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Abstract 

In order to extend the application range of laser transmission welding, Jenoptik’s Lasers & Material Processing division has 
developed diode laser lines of up to 100 mm length consisting of eight beam sections. These sections can be switched on and 
off individually according to the programmed welding figure. 
Each single beam of the diode laser line is collimated in the fast axis to a beam size of 1 mm with an optical laser power of 
100 W. This powerful tool allows welding of up to 10.000 m²/s of foil in individual shapes. 
The laser lines are available at all standard wavelengths of  808, 940 and 980 nm. 
This new method allows the efficient joining of large plastic components, like e.g. the welding of chute channels on 
instrument panels, door panels in motor vehicles or heat exchanger systems in household appliances. The laser line’s large 
depth of focus allows thereby also the processing of 3D contours in a wide range without further measures. Furthermore, 
compared with other lasers, diode lasers are a price conscious alternative as the cost of a comparable CO2 laser is more than 
ten times the performance of the diode technology. 
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1. Introduction 

The welding of large scale plastic components with integrated functional elements is always a challenge for 
the manufacturer, especially with regards to the reachable joint tolerances and the method used for the process. 
The objective of this paper is, with regards to the weld configuration, to give the users instructions how to 
configure their parts for appropriate fabrication. JENOPTIK Automatisierungstechnik GmbH demonstrates the 
technical expert competence in order to optimize the component design and process together with the end user. 

2. Advantages of using diode laser lines with on/off switchable beam sections 

Laser beam welding of big plastic parts has been one major development task in 2013 for JENOPTIK 
Automatisierungstechnik GmbH generating remarkable advantages compared to traditional welding processes: 

 
 Possibility of using plastics with low melt viscosity for the production of joining parts  
 Reduction of the wall thickness of joining parts 
 Reduction of the joint tolerances 
 High-strength welding connection near the inherent stability of the basic material  
 Cycle time reduction 
 Significantly reduced energy demand, improvement on the CO2 balance 
 Reduction of the heat input, no thermal distortion 
 Non-contact processing (vibration free) 
 Low costs in case of necessary system changes (new developments, similar joint matings).  
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To use laser beam welding for large plastic components,  we have developed a welding system with an in 

sections on/off switchable diode laser line, being advantageous compared to current methods like e.g. mirror butt 
welding. This novel method has already been used successfully in several industry applications. The main focus 
during the development had been on welding speed, welding strength and quality assurance. Additionally, a 
process control via pyrometer has been developed improving the stability of the process. 

The welding with the switchable diode laser line allows the efficient joining of large plastic components, like 
e.g. chute channels on instrument panels (Figure 1), door panels in motor vehicles or heat exchanger systems in 
household appliances (Figure 2).  

The laser line’s large depth of focus also allows thereby the processing of 3D contours in a wide range without 
further measures. Compared to other lasers, diode lasers are a cost efficient alternative as e.g. the cost of a 
comparable CO2 laser is more than ten times higher than the diode technology. 

Welding without limits 

 
 
 
 
 
 
 
 
 

Fig. 1. Laser welding of chute channels on instrument panels.  Fig. 2. Top view of a heat exchanger for dishwashers. 

For the developed laser welding technology diode lasers from JENOPTIK Laser GmbH are used with a width 
of 10 mm and an optical laser power up to 100 Watt per sub mount for the standard wavelengths 808 nm, 940 nm 
and 980 nm. The switchable diode laser line consists of 8 diode laser sub mounts in a compact housing and 
generates a laser line of approximately 100 mm total length (Figure 3). Each sub mount can be switched on/off 
individually according to the defined welding contour. By arranging multiple diode laser lines to a big laser line, 
the so called diode nest, all component sizes can be welded together using a single pass. It is possible to weld a 
total area of up to 1,500mm x 600mm in one pass. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Switchable diode laser line - unique in laser power within a compact design. 

In the laser welding system the diode nest moves over the components to be joined guided on a linear axis, 
and welds them together without any markings (sink marks) on the decorative side (visible side) or thermal 
distortion. This technology makes it possible to achieve a welding speed of up to 100 mm/s, depending on the 
properties of the material. 

Using this method, the laser line runs with full width over the pair of components fixed by joining pressure. In 
the areas where no welding is necessary, the line is not switched on. To shorten the welding time with very long 
lines, additional laser lines can be assembled in parallel. Hereby the welding time is reduced n-fold (number of 
lines). In the event of any changes to the assembly or with new developments, the existing system can be 
converted at short notice for a new application by reprogramming the laser line and by replacing the fixture of 
the work piece.  
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To achieve a consistent welding quality, an online process control for quality assurance takes place  
throughout the welding procedure (Figure 4). This is done by several pyrometers, which will guided in  
parallel to the diode nest on the linear axis too. So a quasi surface control is generated and a software  
algorithm evaluates the measured data.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Fig. 4. Process control using a pyrometer. 

 

3. Advantages of laser line welding compared to mirror butt welding 

The development of a laser line that can be switched on and off makes it possible to efficiently weld large 
plastic moulded parts with integrated components and assemblies. In direct comparison with the previously 
primarily employed production method, the mirror butt welding, the advantages of the new method are clear:  

 
 Shorter welding times  
 Significant reduction of heat input and thermal distortion  
 Savings in the whole production process by using plastics with other  material properties  
 Lower ongoing costs. 
 

In contrast to other laser welding technologies, the laser line enable welding in one pass without any 
expensive beam deflection systems for almost every component width.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Laser machine for laser welding of plastics. 
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3.1. Design and Material 

During mirror butt welding, the parts to be welded, e.g. the top and bottom parts, have to be joined by melting 
using the heating mirror. In order to prevent the resulting melt to escape from the joint seam area, these parts 
must be made from a material with a low melt flow rate. In general, these parts are designed with many chambers 
and channels, which create many interior bridge and rib accumulations in both work pieces. To ensure a high 
welding area covering the top to the lower bridges and ribs, a large wall thicknesses is needed. In order to 
maintain compliance with the design guidelines for plastic components as well as the necessary flow path-wall 
thickness ratio for injection molding, parts with large material volume are created with all quality problems 
related to this. 

During laser beam welding, on the other hand, the melt arises only after prejoining the joint mating. Heat is 
introduced from the heated bottom part to the upper part. The parts to be joined can be made from materials with 
essentially higher melt flow rates. Due to this the joining area can be manufactured more effectively, the bridge 
or rib of the bottom part can be correctly joined to the top part. The design of the joining parts can therefore be 
created according to the plastic material and be thin-walled, without any compromise. 

The possibility to join walls, bridges and ribs bluntly together with a cover and to substantially reduce its 
thickness opens up new ways to design system components. With the use of multi-layer films as a cover, for 
example, a second injection moulded part can be reduced. 

3.2. Strength of the joint seam 

The requirements for permanent leak tightness of the entire weld are stringent and can only be fulfilled in very 
uniform conditions.  

The joint seam strength achievable with mirror butt welding is subject to several influences. For example, the 
conversion time of the outgoing heating mirror, from the joining parts to the build-up of the joining pressure, the 
temperature distribution in the mirror, the temperature of the mirror, the precision in joining the parts together, 
the welding flow from the seam, etc.. 

The attainable strength in the joint seam in this process is approximately 0.65 of the inherent strength of the 
material (Figure 6). In contrast, the heat input with laser welding follows only the previous joining and fixation 
of the joined components. The heat is thereby created in the immediate area of the joint seam and transmits it 
starting from the laser absorbent into the laser transparent part of the part to be joined. The resulting melt of the 
adherent partner mixes and cools down. In laser welding, and depending on the achieved melting temperature 
and cooling speed, strengths of up to 0.9 can be achieved with minimal welding flow. 
 

 
Fig. 6. Pull forces for laser welding up to 45 percent higher than competing joining technologies. 

 

4. Summary 

Laser line welding using a partially on/off switchable laser line is not only an effective but also a cost-efficient 
way in the long term to join large plastic components and assemblies in comparison with mirror butt welding. 
When calculating the economic viability, the additional saving potential of the whole manufacturing process of 
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products and the possibility of process control during laser welding has to be considered. The cost situation, 
especially the running costs and spare parts, are more and more important for the end users. Savings up to two-
thirds for running costs e.g. for welding of heat exchangers via laser instead of mirror butt welding are 
achievable. Multi station systems with several cavities are offered for joining large parts, e.g. heat exchangers, 
and permit shorter cycle times.  

Laser transmission welding is a clean joining process and the objectives are components which must exhibit 
particle-free or aesthetically perfect welds. The examples shown are from the automotive and the household 
appliance industry.  

 


