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Abstract The effect of the laser welding parameters such as laser power, welding speed on weld strength and
microstructure is investigated. A 300 W YAG laser with wavelength of 1064 nm is used to weld the transparent and
absorbing polycarbonate (PC) in a lap weld configuration. The force at break of the lap welds is assessed on the
universal testing machine. The weld fracture surfaces and weld cross—sections are visualized using polarized light
microscopy to qualitatively assess the weld quality. The result shows that for transparent PC plastic thickness between
1 mm and 3.5 mm, the transmittance does not change significantly and the part thickness usually has little influence
on transmittance. The weld strength shows a clear increase with the line energy increasing. The weld strength reaches
a maximum when the line energy raises to about 1 J/mm and then starts to fall off. A peak tensile strength of 1.3 kN
is obtained with transparent part thickness of 3.5 mm, laser power of 40 W and welding speed of 40 mm/s. It is
concluded that in laser welding of thermoplastic material, the heat input should be strictly controlled to improve the
welding strength.
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Fig.1 (a) Mould insert; (b) mold is mounted on injection molding machine
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Fig.2 Welding plastic parts
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Fig.3 Laser welding plastic process and weld specimens
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Table 1 Transmittance measurement of PC

Transparent part thickness /mm Transmittance /%
1 94.5
1.5 94
2 93
2.5 92
3 91.7
3.5 91

4.1 BEEENIG

1) o 0 KT O 4 9 114 55 T

El 425t TOEHIE R 40 W B IEENEEE R 1 mm, 2353124 30.40.,50.,60.,.80,100,110,120, 160 mm/s
I RE R O o DAL 4 0T UG A5 0 o A5 4% J2 R AL B B AT I S P R ) 14 0 388 st , A ) 7
BT TR FR PN AR AR B RE S U/, T T ) XS0 R R 9800 | T DA AR % JEE B R 4% B RE RO /D o D B Ol KR B A
5112 40 /s F1 80 mun/s Hif A5 4% B A IHT 9 2 B S0 . DAIEL 6l LR M, 08 42 3 Oy 40 man/s B KR 4% 5 AR Y
SN0 RY YR R O 80 mam/s B, M AE St BN GE | b RS XY R AR TR BT B R AR AR

30 mnvs 40 mm/s 50 mm/s

60 mm/s 80 mnv's 100 mmv/s

110 mmv's 120 mm/s 160 mm/s
514 OG-y 40 W, 37 B DRHEEE Sy 1 mom 5, A (3]0 45 3 52 00 7 48 8 132 174 552

Fig.4 Effect of different welding speeds on weld width with laser power of 40 W and transparent part thickness of 1 mm
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Fig.5 Effect of welding speed on weld depth with laser power of 40 W and magnification x of 50. (a) 40 mm/s;
(b) 80 mm/s
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Fig.6 Weld seam for welding speed of 10 mm/s

& 7 M OGRS 40 W, 1522 53 BE 43 51 9 40,100,120 140 mm/s 15 &0 F L T R AB ECN 100 1% il 14 4%
TR o N AT U Y Y AR 3 1 o 80 mumy/s i), AR AE B 5 I A B IR ALSF IR HZ BB o Y IRzl
43 100 mam/s I, K528 B AL . 24 4R 48 8 B AE 120 ~ 140 mum/s 78 Bl 28 AL IE, 3RL RS fE 78 0 M Ak, 7E 1 8% |7
AT R A AAL T R R i pR R L o KRB R R AR S A P A KRB R 2 T B R BN R
F AL S e = AR AR T RBAIG T KR 2

10 mm/s 100 mm/s 120 mm/s

140 am/s

7 WOETIIE A 40 W AR [ K542 FE 158 4 5 4% 4 1 3
Fig.7 Effect of welding speed on weld microstructure with laser power of 40 W
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Fig.8 Effect of welding speed on tensile strength with laser power of 40 W

—+—1.0 mm
141 —=—1.5 mm
| 2.0 mm
=z 1.2 —»—2.5 mm
1.0+ —%—3.0 mm
——3.5 mm
= 08+
§ 0.6
a0
g 0.4
® 02
{] |
20 30 40 50 60
Laser power /W

P9 O Ty A H Bk B4 R TR

Fig.9 Laser power versus tensile strength

10 HOB 1%y 40 W IR i 1 HDRHE 9 (a) 1 mm Fl(b) 1.5 mm i 048 5% 0L &5
Fig.10 Weld microstructure of different transparent part thicknesses of (a) 1 mm and (b) 1.5 mm with laser power of 40 W
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Fig.11 Weld microstructure of different transparent part thicknesses of (a) 1 mm and (b) 1.5 mm with laser power of 50 W
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Fig.12 Weld microstructure of different transparent part thicknesses of (a) 1 mm and (b) 1.5 mm with laser power of 60 W
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Fig.13 Weld strength as a function of line energy with transparent thickness of 1 mm
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