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WINUT PROMDAN : INFLUENCE OF SMALL FRICTION STIR MACHINE
ON ALUMINIUM ALLOY WELDING. THESIS ADVISOR:

SOMSAK SIWADAMROMGPONG, Ph.D., 105 PP.

FRICTION STIR MACHINE /ALUMINIUM ALLOY/STIR TOOL /MECHANICAL

PROPERTIES

The friction stir welding process was developed for material which is difficult
to weld with fusion techniques. The existing process was usually applied vertical
milling machine with stirring tool. Various literature reviews were reported that friction
stir welding may affect breakdown rate or runout of the machine from high axial force
during welding. Therefore, objective of this research was to focus on weldment
performance from in-house developed small friction stir machine. The semi-automatic
small machine was 50 cm width, 60 cm length, and 80 cm height. Spindle of the
machine could generate torque 15 Nm with maximum travel speed on X-axis 100
mm/min. The weldment performance was tested by welding of Al2024 and AlI5083.
4 parameters including rotational speed, shoulder diameter, tilt angle and feed rate were
studied. On welding of Al2024, it was found that maximum tensile strength of 318.61
MPa was found with rotational speed 1,000 rpm., shoulder diameter 15 mm., and tilt
angle 3 degrees. On the other hand, maximum tensile strength of AI5083 specimen was
reached at 224.41 MPa with rotational speed 1,800 rpm., and welding speed 30
mm/min. It was concluded that acceptable weldment performance was achieved with

strength higher than 68% of based material and power consumption of the machine was



belonged to spindle driving with 95 percent of overall power consumption.
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Spindle electrical energy
Rotational-1000 RPM,Tilt Angle-1

Plug

10%

Spindle electrical energy
Rotational-1200RPM, Tilt Angle-1

g

Plug
14%

Spindle electrical energy
Rotational-1000RPM, Tilt Angle-3

Plug
34%

Spindle electrical energy
Rotational-1200RPM, Tilt Angle-3

Plug
21%

~—

507 4.8 msldwasau ldnszurumsdendeamunuunivvesyaaiu@a

Tagldvnatuasosiionau 15 Haawas lumsienozgiition 2024

g 4.8 naasnislgwasnu i Tunszurunmsdeumdsaniuuunniuves
gaatlwaa lagldvuiatinasesiioniu 15 Gadawas woainsldwaeau i lugaequ

in3oaiioniueglugae 10 - 34 nlesidud ndsau Tl lusrquuseglugie 32 - 48

60



61

1 Y X
wosidud uazwasa I lusradudon oglusas 31 - 57 wlefidud aniumsidouTaoly

A ]

1 d‘ A a A ] d' 9 [ d‘ d' a d‘
YUIAVIVDIUATOINDNIU 15 UaaLluAg G]f’J\‘]“I’IGl‘BWﬁ\‘l\TIuul“l/‘lﬁﬁ/llﬂﬂ‘ﬂijﬂﬂ@ FINAULTDU

Spindle Electrical Energy
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Electric current on spindle of friction stir welding Al 5083
Rotational-1800RPM, Feed-30mm./Min, Shoulder-15mm., Tilt Angle-3
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Maximum electric power on spindle of friction stir welding Al 5083
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Electric current on spindle of friction stir welding Al 5083
12 Rotational-1800RPM, Feed-30mm./Min, Shoulder-15mm.,Tilt Angle-3
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Spindle electrical energy . Spindle electrical energy '
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Spindle electrical energy
Rotational speed 1800 RPM, Feed 30 mm/min

Welding Plug
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Spindle electrical energy
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Welding Plug
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Spindle electrical energy
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Spindle electrical energy
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Drive X
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Maximum temperature of friction stir welding on Al 2024
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Temperature and electrical power of friction stir welding on Al 2024
Rotational-1000RPM, Feed-30mm./Min, Shoulder-15mm., Tilt Angle-3
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Maximum temperature of friction stir welding on Al 5083
500

M Feed rate -30 mm./Min Feed rate -60 mm./Min
450 | -

400
350
300
250

200

Temperature °C

150
100
50

1200 1500 1800
Rotational Speed (RPM)

317 4.19 gugiigegamsFeumadsaniuuuuniu luezgiition 5083

d' 1 d’ = a A L% =
mﬂgﬂ*ﬂ 4.19 Wll’JﬂuﬂiZ‘UTLlﬂ”l'iLGI)'E]llLﬁEJ@‘IVITHLL‘]JIIﬂQL!GluE]ZQNLuﬂiJ 5083 auilsn

a a

A A <3 A A 1 = Y
LﬂﬂamﬂuqmQfﬂﬂ@mamJimmLS?J'iEJ‘UGlumimgmlmmi’omamu 1,500 59UMDUIN GlGlf

q QU

< a A Aa a [ A @ JREPN Ao A A o <3
mwmiﬂumimm%u 60 HAANATABUIN ﬁ’nm’JL!TJ'EVILﬂﬂQﬂlQlJGﬂﬂfjﬂﬂ’ﬂﬁnuﬂﬁﬂ’fmﬁ’l

A A 1 = Y 3 a A A A 1
i@UGLUﬂWﬁﬁuuGUﬂQLﬂi@QMﬂﬂ?u 1,200 39UADUIN ch)’ﬂ’ﬂﬂli’ﬂﬂﬂ”li!ﬂl&ﬁlff’)ll 60 UAALNNTND

= Y d‘ a A Qd’ a tg ] U [
Wi agulanlumsiFonezgiiition 5083 guuginnadu linanaenu

o w

444  gangi naziaa lhihnszurumadeoumdeamuiuuniu luezgiifioy 5083
a do o A A = 3’/
ﬂiﬂ’llﬂﬁﬁzﬁﬂﬁﬁﬂll‘Wﬁh u,azqmﬂ“u‘lumﬁmumsLﬂfamaﬂﬂmmmumuuu

{ a L4 a A [ § @ 4 '
L“Wdf]’)l,ﬂi1$°Vi‘]J58fff‘ﬂ‘ﬁﬂ'lWﬂ1§ﬂ1ﬁ1uﬂlﬂﬁlﬂ§fl\1ﬂﬂi Iﬂﬂi]'lﬂWﬁﬂWiL%@lJ 2024 wmﬂumaa%’w

Y
=< v o

) 1 A A = A A '
ANIDUY ﬂUﬁ?L!ﬂiUWﬂl@ﬁlﬂiﬂﬂMﬂﬂﬂu LAZHUIDUIUBDUNTDINDNIU !L@ﬂ?iﬂﬂﬂ@ﬁIﬂUﬂWﬁ

d' a A 9 1 d‘ A a A =S Y
L JAENIRAA NN R TR 5083 6l‘lﬂl‘IﬂlW’l‘U1"1]’6']\1!S‘Sli’ti')\il,ll’tf]'ﬂ’J‘Ll 15 HaaLuasLazyuoeN 3 a3 T]ﬂ@]’JLIf]Ji

o o

v Y [l Y
Tastanudunusnumas lihnmaaulunszuiums¥en uaasaail

72



73

Temperature and electrical power of friction stir welding on Al 5083
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Tensile strength of friction stir welding on Al 2024
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Weld strength of friction stir welding on Al 5083
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Source DF | Adj SS | Adj MS|F-Value| P-Value
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Term Coef | SE Coef | T-Value | P-Value | VIF
Constant 225.53 4.46 50.60 0.000
Shoulder (mm.) -26.87 4.46 -6.03 0.000 1.00
Tilt Angle -43.32 4.46 -9.72 0.000 1.00
Shoulder (9mm.) *Tilt Angle 1| g g4 4.46 4.45 0.001 1.00

Regression Equation
AANNUTITIAY = 225.53 - 26.87 Shoulder(9mm.) + 26.87 Shoulder (15mm.)

-43.32 Tilt Angle_1 + 43.32 Tilt Angle_3 + 19.84 Shoulder (9 mm.) *Tilt Angle_1
- 19.84 Shoulder (9mm.) *Tilt Angle_ 3 - 19.84 Shoulder (15mm.) *Tilt Angle_
1+ 19.84 Shoulder (15mm.) *Tilt Angle_ 3
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Model Summar
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Pareto Chart of the Standardized Effects
(response is Tensile Strength, a = 0.05)
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Source DF Adj SS | Adj MS |F-Value| P-Value
Model 5 10337.1 | 206742 | 2557 | 0.001
Linear 3 3543.8 | 1181.27 | 14.61 0.004
Rotational speed 2 25322 | 1266.09 | 15.66 | 0.004
Feed rate 1 1011.6 | 1011.64 | 12.51 0.012
2-Way Interactions 2 67933 | 3396.64 | 42.01 0.000
Rotational speed*Feed rate 2 67933 | 3396.64 | 42.01 0.000
Error 6 485.1 80.85
Total 11 10822.2
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Main Effects Plot for Tensile Strength
Fitted Means
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Abstract. The manufacturing industry, aluminium alloys were used in various
applications such as the electric vehicle industry, marine industry and also air-
craft industry. However, welding on some grades of aluminium alloys, for instant
Al5083, might lead to problems at weldment such as crack, pin holes or incom-
plete weld joint. Friction stir welding was one of solid-state welding which might
suit for such aluminium alloys. Therefore, this research was aimed to investigate
mechanical properties of weldment on aluminium alloy 5083 welded by friction
stir welding. Small friction stir welding machine was applied in this study. 2-
factor of the welding parameters, rotation speed and welding speed, were studied.
The rotation speed of three levels (1200, 1500, 1800 rpm), and two level of weld-
ing speed (30 and 60 mm/min) were employed. It was found that rotation speed
of 1800 rpm and welding speed of 30 mm/min was found to yield good weldment
and maximum tensile strength 224.41 MPa or 68.65% of based material.

Keywords: Friction stir welding, Stir tool, A15083, Aluminium alloys

1 Introduction

In manufacturing processes, metal welding is the process of joining metal materials.
The conventional welding techniques were fusion state welding which part of work
pieces were melt together and additive metal might be added as additive to the welded
zone. During melt state, the welded zone will be covered with gases to prevent oxida-
tion of the metal and then the weld joint was cooled down and strengthen. There are
many types of metal welding such as metal inert gas welding, resistance welding and
laser welding. However, the fusion techniques usually used electrical energy as energy
source and might release emissions to atmosphere. The air pollution generated from
the industrial sector such as welding fumes and toxic gases was under consideration. In
fumes from welding process, including of mixture of metal oxide, chemical complex
of metal oxides, Silicate and fluoride. [1][2]. Recently, problems of pollution from
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small particles less than 2.5 microns (PM2.5) accumulated in urban areas was rising.
Thailand had an estimated 37,500 people who die prematurely as a result of this PM2.5
problems. [3]

The problem of welding metal and small dust particles PM2.5, therefore, non-pol-
luting metal welding was invented. One of solid-state welding techniques, friction stir
welding method (FSW), was firstly found to replace for some metal that hard-to-weld
with fusion technique, especially for aluminium. The advantages included the micro-
structure of fines grains and good weld metallurgical properties with low emission of
greenhouse gasses [4]. The current trend and situation of automotive industry to reduce
product weight that might lead to low resource consumption (raw materials, fuel or
electricity). There was forecasted that the future used material in automotive industry
might change to use aluminium alloy in electric cars. [5] The research of Thomas WM,
et al.[6] was indicated that the friction stir welding process could be applied in the au-
tomotive industry.

The friction stir process parameters were consisted of factors that affects welding
performance such as geometry of stir tool, tool rotation speed and welding speed. These
factors affected the mechanical properties of the weldment as reported by D. Trimble,
etal.,[7] A. Abdollahzadeh, et al., [8] Kuntala Goutham Krishna, et al. [9] The A15083
was one grade of aluminium that known as hard-to-weld with fusion state technique.
Therefore, the development of friction stir welding for such aluminium could create
knowledge for further industrial applications. This research paper was aimed to inves-
tigate the effects of friction stir welding parameters on 5083 aluminium alloys.

2 Method and material

Aluminum alloy 5083 plate was prepared for friction stir welding, sized 100 X 50 mm
with 4 mm thickness. The chemical composition of the A15083 was indicated in Table
1. 2 plates were set up on the welding jig. The pin of stir tool was cylindrical shape
with 3 mm in diameter and tool shoulder diameter was 15 mm as indicated in figure 1.
The welding parameters were illustrated in Table 2. Full factorial design was employed
to analyzed the influence of 2 welding parameters, rotation speed and welding speed.
Tool shape and tilt angle parameters was fix as displayed in Table 2. The welded work
piece was cut in to specimen shape for tensile test following ASTM standard. The
specimen preparation was done with CNC milling machine. figure 1 was showed the
set-up of friction stir welding configuration on small friction stir welding machine.
Thermal imaging cameras and electrical analysis device were also set-up for
temperature and power using data along the welding. The stir pin was plugged into the
plate at desired rotation speed until the tool shoulder was touched the plate as the
electrical power was rapidly raised, as shown in figure 2. Then, the stir tool was dwelled
for 5 minutes for rising of temperature and start to weld at specified welding speed

Table 1 Chemical composition of A15083 (%) by spectrometer
Mg Mn Fe Si Cr Cu Ti Al
422 0.51 0.31 0.12 0.07 0.02 0.02 Bal.
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3
Table 2 Welding Parameters
Rotation speed 1,200 rpm 1,500 rpm 1,800 rpm
‘Welding speed 30 mm./min 60 mm./min &
Tool/Pin shoulder diameter 15 mm. /3 mm

Power energy equipment [l Frction sir puchine Therual lmage Comens

Figure 1. Set up of friction stir welding and measuring devices.

3 Result

From the welding samples, it was found that 2 plates were joint together along the weld
line. The weldment width was wide as shoulder size, 15 mm, and some fin was found
along the edge of weldment as displayed in figure 3. The similar results also reported
by Surasit Rawangwong. et al.[10] that friction stir welding surface was glittering and
circular mark of the flow of material on the weldment.

FSW AAS083 Rotational- 1 S00RPM. Feed-30munMin. Shoulder-1Sum.
Tilt Augle-.

1600 Power —— Teuperzture 10

'
o b w0
s HE— | H
2} s | H 30
TR0 le——p y i )
] | | H 300 ¥
H A : £
H | ' <0 3
2 i t =
H Duael i‘ Wel »! m &
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H 00
| 1
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i ’
o
00 W . S0 600 o s

Tume ()

Figure 2. Pattern of electrical power and temperature during welding.

P (Retreating side 13

Figure 3. Welded Surface of Specimen after Friction stir welding.
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From the tensile strength results, it was found that rotational speed of 1,800 rpm and
welding speed of 30 mnvmin was yielded the highest strength of 224.41 MPa or 68.65%

of based material and illustrated in figure 4. Table 3 showed the analysis results of DOE
on tensile strength of specimen. It was found that interaction between rotational speed
and welding speed was the most important parameter to tensile strength. Main effects,
rotational speed and welding speed, also significantly influence to the tensile strength
with significant level of 0.05. It might be considered that higher rotational speed help
in rising of temperature and lead to higher strength. However, the welding speed of 60
mm/min and rotational speed of 1800 rpm was yielded the lower of strength, it could
be considered that the too high welding speed may make incomplete of material flow
at the edge of stir zone that may lead to micro void, Huijie Liu, et al. [11]

Weld strength in percent of based material

7s (@Rotational 1200 RPM @ Rotational 1500 RPM @Rotational 1800 RPM

Percent

Feed 30 mm./Min

Feed Rate
Figure 4 Tensile strength of specimen

Table 3 Analysis of design of experiment results on tensile strength

Source DF Adj SS Adj MS F-Value  P-Value
Model 5 10337.1 2067.42 29:57 0.001
Linear 3 3543.8 1181.27 14.61 0.004
Rotational speed 2 2532.2 1266.09 15.66 0.004
Feed rate 1 1011.6 1011.64 12.51 0.012
2-Way Interactions 2 6793.7 3396.64 42.01 0.000
Rotational speed * Feedrate 2 6793.7 3396.64 42.01 0.000
Error 6 485.1 80.85
Total 11 10822.2
S R-sq R-sq (adj) R-sq (pred)
i 8.99172 95.52% 91.78% 82.07%

4 Conclusion

The weld joint of A15083 was carried out by friction stir welding. All welding condi-
tions were in good surface with fin along the edge of weldment. The welding parame-
ters was found that interaction between rotational speed and welding speed was the
most important parameter to tensile strength. Main effects, rotational speed and welding
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speed, also significantly influence the tensile strength with significant level of 0.05.
The highest tensile strength was found with rotational speed of 1,800 rpm and welding
speed of 30 mm/min at 224.41 MPa or 68.65% of based material.

5  Suggestion

The influence of temperature and electrical power to tensile strength should be studied
in further work.
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