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ABSTRACT

This paper investigates the effect of the laser welding parameters such as
laser power, welding speed on weld strength. A 200W YAG laser with
wavelength 1064nm has been used to weld transparent and absorbing
Polycarbonate (PC) in lap weld configuration. The force at break of the
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lap welds was assessed on the Universal testing machinejyweld fracture
surfaces and weld cross-sections were also analyzed under microscope
using reflected polarized light to qualitatively assess the weld quality.
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INTRODUCTION

The use of lasers for joining plastics is grow-
ing. Severa different approaches are being devel-
oped for laser welding of plastics. The main prin-
ciple now used to laser-weld plastics is known as
“transmission welding.” Transmission welding has
demonstrated that precise, controllable heating and
melting of low melting point thermoplastics can be
produced at theinterface between atransmissiveand
an absorptive plasticl*d,

In the present research, an experimental inves-
tigation into laser welding of polycarbonate (PC)
has been carried out. The force at break of the lap
welds was assessed on the Universal testing
machineyweld fracture surfaces and weld cross-
sections were al so analyzed under microscope us-
ing reflected polarized light to qualitatively assess
theweld quality.

EXPERIMENTAL WORK

In order to study the effect of part thickness on
weld quality, different thicknessfor transparent part
was selected. The part thicknessfor transparent part
varied between 1mm to 3.5 mm, and for absorbent
part, apart thickness of 3 mm was selected. In order
to manufacture both transparent part and absorbent
part, a mold with different mold inserts was fabri-
cated. Themouldinsert was used in an existingmould
cavity in an injection moulding machineto produce
the polycarbonate (PC) absorbent part and transpar-
ent part with different thickness, asshownin Figure
2.

The welding experiment were carried out using
200W Nd:YAG laser operating at 1064nm wave-
length equipped with a 3-axes CNC work table, co-
ordinated with the motion system and computer in-
terface. A lap joint configuration was considered in
the experiments, the laser-transparent part and the
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Figure 3 : Laser welding process and welded samples

laser-absorbent part are welded together with afixed
overlap distance. The |laser beam scans over the as-
sembly at the specified power and speed to join the
two parts together Figure 3. The effects of laser
power, and welding speed on weld strength and mi-
crostructure were assessed. A shear |ap tensile test
with theweld line arranged perpendicular to thetest
pull direction was used to evaluate the weld quality
of specimens.

EFFECT OF PARAMETERSONWELD
STRENGTH
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Optical propertiesof transmitting part

In this section, the optical properties of the PC
materia sareinvestigated; the transmission measure-
ment resultsare summarized in TABLE 1. The data
shows that the transmittance varied with material
thickness, which is approximately between
91%-~94.5%. A 1 mm thick polycarbonate (PC) part
has a transmittance of 94.5, and 3.5 mm thick PC
hasatransmittance of 91%. Theseresults showsthat
for laser-transparent parts made of amorphous poly-
mers such as PC, the part thicknessusually haslittle
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TABLE 1 : Transmission for different thickness of transparent part

Thickness of transparent part (mm)
1
15
2
25
3
3.5

Trangmission (%)
945
94
93
92
91.7
91

Figure 4 : welding 10mm/s, laser power 40W, over heating degradation of the weld joint occur

influence on transmittance®.
Influence of welding speed on weld strength

At welding speed 10mm /s, laser power 40W,
and transparent part thickness 1~1.5mm range, seri-
ous overheating degradation of theweld is observed.
At low welding speed, longer laser irradiation time
cause overheating degradation of the plastic part,
thereby damaging the surface of the weld and plas-
tic parts Figure 4.

At welding speed between 20~30mm/s, laser

power 40 W, and transparent part thickness 1~1.5mm
range, the PC wel ding process may be subject to ther-
mal stress effect and lead to lower relative molecular
diffusion, causing dight degradation or decomposi-
tion, thereby affecting performance of plastic parts
and surface quality, as consequences shortened ser-
vicelife expectancy of thewelded part Figure 5.

In Figure (6) the results indicate that the weld-
ing speed is the most important factor affecting the
welded zone width. An increase in welding speed
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Figure 6 : Laser power 40W, weld width as function of weld speed

Figure 7 : Effect of welding speed to weld width, laser power 40W, transparent part thickness 1mm; (a) 40mm/s,
(b) 50mm/s, () 60mm/s, (d)70mm/s; (e)80mm/s; (f) 100mm/s; (g)110mm/s; (h)120mm/s; (i)160mm/s
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Figure 8 : Influence of laser power on weld strength

leads to a decrease in welded zone width. Thisis the welding line when welding speed is increased.
due to the laser beam travelling at high speed over Therefore the heat input decreases leading to less
An ‘7MW
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Figure 9 : The maximum load as a function of welding speed,

laser power=40W
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Figure 10 : The maximum load as a function of welding speed, laser power=50W

volume of the material being melted, consequently
the width of the welded zone decreases. Moreover,
the results shows aso that laser power contribute
secondary effect in theweld zonewidth dimensions.
An increase in laser power results in dightly in-
creases in the weld zone width, because of the in-
crease in the power density. The main factor influ-
encing thewidth of HAZ isthe welding speed asthe
resultsindicated. Thisis dueto the fact that at low
welding speed the heat input will be greater.

Influenceof laser power on weld strength

Figure 8 shows the force at break as afunction
of power for PC. It is observed that, the load-at-
break increases with power and then startsto levels
off or decrease as power is increased further. This
is due to polymer degradation at the weld because
of too high temperature caused by high laser power.

For PC, a minimum laser power of approxi-
mately 20 W is required for the two parts to bond
together. Oncethecrystalline melting temperatureis
reached, the molten material is able to diffuse and
formaweld. At this power setting, the load-at-break
is low, these lower load are caused by low tem-

peraturestheweld zone.

For the applied laser power range 30 W 740
W, the load approaches a maximum, these increase
in load with power are caused by higher tempera-
tures and wider heated zone at the weld seam.

For the applied laser power range 40 W™ y60 W,
the maximum |oad then starts to decrease as power is
increased further. These changesin maximum|oad with
power are caused by higher temperatures at the weld
seam. This higher temperature caused by high laser
power |ead to polymer degradation at the weld zone.

An increase of the specimen thickness aso re-
sulted inincrease of the weld strength (Figure 9 and
Figure 10). It is possible that better performance of
thethicker specimensisdueto higher rigidity, which
reduces bending of thelap joint during thetensiletest.

The microscopic images of weld are shown in
Figure 11-12 at amagnification of 20 X. From Fig-
ure 11 and Figure 12 it can be clearly seen that fur-
ther increase of the laser power lead to degradation
or burning of the weld joint area. Consequently, the
high levels of the laser power caused degradation
of the material at the center of the weld seam, re-
ducing mechanical performanceof thejoint.
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Figure 11 : Weld interface for PC with laser power 40 W, welding speed of 50mm/s; (a) transparent thickness 1mm; magnification

20 X; (b) transparent thickness 1.5mm; magnification 20 X

Figure 12 : Weld interface for PC with laser power 50W, welding speed of 50mm/symagnification 20 X(a) trans-
parent thickness 1Imm and(b) transparent thickness 1.5mm; magnification 20 X

CONCLUSIONS

We can conclude that the weld strength is lim-
ited by very high welding speed in one hand, in the
other handstheweld strengthislimited by very high
heat input, which causes overheating and partial de-
composition of the material, and a very low heat
input resultsin lack of fusion.
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