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AN AUTOMATIC DILATOMETER

M. Ye. Gurevich and L. N. lLarikov

The prcblem of the determination of t.e true thermal iinear
expansion coefficient (a) in a wide temperature range is of
considerable interest [1, 2]. At the present time, the determination
of a is done by the analytical treatment of the results of measure-
ments obtalned by means of dilatcmeters or other instruments which
determine tie variatlon of the 1linear dimensions of the sample with
the temperature change. Such a treatment requires a conslderable
amount of tine on the purt of the experimenter. In processing lhe
dilatometric curve, which expresses function %L = rf(r)., 1 sufficlently
significant calculated interval 1s selected by the ,raphic
differentiation method, while the function, in most cuseo, 15
approximated. The reductlion of the discrete interval for the
~alculatlions involves additional expenaltures of time and an !acreasc
In the requirements for quality in reglctering the tenperavur
dependence of the change in linear dimenslons. This 1. due tJ the
r'act that tne average llnear expansion coefficlent 15 usually used
during the designing. However, the requlrements of mirny dareas of
new technology advocate the need for a sufflclently strlct knowledype

of a for a wlde temperature range.

Slgnificant difflcultles 1n determining the traue linear expanst:

coefficient value 1lie In the necescity of accountlineg for the
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i distortiona introduced dve to the variation in the coefficlent of
linear expansion of the parts of the measuring device in contact
with a sample, while for a device where there are no such contacts
there are other errors connected, for example, with the parallax 1in
the optical systems, and so on. These errors must be considered

in processing the measurement results.

The Institute of Metal Physics of the Academy of Scilences of the
Ukrainlian SSR has developed and built an automatic dilatometer AD-3 1
(Fig. 1); which measures and records the temperature function of the '
i true thermal expansion coefficient over a wide temperature range %
(-196 to +1100°C) [3].

Fig. 1. General view of installa-
tion AD-3.

Determination of function %(:7‘.) =a () 1s conducted by means
L ]

of the automatic functional conversion of voliage, which simulates
the change in linear dimensions of the sample. The elongation of a

sample which 18 heated or cooled at a constant rate 1s measured by

a highly sensitive (#( 10") electronic dilatometer, which converts

the change in the linear dimensions into voltage or current

FTD-MT-24-893-71 2
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oscillations. Thus, determination of the linear ~xpansion coefficient
.5 reduced tc the operational compuuvation of the rate of change in

the dimension of sample. The use of analog-to-digital differentiator
facilitates functional conversion even when the rate of expansion

(cocmpression) of the sample is small.!

To determine the true value of a, the correction method based
cn the continuous automatic input of correction immediately during
the experiment has been used. The temperature function of the
linear expansior of the dilatometer parts, having value in this
respect, 1s premeasured on the same instrument, simulated by means
of a functional potentiometer, and 1s 1ntroduced into the summing
circult synchronously with the measured value. In tl'is case,
the correction value is reduced %o the same scale as the value of

linear expansion.

The functlonal diagram of the instrument 18 given in Fig. 2.
Tested sample 1 is placed into thermostat 2. The malintenance of
the thermal condition of the experiment (heating or coolirg according
to the program given earlier, isothermal holdings, etc.) i3
accomplished by means of control unit 3, which includes temperature
measuring device and program assf‘gning and controlling equipment.
The change 1in dimensions of the sample is transmitted by a pusher
to the displacement meter 4. From the displacement meter the voltage,
which simulates the changes in linear dimensions together with the
voltage produced in correction unit 6 and simulatine the temperature
functtion of errors, is fed to the input of adder circulit 5. After
algebraic addition in unit 5 the voltage, proportional to the "true"
change 1n dimension of the sample, {3 “ed to the functlonal converter
7, and from the output of the converter — to the Inuut of the two-
coordinate e.ectronic potentiometer 8, ulso fed to which 1s the

slgnal concerning the temperature change of the sanple.

!™hLe analog differentiator, the use ¢ which enabled us to
obtaln identlical results, was also tested; however, such device has
a number of deficlencies (high sensitivity to externai influences,
the need for precision equipment, etc.).

FTD-MT-24-8y 5-71 3
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Filg. 2. Functional diagram
of installation AD-3.

Thus, instrument AD-3 enabled us to study the quantitative
regularities of thermal expansion of the materials and thelr linear
expansion coefficient, and in cases when there 1s no anlsotropy -
the magnitude and distribution of volume effects and the volumetric
expansion coefficient.

Furthermore, an automatic dilatometer allows us to determine
the rates of the processes, connected with the change in dimensions
of the sample (phase transformations and others) under isothermal
conditions or with temperature variation. In the latter case, a
second sample 1s added (the standard), which together with the
investigated sample .orms the differential circuit for measuring
linear elongations.

Nickel samples of high purlty werc measured on the aucomatic
dilatometer AD-3. Figure 3 glves the temperature function of linear

expansion of the nickel l%i-ﬁf(Tﬂ. As seen from the fligure the
(]

result obtained on instrument AD-3 is in good agreement with the
most reliable literature data, obtained by the interference methods
(1]. The instrument very clearly fixes the value and nature of the
slight effect of the intermittent variation 1n the true .lnear
expansion coefficient at the Curle point. The result of the
determination of true linear expansion coefficlent of nickel (in
the same sample) 1s given 1in Fig. 4. This result also agrees well
with the values of a obtained by the same authors [1] using the
calculaticvn method ty measuring the length of the sample at various
temperatures.
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. o Fig. 2. Change in the linear

A - expansion of nickel as a functjon

: of temperature: the points —

3 according to the data of work
[1]; the 1line was obtalned on
instrument AD-3.
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Flg. 4. Thermal linear expansion
coefficlent of nickel es a func-
tion of temperature: the polnts -
according to the data of work

[1]; the line was obtained on
instrument AD-3.
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