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SECTION A «  NUCLEAR ENVIRONMENTAL TESTS

1. Reaport Dated January 1969

2. Report F-C3441 Dated September 1972

I—;!CTXON B - SEISMIC TEST REPORTS
e

l. Electric Operators
2. Manual Oparators

3., Electric Operators with Manuals
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TEST REPORT = JANUARY 2, 1969

030017
ENGINEERING ORDER NO. 600198

The Limitorgue valve operator tested was Model S§MB-0 with a
15 foot pound, 3 phase, 60 cycle, 440 volt motor, with special high
-tcmp-racu:o motor insulation and high temperature resistant non-
metallic components, to withstand the contemplated steam pressure,
high temperature and chemical conditions expected in the event of
& nuclear reactor failure within the containment vessel. The
Limitorque cperator was wired for a torqQue seating control for
closing direction and pesition liniting contrel for open direction.
A 2 3/B" diameter by 1/4" pitch, 1/4" lead, lctt.hlnd stem was used
to simulate the stem of a valve being opened and closed The speed
of opozz;ion was approximately 6" per minute ch: a 12" travel.
The designed seating thrust to be exerted ;n.tho stem by the
Limitorque valve contrel was 16,500 pound; of thrust in the closed
position of the valve stem. A slide wire electric position trans-
mitter was also installed and connected to & remote position receiver

cutside thi test chamber.

IESTS TO BE PERFORMED ON OPERATOR

1. Preliminary heat tests on component parts.
2. Preliminary heat tests on actuator.
3. Preliminary live steam test on actuator.

4. Hezt aging test of electric motor and electric motor with brake.

LA



Shock and vibration test of actuator to simulate seismic
030018

conditions.

150 1ife cycle test of actuator producing approximately 16,500

pounds of thrust. '

Test of LimitorqQue valve operator and electric brake motor .

under a simulated reactor containment post-accident steam and

chemical environment.



030019

The standard Limitorque operator geared limit switch and
torgque switch was subjected to a dry heat test for approxi-
mately 16 hours at a temperature of 375°F. Periodically
during this test, the switches were xomov;d from the oven and
actuatrd by hand. The operation was satisfactory and no mal-
functions occurred. All parts functioned freely and there was
ne binding, jamnming, nor abnormal distortion of parts. The

test was successful in all respects.

RELIMIN S A

A completely assembled and operational Limitorgue operator
was placed in an oven where the temperature was maintained at
approximately 325°F. for a duraticn of 12 hours. The unit was
c;;étzzcally opesated every thirty minutes for a periocd of
approximately two minutes per cycle and using the geared .imit
switches to stop the actustor at the full open and full cleosed
position of travel. Indicating light circuits weve also wired
to the geared limit switches.

The test was successful in every respect. There were no
malfunctions »f the operator and upen ihspection of the com-
ponent parts used, there was no noticeable detericration or
wear,

The lubricant used in the geared limit switch did become

hard and caked, however the lubricant uvsed in the Limitorgue

e
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Both electric motors were sent to Reliance Electriv Co. for

heat age testing. This test consisted of baking the motors

at & temperature of 180°C, for 8 total of 100 hours to simulate

aging the motor to & 40 qgi_gigz_oxpogtlney. Motor insulatidn
checks were made and found to be within normal limits. Thcg:
were no adverse effects or the motors and motor insulation

resistance measured infinity to ground.

SHOCK AND VIBRATION TEST OF ACTUATOR TO SIMULATE SEISMIC
CONDITIONS

The LimitorqQue operator to be used in the environment test

was shipped complete to the Lockheed Electronics Co., in Plain-
field, New Jersey, for shock and vibration testing to simulate
seismic conditions. A copy of this report is enclosed herewith,
The test basically consisted of mounting the limitorgue operator
or, & shock and vibraticn table to test it at 20 cycles per
second vibration at 1G lcad for a period o. two minutes on =
one minute cff, This would constitute one cycle. The cycle
was :Qpcutcd five times in both the vertical and lhorizontal
axis of the operator. The actual test report and photographs
are included here.

The test was successful and there was no noticeable effect

whatsoever on the LimitorgQue operator.
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150 LIFE CYCLE TEST OF LIMITORQUE OPERATCR PRODUCING

ALZROXTMATELY 16,500 POUNDS THRUST 030072

The Limitorgue operator was shipped to the Franklin

xnltituto Research Laboratories, Philadelphia, Pennsylvania.
The cperator was mounted on a stand inside th: test chamber
and a 150 éyclc load test was made on the unit, This test
consisted of stroking the 3_2!!“ diameter valve stem a total
of approximately 12 inches in two minutes. The valve stem in
the full closed position produced a thrust of 16,500 pounds

on a rigid plate securely bolted to the test chamber. The
thrust was measured by the llmi strain-gauge recording instru-
ment used in the actual environmental test ébnductod by the
Franklin Institute. The unit was wired up so that the c¢losing
direction and the open position geared limit switch atopﬁod
th;.unit in the full open position. The speed of travel was

6 inches per minute.

After the life cycle testing was completed, the unit was
inspected and found to he in excellent condition. There was
ne noviceable wear on any °f the parts. The same electric
motor which had been heat age tested at Reliance Electric Co.
waa\;scd for this life Cycle test. There was no noticeable
adverse effect on the electric motor and it functicned psoperly.
?tSTAOF LIMITOROU:CVRLV! OPERAL . UNDER SIMULATED REACTOR

The attached report of the Franklin Institute Research

Laboratories describes the actual testing under this environe



ngnul conditien. 030023

After the test was conpleted, the Limitorque operator
was shipped back to Philadelphia Gear C.rporation, King of
Prussia, Pennsylvania where it was diql:-nmblcd and all parts
were inspected. Photographs are included showing the various
parts of the operator. All parts, including the electric
motor, slice were position transmitter, seals, bearings,
gears, and shafts, were inspected and no noticeable wear was
noted. However, the gear frame of the geared limit switch
had corroded and caused a minor failure.

The geared 11m§t switch frame had been attacked by the

boric acid in the st .1 atmosphere. This caused the gear

frame to corrode and resulted in B;nding up of the shafts of.
‘the geared limit switch where they extend through the geared
~limit swir~h housing. This caused the malfunction cf the
switch as described in the Franklin Institute Research lLabor-
Itorill'.lcport. A material change has been instituted %o
cocrrect this corrosive action of the material used in that
particular switch, On all present orders being processed,
and on all future units to be shipped to meet environmental
cenditions such as this, the gear frame housing of the geared
linit switch will be a bronze material which is not subject
to corrosion by boric acid sclutions. ‘he motor Qnsulation,
resistance after all testing was 1,000 megohms across all

three motor terminals to ground at 500 volts.
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' 'mrost OF TEST:

MANUFAC JURER :

APPLICABLE DOCUMENTS :

CASE NUMEER:

QUANTITY CF
SPECINENS TESTED:

- | sEcumITY crassiricaTION
| oF SPECI:ENS TESTED:

[
L
f Shzixns T
ol |
?

k

m | PATE TEST COMPLE.'ED:
|} | TEST CONDUCTZD BY:
oy

DISPOSITION OF
SPECIMENS TISTED:

=2

TEST APPARATVS:

S G DTSR T RS

} TEST PROCEDURE:

s s ek

- ...'

1+ Test Report N, 2120-k5sk

e luhjcct the test specimen to the ’
. Vitration Test referenced in Philadeliphis

Gear Corporaticn Purchase Order No. 600158,

“ ¥niledelphia GCear cOrporitiza

Eing of Prussis, Pa. ] 030025

'suno-ls illitorque

(Beliance Motor 8/N 435571-MS)

Philadelphia Gear Corporation
Puirchase Order No. 600158

2480410554
One (1)

Unclassified
7/30/68

LOCKEEED ELECTRONICS COMFANY
ENVIRONMENTAL LABORATORY

Returned to Franklin Institute, Aprplied
Mechanics ladboratory yer the reguest of
Palladelphia Geayr Corporation per Lockhoed
Electronics Company Packing Slip Neo. 417758
dated 7/31/68,

Benction«Type Vibration Machine,
LAB Company Model RVH-72-5000, S/N 51401

Vibration Meter, ME Company
Model M-6, 3/N 535

Vibration Pickups, MB Company Type 120,

'8/N 14187 (vertizal) and S/N 1126}

.
-, .
'

(horizontal)
The test specimen was cscured to the
vidbiation machine, as shown in Figures 1
ond 2, and subjected to five (5) cycles of

vidration in both the vertical axis and

the horizontal axis with the mounting flange
in the horizontal plane,

. N .
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SUMMAR Y

e e G o ——

A Model SM"~0 Limitorque Vilve Operator manufecturyd by
The Philedcliphia Gear Corporation was tested by The Fr. '2l4n

-t

Insritute Revearch Laboratories for performance under steam

.
econtaminate environmerts existing in water-modersted

conti nments folloving some credibla sccident. The
Liwitoryue operitur plus an additional NOtOT ~brike asserbly

vas tested in sccordance with Level 4 of the Standard Draf:

-y

1568, prepared Ly Sub~fomzittes 2 {(Eouipnent

esting) of the 1EEE/NSG/Tcehnical Comittae

Actual tests were beguc on Octeber 31, 1968 and

for seven full days.

mitorque Valve Operator continued to Operate throughout

(MR .

and ¢he sovirommental test, 1" was ne.ssary to sequence

The geared limit
$Wi tn bypass around the open torque sviteh was Apparently set
too close to the full closed position., This caused the torgque
SWiteh to momentarily open and stop the Pperator haefore 4t had
uuseated che valve stem. It 19 our understanding that this
could be corrected by setting the gesred limit bypass wwitch teo

trip open after tha valve stem is unseated.

The environment did effect the geared limit pwiteh as was
evidenced st the end of the first 24 hour period vhen the lisitorque

eperator wvent to the full open posit’on and stopped by the open

iv

Tt THE FPRANTLIN NSTITUTE RESEARCH LABORA| RIS
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thari by the ¢pen position geaved
sng lights remeined on even though

*¢ €0 the full open position,
eXposure, the
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1. INTRODUCTION

———

Following discussions betwren graff members of The Philadelphia
Gear Corporation and The Franklin Institute Research Laboratories
(FIRL), an agreement was signed under which FIRI vould test &
Limitorque valve operator and & separate motor-braxe assembly under
simulated reactor poste-accsdent environments. Th.s s the final
report of that test progi.w, ]

The conditicns simulated for the test vere the pressure-
tenperature~humidicy (saturated steam) anvironments end the chemical
environments that could be expectad to exist ia the containment
veisels of vater~soderateod power riactors folloving some credible
dccident such as the rupture of a BAjor reactor pipimg assembly, The
particular conditions simulated sre those set forth 4n the I1EZF
Standard Drafc, dated June 7, 1968, of the ILEE/NSC/Technical Com=
wittee for Standards, Subcommittee 2 (Equipment Qualification Test~
ing) as transmitted by Philadelphia Gear letter, Lawson to Witcher
(FIRL), on July 16, 1968. ‘he teast V&s sade in accordance with the
applicable portion of this standard vith one exception: the prassure
Specified to be 5 psi berveen 24 and 168 hours after test inttiazion
& shown in Figure 3, page 9 of the IEED standard was changed to be
15 psi. This change was requested by Philadelphia Gear in the letter
of July 16, 1968 previously cited,

It must be emphasized that this test progranm vas for the
emergency steam and chemical envivonmental conditions only., FPree
conditioning tests including vediation &ging, heat aging, and i ;ock
Casts vere not included in the pProgram at FIRL, Neither vere post=
test inspections or other acceptance criteria.

’

1

hli THE FRANKLIN INSTITUTE RESEAACH LABORATORIS
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I1. EQUIPMENT TESTED
Tne cquipmeant ted war (a) a Limitorque v/ ve operator and

(b) & mutor-brake aic« wiv a8 identirfied and described below,

(a) Neme Plate Information of Valve Operator (Test Unit 1)

NAME ; SMB~0 Limitorque V. lve Operater
Order No, 600198
MANUFACTURER Philadelphia Gear Corporatisn
MOTOR: Reliance Bui.t Torgue Motor
ldentification No. 438571-JTR
START 15 ft.~1b.
RUN 3 ft.=1b.
TYPE F FRAME MS6
PHASE ; 3 RPM 1700
CYCLES: 60 VOLTS 230/460
CODE -~ AMPS : 5.6/2.8
-
Temp. Rise at Run Torque of 15 Minutes: 75°C
Tyce H Insulation
Gear Unit
’ )
&
#‘P
1.! THE FRANLKLIN INSTITUTE RESEARCH LABORATORIES
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() I, e Motor with Brake (Test Unit 2)
MOTOR

" MANUFACTURER ; Raliance Elsctric Conpany
3300 10¢th Street
Columbus, Iniiana

IDENTIFICAT.ON #: 442010-JT8

START: 15 fr.-1b. FRAME : .

RUN: 3 f1.-b, KoM 1700

TYPE. - VLLTS: 230/460

PHASE: 3 AMPE:  5.6/2.8
> CYCLE 60 |

CODE: -

Rise at RUN Torgue: 75%°C (15 minutes)

DINGS MAGNETIC DISC BRAKE

MODEL: e 1009-50 VOLTS: 230
SERLL NO : 137010 vontinuous Duty
i 3

llli THE FRANKLI: INSTITUTE RESEARCH LABORATORIS



The tests were conducted 1o an envirommental

tes: facilicy
installed at FIRL., Figures 1 and 2 thow the central part of tha
5 ity including the test chasber with the Linftorque and motor=-
‘sembly wounted (Figure 1), Both figures show the chamber
dre recorder mounted on the upper right wall, the dual channel
mounted directly below and the Limitorque and
temparature recorder mounted under the right hand tabdle.

- back wall are mounted the Limitorgue and motor-brake

Power leads to the motor-brake and the Lizitorque are brought
the panel board un bOX mounted above the vessel,
the junction box, Teflon u d #l2 wire wvas brought through

the vessel wall in Conar feed-through fittings and theace to the

«
- b d

' Aond e
Aedinih & WA

in Figure 1 was used to measure the
valve scating force as measured by straiu g4ges on the valvestenx
guide protiuding to the left from the tank.

L
&

e facilicty was pressurized by a two inch steam linz from the

TR P

FARL bullding steam majins. The fas: pressure riss vas schicved by

et &
quick=cpening valves in the stean line. Subzequent regulaticn was
erfotmed by a Spence regulating valve. In order to achieve the

astest possible rise in steam press.re in the test chamber an

scditionul 2 inch line was place. to the chamber by~passing the

regulatiog valve. This alloved an empty vessel rise from zero gage

ASe

preassure and 140°F ambient to 90 paig 4n 8 seconds. Pressure rise
time wirh ¢! ALOTTUY. Was sOowevhat greater as described in the

BCtuRl test procedure
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C300142

MEASUREMENTS

(1,

)

’

~

Temperature inside unit and limit-gwitch compartment

Limitorque Operator: Temperature vas measured by means of

four thermocouples installed in the Limitorque Operator.
The valve operator vas received by FIRL with three
thermocouples aAlready installed in the motor windings.
One additional thermocouple was installed by FIRL in the

limit~gvitch compartment.

Motor-Brake Assemblv: Temperatures in the brake assembly

also monitored by three thermocouples installed prior ¢

e
delivery te FIRL. 7Tvc were in the moteor windings and one

Was in the brake assexbly.

All temperatures in the Limitorque and th

dssexbly were recorded by a separate multi-point

ecorTder.,

or Voltage, Axps, and Wates
b 4 A et

A polyphase recording watt meter vas use
P

OwWwer input to the Limitorque test un

i
N

1‘-’131;2(’.1!}3 voiltmeters and two Anmeters wvere

4

the motors, These dats are give

No measurements or recordings were made for the ROLOT=-0rake

assexbly.




(3)

030013 y

Temperature and Prcuougo Inside Environrental Chamber

The environment and test chamber temperatures were recorded
throughout iﬁc seven day test with thermocouples at
strategic locations, The temperatures recorded were the
chamber steam temperature (1), temperature in the valve
operator switching compartment (2). the tank wall tempera~
ture (3), and the inlet stean (4),

Pressure vas monitored visually by means of a precision
mechanical gage and by a pressure transducer for the anslog
recording of pressure by & two-pen potentiomezer recorder.

The other pen of the presaure recrrder was used in cenjunction
with another transducer to measure and record pressure in the
limit=-switch compartment of :hg Limitorgque valve cperator.

() Boric Acid Concentration and PE of Condensate

4
’

In lieu of measuring the concentration and pE of the con-
densate, a solution of 1,52 (by wedight) bqﬂiﬁ.ﬂiﬁi_ff_::ﬁ:ﬁ__
Vas prepared and stored in a cooler vat. This solution and
only this solution vas pumped into the envirommental chamber.
The condensate was not recirculated, but was drained from

the tank overflow as the fresh solution was injected. The
boric eacid used to simulate the post-accident SPTAY Was
preparad by dissolving seven pounds of technical grade

boric asecid (B3B03) 4n SS gallons (460 pounds) of deminerali-
ted water. The solution was prepared at 80°F to faci lrate
the solution of the boric acid crystals, A 50X sclution of
Teagent grade sodium hydroxide (NaOH) was used to titrate
the boric acid solution to obtsin a stable pB of 7.67 as

measured with a Beckman PE metar.

8

L
.
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SEQUENCE AND OBSERVATIONS

Simulation of long Term Ambient

Prior to beginning the actual test the Limitorque and motor
brake weare slowly brought up to a temperature of 140°F at
atmospheric pressure, 4in order to simulate the long ters
ambient prior to an accident. This, in our test chamber, wvas
accomplished by periodically introducing & small amount of
stean from the mains in additica to heating the condensate

in the bottom of the test chamber with the electric heaters.

Start of Test

Upon reaching the 140°F ambient level, tht actual test was
pegue at 3:15 p.m. on October. 31, 1968 by suddenly admitting
ftean to the test chamber. The pressuie was brought up to
and held at 90 peig, 1in sccordance with Figure 3. The rise
ime was 14 ;e:onds 48 reacorded by two observers using stop
watches and precision gages as refeience. A precision
mechanical pressure gage wvas the primary instrument used at
this time slthough pressure transducers vere operating with
& two-pen recorder for the purposes of recording chambe:
pressure and limit-switeh compartaent pressure. igure
shows the pressure rige in both the test chamber and the

1

imit switch compartment of the Limitorcus. The recordec

pressure variation in chamber gressure upon reaching the 90

Psi level war caused by a leak in tne pressure transducer at
that time.

1M
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FIGURE 3

SCHEDULE OF TEST ENVIRONAENTS

Saturated Steam Pressure Cycle
and

Limitorque Operation Cycle

A = 0. YALVE OPERATOR CYCLE
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Limirorgue Operation

$ix minutes after the beginning of the test the Limitorque
snd motor-brake assembly wvere each operated rhrough one

complete cycle, ~Operation was normal.

tart Boric Acid Spray

——

Forty minutes after the start of the test the boric acid
Spray was started. 1.52 boric acid, buffered

hydroxide to a pH of 7,67, vas supplied at 10
in & downward spray pattern over the Limiteorqu

control compartment for the next four hours without

interruption.

4 - r
A b &

orque Operation

‘=five minutes after the start of the test the
and the motor-brake were each operated through cne

cycle. Operation wvas normal.

(6) Pressure Fuduced ts 70 paig

Une hour after the start of the test the pressure was re..ced
70 psig in the test chamber within a period of threse minutes.

=alitorgue QOperation

Seven mi-utes after reaching the 70 psig satursted staas
conditions in the test chamber the Limitorque and motor-brake

were again operated tirough one complete cycle. Operation was

Five minutes before $oing to the &0 psd level the Liritorqua

and motor-brake ware sguis operated. Cperation was norwal,

~ 4

13

IH.; THE FRANKLIN INSTITUTE RESEARCH LABORAT

o) ©
CRIES




(%)

{10)

(11)

(12)

(i3)

030019

Pressure Redured te Ao~no§|

Three hours after the iurt of the test the pressurs in the
test chamber vas redvred to 40 Peig, by adjusting the
regulator valve ia the stess supply line and by ruaning cold
vater through the condenser coils inside the test chaaler
head. The change fyom 70 psig to 40 psig vas accomplished
in five minutes,

uimitorgue 020rlcion

Five minutes after reaching the 40 psig savursted stean con-
ditions i{n the test chamber the Lizmitorque and the motor=
brake vere sgain oparated through one cycle. Operation was
normal.

Boric Acid Sprav Stopped

The boric acid spray which bad been supplied continucualy
for four hours in a spTay pattern over the Limitorque vas
stopped. No furcher chemical environment was sinulsted.

Limitorgue Ogcrntion

Five minutes before the end of the two hour 40 psig saturated
steam condition the Lizitorque and motor-brake were sgain
Cperated. Operaticn was normal.

Pressure Reduced to 20 peig

Five hours after the start of the test the P. seure regulater
vas adjusted from the 40 Peig secting *o the & PBig setting.
Cooling water was also supplied to the coeling cotl i the
chamber head, This sccompliehed the transition from &0 peig
to 20 peig in four minutes.

; 14
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(14)

(15)

(16)

230050

Liaitorguo Qgcrnt!gn

Tive iiéutai after rcaéhin; the 20 psig level, the Limizurque
and the motor-brake Ssvexbly were operated throu~h one
complete eycle, Th;”-4£§¥:btako aiacdbly-;naratod normally,
The Linitorhuc opcrlt‘d{flué't:n Operating cbdtcctotiotxcu
had changed, It closed ncrmally, but to open the unit it was
found to be necessary to joggle the open and close buttons

iu sequence to stary up the unit, Opnce started, it operated
satisfactorily, but the opening time was 112 geconds instead
of the normal time of 110 seconds. The absence of peak in
BOtor torque at the and of che opening stroke signified that
the opening stroke was Stopped as usual by the limic switch,

Lizmitorque Operation

Ninetaen hours after the Previous Lizitorque operation and
five minutes before the end of the 20 peig o adition, the
uBits vere operated omce more. The motor-brake operated
norually., The Limitorque closed Properly, but upen
opening the controls pesded t0 be segquenced rapidly
becween "spen" and "close". As before, once started, the
Lizmicorque operated satisfactorily but this time the
recorded rise in torque at the end of the opening etroke
signified that the full open limit stop was reachad, thus
indicating that the Preset limit switch failed to etop the
cpening stroke,

Prescurs Reduction to 15 Psig

Tventy~four hours after the ztart of the test the presaure
vas reduced from 20 to 1% Poig. This vas sccomplished as
befors by adjusting the regulating valve and running cold
water through the cooling coil. Pressure reduction time was

L4
v

18
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030051

seven minutes, No further change in pPressure vas made bafore
the end of the test.

(17) Lizm{torgue Operation

The test units were operated five minutes after reaching

the 13 psig condition., The Botor-brake operated

satisfactorily although {t 8PPes. 2y to be noisy t.. & short
period of time with the braka relsased, The Limitorque
operated as in the immadiately Preceeding opera-ion (Sequence
15) except that the position limit ewvitches wore not operating.
The Limitorque vperated satiafactorily buv .t had to be
Sequenced rapidly between "¢pen” and “cloge" to unsest the
stem when in the closed position.

(18) Lizizorgue Operation

Six full days (144 houzs) passed while the units remained

ia the 15 plig')a:urctod Stean soviromment before the units
wars operated once nor;. The motor-brake operated satisfactor-
ily. The Lin{torque closed satisfactorily bur this time the
unit would not reverse to un-ssat the valve stem on the open=~
ing cyele. Rapid Sequenciog of the "open" and “"close"

buttons as done Praviously vas to no avail and so & Jumper

vas added to the controls on the panel board to reverse the
Limitsrque. Jhis vas successful and the Limitorgue

opened satisfactorily,

(19) Pressure Reducticnm £c Atmosphere

Following the Limitorque operation of sequence 18 the
pPressure was reduced to the atmospheric pressure of the lab.
This was done by circulating water through the cooling coil
in the chember head and later by slovly pumping cold water
into the condensate well of the chamber.

al 15
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030052

The cooling operation before vantiog required epproxizately
thirty mioutes,

(20) Candensate Sampling

Before pumping water {ste the condensate well to coel the
test chamber a sampla of condensute vas drawvn and tested for
scidity. The condarsats had a pH of 8,20 which was believed
£0 represent the pH of the fteam from the supply mains
(Philadelphia Eleceric Company). By this time nost of the
boric 2cid should have been diluted and Carried avay by the
8teax condensate, :

(21) Ogcning of Test Chnnbe;

(2

]

)

Approximately one hour after the end of the srven day test

(168 hour) cycle the tank Vas cpened to inspect the units

under test.

Visval Inspection of Test Unics

Figures § and 6 show, Tespectively, the test units immediately
before and after the test. It is obvious that the steam and
chemical environments had & Very corrosive effec: upon the
units, especially upoil. the paint, Hovever, as described 4in
this test sequence, the units operated, even to the band-
vheel which vas teszed and found to ba satisfactory,

Figore 6 shows a certais Smount of crud in the bottom of the
tank, This vas found to be (#) grease that had come out of the
checkvalve K and (b) the rezains of the visual position {ndie
cator which had been severly sttacked by the envirommest.

The plastic had pelted and had apparently foamed,

17
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030053

Figures 7 and 8 show the effact of the eoviramrent upon the

limit ewitch comparcment. The anviromeent had penetrated

the compartment and had iightly attacked certsis components.
is waes evidenced by the Previously discussed malfunction

ef the position limit switches as well as by the visual

Y -
ue Operation

he Limitorgue was Operated once more before {t wvas removed
from the test chamber for Feturn to the Philsdelphia Gesr
Lorporation. The operation vas as “escribed in sequence
The jumper on the control panel vas necessary for rever ing

the motor from "close" to "open".
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APPENDIX 1

JEST DATA SHEETS
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U 331402232401

JEST LEVEL I
Tize at Start of Test: (¢ [ ¥ Wi | Bour lﬂr

1aftial Pressiure /5 Palg Temp, /%L o

Pressure Rise Time: / 2 Seconds
Chamber: Press. i; 'St~ Temp, 229 op
Test Unit: Preas. 7. __Paig Temp. 32F °p

Fivst Test Cycle of Motor: /5 2/ Hours
a4t this Level

Starc of Boric Acid Sprav (40 minutes “ter Level 1)

Time: (S 5T Bour

Minutes

Boric Acid Flow Rate: S5 5 _ Mk

ey, 707 v pn R 7

Second Test Cycle of Motos /¢ /0

AL this Lavel: Time: [ Hourx

End of level I:

Time: Le ! - lou;-a

-

Chasber Press. y, [ psis Temp. 329 _*¥

Unit Press. Q [ ___psig Temp, 27 il

24




- -

311-€2232-01 i o -

.

ENVIRONMENT TEST CYCLE
DESIGNATED
TEST LEVEL ¥o. — STEAM PRESS, 70  psic

Time Level Reached: - l é l E ~Hours —

TNt ptme from Previous Level: 2 5 Minutes

e T e gy g
o, L Chamber Press: 70 psig Temp.: Dl '
’ » m-
o ‘_’_..’ ; :
Test Unic: Temp, 3L&: °r Press. _ 70 Psig
First Test h e——rr
Cycle of Moter -
4L this level: Time: _‘6 25" - Hours

Boric Acid Sprrav

' !‘loy Rate ) ?ﬂd Temp, zQZ *F PH 7¢ (7

Second Test
Cycle of Moter
at this Level: _Tuu: _[T /0O Hours

s e e e

Time: [.t !5 Hout ’
-
Chomber Yemp, D15 . °F Press, 2 -, Psig.
Unit Temp. 215 'F Press. __ 70  psiy

End of Level No, I:

s



- MI-C2232-01 0'}0(‘(‘ Dat: C';}
» L] ,
1 .g L) ""Lpt
ENVIRONMENT TEST CYCLE -
-
DESIGNATED ., SATURATION
nstuemnvo, L o MISS, 20  psic me, 259 -
Time Level Reached: 20 Vi ¢~  Hours
Time from Previous Level: fi Minutes
/.-—C'hmber Press: _ ?__Q peig Teu:p.:__.z?:z i A R
- o
- o Test Unit: Temp. > 71-___‘F Press. D/ Psig

First Test i
Cyvcle of Motor s ooz

at this Level: Time: 2© 35 Hours

Boric Acid Serav

-

. Flow Rate Ao W<€ Temp . i P

C;“ﬂx of Motor

4t this Level: Tinme: ~’</m/ O Hours

-

“End e

o
-
Y
- |
1r
Fa
z
LS ]

Time: s [7 Hour ;
Chanber Temp, 2 S-Q‘ e Press. 1_"__‘0 Paig
Uzit Temp. ™~ 2 e e J Press. 2 O Psig




311-€2232-01

ENVIRONMENT TEST CYCLE
D e e R L W 2012

T DESIGNATED
TEST LEVEL No. _1lL , STIAH PRES 8 Y

i W

Time Level Reached: %20

Time froa Previous Level: Minutes

I ™~

Test
£

arne
e H‘-\-\-{A

$ Level: Tinme:

on @
Time: P S

Chamber Temp. ? jifj

- g s

o~

20 & o
o B o e ) P
Vial i et -




PERFORMANCE TEST DATA OF LIMITORQUE YALVE OPERATOR

TABLE 1,

1310223201

0700

COLLECTED DATA
Stem  Trave)

Test Pres, Line VYolt, A<C  Current Pwr, Stg. Close Open
Psig Time - 3-1 32 3 KW For-lbs, Seconds

10/31
0 1302 500 £12 498 2,85 3.08 s 16,500 110

1506 504 54 498 275 2,95 g 110
90 1921 S04 516 500 2.85 3.00 .¢3 16,500 1190

1524 504 516 500 2.65 2.60 g0 110

1610 500 512 500 2.80 2.97 s 16,500 110

1613 500 8§14 500 2.68 2.8 .ss 1 10
70 1625 500 §14 436 2,68 2.97 .5p 16,100 110

1628 504 $16 500 3.05 2,89 g2 10

1810 506 s12 504 273 3.0 .so 16,500 110

1813 508 518 S04 2,92 2.98 . 16,500 110
40 08908 830 300 5 200 L% Wiske 10

1831 508 520 504 2.8 3.00 .52 108

010 508 520 504 2.98 3.0 .50 16,000 110

Q14 508 518 504 2,83 3.0 s 1 107
20 2031 508 520 S04 2.96 .3.10 .5 17,000 110

039 508 S20 504 2.84 3.02 & 12

nn

1510 500 514 496 2.85 3.00 .46 17,20 110

1813 500 514 496 2.70 287 4y 112
15 1528 500 $14 496 2.8¢ 2.98 .46 17,800 115

1532 500 514 496 2.70 290 .s0 118

11/7

1528 458 514 496 2.98 2.2 .43 17,200 1M

:::or¢.§°“ §14 496 272 2.89 .50 m

Final 500 514 496 46 17,000

Final 500 814 436 .50

30

>
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ML X o?mga
TABLE 2. 3122320
Average and Peak Velues

PERFORMANCE TEST OF LIMITORQUE VALVE OPERATOR

Test :
| Ave.Volt-  Ave, Peak Power Peak
Oct. 31 :::;’"" age =3 ¢ Current Current KN
. 503-3 20,7 ’.‘o Sa—— }»30 - e

| 30 506,7 2.92 3.45 ‘.87
§06.7 2.62 1.1%
504 2.88 Missed 1.54
504.7 2.76 2.00
70 503.3 3.01 3.30 1.50
506.7 2.80 ‘ 1.40
§09.3 3.00 3.40 1.45
510 2.8%9 .85
40 §10.7 3.02 3.30 1.44

§10.7 2.92 ' L R
§10.7 3.04 3.30 1.39
510 2.92 1.2}
20 §10.7 3.03 3.40 1.48
§10.7 2.93 .76
§03.3 2.92 3.40 1.35
503.3 2.78 1.08
) 18 503.3 2.91 1.42
503.3 2.80 1.48
§03.3 2.90 1.52
$03.7 Z.80 .88
Final 503.7 1.52
Final 507.7 .85

* N
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PHOTOGRAPHS
OoF
LIMITORQUE OPEPATOR PARTS

DISASSEMBLED AFTER ENVIRONMENTAL TEST
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ADDENDUM #1



PHILADELPEIA GEAR CORPORATION
KING OF PRUSSIA, PENNA. 19406

LIMITORQUE VALVE CONTROL

ADDENDUM NUMBER #1
TEST OF LIMITORQUF VALVE CPERATOR
TO MEET GRNERAJ, RFQUIREMENTS
OF
AN ELECTRIC VALVE SCTUATOR
. w - '
NUCLEAR RIACTOR CCMNTAINMENT EY VIRONMTN,
REPORT OF JANUARY 2, 1066

A. BSHOCK & VIBRATION TEST
B. TEST OF LIMIT 3wirTch WITH MATERIAL CHANCE

APRIL 29,

esec70

L9€9
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.

level to 3 G's at 35 cps.

‘Page 2 April 29, 1969

03007,

The previous shock and'vibtatxen test of a Limitorque Operator

was extended to 1L G and 25 cps. The sbove test extended the

TEST OF GEARED LIMIT SWITCH WITH MATERIAL CHANGE:

On the previous test of a Limitorque Operator as submitted
January 2, 1969, a failure occurred due v\c the actinn of the
chemical .pray on the material of the gear frame of the geared
limis eswitch., This caused the premature failure cf the geared
limit switch, The gear frame material has been changed as prev-
1cuqu recommended and an additional test of this revised geared |
limit switch has been conducted at The rrankiin Instituvte
Regearch labratories in Philadelphia, Pennsylvania on rpril 9
through April 16, 1969. The geared limit switch was placed in the
samé environmental chamber as the previous test and was u;nd in
canjunéticn with starting 'nd stopping an electric motor also

in the test chamber. The environmen: consisted of a seven day
test wherein the geared limit switch was exposed to high steam
pressure, temﬁcraturo and chemical environment s.imilar to the

previous test,

The new geared limit switch successfully completed the test with

f. Sign of 'wear or deterioration due to the steam pressure,



. Page 3 . April 29, 19és

!
03005,
temperature or chemical environment. The test was completely

S

satisfactory in every respact.

CONCLUSION:
The material change of the geared limit switch has been noted
and will be included on all Limitorque Operators subjected to

this environmental condition when specified.

This information is submitted as an addendum %o cur Test Repore

1 yofzs,

Edward F. lawson
Sales Manager
Limitorque Division

dated January 2, 1869,

Very tru
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VQ
.
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Cr0yg
pesition and all torque switches and limit switches functionad
Properly. None of thre aduxiliary limit switches wired te indicating
lights ever flickered or indicated they were opening or flickering,

All electrical and mechanical devices on the operator worked success-

An additional test lovel of 10 G's at a maximum of 49 Hz was con-
ducted as noted in the test. The Limitorgus operstor had no defects
during the first two minites ¢f operstion at the 10 g level: however,
UPC. starting the second run, the hardware holding the geared limit
switch loocsened and we decided to discontinue the test, At that

time the unit had becn subjected to 4 total of Y minutes of shock an
vibration at 10 G's and 49 Kz,

The enclosed Test Report #2539A-4723 of Iockheed Test Lab, is sub.
mitted for your information.

Very truly yours,

FHILADELPHIA GEAR CORPORATI ON

o “-7‘59
dwird F. Lawson. Sales Manager

Limitorque Divisarn
ak

enc.
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PLAINFIELD,

Date
.Approvcd by:_.f‘) nu-t'<j\h»\,vavay

4 -
N. Jahnson ./ Supervisor
Ervirommental Laboratory




PURPOSE OF TEST:

MANUFACTURTA ;

SPECIMENS TESTED:
APPLICABLE DOCUMENTS:

CASE NUMBER;

QUANTITY OF
EPECIMENS TESTED:

SECURITY CLASSIFICATION
CF SPECIMENS TESTED:

OATE TEST COMPLETED:
TEST CONDUCTED ~v:
CISPOSITION OF

SPECIMENS TESTED:

ABSTRACY :

TEST APPARATUS:

Test Report No,2838A.a722

lasue 2

Te subject the test specimen to the
Seismic Test referenced in Limitorque
Corporation Purchese Orger Number
348572, deted B/G/70.

Limitorque “orporetionm ‘
€114 Woodall Foac o r

Lynchburg, Virginis 24802

BM3.0.2% V-lvoﬂop-r-tor

Limitorgque Corporation Purchase Crder
Number 348572, detac 8/6/70.
34-8041-0723

Ore (1)

Urclessifieg

8/&0/70

LOCKHEED ELECTRONICS COMPANY

ENVIRONMENTAL LABORATOAY

Feturmned to Limitoraue Corporstion per
LEC Packing S1ip Number 6227, cated
8/24/70.

The test specimen wes SuUb jected to the
Seismic Test referenced in Limitoraue
Corporaticmn Purchase Order Number
348872, deted B8/8/70.

The 8,36 portion of testing was comples
with no discreparmcies roted.,

The 40 G portiomn of testing was termie
neteac during the second cycle dus to
noted Fatiguing of the gesr limit
switch mounting hardware,

Resction-Type Vibretion Machirne, LAB
Company Model RVH.72-8000, S/N 81401,

|
Vibratiom Meter, MB Comparmy Model M.g |
S/N az23, ‘

1
Vibration Pickups, MB Company Type 120,‘
S/N 112823 and Type 124, S/N 14074, ‘
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TEST PROCEDURE: The test specimen wes secured to the
vibration mechine, us shown in Figure 1,
ard sub jected to sn exploratory scan
over the frecguurncy renge of § to 3 Mz [
in two (2) axes, The ex:loretory cens
werns followed by three (3) cycles of
vibretion in esch exis., Each cycle
consisted of two (2) mirutes of vibra-
tion et & fFreguency of 38 Mz and an
accelerestion level of 5.30's Followed b
one (1) minute of me vibration.

'
- {
i

The test specimern was ther set up ss
shown in Figure 2 snd subje:ted to the
sbove mentiored test in the thisd sxis. |
At completion of this test, an sdditions
exploreatory scan was performed over .the
Fregquency renge of § to 49 Hz and twe
(2) cycles were performes st & Fre-
Quency «af 48 Mz and an ssceleration
level of 10 3'g, |

The teet specimen was erergized during
testing snd sll alectrical monitoring
wen performed by Limitorgue Corperation
pursonrel , I

TEST RESULTS: The 8.3 C partion of testing was come
Pleated with ne eviderce of any dis-
crepancies moted during either axis of
tegt,

Ouring the exploretory scan of the 10 G

portion of teating, the gear limit

switeh mounting hardware locsened.

These screws were tightered prior to
P the start of the first cycle.

The First cycle at 10 G's was them com-
pleted with no discrepancies moted,
After spproximetely ore (1) mimute of
the secord cycle, the test was termi-
reted due to Fetiguing of the gear limi-
switeh mounting hardware,

For sdditiomal information, refer to
the five (5) sttached dats sheets.

RECOMMENDATIONS: Nome, Date merely submitted,

K Test Engirnesr: dzﬂgz,
W, A, Bleck
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Test Report No,

FIGURE 1

VIEM.TION TEST SETUP
( MORIZONTAL AND VERTICAL

FIGURE 2

VIBRATION TEST SETUP
(VERTICAL)

070050

2E38A.4723
lesue 2 .



oo™
v s
TAL

CCl
»
\‘1

rncx.rcmomcs 070091
LABOR

E"'IPCNA... TORY DATA SHEET sy 2

en Description

4 . - e
Sl o~ s RE PSRN TR
/‘ & ‘/'-“ . ;"

CXPLORATORY SCAN

- 3F e rS. VERTicud Lop o7y Y./,..
o 8. TE7

R e Pt £ 2 e e e g ot — ==}

e ety

,_-%;( r‘FN TIN""’ (uu,:

E
o
|

o ——————————

l




LOCKHEED ELECTRONICS ~ O%0CS2 [pate: g
ENVIRONMENTAL LABORATORY DATA SHEET, . > oo
Slum -

Description Case: ¥

o - -
S et 2 P oip.0003
PACYE O /‘5 XA Te —— i —————

, . o Tochnici{an
Ao ks e A ”
i 1’3‘::,,
—— - Sy
CXFPLORATIAY  StAL Teat
AL BT L Engineer
s &R TT Pt
N i sy

T P2

Ao4LL

L <ad

B e i e — L D T

TR e 2

olal 3GV TiMe ¢ 8 an.

1536

s s e

il —




rv ‘v L2 LOCKHEED ELECTRONICS 25"8'6'(59 Date:
. ‘.' | ENVIRONMENTAL LABORATORY DATA SHEET ISug 2 Wo -0
Specimen Ducription",, 025 A 20” SN TS Case: 3r
P oS TES
: FIES Soan Techician
P i 4
Test Condition ui:lcofi}iiiiy 3!1!4; ST g Ra o E Test '
rERTTERE - aer TV eV ; Engineer
i PO N L
. 'R Term I
|/ ™alk
7 7 Remarks
L4
2 P ' [ et Sww Timg s SNV,
R ST
< /
& s
- i
F i
4 e
) ong
s - Py
Vo 8F
/2 100
oy oy
2
Zé e T
4 i
Ll ol
. o
P @
2/ &
22 la%e
| Oee
a5 oL
T s o
2 7 oFF
|t [l
N4 v
[ _T.
L2 s
32 o
e ¥ of5%
P s opn | 3
23°_ _tarél§3G° ;

LEC 3758

¥
3

‘e,
LA™



. LOCKNEED ELEC™AL (108

010084
EXVIRONIENTAL LABCRATORY DATA SHEET 0.0 »

Date! P

2o

R Sepp—

- . - -

Specimen Description Case: &/
SO8-p-25 Mﬂ;" & "’Q’;ﬁ" Perigr2y
¥ o o P

il Technic L
| -y & T .

Test Condition . 0 lcve & ob ,5955,-,. £ DG Tent
. . Engineer
& A J e AV )

N T

y vty
|

r-—r‘* » G s o
, Remarks
g _|al 72| )

r——i-—- ¢ "y B e S SC LN p—
z < AL J.of WL S 1Ing 2 ') v,
¢ o/ 3¢ | <8¢
> S wo lofé 2l
4 22f . a2 | |

J 2P PPl eLL
”~ LoPL (/’ ﬂ~
v e v
:-’! 77 7$ leags
3 - Lol 7 Ve
~ . i 77 | egx
’e JEE e ﬂ[ T oy
i . L ¢5 | o2é 557; $ B
AR 5o v
7 | G
A Lo
Ho o
2/ of2
a2 . A2
2z 2F2
¥ rER '
L . .4
_ﬂsf o o
22 i A4
‘?f' ‘.;H: . Ny
2y &/
2o O
| - -
w1 o
. .4 ars
2¥ _ Legn! o :
.__ié:_ e
3e ar.
{37 Ofs

|EC 1%



GO - .- e

A

A .‘.l

ENVIRON

LOCKNEED ELECTRONICS

VDAtox

g MENTAL LABORATORY DATA sHEzer C70CS Fe20-90
Specimen Description Case: 3y«
SHB -0~ as 8oy/-ona3
VALVG oPERATER Techr.'" ian

Test Conditien Test
CreL/NG resr Engineer

-3 I

I
Axis| Cveie "'f’::“',‘.“’ TINg
A0, A0, '8 MINUTFTS
e
P__L*—-I#"MWA
Q / Vibranew as siswy w0
2 S 32 a
-2 /
. 513 2
2 L 3 2
: -_Q /
= a3 2
Q. /
4 £3 -
Q. /
L. ! £33 2
] [
. * £33 . .
A Q. '
2 &3 = i
= i 0 /
Ll [8.0 2
[ e. P
-""_-P"-—;---—.-.-—_LQJ / K ot

Nus Gy = Hedinanral

NusPys yearicat

WORT aveLien 4T Y302

.-S’ﬂf Srormed Ar

Fleucy |

VibanTied A% sy w
Fovae fEIRIUR Tospae)

Vibaarow ag fhw e
'V riguny b3

rg. IBPNTS WAL Angiierd

AT 3;‘»‘&, m, IVPUTS

This rime pye o
FATIGU NG o8 MowL TIM G
HARD wons

LEC 376¢



