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In recent year, the use of magnesium alloys in aerospace, space, and
automotive industry as structural materials has gradually been increased. The
solid state welding method for joining of these materials were effective. The
friction stir welding is one of the solid state welding method. In this study, the
weldability of rolled AZ31B magnesium sheets has been investigated by
friction stir welding. Samples have been welded at different welding
parameters such as the 1500, 2300 rpm rotational speeds and 100,160 and
190 mm/min transverse speeds. In order to investigate the effect of welding
speeds and rotational speeds on metallurgical and mechanical properties,
metallographic and mechanical tests were carried out on the welded areas of
the samples.
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1. Introduction

Magnesium is a widely used metal in industry due to its lightness and strength. In search of weight
saving in automotive and space-aircraft industries, magnesium metal comes to the forefront as the
lightest structural metal in terms of engineering applications with its low density of 1.74 g / cm?® [1]

The fact that the magnesium is lighter than steel and zinc by 75% and aluminium by 33% makes it
usable as a construction material in many industries. In addition, low inertia caused by the low density
of magnesium is an advantage for fast moving parts. The lightness also means the easier transportation
of the piece during manufacturing and cheaper shipment of the finished product. Thus, fuel consumption
and emissions can be reduced. When magnesium alloys are compared with other metal alloys, it has a
very high specific tensile compressive strength and a lower modulus of elasticity and thus a very high

deflection resistance [2].
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Along with major developments in metal and material science in recent years, the joining of metallic
materials has gained a great importance [3]. Especially the problems arising from the production of new
materials with improved properties and joining of these materials with existing fusion welding methods
have led researchers to develop new joining methods. High heat input in joining magnesium and its
alloys by using fusion-based welding methods can cause the formation of cracks in the welding seam as
a result of high thermal expansion of these materials and the wide range of solidification temperatures
[4]. In some alloys, the thermal cycle during welding causes the components in the main solid solution
to precipitate in the molten zone or base material. This precipitation reduces mechanical properties and
resistance to chemical impacts. Due to these reasons, it is difficult to weld magnesium plates by using
fusion welding methods. Friction Stir Welding, one of the solid state welding methods, provides great
advantages in joining these materials [5-7]. Friction Stir Welding, a newly developed solid state welding
method, involves immersing a stepped stirrer tip rotating at high speed on an interface of two sheets
fixed as butt-to-butt and moving it at a certain speed across the length desired to be welded [4,8].

In the literature, it is possible to encounter many studies on Al and its alloys by using the friction
stir welding method. However, there is a limited number of studies on magnesium and its alloys. The
aim of this study was to investigate the effect of different rpm and feed rate on mechanical behaviours
by joining AZ31B magnesium sheets via friction stir welding method.

2. Material and Method

In the experimental study, AZ31B magnesium alloy was commercially supplied in the form of
a plate with the dimensions of 400x1000x5 mm from VIG Machinery Industry Trade Limited
Company (VIG Makine Sanayi Ticaret Limitet Sirketi) and it was sized for welding as shown in Figure
1. Table 1 shows the chemical composition of this alloy.

Figure 1. Sample dimensions of AZ31B Magnesium alloy supplied from the market and

prepared for Friction Stir Welding
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Table 1. Chemical composition of AZ31B magnesium alloy

AZ31B| Al | Zn | Mn Si Fe Sn Ag Ti Cu Ni Mg

% 3.0(1.01| 0.2113| 0.0137| 0.0039| 0.0015| 0.0006 | 0.0005| 0.0004 | 0.0002 | 95.72

Friction stir welding (FSW) process of the samples prepared for the welding process was
performed by using BRIGGEPORT brand milling machine with max. 4600 rpm operating capability,
adjustable rpm and adjustable feed rate in automatic position.

A tip in the form of screw tip geometry was used during the friction stir welding. Tips were
designed in 2 parts so that their shoulder parts and tip parts were separate. While shoulder parts were
made from AISI 1040 steel, tip parts were made from M5 guidance HSS steel.

As shown in Figure 2, the shoulder part was drilled thoroughly for screw tip, threaded into @ 5
mm guide shoulder, and welded from the top.

@28

(A

Figure 2. The schematic diagram of tool geometry.

After cleaning the welding surfaces of the materials to be welded, they were put as butt-to-
butt. The sheets put as butt-to-butt were connected to the table and the weld line of the sheets was
adjusted in parallel with the feed direction of the milling table and tightened with the fishplates (Fig.
3).

Friction stir welding was applied to magnesium alloy plates by using the welding parameters

given in Table 2.
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Figure 3. Fixture mechanism of the material couple to the milling machine

Table 2 Friction stir welding parameters

Sample No | Pin Geometry Rotational speed | Travel speed
(rpm) (mm/min.)

S1 100

S2 160
1500

S3 Screw 190

S4 100

S5 160

S6 2300 190

v
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In the friction stir welding process, no deoxidization process was performed to the magnesium

alloy prior to the welding process of the material, and the welding process was performed at the stages

shown in Figure 4.

Shoulder
Pin « E

Pin rotation

g

g

Force

Pin sinking

Welding

Figure 4. Stages of FSW

2.1. Microhardness Measurements

Microhardness measurements were performed to examine the hardness changes of the samples

joined with friction stir welding. Before the microhardness measurements, the samples were
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metallographically prepared and etched. The microhardness measurements of the etched samples were
carried out by applying a load of 500 gr with the EMCOTEST DuraScan microhardness device with
1-mm intervals and a loading speed of 10 sec on a line perpendicular to the weld cross section from

the central axis of the samples.

In the measurements, 136° square base pyramid tip was used. Figure 5 shows the regions where
the microhardness measurements were made.

20
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e

Figure 5. Hardness measurement scheme

2.2. Tensile Tests
Welded samples were prepared by cutting in CNC milling machine in order to apply tensile
test to the friction stir welded samples. They were machined as in Figure 6 and brought into the

appropriate sizes according to TS 287 (EN 895).
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Figure 6. Schematic sketch of tensile specimen.

3. Result and Discussion

When friction stir welded samples were examined, it was observed that the microstructure zone
of the welded sample was composed of four different zones. These zones were analysed as Base Metal
(BM), Heat Affected Zone (HAZ), Thermo-mechanically Affected Zone (TMAZ) and Dynamically
Recrystallized Zone (DRZ) as in figure. The DRZ is also divided into two namely, Crown and Nugget.

(Fig. 7)
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Figure 7. Schematic view of the microstructure formed in the weld region.

3.1. Microhardness
Before performing welding process to AZ31B Mg alloy, 10 different points were measured and

the average hardness value was calculated as 65 HV.

Hardness (HV)
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Distance to weld center (mm)
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Figure 8. Hardness profiles registered across the transverse cross-section of the welded
samples (S1,S2,S3).

54



ﬁ Vol 7, Number 1, 2017 \\V
‘5 European Journal of Technic

EIT INESEG

Figure 8 shows microhardness graph of samples S1, S2 and S3 joined using 1500 rpm and
feed rates of 100/160/190 mm/min. It was measured that maximum hardness value of sample S1 was
78 vickers, maximum hardness value of sample S2 was 82.6 vickers and maximum hardness value
of sample S3 was 77.1 vickers. This measured maximum hardness values were found in the
DRZ. The hardness value of all the samples in the DRZ was higher than the hardness of the base material.
The reason for this was the formation of recrystallization by the effect of plastic deformation and heat and
the thinning of grain structure [9]. As we got closer to the base material from the welding interface,
hardness values decreased and the results close to the hardness values of the base material were obtained.

When the hardness distribution was examined, hardness decreased in a zone starting from the weld
zone and close to the surrounding of the tool shoulder. The hardness values increased when it moves away
from the centre in the tool shoulder length. This was associated with the reduction of heat effect in these

Zones.

Hardness (HV)
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Figure 9. Hardness profiles registered across the transverse cross-section of the welded
samples (S4,S5,56).

Fig. 9 shows microhardness graph of samples S4, S5 and S6 joined using 2300 rpm and
feed rates of 100/160/190 mm/min. It was measured that maximum hardness value of sample S4
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was 78 vickers, maximum hardness value of sample S5 was 76,5 vickers and maximum hardness
value of sample S6 was 74,6 vickers. When the hardness distributions of these welded
connections are examined, it is seen that there is a similar distribution in all three samples.

When microhardness values of specimens at 1500 rpm and 2300 rpm were evaluated, no
significant differences were found. However, depending on the increasing rotational speed, the
hardness values of S4, S5 and S6 were slightly lower. However, depending on the increasing speed of
rotation, the hardness values of S4, S5 and S6 were slightly lower. This is due to the excess heat input
to the sample, depending on the speed of rotation.

3.2. Tensile Properties

Figure 10 shows tensile-strain graphs of all samples. When the graph of the S1 sample joined
with 1500 rpm, screw tip and 100 mm/min feed rate was examined, it was observed that tensile stress
was 79 Mpa, the breaking stress was 77 Mpa and % elongation value was 1.5. It was observed that
the tensile stresses of samples S2/S3 were 80/109 Mpa, the breaking stresses were 80/109 Mpa and
% elongation values were 1.8/2.1 in the welding process in the same rpm with 160 mm/min and 190
mm/min feed rates respectively.

When fracture surface images of the samples were examined, the part under the shoulder of the
mixer (crown region) showed work hardening due to the effect of stirring and the strength increased
and the samples fractured from a point between the heat-affected zone (HAZ) and the
thermodynamically recrystallized zone (TMAZ) [10]. No significant change in tensile values was

observed with increasing welding speed.
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Figure 10. Example stress—strain curves of all samples
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It was seen from Figure 10 that tensile stress was 173 Mpa, breaking stress was 171 Mpa and
% elongation value was 3.5 in the stress/strain graphs of sample S4 joined with 2300 rpm, threaded
tip and 100 mm/min feed rate. When the graphs of samples S5/S6 at different feed rates were
examined, it was determined that the tensile stresses were 138/136 Mpa, breaking stresses were
127/136 Mpa and % elongation values were 2.6/2.5, respectively. Table 3 shows the welding
parameters of all samples and the strength values obtained from tensile test.

The tensile strength values of the samples in this group decreased with increasing feed rate. This
is because the amount of heat entering the material reduced, so the grain coarsening also occurred less.
When the fracture surface images of samples S4, S5, and S6 were examined, it was determined that
the fracture sites were in the region between the thermodynamically affected zone (TMAZ) and the

heat-affected zone (HAZ) as in the other sample groups.

Tablo 3. FSW parameters and results of tensile test

Sample Pin Rotational | Travel | Ultimate Yield EIonogation
No Geometry |  speed speed tensile | strenght (%6)
(rpm) ] strenght (Mpa)
(mm/min.) | (Mpa)
SO 274 271 10
S1 100 79 77 15
S2 1500 160 80 80 18
S3 Screw 190 109 109 2,1
S4 100 173 171 3,5
S5 2300 160 138 127 2,6
S6 190 136 136 2,5

Even though the related studies have revealed that the most important parameters affecting the
welding quality are feed rate and rotational speed of the tip, the rotational speed of the tip rather than
the feed rate was found to be effective in the present study. A quite brittle structure formed in the
weld zone in welding of Mg alloys [11]. This is because the Mg alloy has a hexagonal closest- packed
(HSP) lattice system and a cross- shifting is observed in these materials. When the stress-strain curves
were examined, it was observed that tensile sample stretched in a very low rate and the material
fractured even before passing to the plastic zone [12] This is because the weld zone had a very fragile

structure and also there were porosities in the weld zone.
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4. Conclusions

In this study, 5 mm-thick AZ31B magnesium alloy sheets were successfully joined by using
friction stir welding method with different rpm values and feed rates and the following generalizations
can be made depending on the results obtained with the effects of these parameters on the mechanical
properties.

1. It was observed that welding seam image of the samples joined with friction stir welding
was much smoother than the other welding methods and no machining process was
necessary.

2. Weld defect (gap) occurred in all samples of AZ31B magnesium alloy in FSW. Such gap
defects have also been determined in other studies in the literature. This situation is one of
the characteristic faults occurring at the welding of magnesium alloys.

3. It was observed in all welded samples that the orientations in weld metal with the
increasing welding feed rate increased but the orientations in the weld metal at low feed
rates were not evident.

4. When the microhardness values of samples S1 (100 mm/min), S2 (160 mm/min) and S3
(190 mm/min) welded at 1500 rpm and screw tips were examined, hardness values close
to each other were obtained in each of three samples. Accordingly, it was thought that the
feed rate did not have any significant effect on the hardness of the welded joint.

5. Hardness values close to each other were also obtained in the samples S4 (100 mm/min),
S5 (160 mm/min) and S6 (190 mm/min) welded with 2300 rpm and threaded tip.

6. When the tensile strength results of all the samples were examined, it was observed that
these values were lower than the tensile strength value of the base material. When the
tensile test results were examined, it was observed that the fractures occurred usually in the
zones between the thermo-mechanically affected zone (TMAZ) and the heat-affected zone
(HAZ). The reason for occurrence of the fractures in these zones was the formation of
grain coursing due the heat effect and thus the decrease of the strength in this transition

Zone.
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