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Power valves are installed on almost all the pipelines of nuclear power
plants performing the functions of regulation and shutting off the flow, so
its failure often leads to emergencies. A particularly large number of fail-
ures is observed in motor-operated valves. Incorrect setting of the limit-
ing clutch leads either to incomplete closure of the valve or to rod failure.
Therefore, the valves are equipment of a nuclear power plant, which often
falls into repair shops. Failures leading to an increase of valve leakage
are especially dangerous for nuclear power plants. In this case, leakage
of high-pressure valves leads to erosion of the sealing surfaces, which only
increases the leakage. Thus, it is very important to determine the optimum
rotational value when the valve is closed. The lack of conditions for closure
force in the standards for valve leakage complicates the issue.

A bench that allows working in the air with a pressure up to 3.5 MPa was
developed on valve rod to study dependence of valve leakage on the rota-
tional moment. Four independent parameters were measured: air pressure
in front of the valve under study, closure force of the valve, volume of air loss
through the valve and leakage time. A standard stop valve with a nominal
diameter of 15 mm and a nominal pressure of 64 atm was used for the study.

The determined dependence of the leakage on torque value allows rec-
ommending a gentler mode of valve closure without significantly reducing
its tightness. As a result of experimental data processing, a criterial equa-
tion is obtained linking a leakage rate, pressure drop on the valve and a ro-
tational moment value. The received criterial equation will allow defining
the compromise between valve closure force and permissible leak level ac-
cording to regulatory requirements. The analysis of the “leakage/rotational
moment” diagram showed the possibility to reveal the damaged valves.
This possibility may be used during the incoming inspection of the valves
supplied to NPP, which should significantly improve the reliability of their
operation.

Keywords: reliability, valves, tightness, closure force, experimental
research, criterial equation.
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t present time it is known that reliability of valves

operation determines in many aspects the reliability

of nuclear power plant (NPP) operation as a whole.

The control of all heat-mass exchange processes

in power engineering is performed by the valves
that are included practically into every system of the plant
and function as the key and responsible NPP equipment. One
of the most important features of power valves is their tightness.
Any failure of tightness may lead to termination of performance
of some individual system. And in the worst case it may cause
a major accident like the one that happened at the Three Mile
Island NPP in 1979.

According to GOST 9544, the valve tightness is monitored by
leak amount depending on the nominal pressure and diameter,
while the closure force is set by performance specifications (PS)
and design documents (DD) for the item.

It is obvious that amount of leak is largely determined not only
by actuating medium parameters (density, viscosity, temperature,
etc.) but also by the valve closure force, namely its “minimal”
flow cross section. The closure force, which is actually the force
pressing the valve cap to the seat, is set by the rotational moment
applied to the valve’s stem. Limiting clutches of the electric drives
are adjusted to a particular rotational moment value that was set
at the manufacturer’s site. Here arises quite a reasonable question
of how optimal is the choice of any taken rotational moment value
which is the criterion of selecting this parameter for precise type
of valves. Analyses of relevant literature show that no practical
research is being carried out in that area, and that the subject is
practically not addressed in reference books. In this way, it seems
to be important to investigate the dependence of power setpoints
valves’ leakage rate on the value of the rotational moment applied
during their closure.

Experimental setup and experimental procedure. A special
test bench capable to perform leakage tests of valve seal
in compliance with GOST 5762—2002, has been constructed for
this experimental research. The test bench schematic diagram
is shown in Fig. 1.

The tested valve I was fixed in the test bench between two
sealing flanges with rubber gaskets. Bleed air was supplied from
one side (under the cap) from compressor 3. The test bench
was equipped with AK-50 compressor creating the set pressure
in 10-liter receiver 4, where from the compressed air was further
supplied to valve I. After passing this valve the air with about
atmospheric pressure was directed to the measuring bulb &
which was submerged under the water in the tank. The volume
of the leak was defined by the volumetric method. Two bulbs
with measuring limits of 0...500 ml and 0...5 ml were used
for extending the range of measurements and improving their
accuracy. Pressure control and measurement in front of the valve
were executed by an exemplary gage MO 5 with accuracy
class 0.2. The air temperature was monitored by a mercury
thermometer with accuracy within 0.5°C. The time was measured
by an electronic stopwatch with at least 0.1 sec accuracy level.

Measurements of rotational moment values were taken by
a torque wrench KD-200—13 [2], enabling to measure rotational
moments within the 0...250 NYm range and accuracy class 2.

As the valve to be tested, there was used a lock valve
manufactured by the “Krasnyi Kotelshchik” Taganrog Boiler
Plant (TBP) with the following characteristics: internal flow
diameter d;,=10 mm, design pressure P,=1.6 MPa (Fig. 2).

The method of the experiment included the following
steps. The valve was preliminary opened in order to ensure
a guaranteed cap tear off from the seat. Then the valve was
tightened by the torque wrench up to the set rotational moment
value. After that the compressor was switched on and it increased
the pressure up to the set value. The leak was passing through
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Fig. 1. Schematic diagram of experimental

test bench “Power valve leakage test”:
I— tested lock valve; 2 — sealing system; 3 — piston compressor; 4 — accumulating
vessel (receiver); 5 —exemplary gage; 6 — gage main valve; 7 — gage blow-off
valve; § — measuring bulb; 9 — water tank; /0 — releasable connection of “ball-
cone” type; 11 — electric motor
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Fig. 2. Schematic design of the tested valves
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the valve all this period providing the condition for stabilization
of the flow through the valve’s flow cross section. Then the air
was re-directed into the measuring bulb and at that instant
the stopwatch was switched on.

In the course of a series of experiments, the leakages through
the valve were investigated in the following range of parameters:
differential pressure: up to 1.6 MPa; rotational moment:
up to 40 N-m and discharge of air brought to atmospheric
parameters up to 165 mmHg (millimeter of mercury scale).

Processing and interpretation of experimental data. The results
of all blow-offs of the valve are reflected in the dependence
shown in Fig. 3.

The derived diagrams show that all the points are located
on the curves of power functions in the co-ordinates of rotational
moment — leakage. However, bringing of all data to one diagram
shows a large dispersion (Fig. 3) which was quite expected.
An analysis of relevant literature has shown the absence
of criteria dependences binding all influential parameters, and
that has revealed a necessity to derive a criterion that would
include all parameters determining the amount of valve leakage.

The following parameters were chosen for experimental
data processing: discharged air volume: Q, differential pressure
of the valve: AP, valve flow cross section: D, air density: p, air
viscosity: v, time: T and rotational moment value: M.

Q= (AP4, DP, pevd, T¢, M)). M

The upper indices are unknown values of the exponents that
are in the process of bringing the equation to the criterial form.

The ratio analysis (1) by methods of dimensional theory at
the replacement of the dependent parameters has shown that
an optimal solution will be obtained in determining a criteria
dependence in the form of:

QO/JAP =C- M¥, Q)

where C is a coefficient determined by design of the valves,
as well as by thermal-physical properties of the actuating
medium. It is to be determined experimentally for each type
of the valves.

Processing of the experimental data on the dependence (2)
allowed deriving a criteria dependence describing an experiment
with correlation 0.91:

Q = C-AP°’5~M‘2’17. (3)
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Fig. 3. Dependence of leakage on the rotational

moment value at constant pressure:
1 — 0.405 MPa; 2 — 0.81 MPa; 3 — 1.22 MPa; 4 — 1.62 MPa

15




A. V. Koroliov, P. Y. Pavlyshyn, I. V. Bandurko

Q- (4P)°5. 10°

*
0.05 .
*
0.04
* 0
0.03 .
0.02 ¢ y = 1.0564x21™
* s R2=0.9102
*®
*
0.01 R .
s *
$ie..
0 .."2“0“0000A
0 10 20 30 M, N- m

Fig. 4. Dependence of the valves relative leakage
on the rotational moment value in valves closure

The derived dependence allows achieving more precise
rotational moment adjustment in electric drives. As can be seen
in Fig. 4, with regard to this valve, influence of a rotational
moment within the range of 32...38 NUYm is not so sufficient
on the amount of leak and therefore, it may be decreased
in correlation with the minimum acceptable leak in compliance
with the current GOST.

According to the Central Bureau of Valve Design (CBVD)
information, an exceeding of valve closure rotational moment
during its adjustment only for 17 % of the normalized value leads
to reduction of the valve service life in 1.5 times. Not all NPP
valves are used for operation at nominal parameters. In this
connection, if the pipeline is designed for the pressure less than
the valve calculated pressure, then in order to extend valve service
life it is possible to adjust the drive according to derived formula
for the force less in value than it is set in PS (performance
specifications) and DD for this item, which correspondingly

will prolong its service life with providing required tightness.

The above presented research method enables to identify defects
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Fig. 5. Dependence of a relative valve leak on the value

of the rotational moment during valve closure:
1 — fit faucet; 2 — unfit faucet
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of the valve flow area. Here appears an opportunity to identify
the defects which is difficult to diagnose by examination,
the defects related to valve tightness problems.

Thus, in the course of the experiment on one of the lock
valves, the empiric data scattered with the projected calculated
ones (Fig. 5). A disassembly of the valve showed that the locking
pin had got torn off and the locking element did not have
rigid connection with the stem, which had led to the above
mentioned faults. So it turned out that at small air pressure
(0.4 MPa) in one case the cap was lifted by the stem and was
bleeding air (Fig. 5, pos. I) but in the other case it stuck and
was lifted by air pressure (Fig. 5, pos. 2). It should be noted
that during the experiment on the defective valve, we have got
the result that could meet the requirements of GOST 9544
on tightness, and this item could have been accepted usable
while the defect would have been revealed only in the course
of the valve operations.

Conclusions

The completed research allows making the following
conclusions:

1. There has been obtained a dependence that enables
to estimate, with accuracy required in hydrodynamics, the value
of a leak at any set rotational moment and referential pressure
in the valves.

2. The elaborated method of valve leakage test enables
to cast out valves with manufacturer’s defects in the most hard-
to-reach part of the valve: its flow area.

3. The derived dependence is the first one that binds
hydrodynamic parameters with valve operating setpoints.

The work done is the first experience in the series of research
on power valve leakages that are being carried out in ONPU
and is intended to seek and try new methods for on-line control
of power valve reliability.
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Onecckuii HaUunoHasIbHbIN MOJIMTEXHNYECKUIA YHUBEPCUTET,
r. Oaecca, YkpanHa

JkcnepuMeHTanbHoe uccliefoBaHue repMeTUYHOCTU
apMaTypbl NpU pa3JIN4HbIX YCUNTUSAX 3aKpPbITUSA

CunoBasi apmartypa ycTaHOBJIEHa NPakTU4YeCcKky Ha BCcex Tpybornposoaax
A3C, BbINOJIHAS QYHKLUWM PErYNPOBKU U MNEPEKPLITUS MOTOKa, MOTOMY
ee 0Tka3 4acTo npuBOANT K aBapuiiHbiM cutyaumsam. OcobeHHO
60/1bLLIOE KO/IMHYECTBO OTKA30B XapakTepHO A5 37eKTPOnpuBOaAHOM
apmartypbl. HenpaBuibHasi HacTpovika npenesbHou MydTbl npuBoanT
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7160 K HEMOJIHOMY 3aKPbITUIO apMaTtypbl, b0 K MoJIOMKe LToKa. [ToaTomy
apmartypa sBnsetrcs Tem obopyaosaHuem ASC, KoTopoe 4aije BCero
ronazaaet B pEMOHTHbIe MacTepckue. OcobeHHO onacHsbl A4s151 ASC nosaomku,
npuBoAsILUME K YBEJIMYEHWUIO YTe4ku apmartypbl. [lpy 3TOM npoTeydka
apmartypbl BbICOKOrO AaBJIeHUsT MPUBOAUT K 3PO3UM  YrOTHUTESIbHbIX
1OBEPXHOCTEM, 4TO B CBOIO O4EPEb TOJILKO YBENYUBAET MPOTEYKY. Takum
06pa3oM, 04eHb BaXHO 3HaTb ONTUMAaJIbHOE 3HAYEHNE KPYTSLLEro MOMeHTa
1Py 3aKPbITUM aPMaTypbl. YCIOXHSET Npobaemy OTCyTCTBUE B CTaHAapTax
Ha npoTeYKy apmMaTypbl yC/1I0BUIA Ha yCUIne ee 3aKpbITUS.

Jns nccnenosaHvs 3aBUCUMOCTY MIPOTEYKU apMaTypbl OT KPYTSLLEro
MOMeHTa Ha ee LuToke Obl1 pa3paboTaH CTeHA, MNo3BOossoWmi paboTaTb
Ha Bo3ayxe ¢ gasneHnem [0 3,5 Mlla. [TposBeneHsl namepeHus: YeTbipex
He3aBUCUMbIX MapamMeTPOB CTaHAaPTHOr 0 3aropHOro KaanaHa c yc/10BHbIM
anametTpom 15 MM u ycioBHbIM AaBneHnem 64 atMm: aaBieHvs Bo3gyxa
nepea vccaenyeMbiM KaanaHoM, KpyTSLMi MOMEHT 3akpbiTvsl KiarnaHa,
obbema rnoTepu BO3Ayxa 4epes3 apMarypy v BDEMEHU MPOTEYKU.

YctaHoBneHHasi 3aBUCUMOCTb YTEYKM OT BEJIMYUHBLI  KPYTSLLEro
MOMEHTa r03BO/ISIET peKoMeHAoBaTb bonee  waaswmil  pexmm
3aKkpbITus apmaTypbl 6€3 CyLLeCTBEHHOr0 CHUXEHUsI ee repMeTuyHOCTH.
B pesynbtate 06paboTKy  SKCNEPUMEHTAasIbHbIX [aHHbIX [10J1y4€HO
KpuTepuasibHoe ypaBHEHNE, CBSI3bIBAIOLLEe BEINYNHY MPOTeYKM, nepenas
aBJIEHVS HA K1araHe 1 BEINYNHY KPYTSLLEro MOMEHTA, KOTOPOE 103BOUT
ornpeaensite  KOMIAPOMUCC MEXAY YCWINeM 3akpbiTusi  apMarypbl
W AONYCTUMbIM YPDOBHEM MPOTEYKMN COr/IACHO HOPMAaTUBHbIM TPEBGOBAHUSIM.
AHann3 rpapuka «yreyka —KpyTSALWMA MOMEHT» Moka3asa BO3MOXHOCTb
onpeneneHvs NoBPEXAEHHOVM apMarypbl, 4TO MOXET ObITb UCI0/Ib30BAHO
Ha BXOAHOM KOHTpose nocTtynaioleri Ha ASC apmartypbl v CyLLIeCTBEHHO
MOBbLICUT HAAEXHOCTb ee PaboTh.

Knwo4deBble CJ10Ba: HaexHOCTb, apMaTypa, repMeTudHoCTb, yCu-
JINe 3aKpbiTUSI, 3KCNEPUMEHTasIbHOe WCCAeA0BaHne, KputepuaabHoe
ypaBHeHue.
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Opnecbkunii HalioHanbHW nosiTexHiyHwi yHisepcuTtet, M. Oaeca, YkpaiHa

EkcnepumMmeHTanbHe AO0CNIAXEHHA repMeTUYHOCTi apma-
Typu 3a pPi3HUX 3yCUJIb 3aKPUTTS

CwunoBaapmaTtypaBCTaHOBJIeHa PakTN4YHO Ha BCix Tpy6ornpoBoaaxAEC,
BUKOHYIOYN QYHKUII peryntoBaHHs Vi NepekpuTTs rnoToky, ToMy ii BiamoBa
4acTo npu3BOAUTbL A0 aBapiviHnx cutyauii. OcobnmBO Bemka KiflbKiCTb
BiZIMOB CIOCTEepIraeTbCsl B €/1eKTPONPUBOAHIV apmatypi. HenpasuibHe
HanawTyBaHHsI rpaHnYHoi My@Tn Nnpu3BoanTb ab0 A0 HEMMOBHOI0O 3aKPUTTS
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apmarypu, abo [0 MosoMku wWwToka. Tomy apmartypa € Tum 061aaHaHHSIM
AEC, sike Havi4acTiwe noTtpanise B PEeMOHTHI marictepHi. OcobsmBo
HebeaneyHi ans AEC nonomku, Lo npu3BoasTe 40 306ibLUeHHS MpoTikaHb
apmatypu. [pu ubOMY NPOTIKaHHS apMaTypu BUCOKOIro TUCKY NpuU3BOANTL
0 epo3sii MoOBEPXOHb YLLi/IbHIOBAYIB, O CBOK 4epry Tilbku 306i1bLuye
rPOTiKaHHs. Taknm YMHOM, AYXe BaXJMBO 3HATW ONTUMaJsibHE 3Ha4eHHS
KDYTHOrO MOMEHTY Mpuv 3aKpuUTTi apmatypu. YcknanHioe npobnemy
BIACYTHICTb y CTaHAapTax Ha fpoTiKaHHs apMatypu yMoB Ha 3ycuins ii
3aKpuTTS.

Jns  gocnigxeHHs 3asieXHOCTI BEe/NYUHU  MPOTIKaHHS apMartypu
Bifl BE/INYMHN KPYTHOrO MOMEHTY Ha ii LTOKy 6yB po3pobsieHnii CTeHA,
14O [03BOJIAE npauoBaTy Ha nosiTpi 3 Tmckom Ao 3,5 Mrlla. lNposeneHo
BUMIP 4YOTUPLOX HE3aJeXHUX rnapaMeTpiB CTaHAapTHOro 3anipHoro
KnanaHa 3 YyMOBHUM AiaMeTpoMm 15 MM i yMOBHUM TUCKOM 64 aTtm: TUCKY
roBITPsi nepes A[AOCAIAXYBaHUM KarnaHOM, 3YCWUIJIS MOMEHTY 3aKpUTTS
knanaHa, 06’eMy BTpaTy MoBiTPsi Yepes3 apMaTypy i 4acy npoTiKaHHS.

BcTaHoBsieHa 3anexXHiCTb BUTOKY Bif BEJIMYUMHU KPYTHOrO MOMEHTY
Zae 3MOory pekoMmeHayBaTu Oinblu LafHui PEXuM 3aKpuTTs apMaTypu
6e3 iCTOTHOro 3HWXeHHs ii repmeTndHocTi. B pe3ynbtati 06pobku
EeKCrepuMeHTabHUX AaHnx OTPUMAaHO KpuTepiaibHe PiBHSIHHS, LLO 3B’93yeE
BEINYMHY MPOTIKaHHS, nepenas TUCKY Ha KnanaHi Ta BeNYnHy KPyTHOro
MOMEHTY, 3a JAOMOMOrol0 SIKOr0 MOXHa BW3HA4YaTv KOMIPOMIC MiX
3YCWIIISIM 3aKPUTTSI apMatypu i JONYCTUMUM PIiBHEM MPOTIKaHHS 3rigHO
3 HOPMATUBHUMU BUMOramu. AHania rpagika «BUTIK — KPYTHUA MOMEHT»
rokasaB MOXJINBICTb BU3HAYEHHSI MOLUKOAXEHOI apMaTypu, Lo Moxe ByTu
BUKOPUCTAHO Ha BXiAHOMY KOHTPOJIi apmartypu, ska Haaxoamtb Ha AEC,
i cyTTEBO NIABULLNTL HaAIHICTb iT po6oTH.

KnoyoBi cnoBa: HapaiviHICTe, apmartrypa, repMeTuydHICTb, 3YyCU/i/s
3aKpUTTS, eKkcrepyMeHTasibHe AOCIAXEHHS, KpUTepiasibHe PiBHSIHHS.
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