MUHUCTEPCTBO OBPA30BAHUSA N HAYKHN YKPAUHBI

I'BY3 (JIPUJHEITPOBCKASA N'OCYJAPCTBEHHAS AKAJIEMUSA

CTPOUTEJIBCTBA U APXUTEKTYPbI»

CTPOUTEJIBCTBO, MATEPUAJIOBEJIEHUE, MAIIMHOCTPOEHHUE

COopHMK HAayYHBIX TPY/IOB

IHox o0mielt perakumein JOKTOPa TEXHUYECKUX HAYK
npogeccopa B. . boabmakosa

Brinyck 86

Cepust: Komnviomepnvie cucmemvl U UHGOPMAYUOHHbIE MEXHON02UU 8 00PA308AHUU,
Hayke u ynpasieHuu

JHenporneTpoBck
2015



BBK U448.027 + 4247.13
YJIK 69(06)

Ieuamaemcs no pewenuro Yuernoeo cosema I BY3 «I[Ipuonenpogckout 20¢y0apcmeentoll akademuu cmpoumenbcmea u
apxumexmypoi»
Ipomoxon Ne 6 om 27 nosiops 2015 e.
CornacHo nocranosnenus [Ipesunuyma BAK Ykpaunst ot 14. 10. 2009 r. 32 Ne 1-05/4 cOopHHK Hay4YHBIX TPY/JOB
BXOIUT B repedeHb Ne 1 «HaykoBUX (haxOBHX BHIAHb YKpaiHH», B KOTOPBIX MOTYT ITyOJHMKOBATHCS PE3YJIbTAThI
JIUCCEPTAILIMOHHBIX PA0OT HA COMCKAaHHE YYCHBIX CTEIEHeH JOKTOpa U KaH/IU/1aTa HayK.

CTpourteancTBO, MaTepuaioBeeHne, MammuHocTpoenue // CO. Hayun. TpynoB. Beim. 86. — JI.: TBY3 III'ACA, 2015.
— 160 c. (B 00m.).

B COOpHHMK BOLLIM CTaThH, OCBEIIAIONIME AKTYAbHBIE BOMPOCHI BHEIAPECHUS U HCIOJIb30BAHHMS KOMITBIOTEPHBIX
cUCTeM M MH(POPMAIMOHHBIX TEXHOJIOTMH B Pa3IMuYHBIX cdepax AEATeNIbHOCTH, CBS3aHHBIX CO CTPOMTENILCTBOM. B
YaCTHOCTH B OOpa3oBaHHMM, B HayKe, NPOEKTHPOBAaHMU W ympasiieHHH. OOCYXKIAroTcs BONPOCHI MCHOJIb30BaHUS U
pa3paboTKK KOMITBIOTEPHBIX CUCTEM M MH()OPMALMOHHO-U3MEPUTEIBHBIX TEXHOJIOTHH.

PenakuuoHHast KoJLJIerus:

JIOKT. TEXH. HayK B. U. BoabmakoB (TJ1aBHBIA PeIaKkTop)

JIOKT. TEXH. HAyK H. B. CaBunkmii (nepBbiii 3aM. III. peIakTOpa)

JIOKT. DKOH. HayK H. U. Bepxorasgosa JIOKT. TEXH. HAYK JI. T'. PomaneHKoO
KaH/. TeXH. HayK HN. B. PoikkoB JIOKT. TEXH. HAyK . U. Conomon
JIOKT. HayK I'oC yIp.. I'. II. EBceeBa JIOKT. TEXH. HAyK B. B. Ckano3yd
JIOKT. TEXH. HAYK H. M. EpmioBa JIOKT. TEXH. HAyK E. A. /Ipy:kuHuH
JIOKT. TEXH. HayK I'. H. Koo JIOKT. TEXH. HayK 9. U. I'anaii
professor Z. Stevich JIOKT. TEXH. HAyK O.T. UeBaeBa
PhD S. Martinovich JIOKT. TEXH. HayK B. B. Tkaues

PhD M. Vlahovich JIOKT. TEXH. HayK T. C. KpaBuyHoBckas
JIOKT. ¢.-M. HayK A. U. Kocosan JIOKT. TEXH. HaYK B. P. Miiapenxuii
JIOKT. TEXH. HayK B. M. MuxaiijieHK0 JIOKT. T€XH. HaYK C. O. Ilonos

JIOKT. TEXH. HAyK B. B. 'narymenko JIOKT. TEXH. HAyK P. A. Tumuenko
JIOKT. TEXH. HayK A. U. Kynun JIOKT. TEXH. HayK J. I'. 3enenuon
JIOKT. TEXH. HAyK B. ®. Uponos JIOKT. TEXH. HAYK A. I.lllampoBckuii
JIOKT. TEXH. HAyK A. . MuxaneB JIOKT. TEXH. HAyK b. . Mopo3

IMon oOuielt penakiueit 1. T. H. mpodeccopa bonbiakosa B. U.
OtBercTBeHHas 3a Bbiyck Kpusenkosa JI. 1O.

CeuperensctBo (cepust JIK Ne 8986) o Buecenun I'BY3 «IlpuanenpoBckas rocyaapcTBEHHas akaIeMUs
CTPOUTENILCTBA M ApPXUTEKTYpbD» KaK CyOBEKTa HM3JaTeNbCKOro Jejia B [ 0CynapCTBEHHBI peecTp wu3jarened u
pacnpocTpaHuTenel U3AaTeIbCKON MPOIYKIHH.

ISBN 978-966-323- 137-2 OI'BY3 «lIpuaHernpoBckas rocy1apcTBeHHAs aKaIeMust
CTPOUTENLCTBA U apXUTEKTYpbD»y. 2015



COJEPKAHUE / CONTENTS

MEXIYHAPOJHAA HAYUYHO-IIPAKTUYECKAS KOH®EPEHIIMA «KOMIIBIOTEPHBIE
CUCTEMBI N1 HNHO®OPMAIMOHHBIE TEXHOJIOTMM B OBPA3OBAHNHN, HAYKE U
YITPABJIEHUIN»

PETTOHAJIbHU HAVKOBUI CEMIHAP «CYYACHI TEXHOJIOT'Ti
B ITIPOEKTYBAHHI» ITPHUHIITIPOBCHKOI'O HAYKOBOI'O IIEHTPY HAH YKPAIHU I
MOH YKPAIHU

Epmosa H.M.
HOBOE HAITPABJIEHUME B ITOATI'OTOBKE IT — CIIELIMAJINCTOB

ba6enko B.A. , €EBceeBa I'.IL )
MOJEPHI3ALSI BUILIOI OCBITU B YMOBAX IHOOPMATU3ALIIL CYCIIIJIBCTBA

Benokous A.U., Tpudounos U.B., Uanes .M., Xampuk A.B. .
YIIPABJIEHUE ITPOEKTAMU 1 PA3BUTUEM OPI"AHU3 AL

Vlahovic M., Martinovic S., Stevic Z.,Volkov-Husovic T.
IMPLEMENTATION OF IMAGE ANALYSIS ON LOW LEVEL LASER (LLL) DESTRUCTION
OF LOW CEMENT HIGH ALUMINA REFRACTORY CONCRETE

I'pumankosa H.A.
NHHOBAIIMMW B OBYYEHNN MHOCTPAHHBIM A3BIKAM CTYAEHTOB HEA3BIKOBBIX
BY30B

Kusnosa JI.U.
KOMITEHCAIIMA TEMITIEPATYPHBIX [TOTPEILTHOCTEM B KOMIIOHEHTAX
KOMITBIOTEPU3MPOBAHHBIX CUCTEM KOHTPOJISA OPUEHTALIM OB BEKTOB

3axapos /I.B.
OLEHKA @®AKTOPOB, BJIMAIOIIUX HA PABOTY TIOE3JHOI'O JUCIIETYEPA
BEJIOPYCCKOM! XXEJIE3HOM AOPOI'

Ipoaos B.®., bapcyk P.B. .
3ATAJIBHA CXEMA TIIOBY/JIOBU AJITOPUTMIB §AMOOPFAH13ALIIT MOJEJIEN
CKIIAJHUX CUCTEM 3 BUKOPUCTAHHAM EBOJIIOLIIMHOI'O ITOUIYKY PIIIEHb

Kosmos I'.H., Jlykamyk JI.A., Kocsueckas C.H.
INOBBIIIEHUE TOYHOCTU NHOOPMALIMOHHO-U3MEPUTEJIBHBIX
NHKIIMHOMETPUYECKUX CUCTEM

Kosmios I'.H., YxkenoBcknii A.B.
CUCTEMA YHPABHEPVH/IH OPMUEHTUPOBAHUMEM  BYPOBOI'O CHAPAIA C
NCITIOJIb3OBAHHMEM HEUPOPEI'YJISITOPA NEURAL NETWORK CONTROLLER

Kocoaan A.N.

YHUBEPCAJIbHOE TTPOI'PAMMHOE OBECIIEYEHUE JIJI51 OIITUMU3AIIMA CJIOXHBIX
CHUCTEM

Kyasoxo B.B.

BAPHUAHTBI «DIGITAL-KOMIIBIOTEPHBIX» CIIELIUAJIM3ALIUA B CTPOUTEJILHOM

14

20

26

32

38

43

49

56

62

68




CTpouTenbCcTBO, MaTepnanoseeHne, MallMHOCTPOeHne

BY3E HA IIPUMEPE HOBBIX 3AJIAY JUHAMUKN KOHCTPYKIUN, COOPYXXEHUI1 1
MAIIWNH

Martinovic S., Vlahovic M., Stevic Z., Volkov-Husovic T.

IMPLEMENTATION OF IMAGE ANALISIS ON SUFRACE DEGRADATION
DETERMINATION CAUSED BY CAVITATION EROSION

Henonatko C.O., lllapyna K.B., Lllepouna B.O.

PO3POBKA JOIIOBHEHb BIBJIIOTEKN JJI1 BUKOHAHHS EJIEKTPUYHUX CXEM VY
AUTOCAD 3  YPAXYBAHHSIM BHMOI' CHUCTEMU  KOHCTPYKTOPCBLKOI
JOKYMEHTALII

IHonomapéna E.A., Ilonomapés C.M., AgnchOB A.B., 3acnenko A.E.
HCIIOJIb3OBAHUE BO3MOXHOCTEU ITAKETA ITPUKJIAJHBIX IIPOI'PAMM LabVIEW B
YUEBHOM ITPOLIECCE

IyTtunuesa A.B. .
OIITUMM3ALINA CEYEHUA JXEJIEBOBETOHHOM BAJIKM C HWCIIOJIbB3OBAHMEM
T'EHETUYECKOI'O AJITOPUTMA

Stevic Z., Rajcic-Vujasinovic M., Radovanovic L.
ELECTROCHEMICAL PROCESSEC MODELING AND SENSING UPON DIRAC
POTENTIONSTATIC EXCITATION

Tumuenko P.A., Kpumko /I.A., Borarsinckuii A.B., CaBenko B.O.
UCTIOJIb30BAHME IMPOI'PAMMHOI'O KOMITJIEKCA PLAXIS JIJISI PACUETA TIJIMTHBIX
OYHJIAMEHTOB HA ITOJIPABATBIBAEMbBIX TEPPUTOPUAX

TxkadoBa B.UB., IBOI{OB B.D.
EBOJIIOLIMHNN TIOIIVYK JUTA OBPOBKUA PE3YHI)TATIUB EKCITEPTHOI'O
CIIIBCTABJIEHHA AEKIJIBKOX OJJHOPIJHUX ITAPAMETPIB HAAIMHOCTI

®ecenko E.I'., [Tunuyk C.A., Berbmaruna H.A., Epmosa H.M.
MO/JIEJIMPOBAHUE U OIITUMUM3ALNSA KOJIEBATEJIbBHMX TTPOLIECCOB KOJIECHBIX
MAIIVMH B CUCTEME MOJIEJIMPOBAHUS MBTY 3.7

Xmapa JLA., Kyauk U.A., Ilikym FO0.C.

3ACTOCYBAHHSI OB'€MHOI'O MOJEJTIOBAHHA VvV CYUYACHHUX CAIIP JJIA
JOCJHIKEHHA TEXHOJIOI'TYHUX ITPOLIECIB BYAIBEJIbBHUX MAIINH
MAHIITYJIATOPHOI'O TUITY

Yopuomopeus I'.A., Ipogos B.D.
HOBYIOBA YUCEJIBHOTI'O METOZY I'AJIbOPKIHA 3 BUKOPUCTAHHSM AJITOPUTMY
EBOJIIOLIMHOI'O IOIIYKY HAWBUIBII ITPUBABJIMBUX PIIHEHb

IIIaTos C. B.
[TPOEKTYBAHHS KOMIIJIEKCY 3 PO3POBKU ITEJIOI/IIB O3EPA COJIOHUM JINMAH

77

82

88

94

100

105

111

117

127

133

139



CTpouTenbCcTBO, MaTepnanoseeHne, MallMHOCTPOeHne

MEXKAYHAPOJAHAS HAYUHO-IIPAKTUYECKASA KOH®EPEHLIUA
«KOMIIBIOTEPHBIE CUCTEMbI I UTH®OPMAILIMOHHBIE
TEXHOJIOT'U B OBPA3OBAHUU, HAYKE U YIIPABJIEHUN»
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MPOBOAMTCS  MEXKIyHApoJHas  Hay4HO-IIpaKTH4YecKas
KOH(epeHIHs «KommnbrorepHbie CUCTEMBbI u
nH(OPMAIMOHHbBIE TEXHOJIOTHH B 00pa30BaHMM, HAyKe U
YIPaBICHUNY.
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PEI'IOHAJIBHU HAYKOBUU CEMIHAP
«CYUYACHI TEXHOJIOT'Ti B TIPOEKTYBAHHI»
MPUIHIITPOBCHKOI'O HAYKOBOI'O IIEHTPY HAH YKPATHU I MOH
YKPAIHU

22 xsitHsa 2015 poxy y ABH3 «IIpuaninpoBcbka
Jiep)KaBHA aKajeMis Oy/IBHUITBA Ta apXiTEKTypu»
BiZOY/IOCH BIAKPUTTS MOCTIHHO AiI0YOTO PEriOHaIbHOTIO
HaykoBoro  ceminapy  «CyvacHi  TexHojorii B
MPOEKTyBaHH» [IpHAHIIPOBCHKOTO HAYKOBOTO IEHTPY
HAH Vkpaiau i MOH Vkpainu (ronosa H. M. €piiona,
II. T. H., Ipo@., 3acT. ronoBu B. P. Miozaeuskuit, 1. T. H.,

mpod., BueHmit cexperap H. A. Benpmarina, cr.
BHKJIAJaq).

CeMiHap CTBOPEHO 3 METOI0 TIiJBHINCHHS PiBHS
indopMariiitnoro 0oOMiHy, 3alydeHHS HaWOUIBIIOTO

YyHucla BYCHUX Yy CHUCTeMy iHQopMaliiHoro oOMmiHy,
PO3IIUPEHHS] MOXJIMBOCTEH TEOpeTHYHOI ampodaril
pe3ysbTaTiB HAYKOBUX HOCHI[PKEHb, IX y3aralbHEHHS 1
aHali3y TEHICHLIH 3a MNPIOPUTETHUMH HalnpsMaMu
po3Butky IT TexHomOrii IpPOEKTYBaHHSI 00 €KTIB
MalMHOOYqyBaHHS, OyAIBHHLTBA, TPAHCIOPTYy Ta
TEXHOJIOTIYHUX TIPOLIECIB, a TAKOXK ISl MiJIBUIICHHS
kBaidikamii HAYKOBO-TICIarOT YHNX KaJpiB,
3a0e3nedyeHHss sKkocTi  miarotoBku [T-¢gaxiBuiB  Ta
MOJIOJUX BYCHHX.

VY pamkax ceminapy GpyHKIIOHYIOTb cekilii: «CydacHi
TEXHOJIOT1i B MPOEKTYBaHHI», «MaremaTnaHe
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00’exTamm», «KOMIT'FOTepHI CHUCTEMH i KOMITOHEHTHY,
«ABTOMaTH30BaHE  MNPOCKTYBaHHS 1  TUIAHYBaHHS
BUPOOHUYUX CUCTEM 1 TEXHOJOTii», «ABTOMAaTHU30BaHE
MIPOEKTYBAHHS 1 ynpaBmiHHS  TEXHOJOTIYHUMU
poLecaMmy, « Y IpaBIIiHHS MPOSKTHOIO AiSUIbHICTION.

VYuacHUKM ~ceMiHapy JpyKyBaTUMYTb CTaTrTi Yy
(axoBoMy 30IpHUKY HayKoBUX mpaub «byaiBHHULTBO,

MaTepiaJo3HaBCTBO, MAaIIMHOOY Iy BaHHSL. Cepist:
Komm’toTepHi cuctemMu Ta iHGOpMAIiiiHI TeXHOJOrI B
OCBITI, HayIli Ta yIpaBIiHHI».

Ha mepmiomy 3acimanHi cemiHapy Oyna 3aciiyxaHa
noroBige acmipanta C. A. T'pocMana «3acTocyBaHHS
texHosoriii  BIM (y TIK Autodeck Revit) B
MIPOEKTYBaHHI Ha NPHUKIaAi PO3POOKH MepeapOeKTHOT
cramii «MoOUTBHOT Bexki OOCITyrOBYBaHHs» (HAyKOBHM
KepiBHUK 1. T. H., ipod. CaBuipkuii M. B.). Jlomnoginp
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3anpomryeMo 0axaouuxX Y3MTH Y4acTb y poOOTi
cemiHapy.
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IMPLEMENTATION OF IMAGE ANALYSIS ON
LOW LEVEL LASER (LLL) DESTRUCTION OF
LOW CEMENT HIGH ALUMINA REFRACTORY CONCRETE

VLAHOVIC M.", dr. sc.,
MARTINOVIC S.!, dr. sc.,
STEVIC Z.2, prof. dr.,
VOLKOV-HUSOVIC T.%, prof. dr.

1* University of Belgrade, Institute of Chemistry, Technology and Metallurgy, 4 Karnegijeva St., 11000 Belgrade, Serbia
2 University of Belgrade, Technical Faculty in Bor, 12 VojskeJugoslavije St., 19210 Bor, Serbia
3 University of Belgrade, Faculty of Technology and Metallurgy, 4 Karnegijeva St., 11000 Belgrade, Serbia

Abstract. Implementation of image analysis for monitoring the level of destruction during impact of low level laser (LLL) was
goal of our investigation. The chosen material was low cement high alumina refractory concrete (LCC). Two series of samples were
used in experiment: reference ones dried at 105 °C, and the others sintered at 1300°C. Based on the applied methodology,
degradation of the refractory concrete samples subjected to the low-level laser beam during time interval from 5 to 25 minutes was
monitored by measuring destruction level: damaged area — pits, as well as pits depth. Comparison of the results using automatic and
manual approach will be given. This experiment was done in order to establish whether this material can be used in conditions that
require resistance to the laser action and subjected to machine that uses laser techniques.

Keywords: low level laser (LLL), laser destruction, mechanical comparator, image analysis, damages size, refractory concrete

PEAJINBAIIUA AHAJIN3A N30BPAKEHUSA HA OCHOBE
HU3KOJIASEPHOI'O PABPYIHIEHUSA BETOHA U3 OI'HEYIIOPHOT' O
CTPOUTEJIBHOT'O MATEPHUAJIA

BJIAXOBUY M."", k.m.u.,
MAPTUHOBUWY C.!, k.m.nu.,

CTEBWY 3.2, ookmop, npog.,
BOJIKOB-XYCOBUUY T.%, doxmop, npogp.

1* Benrpanckuii yausepeuret, Mucturyt Xumun, Texaonorun u Meramtyprun, yi. Kapaeruesa 4, 11000 Benrpan, Cepoust
2 benrpanckuit ynusepcutet, Texunueckuii pakyisrer B bope, B J 12 19210 bop, Cepoust
3 benrpaxckuit ynusepceuret, @axynbrer Texnonorun u Meramrypruy, yiu. Kapueruesa 4, 11000 benrpan, Cepous

Annortauust. Llenbio ncciae10Banus SBISIACH Pealu3alyst aHaIn3a H300paKeHNUs sl KOHTPOJISl YPOBHs pa3pyIIeHHs B TeUeHUe
BO3/ICHCTBHS HU3KOYPOBHEBOI'O JIazepa. B kauecTBe HcciIeyeMoro MaTepraina Obul H30paH GETOH U3 TIIMHO3EMHOTO OTHEYIIOPHOIO
MaTepuana C MAaKCHMAIbHBIM COJEp)KaHHEM LEMEHTA. B JKCIepHMEHTE HCIOJIb30BAINCh [BE CEPHH 00pasLoB: IepBbIe
nozBepramucy cymke npu temneparype 105 °C, ocranbhble — arnomepauuu npu temnepatype 1300 °C. OcHoBbBasich Ha
HPUKIIAJHON METOJ0I0rnH 00pasel, M3 OTHEYNOPHOTO CTPOMTENBLHOrO MaTepHala IOJBEpPrcsi HU3KOYPOBHEBOMY JIa3epPHOMY
BO3ICHCTBHIO B TCUYCHHE MHTEpBaja BPEMCHH OT 5 10 25 MHHYT, IPH 3TOM KOHTPOJIHMPOBAJICS YPOBECHb pa3pylicHUs. bbuio
IPOHU3BEICHO CPABHCHHUE PE3YJITATOB, KOTOPHIE MOJYYCHBI B PyYHOM M aBTOMATHYECKOM PEKUMe. DKCIEPUMEHT IIPOBOMIIICS UL
TOro, 4ToOBl YCTAHOBHUTH, MOXKET JIM JAHHBI Marepuan HCIOJb30BATHCS B YCIOBHSX, TPEOYIOUINX COMPOTHBICHHUS JIA3ePHOMY
BO3JEHCTBHIO.

KiioueBble ¢j10Ba: HI3KOYPOBHEBBIN J1a3ep; Ia3ePHOE Pa3pyIICHNE; MEXaHHICCKHI KOMITApaTop; aHAIN3 H300paKeHNUsST; pa3Mep
paspyIueHus; OETOH OrHEYHOPHOTO CTPOUTENIBHOTO MaTepuaa

PEAJII3ALIA AHAJII3Y 306PA’KEHHS HA OCHOBI
HU3BKOJA3ZEPHOI'O PYHHYBAHHS BETOHY 3 BOTHETPUBKOT O
BYIIBEJIBHOI'O MATEPIAJIY

BJIAXOBUY M."", x.m.n.,
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MAPTHUHOBWY C.', k.m.n.,
CTEBUY 3.%, ookmop, npodp.,
BOJIKOB-XYCOBMUY T.%, doxmop, npogp.

1* benrpancekuii yniBepeurer, Incruryt Ximii, Texnosnorii Ta Meranyprii, Byn. Kopueriea 4, 11000 benrpan, Cep6ist
2 benrpancekuii yHiBepeutet, Texniunuii dhaxyiprer y bopi, BJ 12 19210 bop, Cep0ist
3 benrpancokuii yHiBepcurer, ®axynsrer Texnosnorii Ta Meranyprii,Byin. Kopueriesa 4, 11000 benrpan, Cep0ist

AnoTtauis. MeToro jociniukeHHs OyJia peaizaiisi aHaizy 300pa)KeHHs! U1l KOHTPOJIO PiBHS PYHHYBAHHS IPOTSATOM BIUIMBY
HU3BKOPIBHEBOTO Jiazepa. Y SKOCTI AOCIIKYBaHOTO Marepiany OyB BUOpaHHUil OCTOH 13 TJIMHO3EMHOT0 BOTHETPUBKOTO MaTepiainy 3
MaKkCHMaJIbHUM BMICTOM LEMEHTy. B eKCrepuMeHTI BHUKOPHCTOBYBAIMCS JIBi cepii 3paskiB: IepIii 3a3HAIM CYIIIHHS IIpH
temneparypi 105 °C, immi — armomepauii npu Temmneparypi 1300 °C. IpyHTylouMch Ha NIpUKIAAHIA METOMOJIOTII 3pasok 3
BOTHETPUBKOr0 OyZIiBEIBHOrO MaTepially IMiJJaBcs HH3bKOPIBHEBOMY JIA3¢PHOMY BIUIMBY IPOTSAIOM IHTEpBally Yacy Bim 5 1o 25
XBHWJIMH, TIPH [[bOMY KOHTPOJIFOBABCS PiBEHb pylHYBaHHs. byno 3po0OiieHe MOpIBHSHHS Pe3yJbTaTiB, sIKi OTPUMaHi B pydyHOMY i
AQBTOMATUYHOMY PexkHMi. EKCIIepUMEHT IPOBOAUBCS IS TOTO, 100 YCTAaHOBHUTH, YU MOXKE JaHHI MaTepiall BUKOPUCTOBYBATHCS B

YMOBaXx, 10 BUMAratTh ONOPY JIA3ePHOMY BILIMBY.

KirodoBi cjioBa: HHM3BbKOPIBHEBUH Ja3ep; JaszepHe pyiHYyBaHHsA; MEXaHIYHMH KOMIIApAaTOp; aHali3 300pa)KeHHS; PO3Mip

pyliHyBaHH:; 0ETOH BOTHETPUBKOTO Oy IiBEIBHOTO MaTepiaiy

Introduction

Image analysis of the sample surface destruction is an
important non-destructive method for assessing damage of
the materials. Due to image analysis, more systematic and
more accurate measurements have become possible.
Therefore, more objective characterization of concrete from
the aspect of material properties is provided. Evaluation of
various concrete properties, as well as the effect of
external influences on the microstructure of concrete, can
be investigated using these non-destructive methodologies
[1-4].

The Image Pro Plus is a special program for
processing and analysis of image. It recognizes and
enables work in all known image formats (TIFF, JPEG,
BMP, TGA). This program automatically performs image
analysis. It automatically measures, counts and classifies
all data obtained by object analysis. The program
communicates directly with Excel, which enables
statistical and graphical data processing. In this study the
image analysis was used for determination of surface
destruction level before and during the testing.

The laser can be applied to different processing
techniques such are drilling, cutting, and thermal
treatment (thin film ablation and evaporation, hole
drilling, piercing, perforation, point welding, thermal
processing, cutting by gas laser, thermo-separation, and so
on). There are two processing regimes of laser action:
pulsed mode (PM) and continuous wave (CW). In CW
lasers, continuous pumping of the laser emits instant light,
while in a pulsed laser there is a laser power-off period
between two successive pulses. PM laser irradiation was
mostly used for thermal shock testing of ceramics, while
CW laser was usually used for monitoring thermal
properties and sensitivity of ceramics. The excitation
energy provided by laser is rapidly converted into heat
during laser-ceramic interaction. This is followed by
various heat transfer processes such as conduction into the
materials, convection, and radiation from the surface. As
a consequence, various physical phenomena are created:
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heating, surface melting, surface vaporization, plasma
formation, ablation [5].

Based on previously published results [6-8], related to
behavior of refractory concrete under extreme conditions,
thermal shock and cavitation erosion, attempt was made
to investigate the resistance of this group of materials to
effects of the laser beams. Other authors’ studies were
usually occupied with using high level of power laser
(CO,, NdYAGi, etc.) [9-12].The same effect can be
obtained with the low level laser as with higher level laser
but for the longer time. Therefore, this research is devoted
to the behavior and sensitivity of this group of materials
on low level laser action.

Experimental
Materials

Samples of refractory composite material, low cement
castable, were used to measure damage caused by the low
level laser beam action. Preparation of refractory concrete
consisted of samples synthesis and their sintering.
Prepared alumina based refractory concrete had 98.11 %
of ALO; and 1.22 % of CaO. Since its chemical
composition indicates that the content of components that
can form low melting phases (CaO) is quite low, good
mechanical characteristics and corrosion resistance were
expected. It should be emphasized that chemical
composition plays a major role for the characteristics of
the aggregate-matrix bond interface which determines
thermo-mechanical properties of refractory materials.

After the synthesis, sintering at 1300 °C with the

dwell time of three hours was realized.

Methods

Low-level laser beam application

Prepared samples were subjected to the action of low-
level laser beam.

The plan of investigation was related to the
monitoring of materials behavior in extreme condition of
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laser action. In this experiment, CW laser beam with
permanent effect was appliedfor monitoring resistance
and sensitivity of ceramics.

Continuous non-polarized semiconductor laser with
integrated collimator MGL-S-532 from “CNI”> Company
was used in experiments. Power in a stationary
temperature regime was measured using Laser Check
from "Coherent" Company and was 366 mW. The
wavelength was 532 nm. Beam profile was oval with the
axis ratio of 3:2, with a Gaussian distribution of power.
Focus was placed on the sample surface using a built-in
optics and achieved beam major axis length of 0.46 mm.

Different times, from 5 to 25 minutes, with interval of
5 minutes were selected to investigate the resistance of
the samples to the LLL beam.

Image analysis and pit depth measurement

Destruction level of the samples during laser beam
treatment were characterized by affected area and depth
of pit. Image analysis was applied for damaged area
measurements. Program Image Pro Plus was used, and
destruction area was measured using both manual and
automaticalmethods.Analyzed surfaces were colored by
red color with the aim of obtaining better resolution and
facilitating the difference between damaged and
undamaged areas of material. Accordingly, undamaged
area was red, and damaged area was white or lower
intensity of red color. This approach was performed to
achieve better image condition for image analysis
application.

Pit depth measurements were based on the
microphotographs and performed using comparator Orion
added to the microscope.

Results and Discussion
Surface damaged area

Measurements of the surface damaged area using
image analysis included detecting differences between
damaged and undamaged areas of the material. The
results were calculated and compared to the ideal surface
and presented in percentages (P/Py)-100 %.

Images of the samplesdried at 105 °C and sintered at

1300 °C for different intervals of the laser beams
exposure are given in Fig. 1.
Time interval of Smin 10 min 15 min 20 min 15 min
laser beam attack

Sam ples dried af 105°C

Samples sintered af 1300°°C

Fig.1. Images of the samples dried at 105 °C and sintered
at 1300 °C for different time intervals of exposure to LLL
[13]

Damaged areas for the samples treated at 105 and
1300 °C, measured manually and automatically, and the
average values, presented in Figure2.

The obtained results showed close values of both
methods (manual and automatic) for the tested samples
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after 5, 10, 15, 20 and 25 minutes of exposure to LLL. It
can be observed that the maximum difference between the
applied methods was for the samples treated at 105 °C
after 25 minutes of exposure to LLL. Some differences in
the obtained results and difference between manual and
automatic data for damaged area are related to the
possibilities of obtaining image with excellent resolution.

Comparison of the obtained data for damaged area
measurements for different time intervals of the laser
beams exposure is presented in Figure 3. For shorter time
interval, 5 minutes, differences between damaged areas
are smaller. For longer time of exposure to LLL, these
differences are higher, and the highest difference is
observed for the longest time period.

M manual
automaric
0.3  Maverage manual and automatic
D oae
= ) —
2
pmy -
- 0.2
4
20.15
T
& 0.1
=
—~ i —
50.05
] 0
3 10 15 20 23
Time (1min)
a)
= manual
automatic
m average manual and automatic
0,8
a0
3 0.6
=
o’
S 0.4
-
[=~]
T oA
& 0.2 -
=
=
[~
o 0
10 15 20 25
Time (i)
b)

Fig. 2. Damaged area during LLL exposure for samples
treated a)105 °C and b) 1300 °C
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The results of the pit depth values for the samples
o105c treated at 105 and 1300 °C during the laser beams
0,7 exposure are presented in Fig. 5.
0.6 —
Z 05 - : :
= - ) ®]105°C ©1300°C
Z04 = - 0,14
o -
= 0.3 || 0,12 ®
T, 01 ®
50,2 - — .
= 2 0,08 g
2 0.1 H - g 09 e © &
A, 1E = 0,06
T T T T D-!
5 10 15 20 25 = 0,04
Time (nmun) & 002
Fig. 3.Comparison of damaged area for different time 0 '
intervals of exposure to LLL 0 10 20 30
Pit depth Time (min)

The examples of microphotographs of the sample
surface and pit are given at Fig. 4. Fig. 5. Comparison of pith depth values fordifferent time
intervals of exposure to LLL

It can be noticed that pit depth is increasing from 0.07-
0.115 mm during the time interval from 5 to 25 minutes
for the samples dried at 105 °C. This increasing trend is
also observed for the samples sintered at 1300 °C, pit
depth changed from 0.06-0.095 mm in the time interval
from 5 to 25 minutes.

Having in mind the influence of the treatment
temperature, it can be observed that after 5 minutes
samples exhibited similar behavior, with pit depth of 0.06
mm for the samples sintered at 1300 °C and 0.07 mm for
samples dried at 105 °C. As the time of impact of the LLL
was increasing, higher differences for the pit depth were
observed. The minimal value of 0.085 mm was measured
After 25 minutes, for the samples sintered at 1300 °C
smaller value (0.095 mm) was noticed compared to
samples dried at 105 °C (0.115 mm).

surface

Conclusion

According to the results obtained using two types of
measuremets to establish level of degradaton of the
samples- degradation area and pit depth, it can be
concluded that:

- At the begining of the experiment, for LLL
exposure time of 5 minutes, differences between
samples treated at different temperatures exist,
but they are small. These differences are
increasing with time of LLL exposure. For 25
minutes, significant  differences in  the
degradation area as well as pit depth can be
observed.

- Pit depth measurements indicated that samples
sintered at 1300 °C exhibited better resistance to
the LLL impact compared with those dried at
105 °C.

pit

Fig. 4.Microphotographs of the surface and pit for the
samplessintered at 1300 °C and exposed to LLL for 25
min
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