AN A3 A, A6, A1E, pp.77~82(2017.02) ISSN 1598-6721(Print)
Journal of the Korean Society of Manufacturing Process Engineers, Vol.16, No.l, pp.77~82(2017.02) ISSN 2288-0771(Online)

https://doi.org/10.14775/ksmpe.2016.16.1.077

HHIISI|AE CFRP| 2lo|X BHSEH A& old

A * A ** = =|] © *** #
o|sH", g5, Asi2
Agoistm gergsiistel Al sHEASAIZ e}, TAlgo st istel JAEstn), A Y stm
7| A RS 2B 52

CFRP Laser Joining Computer Simulation in a Parallel Kinematic

Machine

Seung-Taek Lee, Seung-Gyu Park””, Hae-Woon Choi™
Dept. of Int. Vehicle Engineering, Grad. School of Convergence Eng., Keimyung University
**Dept. of Mechanical Engineering, Grad. School of Keimyung University

**Dept. of Mechanical and Automotive Engineering, Keimyung University .
(Received 9 December 2016; received in revised form 30 December 2016; accepted 9 January 2017)

ABSTRACT

A computer simulation method is introduced to understand the joining phenomena of PC and CFRP by
estimating the temperature of the weld zone. Following the prior or preliminary research, the power range was
set between 3 watts and 7 watts, and the scanning speed was set at 500 mm/min and 1,000 mm/min,
respectively. Based on the computer simulation, the temperature near the joining boundary was not sufficient at
the scanning speed of 1,000 mm/min, regardless of the selected powers. However, the temperature increases
above the melting temperature of the selected polymers at the scanning speed of 500 mm/min. The simulation
results were compared with actual weld samples to validate its actual use.

Key words: CFRP(Et2 F2=HEE2FAE), Laser Welding(20| X&), Computer Simulation(Z=X|5l A1)
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(b) Matrix of CFRP

Fig. 1 Matrix Structure of CFRP?

Table 1 Mechanical Properties of CFRP?

Filament Count 60K
MUL [mg/m) 3,200
Density [g/cm’] 1.81
Tensile Modulus [Gpa] 250
Tensile Strength [Mpa] 4,900
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Table 2 Parameters for Simulation

Variables Expression Value
x0 O0[mm] Om
y0 O0[mm] Om
sigx 1[mm] 0.001m
sigy 1[mm] 0.001m
QO 3[W] 3 W
Re 0.1 0.1
Ac 30[1/cm] 3000 /m
L 40[mm] 0.04 m
Lz 2[mm] 0.002 m
v 1000[mm/min] 0.01667 m/s

time_end Liv 24 s

time_step time_end/100 0.024 s

offset O0[mm] 0 m

Table 20041 Fe]¥ uie} o], AlE# o] lA
R. ZHe 0.102 7FA3A =, ol A(D)olA =
=3 TALE 5%9), PCO FHEES 95%= 7S
o, B F dojue F5E 90%S 24 ST
B A g oldoA WM (Parameters)=
ARl A AHl, AdAHY AEGA
% vm HAFddH Ace 30[em’E

EN
i
it

d, o
&

32
[
e}
o
X
ofN
ox i o
)

o] =7)(sigx, sigy)= ¥ 0]
mmz AP on, E59
71 7IEAZ 40mm =
=4 A AARANA AT

b

ol
«
o
o
N
N
N
N
—
i 1 o

N, oo
of
2
* d

oo ol
BN
)
=
:
ox
o
4
=2
R
AN
ol
o
)
)
o
2
o

X

>
=

@ L= Fas T

s

rﬂlﬂ?tlkilo o rlr &y &
|
[
o W
R

7}
EAE A,

>
ir)
o
2
il
1z,
o
!
(0]
W
2

Polycarbonate

CFRP

Fig. 3 Simulation model

- 79 —



o]

ofy

°, 455, Hae

=7 AL A, Aled, Az

23 Al E8olMd MY MY

PCS} CFRPO| HIAA HEYY, #lolA =&Y, ]
45 g 2HT7)d FFE gt AP
A3, 7t & 4FE FE AAE oA &Y
2 o]FEEAT ol$4ET 500mm/ming W=
3 ~ 7 watt A Sl A CFRPY A7} PCS} &
A= JA T 1,000mm/ming] o]FEToME
go] 2 7 watts: Astue HFol LA
Al o] FolH Tt welA, AlEH ol E o)A
£8S 3 ~ 7 watt A2 AASA, o)EEEE
500mm/min®} 1000mmymin < Gl A FHEI =
skt

3. Algldat 2 onFE

3.1 7HHEY, F%0[& 1,000mm/min
olF&£EE 1,000mm/min & 1A, =HS
3~ 7 watt M9 WollA 7bd st AJEH A S
3 stglem, 1 AU} Fig 49 A HYoh
30| 3 watt YA H1LE= AAHANA PC
49 0.lmm FHE= X9 =& 752C $3. CFRP
Fd9 0.1mm HE 9 25E 1103CE2 A4t 5
Aok T3 5 watEHOA Y FHu &=+ PCH
111.9C, 18] CFRP Z9A & 170.6C=Z A&
o]d =AUt
AU EE 7 wattelX AFZAIY HIL=E PC
Z 148.7°C, 18|31 CFRP Zol|A & 2308CZ A
EGolAd HATE 3 ~ 7 watt APJHIA Hu
230.8C 9] 257} 45 HoH, H1 2%
2 QRo| AANF =AY ZYH Yo o
2 QAA =7t dEA Tase AE B
7F A}, ole EHY EdgATI 25
Hlg)] @A o 7S A2 B 47} )
S3HC2 CFRP A¥<& dh= Resin® A0
UdE AdY A5 FE o] 2% (Glass Transition
Temperature)H $17F 190~350C ©]3L PC7} 150C <1
AL s, ol44% 1,000mm/ming] APz
NHE WY 3 ~ 7 wattolA AHE J= A
Fre] o o] FAT RAo =z o] Hrt

= b
4 ol

2

o

120

100

80

60

Temperature (degC)

40

20

Time (sec)
(a) Power 3 watt
180
160

140 P e CFRP

Temperature (degC)

0 0.5 i 15 2 25 3

Time (sec)
(b) Power 5 watt

250

200

Temperature (degC)

0 0.5 i 15 2 25 3

Time (sec)
(c) Power 7 watt
Fig. 4 Temp. distribution with 1,000mm/min

3.2 7M¥ &Y, H%0|& 500mm/min
TYT APz olFEET 500mm/min 2
WAsl, 98 3 ~ 7 watt HYHolA 7hAst
o ANEHAS 3 st9en, 1 AFV} Fig 5
o A=A Eo] 3 watt YA HuLEE
ZAAWAA PC 99 0.0mm HE Fo 2E=



WA7HE71 A& CFRPE # oA &4 54 AlEdold

D FETIAFEE A, Alled, Az

1487°C 993 CFRP 99 0.lmm EHE X2 &%
= 230.8C 2 A4+ ﬂ%lt} 5 wattEH ol A= PCE

192.5C, CFRP =& H11 283.5C & A4tE ¢t}
95 7 watt2 G GE A AlEE ol A

gk aJr 4 L= PCZ 261.5C, 1821 CFRP
=2 Fa 388.9TC M, o]u= PC9 CFRP &F
74| l g Ao 2 wgko] o)

200

Temperature (degC)

Time (sec)
(a) Power 3 watt

300

Temperature (degC)

Time (sec)
(b) Power 5 watt

450

400

350 ."-.. ~~~~~ CFRP
300 E=L

Temperature (degC)

Time (sec)
(c) Power 7 watt
Fig. 5 Temp. distribution with 500mm/min

o
n
=]

s
=}
=

—e—PC(500)
—&— CFRP{500)
—6—PC(1,000)

w
o
=]

wa
=}
=

Mlax. Temp. (degC)
H B &
(=] (=] (=]

—&—CFRP(1,000)

-
=)
=1

wn
=}

(=]

Power (Watt)

Fig. 6 Summary of Max. Temp for PC and CFRP

Un-melted
Area

20.0[KV] SP=15.0 WD=415 Y9x
Laser Application Centir \

(b) Power 7 watt, Scan Speed 500mm/mm
Fig. 7 SEM images of CFRP surface imadiated

by laser

PCS} CFRPOIA AlEdeold & ZAdg FHst
o Fig. 69 vl 39 B7]|E deolH< AA
Aol Al 0.lmm offset XA FAHY HuLm
#o2x PCS CFRPE FHE3IY ®7] stk F

- 81 —



=
ofy

T+, HaE

=7 AL A, Aled, Az

IXEE CFRP ZoA &% 7 watt, HFEE
500mm/minol| Al ©]Fo] oW, HALEE PCH
AN =¥ 3 watt, AFEE 1,000mm/minol] A o
S5 A

olglg AR Al SHAEZFAMNE YER}E=
o, Fig. 70014 olAlE kel o] HA oy=] =
Ab 249 23 3 watt °]FEE 1,000mm/min©l A
= dojA gaiH = Fdd3 =2 e I
o] A Ho} & WHA(Fig. 7(a)), AL =X
ZA 279 Y 7 watt, °|$% % 500mm/min®
MeE AAGdo)] 5 &0 #F Uk

4. 4E

E dAFoAE #HolAME ol§d ©@AHFAs
Zexge HAPELS AEHA 3 A
A RustHch APATE nl"go =2, A EH
Mol A #HolH FHE& 3 ~ 7 watt HA= A3}
3, o]&<4 5= 500mm/minet  1000mm/min <8 &
o2 44 39T

o]%< % 1,000mm/minel A= =]
g4 29443 §4dex A4S Hyon, Zay
R YA 2EHF0] FTES
CFRP9] A7} A= =A| Zatal PCe E¢H
g AH¥el He Aoz FAgdHY. WA
500mm/minol & ZE &HAW
2 At A g HFEAS BYTh UdE
ALY 25 FeEldol2E HAE

2

R

M

43

HgE WeE 29 9 o FEE olm, FYW o
o] delo] £V BHeE, oFEEs}
AVAA WA HB, AFFH Dol A%
Hage] A7rol BAEA Qobd Hel A4
of ZA WolE Ae & b Ak W, &
g AAEHE o] E&E Weo waA Yoz
o8 MPEI} AohH, o] EEEE AlUFE A
A F AolABHAYAT A 2052 AHE

N

E

O i ne

il

fe=] =
= =
5 e Aoz Aus, 237

AFEAEHINES B

o
2% ARIUAE =2 & F 9
o

REFERENCES

1. Hong, S. H., Moon, J. H., Kwak, S. H., Song,
K. Y. and Shin, D. W, "A Study on
Development of Molding Method for CFRP,"
Proceedings of the KSMPE Fall Meeting, pp.
52, 2012.

2. Moon, J. H., Han, K. D., Hong, S. H., Kwon, Y.
G. and Do, R. M., “A Study on Development of
Automobile Parts using CFRP,” Proceedings of
the KSMPE Fall Meeting, pp. 59, 2011.

3. Park, S. H. and Jung, Y. D., “Shrinkage
Characteristics of Polycarbonate Injection Molding
Composed  of  Tensile Specimen  Type,”
Proceedings of the KSMPE Fall Meeting, pp.
191~196, 2004.

4. Web reference, Hexcel, Prepreg Technology Heg,
http://www.hexcel.com, 2016.

5. Jung, Y. S., Roh, C. S., Lee, G. L. and Kim, J.
Y., “Reliability Evaluation of a Motor Core
Applied  Ultrasound  Infrared = Thermography
Technique,” Journal of the KSMPE, Vol. 15, No.
4, pp.60~66, 2016.

6. Song, C. H. and Choi, H. W., “Laser Energy
Optimization for Dissimilar Polymer Joining,”
Journal of KWIS, Vol. 32, No, 2, pp.189~195,
2014.





