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Abstract

The anelastic behavior in beryllium bronze is investigated via the dynamic relaxation spectra for a broad
temperature interval — 20-650°C at levels of relative deformation — 10-6-103, It was determined that the alloy has
higher damping properties in the temperature range 20-650°C compared to other conventional copper alloys. The
appearance of resonance maximum is related to anelastic relaxation due to ageing processes taking place in the
beryllium bronze after quenching. In base of the ageing process lie dislocation mechanisms of relaxation and grain
boundary diffusion.
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1. Introduction

The operational properties of beryllium bronze are combination between its high strength and
elasticity which makes it very desirable material for special applications. It possesses high wear
resistance upon heavy thermo-cyclic loading regimes at high temperatures. The alloy has
application in the making of dies for brass casting and many others. The aim of the present
work is to investigate the anelastic behavior of beryllium bronze for a broad temperature
interval of 20-650°C and relative deformations of 1075-107>,

2. Anelasticity and Internal Friction

The Hooke's law defines the so-called perfect elasticity of a solid body in which the stress and
the strain of the material relate to the elastic modulus. The ideal elasticity includes certain
requirements for the stress- strain correlation, namely [1]:

— Strain is a single-valued function of stress alone;

— Strain does not depend on the time and can be recoverable;

— The linear relationship between stress and strain is valid.
In real bodies at higher values of the relative stress but far lower from the proportional limit
only the requirements 1 and 3 are fulfilled. It means that under applied given stress the
equilibrium stress value is reached after given period. Such behavior of the material in the
literature is called anelasticity.
The real values of the relative deformation at which a given solid body is anelastic are in the
order of 10— 107°[1, 2].
At higher values of the stress all the three requirements for ideal plasticity are not fulfilled and
in the material start micro-plastic acts. Such a condition is typical for every material and is
defined as micro-plastic and is the object of investigation in another our research.
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The main thing in this case is that depending on the size of the applied stress in the area of
values far below the proportional limit the behavior of the material can be anelastic or micro-
plastic.
The internal friction method is basic for investigation of the anelastic behavior of given alloy
in the low frequency band of mechanical oscillations.
A periodically changing with time twisting stress ¢ /strain €/ is applied on the specimen. The
angle of their phase displacement @, also called loss angle is determined. It is defined from the
balance of the putted W and the dissipated AW energy during one cycle for given volume of
the material:

tan @ = @ =AW/21n W=Q™".

In the literature the symbol Q™! is adopted which denotes the energy losses and its value is called
internal friction (IF).

At lower amplitudes of deformation corresponding to low degree of the relative deformation in
order of 10-10~° where the material has anelastic behavior the relaxation effects of the IF do
not depend on the deformation amplitude but on the frequency.

3. Materials and Methods

Object of investigation is standard beryllium bronze — EN CuCoNiBe with certified chemical
composition given in the Table below:

Table. Chemical composition of the investigated alloy (in weight %)

Designation according EN Be Ni Co Cu
CuCoNiBe 0,59 1,14 1,05 rest

Specimens for IF experiments with the following size — 0,5 x 0,5 x 50 mm are made using
electro-eroding machine. After enclosing in vacuum glass tubes, they are subjected to standard
heat treatment regimes of quenching and ageing. The parameters of the regimes are as follows:
quenching temperature — 940°C, holding time — 10 min., quenching media — water, ageing
temperature — 480°C and holding time — 120 min.

An automated and computerized apparatus built on the principle of the reversed, balanced
pendulum with working frequencies of 1-2 Hz and relative deformation of 5.10° to 2.10”° was
used for investigation of the temperature dependence of the IF. The internal friction values for
the temperature diapason of 20-650°C at heating rate of 5°C/min are taken. The IF is registered
for twelve values of the relative deformation.

4. Experimental Results and Discussion

Fig.1 shows IF dependence from the temperature for the minimal and the maximal values of
the relative deformation of the investigated beryllium bronze specimen which has gone through
standard temperature treatment/quenching and ageing/. The whole spectrum is typical for
metals and alloys and consists of low- and high-temperature background of the IF and resonance
relaxation maximum. The low-temperature background of the IF is typical for the anelastic
behavior of the material and is a function of all relaxation processes taking place in the material.
The high-temperature background starts at a given characteristic temperature and includes the
dissipated energy from the first micro-plastic acts taking place in the material. The relaxation
maximum is lying on the background and has resonance nature.
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The results show that in the temperature region of the low-temperature background up to 200°C,
the values of the internal friction are stable and low temperature dependent but as an absolute
value are between 4 and 10 times higher compared to a conventional copper alloy [3].
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Fig.1. Relaxation spectrum of beryllium bronze specimen

In accordance with the relaxation theory the value of the low-temperature background is typical
for the anelastic behavior of the material and is a function of all the relaxation processes taking
place. Main role in these processes has reversible cyclic gliding of the dislocation (conservative
motion) in a one crystallographic plane [2].

The value of the high-temperature background of IF sharply rises above 200°C in the
investigated alloy. In this case basic mechanism of anelastic behavior of the alloy is a reversible
“scramble” motion of the dislocation lines in adjacent crystallographic planes known as non-
conservative [4]. In this temperature region the high damping capabilities of the alloy start to
manifest and are of big importance to its operational properties.

Resonance relaxation maximum is observed on the temperature dependence of the IF. It is
connected with the anelastic interaction of the applied measuring stress with the stress field of
the crystal lattice created by the structural defects like substitutional atoms and vacancies. The
substitutional atoms with the vacancies form cluster formations known as Guinier-Preston
zones (GP zones). From the relaxation theory point of view these are unsymmetrical defects
and upon externally applied stress they are making resonant jumps. It means that in basis of the
resonance maximum of this alloy lies the aging process, fact established also by other authors
in aged aluminum specimens [5-6] and other alike alloys [7, §].

Important result from the investigations is the arise of the resonance relaxation processes is
taking place at the moment of increase of the high-temperature background of the IF when a
temperature instability of the dislocation sub-structure in a mass scale is presented. Therefore,
the resonance maximum and the high-temperature background are two sides of one and the
same process reflecting the mechanism of the ongoing ageing processes.

The temperature dependence of the IF background can be described with the mechanical model
of Maxwell [3] with the following equation:

Q'y=A. exp(-H/RT)
where A is a constant.
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It concerns the ideal case when the relaxation process is characterized with only one relaxation
time.

Weller [9] u Schaller [10] show in their experimental research that in the real case the above
equation is transformed in the form:

Q'¢= [A.exp(-H/RT)]", where n is the constant describing the distribution of the relaxation
times taking part in the process. When n=1, both equations are identical.

On Fig.2 is shown the experimental dependence of the IF from the temperature after removal
of the resonance maximum.
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Fig.2. Approximation of the temperature dependence of the IF background

In order to determine the activation energy of the processes the experimental data from Fig.2
are approximated using the above equation. This is done with the software product “Origin 6.0”
in which the results are plotted automatically as it’s shown on Fig.2. The obtained results for
the activation energy and the exponent are respectively H= 19196 [cal/mol] and n = 0,567.
The obtained value of the activation energy is considerably lower than the one for the volume
diffusion of the alloying elements in copper matrix.

The obtained value of the activation energy and coefficient “n”, differing considerably from
one, in accordance with the relaxation theory shows broad distribution of the relaxation times
and speaks for dislocation mechanism of ageing in the investigated alloy [11].

5. Conclusions

The results show that:

— The value of the background of IF for the temperature region of 20-650°C is
considerably higher compared to other conventional copper alloys which guarantees
the high damping capabilities of the beryllium bronze.

— The reason for the appearance of resonance maximum is the anelastic relaxation due
to ageing processes taking place in the beryllium bronze after quenching.

— In the root of ageing of the alloy lie the dislocation mechanisms connected with the
ongoing boundary diffusion.
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