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ABSTRACT

A study on welding characteristics for
dissimilar materials AI-CFRP using
friction spot joining with pinless tool

Park Ju-Heon

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

Graduate School of Chosun University

Today, regulations on automobile emissions and fuel efficiency are
increasingly being strengthened to cope with problems such as air pollution
and global warming all over the world. Therefore, the automobile industry
must satisfy the regulations. Vehicle weight reduction is attracting
attention as the most effective way to reduce carbon dioxide emissions by
improving fuel efficiency. Recently, the automobile industry has been using
ultra-high strength steel plates, hot stamping and hydroforming to reduce
the weight of vehicles, but it is difficult to meet the tightening emission
regulations. Therefore, it is focused on strengthening the strength of the
car body and reducing the weight of the vehicle by replacing it with a

lightweight material.
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Aluminum has an excellent specific strength compared with steel and is
excellent in corrosion resistance and recyclability. When replacing BIW
(Body In White) entirely with aluminum, up to 45% weight reduction is
possible. In addition, carbon fiber reinforced plastic (CFRP), which is
attracting attention as a next-generation lightweight material, has 60%

weight and 5 times higher strength that that of aluminium.

CFRP is under many restrictions apply to the actual automobile parts
because of the disadvantages such as low elongation and breaking strength.
In order to solve these problems, Multi-Material Mix Technology that mixes
various materials is emerging. By wusing different properties between
materials, it is possible not only to reduce the weight but also to select
and arrange materials having suitable mechanical properties to obtain
optimized performance and reduced manufacturing cost. However, it is
difficult to realize high-strength and high-durability joints by using the
conventional bonding technique because the material properties between
materials are different from each other. Therefore, it is important to
secure appropriate bonding technology in the development of dissimilar

materials parts.

In this study, we applied the friction spot joining(FSJ) process as a
bonding method for Al/CFRP. For this purpose, the reliability of the joints
is secured by evaluating the bonding characteristics and the mechanical and

metal lurgical characteristics according to the parameters of each process.

In order to investigate the characteristics of AI/CFRP using friction spot
joining, plunge depth, the rotation speed, and the dwell time were selected
as parameters. The material used in the research is aluminum alloy Al5052
imm (t), which is lightweight material used in vehicles. As CFRP material,
'LANXESS'  'Tepex dynalite' wuses 3k carbon fiber and polyamide 66

thermoplastic resin and thickness is 1.5mm (t). Lap Joints friction stir

- VIII -
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welding was performed by superimposing the aluminum plate on the upper plate
and the CFRP on the lower plate by 80mm (L) X 30mm (W). In addition, a
pinless tool was used to apply heat and pressure to the specimen when
A15052/H32 and CFRP were bonded. Surface roughness was given to the material
before all experiments were carried out. During the test, the temperature of
the joint surface was measured and tensile - shear test was performed after
the experiment. In this study, thermal distribution characteristics of
Al/CFRP joints were investigated using numerical analysis program and

compared with the experiment.
As a result, maximum tensile - shear strength of 3.65kN was obtained at
plunge depth of 0.4mm, rotation speed of 500rpm and dwell time of 15sec. In

addition, the reliability of the joint was confirmed by comparing the

numerical analysis with the experiment.
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Fig. 1.5 Multi-materials applied to vehicle
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1.2.2 CFRPS! DI

g

CFRP Jl=2 500 & & &&, 2 ¥ =2 &g SUHA AIZEN dMAZEX,
JIH £3S HHE 8lMe AsXte 1TJ1J] S22 &t JU. g2 JIE &
S 2EHMEN M0l= Stamping 2Alo H&8)|=2 230t YW, Tite &
JtA4 CFRPE 12 OILHOI &% HEE = U= SYS HLSHACH [11]

S&et g4 2Hstd CFRP R3S dEot=ll stXHQ2l HP-RTM S8 =2 =2
SHAIZI0l 3222 HEZJUCH, A Class=22 XU ABME M= = U= 2
Ol2 ZEH2 280610 &8&24 2ME &8s EIt4Ad CFRP &8 SE-0| g
o 2250 UL E£& 2HE g49 £ 12 20 480 JtsotEE &
resindt Wet Compression Molding & JI=0| MWLEJACH. =35I, 2ESA CFRP
Of Hioh Sotad CFRP= &t WS HH0l 0t =d&HHY S &0l IJis
Ot MESHA MEE = UCH [13]

ZUHUAME HitHA EtAESE Jlgtoz & Nds 2 & d2 =S8N
OIF0H& XM 3= HLYSHH Steel CHHI 50%2 B3E ZHoA2H, 2354
SA2E 52 OILHZ =oAL ITtliM= 0L 48 Jl== 0186t A2t
= 102 Ol ©=otEANE 21EZSE 1,000Mpall&tel CFRP A XHSl Xt=sXtE
HoodE JHESIACH. WitUiAd= JIE 25 A2 Set0IBEMEEN CFRPE X Z0ot
O 230l & 356HALCH. [14]
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Fig. 1.7 HP-RTM (High Pressure Resin Transfer Molding) process
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Fig. 1.8 Schematic representation of the FSJ process

Pmax: 3 KW Laser beam profile

Beam shape: 0.6x11 mm 'Metal: Zinc-coated steel
A: 800/940+£10 nm ‘Plastic: Amorphous PA

N: shielding gas
3 mm thick fixture
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direction

Plastic:|
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Fig. 1.9 Laser direct joining of CFRP to metal or engineering plastic
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2.2 &8Yd H A

2.2.1 NEH ga & ME AT

=2 IR0 A AIESE ATeE XE AMEZNse AT
A15052/H32 1mm(t)2 2 HW2t)tE2 £ otA35H HelE ot n,
‘LANXESS’ AF2| Tepex dynalite2 3k2| EtAME RS SoIAH

0lE66E AlE2MD SHE= 1.5mm(t)0ICH. 2+2 80mm(L)
2205, olEt2 CFRPE 30mm=E & ™ Lap Joint OfEWBtAE =

Ch. AlIg &2 Xl=+== Fig. 2.100 LEIUHALD, AtES=E TH=2

EAX2 Table. 2.1 & Table. 2.22F &C}.

Al5052/H32

= o
o
ool
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30 [— | I
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Fig. 2.1 Dimension of FSJ specimen
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Table. 2.1 Chemical composition and mechanical properties of Al5052/H32

Chemical composition (%)

Si Fe Cu Mn Mg Cr n Ti

0.061 | 0.220

0.019

0.018 | 2.503

0.178

0.002 0.02

Mechanical properties

Yield stress(MPa)

Tensile stress(MPa)

Elongation(%)

161 232 9
Table. 2.2 - Material properties of CFRP
Material
Reinforcement Polymer Laminate
Weigh ) Fiber Thickness
) Yarn Density
Fibers (tex) rate oABS (a/or®) content | Per layer
ex cm
(%) o (% vol.) (mm)
carbon 3k 50 1.43 45 .025
Mechanical properties
Tensile Modulus Tensile ) Poisson’ s
Elongation(%) ,
(GPa) stress(MPa) ratio
53.0 785 2.1 0.007
Thermal properties
Melting Glass transition Heat deflection
temperature(C) temperature(<C) temperature(C)
260 70 255
- ‘|8 -

Collection @ chosun




2.2.2 A8 EH % £(Tool)

2 JdF70ANM=E 220l &= AIS052/H322t CFRPS| DI NBIE &S <ol
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/=92 3%&k 0|s0| Jisolch. £8 X5 2 YSE2 Hol=ol 2ol 0.5 ~
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(H, Table. 2.30l &Hl AFZS LIEFRUCE.

DIEUBIEEE Al 82 & € €42 e =28 2010, = &8
ol A& Z2 A= WC(Tungsten carbide)-cobalt(co)12%0104, CHOIOtE
E IJtES Sofl MAZJACH. Eat E9 42 Ol 210l &EHZL 0IF0HA
SH =2 HZE 18mmOICt.
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Fig. 2.2 Equipment of friction stir welding system
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Table. 2.3 Specifications of friction stir welding system

| tems Range
Type Gantry Type
X-axis 0.5~10mm/sec
Welding Y-axis 0.5~10mm/sec
Speed
7-axis 0.5~10mm/sec
R-axis 1~20 rpm
Rotation 300~3000 rpm
LOAD Capacity Max. 3000kgf

[ J

Fig. 2.3 Tool details used for friction spot joining

Fig. 2.4 Surface roughness measuring instrument
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(2) FSJ Heat generation [30, 31]

FSJ B8 Al B1AsHE HIARAS SO 2HY BF M2 A0 =0
M Zasts DFEED B R20IN 240ts LR A4BE o S
ol 012 280 20| SO =% T

Fig. 2.8 Heat generation from friction at tool between workpiece

Ol0il CHEH FSU &0l olet L2 CIsS Al(2.14)1F 20| JIAE £ UCH.
3Qr
(r)= (r, <r<r) (2.14)
K 27r(rg—r‘z’) ! 0

OIIA Al(2.14)01 CHE 2Z HIE2 &2 Otehet 201 Al(2.15)2 LIEE

A QUCH
f ‘q(r)2mrdr = Q (2.15)
£, oldol 2x= o =AO=Z=F Helol HIFECH d2lD Al

45(7‘0-1-7‘1)
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(2) M} HEHO B
THEo SHBS DAt JHAt2O 2|0 et QAS S)t B2t =2
{dF}e =22+ 2Lt
{dF} = [K[{dU}—{dL} (2.20)
[K]zf[B]T[D][B]dV: QA0 AN HEIA,
{dr)= [ [BT[CldTdV : 2o 2o& SH=Em
(3) EHANHIA S-S BH A
HBI BANES 5t Z2, MHESS Al(2.18)0 FHES0| Mt X
HE OIEFIEE BABEESY 80| CE= B
{de}={de}+ {de'} (2.21)
s, saHEs{cl2 84 E2AAZS 0|25 Ol 20l ==
o2 LIEtY £ QUCt
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A(2.21)2 Al(2.22)0 CHYGH =e2|5tH Ct=21 2L,
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(2.24)
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{de}= D) Hdo}+ T {otdT+{a}dT (2.25)
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St 20
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1 \_#;3 - T — _ o T . O[E AT U .
(4) 2HH0A SH-21E H A
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o (T, WH2 5t1, g=s+ F= S2{c}l =8 ¢ 22EH USD 2
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Table. 3.1 Side face of Al/CFRP joints with plunge depth

0.2mm

0.3mm

Table. 3.2 Surface of Al/CFRP joints with plunge depth

0.3mm

0.4mm
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Table. 3.4 Side face of Al/CFRP joints with dwell time

15sec

20sec

2hsec

Table. 3.5 Surface of AlI/CFRP joints with dwell time
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Table. 3.7 Tensile-shear strength with dwell time
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Table. 3.8 Side face of Al/CFRP joints with rotation speed
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Table. 3.9 Surface of Al/CFRP joints with rotation speed
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Table. 3.11 Cross section(Micro) with rotation speed
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with rotation speed
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Table. 3.13 Tensile-shear strength with rotation speed
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Table. 4.1 Temperature fields with rotation speed
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Fig. 4.3 Strain distribution of Al/CFRP joint with rotation speed
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Fig. 4.4 Strain distribution of Al/CFRP joint with dwell time
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