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ABSTRACT

Effect of epoxy adhesive on Joining Characteristics
of Dissimilar Al5052-CFRP

Park Jae-Woo

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

In recent years, regulations on automobile emissions and fuel consumption
have been gradually strengthened. Vehicle weight reduction has become an
essential element in the automotive industry. Hot stamping, hydro—forming
and other methods are adopted to lighten the vehicle. However, it is
difficult to meet the tightening regulations. Therefore, In this study, we
are trying to satisfy the emission gas and fuel efficiency regulations of
automobiles by using lightweight material, which is not a new method for

lighter vehicles.

There are many materials such as super high tensile steel plate,
non—-ferrous material and carbon fiber reinforced plastic as [lightweight
materials, among which Al and CFRP were selected. There are many methods
such as SPR and the like as the joining method between Al and CFRP, but FSJ

is selected among them.

- VII -
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The purpose of this study is to improve the bonding between [ightweight
materials (CFRP and Al alloy) by using friction stir welding and epoxy
adhesive. The materials used were CFRP (PA66) with a thickness of 1.5 mm and
Al alloy (Al5052) with a thickness of 1.0 mm. The Al alloy was placed on top
of the CFRP and overlapped. In order to increase the joint strength by
causing interlocking phenomenon between materials, 5 surface roughness was

given by Wet-Grinding to the bonding surface of Al alloy.

The process variables include tool rotation speed, plunge depth, and dwell
time. Mechanical and metallurgical properties of the joints were evaluated
by friction stir welding, adhesive bonding, and hybrid bonding. In this
study, thermal distribution characteristics of AI/CFRP joints were
investigated wusing numerical analysis program and compared with the

experiment.

As a result, maximum tensile-shear strength in Friction Spot Joining was
obtained approximately 3.3kN(400rpm, 0.3mm, 25s) and bonding with adopted
adhesive was obtained approximately 6.4kN(400rpm, 0.2mm, 25s). Also, tensile
shear strength in adhesive bonding was achieved approximately 6.1kN. The
effect of bubble formed in the specimen and surface roughness is also

considered in accordance with the results of tensile-shear strength.

- VIII -
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1.10 Schematic illustration of friction spot joining welds[9]
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A205(Al) BIS HAMS =2, DOIHAY BZO=2 LieJil, = EH
2I5H01 ASots ZHel B33 MG %D AEss HigHel B22F LU
JIS BICH Table. 1.12 AT Al 2 1 835 ZHel L HIZHIHEOE =2

= H
et AO0ICH. 1570l 8000AHI2F 9000AHIDF RU=Cl, 8000H &= Table. 1.10i
X #2 Jlet #4° g=z== LUEUMH, 9000H = OblZ2 8AHA=E 20

Table. 1.1 Heat treatment and non-heat treatment

1000 Al =35 Al(E=X%) 99.0%

3000 AH| Al-Mnil &3
HIEX s

40004 Al-SiHl &3

50004 Al-MgHl &3

2000 Al Al-Cull &3
Zxicls 6000 Al Al-Mg-SiHl &=

7000A] Al-Zn-MgHl &=

FIEt A2 HFE LR0Is&3(A15052/H32) 5000H = Mg
et Mete SIHE O Jt=0] 2t &
| LI HR22, S M, Crss It

=
L= A5, g, d% S0l ArsECC

Sol, ANEEEE
SO0l et &2 EI SItE
Ct. MgOl 5%0l&f 8REHH S 0
ot & Xettt. 5000H =2 = =
5052(2.5% Mg)&t32& 200 ~ 300Mpall CIHEAEE JHXIMH, &
HEOZ U0l AHSECH [15]

a

i 2XE M2 X

I
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1.4.2 BBANKAUSIE2LAE(CFRP, Carbon Fiber Reinforced Plastic)
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1.5 28 &M &
<28 E&Me 8FEH2Z Urethane HE2 AIE0l XIBHEOIXIBH, EXELZ
=2 Zd&% 40l -7 5H= BIWR WK EH QN 2= E&ME AFE0l A
SItotH Al epoxy, Acrylic, Cyanoacrylic & Ct&st 8&H I AAEE 1D AUCH. +
22 §&Me UFE ZHESFE ol Atshle gEel 2501 SHot=s0 FHotdl,
Sol Mg =& 22 IS Al & AIEg 32 e FH"t 53
sS4 2 ATSAS JIHE £ JACH. [10]

Table. 1.2 Typical Classification of structural adhesive

Classfication

Examples

Physical form

Film, Tape, Powder, Paste, Liquid, etc.

Chemical compositions

epoxy, Phenolic, Acrulic, Cyanoacrylate, Urethane, etc.

Nature of adherends

Wood, Ceramic, Glass, Metal, etc

End use

Construction, Conductive, Hemming flange, etc.

Collection @ chosun
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Fig. 2.1 Dimension of FSJ specimen
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Fig. 2.2 Schematic of the AlI/CFRP lap joint

Table. 2.1 Chemical compositions and mechanical properties of Al5052/H32
Chemical composision (%)
Si Fe Cu Mn Mg Cr n Ti
0.061 0.220 0.019 0.018 2.508 0.178 0.002 0.02

Mechanical properties

Yield stress(MPa)

Tensile Strength
(MPa)

Elongation(%)

161

232

Collection @ chosun
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Table. 2.2 Properties of CFRP

Material
Reinforcement Polymer Laminate
Weigh ) Fiber Thickness
) Yarn Density
Fibres (tex) rate oAGE (a/or®) content Per layer
ex cm
(%) 0 (% vol.) (mm)
carbon 3k 50 1.43 45 0,25

Mechanical properties

Tensile Modulus Tensile Strength ) Poisson’ s
Elongation(%) .
(GPa) (MPa) ratio
53.0 785 2.1 0.07
Thermal properties
Melting Glass transition Heat deflection
temperature(C) temperature(<TC) temperature(C)
260 70 255
_‘|7_

Collection @ chosun



2.1.2 A8 EH % £(Tool)

2 dF0N=E 2=0Is2=(A15052/H32) 3t CFRP(PAGG) 2l DtE WEHE M e | o

o

O X, Y, z52 32&¢& 0|=s0l JtsotH, ™8 E5Z= MAX 3000 rpm,
=2 3000Kgfel Friction Stir Welding &HIE AI=ZoIALCH. Fig. 2.3

S22 <
HsB= T

ZIOH Ot ot
= WINXENS

Friction Stir Welding2l &HHIOIM, XtAISt &Ml AFZE Table. 1.4 Ol LIEHLHACE.

OHEuWEHESEUAS 22 dF

° 0
==}
U
=2
2
fal
]
10
o
0z
r
1o
10
10

Jdotd  HFHOLOOF etCt. ZEIECZ il E=R0Isg
CFRP(PAGE) 2t2l E&OIAE CFRPOIIA

= g

=

t2 0I5t Interlocking Et2 FE0| 0|2 ACID L2AM QUCH. [
INeE 2=20ls82(A15052/H32)2F CFRP(PAGB)2HS] &St D

N2 o0
2 4 QITE Fig. 2.4 9 20| BO| 8= Ao S2 HFGIAC

Fig. 2.3 Friction stir welding machine

_‘|8_
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Table. 2.3 Specifications of friction stir welding system

| tems 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
| |
18

Fig. 2.4 Tool details used for friction spot joining
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UotdoZ EtAMKUSIERS (CFRP)2l &&tg <ot & =Xl (adhesive),
SPR(Self Piercing Riveting), OtEWBtEE (Friction Sir Welding), OI3tLIZ 2
2l &l (Mechanical clinching), dOIME& Sg 0/&0t0f &2 AMT ot QU
Ct.[7] & HR0AME DIENBEEE oS, &N oS, ME WESH 0w
BIEEE HEMHE2 MG o OHEUBIEEHS =2 S8 B2 £9 3™
=&, &0, MdURAAIZE, JtgeES Dot AEoHRACH

X, CFRP=O0I S0l 2ol 2= WIHE (Anchoring) EUHE S USSH| <
oHA  OICI2IHIOIIHE ArEdt0 Wet grinding &8 o=2 220l HHN Z%(5
m)E 20 GI¥SM, CFRP E3H2 0lNdSS LXE HTO EHXETE 206t
O s MNESIALH. HH XE = Fig. 2.50 20l ZESFHIIE MESHH =
HGHRAULCE.

2 70N LR0Is83(A15052/H32) Bt CFRP(PAGE) &M CHst Z&dS
Oretsto| foh Jl2del 3882 3 ™M=55(300, 400, 500 rpm), & 201(0.2,
0.3, 0.4mm), &K XIAIRH(15, 20, 25s)2 HTSIH ZHME AMESHA &£2 =
o2 HES4Hds mMASHUCH. BHHNE MO 22 AWM XHAIS A&EX
A2 Table. 1.7 Ol LIEHLHRCH

Collection @ chosun

_20_



HEME MBI %S ZHUHAL LI0I=&32(A15052/H32) 0 CFRP(PAGS) 2t
of Hg ZEds WYst =, ZFMAIE =AM = SIMEEE 400rpn2 2 0 HE
ot &e200(0.2, 0.3, 0.4mm), &LSKIXIAIZH(15. 20. 25s)& B3IGH0] & =K
AMNEEAHN et ZE4S BluctUc. EFHHME M8 ZAHUAM XHAl
212 Table. 1.6 Ol LtEHLHRUCH

220153 (A15052/H32) 2t CFRP(PAGE)2tel MK LN [HE TE$EH
wWote FEBEH H4F = HHHME MBS A2 HEHAHED|(0, 3, 5Hu
Stotd HEHAEIIDL L R0Is&3(A15052/H32) 2t CFRP(PAGE) &I & &0l Ol

Table. 2.4 Process parameters of each joining method used

for this investigation

3

~—

rr o

>
0Q

u]

Elg=y =4
A O wBtE & (Friction Spot Welding)
B epoxy adhesive
I E=gmAslFsE=Fs|
A+B epoxy adhesive o '
(Friction Spot Welding)

_21_
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Fig. 2.5 Surface roughness measuring instrument

Table. 2.5 Welding conditions for friction spot joining with epoxy adhesive

S M=5(rpm) & 2101 (mm) SR XA
15
0.2 20
25
15
400 0.3 20
25
15
0.4 20
25
_22_
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Table. 2.6 Welding conditions for friction spot joining

without epoxy adhesive

S 8=S (rpm) AFRI210] (mm) A QIS XA

300 0.3

400 0.3

500 0.3

_23_
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2.2 8FH =50 OE

it
Jm
0x
0
A=

2.2.1 28 2 g AHH

&
U2t

= AN X5 (300, 400, 500 rpm), &&200(0.2, 0.3, 0.4mm), &SR
KIAIZEH(15, 20, 25s)01 (HE OHELEHEEE o=, &M o=, A

=
OHEFuBtEES S ddst =, 10 [HE SeF 22 g & S oS &0olotALt.

OIH-MHUE= THHH] 30mm, H&WSE 30mm, AlE™ Z 0| 80mm, S8 2t H|
70mmel CIE-MHAIESEHZ HEGIT2H, Fig. 2.6 Hl LIEFH Shimadzull 20Ton<
UTM(Universal Testing Machine)=S AFZ6I0 0.5mm/min SE2 QIE-FHH2AT Al

(o)
g= Aol Lo, Zeg3d80 HE &2 WHIEHE Lot S8 1)

Fig. 2.6 UTM (Universal Testing Machine)
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S Eol)| flot =028 & 0IMANE &

HEEo DIM=dS AlBH &
Fig. 2.700 Al LIEtH S ZEAOl BXHIM 2SS 0| A (Optical microscope)= AtE0ol
o &8s o 2 HE HHS 2AEHGIQCH. L£&, EgH 8453 HAIE Sl

HitachAt2l  S-4800 scanning electron microscope(SEM)

spectroscopy(EDS)E 0120t HHO EHS Mol L.

, energy dispersive

Fig. 2.7 Optical microscope and scanning electron microscope
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I =X
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2.2.4 3R 2%

CFRP= Glass transition temperature, Melting temperature, Forming temperature,
M JHXE2 A2Z 0 Al e 250t Sotty M UL Olelgt o=
ottt flof 2 HF0MeE =Xlold Z20sHS ALE0H0 AI/CFRPEl FSUE Al
=dl0ld= otAdtt. Eet, = A0 AMEet ME=2 g, 8 S° B3t

-4 =, —

S Jdel S22 48 28 =S MESRULH

DHEnBtEEe E&gf2 282 A =XIoi&0 At
80mm(L)X30mm(W)2 & XIJ| 018 F 8 2

O MeshE JHE &HIH ot M&set 242 2oL, 242 == 143004 &
O == 1627J40ICH. E£gt, X &8 200 gt &

DA EHE BE 0l8S FXloi8S Sol =el 2 S8 LECRULH

—

Al5052

e
]
T
e ]
o
]
=
3

1.5mm_[ |

Fig. 2.8 AI/CFRP lap joint two-dimensional Modeling for numerical analysis

_26_

Collection @ chosun



Fig. 2.9 Finite-element mesh division for numerical analysis

30
o

eAY

(2) 28

HEot S24(isotropic) M, H=He HEY SEZ2H XHHEFEA

(governing equation)e2 OfcHel Alnb 2CH.

— =\ + _|_Q ......................................................... (2.2)
ot o’ oy’
dIIN, T=T(x,y, t) : 2=(T), ¢ : Hl(cal/g- C),
p YT (g/or), Q : SRAAY 22 (cal/sec)
t: A2+ (sec), A @AEZE(cal/cm - sec - C)
OICt.
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Al(2.2)2 S HFAS HASGH ol FSHH2 elements(24)2 mesh

T(z,y,t)
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I
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~
w

[N] : 2o 259 QAL 252 HA5s SAE Matrix
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K= [ X + )dV
o ox ox oy oY
_|_/ aC[MT[MdS ................................................................ (2.8)
[d :/ pc[MT[MdV ................................................................... (29)
{F}:/ aCTC[MTdS+ Q[MTdV ........................................ (2.10)
_ 09 _

9 Al(2.7) HIEE I2XE 2HOUAM @, E ol OIXl= & JIJt EMotH 2
010t EOHSGICH MetM A2t B22 Atet otn, 52 8 252 ¢F, =2 =
ecz ¢t 7212 1 =29 22 ¢Mozrn s sy 2o

A A
a¢ pr— ¢ —qu aqu qu—qu ------------------------------------------ (2 11)
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(2) FSJ Heat generation [21, 21]

FSJ & Al 2 8ol= HlA&

M

(Tool)9 = (Shoulder)2 & MZ Al

=)

[am)}
£
of HEBIOIMN MG OHEE

|~ 0x
e

)

_I

SO0N LMEE 42RO A

n
ol 2ol &0l 0|0 &ICH FSJe &%

1>
W o

Ko Al, Fig. 2.8 &0 &2

Clet B 2228 =HUA Sdole IE2Es = 2822 e,

lo

Fig. 2.10 Heat generation from friction at tool between workpiece
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A3 & g+ 2t

SItets 2ol DHEWEHEEE ©=s AEM=s 3855 (300, 400, 500
2 2

2, 0.3, 0.4mm), &LSXAIZEH(15, 20, 25s)2 25 1i5HH

Table. 3.1(&201 0.3mm, &ARXIAIZ 25sec) O]l 2X01 SMEE0 et

A 2= UUCH. 300 rpm2 400, 500 rpmOll HioH =2

E ZHUAM JHRE 2A2sS SASHUCH. 400rpmUHIAdE =08 LSH2=Z 2IGHN

Jtotkl @2 2Z0AM CFRPE 24 =XJI €¢=0las = €40 =LA
Ct. DFXIZH22 500rpmOl M= 400rpmdt OF&IEXRIZ DY 2

&1t CFRP AIOIOIAM 2B & CFRP==XIJF &

0= T
=

ol
!
B2
10
O-rr
B
10
N2
yll!
=

all
=
o
o
HQ
i
ol
0z
i
o
ro
Qj
£Q
O

]

2et8o=z CFRPSl Eg&d== CFRPE Es& =XJt == Edotl s
2A0AN dd=E HES0l =XE 06U 0IS2M AT EHAA &=l
deA M RUCH[12] E£8, CFRP(PA6G)2I =XIJt ZB0l =X &= Forming

Temperature(280 ~ 300° )£ KXot== LHAM UL Table. 3.1 Table. 3.2

_34_

Collection @ chosun



allly

o RE x?

Al 400, 500rpm

Table. 3.3 OlA 2x0] Ol

ot A

20 <

A

0
010

10

J

oD
KD

)
l2

0l
A

KU

ol
00
30

H
A0
ol
KD

Ju

]

400rpm,

3.2(3l &8s

=0tMH Table.

L

400rpm,

A
HEE

=)

(

Table. 3.3

P

e

)

15sec

oll

o

Surface of AlI/CFRP joints with rotation speed

Table. 3.1

-
(m]

Kr
-

oD
KD

-
(m]

=
JIjS
oD
KD

3 8= (rpm)

AlS052

\
/7

’..--..,.‘

{

300

B e o

Insufficient flow

400

500

=
=]
=
4
B
=
=
w
=
=
on
&
g
z
e
=]

_35_

Collection @ chosun



Table. 3.2 Surface of AlI/CFRP joints with plunge depth
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(1) SIdSE0 ME AF-MeH2 T & WM S4 Eit
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Fig. 3.1 Average of tensile shear strength with rotation speed
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Fig. 3.2 Average of tensile shear strength with dwell time
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Table. 3.6 Fracture interface after tensile shear test with dwell time
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Table. 3.7 Fracture interface after tensile shear test with plunge depth
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Fig. 3.7 Mechanism of lap joining between CFRP and AI5052[12]
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Table. 3.10 Surface of Al/CFRP joints with dwell time
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Table. 3.14 Fracture interface after tensile shear test with plunge depth
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Spectrum .1.

Y 30pm ' Electron Image 1 f 30pm ' Electron Image 1
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Fig. 3.10 Locations of EDS point analysis and scanning electron image and

chemical compositions of fracture specimen
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Table. 3.15 Chemical compositions of elements in EDS analysis of (a)

Element Weight% Atomic Compd% Formula
C K 25.80 32.00 94.53 CO2
Mg K 0.13 0.08 0.22 Mg0
Al K 2.77 1.53 5.22 A1203
Zn L 0.02 0.00 0.03 Zn0

0 71.28 66.38

Totals 100 100

Table. 3.16 Chemical compositions of elements in EDS analysis of (b)

Element Weight% Atomic% Compd% Formula
CK 22.05 28.46 80.77 CO2
Mg K 0.29 0.19 0.49 Mg0
Al K 9.92 5.70 18.74 A1203

0 67.74 65.65

Totals 100 100
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! 30pm ' Electron Image 1

Electran Image

Full Scale 703 cts Cursor: 0.000 L=

Fig. 3.11 Locations of EDS point analysis and scanning electron image and

chemical compositions of fracture specimen
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Table. 3.17 Chemical compositions of elements in EDS analysis of (a)

Element Weight% Atomic Compd% Formula
C K 18.99 25.35 69.57 C02
Mg K 0.46 0.30 0.77 MgO
Al K 15.70 9.33 29.67 A1203

0 64.85 65.01

Totals 100 100

Table. 3.18 Chemical compositions of elements in EDS analysis of (b)

Element Weight% Atomic% Compd% Formula
CK 22.32 28.72 81.77 c02
Mg K 1.76 1.12 2.92 MgO
Al K 8. 11 4.64 15.32 A1203

0 67.82 65.52

Totals 100 100
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Table. 3.19 Fracture interface after tensile-shear test

according to different process

FSJ =M e FSJ epoxy adhesive

_65_

{Z/Collection @ chosun



£
ur

&

4

RO
o)

3.2 HEXL0 OE 0w

-
(m]

I

10

un

RI
%D

LEEFLH ALY

HE &=

aF
OF

ol
H
K

-
(m]

I

L

2
=

v

P

o

(Optical microscope)sS 0|2

=
od
n0
m

|
o

IH
DF

KA

I

0l

HH

MOz CFRPO
(Anchoring effect)S

JEL

5.58kN, 5.65kN,

JF
=

H

flJ

Wy
KA

-
(m]

I

i0J
.
()

= 3

(b) Ol A

04

=
=

2t (c)E HIWG

)

b

(

9

Fig. 3.140IA

=
—

0l

=X QAL

6.42kNO|

Interlocking

HE0l

2= QUAUPCH. CFRPO
Inter locking & 2tJ+ Al/CFRP2t

ioll
ol
o
ol
[

InterlockingTl= 2

PN =}
—/ —

2 0

0 O

IT
a

A

un

T HZ=0l

Ju
=

ol
00
30

.

<0
00

—— Roughnass 3pm
—— Roughness 5#m

4 =——Without Roughness

N P TN N TR B RN R
~~ © v = MO N — o

(N2]) Yy18uang Jeays-o[Isud |,

0.1 02 03 04 05 06 0.7

0

Stroke (mm)

Fig. 3.13 Tensile shear strength depending on the existence of surface roughness

_66_

Collection @ chosun



Al5052

Abraded layer

(a) Without roughness

AlS052

100 pm

(c) Surface roughness 5um
Fig. 3.14 Cross section of Al/CFRP joint depending on the existence of
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