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ABSTRACT

This report provides an update on the valve research sponsored by the U.S.
Nuclear Regulatory Commission (NRC) that is being conducted at the Idaho
National Engineering Laboratory. The update focuses on the information applicable
1o the following requests from the NRC staff:

* Examine the use of in situ test results 1o estimate the response of a valve at
design-basis conditions

*  Examine the methods used by industry 10 predict required vaive « tem force.
torques

® Identify guidelines for satisfactory performance of motor-operated valve

diagnostics systems

® Participate in writing a performaace standard or guidance document for
acceptable design-basis tests.

The authors have reviewed past, current, and ongoing research programs to
provide the information available to address these items.

FiN A6857, B5529—Investigation of information used to estimate
valve response, methods used to predict valve stem forces/torques,
guidelines for MOV diagnostics systems.
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Motor-Operated Valve Research Update
1. INTRODUCTION

The Idaho National Engmeering Laboratory
(INEL) is performing motor-operated valve
(MOV) research in support of the U.5. Nuclear
Regulatory Commission’s (NRC's) efforts
regarding Genenic Issue 87, “Failure of HPC)
(High-Pressure Coolant Injection] Steam Line
Without Isolation,” and Generic Letter 8910,
“Safety-Related Motor-Operated Valve Testing
and Surveillance

This report updates the research reported in
NUREG/CR-5558, Generic Isxsue 87 Flexible
Wedge Gate Valve Test Program. Phase 11
Results and Analysis (Steele et al.. 1990). This
update also provides research results on program
objectives not covered completely in that report.
These objectives include

s Examine the use of in situ test results to
estimate the required forces of 4 valve al
design-basis ¢ wions

¢  Examine the methods used by industry to
predict regn-,ed valve stem forces or

torgues

®  ldentify guidelines for satisfactory perfor-
mance of MOV diagnostics systems

e  Participate in writing a performance stan-
dard or guidance document for acceptable
design-basis tests,

In preparing this report, we reanalyzed selected
results from all four of the full-scale valve test
programs p:rformed for the NRC Equipment
Operability Program, as well as results from the
ongoing separate effects testing currently being
conducted at the INEL. The full-scae valve test
programs include

®  The Test Procram for Containment Purge-
and-Vent Valves is reported in NUREG/
CR-4648, A Study of Typical Nuclear
Containment Purge Valves in an Accident

. s e i G T e e e e e o

Environment (Watkins et al., 1986). In this
test program, three but erfly valves, two
B-in. and one 24-in., were tested at line
break flows at closing differential pressures
of S10 60 psig

The esting reported in NURFG/CR-4977,
SHAG Test Sertes: Seismic Research on an
Aged United States Gate Valve and on a
Piping Svstem in the Decommissioned
Heissdampfreaktor (HDR ) (Steele and
Arendts, 1989). A 28 year old, 8-in , d¢
powered. motor-operated Crane gate valve
was refurbished and instalied in an expet-
imental reactor flow loop, Test loadings
included flow, pressure. temperature, and
SCISMIC excitations,

The Phase | Generic Isse 87 Test Program
reported i NUREG/CR 5406, BWR [Boil-
ing Water Reactor] Reactor Water Cleanup
System Flevible Wedge Cate Isolation Valve
Qualification and High “nergy Flow Inter-
ruption Test Program (! eWslt and Steele,
198Y9). This test program subjected two
6-in., motor-operated, flexwedge, contain-
ment isolation gate valves 10 (a) the apphi-
cable hydraulic qu i stion test outlined in
American Nation, ' . 'dards Institute
(ANSH/Amenican Society of Mechanical
Engineers (ASME) Bi16.41, (b) a test at
normal reactor water clesnup (RWCLU )
system flow and pressure, and (¢) tests at
full line break flows at design-basis and
other parametric fluid conditions.

The Phase 1l Generic Issue X7 Test Pro-
gram, reported in NUREG/CR-5558 (Steele
et al., 1990), This test program subjected
three 6-in. and three 10-in. flexwedge,
motor-operated gate valves 1o (a) applicable
hydraulic qualification tests outlined in
ANSI/ASME B16.4 1, (b) tests at normal
system pressure and Now, and (¢) full line
break flow tests at design-basis and other

NUREG/CR-5720
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parametric fluid conditions for the BWR
containment isolation valves. The valves
were representative of those installed in the
BWR HPCI wrbine steam supply line, the
RWCU system, and the ree tor core
isolation cooling turbine steam supply line.

The ongoing separate effects testing in our
Jaboratory uses the INEL motor-operated valve
load simulator (MOVLS). This device uses actual
motor operators and valve stems, which are
loaded using a hydraulic cylinder to produce
rising stem valve loadings typical of those we
have observed in field testing. The MGVLS s
currently bistrumented to directly measute the
following:

o Force and tarque on the stem

o Position of the stem

e  Force on the torque spring

NUREG/CR-5720
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o Displacement of the torque spring
o Torque and limit switch actuation

e  Root mean squared (rms) current and
vollage

o Peak 1o peak current

o Power, power factor, and speed of the
electnc motor

Through the Data Acquisition System, the
MOVLS can also display real time calculations
such as stem factor

The design and calibration of the MOVLS has
been upgraded from strictly a rescarch device to a
standard that can be used by the industry 1o evalu-
ate their diagnostic equipment. Current fesearch
includes load-sensitive motor-operator behavior
and comparisen testing of ac- and de-powered
mator operators.

e e e i ah a
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3. SPECIFIC OBSERVATIONS

The first two research update objectives, (4) 1o
examine the use of in situ test results 1o estimate
the response of a valve at design-basis conditions,
and (b) 1o examine the methads used by industry
to predict required stem force or torques, will be
covered in this section. At this time, the INEL can
provide information only on butterfly valves used
in purge-and-vent-valve applications and on
wedge-gate valves used in a number of medium:
and high-flow applications. Testing currently
being performed in Europe and st selected
utilities in the United States may provide
information on other valve designs and flow
applications later this year

We have found it useful to distinguish between
predictable valves (those whose performance 18
repeatable) and nonpredictable valves (those
whose performance 1s not repeatable, usually
because they experience internal damage when
subjected 16 high loads during operation). In the
previous section, we discussed the pitfalls
associated with predicting the performance of
vanous kinds of valves, both predictable and non-
predictable. The remainder of this report will be
limited to discussing predictable valves only.
Valves that do noi exhibit predictable behavior
under load are discussed extensively in NUREG/
CR-555R (Stecle et al., 1990).

3.1 Use of In Situ Test Results
to Bound the Response of a
Valve at Design-Basis
Conditions

The results of INEL testing indicate thai the
response of a valve can be bounded for specific
valve types and fluid conditions from in situ test
results obtained from either small-scale test
valves or low differential pressure tests. The
results of recent European testing support this
conclusion, The fact that valves of a given type
respond linearly with pressure for a specific fluid
condition leads one to believe that, with a suffi-
cient amount of testing. bounding the response of
a valve is possible. On the other hand, the

NUREG/CR-5720

equations the i Justry has used in the past to pre
dict the performance of gate and butterfly valves
are incomplete. The INEL has confidence in
hounding the stem force of predictable wedge
gate valves closing aganst medium to high flows
and 1 bounding the torque of high aspect ratio
offset disc butterfly valves used in purge-and-
vent applications closing against u\mpn'\.\lhlc
flows,

3.2 Assessment of Butterfly
Valves Closing against a
Compressible Fluid
(Containment Purge and
Vent)

3.2.1 Background The expression “butterfly
valve” is a genenic term for a rotating-disc, in-line
valve. Of interest to this discussion is the
application of butterfly valves in nuclear contain-
ment purge-and-vent systems. These systems
penetrate the containment boundary and allow air
to circulate through the containment; however. in
the event of an accident, these systems must close
to isolate the environment inside the containment.
Consequently, the butierfly valve installed in
these systems mu  be functional both during and
following an accident. Industry operability
assumptions have been based 10 a large degree on
empincal information obtained from work with
incompressible fluids or from small valves tested
with compressible fluds. Previous experimental
work with incompressible fluids has, for the most
part, been done at very low pressures, with very
low pressure drops with large valves. or with
small valves. The operability issue concerning
containment purge-and-vent valves was raised
after the Three Mile Island Unit 2 incident. The
first question dealt with valve actuator sizing:
Would an actuator stall and fail 1o close a valve
because of the dynamic loads that might be
produced by a hugh differential pressure across
the containment boundary resulting from a
design-basis loss-of-coolant accident? The
second question dealt with stress margins to with-
stand the loads imposed during the closure. The







Specific Observations

Resultant /
torque
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Figure 1. Effect of low fressure zones on butterfly v alve torque—~-disc ortented with the flat face of the
disc facing upstream,

8 3210
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\
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6 3202

Figure 2. Effect of low pressure zones on butterfly valve torque—disc oriented with the curved face of
the disc facing upstream.
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the disc. Thus, the resultant torque will be
less than expected at hgh flow.

¢ For test purposes, the valve should always
e aniented so that the curve face of the disc
would be facing upstream when the valve 1s
fully closed. This orientation results in a
bounding extrapolation of 1l ¢losing
torque using the methods proposed in this
report, whercas the other valve onentation
does not,

*  For very low flow applications, the last
20 degrees of disc closure should be
included in the test, because the torgue reac-
tion from the seals and bearings in the valve
may be much larger than the corresponding
dynamic torque and will always work
against valve closure.

1.2.3 Existing Butterfly Valve Data and
xtrapolation Techniques An analviicnl
issessment of the loads on a butterfl, valve
esulting from the increasing pressure environ-
ment of a design-basis accident is difficult
because of the complex geometries and (lows
through such a valve and the lack of empirical
information on the dynamic response of a
butterfly valve in a compressible fluid flow. Also,
nonuniform inlet flow configurations will impact
the dynamic response of a butterfly valve. Con-
sequently, we performed a namber of tests 1o
determine the response charactenstics of nucicar
containment isolation (butterfly) valves during
accident conditions, in an attempt to ensure that
the flow dynamics of such a valve were under-
stood. Prior 1o this work, the only public domain
information was that produced for the Allis
Chalmers Company by the National Acronautics
and Space Adininistration Langley Research
Center (Allis-Chalmers Corporation, 1979), The
Langley Research Center conducted this testing
using a 6-in. valve body and three interchange-
able butterfly valve discs. The program did not
include testing a larger-sized valv  to venily the
extrapolation theory. Also, Lang ¢y performed
the testing for a specific vendor, and did not
compare the resulis to other vendor designs.
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Because of the very high valumetric flow rates
of concem, testing a large butterfly valve under &
simulated accident envitonment is nol always
economical or even feasible. Consequently, the
valve manulacturers have developed a method for
testing scale-model test valves and then
extrapolating their performance 10 preaic? the
torgue requirements of a larger valve. Al of the
extrapolation technigues used to predict the
torque requiretients of a lurger butterfly valve
have a vommon underlyi.g assumption as 1o the
nature of the flow. Specifically, the flow (s
assumed 10 be guasi-one-dimensional, and the
response is assumed to be lhinear. Again,
unfortunately, the flow through a butterfly valve
has very real and comphicated three dimensional
flow perturbations. therefor~  an inherent
compromise must be accepted when extrapo-
lating the performance of a scale-maodel test valve
1o a larger valve. To further complicate 1+ flow
field, the effects of compressibility must be
acknowledged Compressiblity effects can cause
the flow through a valve 1o become choked and
allow the downstream pressure o vary indepen-
dent of the upstream pressure.

Each of the extrapolation technigues used by
the manufacturers COMAINS a COMMon ¢xirapo-
lation term that relates the size of a large valve 1o
the size of the scale-model test valve. This term is
the cube of the nominal diameter of the valve
being predicted, divided by the cube of the
nominal diameter of the scale-model test valve,
Later sections of this report will show that this
term will yield a bounding prediction, if data are
used with the scale-model test valve oriented so
that the curved face of the disc is facing upstream
when the valve is fully closed. A nonbounding
prediction could result if the flat face of the disc is
facing upstream when the val.e is fully closed.

Most of the extrapolation techniques have a
differential pressure term. The manufacturers
assume that the differential pressure across a
scale-model test valve will be the same as in a
larger valve. Consequently, if the differential
pressure term is eliminated from the equation, the
torque extrapolation technigue reduces 1o the
torque being a direct function of the diameter
ratio cubed.

NUREG/CR-5720
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Figure 8. Typical instaliation—butierfly valve uniform inlet flow test section.
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Figure 8. Typical installation—butterfly valve nonuniform inlet flow test section.
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A Figure 10. Buttery valve differential pressure to upstream pressure ratio versus valve position.
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Figure 11.  Suatic pressure 15 diameters downstream of a butierfly valve versus valve position.
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very different from that experienced during
incompressible flow and very different for cach
of the valves tested. Specifically, the downstream

. as measured 18 diameters downstream
of each test valve, did not alway: recover from
the flow perturbation during certain portions of
the valve closure cycle. This indicates that the
measurement oCation was in a supersome region.

These results suggest that 1orgque extrapolation
practices using the differential pressure do not
account for supersonic flow downstream of the
valve and its resulting effect on valve torque
during a design-basis accident. Therefore, we
introduced a new parameter (upstream pressure)
and developed plots of valve response, relating
valve upstream pressure, dynamic torque, and the
position of the dise. Figures 12 through 17 are
the response plots for the three valves te<ed in the
uniform inlet low configuration. The figures for
the CFF orientation indicate a butterfly valve
responding with a positive or self-closing torque,
In this orientation, the operator must supply
torque to keep the valve from shutting too rapidly.
The figures for the FFF orientation indicate a
butterfly valve responding with a negative or self-

0 Angle

r'908070605»04030

opening torque. In this orientation. the operator
must supply tarque to close the valve. Therefore,
butterfly valves in the FFF orientation will be
harder to ¢lose, and butterfly valves in the CFF
onentation will be harder to open.

Analysis of the response plots shows that the
magnitude of the dynamic torgue when the valye
was in the CFF onentation (a positive response)
was greater than the magnitude of the dynamic
torque when the valve was in the FFF orientation
(4 negative response ). Also, the positive dynamic
torque curves of the three valves in the CFF
orientation, as shown in Figures 12 through 14,
are very similar in appearance. Conversely, the
negative dynamic torque curves of the three valves
in the FFF orientation, as shown in Figures 15
through 17, are very different in appearance. This
provides some assurance that limited extrapola-
tion is possible using the upstream pressure (rather
than the pressure drop) actoss the butterfly valve
if the valve is in the CFF onentation.

The peak torque for each of the three butterfly
valves tested with a uniform inlet flow con-
figuration was plotted against upstream pressure
i Figures 18 through 20. The results indicate

20 10

Torque (ft - by

~150L

Figure 12. Torque versus upstream pressure and angle for Valve 1, the first 8-in. butterfly valve, FFF

orentaiton,
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Figure 16. Torque versus upstream pressure and angle for Valve 2, the second 8-in. butterfly valve, CFF
orientation.
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Figure 17. Torque versus upstream pressure and angle for Valve 3, the 24-in, butierfly valve, CFF
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A comparison between the results of the
method presented here and the results of a method
typically used by industry is presented i Table 1.
This table also pravides a direct com arison
between the test results from this program and the
methods used by industry 1o predict the torque
requirements of a 24-in. butterfly valve from the
test results of an 8-n. buttertly valve The resulis
indicate that, as expected. torque extrapolations
performed with test data oblained from a valve
oniented with the curved face of the disc facing
into the flow will bound the 1orque demands of
either onentation. However, extrapolations based
on the results trom,  est valve with the flat face
of the disc facing imo the flow typically do not
bound the data,

We then used the proposed technique, as
reflected in Equation (1), 1o predict the response
of a 48-in. butterfly valve using both the X< and
24-in. bunerfly valves as the scale-model test
valves. The resulis, shown in Figure 24, indicate
some differences between the two 48.in. valve
predictions. However, the extrapolations for X-n.
10 48-in. valves generally result in higher (more
conservative) vidues than the extrapolations from

24-in. to 4%-4n. valves. This is particularly true for
the peak torgue

3.2 6 Etfect of an Upstream Elbow on the
Torque Requirements of a Buttertly
Valve We also investigated the effects of system
upstream geometry on the closing torgue require:
ments of a butter{ly valve, We compared the test
results for valves located immedintely down:
stream of an elhow to the results with umiform
inlet flow. (The valves were mstalled as close as
possible 1o the elbows 1n order 10 expose them o
the maximum nonuniform fow anticipated 10 an
actual mstallation ) The peak torque at 60 psig
was tabulated for all three valves in cach of the si
orientations tested. These torques were then
normalized 1o the peak torque at 6 psig for each
valve in the uniform flow CFF onentation and
tabulated for easy comparison (Table 2)

Using this table, we can asscss the effect non-
uniform inlet flow relative 1o uniform inlet flow
has on valve torque. The worst-case elhow effect
wits noted for one of the 24-in. valve onentations,
1.33 times the aniform et torgque. This was
followed closely by one of the X-in. valve

Teble 1. Comparison of tarque prediction methods butterfly versas valve orientation.

Torgue prediction method

Torgue
(f-1bg)

CFF onentation

FFF oriemation

Predicted 24-in. valve torgue at 90° and 60 psig
Actual - valve torgue

Predicted 24-in. valve torque (INEL methad)
Predicted 24-in. valve torque (Industry method)
Actual 24-in. valve torgue

Predicted 24-in. valve torque at 807 and 60 psig
Actual 8-, valve worque

Predicted 24-in. valve torgue (INEL method)
Predicted 24-in. valve torque (Industry method)

70,2 -A2.1
I|8OS ~1K9§
1898 <1407
1754 -1XK2%

0.2 -SR.0
237 2373
20k <IR78

a1 1986

Actual 24-in valve torgue
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Figure 24. Predictions for a 48-in. butierfly valve based on extrapolating the torgues of an 8-in and a
24-in. butterfly valve at upstream pressures of 15 and 60 psig.

Table 2. Ratio of peak torgue to uniform flow peak 1orque for 3 butterfly valve in the CFF orientation *

Valve position Valve 1 Valve 2 Valve 2
FFF 1.06 ¥l 0.94
CFF 100 1.00 1.00
FFF-OCW 0.90 083 1.33
CFRCCW 1.29 (RLY 1M
FFECW 1.02 ) 84 OR7
CFF-CW I.14 0n.9s na2
a Wmmiliimmﬁﬂwnm@.__
23 NUREG/CR-5720
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orientations, which was 1.29 times the uniform
inlet torgue. Basea on these results, the maximum
torgue expected from a nonuniform inlet flow
configuration can be bounded by using 1.5 umes
the torgue from the untform nlet flow configura:
tion, if the curved face of the disc 1s facing
upstream when the valve is fully closed.

Next, a valve response plot was developed
{Figure 25) for the 24, butterfly valve in the
CFF orientation, with the shaft of the valve
perpendicular to the plane of an upstream eibow.
The similarity of the shape of this response plot to
the response plot of the same valve without an
upstream elbow (Figure 17) is elear. This
comparison suggests that, although the torgues
resulting from a nonuniform inlet flow configura-
t:.n may be higher, the response can still be
bounded with 4 factor of 1.5 .imes the torque
from the uniform inlet flow configuration, if the
curved face of the disc 1s facing upstream when
the valve is fully closed,

Finally, Figure 26 compares the linearity of
the peak torque versus inlet pressare for the 24-in.
butterfly valve with and without an upstream
elbow. Generally, the torque in the presence of an
upstream elbow is higher, but the response
remains linear. This comparison provides added
confidence that the results of the nonuniform inlet
flow configuration can be bounded.

This study has shown a weakness in the indus-
try's extrapolation piocedures for butterfly valves
closing against a compressive fluid. The industry
(@) has not identified a dominant orientation for
the small valve to be tested in, (b) has used
differential pressure (which is influenced non-
conservatively by downstream pressure) instead
of upstream pressare, and (¢) has not identified
the effect that the upstream piping geometry has
on the torque requirements of these valves, all of
which were shown 1o be important. Most buttei-
fly vaive vendors are aware of the NRC test pro-
gram, but it is not known to what extent they hav 2
incorporated the test results into their proprietary
calculations. It is known that most large purge-
and-vent valves are cither closed or blocked at
small angles of opening and that all purge-and-
vent valves required plant submittals and NRC

NUREG/CR-5720

Safety Evaluation Reports (SERs) in response to
Three Mile Island Action Plans NUREG-0660
and NUREG-0737 (NRC, 19%0a; NRC, 1980h),
A large percentage of the purge-and-vemt valves
wire reviewed betore these test results were
available, and the status of purge-and-vent valves
replaced in the last five years is not known.
Generic Letter %9210 will not cause many
re-reviews, because many purge-and-vent valves
are not motor operated.

3.3 Assessment of Wedge-Gate
Valves Closing against
Medium to High Flow
Conditions

Flexwedge gate valves were tested in two NRC
test programs referenced earlier in this report
those tests were reported in NUREG/CR-5406
(DeWall and Steele, 19%9) and NUREG/CR-S558
iSteele et al., 19901 The latter was published in
support of Generic Issue 87, After that report
~as published, we developed a techaigue to
(a) bound the st2m force of a S-degree flexwedge
gate valve closing aganst medium to high flow
conditions, and (b) validate a low differential
pressure closire test and then bound the stem
torce of & flesweuge gate valve closing against
design-basis conditions.

In the two test programs mentioned above, the
authors tested six valves with a total of seven
different internal designs. One valve was tested
with two different discs. one with hararaced disc
guides (Valve B Phase 1), and one withoul
hardfaced guides (Valve 2 Phase 11). Under the
high loadings encountered during the testing of
this particular valve, there was no difference in
the performance of the two discs.

The valves were tested under a broad range of
fluid conditions and flow rates, from normal
system flows to design-basis line break flows.
Initial conditions for ~ach valve tested are shown
in Tables 3 and 4. These conditions were estab-
lished before * normal system {low isolatica
and the design-basis flow isolation portions of
each test. Two of the valves, including the valve
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Figure 25. Torque versus upstream pressure and angle for Valve 1, the 24-in. butterfly valve in the CFF
l orientation.
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Figure 26. Peak torque versus static upstream pressure for Valve 3, the 24-in. butterfly valve, comparing
the response of the peak torque with elbow and peak torque withost clbow orientations.
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Table 3. Phase | gate valve flow inerruption iest ten peratures and pressures.

Pressure Temperature
Vaive Test (psia) ("F) Test media
A 2 1000 830 Hot water
A 3 1000) 480 Hot water
A - 1000 3060 Hot water
' A h) 1400 580 Hot water
v A & 1400 530 Hot water
: A 7 1300 450 Hot water
A 8 600 480 Hot water
, A 9 600 430 Hot water
2 A 10 600 350 Hot water
A 1 1000 S30 Hot water
B 2 1000 530 Hot water
‘ B 3 1400 SR80 Hot water
B 4 600 480 Hot water
. B b 1000 530 Hot water
) = :
L Table 4. Phase 11 gate valve flow interruption test temperatur=s and pressures
f Pressure Temperature
b/ (psig) (°F)
,L
' Valve Test Target Actual Target Actual T adia
", 6-in. Va ve Tests
> | ) 1000 900 530 520 Hot water
i1 2 1 1000 950 530 520 Hot water
i 2 2 1000 1040 545 550 Steam
s 2 3 1000 750 <100 <100 Cold water
r 2 fa 600 600 300 450 Hot water
;‘ 2 &b 1000 1000 430 470 Hot water
B 2 6¢ 1400 1300 450 520 Hot water
: 3 I 1000 920 530 520 Hot water
; 3 5 1200 1100 550 550 Hot water
. 3 ! 1400 1300 580 570 Hot water
T
- 10-in. Valve Tests
4 | 1000 750 545 510 Steam
p 5 la 1000 800 545 520 Steam
’ 5 ib 1400 1040 590 550 Steam
i. 6 la 1000 990 545 580 Steam
L" 6 b 1400 1400 590 290 Steam
. 6 le 1200 1100 570 550 Stean
l‘
E ,
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observed to be higher than the closing disc fa tor
at its peak, non-wedging value.

The previously unaccounted influence of fluid
subcooling and pressure on the disc factor is very
evident. This influence is also contrary to what
one might expect in terms of the effectiveness of
a lubricant. However, what was expected is hased
on a lubrication that separates the load-bearing
surfaces with a relatively thick film of lubricant 1o
minimize metal-to-metal contact. This type of
lubrication is known as thick-film lubrication.
The condition resulting from too little lubrication
is known as thin-film lubrication. The defi-
ciencies of this thin-film iubrication can be
aggravated by valve shiding surface areas that are
too small to carry the maximum load.

When metal-to-metal contact exists, any condi-
tion that increases the ability of the lubricant 10
penetrate the bearing region will decrease the
friction between the two surfaces. For instance,
the higher the differential pressure across a
bearing region, the more likely a given lubricant
will be forced into this region, thus lowering the
friction between the surfaces. Likewise, a
lubricant in a vapor state i1s more likely than the
same lubricant in a liquid state to penetrate the
bearing region, thus lowering the friction between
the surfaces. Other researchers have noticed these
same phenomena: however, they attribute this
sensitivity to changes in the temperature of the
fluid and metal. We are still trying to 1solate the
reason, but the effect is real and must be
accounted for.

From the results discussed above and from
similar results for the other valves evaluated, it is
apparemt that Equation (3) is incomplete and fails
to identify and predict the increasing stem force
due to fluid properties. Equation (4), evaluated
after development of the INEL correlation, is
more complete and can bound the results,
depending on the friction factor used: however.
there is little guidance to selecting a friction fac-
tor other than a range of 0.35 10 0.50, In addition,
the fluid subcooling and pressure dependencies of
the disc factor or friction facior are inconsistent
with past assumptions inherent in the industry's
application of their equation. Thus, we concluded

L ———
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that the industry equations failed to consider
parameters that have an important effect on the
observed responses of the valyes

In response to the above conclusion, we
directed our efforts toward investigating the flow
phenomena throasgh a fleawedge gate valve and
the effect that pressures throughout the valve had
on the resultant stem force. That investigation
eventually yielded a correlation that bounds the
required stem force during closure with more
reliability than the standard industry equation with
cither a 0.3 or a 0.5 disc factor, or than the NMAC
equation with a frniction factor of 035 to 0.50

Figure 32 shows a cross section of a typical
flexwedge gate valve and identifies those arcas on
the disc and stem where the various pressure
forces can act. This ligure also shows where we
dnilled three pressure measurement ports into
each of the valve bodies before the Phase 1 tev-
ing, o assist in the internal pressure distnibution
study. Figure 33 shows a typical pressure
distribution observed during our testing. The
pressures in both the bonnet region of the vaive
and under the disc are lower th, Yo ream
pressure during most of the valve ch..  oyele,
This reduction in pressure is due to the Bernoulh
effect, the result of Auid accelerating through a
valve in response 1o a reduction in the flow area.
This phenomenon depends on the pressure and
subcooling of the fluid and on the magnitude of
the reduction in flow arca through the valve.
Thus. the Bernoulli effect will be system and flnd
dependent. The bonmet area also shows a lower
pressure because of the split in the disc and
because of the gap hetween the disc and the valve
body seats: these structural features provide a
path so that the pressure in the bonnet region can
more closely follow the pressure in the region
under the disc,

However, from the minus 3% to the minus 10%
stem position during this test, the pressures con-
verge. During this portion of the valve stroke,
flow has been 1solated and the disc is riding on the
valve body seats; however, wedging of the disc
has not yet begun. It 1s also during this portion of
the valve stroke that predictuble valves exhibit the

NUREG/CR-5720
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Figure 35. Kesolution of horizontal and vertical gate valve disc forces into surface normal and shding

forces.

and the normalized sliding force (F,),
respectively:

’

v H cosa + SN

)

H sina - V tosa

e

F,

(15)

-

F, (16)

The analysis described above allows us to
better characterize the normal and sliding forces
acting on a flexwedge gate valve disc just before
wedging. Our next effort was to determine if the
Phase | and Phase 11 flexwedge gate valve test
data supported a relationship between these
forces. From our data base, we extracted the test
results of all predictable valves during the closure
cycle when the disc was riding on the seats. We
did not include the results of any testing if severe
interpal damage was evident, such as shown in

Lll‘-w—ah‘-lrh SR | o e b e e

')9

Figure 36, However, if the valve exhibited
evidence of internal damage while the disc was
riding on the guides bu, showed no evidence of
such behavior while the dise was niding on the
valve body seats, as shown in Figure 37, we
included the results.

The Phase 11 data extraction included testing
with three valves representing two valve sizes
(6<in. and 10-mn.). The full-flow isolation tests
and normal operating flow isolation tests were
used; upstream pressures ranged from 600 psig
to 1400 psig, and fluid conditions ranged from
steam to 400°F subcooled water. However, the
results of tests when the differential pressure was
less than 20% of the upstream pressure, or when
both the differential pressure and the stem force
were increasing very rapidly while the disc was
riding on the valve seat, were not included. This is
because the magnitude and trends of the resulting
forces are obscured by relatively low loadings on

NUREG/CR-5720
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1o Bound the Stem
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Table 6. Phase | gate valve test data supporting extrapolation.

Force Pressure
(Ihy) (psig) Subcooled
Test fluid
Valve  number Step Stem Normal  Shiding Up Delta ("F)
A p- § 11550 996 -413 0593 o 10
A i b 5347 472 -170 456.3 ~tt 60
A 4 5 12884 1040 -470 998 4 . 140
A 5 S 17460 1573 637 1516.3 —a 10
A 6 5 6183 416 <213 3973 R 60
A 7 5 15491 1378 -563 1328.0 - 140
A N 5 7406 557 -258 S36 -8 10
A 9 S 7738 593 =270 569.5 — 60
A 10 5 K183 616 -289 591.1 —2 140
A i1 5 11743 1047 417 199 —d 10
B 2 3 13833 978 -389 938.6 e 10
B 4 S 8500 602 206 S80.5 — 10

a. Full differential pressure tests were performed; a differentiai pressure equal to the upsiream

pressure was used.

Now, substituting the horizontal and vertical
force components [Equations (8) and (14)) into
Equation (18), limiting the finai result 1o bound
the maximum stem force, and .earranging yields

D!
8.F, + 50 (ljm)

f,

Pooi - Fo #
(19

where

Fy ’FMnx+an/°Fﬂv+FMhm

(20)
8, = fceos a + sin a (21)
Fo @ By = Fanum {22)
#;, = cos a - [ sin a (23)
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friction factor and is equal to

0.400 if the fluid is less than
TO°F subcouled

0.500 if the fluid is 70°F or
greater subcooled.

Equation (19) provides a method that can be
used 1o bound the maximum stem force require-
ments of a flexwedge gate valve closing against
medium to high flows and whose operational
characteristics have been demonstrated to be
predictable at design-basis pressures and temper-
atures. Tnis method will also provide the basis by
which the results of in situ tests conducted on
predictable valves at less than design-basis
conditions can be verified and then the design-
basis conditions used to bound the maximum
stem force. Note that the correlation applies only



Specific Observations

ZZ-160 1-pbY SSEW

P PRAOOIGNS () TR $SI] ISUIRER FUIs0(D SAAJEA 3P 10 2040] [PULIOU 3OVPNS PIZIRILON SHSI3A 2010) Fupips 208 uns pazippuuoy,  “ge aunbyg

(zui/'q)) peo jewioN pazijewioN
009'L 00¥'L 002'F 000t 008 009

Y

|-

///

/
v/

/

/
~

g8 BA
V SAIBA
€ anjeA
€ SAIBA
< BAjEA

*
L
v
-
X

™

00ov 00¢

T

Ajdde jou
Aew wiy ungg

NUREG/CR-5720

008-
004~ =2
S
3
009-
N v
W -
00S -
£
00b- >
o
-
00e- 9
Q.
002- ©
3
001- =

PR Y T—

aalle B T R L = . = o ! S



OTLSMI/OFUNN

9t

ot oy Pl 1 e R e ¥ e St asiiadded . -: i akERee i A R —_— Sl & e o =i

O v LS £ ] R T : Al
X Valre 2

—~ -100 } ® Vaive A
£
S 200
®
S -300¢
2 Erra s
5 400 Thin film may -
:('b: not apply
o -500}
o
N
. SEE
E 600
o
<  -700 }

-800

2! ; ..‘,'j—._d‘..-

PR - F U e — T

SUOHRAIASGO) djoady

st

0 200 400 600 800 1,000 1,200 1,400 1,600
Normalized Normal Load (iby/in?)

MASS kow-1091-23b

Figure 39. Normalized surface sliding force versus normalized surface normal force for gate valves clesing against 70°F, or greater, subcooled
fluid.



3.3.4 Use of the Correlation to Bound the

Stem Force on a Gate Valve during Clo

sure
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The results from Valve 2, Test 3, Step 25 will be used for this comparison. Since this was a cold water
1est (400°F subcooled Nuid). we will use the 70°F or greater subcooled Ziction factor in the INEL correla-
tion. Pertinent valve information and the pressure and differential pressure recorded just before wedging are

Stem diameter 1.750 in.
Onrifice diameter S5.187 .,
Seat inside diameter 5192 in.
Seat outside diameter §.945 in,
Packing drag 200 Iby

Upstream pressure just before wedging 746 psig
Differential pressure just before wedging 753 psud

We can use this information in the INEL correlation . » follows:

(sest D + sear OD) o (5.9 + 5945)

Doian = 3 3 = 5569
2 3644
il
i3 2
A - =/ P o BLIOE o 3 409

Fep = PopAman = (746)24.358)= 18,171
= PiAmean = (746 = 753%24358) = 171
= PoAmemiana = (14624 358) tans = 1590

Fruom = Pismemtana = (746 = T53)24.358) ran§5 = ~ 1§

Fomvi ™ Puphuen = (746)2408) = 1794

Fo,, = Fu = Fanw = 18171 = (=171) = 18,342

Fo o 2 P * Faomrg = Fuop + Frunom = 200 + 1794 ~ 1590 + (=15) = 389
f, = frosa + sina = 0500 cos§ + sinS = 0585

e, = cosa - fsina = cos5 - 0500 sin§ = 0953

G s [o, Fy < 50.4..,...} - 00 +[(0.585)(18.34:)2;:; 150)(24.353;] Ll
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We can also use this information with the industry equation as follows:

Enaustry equativn with g = 0.3

ADiotee . (S.187)

Awipee = 3 el | EEY
ab? 2
Agem = j’"" = }"IZ"O' = 2405

F, = Bhvie AP + A Pup + F i

= 4773 4 1794 + 200 = 6767
Industry equation with pg = (0.5

F; = uA . AP % Ayl g + F

+ 2405(746) 4+ 200 = 7956 + 1794 +

During this test, the peak stem force recorded
Just before wedging was 12,787 Iby. Thus, the
INEL correlation bounds the actual recorded stem
force. The industry equation using either disc area
term, with either the standard industry disc factor
of 0.3 or the more conservative industry disc
factor of 0.5, underpredicts the actual recorded
stem ferce just before wedging. Additional com-
parisons are presented in Table 7 for cach
Phase II test evaluated. Examming these results
indicates that the INEL correlation consistently
bounds the maximum recorded stem force before
wedging, whereas the industry equation, using
either disc area term with either disc factor,
typically underestimates the stem force, except
with a disc factor of 0.5 and a mean seat area.

3.3.5 Identifying the Pressure Depen-
dency Contributing to the Stem Force on
a Gate Valve during Closure Based on the
results of our testing and data evaluation. we
identified both a subcooled and differential pres-
sure dependency on the disc or friction factor. The
subcooled dependency has been previously
shown: not so evident, however, is the differential
pressure dependency of the correlation. Referring
to either Figure 38 or 39, the INEL correlation
folloc - the lower bounding curve, a higher resis-

packing

= 0321 1311753) + 2405(746) + 200

0521 131753

200 = 9950

tance for a given normal force. or a nominal fric-
tion factor plus an offset. This nominal friction
factor plus an offset can also be reducad 1o a
single load dependent friction facte:. Figure 42
displays the friction factor and uiTset as shown in
Figure 38. Also ;hown on this figure is the load-
dependent fniction factor at two normalized nor-
mal forces. The normalized normal force of
400 Ibg/in? results in a load-dependent friction
factor of 0.525. The normalized normal force of
1400 Ibgin® resulis m a load-dependent friction
factor of 0.436. This effect is the result of the data
offset or bounding term and its relative magsutude
compared to the normal force component, Thus,
embedded in the INEL correlation 1s the differen-
tial pressure dependency observed in our test
Jata.

3.3.6 Low Differential Pressure Test
Verification and Bounding of the Stem
Force on a Gate Valve Closing against
Design-Basis Flows tilities have numerous
flexwedge gate valves in systems throughout a
nuclear power plant: many of these valves must
function in various design-basis events. The capa-
bility of these valves o operate at design-basis
conditions usually cannot be verified with i situ
testing, especially for valves where design-basis
conditions include high pressures and medium to

NUREG/CR-5720
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b Table 7. Comparison of gate valve stem forces, estimates versus actual

4

B Stem force

(Iby}

1 ' Incustry equation

; Pressure

o ipsig) Orifice area Mean seat area

2 Test

E*'T number Step Up Delta  Actual INEL*  u=03 u=0).5 w=0.3 u=0.5

' Valve 2

% 1 25 9596  948S 12926 13429 8525 12538 0444 14067

- 1 26 10024  98G.3 13578 13848 K822 12964 9771 14545

:- 6b 18 K875 5406 10477  10556" 5765 8052 62X9 8024

5;.1 6b 25 R56.4 8513 12173 12182 7653 11250 8477 12623

: 6b 26 9224 9158 12453 13002 8224 12095 9111 13873

e 6bl 26 990.6 9896 13654 13920 §859 13043 9818 1dedl

| ba I8 601.7 3897 7880  7930° 4120 5768 4498 639K

5 6a 28 5288 5265 7859 8092 4806 7033 5316 7883

| 6a 26 §247  §245 7703 8070 4791 7010 5209 7857
6al 25 $85.7 5828 BOKK RE06 53058 7769 5870 8710
6al 26 6031 6067 K866 9091 S49% 8063 6OK6 o043
6 13 14146 9079 15626 16558 9372 13218 10238 14662
6e 18 14312 9278 15046 168270 9524 13446 10423 14944
6¢ 25 12763 12683 15798 17434 11307 16666 12535 18712
6¢c 26 13177 13108 16452 17975 11681 1722 12950 19336
2 18 12157 11854 16083 16455 10643 15655 11791 17569
s 25 1056.1 10525 13096 14718 9415 13865 10434 15564
2 26 10276 10243 13079 14355 0164 13494 10155 15144
3 25 7464 7532 12751 12938% 6768 9950 7497 11165
3 26 §86.7 8908 14512 15044 7982 11747 R844 13185
Valve 3
1 25 10120 2370 4355 5249 3180 4205 3340 441
1 26 856.1 8610 8628 11283 7038 10762 7628 1173
la 25 9151  909.1 10804 11835 7421 11354 8037 12380
la 26 8944  R93K 11032 11649 7292 11155 7904 12175
s 25 11174 11068 12235 14058 8054 13743 9704 14993
s 26 11404 11362 13281 14376 9171 14085 9940 15367
Valve §
1 25 8799 8768 2475 29638 18260 27753 20133 30874
| 26 8130 8109 22547 27712 16951 25729 1868} 2861S
la 25 10263 10213 30474 33839 21116 32167 23296 35801
la 26 9RS7  OR12 29045 32674 20325 30943 22419 344

a A friction factor (f) of 0.400 was used in the INEL correlation. except as noted.
b. _70°F or greater subcooled fluid test. a friction factor (f) of 0.500 was used.
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the valve being tested. Then use this
maximum stem foree estimate, along
with the ather necessary motor operator
sizing calculations, 1o verify the size of
the aperator and the setting of the torgue
switch, and thus ensure thet sufficient
stem force is avallable 1o operate the
valve at design-hasis conditions.

3.5.7 Nuclear Maintenance Application
Center (NMAC) Gate Valve Stem Force
Equation. The current NMAC gate-valve stem-
force equation is mathematically equivalent 1o the
best-estimate portion of the INEL math. Like the
INEL correlation, it is based or. o first-principles
analysis, but it does not provide the additional
empirical derived guidance that is contained in
the INE... correlation. The NMAC guide provides
a range of dynamic coefficients of friction thal
might be encountered in gate valves. Suggested
values range from 0.35 10 0.50, but more specific

is lefi to others. OQur immediate concern
is with the following footnote, presenied in the
NMAC guide, addiessing the applicability and
use of a coefficient of friction:

“Extens ssting . . . using Stellite 21
found nc stically sigmficant variation

between static and dynamic friction. This
testing also found that temperature, fluid
type, and contact pressure had no statisti-
cally significant effect on Iriction.”

Our data assessment 1o date has not addressed the
issiie of static versus dynamic friction; however,
we have clearly shown that {13 type (subcool:
ing) and differential pressure have a sipnificant
effect on the friction factor. We suggest that this
statensent be reviewed in light of the INEL test

results

The NMAC puide also presents their equation
as being ., licable for estimating valve opening
stem forces. One of the basic assumptions stated
in the guide regarding the use of their equations is
that

“The limiting thrust occuis at or near the
seut, during seating or unseating, and no
additional dynamic flow effects contribute
1o the required stem thrust.”

As mentioned earlier in this report, INEL test
results indicate that some valves experience their
highest stem forces when the valve is 25 1o
0% open. Thus, this statement, too, should be
reviewed in hght of INEL test results.
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4. UNDERSTANDING DIAGNOSTICS AND DIAGNOSTIC
TESTING OF MOTOR-OPERATED VALVES

4.1 Overview

Recent recommendations made by the NRC i
Generic Letter KO- 10 suggest that licensees
develop programs for MOV inspection, mainte-
nance, and testing under pressure and flow
conditions 1o ensure that the valves wiil function
when subjected to design-basis conditions
Levelopment of the licensees” MOV programs is
underway, but in our opinion, it iy obvious that
MOV diagnostic testing will play a large part in
these programs. Diagnostic test equipment and
methodologies are continuing to be developed by
hoth the diagnostic industry and by selected
utilities. Cver the years, we have developed a
very sophisticated diagnost.c capability 10 aid (5
our MOV research. Admitiedly, some of this
capability 18 needed from a rescarcher's stand-
point and is not necessary for diagnostic in situ
testing. However, we have identified from this
larger capability what we believe 10 . the
minimum diagnostic capability necessary for
thorough in situ testing of rising-stem MOV«
This section of the report presents cur thoughts on
measuring and assessing the performance of
MOV during diagnostic testing and then relates
that performance to design requirements.
Because MOV diagnostic test equipment is still
heing developed, some of the judgments made in
this section are based on the capability of cquip-
ment that was commercially available when this
report was written.

MOV diagnostic systems should serve the fol-
lowing purposes: (a) to identify deterioration or
faulty adjustment in the valve and operator, (%) 1o
maintain assurance of design-basis capability that
has been established previously for a particular
MOY, and (¢) 10 provide information to establish
design-basis capability based on low pressure
and low-flow tests and/or from prototype tests
MOV diagnosiic equipment is used in conjunc-
tion with one of two types of tests: unloaded static
festing or testing under flow and pressure loads
(dynamic testing). Both position-controlled and
torque-cortrolled valves will be discussed.

i A e e e LN B e S
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Unloaded static testing of position-controlled
and torgue-controlled valves provides mea
sutements of the packing drag & * stroke time
For torue-comtiotled valves, the static test also
provides measurements of torgue and stem force
al torque switch trip, However, the direct
determination of the capability of an operator al
design-hasis conditions from an unloaded test of
either a position-cemrolled or a torgue -controlled
valve is lighly suspect. These data can be used tor
trending the MOV

Flow and pressure testing provide much more
information on both torgue-controlled and post-
ton-comtrolled valves than doss no-load static
testing. 10s well known that some valves cannot
be design-basis tested in the plant, but the higher
the in situ test loading, the more in-depth
information the analyst will have 1o determine the
performance of th valve and the margins avail-
able in each of the MOV components, Again,
more information will come from the torgue-
controlled valves than from the position-
controlled valves. For critical position-controlled
valves that cannot be significantly loaded in s,
it may be necessary to consider dynamometer
testing of the molor operator.

The thoughts presented here are a product of
our experience in the four full-scale test prog, ams
discussed in Section | The recommendations are
also based on the results of special effects testing
being conducted at the INEL on the Motor-
Operated Valve Load Simulaior (MOVLS),
described in Section 4.3 Our research 10 date
indicates that, for rising-stem MOV, ideally a
diagnostic system should be able o accurately
measure the following parameters as a minimom:
position of the motor operator switch (for limit
switches and torque switches ), motor current and
voltage, motor operator torque, and valve stem
force. The following discussion explores each of
the recommended measurements and explains its
value 1o the analyst

NUREG/AR-5720
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4.2 Understanding MOV
Diagnostic Testing

§ 222 Position-Controlied Alternating

9. £.48 -4
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Figure 45. Current history from a design-hasis test showing current increasing as the valve closes; the

rapid increase in current indicates torque switch trip. The test began with the valve 75% open.
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Figure 46. Motor torque-speed curve showing the speed-torque-current relationship for the ac motor test

T results shown in Figure 43. Beyond the knee of the curve, the torque increase 1s small in proportion to the
. speed loss and the current increase. For some motor configurations there is na increase; for some there is
i actually a decrease in torque beyand the knee of the speed curve. (Arrows indicaie the applicable axis.)

. NURBG/CR-§720 58

P —

B Y T o B T L N R I PSR s ey



R W | e gy S

Velve 6. Test 1A, Step 26, 1200 ph._&?t}lf‘f- (Steam)

Understanding Diagnostics

25 DL e M S Gl b de e o L S
: inote: cutrent transducer maximum tange - 20 amps)
E 20 | —
g 1% t ]
3 -t f
gt 4 |
6+ :
) i
o L—&-‘—L—J. ORI | YT S ST R QR R W v o B i il o [ ':
Q 5 13 b 20 b 30 as
Time (s) §914 K60 020102

Figure 47. Current history from a design-basis test showing the motor going into o stall, saturating the
current transducer. The test began with the valve 30% open

NOTE: All uther readings of motor current for
both torque and position controiled valves are
made for trending. Additionally complicating the
subject, Limitorque has publicly informed the
industry that ac motors of a given model operat-
ing under the same conditions can vary up to 2005
in their output.

4.2.2.3 Direct Current Motor Operators. A\«
in the previous analysis, the d¢ MOV must be
loaded before torgue or limit switch trip. The ana-
lyst can then compare the motor current to the
motor torque speed curve o determine how far
out on the curve the motor is operating. Figure 48
shows thal, unlike ac motors, de motors continue
10 produce torque lincarly even as they approach
stall conditions; however, at the lower motor
speeds that accompany the higher operating cur-
rents, the effects of motor momentim are less. As

- @ resull, the lower motor speeds produced under

high loads can affect the stroke time, as shown in
Figure 49 In addition, dc motors operating at
high loads can heat up very quickly, which in tum
reduces their output torgque. Figure 50 shows the
drop in output torgue over time for a 40 fi-Ib de

50

motor as it heated. Degraded voltage (because of

line losses) can also reduce the output of the
motor As the motor turns at lower speeds, the
overall efficiency of the operator is reduced. Fig-
ure ST shows the results of these effects. The test
at ine lowest loadings closed the valve, and the
motor tripped out on the torque switches. The
tests at the next two higher loadings did not close
the valve, but the motor was able to generate
enough torque to trip the torgue switch. However,
the test at the highest load not only Jdid not close
the valve, but because of the efficiency lossos in
the motor cireuit, it was also unable 10 generate
enough torque 1o trip the torgue switch and
therefore stalled the unit. These factors, working
separately or together, can thus produce motor
stall and motor burnout.

4.2.3 Motor Voltage Voltage drop under load
can alert the analyst W undersized cables i the
power circuit. 1t has been found on a number of
occasions that some plant circuit designers did
not realize that both ac and de motors ¢ operate
at four 10 five times the running currend stamped
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Figure 49. Disc position histories from three de-powered closing tests showing that the stroke time is
longer with higher loads.
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Figure 81. Disc position histories from four de-powered MOV closing tests, showing that the stroke time
is le with higher loads. Three of the tests did not fully seat the valve, and the test at the highest load
~ stalled the motor.
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on the motor nameplate, and therefore specified
less than adequately sized power cables, Not long
ago, a utility traced several bumed out de motors
1o this undersized-cable problem. Limitorgue has
publicly stated on a number of occasions that, o
the small number of do motor-operated valves
the industry (compared 1o the Lurge number of
motor-operated valves), the percentage of
replaced de motors far exceeds that of ac motors
This increased incidence 15 piobably u result of
the lower de voltages and the associated higher
current to perform the same work as the higher
voltage. lower current ac motor,

It should also be noted that in ihe typical
Limitorgue de motor wiring circuil, it is impossi-
ble 10 accurately determine the voltage drop in the
circuit from one measarement. There are typi-
caliy four wires that conduct the motor current
and interconnect the motor controlier and the
motor. Two of the wires interconnect the armature
and the series field, this interconnection provides
the ability to reverse the direction of the motor
Since the resistance of each wire contributes 10
ihe voltage drop, any single measurement of
motor voltage will be contaminated by a vollage
drop caused by a minimum of two wires.

Previously unexplained motor bumouts may be
the result of excessive voltage drop in the power
circuit; a voltage check at the highest valve
loading pessible may provide the explanation.
The voltage check will also aid the analyst who
needs to know the actual line losses at normal
voltage conditions so that the additional losses at
design-basis degraded voltage conditions can be
calculated.

4.2.4 Motor Operator Torque | oad-sensitive
motor-operated valve behavior (rate of loading
explained in Section 4.3) and the need 1o establish
individual valve performance margins provide
the incentive 10 measure Motor operator output
torque. Some of the new-generation transducers
measure molor operator output/stem torque
directly. Where these new transducers are not
available, special-effects testing at the INEL is
providing an increasing data base showing that
the relationship between spring pack force or

NUREG/CR-5720

deflection and output torque s very constant and
not affected by the Toading on the operator
Figutes 52 through 54 show that the ratio of
spring force divided by siem torque (the torgue
applied to the siem by the stem nut) does not vary
over a wide range of loadings, Figure $2 is from
a hightly loaded test with a low torque switch set-
ting Figures S3and 54 are from tests with
higher loads and with a high torque switch set:
ting. (The stem foree histories from those two
tests are shown in Figures 35 and 56.)

Motor operator torgue measurements are used
in determining the stem factor (operator torgue
divided by stem force) pan of the margins assess-
memt for a specilic valve and provides a second
reference Tor the indirect- or direct-force
measurements made with some of today's stem
force measurement transducers. To reduce the
potential errors in indirect torque measurements,
the analyst should obtain detailed calculations for
spring pack force or deflection versus operator
torque. The spring pack should be calibvated to
determine any offset from the published
Limitorgue spring constant for each spring pack
assembly. Figure 57 shows a spring pack
calibration. Using this kind of information and
the specific operator moment arm. the analyst can
obtain reliable values for the operator output
torque from many of the commercially available
spring force or deflection transducers. Torgue
determined from static testing will not provide
useful information for stem factor determination.
Both torgue- and position-controlled valves need
to be tested with a flow and pressure load to
properly load the stem-stem nut interface.

4.2.5 Valve Stem Force. Stom force in both
position- and torque-controlled valves can best be
determined from measurements. While it is
possible to estimate the stem force if the output
torgue of the operator i1s known, our experience
shows that the stem factor varies significantly
with load. However, if the analyst knows the oper-
ator torgue and the stem force, the stem factor can
be determined by the operator torque divided by
the stem force. Note that the operator torque and
stem force measvrements must be obtained just
before the valve hard seats; after the valve starts
wedging, there is almost no motion between the
stem nut and the stem, so no useful value can be
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Figure 54. Ratio of torque spring force to stem torque from MOVLS Test 5. at a tugh stem foree, in
which final seuting was not achieved, showing that the average torgue spring force 1o stem 1orque rabio was
not influenced by the load on the operator.
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Figure 85. Stem force history from MOVLS Test 4, showing a 3000 Iby margin between the peak stem
force and the stem force at final seating,
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Figure 56. Stem force history from MOVLS Test 5, showing that a 1000 Ty increase in the initial stem
force eliminated the 3000 by fingl seating stem force margin observed in MOVLS Test 4.
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Figure 57. Typical torque spring calibration plot shows the initial force offset at zero deflection. This
figure also confirms that for this spring, the spring force (o deflection relationship is linear. The actual values
are omitted from this figure because the data are proprietary unti! the MOV diagnostic equipment validation

is complete.
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obtained for the stem factor, After the analyst has
determined the stem factor and how well the
conversion of operator torgue 1o stem force is k-
ing place. extremely good or had stem factors can
alent the analyst 1o ether faulty torque or force
measurements of (o problems at the stem-to-stem-
nut mterface. Limilorque selection guides (SEL)
provide stem factors at several coefficients of
fraction for most popular stem diameter, thread
pitch, and lead combinations. Accurate stem force
measurements can also alert the analyst to exces-
sively high packing loads, Packing loads that are
higher than allowcd by the design calculations can
adversely affect the valve's ability to function
when pressure and flow loads are added Current
and torgque measurements can also alert the
analyst to high packing loads, but cannot quaniify
the actual packing drag

For torque- and position-controlled valves, the
stem foree measurement also can be used to deter-
mine the availehle stem force margin if the valve
1s tested at design-basis flow and pressure loads,
Stem force values obtained from less than fully
loaded tests cannot be used to establish fully
loaded stem force margins, Figures 85 and 56
show why this is so, Figure 85 is a stem force his-
tory from an MOVLS test, showing a stem force
margin of approximately 3000 Ihy (see Section 4.3
for u discussion of the MOVLS). Figure 56 shows
the stem foree history from an MOVLS test with
e addinonal (000 Iby initial loading that resulted
" RO scaling marging A stem force margin of
3000 Iy was wiped out by a 1000 Ihy increase in
the initial stem foree loading because the stem fac-
tor increased with the increase in load. The stem
factor increased 6% during the second test. Ths
phenomenon is known in industry as the rate-of-
loading effect, and is discussed in the next section
as & load-sensitive behavior,

Although not useful 1o establish stem force mar-
gins, stem force measurement data from unloaded
tests on torque-controlled valves can be used for
trending. Changes in the measwred stem force can
alert the analyst to problems with the valve or with
the measurement syster:. Stem force measure-
ments from unloaded position-controlled valves
will provide the analyst with e useful informa-
tion, as the only load in the stem is the packing
load.

NUREG/AR-5720

Inaccuracies i the stem force measurements
do occur; thas affects the reliabahity of data from
testing cither lorque- or posttion-contrelied
valves. Valve stem force ttansducers come in
many types and applications. The accuracy of
stratn gages depends on accurate charactenzation
of the matenals invelved, the expertise of the
installer, the guality of the installation technigue.
and in some cases the accuracy of the in-place
calibration, Removing the stem from the valve
and performing a calibration of the strain gages in
a tensile machine can determne thelr aceuracy.
The accuracy of stem collar transducers also
depends on extensive charactenization of the
matetials involved and the guality of the
installation, All of these instruments measure
very small reaction loads in materials that are
typically specified only by type. Without some
type of calibration, the analy st must choose either
the nuddie of the material’s properties range or a
conservative high or low bound, depending on the
calculation. All of these problems are magnified
when the stem force measurement must be made
in the threaded portion of the stem. Using strain
gages installed on the yoke can resull in a
combination of these problems.

Placing load cells between the valve yoke and
the motor operator requires that the attaching bolt
metallurgy and the structural stiffness of the yoke
flange be known, The structural stiffness of the
voke flange also affects the calibration. if stramn
holts are used to attach the yoke 1o the motor
operator. Strain bolts without other intrusive
devices will measure the stem force only in the
closing direction.

All of the above technologies measure sten
force with varying degrees of accuracy; the acou-
racy depends on the degree of characterization of
the geometrical and metallurgical considerations
and the gquality of the installation. The sensiti-
vities and overall accuracies of all the current
commercial diagnostic torque and thrust
ricasuring systems will be better known after the
NRC/Motor-Operated Valve Users Group
completes its validation testing and evaluation.
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4.3 Load-Sensitive
Motor-Operated Valve
Behavior

The MOVLS in its simplest configuration was
buili to help develop our field test instrumentation
and data acquisition equipment. Following our
Phase (1 gate valve testing, the MOVLS was
improved 1o perform special effects tesung. It
wis agam improved for the diagnostic equipment
validation program. Its current configuration,
shown in Figure SK, consists of a Limitorque
operator bolted 1o a valve yoke, which in tum is
bolted to a hydraulic cyhinder. The cylinder
discharges 1o an accumulator, and the operator
resistive loads are varied by controlling the initial
fluid level and initial gas charge in the accu-
mulator. The output thrust from the operetor is
transferred 1o the hydraulic cylinder through a
valve stem, a thrust bearing. and a load cell. A
torque arm is bolted 1o the valve stem and serves
(WO purposes: it octs as an anti-rotation device
and is instrumented to measure the torque in the
stem.

lastrumentation used on the MOVLS includes
A-phase current (both rms and peak 1o peak ),
rms voltage, 3-phase power and power factor,
motor speed, open and close limit switch posi-
tions, torque switch position and trip signals,
spring pack position and force, and the stem
force, torque, and position. The data acquisition
system typically runs at 1000 Hz, resulting in a
1sms time resolution. Loadings in the Jtem can be
varied from a no-load condition to design-basis-
type loads. Stem thrust histonies obtained from
our MOVLS compare very favorably with stem
thrust histories obtained from full-scale valve
tests we obtained in the field. The MOVLS pro-
vides an economical means of producing realistic
valve loadings i the laboratory and allows us to
study operator-related phenomena that we have
observed in our full-scale valve tests.

Load-sensitive MOV behavior describes the
phenomenon in which the maximum output thr.
of a rising-stem MOV at torque switch e,
decreases as the load on the stem increases. This

Understandimg Diagnostics

phenomenon has been observed throughout the
mdusiry and occurred on two occasions during
out full-scale valve test programs. Although we
lacked sufficient mstramentation and analyses to
pinpoint all of the possible causes of this phenom
enon at the time o occurted, we were able to
determine that it ocourred when the torque switch
was 0ot set high enough 1o fully seat the valve
Since then, we have been able (o use the INEL
MOVLS 1o perform the separate effects testing
necessary to isolate the first-order cause of the
phenomenon

Using the MOVLS, we performed a senies of
17 simulated valve Closimgs, The first seven were
setup tests and will not be part of this discussion
The 10 tests that will be discussed are shown in
Figures 59 through 61, which show the thrusi
histories for cach of these tests. Each of these tests
had the same torgue switch setting. The only van
able from test 1o test was the stem load applied by
the simulator. The first three tests shown in
Figure 89 are low load closures, typical of what
could be obtained during inplant testing while the
valve Is under pressure with no fow through i,
These low load tests were followed by the four
tests shown *5 Figure 60, During these tests, the
closing load was increased before Test 11 and
again before Test 12, Thereafter, the closing load
was not increased. Test 11 s reprosentative of o
valve closing against a pressure and flow load and
shows that increasing the stem load results in a
small decrease in the thrust margin. The thrust
margin is the difference between the thrust at the
time the valve seats and the thrust at torgue switch
trip. During Test 12, the stem load 1s again
increased and results i a larger decrease in the
thrust margin. For comparison purposes, Test 12
is equivalent to slightly less than the design-basis
loading of a typical predictable 6.in. BWR
RWCU flexwedge gate valve.

Tests 13 and 14 represent two additional tests
al the same stem loading as Test 12 and show
that, with a constant load, the thrust margin con-
tinues to decrease. Test 13 has effectively no
thrust margin and the sim_lator was just able 1o
seat. Test 14 shows a negative thrust margin and
the simulator does not seat. Af the full design-
basis loading, we have been able 1o create the
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Figure 61. Traces of thrust versus time for the final three tests of the MOVLS test sequence, Tests 12-14,
which extubit load-sensitive MOV behavior, were followed by a senes of low-thrust tests (Tests 15-17),
with resistance to closing much hke the first three of the series.

Test 14 response in a single step following
Test 11. However, we went through the transition
from normal stem behavior to abnormal stem
behavior so quickly that we were not positive of
the root cause. Performing the test at a lower
loading, and repeating it, provided further insight
about the cause of load-sensitive MOV behavior,
as we will discuss later in this section. We are
aware that three near-design-basis closures back
10 back are not a normal design requirement.

We expected this load-sensitive MOV behav-
ior, based on the setup tests. Following the above
tests, we reduced the stem load to the level of
Tests & through 10 and repeated the closures
three times. Tests 15, 16, and 17 are shown in
Figure 61. We observed that the thrust margin
during Test 15 was less than the thrust margin
during Tests 8,9, 10, 16, and 17. This was unex-
pected, but it did indicate that the MOV load-
“ensitive behavior was the result of a change in
some parameter that we should be able to isolate.
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To better understand this phenomenon, and to
be sure it was not a combination of causes,
kinematic and kinetic evaluations of the motor-
operated valve were performed. Based on these
evaluations, we identified potential first-order
causes of this phenomenon. Using measured data
taken from the MOVLS testing discussed above,
we then evaluated the likelihood of each
contributing to the load sensitive MOV behavior.

The kinematic evaluation of the motor operator
revealed that it functions like a planetary gear.
There is one input path for motion, but there are
:wo possible paths for the output motion, as
shown in Figure 62. The motion input 1o the unit
is the result of the electric motor; the two possible
output motion paths are at the stem and the spring
pack. Like any planetary gear, the geometry of the
operator (the diameter of the gears, the number of
gear teeth, etc.) does not completely determine
the vutput motion of each path. Therefore, the
kinetics of the operator were considered for more
insight into the hehavior of the unit. We leamed
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field and the mechanical tume for the springs 1o
upen the contacts,

The response of a moderately loaded MOV can
differ significantly. If the resistance to stem
motion is large enough, the incieasing torgue
levels in the operator can overcome the spring
pack preload before the valve seats. Output motion
will then ocour simultancously in the stem and in
the spring pack. Because there are now two simul-
taneous output motion paths, the increased fric
tional losses cause a slight s uction in the overall
efficiency of the unit. Ax the moderately loaded
MOV seats, the motor controller dropout time and
the kinetic energy of the operator are transferred to
the stem, much like the lightly loaded MOV case.
This results in stem forces that exceed those

expecied for the torgue switch setting.

The behavior of an MOV that 1s 5o heavily
loaded that the torque switch trips beforg the
valve seats is similar to that of a moderately
loaded operator, excep! that the stem is not ngidly
restrained because of valve seating. Conse-
guently, the motor controller dropout ime and the
kinetic energy of the operator are dissipated
because motion of the stem following torgue
switch trip and the high stem thrusts of a rigid

body are not developed.

The above discussion of MOV Lehavior and
caretul analyses of the motor operator internals
generated a number of potential candidates for the
first-order cause of load-sensitive MOV behavior,
These candidates represent one of two types of
effects: frictional losses of the operator mecha-
nism or inertial effects of the aperator mechanism
resulting from the stoppage of motion. We used the
MOVLS-ger: “re"ed data 10 investigaie each candi-
date and determine the single most likely cause of
the observed load-sensitive behavior. To do so, we
grouped each of the inertia and friction effects into
one of four categories, based in part on their pos-
sible influence on motor operator behavior and in
part on the type of data available from existing
MOVLS instrumentation. The four categories are
(a) effects that increase the load on the motor bul
do not influence the interaction between the torque
switch and the stem, (b) efiects that influence the
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spring pack force at torque switch trip, (¢) effects
that influence the spring pack force needed to
achieve the same level of stem nut torque, and
(d) effects that influence the amount of stem nut
torque necessary 1o achieve the same level of stem
tht ast.

Based on MOVLS testing and our Tull-scale
valve test programs, load-sensitive MOV behay-
or was not ohserved 1o be associated with motor
stall, Therefore, effects associated with the first
category are nol related o the load-sensitive
behavior. Effects from the electric motor slowing
down will be presented in the de-powered MOV
section,

Snuall inertial and large frictional possibilities
are associated with the second category that could
cause 4 change in the spring pack force at torque
switch trip. These include inertia of the spring
pack components and friction among them. Vana-
tions of spring pack force at torque switch trip
would cascade through the mechanism and vary
the operator output torque and stem thrust
achieved at torque switch trip. We investigated
this possibility

Inertial und frictional effects associated with
the third category could cause a change in the
ratio of spring pack force to output 1orque. Input
torque to the worm gear/drive sleeve/stem nut
assembly 1s generated by application of the sprning
pack force at a moment arm distance from the
stem centeriine (see Figure 631). Elastic effects
(worm shaft bending, for example) could change
this distance a bit under varying spring pack
force, resulting in a change in the ratio of spring
pack force 10 output torque, Other effects in this
category include friction between the worm shaft
and worm, a component of the friction foree
between the worm and worm gear, and friction in
the drive sleeve bearings. Inertial effects that fall
into this category in lude those associated with
acceleration of the worm or deceleration of the
worm gear/drive sleeve/stem nut assembly. These
additional effects are depicted in Figure 64, The
summed result of all the third category effects
would be an instantaneous difference between the
torque input 1o the mechanism by the spring pack
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force and that output by the mechanism 1o the
stem nut. Such a difference could cause load-
sensitive MOV behavior. We investigated this
possihility

Thete 1s only one inertial or frichonal effect in
the vourth category, an effect that increases the
output 1orque required 1o achieve the same stem
thrust. This effect would be seen in the stem
factor, defined as the ratio of outpul stem torgue
to stem theust. The industry uses the traditional
power thread equation 1o estimate the stem factor:
an equation based on the stem diameter, the
thread pitch and lead, and the coelficient of
friction between the stem and stem nut threads,
This power thread equation does not include any
inertial terms, and none are required. All of the
parameters in the expression, except for the
coefficient of friction, are obviously mvariant
between a hightly loaded and a heavily loaded
MOV. This leaves only the friction between the
stem and the stem nut threads as this category's
possible cause of the load-sensitive behavior. We
also investigated this possibility.

Up 10 this point, we have identified and catego-
rized potential candidates for the first order cause
of load-sensitive MOV behavior. We then used
data from each of the MOVLS tests described
earlier 1o evaluate the likelihood of ¢ach
candidate causing the observed load-sensitive
behavior. In addition to acquiring stem thrust
data, spring pack force data, and stem torque data,
we were also able to ¢alculate an instantancous
ratio of spring pack force to stem torque, the ratio
of stem torgue 1o stem thrust (stem factor), and
the coefficient of friction between the stem and
the siem nut. Al caleulations were made on a
real-time basis, using measured data and valve
and operator design information.

The possibility of inertial or frictional effects in
the spring pack causing load-sensitive MOV
behavior is not likely, as shown in Figures 65
through 67. These figures show the same
margins in the spring pack force at torque switch
trip throughout the series of 10 1ests as the stem
farce plots (Figures S%-60). Torque spring force
margin is defined as the difference in the torque
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spring force history between the point where the
operator goes into single-path response and
where the torgque switch trips. There are observed
differences in the spring pack foree ot torgue
switch trip, but these are within the 8% advenised
by Limitorgque. The most interesting torque
spring history is from Test 15, which shows that a
higher spring pack force was required during the
runming portion of the stroke than was required in
Tests 16 and 17, even though the stem Joad was
the same in Il thiee tests. The stem nut coeffi-
cient of triction discussed later in this section
caused the additiona) spring pack force during the
runming portion of Test 15,

The possibility of changes in the ratio of spring
pack force 10 stem torque causing load-sensit -+
MOV behavior is not Likely, as shown in
Figures 6% through 70. The variation of the ratio
between individual tests was less than that
associated with the worm imteracting with differ-
ent parts of the worm gear during the same test, as
shown by the oscillations in the figures, Changes
in the ratio indicate that the torque transter
efficiency of the motor operator mechanism
actuully improves somewhat with increasing
load. Such an improvement could result from a
small reduction in the coefficient of friction in the
operator bearing gear surfaces associated with an
increasing normal surface foree, a known friction
phenomenon. Regardless, an increase in effi-
clency 18 counter 1o the losses associated with
load-sensitive MOV hehavior.

In contrast 10 the other data, the stem-to-steni-
net coefficient of friction changed significantly
and in a fashion that supports such frictional
losses as the most Likely cause or load-sensitive
MOV behavior. Figure 71 shows that the stem-
o-stem-nut coefficient of fnction during Tests X,
9, and 10 remains relatively constant during the
jow-load tests. Test 11, as shown in Figure 72,
provides the first truly loaded test and the coeffi-
cient of friction is observed to decrease. This is
consistent with an ingrease in the normal surface
force. Howover, Tests 12, 14, anad 14 are not the
result of normal friction behavior, they ar¢ most
likely the result of the lubricant being squeezed
out of the stem-to-stem-nut interface, In other
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Figure 73. Traces of coefficient of friction in the stem nut versus time for the last four tests of the
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’ exhibiting load-sensitive MOV behavior (Test 14) before the coefficient of friction returns 1o the levels
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unloaded speed of 1900 rpm to below 400 rpm,
at which tme the current was manually inger
rupted. The stroke time, of course, increased
dramatically, going from an unloaded stroke time
of 6.0 seconds (Test 1) 10 a fully loaded stroke
time of 12.5 seconds (Test 15 of Figure 74) One
of our concerns hefore testing a do-powered
motor operator was the effect of the lower stem
nut speed.

As the de motor slows down and increases the
time the stem nut is highly loaded. it may increase
the load-sensitive behavior of the motor operator
(rate-of -loading effect). This was not the case.
Figure 75 compares an unloaded coefficient of
friction history, Test 1 with Test 12, which shows
the increase in friction from a heavily loaded
operator, and with Test 15, which represents the
coefficient of friction resulting from an operatos
that was subjected to twice the load used in
Test 12. The mcrease in the stem nut coefficient
of friction appears (0 have stabilized between
Tests 12 and 1S in spite of the increasing load.
This offers the possibility that the increase in the
stem nut coefficient of friction under Joad can be
bounded. However, additional testing with more
stem-to-stem-nut combinations will be needed 1o
venfy such a hypothesis.

The load-sensitive behavior of a de-powered
motor operator is very similar to that observed
during testing with an ac-nowered motor opera-
tor, discussed earlier in this report. The results of
the dc-powered motor operator may appear 1o be
worse because of the increase in the stroke time:
however, the final thrusts and associated stem nut
coefficients of friction are nearly equal 1o
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similarly loaded ac tests. The output torgque of a
d¢ motor, as shown in the motor lorgue versus
speed curve presented in Figure 45, is linear and
not significantly influenced as the unit slows
down. On the other hand, the speed-torque rela-
nonship of an ac maotor 1s relatively constant until
it reaches the knee in the motor torque versus
speed curve and can thus stall from a relatively
high speed. Consequently, marginally sized
motor operators equipped with an ac maotor may
stall more casily than a unit equipped with a do
motor. In addition, we observed that this credible
vilve operation did not cause the de motor to
overheat and adversely nfluence motor operator
performance any more than with an ac motor.

Direct-current motors do have potential instal-
lution problems, The higher current demands of a
dc motor before stalling, up to five times their
nameplate current, were nol always recognized,
and the larger cabling necessary 10 handle these
large currents was not always installed. Unsts
operating with undersized cables at these higher
currents will expenence cable heating. and subse-
quent voltage drops from cable heatup will
quickly influence the performance of a dc motor.
The difficulty with measuring the voltage drop in
a de motor operator circuit were discissed earlier
in this report.

Figure 45, shown carlier in this report, shows
how quickly de motor heating can reduce th. out-
put of the motor. Undersized cables and motor
heating from a marginal!y sized moltor can signif-
icantly reduce the output of a dc motor-operated
valve. These installation problems have been
observed in operating plants and suppon the find-
ing identified here.
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5. WRITING A PERFORMANCE STANDARD

5.1 Overview

Development of a performance standard is a
two-fold process: original qualificaiion and
maintenance of qualification (in situ testing ). The
current onginal qualification standard for motor-
operated valves 1s ANSI/ASME B16.41, which
was Ly veloped in 1983 and reaffirmed in 1989
This standard is being outdated by the results of
NRC and other valve testing. The valve subcom-
mittee of ASME Qualification of Mechanical
Equipment (QME) has rewritten the document
under the title “QV, Functional Qualification
Requirements for Power-Operated Active Valve
Assemblies for Nuclear Power Plants™ (same ttle
as B16.41). QV will be a section in the QME
family of qualification standards. The rewritien
standard is an improvement over B16.41, but
incorpora.es the NRC test results findings only up
to the start of the anaiysis of Phase | gate valve
test results (DeWall and Steele, 1989). Subse-
quent analysis of Phase J testing, the resuits from
the Phase 1i testing, and the resalts of separate
effects testing on the INEL MOVLS have not

been incorporated.

The flow interruption section of QV, Annex G,
has been improved to incorporate the NRC butter-
fiy and early gat: valve test results, but it still
allows family groupings and extrapolation that
our test results have shown to be faulted. The
Qualification philosophy is still go/no-go without
guidance for margins determination, which is a
wefinite concern for aging. The standard should
also address Generic Letter 89-10 concerns, as
there are currently no guidelines that would aid a
utility in procuring a replacement valve that
would meet the recommendations of the generic
letter. The QV document has been approved by
subcommittees and the main committee, over the
objections of INEL and NRC representatives. On
the second vu :, the document was approved over
NRC objections. Subcommittee and main com-
mittee chairmen did agree to start the rewrite of
the standard to consider incorporating the recent
findings with regard to NRC and other testing.
This new task group, formed to rewrite the

%3

standard, was finalized at the QME mecting in
New York in 1991,

Maintenance of quahfication (in situ testing of
valves) is the responsibility of the ASME Opera-
tion and Maintenance (OM) Commitiee, which is
sphit into many subcommitiees and working
groups with varying responsibilitics. Those of
major interest here are OM-R and OM- 10); of
minor interest are OM-18 and OM- 16 OM-K s
the working group on motor operators, OM- 10 15
the working group on valves, and OM- IR and
OM-19 are the working groups on air and
hydraulic operators

These OM groups have two major problems.
(a) they must consiaer the in situ valves qualified
and write 1n situ *2sts accordingly, when in actual-
ity every possible level of valve qualification
exists in the piants, and (b} the valve cannot be
considered separate from its operator, as it is by
OM. The three operator types, referenced above,
the valves, and their functions are differeat
enov ~h that they should be considered as separate
integrated units instead of being separated by
operator type and valves. The OM- 10 standarg,
currenily known as ISTC, has been 1ssued and is
referenced in Section X1 of the 1989 ASME
Code. Unlities are requured to update their
i-service inspection plans every ten years, so, by
19949, all utilities will be using OM 10 for valve
iesting requiremenis, Unfortunately. the require-
micais of OM-10 are only marginally better than
the previous Section X1 requirements. OM- 10
still treats stroke time as the measure of MOV
functionality. At the working group level, OM- 10
is trying to add a requirement for motor current
signature analysis to the stroke time require-
ments. However, this is not expected to be
adopted. OM-K, driven by Generic Letter 89-10,
has redrafted their document for motor operators
mto an integrated MOV standard. We believe this
is an improvement over anything else that has
been done for in situ testing of MOVs, Represen-
tatives of the INEL and NRC sit on the OM-X
committee and have informed the committee of
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NRC-sponsored and other testing. The standard
reflecting this input 1s now in the balloting stage.

5.2 Detailed Observations

The valve problem starts with qualification and
continues  vith the mamtenance of qualification.
Most of the plants were built or in construction
before we had a valve qualification standard.
Each valve manufacturer had its vwn proprietary
methods (mostly analytic) for determining
qualificauon and for sizing the operator. Globe
vab s are more hikely 1o be challenged in daily

_-“an gate or butterfly valves. Early

o, ‘oblems included plug guidance
pr : :nt stems. Most of these have been
liscussed earlier in the report, we

whether & gate valve is predictable

ble without a design-basis test. We

ow if the extrapolation of butterfly

.esponse was always performed in the
conservative configuration we identified in our
tests. The OM standards cannot help with (aese

NUREG/CR-5720

problems. The original qualification require-
ments for a valve and operator must be upgraded
for replacement valves. The upgraded quahifica-
tion requirements can then serve as guidelines for
the OM standards to provide for the maintenance
of qualification.

NRC, utility, European, and Electric Power
Research Institute test programs may provide
insights on how to quantify the capability of
current in-place valves and quantify the risk that
might be involved with those designs. The recom-
mendations contained in Genenc Letter 89-10
and the improved diagnostic testing described
earlier in this repont can help to identify some of
he more abvious problems. 1t is clear that design-
hasis tests cannot be performed for every valve.
We expect that, during the next year, more
information on these remaining problems will
become available. The INEL considers the
development of adequate standards a necessary
part of this work that must be performed to
improve the reliability of MOVs in the operating
plants.
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