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DAMAGE TO POWER VALVES
AND THEIR INPUT CONTROL

11.A. Hagmuuun. NomkoaKeHHs1 eHePreTHYHOI apMaTypH i ii BXiHuii KoHTpo.Ib. EnepreTndna apmaTypa 3aiiMae KII090BE Micie
B NUTaHHAX HafiitHocTi eHeproobnanuanus AEC. ApmaTypa BCTaHOBJIEHA Ha TPyOONPOBOAAX, IO MOB'A3YIOTH NPAaKTHYHO BCE OCHOBHE i
JIOTIOMDKHE OOJaZHAHHS €IEKTPOCTAaHIIii, KPiM LbOr0, apMaTypa IIUPOKO IOLIMPEHA Ha €JICKTPOCTAHIsIX. AHali3 cUTyalii Mmokasye, 110
IepeayMOBH BHXOZY 3 JIaly apMaTypd MOXKHA PO3ALUINTH Ha 4OTHUpH rpymu IIpencTaBieHa TabIMIss OCHOBHUX HECIPABHOCTEH Ta IIOMIKO-
JUKEHb apMaTypy 3a pe3ylbTaTaMH aHaiizy JaHux pemoHTHuX nexiB AEC. ITokasaHo, 110 OCHOBHI mpoOieMH apMaTypu 3aB'a3aHi Ha JiBa
(akropu: crapinHs i 3HOC apMmartypu, ToOTO mpobiemMu 1 eKCIuTyaTamil i MOMHIJIKM KOHCTPYKIIT 1 BUTOTOBJICHHS, IO MPEACTABIAIOTH BXKE
3aBOACHKI NpuauHU. Bxinuuii koHTpons apmatypu Ha AEC HOCHTH B OCHOBHOMY TOKYMEHTAIILHUH XapaKTep, TOOTO BUKOHY€ETHCS IepeBipKa
KOMIUIEKTHOCTI JIOKyMEHTalii Ta JeTaaupoBKu obyagHaHHs. Takok MPOBOASATH OIVIAA YCTATKYBaHHS Ha MPEIMET BUANMHUX IMOIMIKODKEHb.
PeMOHTHI 1 MOHTaXHI OpraHi3alil TaKOK He MPOBOJSATH CIELiaJbHUX TECTIB AJIs apMaTypH, CIIUPAIOYKCh Ha JIOBIpY /10 3aBO/Y-BUPOOHHUKA.
IIporonyeTbcst peanizyBaTH Ha €IEKTPOCTAHIIISIX METOJHMKY BHOIPKOBOTO BXiTHOrO KOHTPOJIO apMmarypu. [IpomoHOBaHMI BHI BXiTHOTO
KOHTPOJIIO TIOB'SI3y€ MPAKTUYHO BCI OCHOBHI IapaMeTpu apMaTypH — ii yMOBHHMIT TiaMeTp, TUCK Ha BXOJi IPH FapaHTOBAHOMY 3aKPHTTS ap-
MaTypH, JOIMyCTUMHUH MPOITyCK CEpefOBUIIA i HOMIHAIBHUH KPyTHUH MOMEHT. Pe3ynbTaTi eKCIIepUMEeHTaNbHUX AOCIIIKEHb, IPOBEICH] Ha
peanbHiil apmMaTypi, MoKa3aau e(heKTUBHICTh TAKOTO METOAY KOHTPOJIIO, SIKMW JO3BOJISIE HE TUILKH BCTAHOBUTH PiBEHb MPOIYCKY apMaTypH,
a ¥ BU3HAUYNTH HEOOXiJHE 3yCHILUI 3aKPUTTS apMaTypH eJIeKTPOIpHBOAOM. KpiM I1b0ro, Takuii METOx KOHTPOJIIO O3BOJISIE BHSBUTH Helpa-
L[e3JaTHy apMaTypy, 40T0 He MOXKHA 3pOOHTH Bi3yalbHUM KOHTpoieM. Takuii KOHTPOIIb JO3BOJNUTH BUSABISITH HE TIIBKU IIOMHJIKU KOHCTPY-
K1ii, ane i po301KHICTh BUTPATHUX XapaKTEPUCTHK OJHOTUIIHOI apMaTypH 1 MPOITyCK apMaTypH MpH 11 perjJaMeHTHOMY 3aKPHUTTS.

Knouosi cnosa: eHepreTiyHa apmMaTypa, HeCIpaBHICTh apMaTypH, BXiIHHI KOHTPOJIb, EKCIIEPHMEHTAIIBHE JOCIIIDKCHHS

P. Pavlyshyn. Damage to power valves and their input control. Energy valves occupy a key place in the reliability of NPP power
equipment. The valves are installed on the pipelines connecting practically all main and auxiliary equipment of the power plant, besides, the
valves are widely spread in power plants. The analysis of the situation shows that the prerequisites for the failure of the valves can be divided
into four groups. The table of the main faults and damages of valves according to the results of analysis of data of NPP repair shops is pre-
sented. It is shown that the main problems of the valve are tied to two factors: aging and wear of the valve, i.e. problems of its operation and
errors in design and manufacture, which are already factory reasons. Input control of valves at NPPs is mainly of documentary nature, i.e.
check of completeness of documentation and equipment details. The equipment is also inspected for visible damage. Repair and installation
companies also do not carry out special tests for the valves, relying on the confidence in the manufacturer. It is proposed to implement at
power plants a method of selective input control of the valve. The proposed type of inlet inspection connects almost all basic parameters of
the valve - its nominal diameter, inlet pressure at the guaranteed closure of the valve, the permissible medium flow and the nominal torque.
The results of experimental studies carried out on real valves have shown the effectiveness of such a method of control, which allows not
only to establish the level of passage of the valve, but also to determine the required force of valve closure by electric actuator. In addition,
this method of control allows you to identify inoperable valve, which can not be done visual control. Such control will allow to detect not
only design errors, but also the divergence of flow characteristics of the same type of valve and valve passage at its regular closing.

Keywords: power valve, valve failure, input control, experimental investigation

Introduction. Reliability of operation of power valves largely determines the reliability of the
main equipment of NPP. Timely detection of damage to the valves will help to avoid unscheduled
stops and accidents of the plant heating equipment. And vice versa, failure of the responsible valve can
lead to serious events. One can recall the failure of the pulse valve of the pressure compensator at
Trimile Island NPP, which ended with the first serious accident at the world's nuclear power plants [1].
A similar failure of the CPU was noted at the RAPP, but was detected and eliminated in time.

Thus, the energy valves occupy the key place in questions of reliability of power equipment of
NPP. The valves are installed on the pipelines connecting practically all main and auxiliary equipment
of the power plant and there are known cases, besides, the valves are widely spread at the power
plants, so the 1000 MW block contains more than 9 thousand items of different energy valves. It
should also be noted that damage to valves within the NPP unit leads to serious economic costs. For
this, it is necessary to have a sufficiently large staff of repair personnel and special equipment for re-
pairing valves [2].
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Aim of the article. To identify the weakest points of the valves, to determine if they can be iden-
tified at the entrance control. It is also important to compare the pass criteria for two different types
of fittings.

Analysis of the problem and its actuality. The analysis of the situation shows that the prerequi-
sites for valve failure can be divided into four groups:

1. Factory-specific damage, which occurs when the output control of a fitting in the factory is
poor.

2. Damage caused during transportation or factory damage that was not detected during the NPP
input inspection.

3. Damages arising directly during operation (vibration and erosion-corrosion damage).

4. Damage caused by poor quality repairs to the fitting and its components.

Below is presented the Table 1 of the main faults and damages of the valves according to the re-
sults of analysis of data of NPP repair shops.

Table 1
Distribution of fitting faults by type and cause of damage (in quantity)
Sl g | g2 g B s | T
Armature type E f_g Tg Tg Tg ~5 E E é ke % =
52| o 2 | 23| ¢ S8 | =3 P

Reasons for damage s %‘ 3 8 5 5 § 2 c;s j=
Without reading 58 30 40 8 32 9 36 212
Electrical effects 14 - 13 2 1 2 - 32
Ageing 100 21 154 103 55 15 43 497
Contamination 21 - 6 9 5 2 4 47
Wear 150 13 91 194 143 42 4 637
Material inconsistency 16 1 11 - 4 - 1 33
The_ control, the influence of the 12 1 24 5 5 3 2 52
equipment
Feed effect 3 - - 2 1 1 2 9
Beneficiary impact - - 1 - - - - 1
Corrosion 1 - 2 1 2 - 1 7
Maintenance 2 1 3 2 2 - - 10
Manufacturing errors 36 - 19 12 14 17 6 106
Design errors 18 1 5 1 3 16 - 44
Total 433 68 369 339 207 107 104 1687

As can be seen, the main problems of the valve are tied to 2 factors: aging and wear of the valve,
i.e. problems with its operation and errors in design and manufacture, which are already factory rea-
sons. The sample analysis shows that only 12.5 % of the original valve worked without indications,
i.e. no failures. The main failure rate is for shut-off and control valves (over 80 %). Table 2 shows
which parts of the fitting are most exposed to damage [3].

Table 2
Distribution of faults to the intended use and to the component parts of the fitting (%)
S Lock, Regulating Protective Safety
Fault Distribution 0.62 024 011 0.03
Flange couplings, gland =~ |5 59 0.18 0.07 0.03 0.01
joints, separating part guides
Removable parts 0.58 0.36 0.14 0.06 0.02
Drivers 0.08 0.049 0.019 0.009 0.002
Electrical part 0.05 0.031 0.012 0.006 0.001
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Damage is caused by aggressive influences of vibration, erosion and corrosion. This indirectly re-
flects both the purpose of the fitting and its place of installation. It can also be seen from Table 1 that
about 20 % of the damage is the result of a factory defect.

Recommendations. At present, the input control of the valves at nuclear power plants is mainly
of documentary nature. Thus, when the valves are received from the plant, the completeness of docu-
mentation and detailing of equipment is checked. In some cases, the equipment is inspected for visible
damage: slits, corrosion, etc. As a rule, repair and installation companies also perform no special tests
for the fitting and install it based on the confidence in the manufacturer. Below are the main goals and
tasks of input control at NPP [4].

Input control (IC) of products is carried out for the purpose:

—to prevent launching into production of products that do not meet the established requirements;

— protection of economic interests of NPP.

The main tasks of the input control are:

— carrying out of the entrance control at the stage of the receipt of products to the warehouses
UPTK in the scope of technical inspection (VK-1);

— entrance control at the stage of receipt of products from UPTK warehouses in the volume of
technical inspection (VK-2);

—all products arriving at NPPs are subject to entrance control. The applied volumes and methods
of control depend on the purpose of products.

Special types of metal control at the request of curators VK conducts metal control department.

As it is possible to see, these recommendations do not allow to reveal factory errors of design and
manufacturing, in the best case it is possible to define only discrepancy of metal of a product to
the declared.

Taking into account the above mentioned it seems expedient to

Q implement at power plants the method of selective input control of

valves immediately before their installation on pipelines or at the

input control at nuclear power plants. The proposed type of inlet

inspection connects practically all the main parameters of the valve

— its nominal diameter, pressure at the inlet at the guaranteed closure

of the valve, permissible medium flow and nominal torque. Typical

— dependence of the passage of the valve e. g. on the value of torque

Min M Me on the rod at a constant pressure at the inlet is shown in Figure. The

dependence is shown taking into account the studies [5] and looks
close to the parabola.

Qn

Dependence of the valve
throughput on the degree of

twisting: Q, — nominal valve Experimental studies carried out on a real valve [5] have shown
throughput according to its that this method of control not only allows you to determine the lev-
passport data; M, — nominal el of passage of the valve, but also to determine the necessary degree

torque ensuring the valve of its closure by torque, for example, on the installed actuator. In

throughput; M., — critical torque  addition, this method of control makes it possible to detect inopera-
leading to failure of the valve  pje valves, which cannot be done by visual inspection [5].
stem; Mp, —torque at the Such a check-up will not only detect design errors, but also
beginning of valve closure discrepancies between the flow characteristics of a valve of the same
type and the valve's flow rate during routine closing.
Conclusions
1. The analysis of damage to energy valves has shown that the main causes are wear and tear, ag-
ing, and design and manufacturing errors.
2. It is proposed to expand the input control of energy valves, experimental study of the charac-
teristics of the valve passage on a special stand.
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