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ABSTRACT ....

This paper presents the background status and current
research on the motor-operated valve (MOV) disc and stem factor
loads. Generic Safety Issue (GSI)-87 "Failure of HPCI Steam Line
Without Isolation" and Generic Letter (GL) 89-10 "Safety-Related
Motor-Operated Valve Testing and Surveillance" have initiated a
great deal of research on MOVsin a relatively short time. Host
of this research has concentrated on the motor-operated, rising-
stem, wedge gate valve, which is the predominant valve in the
GSI-87 applications and is widely used in the systems covered by
GL 89-10.

The Idaho National Engineering Laboratory (INEL), sponsored
by the U.S. Nuclear Regulatory Commission (USNRC), is performing
research Lo assist in the resolution of GSI-87 and the
implementation of GL 89-10. This work has identified two friction
loads that were not well understood and that have a significant
influence on the force required Lo operate a valve under load.
The lack of understanding of one of the friction loads has led Lo
questions about the diagnostic testing performed on MOVsover the
lasl few years. It is also not knownhow aging (time) will affect
these friction loads. This is also a subject of ongoing research.

INTRODUCTION

Though the motor-operated valve (MOV) has been widely used for a long
time, it has recently comeunder close scrutiny. The reason behind this is
two fold. For valves that normallyoperateaL or near their design basis
load, the problemswere discoveredand solved early in the development
process. For valves that are seldom requiredto operateat their design basis
conditions,primarilyisolationvalves,the identificationof the problemmay
be delayed.

a. Work supportedby the U.S. NuclearRegulatoryCommission,Office of
NuclearRegulatoryResearch,Divisionof Engineering,under DOE idaho Field
Office ContractDE-ACO7-761D01570;G. H. Weidenhamer,NRC ProgramManager.
Computer-generatedgraphicsby GeraldineS. Reilly;technicaleditingby
Jl,_ieM. Steffes.
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Experiencehas shown that some of these isolationvalves have been
called upon to performtheir design basis function,and the resultswere less
than satisfactory. As a result,the INEL investigatedvalve performanceat
conditionsup to the design basis to determinewhy a valve did not always
functionwhen called upon. The valve researchfound that the methodsused by
the industryto estimatethe stem thrust requiredto operate a wedge-typegate
valve did not always produceconservativeresults. This providedthe
potentialfor undersizedvalve motor operators.

The problems associatedwith estimatingthe stem thrustcapabilitiesof
a motor operatorcompoundthe problemof estimatingthe stem thrust necessary
to operatea gate valve. USNRC valve researchhas also found that the methods
used to measurethe conversionof operatortorque to stem thrust in a rising-
stem valve did not always produceconservativeoperatingresults.

DISCUSSION

The motor-operated,rising-stemwedge gate valve is the most popular
isolationvalve used in nuclearplant applications. Given the two problems
stated above and the pop_Jlarityof the valve,consiaerableweight is given to
the total problem. These and other factorswere instrumentalin the USNRC
issuingGenericLetter (GL) 89-10, "Safety-RelatedMotor-OperatedValve
Testing and Surveillance." This genericletter recommendsthat utilities
reverifythe design basis requirementsfor their safety-relatedMOVs, verify
the capabilityof the MOV by test where practicable,and develop a methodology
to maintain the capabilityof each MOV to performtheir safety-related
function.

The INEL is performingMOV researchI in supportof the implementationof
GL 89-10. This research,coupledwith that performedin supportof the
resolutionof Generic Safety Issue (GSI)-87,"Failureof HPCI Steam Line
Without Isolation,"has providednew insightand understandingof selected
parametersthat affectMOV performance.

OBJECTIVESOF CONTINUEDRESEARCH

The INEL valve research to date has found that both the valve and the
operator respond differently than previously assumed by the industry. The
methods used to estimatethe stem thrust requiredto operate a gate valve have
producedinconsistentresults. Although the stem thrust is not always
conservativelyestimated,many valves can be cycled repeatablyat design basis
conditionswith the valve sustainingrelativelyminor internaldamage. The
responseof such a valve has been termed predictable. Our research also found
that some valves sustainmore than minor internaldamage when operatedat
design basis condition. This damage can increasethe stem-thrustrequirements
of the valve to the point that the MOV could be renderedinoperable. The
responseof such a valve has been termed nonpredictable. Our researchnot
only addressesthe stem thrust requiredto operatea predictablevalve, but
also discussesif limitedtestingcan determinewhethera valve will perform
predictablyor nonpredictablywhen called upon to operateat its design basis
conditions.



The operatorhas also been found to responddifferentlyunder load than
previouslyassumedby the industry. Some methodsused to measurethe
conversionof operator torque to stem thrust have been shown to produce
inconsistentresultsover the full range of operatorloadings. The INEL
research not only addressesthis variationin the output capabilityof an
operator but also discusseswhether limitedtestingcan determinethe limits
of this variationat design basis conditions.

PREDICTABLEAND NONPREDICTABLEVALVES

A predictablevalve can be cycled repeatablyunder heavy loadingsand
not sustain internaldamage that would keep the valve from performingits
design basis function,althoughthe stem thrust requiredto operatethe valve
may be higher than previouslyestimatedby the industry. On the other hand, a
nonpredictablevalve undergoesplasticbehavior,gougingand machiningthe
valve disc, body guides, and seat as the valve opens or closes under load. As
a result,no simple frictionfactor and linear equationcan predictthe
performanceof this valve. Researchmay providea method to determinewhether
a valve will perform predictablyor not, but it will not result in an equation
to predictthe thrust requirementsof a nonpredictablevalve. The method to
determineii:a valve is predictableor nonpredictablewithouta design basis
test is, of course,a researchobjective,but not of this paper. The
remainderof this paper will discusspredictablevalves only because
eventuallyall valvesmust behave predictably.

Our researchhas determinedthat the responseof a predictablevalve
closing under load can be boundedusing a linear equationand a simple sliding
coefficientof friction. We found,throughfull-scaletesting,that the peak
thrust on a gate valve prior to wedging, or a like functionin some parallel
disc designs,occurs after flow isolationwhen the disc is fully riding on the
body seats. At this time, the upstreampressureareas of the valve have
stabilizedwith the inlet pressure,and the downstreamareas have likewise
stabilizedwith the downstreampressure. This does not mean that the upstream
and downstreampressureshave stabilized,only that the valve internalareas
that are pressure sensitivehave come to equilibriumwith their respective
pressures(no flow throughthe valve) and that the disc-to-seatcoefficientof
frictionhas stabilized.

lt is serendipitousthat the peak thrustoccurs at the same point the
safety functionoccurs. This is not the case with all high recoveryvalves.
Because of this, though,our researchfound that, when the peak thrust occurs
in the closingdirection,there is a repeatablerelationshipbetweenthe
normal and slidingforce acting on a disc. We found from our valve testing
that we could not be sure of this relationshipuntil the disc was under a
minimum loadingof at least 400 Ib/in2. We expect this minimum loading
thresholdto be much lower; however,we have been unable to verify a lower
limit becausemost of our testingfocusedon high-pressure,high-flow
applications. We have obtainedand analyzedselected in situ utilitytests
and found the thresholdto be much lower. We are continuingto work with this
and other low-pressure,low-flowdata to determinea pore encompassingminimum
threshold.
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We also found that the relationshipbetweenthe normal and slidingforce
acting on a disc was influencedby the state of the fluid. Figures I and 2
show that fluid subcoolinginfluencedour data fit. The coefficientof
friction (slopeof the data fit) for less subcooledfluids is 0.4, whereasfor
higher subcooledfluids,it is 0.5. This influenceis associatedwith the
lubricatingabilityof the fluid. This is not in the normal sense where the
viscosityof the fluid influencesthe lubrication,but rather in the sense
where the abilityof a fluid to penetratethe bearingregion betweenthe
slidingsurfaces influencesthe lubrication. Based on this type of
lubrication,steam can penetratetight interfacesbetter than cold water, and
is thus a better lubricant.

Based on this type of lubrication,we understandwhy the same valve
materialsclosingunder various fluid conditionswill have different
coefficientsof friction. To date we have tested only new or refurbished
material surfaces. We have not exploredwhethercorrosionand oxide
depositioncan also affectthe coefficientof friction;however,we are
planning laboratorytestingto addressthis question. Initially,a variation
in the coefficientof frictionof 0.1, or a change from 0.4 to 0.5, does not
appear to be significant. However,we have found that it can have a profound
effect on the stem thrustdemands of a valve. For instance,an increasein
the coefficientof frictionfrom 0.4 to 0.5 will increasethe requiredclosing
thrust by 25%, with all other parametersremainingthe same. As such, the
effect of corrosionor oxide depositionon the slidingsurfaces (aging),could
affectthe coefficientof friction,and the resultanteffect on the stem
thrust could be significant.

STEM FACTOR

The stem factor (the operatortorque dividedby the stem thrust)
quantifiesthe efficiencyof the conversionof torque in the motor operatorto
thrust in the valve stem. When sizingan MOV, the industryestimatesthe stem
factor using the provenpower thread equationand a boundingcoefficientof
frictionbetween tilestem and the stem nut. The coefficientof frictionis
the only variable in the conversionof torque to thrust,providedthat the
stem or stem nut threadsdo not deform. We have measuredcoefficientsof
frictionthat vary from 0.1 to 0.2. Design basis motor operatorsizing
calculationstypicallyuse either a 0.15 or a 0.2. In most cases, a
coefficientof frictionof 0.2 will be conservativefor a design basis
calculation,but may be overly conservativein actualoperation. This is
because a change in the coefficientof frictionfrom, for instance,0.1 to 0.2
representsa significantchange in output thrustof the operator.

Figure 3 shows this spread for a 6-in. rising stem, motor-operatedgate
valve operatingat BWR primaryor PWR secondaryserviceconditions. The
verticalline at roughly255 ft-lb of torque correspondsto a reasonable
torque switch setting for such an isolationvalve equippedwith a Limitorque
SMB-O-25motor-operator. The figure indicatesthat a stem-to-stem-nut
coefficientof frictionof 0.1 will yield 24,600Ib of thrust at torque switch
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Figure 3. Operator torque to thrust conversion versus the coefficient of
friction.

trip, whereas a coefficient of friction of 0.2 will yield 14,600 Ib of thrust.
The lO,O00-1b thrust difference occurs over a credible variation in the stem-
to-stem-nut coefficient of friction.

From a sizing standpoint, a coefficient of friction of 0.2 is
conservative. From an operational point of view, however, this may be too
conservative. Not every valve and operator can handle the high loads
resulting from a lower coefficient of friction every time the valve is cycled
without eventually incurring some damage. In part, this is driving the
utilities to rely increasingly on MOVdiagnostic equipment to help determine
the actual operating requirements of their MOVs.

For those valves that can be tested using credible diagnostic test
equipment, and tested both statically and dynamically at conditions up to
design basis, the stem-to-stem-nut coefficient of friction for that specific
unit can be determined and accommodated. However, for a similar valve
performing an identical function, even if the valves are sitting right next to
each other, the results from testing one MOVcannot necessarily be applied to
the other MOV. Wehave found the stem-to-stem-nut interface and its
associated coefficient of friction to be valve specific. Even so, accurately
quantifying the coefficient of friction depends on the type of test being
performed.

For instance, during a static test the valve is cycled without a flow
and pressure load. Such a test is useful to determine the maximumpossible



output thrust a given motor-operatortorque switch settingwill supply. But
the test is not representativeof the stem factor under load becausethe
seatingload is the first significantload the unit experiencesduring such a
test. As a result, the valve assemblybecomesstructurallystiff, and the
torque switchtrip point is passedthroughvery quickly. Any time lags in the
assembly,such as acceleratingthe worm gear and the unimpededmomentum of the
operator,result in the maximum possibleoutput thrust.

If, on the other hand, the stem load is larger and the stem nut is
turningas the valve closes,the coefficientof frictionbetweenthe stem and
stem nut will increaseas the stem load increases. As the coefficientof
frictionincreases,the efficiencyof the conversionof torqueto thrust
decreasesand, in marginalcases, can result in insufficientthrust to close
the valve. This phenomenonis shown in Figure 4, which representsfour
differentvalve closures againstdifferentflow and pressureloadings. We did
not have an absolute no-loadstatictest to comparethe loaded tests with
becausethe test stand was at an elevatedtemperatureand pressurecondition.
However,we were able to performa pressure-onlyclosing (no flow) where the
load on the stem was the result of the piston and packingloads only.

As shown in Figure 4, the 1000-psig,530°F (no flow) closinghas a
5,000-1brunningload and a final seatingthrustof 22,000lb. The other
three stem thrust historiesare at increasingflow and pressureconditions.
Two of the stem historiesshow tnat the valve was able to seat, as indicated
by the almost vertical stem force trace at the end of the stroke. This almost
verticalincrease in thrust occurswhen the valve seats and the MOV becomes
structurallyvery stiff. Althoughthe valve seatedduring the 600- and
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Figure4. Valve closureagainstincreasingflow and pressureloadings.



1000-psidtests, the force at torque switchtrip decreased. Duringthe
1400-psidtest, the valve did not seat. The torque switch trippedbefore
seating,and the subsequentthrustwas much less.

We investigatedthis phenomenonusing a laboratorydevice we built
specificallyto simulatethe closing!_ads of a valve on the valve stem and
motor-operator. This device is calledthe INEL motor-operatedvalve !oad
simulator(MOVLS)and is shown in Figure 5. The MOVLS uses an actualmotor
operator,valve stem, and valve yoke. The valve load is simulatedusing a
hydrauliccylinderthat dischargesto an accumulatorpartiallyfilledwith a
liquid under a gas overpressure. The liquid level and gas pressurecan be
adjustedto simulatedifferentclosingloads;valve seating is simulatedwhen
the cylinder bottomsout.

Figures6 and 7 are two series of stem thrust historiesperformedon the
MOVLS while tryingto isolatewhy the stem thrust varies. Figure 6 shows that
the MOVLS can reproducethe same type of behaviorthat we observedduring
actual valve testing (see Figure 4). Figure7 then shows the resultsof
repeatedlow-loadtests followinga high-loadtest. Test 15 on Figure7 is a
repeat of the first test shown in Figure 6. Note that, even when the high
load is removed,the margin is not as great as in Tests 16 and 17, which are
also low-loadtests. The torque switchtrip point in Test 15 is near
14,000Ib, whereasduring Tests 16 and 17, it was nearer to 18,000lb.

Althoughwe looked at many parametersinternalto the MOV, the parameter
observedto changethe most was the stem-to-stem-nutcoefficientof friction.
Figures8 and g show the coefficientof frictioncorrespondingto the tests
presentedin the previoustwo figures. Figure8 shows that, as the stem load
increases,the coefficientof frictionincreases. This increase,in turn,
decreasesthe efficiencyof the conversionof torque to thrust and shows up as
a decrease in thrust at torque switchtrip. In fact, duringTest 14, the
coefficientof frictionhas increased,and the subsequentconversionof torque
to thrust has decreasedto the point that the valve, or simulatorin this
case, does not achievevalve closure.

Followingthis test, Figure 9 shows that the coefficientof friction
during Tests 16 and 17 has returnedto the initiallevel observedduring
Test 11. However,Test 15 is a low-loadtest, like Tests 16 and 17, and has a
higher coefficientof frictionthan the most heavily loaded test. The
determinationof the coefficientof frictionand the stem thrust increasesand
the subsequentresponsefollowingthe test that did not close the valve
supporta common hypothesis.

We suspectthat this load-sensitivebehavior is caused by the lubricant
being squeezedout of the stem-to-sten_-nutinterface. In other words, the
surfaceat the stem-to-stem-nutinterfacegoes from being thick-film
lubricatedto near metal-to-metalcontact. Followingthe heavilyloaded test,
the stem-to-stem-nutinterfacerelubricatesitselfon the next cycle and
thereafteris lubricatedby the thick film.



Figure 5. INEL motor-operatedvalve load simulator(MOVLS).
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This variationin the stem-to-stem-nutcoefficientof frictionunder
load and with the stem nut rotating is not observedduring a static test when
the valve seat suppliesthe only significantload the operatorencounters.
This variationresults,in part, from the lack of stem nut rotationwhen the
valve load is encounteredarldthe lubricantnot being squeezed (wiped)out of
the interfacebetweenthe stem and the stem nut. During a dynamictest, the
lubricanthas time to squeezeout of the interfaceas the valve closes against
a flow and pressureload. As a result,the coefficientsof frictionwill not
be the same during static and flow load testing. These differentconditions
are also the primaryproblemwith the accuracyof diagnostictest equipment
that predictsstem thrust from torque spring force or displacement. These
diagnostictechnologiesare calibratedusing a statictest. Changes in the
stem-to-stem-nutcoefficientof frictionare not accountedfor.

CONCLUSIONS

The methods historicall/ ,_sed to estimate the valve stem thrust demands
and the capability of the r_::._r operator to deliver this load are subject to
frictional variations that maKa _ purely analytical assessment of a MOV
difficult. Relatively small c,_;anges in either coefficient of friction can
have a profound effect on the thrust demands on or the thrust capability of an
operator. In-plant testing would more accurately quantify the frictional
components. Rememberthough that the resultant values may be sensitive to the
effects of equipment aging, and the effect on the stem thrust could be
significant.
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This reportwas preparedas an accountof work sponsoredby an agency of
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such third party would not infringeprivatelyowned rights. The views
expressed in this report are not necessarilythose of the U.S. Nuclear
RegulatoryCommission.
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