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Abstract

The dynamic relaxation spectrum of beryllium bronze for a broad temperature interval — 20-
650°C is investigated in order to determine the micro-plasticity behavior of the material at levels
of relative deformation at the range of 104-1072.

The presence of a few mechanisms of hysteresis diffusion of the energy in the material is
determined which are typical for the two diapasons of amplitudes. The properties of beryllium
bronze are determined by the higher concentration of the structural defects and the lower
binding force between the defects and the dislocation lines. Upon deformation with amplitude
higher than the critical one, separation of the dislocation lines from the alloying elements takes
place.
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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. In addition, it
possesses high wear resistance upon heavy thermo-cyclic loading regimes at high temperatures.
The aim of the present work is to investigate the micro-plasticity behavior of beryllium bronze
for a broad temperature interval of 20-650°C and relative deformations of 10#-10 connected
with its special properties.

2. Microplasticity

The ideal elasticity of a solid body according to Hooke's law is defined based on three fulfilled
requirements for the stress-deformation (strain) ratio [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 the real bodies at higher values of the stress but far lower from the yield strength of the
material, all three conditions for ideal plasticity are not fulfilled and micro-plastic acts occur in
the material.

Such a condition is defined as micro-plasticity. In reality, it occurs at levels of relative
deformation in the range of 104-102[1].
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From a physical point of view the microplasticity of the material is determined by stress-
deformation relation with certain internal processes performing work, thus expending given
energy. Such processes are the transportation of material via atom mechanisms of relaxation
mainly connected to diffusion processes, drift of foreign atoms and irreversible dislocation
movement at breakaway of the dislocation segment from the pinning points [1, 2, 3].

Basic method for obtaining information for the micro-plasticity behavior of a material is the
internal friction (IF) method. A periodically changing with time twisting stress 6 /deformation
¢/ 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:

tgp =~=AW/2nTW=Q".

In the literature the symbol Q! is adopted which denotes energy loss and its value is called
internal friction-/IF/.

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 (weight %)

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

Specimens for IF experiments with the following size-0,5x 0,5x 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.

For investigation of the temperature dependence of the IF 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 2.10* to 5.10*. The internal friction values for the
temperature diapason of 20-650°C at heating rate of 1.5°C/min. are taken. The IF is registered
for twelve values of the relative deformation.

4. Experimental Results and Discussion

Fig.1 shows the IF dependence of the temperature for the minimal and the maximal values of
the relative deformation of the investigated specimen. The temperature dependence in the
deformation zone of micro-plasticity shown above by analogy with the inelasticity is
characterized with few base effects:

— Low-temperature background of the IF which is function of all relaxation processes
taking place in the material.

— High-temperature background which includes the dissipated energy from the first
micro-plasticity acts taking place in the material, characteristic for the hysteretic
mechanism of relaxation.

— Relaxation maximum which is presented but due to lack of direct connection with the
investigated from us effects will not be commented here.
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Fig.2 shows the same results as a dependence of the internal friction from the degree of the
relative deformation at different temperatures.

The obtained results show presence of two zones of amplitude dependence of the IF.

I-zone — with deformation amplitudes in the range of 2.10-4,5.10* in which the amplitude
dependence is weak.

II-zone — with reaching is a critical value of deformation. In our case is &xp. 4,5.10". Strong
amplitude dependence is observed, and the damping drastically jumps with an increase of the
amplitude.

It was determined that the amplitude dependence is strongest at elevated temperatures in the
zone of the high-temperature background of IF.

We shall mention that the perfect dependence of the hysteresis connection between stress and
deformation is characterized with the following: it does not depend from the time but
exclusively from the size of the applied stress. Thus the elastic modulus and the decrement of
the free decay /respectively the internal friction/ do not depend from the frequency.
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Fig. 1. IF dependence from the temperature for the Fig. 2. IF dependence from the relative
minimal and maximal values of the relative deformation at different temperatures
deformation

For first time Read [4] and later other authors [5] have determined the connection between the
micro-plastic behavior of the material and the critical value of the stress €xp. According to them
in the base of the mechanical hysteresis lie mostly processes of non-conservative dislocation
movements and to be precise the micro-plastic acts at higher degrees of deformation.

The mechanism describing the hysteresis processes is known as the theory of Granato and
Lucke [1, 5-7]. The theory rests on the following: If the dislocation line is pinned at both ends
and the shared length between these points is L (dislocation segment) and additionally the
dislocation line is fixed with interstitial atoms or some other defects along the dislocation line
spaced one dislocation segment apart when external above — critical stress is applied the
dislocation line can be breakaway from the pin points. Then the IF can be described with the
equation:

Q!'=[C1.A.L¥/12. AAmplitude].€Xp[-T.fin/4.b.1. A Amplitude],
where, C1 — constant, A — dislocation density [cm™], Aamplitude — above-critical deformation

amplitude, b — Burgers vector [cm], fm — maximal binding force between the interstitial atoms
and the dislocation line.
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Therefore the IF value at applied above-critical deformation depends from the dislocation
density, the length of the dislocation segment and the concentration of the interstitial atoms at
the dislocations respectively the number of fixing points and their binding force with the
dislocation line. The IF increases with increasing of the deformation amplitude since for the
energy losses take part increasing number of dislocation segments. At identical value of above-
critical deformation the IF depends on the number and the distribution of the dislocation
segments.

For interpretation of the obtained results in the light of Granato-Lucke's theory they are
transformed in coordinates In(Q™'. Amplitude) — 1/Amplitude. The part of the ordinate axis «A»
and the tangent of the obtained line “B” in accordance with the above equation are described
with the dependences:

A=CiLAL¥? and B=nfuw/4b.l

Fig.3 shows the obtained results in the above coordinates. They show that above given critical
amplitude of deformation a strong amplitude effect is observed which confirm the theory of
Read and Granato and Lucke.

The established deviation from the hypothetical linear dependence of that theory, observed also
from other authors [8, 9] shows the existence of at least of one another mechanism of hysteresis
dissipation of the energy with different energy parameters and taking place in certain diapason
of amplitudes.

Considering that the value of L/l is representing the concentration of the fixing points or the
concentration of the defects along the dislocation line then the coefficient “A” practically is
proportional to the dislocation density and to be more precise to the square of the defect

concentration.
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Fig.3. Dependence of In (Q'* Amplitude)-1/Amplitude at different temperatures

On Fig.4 is shown the temperature variation of the coefficients “A” from Granato and Lucke's
equation from which can be seen that with increasing of the temperature, the dislocation density
and the concentration of the defects decrease slightly.

The coefficient “B” is proportional to interaction strength between the defects and the
dislocation line. The temperature variation of the coefficient “B” —Fig.5 shows the existence of

108



a temperature minimum of the interaction energy after which it starts to grow probably due to
the additional fixture of the dislocation line not only by interstitial atoms but also from the
presence of separate phases along the dislocation in the solid solution.
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5. Conclusions

Based on the obtained results the following conclusions can be made:

The amplitude dependence of IF shows presence of two zones of deformation
amplitudes which are strongly temperature dependent and are pronounced highly in
the high-temperature background zone.

There is deviation from the linear dependence of Granato and Lucke theory which
shows existence of few mechanisms of hysteresis dissipation of the energy which are
with different energy parameters and are taking place at distinct amplitude diapasons.
The obtained values of the coefficient from the Granato and Lucke's equation show
that the beryllium bronze properties are determined from the presence of high
dislocation density, high structural defect concentration and low value of the binding
force between the defects and the dislocation lines.

Applying cyclic deformation with above-critical amplitude leads to a gradual
separation of the dislocation lines from the alloying atoms whereas at higher
temperatures and deformations- also to separation from the inclusions.
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