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Research of laser welding property of polycarbonate
based on finite element method

ZHONG Huanhuan', SINGARE Sekou’, CHEN Shenggui’
(1. School of Mechanical & Automotive Engineering, South China University of Technology, Guangzhou 510640, China;
2. School of Mechanical Engineering, Dongguan University of Technology, Dongguan 523808, China)

Abstract: In order to study the mechanism of the welding parameters on the welding quality and optimize the welding
parameters, optical microscopy and tensile testing machine were applied to observe and test the welding strength under
different laser power, welding speed, material thickness. A 3-D physical model with axial symmetry was implemented to
simulate the temperature field based on software ABAQUS and the effect of parameters on welding quality was obtained from

orthogonal test. The results suggest that most important factor is laser power, followed by welding speed and material

thickness. Meanwhile, higher temperature may cause bubbles to increase and affect welding strength.
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Fig.1 a—laser transmission welding b—Tlaser beam transmission in
transparent parts

Table 1  Transmittance measurement of PC

transparent part thickness/mm transmittance/ %

1 94.5
1.5 94

2 93
2.5 92

3 91.5

REKIRER (PC) A RHE — M REIL R A P28 1
TARRIERE, FOA R T bl BE J7 , MR i 28 0 R A
EVERE T ROK AR 7 A PERE L R, B T
JoERIAREE S IR, BAL R O 140°C ~ 150°C, /)
IR K2 300°C (AR BERHA A TPFR22) , BB
BHE il I P B P 2 T A R, SO G B R
P B AU BT 1 S 2 i A O B I 8] A2 AL 1Y, 5
B PRI L L HE A I AR S TR R G R
W2,

Table 2 Temperature dependent physical properties of PC 3]

property parameter values

1200/[1 + (T -23) x
density 2.797 x10~*7,(T<145%C)
p/(kg - m™?) PoN1160/01 + (7-145) x
7.485 x1074], (T >145C)

specific heat capacity

—-2955 +32.37,(138°C < T<147°C)
¢/(J-kg7' - K™)

1019 +3.487,(T<138°C)
1538 +1.77T,(T>147°C)

thermal conductivity 0.228,(T<145%C)
K/ (W-m™-K1) {0. 173,(T>145C)

2 EEERSERE

2.1 HEPEIMMIERIS

X RO IR R, 3 ERIRE SC TI7
ZERYRITAREETY, O 1 98l S ], 2 T O
JE RS TR ARBE RN 2 FR, bR R
RSF5391 09 17. Smm x 30mm x 3mm . RIA% K53 1 J5t
EAMER T A5 R A Bk g TR (]
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Fig.2 Mesh pattern used of 3-D geometric modeling

T BN 1 b Sz RS DL 1 U 2 37 1 o3 A L
KH10.5mm x0. 5mm x 0. 5mm 2025 W A% #4785 o
TM7E ABAQUS H {4 A5 4LL A 73 Hir ) A7 R 2 19 F470Hr
BAOTRBY, T2 3 4ESCIARBRL, SR /S TR\ 1Y
CD3R8 HITikA7 704, i ST UL A A T E — 1 H
M.
2.2 BRFZFHGRBEHETEE

TERIIG ZAET ¢ =0 I, OB 18 il 5 Ry BRI
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-k(T)VT-n=h(T, -T,) +
ea(T - T,") (4)

A, n SRR AL ) B h SRR AL AR B, T,
MR , Ty AR , & FnPRHR
SR, 0 =5.67 x 10" W/ (m* - K*) Jgifs FL-3k
IRZ5 2 WA TEROCIR IR S R b, Y e =
RO RS TR AR N, WO E AR S A N [ P
WSRO 1 RE R A A, I 1) 325 BH A 2 T £ 5
P SRR B T R, SE M R AR AL, v
KGR — T URAE . SRS O R Y AR
SR A P TESDRL P R T A5 3, A5 188 Y PR
IR T PORHEA [R]TRLEE T AL 5 3500, IR fih
T R) AR XA AR B BN 10W/ (m” - K)
SRS T (B 25 v X BR AT ) 23 ) PR 58 7 2E 5
S5 R R ECK 0. 85 T Hp Uy R B T A 48 BOIR
o WOLHAIRE R 2 e oA, gt mT A s
PRFICR A5 T AIEAR Y . 72 ABAQUS Hr2R J1] Fortran
5 g S M sl AR, S BRI Y S AN, LIS
JCI R e R TR 2 AL

3 BRUERSH

& 3 firs AL 3mm JE 7 B BBk RS (PC) 5
3mm kR BRI 7E BOE K vh T8 B 0. Tms SR
20Hz YEPEEAE 3mm IR 40W & 30mm/s 45

b r=0.5s

Fig.3 Temperature field of the interface at different time
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Fig.4 Relationship between temperature and time



212 ¥

Jt R

201543 H

LA RO H o IR AT A e A o (0L B R 48
INEN B KA BEE CIR R T, 3 s A IR T a4k
BERIE D BRI, T OB B X kR
TR IR B s AR AL, A5 b AE B 4 22 T s B %
i, o A A VAR RS T 1) 11 A B, R T R
SRR B B IO U BT 1 DX ISR MEEAE RO
3.1 HArFEHHE

TESRAZ RN 30mm/s O EHE H AR N 3mm |
WG 2 R 20Hz ik o 58 B 0. Tms O35
RAVRH 20W ,30W ,40W ,50W % 60W &0 N 4T
TR TR RN 3 Fin . UL I3 X
T BE SO C T 23R 1) 338 R AR K, 302 PR OB TR
(R R/ INDRAE T ) 25858 B 1) 43 A, AT 52 1 Rk B A5
AR SRR R KIS OGS4 D 3880 ), W AT Py A
/b A TR S TR EEAIR, R T AR R TR AN
VoI e LG R T, MO TR AE 20W ~
60W ARL I, K dead A vp 1 o e TR H 144.7°C 1
F15] 334.3°C, ok R R 1) 3% AL L B2 AE 145°C ~
150°C Ze Ay, A5 H T B 3 150°C B A A fig ik
FTHRHE B 150°C g bp o 1153 T B G AR 7 [n] 1) K 4%

RENENGENIIVEN (101 1

e H N~ JND = INCNCOCOND P

] O S LU IUS VS N R 1Y )

s PR NN ONO DO B 0O
NDEOPNPIIOO NN e
Siv—gohoniopiol

OB ORI — 00N~
rootvoola—rwoivaio

Table 3 Maximum temperature and welding width at different laser power

laser average power/W maximum temperature/ C welding width/mm

20 144.7 0( <150%C)

30 196.1 1.5

40 241.4 2.2

50 289.2 2.6

60 334.2 2.8
FELE SLAETEIEAE 1. Som ~2. Smm 218 LA LA
T AR SR I, A4 B R 5

IR IEAR G
3.2 BEER

HWOGF- 1 2 3 40W 8 3 3 < 57 5] 10mm/s,
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B2 DX ) e e T B 2 T I, M B 5 1) S86°C T R
2| 146°C MR & T 150°C XA SR A8 X, A&
SEIR R TR AR AE T AN/ . SRR,
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Fig.5 Temperature field at different welding speeds and 40W laser power
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f —&—measured result
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Fig. 6  Effect of different welding speeds on the weld width, laser power
30W, transparent part thickness 3mm, magnification 30 *
a—welding speed 10mm/s b—welding speed 20mm/s c¢—
welding speed 30mm/s d—welding speed 40mm/s e—weld-
ing speed 50mm/s  f—comparison between measured result and

simulation result
SHGL Ly, Ly 53 RN TE 2 R A 7K T AR
FEREE B U, Uy 43 3 3R05 25 TR T I B A 2
ERNHLASR BE A 22 (. BB LS R T IE 3 4
SRR EE R U, =124.8C, U, =
113.8%C , U, =54.3°C , MHi 1558 SL 6 W) 22 7 DL PR
25 DR R T R T B ) s i) DA K B8 /I TR O < O T
R BEWIMORHR R, X T AR R R 7E 3
ANREE T R ZEAE 5 3N Uy, = 0. 113kN, U,, =
0.076kN, U, =0.052kN, fj U,, > U,, > U, I %1, 5%
M A /N B 5 %o 42 T B 1) 2 i) — A, DL Ry
58 /N AR AR 1 R TR e i A P AR B
I, X R 53 R g PR 3R 0 5 52 i) A,
K UL S0 25 R 5B EE RV & BT %R

Table 4  Orthogonal experimental results

A B C
tensile
number Jaser welding material ~ temperature strength
- speed/ thickness /€ /KN
power/W (mm-s~') /mm
1 30 20 1 199.2 0.817
2 30 30 2 198 0.936
3 30 40 3 158.2 0.905
4 40 20 2 338 0. 698
5 40 30 3 241.4 0.925
6 40 40 1 201.7 0.961
7 50 20 3 400.5 0.803
8 50 30 2 293 0.907
9 50 40 1 236.4 0.832
Ly,/C 555.4 937.7 637.3
L,/C 781.1 732.4 829

L3/C 929.9 596.3 800.1

Ly, /kN 2.658 2.584 2.542
Ly,/kN 2.318 2.768 2.698
Ly3/kN 2.610 2.541 2.633

U,/C 124.8 113.8 54.3
U,/kN 0.113 0.076 0.052

AR AR 5 i AR B 0 B R R AN PR R A
PR B X A 2 A R AR A A Y AR B
Ho

FRZ R AR AN H S i R A SR, IR
SREERIONEE A 50 YT 38— I, A5 He 1 A
AN IR R R . IR T RSN HERAE SOW AR
R 10mm/s , 20mm/s 11 30mm/s s} By 2
BUARRAE . IR DB Y SR8 SR s
RS o 23 IR SR B I, 2 R 1Y 1
A PR R R R R, SRR TG 23 70 itk S AT
LA, K v A A 2 5 i) R e 0 R AR AR o 1)
i Fl 73 o

Fig.7 Effect of different welding speeds on bubble at S0W laser power
a—v=10mm/s b—v=20mm/s c¢—v=30mm/s

SEE R, MWOEYI A 40W I, 3mm J5E AR 4%
FERLTE 40mm/s A543 AT Sz Ao 5ik 38 B WA, 4
Pl 8a Jlr7s , T KR H A A 4D 1) S 2 1R 5 A 198°C 4[]
8b 7R 5 FRBKIR Mg ) AL I BE AL T 145°C ~ 150°C,
AR BE K 2 300°C, X T 3mm JE [ S5 b1 R
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Fig. 8 a—welding speed versus tensile strength (P =40W) b—effect

of welding speed and laser power on temperature field

5 40mm/'s Il B2 W o TR RE A B AL i B, RE A8
B PERMRL T AL TE U RS B EE [ AR
T 40mm/s [N, R4 B A vy PR R 2 T EE A
it 77 HE R AR, P BUR H A A RO, FR AR
PR 5 AR AR T 40mm/s , AR Ak R B
AP SCRA R I [, 5 SOAR 2 A O A REAS BE 5 00
TRIR G SRR B/ N . X EEIE] 8a FHIE] 8b W] 45, 4
TRV 28 [w] oy 8 A e A8 ] DASRAF I ) A
Jae, X F 3mm JERRES, 24 P =40W, v =40mm/s
8¢ P =50W,v =50mm/s ] JR15 e R R 1

4 &

=A

AT T R e (PC) BOL LI 3L S50 A
BROGEAUBIETT , 7087 T AR e T 22 LU 158
WA R S BUAE R AR R A58 - (1) RBR MR BRI
JERHE AR R TR S HOE D AR R R L B i
HREA KR o WL A I T 47 456 B 1 1 2
R, YOI PRR R R R/ (2) ik
WLEE A L, BB IR I SO 7 R JEE 5 AR 4 114 RO A
PREEAL Y& A B R R . SRR K &, 7
SR TEEBOR , TRIEE R, 1] AE T BUG AL B3 A
SR BERYAR A R IO 2, MR L, TEAR

TR G R R SR ) R B AR rp i I
(3) AR H0 S 0 45 2R AR ADLG 2R X B, 0 42 o 9
ISR AR R P AR A B R . X R I
FRIR AR BEATIOG R4, 7 12 2o A v 3l R 7 42 ol £
AR KT i 22 8], R OR IR /N ] i
TN BB B SR RO

[1] DULEY W W, MUELLER R E. CO, laser welding of polymers
[J]. Polymer Engineering and Science,1992,32(9) :582-585.

[2] POTENTE H, KORTE J, BECKER F. Laser transmission welding
of thermoplastics; analysis of the heating phase [ J]. Journal of
Reinforced Plastics and Composites, 1999, 18(10) :914-920.

[3] BECK W A, HUANG M, KETTERL J,et al. IR laser welding of
thin polymer filmsas a fabrication method for polymer MEMS[ J].
Proceedings of the SPIE, 2003, 5067 :167-178.

[4] CHEN M L, ZAK G, BARES P J. Effect of carbon black on light
transmission in laser welding of thermoplastics [ J]. Journal of Ma-
terials Processing Technology,2011,211(1) :4347.

[5] HABERSTROH E, LUTZELER R. Influence of carbon black pig-
mentation on the laser beam welding of plastic micro parts [J].
Journal of Polymer Engineering,2001,21(2/3) :119-130.

[6] CHEN M L. Gap bridging in laser transmission welding of thermo-
plastics [ D]. Kingston,Canada: Queen’s University, 2009 :127-
133.

[7] ACHERJEE B, KUAR A S, MITRA S, et al. Modeling of laser
transmission contour welding process using FEA and DoE [ J].
Optic & Laser Technology, 2012, 44(5) .1281-1289.

[8] WUDJ,WANG Zh H,MA G Y, et al. Analysis of fluid flow and
heat transfer in weld pool during pulsed laser welding hastelloy C-
276 alloy [ J]. Optics and Precision Engineering,2012,20(3) :
534-539 (in Chinese) .

[9] WANG X, YANG K, ZHANG H Zh, et al. Experiment research
on laser transmission welding of two different thermoplastics [ J].
Transactions of the China Welding Institution, 2009,30 (5) :97-
100 (in Chinese) .

[10] YUAN H, LAIJJ, HE Y G. Experimental study on laser weld-
ing of thermoplastics [ J]. Optics and Optoelectronic Technology,
2005,3(1) :18-21(in Chinese).

[11] WANG J Ch, QIN LM, LIJ. Technics and microcosmic analysis
research of PMMA/ABS thermoplastic laser transmission welding

[J]. Applied Laser,2008,28(4) :287-291 (in Chinese).

[12] WANG Y L, CUI' Y, WANG J Ch, et al. Technology of laser
welding plastic [ J]. Applied Laser,2006,26(2) :93-96 (in Chi-
nese) .

[13] BAYER COMPANY. Bayer material science makrolon 2467 poly-
carbonate [ EB/OL]. (2005-01-04). http://www. matweb. com/
search/ datasheettext. aspx? matguid = ¢65a581125674d00a71h0
6849a47aa5c.



