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Characteristics and Strength of disimilar friction stir

welding of magnesium alloy by statistical analysis

Lee, Hae Jin

Department of Mechanical Engineering,
Graduate School of Pukyong Industry of National University

ABSTRACT

Science and technology rapidly develops along with the current of the
times. Accordingly, various methods are developed, which enable the
weight reduction of products for the reduction of energy consumption
together with environmental problems by the weight reduction of
machine parts, diverse equipment and so on. Weight is reduced by
various types of joining and assembly. However, defects in structural
volume, assemblability and the like occur. Accordingly, many products
finished in the type of unit with detailed strength are developed. As a
result, various welding technologies come into existence. And an effort
is made to develop products satisfying weight reduction and structural
strength and condition requirements by utilizing a part and various
machine materials. The static strength of general welding joint
depends on weld metal, part that is directly exposed to heat (heat

affected zone), the mechanical properties of material, and besides,



force direction, stress concentration, stress type and characteristics,
and welding joint type, shape and dimension. Moreover, welding
defects are classified into structural defects and dimensional defects.
And structural defects include porosity, lock of penetration, slag
inclusion, under cut, lack of fusion, and crack, and so on. An effect
that these defects have on weld strength is highly dependent on the
type. For this reason, using friction stir welding (FSW), solid state
joining that welds materials through back-formation flow inside
materials by using frictional heat has characteristics of less formation
of blow hole or crack and less deformation due to welding than that
of fusion welding such as arc, electron beam and laser welding.
Together whit this, it is intended to apply a magnesium alloy excellent
in strength and weight reduction among machine materials. This has
strength, corrosion resistance, toughness, and low-temperature
properties. So, many magnesium alloys are used various industries.
And its scope of use increases as time goes on. Magnesium having
relatively low melting point [651°C] is relatively chemically stable, and
is vulnerable to corrosion especially in coastal air. Magnesium alloys
have  properties excellent in density, thermal conductivity,
conductance, specific heat, vibration damping, impact deformation,
recycling, etc. On the other hand, when contacting other metal,
magnesium alloys corrode earlier. So, it is necessary to be careful in
contacting different kinds of metals. Many machine parts using a
magnesium alloy as main material are manufactured mostly by
welding. Knowledge of fatigue behavior with regard to welding material

is very important. There are numerous data on the fatigue behavior

_Vi_



of magnesium. However, the condition is that studies on friction stir
welding have made relatively very poor progress. The scope of
applying the friction stir welding to industries is infinite. And friction
stir welding will settle down as core technology in manufacturing

process.

- vii -
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f Weld junction

Friction stir weld condition

Fig. 3.1.1 Welding process state of affairs
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Table 3.1.1 Chemical composition of AZ31 AZ61 alloy (Wt.%)

Alloys Al Zn Mn Fe Ni Si Cu Mg
AZ31 3.10 1.07 0.30 | 0.005 | <0.001 | <0.005 | <0.005 | bal.
0.15~
AZ61 5.8~7.210.4~1.5 0.5 <0.005 | <0.005 | <0.1 | <0.05 | bal.
Table 3.1.2 Mechanical properties of AZ31 alloy
' Tensile Yield Reduction of Elongation |Hardness
Material strength strength area £(%) v
ot(MPa) oy(MPa) w(%) ’
AZ31 274 182 29.4 16.2 55
AZ61 314 210 25 13 60

Ao A= Fig 3.1.2 = MCT(Machining Center Tooling System)TNV4002] A

Al gele] Rgolu o]E o]gsto] upRuiEgHS ASYst, Fig 3.1.3 2

of TEA Aol olTold W L AR gt

[e}

et

3]

ek Aol HoARA
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Fig. 3.1.4 Dimension of the jig & fixture
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<SS Z£H|519 T} Table 3.1.32

Table 3.1.3 Tool measurement used in experiment
Dimension

15
3
1.5
3
0.5
10

SKD61 (tool steel)

Item
Shoulder diameter (mm)
Pin root diameter (mm)
Pin length (mm)
Shoulder angle (°)
Shoulder corner radius (mm)

Pin taper angle (°)
Material
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(a) Unit: mm

Fig. 3.1.6 Tensile specimen (a) and waterjet T300-3015 model (b)
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SR Xl 9ol dis dLAd e AAlst,

Table 3.2.1 Design of experiment

AL WAl BP9 PHAE, oF HEI A

~
ol
-t
e
N
—~
b
N

e [ L

Design of . . Experiment )
] Join variable . Properties
experiment size(number)
Two-way Rotation speed
) ] r 9(3?)x2=18 Tensile strength
factorial design Welding speed

Table 3.2.200A HE Zlut o] zk 259 HYS 452 o|F&5=of ¥g}

g Z81 Fch

Table 3.2.2 Factors and each levels for experiment

Level Rotation speed(rpm) Welding speed(mm/mim)
1 1000 100
2 2000 200
3 3000 300

FulARe olEe 2 AjRel WEY 79 sFEolAL AFe ohgt

Zro| Table 3.2.31} Table 3.2.40f 4] LEFUQICT

_26_




Table 3.2.3 Plate material
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Table 3.2.4 Tooling system

Quantity(EA)

Pin diameter(mm)

Shoulder diameter(mm)

15

Tool material

SKD61
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Table 4.1.1 Factors with regard to quality view of FSW(1000:100,200,300)

No Factors Quality view of FSW
1 (A) | (B) case A case B
1 | 1000 | 100
2 {1000 | 200
3 11000 | 300
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Table 4.1.12 19 3HA&%7F 1000(rpm)Ql =
100, 200, 300(mm/min) W8tA]7 Agst Ag

o chsll geros st olEHwI FrIEA

ol} 37 o2 molxl optt

LI

=]
uT

I
=
= =

AolH 37l

545 S

W Uepdc HgE md
aHRs} oha AR e

Table 4.1.2 Factors with regard to quality view of FSW(2000:100,200,300)
No Factors Quality view of FSW
| (A) | (B) case A case B
4 12000 100
5 12000 | 200
6 2000 300
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Table 4.12% 279] SAEE7} 20000pm)e EZ0A B0 o] $HEE 100,
200, 300(mm/min) HSIA|7 H&ret Mare o L}epdich Maty moio] T

2H
s gotoR FAUAAT o|$4 s} E1EEE SEWIL oha AW Yehton

ﬂJI

37 Atolg moldl it

Table 4.1.3 Factors with regard to quality view of FSW(3000:100,200,300)

Factors Quality view of FSW

No. (A) | (B) case A case B

7 13000| 100

& 13000 | 200

9 13000| 300
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Table 4.1.4 Factors with regard to quality view of test piece after tensile test

No Factors Quality view of test piece after tensile test
1 (A) | (B) case A
Case A
1 |1000| 100
Case B
Case A
2 11000/ 200
Case B
Case A
3 11000| 300
Case B
Case A
4 12000/ 100
Case B
Case A
5 12000| 200
Case B
Case A
6 12000| 300
Case B
Case A
7 13000| 100
Case B
Case A
8 [3000| 200
Case B
Case A
9 13000| 300
Case B
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RSEo] B3] &2 UE go] wAsto] Ueht: Ane wHEc
Table 4.1.50] 379 PREES ol $4% W] BE BIR APA= A
e et

Table 4.1.5 Tensile strength of FSW conditions

Factors Tensile strength(MPa)

No. Rotation speed | Welding speed
) case A case B

(pm), (A) | (mm/min), (B)
1 1000 100 203.54 200.15
2 1000 200 191.24 185.12
3 1000 300 176.15 180.45
4 2000 100 210.16 203.15
5 2000 200 195.74 198.36
6 2000 300 180.32 182.44
7 3000 100 218.11 215.65
8 3000 200 207.56 193.15
9 3000 300 187.12 190.61

TR AYYE 23 ol a2 AolS UEs AOR Hof 04w} A
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Table 4.1.6 ANOVA for tensile strength before pooling

SS D MS Fo Fo.05) Fo.on
A 477.66| 2 238.83| 12.15 4.26 8.02
B 1968.72| 2 984.36| 50.08 4.26 8.02
AxB 34.80| 4 8.70 0.44 4.26 8.02
E 17691 9 19.66
T 2658.09| 17

Yol ALSH BY B WAE 379 AAEEY olssroln WeAES

AZsl7] Yol 28] whE AFS ARt

r|
rL
-
1o
ﬂ>i
Jo
il
<
o
=
mh
;ﬂ
rlr
__>d1
i d]
)
E
=
fuu
i
m
oo
0

8 8
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Table 4.1.7 ANOVA for tensile strength after pooling

SS d MS FO F0.05) Fo.o1
A 477.66| 2 238.83| 14.67 4.26 8.02
B 19687.72| 2 984.36| 60.44 4.26 8.02
E 211.71] 13 16.29
T 2658.09| 17
Foh W AREo] QOoJshA] ton g QIXt A, B %o oJst E¥HsE git=
Uehal e o2 sstort. et A, B 7 ato] distel @S
d5to] Table 4.1.80] UGEHIH. A 5748 WSS FdR AAY 2
2 ZAsE Ay 279 AMSEE 352FA 1Y ¥ P2 Uehioo
oY APPEL vste 2P BATh EF B7ol olB4EL 145
g =2 el oniolZhhe of HimfElleltEs- H2 W
Table 4.1.8 Estimate of population for each factors
Factors | Point estimation | Confidence interval + -
Al 189.44 6.57 194.24 184.60
A2 195.03 6.57 199.86 190.20
A3 202.03 6.57 206.87 197.20
1% 1 g 208.45 6.57 213.29 203.63
B2 195.20 6.57 200.03 190.36
B3 182.85 6.57 187.68 178.12
A3B1| 99% 214.99 6.57 221.56 208.42
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Fig. 4.1.1 Graphical illustration of the effect on rotation speed
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Fig. 4.1.2 Graphical illustration of the effect on welding speed

_37_



220.00
210.00
’a -
o
< 200.00 f
<
-‘6) -
c
£ 190.00
(7]
g -
2 180.00
o
|_ =
170.00 . 4 .
A1l A2 A3
Rotation speed(rpm)
Fig. 4.1.3 Graphical illustration of the effect on
Fig. 4132 B9 Y =5 7P 3
Y $FL ABI 27024 ABI FERANHY F
BRI

Tensile strength(MPa)

220.00

210.00

200.00

190.00

180.00

170.00

B1 B2 B3

Travel speed(mm/min)

all factors

RS 99% AIZ] 7oA 214.9946.57(mm) O = LFEFGTE

_38_



Tensile Strength

{.ﬂ'ﬂfpﬂ )

u Rotation Speed{A) ®Travels Speed{B) = Error(E)
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Table 4.2.1 Hardness measurement

N L Hardness(Hv)

o greson 3A 3B 7A 7B
1 BM(AZ31) 58 57 61 60
2 HAZ(AZ31) 51 53 59 59
3 TMAZ(AZ31) 49 50 56 57
4 SZ(TOP) 45 43 56 55
5 SZ(BOTTOM) 49 50 58 56
6 TMAZ(AZ61) 59 57 64 62
7 HAZ(AZ61) 58 57 66 65
8 BM(AZ61 62 67 71 70

Fig. 42.50] AZE OH F90] dist 4= 58 Z204= HEUAH. A97]A
(Heat Affected Zone), TMAZ= 7]AA

1T
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AASFE  (Thermal M

olck. 2olN I 4 S0l AWHel Yol olYAIN BRI} AYEo
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echanical Affected Zone), SZ+= wWWHE (Stir Zone) 2] 2FA}
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Fig. 4.2.5 Hardness point measurement at welding area
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