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In the present study, the feasibility of processing of MMC tubes via
friction stir backward extrusion (FSBE) technique was investigated. In
this regard, an aluminum alloy 1100 bar was utilized as initial raw
material. In the FSBE method, the initial material is placed inside a
chamber and a rotating punch is fed downward penetrating into the
material softened due to the generated frictional heat. Consequently,
the material is back extruded around the punch and a cylindrical tube
is formed. In order to compare the results, first, a tubular specimen
was produced by the FSBE method. Then, several through holes with
1.5 mm diameter were drilled by a super drill machine. These holes
were filled with SS 316 powder having micrometric dimensions. The
prepared specimens were processed via FSBE technique and MMC
tubes were successfully produced. The distribution of powder
particles was investigated by metallographic observations.
Furthermore, the mechanical properties of the processed tubes were
documented by Vickers hardness measurements and tensile tests.
The comparison of the results demonstrates that the MMC tubes have
higher strength and lower ductility. The material deformation
behavior during FSBE was simulated by a coupled structural-thermal
model via DEFORM finite element software.
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EXTENDED ABSTRACT

Introduction

Ultrafine-grained materials demonstrate unique physical and mechanical properties,
which has attracted the attention of many researchers for processing these materials with
various methods of severe plastic deformation (SPD). The most important challenge of
material processing using SPD methods is a significant reduction in the elongation of
ultrafine-grained materials. On the other hand, to the best of our knowledge, friction stir
processing is the only method of SPD in which dynamic recrystallization in the presence of
frictional heat causes the formation of an ultrafine-grained material with good ductility. In
this study, for the first time, the feasibility of processing metal matrix composite (MMC)
tubes was studied using the friction stir backward extrusion technique as described below.
1100 aluminum tubes were successfully processed and the mechanical properties and
hardness of the samples compared with the raw material as well as with the aluminum MMC
tubes processed by the friction stir backward extrusion method. The friction stir backward
extrusion process was also simulated via a structural-thermal coupled model by DEFORM
finite element software.

Methodology

Principles of friction stir backward extrusion

In the friction stir backward extrusion process, the raw material is placed inside a
cylindrical chamber (mold). Then, a rotating mandrel gradually approaches the surface of
the workpiece and the frictional contact between them generates the necessary initial heat
and causes softening of the material surface for easier penetration of the mandrel. The metal
mandrel then advances into the raw material as it rotates and the heat-softened material is
extruded backwardly between the mandrel and the chamber wall (Figure 1). It should be
noted that a bush is also often used to properly guide the mandrel into the raw material.
Figure 2 (a) shows the experimental setup of the friction stir backward extrusion process.
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Figure 1. Schematic illustration of friction stir backward extrusion process

In this research, five through holes with a diameter of 1.5 mm were drilled on the
aluminum sample by super drilling method as can be seen in Figure 2 (b). These holes were
filled with 316 stainless steel metal powder with an average particle size of 3 micrometers.
During the friction stir backward extrusion process, the powder inside the holes was in
contact with the forehead of the rotating mandrel and mixed with the aluminum base metal
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due to the stirring motion of the mandrel and backward extruded to form the MMC tube-.
Numerous experiments with different parameters of the rotating speed and feed rate of the
mandrel were performed as listed in Table 1. Finally, with a rotational speed of 1600 rpm
and a feed rate of 3 mm/min, the composite tube was successfully processed (Figure 5 (b)).

Table 1. Parameters used in the experiments and the obtained results

Experiments No.1 No. 2 No. 3 No. 4 No.5 No. 6 No. 7
Rotational
Speed (RPM) 250 450 800 1200 1200 1600 1600
Feed (mm/min) 2 2 2 3 3 3 3
Powder x x x x v x v
Result Not Not Not Not Not Successful  Successful
successful successful successful successful successful
Figure 2. (a) the experimental setup (b) the processing sample
FEM modeling

In order to study the deformation behavior of the material in the friction stir backward
extrusion method, the process was simulated as an axial symmetry coupled structural-
thermal model by DEFORM. In this model, the dimensions of the tools and sample were
considered the same as the experimental ones. The mold components including the
chamber and the mandrel were considered as rigid bodies and the aluminum sample was
considered as a deformable material with viscoplastic properties. Due to the nature of the
process, the material flow stress was considered as a function of temperature and strain rate
and the thermal properties of the material and mold as a function of temperature which is
available in the software library.

Results and discussion

The processed MMC tube via the friction stir backward extrusion process is depicted in
Figure 3 (a). A good dispersion of the powder in the microstructure of the processed tube is
documented Figure 3 (b). Figure 3 (c) shows the comparison results of the mechanical
properties of the initial, friction stir backward extruded aluminum and MMC tubes. The
results demonstrated that although the MMC tube had the lowest ductility, its yield, tensile
strengths and hardness were notably increased.
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Figure 3. (a) the processed MMC tube (b) the microstructure of the processed MMC tube (c)

mechanical properties of the initial and processed samples

The plastic strain and temperature distribution counter are respectively shown in
Figures 4 (a) and (b).

Wt

Figure 4

Conclusion

In this research, the friction stir backward extrusion method was used for processing
metal-based composite tubes. The deformation behavior of the material in the friction stir
backward extrusion method was simulated by DEFORM finite element software with a
structural-thermal coupled model.

The achievements of the present study can be summarized as follows:

Samples of aluminum tubes and composite tubes were successfully processed.
Metallographic images from different areas of the processed MMC tube showed
the non-uniform distribution of powder particles in the matrix, but the dispersion
of particles in the base metal had an acceptable distribution.

Tensile test results showed an increase of approximately 22% in the strength of
the composite tube compared to the aluminum tube.

The results of the Vickers microhardness test show a significant increase of
approximately 57% in the hardness of the composite tube compared to the
aluminum one.

Numerical simulation results indicate the existence of two important factors of
imposing severe plastic strain on the material in the forehead of the mandrel and
increase in the temperature of the material to the range of 500-600 ° C for mixing
the powder in the base metal.
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