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Abstract

High quality requirements are established for ceramic tiles manufacturing, because they must be weather-resistant, durable, in
general, hard, wear and corrosion resistant and also can withstand high stresses at elevated temperatures. One of the possible control
methods of the manufactured tiles quality is ultrasonic method based on measurement of ultrasonic wave propagation speed. However,
measurements of ultrasonic wave velocity in green ceramic tiles with an uneven surface are difficult. Therefore attention must be
directed to the individual measurement problems of this method, which are the following: uneven surface of the inspected tile; necessity
of a dry acoustic contact, non-uniform elastic properties of the tested tile.
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1. Introduction

All manufacturers are constantly looking for ways to
reduce the number of defective green ceramic tiles and to
reduce consumption of raw materials. That leads to
improvement and ensuring of quality and durability of the
final product using various quality control systems, which
perform the required measurements on-line.

Since ultrasonic measurement system can be installed
in tiles manufacturing presses or just behind him, the bad
products can be immediately removed and returned for
recycling and thus reducing the spoiled tiles and raw
material consumption.

The green ceramic tiles are isotropic, therefore
velocities of the ultrasonic longitudinal ¢; and transverse cr
waves should not depend on a propagation direction [1-3].
However, the physical properties of tiles affect the
ultrasound velocity [1, 6, 7 - 11], therefore elastic
properties and density of tiles may be estimated by
dynamic ultrasonic and vibration resonant frequency
measurements [1, 4, 5].

Since the tiles are manufactured from different raw
materials blends, there mechanical properties are not
uniform in space, what after firing may lead to defective
deformed tiles. Application of ultrasonic measurements
enabling to monitor a spatial distribution of corresponding
mechanical properties in tiles would enable to detect
earlier the defective green ceramic tiles and to return them
for recycling. Therefore, such ultrasonic measurement
method should be is very useful improvement of ceramic
tiles quality.

Our previous article was devoted to spatial density
measurements in green ceramic tiles in zones of the similar
thickness. [1].In practice most of tiles are manufactured
with one flat surface and with pattern on the opposite
surface. It means that in different sectors thickness of a
green ceramic tile is different, what complicates ultrasonic
measurements.

So, the aim of the research presented in this paper is
investigation of spatial ultrasound velocity distributions in
green ceramic tiles with varying thickness. For that it was
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necessary to select and experimentally verify the technique
suitable for velocity measurements in tiles with uneven
surface and to investigate spatial distributions of
ultrasound velocity along the tested tile surface.

2. Specimen and measurements setup

For measurements of spatial ultrasound velocity
distributions a 0.105 x 0.105 m size green ceramic tile,
manufactured by “Dvaréioniu Keramika”, Lithuania, with
a rectangular pattern on the rear side was selected. On the
rear side the measurement points were marked by dots,
e.g., it can by viewed as discrete matrix of measuring point
(x;, y), with the size is (31, 31) (Fig. 1). The distance
between neighboring measuring points was the same and
was selected Ad = 3 mm.
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Fig. 1. Green ceramic sample used for ultrasonic longitudinal wave
velocity measurements

The ultrasound velocity measurements were performed
across the tile at the points (x;, y;), where i and j are 1, 2,,
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N; N is the number of measurements positions along x and
y axis.

The block diagram of the experimental set-up used for
measurements is presented in Fig.2. In the previous article
devoted to ultrasound velocity measurements in green
ceramic samples we have used two identical ultrasonic
transducers with a flat surface, which were pressed to tile
surfaces in the zones with a similar thickness using a dry
acoustic contact between the ultrasonic transducers and the
tile [1].

In this case, for ultrasound velocity measurements
were used two ultrasonic transducers developed in
Ultrasound Institute of Kaunas University of Technology
with different acoustic contact zones- for a flat tile surface
the transducer with a flat front surface, for the rear side
with a pattern the transducer with the point-type contact
zone (Fig.2). Such approach was necessary because the
thickness of the tile in these zones is quite different.

The diameter of the bigger transducer with a flat
contact surface, which was used as a transmitter, was 25
mm. The transducer with a small contact surface (<Imm)
was used as a receiver and was placed on the rear side of
the tile. The frequency of both transducers was 1.0 MHz

Receiver
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Fig. 2. The set up of ultrasonic measurement system for investigation
of longitudinal ultrasonic wave’s propagation in green ceramic
tiles [12]

For measurements ultrasonic pulse through-
transmission technique was applied. During measurements
a dry acoustic contact between ultrasonic transducers and
the ceramic sample was used, because otherwise properties
of the sample will be affected by a liquid, usually used for
acoustic coupling. In order to obtain spatial distributions of
ultrasound velocities, measurements were subsequently
performed at different marked measurement points (x;, y)).

At each point the tile thickness A(x;, y;) was measured
by a micrometer and the ultrasonic wave propagation time
#(x;, ;) was measured by the ultrasonic measurement
system ULTRALAB developed in the Ultrasound Institute,
Kaunas University of Technology. Ultrasonic velocity
values were calculated at each point:

)- Hoxis ;)
0x;,y; '

clx,y, (1)

3. Ultrasound velocity measurements

The ultrasonic signals used for measurements are
presented in Fig. 3. For the propagation time
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measurements the zero-crossing [1, 13 - 19] and the cross-
correlation [1] methods at the laboratory conditions may be
applied. Both algorithms were described in detail in our

paper [1].
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Fig. 3. Ultrasonic signals used for measurements: 1 - the reference
signal, 2 — the signal transmitted through the sample, but
shifted back in the time domain using the delay time estimated
according to the zero-crossing technique; 3 - signal transmitted
through the sample, but shifted back in the time domain using
the delay time estimated using the cross-correlation technique

Measurements by both methods were performed in the
rectangular tile sector marked by a dashed line, e.g., (1-30,
29), (1-30, 30) and (1-30, 31) (Fig. 1). First of all the
sample thickness /(x;, ;) was measured at all measurement
points by a micrometer with an uncertainty 0.01mm. Then
at the same points the propagation time #(x; y;) of a
longitudinal ultrasonic wave was measured with an
uncertainty 12ns by using the computerized measuring
system.

Each measurement result of the ultrasonic wave
propagation time #(x;, y;) was recorded in a computer
memory and then using the measured tile thickness the
ultrasound velocity of c(x;, y;) using Eq.1 was estimated.

Each value of c(x;, 3;) was recorded in a computer
memory and was displayed as a spatial velocity
distribution of c(x;, y;) using the coordinate system related
to the tested tile (Fig.1).

The measurement results are presented in Fig. 4 — 6.
The obtained results clearly show that the spatial
distribution of ultrasound velocity c(x;, ;) in the sample is
not uniform, what indicates that distribution of mechanical
properties and, particularly of the density, is not uniform as
well. Let us compare the results obtained by the zero-
crossing and the cross-correlation techniques.

In Fig.4- 6 measurement results obtained by both
methods are presented. The differences between those two
methods are shown in Fig. 7. From the results obtained
follows that there is no essential differences, except some
systematic shift, which may be eliminated by a calibration.
For example, the average ultrasound velocity in the sector
of the tile (1-30, 31) using zero-crossing technique is equal
to 1250 m/s. Correspondingly, when using the cross-
correlation technique the average ultrasound velocity is
1230 m/s. Similar results are obtained in neighboring
sectors of the tile (1-30, 30) and (1-30, 29). The average
ultrasound velocity in those sectors obtained by the zero-
crossing technique is the same and equal to 1250 m/s. The
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cross-correlation technique in the same sectors gives
slightly different ultrasound velocity values- 1218 m/s and
1215 m/s. It is possible to conclude that in a laboratory
conditions both methods demonstrate a similar
performance. On the other hand, in the case of in-line
measurements the cross-correlation technique should be
more  preferable due to a  better noise
robustness.
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Fig. 4. The ultrasonic longitudinal wave velocity measurements on
line (x, y) respectively in sectors of the tile (1-31, 31): ooo -
results obtained in the sample using the zero-crossing
technique; *** - results obtained on the sample using the
cross-correlation technique

The results presented in Fig.4 - 7 show slow and fast
spatial variations of ultrasound velocity c(x;, y;) along the
tile. The results obtained indicate that these variations are
not measurement errors, but are due variations of
mechanical properties in the tile, because there is no
essential difference obtained by two different measurement
techniques (Fig. 7). The slow variations are very likely to
corresponding density p(x;, y;) variations in the tile.

The ultrasound velocity variations in the sector (1-30,
31) are +(16-17) m/s with respect to the average ultrasound
velocity independently on the measurement method

(Fig. 4).
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Fig. 5. The ultrasonic longitudinal wave velocity measurements on
line (x, y) respectively in sectors of the tile (1-31, 30): ooo -
results obtained in the sample using the zero-crossing
technique; *** - results obtained on the sample using the
cross-correlation technique
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Fig. 6. The ultrasonic longitudinal wave velocity measurements on the
line (x, 29) respectively in the sector of the tile (1-31, 29): ooo -
results obtained on the sample using the zero-crossing
technique; *** - results obtained on the sample using the cross-
correlation technique

In the neighboring sectors of the tile (1-30, 30) and (1-
30, 29) spatial variations of the ultrasound velocity
obtained by the zero-crossing and the cross-correlation
methods are similar and equal to +£(12-13) m/s (Fig.5 and
6).

Since the ultrasound velocity c(x;, y;) measurements
are performed in sectors with different green ceramic tile
thickness, therefore the differences of ultrasound velocity
values between adjacent measurement points were
analyzed also. In this case the c(x; y;) value differences
along the two lines (1-31, 30) and (1-31, 29) were
determined between the neighboring measurement points
located at two different lines- =29 and »=30. So
determined  ultrasonic wave propagation  velocity
differences at sectors of the tile ((1-31, 30) and (1-31, 29))
are presented in Fig. 7, with allows to determine the
differences between the measured values c(x;, ;) along the
axis y also.
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Fig. 7. The difference between the ultrasonic longitudinal wave
velocity measurements along the lines (1-31, 30) and (1-31,
29) in the marked sector of the tile: ooo - results obtained
using the zero-crossing technique; *** - results obtained
using the cross-correlation technique
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Conclusions

1. The obtained results clearly show that a spatial
distribution of the ultrasound velocity c(x; y;) in the
green ceramic tiles is not uniform, what indicates that
distribution of mechanical properties and, particularly
of the density, is not uniform as well.

The results obtained by the zero-crossing and the
cross-correlation techniques give very similar results,
except some systematic shift, which may be
eliminated by a calibration.

The obtained spatial ultrasound distributions of
ultrasound velocity c(x; y;) allow to determine the
minimal distance between the measurement points,
necessary for accurate reconstruction of ultrasound
velocity spatial distributions.

The ultrasound velocity variations in the sector (1-30,
29) - (1-30, 31) reach £(16-17) m/s with respect to
the average ultrasound velocity independently on a
measurement method.
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Ultragarso bangy sklidimo greicio, iSmatuoto keraminés plytelés
ruoSinyje, analizé

Reziumé

Keraminiy plyteliy gamybai keliami dideli kokybeés reikalavimai —
jos turi buti ilgaamzés, patvarios, atsparios aplinkos ir aukstos
temperatiiros poveikiui. Vienas i§ plyteliy kokybés galimy kontroliniy
matavimy atliekami naudojant ultragarsa. Taciau dél nelygaus plyteliy
pavirsiaus ultragarso bangy sklidimo greitj matuoti yra sudétinga. Todél
svarbu i$nagrinéti problemas, dél kuriy minéti matavimai turi sunkumy:
tiriamos plytelés pavirsiy, plytelés gamybai naudojamas zaliavas, pacios
plytelés anizotropija ir tamprumo savybes.
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