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ABSTRACT

Study on the mechanical properties of heterogeneous

aluminum Friction Stir Welding for TWB

Sun Min-Soo

Advisor : Prof. Bang, Hee-Seon, Ph.D.
Department of Welding and Joining Science
Engineering,

Graduate School of Chosun University

Automotive industry is strongly required to preserve the environment, such
as global warming, smog, CO? emission regulations and PM, NOx, and SOx
reduction, which are important issues along with reduction of fuel
consumption. The development of technology that can achieve both
environmental regulation and economic efficiency is an important topic. As a
method to solve such a demand, there is the way to improve the performance
of the engine and realize it by lightening the weight of the vehicle body.
It" s very costly and little effective even though long period to make a
research. It" s sure that the lightness of the body is an important factor
in the economic feasibility of the material and the construction method, but
it is more effective in improving the environmental regulation and fuel
efficiency than improving the engine.

Lightweighting technology was the main subject on this study.
Lightweighting technology can suggest alternate redevelopment and conversion
of production method. Herewith, it" s used that the aluminum alloy has

already sufficient supply and marketability among non-ferrous metals. And
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the application of the improved welding technique has been studied as a main
subject. The study was made to reduce the weight of the body by using
Friction Stir Welding (FSW), which is a solid joining process of low heat
input type in order to solve the thermal deformation that is the main
problem on the welding deformation in aluminum alloy.

This study has the purpose to investigate the welding quality of friction
stir welding, wusing aluminum alloys AI5052-0 and Al6061-T6, which are
different materials and thicknesses. Especially, the welding quality
analysis of aluminum alloys Al5052-0 and Al6061-T6 is valuable as a basic
study to replace heterogeneous bonding of SS41(SS40) steel with aluminum
alloy. Since AlI6061-T6, a heat-treated material among aluminum alloys, has
mechanical characteristics comparable to SS41 steel.

Two types of friction stir welding were proceeded, using aluminum alloy
5052-0(3mm) and 6061-T6(2.5mm) as a research method. The tool shape and load
pressure were fixed and the parameters were varied from 300 to 500 rpm and
movement rate from 0.8 to 1.0 mm/sec. which can be considered with welding
quality in this experiment.

As for the surface and cross section, the surface is rough at the starting
point on a rotation speed of 300 rpm, while it" s little smooth of 500 rpm.
However, considering the cross section, it was confirmed that the joining is
completed to the end of the joint due to the smooth plastic flow at 300 rpm,
which is relatively low rotational speed. Namely, it was confirmed that a
relatively reliable bonding is achieved at the condition of the angular
velocity ratio, 6.25(300rpm, 48mm/min), comparing with 10.4 (500rpm, 48 mm/
min). The property of tensile strength is the maximum(183.1MPa) at the
movement speed of 300 rpm and the minimum value at 500 rpm (162.9MPa). It can
be seen that the plastic flow becomes stronger at higher speed of rotation
because of the frictional heat while the transfer speed does not allow
sufficient agitation to the ends of the joints.

That” s to say, it’ s confirmed that the less angular velocity can make it

sufficient plastic flow and smooth stirring while the larger angular velocity

_VI_
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not available to the end of the joints in this experimental condition. The
minimum hardness value occurred in the Stir Zone(SZ) and, especially,
precipitation hardening type AI6061, which is a heat treatment material,
showed significant decrease in hardness value by precipitation melting due to

heat effect (minimum 47Hv at maximum 83Hv).

- VI -
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Fig. 1.3 China’ s consumption pattern changing, with transport emerging as
a key engine of growth(Source: CRU, Hydro analysis)
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OHE W BHE X (FSW)= TWI(The welding institution, UK)OIA JHEE =24 =
e S5 2205 882 AXCZ 220 0B S0l F==2&t2 o
2l JHAl &0l 80X UCH FSWe 8 ETA gMot=s I8, 2g, &
S3S8 S 22 ZEES BE2E = Yz DaESIZELACE SAXN0O|LD UK
2HIDF &2 8&II=0IC0H[7]

Fig.1.52 20| FSW= 239 H=EZHZA ST dlol Z&t M Xl
U S(tool)2 IAXAIIHA AT EHR20 3&dtl= 37 AU HA ot
£ AOIOIA Dt OFE S0l LMEHH &0 el JIAFS &8 Jtotod |

I

(pin)0| &84S [MetM Olsst, JIg= 220 ol @
OlAl S Z(retreating side)2

=
N DASEROL S0 AT [19]

Sufficient downward force to
maintain registered contact

Advancing
side of weld

Leading
edge of the
rotating tool

Shoulder

Retreating side
of weld

Trailing edge of
the rotating tool

Fig. 1.5 Schematic drawing of working process

principle of FSW
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EE33e =M= 22 M0l &a Aol &AL He 22 H =6t
o 22 ZMAIZICH. 2l 2 Shoulder =01 E=ot0 JtEEAs EX &
9

. 1.6 Process of

friction stir welding

Stir Rod of Shoulder width

Retreating side of tool |

Advancing side of tool
-y

Fig. 1.7 Shape of FSW welded part

: BM (Base Metal)
: HAZ (Heat Affected Zone)

o O @© =

: SZ (Stir Zone)
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Arc weld
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e 1/10

E A
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MIG YAG Laser
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(o]

tw JoRR)

J

Fig. 1.9 Comparison of deformation by welding method (AI6061, 1m, 3t)
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Table 1.2 Components and uses of non—heating treatment
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Table 1.3 Mechanical properties of non-heating treatment 5000 aluminum

al loys
= Yield Tensi le Elongation . m
=S L Brinell S o228 =
= Strength Strength thickness 2 ¢
Ab
4l = ALER (Kgf /m) (Kgf /m) (1.6mm %) Hardness (Kgf /mn) (Kgf /mm)
5052-0 9.00 19.50 25 47 12.50 11.00
-H32 -H34 | 19.50 22.00 | 23.00 26.50 12 10 60 68 14.00 15.00 | 12.00 12.50
-H36 -H38 | 24.50 26.00 | 28.00 29.50 87 73 77 16.00 17.00 | 13.50 14.00
5056-0 -H18 | 15.50 41.50 | 29.50 44.50 : 165)5 18.50 24.00 115128
-H38 35.00 42.00 B 100 22.50 1550
5083-0 - - 17.50 -
321 15.00 23.00 | 29.50 32.50 B B N 16.00
5086-0 -H32 | 12.00 21.00 | 26.50 29.50 22 12 - 16.00 - -
-H34 -H38 | 26.00 13.50 | 33.00 27.50 10 14 - 19.00 - -
—Tioii;) 5.50 12.50 25 30 8.5 6.50
’ 15.00 28.00 | 24.50 31.50 22 12 25 17 17.00 21.00 | 10.00 10.00
-T6,T651
2)2xel 2R0IsE=
220l 829 L= 2 A0 QoA Z2HECH. F22I(Cu) 22H(Mn) OFA
(Zn) AA(Si) SS9 |LEsE LR0IsE22 2T =0ELEE £ 20| &84
o &Y &= 018 4= U= DEEI =0H8CH. TOetd EXdelE 0186t A=
LES 2st HIE €2 = U2H Oled 2DIHAM 0ls At EItE &332
gxel 220l g20lctl) P20, I =dles &322 2000, 6000H 2t
7000 el g=a A 0l el €5 4000H 01 UCH. 2 AWM= HE D
ANEOZ F=F AE-HE 6000HE Exel 2R0ls 822 = 41 EEE
Hl wWstCh, [13]
- ’]4 -
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Table 1.4 Components and uses of heat—treated aluminum al loys

soo Nominal Composition (%) HmEol 2C
Cu Si Mn Mg Zn Cr
6009 0.4 0.8 0.5 0.6 0.25 0.1 AsSitsE E
6010 0.4 1 0.5 0.8 0.25 0.1 AsSitsE E
6013 0.9 0.25 0.35 0.95 - - 6061 ECt K8 A&, 2XEL
LAY, 2EAH0l E0 =SAEE9
0.15 0.4 0.8 ZE2 W2 JISde gxclEa
6061 04 | g | 015 45 | 025 0.04035 S 2N %S, 248 UAN,
. . : &, B 84 2=, =8 JINM,
HEE
0.45-0 or=2ALSL (2t SXGHH 2S5,
6063 0.1 0.4 0.1 ) I 0.1 0.1 2 = 84 2. HAFE Mg,
9 e
7005 - - 0.45 1.4 4.5 0.13 olgr DB, XMts £
7039 - - 0.3 2.8 5.6 0.23 TAE W, 2I| M=
2(4)2404%1& DH%: E—%%l %%% DU}DI
O, 8l Alg3s =010 2& ®
ME
SHOL 76.2mm OlAtS] ST =HE
7079 10.4-0.8| 0.3 |0.1-0.312.9-3.73.8-4.8| 0.1-0.25 | JUIL 76.2m Q& fl SE
7178 1.6-2.4) 0.4 0.3 |2.4-3.16.3-7.3|0.15-0.25| &8I M=, 70752Ct K8 L&
Table 1.5 Mechanical properties of 6000 aluminum alloys
= Yield Tensi le Elongation . m
2= / L Brinel | M2 I22=
N Strength Strength thickness > ;
KIZS AHER (Kgf /m) (Kaf /m) (1.6mm %) Hardness (Kgf /mn) (Kgf /mm)
6061-0 5.61 12.65 27 30 8.47 6.34
-T4 14.80 24.59 22 65 16.94 9.85
-T6 28.06 31.63 15 95 21.12 9.85
6063-0 5.00 9.00 - 25 7.00 5.50
-T1 9.00 15.50 20 42 10.00 6.50
-T4 9.00 17.50 22 - - -
-T5 15.00 19.00 12 60 12.00 7.00
-T6 22.00 24.50 12 73 15.50 7.00
-T83 24.50 26.00 9 82 15.50 -
-T831 19.00 21.00 10 70 12.50 -
-T832 27.50 29.50 12 95 19.00 -
- ']5 -
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Table 1.6 Comparative characteristics of aluminum and mild steel

2=0ls A Bl

HI= (g/cm3) 2.70 7.86 dgst Jts

E88(7TC) 660 1500~1527 Seold/0158E 08

HI = (cal/g) 0.22 0.1 =2 822 HEH E2E
HBEA==(10-6/C) 24 12 g2eid, 8=3H, 42
SHEE(C.6.5 &) 0.52~0.54 0.12 =2 22 HE2H E2E
DRME(Q/mm2/m) 0.028 0.120 Metg 20l oeds
At et o) (C) | 2050(A1203) | 1400~1600 | ST Al A3t HWH 2R
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37 o X 2H(Tilting angle), AIHEI8:, T2E0| AQI210| 2m, =3 3™
=G = 300~500rpm =& 0l53x%= 0.8mm/sec, 1.0mm/secl & EXAHUAM 6061

Mot =& =(RS) 5052kt H& =(AS)0| TI== SEHES A AIGHAULEH

_18_
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3(t)el 5052-0, 2.5(t)2 6061-T65 At=2olH 0I=, 0lS
o AJl= 2 100mm

& X
SHOIUCH. AlEHEH THE2Q gsX

50mm x 2.5mm,

gt JIHE 2

222 Si Fe Cu Mn Mg Cr Zn Ti

5052-0 0.25 0.11 0.075 0.65 4.07 0.047 | 0.014 | 0.011

6061-T6 0.5 0.6 0.3 0.15 1.0 0.2 0.15 0.15
Table 2.2 Mechanical properties of Al5052-0/A16061-T6

si20y | SYieldh STensileh Elhongkation Sl |

= trengt trengt thickness

M2 < B (MPa) (Max) (MPa) (Max) (1.6mm %) Har dness

5052-0 88.2 191 25 47

6061-T6 244(295) 295(310) 15 95

- ']9 -
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AtE

000rpmAt Xl Jt=otCh.

50mm si

Fig. 2.1 Dimension of FSW welded specimen

= ZEEHI= WAL Ot
Gantry Typel=Z& X, Y, Z,

HIOISH 2loH 0.5~10mm/secll

=

=0

= =

=2
OHZwBtEEAl =01 ot=2 3,000kgf HAI A

= S HHIAIAE ALXOIM, Table. 2.3= WAL

[

Fig. 2.2 AtE

LIEHSULCE.

_20_



Fig. 2.2 Friction stir welding equipment
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Table 2.3 FSW equipment specification

| tems Range

Type Gantry
X-axis 0.5~10mm/sec
_ Y-axis 0.5~10mm/sec

Welding
Speed _
Z-axis 0.5~10mm/sec
R-axis 1~20 rpm

Rotation 300~3,000 rpm

LOAD Capacity

Max. 3,000kgf

Collection @ chosun
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OtEuEtEs8ldE alI™8ES(rpm), &€

= HFlAME SEBE==Z2

BHaE NDHAA DHENEIESES A AIGHULCH

S5l 2B 2 EHS 1DEGH ot E9 0l
T9 Hl(ratio), & 2t=THl(angular velocity ratio)0l W2
(o]

Table 2.4 Welding conditions for friction stir welding

£ (plunge speed),
depth), &2 KXIAIZHdwel | time), S° &4, EE&2t I}

= 89 3™8EZ== 300 ~ 500rpm,
48mm/min ~ 60mm/min, €2 A2 cylinder EIR, S92 & &
& £9 2t=CTH|(angular velocity ratio(R/T), €9 3= E9

ol HIg), E9 &220l(plunge depth)S 0.2mm=z HZot1D 3°

BISES HEA

=)
Om
J
m H o

10
m
m
u

O

G Chet S92 2™

ool | ity | gostien | elborty | e et
300 6.25
48 400 8.3
Cylinder 500 10.4 0 o
Type 300 5.0
60 400 6.7
500 8.3
- 93 -
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o
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>
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HAAIGHO! MAGHACH. E2 a2 S (cylinder)gE2 S Jt& E2 Xl

AEE S H(pin) NS <IIt 5mm 0I0, ESl =02 &= (shoulder)2
S22 22 2.07mm, 16mmZ MAoIALH =242 37 2 MAGHALE.

= S0 AI=E S2 g4 X2 Fig. 2.30 LIEFLHRUCE.

1 Binin

— 5I'I'IITI —

Fig. 2.3 Tool details used for friction stir welding

_24_

{=/Collection @ chosun
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Fig. 2.5 Schematic diagram of FSW process
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Fig. 2.6 Tensile test machine
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Fig. 2.7 Dimension of tensile test specimen (#2: KS B 0801)

Table 2.5 Configuration of tensile test specimen
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[tem W L P R T B
Values 12.5mm 50mm 60mm 25mm - 30mm
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Fig. 2.8 Optical microscope
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2.3.4 2 ANE

Z2HE 2L =HES ol LE2(Fig. 2.9)2 MFtH 2EE =Ho6IYA
AE SH2 Fig. 2.1000l LIEFH AkashiAF2l HM-112 micro Vickers 2EJIE A
ol CH. &0l tiee 50umO0l0, 136° CHOIOIRE IHlel0le YXE 0l8dt=
H| 0| C}

A =SHZ o) ol E882 8¢HHES HOUGH 0IMHA0F ot EESE
U2 AlEHO E2AE2 = Bl JI= 1.25mm ANEUWAM 0BES S22 2k ¢o| gt
OSZ 0.25mme 2tAe =z ZMEE2NA SHOIQL. B =FHA FEI| CHOIOt
E9 5IE2 0.5kgfE JIMSM, 10=2 loading timesS =0 HEZAIE@S =3
L. &S ZH2 [Table 2.7]0l 2t H LFEFLHQUCE.

112mm
101 mm
90mm
79mm
/ 100mm
- TS ACAES
T azasm
200mm

Fig. 2.9 Design drawing on specimens of mechanical test
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Fig. 2.10 Vickers hardness test scheme and equipment

Table 2.7 Hardness testing condition

Parameters Values
Type Micro vickers hardness tester
Load 0.5kgf
Loading time 10sec
Test position Below 2.5mm from surface
- 133 -
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FSW welded joints fabricated at

Top and bottom surface of

Table 3.1

traveling speed 48mm/min
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Table 3.2 Top and bottom surface of FSW welded joints fabricated at
traveling speed 60mm/min
Rotation
) speed
Traveling .
(angular Location Sur face
speed )
velocity
ratio(R/T))
Top
300rpm
(5.0)
Bot tom
Top
400rpm
60mm/min (67)
Bottom
Top
500r pm
(8.3)
Bottom
Table 3.2= 0l&5x% 60mm/minAl 2 3&®EZE 300 ~ 500rpmdl HE S&EE
HH EHdZ2 UEHYH H0ICH.
0I5 60mm/minGlAd S 40mm/min@! HASLXLCH 300rpm, 400rpmOlA 2 S AXE
HO| HE ®H R2H0| FOIXKIZ Ol He |KAts 2A=2 Bz &olg £ QU

{“/Collection @ chosun
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Table 3.3 Cross section of FSW welded joints fabricated at traveling speed

48mm/min
. . Angular
Traveling | Rotation . .
velocity Cross section

speed speed .
ratio

300rpm 6.25

48mm/min 400r pm 8.3
500r pm 10.4
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Table 3.4 Cross section of FSW welded joints fabricated at traveling speed

60mm/min
. . Angular
Traveling | Rotation . .
velocity Cross section

speed speed .
ratio

300rpm 5.0

60mm/min 400r pm 6.7

500r pm 8.3
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Table 3.5 Tensile test results of FSW welded joints in various angular
velocity ratios

Traveling Rotation Angular velocity Tensi le
speed(mm/min) speed(rpm) ratio(R/T) strength(MPa)
300 6.25 177.7
48 400 8.3 167.3
500 10.4 164.5
300 5.0 169. 1
60 400 6.7 167.1
500 8.3 165.0
180
175
§§170-
= ®
(o5
= 185 B 50
lg (mmdmind
160 -
155 -

300 400 500

Traveling Spesd(rpm)

Fig. 3.1 Tensile strength of FSW welded joints in various ratio
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Fig. 3.2 Fractured welded specimens after tensile test
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Fig. 3.3 Hardness distribution of FSW welded joints
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Table 3.6 Cross section of FSW welded joints

Region (a) AI5052-0

SZ

TMAZ
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Region (b) AlB061-T6
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