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Laser Polymer Welding 

Industrial Applications in Automotive 



This document and the information contained are property of the POLYBRIGHT consortium and 

shall not be copied or disclosed to any third party without prior written authorization. 

Joining pressure 

Laser beam 

Diffusion zone 

Transparent  

polymer 

Absorbing  

polymer  

Laser beam transmission welding 

 Wavelength  

 Intensity distribution  

 Beam quality  

 Reflection coefficient 

 Transmission coefficient 

 Scattering  

 Material thickness  

 Optical penetration depth   

 Thermal properties 

 Polymer compatibility 

 Surface contact  

Process basics  



This document and the information contained are property of the POLYBRIGHT consortium and 

shall not be copied or disclosed to any third party without prior written authorization. 

Motivation and aims 

Process  related disadvantages   

 Material limitations – requirement to match the optical 

properties of the joining partners for the laser welding 

process . Furthermore, only few materials combinations 

are possible for welding dissimilar plastics 

 Shape limitations – currently most of the welding 

contours are restricted to flat, 2D surfaces  

 High investment – the cost for complete laser welding 

systems is still high for many applications compared to 

other joining methods  

 Lack of know-how or conservative attitude in the 

product development process 
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Motivation and aims - Project objectives 

 Development of high power high brilliance lasers with new wavelengths in the 

range of 1500 - 1900 nm. Laser power up to 500W 

 Innovative beam manipulation systems for optimum energy deposition in the 

welding area 

 New laser polymer joining processes based on advanced thermal management 

concepts  

 New machine concepts for the high speed and flexible laser manufacturing 

 Enabling new applications for laser polymer welding by enhancement of the 

process performance and new joint configurations 
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The POLYBRIGHT Project 
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The POLYBRIGHT Project - The consortium  
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The POLYBRIGHT Project - Expected POLYBRIGHT breakthrough  
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Flexible, robust and fast-adapting laser beam welding 

 Development of a computer model for the investigation of various thermal 

management concepts  

 Realization of an intelligent power control for welding of polymers in order to 

enable a larger process window  

 Investigation of new laser welding processes with higher quality and higher 

speed such as Transmission Welding by an Incremental Scanning Technology 

(TWIST), Remote Welding for polymeric components or Quasi-simultaneous 

welding with advanced power control  

 Welding of transparent polymers with new laser wavelengths and new weld joint 

configurations relevant for developments of new products 
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Computer simulation of the polymer welding process 

Absorbent  part 

Transparent  part 

Absorbent  and transparent joining partners (dabs= 200 µm, dtra= 100 µm) in 

thermal contact 

-vscan 
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Computer simulation of the polymer welding process 
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Computer simulation of the polymer welding process 

Top view  - welding area HAZ in cross section  Temperature profile 
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Computer simulation of the polymer welding process   

Process parameters:  

PP; 2w0=80µm; P=4W; v=50mm/s; f=1000Hz; r=0.2mm 
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Computer simulation of the polymer welding process 

Process parameters:  

PP; 2w0=230µm; P=5W; v=50mm/s; f=2000Hz; r=0.3mm 
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Computer simulation of the polymer welding process 

Comparison between circular and elliptical modulation 

 

 

TWIST Circle 0,8mm 
Beam 80 µm 

Feed 50 mm/s 

Rotation 2000 Hz 

Inhomogeneous HAZ, PP 

TWIST Ellipse 0,8/0,2mm 
… 

… 

… 

Homogeneous HAZ, PP 

S
tr

e
n

g
th

 

Power 



This document and the information contained are property of the POLYBRIGHT consortium and 

shall not be copied or disclosed to any third party without prior written authorization. 23 April 2012 20 

Experimental verification of simulation 

Comparison Contour welding - TWIST welding 

 

 Contour v=ct. Elliptical shape v=ct. 

TWIST welding:  heat effective zone is homogeneous 
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Welding results using material adapted laser wavelengths 
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Welding results using material adapted laser wavelengths 

 Transparent in VIS 

 Intrinsic absorption in 

infra-red  

 Absorption band 

aroused by harmonic 

oscillation of molecular 

groups of the polymer 

chains  

 Optical properties of 

thermoplastics highly 

dependent from 

wavelength in IR-Area 

and molecular structure 

Material thickness d = 2mm 

Fiber laser@1.55µm 

Diode laser@1.7µm 

Fiber laser@1.908µm 
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Available new laser sources Available new laser sources 

IPG: 

 120 W Erbium doped Fiber Laser (1.5 µm wavelength) 

 120 W Thulium doped Fiber Laser (1.9 µm wavelength) 

 

LIMO: 

 20 W diode laser (1550 nm wavelength) with 400 µm fibre 

 80 W diode laser (980 nm wavelength) with 400 µm fibre 

with M-shape beam profile  

 

 

 



This document and the information contained are property of the POLYBRIGHT consortium and 

shall not be copied or disclosed to any third party without prior written authorization. 

Concept 

 Adjusted wavelength of  laser source 

 High numerical aperture optics 

 
Result 

 Low intensity on surface but high intensity in welding area 

 Temperature exceeds melting point only in welding area 

10 mm 

Welding results using material adapted laser wavelengths 

Material thickness d = 2mm 
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Welding results using material adapted laser wavelengths 

 Laser power up to 

100W@1.55µm 

 Feed rate: 

 0.5 m/min - 4 m/min 

 No characteristic curve at 

 high irradiated energies 

 Wider Weld seam  for 

higher energy levels 

 

Feed rate + 

10 mm 
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Welding results using material adapted laser wavelengths 

Variation of focal position 

 Fiber laser @1.55µm 

 Laser power:  P= 100 W 

 Feed rate: v= 2 m/min 

Results: 

 Optimal setting prevents 

melting of surface and 

deliver smallest width of 

heat affected zone  

 No further limitation of 

depth of heat affected 

zone 
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Welding results using material adapted laser wavelengths 

 Diode laser @1.7µm 

 Material - PMMA  

 Laser power:  

P=20/ 22.5/ 27.5/ 

32.5/35W 

  Feed rate: v= 1.5 m/min 
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Welding results using material adapted laser wavelengths 

 fiber laser @1.908µm 

 Material - PMMA  

 Laser power:  P= 16.6/ 25/ 25/ 33.3 W 

 Feed rate: v= 3 m/min  

 Oscillation parameters:  

f= 2000 Hz 

A= 0.075/ 0.1/ 0.15/ 0.2mm 
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Development of optical elements for tailored laser beam profiles 

 Using diffractive or 

refractive optical elements 

an alternative to the 

TWIST® approach can be 

achieved.  
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Development of optical elements for tailored laser beam profiles 

Welding tests with DOEs generating an M-shaped beam profile and  
a spot diameter of 1 mm (material PC) 
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From research to market – an industrial application example 

 Four constellation GNSS antenna 

 Galileo | GPS | Glonass & Compass 

 Rugged housing  

 Hermetic sealing needed 

 Varying colours 
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Laser 
Beam 

transparent joining partner 

d 

  Pressure 

  Pressure 

Absorbing joining partner 

Requirements on optical properties – overlap weld 

Transparent joining partner: 

 Transmission high 

 Reflexion low 

 d low 

 

Absorbing joining partner: 

 dopt << d 

 Reflexion low 

 d not important 
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Optical properties ASA blue laser transparent 

 Strongly wavelength 

dependent optical properties  

 Reflexion decreases with 

increasing wavelength: 

 53% @ 940 nm 

 30% @ 1550 nm 

 Transmission increases with 

increasing wavelength: 

 48% @ 940 nm 

 63% @ 1550 nm 
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Optical properties ASA white laser absorbing 

 Wavelength depending 

properties determined by 

filler additives 

 Very high reflectivity in the 

visible spectrum 

 Strong decrease of 

reflectivity with increasing 

wavelength: 

71% @ 940 nm 

32% @ 1550 nm 

 Optical penetration depth: 

222 µm @ 940 nm 

176 µm @ 1550 nm 
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Comparison of optical properties @ 940 nm and 1550 nm 

Advantages of 1550 nm: 

 Higher transmission and lower 

reflexion of blue material 

 Considerably more radiation 

reaches the joining interface 

 Lower reflexion and higher 

absorption of the white material 

 More energy transfered into 

heat 

 Significant improvement of the 

weld quality 
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Welding of GPS antenna housings 

Requirements: 

 Invisible weld seam 

 Hermetic sealing 

 No thermal and mechanical 

load of the antenna 

components inside 

 Burst pressure 2.5 bar 

Result: 

 Fiber laser 1550 nm 

 TWIST-welding with: 

Laser power: 25 W 

Feed rate: 25 mm/s 

Frequency: 2000 Hz 

Amplitude: 0,2 mm 

4-times multi-pass welding 
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Summary and Outlook 

Industrial applications require: 

 High Quality – through robust polymer assembly 

with high reproducibility and minimum waste  

 Flexibility – by minimizing time and investment for 

product change on the  manufacturing line  

 Productivity – by high speed processes with 

joining times < 1 second 

 Cost reduction - reconfigurable machines and  

high yield production, new laser systems and 

peripherals  

 New products - simplified product design and 

highly integrated products , material independent 

welding processing, new designs  
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