RS BEFFHRE

48,071408(2011) Laser & Optoelectronics Progress ©2011 (P EBEEYEH

e o i TR BOEE SNERR G T E S8t

AV ORNAT ARBT 2 BT OREE IO

C B AR BEHUREAREBE, 1195 Jo8 2141215° YLIR REFHU TR 22 Be » Y095 S0 212013)

WE WOCE ST DU D ORS00 S0 B PR S N Y R R e N T AR Tl R U R R
BL T Hi 5t . B2 Dilas 23 7] Compact130/140 %1 S (AGHOE a7 4F 5 itk 2 e Wi A BE AT 17 OG5 7 22 50486 . {8 JH I
T3 1 TR % AT 52 90 LT S L OGBS T A S R BOE B SR AT S B . THE T OB TR RO
R R B ) A RS O N L 22 N S R R I Sk e DX T B S LR e SRR L
O 5 PO 14 R S LR WA O s 3O B L Ul /N O 43 T R I LT R ) S 3 OO R T R

M,
KR BOCHAR B EE WY TS ERR R
RESES 0436 XEEFRIRES A doi: 10.3788/LOP48.071408

Optimization of Laser Transmission Joining Process Parameters
for Thermoplastic Using Response Surface Methodology
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Abstract Laser transmission joining process has potential prospects in industry and medical areas because of its
speed, precision, flexibility and strong environmental adaptability. Polycarbonate sheets are joined using laser
transmission joining technology with Compact130/140 laser diode of Dilas. The joining process is optimized in
response surface methodology. The interaction effect of key parameters including laser power. scanning speed. clamp
pressure, scanning number on joint quality is researched. The results show that the interaction of laser power and
scanning speed is relatively large. Increasing laser power, reducing scanning speed, increasing the mold clamping
force and the scanning number can be helpful to the joint quality. The morphology of the joining area is observed with
an optical microscope. Based on this research, process parameters of laser transmission joining of polycarbonate are
obtained.
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Fig. 1 Schematic diagram of tensile test
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Table 1 Process control parameters and limits

Extreme value

Factor Unit Code
—2 —1 0 1 2
Power w w 9.2 21 31.5 41.6 51.6
Velocity mm/min \% 120 300 540 780 960
Clamp pressure MPa P 0 0.25 0.5 0.75 1
Scanning number — N 1 2 3 4 5

2 MBS R

Table 2 Design matrix and measured responses

Information Parameter Result
Number  Experimental number W /W V /(mm/s) P /MPa N Tensile strength /MPa Width /pm
1 29 20.9 5 0.25 2 36.0733 3347.97
2 25 41.6 5 0.25 2 39. 4483 3774.78
3 12 20.9 13 0.25 2 25. 8442 2976. 35
4 9 41.6 13 0. 25 2 30.75 3452. 58
5 3 20.9 5 0.75 2 36. 3846 3386. 26
6 16 41. 6 5 0.75 2 42,2542 3786. 04
7 6 20.9 13 0.75 2 26.4147 3106. 98
8 11 41.6 13 0.75 2 41.7767 3583. 90
9 15 20.9 5] 0. 25 4 36.3108 3470. 16
10 4 41.6 5 0.25 4 42.3142 4069. 70
11 13 20.9 13 0. 25 4 40. 51 3240. 37
12 24 41.6 13 0.25 4 43.4958 3877.82
13 20 20.9 5 0.75 4 36. 9883 3464. 53
14 30 41.6 5 0.75 4 41.915 4110. 36
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(8235 2)
Information Parameter Result
Number Experiment number W /W V /(mm/s) P /MPa N Tensile strength /MPa Width /pum
15 17 20.9 13 0.75 4 30.0792 3157.09
16 26 41.6 13 0.75 4 43.7022 3662. 16
17 19 9.2 9 0.5 3 25.2388 2599. 35
18 1 51.6 9 0.5 3 36. 1117 3814.76
19 23 31.5 2 0.5 3 40. 8175 4170. 04
20 21 31.5 16 0.5 3 29.7633 3342.91
21 28 31.5 9 0 3 42.3995 3352. 48
22 18 31.5 9 1 3 30.93 3578.51
23 27 31.5 9 0.5 1 27.9696 3345. 47
24 14 31.5 9 0.5 5 45,0821 3714.53
25 B 31.5 9 0.5 3 43.8272 3514. 45
26 7 31.5 9 0.5 3 44.9263 3589.53
27 2 31.5 9 0.5 3 43.7504 3490. 43
28 22 31.5 9 0.5 3 45.1525 3532.09
29 8 31.5 9 0.5 3 44,1942 3622.18
30 10 31.5 9 0.5 3 38.0208 3556. 25
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Table 3 ANOVA analysis for tensile strength model

Source Sum of squares d; Mean square F value Prob exceeding F
Model 992. 5049 14 70.89321 4. 89331 0.0021 Significant
w 454,016 1 454,016 31. 33786 <C0. 0001
\4 121. 5453 1 121. 5453 8. 389506 0.0111
P 35.55465 1 35.55465 2.454113 0.1381
N 161. 845 1 161. 845 11. 17114 0.0045
wv 17.13449 1 17.13449 1.182686 0. 2940
wpP 30. 52928 1 30. 52928 2.107243 0.1672
WN 0.183852 1 0.183852 0.01269 0.9118
VP 0.25572 1 0.25572 0.017651 0. 8961
VN 54. 88495 1 54. 88495 3.788361 0. 0706
PN 38.00851 1 38.00851 2.623487 0.1261
w* 184. 3174 1 184. 3174 12.72226 0.0028
\%& 61.25543 1 61.25543 4. 228076 0.0576
P? 39.62213 1 39.62213 2.734865 0.1189
N? 41.95639 1 41.95639 2.895984 0.1094
Residual 217. 3167 15 14. 48778
Lack of fit 182.0912 10 18. 20912 2.584649 0.1531 Not significant
Pure error 35. 22551 5 7.045102
Cor total 1209. 822 29
Standard deviation 597.761 R* 0.891481
Mean 38.18151 Adjusted R* 0.790197
Coefficient of variation 7.72061 Predicted R? 0.502342
Predicted residual error of sum of squares 597.761 Adequate precision 10. 08085

4 PC % X IR T8 B BBy 22 73 B %
Table 4 ANOVA analysis for joining-seam width model

Source Sum of square d; Mean squares F value Prob exceeding F
Model 2191779 14 156555, 7 67.60363 <0. 0001 Significant
w 1066125 1 1066125 460. 3724 <0. 0001
\% 408677.5 1 408677.5 176. 4745 <0. 0001
P 31537.7 1 31537.7 13. 61856 0.0022
N 139646. 2 1 139646. 2 60. 30182 <C0. 0001
wv 301.2356 1 301. 2356 0.130079 0.7234
wp 1017.686 1 1017. 686 0. 439456 0.5174
WN 12533. 25 1 12533. 25 5.412088 0. 0344
VP 198. 44 1 198. 44 0. 08569 0.7737
VN 1687.72 1 1687.72 0. 728789 0. 4067
PN 2891.011 1 2891.011 1. 248392 0. 2814
w? 69817.61 1 69817.61 30. 14853 <C0. 0001
v 91636. 65 1 91636. 65 39.5704 <C0. 0001
P? 8445.607 1 8445. 607 3.646969 0.0755
N? 581.8503 1 581. 8503 0.251254 0.6235
Residual 34736. 82 15 2315. 788
Lack of fit 30359. 82 10 3035.982 3.468108 0.0912 Not significant
Pure error 4377.001 5 875.4001
Cor total 2226516 29
Standard deviation 79. 40873 R? 0.970236
Mean 3523 Adjusted R* 0.942456
Coefficient of variation 2. 254009 Predicted R* 0. 854258
Predicted residual error of sum of squares 463151.7 Adequate precision 26.23148
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Fig. 3 Perturbation plot showing the effect of all factors
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Fig. 4 Effect of laser power and velocity on tensile strength. (a) Contours plot; (b) response surface plot
K5 () () R 1 OG a8 D A8 5 T B ) 0] i 45 08 JE s e ¥ . nl LR B O D R B B &
3 B AS B3 o S S0 A 1 1) 3 iR B R KT 4 v . RIS Y IR BE TR L R B ) R n s R 2 [ R

071408-6



48,071408

HNSXBEIFHE

www. opticsjournal. net

FEGTHE Al B IR A2 WS A ) R RE 08 T M e S 0 )2 AR (R R I S JE A R TR A i DX
P2 R R Bl 0 SR E . WMOLIE I T Had A P RE R 1A% S X T RO B B I R R RS R R R R
A BRI TE AR R B R4 T 00 A s 5 0 RE A 0L B R S8 43k fih L T IR E T A Y B S A R

T A 1 i ek

075 Tensile strength /MPa

Clamp pressure /MPa
o o o
[Vv) ()] (2]

o S @

=
o
S

17.25 21.88 26.50 31.13 35.75
Power /W

B 5 DA 5Ky xR R B S H R, () "4k B 5 (b) i A I

Fig. 5 Effect of laser power and clamp pressure on tensile strength. (a) Contours plot; (b) response surface plot
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Fig. 6 Effect of laser power and scanning number on tensile strength. (a) Contours plot;

(b) response surface plot
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Fig. 7 Microgram of the burn-through sample
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Table 5 Optimization and validation test results

Tensile strength /MPa Joining-seam width /MPa

Velocity Clamp pressure Scanning

Number Power /W . -
/(mm/s) /MPa number A'ctual Pre’dlcted A?tual Prefilcted
value value value value
1 17.25 5.5 0. 25 2 35. 446 38.629  3071.288  3337.268
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Fig. 11 Predicted results versus actual results for (a) tensile strength and (b) joining-seam width

5% i

3o g 157 TR 3 20 A SO B B R R A AR L E S R AR R R R RO 5 1 i
JEE R 3 e X I T J3E B G A P IRA

D) SO T 3R ORI 55 VbR I e otk 5 1 e X0 i B8 A ) 25 04 36 DT 0 T 31 il E ) 39
YO 2 AR 2 P 1 2 42 5 B8 S i/ i 4 DX IR 9 2

2) X F AR 8 PO DR AR A RO S A R A S OZ AR B R R R E . R E
WAL I A ) SO i % B TR ) 5 0 P LI T AR B 0 1) 0 L IR B 19 B B SR T AL

3) BRI B Ty SRR B A s IR I RE R AL B — R AU SE R G A9 TR R A M TR R 1 g
o B IR 7R K T AR SR B S R W B TE R A R R

4 WS U G IAE — & R L LA A T B0 58 B K IR éu{%iy‘ﬁﬁ%if EH R — e
U ORI 2 22 (R RHRE OB I, PR (RGO e iR B2 3 e XIS 2 5 4 il IO B

5) ek T5 22 5 M m] LAFR HH S SO Dl R 0 S R R il U SBORT 3 4 i R RN 4 DX E B ) S R AR A
FLR BT B R B/ o X T3k S8 S 500 T 27 AT IT S 08 A At B 0 3 i T E S B UV

6) ok Y5 E S5 96 T LAt o S 6 e 7 G S R )l 5 5 B ) 63 S 6 i A B B W) 4 D
SHEE S ) 7 TR BE T D AR B A R Y

2 % X #
1P. A. Hilton, I. A. Jones, Y. Kennish. Transmission laser welding of plastics{C]. SPIE, 2002, 4831; 44~52
2 Xiao Wang, Pin Li, Zhenkai Xuet al.. Laser transmission joint between PET and titanium for biomedical application[J]. J.
Mater. Process. Technol., 2010, 210(13) . 1767~1771
3 Wang Xiao, Zhang Huizhong, Ding Guomin et al.. Laser transmission welding polypropylene plastics[J]. Chinese J.
Lasers, 2008, 35(3): 466~471
£ kEP, THR % BRNAERBOLENETZT $EHE. 2008, 35(3): 466~471

071408-9



48,071408 MM SYBIZHRE www. opticsjournal. net

4 Sultana Taslema. Bond Quality and Failure Mode Assessment for Polymer-Metal and Polymer-Glass Transmission Laser
Joints[ D]. Detroit; Wayne State University, 2008. 1~20

5 Li Pin, Liu Huixia, Xu Zhenkai et al.. Laser transmission joining process of PET films and titanium[J]. Chinese J. Lasers,
2010, 37(7): 1914~1920
&, X, ol . B PET M-S Mk BOLE S 1 T AR, + Bk, 2010, 37(7) . 1914~1920

6 Liu Huixia, Xing An, Zhang Huizhong e al.. Temperature field simulation on laser transmission welding of
polyvinylchoride[ J]. Chinese J. Lasers, 2008, 35(11): 1081~1087
Xexdg, R 2, R . BECHBOLESHFERE SR A ROTEMLT]. + B#k, 2008, 35(11): 1081~1087

7 Grewell, Benatar, Park. Plastics and Composites Welding Handbook [ M]. Lin Xiaolin, Wang Yiqging Transl. Beijing:
Chemical Industry Press, 2006. 182~190
R FLR DUghke, M v, 2R R HLR YR IM. Bk, E 45 P, dbat. A2 Tl th itk . 2006, 182~190

8 Negin Amanat, Cedric Chaminade, John Grace et al.. Transmission laser welding of amorphous and semi-crystalline poly-
ether-ether-ketone for applications in the medical device industry[J]. Mater. Des. , 2010, 31(10): 4823~4830

9 Ismail Hadriche, Elhem Ghorbel, Neila Masmoudi ez al.. Investigation on the effects of laser power and scanning speed on
polypropylene diode transmission welds[J]. Int. J. Adv. Manuf. Technol., 2010, 50(1-4); 217~226

10 Elhem Ghorbel, Giuseppe Casalino, Stéphane Abed. Laser diode transmission welding of polypropylene: geometrical and
microstructure characterisation of weld[ ]J]. Mater. Des. , 2009, 30(7): 2745~2751

11 E. Haberstroh, W. M. Hoffmann, R. Poprawe et al.. Laser transmission joining in microtechnology[J]. Microsyst.
Technol. . 2006, 12(7): 632~639

12 V. A. Kagan, R. G. Bray, W. P. Kuhn. Laser transmission welding of semi-crystalline thermoplastics, part I:optical
characterization of nylon based plastics[J]. J. Reinf. Plast. Compos. , 2002, 21(12): 1101~1122

13 Bappa Acherjee, Dipten Misra, Dipankar Bose et al.. Prediction of weld strength and seam width for laser transmission
welding of thermoplastic using response surface methodology[J]. Opt. Laser Technol. , 2009, 41(8); 956~967

14 V. A. Kagan, G. P. Pinho. Laser transmission welding of semicrystalline thermo-plastics, part II: analysis of mechanical
performance of welded nylon[J]. J. Reinf. Plast. Compos. , 2004, 23(1): 95~107

15 V. A. Kagan, R. Bray, A. Chambers. Forward to better understanding of optical characterization and development of
colored polyamides for the infra-red/laser welding, part I. efficiency of polyamides for infra-red welding[J]. J. Reinf.
Plast. Compos. , 2003, 22(6): 533~547

16 V. A. Kagan, A. Chambers, R. Bray. Forward to better understanding of optical characterization and development of
colored polyamides for the infra-red/laser welding, part II; family of colored polyamides[J]. J. Reinf. Plast. Compos. ,
2003, 22(7): 593~603

17 D. Grewell, P. Rooney, V. A. Kagan. Relationship between optical properties and optimized processing parameters for
through-transmission laser welding of thermoplastics[J]. J. Reinf. Plast. Compos. , 2004, 23(3): 239~247

18 Douglas C. Montgomery. Design and Analysis of Experiments [ M]. Fu Juesheng, Zhang Jian, Wang Zhenyu Transl.
Beijing: The People’s Posts and Telecommunications Press, 2009. 347~398
SAFDAL Rt 5 IMI. R, K . ERP . Jbat: ARMEH B RRAL . 2009, 347~398

19 N. K. Rastogi, K. R. Rashmi. Optimisation of enzymatic liquefaction of mango pulp by response surface methodology[ J].
Eur. Food Res. Technol. , 1999, 209(1). 57~62

20 Zhang Huizhong. Experiment Research and Numerical Simulation on Laser Transmission Welding of Thermoplastic[ D].
Zhenjiang: Jiangsu University, 2007. 16~22
AL RIS ST AR B SE IR B Y S B ID]. B . YL RAE . 2007, 16~20

21 S. A. Prahl. Charts to rapidly estimate temperature following laser irradiation[C]. SPIE, 1995, 2391 499~511

071408-10



