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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.
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PEAJIMBAIIUA AHAJIN3A N30BPA’KEHHUA HA OCHOBE
HU3KOJA3SEPHOT'O PASPYIHIEHUSA BETOHA U3 OTHEYIIOPHOI'O
CTPOUTEJIBHOI'O MATEPHUAJIA
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Annortanus. [lensio HeeneoBaHMs ABISIACH PealTH3aIHs aHAIH3a H300paKEHNS T KOHTPOMS YPOBHS PaspylIcHHs B TEUCHHE
BO3/IeiicTBUS HU3KOYPOBHEBOIO Jlazepa. B kauecTBe uccieayeMoro Marepuaa Obul H30paH GETOH M3 ITIMHO3EMHOTO OTHEYIIOPHOIO
MaTepHana ¢ MAakKCHMAaJbHBIM COJEpKaHHEM IleMeHTa. B OJKCIepHMEHTe HCMOIb30BaNCh [IBE CEpHH 00pasloB: IEpBhIE
MoJBEpPralychk cylike IMpH Temmeparype 105 °C, ocTtanpHele — arnoMepaiud npH Temmneparype 1300 °C. OcHoBblBasch Ha
MPUKIaaHOM MeTomomorny obpasel] W3 OTHEYMOPHOTO CTPOMTENLHOTO MaTepHala TOJBEPIcA HH3KOYPOBHEBOMY Ia3epHOMY
BO3/ICHCTBHIO B TEYEHHE HMHTEpBana BPEMEHH OT 5 A0 25 MHHYT, NpPH 3TOM KOHTPOIMPOBANCS YPOBEHBL pas3pymieHus. bruio
MIPOU3BE/ICHO CPaBHEHHE PE3yNbTaTOB, KOTOPEIE MOTYyYECHB B PYYHOM H ABTOMAaTHYECKOM pPEKHME. IKCIIEPHMEHT TIPOBOIMICS s
TOro, 4To0Bl YCTAHOBMTH, MOJXKET JIM [aHHBIH MaTepual HCIOJNB30BAThCA B YCIOBHAX, TPEOYIOLUMX CONPOTHBIICHHS JIA3€PHOMY
BO3IEHCTBHIO.

KiaroueBsie ciioBa: HH3KOYPOBHEBEIIT 1a3ep; a3epHOE pa3pylleHHe; MEXaHHUECKHH KOMIIapaTop; aHaIH3 H300paXKeHH; pa3Mep
paspylleHus; 6eTOH OHEYNOPHOTO CTPOMTEILHOIO MaTepHala

PEAJIIBAIIA AHAJII3Y 30bPAKEHHS HA OCHOBI
HU3bKOJIASEPHOI'O PYUHYBAHHSA BETOHY 3 BOTHETPUBKOI'O
BYAIBEJIBHOI'O MATEPIAJIY
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Amnorauin. Merowo jgocnijkeHus Oyna peanisauis aHanisy 300paskeHHS UISI KOHTPOJIIO piBHS pyHHYBaHHS NPOTATOM BIUIMBY
HU3LKOPIBHEBOTO Jlasepa. Y SIKOCTI JOCIIKYBAHOTO Marepiany OyB BHOpaHui OeTOH i3 MTHHO3EMHOTO BOTHETPUBKOTO Marepiaiy 3
MaKCUMaJbHHM BMICTOM LIEMEHTY. B ekcrepuMMeHTI BHMKOpPHCTOBYBalMCA /Bl cepil 3pa3KiB: [EpLUi 3a3HalH CYIUIHHA [pH
temmeparypi 105 °C, immi — armoMepauii mpu Temmeparypi 1300 °C. IpyHTyouHch Ha NPHKIaAHili McTomonorii 3pasok 3
BOTHETPHBKOI0 OydiBeNBHOrO MaTtepialy MifgaBcsd HH3BKOPiBHEBOMY JIa3epHOMY BIUIHBY NpOTATOM iHTepBaldy uacy Bim 5 mo 25
XBHJIMH, TIPH 1[bOMY KOHTPOJIOBAaBCA piBeHb pyiHyBaHHA. Bymo 3pobneHe MopiBHAHHSA pe3yNbTaTiB, sIKi OTPUMaHi B pydHOMY i
aBTOMaTHYHOMY pexkuMi. EkcriepHMeHT npoBoIuBes Ul TOTO, MI00 YCTAHOBHTH, YH MOJKE JAaHHII MaTepial BUKOPHCTOBYBATHCS B

YMOBax, 1110 BHMArarTh ONOpPY JIa3ePHOMY BILIHBY.

KmrouoBi cnoBa: Hu3bKOpiBHeBHI Ia3ep; nasepHe pyHHYBaHHS, MeXaH{UHMH KoMmapaTtop; aHai3 300paxeHHA; poO3MIp

py#iHyBaHHs; GETOH BOrHETPUBKOrO OYiBEILHOTO Marepiany

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,, NAYAGI, 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 AlLO; 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 25 min
laser beam attack

Samples dried at 105°C

Samples sintered at 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.
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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
o105cC treated at 105 and 1300 °C during the laser beams
0.7 exposure are presented in Fig. 5.
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Fig. 3.Comparison of damaged area for different time 0 :
intervals of exposure to LLL 0 10 20 30
Pit depth Time (1min)

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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