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ABSTRACT

Study on welding mechanism for dissimilar materials of
CFRP/steel by using Nd:YAG laser welding

Choi Woo-Seong

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

Recently, the world is faced with the environmental problem such as
greenhouse gases which causes global warming. Automobile industries are
trying to solve the problem by reducing the exhaust gas and improving
fuel-efficiency. Various solutions have been being suggested by the main
countries in Europe, Asia, Northern America. Among many suggested solutions,
the most practical and efficient one is to reduce the weight of the
automobile. The lightweight materials applied to automobile is HSS, AHSS,
Magnesium, Aluminium, composite materials, etc. When the weight is reduced
10%, the fuel efficiency increases 8% and the amount of exhaust gases reduce
about 4~6%.

The existing way of joining CFRP and Steel are adhesive bond and
mechanical joining. Those two ways are used widely in automobile industries,
however additional cost for bonds and rivets is occurred and they make the
products weight incraese. To remove those weaknesses many researches about

joining CFRP/Steel by laser welding have been progressed through the world.
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This study is focused on welding CFRP and Steel by laser heat source. For
the experiment, PA6G6, thermalplastic resin has been used for CFRP and SGAFC
5900P and SPFC 5900P have been used for steel. BOP welding was processed to
select proper laser power. To get proper condition of welding speed, the
experiment was progressed on lapped steel. After observe Macro surface of

the specimen by Optical microscope, dissimilar experiment was processed.

This study intends to apply laser welding by way of heat conduction
welding as a bonding technique for dissimilar material CFRP - Steel. The
materials used for the experiment are 1.5mm thick of CFRP and SPFC and
0.9mm thick of SGAFC. In this study, the weldability and welding
mechanism was observed by Tensile - Shear strength test and also

observed the heat flow through the specimen by numerical analysis.

The parameters that used for experiment are as follow. The common
conditions for each CFRP/SGAFC and CFRP/SPFC are beam shape : circle and
Tiling angle : 5°. Ar 98%, 02 2% mixed gas was used as shielding for the
experiment and the amount of flow is 20L/min for SGAFC, 30L/min for SPFC.
Other conditions such as laser power, welding speed and defocusing were
changed because of different thickness of steel that wused for the

experiment.

The experiment for CFRP/SGAFC was processed under the conditions that
follows. Laser power : 600W, Welding speed : 3mm/s, Shielding gas : 20L/min,
Defocusing : 0, 5, 10mm, and 1.5 ~ 2.0um of surface roughness was applied
to compare the weldability. For CFRP/SPFC, the experiment conditions were
P : 1000W, V : 5 - 8mm/s, Defocusing : 0, 5, 15mm, Shielding gas
30L/min.

- VII -
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As a result of Tensile - Shear test for CFRP/SGAFC, the strength was
different about 25% in accordance with surface roughness. Also the change
of defocusing determined joined or fractured. The highest strength was
0.648kN in the condition of P : 600W, V : 3mm/s, Defocusing : 10mm,
roughness : 1.5um which is 0.028kN higher than 5mm of defocusing which is
almost the same value of strength and 0.148kN higher than without surface

roughness.

The result of Tensile - Shear test for CFRP/SPFC shows that the
highest strength was 1.518kN in the condition of P : 1000W, V : 5mm/s,
Defocusing : 15mm. Nevertheless, the highest strength occurred, lots of
surface defects were occurred on bead characteristics due to excessive
heat input. Because of the defects, the strength were not steady for
welding speed of 5 and 6mm/s. In the condition of 7mm/s, the strength
was 1.215kN which is 0.303kN lower than 5mm/s, but the value was steady

and no defects occurred on bead.

In this study, the welding characteristic of dissimilar materials
CFRP/Steel by laser heat source was observed. The temperature
distribution was observed by numerical analysis and optical inspection
was processed to get proper condition for the experiment. Also residual
stress was analyzed by FEM analysis program to verify the distribution

of residual stress and heat conduction.
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Table 1.1 Goals of decrease on emission in primary countries
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Advantage of weight reduction
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Fig. 1.3 Influence of 10% weight reduction in car performance
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1.2.3 diOId S8 Jl=

(1) dlol™ &zl

Ligth Amplification by Stimulated Emission of Radiation (SEZZ=0| 2I&t
2ol BF)2 A2XN=Z 0I2NHE Lz Sl sa42 0186t 22 FXNE L&,
19584 Bell &3t H-1A92| Schawlow?t Townesdt =& =0 2/st 0HOIZZ2LH2
SE 22 A o BF, LXNFAM0 dHHCID LHESIH 1960EF HughesAt
O] MaimanOl F|HIE AEot0H ===2 0o & A& 83ctAUCt. O § Z
@2kt DA elold, BFe M oMo EHED SMol= doldZel IEAOI
0.1l A 2=8Hun0fl 6I0H, S22 AU 488 kW, BA XA 10"°WI

Xl ol21 UCt. [8]

diol el &l Rele | ES Sz 1 =0 A0t S0 UL XY
HUXl == 8XoF A2 UK gts IHkle e AZE =1 U= E bt
St&fEH(ground state), ARUA HUHXE 20 FHAZ 20 =2 HAZ0U US
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(2) Nd:YAG d&IOI A

Nd:YAGE =52 d) EA A s et €& "2 Z2 AAESELD JALH,
2332 AEd & FEd9 E0ld s &S AMME=ZAM 0H$ 2=0otLh.
19644 01=29] Bell ARAMA GeusicSOl 2o LHE Nd:YAG 20l = Nd°*' 2
24 022z gxote YAG 20l GII0 2ol 20X= W& 1.06ume 2= et
=2 Helds gidote JAl dIOINOICH

Nd:YAG 2&2 =c|& - Z=tH Sd= Table 1.201 H2lotATH. YAGE 2L E A
£ N 88 1,902 =0. & 2A HE 8852 g H=O0IH =&
E n=1.822 =2 24 FHet ZH0IU. YAGZEES dT¥AIA e &2 == YAG
& 52 YAG E=(rod)ctD St Nd:YAG elOlM= Ol YAG 220 Nd* "2 A2 &
2t XS dlold HEEZM OlEettt. T2 & YAG 2E2 HEctME T [, YAGH
OlM= WE S4d& C0, cllolMol diol =5ZHUAL BFAE01 &I =20 CO,
dlOldZ2= HlWHE 26t HAZE Cu, Al S LEHAF HEe I8l & ==
UCH. &£ =IE0I] 20 #&d0l 2=otd OlMIIESNH Hgotd 8=
2ol HE e, JEXNN USet 003z s =% H=20 Ed
AMEEID UCEH.

YAG 259 2He & A9 0.18f E&E=2 22X AHAOtct] A DE XMl st
Ct. OJ1&0l 2= &MU S=HESs sHe =253 =2dL0t X0 UL,
YAG 229 I8 ZAACZ= |-WEX, K-Hg &, Xe Ot SIXZ, Kr O3 &X
SO0l AT, &HZ IIE YAG clOlMOd= 0= S0A Kr 0t SZOF HlWA ==
g0l 210 UF T £&0] Jisot)l MEol Ecl ASELD JUCH YAG diold= J
2XHoZ 4F9 dlOIMOICH. [11]
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Table 1.2 Physical and optical characteristic of Nd:YAG crystal

o1 Xt EA
518t Al Nd © Y,Al0,,
Nd* " s& ~1%(Yy.,oNdy 5A150,,/0.725mass%)
Nd** 0l24 1.38x10% /cm?
=ES) 1,950°C
3c 1,215(Knoop), 8~8.5(Mohs)
2T 4.569/cm?
AT E 0.14W/cm - K
S@dE 300MPa
OI&E2AT 130~260MPa
HEAN S 7~12W/cm
clOId &0l m& 1.064um
g0l X &0 Fuo
B PN 23015
STCASCIOA 2~8.8x10™ Ycm?
=88 n 1.823
stetx 2 0.2%/cm
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(a) PANJ Etrsdg

[ PAN o Al }{ otz }—[ e 3 }{ o }{ Eaﬁa]—{ AHOI ]
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(b) Pitch¥| Et442

[ Pitch SEUA ]—k 283l ]—[ & 3 —[ =03 % Zong) ]—[ e ]

AtgtEed|  EE4=EHI| EBEHESD]
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(b) RayonH EF+45

[ Rayon a?iﬂ'Hl szl | woz ]—[ 2z | es ]— - ]—[ Eu_ftﬂaj

CIM B9 PVA 260°C 400-2000°C 3000-3200°C

Fig. 1.6 Process of manufacturing carbon fiber
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Fig. 1.7 Procedure of manufacturing carbon fiber reinforced plastic
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2.2 M8 Yy Y XA
2.2.1 AIE2 AT L AIEH

2 0N 23 AR CFRP(PAGB) 2 XAl A2 2ol ol ez 2ot
(SGAFC 5900P) B} W2+t HA 2 EH(SPFC 5900P)S steel 2 AIE0SCH. CFRPS 242
Table 2.10l LIEFLHAULCH. PAGBS & IiA N EHAAES AUs ECtAESCZ N 2
T -30°COlAl =D 2% 130°COl E=2Z 0, 24 2 & Nt gistet=20 st WA
Ol OH® S O{LICE.

Ol EZ22ATO 2= SGAFC 5900PE AtE2ot D, XNESXH 0120 JIIMAENE &
2 B2 M2 UAes AMOICH. MNsSXes =2 S2A UM BIE) =2 &
2EH, Hood, 2% S0 Z0| MOICH OtHEZ22Ee] 2MHX|0 st 2= Table
2.200l LIEFLHRUCY.

HAAAUET 2 SPFC 5900PE AlE oOIACMH, HAZE £t XsX 0l0 %
MEZ 20 Yot el AE2Ee ME0I0. XAHis ot E=22oTasE el

2IE0| OFH! WA ZY Yol HHZ ASEHECH H2rHA 2T st 24
HdE = Table 2.30 LIEFLHRACEH.

0l 8 A2 Fig. 2.10l E0l= Hiet &0 &X)| 28 NHaIY¥LD, AlH
AFOI = £t O 20! CFRP= Z 0l 80mm, = 20mm, SJH 1.5mm, Steele Z 0|
80mm, = 30mm, &M 0.9mmZ JIZBoI¥CH 28 2/= 40mm=Z ol As8dsS &3
ot Ch
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Fig. 2.1 Dimensions of tensile test specimen

Table. 2.1 Mechanical and Thermal properties of CFRP(PAG6)

Material
Reinforcement Polymer Laminate
Weigh ) Fibre Thickness
) Yarn Density
Fibres (tex) rate A (e/crn’) content Per layer
ex cm
(%) 06 8 (% vol.) (mm)
carbon 3k 50 1.43 45 .025

Mechanical properties

Tensile Modulus . : . , .
Tensile stress(MPa) Elongation(%) | Poisson’s ratio
(GPa)
53.0 785 2.1 0.007
Thermal properties
Melting Glass transition Heat deflection
temperature(°C) temperature(°C) temperature(°C)
260 70 255
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Table. 2.2 Chemical composition and mechanical property of SGAFC 590DP

Chemical Composition(%)
Material C Mn Si P S Fe
SGAFC 0.1 2 0.2 0.03 0.003 Bal.
Mechanical properties
) Yield strength Tensile strength Elongation
Material
(MPa) (MPa) (%)
SPFC
374 650 26
590

Table. 2.3 Chemical composition and mechanical property of SPFC 590DP

Chemical Composition(%)
Material C Mn Si P S Fe
SPFC 0.1 2 0.2 0.03 0.003 Bal.
Mechanical properties
) Yield strength Tensile strength Elongation
Material
(MPa) (MPa) (%)
SPFC 590 381 641 28
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Table. 2.4 Welding conditions for CFRP/SGAFC, CFRP/SPFC

Welding condition

Values

Shielding Gas( £ /min)

30(Ar 98 : 02 2)

Defocusing(mm) 0
incident angle 5°
Materials
o SGAFC SPFC
Conditions
Laser Power
600 1000
(W)
Welding Speed
J °pee 3-7 5-8
(mm/s)
Defocusing
0-10 0-15
(mm)
Sur face roughness 0, X 0, X
_25_
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2.2.3 &8 &4l

Fig. 2.382 2 A&0 A= dIoId ZEHI2 ABBALLl 6-Axis=Z X (1RB4400) <
AFZIOICH.  elOld  E&Jl= TrumpfAb 2 HL30060 &HIZ HEZT}
(CW : Continuous Wave) 3kw Nd:YAG Laser 82& XHIE AFZGHUCH. = Nd:YAG &l
Ol ZHlo %t =& 3kw, & & 25mm-mrad, & &2 A 22z Al

Aol AME2 Table 2.500 LIEFLHRUCE.

ZH 22 EBE Z220UHANe Hdg=2 Sdil st &2 8=z 480 M
=ICt. Safe Zone —> Start Point -> Laser On —> lLaser stand by —> Laser
shoot -> End Point —> Laser off —> Safe Zone I} &2 WUH&EES Edi A0

AACH, o20 et 48 S HIE = UL

Fig. 2.3 3kw Nd:YAG laser welding system

_26_

{“/Collection @ chosun



Table 2.5 Specification of Nd:YAG laser welding equipment

Mode | HL3006D
Type CW Nd:YAG Laser
Function Unit Spec.

Wave length of the laser |ight nm 1064
Maximum output power W 4000
Laser power applied to workpiece W 3000
Minimum output power W 30
Beam Parameter Product(BPP) mm - mrad 25
Laser light cable m 600
Length of laser light cable m 30
Power consumption Kw 92
Cavity number EA 6
Cooling water temp. range °C 6-17
Weight kg 3968
Dimensions W« H = D mm 3850 x 1630 x 770
Ambient temp. °C 10-40
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Table. 3.1 Cross section of laser welding for SGAFC fabricated in
P : 600W, V : 6~18mm/s
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Table. 3.3 Cross section of laser welding for SPFC fabricated in

P : 1000W, V : 5, 6, 7mm/s
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on surface roughness fabricated in

1000W, V : 7mm/s, Defocusing : 15mm



Table. 3.5 Bead and Weld Interface Characteristics of CFRP/SPFC fabricated in
P : 1000W, V : 5 - 8mm/s, Defocusing : 15mm
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Table. 3.6 Cross section of specimens in accordance with surface roughness

P : 1000w
V: 2mmfs Roughness: 3pm Roughness: Opm
Defocusing : 15mm

Macro

xhb

x10

x20

x50
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