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Abstract

Imposing large plastic deformation by SPD processes such as ECAP, HPT, ARB etc. in a relatively simple way
enables to obtain material with high grain refinement. In result significant change in both strength and plastic
properties can be observed. However, this hardening effect is highly thermal sensitive and even small increase
in temperature can initiate structure recovery processes. In the following paper thermal stability of aluminum
chips (AA1050, AA3103, AA5083) after machining has been examined. By identifying moment of structure
recovery optimal conditions for plastic consolidation could be determined.
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1. INTRODUCTION

One of the most important challenges facing Material Engineering has always been the improvement of the
mechanical properties of metals and their alloys. Therefore, over the years, many techniques and methods
have been developed to increase both the plasticity and strength of metallic materials [1-4]. Within less than
20 years, very popular became methods using the strong accumulation of deformation (Severe Plastic
Deformation - SPD) which allowed to produce materials with improved strength properties. As a part of SPD
methods, we can distinguish such processes as extrusion through an angular channel (ECAP) [5-8], high-
pressure torsion (HPT) [8-11], packet rolling (ARB) [6-8, 12] and many others.

Particular attention has been given to machining processes such as turning, milling etc. which allow to obtain
materials with ultra-fine-grained (UFG) structure in a simple process. In contrast to the classic SPD methods
during machining, it is possible to achieve plastic deformations of the order of 1 to 15 in just one pass [13]
whereas, for example in ECAP, material deformation does not exceed 1.15 after one pass [14]. The tests
carried out on alloy AA 6061 [15] confirmed possibility to achieve greater structure refinement during machining
than in the case of ECAP.

The main disadvantage of machining process is high defragmentation of raw material, which forces the use of
consolidation processes to obtain a solid material. This naturally involves raising the temperature, and thus
can lead to unwanted structure restoration.

The purpose of this work is to determine the degree of material deformation during cutting and comparing the
hardness of the obtained chips with material subjected to rolling process. Examinations allowed to determine
also a temperature range for which the materials show thermal stability.

2. EXPERIMENT

The base materials for tests were three aluminum alloys (AA1050, AA3103 and AA5083) in the form of bars
with a diameter of 40 mm. The chemical composition of each material is given in Table 1. All profiles were
subjected to turning process in order to obtain chips for further examinations. The machining was carried out
at rotational speed of 310 rpm and feed rate of 2 mm/s. To avoid contamination of the material, turning was
carried out without the use of cooling emulsions. After machining chips were measured to evaluate their

1241



JEV. w o
ME 1AL

2019 May 22" - 24t 2019, Brno, Czech Republic, EU

average size. Alloys in a form of chips were then subjected to thermal stability tests. For this purpose, a small
sample of fragmented material was placed in the furnace and heated for 20 min in temperature range of 50 °C
to 500 °C. The annealed material was then subjected to hardness tests using a Shimadzu HMV-G
microhardness tester with a load of 9.8 N. Based on the obtained results, moment of the structural renewal for
individual materials was determined. In the next stage of the research, the amount of deformation accumulated
in the material after the cutting process was estimated. For this purpose, the raw material in the form of rods
was milled into flat bars with dimensions of 3 x 20 x 150 mm, and then rolled several times increasing each
rolling reduction and measuring the hardness. From the obtained results, the HV diagram was drawn as a
function of deformation ¢. By comparing chips hardness after machining with the obtained curve, the amount
of deformation accumulated in every material was estimated.

Table 1 Chemical composition of all examined materials (wt%)

Materiat Si Fe Cu Mn Mg Zn Cr Ni Ti Al

AA1050 <0.1 0.2 0.001 <0.01 0.06 0.01 0.002 - - balance
AA3103 0.07 0.57 0.07 1.10 0.01 - - - 0.02 balance
AA5083 0.15 0.15 0.08 0.85 4.42 0.03 0.08 - 0.02 balance

The last stage of research was determination of strength value that remained in the material after plastic
consolidation. For this purpose, the sample weight of 25 g of every material was pressed on a hydraulic press
under a pressure of 30 t. As a result, round billets with a diameter of 40 mm and height of 10 mm were obtained.
Seven of these billets eventually constituted a charge for the extrusion process. The plastic consolidation was
carried out at a temperature of 450 °C with a ram speed of 0.5 mm/s. Material was preheated before extrusion
for 20 minutes in order to achieve uniform heat distribution in billet. As a result, profiles with a 3 x 15 mm
rectangular cross section (A = 25) were obtained from which specimens for hardness test were then cut.

3. RESULTS AND DISCUSSION

Chips morphology
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Figure 1 Chips morphology after machining process from a) AA1050; b) AA3103; ¢) AA5083 aluminum alloy

Photos of the chips after machining for each material are showed in Figure 1. It can be seen here that despite
the same rolling conditions, both the shape and size of the chip differ significantly. In the case of AA1050 we
deal with a strongly twisted material with a rough surface and an average length of 22 mm. Chips from the
AA3103 alloy were characterized by a smooth surface, slight entanglement and their length exceeding
significantly more than 1 m. For this reason, in order to facilitate further research, these chips were cut into
equal lengths sections (70 mm). The waste after machining in the case of AA5083 showed intermediate
features of two previous materials. These chips were slightly curved with a flat and smooth surface. Their
average length was 10 mm. The differences in the shape and size of the chips for these materials resulted
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directly from their chemical composition. The different proportion of individual elements in the alloy caused the
formation of a different internal structure of the material which had a direct effect on the cutting conditions,
such as cutting force or temperature. In work [16] authors examined influence of material structure on the
cutting process of different materials. They determined the effect of second phase particles on chip breakage
during turning. As a result of these studies, they divided aluminum alloys into three separate groups with
various degree of fragmentation.

Chips thermal stability

The chips after the cutting process often have had a relatively high heterogeneity of deformation over their
entire volume. Both the aforementioned chemical composition and cutting conditions have had significant
influence on this differentiation. As result notable variation of hardness from the average value is visible.
Among all examined materials, the biggest differences in measured HV values (Figure 2) showed AA5083
alloy.
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Figure 2 Chips hardness change as a function of annealing temperature

By analyzing the HV curve for AA1050, it can be noticed that up to approx. 200 °C the material maintains a
constant hardness value equal to approx. 60 HV. After exceeding that temperature, the hardness gradually
decreases up to the value of = 20 HV. It results directly from the processes of recovery and simultaneous
recrystallization of the material. At 400 °C, the hardness stabilizes and the material returns to its base
hardness. A similar three-step nature of the curves is also visible for two remaining alloys. In the case of
AA3103, the initial hardness of the chip (= 90 HV) is also kept at a constant level up to 200 °C, followed by a
gradual decrease of HV with final stabilization at 400 °C on the level of 30 HV. As a result, heating process,
the deformation strengthening from the turning process is completely removed from the material. Of all
examined materials, AA5083 alloy chips showed the highest hardness value. It is both a result of strengthening
during cutting and a significant addition of Mg (4.4 wt%) which additionally increases the hardness of this alloy.
The average HV value of 125 units is maintained at a temperature up to 150 °C, followed by a slight drop in
the range of 200-250 °C by about 5 HV. This relatively small drop may suggest the beginning of the internal
structure renewal. A further increase of temperature to 300 °C causes a strong decrease in hardness to 80 HV
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and this value is maintained up to 500 °C. In each of the above cases, exceeding the temperature of 350 °C
results in return of material hardness back to the value before the cutting process. This information is
particularly important in case of plastic consolidation, where the base material is often in the form of chips after
machining process. Conducting extrusion at low temperature will retain strengthening within the profile.
However, it should be remembered that, on the other hand, low temperature can lead to an increase in
extrusion force and deterioration of extrudated quality (porous profile with a poor quality surface) [17].

Magnitude of chips deformation

The influence of rolling reduction on the hardness value for all materials was presented on Figure 3. As can
be seen in the case of AA1050 profile, the hardness after maximum rolling reduction (¢ = 1) has doubled (40
HV) in comparison to HV of base material. Obtained approximation curve allowed to estimate the value of
deformation in chips at about 4.6. This is the highest value of ¢ of all tested materials. A similar situation occurs
in the case of alloy AA3103. Here again, the hardness value increased from the level of 35 HV for the base
material up to about 60 HV for the maximum rolling reduction. The amount of strain accumulated in the chip
was estimated at about 3.6. This is a relatively lower value in comparison to AA1050, and it may result from a
small addition of Mn. The last of examined materials which is AA5083 already in the initial state had a hardness
exceeding the remaining materials with HV amount of 80 units. Further deformation as a result of rolling
allowed to obtain a value of 140 HV for maximum rolling reduction. The estimated deformation value for chips
was only 0.6. In case of this material, the addition of Mg (> 4 wt%) significantly affected plasticity of the alloy,
limiting process of strengthening during cutting process.
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Figure 3 Hardness change as a function of rolling reduction for a) AA1050; b) AA3103; c) AA5083

It is worth mentioning that each rolled material showed a relatively smooth surface with no visible cracks at the
edges. This indicates a reserve of plasticity that remained in the material even after deformation ¢ = 1.
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Profiles hardness after plastic consolidation

A hardness summary of consolidated profiles and chips after turning presents Table 2. When comparing the
hardness of the consolidated profiles with the base material, only small differences can be observed for
AA1050 and AA3103 in favor of solid bonded profiles. This slight increase in HV can result directly from the
residual deformation after turning. The oxide coating which breaks during the consolidation is also a natural
strengthening component for the newly obtained flat bar.

Table 2 Hardness summary table for chips, initial and consolidated profiles for all examined materials (HV1)

Material Solid material Chip after cutting Profile
AA1050 20.2 58.1 23.7
AA3103 34.6 84.4 37.9
AA5083 78.6 127.9 77.0

4, CONCLUSION

° The tests carried out for the AA1050, AA3103, AA5083 alloys allowed to determine the starting point of
materials recovery and recrystallization. It has been shown that all materials exhibit temperature stability
between 150 - 200 °C. Above that temperature, a slow decline of HV was noticed. Hardness curves
above 350 °C revealed stabilization of HV in each tested material.

° The highest deformation values were accumulated by chips produced from AA1050 and AA3103 alloys.
They experienced 4.6 and 3.6 true strain value, respectively. The low level of strain for AA5083 can be
explained by a significant addition of Mg in the alloy which limits its plasticity.

° The profiles after consolidation at 450 °C obtained an HV value similar to the base material.
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