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ABSTRACT

Characteristics of Dissimilar Friction Spot Joining of

Al5083-0/DP590

Su-0Ok Jeong

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

Graduate School of Chosun University

The restrictions of energy efficiency, hazardous substances and
greenhouse gas exhaustion are getting stricter globally. This rules
effects directly and indirectly to international economy. Especially,
studies about improvement of body in automobiles and weight lightening
are in progress to follow the environmental regulation, the goals of this
study are eco-—friendly and for the improvement of fuel efficiency. High
strength steel and hot stamping are using as weight lightening process
but it effects are not significant. High strength steel is replaced by
aluminum and magnesium for lighter and harder. Welding these
materials with steel by dissimilar materials welding technigque is
considered as realistic alternative.

It is hard to make good properties in welding zone during dissimilar
welding between steel and aluminum due to formation of intermetallic
compound(IMC). The reason of IMC created is due to difference in
melting point between steel and aluminum. Also conventional fusion
welding has some defects such as thermal deformation, residual stress,

crack are representative defects. For this reason, a new welding method

— \/| —
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is needed to weld aluminum alloys in automobile industry. This limitation
of fusion welding overcame by using of Friction stir joining(FSJ). It is
welded by frictional heat, force, plastic flow which appears below
melting temperature. This compensate the defects of fusion welding,
used similar and dissimilar material welding.

In this study, the effect of various conditions (plunge depths, plunge
speeds, rotation speeds) on weldability (mechanical and metallurgical
characteristics) in dissimilar materials (AI5083-0/DP590) by FSJ has
been clarified. Frist, the result did not show a specific trend in the
tensile shear strength in accordance with the rotation speed
(300~500rpm). When the rotation speed of 300rpm, a maximum tensile
shear strength of 3.0kN and gained strength at the lowest rotation
speed 400rpm to 2.6kN. When welding in accordance with the plunge
speed (0.3~1.0mm/s), 0.3mm/s gained the maximum tensile shear
strength of 6.7kN. The faster plunge speed decreased the tensile shear
strength, in particular, the plunge speed 1.0mm/s has been reduced
more than 30% tensile shear strength of 0.5mm/s. It is expected that
the influence on the tensile shear strength affect the softening and
bonding properties of the bonding material to avoid friction and lack of
stir by rotation of the tool. The results of plunge depth conditions
shown that when plunge depth was 0.7mm, the tensile shear strength
reached to the maximum failure load of 6.5kN due to the slightly
decreased thickness of aluminium and the improved plastic flow, the
maximum tensile shear strength could be acquired. At 0.7mm of plunge
depth, the intermetallic(IM) layer was around 5~6um that was the
thinnest. At 1.5mm of plunge depth, IM layer increased to 9~30um. In
this case, IM layer largely observed and the thickness of aluminum was
decreased by force that made the tensile shear strength to be the

lowest.
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Fig. 1.4 Application of automotive part details
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et

Ficloral L Solid State
T 1. Welding

Fig. 1.5 Process of friction spot joining

Welding tool

Material incorporation Stir zone

Fig. 1.6 Principle of friction spot joining[22]

_8_

(*ICollection @ chosun



. SZ (Stir Zone)

contains material that interacts directly with the tool, dynamically
recrystallized

. TMAZ (Thermo mechanically Affected Zone)

contains material that interacts indirectly with the tool, plastically
deformed with partial recrystallization[23]

. HAZ (Heat Affected Zone) : affected by heat generated during FSJ
. BM (Base Metal)

Fig. 1.7 Schematic illustration of friction spot joining welds
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Table. 1.1 Comparing FSJ and other welding methods[24]

(heat warping)

Looseness/

Separation

©
©
O

X

No looseness or
separation

Riveting | SPR RSW |Clinching Friction spot joining
Adequate strength can
Strength X
¢ @ @ O be achieved
Quality disparities O /\ /\ Consistent qualities
Deformation
@ X @ Very little heat warping

No need for primary

Facility costs X X X power source, cooling
water or air supply

Cost of Less than 1/20th of that

@ @ X required for resistance

environment

oo 00 60 60 OO0 05 0 O

electrical power O spot welding
Cost of
supplementary X X O O Not required
materials
Maintenance A A % @ Maintenance free for
several thousand cycles
IOV x O O O Only requires alignment
of upper and lower plate
Operational
X Within a few seconds
efficiency O O O
Multi-spot O O X O Multiple (clustered) joins
operation possible
Workplace O Quiet with no dust or
x O

fumes
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Table. 1.2 Characteristics of Aluminium

d & 2201s AL =] ]
HI=(g/cm3) 2.70 7.86 2Es Jis
ZEEH(T) 660 1500~1527 | EdI0IH/0IZEE Hels
Bl (cal/g) 0.22 0.11 =2 NIZ WEAHN 88

S A =(10-6/7T) 24 12 e, 452", 2
SNMEZ(C.G.S &9l)| 0.52~0.54 0.12 =2 NIZ WEHN 88
DR ME(Q/mm2/m) 0.028 0.120 Matg 2a0] oed=
Atgtatol EFE(TC) | 2050(A, Os ) | 1400 ~1600 ESETAl A5 HH 2R
Table. 1.3 Classification of Aluminium
220ls &3
|
MAZ(REAHES =2 &=
| |
HExXce &= g2xcl &3 HExe &= gxcl &=
E%‘EDI‘@ AI—CUJLI 83 foizgs AI—CUDLI 83
(1000H1€) (2000H1€) (AC1X, AC5A)
AI—Mn‘ﬁI &= Al-Mg-SiHl &3 AI—SDLI &= Al-Si-Cu-MgH
(3000H1€) (60004 ) (AC3A, ADCH) =3
AI—SDLI =3 Al-Zn-MgHl &= Al-MgHl &= Al-MgHl &=
(4000H12) (70004 €) (ACTA, ADC5,6) (AC78B)
Al-MgHl &=
(5000H1)
- 13 -
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1.4.2 DP(Dual Phase)2

D2 NS BHSE 9ok DLTLO AFR0| SItetD UASH, ASIHE 2o
ATHOI CHEF ZHAE HXID QUCH stz HAWEBCO JHHS L=20/s0ILt 02
HZD 22 AXS HIS0l ZJi6tD = =AMOIXIL OIS 2E S0l 2H
Moz <ob UCH DeHA XM 2SIt SAIN S22 OHMZS REROZ iR
BOlOZ HAEE NHEXNE 2BS0| HLED ACH MIdLSE AHSSHHAl Che

UOH, XA HOH, @8 KX, A 25 S AsXH 2SO0
f 2= AHSS(Advanced High

Strengh Steel)e= T8 =010 SHE = 222 HE0 HEHE ATOICH
at2sl £/ Qe AHSSOl= DP(Dual Phase)2t, TRIP(TRansformation Induced

Plasticity)2f, CP(Complex Phase)20l ULt QI&E2&(Tensile Strength, TS)-&H &l
£ (Elongation, El) A& LIEILHO! O0IE Banana-Diagram2& 2&Ct TS x El2
gt 25,000MPa- %2 JlEC=z LSO, 0 220 &2 Mild(HE), IF(Interstitial
Free)2t, D2 & IF&, BH(Bake Hardening)Z, HSLA(High Strength Low Alloy)&,
2t AHSS S0| UCH AHSS= HSLAZS| Z&EE 22t0t)| o HEHUUD 25
AAE HHEgezN 250t &85 = 222 DP, TRIPY S0 =0 DP&E2 M
ctOl E(Ferrite) 2t OFZEIALOl E(Martensite), 0l & JtXl & (Phase)
HICtOIEZZALOIG DFZ2EIAIOIEDL 5~15%2] &HO 2
s QLAHUOIES &8 X%
&, DI=2EAMOIES ZE=2 &

DPZ2 sill side members, seat rail, 22 & 2 WE X230 MSE
0, AsXte &% sHLS AH, XIE6t= cross memberE 2tE=0 BAQ &

MO, X20= door outer & AEMEE ST D JULE.
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Tensile Strength, MPa

\._steel /  Drawing Steel

15% 20% 30% 40% Tensile Elongation

Fig. 1.8 Classification of steel
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2.1 I EM =

A ALEE THa=s AN 220Is&832 A5083-0 3mm(t)2t Xt
C2EQI SGAFC DP590Z 2mm(t)E ASSHA 204, 22t 150mm(L)
£ HMZoe a2 2201, ot Omm & &z EX
x =

HEES AAIGHRULH MEE =2 &t OIHE 242 Table.

oy

i
00

03
=
i

e
0x
B o1

ol

Table. 2.1 Chemical composition and mechanical properties of basic materials

Chemical composition (wt.%)

Material Mg Mn Fe Cr Si Cu Ti n Al

AI5083-0 | 4.402 | 0.655 | 0.297 | 0.096 | 0.083 | 0.020 | 0.010 | 0.002 | Bal.

C Si Mn P S
DP590
0.063 0.178 1.819 0.012 0.005
Mechanical properties
Material T.S (MPa) Y.S (MPa) EL.(%)
Al5083-0 316.9 143.13 23.15
DP590 593.0 375.0 29
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ofALH FSW & &bl= GANTRY TYPELZ X Y, Z= 010l JtsotlH, X, Y=

2 Ag&dlel "ol=0l 2ol ols=Et. z=52 /&8 =2 300~3000romMtAl Jtsaot
O

 zlHol=2 3000kgfQl &HHIZ AEsS MHGIALH Fig. 2.12 AIE= A S &4

ITEMS RANGE

TYPE GANTRY TYPE

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 300~3000 RPM

LOAD Capacity Max. 3000kgf

Fig. 2.1 Equipment and specifications of FSJ system
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2.2.2 E(Tool)

OHEWBIEEN UM S2 AL HIAS IR SRS 24 S0l otLIoItH 2
AEN AIEE 2 WC(tungsten carbide)-Co12%E CHOI0t2E Hals Sol Al
AoIUCH, MEo s AdRsS fdl EFHM(frustum) 422 GHRUCEH &
H 220 Mg8ot0X NSAEES ZX 2012 D26t =09 AFE2 14mm
Z o}, Be 20l= ZR0ls SHY S 3.0mmoI0, e P2 <, Ot
el 22 6mm, 4mmOI0, =2 3°2 HMESIRUCH 2 A0 Ar=2E S99 &0

X=E Fig. 2.201 LIEHLHRACE.

14

Fig. 2.2 Tool details used for FSJ
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Fig. 2.3 Configuration of specimen and tensile shear test machine
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2.3.3 X AIE

AkashiAt HM—=112 micro Vickers Z2&JIE AIE6tH Z&&E Al
ZAOIACH HIHAA E&EDJI= 136° O0Iot2E TetllE SXE
M, StE 0.5kgf, SFEAIZH 10X29] XHO2 HEHBE JI=0=2
0.7mm, &M =22 0.7mmo <IXINAMN ZSZoIUCH TSR
22 10mm#& 0.5mm 2tz AT E =FHOUCH, EEEH =
& g2 =FHO0| 2016t0, hole &2 22 FER AMEAE2H
Ct.
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Fig. 2.4 Vickers hardness tester and test position
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2.3.4 OlMIz=% &2Z

OIMEZ 2ES <ol AIEH Z2HD 0t2E, OIMAH0tE S5 AAIGHRCH CHOIO
2C AHOIIIK Ot& =, DP5902 LtOIE (Nital) M (HNOs 4ml, ethanol 96ml &
ghe olgdl 3= s HE =, S22 HNHGIACH LR0Is2 =2, &H
756ml + HNOj; 20ml + HCI 3ml + HF 2ml)& AtE3dt0 20
T OI&GIACH. e AIEHOl HB(cross section)2 &2 &6tJ| {16 OLYMPUS
At BX51MZ &3 01 3 (Optical microscope, OM)1t OIZMZ 2 SHUHA LML=
U2 (IMC)e g4t SHE Z4otdl fIof =AM XS 01& (scanning

electron microscope, SEM)S A=Zo L.

—_

=
@
@
00
12
Ol
B[l
4>

L5

Fig. 2.5 Optical microscope and scanning electron microscope

_22_

Collection @ chosun



Kl

M=o

3.1 g&

0
ur

fal

—_

ol
ok

A

1

~A

RO

el

S (300~500rpm)0il [+

CIFSES

o

ol
mm

o
oD
KD
73
&0
_uu_

K
ve!

E= 0.5mm/s, FXAIZt2 1

ALO| A=
ER= I

0.2mm,

ol
160
o

Uk
0

T
160
A

ill
i

Ki

LHEHH ACEH

Table 3.10i

s

st

gl

ol
gl

ol
=

r=201=0

ol

RSN sl

b SAIO OFehE 1t

ni

oD

300rom Uil A

tACE.

[e}

A0l A 300, 400rpomOilA Bl

| O
—

=
A

A& 2

[

OB LIE

SIMEE ST AL Al

500rpme &g

HEZ0l LHEFLE

OFXIDI

=
o

]

15
Ju

ioll
Kl
gl

oI
o

N 2%

e

=
FSReige)

| &= = 300~500rpmel
F HEH0AS

=]

Kl

Ot

Y
040

Ol A A

160
<N

deln =

tOI &

=
[

=
=

ANEUHA JI=7

8=

ioll

_23_

Collection @ chosun



Table. 3.1 Appearance and cross section with rotation speed

(pin 3.0mm, plunge depth 0.2mm, plunge speed 0.5mm/s, dwell time 15s)

Rotation
speed Appearance Cross section
(rpm)
Top
300
Bottom
Top
400
Bottom
Top
500
Bottom
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Fig. 3.1 Tensile shear strength with rotation speed
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Table. 3.2 Fractured specimen after tensile shear test with rotation speed

(pin 3.0mm, plunge depth 0.2mm, plunge speed 0.5mm/s, dwell time 15s)

Rotation Fractured specimen

speed Load(kN)
(rom)

300 3.0
400 2.6
500 2.9
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Fig. 3.2 Hardness distributions with rotation speed
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Fig. 3.3 Micro structure with rotation speed, 300rpm(500x)
(A: SZ B: TMAZ+HAZ C: BM D: SZ E: HAZ F: BM)

_31_

{“/Collection @ chosun



uir

uir

1501

= XIAIZE

| M=% 300rpm,

=]

0.7mm,

ol
LY

Table 3.30i LtEHLHRUCE.

o ItrE 1t
& O
=gl

2

=
=

21t 20

Lt

220 T2 BHUAM LIE

SIPy
i Yeft 2=201s01 FE2 burr

| burr

&

=]
=

11

0

0l 2

KU
gl

ol
by

Ju

g4k

AETIF WESZ burrdb SH HXIHA

A
=

I‘?

[u]
—

X

=P

180
11

.

o0

ol

oD
KD
=

Ju
)
0}
&)

=
an
2]

ot Ot
SN

o

11

SH HXHM burr

]

= A
= T

slas

of =&
SRGHA LiEtHLHE

20 <

or&

nl
1.0mm/stlA 0.3mm/s&

Rr
0l

ol

=

I,

oI

HE+= o

L

20lct At=E L

=S
[

HEo 201 O 0l 8LE 0 LHE

°F 30%

OI9F 0.7mmZ 2l 2 CHYI

ioll
ol
o

oI
s

o

ol

<]

-

<0

=2
=

burr

o
=

& =0

=

m]
=

1
)
0

180

0l 0.3mm/s%

AFOI D1
[— I —

J
9]
X0
180

oI
o

H
ol

Ok

4

gel =01 t

=S
[

otAHl Ol

A

22 =0l

SItotH A

10]

_32_

Collection @ chosun



Table. 3.3 Appearance and cross section with plunge speed

(pin 3.0mm, rotation speed 300rpm, plunge depth 0.7mm, dwell time 15s)

Plunge
speed Appearance Cross section
(mm/s)
Top
0.3
Bottom
Top
0.5
Bottom
Top
1.0
Bottom
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Fig. 3.4 Tensile shear strength with plunge speed
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Table. 3.4 Fractured specimen after tensile shear test with plunge speed

(pin 3.0mm, rotation speed 300rpm, plunge depth 0.7mm, dwell time 15s)

Plunge Fractured specimen

speed Load(kN)
(mm/s) Top Bottom

0.3 6.7
0.5 6.5
1.0 4.4
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Fig. 3.6 Micro structure with plunge speed, 0.3mm/s(500x)
(A: SZ B: TMAZ+HAZ C: BM D: SZ E: HAZ F: BM)
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Table. 3.5 Appearance and cross section with plunge depth

(pin 3.0mm, rotation speed 300rpm, plunge speed 0.5mm/s, dwell time 15s)

Plunge
depth Appearance Cross section
(mm)
0.2 —
Bottom
Top
0.5
Bottom
Top
0.7
Bottom
Top
1.0
Bottom
Top
1.5
Bottom

_42_

Collection @ chosun



1.5mm
— L ]
E 1.0
=
=
% 1.0mm
s 05 0.7mm
L 2
0.5mm
0.2mm &
L
0.0
0.0 0.5 1.0 1.5
Hook width(mm)

Fig. 3.7 Hook size with plunge depth
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Fig. 3.9 Tensile shear strength with plunge depth
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Table. 3.6 Fractured specimen after tensile shear test with plunge depth

(pin 3.0mm, rotation speed 300rpm, plunge speed 0.5mm/s, dwell time 15s)

Plunge Fractured specimen

depth Load(kN)

(mm) Top Bottom
0.2 3.0
0.5 4.4
0.7 6.5
1.0 5.7
1.5 4.9
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Fig. 3.11 Micro structure with plunge depth, 0.7mm(500x)
(A: SZ B: TMAZ+HAZ C: BM D: SZ E: HAZ F: BM)
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Fig. 3.12 SEM images with plunge depth
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