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1.0 PURPOSES OF QUALIFICATION TEST REPORT:

g8

k.

This Qualification Test Report (QTR) will extend
the original qualification of the EA180 series
limit switch to include several product improve-
ment changes, See Section 9.0 for description of
tk-se changes.

The original EA180 Qualirication Reports are dated
Septemter 5, 1978 and March 3, 1978,

This QTR is for a series of type tests in support
of EA180 series generic group qualification to

1EEE Std., 323-1974, 34L4-1975 and 382-1972. These
standards pertain to Class |E safety-related equip-
ment for use in nuclear power plants,

This QTR summarizes the test reports provided by
Acme-Cleveland Development Company and compare
them to the requirements of the original test plan,
This QTR will provide the additional data required
by 1EEE Std. 323-197L4, Section 6.7 Equipment Per-
formance Specifications, such as; Performance Char-
acteristics, Ratings, Installation Requirements,
Preventative Maintenance, Design Life, Auxiliary
Devices Required, Rated Service Conditions, Periodic

Quality Control Tests and Estimated Qualified Life.
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April 3, 1980

PURPOSES OF QUALIFICATION TEST REPORT: (CONT'D,)

1.6

V.7

1.8

1.9

The tests verify the limit switch performance and
include; Aging Simulation, Wear Aging, Radiation
Exposure, Seismic Qualificaticn and Design Basis
Event Environmental Conditions.

The tests envelope the environmental conditions

set forth in Section 4,0,

Justification for test requirements and/or condi-
tions will be provided where necessary.

Note: |t is the user's responsibility to determine

the acceptability of the tests methods, procedures

and specifications for a specific application.
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2.0 APPLICABLE SPECIFICATIONS AND DRAWINGS:

2.}

2.2

2.3

2.4

.9

2.6

The listed |EEE standards were used as guidelines

in the preparation and performance of this quali-

fication program,

IEEE Std. 323-1974 - Std. for Qualifying Class IE
Equipment for Nuclear Power
Generating Statlons,

IEEE Std. 382-1972/ANSI N&41.6

- |EEE Trial-Use Guide For Type

Test of Class IE Electric
Valve Operators for Nuclear
Power Generating Stations,

|EEE Std. 344-1975 - Recommended Practice for
Seismic Qualification of Class
|E Equipment for Nuclear Power
Generating Stations,

Namco Controls Test Plan

No. LP10767-3 Test Plan for Qualification of
Series EA180 and EA7L0 Limit
Swi tches,

Namco Controls Drawings

2.6.1 EA180-11302 Limit Switch Assembly

2.6.2 EA1B0-14302 Limit Switch Assembly

2-1
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3,0 GENERIC GROUP IDENTIFICATION, SPECIFICATIONS AND SELEC-
TION FOR (EST
3.1 Generic Group Qualification provided by type test
T.R, 3613-PP (Section 10.1). The generic group
of EAI180 limit switches qualified by T,R, 3613-PP
is described as the ''standard' series limit switch
with a ten (10) degree trip travel, three (3)
mounting types and two (2) modes of operation.
3.1.1 The selection of the EA180 limit switch to
be used for test was based upon an Engineer-
ing analysis of the six (6) limit switch
part numbers listed in Figure 1.
The analysis was based upon computation of
the allowable tensile and shear areas and
strength of the fasteners for the various
methods of mounting and attachment of the
back cover.
It was concluded that the EA180-11302, stan-
dard mounting, represented the most conser-
vative (most severe) conditions for test,
3.1.2 The direction of rotation to operate the
switch does not affect the test program be-
cause the switch mechanism is symmetrical.
The test sequence also provides for testing

in the operated and unoperated conditica.

( - 3.1
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3.0 GENERIC GROUP IDENTIFICATION, SPECIFICATIONS AND SELEC-
TION FOR TEST (CONT'D,)

List of Limit Switches |
In Standard Operating (10 )

Generic Group

*Direction of rotation of lever shaft to operate switch,
View-facing lever shaft.

MOUNTING

| PARY MMRER TYPE DESCRIPTION ikl

EA180-11302 STD Two threaded holes on either CW
[ EA180-12302 STD side of housing CoW
| EA180-21302 Style 1 Four holes through wide CW
| EA180-22302 | Style | bottom cover CCW
EA180-31302 | Style 2 | Four holes through long CW
EAIB0-32302 | Style 2 | Dottom cover cew

Figure 1
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3.0 GENERIC GROUP IDENTIFICATION, SPECIFICATIONS AND SELEC-
TION FOR TEST (CONT'D,)

3.1.3 With exception of the back cover all other
components of the listed limit switch part
numbers are common,

3.2 Selection and identification of the limit switch
for test per T.R. 3613-PP.

3.2.1 The EA180-11302 limit switch used in this
test was one chosen at random from several
assembled on the Namco Controls production
line by Production personnel., All parts
were per bill of materials EZ10682-90 and
subjected to standard inspection procedures.

| 3.2.2 Identification

The test switch was marked with the follow-

ing:

Part Number EA180-11302
Engineering Number EZ10683-90
Date of Manufacture 3979
Factory Order Number 13658

Test Number 138-90

3.2.3 Throughout test report T.R. 3613-PP this
switch is referred to as No. 138-90.
3.3 Specifications for qualified limit sw tch generic
group, per T.R, 3613-PP, |EEE 323-7L, 6.2(2).
The specifications for the EA180-11302 group limit

switch are as follows:

3-3
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3.0 GENERIC GROUP IDENTIFICATION, SPECIFICATIONS AND SELEC-
TION FOR TEST (CONT'D.)

3.3.1 The switch is a heavy duty, double pole,
double throw, butt contact, quick break and
quick make type,

3.3.2 Nameplate rating:
125VAC - 20A
250VAC - 15A
LBOVAC 1CA
600VAC - 5A
Power Factor of Load 75-100%

125vDC - 5A
250vDpC - 1,5A
3.3.3 Operating data

Pretravel - 10
Differential Travel o &
Recommended Travel « 1y

Maximum Torque during Pretravel - 21 In. Lbs,
Note: When operated the limit switch lever
shaft is spring loaded and will return
to the original position if released.
3.3.4 Enclosure type
The switc! enclosure meets the requirements
of NEMA 1, 4 & 13,
3.3.5 See assembly drawing EA180-11302 for other

detailed information such as size and shape.

3-4
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3.0 GENERIC GROUP IDENT!FICATION, SPECIFICATIONS AND SELEC-
TION FOR TEST (CONT'D,)

List of Limit Switches
In Short Travel (8 ) Operating

Generic Group

LPART NUMBER
EA180-1L4302

e

EA180-15302
| EA180-24302
EA180-25302

 EA180-3L302

[ £A180-35302

*Direction of rotation of lever shaft to operate switch,

View-facing lever shaft,

MOUNT ING .
A
__TYPE DESCRIPTION ROT*TION
STD Two threaded holes on either CW
STD side of housing CCW
1 Style 1 | Four holes through wide W™
Lity‘e | bottom cover CCW
Style 2 | Four holes through long CW
Jstyle 2 | Pottom cover cew |

Figure 2

=1
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2.0 GENERIC GROUP IDENTIFICATION, SPECIFICATIONS AND
SELECTION FOR TEST (CONT'D,)

3.5 Specifications for qualified 1imit switch generic

short travel group, |EEE 323-74, 6.2 (2).

The specifications for the EA180 14302 group limit

switch are as follows:

3.5.1

3.9.2

3.5.3

The switch is a heavy duty, double pole,
double throw, butt contact, quick break

and quick make type.

Nameplate rating:
125VAC - 20A
250VAC - 15A
LBOVAC - 10A
600VAC - 5A

Power factor of load 75-100%
125VAC - B5A
250VAC - 1.5A

Operating data:

Pretravel - 6 30!
Differential travel -
Recommended travel -7

Maximum torque during pretravel - 38 In. Lbs.
Note: When operated the limit switch lever
shaft is spring loaded and will return

to the original position if released.
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3.0 GENERIC GROUP IDENTIFICATION, SPECIFICATIONS AND
SELECTION FOR TEST (CONT'D,)

3.3.6 Production released bill of materials for
switch part numbers qualified to this report
are identified with QTR 105, First release
was Revision H,

3.3.7 Production manufactured switches are iden-
tified with the following as shown in
Figure 11:

Part Number
Ratinags

B/M Revision
Factory Order Code

Date Code

3+5
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3.0 GENERIC GROUP IDENTIFICATION, SPECIFICATIONS AND
SELECTION FOR TEST (CONT'D.)

3.4 Generic group qualifiration of "short travel"

series limit switches,

3.4.10

3.4.2

3.4.3

3.4.4

The generic group of EA180 14302 short

travel limit switches listed in Figure 2

is qualified by similarity to switches

tested in T.R, 3613-PP (Section 10.1) and
suppliementary tests (Section 10.2).
Similarity analysis. An Engineering com-
paritive analysis of the short travel limit
switch with the standard EA180 determined

the only difference is in the latching
mechanism,

A short travel switch #83 (EA|86 14302)
was subjected to heat aging, wear tests,
radiation exposure, seismic test and plant
induced vibration simulation, (Section 10,2)
Conclusion: The EA180-14302 short travel
series of limit switches is qualified by
similarity to switches tested in T,R, 3613-PP
(Section 10.1). The mechanical differences
in the latching mechanism did not affect
qualification as illustrated by supplementary

test reported in Section 10,2,
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3.0 CENERIC GROUP IDENTIFICATION, SPECIFICATIONS AND
SELECTION FOR TEST (CONT'D,)

2.5.4 Enclosure type
The switch enclosure meets the requirements
of NEMA 1, 4 & 13,

3.5.5 See assembly drawing EA'80 14302 for other
detailed informnation such as size and shape.

3.5.6 Production released bill of materials for
switches quaiified to this report are iden-
tified with QTR 105, First release was
Revision H,

3.5.7 Production manufactured switches are iden-
tified with the following, as shown in
Figure 11:
Part Number
Ratings
Date Code
B/M Revision

Factory Order Code

3-9
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3.0 GENERIC GROUP IDENTIFICATION, SPECIFICATIONS AND
SELECTION FOR TEST (CONT'D,)

ldentification of Production Switches

MFR Date Code System
Prior To Sept., 1979

——
L\‘\,/ T -
@9‘ Qg} (ggrtozg.r & Rating)
Sl N OF Mousing.

Date Code
Month and Year

L

Bill of Materials
Revision Level

Factory Order Code

Present MFR
Date Code System

()

1680 X 00993
(B

\
Date Code |
Week and Year
Bill of Materials
Revision Level

Factory Order Code

FIGURE 11
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CERTIFICATION

THIS QUALIFICATION TEST REPORT IS A TRUE
AND ACCURATE PRESENTATION BASED UPON THE
ENGINEERING DATA AND TEST REPORTS AVAIL-
ABLE AT THE TIME,

# John R. Bendokaitis 7/3’/‘”
Project Engineer
Nuclear Switch Coordinator
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L.O SERVICE CONDITIONS, INSTALLATION REQUIREMENTS, MAINTE-
NANCE AND QUALIFIED LIFE (REF, IEEE 323-1974, SECTION 6.2)

Lo

L.2

L.3

L.k

Installation and connection requirements.

See EA189 90006 (Figure 5) for special instructions.
Preventive maintenance,

For preventive maintenance during installed life of
the limit switch, see EA189 90051 (Figure 6). Re-
placement parts kit numbers are provided in these
instructions,

Design life.

The mechanical design life is 500,000 cycles (Min.).
Electrical design life is 500,000 cycles (Min.).

The above design life estimations are based upon
normal ambient conditions,

Auxiliary devices required for proper fu&ction of
the limit switch,

Although it was not considered a part of the quali-
fication test, an operating lever is required for
proper operation of the limit switch.

The Namco Controls catalog lists operating levers
of many configurations and materials,

it is the users responsibility to chose one suit-

able for the aoplication,

b1
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EA189-90006 INSTALLATION_ INSTRUCTIONS Fe )
= EAIBO NUCLEAR SWiTCH e
SILICONE GA_KETS
a
THIS SWITCH 1S DESIGNED FOR USE IN THE INNER CONTAINMENT AREA OF A NUCLZAR POWER
GENERATING STATION, TO MAINTAIN SWiTCH INTEGRITY THE FOLLOWING INSTRUCTIONS MUST BE FOLLOWED,
1.0 ELECTRICAL CONNECTIONS
1.1 WIRE PASSAGE THROUGH SWITCH CONDUIT ENTRANCE MUST BE SEALED IN SUCH A WAY AS TO
MAINTAIN THE SWITCH INTEGRITY UNDER REQUIRED SERVICE CONDITIONS,
& 1.2 WIRE TERMINALS SHALL NOT BE OF ZINC OR ZINC PLATED MATERIAL,
':, 1.3 SOLDERED WIRE ENDS MUST BE CLEAN AND FREE FROM FLUX,
2.0 INSTALLATION OF TOP COVER
2.1 ALIGNMENT OF SCREW HOLES OF COVER AND GASKET SHOULD BE CHECKED,
2.2 TORQUE SCREWS IN A STAGGERED PATTERN, FROM SIDE TO SIDE',
2.3 TOP COYER SCREWS MUST HAVE BELLEVILLE WASHER AND O-RING.
2.4 TORQUE TOP COVER SCRFWS 20 INCH POUNDS.
2.5 GASKETS TORN AROUND SCREW HOLES OR OTHERWISE DAMAGED MUST BE REPLACED,
’ 3.0 DO NOT REMOVE BOTTOM COVERS, CHECK SCREWS FOR TIGHTNESS, MUST BE 20 INCH POUNDS. ‘
-
(%]
S
x
m
w
: C
NOTE: THE ABOVE INSTRUCTIONS ARE TO BE PRINTED ON LO-60# BOND PAPER APPROX, L X 6. ,g
FOLD ONCE LENGTHWISE AND PACK WITH SWITCH, ~<
A
CUST PART NO ASS Y NO REF NOEZIO683—89 NAMCO CONTRDLS _C
I UNLESS OTIHIRWISE SPECIFIED on aAnAcrne‘Clevr-!and Company -
T | AL DiMEnsions NLM CLEVELAND, OHIO USA. 8
) o xXx *>= o cn =5 o
- XXX * 005 %U. e
¢ ANGULAR + 0°30° INSTALLATION INSTRUCTIONS
2 \E MEMOVE ALL SHARP EDGES i e e
- ‘ ALL MACHINED SURFACES v 1-23-80 DO NOT SCALE
| TR AT [ | RM-
'Z T TR N, BRSNS S RS T e —»;»4 Srrry f CourarTion wile Ous wame SCALE STOCR $:28 rA‘89-90006
1l Sl il B0 1 3 10 K1 L 6 B At R o I R .
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EALE2 2051 MAINTENANCE 1MSTRUCT NS o
FREE 1 OF 3 TYPE OF SWITCH: EAIBO 11302 REV. H AND OTHER MODELS AS LISTED =
DESCRIPTION ¢ EATBO NUCLEAR SWITCH WITH SILICONE GASKETS
PERIOD OF IFG. . rrOM FECRUARY, 1380 s
v
THESE INSTRUCTIONS ARE TO BE USED FOR THE FOLLOW-
ING SWITCH PART NUMBERS AND CORRESPONDING REVISION
LEVELS,
PART NUMBER REVISION LETTER(S)
TOP COVER EAIBO 11302 - - - - H
(PART NO. & RATING) EAIEO 12302 - - - - K
EAIBO 13362 - - - - H
EAIBO 14302 - - - -}
N S EAIBO 15302 - - - - W
CONDUIT END | EAIBO 21302 - - - - N
OF HOUSING EAIBO 22302 - - - - ¢
s EAIBO 23302 - - - - W
EAIBO 24302 - - - - M
¥ DATE CODE SYSTEM 1680 x 00999 et 3 Sl
w PRITR TO SEPT,, 1979 | S g,“ag ;2;02 SRS ,':
MONTH AND YEAR \ 1 \ B
» et EA180 33302 - - - - i <4
AFTER SEPT., 1979 i
WEEK AND YEAR LAI00 38301 - - - - ¥
’ EA1B0 35302 - - - - H
11 wm
P BILL OF MATERIALS m
S REVISICN LEVEL o -
m m
FACTORY ORDER -
- S
m
0
. o
T S i NAMCO CONTROLS »
.“‘! UNLESS OTMERWISE SPECIFED on . — E'An AcCrre Cleveiland Company \-D‘
> T | A omensions v CLEVELAND, OMHIO USA. 59
—~ a xXx -~ o = = o
t; t XXX+ 00% A A S,
b - ANGULAR + 0°30 [ a7~ _ - MAINTENANCE INSTRUCTIONS
2 N :,' REMOVE ALL £ HARP LDGES e ey
-;- \‘3 : ALL MACHINED sunraces "\ 9716780 DO NOT SCALE
? Y A v bwwrers & et wrous tunvnn s Yeerls | RM- FA189 90051
- = S i Sl Bl W24 —— PAGE | OF 3
§! - e £ B A0 L K ) L K Y et e R
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Y

I gaica 23051 MAINTENANCE 1RSTRUCT 1ONS
PASE 2 CF 3 TYPE OF SWITCH: EAIB0 11302 RCV, M AMD OTVER MODELS AS LISTED
DESCRIPTION : EATS0 NUCLEAR SWITCH WITH SILICONE GASKETS
PERIND OF IMFG,: FRCH FEBRUARY, 1980
1.0 UNSCHEDULED MAIMTENANCE :
IN THE EVENT THAT THE SWITCH DOES NOT FUNCTION PROPERLY.
1.1 CHECK MECHANICAL OPERATION, REMOVE SWITCH IF SLUGGISH, REMOVE SCTTOM COVER, RELUSRICATE
STICKING COMPONENTS, USE NYE 438 ©1L. DO NOT LUBRICATE ELECTRICAL SIDE.
1.2 INSTALL BOTTOM COCVER, REPLSACE GASKET IF DAMAGED (4.4). TORQUE SCREWS TO 20 IN. LBS. OR
AS SPECIFIED IN GASKET KIT,
1.3 IF SWITCH DOES NOT CARRY CPERATING CURRENT, B{MOVE PCWER, REMOVE TOP COVER, CHECK CPERATION.
) CLEAN CONTACTS (h.1). IF CLOSED CONTACT RESISTANCE REMAINS GREATER THAN ONE OMM, SEE 2.3.
1.4 INSTALL TOP CCVER, REPLACE GASKET IF DAMAGED (4.3). TORQUE SCREWS TO 20 IN. LBS. OR AS
SPECIFIED IN GASKET KIT.
1.5 REPLACE BOOT IF DAMAGED (4.7).
2.0 SCHEDULED MAINTENANCE :
SEE SERVICE TEMPERATURE VS. SERVICE TIME CHART BELOW TO DETERMINE WHEN THE FOLLOWING MAINTENANCE
SHOULD BE PERFORMED.
SERVICE TEMPERATURE - SERVICE TIME
WO C - = = « = = « = = = 20 YEARS
WS, C = = « = = = « = = = 10 YEARS
50,C = = = « « = = = « - 5 YEARS
60C - - - - = « -« « - - 3 YEARS
2.1 REMOVE SWITCH. REMOVE BOTTOM COVER AND BOOT. REPLACE LEVER SHAFT AMD O-RING ASSEMBLY (4.8).
LUSRICATE MCVING PARTS (Wb.2) . INSTALL BOTTOM COVER AND REPLACE COTTOM COVER GASKET AND
» SCREWS (4.L). TORQUE BCTTOM COVER SCREWS TO 20 IN, LBS. OR AS SPECIFIED IN GASKET KIT.
REPLACE BOOT (L.7).
2.2 REMCVE TCP COVER, CLEAN COMTACTS (L.1).
2.3 REPLACE CONTACT LEVER ASSEMGLY (h.5) THEN CONTACT BLOCK ASSEMSLY (4.6) 1F ANY CLOSED CONTACT
RESISTANCE REMAINS ABOVE ONME ONM.
2.4 INSTALL TOP COVER AND REPLACE TOP COVER GASKET AND SCREWS (h.3).. TORQUE TOP COVER SCREWS TO
20 Iti, LES. OR AS SPECIFITO IN GASKET KIT.
CUST rPanrT NO ASS Y NO HEF NO NAMCO CONTROLS
¥ K o | UNLESS OTiERwisE sPcr o on a""" Acrne Cleveland Cormbany
&3 g M. o bt CLEVELAND, OHIO USA.
. o =4 n 2
=8 J_.‘L_ " XXX + 005 //'A_/, T
N . ANGULAR * 0°30° (/7/" ".’/’G MAITNTENANCE INSTRUCTIONS
™~ o REMOVE ALL SHARP EDGES
l(. 5 ALL MACHINED SURFACES "V 'I‘é'/|6/80 ey DO NOT SCALE
(,; U § NOMEE S ) ont et B autaing Y SN0 wh SUPERSI D0 S i
<| D w arars | 2-sma ) RN EA189 9005)
— S S e > B L NSO N T e 8t Gus sves o) o ALl STOCE S PAG[ 2 Or 3
ped Bl d] Bt Rt B d Badl Kod 5l Bl BT B b o Do di v varrd ]

SOl ¥1d

0861 ‘9| ¥38W3Ld3S
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EAIE9 90951 MAINTENANCE INSTRUCTIONS

PAGE 3 OF 3 TYPE CF SWITCH: EAIBO 11302 REY. M AND OTHER MODELS AS LISTED
DESCRIPTION  : EAIBO MUCLEAR SWITCH WITH SILICONE GASKETS
PERIOD OF MFG., : FROM FEBRUARY, 1980

3.0 SCHEDULED MAINTENANCE :
EVERY 20 YEARS IF SWITCH WAS CONTINUOUSLY EXPOSED TO SERVICE TEMPERATURE HIGHER THAN SO'C.

3.1 REMOVE SWITCi, REMOVE TOP COVER. REMOVE AND REPLACE CONTACT BLOCK ASSEMBLY (L4.6) AnD
CONTACT LEVER ASSEMBLY (&.S5). INSTALL TOP COVER AND REPLACE TOP COVFR GASKET IF DAMAGED
(4.3). TORQUE TOP CCVER SCREWS TO 20 IN, LBS, OR AS SPECIFIED IN GASKET KIT,

RECOMMENDED INSTRUCTIONS AND REPLACEMENT KITS:

L.l CCONTACT CLEANING: CLEAN ALL DEPOSITS FROM CONTACTS WITH CLEAN ALCOHOL OR ACETONE USING Q-TIP
TYPE APPLICATOR,

LUBRICATION PROCEDURE - EA1B1 10160 (LUBRICANT MANUFACTURER: WILLIAM F, NYE, NEW BEDFORD, MASS.)
TOP COVER GASKET KIT - EAIBY 10102
BOTTOM COVER GASKET KIT EA181 10120
CONTACT LEVER KIT EAIB1 10130
CONTACT BLOCK KIT EAIBI 10140
BOOT KIT EAIB) 10151

LEVER SHAFT AND O-RING EAIC] 10170 (FOR STANDARD SWITCHES)
AGSEMBLY KIT
LEVER SHAFT AND 0-RING EA1B81 10171 (FOR SHORT TRAVEL SWITCHES EA16G £4302)

ASSEMELY KIT (SHORT TRAVEL) EA180 Xx5302)
EA1B0 x6302)

-n
o
, =
=
m
o
()
o
=
e
o
-

CUST PART NO ner nNO NAMCO CONTROLS

UNLESS OTHEAWISE SPECIFIED ou " An Acrne Cheveana Company
ALL DIMENSIONS W CLEJELAND, OHIO USA.
R = o

“—n /
xxx + ous | A K.
ANGULAR * 0°30° 5002/4’0 MAINTENANCE INSTRUCTIONS
- - ——

REMOVE ALL SHARK EDGIES o slizhs, -

ALL mACnNED sunracts ) "‘,}'“6/80 i DO NOT SCALE

0861 ‘L1 ¥38W3.!-43§

—

r_'n)l'\l Twt mt g at an tunT ANl D v e EOLL S RN R TN pM

. b LA L L it *w - Antety -

v w 1ot S grgeiraenirme ooy | lo=S-BO EA189 9005)
FUPPLIL % 0NN e me e DUS Wi B ' PR STOL® S12E PA(.F ’ or 3
VAT SO B1 LAFIIL WR D N AT wae e
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L.O SERVICE CONDITIONS, INSTALLATION REQUIREMENTS, MAINTE-
NANCE AND QUALIFIED LIFE (REF, IEEE 323-1974, SECTION 6.2)
(CONT'D,)

L.5 Normal service environmental conditions.

The test enveloped the following rated service con-

ditions:

“4.5.1 Temperature : Room Temperature to +30° € C144°7)
“%.5.2 Pressure : Ambient Cavm)

*54.5.3 Humidity : 0 to 100% R.H.

“4.5.4 Radiation : Total exposure 204 x IOGRads Gam€ma

L.5.5 Seismic : 0.B.E,

1 - 4L Hz, 0.6 - 9.52 g's
L -35 Hz, 9.52 ¢'s
Plant induced vibration simulation 333,333
cycles @ 100 Hz. at .75 g's.
L.6 Design Basis Event conditions,

L.6.1 Environmental conditions for this type test
were derived from {EEE 223-1974, Appendix A,
for pressurized water reactors and boiling
water reactors.

See Figure 3 of the test report for pressure/
temperature profile obtained.

L.6.2 Radiation total exposure:

204 x 106 Rads Gamma

L.6.3 Seismic: SSE (Same as 0.B.E.)
1 - 4 Hz, 0.6 - 9.52 g's
L - 35 Hz, 9.52 g's

L-4
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4.0 SERVICE CONDITIONS, INSTALLATION REQUIREMENTS, MAINTE-
NANCE AND QUALIFIED LIFE (REF, IEEE 323-1974, SECTION 6.2)

(CONT'D.)

L.7 Operating cycles.
L.7.1 Test

The test switch was operated with electrical

load for a total of over 100,300 cycles,

100,200 cycles wear cycling and a minimum

of 100 cycles during the other tests.
4L,7.2 Periodic testing

As a Quality Control procedure, randomly

selected switches will be heat aged for

LOO hours at 120 C, then operated for a

minimum of 100,000 cycles.
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L.O SERVICE CONDITIONS, INSTALLATION REQUIREMENTS, MAINTE-
NANCE AND QUALIFIED LIFE (REF, 1EEE 223-1974, SECTION 6.2)
(CONT'D.)

L.B Estimation of Qualified Life
The purpose of this section is to provide an esti-
mation of qualified life for the EAIED series limit
switches enveloped by this report.
Qualified life is defined as 'the period of time
for which satisfactory performance can be demonstrated
for a specific set of service conditions.”" (1)
The qualification test subjected the limit switch
to several accelerated aging tests which included
thermal aging at 120 C for 400 hours (5.1).
A primary consideration in estimating qualified life
is to first determine the aging mechanism' to which
the component materials are most susceptible,
The limit switch is composed of metallic and organic
components, (Figure 7)
The metallic components, per standard practice in
the nuclear industry, are considered to be immune
to debilitative aging in the temperature range of
this test.
Organic compcnents are susceptible to thermal aging
in varying degrees and rates. It was decided to

determine the qualified life of these components
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4.8 Estimation of Qualified Life (Cont'd.)

through the use of the Arrhenius law (2) to mathe-
matically extrapolate the thermal aging time/temper-
ature to service conditions,

As explained later on in this section an activation
energy number of 0,8 eV is considered tc be very
conservative for the elastomeric parts of the limit
s.uiteh, (2)

Based upon the 0.8 eV the qualified life of the EA180
series limit switch is 5 0 years at 55,0°¢, Figure 8.
The qualified life ¢an be extended to 4O years by
periodic mainten»-r2 and replacement of the elastomeric
components as recomended by Maintenance Procedure
EA189 90051 (Figure 6).

The organic components can be divided intc three (3)
groups:

A, Polymeric Lubricants

B. Thermoset Plastic Contact Carrier and Cbntact Block
C. Elastomeric Seals

The synthetic hydrocarbon grease has a rating of 250 F
(lZl.C) and the aromatic ether based oil is stable to
over 475 F (246 C). (3) Neither the lubricant manu-
facturer nor extensive searches of the current chemical

literature concerning lubricant has proven useful in
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Estimation of Qualified Life (Cont'd,)

discovering the thermal aging characteristics of
these lubricants, However, due tc the ratings of
these lubricants and the service conditions that
they will be subject to it is Namco Controls' care-
fully drawn opinion that the application and amount
of lubricant applied will be of much greater conse-
quence that changes due to the passage of time.

The qualified life of the lubricant is controlled

by the maintenance procedure.

The thermoset plastic parts are made of an asbestos
filled phenolic with a temperature index of 150° C.
(4) The manufacturer of the material was not able
to provide activation energy data, however, a number
of widely varying values have been located for other
phenolics, the lowest value being 0.96 ev. (5)

The elastomeric seals for the limit switch consist
of the siiicone rubber gaskets and an ethyiene propy-
lene o'ring shaft seal, The ethylene propylene boot
serves only as an oil retainer and dust shield and
therefore, not considered as a seal,

A study and test by Parker Seals (6) concluded that
the o'ring seal life appeared to be independent of
thermal aging temperatures below 200°F (93°¢C) and

that seal life for ambient temperatures of 55°C to

L-8
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L.B Estimation of Qualified Life (Cont'd,)

75 C ranged from 5 to 15 years, Parker was unabie

to provide an activation energy number,

The manufacturer of the silicone rubber gasket ma-
terial was not able to supply aging data on the
specific compound used, however, data (8) on this
type of material indicates 3 normal service life

of 10 to 20 years at 250°F (121°C). A study by
Martin Marietta (7) indicates an activation energy
rumber of 1.14 for silicones,

As previously stated; based upon the above and through
contacts with others in the nuclear industry (2) an
activation energy number of 0.8 eV is considered to
be very conservative for the e¢lastomeric parts of

the 1imit switch,

Namco Controls recognizes the importance of thermal
aging as a part of qualification and has therefore
established a test program to investigate the thermal
aging characteristics of the limit switches and of
the materials used in them,

This section will be amended as new information becomes
available from these tests and other sources.

This statement is based upon the best Engineering in-

formation available to us at this time,
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4.8 Estimation of Qualified Life (Cont'd.)
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L.0O SERVICE CONDITIONS, INSTALLATION REQUIREMENTS, MAINTE-
NANCE AND QUALIFIED LIFE (REF, IEEE 323-1974, SECTION 6.2)

(CONT'D.)
List of Non-Metallic
Materials Used in the
Qualified Limit Switch
Material Where Used
Silicone rubber Top cover gasket
Bottom cover gasket
EPDM 0 ring (lever shaft)
0 ring (cover screws)
Boot (lever shaft)
Synthetic hydrocarbon Lubricant
grease w/fluorocarbon
Aromatic ether based oil Lubricant
Thermoset plastic Contact block
Phenolic-asbestos filled Contact carrier
Figure 7
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5.0 TEST SEQUENCE AND RATIONAL FOR TEST CONDITIONS

5.1 Test sequence for T,R, 3613-PP.
The test sequence was conducted per Test Plan
LP10767-3. This test sequence was chosen because
it presents the limit switch with the most severe
(conservative) conditions in keeping with the I|EEE
standard guidelines:
inspect for damage.
Test for baseline data.
Thermal aged, 400 hours @ 120 C.
Performance test.
Mechanical wear age.
Performance test,

)

Total radiation exposure 204 X 10° rads. .
Performance test,
Seismic testing.
Performance test.
DBE environmental test,
Performance test,
Final inspection.

5.2 Rational for electrical loads used during qualifi-
cation testing of nuclear switches.
The Namco Controls' qualification test procedure
includes mechanical aging of the switch for 100,000

cycles, minimum, with an electrical load of 500

milliamps at 100 volts DC on the contacts.

5-1
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TLST SEQUENCE AND RATIONAL FOR TEST CONDITIONS (CONT'D.)

h

o

pational tor clectrical loads used during qualili-

cation testing of nuclear switches. (Cont'd.)

The purpose of this test is to simulate the life-
time switching function.

The design/nameplate ratings of these switches are
the same as the equivalent commercial versions
which are UL and CSA listed. (Snap switches per
UL1054) The electrical ratings are for resistive
loads. As an example, the 125VDC, 5 amp rating is
for continuous loads and make or bieak conditions
(See Section 3.3).

Qur experience with this series of switches has
been that when they are operated at rated voltages
and currents, the contact surfée -as tend to be seif
cleaning and/or the potential of the circuit is
sufficient to break down films or oxides that might
form on the contact faces. On the other hahd, 1ow
voltages/low currents may not break down the films
and/or oxides, therefore, provide little contact
surface renewal,

Testing a switch with two different potentials (V/A)
is impractical and would not represent 3 true switch

application.

5-3
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5.0 TEST SEQUENCE AND RATIONAL FOR TEST CONDITIONS (CONT'D,)

5.2

5.3

5.4

Rational for electrical loads used during qualifica-
tion testing of nuclear switches, (Cont'd,)
Therefore, we chose 100 volts DC and 500 milliamps
(.5 anps) resistive as being the representative
conservative coriact loading for mechanical aging.
kn electrical load of 86 milliamps (.086 amps),

100 volts DC was used to check for proper operation
of each circuit during all other test procedures,
Rational for total radiation exposure.

See the test plan (Page 19 of 27F).

It is Namco Controls Engineering’'s opinion that

the combined normal and DBE exposure is the most
conservative radiation test condition,

Rational for single axis sinusoidal seismic testina,
Section 6.6.2 of IEEE 34L-1975 provides for single
axis sinusoidal seismic testing if there &re no
resonances or interactions in the frequency range
required.

Previous Engineering analysis of switches similar
to the EA180 series found that no natural frequen-
cies below 46.6 Hz, exists on the electrical side
of the switch,

Engineering analysis did indicate that the natural
frequency of the latch (lItem 19) is 10.8 Hz. and
67.07 Hz. for the internal lever. Previous biaxial

testing of a similar switch (FIRL Report FC3879)

5-3
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5.0 TEST SEQUENCE AND RATIONAL FOR TEST CONDITONS (CONT'D,)

5.4 Rational for single axis sinusoidal seismic testing,

9:9

{Cont'd.)

and the cross coupling tests in T,R, 3613-PP proved
that cross coupling is not a factor during seismic
testing,

Rational for DBE environmental test.

The DBE conditions of T,R, 3613-PP were more severe
than test plan requirements, Test plan requirements
were derived from |EEE 323-1974, Appendix A, for
pressurized water reacters and boiling water reac-

tors and |EEE 382-1972,

5-4
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6.0 |INSPECTION AFTER TEST
After the completion of all tests and final exanination
at the test facility the limit switch was returned to
Namco Controls for Engineering review,
The memo of February 29, 1980, Page 6-2, is a record
of this review. None of the listed items were considerad

to be failure mode cr.teria, The switch functioned prop-

erly during performance testing.

6-1
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‘ natC: FEBRUARY 29, 190~

10 LP10767-3 Ol Fick:

oM 6. COVLLL OHIICE

BRI ICCL QUALIFICATION TEST PROGRAM
OBJECTIVE:
Review CA180 Switch #138-90 which has completed Qualification
Te:zting. .
OBSERVATIONS:

Contact Resistance:

AB - ,2626 OHMS
co - ,0183 "
EF - ,1206 "
GK - .0531 "

1. Zero torgue to loosen contact bl ock screws.

2. Operotive lever shaft moist from o ring to opcerating
lever, (Nye 4328 0il).

shaft dry from o ring to boot groove.
L., EPDM boot dry.

5. Contact lever shaft had a slight film of Nye 438 0il on
it,

6. Plating on roller flaking off.

7. Top and bottom cover gaskets cracked and brittle (Cohrlas-
tic Gaskets).

8. Most of the Nye 734A Grease had dried out.
Normal wedr on contacts.

10. Slight amount of grease on roller, slide and torsion

spring.

GC/nlm i /4/

ce: J. Rendokaitis é?ﬂlgﬂqu/
. Browni ne / - .

J. Busogany
T. Wood 6-2
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7.0 COMMENTS, SUMMARY AND CONCLUSIONS

7.1

7.2

7.3

Conclusion

Based upon our review of the test report T.R. 3?13-PP
it is our opinion that the EA180-11202/EZ10683-90
series limit switch passed the performance limits,
in Section 7 of Test Plan LP10767-3, throughout the
tests,

Performance limits:

Closed circuit current remained within ,001 amperes
of .086 amperes @ 100VDC.

Open circuit resistance (insulation resistance) re-
mained greater than 50,00C OHMS (5 Megohms).

Closed circuits did not open, for more than 2 milli-
seconds, during seismic testing. '

Failure to transfer, Page 6 of T.R. 36132-PP,

Based upon the Engineering review of the test switch
and the test set-up, it is our opinion that the one
failure to transfer was a random case that may have
been aggravated by the test set-up.

Seismic qualification of the EA180-11302 series
switches was conducted by Dr, E, J. Walters and
Associates, June, 1977, (Section 10.1, Appendix B).
The following comments refer to this report.

7.3.1 Switches #32, 33 and 45 are mechanical and

electrically similar to #138-90.

7-1
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7.0 COMMENTS, SUMMARY AND CONCLUSIONS (CONT'D.)

7.4

7.3.2

7.3.3

7.3.4

7.3.5

7.3.6

Switches #32, 33 and L5 were subjected to
thermal aging, wear aging and radiation ex-

6

posure (204 x 10” Rads) prior to seismic

testing.

Resonance search, see Figured for & plot

of acceleration amplitude (g) versus fre-

quency (Hz.) for this test.

Fragility test, see Figure 10 for a plot

of acceleration amplitude (g) versus fre-

quency (Hz.) for this test. A plot of
sine dwell point from test T.R. 3613-PP,
switch #138-90 is included to raise the

tested g level. .

Note: All curves represent test limits
because no contact openings (exceed-
ing 2 msec) were encountered.

Switch mounting, standard switch mounting

{side of housing) was used for all tests.

Switches #32, 33 and 45 were not subjected

to plant induced vibration.

OBE seismic test requirements of IEEE 34E-1975,

Section 6.1.4,

The OBE test requires that the limit switch be

subjected to 5 OBE's and 1 SSE,

7-2
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7.0 COMMENTS, SUMMARY AND CONCLUSIONS (CONT'D.)
7.4 O0BE seismic test requirements of I|EEE 3L4-1975,

Section 6.1.4, (Cont'd.)

This requirement has been exceeded during fragility

testing, This test subjects the limit switch to a
series of 60 second (minimum) sine dwells a2t six-
teen frequencies in each of the three (3) axis.

The sine dwell tests provides a minimum of 2,018

stress cycles per axis for a total of 27,054 (min-

imum) for the test.

For log data regarding fragility testing see Sec-

tion 10.1, Page 6 of 14B and Pages 6, 7, & 8 of 19D.
7.5 Seismic qualification of #138-90 limit switech,

Limit switch #138-90 is qualified by similarity to

switches #32, 33 and 45 per Or. E. J. Walters' re-

port, Section 6.1, Apopendix 8. Additional fragilitv

testing was performec in the 10-20 Hz. range per

T. R. 3613-PP.

Limit switch #138-90 was subjected to seismic con-

diticning which included all the sine dwell and

plant induced vibration test with circuits eneryized

throughout the tests. Resonance search testing is

not required.

=5
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7.0 COMMENTS, SUMMARY AND CONCLUSIONS (CONT'D.) '
7.6 Conduit sealing, the tast report states that teflen

tape was used to seal the conduit threads during

LOCA test, it must be noted that teflon tape was

not used during radiation simulation and further,

that no attempt was made to qualify a type of

thread sealant. During installation of the limit

switch it is the customers responsibility to main-

tain the integrity of the switch enclosure.
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DESCRIPTION OF PRODUCT IMPROVEMINT CHANGES

Limil switch /138-90 was made: to hill of materials
EZ10683-90/EA180-11302 and incorporated the follow-
ing product improvement changes: (B/M Item No. )
|tem 7 Bushing (for contact lever shaft)
Changed from bronze to P/M bronze, oil
impregnated.
Item 17 Latch Stud
Changed finish from zinc plating to
nickel plating.
Item 27 Contact Block
Changed material from glass filled poly-
ester to asbestos filled phenolic thermo-
set plastic,
Item 85 Contact Carrier
Changed material from glass filled poly-
ester to asbestos filled phenolic thermo-
set plastic.
Item 95 Lever (internal)
Material changed from bronwite to brass.
Item 100 Lever Shaft
Added oil groove.
Item 112 Top Cover

Added chamfer to screw holes for o ring.
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8.0 DESCR!PTION OF PRODUCT IMPROVEMENT CHANGES
£.1 Limit switch /138-90 was made to bill of materials

EZ10683-90/EA180-11302 and incorporated the follow-

ing product improvement changes: (B/M Item No, )

(Cont'd.)
Item 116 Top Cover Screw Assembly

Was: #8-32 Binding Head Screw with Lock-

washer,
Now: Special #B8-32 SEMS Screw with Belle-

ville washer and EPDM o ring.

Item 114 Top Cover Gasket
Was: Impregnated NBR/Asbestos
Now: Silicone rubber
Item 128 Bottom Cover Gasket '
Was: Impregnated NBR/Asbestos
Now: Silicone rubber
ltem 131 Bottom Cover Screw Assembly
EPDOM o ring added to a special flat head
screw, |
item 133 Boot

Material changed from silicone rubber

to EPDM.
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9.0 ATTACHMENTS
G.2 TAIHO 11302 | imit Switch Assembly
9.3 EAI80 14302 Limit Switch Assembly
9.4 EI060 53300 Operating Lever Assemb

9-1
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NAMCO CONTROLS

QTR 105 _ April 3, 1980

10.0 TEST REPORTS
This section contains a copy of all the listed test
reports.
10,1 Type test T.R. 3613-PP
Dated February 15, 1980, Revision 0
10.2 Supplementary Testing for Short Travel Switches.
An excerpt from EA180 Qualification Test Report

Revision 1, dated September 5, 1978,
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ACIMNE-CLEVELAND CEVELOFPMENT CONMPANY

( G295 ALPHA DINVE s VIGHLAND HEIGHTS, OHIO 44143 « (216) 473-0300

T.R. 3613-PP
TESTS OF LIMIT SWITCH #138-90
FEBRUARY 15, 1980

REVISION O

E’ Reoscarch Cunter of Acme-Claveland Corporation
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ACME-CLEVELAND DEVELOPMENT COMPANY

CERTIFICATION

The undersigned certify that this report presents a true account of

the tests conducted and the results obtained:

SC&[W () Q\—?ﬂu :':Z/j’ O
. ] ™
, 28/

E. L. Solem Date
Development Engineer

APPROVED BY!  ryvidn Q\»%A ) \z[-— (Z 1980

. s Skinbg(le, P. E/ it Date

Corporate Manager
Materials R & D

Lottt bl Ltz 1380
R. L. Nekola, P. E. Date
General Manager

Acme-Cleveland Development Company




TEST REPORT NO.:
DATE:

TITLE OF TEST:
SIZES AND KINDS
OF SWITCHES:

PURPOSE OF TEST:

TEST REQUESTED BY:

PREVIOUS HISTORY
AND REFERENCES:

PROCEDURE FOLLOWED

T.R. 3613-PP
2/15/80

TESTS OF LIMIT SWITCH £138-90 AS PER
TEST PLAN LP-10767-3, REVISION 1

One Namco Controls limit switch
Model EZ-10683-90/EA-1£80-11302

To establish the performance characteris-
tics of the switch vnder normal and ab-
normal conditions.

Namco Controls

E.R. 1418
All Series 3613 test reports
Test Plan LP-10767-3, Rev. 1, dated 7/26/79

The following tests werc carried out at or under contract to Acme-

Cleveland Development Company, the research center for the Acme-Cleveland

Corporation.

The tests consisted of the following parts:

1. Thermal aging for 400 hours at 120°C (248°F).

2. Mechanical wear aging for 100,200 actuation cycles

under electrical load of 0.5 amps at 100 volts DC.

3. Irradiation to a level of 204 megarads of gamma

radiation.

4. Seismic testing to a maximum of 9.52 g's in the

1-35 Hz range.

5. DBE testing to a maximum 196°C (346°F) at 70 PSIG.

The test procedure will be presented in the order in which it was per-

formed. Paragraph references are provided in parentheses for correlation

with the test plan.

ErL
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T.R. 3613-rp -2- 2/15/80

Throughout the testing the following equipment was used to determine

the performance level of the uni:s} A megohm meter mecasured the resistance

between contacts when open. A test circuit measured the load current be-
tween contacts when closed. This circuit consisted of a 100 volt DC power
supply, appropriate voltage and current meters, and a load bank set to pass
86 milliamps.

Inspection and Preparation (6.1)

The switch identity was recorded and the switch wired
and assembled as called for by the test plan.

Initial Test (6.2.1 and 6.2.2)

Open and closed circuit performance was measured and re-
corded for purpcses of providing base-line data. Trip angle and
torque tests (identified as Functional Test = 6.2.1.3 of the
test plan) were deferred until after the Mechanical Wear Aging.

Thermal Aging (6.3) - )

The thermal aging test consisted of exposing the unit to
a temperature of 120°% (248°F) for 400 hours. A thermometer
was placed such that the switch was between it and the heat
source. This thermometer was monitored during thermal aging.
During the time of this test the conduit opening of the switch
was sealed. A Terformance Test (6.2.2) was performed at the
conclusion of the thermzl aging.

Mechanical Wear Aging (6.4)

The switch was subjected to 100,200 actuation cycles.
The actuation was accomplished by a cam mechanism operating
at 70 actuations per minute. The electrical loading during

this part of the test was 0.5 amps at 100 volts DC. Per-

: ;
Calibration dates arc contained in Appendix F. (f?‘;zagg-




T. Rl

3613-rP -3- 2/15/80

formance (6.2.2) and Nase-line Functional (6.2.1.3) tests
were performed aftcE mechanical wear aging.

Irradiation (6.5)

Irradiation was performed by the Frank H. Neely Nuclear
Research Center of Georgia Institute of Technology. Their
certification is contained in Appendix A. Irradiation was
carried out to a level of 204 megarads. Gamma rad’ation
from a cobalt 60 source at 1.173 Mev and 1.332 Mev. was
used. The irradiation was carried out at a rate of 0.91 megarads
per hour. The Performance Test (6.2.2) was performed after
the irradiation.

Seismic Testing (6.6)

Single axis tests were performed in each of the three
axes. This testing included Resonance Search (6.6.8),
Fragility Test (€.6.9), and Plant Induced Vibration Simu- ‘
lation (6.6.10). The analysis of cross coupling in this model
switch is presented in Appendix C.

The Seismic tests (sece Appendix B) were performed on a
different Model EA-180 switch. These tests cover the Resonance
Scarch (6.6.8) and most of the Fragility Test (6.6.9) re-
quired by the referenced test plan, The testing of Appendix B
was conducted at a reduced g level in the 10-20 Hz frequency
range of the Fragility test. Therefore, full fragility test-
int was performed on the present switch in this frequency
range.

The performance instrumentation for this test was the

same as that for Appendix B. A Nicolet Explorer III oscil-

XL
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T.R. 3613-PP -4=- 2/15/80

loscope was, however, substituted for the Tektronix. The
Fragility Test was performed on a mechanlcal shaker,  The
input motion of the shaker was monitored by an accelerometer.
The test spectrum for the Fragility Test (6.6.9) is
given in Table I. Note that either acceleration or displace-
ment may be the independent variable.
TABLE I

SEISMIC TEST SPECTRUM (INPUT MOTION)
(See Also Figure 1)

Peak to Peak

Frequency Peak Acceleration Displacement
1-4 Hz 0.6-9.52 g's 12"
4-35 Hz 9.52 g's 12"-.091"

The data acquisition portion of the tests covered in
Appendix B were not repeated on the switch (#138-90) presently
under test. However, this switch (#138-90) was subjected to
all vibrations which are a part of the Fragility Test in order
to simulate the post-seismic condition before subjecting the
switch to DBE testing.1

The Plant Induced Vibration Test (6.6.10) was run on
Switch #138-90 at 100 Hz using a B & K electrodynamic shaker.
Table motion was monitored by a BBN accelerometer.

The Performance Test (6.2.2) was run after Seismic

testing.

DBE Test (6.7)

The temperature pressure profile for the test is given

in Figure 3.2

1’l‘lm swiitch circuits were encrgized and the switeh exerciscd in this test
as it would have been in full testing.

zTho recorded pressure/temperature data are presented on Pages 9 of 19 (D)
and 13-19 of 19 (D).

51/
10-8 Ci:/?iaP'
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3613-PP e

The first four days of DBE testing were performed in
a chamber of 12" height and 8" diamecter. The switch was
mountced in the chamber in a horizontal position such that
the lever shaft pointed upwards. The switch was attached
by means of a threaded pipe. Teflon tape was used for
sealing the pipe threads. This pipe ran through an O-ring
type feed-through in the chamber. The electrical connec-
tions from the swit=h were run through this same pipe.
Actuation of the switch was provided by a rotary feed-
through in the top of the chamber.

The switch was subjected to a caustic spray during
this portion of the DBE test. The flow rate of the spray
was 230 cc's per minute providing the necessary coverage
of 0.15 gallons per minute per square foot of cross-section.
The pH of the spray was maintained between 10 and 11. The
spray was composed of boric acid, water, sodium thiosulfate
and sodium hydroxide and was recycled during the entire time.
Spraying was initiated following each transient temperature
rise. The switch was submerged in caustic spray at tempera-
ture during some portions of this test due to the instability
of the recycling system.

The rate of temperature rise during the two transients
of the DBE test was somewhat slower than shown in Figure 2.
%hc data are summarized in Figure 3 and Tage 9 of Appendix D.

The switch was transferred from the high pressure cham-
ber to the low pressure chamber following the first four days
of the DBE test. ;t remained in this low pressure chamber

for the rest of the 30-day DBE period.

10-9
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T.R. 3613-PP -6- 2/15/80

Two data acquisition methods were used during the DBE.
The temperature was recorded on a strip chart recorder via
a thermocouple. During the transient sections of the DBE
the digital readout from the thermocouple as well as the
reading of the pressure gauge were recorded on video tape.

The data are recorded on Scene 138 of this tape which is on
file in the library of the Acme-Cleveland Development Company.
The switch was actuated and data recorded during the
peak level of the DBE and at other times as noted in Figure 3.

Additional data were taken during the long-term portion and

at the conclusion of the test.

RESULTS

During all phases of the test the open contact resistance of the switch
remained above 5 megohms. The closed circuit current remained within 0.001 amps
of the specified load.

At one point in the DBE test the switch failed to transfer when released
after actuation. The switch did transfer after a second actuation provided
a small additional lever arm rotation. The lever arm was not pushed back

toward the unactuated position.

Detailed performance data are presented in Appendix D.

CONCLUSIONS

The switch failed to Transfer (7.4) one time during DBE testing. No
other Performance Limits (7) as specified by the test plan were encountered
during the tests.

The tests were carried out from October of 1979 to January of 1980.

ELS/JIP:cr
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APPENDIX A

RADIATION EXPOSURE




GEORGIA INSTITUTE OF TECHNOLOGY

SCHOOL OF NUCLLCAR ENGINEERING
(. ATLANTA, GEORGIA 30332

FRANM M NLOLY
NUCLLAR MESTANCH CENTDN
TCLEPHONE (404) B¥4 D600

Novermber 20, 1579

Mr. E.L. Solem

Development Engineer
Acre-Cleveland Develcpinent Co.
625 Alpha Drive

Highland Heights, Ohio  U4143

Dear Mr. Solem:

Pursuant to your instructions seven limit switches and nine small
items were irradiated in our hot cell facility using Cobalt 60
(gamm cnergles 1.173 Mev; 1.332 MeV) to a total dece of 2.04 X
108 rads (air) or 2.3 X 108 rads (air) as indicated below.

We ccrtify the speeific parumeters of thic irradiation to be:

{ Test J - 204 Megarads

Irradiation Pericd: Total of 9 days, 8 hours and 15 minutes
P-1 Novembzr S-lioverber 12, 6 days 15
hours and 15 minutes
P-2 November 16 - Novermper 19, 2 days
17 hours and 0 minutes

Dose Rate: 9.1 X 105 rad/hour
tzl Dose: 2.04 X 10% rads (air)
Speclen Id: (Switch) 13u-€3

(Switch) 136-90
(Switch) 131-2
(Switch) 138-9C
(Switch) 137-67
(Switch) 97
(Switch) o€

Hexseal APM
.
0
308
100
{ 400
\ NPC-80
2 unlabeled itoms

Page 1 of 4 (A)
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Mr. E.L. Solcn
Pape 2
November 20, 1973

Test II - 230 Meparads

Irradiation Period:

Dose Rate:
Total Dose:

Specimen Id:

Dosimetry:

Total of 10 days 12 hours and 45 minutes

P-1 and P-2 of Test I and

P-3, November 19 - November 20, 1 day 4
hours and 30 minutes

9.1 X 105 rad/hour
2.3 X 10® rads (air)

(Switch) 134-63
(Switch) 136-S0

2 unlables items

Hexseal APM

346

308

100

400

0
Thermoluninescent dosimeters of lithium
borate. (Harchaw TL-800) calibrated with
a Farmer Dosinceter model 2502/3. Farmer

. unit calibrated using NBS cchbalt 60 at

M.D. Anderson Hospital, Housten, Texas.

The last date of TLD calibration was March 12, 1679; the last date
of Farmer unit calibration was July 27, 1979. If you require ad-
ditional information please contact me at (404) 834-3608.

GEORGIA INSTITUTZ OF TZCHNOLOGY

Margaret Bruce
Research Scientist

M3:1m
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APPENDIX B
SEISMIC QUALIFICATION TEST



SEISMIC GQUALIFICATICN TEST
OF
LIMIT CONTRCL SWITCHES
Jue 1977

Prepared for
NAMCO Controls

An Acme-Clevelanc Ccimginy
Jefferson, Chic
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1.

Dr. Edward J. Waller & Associates
Vibration and Sound Cousultants

P.O.BOX 171 e CHESTERLAND,OHIO 44026 * TELEPIHIONE: (21C) 729-7415

PURTOSE

Fow' Limit Contrcl Switc. »s manufactured by NAMCO Controls were
subjected to a seismic qualification test for Class 1E equipment to be
used in nuclear-powered electrical generating plants. The four switches
are a representative sample of EA180-11302 and EATLO-80100 limit switches
and the seismic test results will be considered as representative of .ae
characteristics of each switch series. The tests involved single-axis
einusoidal vidration in each of three mutuslly perpendicular axes parallel
to the major dimensions of the switch, in accordance with IEEE 382-1G72,
323-197h, end 344-1975. The test program was conducted by Dr. Edward J.
Welter und Acsociates at the John Carroll University Seicmological Labora-
tory, Cleveland, Ohio. NANCO representatives were present during verious

stages of the tests end monitored parts of the test program.

Page 2 of 14 (B)
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2.

IDENTIFICATION OF SWITCHES

The following switches were subjected to the seismic test

procedure. All switches wvere manufactured by NAMCO

Switch Sample
Number

Switeh No. 32

Switch No. 33
Switch No. 45

Switch No. 38

Snap-lock. Limit Switch
EA180-11302
Ampere Rating

Yolts AC oC
b §- 13 20 S
250 15 1.5
480 10
600 5

NAMCO Controls
An Acme-Cleveland Company
Cleveland, Ohio U.S.A.

Seme as Switch No. 22
Same as Switch No. %2
Snap-lock. imit Switch

EATLO-80100
Ampere Rating

VYolts AC DC
125 20 -
250 i% 1.5
k8o 10
600 S

NAMCO Controls
An Acme-Cleveland Company
C;evehnd, Ohio U.S A.

> z

Page 3 of 14 (D)



3. TEST EQUIPMENT

The test cquipment consisted of two different shake tables. The
first shake table was a mechanical device for large amplitude - low
frequency vibration. Maximum peak to peak displacement was twelve
inches, giving a single amplitude of six inches. Displacements down
to .025 inches single amplitude could be achieved. The mechanical
shake table was used to test over the frequency range 1-20 Hz. The
second device was an electro-dynamic shake table for small amplitude -
high frequency vibration. Peak to Peak displacement up to 0.4 inches
could be achieved. The electrodynamic shake table was used to test
over the frequency range 20-35 Hz. Both shake tables were monitored
for wave form by an accelercmeter mounted on the table.

During the test procedure the switch was energized electtiéally
with 125 volts DC at 1/2 amp. and monitored continuously for contact
opening of 2 milliseconds or greater. The switch was tripped from the
actuated position to the unactuated and back during the test procedure

and monitered for contact opening.

Page 4 of 14 (B)
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SEISHIC TLNT I'ROCEDURE

Each switch was individuslly mounted en the chake table with one
of its major oxes parnllel to the direction of table motion. After comple-
tion of this test the switeh was rcoriented on the tuble with itz second
major uxis purallel to the table motion, and similarly for the third major
axic. Opecinl fixlures for mounting the switches and activating them had

to be fabricated.
Part I - Resonance Seprch

In each orientation each switch was subjected to a continucus sine
sveep from 1 to 35 Ez at a rate of one octavr per minute. This sine sweep

wvas run as follows:

Frequency Displacement
Hz inches
1’10 100
10-35 0.01

Part II - Fragility Test ‘

In each orientaticon, each switch was subjected to a sine dwell test
in 1/} octave bands over the frequency ranges l1-35 Hz. The switch was vib-
rated for a minimwa of 6C seconds at each dwell point, beginning with 15
seconds of vibration in the unactuated position. The switch vas then actu-
eted by a manual tripping device and vibrated for 30 seconds in the actuated
position. After this, the switch was released by the manual tripping device
and vibrated for 15 seconds in the unactuated position. The switch was the

double throw type.

During the vibration test, the switch contacts were monitored for
opening by a light indicator circuit. If the light indicator circuit sig-
naled a contact cpening, the durction of opening was then monitored on an
oscilliscope. The criteria for seismic failure was a contact opening of 2.0
milli-seconds or greater. Both the Normally Open (NO) contacts end the Nor-
mally Closcd (NC) contacts were monitored during the tests.

The trip anglc of cach switch wes elso monitored during the vidbra-
tion test. This was done by monitoring the switch angle position on the
oscilliscope. The variation in the trip angle position chould not exceed
0.060 inches while being subjected to the vibration test.

Page 5 of 14 (B)




The dwell test was run in 1/3 octave bands at the following

frequencics and vibration specifications.

Dwvell Points
Frequency

Iz Vibration Specifications
1.0 lgrs ks
1.25 Displacement - 12.0 inches pp.
1.6 giving 9.52 g's
2.0 - at ,. Hz
2.5
B.ls

.0

k < £ <10 - acceleration 9.52 g
5.0 Displacement - 8.0 inches pp.
6.3 Displacement - 5.0 inches pp.
8.0 Displacement - 3.0 inches pp.

0.0 10¢ £ 20

12.5 Displacement - 0.45 inches pp.

16.0 ; .

20.0

25.0 O ¢ f ¢ 35 - ecceleration 9.52 g
32.0 Displacement - O.k-inches pp. .

The table motion was constrained to specific dicplecemcnts as
specified or es reguired to produce the specified eccelerstion. Wave
shape was monitored by an accelerometer mounted on the table. The
plenes of vidbration relative to the switch configuration are shown in
the following diagram and each switch was subjected to S distinct
vidbration tests.
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TFST REZULTS

Al cwitches performmed with no malfunction: {u the sine cweep
from 1 Mz to 35 Nz. Also, no rescrances were observed during thc sine

sweep test.

In the sine dwell test of 60 second duration during which the

switch vas actuatcd and released, no malfunctions were observed.

The test circuit did indicate a reaction to a small voltage
change vhich when monitored on the oseilloscope was less than 2.0 milli-
hence not within the definition of switch failure.* The
verious frequencics for each switch at which such an indication occurred
is shown in the following table. . '

b 4 Switeh
Nz 73 e &5

1.0 x
1.25
.| 1.6
2.0
2.5
3.15
k.o x x
5.0 X
6.3
8.0
10.0
12.5
16.0
20.0
25.0
2.0

W

XX X (% Ix
®OoIX X X |Ix |x

X IX IX IX |X % |x |%
x

A11 the gbove switch contact openings were of duration
less than 2.0 milli-sceconds.

*Sce page 14(R)
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The trip position of each of the switches rerained within the
required limit end at no time deviated from the original position by
more then 0.060 inches at the end of the two inch arm. In fect, the
changes noted were small compared to the tolerance limit.

The test results are facility limited :nd therefore do not indicate
the ultimate capability or the vibration level at which switch failure will
occur. Eech switch was subjected to sS4 distinct vibration tests vhich
‘ lasted for 60 seconds or greater so that minimally each switch ves vibrated
for 54 minutes. Checks Ior frequency and <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>