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Abstract. The uniaxial tension with various strain rates for the alloy V950chT1 at the room
temperature and at the temperature of aging 165°C is investigated experimentally for finding of
the rational modes of deformation. The range of deformation rates, close to strain rate at
superplasticity, at the temperature of aging was found when the value of deformation at
destruction is maximum. Increasing or decreasing of the deformation rate leads to decrease of
the strain value at which the material is destroyed. Increasing the preheat period leads to a
decrease in the strain value at fracture at temperature of aging. The elastoplastic characteristics
are reduced in the alloy in the cold state after the full aging at 165°C without load.

1. Introduction
The processing of materials pressure in the quasi-static mode with deformation rates of the order of
several percent per second is the most widespread method in industry. The treatment of new high-
strength structural materials in this mode leads often to appearing of serious defects in the material and
the product practically exhausts all resource already at the manufacturing stage before exploitation.
The slow shaping modes due to irreversible creep strain and modes close to superplasticity are
alternative to a fast shaping modes due to ‘instant’ plastic deformations [1-4].

The use of slow modes with the stress not exceeding the elastic limit with the strain rate about or
less than 18s™ due to increasing temperature and increase the duration of force action leads to
reduced [5-9]:

« level of stresses;

« damage of material at the manufacturing stage of a detail;

« level of residual stresses after removal of the load since the internal stresses relax to small
values in the process of slow temperature-force action on the material.

2. Experiments and discussion

The treatment of the material in slow modes allows one to expand the range of a temperature and force
loading regimes, including nonstationary modes of deformation, to combine the process of forming
with the processes of heat treatment of the material. This significantly increases the ability of the
material to deformation that leads to the preservation of residual service life (survivability) of details
at the manufacturing stage [10-13]. For instance, bending plates of aluminum alloy ABT-102 with a
thickness of 24 mm at the room temperature (in the foreground) and the hardening temperature of
470C (in the background) are shown in figure 1.
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Figure 1. Bending plates of aluminum alloy
ABT-102 with a thickness of 24 mm at the
room temperature (in the foreground) and the
hardening temperature of 4¥0°(in the
background).

Experimental studies in uniaxial tension for alloys based on aluminum V95o0chT1 (very pure alloy
V95 treated in mode T1) were carried out for the purpose of definition of rational modes of loading.
The experiments were performed on testing machine Zwick/Roell Z100. The diameter of tested round
specimens is 8 mm, working lendtrhas value from 36 to 41 mm. Specimens were cut from the plate
of thick 15 mm. The rate of the traverse displacement (one of the specimen end) has constant value
during the experiment. The logarithmic strain is determined based on the traverse displacement. Since
the strains obtained by measurements of the traverse displacement in the linear elastic stage have
overestimated values, the strains are corrected based on measurements of the additional strain sensor
in the elastic stage. The stresses are determined in view of the incompressibility. Since the cross-
sectional area of the sample changes in the process of loading, the strain rate isn't constant value at a
constant rate of the traverse displacement [14, 15]. For small deformations the strain rate can be
assumed to be constant and equal to the rate at the initial stage of deformation with correction of the
elastic component.

2.1. Elastic-plastic and creep properties of aluminum alloy V950chT1 in tension at room temperature
and the temperature of aging

The curves in figure 2 are diagrams ‘stresdogarithmic strain sof uniaxial tension up to fracture at

room temperaturel = 19°C (curves 1-4) and at aging temperaflire 165°C (curves 5-6) with
different strain rates. The strain rate at the initial stage of deformation, conditions of deformation and
the fracture tima* of specimens corresponding to the curves in figure 2 are given in table 1. The
uniaxial tension ¢-¢' diagrams at room temperature= 19°C after pre-deformation of 3% at

T = 165°C (curve 2) and after preheating for 18 h without any deformatibr 465°C (curve 4) are

given for comparison. The preheating time at temperaterdd@5°C for curves 5 and 6 is 1.5 h.

Table 1. Modes of deformation corresponding to the curves in figure 2

& (1/s) T(°C) Pretreatment at ¥ 165T t* (h)
1 0.0004 19 — 0.11
2 0.0004 19 Pre-deformation of 3% 0.09
during 0.4 h
3 0.000004 19 — 6.4
4 0.0004 19 Preheating 18 h without load 0.106
5 0.0004 165 Preheating 1.5 h without load 0.2
6 0.04 165 Preheating 1.5 h without load 0.003

Based on the results (curves 1-4), it is noted that after the full no-load aging (curve 4) the
elastoplastic characteristics are reduced in the alloy in the cold state. The resulting elastic limit for the
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curve 6 isg, =446 MPa. ‘The resource plasticity’ in the slow deforming at creep mode with strain

rate £ =0.0004 1/s atT = 165°C (curve 5 corresponding to elastic-creep deformations with stress not
exceeding the elastic limit) is significantly higher than when cold forming (curve 4) and when quick
elastic-plastic deformation (curve 6)Tat 165°C.
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Figure 2. The diagramsc-¢’ of uniaxial tension at the room and at the aging temperatures.

2.2. Rational modes at creep of aluminum alloy V950chT1 at the aging temperature

Curves 1-8 in figure 3 are experimental results in uniaxial tension with constant rate of the traverse
displacement on machine Zwick/Roell Z100 for aluminum alloy V950chT1 in creep modes with a
short and long period of preheating at a temperature of agin@65°C. The rate, conditions of
deformation and the fracture tinte are indicated in the table 2. The heating time at the temperature

T = 165°C before loading for curves 1, 3, 5, 6, 8 is 1.5 h. The long preheating time without loading for
curve 2 is 10 h and for curve 4 is 20 h.

Table 2. Modes of deformation corresponding to the curves in figure 3

& (1/s) Preheating timgh) t* (h)
1 0.0004 15 0.2
2 0.0004 10.0 0.15
3 0.00004 15 1.49
4 0.0004 20.0 0.14
5 0.000004 15 9.1
6 0.04 15 0.003
7 0.002 2.5 0.04
8 0.002 15 0.04
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Figure 3. The diagramso-¢’ of uniaxial tension in creep modes with a short and long period of
preheating at the aging temperature I65°C.

From the presented results (curves 1, 3, 5, 6, 8), it follows that there is a range of strain rates (close
to superplasticity, curve 1), when the value of deformation at fracture is the maximum. A comparative
analysis of diagrams 1, 2 and 4 shows that increasing the preheating period and succeeding
deformation at the strain raté=0.0004 1/s also leads to lower value of deformation at fracture.
Increased preheat period from 1.5 to 2.5 h without loading (the curves 8 and 7) does not lead to
significant strain values reduction at which the specimen collapses.

3. Conclusion

From the analysis of experimental diagrams obtained at the room and at the aging temperature 165°C,
it follows that a rational modes of deformation of the V950chT1 alloy are the creep modes at the aging
temperature 165°C with stresses that do not exceed the limit elastjcit446MPa at a rate of the

order from 10 to 10* s*, which close to the superplasticity rate. Increasing or decreasing the rate of
dedformation leads to a decrease in the strain value at which the material is destroyed and to a reduction
the residual service life.

The elastoplastic characteristics are reduced in the alloy in the cold state after the full aging at
165°C without load. The increase of the preheating period at the temperature of 165°C also leads to a
decrease in the strain value at fracture. Thus the rational mode of deformation from the point of view
of preservation of the residual service life is the mode of loading at creep with a rate of the order
from 10° to 10* s* immediately after the workpiece preheating period from 1.5 to 2.5 h.
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