to define all of the significant aging stresses that
usy de inposed {n service are inadequate to permit
the forwmulation of accelerated aging procedures (to
simulate the natural aging thst occurs in service)
en a_ scientifically rigorous basis. Furthersore,
vithout experioental verification, it need not
secessarily be assuned that aged equimment is more
likely than nev equiment to mslfunetion when sub=

¥ 80 259-2 A paper veconmended and approved by the
IIEL Pover Cenerstfon Coraittee of the IEEE Pover
hpinsering Society for presentation at the IEEE PIS
<dinter Meeting, Nev York, NY, February 3-5, 19E0,
Minuseript subaitted Septerber 7, 1979; made availadle
for printing Kovenber 16, 1979,

C. Erich Reberlein, Jr., Henber, IZEZ
Could, 1Inc.

Distridution and Controls Divisicn

P?. 0. Box 306 -
Vestninster, MD 21157

Jected to the stresses of an accident, during which
the equipnent {s required to perform s salety
function. The study reported herein vas sn effort
to deternine expericentally the effect of sccelerated
aging on the wulneradbility of electric svitching
devices to zalfunction as & consequence of s seiscic
disturbance, While the asccelerated aging prograa
vas intended to be typical of prograss used in the
qualification of electrical switching devices, its
corrclation with a specific set of service condi-~
tions vas not of major {mportance.

TEST SPECIMENS

Ihis program was conducted on the 24 specinmens
1i{sted in Table ). Specimens 1B through 183 consti-
tute & series of 9 pairs of duplicate specizens;
specinens 273 and 288, vhich are identical to speci-
oens 7B and 8B, vere added to the progran after the
initial series of vibration tests had been completed.

Tadle 1. Identification of Test Spccinms

Note: All specinens consisted of duplizate pairs,
except specimens 198 through 223
- Sprecinen No. . Desccipeion
13 Circulc Sresker
28 . étr:ut: Sresker
D Relay <00
43 Relay
sas Time=Delay Relay
63 >?iacobc1ay Relay
i Tiza=Delay Relay
.8 Tine-Delay Relay
3 Relay
108 Relay
113 Contactor
123 Contactor
13 ; Starter
143 Starter
153 Circuit Bresker
163 ‘| circuic Breaker
173 Circutt Breasxer
133 Circuit Breaker
193 Scarter
. 203 | scarter
213e Circuit Bresker '
. 22 Current-Limiting Fuacs/
Fuse Block vwith Trip Indisater
n Tize-Delay Kelay
.28 Tine-Delay Relay

*Falled functionel test after irrsdiacion.

© 1930 IEEE
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Your other devices were tepresented by ose specimen
each: Specimens 198, 203 snd’ 21B were sewitching
devices; and specioen 228 consisted of fuses mounted
on 8 block equipped vith s trip-indicating mechanisa.
Specimens 53, 6B and 213 failed as & result of gazma
{irradistion snd wers oot carried through the rest of
the prograz.

EXPERIMENTAL PROGRAM

The experimental progran consisted essentially
of the folloving elements: a fragility-type vibra-
tion test on nev devices, accelersted aging of the
devicss mnd & repetition of the wibration testc.
These test elements are listed in Table 2 and axe
dascribed in the following parsgraphs.

Table 2. List of Test Elements

1. Yunctional Test'
2, Vidbration Tast
3. PFuactional Test

. & Camas Irradiation
S. Functional Test

6. Accelerated Tharmal Aging
(At High Relative Humidity)

7. Runctional Test
S B ncctr_ical/}ucbu;ical Life Cycling
9. Mactional Test
10. Accelerated Thermal Aging (Coils Only
11. Functional Testc
12. OBE Vibration
13. DRapeat of Vibracion Test
14. TYunctional Test

YJunctional Test. Baseline functional tests were
conducged at a test bench, wvhere arrangements were
sade for the proper coil power source for electri-
cally operated specimens. Coil continuity wvas
checked with an ohmmeter and a check wvas smade for
sbort circuits to ground., If a device had NC (nor-
mally closed) contacts, electrical continuity through
these contacts wvas checked. Devices with NO (mor-
sally open) contacts were exercised to the closed
position, and continuicy was checked through these
contacts; the devices were then returned to the open
condition. Three such operating cycles were accuau-
lated on each opersting device during esch fuactional
test.

Vibration Test, This test was designed to provide &
mesns of comparing the performance of the devices
before and after aging vhen subjected to vibration
at discrece frequencies separated. by 1/3-octave
istervals between 1 and 32 Hz. All specibens wvere
wounted {n their normal, upright position and sub-
Jected to single-frequency, sinusoidal vibration in
the horizontal direction, perpendicular to the front
face of each device (parallel to axis of contact
notim), vhich wvas judged to be the direction most
likely to produce spurious contact chatter. Figure
1 illustrates a typical test setup. At each fre-
quency, the acceleration asplitude was increased
gradually to the test limit (sce TEST RESULTS) or to
the fragility 1level, and vibration was then con-
tirued for 30 seconds. The fragility level ot any
cne frequeacy was defined as the highest asccel-
eration amplitude the device could vichstand for

30 seconds without wmslfunction., This procedure
provided a severe test of the vulnerability of the
devices %o seisamic vibrations.

’ Malfunction was defined as spurious concact
opening or closing for an interval exceeding 1 ms.
The devices vers also sonitored for incipient fail-
ure, wvhich vas defined as an {ncreise in concact
Tesistance as evidenced by & reductizm in contact
current, The criterion for malfunction {s socmevhat
arbitrary, because no specific application wvis ad-
dressed; hovever, it is a conservative choice com~
pared with the cvpical qualification requirenent
that contact chatter time be less than 2 ws, i.e.,
tvice the value used {n chis study. The conserva~
tism of | us {s also indicated by the factc that IEEE
Sed 649 [4) gives the maximun permissible contact
chatter tipe as 2 ns,

Pigure 1. Viev of s;nciimu 198 and 203
NMounted oa Shaker

All the 3-~pole devices were checked {n two
sodes:

Hode 1. Coil energized/breaker closed; tw

closed (MO) contact pairs wized in
series with a current source and
seasitive acmeter, one closed (40)
contact pair connected to the contact
moaitor to detect spuricus openings.
Coils de-enargized/breaker open; one
open (MO) contsct pair connected 2
the contsct monitor to detect
) . ospurious closures.
During  vibration, the aged®  concaces
monitored for contact chatter, and the other
contacts were energized., If malfunction occurred,
the sccelerscion mplitude vas decreased in small
steps to estadlish cthe fragility level, &t which
vibratiocn vas maintained for 30 seconds.

Operation of the desvices was checked during
vibration at esch of the test frequencies; in addi-
tion, for those devices that exhidited  fragility
(i.e., spurious contact opening or clesing) st
acceleration levels below the test limits, operation

Mode io

- was checked at an scceleration mplitude 103 bdelow

the fragility level.

T The aged contacts were those that had been
subjected to electrical/mechsnical life cycling.
See Electricel/Mechanical Life Tests under TEST

. PROCEDURES.

' were |

-

“/






N
s

5y

. N

~
Bunidicy,

Catoe Yrradiation. Yolloving the initisl vidration
teac snd tunctional check, - the sprcinens wvere
exposed to garma radiation from s cobslt 60 source.
In all Bt tvo cases the specimens received an air
equivalent dose of 10 Hrd of gioma radistion.*
Specimen 278 vas {rradiated to a dose of 0.5 Nrd and
283 to s dose of 1.0 Mrd. These doses considerably
exceed the dose expected from 40 yesars of normal

_service plus the dose due to abnormal operating con- -
ditions in the outside~contsiment locations where

the devices are normally used; the sun of these does
oot exceed approximately 104 .4
Coils used to replace those damaged during the

supplemental accelerated theromal aging of coils were
exposed, prior to their assembly into the gest
specinens, to the saze dose as that vhich had been
teceived by the damaged coils.

< pigire 2 shows sone of the specimens in a
typical srrangement for gamma irradiatiom.

Photograph of Typical Setup for Canma
Trradistion (Photographed at Radiation
Technology, Inc.)

Yigure 2.

Accelerated Thermsl Azing, It was desired thst all
of the test specizens be brought to a condition
equivalent to cthat expccted after 40 years of
{nstalled life in a nuclesr pover plant, while
deenergized, in o mbient environsent having a
continugus temperature of 1049 (40°C). Based
oa the Arrhenius model, the calculated sccelerated
aging time for an oven tesperature _af 2120¢
{5)
In a effort to simulate the effects of
1dity, the relacive humidity in the thermal-sging
even vas maintained st & value close to 1002 .during

® Air equivalent dose s defined as the energy that
would de absorbed per unit mass of air at the geo-
metric center of the volume occupied by the
specimen if {t were replaced wvith aivr &d a
uniform flux vere incident ac the boundary of the
volume, directed towvard the center. Irctadiation
wvas conducted at Radistion Technology, Inc., and
Isomedixz Inc,

most of ‘the accelerated aging period. Iz is not
known vhat factor hunidity effects were acceler-
ated, if any.

Flectrical/Mechanical Life Tests. The test specizens

"vere subjected to electrical/mechanical life tests to

siaulate degradation csused by operation in service.
The projected nusber of operating cycles over a 40-
year period was determined by the oanufacturer on
the basis of prior experience. Tadle 3 lises the
slectrical loading and the nuaber of cycles accumu~

lated on each device. 1In multi-contact devices,
only one of the contacts was energized  during

operational aging; this aged contact vas the one
monitored for contact chatter  duriag subsequent

vidration tests.

Table 3. Cycles Accumulated During Electrical/
' Mechanicsl Life Tests

kY

sPEcTIEY 30, %0, OF Cvcies CONDITIONS
u T o » am
4000 Ne lead
n 000 0 ane
. 4000 %o load
P HO 2.0 x 10 3 one
Y 2.0 = 10% 3 e
b1 fosyved {rom pregras after irradistion
o Semoved from pregrem aftar {rredistien
" 1.0 = 10° Ralay lead
u 10220 beley Loss
" . 2.0x10° 3 ane
103 2.0 x 10° 3 ame
us 2.3 x 10° 0
1 2.3 2 108 0 e
133¢ 2.5 x 10° wete t
U 25 s xo‘ Pete )
153 6000 2
4000 %o load
us N 000 X ame
$000 e load
11 4000 128 amw
4000 Yo lesd
i 4000 123 ame
4000 Po load
13 1.0 = 108 Yoce 2
2000 2.9 = 10° Yete 1
3% ) fesoved {rem pregram after frradiation
23 o operatisns requited —
s 1.0 = 10° Laley lead
£ 3.0 = 20% Salay lead

*These davices vare ¢ycled witheut c‘loetttnl lesding. Nowvever, the con~
CaLte were teplaced vith Coutacts temoved from 14eoCicsl Cavices previcusiy
oubjected to electrical lead cycles as follevs:

Boto 1. Nake 84 A @ 452 P.F., bresk 36 A € 902 2.7, aag 48O Y,
2.3 5 10 cyclen ot rate of $0C/Nh, -

Kote 2. Make YOO A @ 432 P.7., bresk S0 A 9982 P.F, and 480 V.
1.0 5 10¢ eycles ot rate of 430/M.

0BE Vibracion. For this part of che progras, the

speciaens vere again mounted in their nomal upright
posicion in & rigid fixture. The shaker sctuator

vas oriented at an angle of 45 yich the horizon-

tal direction, so that the specimens wvere subjeated .

simultancously to horizontal and vertical (inphase)

"
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vibratians, Figure 3 illpf:u_tn a typical test
setup. The level of OBE vibration chosen for these

tests o4 a typicsl test response spectrus are shown
{fa Pigure 4, [Each device was subjected to five
0SZ-level vibrations of 30-second duratiom, with the

fraue of the devics facing each of the four cardinal '

{izections, wmaking a° total of , twenty 3I0-second
ibrations.

For esch of the swvitching devices, the contact
that had been sudbjected to life cycling was woni-

tored for contact chatter exceeding 1 ms ia duration.

P T i g =
H (/‘// 1
RIS 5 F e I L
(LR A 1.
{ .o ..?.g,’,lis':m.‘( ~f . A
g edier T1danl, 4 k4
E. ‘,J/ ’.‘-.: fr. "f:’ 'lr")::-f‘:- . o
L P O e ST (¢ , 27
[ .o 8 [: 4 .J \ /
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Typical Arrangezent of Specimens for
OBE Vidration Test

Actustor Oriencations 450 vith Horizontal

‘ Direction

Normsl Upright Position

(P15
P
— P FRaAULS POV Sl SRR
ar .

SUSIAC RESPONST 32CCIALM EENRAY IR |
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e ":00 L I B A Y.V -
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.

Tigure &, Typical Test Respoase Spectrum of the OBE
Wibcation

v

The other, closed-contact pairs were connected in

series wvith a4 lov-voltage current supply and
energized wvwith load currents. The OBE test wvas
perforned only wvith the specimens energized (coil-
sctivated devices) or closed (handle-sctivated
devices).

, TIST RESULTS

The test results ere {llustrated by the dia-
geems {n Figure S, which show the differences
between fragility levels before end after the accel-
erated aging progvam. In most cases, there vas no
difference between the fragility levels before and
after aging; this includes the cases in which the
fragility level exceeded the test lisic.

The specizens passed all inspections amd fune-
tional tests conducted, in sccordance with the out-
1ine givan in Table 2, vith minor exceptions occur~
ring sfter gamma irradiation. These exceptions are
discussed {n the following paragraphs.

The functionsl tests which vere performed fol-
loving 10 Hrd of gacms irradistion revealed discol-
ocration of plastic materials (specimens 138 and [4B)
and three Inoperative devices: S8, 68 and 213. The
eslcon and delrin parts in specimens SB, 6B and 213
fractured as & consequence of crystallization and
eadrittlement. A delay-tine adjustaent screv wvas
broken on specimen 3B during the functional test,

Specipens 78 and 8B did not function properly
when first checked ac ' this point in the program
(after irradiatioa), and specimens 273 and 283 vere.
sdded to the program to replacs then. However, vhen

the specimens were rechecked, they functioned satis-

factorily. Consegquently, specimens 7B and 83 were
put through the rest of the progran along vith the
duplicate specimens 273 and 288; and they cantinued

to function satisfactorily throughout the program.’

A thorough reviev of all aevents pertaining to
specinens 7B and 83 diéd not -resclve the conflicting
observations made after frradistion during the first
fuwctional test and the subsequent rechack.

Whea specimens 273 and 288 wvere added to the
progrea to rteplace specimens 78 and 8B, the gwcma
dose had besn re~evaluated; and it was decided on
the bssis of additional informstica that & much
lover gama dose vas more appropriate for che out-
of~contaiment locations whers switchgesr conponents
are likely to be placed. Therefore, specizens 273
and 288 were subjected to 0.5 Mrd and 1.0 Mrd,
respectively, of gamma rvadiation. Since the initial
vibration tests had already been comwpleted vhen spec-
izens 278 and 283 were added to the program (and the
vibration test facility vas unavailable for a pro-
loaged period), these specimens were subjected only
to the f£inal widration ctest. However, these are
solid state tiae-dclay celays (i.e., have no ooving
parts) vhich either function satisfactoriiy or do
not function at all; and since they passed the final
vidracion test, it is reasonable to sssume that they
would slso have passed the inizial vibration tes:.

ANALYSIS OF THE EFFECT Of AGING ON
= SIHIC VOLYTIRBYLTTY

Introduction. In those cases in which the devices
id not exhidbit spurious contact chatter either
before or after the aging program, it ia reasonable
to assume that aging had negligible influence on
their seismic vulnerability as tested in this study.
In cases vhere contact chatter did occur (in one or
both of the vibration tescs), an sttempt vas 2ace %o
determine vhether aging had produced 3 significant
change in the fragility level, which is & mcavure of
the ability of the devices to wvithstand vibrations
{a the seiamic range. Since only tuo specimens “of
esch device were tested (the nunber being limited by
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ssartechoical considerations), it wvas difficult to
perfom o quancitative scatisticsl analysis; there-
¢xe, & qualitative measure was the best that could
te schieved using conventional statistical proce~
édaces.
taia vhether the changes observed were sufficiently
“wge to be mlikely to have ocsurred by chance.
It was asswmned thst the effect of aging, if
7, would be a reduction in the value of the fra-
gility level. A normal distribution of fragility
levels asbout the mean wvas assused to apply for
vepested wmeasureaents. This implies that samall
waristions of fragility level about the mean value
are such more likely than large varistions to occur
by chance. Therefore, & 1large reduction in the
fragility level measured after aging, compared to

.the fragility level before aging, vas more likely to

be a statistically significant effect of aging
rather than & chance variation. The criterion
chosen for distinguishing significant changes i3

f1lustrated in Pigure 6: a limiting change in

MROSABILITY

NOAMAL
DISTRIBUTION
CUAvL .

0% Of ArCA
UROCR CUAVE :
- 2

e

(] .
] . FRAGRITYLEVEL ¢

l__——-.-——' MCé VARIATIONS —-I

SICHIFICANT
! KEOUCTIONS

Definition of Significant Reducticms in

fragility level wvas definad such that values less

i @ 7gure 6.
.V E Fragility Level

than (§ - u) were likely to occur by chance in enly
10 percent of the measurements. If the fragility
level after aging vas less than (§ - u), the change
vas tegarded as being statistically significant at
the 10-percent level, 1In the language of statis-
tics, the hypothesis that aging has no significant
effect vas made and a test vas applied to determine
whether the hypothesis could be rejected.

A description of the analytical procedure and
‘the tabulated results are given in the following
sectica.

tested

Anslysis. Tach frequency had to . be
separately for a significant difference in the

fragility "g"' level since each frequency is

{ndependent of the others.

Lat ® msan g level bdefore aging, from 2 samples
g, ® mean g level after aging, from 2 szaples
Ty ® range of values of
T, © range of values of g

S " estimated standard diviation of smuple b

s, " estimated standard deviastion of sample a
® npumber of wnits in sample d

s, ® aumber of wits {n sanmple &

d.f. ® degraes of freedoa = (n‘-l) . (nb-l)

The standard deviation $, of the difference may be
calculated froa

2 2
- 1)5. + (n.b l)sb

n.+n.°-2

2.(n.
d

Zesentially, an atteapt vas made O ascer=_

Tor small saples, the standard deviation of
the ssaple may be estimated by the range r of the
semple, i.¢., S ® 1 and S, = 7T,. Then for
n.'nb'z. ve have .

84 ° [(t‘z + ’bz)/ 2]U2

As stated sbove, it was decided to regard the
change (reduction) in fragility level as significant
£f it wvas large enough to have occurred by chance ia
only 105 of a large nusber of tests. Accordingiy,
the probability that the observed dats could have
occurred by chance vas assigned the value 103. From
tables of "student” t for 2 degrees of freedorm,
for a » 10 wve find t = 1.89. The difference
T, - g5, i significant at the 105 1level,
one~zailed, if it is greater than u, wvhere

R TN sd[(“n + nb),“anb]llz

Tor the values givan

u - 1.1!9[(;-‘z + rbz)lz]l‘,2

- 1..‘.Bk(r‘z + rbz)uz

The analysis was applied for each of the
frequencies tested separately and not for a pooling
of the changes for all the frequencies.

The number of samples vas insufficient and the
varimce asong acasurements too large to permit any

strong statistical scatements. Only very large
changes i{n fragilicy level would allow the
differencas to be significant. ., Therefore, the

trends observed could not be substantiated by the
analysis.

In most cases, the znalysis did not provide s
basis for rejecting the hypothesis that thece was no
statistically significant aging effect. A sumary
of the results of calculations for a number of
specinens is given in Table 4.

Alternative Statistical Anslvses. Other statistical
tests can be applied which take the changes in
fragility level atr the- several frequencies irto
account together rather than separately, as vas done
{n the foregoing section. The Wilcoxon Matched-
Pairs Signed-Ranks Test (a powerful non-parazmecric
test) i{s suitable for this purpose {6}. When this
test wvas applied to specimens 9B and 108 individ-
ually, it wvas shown that aging decreased the
fragility leval of 98 with a significance level of
$2, but aging did not decrease the fragility of 108
at the 102 significance level.

DISCUSSION OF RESULTS

The evaluation of the effect of aging on the
fragility level of the devices vas based on the 'data
obtained on 10 pairs of specimens (1T Chrough 183,
plus 278 and 288) and four individual specimens (193
through 238),






Table 4, Sumary of Observed Changes in Fragility Level .
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0f the 24 specimens included in the malysias, &
pair of time-delay relays (5B and 68) and & circuit
breaker (213) vere dropped from the program because
of failure to pass baseline tests after garms
ircadiation, It is possible chat the subscitucion
of vadiatim-resistant materials for the celcon and
delzin parts {n these davices would correct the
probles, Algo, the devices zight 20t have failed if
the radf{ation dose had bdeen limited to & level con-
sistent vith most out-of-contaimment applications.®
Accordingly, it is not certain that there was
significant aging of specimens 5B, 6B and 21B; tut
it would be advisable in ey case, on the basis of
tbe results of the test program, to avoid the use of
asterials, such as celcon and delrin, which do not
bhave high resistance to gamma radiatiom.

Tive pairs of devices and one other device &id
80t have any fragility levels belcow the test levels
before or after the accelersted aging tests. (These
specimens were 1B/28, 33/43, .73/83, 158/163, 178/188
ad 223), Two devices (278, 283) wvhich. did not
teceive & “bdefore" test showed no spurious response
fo & “after” test. Since these were solid state
time-delay rvelays which have no wmoving contacts, it
is ressonadle to sssume that they would not have

exhibited any spuriocus response {n the "befors" test .

£f {t had been performed. The results obtsined with
this group of 13 specimens is consistent wvith the
position that sging does oot significanzly affect
the seismic vulnerability of the devices.

The data of the remasining specimens were
subjected to a statistical analysis, the results of
which (see Table 4) are sumnarized below:

3. Yor uits 93 aond 103, there vas & signifi-
cant decrease in fragility level at two
frequencies and e significant increase

at one frequency. There were changes in
fragility level at seven other frequencies

* Sees Functional Tests under TEST RESULTS.

2.

3

&

that weare not etatisticzlly significant.
In addicion, <there wvas no change in
fragility leval at six other frequercies.
Therefore, degradation due to aging vas not
demonstrated for these tvo specimens at the
102 significance level. .

For units 113 and 128, at all eight frequen-
cies vhere thers was a change in fragiliecy
level the mean change wvas to a higher fra-
gility level, While this appeared to be 2
strong trend toward improvement with aging,
aone of the changes wvas statiscically
significant at the 103 level, 1In additiom,
there vas no change in frazility level at
eight other frequencies. Therefcre, the
appsrent improvement in performance was not
deaonstrated for these two specimens at the
102 significance level.

For units 133 and 143, there vares decresses
in fragility 1level at six frequencies;
three of these  were statistically
significant at the 102 level amnd three vere
not. In addition, there was no change in
fragility level at ten other frequencies.
Therefore, degradation due to agiog vas not
demonstrated for these two gpecimens at the
102 significance level.

For the two devices, 198 and 203, vhere
only & single specimen of each wvas
avsilable, a strong trend tovard a decrease
in fragility 1level was observed across
frequancies between 6.3 and 32 Hz, but this
vas not analyzed statistically. At
frequencies bdetween 1.0 and 5.0 Hz, bdoth
units had no change in fragility level.

For these tvo units, {f the same changes in

fragility level had been observed in a
larger sasple size, it i{s suspected that an
aging trend could have bedn demonstirated
statistically. ‘
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CORCLUS ION
The study wvas conducted to {nvestigste the

effect of aging on the wvulnerability of electro-
mechanicsl compcnents to seismic-type vibration with
respect to their Class 1E function., The devices
tested i{ncluded relays, starters, 'contactors and
cireuit breskers. Each device was subjected to &
wvidration test before and after m sccelerated aging
progran intended to simulate the degradation caused
by 40 yesrs of service in & nuclesr pover generating
“station. The vibratica test consisted of shaking
each device in the direction that was aost likely to
cause spurious opening or clesing of contacts, at
discrete frequencies between 1.0 and 32.0 Hz at
{stervals of 1/3 octave, at maximn acceleration
amplitudes that increased from 0,4 g st 1.0 Hz 20 6
g at 12,7 Hz and remained st the 6 g level for
higher frequencies.

In suemary, it vas observed that:

o three devices (5B, 6B and 213) Zailed as a
econsequence of exposure to gema radiation;

o thirteen devices (13, 2B, 3B, 4B, 7B, 83,
158, 163, 173. 185, 228, 273 and 28B) gave
ao evidence of aging with respect to usnxc
wulnerabilicy;

e setatistical analysis of the tesc daca for
six devices (98, 103, 118, 123, 138 and 14B)
led to the conclusion that azing could not
be democastraced at s significance level of
approximately 10%;

o oae Jdavice (198) exhidited a urong aging
tuad, but it probsbly was not significant
at the 10T level;

e oae device (208) exhibited a strong aging
trend that probably wvas significant at the
102 level.

A factor that contributed to conservatisa wvas
\the fact that each device. vas subjected to a
‘relatively sevese vibration test, viz., continuous
sinusoidal wvibdrazion for 30 seconds at fragilicy
levels -(or saxigus ctest levels), at 16 discrete
frequencies, in the energized and de-energized
states, befors and after the accelerated sging
progran.

When the program is considered ss & whole, the
owrall qualitative inpression is that aging (as
sisulsted {n this program) does not have s
significant effect on the seismic wulneradility of
nost of the types of contact devices tested.
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2.0

3.0

4.0

Representative samples of the oquipmcht 1isted in Sectfon 2.0

PURPOSE
To certify that the subject Gould equipment of Section 2.0
will perform its required Cluss 1E functiuvns after being
subjected to a varicty of environmental and operational
aging tests designed to simulate a 40 year life, to confirm
that the seismic vithstandahility of the equipment is not
lowered by the aginp phenomena, and to qualify the equipment
to satisfy the requirements of referenced specifications.
CLASS 1E EQUIPMENT COVERED BY THIS DOCUMENT
Gould type J10 control relay.
CLASS 1E EQUIDPMENT 1.D. NO. QUALIFIED LIFE*
Relay JaoM22 ) 40 yrs.
. J20A20/

J20A40
*See Section 4.0 of this document for a discussion of the
qualified life.
SERVICE CONDITIONS =
Pressure : =-.5 psig to S psig
Relative Humidity s+ 20% to 100Z,
Temperature : -23.3% to 65.6°C .
Radiation : 8.8 x 106rads

integrated dosage 40 yrs.

Contamination : Not specified
Operation -8 §9 to 400 per year

Yy \L - %)

<000 /AT
DISCUSSION

were put through an accelerated aping test.
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The aging test program was dcv010ped with the assistance
and puidance of the Franklin Institute Research Laboratories
Philadelphia, Pennsylvania, and was, for the most pare,
carricd out at that facility. Furthermore, the program was
performed in accordance with the principles of IEEE Std.
323-1974.

Section 5.0 outlines the procedure and order of the accele-
rated aging programy. Attachment A lists the levels rcached
for the varlous cnv;runmcntal/opcrntlonal tests,

Throughout the tests, the deviees progress was checked by
base line functional tests in order to determine failure
causes, {f any. These checks consisted of a visual check
for structural anomalies and clectrical checks for proper
contact continuity and operation of the devices. The two
seismic withstandability test cvaluations indicated were
used as a control to comparce the devices scismic withstanda-
bility before and after the aging sequencc.

The last base linc functional test was used to confirm that
devices could still perform their Class 1E funccions. Proper
Class 1E operation was also verified in a 50°C ambiert and

during the seismic withstandability evaluations.
1

_Sedsmic aging consisted of the application of five biaxial

(front-to-back/vercical and silde-to-side/vertical), in and
out of phase, random mocfon tests. Attachment A contains
a typical TRS curve. .

The seismic withstandability cvaluation consisted of single
frequency tests at every 1/3 octave interval from 1 to 32 liz.
Tests were performed in the avis that was determined to be
the most vulnerable for the cquipment. Fragility levels

at cach of the test frequencics, for the hefore and after
tests, were then comparced and used in the evaluation of
aging effects on the cquipment's seismic withstandabilicy.

“The order of the accelerated aping procedure was chosen to

be the most severe sequence since it was impossible to perform
the various aging exposures simultancously. Thermal aging was
performed based upon the Arrhenicus relationship between time
and temperature for the weak link material. The weak link
material choice by the Frinklin Institute was based upon the

- thermal degradation characteristics of the various nonmetalice

materials, their specilic Mmetion and the state of che art
of thermal aging techniques. A pun of water was placed in

- the oven during thermal aping. This was done in an attempt

to simulate the effects of high humidity on the test specimens.

The cqu{pnontohas a nenlnal aualified 1{fe of 40 years in a
contintous 40 C ambicnt. This is usually quite conscrvative
since the ambient specified for our cquipment s rarely 40°C
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continuously. Usually 40°C {s specified as the maximum
temperature (meeting NEMA ICS) with an average ambient
temperature much lower than this. Since an average ambient
temperature is not specificd, only minimum and maximum,
it is difficult to pive a precisce qualificd 1ife. lowever,
extrapolating for a 65.6°C continuous ambient tenperature
(worse case cgndition). the qualificd life would be 1.03 . \
years; for 50 C continuous, the qualified life would be 5
11-1/2 years. Based upon the minimum and maximum tempera-
tures specified, an averapge temperature of 16.65 C would .
result in a qualified lifc preatly in excess of 40 years.

. Therefore, if the average temperature is less than 40°C,
the subject equipment would have a qualified life of 40
years or more.

5.0 ACCELERATED AGING PROGRAM OUTELINE

1. Base line function test

2. Seismic withstandability evaluation

3. Base line functional test

4. Gamma irradiation‘:

'S. Base line functional test
- 6, Thermal and humidity aping

7. Base line functional test

8. Mechanical and electrical operations

9. Base line functional test

10. Seismic aging

11. Base line functional test , )
12. Seismic withstandability evaluation .
13. Base line functional test

6.0 RESULTS AND SUMMARY

The results of the aging test program demonstrated that the |,
equipment of Section 2.0 will operate properly (i.e., perform
their 1E functions) for & 40 year time period in the environ-
ment specified in Scction 3.0, provided the number of operations .
indicated in Attachment A arc not exceeded, and any specified
maintenance and surveillance procedures are followed. The
qualified life for the subject cequipment will have to be,
lowered in accordance with' the stipulations of Section 4 if

it is dctcrmincd that the averape ambient temperature is
greater than 40°c. Althouph, as shoum on Attachment A, there
was no maintenance performed on the specimens during the test,
- the devices must scfll Le periodically {nspected for any
unusual condition such as a heavy accumulation of dust, dire,






-

' : moisture or abnormal heating, the cause of which must be
corrccted. In additfon, wire terminatfons should bhe

checked for tightness.

The statistical analysis.performed on the results of the
two seismic withstandability evaluations confirmed that
the scismic withstandabiilty of the subject equlpment was
not significantly altecred by the aging simulation.

7.0 CERTIFICATION

It is hereby certificd that the information presented in’
this document is true and that all tests were performed.

Test reports are considered proprietary but are available
for review at Could, Inc. offices, Westminster, Maryland.

tt,

{ eberlein, Jr.
Manager of Development Engineering

January 18, 1980
var

CC-323.74-62
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-, The attached table lists the
various cnvirenmental and
operational levels simuliated

_for the varifous aging tests’

. performed durinyg test R-323-3.

.
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Radiation:
(Gamma)

Thegmal: o
(40°C for 40 yrs. simulation)

Rélative Humidity:
(During Thermal Aging)

Hechaﬁical/Electtical ,
Operations:

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

. Contamination:

Maintenance Performed:
Seismic Withstandability:

Anomalieé:

J10 Relay

1 x 107 rads

100°C for 107 hrs.

- 95 to 100% for 807

of the time

2 % 10% @ 5 amps
Make and. break

4.0 g's

Medium accumulation of
dust and dirt

None.

Nogchange due to aging (

None
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1.0

2.0

3.0

. Five OBF level (approximately half the SST level) tests were

To establish acceleration levels that the subject equipment
of Scction 2.0 have successfully passed without contact
chatter durations greater than 2 mscconds.

EQUIPMENT COVERLD BY THIS DOCUMENT

Gould type J10 (J20822, J20A20/J20A40) coutrol relay.

DISCUSSION

Seismic tests have been performed on samples of the subject
equipment in accordance with IEEE 344-1975. The equipment
tested was new and random selected. The use of non-aped
equipment is justified in that as a part of the IEEE 323-1974
qualifications pregram, tooling, and analysis it was demon=-
strated that with the respected subject equipment. the seismic
withstandability was not lowered by the aging parameters

used in the program. Most of the scismic tests were perfermed
on asserbled struccures with accelerometers placed next to the
internal components. The TRS curves presented for these tests

“are guneratcd from the time histories for the appropriate

specimen mounted iccelerometers. The tests discussed in this
document were proof tested to a particular customer's require~
ment and are not neccessarily the fragility limit for the
subject equipment.’ :

Random'multifroquoncy motion consisting of frequency band-
widths spaced one-third uctave apart over the frequency range

of Interest wits used as the excitation function. The durativn

of each test run was 30 scconds. The random motion was applied
simultancously in the vertical and one horizontal axis at a

time.  The specimen was rocated 90 during the test so that ‘
two orthogonal horizoncial axes would be tested. Most tests . .
were performed with phase incoherent inputs; those that ‘were't,
were tested with the horizontal and vertical {nputs in phase
and then out of phase. «

’
w

run prior to the SSE luvel tests i{n both the front-to=back/
vertical and side-to-side/vertical axes. SN

Devices were tested in the cnerpized, de-cnerglzed and
transitional states with hoth nermally open and normilly
closed contacts moenitored for prupcr operatlon and chatter
durations greater than 1 msccomd,
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TRS curves for the various seismic tests performed on the
subject equipment are contained {n Attachment A. The
curves are supplicd for hoth horizontal axes and the
vertical axis. They are applicable for all electrical
states and contact configurations.

4.0 CERTIFICATION
It is hereby certified that this document represents a
truc accounting of seismic tests performed on seismically
equivalent samples of the subject. ’
In order for the test data to he valid, the relay must be
- mounted to a vertical surface in their standard configurations.
N
éé/ld , <
GY E. Hebbriein, Jr. .
Manager of Development Enginecring
Product Development
January 18, 1980
vor
SC 274
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Summary of
Seismic Test
Performed on J Relay
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SUMMARY OF SEISMIC TEST
PERFORMED 0N THE J RELAY LIME

Seismic tests identified as R-STD-2, R-STS-10, R=-STS-11,
and R-STS-16 have been performed on the Could J Relay line.

Test R-STD-2 was performed on the J Relay mounted directly to

a test table fixture wltile tests R-STS~10, R-STS~11l and R-~STS-16
were performed with J. Relays mounted in a Motor Control Center.
All tests were performed in accordance with IEEE Std. 344-1975
at Wyle Laboratories, Huntsville, Alabama.

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

(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 was performed
biaxially, in and out of phasa. The specimen was
rotated 90° in order to test two orthogonal horizontal
axes. The Relay was tested i{n the encrgized and
de-energized condition and in the transition state.
Contacts were monitored for chatter, the first mode
of failure.

(2) R-STS-10 (Wyle Report 43840-1) - J relays were mounted
in a Motor Control Center for this test. Random motion
was usced as the excitation function, the amplitude of
which was controlled in 1/3 octave intervals from 1 to
40 Hz., The test was performed biaxially with phase
incoherent inputs. The specimen was rotated 90° during
the test in order to test two orthogonal horizontal
axes. These durations were 30 scconds for both OBE
and SSE levels. The J relays were tested in both the
energized and de-energized mode with their contacts
monitored for malfunctions (i.c., the unwanted change
of state of the contacts (chattering)).

(3) R-STS-11 (Wyle Report 42946-1) - For this test, the J
telays were mounted in a Motor Control Center with sine
"beat used as the input function. Five beats of five
(5), ten (10) and twelve (12) cvcles per beat with 2
second pauses betwoen beats wore used. The sine beats
were applied biaxiallv in and out of phase with the
specimen rotated 90° during the test in order to

QE






(4)

3
£33
«1
test two orthogonal horizental axes. Contacts were GUULY

monitored for chatter throupghout the test in the
encrglzed and de-energlzed state.,

R-STS-16 (Wyle Report 43472-1) - J relays were
mounted in a Motor Control Center for this test.
Random motion was uscd as the input function, the
amplitude of which was controlled in 1/3 octave
intervals from 1 to 50 Hz. The test was performed
biaxially with phase incoherent inputs. The specimen
was rotated 90° during the test in order to test two
orthogonal horizontal axes. Test durations were 30
seconds for both OBE and SSE levels. The J relays
were tested in the energized and de-energized con~
ditions and in the transition state.

One additional note, the design of the 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 withstandability
of the relay in both the energized and de-energized states.

Test data is available for review at Gould Control & 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. )

dig

SC-164

Prepared by:

(s 2 Yggrons

Paul W. Higgins
- Associate Development Engineer

Approved by:

. Je s

C . fue e
G. Erich Hcberlein, Jr.

Engineering Manager
Research and Development

,January 9, 1978
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Horizontal and Vertical RRS
Curves for the J Relay Line
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Gould inc., Distribution and Controls Division

2002 Beabred Rd., Finksburg, M 21048 m
- Te".phone (301) 876.2214 G @ 1 ] g-:i B

An ElcctrlcaIIEIcctronlcs COmpsny

- - KTTACH N E NT

Mr. Steven D. Slesinger -

Electrical Engineer

G + W Fluid Systems

Gulf + Western Manufacturing Company
25 Graystone Street

Warwick, Rhode Island 02886

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

Dear Steve:

On July 31, 1981 a meeting was held between Stone & Webster's Mr. ‘Anthony
Giancatarino, Mr. William Provencher (Environmental Qualification) 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 3ll the supporting documentation provided by Hooker.

2. Requirement: Provide arrhenius plots for Phelps Dodge.
Gould's Response: The arrhenius plots are attéched.i

3. Requirement: Provide azcalculatgon showing the severity or .stress
that was occurred doing the electro-mechanical aging.

Gould's Response: Attached you will find a paper on J Coil Life
Test. This includes the stress calculations.

Shamiclamtiirar ol 1 P € Coee. ooe s






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 dgne.

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, please let me
know. I would appreciate your forwarding this information to your customer,
Stone & Webster, .

Sincerely yours,

e (A
rich Heberleii, Jr.
Manager, Development Engineering -
GEH/be

Enclosures
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J COIL LIFE TEST

The following demonstrates the aéing effect or aging stress due to
the rapid 'operacion 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 solenocid is in the closed
position. Thus, it is what is called an inrush current and a holding
current. The case in point, the J relay experiences a 1.08 ampere
inrush current and a .125 holdiaz current. This current is at 120
volts or the voltage used throughout cthe aging test.

During the performance of the electrical/mechanical aging test, the
relay was operated at its fastest manageable rate. This rate is

three operations per second, with the J relay experiencing 2 million
operations (2 x 108) or 6.6 x 103 seconds which is 185 hours.’ By

noting the formula on Figure 1 (attached) the equivalant duty cvcla

can be calculated. Thus, the current experianced is a continucus
current of .54 amperes. Tais duty cycle current stresses the coil
at higher temperatures than wculd be experienced if the coil were
energized and left on the duration. The ratio being:

_ﬁzn dt
2

or assuming the samg resistance and 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 were stressad substantial time and as well
were stressed electrically. T&arxore, it is Gould's opinion that
any synergistic effect would occur from an aging phenomena of heat
and electrical stress. The rapid operaticn of three cycles per
gsecond for a duration of 185 hours would be much higner :han it
would occur in actual field usage.
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NORTH TONAWANDA, NEW YORK 14120 ©(716) 694-6123

December 9, 1975

-Mr William Denny

Franklin Institute Resesarch Lab

. 20th Street and the Parkway

Philadelphia PA 16103

Dear Mr Denny:

* s .o
As agreed in by phone, December 3, 1976, I have encloged a
copy of our Fﬁe:’mal ag:ng curves developed for Durez 791,

This is a general curpose nheﬁol.cgs....xla. iz formulation and
performance to D._:e"k_lo.

Also attached is a reference to an a.:t:.cle on ’r‘*dmtzon darnage

L aam—
to plastics.) Durez 118 should be similar to aa organic filled
“phenolic. . .

" We understanc you are consulting for ITE Imperial and truss

this information will be helpiul.

Very truly yours,

L4 7 -
.-9',%‘ f* _ e
pIe FoZeere o

W Andrew Dannels

DISTI‘I CTION

Technical Manager TO | INiT | Lawo
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RADIATION DAMACE TO PLASTICS

Plastic materials are susceptible to zaciation damage which causes 2 reoriez:a.
tion of their molecular structuse. Since plastics ase polymers,-reo*:enta:'o-

“Tesults in changes in physical properties dus to breaking of polymes chains,

absorption of oxygen, or Teaction with the environment,

On many of the plastics, e‘ectnca- oroserties, such as volur—:e resistivity,
dielectric strength and arc resistance appear to be practically unchanged at
dosages which cause extensive anysmal's:cahcow.. in tne material. Inciuded
were unfilled paenoiic resin, a paper-iilled chenolic, azad a mizeral-filled
polyester. Commercial pla.s ics cortaining fillers perform in p-opertion to the
stability of the filier. Stable fillers (minerals) improve compound stability wnil

" unstable fillers (cellulose-organic fibers) dacrease stability, Damage ir terms

of loss of physical strength are given below:

. ~ Threshold Damazage 25% Damage
Material Filler . (Rads) (Rads)
Phenolic  None (all resin) 1x 1068 1x 107
Phenolic Mineral (asbestos) ‘ 1x107 -103 1x 108 -_109
Phenolic Organic (cellulose) . 1x103 1x107
Phenolic Mineral (graphite) ‘e 1x105 T 1x107
Polyester  Mineral ,, 1 x107 1x10%

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

Durez phenolic, polyester and diallyl phthalate materials have not bean tastad

but should perform within the limits listed in the Table above. Diallyl shithalate
should behave like the poiyes:ters, Resistance to radiation damage at elevated

" temperaiures has not baen determined.

- e e smem

- The information h2rein was extracted from reprints_APE
from the Office of Technical Services, U. S. Departmer
Washington 25, D. C. Other sources of dzta are:

v \
X 157 and 281, availabl
tof Commesrce,

.b

James O. Tu=zner, Un. of Calif.

1. Plastics in Nuclear .
0 Park A.venue, New York22, N.Y.

E=ng.,
. Rcmhold Publisning, 43

2. Matenals in Design Erngineering, Vol. 52, P, 130, July, 19690.

vVI-12
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DESCRIPTION

- B s Gmp e Cmt ey W e =D S

PRODUCT COV=ZRED:

Durez Phenolic Molding Cempounds Nos. 791, 1208,
1328, 11E64, 15089, 18575, “21L26, 22262 and Alkyd Mo‘ding
“'ompou."cs Nos. 24150, 24525 and 2##80 Mintzunm thiecxness 1/8 in.

FACTORY LOCATION:

Booker Chemical Corp., Durez Plastics Division,
. North Tonawanda, New "'crk —trdm i e . — el

Gn.N"RnL DESCRIPTION 53 :."-'%.T:RIAL ( ‘IOT FOR_IJSE CTOR' USZ) .

Beat ‘R-sistant Grade Phenolics -t

1308, 1328 . mineral and wood flour filled
' " . . 'phenolic differing in pigment

19089 .+ mineral filled phenolic

36y 22262. " . . ..hw.lpsomineral filled Phehdlics, “the .
- T .‘ latter being snecia.lly TsuitegT— oo et T
'—'f"‘__‘“"“ - ' T for:transfer olded--an“‘.!.:.c-a-txons- e

-~ g s e gl e o b . ¢ TETTrEASSIIN. T AL W
Beat Resistznt Grade Alkvds ::;___..._..,..__.,..:_;_,_'___,_":.._ J— ‘_':""___—_"""_-_-;;— Yt -

oy - - — - e ammmem a 1 o e~ TS W, o8B Y — [ -u'-— - —
2kx50, 24525 4 sed ‘rr'ail*'are gla.ss *‘illed Alicvds - v

. 24480 o S ..a cccbination of nylen and )

: - T © . .glass il L
High Impact Grade Phenolic o T poiome s
18975 : mineral filled phenolic '

" General Purvose Grade Phenolic . |
791>ccn’crol) . e . Wood..flour f.ilied. phenolic .
NTIFICATION: e T ey

-

The infrared spectrum illustrated in T1ll. Nos. 1l-L4 .
may be used to identify t e material covered by this

‘ .report. . . .
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-

wconsmucnov DETAILS: SR -

General - The material is produhed and shipped as
#olid zranular matarial, cut to 2 ncminal size of 1/10

S= =

inch or finer for.phenolics and 1/% inch for the Alkyd

raterials. : X " B .

Marxing -'Shipéing‘containers'are marked with the
material cesignation and the material xanufacturer'!s name.

_GELZRAL Dzscazr-"rzon OF INVESTIGATION (HOT FOR ;r:rss’zc'rba's USZ):

rmal ing Prozrzm - Samples ofNGrades 1308, --=

\1.53%;’214aoq 44130‘ nd . tha control Grade/ 79I)were subgected
‘h&qrf}mc*~*é‘ﬁe¢—6%a

o3 T functional testinz prroegdures

before ovea aging and at certaia intervals during oven
azing of the material. Oven aging temperatures were

+ selected which would cause.accelerated aging.. Aging —
was continued at each temperature until a property being
evaluated reached a2 test value.of ‘cne half of the unaged
test value. For that property, this 'was considered the

" end of life for the material at.that oven tempera-ure.: -

- . . R~ L L — L A

- —y oy b—t

‘The erd points at each aging te*nerature were ;-—-~--
“tted. ‘ Perforzancé was analyzed .using the least scuares

‘hod of regressicn anzlysis as indicated in IZ=E Suandarq§_

m——oe . .

PO
-

o--q Y

K w . ""v*-r-,o ettt &)

s_':f.__‘? Tre et ‘fs"bev*'?qu‘w—‘h%.. 04.—-*;..-.::——:..;.., L :.& =T 3
o e, S5 ATV ] "‘;:r:-.-::,., wa-,.\_ ETNRTR RV . ’,-,. = ‘,. 1 -

aadia A A PRS- +on o) 38 e Vi ol Wt -w ,_;_’ —

""’-"‘e‘a"“"’" M‘ SRR R AT s B )‘"'_
"A. ccntrol material Grade 79,.uas subJected to the
" game type of functional testing procedures and oven aging™ _
cn*icions to serve as a comrnon ‘base for establishing
texperature ‘ratings for the candidate materials. The

! perferzance of tne control material was analyzed ‘in the
sexe ranner as the, candldate materials.

- .B. Performance Indexinz Datz - Various tests related
_to the flairmability cnaracteristics, electrical ‘character-

" istics and resistance to ignition p*cneruies of Grades

1308, 1323, :115864, .13C39, ,18975, 21425, 22262, 2415a, .2452
24480 2nd the contodl. Grade 7°l’were conducted on %né 525,

«
d . < -, e
. .

SPQCLEHS - . . « - . . »°

. 98,,1;39 and 1Ol. -;W”ﬁ"'%ww St
omgl L) . ) - ees < —
=X -ﬂbhﬂqu~ahﬁﬁze-”~“u=:t;sz Thabraizis : = =St
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"‘ ENGINZZRING CONSLDERATJ.OIS (NOT FOR INSPECTOR'S USE

Use - For use orly in products where the acceptability
of the combination is determined by Underwriters'!
Laboratories, Inc. .

Conditions of Accertebility_- The following are -
emong the coasiderations to ce made in J\.dging the use

of this :na.ter:.a.l in an end use product

The results of the thema.l eging nrogram are
summarized in Table I.

. “ean - opan a

The results of the verformance indexing-are sum::ard.zed
in Table II. A e :

These data mé.y be used es an aid in evaluating the el
. materials covered by tbis report wnen used in ‘and product
applicaticns. U

Reference-should be macde to the end Drochc Standards --

"and most current guides—to-the-use-of plastiés(such as ,
.. " Subject 746 dated March 1, 1967) with regard to other ..
i vequirements which should be .considered in judgi ng t the e 2ER——

- -

Juitebility of these insulating.materialz-iniend = Mm A

products. , e et - —":‘:""-'""‘T-' ::..-f-'z’.....sq._-.'
St Rererence mmi obe mede to Manufacturer's . . ]
< Techaical Da.ta. (see I1il. No. 19). oL R
Results of Thermal Aging Progran
"c..0 e~ . Thickness - Temperature Rating . Properties
. 'Materia’.l (Inch) , Degrees c * 'Covered ]
Tl ..o1s -t . asor M, E, F & D.S.
. .1308, 1328, L e . * ,
+15089, 18975, : CoL T B
2&36 22262, P Pl 1 : L
:' 2 O 'l b . e 55 .’ M E F & D.s.
.88 - T -
e 21'525 . .1/8 o 170 . M, E, F & D.S.
. 2!,150 , 1/8 > -180 M, E,.F & D.5,
- H ' Flexu.ral. Strength AR
‘ ‘ . - Impact ‘Strength o R
‘ 4 E Dielectric Strenath ‘ ) e e
.. .7 T Arc Resistance Cee e S o -
- R - Flammabllity ISR

D, S, - Di.mension..l .Sta.bility T SR R

—— - —— - -
PRI S AR et - *

.
J * . * uox ..u..----' . o me
- .
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o’

Flexural Strenoth - Determined in accordance with
Dagracation to 50 percent of the original

values vwas considered to be end of life.

Imoact Strenzth. Unnotched - To be determined in

accorcance with ASTia D252, i:2tnod B, Degradatioa to
50 percent of the originzl values was considered to be

end of life.

Dielectric Strenzth < Deteramined in accordance
with ASTM DILS, No appreéiable degracdation-occurred — ~~°
during a2ging. — —. : T e . o

Arc-Resistance - Determined in accordance with
No apprecialbe degradation occurred during

-

Di_ensional St=b*1*tv - Measured-on “lexural Strengvh
specimens. o appreciadie change during 2zing.

Flermability - Determined in accordznce-with ASTM
D635.  No change in flammabi.ity classification during

the agin° period. ;

The above is 2 summa;y of the nrcpertias ésvéEEd in
the aging program.- For actual ’ailu:e jimas and property

values, refer to test record Lo e VUG R AP
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TABLE IV

OVEN TEMPERATURES DEGREES C

-erials - Aginz Temveratures

240 225 215 205 190 175 165

i x x X X x
8 x x x x x x
6l x x x X
26 x x x x x(1) x X
50 x x x x X.
25 O x X )
75 . X x
39 x
30 x x
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. TABLE 1II
’ W( ' AGING ‘TEST PER MATERIAL PER TEMPERATURE

: . n ASTh . Specimen . ' Specimens
-operty ‘ Method - Size Per lieasure .-
————— . L
_exural strength D790 S by 1/2 by 1/8 S
exural strength D790 - - 5 by 1/2 by 1/4 5
spact strength D256 . 2=1/2 by 1/2 by 1/4 5
innotched Method "B" |
rensional stability  (X) ‘ ) : .
.electric strength Dl4g (2 4 dia by 1/16 . 5
acmability A D635 (3). 5 by 1/2 by 1/4 5
.c resistance - - Dhgs M) (3)

" YTES: o

{}Y Measure dimensicnal stability on flexural specimens.

2} 500 v/sec. to dielectric breakdown (IN AIR). .

3} Delayed specimens tested wnen other. properties
decrease to 50 percent of the as received value.

¥) Dielectric strength specimens used.

JQTROL D2TA: -

”;Th&control material was a phenolic molding compound
c.’r}~791 which, oa2s23 on tasts and field experienca,

s hoen shown to be suitable for contiauous operation

t 183 & Specimens of this material were aged at
levated temperatures and the degradation of tensile

leld was measured periodically to establish a time-
:mperature relaticnship baced on 50 percent degradation
or this material under the same test procedure as that
sed for phenolic molding compounds Nos..1308, 21426,
1864 and Alkyd molding compound - No. 24150.

.
o
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@ ::sr ozEcozp o

LMPLES:

Durez Phenolic Molding Compcunds Nos JA308, 21426"(
1864 and Alkyd Molding Compound No. 24150. were subjected
o the test Drocedlre "deseribed below to determine the
herral aging characteristics of the material,

SHNZEPRAL:

The investigation followed the proposed test
socedure for evaluation of insulating material as
:cexmended by IEEE. This program is based on the
ssunption that heat aging is the chief cause of insulation
tterioration.

Samples of .the phenolic and Alkyd materials and
.so the control materizl were subjected to a specific
sting procedure, and time temperature relationships
re established. Based on a.comparison of the relation-
ips developed, and also with consideration to the
eld service record of '1308,:21426, 11864 and 24150

isirature ratings, as indICGhed in Table I of this . ...

» Were gstablished. e e mme i s

* o @ w— ¢ w——
ar om e av -

The prcgram covers the effects 'of“aging on’ the ~oT
exural strength, Impact strength and dielectric strength
operties of each materlal ‘ . )

. -

JCEDURE: 3
Selectica of Aging Temperatures - The temperatures.

be used to proauce tne accelerated aging of Durez

:nolic Molding Ccmpound Nos..l1308, 21426, 11864 and

tyd Molding Ccmpound No. 24150 were selected as 215, 205,

), 175 and 165 degrees c. -

Samnle Preparation - A sufficdent number of specimens
‘e compression molded in the sizes needed to perform
+ physical and electrical property tests at .various
‘1ods of time at each aging Cemperature. . . .-

VEERTIES EVALUATED°

‘ The property measurement test data permits the’
phical determination of the time needed, at each
temperature, to produce a 50 percent degradation
0 .as received property value. The 50 percent
wwation points (at each aging temperature and for: each
perty) were used to establish a timre-temperature
tionship. Fifty percent degradation points were
ablished for the properties of flevyural ctvancel aca.
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1/ inch . 332
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CUTROUC "E10g0
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