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1.

Dr. Edward J. Walter & Associates

Vibration and Souwid Cousiltauts

P.O.BOX 171 e CHESTERLAND, OHIO 44026 o TELEPHONE: (216) 729-7415

PURI'OSE

Four Limit Control Switches manufactured by NAMCO Controls were
subjected to a scismic qualification test for Class 1E equipment to be
used in nuclear-powered electrical generating plants. The four switches
ere a representative sample of EA180-11302 and BATLO-80100 limit switches
and the seismic test results will be counsidered as representative of the
characteristics of each switch series. The tests involved single-axis
8inusoidal vidbration in each of three mutually perpendicular axes parallel
to the major dimensions of the switch, in accordance with IEEE 382-1972,
225-197h, end 3L4-1975. The test program was conducted by Dr. Edward J.
Walter and Associates at the John Carroll University Seismological Labura-
tory, Cleveland, Caio. NANCO representatives were bresent during various

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

-

Page 2 of 14 (B)

10-22

— - ——— . ——

o i@ e o ine




Switch Sample
Number

2. IDENTIFICATION OF SWITCHES

Switch No. 32

. . Bwitch No. 33
Switch No. U5

Switch No. 28

The following switches were subjected to the seismic test

procedure. All switches were manufactured by RANCO

Snap-Lock. Limit Switch
EA180-117%02
Anmpere Rating

Yolts nC IC

125 20 5
250 15 s
480 10

600 5

NANMCO Cont;ols
An Acme-Cleveland Company
Cleveland, Ohio UW.S.A.

Same as Switch No. 32

7
/
Same as Switch No. 32
Snap-lock., Limit Switch
FATLO-£0100
Ampere Rating

VYolts AC e
1295 20 5
250 15 1s5
L8o 10
Goo 5

NAMCO Controls
An Acme-Cleveland Company
Cleveland, Ohio U.S5.A.

SwiteirNovab8 e Samo- a6 - SwitcheNo.. 28

Page 3 of 14 (B)



3. TEST EQUIPMENT

The test equipment 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
ehake 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 accelerometer mounted on the table.

During the test procedure the switch was energized electrically
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 monitored for ~ontact opening.

Page 4 of 14 (1)
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SEISHIC TEST T'ROCELURE

Each cwiteh was individuully mounted on the shuoke table with onc
of its major axes parallel to the dircction of table motion. After comple-
tion of this test the switeh was rcoriented on the table with its second
major axis parallel to the table motion, and similarly for the third major
axis. ©Special fixtures for mouwnting the switches and activating them had

to be fabricated.

Part T - Resonance Search

In each orientation each switch was subjected to a continuous sine
sweep from 1 to 35 Hz at a rate of one octave per minute. This sine sweep

was run as follows:

Frequency Displacement
Hz inches
1“10 J..O
10-3%5 0.01

Part IT - Fragility Test

In each orientation, each switch was subjected to a sine dwell test

in 1/} octave bands over the frequency ranges l-35 Hz. The switch was vib-
rated for - minimum of 60 seconds at each dwell point, beginning with 15
seconds of vibration in the unactuated position. The switch was then gctu-
ated by a manual Lripping device and vibrated for 20 scconds in the actuated
position. After this, the switch was released by the manual tripping device
and vibrated for 19 seconds in the unactuated position. The switch was the

douvnle throw type.

During the vibration test, the switch contuactis were monitored for
opening by a light indicator circuit. If the light indicator circuit sig-
naled a contact opening, the durction of opening was then monitored on an
oscilliscope. The criteria for scismic failurc was a contact opening of 2.0
milli-scconds or greater. Both the Normally Open (1O) contacts and the Nor-

mally Closed (NC) contacts were monitored during the tests,

The trip angle of each switch was also monitored during the vibra-
tion test. This was done Ly monitoring Lhe swilch angle position on the
oscilliccope. The varlaticn in the trip angle position should not excced
0.060 inches while beling subjected to LH: vibratlion tcst,

Page 5 of 14, (1)
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The dwell test wos run in 1/5 octave bands at the following

frequencics and vibration specifications.

-

Dwell Yoints

Frequency
Jiz Vibration Specifications

1 gk
Displacenent ~ 12.0 inches pp.
giving 9.92 g's
1 at b lz

WV

SN N
ozwoayo

h € £ €10 - aceceleration 9.952 ¢
Displacement - 8.0 inches pp.
Displacement - 5.0 inches pp.
Displacement - 3.0 inches pp.

20,0 10¢ £ 20

1?.9 Displacement - 0.45 inches pp.
16.0

20.0

25.0 20 ¢ £ ¢ 35 - scceleration 9.92 g
3.0 Displacement - O.h-inches pp.
The table motion was constrained to specific dicplacements as
epecified or s required to produce the specified gcceleration. Wave
shape vas monitored Ly an accelerometer mounted on the table. The

planes of vibration relative to the swvitch configuration are chown in

the following diazram and each switch was subjected to 9 distinct

vibration Lestn.







The trip position of each of the switches rcmained within the
required limit end at no time deviated from the original position by
more than 0.060 inches at the end of the two inch arm. In fact, the

changes noted were small compared to the tolerance limit.

The test resplts are facility limited and therefore do not indicate
the ultimate capability or the vibration level at which switch failure will
occur. FEach switch was subjected to S4 distinct vidbration tests vhich
lasted for 60 seconds or greater so that minimally each switch wes vibrated
for 54 minutes. Checks for frequency and wave shape and other manusl opera-

tions extended the total vibretion tizme by perheps a factor of two or three.



CONCILUSIONS

The limit control switches performed satisfactorily without
failure when vibration tested in accord with the specifications pre-

scented herein.

No contact opening of 2 milli-seconds or greater occurred durine

No resonance frequencies were noted during the test.



7.

CERTII'ICATION .

The undersigned certify that this report presents a true nccount

of the tests conducted and the results obtained.

_,,//{r ,',‘/,/,C 3 ut(', LR

Sdwara J. \-‘::/1.4..’1, , ¥n.D.

( K‘/( J ,/_'/\
¥ Ld‘!cl] (l \]c ‘Vu »VLA/’
e IR . S S\ .
'\ \ e
: : James DiSiena
-
s
-t
. .\
-
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EQUIINENT USED

Calidyme Elcctrodynamic Shaker, Model Bhik
Mechanical Shake Table
Tektronix Storage Oscilloscope Types 564

« Y Y st oo Vatel revmod oy > ek .
Shure Brothers Accelerometer Model Gng, calibrated August, 1977

Brush-Clevite Recorder Mark II

Page 11 of M (B)
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( Dr. Edward J. Walter & Associales
Vibration aud Seund Consullaits

> P.O.BOX 171 e CHCSTERLAND, OHIO 44026 * TELCPHONE: (216) 729-7415

Vibration Tests of Limit Control Switches
NAMCO Controls

An Acme-Cleveland Company

September, 1977

Switch Tested
Bwitch No. 32 - EA 180-11302

Vibrution Tents

.

The purpose of the test was to determine whether cross-coupling
would cause the switch to trip, and thus fail. The roller and spring
were removed gnd the switch was vibrated in the Y-component. Iio
faillures were observed during the test procedure. The displacenent,
maximum frequency, and g-loading at which the switch was vibrated are
given in the following table:

Dieplacerent Frequency Acceleration
inches pp in Hz c's
12.1 .5 13.6
10.1 5.0 12.6
7.9 5:5 12.0
. 6.3 6.5 1%5.4
5.0 6.7 11.6
4.0 T.2 : 10.6
3.1 10.5 1T«5
2.5 12.5 19.8
. 2.0 14.0 19.8
1.6 16.0 20.3
0.5 21.0 11.0
0.4 22.0 9.6 .

Test results indicate that failure due to cross-coupling in the
Y-component did not occur.

D e —

DR BDWAKD Jo WALLLR AND ASGOCIATES

Octobver 5, 1977




Dr. Edward §. Walter & Associales
Vitrativi: and Sound Coisultanls

P.O.BOX 171 e CHESTERLAND,OHIQ 44026 e TELEPHONE: (21G) 729-7415

February 14, 1980

Acme Cleveland Development Company
625 Alpha Drive
Highland Heights, OH 44143

Re: Vibration Tests .
Switch No, 32,EA-120-11302

Attn,: Mr, Ed Solem
Dear Mr, Solem:

This is in reference to your letter of January 15, 1980
concerning our report of the vibration test for Switch Ho,
32, EA-180-11302, to determine whether cross-coupling would
cause the switch to trip and thus fail,

The test procedure is the same as that described in
our report of June, 1977, where Switch No, 32 ,EA-180-11302 was
subjected to the seiemic qualification test. In the test of
Switch No. 32 for cross-coupling, the switch was tested in the
Y-component as specified by the Acre Cleveland Development
Company, MNo failure was observed during the test procedure,

piizic[ely.
il /72’ &N ////u,

“Fdward J, Walter, Ph.D,
_

EdW:apm

-

Page 13 of 14 (B)
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-1}~
ACMEC-CLIEVIEELAND DEVELOPMENT COMPANY

Behavior Of The Test Circuit

The test circuit was designed to detect switch openings
of morc than a pre-set time. TFor the purpose of these tests
the time was set at 2 milliseconds. During the seismic tests
it was reported that the circuit was triggering. Therefore,
personnel from Acme-Cleveland Development Company observed the
situation. |

It was found by use of an oscilliscope that the circuit
-was responding not to contact openings but to small changes in
voltage due to increases in contact resistance as the contacts
moved over one another. Although the decreage in voltage may
have lasted for considerable times, no contact openings of more
than 2 milliseconds were observed in that instance. At that
point it was decided that whenever the circuit was triggered
the oscilliscope would be used (by Dr. Edward J. Walter & As-
gociates' personnel) to determine if there was a contact opening

of more than 2 milliseconds or not.

7 'y
(c(‘.‘{"_'".”{.;.ﬁé‘.f-lj'_&;. 7//)///____
. E. Solem Date
Metallurgical Engincer

-
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APPENDIX C

SEISMIC TESTING/CROSS COUPLING

All of the parts and assemblies of which the switch is comprised
may be classified into three categoriecs depending upon the geometric
constraints upon their movement within the unit. The first category
is components free to revolve about an axis but which have balanced
angular masses about the axis. The rccond category is components
which are free to rotate about an axis within a range the limits of
which are 9° to either side of a principal axis of the switch. The
third category is parts which are constrained to linear movenment in a
line which is within 9° of a principal axis of the switch.

The contact lever arm assembly (83) is in the first category. As
the aigular moment of inertia of this component is balanced about the
central axis, vibration will not result in any torque about the axis.
Therefore, it is not necessary to consider this component in the analysis
of cross coupling.

Components belonging to the second category are the lever shaft
assembly (94), the latches (19), and the rocker arm (65).

The parts belonging to the third class are the contact carrier
plate assemblies which are located at the ends of the contact lever
assembly (83) and the roller assembly (75, 80, and 81).

The linear motions of Category 3 components, cxcept (75, 80, and
81) and the tangential motions of the Category 2 components, are all
within 9% of the Y axis. Therefore, a vibration with a deviation of
9% from the Y axis would cause a higher g loading along the dircction

of motion of these components than motion directly along the Y axis.

Pape 2 of 4 ()
) -



Appendix C 2/15/80
Sciomic Testing/Cross Coupling

Therefore, the g levels used In single axis testing should be multiplied by

a factor of .98 (i.e., cosine of 9°) in order to compensate for possible ef-
fects due to multi-axis vibration.

Movement of components (75, 80, and 81) is within 9° of the X axis.
Therefore, it could cross couple with the Y axis movements of the other
Category 2 and Category 3 components. The X axis movements of (75, 80,
and 81) cannot cause any Y axis movements directly. They can, however,
allow Y axis movements of (65) and (94). It is shown below that movements
of (94) cannot occur at 10 g's due to the preloaded force of Spring (107):

A B L} & g

1 Total ?
Preload Vetlght of Off Axis Effective Minimum g
Force Non-Cylindrical Weight Weipht Mechanical Welipht Loading for

107)  _parts of (94) of (81) _(B 4+ C)  Advantage (D x E) = Movement (A/F)

3,220 gn 53.9 gm 12.9 gm  66.8 g= 2 133.6 g 26.1 g's

In order to determine that movement of (65) due to cross coupling was

not a factor in these tests a separate test was run with components (75,

80, and B81) complctely rcmovod.3 This conservatively simulates any cross

coupling between components (75, 80, and 81) and (65).
Due to the above considerations, cross coupling is not considered
limiting in this unit; and therefore, single axis vibration testing is

considered suitable.

ElSicr

1 . F T
Blueprint speciflied minimum.

All mass is conscrvatively assumed to be concentrated at the end of
the lever shalt assembly.

3Sm' Page 12(B).
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. JINITIAL TNSPECTION

SWITCH MODEL: E2-10683-90 (EA-180-11302)
SWITCH NUMBER: 138-90

SHIPPING DAMAGE: None

TYPE OF WIRE: CSA-CL-1251 Crosslink (Belden)
TYPE OF LUGS: \ Sta-Kon Bl4-8 (78-6210-80320)

i\'O TB"‘ IZ AnG

CASKET INSTALLATION FRONT : 20 in-1bs.
TORQUE: REAR: Installed at Manuiacturing

SIGNED: __Q Q

7

DATE: 10/3/79

Page 1 of 19 (D)
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SWITCH NO,:
MODEL RO, :
TESTED FROM/TO:

DATT

_10/4/79 _
10/221]5L
Removed Switch

ELECTRICAL MEASUREMENTS

LOAD:

MEGGAR
1
2
3
4

CONDUCTIVITY (AMPS)

W -

CONTACT RESISTANCE
(IN OIS )-~BEFORE TEST

1
2
3
4

COMMENTS

NEAT AGING

138-90
EZ-10603-90/EA-180-11302
10747719 - 10/22/79
TEMPERATURE
TIME e OF
8:00 a.m, 120 248
8:30 a.m. 120 248

-———

1
1

,086 amns at 100 volts DC

INITIAL FINAL OTHER
€ 10/3/79 ) ( 10/22/79 ) ( )
1000 M* Inf. o
_1000 M* Inf.
1000 M* Inf.
1000 M* _Inf.
.086 .086 .
L0806 086
2086 L0586
____,_()_8_6 086
.05 ’ :
.05 ] T
. 06 3 -
_a05 Sy TR

Prv-trgx:} lﬁfﬂﬂf_lq 1b+in, to trip aswitch.

O o e e e

———————— - . | e — ’ -

*
- Meter measured between 1000 M and Infintty. o avre

77

) :

10/22/79

SICHED:

B

10-42
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SWITCH NO.:
MODEL RO, :
NO. OF CYCLES:
CYCLE RATE:
METHOD:

ELECTRICAL LOAD:

ELECTRICAL MEASUREMENTS

LOAD:

MEGGAR
1
2
3
4

CONDUCTIVITY (AMPS)

SLWN -

CONTACT RESISTANCE
(IN _OnMS)

S W N

COMMENTS

WEAR CYCLING

EZ-10683-90/EA-150-11302

100,200

70 RPM

CAM

0.5 amps at 100 volts DC

.086‘aﬁbs at 100 volts DC

INITIAL FINAL OTIIER
( ) ( ) (

Inf. Inf.

Inf. Inf.

Inf. Inf. S
Inf. Inf.

.. 086 .086

. 086 i 086

086 . 086

. 080 . 086

-

Pre-Travel Torque: 19 1b*in.

Proe-Travel:

11° '} Before and

Total _Travel:

13 } after test

(D
; SICNED: (:1(11

DATE: / 10/24/79

Page 3 of 19 (D) : 10-43
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SWITCH NO.,:
MODEL KO, :

JRRADIATED

AT:

FROM/TO:

TOTAL IRRADIATION:
ENERGY LEVEL:
SOURCE:

RATE:

ELECTRICAL MEASUREMENTS

IRRADTATION

138-90
EZ-10653-90/1EA-180-11302

Georgia Tech University

10/29/79 - 11/20/79
204 megarads _
1.173 Mev. and 1.332 Mev

Cobalt 60 garmma

LOAD:

MECGAR

CONDUCTIVITY (AMPS)

1
2
3
4

COMMENTS

SWN -

9.1 x 10° rads/hour

.086 amps at 100 volts DC

INITIAL FINAL OTHER
( 10/29/79) (12/5/79 ) (
Inf. Inf.
Inf. T Ing . MR
. Inf. Inf. T
Inf. Inf. e et A SaT
.086 . 086
. 086 086 T 1
. 086 086
. 086 L086 LS Y

N

() (
. SICGNED: -
—i

DATE: / 1275179

Page 4 of 19 (D)
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SEISMIC TEST

SWITCH NO.: 138-90

MODEL NO.: EZ-10083-90/EA-1680~11302
TESTED BY: ACDC
REPOIRT REF.: Conditioning Test: 1-10 Hz
25-32 Hz

Measured trip angle and electrical performance
from 10-20 Hz.

COMMENTS:

ELECTRICAL MEASUREMENTS

LOAD: .0.5 amps at 125 volts DC
€ 12/12/79 ) ( 1/4/80 )
MEGGAR
1 Inf. Inf.
h 2 Inf. Inf.
3 Inf. Inf.
4 Inf. . Inf.

CONDUCTIVITY (AMPS)

1 .086 .086
2 086 .086
3 , L086 vi 086
4 .086 .086

SICHED: <:)(j;:>

1/4/80
v, - & A0

Page 5 of 19 (D) * 10-45



" (a) 61 o 9 aleq

9%-01

Ay -
A ¢ -1

anLwo 4%

ROMETER CALISRATION (nV/g):

SEI TEST
o

138-20

v v
..

23.87 mvV/p

CCDES ‘l'

V = No contact opening in excess
of performance limit.

- = Opening detection circuit
activated.

X = Contact opening in excess
performance limits.

of

Fre- Accelerometer Pre-
quancy Period OQutput Displacement Max. g Normally Open Normally Closed Travel Resef
fEz)  (Sec.”7) (mV-pp) (Inches) (g's) Mech. Seismic Osc. Mech. Seismic Csc. Angle Angle
1.0 1 34.0 4 6 .612
1.25 0.8 54.5 % 6 .956
1.8~ €5 95.0 = 3 1.567
el =20 134.8% £ 2. 448
2.2 _-40 243.0% 6 3.825
3:13 -3l7 401.5 6 6.07
L0 .25 585.0 5.83 9.52
29 - 353.5 3.73 .52
6.3 _-339 550.0 L 9.52
8.0 _ 123 570.5 1.46 9.52
—20.0 190 569.5 .933 9.52 - v v - v V_ 10.2 1.5
_12.5 U3 598.0 .597 9.52 ~ Vv v - v Vv 10.2 1.9
9.0 _20525 615.0 . 365 9.52 - - NEE - v v 9.5 1.6
_52.0 L0350 575.0 .233 9.52 - v v - v v 9.6 1.6
_23.C  _.040 703.0 149 9. 52 Qe
32.0_ 0312 657.0 .091 9.52
COYIERTS 2
Plant Induced Vibration Test - The switch was vibrated 333,233 cvcles at a frequency of 100 Hz and .75 g's.

*

been found

%%

Selow § ¥z displacemen: and frequency measurements have
to be more accurate than the accelerometer.

.5 ms contact bounce.

Signed:

Date:

2
Q [\,/
(f' 1/3/80 and 1/4/80




() 61 30 ¢ o¥uq

L4-01

& . g | CODES »

V = No contact cpening in excess

SWIICA NO.: - 138-90 » of performance linit.
F 5018, I = = Opening detection circuit
ACCEZLZROMETER CALIBRATION (nV/g): 28.87 mV/g activated.

x = Contact cpening in excess of
performance limits.

re~ Accelerometer Pre-

qguency Poriod Qutpnt Displacement Max. g Normally Open Normally Closed Travel Reset

_(#z) {Sec.™*) (mV-pp) (Iaches) (g's) Mech. Secismic Osec. Mech. Seismic O0sc. Ancle Ancle
1.0 1 33.8 * 6 .612

_1.25 0,8 57.7 % 6 95
1.t 625 101.07 5 1.567

2.0 .50 160.27 6 2.448

2.5 .6 252.0 6 3.825

_3.15_ ~ 406.0% T 6 6.07

&5 .35 606. 0 5.83 9.52

o .l 534,5 3.73 9,52

_ 6.3 _.159 6.9 2.35 9.52

_8.0_ .35 565. 5 1.46 9.52

~23.0 e L 562.0 =933 52 - v v - v V. 98 12
12.5 : 596.0 . 597 9.52 B V V B v v 0.1 p %y

_15.0  _.Ca25 559.5 . 365 9.52 = : v = v V— 10.1 1.9

_3C.0  __.G50 584. 5 .233 9.52 - V v - v V- 10.2 1.8
235.0 J 601.0 . 149 9.52

—32.0 L0312 632.5 -091 9.52

Plant Tnduced Vibration Test - The switch was vibrated 333,333 cycles at a frequency of 100 Hz and .75 g's.

*
Below &4 liz displacement and frequency measurements have

been found to be more accurate than the accelerometer. ﬂ::D
Signed:; 0

~




(@) 61 jo g ddud

gh-0l

Plant Induced Vibration Test - The switch was vibrated

[ sers) TesT CODES '
V = No contact opening in excess
>w1ICH NO.: 138-90 of performance linit.
AXIS: A - = Opening detection circuit
ACCELZROMETER CALIBRATION (mV/g): 25.87 mV/g activated.
x = Contact openinz in excess of
performance limits.
fre- Accelerometer Pre-
vency Period Output Displacement Max. g Normally Open Normally Closed Travel Reset
=) (Sec.”™ ) (nV=p>) (Inches) (g's) lech., Seismic Osc. Mech. Seismic Osc. Argle Anzle
1.0 1 33.2 » 6 .612
~1.75° 0.8 56,7 ® 3 ~956
1.0 625 100.3* 6 1.567
2.0 .30 157.0% 5 2,448
I 253.0% 3 3.825
_3.15  _.317 462, 0% 6 6.07
_ 4.0 Lk 570.0 5.83 9.52
N 1 SR 563.0 3.73 9.52
5.3 159 553.9 2. 35 Gl
Mt 1S 540, 5 1. 46 9.52
18,0 - 158 555.5 .933 9.52 - ~ Vick - v vV 10.2 1.7
=3 103 366.5 597 9.52 - v v - v vV 10.1 1.7
~19.0  _.08:3 613,0 365 9.52 - v v Z v vV 9.9 1.3
20.0 .030 £72.0 g2l 9.52 - v Vv - Vv v 10.0 1.6
___:_‘_J 0 __:»();‘) 745.5 . 149 9.52
adsh) 0312 725.0 .09] 9.92

333,333 cycles at a frequency of 100 Hz and .75 g's.

*
Below 4 Hz displacement and frequency measurements have

beea found to be more accurate than the accelerometer.

.5 ms contact bounce.

Q&

P
( 12721779 and 1/2/79




SWITCH NO.:

138-90

DB
(Summary o

T
Transients)

MODEL NO.: EZ-10683-90/EA-180-11302

PROFILE RET.: IEEE Standard 382

NaOH, Boric Acid, Sodium Thiesulphate

(@) 61 30 6 oleg

FROM TO * CAUSTIC

o, ELAPSED TEP. PRESSURE FLOW ' *

X2, (%) _IIME CF (PSIG) (CC'S/MIN.) COMMENTS

1 120 12 gee 300 7% - Torque to trip switch was 21 1b-in.
2 120 16.7 sec 328 95 -

g 120 30 sec 340 68 -

=z 340 3 hrs 340 $0-105 "200-250

—3, 340 1 hr., 15 min. jiﬁf“ e 200-250
¢ 120 11.7 sec. 300 32 ot

7 120 23.4 sec. 328 34 —-

_8_ __-’ Ef) sec 340 v & ey

N 3% 2 hr.. 45 min. 340 _ ~ 85-110 200-250

*
Originally O PSIG.

SICNED: (j\,4???
‘/

DATE: 2/7/80




The cleosed contact resistance

SWITCH ¥O.: 138-90 after the test was:
MCOZL NO.: EZ-10683-90/EA-180-11302
ELECTRICAL LOAD: .066 amps at 100 velts DC Resistance
Contact (in Ohms)
1 3.4
ELECTRIC UREVENT *
= Al STAS .t See Page 15 of 19 (D). 2 8.1
3 .09
4 1:1
ELAPSED MECGAR CONDUCTIVITY (AMPS)
DATE TIME TIME 1 2 3 4 1 2 3 4 COMMEYTS
e It = Installed in
1/5/80 |[2:15 p.m Inf. Inf. Inf. Inf. .086 .086 .086 .086 chanbor.
1/7/80 i7 50 a.m Inf. Inf. Inf. Inf. .086 .086 .086 .086 Before test.
z 1/7/80 |8:30 a.m Inf. |Inf. |Inf. |Inf. |.086 |.086 [.086 |.086 | At 120°F.
N AT L0 F
5 | 1/7/80 [9:40 a.m 5M sM  [sM | 086 |.086 |.086 |.086 | go-105 pst ‘
- { AT 33U r {
- 1/7/30 12:15 p.m ™ ™ ™ ™ .086 .086 .086 .086 90-105 PSI
o o
o 1/7/80 {4:30 p.m 124 124 |12 | 12y .086 |.086 |.086 |.086 | At 320°F
= o i . At 86 F. Hard to rove
R | 1/8/80 |[7:40 a.m Inf. Inf. Inf. | Inf .086 086 [.086 |.086 | jover arme-iwas stickind.,
|
1/8 §10:45 a.m | 18M 184 18M 18M .086 .086 .0286 .086 At 320°F
o l |
' 1/8/80 112:10 p.m 18M 18M 18M 184 . 086 .086 1.086 |.086 | At 320°F. |
o 1 |
| 1/8/80 [1:30 p.m. 150 300 | .086 |.086 250°F at 25 PSI j
Berorg dropping temp.
1/12/80 |8:00 a.m 80UM | 4OOM |300M | 400M | .086 |.086 [.086 |.086 | 250%F po 2ggorf |
initially hard to i
actua’ . switeh. '
o ! : IInstril switch in low |
1 1/12/780 ;12:45 p.m pressur » chanher. |
J Above | Abeve | Above | Above 2 !
| 1/22/80 |1:00 p.m 10008 | 1000M | 1000M | 1000M | .086 |.086 1.086 |.036 |200°F actuated switch. |
l oreven | ! el a o 4 After talking switch {
2/7/80 | | Inf. |Inf. |Inf. | Inf. .086 086 086 |.086 |t of low rems. and |
= 1/7/80 pressure cnanber.
SIGSED: 1 DATE: S

e

s



CAUSTIC SPRAY COMFOSITION
(BY BATCH)

led Water 18 liters

311.8 gra

150.0 grams
3 285.8 grams
any additional required to increase pH to

n 10 and 11.

s Vi
'/‘/)_ v /3
STGNED: L/L. Ce'z2 70 JA
i ~ /M
DATE: '.‘? /// L KC



DBE TEST

SWITCH NO.: 128-90
MODEL NO.: EZ-10683-90/FA-180-11302
FINAL ENAMINATION
CASKETS: Top gasket intact - sealed well. The

silicone is hard to the touch.

The bottom gasket had small cracks at

the center screws and ncar one back

screw hole. A large crack was at the back
bottom compartment.

CONTACTS:

Contact block very clean.
Slight corrosion on contacls.

BLOCK: Cor~act block very clean.

O-RING: The O-ring was resilient, and there
was lubricant around the O-ring and
shaft.

GREASE: The grease was present on all surfaces
on which it was applied.

OTHER: When bubble testing the switch after

LOCA, there was a slieht leak at the
top plate conter scrows and a s1inht
1cak at the back Lwo botlom scrows
and at thﬁm?:riu:t near the scrows.

-

SIGHED: -
P




SWITCS NO. ‘113-90 " MODEL NO.: EZ-10683-9o[’80—11302 TESTED FROM/TO: 1/7/.- 2/7/80

| i | CAUSTIC  |WATER
i ELAPSED | TEMPERATURE PRESSURE l FLOW LEVEL
PATE a INE TIME (CF)’ (PSI) I(CcC'S/MIN.) | (Inv.) | pH COMMEXTS
.l | . Preheat Lindberg superheater to SO00°F
1/7/80 ! 8:05 a.n 1 I 10.5 |and set steam genarator to 175 PSI,
; | Let tank heat up.
| |
i 7 [
1/7/80 E 8:32 a.m. % 250 10.5 | Apply superheat for preheat temperatur
ird o I T Drop temperature coatrol to off.
1/ /80 ¥:00 a.m. = -
j i o B 230 Add 60 PST air for cool dom.
1/7/8 I 9:15 a.m. ! 120 90 Set controller to #1.
!
1/7/80 | 9:15 a.m 12 sec 300 75 !
1/7/860 | 9:15 a.m. T 16.7 sec. | 328 95
|
1/7/89 3 9:15 a.m. | 30 sec. 340 68
1/7/80 ! 9:15 &.n. i 36.7 sec. 366 40
L}
1/7/80 |’ 9:15 a.n. | 50.6 sec. | 340 93 Tank temperature 340°F.
g . R ¥ . | { Turn on Control #2.
1/7/80 | 9:20 a.m. 340 80-100 | 200-250 (Start spray at 9:20 a.m.)
177780 9:30 a.n. , 340 80-100 200-250 Turn Lindberg to 1200°F.
|
1/7/30 | 9:40 a.;, | 340 90-110 200-250 Turn Lindberg te 1300°F.
1/7/80 9:48 a.m. 340 95-105 200-250 Turn down valve on chamber outlet.
1/7/80 10:00 a.m 339-342 95-105 200-250 Turn down steam generator to 160 PSI.
1/7/80 | 10:05 a.n. 340-343 93-105 21¢
- i ' . Drop pressure on steam generator
3 b R « M, 40-3¢ 93~
1/7/80 z 10:10 a.m 340-342 3-103 210 to 140 PST.

/

/
DATE: 7 1/7/30

Q5
SICNED: L\ 7 —
F}




—— 7 .o ol
SWITCE '0-1.18-90 MODEL NO.: E2-10683-90/F22180-11302 TESTED FROM/TO: 1/7/0%- 2/7/80
ELAPSED TEMPERATU PRESSURE

PATS T1 TIME (°m) (PST) (CC'S/MIN.) | ol COMMENTS

1/7/80 20 340-343 9?-)1)3_

e : Increase steam generator to

1/ 1131 ‘D 3‘20‘3’03 03‘}03 210 1{,0 PSI.

ank lost ¢ sti ion.
1/7/80 :00 340-143 93-103 210-230 {,’,’;n ig;‘;ii;‘:’;;fc solution
1/7/8C 21 340-3413 93-105 10.5
Turn control to off. Drop temperzture
1/7/€0 12:2] 340-343 93-105 to 120°F.
(air .

1/7/90 jﬂ 192 25 I\resguyj.y)

1/77/83 235 120 Put 63 auarts of solution in tanik,
1/7/80 : 36 11.7 seec. 300 32 Start second spike.

1/7/80 36 23.4 sec. 328 34

1/7/80 136 p 25 sec. 340 22

/7180 36 34 sec. 373 10

1/7/€0 38 18.2 sec. 328 80

/77890 1:38 33.8 sec. 340 73

1/7/80 242 340 85-115 Control #2 and spray on.

1/7/80 148 340 80-106 Tank temverature 310°F (set).
1/7/80 10 340-347 37-110

1/7/80 250 340-345 90-112 Tank temperature 315°F.

v
SIGNED: Q'vf

A /
-~ DATE: D 1/7/80




MODEL NO.:

Sy
\ . e
- laVas AN e . -

TESTED FROM/TO: 1/7/S8u™= 2/7/80

| CAUSTIC | WATE!
ELAPSED T:K?r?\’U?~ PRESSURE | FLOW LEVEL
DATZ ] TIVE TIME (" (PST) I(CC S/MIN.) | (IXN.) pH s
i fea | - ) | | Drop tank temperature to 25J°F. Water
1/7/80 | 3:55 p.nm. 340-343 90-110 | 210-23 | in tank dropped below three-fourshs.
1/7/ } 4:20 p.m 340-34 90-110 210-230 10.2
E o
1/27/80 | 4:50 p.m. 320 67-87 l 210 Temperature reached 320 F.
| | = A Half inch of water in tank
1/7/3 | 5:17 p.m. | 320-324 67-85 210-230 gisht abase.
1 r : JU—
1/7/80 5:36 p.m. 320-324 67-85 210-230 Heater light on in tank.
| | ‘ i Shut down system after®one hour
7785 l 5.%0 ».m A0~ 12 7 210-9 5 sysiem aiter one oour
1/7/8C | 5:50 p.m. | | 320-324 67-85 210-230 2t 320°F. .
: .
|
1/7/80 |  * ; ,
S e SHE TSR ‘ Lost caustic solution in tank. Added
1/8/50 ! 7:40 a.m. g6 10.5 caustic and started to orehest tank
| 5 at 9:00 a.m. .
|
l Started test. Increased temperature to
/8/80 | 10:00 a.n. 86 320°F. Control £1 on. .
]
1/8/80 | 10:10 a.m. 320-325 40-60
!
: | E
1/8/89 | 10:15 a.m. | 320-325 40-60 220 art caustic. Contrel #2 on.
1/8/60 | 10:20 a.m. 320-325 32-52 230
1/8/80 10:50 a.n. 320-326 50-80 220
1/£/80 11:10 a.m 320-326 50-80 220
i
1/8/80 g 11:30 a.m 318-325 62-82 220
| "
1/6/30 ¢ 12:10 p.m, 320-326 65-85 210
*

1
At 7:40 a.m, cn 1/8/80
The chasmber was then heated up to 320°F.
switch.
then re
tion 0;
this cx-e the
pesition,

leased, the lever arm
the actuation
lever arm returned,
This was the only rime

and then releasead.

rned overnight because of the loss of caustic solution.

the switch was actuated and the clectricals were taken.
It took more than the average
When the switch lever arm was moved to the actuated
did not return until pushed further
Repeating the actuation,
noving the contacts to the normally closed
that the switch failed to actuate throughout

force

P Q.f?
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PAGE NO.:* 4 of l‘*‘l’

SWITCH XO.: Qa-so MODEL NO.: EZ-10683-90/EA-180-11302 TESTED FROM/TO: 1/7/80 - 2/7/80
| i CAUSTIC |WATER
] ELAPSED | TEMPERATURE PRESSURE FLOW LEVEL
DATE TE TIME ‘ (°F) (PSI) CC'S/MIN.) | (IN.) pH COMMENTS
A ! - = ’ . : A ~ 3¢ Decrease temperature to 2350°F and
1/8/8 | 12:15 p.m 320-326 | 65-85 210 pressure to 25 PS1. Add air.
! }
1/3/80 | 12:30 n.m. 1 240-250 | 25 220 3" Iemperature is varying.
1/6/80 | 1:00 p.m. 240-250 25 220 2 | ?0:tiﬂu: ngf;fﬂy test
Pt | LOntrol -
1/8/8 ; 2:00 p.no. 240C-250 25 220 1 Temperature varies because of t'e addi
l : tion of air to maintain 25 PSI in
i | chamber.
|
1/8/80 | 3:00 p.m 245-250 25 220 " g _J
i { -
1/8/80 | 3:55 p.m 245-250 25 220 2"
1/6/80 | 7:00 p.m 245-250 25 230 2"
1/8/80 ! 11:45 p.m. 245-250 25 230 2"
‘ .
1/9/8¢ | 7:40 a.n. ? 243-247 25 235 >
| 1
1/2/80 | 1:00 p.m. | 251-253 25 235 2
'
1/2/80 | 3:45 p.m. 251-252 25 235
1/3/80 | 5:45 p.m. | 251-252 25 235 o
1/9/80 ’ §:30 p.m. 252-25 25 240 3.5"
|
1/10/80 | 0:05 a.m 252-253 25 240 1:%"
1710480 | 7:40 = 58 250-251 25 250 1.5
1/10/80 | 12:20 p.m. 250~251 25 250 1.5%
L 7~ o
ol .\I.D. i S -
L

K— /" | 1/8-10/80
p {4




[ SWITCE X

0.z !l!-;o

-

MODEL XO.: EZ-10683-90/E:\-Q'30-11302

PAGE NO.: 5of 7

TESTED FROM/TO: 1/7/80 = 2/7/3C
3 i | | CAUSTIC | WATER o
— § —— ELAPSED T2MPERATURE 1 PRESSURE FLOW LEVEL
| LD . Aoaaull ! TLINE ( ::) l (PSI) (CC'S/\':IN.) (IN,) pH CC}::ENTS
1/10/89 | 5:55 p.n ? 250-251 } 25 250 3"
| | ’ !
1/10/80 | 9:00 p.m E 249-251 i 25 3 250 ' an
| . |
1/11/80 | 0:10 a.m ] | 252-254 | 25 | 250 3.5"
[ 1 T l
1/i1/89 | 8:20 a.m. | | 250-252 1 25 250 3.5"
; 1 7
1/11/80 | 12:15 p.m.| 250-252 25 250 3.5"
1/11/80 | 5:15 p.m. | 250-252 25 250 3"
1/11/82 | 7:45 p.m. ; 251-253 25 250 2"
1/12/80 | 7:45 a.m 250-252 25 250 " Jag
1/12/20 | 8:00 a.n 250-252 25 250 3" Drop temperature to 200°F.
| E T
1/12/30 | 8:30 a.m 200 ! 10 | 250 3" Reached temperature and pressure.
1/12/60 | 9:00 a.m 201-204 10 250 "
1/12/80 | 9:50 a.m. 198-200 10 250
|
1/32/80 { 10:10 a.m 198-200 10 250 3" 10.8 Turn down unit.
‘ : Jadamans - -
1/12/50 l 12:45 p.m 158 Installed switch in low tefperaEJYe an
I pressure chamber. Aoply 450 cc/zinute
| distilled water spray.
x . ‘
i ]
1/12/80 i 1:00 p.m. i 200 10 96 Reached temperature and pressure.
1/12/80 ‘ 2:00 p.m. 200 . 96 { Dropped pressure to repair chanber.
A
3 SIGNED: \yi)/4}f1

[ s |

DATE:

A

(./ 1/10-12/80
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*

Equipment
Tektronix Model 564 Oscilloscope (Time Base)

Shure Model 62 CP Accelerometer

Seismic Test Circuit (Time Base)

Biddle "Megpar" Model 8G79ARK

Weston Model 911/DC Voltmeter (Serial £8-71774-67)
Weston Model 81/DC Milliammeter (Serial #S8-96236)

Brooks Flow Meter Model 110-05F1DB1A
(Serial #76081166592)

Brooks Flow Meter Model 1110-05F1A1A
(Serial #77081137890)

Thermocouple and YEW Type 2809 Digital Readout
(Serial "9028)

Sears Pressure Gauge

Video Logic Video Tape System (Time Base)
Thormo&eter (Thermal Aging)

Thermometer (DBE)

Data Precision Multimeter Model 5740
(Serial #9421)

Ametek Pressure Gauge Model 58GO300BM2GLG (Ser. #£91585)

fluke Current Shunt Model A-90 (Serial #246)

Nicolet Explorer 111 Oscilloscope: Mainframe Model
2090-3B (Scrial

#801756)

Plug-In Model 206-2
(Serial #1171)

(Rotational Movement)

*
Not traccable to NBS.

Page 1 of ] (E)

10-61 .

Bourns Cermet Potentiometer Model 3852-A-282-502-A

9/6/77
1/77
11/1/78
9/17/79
9/17/79
9/17/79

12/5/79
12/5/79

9/15/79
12/12/79
11/19/77
9/15/79
9/17/79

6/8/79
9/27/79

9/16/79

12/7/79
12/7/79
1/15/80

ELS
2/15/80
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QTR 105 April 3, 1960

10.0 TEST REPORTS (CONT'D),.
10.2 Supplementary Testing for Short Travel Switches,
An excerpt from EA180 Qualification Test Report,
Revision 1, dated September 5, 1978,
A copy of this report is included in this sec-

tion,

10-63 i



.

Those switches of the EA-180 serics which contain a short
travel mcchaniém differ internally from the standard travel
versions in some respects. It was, therefore, felt that it was
necessary to test a short travel model up through the scismic
portion of the test in order to verify that the internal mechanism
of this switch was not subject to scismic failure.

The tests conducted were the same as those conducted on
the switeh #£61 in the body of the report except that the LOCA
tests were not performed.

The short travel switch vhich was tested ({83, Model EA-
180-14302, Rev. C) maintained optimal electrical performance
throughout all portions of this test. During the seismic test-
‘ing the trip position of this switch was observed to chenge -
as noted in the seismic repowt. The maximum change was .107"
and the direction of change was such that the switch would
actuate earlier in the tripping cycle than it had prior to the
seismic testing.

Cross coupling tests were not necessary for this switch
as they were for the long travel mechanism. This was because
the parts #75, 80 and 81 of the normal long travel mechanism
(sce page 5 of the main body of the report) are not present ir
this switch, and part 62 which replaces these parts is not sub-
ject to movement in the X axis.

1t was not considered necessary to LOCA test this switch
because short travel versions of the switeh covered in the main
body eof this r»cport will be built with identical sealing
mechanisms (i.e. gaskets and O0-rings) to switch {0L.

Pape 1 of 11 ()
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March 1, 1978

. TEST FOR SHORT TRAVEL SWITCH #83. . E21067-51/EA18014302

-~

The switch was heat aged at 200°F in a high humidity chamber
from 12/23/77 to 1/1/78.

The open contact resistance on a Meggar instrument mea
above 1000 mepohms (infinity) before and after the hea
test and the closed contacts passed a current of .080

100 V.D.C.

The switch was wear life cycle tested for 109,000 cycles at
70 RPM using a cam to actuate the lever arm. The load on
the switch was .5 amps @ 100 V.D.C. The test was Lrom
1/3/78 to 1/4/78.

After the wecar cycle test the contact resistance was over 1000
. megohms (infinity) and the closed contact current was .086 amps.

The switch was irrvadiated at Isomedix, Inc. from 1/12/78 to
1/31/78.

The switeh was irradiated with a cobalt 60 source. The total
irradiation applied was 204 Mrads with an enecrgy level of
1.25 Mev. at 1.2 Mrad/lhr. rate.

The open and closed contact resistance and current were the
same valuces as before the irradiation test.

The switch was seismic tested by Dr. Edward J. Walter &
Associates from 2/1/78 to 2/13/78.

The scismic tests consisted of fragility test
and plant induced vibration simulation.

After the seismic test the open contact resistance was above
1000 megobms (infinity). Before and after the scisnmic test the
closed contacts passed a current of .086 amps at 100 V.D.C.

The test propram for switch 783 was completed on 2/13/78.
The data is attached, ‘

J. J: Patsey

Page 3 of 11 (F) ?6
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1-3-78 « ', SWITCH #53

MODEL '{1 EA1S0-1430

L PROTOTYPE WEAR CYCLING EZ10667-51

F_—_-‘l:ll()l)UCTIOH :

B L e DR E e —— —— ——— . 2. w19 s s s s N . .y e v eme e ow - —

i

—
—
———

F cYcLrs 100,000 'LOADl .5A § 100 BC | COMMENTS :
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SOMEDIX

Yebruary 6, 1978

Mr. FBdward L. Solem
Metallurpgy Engincer
Acme-Cleveland Bevelopment Co.
62% Alpha Drive

Highland Heights, Ohio 44145

Dear Mr., Solem:

This will summarize p(-~a|nntc1* pertinent to the ir: adiation of three
switches per your purchase order no, DC-97214, dated January 12,
1978, The units were identified as switches 814, 824, and 83,

The swilches were placed in a cobalt-60 geamma field at a dose rate
of 1.2 Mrad per hour. The switches were exposed for 170.0 hours
yielding a minimun dose of 204 negarads,

Dosimectry was performed using an A‘comlc Enerpgy of C<m1d2 Limited
"(ARCL) Red Perspex system with Type BC-2 readout. Calibration of
ihe Perspex is made by AEBCL using Cv“m dosimetry tr:zcc.’.t,](, to the
U.S. 1...1u.;m Burcau of Standards. Isomedix repgularly crocs-
calibrates its ARCL system with an inhouse Harwell Terepex system,
and makes semi-annual calibrations directly with NES, ...ma ¢ NBS
Radiochromic Dye system. A copy of the dosimeiry corrclation re-
port is available upon request,

(-t(.

Irradintion was conducted jin air at ambient temperature and pressura,
Radimmt heat from the source heated the samples somewnat, but ihe
temperature did not exceed 100V, as indicated by previcus measurc-
ments on an oil solution in the same relative position,

Irradiation was initiated on January 15, 1978, and was completed
on January 26, 1978,

Yours very truly,
¢
‘\(L(\"; — Q" L, 2t

Johiathan €, Youn’: (
Yroduction Hanagey

JCY/my

luommoading e, o 25 Castmans Road, Pacsippany, Hew Jesey (201) 6087-4700
¢ Mobng Angivsd Vest Ottice Boe VTF Varspary Maew Joivey DIYSE

CHICAGO DIVISION  ® 1020 bagle Ave, Murtion (iave, Buasts (0% 112) $16-11C0
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Dr. Edward J.. Walter & Associalcs
Vibration amnd Sownd Consullants

P.O.BOX 171 o CHESTERLAND, OO 44026 o  TELEPHONE: {2106) 729-7415

Vibration Test of Limit Control Switch
NMCO Controls

An Acnme-Clevelund Conpany

Junvary, 1978

Reference
A dctailed description of the vibration testing cquiypnent ond test
proccdures 3s piven in our report of June, 1977, Secismic Qualification
Test of Limit Conirol Switches, prepa for RAMCO Contrels.
DURRERT SWITCH TLST
o . 5 —_— §. < e
& Switch No. 85, EA 1£0-1% 502
VIBRATION T15TO
The switch was subjected Lo the following tests:

I - Fragilitly Test
Frequency Vibration
. Hz Specification
1:0 DPisplacement - 12.) inches pp
d+@5 giving 9.52 g's weceleration
1.6 - ot h Mzb

Accceleration 9.52 or precater

- o
5.0 Pisplaccment - 8.0 inches p;
6.% Displacenent - 9.0 incie UL
6.0 Disyplacement 2,0 incl Py
10.0 Displacement - 2.0 inches pp

12.5 Displucement - 0.4% inches pp
16.0 ns nhove
20.0 0ns above

M

’5.0 Diaplncenent = 040 inches pp
0 giving neceleration 9.52 g'c

. Ji
or prenter.

AN
v

Yage 9 of 11 (1

—t
N
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II - Plant Induced Vibration Simulation

The switch was vibrated at a non-resonant.frequency, 100 Hz at
an aeceleration 1.% ¢ for a total of 10 ¢ycles, one third of
the total cycles in each component, X, ¥, and Z.

Tent Procedure:

The switch was tested in cach of three mutually perpendicular
direcctions, designated X, Y, and Z, parallel to the major axes of
the switch. JIn each orientation, the fragility dwell tect and the
yplent induced vibration simulation test were wade.

In the Frapgility Dwell test the switch contacts were monitored.
Poth the Rormully Open (NO) contucts and the Normally Closed (JNiC)
contaets vere monitored for scismic failure by means of a light
indicator circuit. No seismic failure occurred during the tects.

The trip angle of the switch was also monitored during the
test at both the normally Opsn (KO) contacts and the Normally Closed
(ne) contacts. The Normally Open (HO) contacts were monitored first.
The switeh was actuated and subjected to vibration for a miniuum of
30 geconds. MNext, the Normally Closed (NC) contacts were monitored
with the switch unasctuated and subjected te vibration for a minimun
of %0 seconds., Total vibration time was a minimum of 60 secc.ds.
This procedure was repeated for each frequency of the fragility
dvell Lest.

The trip position remained within 1/16 inth throughout the
test procedure with the folloving thiree exceptions:

Changes in Trip Position
which exceeded 1/16 inch

Y-comp.
Frequency Total Change
Hz in inches
16 07 early
25 080 early
5 107 early

Page 10 of 11(r)
10-73



In the Plont Induced Vibration Simulation test, the switch was
vibrated at a non-resonant,frequency, 100 H#, at an acceleration of
1.5 g, for a minimum of 10" cyceles. Each component, X, Y, and 4 wa
subjected Lo one third of the total number of cycles, e.se 1/3 x
cycles.

The switch was a double throw tyye and was energived eleecirica
ot 129 volts at l/? amp. during the test. It was subjscted to 51 d

Linet vibration tests, A8 of these at a winimum of (O seconds cach
and three at a minimun of 56 minutes each.

DR,

Page 11 of 11 (V)
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ANAAICCC) CCONTIRNONL. S

OTR 105 AUGUST 28, 1980

11.0 TEST PLAN
This section contains a copy of the test plan and amend-
ments used for this qualification test,
11.1 Test Plan Nc. LP10767-3
Dated July 26, 1979

Revision |

11-]



NANMCO CONTROLS

170 EASTY 1313 STREET & CLEVELAND OMIOD 44108 » 1216 268.4200 « YELEX 90-5499
REPLY TO: 149 CUCUMBER STREET - JEFFERSON, OMIO 44047 - (216) 576-4070

COPY NO,
TEST PLAN NO, LPI10767-3
DATE AUG, 29, 1980
REV 3

TEST PLAN FOR THE QUALIFICATION OF SERIES EA180 AND EAT7LO
SWITCHES FOR USE IN NUCLEAR POWER PLANTS IN COMPLIANCE

WiTH ITEEE STANDARDS 323-7L, 382-72 AND 3LL4-75,

EXTENSION OF EA180 QUALIFICATION REPORTS DATED SEPT, 5, 1978
AND MARCH 3, 1978,

EXTENSION OF EA74O QUALIFICATION REPORTS DATED FEB, 20, 1978
AND FEB, 22, 1979.

ORIGINAL TEST PLAN DATED 8/31/77.

l_’ A Acemveo-Clleevestano C W YA
.
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TEST PLAN

DATED
REVISIONS
DESCRIPTION OF CHANGE
Draft
Released

Delete Reference to
Qnty. of Test Switches

Add test sequence 5.2
g

Revise Section 9

Add EA180 14302 & 13302
type.

NO, LP10767-3
JULY 16, 1979

DATE
7-16-79
7-26-79

8-29-79

8-29-80




TEST PLAN NO, LP10767-3
' DATE JULY 26, 1979

0 R /e LASE

. John R, Bendokaitis
Project Engincer
Nuclear Switch Coordinator
NAMCO CONTROLS

annntgr
NAMCO CONTROL

7‘,7//'\;&
% (..{) ' Buzog IH\,
Chief
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PURPOSES OF TEST PLAN

1.1

The purpose of this test plan is to provide a step by

step procedure for type qualification of a series of

NAMCO CONTROLS Limit Switches to IEEE Std., 323-197h4,
382-1972 and 34L4-1975,

The further purpose of this test plan is to extend the
qualification of the FAIB0 and EA7LO series Limit Switches
to include a series of product improvement changes. See
Section 9 for description of changes,

Original EA180 qualification reports dated Sept. 5, 1978
and March 3, 1978,

Original EA740 qualification reports dated Feb, 20, 1978
and Feb, 22, 1979.

This test plan supersedes the original test plan dated
August 31, 1977.

This test plan will envelope the environmental test
conditions as set forth in Section 4, Service Conditions.
This test plan includes testing of Limit Switch performance,
aging simulation, seismic qualification and accident and
special environment simulation,

Only the pressurize water reactor and boiling water reactor

portions of IEEE 382-1972 will be applied in this test plan,

11-7






. 3. TYPES OF SWITCHES TO BE TESTED
@ 3.1 Testseveral versions of switch P/No. EA180 11302
3.1.1 Nameplate Rating:
125VAC-20A, 250VAC-15A, QBOVAC-IOA,
600VAC-5A, 125VDC-5A, 250vVDC-1.5A
75-100% Power Factor

3.1.2 Operating Data

Pretravel - - - - - - - - « « = = 10
Differential Travel - - - - - - - 8
Recommended Travel - - - - - - - 13

Maximum Torque During Pretravel - 23 inch lbs
@ 3.2 Test several versions of switch P/No. EA74L0 20000
3.2,1 Nameplate Rating
125VAC-20A, 250VAC-15A, LBOVAC-10A,
600VAC-5A, 125VDC-5A, 250VDC-1.5A4
75-100% Power Factor

3.2.2 Operating Data

Pretravel - - - - - - - - - - - - 18:
Differential Travel - - - - - - - 14
Recommended Travel - - - - « - - 30

. Maximum Torque to Trip - - = = = 27 inch lbs

3.3 Manufacturer and Type
The switches are manufactured by NAMCO CONTROLS, an
Acme Cleveland Company, and are heavy duty, double pole,
double throw, butt contact, quick break and quick make
type.

3.4 Identification
Test switches will be identified for test purposes with
the following:
3.4,1 Part Number
3.4.2 Revision letter and/or EZ number
3.4.3 Date of manufacture

3.b.4 Test switch reference number (optional)



b, SERVICE CONDITIONS, MOUNTING AND CONNECTION REQUIREMENTS

b,

Service Conditions

This test plan envelopes the rated ambient, operational

and electrical service conditions of the limit switch.

Test conditions vere chosen to simulate the most severe

(or conservative) limits of these parameters. Where

multi-electrical conditions exist, e.g. AC and DC ratings,

a single voltage condition was chosen (based upon past

experience) as most severe (or conservative),

h.1.

]

.

3

Environmental Conditions
Normal Ambient Conditions
Temperature Dgec L,1,5
Pressure ambient
Humidity 0 to 100% RH
Radiation L X 10% Rads, Gamma
Design basis event conditions (see Fig. 8)

Temperature up to 325 F (163" C)

Pressure up to 70 psig
Humidity saturated steam
@ 100% RH

Chemical Spray see segtion 6.7.6
Radiation 180 X 10° Rads, Gamma

6 Rads.,

Total testexposure to radiation 204 X 10
Enclosure Type

The switch enclosure meets the requirements of
NCMA types 1, 4 & 13,

Electrical Conditions

Rated - see section 3

Operational Life

Mechanical - 100,000 operations min.

Electrical - 100,000 operations min.

11-10



k. SERVICE CONDITIONS, MOUNTING AND CONNECTION REQUIREMENTS - Cont.

. L,1 Service Conditions - Cont.

L,1.5 Service Life

Service life is dependant upon the ambient
condition of the switch installation, sece

section 6.3 for estimated qualified 1ife.
Earthquake Environment

Safe shutdown earthquake requirements of

IEEE Std 344, acceleration loads of 9.52 g's
minimum at frequencies of 1 to 35 Hz (see Fig. 7).
Plant induced vibrations of 106 vibratory cycles

at low acceleration loads and up to 100 Hz.

4.2 Mounting and Connections

b.2.1

5.2.2

h,2.3

h.2.4

The test mountings and connections predicate the

following service and installation conditions:

Mount the switch with proper size and
length of fasteners.

Wire passage through switch conduit
entrance must be sealed in such a way
as to maintain the switch integrity
under service and DBE conditions,
Wire terminals should not be of zinc
or zinc plate material,

Top and bottom covers, gaskets and
screws to be properly assembled and

torqued per Installation Instructions,

-1



k.

SERVICE COMDITIONS, MOUNTING AND CONNECTION REQUIREMENTS =- Cont,

L.3 Operating Lever Assembly

One of the listed lever assemblies shall be used as

part of the test fixture to operate the switch, Removal

or replacement shall not be considered in the test results,

L.3.1 ELO60 53301 Lever Assembly

1.5 inch bronze lever, stainless sieel pin

.74 dia X .24 wide Nitronic steel roller

L4.3.2 ELO60 53300 Lever Assembly
1.5 inch bronze, lever, stainless steel pin

.74 dia X .24 wide Be Cu roller






LP10767-3

. 5. QUALIFICATION TEST SEQUENCE

AUGUST 28,

-

1980

5.2 Test Sequence for Limit Switch Types within the

same generic group: such as short travel, maintained, etc.

- Z w
w <{ oo
(V8 o p < — N
O = = o o O <t o
z wo = o o < - <
] o — - Sa | > Jn v
D L b O - O a | D5-06
B 58 |28 g8 |8% |erE
- DESCRIPTION o« n o - < i § T g REMARKS
" Inspect & Assy ‘6.1
.2 Baseline Data '6.2.1 X X X
.3 !
et Thermal Age 6.3 120 C_7 400 Hrs
.5 l
.6 Performance Test 16.2.21 X X X
ol Mechanical Wear Age 6.4 i X 7
.8 ' —————
.9 Performance Test {16.2,2 X X X
.10 Radiation Simulation. 6.5
A { LTy
12 Performance Test 6.2,21 X X X i
.13 Seismic Qual, 16.6 X 125VDC.5A
Ak | 2
.15 |
* ,16 Accident Envir . )
7 l
* .18 Long Term Envir ., I
.19
.20 Performance Test 0. 8.2 X X X .
.21 Inspection 6.9

* Qualification by similarity analysis.

T R N e

-7A
11-14



QUALIFICATION TEST CONDITIONS AND PROCEDURES

The following paragrephs detail the test conditions and

procedures for performing each test. The sequence of

testing will be in the order listed in section 5. Notice

that some tests are repcated in_the sequence.

6.1

6.2

Inspection and Preparation

6.1.1 Check and record the identity per section 3.
6.1.2 Mark the switch as required per 3.4.4,

6.1.3 Inspect the switch for any signs of damage.

Remove top cover and gasket.

6.1.4 Wire per Figure 1 using stranded No. 18 AWG

wire with radiation resistant insulation,

6.1.5 Assemble top cover and gaskets per assembly
procedure provided with switch,

Performance Testing

Throughout the qualification test sequence a series of

functional tests will be conducted to cocbtain two types

of data; base line dataé perfopmance data.

The base line data test will determine performance
characteristics of the test switch prior to the
environmental test sequence and provide a basis for
conmpdrison during the qualification test., The perform-
ance data tests will be conducted to determine accept-
ability of the switchy see Performance Limits in

section 7.

11-15



6. QUALIFICATION TEST CONDITIONS AND PROCEDURES - Cont.
. 6.2 Performance Testing - Cont,
6.2.1 Baseline Data Test

6.2.1.1 Electrical load test (close circuit)
Calibrate the test circuit
Voltage 100VDC
Current ,086A
Resistive load
Connect switch leads per Figure 2 A
Test each circuit (close condition)
Record resulting currents

6.2.1.2 Insulation Resistance
(open circuit resistance)
Connect switch leads per Figure 2 B
Measure and record circuit resistance
of each circuit in the open condition,

6.2.1.3 Functional Test
Connect switch leads per Figure 2 C
Measure and record the following:
pertravel angle in degrees, differential
travel in degrees, maximum torque during

pretravel, inch pounds,



6. QUALIFICATION TEST COMDITIONS AND PROCEDURLS - Cont.

6.2 Performance Testing - Cont,

6.2.2 Performance Test

6.2.2.)

6.2.2.2

6.2:2.3

Electrical load test (close circuit)
Calibrate the test circuit

Voltage (0O VODC

Current .06 Amps

Resistive load '

Conniect switch leads per Figure 2 A
Test each circuit (close condition)
Record resulting currents

Insulation Resistance

(open circuit resistance)

Connect switch leads per Figure @ B
Measure and record circuit resistance
of each circuit in the open condition.
Functional Test

During the above test record whether
contacts transferred when switch was

operated,

11-17
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6. QUALIFICATION TEST CONDITIONS AND PROCEDURES - Cont,
. 6.3 Thermal Aging

Thermal aging is conducted by placing a prepared

switch in a chamber in which the temperature can

be maintained,

6.3.1 The switch conduit entrance will be scaled
‘with a stainless steel pipe nipple and cap.

6.3.2 The lead wires will be enclosed in the
nipple during exposure to these environments,
.Thc circuits will not be encrgized,

6.3.3 Temperature
120 C

6.3.4 Relative Humidity
Uncontrolled

6.3.5 Pressure
‘ Ambient

6.3.6 Duration
LOO hours
6.3.7 Switch Operation .

NONC REQUI\RED

11-18
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QUALIFICATION TEST CONDITIONS AND PROCEDURES - Cont.
6.3 Thermal Aging - Cont,
3.3.8 Service Life Simulation

The above thermal aging simulates normal
service conditions, which can vary with
the Limit Switch application,
Estimated qualified life is predicated
upon the service temperature. Thé
following chart of estimated qualified
life has been derived thru the use of
the Arrhenius Eqﬁation, as referenced

in |EEE 382, using an activaticn energy

of 0,8eV,

SERVICE TEMP EST, QUALIFIED LIFE
“F B Years

105 LO.,6 18.1

110 43,3 13.9

115 L6 .1 : 10.8

120 48.9 8.4

125 51.7 6.6

130 5L, L 5.1

11-19
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6. QUALIFICATION TEST CONDITIONS AND PROCEDURES - Cont.

6.4

Mechanical Wear Aging

The mechanical wear aging test consists of mountin
ging

the switch with an operating lever on a fixture with

a cam designed to operate the switch at 70 (ON-0FF)

actuations per minute with an electrical load applied

to the contacts.

6.4.1

6.4.2

6.4.3

6.4, 4

6.4.5

6.4.6
6.4,7

The switch conduit entrance will be open

during this test,

The lead wires will be connected per Figure 5,
The switch will be attached to the fixture with
screws, using the threaded side mounting holes
on one side of the switch,

Electrical Load

Voltage toovel

Current 0.5 Amps

Resistive Load

Service life simulation

100,000 cycles minimum

See Section b for operating lever requirements
Set up switch per EZ10567-80 or -81 (see at-
tachments). Lever travel to be set at reéom-

mended travel angle (see Section 3),.

11-20
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6. QUALIFICATION TEST CONDITIONS AND PROCEDURES - Cont.,

6.5

Radiation Simulation

This test is designed to expose the switch to the total
radiation dosage cxpfctcd chr the service life of the
switch plus accident conditions and margins,

6.5.1 The switch conduit entrance will be scaled with

a stainless steel pipe nipple and cap.

6.5.2 The lead wires will be enclosed in the nipple

during exposure to these environments., The
clircuits will not be energized,

6.5.2 The test will be por.furn‘.gd by an approved vender,
The vendor shall provide a certified test report
and statement of instrumentotion calibration,

6.5.i Temperature, pressure and humidity - ambient.

6.5.5 Radiation exposure

Accident environment 180 X 1_06 Rads
Margin (+10%) 20 ¥ 10° pads
Normal environment
s a7 1 |
(L0 yrs inside containment) 4 X 10" Rads
6

Total exposure (this test) 204 X 107 Roads Minimum

6.5.6 Rndiatiox.\ type and rate
Cobalt-60 Gamma field at a ratc‘of 5 to 1 X \OG

| Rads/hr, |
6.5.7 Mounting Cautions

The switch shall be placed on a rock to allow

free air movemanit around the switch,




6. QUALIFICATION TEST CONDITIONS AND PROCCDURLS - Cont,

6.6 Scismic Qualificotion
. Seismic qualification will be performed per IEEC Std
. 344-1975 thru a cowbinatiorn of analysis and test
scquences,
. The absencé
of cross coupling will be established so that single
axis testing can be used,
6.6.1 Mounting and connecctions during seismic qualifi-
cation.
6.6.1,1 The switch conduit entrance will be
open during this test. Note: Lead
wires will be protected against abrasion.
6.6,1.2 The lead wires will be connected per
‘ Figure 6.

e 2 6.6.1.3 The switch will be attached-to the
fixture with screws, using the threaded
side mounting holes on one side of the
switch,

6.6.2 [lectrical Load
Voltage 125 VDC
Current 6.5 Amps resistive load
Circuits will be monitored to detect interruptions
(contact opening) of 2.0 milli-scconds or greater.
At least 10.0 milli~ccconds will be allowed for
contact bounce after switch operation.

6.6.3 Operating - lever will be used, Sce scction b,

. 6.6. The response accelerometer will be attoched to
the switeh mounting table in close proximity to
the switch, 11-22
15 ' . »



6. QUALIFICATION TEST CONDITIONS AND PROCEDURLS - Cont,

6.6.5

6.6.6

6.6.7

6.6.8

6.6.9

6.6.10

A1l tests will be conducted in each of the three
orthogonal axis,

A1l tests will be conducted with the switch, first
in the un-operated condition than in the operated
condition,

Pretravel angle ond differential travel anin
will be measured during cach sine dwell point,
Resonance Search :
Subject the switch to a continuous sine sweep

from 1 to 35 Hz at a‘ratc of one octave per

minute as follows:

Frequency Displacement Acceleration
Hz Inches g
1-10 1.0 05 =~ 8.1
10-36 0,01 05 « 063

Resonant frequencies found during this test will
be added as dwell points in the fragility test,
Fragility Test
This test will be conducted per Figure 7 and
envelope the conditions of 1 to 35 Iz and up to
9.2 g's minimum, Dwell points - 1/3 octave bonds
from 1 to 35 Hz. |
Dwell time - 60 seconds minimum

(unoctuated 30 scconds minimum)

(actuated 30 5(3(;01\\(1.'. minimum)
Plant inducced vibration simalation.
The switch will be subjected to l()(’ vibratory
cycles of ‘..innt.ni:lu] motion at a non=resonant
frequency near 100 He with .75 g acceleration
to simulote vibration during normal use
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G, QUALIFICATION TEST CONDITIONS AND PROCCDURLS - Cont,

. 6.8 Long Term Environment Simulation .

At the completion of the major pressure/temperature cycles,
at approximotely Q& hours, the option to change to a long
term environment test chamber shall be provided, The long
term environment chamber will maintain the pressure :
temperature and moisture for the remainder of the profile
in Figure g,

6.8.1 A pipe nipple will be assembled into the switch
conduit entrance, This coupling will be made
pressure and liquid tight, This nipple will
pass thru the chamber wall and act as a pass
thru for the lead wires.

Lead wires will not be connected for this test,
The switch will be supported by the nipple-during
this test. '

The switch nced not be operated during this
portion of the test,

Chamber Environment

Distilled water Seans

Chamber temperature and pressure per Figure 8,




6. QUALIFICATION TEST CONDITIONS AND PROCEDURCS - Cont.

6.9

Inspection

NAMCO CONTROLS Engincering shall be notified of completion
of test prior to removal from test chamber and opening of
top and bottom covers. Remove top and bottom covers,

observe and record the condition of components of switch.

11-26
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DOCUMLHTATIOH

The type test documentation will be sufficient to verify

that the switch meets the performance limits, Bascline

data and Engineering data will be provided for comparisor

purposes. The test report will include the following:

8.1 Description of switches.

8.2 Test plan number and date.

8.3 Test specifications and objectives,

8.4 Description of test facilities, equipment and

instrumentation,

8.5 Calibration reccord of instrumentation,.

8.6 Test procedure,

8.7 Test results and accuracy.

8.8 Inspection results,

8.9 Supporting data such as similarity analysis, seismic
analysis, qualified.life predictions, etc,

8.10 Description and justification for adjustments, disassembly
or alteration, other than those specified in the test plan,

8.11 Conclusions.

8;12 Approved signature and date. The test report will be
certified as a true account of the test.

8.13 A1l documentation (log data, reports, calculations, etc)

will be arranged and maintained in an auditable form,.
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