High speed laser welding of plastics using an annular beam optics
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An annular beam optics was developed for a annular seam welding in short time. Using
the annular beam optics, and a 2.0 kW fiber laser (IPG YLR-2000), the laser welding of
plastics was studied to improve the productivity. The characteristics of the beam profile
were investigated by a Primes Beam Monitor. As the results, with increase of focal length
of a collimating lens, the outer diameter as the annular beam was hardly changed, and the
inner diameter of the annular beam decreased. Thus, the width of the annular beam was
increased in the experiment. A distance (Li2) between first axi-cone lens and second one
increases, the outer and inner diameters as the annular beam increased simultaneously.
And, the width of the annular beam was almost constant. Moreover, it was confirmed that
the beam intensity distribution of the annular beam becomes uniform by that it can be
adjusted that the coaxial performance by the position adjustment of collimating lens, first
axi-cone lens, and second axi-cone lens. On the other hand, connects the annular beam
optics to the optical fiber of 2.0 kW fiber laser facility to weld plastics using a Through
Transmission Type Laser Welding (TTTLW). The plastics with an annular seam were
firmly welded in a short time.

Keywords: Annular beam optics, Axi-cone lens, Fiber laser, Beam transmission plastic,
beam absorption plastic.
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Fig. 2. The schematic of ring laser beam experimental equipment.
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(a) Layout of profile measurement for ring laser beam, and
JIS (b) image of ring plastic welding with the ring laser beam.



Fig. 3. Appearance of 2.0 kW fiber luser and optical head of ring laser
beam, (m) 2.0 kW fiber lnser, and (b) optical head of ring laser beam,

Fig.4
1/¢e?
2.2

Fig.5

NA
rad D
2R

2r

0.11

110=
110=
110<=

laser beam intensity (%)

L A
=
3=
. wl =2
> Beam diameter - =
/ N\
\ 2y v,

Laser beam size (mm)

Fig. 4. Measurement method of beam diameter by JIS standard
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1 Table 2 Initial set point of optical head of ring laser beam

Fig. 6. Appearance of axi-cone lens. I

2 Focal length, mm f=60
1 Collimate lens Diameter, D (mm) 30
2 (Synthetic fused silica, AR coating) | Focal length, mm =80
110= Diameter, D (mm) 50
2 Vertical angle, 8f(Degree) 110
First axi-cone lens Diameter, D (mm) 30
(Synthetic fused silica, AR coating) Height, H (mm) 14
Height, h (mm) 10.50
Vertical angle, 8f(Degreey 110
Scond axi-cone lens Diameter, D (mm) 50
(Synthetic fused silica, AR coating) Height, H (mm) 21
Height, h (mm) 17.51
Refraction index n 1.46
Fi g. 5 Distance between axi-cone lens | Li2 (mm) 20
Numerical aperture Na (rad) 0.11
f 60mm
f 60mm
Table2 NA=0.11
Fig.6
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Fig.7
o : 01z Incident angle of the ray
A Of2: Refraction angle of the ray
0 = : ni: Refraction index as the incident side
= ni '_| n2: Refraction index as the refraction side
| Y |
D n !
I o2

Fig. 7. Schematic drawing of the principle for optical refraction.

Table 3 Set point of optical head of ring laser beam for collimate lens of =60 mm

6 02 03 04 05 86 2R 2r
Degree | Rad |Degree | Rad |Degree | Rad | Degree| Rad |Degree| Rad |Degree| Rad mm mm
35 0.611 |56.869 | 0.993 |68.131 | 1.189 15 0.262 |22.202 | 0.388 | 7.202 | 0.126 22.330 9.130
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Fig. 9. Ring laser beam profile measured by Primes Beam Monitor
using a collimate lens of = 60 mm and laser power of 300 W, (a)

Fig. 8. Ring beam profiles measured by Primes Beam Monitor, Mstance (Li2 = 25 mm) between first axi-cone lens and second
Liz =31 mm, laser power of 300, (a) Collimate lens of £= 60 mm, axi-cone lens, and (b) distance (L12 = 31 mm) between first axi-cone

and (b} collimate lens of £= 80 mm,

lens and second axi-cone lens,

Table 4 Results of calculation and measurement for the ring laser beam profile using the optical head of ring laser beam

Collimate lens | Laser power Liz 2R, mm 2r, mm Width of ring beam, mm
mm w mm Calculation | Measurement | Calculation |Measurement | Calculation | Measurement
25 279 278 14.7 15.2 6.6 6.3
=60
300 28 31.3 3l 18.1 18.7 6.6 6.2
(D=30 mm)
31 34.6 33.8 214 21 6.6 6.4
25 279 273 10.3 9.3 8.8 9
=80
300 28 31.3 30.1 13.7 11.1 8.8 9.5
(D=50 mm)
31 34.6 325 17 13,4 8.8 9.55
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Fig. 1 1. Mechanism of Through Transmission Laser Welding (TTLW) made with a laser transmission plastic and a laser absorption plastic,
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Fig. 12, Appearance of laser transmission plastic and laser
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Fig. 13. Effect of welding parameters on bonding property of
Through Transmission Laser Welding (TTLW) made with a
laser transmission plastic and laser absorption plastic

2 (pressure load of 200 g and collimate lens of = 60 mm used).
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Fig. 14. Welded plastics using Through Transmission Laser
Welding (TTLW) made with a laser transmission plastic
and laser absorption plastic (laser power of 3000W, laser
irradiation time of | &, pressure load of 200 g, and collimate
lens of =60 mm),
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Fig. 15, Macro- and micro-photoraphy of cross section for welded
plastics. Laser power of 800 W, lazer irradiation time of | s and
pressure load of 2000 g, collimate lens of £ = 60 mm.
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