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Abstract

Check valves used in industrial and Nuclear Power Plant safcty systems are susceptible to failure modes generally associ-
ated with wear of internal parts. Specifically, hinge pins, disc studs, pistens, and other mechanical parts may degrade over
time . and in some cases, may which might produce a disabling event leading to plant or process shutdown. The primary
diagnostic techniquc in the past has been to disassemble the valves. This procedure is costly, lime consuming. and in the

nuclcar industry, it can lead to radiation exposure in some situations. Addilionally repair and rcassembly of a valve does

nol ensurc proper operalion. Non-intrusive diagnostic technologics including acouslic and magnetics with a digital signal
analysis allow to evaluatc check valve performance without a disassembly and is able to help the user detect degraded valve

conditions.

I. Introduction

A check valve is a self-actuating, fow-limiting device.
[ts principal moving part, the disk assembly, consists of a
disk supported by a hinged arm. Fig. | shows the design
of a typical swing check valve. In the fully opened con-
dition, dynamic pressure from the flowing fluid on the
disk is enough 1o overcome ils weight keeping the disk
arm pressed against a back stop. As the flow velocily decre-
ases the disk assembly moves {0 a new equilibrivm pos-
ition. When the velocity is low enough, the disk assembly
will be sealed. Recent studies carvied out by EPRI, NRC
found thal many of these safety-related valves were not
functioning properly. A typical nuclear pfant has between
60 and 130 safety related check valves in size 50 and 762
mm. Typical problems found in these valves included
missing discs, disk flutter, backstop tapping, seat tapping
disk pin and hinge pin wear, and flow leakage due 1o
seating corrosion. Each of these problems can lead to un-
desirable consequence in the operation of the nuclear
plani. Since these check valves are safcty-related periodic
moniloring and testing are essential and required by the
Korca Nuclear Safely [nstitule mission per KINS-G-018.
To meet this requirement check valve has been disasse-
mbled. visually inspected, and then reassembled.

The disadvanlages of this process are that it is time
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consuming and the work must often be done in highly
radioactive, restrictive spaces. In response lo the needs,
various equipment lo test and monitor check valves has
been intrusively developed. This paper describes the in-
trusive method of techniques for detecting check valve
degradation or failure in service. The intrusive method
uses a combination of acoustics of the noise generated in-
side the valve during ils operation and ultrasonics or
magnetics of sensing a position of disc.

It was shown that the ultrasonics sensor not only can
quantitativcly determine the disc opening angle but also
can he used (o determine such dynamic parameters as flut-

ter resulting from the loosencss of hinge pin/bushing.|1}
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Figure 1. Swing check valve
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However, there are two major drawbacks of the ultriason-
ics scnsor. Firsl af Lhe valve is mot carrying a ultrasonic
lransmitting Muid medium such as water, the ultrasonics
cannot be used. Sccond, il the valve is made of thick
coarse-grained, cast stainless steel through which ullra-
sonics cannol penctrale, again (he sensors cannol be used.
Thus, to accomplish the good ol non-intrusive monilofing
ol stlainless steel valves carrying any fuwid, magnetic

cchniques is developed.
[I. Non-intrusive Method of Check Valve Test

2.1 Impact wave in acoustics and eddy current in ma-

gnetics.

An acoustic wave is also generated by a mechanical im-
pact. At long distance Lamb wave is transmitted (hrough
a thin material following impacts. A erlz theory is based
on lhe Lamb wave (plate wave) for loose part monttaring
in nuclear plants. In case of a shorl distance and a thick
material, a mechanical impact causes a variety of wave
which is categorized us a shear wave aﬁd a longitudinal
wave. These waves can exist only in solids where the
dimcnsions in afl directions are much greater than the
wavclength. The longitudinal wave is appropriate (or the
check valve diagnostic 1o differentiate between the backt-
apping and the fretting. A longitudinal wave has particle
displacements only in the direction of wave propagation.
Purc longitudinal waves a constant velocily of shout 5,
800 m/scc in steel. Transverse waves are shear waves as-
sociated with deformations that do not produces a4 change
in elemental volume. The transverse wave velocity in steel
is about 3,100 m/sec. Planc transverse waves gencrably oc-
cur in bodics thal are large compared Lo the wavelength
in all dircctions.

The amplitude of impact point (2-1) and sense poinl

(2-2) can be delined as the equation.[6]

A= Ao ¥ / (2.1}
Ay = Amar CXP -t (2.2}

where 4y, Aman. 7, and S are maximum amplitude at dis-
tance », maximum amplitude at impact poinl, distance
belween sensors and source, and decay cocflicient, re-
spectively. Fig. 2 shows the circuil of an acceferometer
from gravity originated in impacts lo voltage. Burst Lype
acoustic signal can be described by relatively simple par-
ameter. The signab amplitude is much higher than the
background and is of short duration. Magnctics ts depen-

dent on the principles of electromagnetic tnduction lor in-
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ducing cddy currenis with a part placed in or adjacent to
onc or moarc induction sensor coils. The disk moving is a
result of /2R gains caused by the Mow of eddy currents in
the valve. Namely, the disk opening/closing in the check
valve produces Lhe cddy current between the induclion
coil and sensors.[7)

From Qersted's discovery, a magnetics fux @ cxists
around a exalation coil carrying current proportional to

the aumber of turns in the coll ¥ and the current fg
DX Nely (23)

Faraday's law states a voltage ¥ is induced in the valve

body when Lhere is a changing magnetics field.

dmp

Vo= Ne —

(2.4)

where dtb_r

di

coil currenl varics sinusoidally with lime, lotal magnetic

ts the rate of change in @ ¢ wilh lime. Since

flux i the coil also varies sinusoidally,

@ =@, sinmf (2.5)

where @, is the magnelic Mux corresponding to /,. The
induced voltage as described by equation (2.4) resuits in

Va= —Nrwd,cosmt (2.6)

which also varics periodically with time. When the disk is
scaled, sensor coils are localed to detect a current [
induced by a magnetics flux @ according to Ohm’s taw
which states the relalionship belween a inducing voltages

Vo and a disc’ impedance Zq ., as below equations.

Vxl
Ig=—" 27
5= (2.7
Oy =1 (2.8)
Zg oy (2.9

When the disc moves back and forth, disc impedance
will change from Z., to Zs; by magnetics Mux @ Conse-
Quently, current change f results in vollage V2. These
induced currents are known as eddy currents because of
their circulatory. Fig. 3 shows how reacl magnelic sensor

wilh eddy current

{D.\'I o= -’1,‘ (2'0)

PSR L .a1n
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Figure 2. The simple circuit of an accelerometer
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Figure 3. How to work magnelic sensor and coil

2.2 Accelerometer and AC Magnetic placement

The correct placement and usc of accclerometers and
ac magnelics for acouslic monitoring and position delce-
lion is one of the most critical aspects of testing and
depends on the type of check valve being analyzed and
events thal 1o he monitored. It is imperative that the
check valve be instrumented correclly lor proper assess-
ment of tts condition. This section will explain 1he recom-
mended placement of accelerometers and AC magnclic
coils for the swing check valves prior to position accele-
romeiers and AC magnelic coils on check valves. Prior Lo
position accclerometers and AC magnetic coils in check
valves, certain clements need 1o be considered ; operation
charactenstics of the valve, polential degradation of an-
omalies and anticipated acouslic levels in order to set ac-
cclerometer ranges properly.

Wheo instrumenting a swing check valve, accelerometer
data should monttor back stop, bonnet, valve seat, and
the hinge pin impacts or running. Two acccleromcters are
adequate for this purpose. Fig. 4 shows the typical sensor
location. One acceleromeler should be placed on the bon-
nct of the check valve in the verhicat direction in order 10

monttor lor hack stop impacts. e addition, hinge pin and

disc stud impacting and rubs will also be captured. The
second accelerometer should be placed in (he arca of the
hinge ptn in a horizontal direction.

This accelerometer will be primarity used to detect
valve closures impacts as well as detecting htnge pin and
disc stud acouslic emissions. In addition to monitoring
the swing check valve for acoustics, it is also critical to
monitor disk motion and posilion. The AC magnelic sen-
sors are used for this purposc. These sensors should be
positioned on the bonnet fange in the horizontal direc-
tion parallel to the flow. It is preferred, but not impera-
live 1o place the excitation coil downstream of the (low
and the recciving coils should be 180° from the excitalion
coil. Both coils need to be placed below the flange split as
possible.
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Mag 7~ ‘
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Flow Direction

Figure 4. Typical sensors localion

. Experiment

The experiment mainly consists of two parts. One is
acouslic channel board which contains all circuily for
converting up Lo two acceleromeler charge signals 10 voll-
age stgnals, The nominal sensitivity of (he accelerometer
i 17 pC/p. This charge is converled to vollage (22mv/g)
and temperature range from —54°C (o 371°C. The olher
is magnetic channel board which sends AC current 1o the
excitabon ceil, creating a magnetic ficld both outside and
mside of the valve body. This signal is detected al the op-
posite side of the valve body by (he magnelic sensor and
compared to a reference signal. Both amplitude and
phase are monitored, filtered, demodulated, so that infor-
mation about the position of the valve's internal parts
can he exiracted. The magnclic sensors ace allached to

150 mm stainless steel swing check valve.
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The check valve acoustics system is used Lo diagnose a
150 mm stainless-steel swing check  valve installed (o
safety imjection system in a Younggwang nuclear power
planl unit | as skown in Fig. 5. No. 055, 058 and 059 of
swing check valves are inspected visually. An internal cor-
rosion is delected in hinge pins and seals. Three valves is
replaced by new oncs. Data acquisition is performered
both belore und afler replacements wilh pump start/
pump stop to dilferentiale between the old one and the
new one. The acoustic noises (hat ase present in check
vilves during operation can be divided into several (ypes.
In order o ascertain three kinds of signal, data is also
acguired in the Liberly Technology Inc’s Lab withoul

pump strat and pump trip as shown in Fig. 6.

Figure 6. Swing check valve in Liberty Technologies. Inc

[V. Data Interpretation

4.1 Acoustics

In a typical test-run, aboul 60 seconds of data is acqu-

ired. The acoustic can be categorized as three lypes of

noise. The fiest type, refered (o as metal o metal impacts,
is most often appeared when (he check valve disk opens
under flow and hils its back stop. Similarly, this type of

impact can he observed during closing stroke as the disk
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impacts the scal. Fig. 7 is an cxample of mechanical im-
pact.

Opening and closing impacts exist when the valve is go-
ing through a transient flow condition. As the valve opens
as & result of flow. and if the flow change is large
cnough, the check valve disc hits the back stop. This im-
pact 1s characlerized by a large sharp spike lollowed by
progressively small spikes. This is a resull of excitation of
the valve’s natural frequencies. The amplitude of these
Irequencies decays over a shorl time period. This signa-
ture, shown in Fig 8 is relered Lo as ring down. This spike
reveals impact wave (orms with durations of 10ms to

20ms.

ety

\I
-

Figure 7. Melal 1o melal impacl

=
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Figure 8. Opening impact from swing check valve showing metal
to metal impacl

This valve is higher han cavitation less than Sms, a
parlicular flow phenomenon exisls when a low pressure
zonc is formed inside the check valve usuvally on the down
slream side.

The second s a Lype of acouslic noise found in check
valves results from mechanical rubs(fretting, rocking) be-
tween  adjacenl valve parls. Mechanical rubs observe

when the valve is in motion. These signals become more
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obvious when looseness is present in the valve. Fig. 9 is a
common example of a mechanical rub.

Mechanical rubs are characterized as a mechanical
looseness between parts such as the hinge pin and disc
assembly on a swing check valve. Mcchanical rubs exhibit
a pradual rise and fall off in the acoustic signature,
indicating hardly mechanical ring down, rather the mech-
anical parts are damping the effects of the impucls as

shown in Fig, 10.

—_ Acwstic Signal
—

Figure 9. Signature showing metal 1o metal rubs

i
1792871 Time 1886704 i

Figure 10. Signalture showing metal to metal cubs

The third category of mechanical impacts is produced
by worn internal parts of the check valve. Wear in a
swing check valve usually occurs between the hinge pin
and disc stud, and their respective mounting surfaces. As
this wearness increases, the parts can move more frecly,
This leads to larger and more frequent impacts between

these parts. An example of this condition of the V055 valve

oY
v

Magnstins

Figure |t Swing clieck valve with worn hinge pin

is shown in Fig. 11 (the VO5S valve with a worn hinge pin)
and Fig. 12 (a new swing check valve). Tt is noticeable
that the acoustic of Fig. 11 appears more impacts of sig-

aificantly grealer amplitude.

Figure 2. Swing check valve in a new condition

4.2 Magnetics

In this application, two AC current clements are placed
externally an the 150 mm swing check valve body when
the disc slarls to move, eddy currents induced in the
clements perturb the inductances and therefore total im-
pedance is changed in clements. A currenl passes Through
the circuit and the voltage generated is related to the pos-
ition of disc assembly. The AC magnectics cotils is posit-
ioned on the bonnet flange paralicl 1o the Mow. The exci-
tation coil is atiached to the downstecam of the flow. The
receiving coil is settled in from FB0° the cxcitation coil.
Because eddy currents are highly non-lincar, qualitative
information oo the disc opening angle can be denved
from this vollage,

Fig. 13. shows thc induced current signature as a func-
tion of timc as the valve disc opened, hit the backstop,
stayed in the fully opened(O11) position, then closed with
a distinct scat impact(C10).

1t shows the disc fluttered at a frequency of about 2.0

R 1}

? 0.000 Time $007 3o

Figure 13. Magneclics time lrace showing disc opened and Mut-

leving
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Hz (FS1). However, quantitative flutler amplitude cannot
be derived from the signalure as the induced voltage s

not a linear function of disc displicement

V. Conclusion

Applying a togctheracss of acoustics and magnetics sig-
nal, it is posstble 10 determine lhe parameters of (he func-
tion of the check valve internals without disassembling it
This series of tests shows that the accelemeters can be
used 10 mecasure and to differcnliatc the three lypes of
impacts, metal to metal impacts mechanical rubs, and
worn inlernal parls and the magnet sensors can be used
o detect the dise frequencies ol stainless steel check on
which the ullrasonics transducers can nol be wsed.

It can be used (o detect qualitutively the severily ol dise
{lutter and to measure the disc position. These lechniques
would be helpful lo meet the requitements and set-up lhe
check valve lest program cilectively wilhout consuming

overhaul period.
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