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!m JBSIDIARY DURTIBS WRIGHT CORPORA 10

December 13, 1990
SUBJECT: TRC Service Bulletin Number S$B9006.

Gentlemen:

Accompanying herewithin is a copy of Target Rock Corporation
service bulletin number 9006, This bulletin informs the
recipient of the characteristic of sclenoid valves to open
"spuriously" when subjected to high pressure surge in line
pressure.

Questions regarding the subject characteristic may be directed

to Mr. Steve Karidas, engineering Manager, 5166-293-3800; ext.
526.

Very truly yours,
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Vito Liantonio

Product Support Manager
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Loy DESCRIPTION OF PRORLEM

%

Figure ] depicts the general arrangement of a piloted solenoid valve,
subject to spurious opening. In a closed, de-energized valve, inlet pressure
(P8), entering radially, provides an upward force on the piston portion af the
main disc, Control Pressure (Pc) acting in oposition, negates this lifting
force and additionally provides valve a cloasure force by 1ts effect on the disc
port area (Ag). With the pilot valve closed, Pc equals Ps. At the introductien
of an inlet pressure surge, supply pressure is momentarily higher than cantrol
pressure, until control pressure re-establishes equality with supply pressure by
the flow of fluid through the inlet orifice (ay). Consequently there is a time
delay in equalization of these pressures, Should the lifting force exceed the
closure forces, the valve will lift. the valve will remain open until the
downward force overcomes the lifting force, where upon the valve again closges,
and the closure force builds up to full value again.

The problem i1s most severe when the first of two valves mounted in series
openg rapidly, permitting full supply pressure to be sharply introduced to the
second valve. 1In the reactor head vent application, full 2505 psl fluid
pressure may suddenly be applied to the second valve .ausing it to open sudd. “ly
and reclose after a few seconds.

<. PROBLEM CHARACTERISTICS

By analysis and test, a number of significant characteristics are
noteworthy,

a. §Speed of Transient - Since the increased inlet pressure is being
neutralized by flow through the disc inlet orifice, a slow supply
pressure increase will not cause spurious opening. By test, it was
determined that a supply pressure transient in excess of 250 psi
per second is required to cause opening in a standard Target Rock
1" valve. Other size valves would respond somewhat differently,
depending on orifice size, control chamber volume, fluid, ete.

b, Fluid -~ The combination of fluids that may cause the longest
opening time occurs when the second valve contains ambient pressure
air, and the upstream valve .s charged with high pressure water.

As the first valve opens, the second valve experiences the high
lifting force which will be nulled out when the high pressure water,
flowing into the control chamber through the inlet orifice (al) in
the disc, compresses the air in the control chamber thus raising

its pressure,

€, Static Pressure - Most piloted solencid valves employ a pigton
whose area 1s larger than the disc seating area, generally by
a factor of 2. The lifting pressure therefore must be higher than
twice the static pressure in the affected (downstream) valve. If
the expected surging pressure is 100 psi, then a static pressure
in the downstream valve of 50 psi could prevent spurious opening.

TRENS ~ 04 )/ 00}
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MEMO

October 2, 1984

T0: 0.K. Vater
FROM: V. Liantonic
SUBJECT: Spurious Opening of Pilot Cperated Solenoid Valves

REFERENCES: 1) Terget Rock Report #2866; Solencid Valve Response to
inlet Pressure Transient, 12/17/80

2) ASME Publication 81-PVP=39, April 1981, Spurious Opening
of Hydraulic-Assisted, Pilot Qperated Valves - An
Investigation of the Phenomenon.

The two referenced documents provide an adequate understanding of the
subject phenomenon, The design of most pilot assisted valves will develop
a transiently applied force tending to open the valve when a rapidly
applied pressure increase is sensed at the valve inlet. The most effective
deterrent to this action is to maintain the valve filled with liquid, The
pressure build up in a liquid filled contro! chamber is fasc enough to
prevent valve opening for all practical pressure transient rates applied

to the valve inlet, Also, one of the easiest methods to achieve this is

to mount the valve with the bonnet tube directed downward, or as a minimum,
below the horizontal,

The worse case scenario is one where the bonnet tube is filled with a gas
(usually air at atmospheric pressure) and a pressure build up occurs at

the valve inlet. The pressure build up, however, was required (per Reference
1) te occur at a rate of 250 psi/sec or higher. Tnis build up must aiso
exceed two times the pressure existing in the control chamber, immediately
prior to the application of the pressure increase. Should transient

pressure buildup be predictably slow, therefore, no special consideration

is required,

Recommendations:

| = For valves discharging liquid to ambient (as is the case of the last
valve in the chain of reactor head vent valves), mount the valve with
the bonnet tube below the horizontal.

2 = Where possible, maintain positive pressure at the valve discharge port
(See Reference 1).

3 = Locate valves discharging to ambient where spurious opening will not

compron.se personnel or plant safety. 71 ke

»
./,/ gt ftl-“

Vito Liantonio
Manager, Engineering
Vl/cj

CC: Messrs: O.M, Pattarini
Code Engineers

Attachments - References | and 2.

ol
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STARTING AT STATIC CONDITION (A):

A series of pressure transients were

initiated af.q4r establishing a

water filled system at O psig. or slightly

L

1y higher to prevent the
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STARTING AT STATIC CONDITION (C) :(Ref., Table !11)

These tests were conducted with the valve and piping drained and
purged with alr prior to each transient as in (B) above, except
the system was at atmoszheric rressure prior to introducing water

-~ - -

i i 1 eM "Le 188 A & & 50 "“An an ¥ AT ~a
et pressures cf 100, 120, 200, 200, 450, 500, 700, 800, and 200 rsig.

T™e transient rates varied from 250 to 2750 psig per sezond,

At a number of these test points, the main disc lifted momentarily,
allowing various amounts of water to flow before re-seating against
upstream pressure. Secause of the limited flow capability of the
test facility, when the disc opened, the pressure transient rate
could not be maintained. Because of this, the accuracy of the rate
of pressure change measured from the actual recording of the test
may be in error,

In some cases, an increase in the transient rate did not result in
increased water flow through the valve,

A review of the data indicates that the Condition 4% yhich a pressure
transient is most likely to cause the valve disc to mementarily open,
is one where the valve and piping is charged with air at atmespheric
pressure prior to a pressure transient that introcduces water into the
system at a rate in excess of 250 psi per second.

Water filled systems and air filled systems pressurized to 500 psig,
appear to be able to withstand far greater pressure transient rates
than air filled systems at atmospheric preesure without causing

the valve disc to domantarily open,

for 2001 L)
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One transient test was conducted starting at 500 psig static

AFPP SYED By

presgure within the system. The pressure ~as then increased to

1500 psig. At a rate of 7750 psi per second, there was no evidence
of water flow through the valve during this test, indicating that

the valve dige remained seated.

Of the 18 pressure transient tests conducted, cnly one resulted

in water flow frem the valve cutlet. This test was conducted in
the range of 0 to 100 psig at a rata of 1700 psi per second.

H This test was initiated jmmediately after bleed.ng the accumulator
to atmospheric pressure and recharging to 1u0 psig., Apparently air
entered the piping systvm during this operation causing the valve
disc to memcentarily lift during the following test. Three additional
tests were conducted at this pressure level at rates of 2000, 2250,
and 2750 psi per second with no evidence of water flow from the

valve outlet.

STARTING AT STATIC CONDITION (B): (Ref. Table II)

After purging, the valve and piping system was charged with gas
(Argen) at 500 psig. These conditions were established prior to

each pressure transient,

The transients were conducted by introducing water into the piping
system at pressures of 1500, 1600 and 1900 psig at rates of 2000,

2500, 3000, 3750, 4000 and 5500 psi per second.

There was no evidence of water flow from the valve outlet during

these tests,
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TABLE 1
WATER FILLED SYSTEM PRICR TO TRANSIENT TESTS
[ TRANSIENT | STATIC PRESSURE SYSTEM PRESSURE! TRANSIENT |  WATER |
’ NO. | PRIOR TO TRANSIENT @ CCHMPLETION OF' PRESSURE ACCUMULATION !
' | PSI1G (H,0) TEANSTENT | PATE TOTAL
| PSIG  PSI/SEC. GG |
1 | Atmospheric 1000 | 750 Nlone il
F] | Atmospheric 1000 | $350 lone )
3 | Atmospheric 1500 | 3500 one |
4 Atmospheric 1500 { 11,000 tlone
S 500 1500 1 7780 None 1
) Atmospheric 2000 | 4750 None |
FOAa 2 Atmospheric | 4500 T 7000 done |
8 Atmespheric | 750 | 5500 None
9 Atmospheric 500 | 4250 None
10 Atmospheric 400 | 3750 None
11 Atmospheric 300 | 2500 None
12 Atmospheric 200 | 1000 Nona
13 Atmospheric 200 1000 None
14 Atmospheric 200 3750 None
15 Atmospheric 100 1700 215
16 Atmoshperic 100 2000 None e |
17 Atmoshperic 100 2750 None
18 Atmoshperic 100 2250 None
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TABLE II
CAS CHARGED SYSTEM PRICR TO TP}:\‘SIE.N'!' TESTS
TPANSIENT | STATIC PRESSURE SYSTEM PRESSURE | TRANSTENT WATER ]
l N0, PRIOR TO TRANSIENT , 2 COMPLETION OF | PRESSURE- | ACCUIMULATION !
. PSIG TEANSTENT ;.v.n't: | TOTAL '
| rSIG | ¥
B
1 500 1500 | 2000 vone
k. | 500 1500 | 2500 one
3 $00 1500 | 3000 Hone
4 $00 | 1500 | 3000 None
v $00 1500 31000 None
3 500 1600 3750 None
7 500 1900 4000 None
] 500 1900 5500 None
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Spurious Opening of Hydraulic-
Assisted, Pilot-Operated Valves—

L. 1. Ezekoye

woeow § AN INvestigation of the
e.J.resnca ! Phenomenon

Manager
Aunitidry Equipment Engineenng This paper investigates 1he spurious opening phenomenon of hydrauiic-aisisied
Westnghouse giecine Cap puptOpergred vaives The CQuauons governing the vaive response were geveloped
Pittsburgn, P 1O provide 9n (nSIgAL inl0 (he phenomenon. Sensitivity siudies were then periormed

) denioasirate the possidiiity of this (vpe of valve spuriousiy opening under ceriain
pressure iransient events. The deductions were (Qler confirmed by (€315 10 570w AOwW
¢ wypical prot-opergied valve might respond 1O pressure (ransients (a waler soiid
and compressible [luid media, The significance 0f (his phenomenon s discusied in
erms o/ ity effect on vaive usage

NOMENCLATURE INTRODUCTION
A, » orifice ares The dewandas for ruclear valves (o withstand
Ap * piston ares dadverse ervironment cof radiation and temperature
Ay * plug seat ares and at the same time be adle to sustain high
¢ * discharge coefficient seismic loads have spurred innovative use of fluid
Fa * spring prelicad media O a8313C conventional electric operators in
' * accalerstion due te gravity valve sctuation, This class of valves 13y gener~
“a * preumatic spring constant ally referred to as hvdraulic-assisced, p)lot=
Yy * mechanical spring constant operated valves. Figures la and b and la and b
A * polytropic exponent show twvo versions of the valve design. Basically,
Pa * stesdy~state chamber pressure the valve incorporates a pirlot valve in conjune=
i * steady=stale iniet presjure tion with system dyffecant al pressure across the
Pie * inlet transient pressure valve to open or close the valve port. The pilet
Py v chamber pressure at force reveral point valve can be external, a3 1n Figure la, or
{pic/a) internal a3 in Figure 4. Although these valves
Py * vaive putlet pressure sre usually elestric sclenoid-operated, they could
Ya * air volume be preumstic, or even manual.
Yai * initis) air compressad volume
Vat * air flov volume Referring to Figure !4, with the pilot valve
Ve ® control chamber volume closed, the contrel chamber pressure dutlds up o
Vo * piston displacemant volume inlet pressure value, T™he resuiting force differ~
Vv * wvater flov voiume ential on the matn vilve plug plus the force on
Y * compressible flov expansion factor the compression spring closes the valve. =ith the
8Pee * critical pressure drop pilot vilve open’ as 1n Figure b, there is a
v ® density direct flov path between the contrel charber to
= time (sec) the valve outlet port. The chamber pre:sure sub-
§ * displacement cequently drops to the level of downstream pres~
a ® ratio of pressure surge to steady=~state suss. A pressure differential builds up across
pressure the main valve plug, thus opening the valve. In
r * sua of forces the second version of hydraulic=assisted, pilet~
operatad valve, the pilot valve 19 internal.
Referring to Figure 1a, vith the piiot valve
closad, the sressure in t™e z2antrol thanber
neresses to the level of the (nlet pressure,
When the contvol chawber pressure force exceeds
e the inlet sressure force, she force differencial
Cauneuted by ‘e Previur: Verely & Piamg Divnion of Tug Awgricaw c o888 tRe va.ve, thutting 0 fliw. Hewaver,
JOCUETY 0F MECHAYICAL EvCi UM TOr Dresenianan 4t (A i Conlerence of vhen the pilot valve 19 open, as shown in Figure

Ne Previure Yol and Piping, Matenals. Nucleas Enginerning ang Solar -
- . ol nein

Owvivond, Juse 2115, 1981, Denver, Colorado. Manuicript received 40 ASME b, the control chamber 19 vanted & venting
Headauariens Apal §, 1981 creantes an opening pressure differential across

1§ ] i .
Copies will be availabia uaul Mareh 1. 1963, the main valve plug, opening the vaive




type of valve offers aignificant
conventional mator-or sitccperated
certgin spplications, Chiel among
rhem are vaight reduction end oversl) vo.vlv
compactness with ¢ lov center of gravity. Valve
weight and center of gravity contribute signifi=
contly te piping stresses and (0 the attendant
corrective piping support cost, Therelore,
Lightening the valve vaight and reducing the
center of gravity ore very desirebnle features v
valve design, Another sipgraficant advantage iy
the fact that the velve can be totally electrics
cperated thus permitting JEEL qualification and
still provide fast fail=safe clesure capability
These, and other sdveniages, have cortributed to
the incressing vsape of these valves in nuclear
pover plants.

U'se of this
advantages over
giobe valves 0

Vowever, there are (nherent and latent limitas
tions with this valve a8 vith ary other valve,
This pape? investipates aone of these limitetions
which 19 the potential for the valve t¢ sputiously
open under severe step-up pressure transients,
Spuricus openinyg phencmenon 18 defired as o closed
valve suddenly opening and recicsing without @
signa) or electric power input, This phenamenan
hey been called “micupping” and “burping . 1t was
firet noted by the authors 1o occur when valves of
thig type wvere subjected to severe step-up prext
sure transients, In this paper, ve shall develop
valve response eoustions in verious fluid media 0
show when the valve would open,

RESPONSE EQUATIONS

Response times will be ¢alculated for three
systemg, The ficst case 13 an FiT=to=air systew
when the valve iy sir=filled and gudderly exposed
to higher pressure sir. The second case 13 @
veter=to=air system when the valve is initially
eir=filled and suddenly axposed to higher pressure
voter, The last case is the vater=to-vater system
when the valve 13 vater~filled and syddenly
exposed to higher pressure vater.

Pefore the analysis can procead, it 14
necessary to define what constitutes a severa
pressure transient that would be of concern, To
do thig, ve refer te Figure ), which shows
schematically & fully seated hydraulic=assisted,
pylot=operated plodbe valve,

fn this sested pogition, the following
relations exist:

Pe hp * Fo 2 Py (Ag = Ag) * Py Ay

(1)
and
P " P (2)
“f we neglect Py and Py, Squation (1)
reduca to:
Ap» (hg = Ay) (1)

favation (1) safims what ve knov already,
which 13 that the piston ares has (o Be grejler
than ihe ¢iffarance of the piston yne the geat
areas to provide hydraulic assistance,

Let Ud POV @XM IAG wratl Ratieny Jhen the vé . ve
18 suddenly erposed 0 3 pressure rise, fecavre
the ref1ll gorifice 18 generaliy teo srall €2
quickly balance pressures betveen the injet and
the control chomber, the vaive beging to lift,
“hen the valve plug 13 on the verge of opening,
the folloving conditions exiat

Pe hg & T ® Pjg (Ag = Ay ¢ P, Ay

(&)
and
P Pig (%)
Neglacting Fo and Py, Lqueticn (6) reduces to!
Pe Ap ® Pig (Ap = Ay) (6)
er
A 4 4
e 3 .li - .;1 . (1)
A = A L4 4
P ' < i

teuation (1) provides the ratio of pressure
trangient o steady=-state inlet pressure that must
ve evaluated for valve stability, what this meany
{4 that step=up pressure trangrents, which are
le9s thin a times the normal steady state pres~
sure reed not be considered as posing any
concern, 1f, hovever, the 4tep-up pressure 13
equal to, or greater than, a Cimes the steady~
state pressure, tha valve ca: open, depending on
the fluid medium, The opening process continues
until the contrel chamber pressure reaches
Pi¢/a, at which point the valve beging te
reclose. The position vhere the valve plug
momentsrily stops and beging to reclose 18
referred to in this papar a9 the force reversal
point.

ANALYSIS

To evalusie the valve stability, the analysis
proceeds to calzylate the response Cime required
for the vaive to - .sch the force reversal point,
1f the time is very insignificant or & very small
fraction of the normal opening time, the valve
will remein closed, [f, hovever, the responie
time is o signiticant frastion of, or 19 even
eous) te or prester than the normal valve opening
time, the valve will be open,

Case ): Air=to~Air Trangient

The valve i air-tilled and 1s suddenly
exposed to higher pressure air. Figures &a, b
and be illustrata what wvould Pappen 1f the valve
spuriovsly opens,

Let V. he the volume of the control
chamber, Therefore, at the force reversal point
a8 shown in Figure &b,

Ve * Vg * VY (8)
“rare

Va " Y4i * Yt ? 4



I

et

o S WA —

ASSu=irE isentrepic corpratLion of oraypinal air an
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™ae flov through the refill grifice 18
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T
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"He pision voluse displacement 1y
Vi
Vo ® Aok 12)
Te determine the piston volume dispiacenment ve
have to perform g force balance at the feorce
reversal point by setting (F ¢ O

T™erefore,

Fog ¢ Kb ¢ Kgg » Pip (Ap = Ay)

€13)
Negplecting Fo and X, Equation (13) reduces to
Kgd ® Pip (Mg = Ay) (1)
or
P, (A=A
8 Py L ¥ L {1%)
.

B
Y .....v_.'._.r.. (18)

Subscituting Equation (16) into Fauation (15),

e Nave

f [ »
'n( " 1 v.
SinCQT':—E—‘—-...th.nl . - oy (17)
{ P ] P

T™he piston volume displacement Secomes
Vo ® Vo/n (18)

fubstituting Cauations (9), (10), (11), and (18)
trte Faustien (8), ve have:

iy P, U/n [P, .
. | ) { =~ - & 4 \
g "o e T;) ¢ {YCA Y oo )v (19)

1
P &
([ o = 1"
R i ' <
R ne { 0)
[y :
YCA . —

Cane 11 water=to*Air Trangient

In the water=to=air transient, the valve 13
air=filled gnd is suddenly exposed to 4 step-up
higher pressure wvater., Figures %a, ‘b, ard 5S¢
ilivstrate the valve dyramics. As in the
air=to~air cose, Figure 5b corresponds to the
force reversal point., At this point, the
follewing relatiorships exist

'V"V“~VU~VP ()
where
|
Pey @
v .y (-—-) 29
4 ¢ P’ =
it

and

Vp ® Apd (246)

The displacement § is given for this case a3:

-
*

3
>

(28)

Therntiore, the piston volume displacement becomes

v p o+
Vonad ey " (26)
] " Pf

Combining Eauavions (22}, (23), and (28)

1
| [2gal
Voev 0 A s ca Y0 o an
f
Solving for time,
i
v leGhH " (2L

¢ ¢ !
v . T—— (283

' °
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Ih the wate » ool @l trarsiert cave, Lthe
volve 18 deat i@l fillef wit® water arg sucdenly
sub seted te Fighar steprup pressute.  TRie coase
g corpidered to be of ne concern for the siwple
fact that woater 1¢ virtuslly ineompressible wvith 5
sulb modulun ¢f 300 000 par, hence there 13 ne
poaten Finplacement . 'n o thog cane, thereiore,
Yalve 1emainy ped AN Lpite Bl the pressure
changes .

b|o:vg|-gﬂ

In the forepoing enalveen, ve have develeoped
the soustions describing the reaporae timey for
AL RO gir avatem and water=tosair gvsten, AL
thig time, therelore, (% 1y ‘mportart to restate
the criteria for opening. “o do this, ve v wid
1ike to point out thet most of thsse vaives
rormelly open fully hetueenr 0.1 and 0. secondy
Theeolore, any valve which responds (o 4 presaure
surpe in less than 10 of (ta rermal opening time
Sill ret epen, Uairg thig criterion, we evaluated
the rezponse times fof 40 air tovgir cove and a
veter=tocair coane for o hypothetical valve vaing
the parametars tabulated v Table 1, Tre resuits
ef the aralyaid are pletted in Fopure &, As con
B soen, the 10 tocair Syste® g rather neene:~
Cive t¢ pressute surges while in the vater=tovair
tystem tre valve vpens,

TARLE |
v!lv‘ P.rg::!grl

Valve Sige * | inch
Ve ® 6.2 ind
Ao * 0.002 ind

e *
€« 0,68
Yormel Cpening time 0.9 sec.,
Pe ® 15 puie
Yest

To verify the validity of the anaiyeis, o
limited test war conducted te demonstrate the
phanomenen.  Tipure 7 illustrates the test setup.
T™res tests vere corducted to simuiate each of the
theee coren. ™o resvits of (he tests are
tumeariced in Table 2.

TABLE 2
'!Il Fesults

fyaten Peipvial  Pig(pria)  Murping
Alr-tossir 500 1 %00 None
400 1900 None
Vater~to=air 19 200 Yeu
18 400 Yeu
19 900 Yeu
Vater=tosvater 18 100 None
1% 00 None
14 1000 None
1% 2000 None

ELvabp§

Boded of the rosuite of the SRaIVAIY 4Fc trg
rests b Suprars tREL (Mie phenomener 18 Fegt
Libely te otcuy when this tyvpe of volve, .» & ey
OF SLPR® arplication, 13 suddenly caposed to
Fapghepressure woter. There ¢ very Jittie

ihgliheod that his will oetur i it toTair £F
valersto valer svitemy,

Althougt the foregoing sralviid 14 Fased on
Step chanpe, fant pressure transients, (tere ste
Sctudlly very Tevw SCCanions whate such everty
BeEur, These types of trensients tan, however, be
produced by vater Rammer, Alge, thev car be
FERRrated by cpening any faatvact ing upstregw
valve 18 g perie double rselation application,

On the banie of the sbeve ohservat try, valve
usaRe sheuld be udiciously mace to prevent the
Vaive Feing evoned to fast trangients. (Rus Binge
Siging the Tikalihood of a sputicus cperirg.
hgditionglly, valve ‘ceotior should %e suth that,
If the valve haBPPEnS Lo Cpen spurioully, the
Patultant leakape throuph the ®aie sest would ot
comp.oamine prrsennel and plant safety
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