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EKCHEPUMEHTAJIbHA METOJUKA JOCJIIKEHHS
OCOBJIMBOCTEM PO3NOBCIOIKEHHS
TA 3YIIMHKHU TPIIIIUHA B IMCKOBUX 3PA3KAX ITPHU
TEPMOIIOIII

Pestome. Pospobneno excnepumenmanbHy MemooOuKy 00CIiOHNCeHHs 0cobnUBOCMeTl PO3NOBCIO0NCEHHS
ma 3yRUHKY MPIWUHY Y OUCKOBUX 3PA3KAX 8 YMOBAX mepmoutoky. Ilpogedeno sunpobysanns ma ompumano OaHi
npo 3MIHY meMnepamypu Ha noeepxHi Ouckogux 3paskie 3i cmani 45 ma 15X2HM®A. 3a oonomoecoio
cneyianbHux po3pUSHUX 0AMYUKIe OMPUMAHI 3aNeACHOCII ULEUOKOCMIT PO3NOBCIOOICEHHS MPIWUHU IO 4ac) .

Kniouosi cnosa: excnepumenmanvna Memoouxda, OUCKo8uUil 3pa3oK, mepMOouLoK, pO3N0BCIOONCEHHs ma
3YNUHKA MPIWUHIL.
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I.S. Kondratenko, A.N. Mishkin, V.E. Filatov

EXPERIMENTAL METHOD OF INVESTIGATION OF CRACK
PROPAGATION AND ARREST IN DISK-SHAPE SPECIMEN UNDER
THERMAL SHOCK

Summary. Searching of an additional durability reserves for guarantee of structural component
integrity is one of the most important task of the present science. Investigations of crack propagation and arrest
under thermal shock conditions are very important for service possibility justification of reactor plants during a
planned lifetime. There were only few experimental investigations of crack propagation and arrest under
thermal shock in the world. Thus crack propagation under thermal shock needs to be examined more.

Present work describes an exprerimental method of the disk-shape specimen testing under thermal
shock conditions. Disk-shape specimen testings are relatively cheap and simple than testings of full-scale
specimens and allow to obtain more specific information about crack propagation and arrest features under
thermal shock. The method of a crack propagation registration using disruptive gauges was developed and
approved. Experimental study of crack propagation consists of the next steps: preparing of specimen, attachment
of thermocouples on the specimen surface, gluing of  disruptive gauges near crack front, connection of
recording system, cooling while -210°C was reached, fast heating of an inner surface of the specimen to 900°C.
The influence of a temperature gradient on crack propagation in disc-shape specimens was investigated. A
temperature gradient under thermal shock was controlled with thermocouples on three different areas of the
specimen surface (inner, outer and cetral section of the work surface). Maximal temperature gradient between
two different points of specimen surface during crack propagation was near 200°C. The high-speed recording
system was used to obtain crack propagation data with time resolution 0,05 microsecond. Also using of
disruptive gauges allow to obtain information about crack propagation and arrest features such as place and
time moment of crack initiation, place and time moment of crack arrest, instantaneous velocity of crack
propagation in each moment of time. Curves of a crack propagation velocity versus time were obtained. The
velocity curve is nonmonotonic function that has a significant peak at the beginning of the crack propagation
with consequent decreasing of velocity value.

Key words: experimental method, disc-shape specimen, thermal shock, crack propagation and arrest.

IHocTanoBka npo6aemMu. Y 3B°53Ky 3 MOIIYKOM J0JaTKOBUX PE3€pBiB MIITHOCTI MpU
BHIIICHH] MUATAaHb IPOJIOBKEHHS TEPMiHIB €KCIUTyaTallii KOpITyCiB peakTOpiB y Halll 4ac
MPOJOBXKYIOTh PO3BUBATHCS Ta BJIOCKOHATIOBATHCS Pi3HI YMCENIbHI Ta €KCIepUMEHTAJIbHI



METOJM aHalli3y MOBEIIHKM TPIIIMH B YMOBaX TEPMOIIOKY, B TOMY YHCII MpH iX
PO3MOBCIOKEHHI Ta 3ynuHIi [1,2].

AHaJi3 ocTaHHIX gocaimkeHb i myOaikaniii. Ha cboronni He icHye HOpMaTHUBHHUX
JOKYMEHTIB, SIKi  pErjJaMeHTYIOTh  MpPOBEJCHHS  EKCIEPUMEHTAIbHUX  JIOCIiKEHb
PO3IMOBCIOKEHHSI Ta 3yIIUHKU TPIIIIMHU B YMOBaxX TEPMOIIOKY. AJie B iesskux kpainax (CHIA,
Opanmis, HimeudnmHa) mpoBOISATHCS IOCTIDKEHHS Yy IIHOMY HampsaMmKy. Hampuxman, y
mikHapogHoMy mpoekTi NESK-1 [3] Oymno mpoBeaeHo HaTypHi BHNpPOOYBaHHS B yMOBax
TEPMOITIOKY IWJIiHApa giaMerpoM 1395 MM Ta TOBIIMHOKO CTIHKH 175 MM 3 pi3HEMH
nedexramu (y Tomy umcii 10 Tpimuu). Ajle Taki BUpoOyBaHHS € HAJITO KOIITOBHUMH 1 HE
JTO3BOJIAIOTh OTPUMATH JOCTAaTHIO KIIBKICTh iH(oOpMAIli 3a/)id OIIHIOBAaHHS IILUTICHOCTI
KOHCTPYKIIIi 3 ypaXyBaHHSIM 3yIHUHKH TPIIUHH.

Y 3B'A3Ky 3 IUM B OCTaHHI dYac pO3pOOISIOTHCS METOJUKH MPOBEIACHHS
BUIIPOOYBaHb MOJIEIFHUX JIUCKOBHUX 3pa3KiB 3 TPIIIMHOIO B yMOBax TepMmomioky [4,5]. Taki
BUNPOOYBAHHS € BIAHOCHO HPOCTUMH Ta HEIOPOTMMH, a TaKOX JO3BOJSIOTH OTPUMATH
JI0JJATKOBY 1H(OpMAILiIO PO OCOOIMBOCTI PO3MOBCIOJKEHHS Ta 3yNIMHKH TPIIIMHU B YMOBaX
TE€PMOIIOKY.

Meta po6otu — po3poOJEHHS EKCHEPUMEHTAThHOI METOIUKHA JOCHIIKEHHS
PO3MOBCIO/PKEHHST Ta 3yNWHKWA TPIMIMHM TiJ JIEI0 TpajieHTa TeMIeparyp B yMoOBax
TEPMOIIIOKY.

IMocranoBka 3aBmaHHs. s BunpoOyBaHb Oys0 0OpaHO IHUCKOBHH 3pa3oK 3
po3mipamu d1=60 mm, d2=110 mm, h=10 mm. JlochimkeHHs MPOBOIMIMCS HA 3pa3Kax CTall
45 Ta peaktopHoi crami 15X2HM®A. Ha 30BHImHIA cTOpoHi 3pa3ka OyIo BUPOIICHO
TPIIIMHY BTOMH JOBXHMHOIO LTp=<I3 MM 3a [ONOMOIOI0 Cy4acHOi pPe30HaHCHOI
BHITPOOYBaIbHOT MammmHu « Testronicy BUpoOHMITBA mBekapcbkoi Gipmu «RUMULY.

ExcrniepuMeHTanbHi AOCTiKeHHsT OyJIU TPOBEACHI 3a JONOMOTOK yCTaHOBKH FP-
100, sxa ocHameHa CHCTEMaMH HarpiBaHHS Ta OXOJIODKCHHS, a TaKOXX KOHTPOJO
TeMIIEpaTypH Y TaKiil TOCIiTOBHOCTI.

[Ticns  miAroToBKWM 3pa3ka 0  BHNPOOyBaHHS  (TPUKPIIUICHHS  TepMoriap,
HAaKJICIOBAHHS TEH30PE3UCTOPIB, MMiJ €IHAHHS CUCTEMH PeeCTpallii TeMIepaTypH) 3pa3ok O0yio
MTOKJIQJICHO 70 XOJIOJMIBHOI KaMepH, Jie BiH OXOJIOJKYBaBcs J0 TemrepaTypu T=-210°C.
Taky Ttemmneparypy OyJ0 MJOCSTHYTO 3aBASKH BHKOPUCTAaHHS e(eKTy aniabaTHaHOro
OXOJIOJDKEHHSI BHACIIJIOK MHUTTEBOTO PO3PI/DKEHHS TapiB pilkoro azory. JletaapbHO edekT
omucano y po6orti [6]. [Ticas mporo 3pa3ok Oys0 BCTAHOBJICHO HA TETUIOCTIMKY MiAKIaTUHKY
Ta TiJJAaHO BIUIMBY BHUCOKOI TEMIIEpaTypd MNUISXOM 3aJMBAHHS y BHYTPIITHIO TOPOXHHHY
3pa3ka piIKOrO CBHHINO, SIKUK Oyjo meperpito mo Temmepatypu ~900°C. 3ampomoHoBaHa
METOJIMKa JIO3BOJIMJIA JIOCSATHYTH HEOOXIJIHOTO Tpaji€HTa TeMIlepaTyp Ta IHII[IOBaTH
PO3MOBCIOKEHHS TPIIIMHE y 3pa3Kax 3 ByIJIeneBoi cTaji 45 Ta JieroBaHoi TEIIOCTIHKOI cTai
15X2HM®A.

Temneparypa moBepxHi 3pa3ka KOHTPOJIIOBANACS TEPMOIApaMH Ta aBTOMATHYHOIO
CHUCTEMOIO peecTparlii, ki OyayTh ONHCaHI B JeTalsX Huxkde. [[maBiaeHHS MeTamy IS
OTPUMAaHHSI TEPMOIIOKY BHKOHYBAJIOCS Yy CHELiAIbHOMY THIJI, SIKMA 3HAXOJMBCS y Tedi
yctanoBku FP-100. TemmepaTypa po3miaBy KOHTPOJIOBANIACS —XPOMEb-aTIOMEIEBOIO
TEPMOIIAPOIO.

PesyabTaTn pociaikeHHs. 3a pe3yjbTaTaMl €KCIIEPUMEHTIB OyJI0 OTpUMaHO JaHi
po 3MiHYy TeMIIepaTypy Ha 30BHIIIHIN Ta BHYTPIIIHIN TTOBEPXHSX JUCKOBOTO 3pa3ka, a TAKOX
y BepmuHi TpimmHU. [li pe3ymbraTé Oyl0 BHKOPHUCTAHO Yy pO3paxyHKaX JUIsi BH3HAUYCHHS
KoedilieHTa TerI0NpoBIAHOCTI MaTepialy Ta YMOB TEPMOCHJIOBOTO HaBaHTaKeHHS [6].

Jlns  peectpamii  IIBHJKOCTI  pPO3MOBCIO/DKEHHS — TPIMMHM Yy 3pas3kax
BUKOPHUCTOBYBABCSl HIBHJKICHUHN aHanoro-uu¢posuii neperBoproady (ALIl) Adlink-9812,
nmatauk 1-RDS22 ¢ipmu HBM, crienmianbsHo pa3poOiieHUit JaTYMK Ha OCHOBI TEH30PE3UCTOPIB
K®-5 Ta myHTylounXx pe3ucTopiB. Y TEH30pE3UCTOPAaX BCTAHOBIEHO IO JBI MEPEMUYKH, SIKi
3’€IHYBaJIM JIOPOKKH TMapaiienpbHo. CXema 1aTuynka HaBeJeHa Ha puc. 1.
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PucyHok 1. [JaTunk Ha po3puB: a — cXeMa JaTunka; 6 — po3paxyHKOBa BUXiJHa XapaKTepPUCTUKA AaTYMKA

Figure 1. Gauge: a — a gauge scheme; b — a calculation output behavior of a gauge (b)

Rn — moBHHMIT omip [OOMpamboOBaHOTO TEH30pe3WcTopa; Rm — omip mryHTyrodoro
pesuctopa; +Unut u —Unut — mix’eqHaHHS pKepena XuBJIeHHs; UBUX — BUXIJIHUN CUTHAI
JIaTYAKA.

[Tmara AIIIl Adlink-9812 BcTanoBmoeThCs y po3’eM Kowmi toreprHoi muHu PCIL.
[lepeTBoproBad Mae€ YOTHPH KaHAIM AHAJIOTOBOTO BBOAY, MOJXE IpallOBaTH B
OJTHOKaHAJIBHOMY, JIBOKaHAJILHOMY Ta YOTHPHUKAHAIBHOMY pexuMax. MakcumalbHa 4yacToTa
nepersopennst AL npu oxHOKaHANBHOMY pexnmi cranoButb 20x10° BuMipiB y cexyHzy,
0 BiNOBiJa€e iHTepBaity yacy Mix BuMipamu 0,05 MikpocekyHau. BiamosinHo npu po6oTi
YOTHPHOX KaHATIB Il Jac 301IbmyeThest 10 0,2 MiKpOCeKYHI.

JlaTuuk PO3KPUTTS TPILIMHM, ONKC SKOTO HaBEIEHO BHINE, 3HAXOIAUTHCS y MICII
HaWOUIBII BIPOTITHOTO PO3KPHTTS TPIMIHHW. BHACIIIOK PO3MOBCIOKEHHS TPIIIHHA
MPOBITHUKK JaTyika PyHHYIOTBCS, 1, BIJINOBIJIHO, 3MIHIOETBCS Horo omip. 3adikcyBaBIIH
IIpoIIiec 3MiHM OTIOPY JAaTUNKa, MOKHA BU3HAYUTH TaKi ITapaMeTpy PO3KPHUTTS TPIIIUHU:

- MiCIIe Ta Yac cTapTy TPillIUHY;

- MicCIIe Ta Yac 3yIMHHKH TPIIUHH;

- IIBUAKICTH PO3KPUTTS TPIIIMHU 13 JUCKPETHICTIO, SIKa BIJAMOBITA€ Yacy MEepeTBOPEHHS
AIIIT Adlink-9812 Ta BijicTaHi MiX IMPOBITHAKAMH JTaTIHAKA.

Ha puc.2 nokaszano 3pa3ok, o0JaiHaHUH JaTYMKaMM, Te€pMOIapaMH Ta KabesiMH 10
JTATYAKIB PO3KPUTTS TPIITHHH.

a

PucyHok 2. 30BHILIHI I/ BUTTISII 3pa3ka: a — JaTYUKU PO3KPUTTS TPILIMHK; O — TepMOTIapy Ta Kabesi JaTYuKiB
PO3KPHTTS TPIilIUHA

32



Figure 2. A disc-shape specimen design:
a — crack opening displacement gauges; b — thermocouples and crack opening displacement gauge wires

Ha puc.3 mnokazaHo ¢parMeHT JaTdyMka, Ha SKOMY BHJHO TpPa€KTOPiIO
PO3MOBCIO/PKEHHS TPIIUHY Ta i1 3yITHHKY.

PucyHok 3. @parMeHT AaTYMKA i3 TPAEKTOPIEIO PO3MOBCIOKEHHS TPIiLIMHH

Figure 3. Crack propagation path on a gauge fragment

Bbyno mpoBeneno BuUnpoOyBaHHS JUCKOBHX 3pa3KiB i3 TPILIIMHOIO 31 cTajeil 45 Ta
15X2HM®A. OtpumaHo JaHi Mpo 3MiHY TeMIlepaTypH Ha TOBEPXHIX 3pa3Ka y pi3HHX
Toukax (puc.4) Ta MBUIKOCTI PO3MOBCIOHKEHHS TPIMUHU (puc.S). MakcuMalbHUAN TPaieHT
temrepatyp ckiaB AT=210°C.
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Pucynok 4. 3miHa Temneparypy Ha OBEpXHI 3pa3ka y pi3HUX 30Hax (Touka | — Ha BHYTpilIHiil MOBepXHIi,
TOYKa 2 — cepearHa pob0Uoi MOBEPXHi, TOUKa 3 — HA 30BHINTHI TOBEPXHi)

Figure 4. Curves of temperature change on specimen surface in different areas (point 1 — inner surface,
point 2 — middle of work surface, point 3 — outer surface)
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PucyHok 5. 3anexHicTh MIBUAKOCTI PO3MOBCIOUKEHHS TPIIIKMHY Bill Yacy

Figure 5. Dependence of the a crack propagation velocity versus time

Sk MokHa TOOAUMTH HaA PHUC.S, HA MOYATKOBOMY €Tall BiOyBa€ThCsl IMOBLIbHE
migpoctands TpinmwHE (200-300 M/C), siKe 3MIHIOETBCS PI3KUM CTPHOKOM MIBHAKOCTI JIO
piBEs ~1000 ™/c. Ilicias mpOro IMBHAKICTH TPIMUHU 3HIOKYEThes Jo piBHA 300 M/c Ta
MPaKTUYHO HE 3MIHIOEThCS JO MOMEHTY 3yNHHKU. Takuii XapakTep 3MIiHU IIBHUAKOCTI
PO3MOBCIOKEHHS TPIIMHK y3TO/KYETHCS 13 pe3ybTaTaMi YHUCEIHFHOTO MOJICITIOBAaHHS [6], a
TaKOX 13 pe3yJibTaTaMy MOJIOHUX BUIIPOOYBaHb 1HIIUX aBTOPIB [4,5].

Opakrorpadiuauii aHai3 MOBEPXOHH 3JIaMiB JINCKOBHUX 3pPa3KiB JIO3BOJIMB OTPUMATH
JI0JTATKOBY iH(OpMAIIi0 TPO 0COOIUBOCTI PO3MOBCIOKEHHS Ta 3yIMUHKHU TpimuHu [7]. Takum
YyuHOM, OyJia po3poOsieHa METOJUKA JOCIIKEHHS MPOIIECiB PO3MOBCIOHKCHHS Ta 3YITUHKA
TPIIIMHU y JUCKOBUX 3pa3kax 3i crajueit 45 ta 15X2HM®A B ymoBax Tepmoinoky. OTpuMaHo
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JaHI TPO 3MiHY TEMIIEpaTypd Ha MOBEPXHSX 3pa3ka Ta IMBUIKOCTI PO3IMOBCIODKECHHS
TPIIIHHY.

BucHoBkn. Po3po0iieHO eKCHepUMEHTAIbHY METOJUKY JOCITI/DKECHHS IPOIECiB
PO3MOBCIO/PKEHHS Ta 3YITMHKU TPIIWHK Y JUCKOBHX 3pa3kax 3i craieit 45 ta 15X2HM®A B
YMOBax TepMOIIOKY. Po3pobiieHo cuctemy peectparlii MBUAKOCTI PO3MOBCIOKEHHS TPIIIIHHA
y JIACKOBOMY 3pa3Ky B yMOBaX TepMOImoKy. OTpuMaHO JaHi Mpo 3MiHYy TemIieparypud Ha
MOBEPXHI 3pa3Ka Ta MIBUJIKOCTI PO3IMOBCIOKEHHSI TPIUHK Y JTUCKOBOMY 3pa3Ky.

Conclusions. An experimental method of crack propagation and arrest investigation
in disk-shape specimens under thermal shock conditions was developed and approved. A
registration system for crack propagation velocity estimation in disk-shape specimen was
developed. A temperature change data and a crack propagation velocity data in disk-shape
specimen was obtained.
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