










AA1050

AA6061

AA2024

AA7039

AA7075

(a) 600 rpm (b) 700 rpm (c) 800 rpm (d) 900 rpm (e) 1000 rpm

(f) 800 rpm (g) 900 rpm (h) 1000 rpm (i) 1100 rpm (j) 1200 rpm

(k) 1000 rpm (l) 1100 rpm (m) 1200 rpm (n) 1300 rpm (o) 400 rpm

(p) 1000 rpm (q) 1100 rpm (r) 1200 rpm (s) 1300 rpm (t) 1400 rpm

(u) 1200 rpm (v) 1300 rpm (w) 1400 rpm (x) 1500 rpm (y) 1600 rpm



AA1050

AA6061

AA2024

AA7039

AA7075

(a) 45 mm/min (b) 75 mm/min (c) 100 mm/min (d) 135 mm/min (e) 160 mm/min

(f) 22 mm/min (g) 45 mm/min (h) 75 mm/min (i) 100 mm/min (j) 135 mm/min

(k) 22 mm/min (l)  45 mm/min (m) 75 mm/min (n) 100 mm/min (o) 135 mm/min

(p) 22 mm/min (q) 45 mm/min (r) 75 mm/min (s) 100 mm/min (t) 135 mm/min

(u) 22 mm/min (v) 45 mm/min (w) 75 mm/min (x) 100 mm/min (y) 135 mm/min



Probable reasonQuality of weld
metal
consolidation

Size of
FSP zone
(mm)

Shape of
FSP zone

Name of the defect and
location

Shoulder
diameter
(mm)

Macrostructure

RS AS w H

10

6
5

5.9 Inverted
trapezoidal

Tunnel in the bottom
portion at the retreating
side of the weld

Poor Insufficient heat generation
due to smaller shoulder
contact area

15

18

21

8
6
4.6

5.9 Eliptical No defect

10.8

6.1
5

Not 
discernible

5.9 Tunnel in the bottom
portion at the retreating
side of the weld

Poor

Good Sufficient heat generation
and flow of the metal

Excess heat generation and
working of the metal



Shoulder

diameter

(mm)

RS AS

Macrostructure Size of

FSP

zone

(mm)

W H

Shape of

FSP zone

Name of the defect and

location

Quality of weld

metal

consolidation

Probable reason

15 8.6

5

4.1

Inverted

trapezoidal

Crack in the bottom

portion of the weld at the

retreating side

Poor Insufficient heat generation

due to smaller shoulder

contact area

18

21

8.6

5

4.2

8

5.3

4

5.8

5.9

Inverted

trapezoidal

No defect Good Sufficient heat generation

and flow of the metal

Inverted

trapezoidal

Tunnel in the bottom

portion of the weld at the

retreating side

Poor Excess heat generation and

flow of the metal in the weld

zone

5.9

Shoulder

diameter

(mm)

Macrostructure Size of

FSP zone

(mm)

RS AS W H

Shape of
FSP zone

Name of the defect and

location

Quality of

weld metal

consolidation

Probable reason

15

18

10

6

5

5.9 Inverted

trapezoidal
Pin hole at lower portion of Poor

the weld cross section in

retreating side

Insufficient heat input due to

smaller shoulder diameter

21

10

5.3

4

10

6.6

4.3

5.9 Elliptical No defect

5.8 Not 

discernible

No defect

Good Sufficient heat input

Good Wider FSP due to excess heat

input caused by bigger

shoulder diameter



Shoulder

diameter

(mm)

Macrostructure Size of

FSP zone

(mm)

W HRS AS

9.6

5

4.6

5.9

Shape of
FSP zone

Name of the defect and

location

Quality of

weld metal

consolidation

Probable reason

Inverted

trapezoidal

Tunnel defect in the bottom 

portion of weld at retreating
side of the weld

Poor Insufficient heat input due to

smaller shoulder diameter

11.3

5.6

4.6

5.9 Inverted

trapezoidal

No defect

11.0

6.6

5.0

5.9 Inverted

trapezoidal

No defect

18

21

Good Sufficient heat input and

flow of metal caused by

square profiled pin

Good Wider FSP due to excess

heat input caused by bigger

shoulder diameter

15

Shoulder
diameter

(mm)

Macrostructure Size of

FSP

zone

(mm)

RS AS W H

Shape of

FSP zone

Name of the

defect and

location

9.6

6.3

5.0

5.9 Inverted
trapezoidal

Tunnel in bottom
portion of the

weld

Quality of weld

metal

consolidation

Probable reason

Poor Insufficient heat input due to smaller
shoulderdiameter

8.6

5.3

4.6

5.9 Inverted

trapezoidal

No defect

9.3
6.6

5.6

5.9 Inverted

trapezoidal

No defect

15

18

21

Sufficient heat input and working of

metal caused by triangular profiled

pin

Wider FSP due to excess heat input
caused by bigger shoulder diameter

Good

Good
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