
 

 

 

Lightweighting: Possibilities & Challenges 
 

 

 

November 25-29, 2012 

Indian Institute of Technology Bombay, 

Mumbai, India 

 

Edited by 

Asim Tewari, K. Narasimhan, P.P. Date 



 

 



 

Lightweighting: Possibilities & Challenges 
 

 

 

PART I 

 

 

 

 

 

 

 

 

 

 

Edited by 

Asim Tewari 

K. Narasimhan 

P.P. Date 

  



 

  



 

Lightweighting: Possibilities & Challenges 
 

PART I 

Selected, peer reviewed papers from the  

International Deep Drawing Research Group 
Conference  

2012  

(IDDRG 2012) 

25-29 November, 2012, Mumbai, India 

 

 

 

 

 

 

 

 

Edited by 

Asim Tewari, K. Narasimhan, P.P. Date 

  



 

Copyright © 2012 International Deep Drawing Research Group 

 

All rights reserved. No part of the contents of this publication may be 
reproduced or transmitted in any form or by any means without the 
written permission of the International Deep Drawing Research Group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Printed at: 

Swastik Printer, Bhandup Mumbai INDIA 

  



v 
 

PREFACE 

The activities of International Deep Drawing Research Group (IDDRG) 
started as closed session meetings of delegations from the National Groups over 
five decades ago. The closed sessions provided an informal and free platform to 
the experts to review critical challenges in the forming technology including 
processes, materials, formability, tooling, tribology, etc. With time IDDRG grew 
in size and popularity and the format of the meeting changed and became a 
yearly international conference. 

On similar lines, the Indian Deep Drawing Research Group (INDDRG) was 
conceived over two decades ago. The INDDRG was later renamed as Sheet Metal 
Forming Research Association (SMFRA) in 2000 in order to better reflect its 
broader scope of activities. A major activity of SMFRA is to organize biennially a 
National Conference on Sheet Metal Forming (SMF) in India. 

This year, the annual International Deep Drawing Research Group 
Conference (IDDRG 2012) and National Conference on Sheet Metal Forming 
(SMF 2012) are being jointly organized at Indian Institute of Technology 
Bombay, Mumbai, India from 25–29 November 2012. The theme for this year’s 
conference is Lightweighting: Possibilities & Challenges. This is a very timely and 
apt theme since Lightweighting is seen as a solution for the unprecedented 
challenges facing the world today in Energy, Environment and Economy. This 
becomes even more significant in the context of India which is fast emerging as 
an automotive part supplier and its growth in steel and aluminum flat 
production.  

This two volume book is a collection of selected, peer reviewed papers 
from the International Deep Drawing Research Group Conference 2012. This has 
been divided into eight thematic chapters preceded by a collection of papers in 
the plenary lectures.  

The editors would like to express their appreciation to the International Scientific 
Committee for reviewing over a hundred articles in this publication and providing 
constructive suggestions. We would also like to sincerely thank Sathish 
Dhanapal, Srinivas G, Sankar Rao G, Raghvendra PC, Gulshan Kumar, Sagar 
Telrandhe, Marrapu Bhargava, Shashikant Joshi, Saibal Modak and all the other 
student volunteers without whom this would not have been possible.   

 

Asim Tewari 
K. Narasimhan 

P.P. Date 
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A Comparison of Mechanical Properties and Microstructure in 

Friction Stir Welded and MIG Welded Light Alloys  

Gianluca Buffa1,a,Luigi Cannizzaro1,b, Luigi Filice2,c, Livan Fratini1,d and 
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Abstract. Joining technologies are in a very interesting phase today due to some relevant innovations 
concerning new techniques. Friction Stir Welding (FSW) is a relatively new process, patented by 
TWI in 1991, able to weld through a solid state bonding materials considered difficult to be welded or 
unweldable by more traditional fusion welding techniques. By using this process welded joints are 
obtained with no external heat supplier, generating the required temperature increase by means of a 
revolving pin that follows a proper trajectory partially sunk in the workpiece surface. As for today, 
although first examples of industrial application can be found in the aeronautical and aerospace fields, 
the process is hardly applied for other sectors of the transportation industry, as the naval and the 
automotive ones, in which traditional fusion processes as MIG or TIG are still used. In the paper a 
comparison between the mechanical and metallurgical properties of FSWed and MIG welded sheets 
is carried out. In particular, two different thicknesses of AA5083 H321 aluminum alloy sheets, 
usually utilized for naval and marine applications, were utilized for the welds utilizing both the 
processes. The obtained results clearly highlight the supremacy of FSW in both mechanical resistance 
and joint integrity.  

Introduction 
Aluminum, as the third most abundant material on earth after oxygen and silicon, has become the 

second most used metal in the last decades. Several industries as aerospace, aeronautical, naval and  
ground transportation have started using these alloys for their light weight, specific mechanical 
resistance, corrosion resistance and formability [1, 2].  

In particular AA5083 aluminum alloy is a strong aluminum-magnesium based material, non-heat 
treatable for strengthening but cold worked for hardening. This alloy, once properly hardened,  shows 
mechanical resistance values comparable to the ones of construction steels, featuring the lighter 
weight of all aluminum alloys. Additionally it has an excellent corrosion resistance, especially in 
marine environment [3]. For this reason in the last years AA5083 has been widely used for naval 
constructions of both small and large dimensions [4]. 

On the other hand welding is a key process for naval applications [5, 6]. Ships are made of several 
metal component welded together, so the cost and quality of each weld must be carefully evaluated 
and taken into account during the ship design.  

The MIG process has been traditionally used in this sector for a few decades, and it can be 
considered well known. However some research is still going on focusing on several aspects as the 
reduction of fumes [7], the optimization of process parameters [8] and the numerical simulation of the 
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process [9]. However, as a fusion welding technique, problems arise as the presence of fumes, 
inclusions and porosities in the weld zone, as well as poor mechanical properties and elevated 
distortion of the welded joints [10, 11]. Additionally, many aluminum alloys are considered not 
weldable or “difficult to be welded” by fusion based processes [12]. 

In the last few years Friction Stir Welding (FSW), as a solid state welding process, has represented 
a valid solution on order to overcome the above cited problems. In fact, it permits to obtain welded 
joints without any external heat supplier, generating the requested temperature increasing by means 
of a revolving pin that follows a proper trajectory partially plunged in the workpiece surface [13, 14]. 
Furthermore, due to the softening of the worked material, the particular material flow tends to cover 
again the zone on which the pin acted. In this way, very interesting welding lines may be obtained 
and, in addition, due to the intrinsic advantages of this process, an high performance behavior of the 
welded joint is obtained. Due to the limited extension of the thermally altered zone, a suitable 
crystallographic layout is generated causing a better behavior when axial loads are applied. The FSW 
process mechanics is strongly affected by several parameters: first of all geometrical parameters have 
to be considered regarding the geometry of the utilized tool (shoulder diameter, pin shape and 
dimensions) and its positioning during the process (i.e. tool sinking and nuting angle); furthermore 
technological parameters, as the tool rotating speed and the tool feed rate, have to be properly chosen, 
since they strongly determine the specific thermal contribution conferred to the joining edges [15, 
16]. 

Although FSW seems to have the potential to be extensively used and even replace the traditional 
fusion welding processes for many different applications, at the moment the process is used for 
industrial production only for a limited number of applications, with particular reference to the 
aeronautical and aerospace sectors. This is due to the lack of knowledge that still is present together 
with the need to select the proper set of process parameters in order to maximize the mechanical and 
metallurgical properties of the joints. In this way a few papers can be found in literature directly 
comparing FSW and traditional processes. In [17] the authors compare the corrosion resistance of 
joints obtained using various joining techniques, including MIG; in [18] FSW and MIG are directly 
compared with particular focus in the residual stress in the welded joint obtained from both DH-36 
steel and AA2024 aluminum alloy, finding that  that residual stresses of MIG welding process are 
higher than those of friction stir welding process. 

In the paper the results of an experimental campaign aimed to highlight the mechanical and 
metallurgical performances of joints welded by both MIG and FSW are presented. In particular sheets 
metal of aluminum alloy AA5083-H321 in two different thicknesses, i.e. 3 mm and 5 mm, were 
utilized. Macro and micro observations, together with grain size and microhardness measurements, 
were developed in the transverse sections of the welded joints. Finally, tensile tests were carried out 
outlining the joint resistance with respect of the base material. 

Experimental approach 
As briefly anticipated in the previous paragraph, AA5083 aluminum alloy was selected for the 

comparison of the two welding processes. It is worthy notice that this magnesium based alloy is 
characterized by excellent oxidation and corrosion resistance, good mechanical properties and 
formability. Additionally, it is considered a “weldable” alloy by traditional fusion welding processes. 
In this way the MIG process can be successfully carried out and a “fair” comparison can be 
developed.  

The base material was provided in the H321 state, i.e. strain hardened and stabilized to a quarter 
hard condition.   

In Table 1 and Table 2 the chemical composition and the mechanical properties  of the utilized 
alloy are shown, respectively. 

 
 
 
 



 

 

 
Table 1: Chemical composition of the utilized AA5083

 
 

Table 2: Mechanical properties  of the utilized AA5083
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Fig. 1: micro image of the base material
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parameters shown in Table 3. The latters have been selected after preliminary experimental campaign 
and are almost identical to those utilized for the same alloy in actual industrial production in the naval 
industry. We selected the V shape in order to enhance water pe
thickness, i.e. 5 mm; additionally, the Direct Current Reverse Polarity (DCRP), i.e. positive electrode 
and negative workpiece, helped the fragmentation and removal of the extremely hard aluminum 
oxide (Al2O3). Slightly different current and voltage have been selected for the two thicknesses with 
the aim to enhance the joints performances.
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Table 2: Mechanical properties  of the utilized AA5083-H321 aluminum alloy
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Table 3: Process parameters for MIG welds 

 

Thickness 
[mm] Joint Current Current 

[A] 
Voltage 

[V] 
Weld 
pass 

Wire 
diameter 

[mm] 

Welding 
speed 

[mm/min] 

3 V shaped 
(60°) 

direct current 
reverse polarity 

(DCRP) 
200 26 2  1,2 600 

5 Squared  
direct current 

reverse polarity 
(DCRP) 

160 24 1  1,2 600 

 
 
As far as the FSW process is regarded, constant tool rotation and welding speed have been selected 

based on previous preliminary campaign. The same values have been utilized for the two thickness 
values. Additionally, tool sinking and nuting angle were kept constant. The main difference between 
the two processes was the tool geometry, being the shoulder diameter and pin diameter and height 
larger for the weld of the 5 mm thick sheets, as shown in Table 4.   

 
Table 4: Process parameters for FSW welds 

 

Thickness 
[mm] 

Tool rotation 
[rpm] 

Welding 
speed 

[mm/min] 

Tool Sinking 
[mm] 

Nuting 
Angle 

Tool 
Diameter 

[mm] 

Tool pin 
diameter – 

height [mm] 

3 715 200 2.8 2° 16 4-2.6 

5 715 200 4.8 2° 12 6-4.6 

 
 
Fig. 2 shows the top and the bottom surface of the joints obtained out of the 3 mm sheets. As it was 

expected, the surface quality of the FSWed joint is better than the one of the MIG welded one, 
especially as far as the bottom of the joint is regarded. 

Each test was repeated five times. Tensile specimens, 100 mm in gage length, were cut from each 
of them and transverse sections were saw cut, hot mounted, fine grinded, polished and finally etched 
in order to analyze the microstructure evolution after the two welding processes. In particular Graf 
reagent for 45 seconds and Keller reagent for additional 5 seconds were utilized for the etching.   
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Fig. 2: The top and bottom surfaces of the obtained joints – 3mm sheets 

Obtained Results 
First, the welded specimen underwent to tensile tests. Fig.3 shows the stress as a function of the 

elongation of the specimen, for the two thickness values, as compared to the base material. 
 
   

 
Fig. 3: Tensile test results for the welded joints and the base material 

 
As it can be seen from the above figure, for both the thicknesses utilized in this research, larger 

resistance and elongation are observed for the FSWed joints with respect to the MIG welded ones. 
However, the FSWed specimens show reduced elongation with respect to the base material although 
the Ultimate Tensile Strength (UTS) value is quite elevated. In order to quantitavely compare 
mechanical resistance, the UTS of the welded joints as percentage of the one of the base material has 
been adopted (Fig. 4). As far as the MIG welds are observed, we obtained UTS values in line with 
what found in literature [19-20].  
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Fig. 4: UTS of the welded joints as percentage of t
 
As already observed, the specimens welded by FSW show larger UTS values with an almost 

constant positive delta of about 20%, reaching the significant value of about 90% for the 5 mm thick 
sheets. It has to be underlined that no
preliminary experimental campaigns aimed to the identification of the process parameters to be used 
for the comparison presented in this research. In this way FSW has the potential to allow the 
obtainment of even larger values, close to the base material UTS. The lack of an actual optimization 
procedure is likely to be also the cause for the better performances found for the 5 mm thick sheets 
with respect to the 3 mm ones, for both the processes.

Micro hardness tests were performed on the transverse sections of all the joints at different heights 
from the bottom of the joints (y axis in Figure 5).

 

 
Fig. 5: Micro hardness measurements at different heights form the bottom of the joints
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Similar values are observed for the two thicknesses for each of the two processes compared. In 

particular, moving from the periphery o the joint toward to welding lin
5c and 5d) present a sudden decrease in the microhardness from the base mate
HV. Besides, a further decrease is observed at the centre of the joint, where the minimum values of 
about 65 HV is measured.  

Looking at the FSWed joints, a more gradual decrease is found getting closer to the welding line. 
Minimum values are observed between the Heat Affected Zone (HAZ) and the Thermo
Affected Zone (TMAZ), where values of about 77 HV are observed. In turn, in the weld nugget, i.e. at 
the core of the weld, an increase is measured with values in the range 
difference in the shape of the microhardness curves here described accounts for the different UTS 
measures and is strongly determined by the different thermo
underwent during the two processes.

Based on this, as briefly anticipated in the previous paragraph, macro and micro observations were 
developed on the joints with the aim to highlight the different microstructures in the welded joints. 
Fig. 6 shows the joints transverse sections macro imag
processes are highlighted for the 3 mm specimens. The same zones can be easily identified in the 5 
mm specimens. A few observations can be made: first, the FSWed joints present a nugget area, 
corresponding to the core of the weld, where Continuous Dynamic Recrystallization (CDRX) 
occurred. In turn, a fusion zone is observed in the MIG welded one. Second, the pin action determined 
an area, away from the nugget, where both mechanical and thermal action caused micros
modifications. Finally, the shapes and extensions of the zones are significantly different at the 
varying of the welding process.   

 

 
Fig. 6: Macro images of the transverse sections of the obtained joints and joints typical areas

     
The observed differences are assessed by the micro observations. In the next Fig. 7 the HAZ and 

weld zone are shown for the two processes for the 3 mm joints.
From a qualitative point of view, in the HAZ the grain shape is similar to the one observed in the 

base material (see again Fig. 1) for both FSWed and MIG welded specimens. In turn, the grain 
dimension seems to be smaller for the FSWed specimen. Looking at the core of the welds a 
dramatically different microstructure is observed between the two processes: th
characterized by a very fine, equiaxed grain indicating that CDRX took place because of the 
disrupting thermo-mechanical action of the tool. On the contrary, in the fusion zone very large grains 
are found, and a different enlargement has t
some inclusions and porosities, typical defects of traditional fusion welding processes, can be 
observed. This is the zone of the joint where the minimum hardness values are observed and the joi
failure after tensile tests occurs at the boundary between the fusion zone and HAZ because of the 
significant discontinuity in the microstructure.
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erved differences are assessed by the micro observations. In the next Fig. 7 the HAZ and 
weld zone are shown for the two processes for the 3 mm joints. 

From a qualitative point of view, in the HAZ the grain shape is similar to the one observed in the 
material (see again Fig. 1) for both FSWed and MIG welded specimens. In turn, the grain 

dimension seems to be smaller for the FSWed specimen. Looking at the core of the welds a 
dramatically different microstructure is observed between the two processes: th
characterized by a very fine, equiaxed grain indicating that CDRX took place because of the 

mechanical action of the tool. On the contrary, in the fusion zone very large grains 
are found, and a different enlargement has to be used to fit a single grain in the picture. Additionally, 
some inclusions and porosities, typical defects of traditional fusion welding processes, can be 
observed. This is the zone of the joint where the minimum hardness values are observed and the joi
failure after tensile tests occurs at the boundary between the fusion zone and HAZ because of the 
significant discontinuity in the microstructure. 
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Fig. 7: Micro images of the HAZ and core of the 3 mm thick joints 
 
 
Finally, a quantitative measurement has been performed to plot the average grain size dimension 

for each of the case studies taken into account (Fig. 8).
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average grain dimension in the HAZ with respect to the base material, and a dramatic increase in the 
fusion zone where very large grains, characterized by an average dimension of about 300 m, are 
found. This is in accordance with the reduction in microhardness previously shown, thus justifying 
the supremacy in the mechanical performances of the FSWed joints. 

Summary 
In the paper the authors presented the results of an experimental campaign aimed to compare the 
mechanical and metallurgical properties of AA5083-H321 butt joints in two different thicknesses. 
From the obtained results the following conclusions can be drawn: 

o Consistent results are found at the varying of the sheet thickness for a given welding 
process; in this way it can be stated that this is not a discriminant for the analysis of the 
material modifications induced by the processes;  

o Although AA5083-H321 is considered a “weldable” alloy, the maximum UTS as 
percentage of the base material one reached in this research is about 70%, which is 
significantly lower than the about 90% measured in the FSWed joints; 

o Both the processes cause a significant reduction in the material elongation even tough, 
once again, the FSWed specimens showed elongation at rupture values near the double of 
the MIG welded ones; 

o A main difference is found also in the microhardness profiles, with a minimum found in the 
fusion zone for the MIG joints; in the weld nugget of the FSWed specimen an increase is 
observed with respect to the values measured in the HAZ and TMAZ because of the CDRX 
process; 

o The average grain dimensions observed in the welding zone are dramatically different 
between the two processes, being this difference about two orders of magnitude.   
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