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It can also be seen that when the feed rate was 0.5 mm/min 
and as the tool rotational speed increased from 200 rpm to 
800 rpm & above 1000 rpm, defects like worm holes were 
observed in the fabricated joints at the AZ91C side. When 
the feed rate is increased from 0.5 mm/min to 1.5 mm/min 
and maintaining the tool rotational speed at a constant speed 
of 800 rpm, it is found that the joints are fabricated in better 
quality. Fig. 6b reveals us that keeping the AZ91C Mg at AS, 
in majority of the conditions, it was difficult to fabricate sound 
quality joints.  Defects including worm holes, pin holes & tunnel 
defects were noticed in majority of the joints. This indicates us 
that the appreciable difference can be seen in the quality of the 
joints when keeping different materials as the advancing side or 
as the retreating side under the same process parameters. This 
proves us the influence of arrangement of materials on the joints 
fabricated using FSW process.

4.2. Microstructural Characteristics

The macrostructural cross sections of the AZ80A/AZ91C 
joints and AZ91C/AZ80A joints fabricated under the opti-
mized process parameters are shown in Table 1. In the AZ91C/
AZ80A joints, as the feed rate decreases from 2.5 mm/min to 
1.5 mm/min, it leads to the formation of specific onion rings.

These onion ring structures show us that adequate flow of 
materials and intermixing of the parent metals has taken place 
in a preferred manner in the fabricated joints [13]. But at the 
same time, in this arrangement, we can observe tunnel defects 
when the feed rate is further reduced to 0.5 mm/min resulting 
due to excess amount of heat input.  For the AZ80A/AZ91C 
joints, improvement in microstructural characteristics and flow 
of materials is observed as the feed rate decreases and joints 
with better quality are obtained at the feed rate of 0.5 mm/min. 

These observations clearly indicate us that the microstructural 
characteristics are determined by process parameters and the ar-
rangement of the materials on AS (advancing side) significantly 
influence the quality of the joints and the material flow behaviors 
especially in the stir zone.

4.3. Material Flow Behaviour in Fabricated Joints

The microstructural images of the AZ91C/AZ80A joints 
fabricated under process parameter combination of 3 kN : 
1.5 mm/min : 800 rpm are shown in the (Fig. 7a,b). These images 
show us that during the FSW process, the base materials on the 
AS and RS have undergone plastic deformation at the thermo 
mechanical transformation zone (TMTZ) due to the stirring ac-
tion of the FSW tool. Moreover, proper mixing of these deformed 
materials has been taken place in the stir zone (SZ) resulting in 
the formation of grains having completely refined structure. This 
intermixing and transformation of plastically deformed materials 
is a characteristic feature of the FSW process [14,15]. Addition-
ally, it can also be observed that the unevenly distributed grain 
structure present in the microstructure of both the base metals 
have been completely transformed into a uniformly distributed 
fine grain structure at the stir zone as shown in the (Fig. 7a,b).

One of the major reason for obtaining sound quality joints 
by keeping AZ91C on RS and AZ80A on AS when compared 
with the other arrangement is that, during the FSW process, it is 
easier for the metals to make their flow from the AS to RS rather 
than from the RS to AS. Another reason is that the chemical 
composition of the AZ80A Mg alloy, which makes it stronger 
and harder than AZ91C. But at the same time, AZ80A has poor 
plastic distortion ability when compared with that of AZ91C 
Mg alloy. As a result, when AZ91C is kept at AS, the flow of 
the plastically deformed material from RS to AS seems to be 

TABLE 1

Macrostructural observations of dissimilar Mg alloy joints under various FSW process 

FSW process 
parameters 
kN – m/min 

– rpm

Top surface of the weld

Macrostructure of AZ91C/
AZ80A Mg alloy joints

RS             AS
(AZ80A)   (AZ91C)

Top surface of the weld

Macrostructure of AZ80A/
AZ91C Mg alloy joints

RS                    AS
(AZ91C)          (AZ80A)

3 – 2.5 – 800 

3 – 1.5 – 800 

3 – 0.5 – 800 
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