i g

DOI:10.22184/1993-7296.FR0s.2023.17.3.224.230

Cucrtema ans
3HAO0CKONUYeckKoro
KOHTpoOAs
TenJoBbiaensarowmx
c6opoK

C.M. BeuacHos, B. [1. bapmacos, A. H1.ITonos,

M. A. 3asbsanosa

Koncmpykmopcko-mexHoAo2u4ecKull UHCMUMym HAay4H020
npubopocmpoenus CO PAH, Hosocubupck, Poccus

OnuncaHa cuMcTema g/t 3HA0CKONMYeckoro
KOHTPO/1 BHYTPEeHHel NOBepXHOCTU
HanpasASOWMNX KAHAJI0B TEN/10BblAeNaoWUX
c60poK BOAHO-BOASIHbIX 3HEpreTU4ecKmnx
peakTopos. [lpeAcTaB/eHbl OCHOBHbIE
CTPYKTYpPHbIe 3/1eMeHTbl CUCTEMbI, B TOM

ymcne onTuyeckas cxema 6s10ka npuema

M 06paboTKM N306pakeHuUs. laHHbIN 610K
obecneyuBaet yron o63opa BUACOCUCTEMbI HE
MeHee 90°, AUCKPEeTHOCTb NOKa3aHUM CUCTEMDbI
BEpTUKAJIbHOIO MO3NLLMOHUPOBAHUSA 1 MM

M AINTE/IbHOCTb OAHOKPATHOr O MNOJIHOrO LKA
OCMOTpa HanpasnAWMUX KaHan0B 10 MUH.

KnioueBble cnoBa: TenioBbIgesoWwme c6opku
(TBQ), Tennosbigensitowme snemeHTol (TBI1),
3HA0CKOMUYECKUIN KOHTPO/b

CTatbs nonydeHa: 24.12.2022
CTaTbs NnpuHaTa: 19.02.2023

BBEAEHWE

DHIOCKOIIMYEeCKUI KOHTponb (ganee - 9K) obnamaer
BBICOKOXM HMHQOPMATHBHOCTBIO M IIHPOKO HCIIONB3Y-
€TCs BO MHOTMX OTPAC/IsiX IIPOMBIIIIEHHOCTH. Tak,
BHYTPEHHUM OCMOTP Pa3IMYHBIX AeTaled U y3JI0B
II03BOJISIET BBISIBUTH JeQeKThl U IOBpeKAeHHUS
B MeCTax, HeIOCTYIIHBIX I7a3y Habmiomartens. 3ada-
CTYIO SH/IOCKOIIHS SIBJISIETCSI € IMHCTBEHHBIM METOZIOM,
[I03BOJISIIOIIUM OIIPEee/IUTh COCTOSIHHE OTBETCTBEH-
HBIX JIeTaJIeN U Y3/I0B.

B aTOMHOM 3HeproIpOMBIIIIEHHOM KOMILIEKCe
¢ momoIpio JK pemIaroTcs 3aa4Yd IOBBIIIEHMS KC-
IUTYaTal[MOHHOTO Pecypca M HaAeKHOCTH TeIUIOBBI-
nensromux c6opok (TBC) M TEIIOBBIOENSIOMIMX 3JIe-
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The system is described for endoscopic control
of the inner surface of the guide channels of
the heat-eating assemblies of water-watering
energy reactors. The main structural elements
of the system are presented, including the
optical scheme of the image and processing
unit. This block provides an angle of viewing
of a video system of at least 90°, discretion

of the indications of the vertical positioning
system of 1 mm and the duration of a single
complete inspection of the guide channels 10
minutes.
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INTRODUCTION

The endoscopic control procedure (hereinafter
referred to as the EC) is highly informative method
widely used in many industries. Thus, an internal
inspection of various parts and assemblies makes
it possible to identify any defects and damage in
the inaccessible places. Endoscopy is often the only
method that allows to verify the condition of critical
parts and assemblies.

In the nuclear power generation complex, EC is
used to solve the issues of increasing the service
life and reliability of fuel assemblies (FAs) and
fuel elements (FEs) (1, 2]. Thus, the main cause of
FE depressurization includes the defects resulting
from interaction of the shell with foreign matters
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MmeHTOB (TB2JIoB) [1, 2]. Tak, OCHOBHOIM IIPUYHHOMN
pasrepMmertu3sanyu TBIJIoB sBisioTCs AedeKTsl, obpa-
3yIoLIHecsl B pe3y/abTaTe B3aHMOJEHCTBHS 0060T0UKH
C TIOCTOPOHHHMH IIpeIMeTaMH B TeIlJIOHOCHUTesIe
peakTopa. Kpome Toro, BcTpevyarTcs AedekTsl 060-
JIOUKH B pe3y/lbTaTe ee B3aHMMOMEMHCTBHS C NUCTAH-
LIMOHHpYIOLlell pemieTkoil ([IP), a TakKe CBsI3aHHbBIE
C HapylleHHeM TeXHOJIOTHH H3roToBiaeHHs TB3JIoB.
YCTaHOB/IEHO, YTO B 60% Cy4aeB CKBO3HOE IIOBpeXK/Ie-
HHe 000/104eK MPOMCXOAUT 3a CUeT B3aUMOJEeLCTBUS
C MOCTOPOHHUMM IIpeMEeTaMHM, IIONaJalIUMU
B my4yok TB3JIoB M3 TemIOHOCHTeNs. B CBowo oue-
penb, B CaM TeIUJIOHOCUTeIb MOIYT ObITh 3aHeCeHBI
OCTAaTKM MaTepHasia, 06pasyrolerocs mpu IIPOU3BO-
ctBe TB3JIoB 1 TBC.

TakuM 06pa3oM, 3SHAOCKOIIMYECKUH KOHTPOJIb
KauecTBa obonmoderk TBDJIOB sB/IsieTCS BasKHOM CTa-
OHel IIpolecca MPOM3BOACTBA TOIUIMBA JISI aTOM-
HBIX peakTopoB. OH I103BOJIeT IIPOBOAUTL OCMOTP
BHYTpeHHel I10BepXHOCTH HaIpaB/ISIOIHUX KaHa-
0B TBC 1 QUKCHUPOBATh COCTOSIHHE HUX BHYTpPeHHEH
IIOBEPXHOCTH. B paboTe IpencTaBieHBl pe3yabTaThl
pa3paboTKU M HCCIefAOBAHUS MHOIOKAHATBHOTO
SH[O0CKOIIMYECKOr0 KOMIIJIeKCA [JIi OCMOTpa BHY-
TpeHHel ITOBEPXHOCTH HAIIPaBJISIOMINX KaHantoB TBC
BOJTHO-BOJSHBIX 3HepreTUuecKux peakTopoB (BBIP)
(manee - KOMILIEKC).

OMNMNMCAHUE KOMNNEKCA
KoMmekc IpefHasHayeH [JIsI OLHOBPEeMEeHHOIO
OCMOTpa BHYTpPeHHeN II0BEPXHOCTH 19 Hampasisiio-
IMUX KaHa10B (manee - HK) u Tpybsl neHTpaibHOM TBC
BB3P omepaTopoM Ha IpenMeT oOHapy>KeHHUs I1OCTO-
POHHHX IIpeIMETOB M BHUAEOPUKCALIUH COCTOSHUS
BHYTpPeHHeH II0BEPXHOCTH .

O6mui Bun KomIriekca IIpeacTaB/ieH Ha puc. 1. OH
COCTOUT U3 C/IelyI0IHX 61I0KOB:

+ pabouee mecTo oriepaTopa-KoHTponaepa OTK;

« 610K mpueMa U 06paboTKH BHUIEOMHPOPMALIUH
(manee - BI1O), pacriosaraeMslil Ha KpIOKe KpaH-
Oa/JIKy C IIPOBOJHOM CHCTEMOM IlepefadH AAH-
HBIX Ha pabodee MecTO OIlepaTopa-KOHTPOJIepa
OTK;

* (HCTeMa BepPTHKAaJIbHOIO IIO03UIIMOHHPOBAHUSA
IolIo’KeHUst 6710Ka mpreMa u obpaboTKu BHe-
OMHGOPMALIMU OTHOCHUTE/IPHO TOPLiA I'OJIOBKHU
TBC.

e 001madg rogsecka ¢ 19 BUmeocucTeMaMHU A1l OCMO-
Tpa BHYTPeHHeH I10BePXHOCTH HaIIPaBJISIONIHX
KaHaJIOB, LIeHTPAJIBHO TPYObI 1IeHTPA/IIBHOM U ee
nHa. Kabenu mepemauu JAHHBIX U 3JI€KTPOIIH-
TaHUS KOKOOM BHEOCHCTEeMBl PaCIIOIararoTcs
BHYTPH 5KeCTKOI 000/104KH. [TofiBeCKa KPeIuTCs
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Fig. 1. Multichannel Endoscopic Complex for inspection of
the inner surface of the guide channels of the WCPR fuel
assemblies

in the reactor coolant. In addition, there are also
shell defects as a result of its interaction with the
spacer grid (SG), as well as those related to the
irregularities in the FE production process. It has
been determined that in 60% of cases, the shell
through damage occurs due to interaction with
the foreign matter entering the FE bundle from
the coolant. In turn, the coolant can contain the
remaining material generated during the FE and FA
production.

Thus, endoscopic quality control of the FE
shells is an important stage in the fuel production
process for nuclear reactors. It allows to inspect
the inner surface of the FA guide channels and
register their inner surface condition. The paper
presents the results of development and research
of a multichannel endoscopic unit for the internal
guide surface inspection of the fuel assemblies in
the water-cooled power reactors (WCPR) (hereinafter
referred to as the unit).
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K 6710Ky 06paboTKu $oTO- BHIEo- HHOOPMALIUHU
M B KpalHeM HIDKHeM II0JI0KeHHH OIHpaeTcs
Ha Topell rosoBku TBC (HemmocpefCTBEHHO MU
yepe3 TeXHOJIOTMYecKoe KOJIbIIO);

* TeXHOJIOTHYeCKHe KOJIbIIA I10f, Pa3/IMYHbIe THUIIBI
TBC pmis orpaHUYeHHs IyOWHBI IIOIPY>KeHHS
BH/IEOKaHAJIOB.

OnTtuuyeckas cxema BIIO mpencraBieHa Ha puC. 2.

C IIOMOINBIO CBETOJHOMHOIO OCBeTUTeIsS (GOPMU-
pyeTcs KOJBL0 Ha BHYTPEHHeH I10BepXHOCTH Tpyb.
OTpakeHHBIN Iy4OK COOMpaeTcs C IOMOIIBIO 06B-
eKTHBa Ha Kamepe, JaHHBIe C KOTOpoH obpabaTsl-
BaIOTCS C IIOMOLIBIO CIIEIHA/IbHOTO IIPOTPAaMMHOIO
obecrieyenus (I10). ®yukuuoHan II0 U MeTomHKa
obHapyxkeHUS NedpeKToB OyAyT OIMCAHBI B Cledylo-
ieM paspese.

JlaHHBIN O/I0OK HIpefAHa3HadeH [JJIsi OCMOTpa BHY-
TPeHHel I[I0BePXHOCTH HANpaBISIOIINX KaHAJIOB
TBC BBSP, mony4deHus ee IUPOBBIX H300paske-
HUHN U Ilepeflade HUX Ha pabouee MeCTO orepaTopa-
KOHTpoJIepa 1o Kabesnio Ethernet.

19 BupeocucTeM U CHUCTeMa BEPTHKAJIBHOIO IIO3M-
LIMOHMPOBAHMS Pa3sMeIleHbl Ha IIoABecke. Makcu-
MajabHAas [JHMHA IOTPY)KHOM 4YacTH BHAEOKaHa-
JIoB OT Topua rojnoBku TBC o Toplia BUAEOKaMeEpPhI
cocTaBisieT 4410 MM. HapyXHBIH AHaMeTp BHIEO0-
TOJIOBKH paBeH 8,2 MM. JIMCKPeTHOCTb IIOKa3aHHM
CHCTeMBl  BePTHKa/JIbHOIO MO3UIIMOHHMPOBAHUSA
OocTHUraeT 1 Mm.

CucTteMa BepPTHUKA/JIBHOIO IIO3HMIMOHHPOBAHMS
OTHOCHUTEJbHO TOpLa ronoBkd TBC mpencrasiser
coboI1 OITO31eKTPOHHBIN OeCKOHTAKTHBIN H3MepH-
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UNIT DESCRIPTION

The unit is designed for simultaneous inspection of
the internal surface of 19 guide channels (hereinafter
referred to as the GCs) and the central WCPR FA pipe
by an operator to detect foreign matters and perform
video recording of the internal surface condition.

The general view of the unit is shown in Fig. 1. It

consists of the following modules:

« workplace of the QCD controlling operator;

« video data collection and processing unit
(hereinafter referred to as the CPU), located
on the overhead crane hook with a wired data
transmission system to the workplace of the QCD
controlling operator;

« vertical positioning system for the position
of a video data collection and processing unit
relative to the end face of the fuel assembly head;

+ general suspension module with 19 video systems
for the internal surface inspection of the guide
channels, the central pipe and its bottom. The
data and power transmission cables for each
video system are located inside the rigid shell.
The suspension is attached to the photo and video
data processing unit and, in its lowest position,
rests on the end face of the fuel assembly head
(directly or through the process ring);

 process rings for various types of fuel assemblies
to limit the immersion depth of video channels.

The optical circuit of the CPU is shown in Fig. 2.

A LED light is used to make a ring on the internal
surface of the pipes. The reflected beam is clustered
using a lens on the camera, the data from which

is processed using the special

Kopmiyc Kanan TBC

TIOCTOpPOHHUM ITpeAMeT

software (SW). The software
functions and defect location
routine will be described in the
next section.

7

This unit is designed to inspect

the internal surface of the guide
channels of WCPR fuel assemblies,
obtain its digital images and
transfer them to the workplace
of the controlling operator via an
Ethernet cable.

19 video systems and a vertical
positioning system are suspended.

Kamepa O6BEKTUB

Puc. 2. Onmuyeckas cxema 6aoka c6opa sudeouHpopmau,uu

KoJIb11eBOM CBETOAHOSHBI
OCBETHUTEIb

Fig. 2. Optical diagram of the video information acquisition unit

The maximum length of the
submersible part of video channels
from the end of the fuel assembly
head to the end of the video camera
is 4,410 mm. The outer diameter
of the video head is 8.2 mm. The
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Telb PACCTOSHUS INIyOHMHBL IIOIPYsKEeHHS I10ABECKH
B KaHanabsl TBC, BBIIIOJTHEHHBIN Ha J1a3epHOM JaIbHO-
mepe FLS-C10 ¢pupmer DIMETIX.
IIpu mposemeHuu ocMoTpa TBC Kommiekc BBIIIOIN-
HSeT CIeAyolnre QyHKIIHH
¢ mpoBepka paboThl KAHAIOB OCMOTPA;
e 1mpoBepka pPaboTBl CHCTEMBI BepPTUKAIBHOIO
[IO3UIIMOHUPOBAHMUS;
* OIIPOC BHIEOKAHAJIOB U COXpPaHeHHe CHUMKOB;
* BBIBOJ CHUMKOB U ITyOHHBI IIOTPY>KEHHUS II0fIBe-
CKH Ha 3KpaH MOHHUTOPA;
* IIOMCK IIOA03PpUTEeIbHEIX MecCT B TBC;
* ocMoOTp gHa Bcex TBC B OTIe/IBHOCTH.

NMPOrPAMMHOE OBECINEYEHWE
KOMTIJIEKCA

[IporpamMHoe obecredeHue Komiuiekca paboraer
B HECKOJIBKHX PeKHMax:

* PeXKUM aJMHHUCTPHUPOBAHUS, MpefHA3HAYeH-
HBIM U U3MeHeHHUs I1apaMeTpoB paborel Kom-
IUIeKCA W HACTPOeK IIPOrPaMMBI, IIPOCMOTpa
JIOKAJIBHOTO IIPOTOKOJIA;

* PEeKHM OCMOTpPa, IIpefHa3sHAa4YeHHBIH [JIs
BBIBOZA H300paskeHHS OT 19 BHAEOCHCTEM Ha
pabodee MecTo omepaTtopa C BO3MOKHOCTBIO
BBbIJe/IeHUs BBIOPAaHHOI0 KaHJIa KM MacmTabu-
POBaHUS H300pKeHHUS;

* HMHGOPMALIMOHHO-COBETYIOIIHN PeXHUM, Ipel-
Ha3HAYeHHBIA [ o6paboTku u306paskeHUs
oT 19 BUIEOCHUCTEM C LIEJIbI0

reading discreteness of the vertical positioning system
reaches 1 mm.

The vertical positioning system relative to the end
face of the fuel assembly head is an optoelectronic
non-contact measuring device for the suspension
immersion depth into the fuel assembly channels,
made using the FLS-C10 laser ranging device by
DIMETIX.

When inspecting the fuel assemblies, the unit
performs the following functions:

+ functional check of the inspection channels;

« functional check of the vertical positioning

system;

« scanning of video channels and saving the

images;

 displayingimages and the suspension immersion

depth on the monitor;

« search for suspicious points in the fuel

assemblies;

« bottom inspection of all fuel assemblies in

a separate way.

UNIT SOFTWARE
The unit software can be operated in several modes:

« administration mode designed to change the
unit operation parameters and program settings
and view the local protocol;

 inspection mode designed to display the images
from 19 video systems at the operator’s workplace

Bblge/IeHH s COMHHTEIIb~
HBIX Y4Yd4CTKOB, HX JIOKaJ/IH- -
3allMK K I1pedoCTaB/I€HHA

HE

i Orpar e P DH Tea T

b Com g Tiain i T Pt s R

Oy CERET .

HHPOpMALMU  OIIepaToOpy-
KOHTPOJIEPY.

[Ipumep H3006paskeHUI BUIEO-
CHUCTEM B peskuMe «OCMOTp» IIOKa-
3aH Ha pHuC. 3.

OCMOTp 3aKaHUMBaeTCsd IIPH
OOCTHKEHHU II0[BEeCKOU CTOIIOP-
HOI'0 TeXHOJIOTHYeCKOI'0 KOJIbLIA.

B pexuMe agMHHHUCTPUPOBA-
HHS OIIepaTop AaeT KOMaHIy Ha
[IpYeM U COXpaHeHHe Pe3y/bTaToB
ocmoTpa u3 BIIO. B HeM BbIIOI-
HsieTcs 06paboTka MPUHATHIX JaH-
HBIX, Ha 9KpPaH MOHHTOPA BBIBO-
IOATCS Hu300paskeHUS] Bcex 19-TH
BUJIEOKAHAJIOB BBIOPAaHHOM IJIy-
OMHBI IIOTPY>KEHHS.
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Puc. 3. MNpumep u306paxkeHuli gudeocucmem 8 pexxume Ocmomp
Fig. 3. Example of images of video systems in the Inspection mode
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HUH C yBeTMYeHHeM Macitaba U BblJe/IeHHeM HHTe-
PeCyoIIIX «OKOH”.

[To xomaHge «IIOMCK COMHUTEIBHBIX YYaCTKOB»
BBIIIOMTHSIEeTCS 06paboTKa U306 paskeHUH C LIeIbIO BBISIB-
JIeHHsI IIOCTOPOHHHUX IIpefIMeTOB. B pesynbraTe dop-
MHUPYeTCs IIPOTOKOI OCMOTPA BHYTPeHHEH I10BepXHO-
CTH HaITPaB/ISIIOIIKX KaHAJIOB.

B pesxume mpocMmoTpa GaryioB M3 apxXHBa BBIION-
HsieTCst 06paboTKa JaHHBIX U3 BRIOPAaHHOTO apXHBHOTO
danna.

[IpuMep IpocMOTpa H300paskeHUI BHAEOCHCTEM
M3 apXHBa IIpe[CTaBIeH Ha pHC. 4.

OBPABOTKA U30BPAXXEHWUW C LLEJIbIO
BbIABJIEHNA MOCTOPOHHUX NMPEAMETOB
Hcmonp3yeTcsi Ba BHUA 0OpaboTKU H300pasKeHHI:
06paboTka M306pasKeHUsI CTEHOK BHYTPeHHER MTOBEPX-
HOCTU HAITPaB/ISIOIIUX KaHAJIOB U 0b6paboTka H306pa-
SKeHUS IHA HAIIPaB/ISIOIIUX KaHaIOB.

Obpaborka wm3006paskeHHUs] CTEHOK BHYTpPeHHEeH
IIOBEPXHOCTH HAIIPaB/ISIOIIMX KAaHA/IOB BBIIIOTHSETCS
C MCIIONB30BAaHHEM TIpafHeHTa H300paskeHUS — BeK-
TOPA, IIOKA3bIBAIOLIEr0 HAaITpaBIeHKe HaUCKOPEeHIIIero
BO3paCTaHUsI HEKOTOPOM BeTHUYHHBI, 3HaUeHHe KOTO-
PO MeHsIeTCsl OT OZHOK TOYKM ITPOCTPAHCTBA K ApYy-
rou (ckajasipHoro moss) (3, 4]. B JaHHOM cy4ae rpa-
OUEeHT [/l KKIOHM TOUKH H300pakeHHs (QyHKLIMS
SIPKOCTH) — IBYMEPHBIH BeKTOpP, KOMIIOHEHTAMH KOTO-
POro SIBJISIOTCS ITPOM3BOJHbIE SIPKOCTH K300paskeHUs
I10 TOPU30HTA/IN U BePTUKAJIU:

gradI(x,y)=(dl/dx, dI/dy).

I
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with the ability to highlight the selected channel
and zoom the image;

« informative and advising mode designed to
process images from 19 video systems in order to
identify the ambiguous areas, locate them and
provide information to the controlling operator.

An example of video system images in the
inspection mode is shown in Fig. 3.

The inspection is completed when the suspension
reaches the retaining process ring.

In the administration mode, the operator gives
a command to receive and save the inspection results
from the CPU. It processes the received data and
displays the images of all 19 video channels with the
selected immersion depth on the monitor.

The operator is able to view the zoomed-in images
and highlight the relevant “openings”.

The “search for suspicious areas” command helps
to perform the image processing procedure in order
to identify foreign matters. As a result, an inspection
report relating to the internal surface of the guide
channels is generated.

In the archival file viewing mode, data from the
selected archive file is processed.

An example of video system archival image viewing
is shown in Fig. 4.

IMAGE PROCESSING

TO DETECT FOREIGN MATTERS

Two types of image processing are used: image
processing of the internal surface walls of the guide

B KakmoH TouKe H300paskeHHS
IPafHUeHTHBIM BeKTOpP OPHEeHTH-
pPOBaH B HaIlpaBJIeHHUM HaHb60/Ib-
IIero yBeJH4eHHUs SIPKOCTH, a ero
IJIMHA COOTBETCTBYyeT BelHMYHHE
HM3MeHeHHUS IPKOCTH.

[l obHapy>KeHUsI ITOCTOPOH-
HHUX IIpefMeTOB Ha CTeHKaxX BHY-
TPpeHHel I10BePXHOCTH HaIlpaBs-
JSIOMKAX KaHaJI0B BBIYHC/ISIETCS
OJIWHAa TpaJHeHTHOIO BeKTopa
B KaXIOHM TO4YKe H300paskeHUS
M CPaBHHBAeTCd C HEKOTODHIM
IIpefie/IbHO [OMYCTHMBIM 3Haue-

p= PreT - =TT

18 Fiaplms B 18 Fapims B

©

HHeM (3aZjaeTcsl OoIlepaTopoM IpHU
HACTPOIKe ITPUJIOXKeHMUS). [IpeBbl-
IIeHHe MOMyCTHMOro 3HaueHUS
cYHTaeTcss o6Hapy>keHHeM B TOUKe
IIOCTOPOHHETO IpeJMeTa.

Puc. 4. Mpumep npocmompa u306pakeHuli gudeocucmem u3 apxuea
Fig. 4. Example of viewing images of video systems from the archive
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[IpoBepKa JHA KAaHAJIOB Ha HaJIM4He IIOCTOPOHHUX
IIPeIMETOB BBIIIONHSIETCS MeTO[OM CPaBHEHUS IIOJYy-
YeHHOro H300paskeHHs OHA KaHajla C 3TaJOHHBIM
n3obpaskeHreM K3 6a3pl STATOHHBIX H300pasKeHMI.
JJis1 3TOro HKCHonb3yercss X3m-QyHKUHS (PyHKIUA
CBEPTKH), OCYIIeCTB/ISIOMmas IIpeobpa3oBaHUe H306pa-
>KeHHsl (MaCCHBA BXOAHBIX HAHHBIX ITPOH3BOJIBHOM
IJIMHBI) B BRIXOTHYIO 6UTOBYIO CTPOKY YCTaHOBIEHHOM
IUIMHBIL (x311) [5, 6].

3AKJTKOYEHUE

TakuMm obpa3omM, B pa3paboTaHHOM MHOTIOKAaHAaJIb-
HOM 3HIOCKOIIMYEeCKOM KOMIIJIeKCe [IJIsi OCMOTpa
BHYTPeHHEH IIOBePXHOCTH HaNpaB/ISIOUUX KaHa-
7108 TBC BBOP HOCTUTHYTHL CJIeOYIONIHe TeXHUYeCKHe

XapaKTepUCTUKU :
« yromn ob3opa 06BEKTHBAa BHJEOCHCTEMBI - He
MeHee 90°;

¢ [IMCKPETHOCTb IIOKA3aHHUI CHUCTEMbl BepTHUKAJIb-
HOTO [T03UIIMOHUPOBAHUS 1 MM.

+ BHJeocHcTeMa obecriedrBaeT IPOCMOTP (4eTKoe
n3obpaskeHHe) Ha BCIO INTyOHHY KaHana TBC.

e BpeMsl CHSATHS/YCTAHOBKH BH/EOCHCTEMBI He
6osee 30 MUH;

i

channels and image processing of the guide channel
bottom.

The image processing of the internal surface walls
of the guide channels is performed using an image
gradient, namely a vector indicating the fastest
increase direction of a certain value that is changed
from one space point to another (scalar field) [3, 4].
In this case, the gradient for each image point
(brightness function) is a two-dimensional vector
which components are the horizontal and vertical
derivatives of the image brightness:

gradI(x,y)=(dl/dx, dI/dy).

At each image point, the gradient vector is oriented
in the direction of the greatest increase in brightness,
and its length corresponds to the brightness variation
value.

To detect foreign matters on the internal surface
walls of the guide channels, the gradient vector
length at each image point is calculated and compared
with a certain maximum allowable value (to be set by
the operator during the application setting). Excess
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* UIMTEeJbHOCTb OAHOKPATHOIO IIOJIHOLO ILIMK/Ia
OCMOTpa HANpPaB/ISIOMMNX KaHAIOB (C y4eToMm
TPaHCIOPTHBIX OIlepallui M apXHBHPOBAaHHEM
BUIeOMH(OPMALIHU) COCTABSAET He 6oree 10 MUH.

KoMIIeKkc sB/IseTCs aBTOHOMHBIM H3Je/IHeM Tex-
HOJIOTHYeCKOH LIeIIOYKH B COCTaBe 0DOpymOBaHHUS
y4acTKa KOHTpos U ynakoBku TBC BBOP B mybmuy-
HOM aKLIMOHepHOM obmrecTBe «HOBOCHOHPCKUH 3aBOT,
XMMKOHIIEHTPATOBY.

PaspaboTka JAaHHOIO KOMIUIEKCA IT03BOJISIET 3Ha-
YUTENbHO IIOBBICUTb CKOPOCTb KU OOBEKTHBHOCTH
[IpOBeleHUsl 3HIOCKOIIMYeCKOTr0 KOHTPOJISI KAaHAaJIoOB
TBC BBOP.

BNATrOAAPHOCTU

dUHAHCOBAs IIOAJEPKKA PabOTHl OCYLIeCTBISIACH
MUHHCTePCTBOM HAayKHU U BbICIIEro obpasoBaHUs Poc-
cuMckor Pelepaliuu.
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of the allowable value is considered to be the detected
foreign matter at such a point.

The channel bottom inspection for the availability
of foreign matters is performed by comparing the
obtained channel bottom image with a reference
image from the certain database. For this purpose,
a hash function (convolution function) is used that
converts an image (input data array with arbitrary
length) into an output bit string of a set length
(hash) [5, 6].

CONCLUSION
Thus, the following technical specifications are
obtained in the developed multichannel endoscopic
unit for the internal guide surface inspection of the
fuel assemblies in the water-cooled power reactors:
« viewing angle of the video system lens - not less
than 90°;
 reading discreteness of the vertical positioning
system - 1 mm.
« the video system provides viewing (clear image)
to the entire depth of the FA channel;
« the video system removal/installation time is
not more than 30 minutes;
+ the duration of a single full inspection cycle for
the guide channels (including any transportation
activities and video data archivation) is no more
than 10 minutes.
The unit is an autonomous process flow tool as
a part of the control and packaging equipment
for the WCPR fuel assemblies at the Novosibirsk
Chemical Concentrates Plant Public Joint Stock
Company.

The development of this unit makes it possible to
significantly increase the velocity and credibility of
endoscopic inspection of the WCPR FA channels.
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