Refractories

Sonic Technique Tests
Refractory Quality
Impulse excitation techmque allows the producer

to assess the quality of refractory products
by evaluating the homogeneity of the lot

By: G. Boiche, M. Chatre, B. Goublaire, |.C.
Gourlaouen and G. Poirson, Minerals & Refractories
Laboratories. Translated from the French by J. W
Lemmens Inc., St Louis, Mo,

The impulse excitation technique has
been used successfully for many years
to determine the hardness of grinding
wheels and honing stones. Investiga-
tions were carried out at the Minerals &
Refractories Laboratories to determine
if this method could be used to access
the quality of refractories.

This nondestructive method uses an
instrument originally developed to de-
termine the modulus of elasticity of
grinding wheels. Because it measures
the frequency of fundamental vibra-
tions, the instrument also should pro-
vide excellent results in testing refrac-
tory products.

Measurement principle

The instrument utilizes the impulse
excitation principle, rather than contin-
uous excitation. The method consists of
the excitation of a test object by means
of a light mechanical impulse. The re-
sulting relaxation will take the form of a
damped vibration, which depends on
the nature of the material, as well as the
geometry and mass of the test piece.

The vibration, picked up by the de-
tector and initially amplified, is ana-
lyzed by an electronic circuit in order to
select the fundamental mode from what
is generally a rather complex vibration
spectrum. The instrument, which mea-
sures the frequency of this fundamental
vibration, consists of probes to detect
the vibrations and electronic measure-
ment circuits.

Of the two types of probes—direct
contact and microphone—the direct
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contact probe is used most often.
Shaped like a small pencil with a metal-
lic point, it consists of a piezoelectric
crystal and a two-stage preamplifier.
The microphone probe is used for very
small samples and in automated test
set-ups.

Measurement circuits

After ehiminating the first periods,.
which are disturbed by the harmonic
interferences, the instrument will sam-
ple eight periods of the signal. Results
are displayed as a numerical reading. A
quartz watch with a reference crystal of
2 MHz measures the duration of these
eight periods.

In the first stage, MRL established
correlations for cold mechanical
strength for shaped isolation products
(see Fig. 7, 8). In the second stage,
MRL oriented its study more specifi-
cally to the existing relationship be-
tween the modulus of elasticity and the
cold crushing strength for these same
brick.

It is well worth considering the mod-
ulus of elasticity rather than the instru-
ment reading because of the relation-
ship between these two units, part of

which is a shape factor. When reason-
ing about the modulus of elasticity, it is
possible to compare several lines ob-
tained from samples of different size
and shape.

The linear relationship derived is
good with a correlation coefficient of
0.803, as shown in Fig. 9 which illus-
trates a population of 219 values. These
measurements represent 12 lots re-
ceived at four different dates.

The relationship obtained for each
lot is illustrated in Fig. 10. The spread
of lines is due to the variation in prod-
uct quality and the number of samples
in each lot. The correlation established
for each test shows that product quality
varies as a function of time (Fig. 11).
The line corresponding to the test on
Oct. 18 is significantly separated from
the others. This may be caused either
by an important variation in product
quality, or a coincidence in sampling.

Lines are obtained by taking at ran-
dom one point out of two, one point out
of five, or one point out of 10, as repre-
sented in Fig. 12. The results obtained
were very similar. Therefore, a line of
correlation can be obtained from rela-
tively few points as long as they origi-
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E‘M - #3 (Fig. 13). Results indicate the higher
2 ol g::: number of points taken, the closer the
% P ‘%"EE cloud of points approaches the ‘‘theo-
L. 3 retical”’ line (Fig. 9).
§ o This is clearly shown by comparing
20 Fig. 14, 15 (n=2 and n=20, respec-
T g g 8§ 8  [sTsszaaszzasgac tively). By knowing the ‘‘theoretical”’
Grrdo-oeic Raadig i o Flaany curve, measurements will be taken at
the reception of the lot production and
the mean calculated. Therefore, the
cold crushing strength can be deter-
mined with increasing precision as n
increases.
The relationship between the reso-
7o | meoms nant frequency and the reading is:

R=2T x 10* =2 x 10¢
f
where R = the reading of the instrument

T = the period of the vibration
in microseconds

f = the frequency of the vibration
in Hz.

Refractory products testing

Easy to use, the instrument has three
principal characteristics— simplicity,
speed and accuracy. Just hold the probe
against the object to be tested, tap it
with a hammer, and read the result on
the instrument. The measurement
takes only one second. A standard fre-
quency reference, incorporated in the
stop watch circuit, suppresses all cali-
bration and stability problems.

A variation of less than 0.5% in sev-
eral consecutive measurements of the
same part is typical when measuring
refractories. When measuring a
cracked part, the instrument will dis-




TABLE 1 STANDARD &
STANDARD DEVIATION
LoT NUMBER OF % OF DEFECTIVE MEAN DEVIATION COEFFICIENT
NUMBER SAMPLES BRICK o A
m — %
m

1 89 612 158 258

2 200 695 140 201

3 132 76" + 121** = 19.7 691 1558 225

4 203 782 a1 1.7

5 161 37" + 188" = 205 704 114 16.2
6 133 745 75 10.1

7 54 0 510 46 8.9

B 49 0 393 32 8.2

9 50 0 500 63 125
10 1639 0.12 669 70 10.5
11 1500 1.05 598 83 13.0
12 130 0 871 79 9.0
13 148 1.3 1245 58 4.6
14 149 0.7 1232 394 3.2
18 150 0 1251 87.1 7.0
16 80 0 7 70 9.1
17 100 553 20 37
18 705 497 27 55
19 524 452 57 12.7

» cracked brick

play numbers at random. In the case of
inhomogeneous parts, the values will be
within a certain range, though they will
vary more than 0.5%.

Viewing this phenomenon with an
oscilloscope indicates a homogeneous
part will show a regular envelope (Fig.
1), and a heterogeneous part will show
an irregular envelope (Fig. 2).

Studying Table 1 results reveals the
percentage of defects varies from 0% to
20.5% for the 19 lots tested. The pro-
portion of cracked brick is between 0%
and 7.6%.

Measurement speed permits the test-
ing of large brick quantities. It also al-
lows one to:
® Accurately determine % defective
brick in a lot;
® Draw an accurate histogram;
® Determine variations by calculating
the mean, the standard deviation and
the standard deviation coefficient.

Results indicate the mean deviation
coefficient may vary from 3.2% to
25.8%. A well made lot has the lowest
possible standard deviation coefficient
with an upper limit of 10%. This limit
may be less, depending on the nature of
the product and its application.

The histogram shape may vary con-
siderably, indicating the distribution is:
® Very normal when the production is
homogeneous;
® Bimodal when the lot consists of a
mixture of two homogeneous produc-
tion runs;
® Dissimetric;

++ inhomogeneous brick

Figure 1. Vibration phenomena of a free Oscillating
homogeneous object.

® No shape at all as the lot is very inho-
mogeneous.

Manufacturing process stability

Comparing results obtained from
two lots of the same product purchased
at different dates, permits evolution
monitoring of the manufacturing pro-
cess. Comparison can be made by his-
tograms, the standard deviation or the
standard deviation coefficient.

Investigating correlations allows us
to replace certain destructive tests with
a simple resonant frequency test and to
predict in-service behavior. Unfortu-
nately, property correlations often are
difficult to obtain because destructive
tests are time-consuming, expensive,
and a large number of results is neces-
sary for accuracy.

This survey only studied the cold
crushing strength correlation. However,

Figure 2. Vibration phenomena of a free Oscillating
inhomogeneous object.

its principles can be extended to other
properties, such as bending strength at
elevated temperature and thermal
shock resistance.

Applying the resonant frequency
measurement technique on refractory
products and materials gives accurate,
nondestructive results on product
quality— immediately upon reception
of the lot. More specifically, the mea-
surement indicates production and de-
livery homogeneity which can be an im-
portant factor in choosing a supplier.
The technique also allows a manufac-
turer to monitor production accurately
and to determine possible degradation
quickly. @]
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