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ABSTRACT

Friction stir welding is the process which have been
famous from last 2 decades. The experiments carried
are presented in bulk and no significant method is
present to make the researcher understand what
exactly the experiment was. For understanding the
experiment a researcher must have to go through the
article thoroughly and then observe and understand
various data of experiment like the tooling, plate
mounting as well other welding criteria. So the
presentation of information is not in proper significant
manner. Here an attempt have been made to make the
learner, researcher as well the experts to make them
understand symbolic presentation of experiments
mentioning all data related to it. One should have to
go through a small exercise to understand it for 1 time
then easily one can adopt understanding about the
same.

1. Introduction

The FSW concept was developed from ancient heat
generation technique called “fire churning”. Fire
churning is used to develop divine agni (fire) to do
yajna. In this process one wooden block is considered
as spindle and the other is behaving as heat carrier or
support. The spindle is revolved C.W. as well C.C.W.
on the surface of the wooden block. Repetition of
same have given heat as well fire at the mating
surface of spindle and base wood. Here during the
FSW process heat generation is done by same
method. In FSW our tool is rotating in single direction
to produce heat. Once heat is generated the material
gets plasticized then feed is applied so the process
diffuses material within and develop weld joint of
metals. When the tool revolves as well gets plunged in
metal heat is generated. Sometimes due to friction and
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heat the aluminum gets evaporated. The gaseous state
which is coming out during FSW is aluminum oxide.

The whole symbolic presentation is depends on
parameters used to conduct an experiments as well to
present the row material, tool profile as well tool
feature and shoulder feature, etc..

So primary task for any symbolic presentation is to
collect the variables involved in the study. After that
one should show the process visual in image as front
view (Elevation) and top view (Plan) of the process.
So the configured image symbol will be representing
all the data which is important to understand during
and after weld performance.

Figure 1: friction stir butt weld of 12 mm thick AA
7050plate

2. Variable collection and review:

PRIMARY VARIABLE PARAMETERS:

FSW process considers following parameters as
primary parameters.
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3) Tool Material Type (Row material, Surface

hardened, Etc...)
4) Spindle Speed (Tool rotational speed)

5) Spindle rotation direction (C.W. //C.C.W. — from
direction of observer)

6) Feed (carriage feed)
7) Feed direction ( +or -)

8) No of pass (for weld process) (+++, +-+,-+-,
Etc......)

9) Tool type (refer next slide)

10) Tool Plunge time

11) Depth of plunge for tool

12) Plunge load from tool

13) Tool tilt angle

14) Dwell time For stir action

15) Pre heating time (Raw material)

16) Pre heating temperature (Raw material)
17) Post heating time (Weld plate)

18) Post heating temperature (Weld plate)

19) 1-Side (1 face / 1 direction) weld or 2-side (2 face
/ 2 direction) weld.

SECONDARY VARIABLE PARAMETERS:

Tool Tip feature types available which should be
considered while carrying experiments.

A Al conical tool
A2 conical with groove
A3 conical with thread
B B1 cylindrical tool

B2 cylindrical with groove
B3 cylindrical with thread

C Cl frustum with flats (Tria, Sq,
Pentagonal, Hexagonal, polygonal)
C2 frustum with flats + grooves
C3 frustum with flats + thread

D D1 conical tool

D2 conical with groove

D3
E El

conical with thread
cylindrical tool

E2 cylindrical with groove
E3 cylindrical with thread

F F1 frustum with flats ( Tria, Sq,
Pentagonal,Hexagonal,polygonal)

F2 frustum with flats + grooves
F3 frustum with flats + thread

Special Purpose tool:

G Gl Bobbin cylindrical
G2 Bobbin cylindrical with grooves
G3 Bobbin cylindrical with thread
G4  Bobbin conical
G5 Bobbin conical with grooves
G6 Bobbin conical with thread
H H1 Helical gear processing tool
I I1 Micro Channel Development tool
SHOULDER FEATURE:

Tool Shoulder Feature types:

SF1  Flat shoulder

SF2  Convex

SF3  Concave

SF4  Conical shoulder

SF5  Specific Curve (Bezier, Splines, etc)

PROFILES ON SHOULDER FACE:
PSF1 Hole (Through /Blind —small/large)
PSF2
PSF3
PSF4
PSF5

Indentations

Volutes

Grooves, slots, channels
Rings

The parameters presented here are required to present
the experiment. The international journal and their
authors are facing complexity in presenting the
process parameters. Symbolic terms and meaning of
each parameter involved with symbol.
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Weld type table:
Sr. Weld Name
no. type sign

1 BFSW Butt friction stir Weld

2 LFSW Lap friction stir Weld

3 LSFSW | L-section friction stir weld

4 CSFSW | C-section friction stir weld

5 BSFSW | Box —section friction stir weld

6 CHSFSW | Channel section friction stir
weld

7 BTFSW | Bobbin tool Friction stir weld

8 BFSSW | Butt friction stir spot welding

9 LFSSW | Lap friction stir spot Weld

10 LSFSW | L-section friction stir spot weld

11 CSFSW | C-section friction stir spot weld

12 BSFSW | Box —section friction stir spot
weld

13 CHSFSW | Channel section friction stir spot
weld

TTY (Tool Type) table

3. Symbolic presentation of friction stir Butt weld:

Sr. Weld type
No.
1 BFSW = Butt Friction stir weld
Ma = Material at advancing side,
Mr = material at retrieving side.
L = weld length ,mm

Sr. TTY

(tool ti

p Type)
1 CY Cylindrical tip tool
2 CYT Cylindrical threaded tool
3 CYS Cylindrical slotted tool
4 CYG Cylindrical grooved, volute tool
5 CO Conical tip tool
6 COT Conical threaded tool
7 COS Conical slotted tool
8 COG Conical grooved, volute tool
9 TR Triangle tip tool
10 TRT Triangle threaded tool
11 TRS Triangle slotted tool
12 TRG Triangle grooved, volute tool
13 SQ Square tip tool
14 SQT Square tip threaded tool
15 SQS Square tip slotted tool
16 SQG Square tip grooved tool
17 PE Pentagonal tip tool
18 PET Pentagonal tip threaded tool
19 PES Pentagonal tool Slotted tool
20 PEG Pentagonal tool Grooved tool
21 HX Hexagonal tip tool
1) HXT Hexagonal tip threaded tool
23 HXS Hexagonal tip slotted tool
24 HXG Hexagonal tip grooved tool
oL PO Polygonal tip tool
26 POT Polygonal tip tool with thread
27 POS Polygonal tip tool with slot
28 POG Polygonal tip tool with groove

Symbol

PX

TV o,P
R

Ta, Tr X U T N

Ta = Thickness of material at advancing side, mm.
Tr = Thickness of material at retrieving side, mm.
TTY = Tool tip profile Type (CY = cylindrical tool)
SF = Shoulder feature

X =Tool tip diameter

PX = Tool shoulder diameter

® = Tool taper angle

Pass = No of pass for weld

N = spindle speed

F = weld speed

L SF @3 F

BFSW: Ma, Mr
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2 BFSW = Butt friction stir weld.
Ma = Material at advancing side, o L o Pass
Mr = material at retrieving side. )
L = weld length ,mm Ta, Tr % X1\ \ [ T N
Ta = Thickness of material at advancing side,mm.
Tr = Thickness of material at retrieving side,mm. L 25 D F
CO = Conical tool tip profile BESWY: Ma, I
SF = Shoulder feature
X, X1 = Tool tip diameter, Tool tip diameter at shoulder, Tip
length
PX = Tool shoulder diameter
® = Tool taper angle
Pass = No of pass for weld
N = spindle speed
F = weld speed
3 Triangle tip tool
PX
TR — 0, Pass
Ta, Tr X, X1 m f N
L SF @ 3 F
BESW: Ma, Mr
4 Square tip tool -
5Q — B, Pass
Ta, Tr X, X1 m W N
L SF D F
BFSW: Ma, Mr
5 Pentagonal tip tool ox
PE ——— @, Pass
Ta, Tr X, X1 m T N
L SF @ 3 F
BFSW: Ma, Mr
6 Hexagonal tip tool S
HE — @, Pass
Ta, Tr X, X1 m T N
L SF @ 3 F
BFSW: Ma, Mr

2. Conclusion:

Here if the researcher have experiment material for of about 100mm x 50mm x 12mm and required
friction stir welding, AA7050-T7451 rolled plate at Length of weld about 100mm, the plate thickness at
advancing as well retrieving side, the weld designated ~advancing as well retrieving side are 12 mm each, The
is butt friction stir weld having raw material plate size ~ tool tip profile selected is cylindrical having tip
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diameter 6 mm at free end as well 6mm at shoulder
end with tip length of 10mm. Shoulder face is without
feature, tool tilt angle of 2°, weld pass required is 1.
Spindle speed = 2000 RPM, feed or weld speed is
120mm/minute and the tool rotation direction is C.W.
with longitudinal movement then the symbol can be
placed like below.

PXE

co 2% P1
1

w0 ]| 1
©r

BFSW: AAT7OS0T7451

N2000

T12

L1100 F120

If with same processing configuration material at
advancing side taken is CU —Copper and at retrieving
side AA-Aluminum alloy then the presentation will
vary like Fig.. And if at advancing side AA and
retrieving side AA then can be represented like fig.

PX6

cO — 2%, P1
T12 X6, 10 x MNZ2000
L100 @ ID F120
BFSW: CU, AL
PX6
Co 2°, P1
|
T12 %6, 10 U T N2000
L100 @ 3 F120
BFSW: AA, CU
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