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APPENDIX 

Appendix 1 

The details of the fixture and its parts are shown below. 
 

Table A1.1: Bill of material used for fixture 
 

SR. 
NO. 

COMPONENT DETAILS MATERIAL SELECTED QUANTITY 

1 BASE PLATE  FERRITIC STEEL 1 

2 UPPER PLATE  FERRITIC STEEL 2 

3 STOPPER  FERRITIC STEEL 1 

4 VARIABLE clamp piece MILD STEEL 2 

5 L-CLAMP  FERRITIC STEEL 1 

6 RIGHT ANGLED PIECE 1 & 2  MILD STEEL 4 

7 BOLTS (different sizes) HARDENED 25 

 

A1.1 DETAILS OF FIXTURE DRAWINGS: 

1. Base plate: It will provide a support to the plates to be joined and other accessories 

like L-clamp, variable clamp and upper plates. 

Fig A1.1 (A) Isometric view of base plate Fig A1.1 (B) 2D view of Backing plate 
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2. Top clamping plate 

These plates will provide clamping from above. There are in all two plates and each 

contains four holes of 8mm diameter and three holes with threads of 10mm diameter. 

Grub screw to be used in these plates will provide additional clamping. 

 

Fig A1.2 (A) Isometric view of Upper plate Fig A1.2 (B) 2D view of Upper plates 

 

3. Stopper 

The stopper is used to restrict the movement of the plates longitudinally under the 

application of tool. Stopper is made of ferrite steel (430). 

 

 

Fig A1.3 (A) Isometric view of stopper Fig A1.3 (B) 2D view of stopper 
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4. Variable clamps piece 

These variable clamps are used to vary the gap between the two plates to be joined with 

the help of the right angled pieces. There are total two variable clamps and are fabricated 

from mild steel 

 

Fig A1.4 (A) Isometric view of Variable clamp Fig A1.4 (B) 2D view of Variable clamp 

 

5. L-clamp 

L-clamp is used as a side clamp to restrict the side movements of plates. It is also made 

of ferrite steel (430). 

  

Figure A1.5 (A) Isometric view of L-clamp Figure A1.5 (B) 2D view of L-clamp 
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6. Right angle piece: 

This right angle piece has a hole with threads and there are two pieces with such 

geometry. The angle between the inclined length and the base is 75 degree. 

 

 

Figure A1.6 (A) Isometric view of 
right angled piece 

Figure A1.6 (B) 2D view of 
right angled piece 1 

Figure A1.6 (C) 2D view of right 
angled piece 2 

 
These pieces will be attached to the variable clamp, in which one will act as nut 

(figureA1.6 B). The right angle piece-2 consists of hole without any threads (figure A1.6 

C). There are two pieces of this geometry. That is a combination of one with the thread 

and one with only hole will used with each variable clamp. 

DIFFERENT TYPES OF BOLTS: 

 
1. M12 Hexagonal Headed Bolt 
for part 4 and 5 (Qty: 6 nos.) 

2. M10 Hexagonal Headed Bolt 
for part 3 (Qty: 3 nos.) 

3. M8 Hexagonal Headed Bolt 
for part 2 (Qty: 8 nos.) 

 

4. M10 LN Grub Screw for part 
2 (Qty: 6 nos.) 

5. M5 LN Headed Bolt for part 6 
(Qty: 2 nos.) 
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Appendix 1.1 

Code no. Image Process parameters 

 

E1A 

 

Speed N = 545 rpm, 

Feed S = 50 mm/min  

 

 
Fig A1.7: Top surface of weld sample prepared with hexagonal pin tool - Welding 
parallel to rolling direction 
 

Code no. Image Process parameters 

 

E1 
Speed N = 545 rpm 

Feed S = 50 mm/min 

    

 

E2 
Speed N = 545 rpm 

Feed S = 78 mm/min 

    

 

E3 
Speed N = 545 rpm 

Feed S = 120 mm/min 
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E4 
Speed N = 765 rpm 

Feed S = 50 mm/min 

    

 

E5 
Speed N = 765 rpm 

Feed S = 78 mm/min 

    

 

E6 
Speed N = 765 rpm 

Feed S = 120 mm/min 

    

 

E7 
Speed N = 1070 rpm 

Feed S = 50mm/min 

    

 

E8 
Speed N = 1070 rpm 

Feed S = 78 mm/min 

    

 

E9 
Speed N = 1070 rpm 

Feed S = 120mm/min 

     

Fig 4.2: Top surface of weld sample prepared with hexagonal pin, concave shoulder tool 
at different tool rotation speed & welding speed (Welding across the rolling direction) 
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Code no. Image Process parameters 

 

E10 
Speed N = 545 rpm 

Feed S = 78 mm/min 

    

 

E11 
Speed N = 765 rpm 

Feed S = 78mm/min 

    

 

E12 
Speed N = 1070 rpm 

Feed S = 120 mm/min 

     

Fig 4.3: Top surface of weld sample prepared with square pin, flat shoulder tool profile at 
different tool rotation speed & welding speed (Welding across the rolling direction) 
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Appendix 2 

 

Tool pin and shoulder combinations (refer Table 3.7) 

 
 

 
 

(a)  (b) (c) (d) (e) 

(f)  (g) (h) (i) (j) 

Figure A2: Tool pin and shoulder combinations 
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Appendix 3 

Publications  

 
LIST OF PAPERS PUBLISHED RELATED TO PHD WORK 

Sr. 

No. 

 

Title Detail of the Journal/ 
Conference 
proceeding 

Authors 

 

1. Effect of process parameters 
on corrosion resistance of AA 
6101 T6 Al alloys welded by 
Friction stir welding 

International Journal of 
Advance Engineering and 
Research Development, 
Vol. 4, Issue 9, September 
2017, 580-586  

L. V. Kamble  

S. N. Soman 

P. K. Brahmankar 

2. Understanding the Fixture 
Design for friction stir 
welding research experiments 

Elsevier - Materials Today 
Proceedings, Vol. 4, Issue 
2PA, April 2017, 1277-
1284, ISSN 2214-7853 

L. V. Kamble  

S. N. Soman 

P. K. Brahmankar 

3. Study of Pitting Corrosion 
Behavior of FSW weldments 
of AA6101- T6 Aluminium 
Alloy 

Int. Journal of Engineering 
Research and Applications, 
Vol. 5, Issue 9 (Part -1) 
September 2015, 38-44. 
ISSN 2248-9622 

L. V. Kamble  

S. N. Soman  

P. K. Brahmankar 

V. V. Mathane 

4. Effect of Tool Design and 
Process Variables on 
Mechanical Properties and 
Microstructure of AA6101-T6 
Alloy Welded by Friction Stir 
Welding 

IOSR Journal of 
Mechanical and Civil 
Engineering (IOSR-JMCE), 
2013, 30-35. 

ISSN(e) : 2278-1684, 
ISSN(p) : 2320–334X, 

L. V. Kamble  

S. N. Soman  

P. K. Brahmankar 
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Jonathan Martin <Jonathan.Martin@twi.co.uk>  
To  
'liladhar kamble'  
CC  
Becki Parratt  
Jan 15 at 8:15 PM  

ISFSW3 

 15 January 2016 

 Dear L.V.Kamble 

 Re: 11th International Symposium on Friction Stir Welding 

 Thank you very much for your abstracts submitted to the forthcoming 11th International Symposium on 
Friction Stir Welding.                                         

We feel they would be of great interest to the attendees however we received an unexpectedly high number 
of quality abstracts, far too many to allow oral presentation of all of them. However, we are delighted to 
inform you that  

 Design and Fabrication of Bobbin Tool for Friction Stir Butt Welding of Aluminium alloys - 
exploring the feasibility 

has been selected for oral presentation. (Please note, this acknowledgement is only being sent to the main 
author of the above paper.) In order to accommodate as many papers as possible, we have allocated 20 
minutes per paper (15 minutes presentation + 5 minutes questions and answers). You are planned to present 
your paper during Technical Session 9 on 19 May 2016 

 Effect of welding parameters on mechanical properties and microstructure of AA 6101 T6 Al Alloy 
using Bobbin Tool Friction Stir Welding process 

 has been selected for poster presentation. 

 TWI Ltd is located about 10 miles (16km) from Cambridge City Centre which is a popular destination for 
visitors from all over the world. Hotels can therefore be expensive and in short supply. TWI Ltd has limited 
onsite accommodation available so the Symposium committee has agreed special rates with selected hotels. 
It is highly recommended that you book accommodation before the end of February 2016. Coaches will 
provide free return travel from the Menzies Hotel, the Holiday Inn Whittlesford and Cambridge railway 
station only to the Symposium venue (Granta Centre) and the social event. 

 Best regards 

Jonathan Martin 

Symposium Technical Director 

jonathan.martin@twi.co.uk 

Becki Parratt

Events Manager 

becki.parratt@twi.co.uk
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