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1.~ ' PURPOSE *'

' . t
'

'Four Limit Control Switches manufactured by NAMCO Controls were>

. subjected to a scistic qualification. test for Class E equipment to be ,

t

used iri nuclear-powered electrical generating plants. The four svitches
are a representative sample of EA180-ll302 and EA7h0-80100 limit switches .'i

1

and the scismic test results vill be considered as representative of the
.

characteristics of each- switch scrics. The tests involved single-axis '

sinusoidal vibration in cach of three. mutually perpendicular axes parallel
to the major dimensions of the switch, in accordanco with IEEE 382-1972, !
323-1971, and 37 l+-1975 The test program was conducted by Dr. Edvard J.6 t

,

Walter and Associates at the John Carroll University Seismological Labora-
i-tory, Cleveland, Ohio. Wi CO representatives were present during various

.

g'

stages of the tests and monitored parts of the test program. f,
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12. IDEIffIFICNfION OF SUITCIIES -
.

.

. The following switchen were subjected to'the scismic test-
procedure. ,All switches were manufactured by NAliCO

,

Switch Sample
Number- .

Switch No. 32 Snap-Lack. Limit Switch - i

EA180-11302 |
'

/Japere Rating
,

Volts AC T4-

125 20 5 i
.

250 15 15 i

1 80 10 !8
.

'

600 5 i
N/d4CO Controls j.

, ,

An Acme-Cleveland Company *

|Cleveland, Ohio U.S.A. -
'

1
*

Switch No. 33 Same as Switch No. 32 -
.

Switch No. Is5 Same as Switch No. 32 ;
.. ,

ISwitch No. 38 Snap-lock. Limit Switch
, *

EA710-COlOO . ..
-

4

/impero Rating- -

;.

, ,

*
'

Volts AC IC
. 125 20 5. ,

250 15 15 .

-

-

180 104.

- -

600 5.-.

* NA14CO Controls -

.

An Acme-Cleveland Company . .
'

Cleveland, Ohio U.G.A. [ ,

. -. . . .

.Switelv-No.-58 'tamo-as-Svitch Ro. 33-
.

. .

. i

j;-. .
* - -

5.. . .
,

'

!<.

.

. .

*'

O .

.

cacc , a v. m
.

.-

.
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3. TEST EQUII'ME!!T
.

The test equipment consisted of two different shake tables. The

firnt shake table was a mechanical device for large amplitude - low
frequency vibration. Maxirnum peak to peak displacement was twelve .

inches, giving a singic amplitude of six inches. Displacements down

to .025 inches single amplitude could be achieved. The mechanical
i

i

chake table uns used to test over the frequency range 1-20 IIz. The
,

second device was an electro-dynamic shake table for small amplitude - i

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 taonitored

;-
for wave form by an accelerometer mounted on the table.

'

During the test procedure the switch was energized electrically ,

|

vith 125 volts DC at 1/2 amp. and monitored continuously for contact

opening of 2 tailliseconds or greater. The switch was tripped from the
'

actuated position to the unactuated and back during the test procedure

and monitored for contact opening.

.

.

n
( ) Page 4 of 14 ,(B),
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, h. SEIGMIC TIST TROCElfJ1tB '

Each cvitch vac individually mounted on the chuke table with one

of its major axcc parallel to the -direction of table motion. After comple-

tion of thin test the switch vac reoriented on the table.with its second

major axic parallel to the tab 3c motion, and similarly for the third major *

axic. Special fixtures for mounting the switches and activating them had

to be fabricated. :

*
I

Part I - Resonance Search ;
.

*
In cach orientation cach cuitch was-subjected to a continuous sinc

sweep from 1 to 35 !!z at a rate of one octave per minute. This sinc sucep |
,

vos run as follows: j
Frequency Displacement !

-

I!z inches i
i

1-10 1.0 !

flo-3s o.ol.

.,

*
Part II - Fragility Tect -

In cach orientation, each switch vac subjected to a sine dwell tect j

in 1/3. octave bands over the frequency rangcc l-35 !!z. The switch van vib- !

Irated for minimum of 60 ceconds at cach duell point, beginning with 15 ;

occonds of vibration in the unactuated position. The switch was then actu-

ated by a manual tripping device and vibrated for 30 seconds in the actuated :

!
position. After thic, the switch was released by the manual tripping device

,

f
and vibrated for 15 seconds in the unactuated pocition. The switch vac the

dotfale throw type. ;

.
-

:.-
.

r:

'i
During the vibration test, the switch contacts were monitored for i-

opening by a licht indicator circuit. If the light indicator circuit sig-
s

naled a contact opening, the duration of opening was then monitored on an*
.

occilliccope. The criteria for ccicmic failure vac a contact opening of 2.0
~

milli-cecondo or greater. Both the flormal]y Open (!!O) contacts and the fior-
mally Closed (!!C) contacts were monitored during the tests. *

,. The trip angle of each cuitch was nico monitored during the vibra-

tion test. This uno donc by monitoring the cv1Leh angle position on the
oscilliccope. The variation in the trip angle pocition chould not execed

.

0.060 inchec uhile bcInc nubjected to th,e vibration test. *

O
Panc 5 of 14, (n) .
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Theduelltectvosrunin1/3octavebandoatthefollou3nC t
-

. .

;-frequencics and vibration specificationc.
i, i

-

- .

Dwell Points .

.

i
. Frequency

)!z Vibration Specification.,
,

,
.

I
.

1
*

1.0 14 f 6 6 .
1.25 Dicplacement - 12.0 inches pp.
1.6 giving 9 52'G'c {
2.0 nt 16 11z

'

,;*

-
* s25 '

3 15 .

. .

1.0 .
6

;|:
.

.

:1 < f < 10 - neccleration 9 52 c'

4-

''

50 Dicpincement - 6.0 inches pp.
63 Displacement - 5 0 inchec pp, |I-f

;
8.0 Dicplacement - 3 0 inches pp.*

,

.

'*

10.0 10 ( f ( 20
32 5 Displacement - O.15 inchen+pp.6

-

16.0 i-
,

* .' . 20.0
.

;. .
,

. . .

.
,

25 0 20 < f < 35 - neccieration 9 52 c |
,,

'~, *

32.0 Dicplacement - 0.1 inchen pp.6' ,

'

s . ,

The tubic motion vos constrained to cpecific dicplacemento oc {

cpecified or oc required to produce the cpecified acceleration. Uavc* ..
I

nhape van monitored by an accelerometer mounted on the table. Tho !-
.

i

!3nnnes of vibration relative to the cultch configuration are choun in -

If
the following diagram and coch cultch vac nub,jected to % dictinct .y.

I
'

'
'

vibration testo. . ;I
s- .

. .

. .
-

1|y .
;,

.

? 4 -> x '
.
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..

O .i
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z
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OG TEST 1103UIES5 V.
All switches perfolv.ed with no malfunctions in the sine svecp '

.

from 1 llz to 35 I!z. Also, no resonancco verc observed during the cine
svecp test.

.

In the sine duell test of 60 second duration during which the,

ovitch was actuated and released, no malfunctions were observed.

The test circuit did indicate a reaction to a small voltage
change which when monitored on.the. oscilloscope was less than 2.0 milli-

occonds and hence not withf n the definition of switch failure.5- The
various frequencies for each switch at which such an indication occurred

- '

is shown in the following tabic. '

f Svitch
IIz 35 32 45 y)|-

1.0 x x
.

I 1.25 'x
|

x

b 1.6 x x x x
,

,

t
. .

2.0 x x x*

'

25 x x x
,

*

3 15 x x.. -
,

i
2.06 x x

,

**

50 x

63 x x

! 8.0 x x
*

10.0 x -

32 5 x x.
-

.

16.0 x x x
20.0 x

.
'

25 0 x x x x
. , .

32.0 x x* *
*

,

All the above evitch contact openings were of duration.

1 con than 2.0 milli-sceondo. *

<O-
.

~

*Sec page 14(H) .

4

Page 7 of 14 (n)
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The trip position of each of the switches remained within the
required limit and at no time deviated from the original position by

'

more than 0.060 inches at the end of the two inch am. In fact, the
'

chances noted were small compared to the tolerance limit.
-

The test results are facility limited and therefore do not indicate
the ultimate capability or the vibration icycl at which switch failure vill

Each switch was subjected to 54 distinct vibration tests which 'occur.
lasted for 60 seconds or greater so that' minimally each switch was vibrated

for S+ minutes. Checks for frequency and vave shape a'nd other manual opera-I

tions extended the total vibration time by perhaps a factor of two or three.
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6. CO!!CLUSIOI;3 *

'*

The libit control cuitches performed satisfactorily without '

,

failure when vibration tested in accord with the specifications pre-
cented herein. *

Mo contact opening of 2 milli-ceconds or creater occurred durinr,
the tectc. '

horeconancefrequencicswerenotedduringthetect.
'
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7. CIETH'ICATIOIT *
.

The undersigned certify that this report presents a true account

of the tests conducted and the results obtained.

|
.?

' ' r,blDUA' ly*c
8b(l|c(|.A '..

' Edward J . W e r, Ph. D. ,

-
1

b.ut" An ' \ _ _,
'

'

L>. -

i,'dtrard J . Walteg Jr.'
. ,

,

*

[.s.

; . [t, ''"^
i

~

__ s
.o) .)1James DiSiena**i) v O

-.

,
'

l.

.

. .
.

? :

.

- -.

.. . ,
s

.
**

.

.

s-- -

, , ,

!

. .,

%

. .

.

*
.

.

.

*

s
,

.

.

. . ,

. .

,

.
, .

-
. .

.
* s-

, ,

( !
nj

.
.
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EQUIIliEI."f USED .
,

.

Calidyne Electiodynamic Shaker, Model B 4!1
,

hicchanical Shake Table g

1.

t.
-

Tektronix Storace Occilloscope Type 564 ,
!
*

.

I.

Shure Brothers Accelerometer Model 62CP, calibrated August,1977
t -

,

,

Brush-Clevite Recorder Mark II .
-

-

.

.. .,,

.

O -
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Dr. Edwant f. IValter & 4ssociates

" ' " " " " " " ' " " " ' " " ' " " " " "
' > P.O. DOX 171 CHESTERLAND. OlllO 4402G TELEPliONE: (210) 729 7415* *

'

Vibration Tests of Limit Control Svitches
. NM4Co Controls -

An Acme-Cleveland Company
September, 1977

. .

.

*
Svitch Tested *

Switch No. 32 - EA 180-11302'

Vibration Tests
,

The purpo::e of the test was to determine whether cross-coupling j.

vould cause the switch to trip, and thus fa11. The roller and spring
verc removed and the suitch was vibrated in the Y-component. No
failures were observed during the test procedure. The displacement, ,

tiaximum frequency, and 6-loading at which the switch was vibrated are I

given in the following table: [
f*

Dicplacement Frequency Acceleration i
inches

,

-pp in H:: c's ~ j
-

s

? ' 12.1 45 13 6 |
10.1 50 12.6 ;

79 55 12.0 ;
63 6.5 13 4 -

-

,

50 6.T 11.6- 1
4.0 , 72 10.6 j

'

,

31 10 5 17 5 ;
-

25 12 5 - 19 8 j
2.0 14.o 19 8 *

.-
1.6 16.o 20 3 i
05 21.0 n.o j-

o.4.... . 22.o 96 j
-

.

'

.

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

I
'

I/ -

i

_: (th r$ ' /?$$) ~ '''

Dll'. EIAIAl(D J . WA $11 AllD ASUCC.1 ATE 3 ;

October 5, 1977 .

,

7 Page 12 of'14 (l;),
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. . ' . Dr. Sdward f. Walkr A 4ssociaks, . . . . . .

,

N Vihl*RiiGH GHd SOHHd $011SH|ldHl$

:O ''
TELEPHONE: (216) 729 7415n > P.O. 00X 171 * - CHESTERLANO, OHIO 4402G *

February 14, 1980
i-

|-
.

Acme Cleveland Development Company k
625 Alpha Drive i,

liighland lleights, 011 44143 i

. .
.

Vibration TestsRe: -

;Switch tio, 32,EA-180-11302

Attn : 1ir. Ed Solem

Dear Mr. Solem: ;

This is in reference to your letter of January 15, 1980 j
!concerning our report of the vibration test for Switch flo,

32, EA-180-11302, to determine whether cross-coupling would j

cause the switch to trip and 'thus fail.

~O
The test procedure is the same as that described in j

our report of June,1977, where Switch I-lo, 32,EA-180-11302 was ,

subjected to the seismic qualification test. In the- test of-

Switch llo. 32 for cross-coupling, the switch was tested in the "

Y-component as specified by the Acre Cleveland Development
Company, !!o failure was observed during the test procedure,

'

Sincpely,
*

-
.

,

,J NYc$ \ dbhG
,

dsard J, 1-g Ph.D.
~

,-
.

EJW:apm
.' ..

.
. .. .

.
, .

j
*

.

i

i'

.,s ..

}
*

.

.

, ,
,

'O
!

-
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ACMG-CLCVCLAND OGVGLOPMENT COMPANY

.

/3
V

.

*

.

.

.

.

Behavior of The Test Circuit ,'
* '

,

!
-

. .;
t

The test circuit was designed to detect switch openings
'

of more than a pre-set time. For 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,
'

,

i

personnel from Acme-Cleveland Development Company observed the
.

:situation.
'

-

'i

O It was found by use of an oscilliscope that_the circuit !

)d - i'
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 th.e decreace 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- .

sociates' personnel) to determine if there was a contact opening
'

of more than 2 milliseconds or not. '.
,

'
' *

. .
,

,

& s' . w l 1 4 . - 7//W7' ~

- -

. E. So l.cm Datex

Metztllurgical Engineers
,

~

9
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APPEllDIX C

MIAI.YSIS OF CROSS COUPI,ING

Abstract

The following analysis was undertaken in order to establich

that'significant cross coupling does not exist in the switch mechanism

under test. The inherent constraints on the motion of noving parts,

,

were used as a basis for the analysis. In one case it was necessary

to establish the non-existence of significant cross coupling

experimentally.

.

.

.

.

.

.

O
.

Panc 1 of 4 (C)
'
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.. APPENDIX C

SEISMIC TESTING / CROSS COUPLING

.

,All of the parts and assemblics of which the switch is comprised

may be. classified into three categories depending upon the geometric

constraints upon their movement uithin the unit. The first category

is components free to revolve about an axis but which have balanced

angular masses about the axis. The recond 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 movement 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 at. gular moment of inertia of this component is balanced about the
'

central axis, vibration will not result in any t'orque 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 IcVer shaft

assembly (94), the latches (19), and the rocker arm (65).

The parts belonging to the third class are the contact carrier
.

plate assemblics which are located at the ends of the contact icver

assembly (83) and the roller assembly (75, 80, and 81).

The linear motions of Category 3 components, except (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 direction

of motion of thene componentn than motion directly along the Y axis.

1.

.

. Page 2 of 4 (C)
.( '

m-U '
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Appendix C -2- 2/15/80
Scistaic Testing / Cross Coupling

Therefore, the g Icvels used in single axis testing should be multiplied by

a factor of .98 (i.e., co* sine of 9 ) in order to compensate for possibic ef-

fcc t t: 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 n's due to the preloaded force of Spring (107):

A B C D E F C

Total
2Freload Weight of Off Axis Effective Hinimum g

Force Non-Cylindrical Weir.ht Veight Mechantest Weight Loading for

(107) _ _ yores or (94) _ of (81) (B + C) Advantg e_ (D x E) flove-ent (A/M

3,220 cm 53.9 cm 12.9 gm 66.8 gm 2 133.6 gm 24.1d's

oV 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 81) completely removed. This conservatively simulates any cross

coupling betueen components (75, 80, and 81) and (65).

Due to the above considerations, cross coupling is not considered

limiting in this unit; and therefore, singic axis vibration testing is
.

considered suitabic.

El,S : c r

1
Blueprint specified minimum.

2All raann is connervatively assumed to be concentrated at the end of
the Icver shaft annembly.

'

See page 12(n).
.

Page 3 of 4 (C)
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[) Ill1TIAL INSPT.CTION
'a ,,

SilITCll 1:0 DEL: EZ-10683-90 (r.A-180-11302)
,

138-90 ,

SWITCil NUMBER: i
i
t.

.

SilIPPIllC DM! ACE: Monc

.

!

CSA-CL-1251 Crosslink (Belden) !

TYPE OF UIRE:

Sta-Kon B14-8 (78-6210-80320)TYPE OF LUCS:
No 16-14 AEG

r-
,

t.) 20 in lbs.
. . . . . . . .

CASKET INSTALLATION FRONT:-

TORQUE: RFAR: ' Installed at Manutacturing

.

.

.

_ h- ySIGNr.D:

DATE: 10/3/79
,

oq)
.

Pane 1 of 39 (D)

10-41 .
*
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|

!

I
lil'AT ACI!:G

?(
SUITCll !!O. : 138-90 ;'-''
110 DEL I:0. : EZ-10633 'J0/EA-130-11302 |*

-

TESTED FROM/TO: 10/4//9 - 10/22/79 |
t

|

.

TEMPERATURE*
O O

DATE TIMS C F

10/4/79 8:00 n.n. 120 248
_

10/22/79 8:30 a.m. 120 248,

.

Removed Switch'

I;LECTRICAL MEASURDIE':TS

LOAD: .086 nr.pe. at 100 volts DC

I!!1TIAL FINAL OTilER

(*10/3/79 ) ( ~10/22/79 ) ( )

MECCARe
( |
v

1 1000 M * Inf.

2 1000 M* Inf.'

3 1000 M* Inf.

4 J 000 M* Inf.

CONDUCTIVITY (AMPS) .

.

1 .086 .086
2 .086 .086
3 .086 .086
4 .086 .086

CONTACT RESISTANCE
JIN OllMS)--1;l: FORE TEST

1 _.05 .. -

2 .05

3 .06

4 .05

.

COM. ll.NTS'

7- Pre-travel t orque 19 lb in. to trip nuitch.
Q)

.

-

8 . _

3 ,,,,,,,9 , e m, zm<.m, _., s_n 100e M _, ,_,1,,,,,.
.

, , , .



. _. - - . . - _ _ . . .

1

WEAR CYCLING-
,

SUITCII NO.: 138-90
MODEL NO. : E7.-10683-90/EA-180-11302

4

.

NO. OF CYCLES: 100,200

) CYCLE RATE: 70 RPM
7

HET110D: ' CAM-
.

ELECTRICAL LOAD: 0.5 amps at 100 volts DC
- - !i *

! ,

- :
ELECTRICAL MEASURDIENTS

.!
'

LOAD: .086a$ipsat105~voltsDC
. .

' INITIAL FINAL OTilER
( ) ( ) ( )

MECCAR
,

1 Inf. Inf. 'I
2 Inf. Inf.

3 .Inf. Inf.
'

4 Inf. Inf.

CONDUCTIVITY (AMPS) , ,

1 ..086 .086 !

2 .086 .086 L-

! 3
- .086 .086 I

4 . ~. 08 6 .086 I^'

; p
'

CONTACT RESISTANCE |!
'-

(IH OllMS)
> *

i 1
2
3 - -

!=
~

4 -

I :

: ?;

COMMENTS ::
-

- .
,

. .

Pre-Travel Torque: 19 lb in-

Pre-Trave 1: 110 } liefore and

Total _ Travel: 13 } after test t-,

I

!!

O -

i
!-

SIGNED: '

|: s,

/'

DATE: 10/24/79.

Page 3 of 19 (D)
10-43.
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0

IRRADIATION
i

r

!
,

138-90 .YY SWITCll !;0. :

}10 DEL 110. : EZ-106S3-90/EA-180-11302 |
;

fIRIMDI ATED I

Geo'rgia Tech UniversityAT:
FRO:t/TO: 10/29/79 - 11/20/79 :

'
TOTAL IRRADIATION: 204 meenrads
E!1ERGY LEVEL: 1.173 I!cv. and 1.332 Mev [

!
SOURCE: Cobalt 60 gamma

RATE: 9.1 x 103 rads / hour ,

i

i

ELECTRICAL !!EASURE!!E!:TS

LOAD: .086 amps at 100 voltn DC
.

INITIAL FII:AL OTilER

( 10/29/79) ( 12/5/79 ) ( )

MECGAR

1 Inf. Inf.

2 Inf. Inf.
e

(3) 3 Inf. Inf.

4 Inf. Inf.
.

*

CO DUCTIVITY (A!!PS)

1 .086 .086
2 .086 .086-

3 .086 .086 ~
4 .086 .086

COMMEliTS .

.

b

m

%
SIC 111;D:-

J2/5/79DATE:*

Pago 4 of 19 (D)

10-44'
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.

m
_ SEISMIC TEST[v]

.

SUITCll 110. : 138-90
110 DEL 1;0 : EZ-10683-90/CA-180-11302

TESTED BY: ACD0

REPORT REF.: Conditioning Test: 1-10 11z
25-32 Itz

!!casured trip ant;le and electrical performance
from 10-20 liz.

.
,

C0'0IE!;TS :

.

.

.

(~) ELECTRICAL !!EASUREME!!TS
C/

LOAD: .0.5 amps at 125 volts DC

( 12/12/79 ) ( 1/4/80 )

MECCAR
.

1 Inf. Inf.

2 Inf. Inf.

3 Inf. Inf.'

4 Inf. Inf.

.

CONDUCTIVITY (A!iPS)

1 .086 .086'

2 .086 .086
3- .086 :. .086

'

4 .086 .086

O
U

.
.

bSICtED:

1/4/80
1) ATE: _

Panc 5 of 19 (I)) ' 10-45



_ SEI' 3 TEST CODES ,
'

{ '') _ _ _

V = No contact epening in excess
S'e'ITCE NO. : 138-90 of performance limit.
AXIS: X - = Opening detection circuit'

ACCELEROMETE?. CALIERATION (dV/g): 23.87 mV/g activated.
x = Contact opening in excess of

performance limits.
. .

Fre- Accelerometer Pre-
quency Period Output Displacement Max. g Normally Open Normally Closed Trarel Reset

(H:) (Sec.-1) (=V-pp) (Inches) (g's) Mech. Seismic Osc. Mech. Seismic Csc. Angle Angle

1.0 1
~

34.0 * 6 .612
1.25 0.3 54.5 * 6 .956
1.6 .625 95.0 * 6 1.567 -

2.9 .50 154.gr 6 2.448
2.5 40 2 4 3 . n i- 6 3.825

gi [3.15 .317 401.5* 6 6.07
g 4.0 .25 535.0 5.83 9.52

5.0 .2 553.5 3.73 9.52"
6.3 .239 550.0 235 9.32

,o 6.9--- .125 570.5 1.46 9.52
- 10.0 .100 569.5 .933 9.52 - V V - V V 10.2 1.5e c-

12.3 - .03 593.0 .597 9.52 - V V - V V 10.2 1.9
$$ 16.0 .0525 615.0 .365 9.52 - - V** - V V 9.5 1.6

22.0 .050 575.0 .233 9.52 - V V - V V 9.6 1.6
25.0 .040 703.0 .149 9.52

'

~2.0 .0312 657.0 .091 9.52;

C0101ENTS:-

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

* .

Selow 4 He displacement and frequency measurements have ,,
been found to be more accurate than the accelerometer.

'

Signed: _ _ [-
**.

.5 as contact bounce. 1/3/80 and 1/4/80pate.

I.



. . . .

,

.-- - - .- - - . - . - . . _. . _ .

.

SEISi'l TEST CODES
t

, V
V = No contact opening in excess

i Si~ ITCH NO.: 138-90 of perfor=ance limit.-'

AXIS: [[Y - = Opening detection circuit
'

ACCELEROMITER CALIBRATION (=V/g): 28.87 mV/g activated.
,

x = Contact opening in excess of

. . - . . - - - . . . . .

performance limits.

?re- Accelero=cter
Pre-quency Period Output Displacement Max. g Normally Open Normally Closed Travel Reset-(Hz) (Sec.-1) (mV-pp) (Inches) (g's) Mech. Seismic Osc. Mech. Seismic Osc. Anale Anele'

1.0 1 33.8 * 6 .612 '

1.25 0.8 57.7 * 6 .956,

1.6 .625 101.0* 6 1.567 .

2.0 .50 160.2* 6 2.448
. -

'

2.5 40 252.0* 6 3.825
1 3.15 .317 406.0* 6 6.07: *

5! 4.0 .25 606.0 5.83 9.52
| 5.0 .2 554,5 3.73 9.52 -

i "
6.3 .159 554.5 2.33 9.52

i 8.0 .125 565.5 1.46 9.52 '

t10.0, .100 562.0 .933 9.52 - V V - V V 9.8 1.7s
I * 12.5 .0S 596.0 .597 9.52 - V V - V V 10.1 lCli

E? 16.0 .0325 569.5 .365 9.52 - V V - V V 10.1 =1.9''i _20.0 .050 584.5 .233 9.52 - V V - V V 10.2_ 1.8,

25.0 .040 601.0 .149 9.52
I 32.0 .0312 632.5 .091 9.52
-

*c3
; i. CCD2''TS:
;L Plant Induced Vibration Test - The switch was vibrated 333,333 cycles at a frequency of 100 Hz and .75 g's.

:
4

r

*

Belev 4 Uz displacement and frequency measurements have
been found to be more accurate than the accelerometer. )]S d-

/1/2,80eed1,3780o,te.

.
.

! *

,.



{'] CODES '
,

~,_

V = No contact opening in excess
S'41TC*d NO.: 138-90 of perfermance linit.
AXIS: Z - = Opening detection circuit
ACCELER0h2cR CALIBRATION (mV/g): 23.87 mV/g activated.

x = Contact opening in excess of
performance limits.

.

Ere- Accelcrometer Pre-
quency Period Output Displacement Max. g Normally Open Normally Closed Travel Reset

(F.2 ) (Sec.-1)_ (mV-pp) (Inches) (g's) Mech. Scismic Osc. Mech. Scismic Osc. Ar. ale Ancl e
1.0 1 33.2 * 6 .612
1.25 0.3

"-

56.7
_1. 6 .625

'
6 .930

100.3* 6 1.567 ,,

2.0 .30 157.06 6 2.446
2.5 .43 253.0i- 6 3.825
3.15 .317 402.0^ 6 6.07'y

g 4.0 .25 570.0 5.83 9.52
o 5.0__ .2 563.0 3.73 9.52 -

* 6.3 _.159 553.5 2.35 9.52
% _S.O .125 r,00.5 1.46 9.52

10.0, .1G3 555.5 .933 9.52 - - Vr4 - V V 10.2 1.7-

12.5 .03 ;66.5 507 9.52 - V V - V V 10.1 1.7
q) 16.0 .0525 673.0 365 9.52 - V V - V V 9.9 1.5

, ' ' 20.0 .050 672.0 .233 9.52
,

V V - V V 10.0 1.6-

25.0 .043 745.5 .149 9.52
32.0 .0312 725.0 .091 9.52

8 CO:'5Z::TS:
jr Plant Induced Vibration Test - The switch was vibrated 333,333 cycles at a frequency of 100 Hz and .75 g's.
cn

*
Selow 4 Hz displacement and freqdency measurements have

'

been found to be more accurate than the accelerometer.
Signed;

/~.
l-

+*
( '''j12/21/79 and 1/2/79.5 ms contact bounce.

Date- -

.
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() D3.hST ('y!\

- '--

(Su=ary of Transients)~

S'4TCH NO. : 138-90
MODEL NO.: EZ-10633-90/EA-180-11302

PROFILE FIF.: IEEE Standard 382

CAUSTIC SPEAY: NaOH, Boric Acid, Sodium Thiosulphate

? ROFI*.E ( ACTUAL )

FROM TO * CAUSTIC
TD2. ELAPSED TEMP. PRESSURE FLO'4 .

NO. ( F) TIME ( F) (PSIC) (CC'S/ MIN.) COSIENTS
_

-!
Cd 1 120 12 sec. 300 75 -- Torque to trip suitch was 21 lb in.

2 120 16.7 sec. 328 95 --

o
3 120 30 sec. 340 68 --

c
4 340 3 hrs. 340 80-105 200-250'

G 5, 340 1 hr., 15 nin. 120 __ 200-250
6 1.20 11.7 sec. 300 - 32 --

e
O 7 120 23.4 sec. 328 34 --

8 120 25 sec. 340 22 --

9 340 2 hr.. 45 min. 340 85-110 200-250,

_

O
i
.

l,

_.

*
Originally 0 PSIG.

SIGNED: _f _

_

[ ' 2/7/80DATE: (
.



. _ . - _ _ . - _. . - _

( EST O-

The closed contact resistance
SWITCH TO.: 138-90 after the test was:
MODEL NO.:

'

EZ-10683-90/EA-180-11302
ELECTRICAL LOAD: .086 amps at 100 volts DC Resistance -

Contact (in Ohms)
1 3.4

* 2 8.1''

See Page 15 of 19 (D).
3 .09
4 1.1

EIAPSED MECGAR CONDUCTIVITY (AMPS)
DATE TIME TIME 1 2 3 4 1 2 3 i 4 CO)"MS'

Installed in1/3/80 2:15 p.m. Inf. Inf. Inf. Inf. .086 .086 .036 .086 chamber.

1/7/80 7:50 a.m. Inf. Inf. Inf. Inf. .086 .086 .086 .086 Before test.

5 o@ 1/7/80 8:30 a.m. Inf. Inf. Inf. Inf. .086 .086 .086 .086 At 120 F.

At 340"Fg 1/7/80 9:40 a.m. SM SM SM SM .086 .086 .086 .086 90-103, PSI
e At 34v r

] 1/7/30 12:15 p.m. 7M 7M 7M 7M .086 .086 .086 .086 90-105 PSI
,<

@ * o
1/7/80 4:30 p.m. 12M 12M 12M 12M .086 .086 .086 .086 At 320 Fg .

'' At 86'F. Hard to cove '
,1/8/80 7:40 a.m. Inf. Inf. Inf. Inf. .086 .086 .086 .086 lever arm--was stickins.,

1/8/80 10:45 a.m. 18M 18M 18M 18M .086 .086 .086 .086 At 320 F.

,

|& 1/8/80 12:10 p.m. 18M 18M 18M 18M .086 .086 .086 .086 At 320 F. 1o
1/8/80 1:30 p.m. 150M 300M .086 .086 250 F at 25 PSI

Before dropping temp.1/12/80 8:00 a.m. 800M 400M 300M 400M .086 .086 .086 .086 250 F to 200 F;

initin.11y hard to !
actua* .gitch. !

Instalt switch in lcw1/12/80 '12:45 p.m. -

pressute cha 5cr.
Above Above Above Above

1/22/80 1:00 p.m. 1000M 1000M 1000M 1000M .086 .086 .086 .086 200 F actuated switch.o

After taking s. itch
2/7/S0 Inf. Inf. Inf. Inf. .086 .086 .086 .086 out of lov te.,p. and

O 1/7/S0 pressure char _ber.
nd DATE:SIGNED: si

|
. ~ . . . . . . . . . . . . . . . . _ . . . .. .

_



.

O
.

.

CAUSTIC SPRAY COBE0SITION
(BY BATCll)

"Distilled 11ater 18 liters /J . ,

ll B0 311.8 grams3 3
*

Na0!! 150.0 grams

Na 8 0 285.8 grams223

*

O r2"e ="x eaattie"#1 reaetrea te 1=ereeee r>< te
between 10 and 11.

.

.

t

|

!

SIGNl:D: |YGW??
_

$ tr

/ [[//$El[DATE:

O
.

Page 11 of 19 (n)

'

10-si - -.



.

DDE TEST
,

'u

SWITCH NO.: 138-90
}!0 DEL NO. : E7.-10683-90 / f:A-3 80-11302

.

.

FINA1. EXAMINATION

GASKETS: Top gasket intact - scaled well. The
silicone is hard to the touch.

The bottom gasket had small cracks at

the center screws and near one bach
screw hole. A large crack vas at the back
bottom compartment.

CONTACTS:
Contact block very clean.
Slight corrosion on contacts.

. .

IILOCKi Cortact block very cican.

,- .

Lj

0-RING: The 0-ring uns resilient, and there
was lubricant around the 0-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 uas a sli.e.ht Icak at the

top plate center screus and a *:Jie.ht
Jeak at the back two hottom screwn
and at the nasket near the screws.

4

n~ 7 'SIG!!F.D :'

b 2/7/80DATE:

rea m ' asms



SWITCH 30. 138-90 MODEL iso.: EZ-10683-90/' 80-11302 TE E .0M/TO: 1/7/ - 2/7/80
CAUSTIC WATER

ELAFSED TEYPERATUPI PRESSURE FLON LEVEL
DATE TI"E TIME (UF)' (PSI) (CC'S/ MIN.) (IN.) pH COE!ESTS
1/7/E0 8:05 a.m. 71 "10 5 and set stean eenerator to 175 PCT.

Let tank heat up.

1/7/S0 8:32 a.n. 250 10.5 Apply superheat for preheat tenperature
1/7/$0 9:00 a.m. 250 Dmp temperatum contml to om

Add 60 PST air for enol de n.
1/7/S0 9:15 a.n. 120 90 Set centro 11er to #1.
1/7/E0 9:15 a.n. 12 sec. 300 75

: 1/ 7/E0 9:15 a.m. 16.7 sec. 328 95

1/7/80 9:15 a.m. 30 sec. 340 68

1/7/S0 9:15 a.n. 36.7 sec. 366 40,

-

[1/7/S0 ' 9:15 a.n. 50.6 sec. 340 93 Tank temperature 340 F.
.

f1/7/80 9:20 a.m. 340 80-100 200-250 Turn on Control #2.
(start snrav at 9:20 a.r.)

1/7/80 9:30 a.n. 340 80-100 200-250 Turn Lindberg to 1200 F..

1/7/30 9:40 a.n. 340 90-110 200-250 Turn Lindberg te 1300 F.

1/7/SO 9:48 a.n. 340 95-105 200-250 Turn down valve on chanber outlet.
1/7/80 10:00 a.m. 339-342 95-105 200-250 Turn dewn steam generator to 160 PSI.

1/7/50 10:05 a.n. 340-343 93-105 21C

1/7/80 10:10 a.m. 340-342 93-103 210 Drop pmssum on stean generator
to 340 PSI.

SIGNED: 4M'

DATE: J/7/SO

. .

- - - __



M M lE hWE !& : 2 of 7

S'iTTCH NO.: .,38-90 MODEL NO.: EZ-10683-90/r 180-11302 TESTED FFOM/TO: 1/ 7 / c''- 2/7/80
CAUSTIC b'ATER

ELAPSED TEM?ERATURE PRESSURE FLOh' LEVEL
DATE TI:'E TIME ( F) (PSI) (CC'S/ MIN.) (IN.) pH CO M.STS

1/7/80 10:20 a.m. 340-343 93-103, 210
Increase s can r,enerator to1/7/SO 10:45 a.n. 340-343 93-103 210 160 PSI.

$ f$[fy#If,, $u$ solution.1/7/EO 11:00 a.m. 340-343 93-103 210-230 .,

1/7/S0 ,12:19 p.n. 340-343 93-105 210-240 10.5
Turn control to off. Drop tenperature1/7/E0 12:21 p.m. 340-343 93-105 210-240 otn 17n p,

(air
1/7/80 12:30 p.n. 192 25 pressur.>) *

1
1/ 7 / ? ') i 1:35 n.n. 120 Put 6"1 nonrts or solution in tn-n

1/7/00 1:35 p.n. 11.7 sec. 300 32 Start second spike.

,1/7/80 1:36 p.n. 23.4 sec. 328 34

: ,

1/7/S0 1:36 p.n. 25 sec. 340 22

[1/7/SO 1:36 34 sec. 373 10p.n.

1/7/E0 1:38 p.n. 18.2 sec. 328 80

1/7/33 1:3S 33.8 sec. 340 73p.m.

1/7/30 1:42 p.n. 340 85-115 210.240 Control #2 and spray on.

1/7/80 1:43 p.n. 340 30-106 Tank tenacrature 310 F (set).
|2:10p.n.1/7/S0 i 340-347 87-110 210

1/7/80 2:50 p.m. 340 .345 90-112 230-250 Tank temperature 315 F.

G 0--.

%fdo SIGNED:
ji -

a
#

DATE: 1/7/80
t = _ _

..
,
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S~CTCH No.:\ J38-90 MODEL NO.: EZ-10683-90/EhriS0-11302 TESTED FRCM/TO: 1/7/SU'- 2/7/S0
CAUSTIC WATER

ELA'' SED TEMPERATURE PRESSURE FLC'.J LEVEL
DATE T D'E TD:E ( F) (PSI) (CC'S/ MIN.) (IN.) pH CC'02':TS

J
. Drop tank temperature to 253 F. Water1/7/SO 3: 35 p.m. 3!.0-343 90-110 210-230 in t a n,.< d ro nn e ma.oclov e.nree-rouro,s.

-

1/7/80 4:20 p.m. 340-343 90-110 210-230 10.2

1/7/80 4:50 p.m. 320 67-87 210 Temperature reached 320 F.

Italf inch of water in tank1/7/53 5:17 p.n. 320-324 67-85 210-230
sieht class.

|

1/7/80 5:36 p.m. 320-324 67-85 210-230 Ileater light on in tank.

Shut d a s sten after'one hour1/7/SO 5:50 p.m. 320-324 67-85 210-230 f
at 120 F. *

1/7/80 *
,

Lost caustic solution in tank. Added1/8/SO 7:40 a.m. 86 10.5 . and startem2 to oreNet t a n ,.-caustic

at 9:00 a.m. ,

1/8/80 10:00 a.n. 86 gt d test. Increased terperature teSt
320 F. Control el on.

1/8/SG 10: 10 a.e. 320-325 40-60

1/5/SD 10:15 a.m. 320-325 40-60 220 start caustic. Control #2 on..

1/8/80 10:20 a.m. 320-325 32-52 230

1/8/80 10:50 a.n. 320-326 50-80 220

1/S/SO 11:10 a.m. 320-326 50-80 220

1/8/S0 11:30 a.m. 318-325 62-82 220
,

i1/8/30 ; 12:10 p.m. 320-326 65-85 210
*
The test was stegped overnight because of the loss of caustic solution.

At 7:40 a.n. cn 1/3/30 the suitch was actuated and the electricals were taken.
The ch r.ber was then heated up to 320 F. It took more than the average fcrea SIGNED:
to actuate the switch. t| hen the switch Icycr arn was moved to the actuated

. <.

| positica :nd then released, the Icvcr arm did not return until pushed further DATE. 1/7-8/80
in the direction of the actuation and then re] cased. Repeating the actuatic' , 'n
this ti=e the icver arn returned, roving the contacts to the normally closed
position. Tnis was the only tite that the switch failed to actuate throughout
.% --
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3. , C. NO.: ( 3-90 MODEL NO.: EZ-10633-90/EA 180-11302 TESTED FROM/TO: 1/7/80 - 2/7/S3
x 4

x_'u n 2
CAUSTIC WATER

EL/JSED TEMPERATURE PRESSURE FLCh' LEVELD.t.T E Tnr:- TIME ( F) (PSI) (CC'S/ MIN.) (IN.) pH COMMENTS
1/S/S0 12:15 p.m. 320-326 65-85 210 '# "" ' " ' " " ' ""U

pressure to 25 PSI. Add air.
1/S/30 12:30 p.m. 240-250 25 220 3" Temperature is varying.

1/S/SO 1:00 p.m. 240-250 25 220 2" Continue four-day test
(at Control SS).

1/S/SC 2:00 p.n. 240-250 25 220 Terrperature varies because o f t*:e addi-

tion of air to maintain 25 PSI in

| ch an:b p r .

I

1/8/80 | 3:00 p.m. 245-250 25 220 2"
_

1/S/80 3:55 p.m. 245-250 25 220 2" '

1/S/80 7:00 p.e. 245-250 25 230 2"

'1/8/30 11:45 p.m. 245-250 25 230 2"

1/9/30 7:40 a.n. 243-247 25 235 2"
i

1/9/80 | 1:00 p.m. 251-253 25 235 2" .

I/9/80 3:45 p.m. 251-252 25 235 2"

1/9/80 5:45 p.m. 251-252 25 235 2"

1/9/50 S:30 p.m. 252-253 25 240 1.5"

1/10/S3 0:05 a.m. 252-253 25 240 1.5"

1/10/S3 7:40 c.r. 250-251 25 250 1.5"

1/10/83 12:20 p.n. 250-251 25 250 1.5"

SICXED: -7n
* S- 0

DATE: /

v

.. . - . - . - . .
. .



. . PAGE NO.: 5 of 7

\ I '(S'iITCE No.: '1 ,d-90 MODEL NO.: EZ-10683-90/EN-180-11302 TESTED FROM/TO: 1/7/S0 - 2/7/30
CAUSTIC WATER

^

ELA? SED TE'2ERATURE PRESSURE FLOW LEVEL
DATE TIME TIME ( F) (PSI) (cc's/ min-) (IN.) pH cc>esNTS

1/10/50 5:55 p.n. 250-251 25 250 3"

1/10/E0 9:00 p.m. 249-251 25 250 2"

1/11/50 0:10 a.=. 252-254 | 25 250 3.5"
i

i
1/11/50 j 8:20 a.m. 250-252 25 250 3.5"

1/11/80 12:15 p.e. 250-252 25 250 3.5" ,

1/11/80 5:15 p.m. 250-252 25 250 2"

1/11/50 7:45 p.n. 251-253 25 250 2" -

1/12/50 7:45 a.m. 250-252 25 250 2"

1/12/20 SiOO a.m. 250-252 25 250 3" Drop temperature to 200 F.
.

1/12/ O 8:33 a.m. 200 10 250 3" Reached terperature and pressure.

I
1/12/E0 | 9:00 a.a. 201-204 10 250 3"

i __

1/12/83 | 9:50 a.n. 198-200 10 250 3"

1/12/S0 10:10 a.m. 198-200 10 250 3" 10.8 Turn down unit.
.

.
Installed switch in Icw te=perature and

1/12/30 12:43 p.m. 158 , .

pressure chamber. Aoply 4S0 cc/=1nute
distilled uater spray.

!

1/12/S0 1:00 p.a. 200 10 96 Reached tex.perature and pressure.

1/12/E0 2:00 p.m. 200 96 Dropped pressure to repair chanber.

/
nj-

3 SIGNED: \-- / / -

DATE: 1/10-12/80

-- . - . - - - -- -
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|

(') Equipment Calibrated
v

Tektronix Model 564 Oscilloscope (Tin.e Base) 9/6/77
,

Shure Model 62 CP Accelercneter 7/77

Seismic Test Circuit (Time Base) 11/1/78

Biddle "Meggar" Model 8679AnK 9/17/79

Weston Model 91FDC Voltmeter (Scrial #S-71774-67) 9/17/79

Weston Model 81/DC Milliammeter (Scrial #S-96236) 9/17/79

Brooks Flow Meter Model 110-05FlBIA
(Serial #760Sil66S92) 12/5/79

Brooks Flow Meter Model 1110-05FlA1A
(Serial #77081137890) 12/5/79

Thermocouple and YEU Type 2809 Digital Readout
(Serial #9028) 9/15/79

Sears Pressure Gauge 12/12/79

Video Logic Video Tape System (Time Base) 11/19/77s

'' Thermometer (Thermal Aging) 9/15/79
.

Thermometer (DBE) 9/17/79

Data Precision Multimeter Model 5740
(Scrial #9421) 6/8/79

Ametek Pressure Gauge Model 58G0300BM2GEG (Scr. #91585) 9/27/79

$' luke Current Shunt Model A-90 (Serial #246) 9/16/79
.

Nicolet Explorer III Oscilloscope: Mainframe Model
2090-3B (Scrial
0801756) 12/7/79
Plug-In Model 206-2

(Serial #1171) 12/7/79
* =

Bourns Cermet Potentiometer Model 3852-A-282-502-A
(Hotational Movement) 1/15/80

*
Not traceable to NBS.

ELS() 2/15/80
.

Page 1 of 1 (E)
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NA4fCO CONTHOLS

QTR 105 April 3, 1980

,

( 10.0 TEST REPORTS (C0NT'D).
,

10.2 Suppicmentary Testing for Short Travel Swi tches.4

An excerpt f rom EA180 Quali fication Test Report,

Revision 1, dated September 5, 1978.

A copy of this report is included in this sec-

tion.

O

.

e

4

0
.

s

10-63
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Those switches of the EA-180 series which contain a short ,

O travel mechanism differ tuterna117 from.the standard travel
~

versions'in-some respects. It was , therefore, felt that it uas

necessary to test a short travel model up through the scismics

portion of the test in order to verify that the internal mechanism
of this suitch was not subj ect .to scismic failure..

The tests' conducted were the same as those conducted on
the switch #61 in the body of the report except that the LOCA

tests were not performed.

The short travel switch which uas 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 change -
.

as noted in the seismic repo:t. The maximum change was .107"
',

and the direction of change was such that the switch wouldv

actuate earlier in the tripping cycle than it had prior to the
scismic testing.

Cross coupling tests were not necessary for this switch.
This was becauseas they were for the long travel mechanism.

'

the parts #75, 80 and 81 of the' normal long travel mechanismi

,

(see page 5 of'the main body of the report) are not prescht in
sub-this switch, and part 62 which replaces these parts is not|.

I

I
! jcet to movement in the X axis.'

this switchIt uns not considered necessary to LOCA test

travel versions of the switch covered in the mainbecause short

body of this report will be built with identical scaling

Q mechanisms (i. e . gaskets and 0-rings) to switch #61.

i
'

.
!

'

I

t ,

|
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March 1, 1978

'
.,m.

U TEST FOR SilORT TRAVEL SWITCil #83 , ,' EZ1067-51/EA18014302
'

.

I
I

;

i

!.

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 reasured
above 1000 megohms (infinity) before and af ter the heat age
test and the closed contacts passed a current of .086 amps at
100 V.D.C.

The switch uas wear life cycle tested for 100,000 cycles at'

70 RPM using a cam to actuate the lever arm. The load on
the suitch was .5 amps @ 100 V.D.C. The test was from
1/3/78 to 1/4/78.
After the uear cycle test the contact resistance was over 1000
megohms (infinity) and the closed contact current wao .086 amps.g

' /s The suitch was irradiated at Isomedix, Inc. from 1/12/78 to'~'

1/31/78.*

The switch was irradiated with a cobalt 60 cource. The total
irradiation applied was 204 Mrads with an energy level of
1.25 Mev. at 1.2 Mrad /hr. rate. .

The open and closed contact resistance and current were the
same values as before the irradiation test.
The switch was seismic tested by Dr. Edward J. Walter &

'

Associa tes from 2/1/78 to 2/13/78.

The seismic tests consisted of fragility test
and plant induced vibration simulation.
After the seismic test the open contact resistance was above
1000 megohms (infinity). Before and after the seismic test the
closed contacts passed a current of .036 amps at 100 V.D.C.

The test program for switch #83 was completed on 2/13/78.
'

The data is attached.

O 3. J. Patscy~'

Page 3 of 11 (F)
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P, 1-3-78 SHITCll #S3*
.

MODEL # EA180-1/.30
L__J PitOTOTYPE W E A k, C i,C L I 1;G EZ10607-51

| 1 PI'0DUCTIO:I

Q -- - _ _ _ .__.

'

= - . . _ . . - - _._...:==------------ . --_ . _ . .---_
,

__ _ ..

1
- _ _ . _

.

, . .. _ . . . . . _ . . _ _ . . . . _ . . . . .

P CYCLES 100,000 : LOAD . SA -.I 100 PC ' COMMENTS
.

,

I
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llOD | Cam } | | | | ..
_ _ . _ . _ . .

ELECTRICAL MEASUREMENTS: LOAD =i .086d0100'vnc -

i i 1i ;
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_ _ _ , , , _ , _
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E 1 - 31-711 SUITCII B~

MODEL # 1:^100-14 3n:>
|-] P ROTOTYP E

|
-

E7.10607-51
'RODUCTIO ! 1RRADIATION

. . . - - - - _ . . . _ - - - - - . . - - - - - - _ . . . . .. . . . . . . - _ .

. _ _ _ . . . -.. -. . - -

. - _ . . _ . - - . . - . . . . - - . _ _ - - . _ . . _ . - _ . - - . .-
-.

-

. . . . _ . _ . -

:ADIATED AT: Ison.c dix, ] w.
.- . _

._. --

_ _..

| | ..

FROM l12-j8 ! TO | l-31 ' 8 TOTAL IRRADIATION ! 204 :!i ad. | !f
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ISO M EOlX
.

.

.

February 6,1978 .-

*
.

.

.

11r. Edward L. Solom
-

14ctallurgy Engineer
Acme-01cycland Dovolopment Co. .

629 Alpha Drivo ,

Highland Heights, Ohio 44143
.

Near 14r. Solom:
'

This will nummarize parameters pertinent to the irradintion 'of three
switches per your purchaue order no. DC-97214, dated January 12,
1978. The unito were identified as switches 81A, 82A, and 83

The switches were place'd in a cobalt-60 gamma field a't a dose rate
-Oor1.2laradperhour. The~ switches were expocod for 170.0 hours,

yielding a minimum donc of 204 megarado.

Donimetry was performed using an Atomic Energy of Canada Limited
,'( AECL) Red Perspex . system with Type BC,-2 readout. Calib'ation ofr

the Perspex in made by AECL using Ceric dosimetry traceable to the
U.S. National Bureau of Standards. Icomedix regularly crocs-
calibraten its AECL system with an inhouse Harwell Tercpex cyntem,
and makes nemi-annual calibrations directly with MBS, using the UBS :

Radiochromic Dye'nyutem. A copy of the donimetry correlation re-
port in available upon requect. .

Irradintion was conducted in air at ambient temperature and prennure.
Radiant heat from the cource heated the camples nomewhat, but the
temperature did not exceed 100 F, an indicated by previcun measure-
ments on an oil solution in the name relative position.

|
,

Irradiation was initiated on January 15, 1978, and wan completed
on January 26, 19/8.

j
,

i

Yours very truly,

O (\ ,'s f
hs4A (W,m (. . L- <-

(
-

J inthan C. Your P,

( O rreductien icanacer
' -

- -

: aCy/mr -

25 :nui nant. noad. rw.1 p.my. unw .re,r.cy pot) on7.ucotoomo lix Inc. .

; ..~.~........e............................~,...
.

.

[-
cnicu.oe,imiore . ,n .... ,. .... ~ ,. o..... ~ ..... . .,,. ... .
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^[.f..'. - Dr. &fwant f.. Ellalter & dssoriales
'

Q.. _ Vibration and &wnd husuttants-

,

( ( > P.O. DOX 171 + CllESTEllLAND.01110 44d20 TELEPilONE: (21G) 720 7415*

.

Vibration Tent of Limit Control Suitch
'

11#4CO Controlc
*

An Acme-Cleveland Company
*

Janunry, 19'(8 .
.

Reference
A detailed description of. the vibration tenting equipnent and tent

procedurcu in civc.n in our report of June, 3 9T(, Seisnic Qualification
_

Test of Limit Control S titches, prepared for !!A".CO Controls.
..

-UURREi!T GWITCH TEST

Switch 170. 83, EA 180-lh302
.

*

VIBRATION TI'STS
*

.

The cuitch vac subjected to the following tents:

*
I - Fracility Test -

VibrationFrequency
. Specification

,
'

- 11z

1.0 .Dinplacement - 12.1 inchen pp

1.25 civing 9 52 c's acceleration
1.6 at h }Izi-

2.0
25
3 35 -

.

h.0
Acce3cration 9 52 or creater

50 Dinp)necment - 8.0 inchec pp
6.3 1)1cpincenent - 5 0 inches pp
(1.0 Din 10ccc ment - 3 0 inches pp *
10.0 Dinp3ncement - 2.0 inches pp

32 5 Disp)ncement - 0.h5 inches pp
36.0 on above
20.0 on above

25 0 Dinpincement - 0.hO inchen pp
}2.0 giving nece)cration 9 52 c'c

or crenter.
'

.

.

O -

. .

.

*

Page 9 of 11 (F).
10-72 .
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II - Plant Induced Vibration Gimulation ,

The switch voc vibrated at a non-reconant frequency, 100 I!z at6
an acceleration 13 g for a total of 10 cycles, one third of
the total cycles in each component, X, Y, and Z.

Tcat Procedure:
The nvitch vac tested in eccl $ of three mutually perpendicular

directions, designated X, Y, and Z, parallel to the major axcu of
the nvitch. In each orienLution, the fragility dwell tect and the
plant induced vibration simulut,1on te st were made.

In the Fragility TMell test the switch contacts were monitored.
Ibth the I ormally Open (I:0) contacts and the Normally Closed (I;C)
contacts were monitored for seismic failure by means of a light
indicator circuit. No seismic failure occurred during the tects.

The trip angle of the switch was alco monitored during the
test at both the normally Op?n (1:0) contacts and the llormally Closed
(11C) contacts. The llorzaally Open (HO) contacts were monitored first.
The suitch was actuated and subjected to vibration for a minimu:n of

30 ceconds. I! ext, the I!ormally Closed (I!C) contacts verc monitored-

with the switch unactuated and cubjected to vibration for a minimma

of 30 acconds. Total vibration time uns a minimun of 60 seco. ids.,

(')) This procedure van repeated for each frequency of the fragility
dwell tect..

The trip pocition remained within 1/16 inch throughout the
tent proccdure uit.h the follouing three exceptions:

Changes in Trip Pocition

which exceeded 1/16 inch
Y-c o:ap.

,

Frequency Total Change

!!z in inchec

1G . 3 0*( early

25 .080 ea rly

32 .10'l car 3y

.

,O
V

.

Page 10 o f 11(F) ,
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( )
U In the Plant Induced Vibration Siinulation test, the cultch was

.

vibrated al a non-reconant,6 r quency, 100 lh:, at an acceleration off

1 3 g, for a minhnuri of 10 cyc3cc. Each component, X, Y, and Z was 6
subjected to one third of the total number of cyc3cs, c.(;. 1/3 x 10
cycles.

The cuitch was a double throu type and van enerciyed electrically
ot 125 volts at 1/2 amp. during the~ tect. It vac subjected to 5.1 dia-
tinct vibration tectn, h8 of thene at a minimum of CO ceconda cach
and three at a minhnum of 56 minutco each.

)
f'?

I r 1
. . - k- 1

J
|k'( p e ( . f{f*

.i ,

DH. ElMARD J. WALTiJi AND ASSOCIATai
February, 39'(8

/~%, *
.

U

. -
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NAMCO CONTlX.>l_S

QTR 105 AUGUST 28, 1980

O 11.0 TEST PLAf1

This section contains a copy of the test plan and amend-

ments used for this quali fication test.

11.1 Test Plan fic. LP10767-3

Dated July 26, 1979

Revision 1

0 '

.

e

0

0
.

11-1
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NAMCO OONTROLS,rx
170 FAST 13 s'

S T H f f 7 . C L E V E L A N O. O H I O 4 4 t o s . ( 2 8 6 6 7 6 e . 4 2 0 0 . T E L E n 9 8 5 4 9 3,

RCPLY T O: 149 CUCUMOCR STRECT * JEFFCRSON, OHIO 44047 * (216) 576-4070

CO PY 110

TEST PLAN f10. LP10767-3

DATE AUG. 29, 1980

REV 3

TEST PLAN FOR THE QUALIFICATION OF SERIES EA180 Af|D EA740

SWITCHES FOR USE IN NUCLEAP, POWER PLANTS IN C0t4PLIANCE

WITH IFEE STANDARDS 323-74, 382-72 AND 344-75.

EXTENSION OF EA180 QUALIFICATl0ll REPORTS DATED SEPT. 5, 1978
O., '

C/ AND i4 ARCH 3, 1978.

EXTENSI0il 0F EA740 QUALIFICATION REPORTS DATED FEB. 20, 1978

MJD FEB. 22, 1979.

ORIGINAL TEST PLAtl DATED 8/31/77.

.

.

.

.

()
V

,

l] An Ac:rno-C:vvutanc1 Co,rru).^ony
ULJ



TEST PLAN N0. LP10767-3

({} DATED JULY 16, 1979

REVISIONS

REV DESCRIPTION OF CHANGE DATE

o Draft 7-16-79
1 Released 7-26-79

2 Delete Reference to 8-29-79
Qnty. of Test Switches

3 Add test sequence 5.2 8-29-80
Revise Section 9
Add EA180 14302 & 13302
type.

r'% .

U

,

O

Eh

'

19-9
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TEST PLAN NO. LP10767-3
.

O 0 ATE . JULY 26, 1979
.
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O aona a 8eadoweitis
Proj ec t Engineer
Nuclear Switch Coordinator
NAMCO CONTROLS i
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Chief Engineer
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NAMCO CONTROLS -
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()1.
PURPOSES OF TEST PLAll

*

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. 323-1974,

382-1972 and 344-1975.
,

1.' 2 The further purpose of this test plan is to extend the
~

i qualification of the EA180 and EA740 series Limit Switches

to include a~ series of product improvement changes. See
,

i

j Section 9 for description of changes.

1.3 Original EA180 quali fication reports dated Sept. 5, 1978

and March 3, 1978.

Original EA740 qualification reports dated Feb. 20, 1978

and Feb. 22, 1979.

(~) 1.4 This test plan supersedes the original test plan dated

August 31, 1977.

1.5 This test plan will envelope the environmental test
,

conditions as set forth in Section 4, Service Conditions.

L 1.6 This test plan includes testing of Limit Switch performance,
,

aging simulation, seismic qualification and accident and

special environment simulation. -

; 1.7 Only the pressurize water reactor and boiling water reactor

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

:

i

f
i

! (:)-
.

11-7*
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2. APPLICABLE SPECIFICATIONS AND DRAWINGS'

() 2.1 The listed documents are a part of this test plan and

will be referred to as required, where differences exist

between the documents and this plan, the plan will prevai'l..

2.2 IEEE Std 323-1974 - Std for Qualifying Class IE

Equipment for Nuclear Power

Generating Stations.

2.3 IEEE Std 382-1972/ ANSI N41.6

IEEE Trial-Use Guide for Type

Test of Class 1 Electric Valve

Operators for Nuclear Power

Generating Station.

2.4 IEEE Std 344-1975 - Recommended Practices for Seismic

Quali fication of Class IE
Equipment for Nuclear Power

Generating Stations.

2.5

2.6 NAMCO CONTROLS drawings

2.6.1 EA180 11302 (type) Limit. Switch Assy
.

2.6.2 EA740 20000 (type) Limit Switch Assy

O
,

.

11-8
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3. TYPES OF SWITCHES TO BE TESTED-

O 3.1 Tes t several versions of switch'P/No. EA180 11302 '

3.1.1 Nameplate Rating:
125VAC-20A, 250VAC-15A, 480VAC-10A,
600VAC-5A, 125VDC-5A, 250VDC-1.5A.

75-100% Power Factor

3.1.2 Operating Data
*

Pretravel 104 - -:- - - - - - - - - -
'

Differential Travel 8,- -- -- --

Recommended Travel ----- -- 13
Maximum Torque-During Pretravel - 23 inch lbs

@ -3.2 Test several versions of swi tch- P/No. EA740 20000.

3.2.1 Nameplate Rating
125VAC-20A, 250VAC-15A, 480VAC-10A,
600VAC-5A, 125VDC-5A, 250VOC-1.5A
75-100% Power Factor'

3.2.2 Operating Data
Pretravel 18*------------

Differential Travel 14*---- ---

Recommended T ravel 30--- - ---

[]} Maximum Torque to Trip 27 inch lbs. -- ---

3.3 Manufacturer and Type

The switches are manufactured by NAMC0 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 identi fied for test purposes wi th
i
i. the following:

.

3.4.1 Part Numberi

3.4.2 Revision letter and/or EZ number<

3.4.3 Date of manufacture

3.4.4 Test switch reference number (optional)
. .

.

'

11-9
i .

_. _ . _ ._ _ -3-.--_ - ~ - - _ _ . - - - - - - - - ---

'



- - - . . . .-. - .

4. SERVICE- CONDITIONS, MOUNTING - AND CONNECTION REQUIREMENTS

i 4.1 . Service Conditions

This test plan envelopes the rated ambient, operational()j and electrical service conditions o'f the limit switch.
Test conditions were chosen to simulate the most severe,

) (or conservative) limits of these parameters. Whe re

multi-electrical conditions exist, e.g. AC and DC ratings,
a single voltage condition was chosen (based upon past

j_ experience)-as most severe (or conservative).
.

4.1.1 Environmental Conditions

Normal Ambient Conditions
''

Temperature see 4.1.5
4- Pressure ambient

Humidity 4X10g0%RH0 to I
Radiation Rads, Gamma .

Design basis event conditions (see Fig. 8)
Temperature up to 325*F (163 C)*

|I m Pressure up to 70 psig
U Humidity saturated steam

@ 100% RH
p Chemical Spray see seption 6.7.6

Radiation 180 X 100 Rads, Gamma'

,

6; Total testexposure to radiation 204 X 10 Rads.
*

,

4.1.2 Enclosure Type
f

The switch enclosure meets the requirements of
,

.
' NEMA types 1, 4 & 13. -

I

' 4'.l.3 Electrical Conditions
|

Rated - see section 3
i

j 4.1.4 Operational Life
!

| Mechanical - 100,000 operations min.

! Electrical - 100,000 operations min.

|

()1

-

i

f~ 11-10
:
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; . 4. SERVlCE CONDIT10NS, MOUllTING AND CONNECT 10N -PEQUIREMENTS - Cont.

() 4.1 Service Conditions - Cont.

4.1.5 Service Life

- Service life is dependant upon the ambient

condition 13f the switch installation, see

section 6.3 for estimated quali fied li fe.
! 4.1.6 Earthquake Environment

Safe shutdown earthquake requirements of

I EEE Std 344, acceleration loads of 9.52 g's

minimum at frequencies of 1 to 35 Hz (see Fig. 7).
6Plant induced vibrations of 10 vibratory cycles

at low acceleration loads and up to 100 Hz.

4.2 Mounting and Connections

The test mountings and connections predicate the
O- following service and installation conditions:,

4.2.1 Mount the switch with proper size and

length of fasteners.

4.2.2 Wire passage through switch conduit
'

'

entrance must be scaled in such a way

as to maintain the switch integrity
,

under service and DBE conditions.

4.2.3 Wire terminals should not be of zinc
i

or zinc plate material .

4.2. 4 Top and bottom covers, gaskets and

1 screws to be properly assembled and

torqued per installation instructions.

O
.

e

11-11
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4. SERVICE Col!DITlotis, MoutlTIt1G AllD CONilECT10t1 REQUIREl1ENTS - Cont.
, O

4.3 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..

.

4.3.1 ELO60 53301 Lever Assembly

1.5 inch bronze. lever, stainless steel pin

.74 dia x .24 wide taitronic steel roller.

4.3.2 ELO60 53300 Lever Assembly
,

1.5 inch bronze, lever, stainless steel pin

.74 dia x .24 wide Be cu roller
.

9

. .

v

4

*
4

.

.

*
e

e

O ^

.

.
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LP10767-3 AUGUST 28, 1980

5. QUALIFICATION TEST SEQUENCE-

5.1 Test Sequence for Standard EA180 11302 and EA740 20000

Limit Switch Types

,

_J zw !w < ou -w. o z _zm : |u zz o !o o s<e -

2 wo i- o o i<se. 4w e- .s i>< > + _s m e .so ws e os - e < io-eim oi u. o izm o co om ;mmw,

U$ DESCRIPTION 'Ed ' EU 3 . Sci |E"3| REMARKS
. i i

|.1 Inspect & Assy 6.1 l I'

___

.2 Baseline Data
_

6.2.1 X X i X l
'

- - - _

.3 | ! I l
' .

.4 |- Thermal Age 6.3 ; l i 120'C 7 400 Hrs.

.5 ! ; i | |
_.

.6 Performance Test 6.2.2 X X | X-,

.7 Mechanical Wear Age 6.4 t X I l
'

.8 | i | : i i

__

'

g .9] Performance Test 6.2.2 X X | X |'

.10| Radiation Simulation 6.5
_

!
| |i

.11 I i l |
'

?

.12 Performance Test 6.2.2 X X l |
''

.13 Seismic Qual. 6.6 X' ! 125VOC.5A. , ,

.14 i | I | 1 i
.. .- . .. _.

.15 Performance Test 6. 2. 2 ' X X X
'

*

.16 Accident Envir . 6.7 I X ! X I X
'

.17 I l | t 1 ! !

.18 Long Te rm Envi r . !6.8 i | | | |
. _ _,

.19 | I I ! l
'

.20 Performance Tes t !6.2.2 X ! X l X j

.21 Inspection | 6. 9 | j l | i

ry

'_

-7-

11-13 '



LP10767-3 AUGUST 28, 1980

.

,' 5. QUALIFICATl0t1 TEST SEQUEi1CE
5.2 Test Sequence for Limi t Switch Types within the-

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

__: zu
tu < 00

U Ez 5 E <* 2
'

o o
a o <s<z wo -

w e- s >< > amo
so ws os e < o-o
m o' u. o zm o co om mmw
"E DESCRIPTI0il $$ tT I" 3. So' 5$5 REMARi(S .

.1 Inspect & Assy !6.1 !'

'
2 Baseline Data | 6. 2.1 i X | X X

.3 | | | J

.4 Thermal Age 16.3 | | 120 C ? h00 Hrs.

.s I

.6 Performance Test j6.2.2 X X X

.7 Mechanical Wear Age |6.4 | X !'

__

.8 | | !

2.9 Performance Test I6.2.2 X X X l

.10 Radiation Simulation;6.5 I

.11 | | !

.12 Performance Test 16.2.2 X X X i

.13 Seismic Qual. |6.6 X 125VDC.5A

.14 | j

. 15 |
'

'* .16 Accident Envir .
.

.17 !

* .18 Long Term Envir . |_ ,_

.19 i

.20 Performance Test 6.2.2 X X X j

.21 Inspection 6.9 j

* Quali fication by similari ty analysis.

p
- '

.

-7A
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6. QUAlirlCATION TEST CONDITIONS AND PROCEDURES

The following paragraphs detail the test con'ditions and

procedures for performing each test. The sequence of

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

that some tests are repeated in the sequenc_e.c

1
.

6.1 Inspection and Preparation
'

6.1.1 Check and record the identity per.section 3..

6.1.2 Mark the swi tch as requi red per 3.4.4.

1 6.1.3 Inspect the switch fo'r any. signs of damage.

Remove top cover and gasket.

6.1.4 Wire per Figure I using stranded No. 18 AWG

wire with radiation resistant insulation.

6.1.5 Assemble top cover and gaskets per assembly-
,

procedure provided wi th swi tch.'
.

, ,

6.2 Performance Testing

Throughout the qualification test sequence a series .of

functional tests will be conducted to obtain' two types

of data; baselinedata[performancedata.-

;

The base line data test will determine performance

| characteristics of the test switch prior to the

[ environmental test sequence and provide a basis for

compdrison during the quali fication test. The perform-

ance data tests will be conducted to determine accept-'

| abili ty of the swi tch, see Performance Limi ts in|

section 7.

-
;

11-15 -
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6. QUALIFICATIONETEST CONDITIONS AND~ PROCEDURES - Cont.

() 6.2 Performance Testing - Cont..

16.2.1 Baseline Data Test.

6.2.1.1 Electrical load. test.(close circuit) '

Cal ib rate. the test ci rcui t
.

Voltage 100VDC-

Current .086A

Resistive load

Connect swi tch l eads 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

O
Measure and record circuit resistance,

of each circuit in the open condition.

6.2.1.3 Functional T,est

Connect switch leads per Figure 2 C

Measure and record the following:

portravel angle in degrees, di fferential

travel in degrees, maximum torque during

pretravel, inch pounds.

O
.

11-16
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6 QUALIFICATI0il TEST CONDIT10tlS AND PROCEDURES - Cont.
'

6.2 Perforritance Testing - Cont.- s

6.2.2 Performance Test
.

. ,

,

6.2.2.1 Electrical load. test (close circuit),

Calibrate the test circuit,
1

Voltage too VOC.

Current.c36 Amps
'

Resistive load -

,

' '

Connect switch leads per Figure 2 A

Test cach circuit (close condition),

Record resulting currents

! 6.2.2.2 Insulation Resistance
.

.

(open~ circuit resistance)-

Connect switch leads per' Figure 2 B'O
.

-

: licasure' and record ci rcui t resistance
of each circuit in the open condition.

6.2.2.3 Functional Test

During the above test' record whether

' -

contacts transferred when switch was<

operated.

;

-
.

il

t

.

.

I

; s .

-
. .

4

4

( l

,11-17
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6. .QUALIFICAT1011 TEST C0flDITlot!S A!!D -PROCEDURES - Cont.

6.3 Thermal Aging
.

Thermal aging is conducted by placing a prepared. ;

switch ~in a chamber in which the temperature-can
'

|C be maintaine'd., ,

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

i 6.3.2 The lead wires will be enclosed in the-

i

nipple during exposure to these environments.
4

*

The circuits will not be energized.

: 6.3.3 Tempera,ture
; 120 C

| 6.3.4 ReiatIve Humidity
j . Uncontrolled

6.3.5 Pressure4

"O Ambient,

' ' "

6.3.6 Duration-

400 hours
"

6.3.7 Switch Operation.
;

NONC RG.Q O t RED
nF

'

4.

4

.

.

O-

.

1

11-18
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I) 6. QUALIFICATION TEST CONDITIONS AND PROCEDURES - Cont.i

6.3 Thermal Aging - Cont. |
-

'

6.3.8 Service Life Simulation'

The above thermal aging simulates normal
.

service conditions, which can vary with

the Limit Switch application.

Estimated qualified life is predicated
j

~

i upon the service temperature. The

following chart of estimated qualified
.

life has been derived.thru the use of

the Arrhenius Equation, as referenced

in IEEE 382, using an activation energy
,

of 0.8ev.

SERVICE TEMP EST. QUALIFIED LIFEi
.

. .

*

*F C Years
105 40.6 18.1'

110 43.3 13.9
115 46.1 10.8'

.

120 48.9 8.4
| 125 51.7 6.6

130 54.4 5.1
!

f .
,

!

l. '

<

e

4

1 .

!

; (~)
.

*
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6 QUALIFICATION TEST CONDITIONS AND PROCEDURES - Cont.

6.4 Mechanical Wear Aging

(~~' , The mechanical wear aging test consists of mounting
U

the switch wi th an operating icver on a fixture with

a com designed to operate the switch at 70 (OM-OFF)

actuations per minute with an electrical load applied

to the contacts.

6.4.1 The switch conduit entrance will be open
during this test.

.

6.4.2 The lead wires will be connected per Figure 5.
6.4.3 .The switch wi11 be at,tached to the fixture with

screws, using the threaded side mounting holes

on one side of the switch.
6.4.4 Electrical Load

Voltage 100VCO

() Current 0.5I Amps,

.

Resistive Load

6.4.5 Service li fe simulation

100,000 cycles minimum

6.4.6 See Section 4 for operating lever requirements

6.4.7 Set up switch per EZ10567-80 or -81 (see at-

tachments). Lever travel to be set at recom-

mended travel angle (see Section 3).

.

V
,

11-20-
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.6. QUAI.lFICATioll TEST C0llDIT10tlS AllD PROCEDURES - Cont.
'

6.5 Radiation Simulation
O -

h This test i.s. designed to expose the switch to the total
- - -

. . .'

rad i a t i or,) dosage expected over the service li fe of the

switch plus accident conditions and margins.
~

6.5.1 Thc switch conduit entrance wil'1 be sealed iiith-

,

'

a stainless steci pipe nipple and cap..

6. 5. ,2 The 1 cad wires vli11 be enclosed in the nippic.

-..
' , during exposure to these envi ronments. The* *

-

circuits will not be energized. -

,

'

6.5.3 The test wi11 be performed by an approved vender.

''
The vendor shall provide a certified test report

2 and statement of instrumentation calibration..
,

- -

6. 5.11 Temperature, pr' essure and humidity - ambient,*

~ '

gQ 6.5.5 Radiation exposure-

0. Accident environment 180 X 10 Rads*
.. .

.

6
. Margin (+10%) 20 X 10 Rads-

, , ,

11ormal envi ronmen t .

6
'

(10 yrs inside containment) 4 X'10 Rads1,,

6
Total exposure (this test) 204 X 10 Rods Minimum

|
-

. .

| 6.5.6 Radiation type pnd rate
.

, .

l Coba'l t-60 G amma fi el d at a rate of .5 to 1 X 10(, ,

Rads /hr. -

.

.
.

.

6.5.7 Mounting Cautions
*

,

.

The switch shali be placcd on a rack to allow.

e
.

f rec al r movemciit around the switch.*
,.

~

' '

U;O . .
. .

I -

.

j
-

-
.

,
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6. QUAllflCAT1011 TEST C011DITiO!JS A!!D PROCEDURES - Cont.

6.6 Seismic Qualification -

O Seismic quali fication will be performed per IEEE Std
.

311-1975 thru a combination of analysis and test1

sequences.

The absence.
.

of cross coupling will be established so that single

axis testing can be used.

6.6.1 Mounting and connections during scismic quali fi-

cation.
. .

6.6.1.1 The switch co'nduit entrance wi1i be
open during this test. !!o t e: Lead

.

wires will be protected against abrasion.

6.6.1.2 The 1 cad wires wiii be connected per

,S Figure 6.
G

6.6.1.3 The switch will be attached.co the.

fixture with screws, using the threaded

side mounting holes on one side of the

switch.-

6.6.2 Electrical Load

Voltage 125 VDC

Current 0. 5' Amps resistive load

Circuits wi11 be monitored to detect interruptions
,

(contact opening) of 2.0 mi11i-secondr. or greater.

At Icast 10.0 mi11i-seconds wi11 be allowed for
,

contact bounce after switch operation.

6.6.3 Operating lever will be used. See section 11
rm
V 6. 6.11 The responne acce,lerometer will be attached to

the switch mounting table in close proximity to
the switch- 11-22

*
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6. QUAL.lFICAT1011 TCST CollDI T10!1S A!!D PROCEDUI;ES - Cont.

6.6.5 All tests will be conducted in cach of the three

b) orthogonal axis.

6.6.6 All tests will be conducted wi th the swi tch, 'fi rst.

in the un-operated condition than in the operated
~

condition. -
.

6.6.7 l' r e t rave l angle and di f ferential travel anjic

wi11 be measured' during each sine dwel1 point.*

6.6.8 Resonance Search

Subj ec t the suitch to a continuous sine sucep

from 1 to 35 llz at a rate of one octave per -

minute as follows:

Frequency Displacement Acccieration
liz inches 9

1-10 1.0 .05 - 5.1
10-35 0.01 05 .63g

C' Resonant frequencies found during thi s test will-

be, added as dwell points in the fragility test..

.

6.6.9 Fragility Test

This test will be conducted per Figure 7 and.

envelope the conditions of 1 to 35 llz and up to

9.52 9 's mi n i mum. Owel1 points 1/3 octavb bandr.-

from I to 35 liz.
Dwell' time - 60' seconds minimum

(unactuated 30 seconds minimum)

(actuated 30 secondr. minimum)\

6.6.10 Plant induced vibration simulation.
.

6The switch will be subjected to 10 vibratory
,m

() cycles of sinusoidal motion at a non-re:.onant

f requency near 100 ilz wi th . 75 g accelerat ion
,

to simulate vibration during normal use.
~

'
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6 QUALIFICATION TEST C011DIT10NS AND PROCEDURES - Cont.

6.7 Accident Environment Simulation Test

This test will subject the switch to the environmental
,,

('') conditions of temperature, pressure, moisture and chemical

solution spray in a cycle described by Figure 8.

6.7.1 The switch will be placed in the test chamber prior

to initiating the temperature / pressure cycle.

6.7.2 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 envi ronmental chamber wall and act as a

pass thru for the lead wires.

6.7.3 The switch will be supported by the nipple during

this portion of the test since no unusual mounting

stress are encountered.

gS , 6.7.4 A means will be provided to operate the switch
\-)

during test.

6.7.5 Electrical and Mechanical Performance

The switch will be operated thru one complete ON-0FF

cycle at the intervals noted by arrows on Figure 8.

Performance test per 6.2.2.'

6.7.6 Chamber Environment
.

Steam and chemical spray, a solution as defined in

IEEE 382-1972 Part 111, Table 1 and IEEE 323-1974

Appendix A, Table Al.

The chemical spray will be started 40 seconds after

start of each transient per Figure 8. Rate of flow

will be approximately 200 cubic centimeters (cc) per
r^s
(_) minute and continue for 91 hours after second transient.

,

Chamber temperature and pressure per Figure 8.

11-24
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'6. QUALI FICAT 1011 TEST Col!D 1T 1011S All0 PROCEDURES - C on t .
g
' J 6.8 Long Term Envi ronment Simulation *

-

At the completion of the major pressure / temperature cycles,
'

at approximatel y % hours, the option to change to a long

term environment test chamber shall be provided. The long
.

'
term environment chamber will maintain the pressurc

temperature and moisture for the remainder of the profile

in Figure 8'.

6.8.1 A pipc nippie wilI be assembied into the switch.

condult 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 w. ires.
6.8.2 Lead wires will not be connected for this test.,3

O .

6.8.3 The switch will be' supported by the nipple during.

this test,

i 6.8.4 The switch need not be operated during this

portion of the test.- .

6.8.5 Chamber Environment s-

,

Distilled water s ve-M -

Chamber temperature and pressure per Figurc 8.

.

'%)
,

11-25
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6. QUALIFICATioll TEST C0!JDIT10!JS Af1D PROCEDURES - Cont.

6.9 inspection *

,

'J . ijAl4C0 C0f1TROLS Engineering shall be noti fied of completion

of test prior to removal from test chamber and opening of
top and bottom covers. Remove top and bottom cove,rs,

observe and record the condi tion of components of swi tch.-

.

*
e

4

h

U t.

.

$ 0

%

e

4

$

e

e

4

m

O
.
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7. PERFORl4AllCE Lil41 TS

_O The switch necrormance iimits (see c.2.2) for this
quali fication test are as follows:

,7.1 close circuit current

The closed ci rcui t current change'when tested wi.th-

100 VOC , . 086 Amps , wi11 be recorded and supplied

for customer evaluation.

7.2 Open ci rcui t Resistance (insulation resistance).

50,000 Ohms liinimum

7.3 Closed ci rcui t shall not open for more than 2

milli-seconds during seismic testing. Contact

bounce after switch operation (10 milli-seconds)

shall not be considered.

*/ . 4 During performance test, contacts must t rans fe r

|O during eech switch operation..
..

7.5 The pretravel, differential travel and torque data

shall be recorded for reference i nformation only.

.

G

.

O
.

*

11-27

20 ,
*

__



.

8, DOCUMEllTAT I0ll

The type test documentation will be suf ficient to -veri fy
that the switch meets the performance 1imits. Baseline

data and Engineering data will be provided for comparisori'

purposes. The test report will include the following:'

8.1 Descri ption of swi tches.

8.2 Test plan number and date.

8.3 Test s,peci fications and obj ecti ves.

'.8.4 Description of test facilitics, equipment and
\

instrumentation.

8.5 calibration record of instrumentation.

8.6 Test procedure.

8.7 Test results and accuracy. ,

8.8 Inspection results. -

8.9 Supporti ng ' data such as similari ty anal ysis , seismic'

O
analysis, quali fied.li fe predictions, etc. ,

8.10 Description and justification for adjustments, disassembly

or al teration, other than those speci fied in the test plan.

-

8.11 Conclusions. .- .
-

'

8.'12 Approved signature and date. The test report will bc ,

certi fied as a true account of the test. ,'
,

8.13 All documentation (log data, reports, calculations, etc)'

will be arranged and maintained in an auditable form.
-

.

6

1

|O
,

O

11-28
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() 9. GENERIC GROUP QUALIFICATION AND MINOR DESIGN MODIFICATION
JUSTIFICATION

This section of the test plan and quali fication report will

be reserved for future analysis and/or test reports to justi-
i

fy generic group qualification and design changes.

9.1 Quali fy the EA180 14302 limi t switch, the short travel

version of the standard EA180 type.

Test per sequence 5.1, LOCA~ environment qual i fi cat ion

will be by similari ty to s tandard swi tch.

Operating Data

Pretravel 6' 30'. . . . . . . . . . . . . .

! Differential Travel . 4*. . . . . . . .

Recommended Travel . 7'. . . . . . . .

({} Max. Torque During Pretravel. 38 in. Lbs.*

. . . .

| 9.2 Qualify the EA180 13302 limit switch, the maintained
'

contact version of the standard EA180 type.

Seismic test per 6.6, all other qualification will

be by similari ty to standard swi tch.
-

Operating Data

Pretravel . 10' '

. . . . . . . . . . . . .

Differential Travel 8'. . . . . . . . .

Recon 1 mended Travel 13'. . . . . . . . .

Max. Torque During Pretravel. 10 In. Lbs.. . . .

11-29
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Accelerometer Switch Contacts .
,
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Regulated Resistor Scismic
Power Supply Lond|Eank Bourice Detector

*

A A > A
Contact %) Contact Signals

Signal

(1 of 4)
Oscilloscope

Ch. l
. _

z a -

A) Ch. 2.(.
.

4

' -
.

,

Tektroni>: Type 564 Oscilloscope

EBN Model PlG amplifier modified for 1 11z operation

Low pass filter, Krohn-liite (3202

BBN accelerometer pickup Model 507, sensitivity 28.87 mv/g/ *

. Lambda regulated power supply ELCS-A-100

6\ Resistor load banks
'

'Scismic bounec detector receives contact signals and discriminates
- contact open and closure in milliseconds

Limit Suit ch Contacts 1, 3 and 2, 4 (N.C.)

Connection Di ag ram for Seismic
_0ualification lest

Figurc 6
'
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10. ATTACf1MEllTS

See Section 9.0 of Quali fication Test Report for attach-

ments.
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