
 

ADDITIVE MANUFACTURING 

 

At a glance 

Engineers have always aspired to design parts without having to take the restrictions of 

conventional manufacturing methods into account. 3D printing using metals offers new 

possibilities with high geometric freedom. Even though the market for this manufacturing 

technology is currently relatively small, this technology is predicted to offer great future 

potential. Sales of 3D printing systems, the service of these and the respectively required 

materials are expected to quadruple to € 6.8 billion in the next 10 years. 

 

Challenge 

For optimal utilization of the manufacturing process even in safety-critical applications, 

such as, for example, in medical technology or in astronautics, essential requirements 

must be fulfilled. These include an understanding of the manufacturing process, the 

knowledge of the achievable, directional mechanical-technological properties as well as 

the use of appropriate quality assurance systems. The 3D printing systems for metals 

currently available in the market are exclusively controlled, resulting in an increasing 

demand for controlled systems in the industry. 

As part of the PAM project, the in-situ process monitoring for injection molding 

applications was developed, among others, which is a manufacturing process that 

produces components by horizontally or vertically joining volume elements, mostly in 

layers. The 3D printing process represents the shortest way for developing a product, 

from the idea through to market maturity. The process allows for unproblematic 

manufacture of even the most complicated geometries. Conventional manufacturing 

methods, such as turning or milling, quickly reach their limits. As a result, there are 

almost no more restrictions in the design, thanks to which the geometric freedom is 

among the most important strengths his process has to offer. 

The basis for making components from powdered metal are 3D CAD data that are used 

for generating the physical layers. Following application of a new powdered layer, the 

metal particles are solidified by application of energy in the form of laser radiation, which 

produces a locally restricted weld pool. 

As presently only controlled systems are available and it is presently not possible to 

detect the above-described fusion defects in the construction process, the industry has a 

growing demand for controlled systems.  The area of use of metal 3D printing is 

restricted due to the lack of quality assurance in many industries. Based on the detected 

fusion defects, a fault pattern could be defined for the quality assurance system to be 

developed. One approach towards implementing this process monitoring consists in the 

use of a photodiode-based measuring system that detects the process light produced 



 

when melting on the powdered metal. The thus determined measured values together 

with additional machine parameters represent the basis for monitoring the welding 

process. 

 

Solution 

All work relating to the implementation of a process monitoring system are carried out on 

a laser sintering system for EOSINT M 280 type metal parts from the manufacturer EOS. 

Application of energy is by 200 W ytterbium fiber laser with 1064 nm wavelength. The 

overall installed size of this system is 250×250×325 mm. 

The photodiode-based plasmo fastprocessobserver measuring system is implemented at 

two different measuring positions. One of the measuring positions is located within the 

process chamber while the second one is situated outside on the camera adapter of the 

scanning optic. In the process chamber, the reflected light is captured by four fiber optic 

cables of a quadruple fiber oriented towards the construction platform. At the camera 

adapter, the reflections are detected directly in the laser beam path, also by fiber optic 

cables. The fiber optic cables of both measuring positions ultimately lead to the 

measuring system comprising the plasmo fastprocessobserver, which converts the 

optical signals of the fiber optic cables via photodiodes into corresponding electrical 

signals. These are then recorded via high-speed modules of a data acquisition system. 

Aside from the process light, this data acquisition system also records other machine 

data, such as for example the scanner position. One measured data file is produced for 

each layer and is used as the basis for evaluations. 

The recorded process data is evaluated using specifically developed algorithms that 

include statistical evaluations for every layer. These comprise, for instance, mean value 

and standard deviation of the reflected radiation, relative distribution of the voltage 

readings of the process light for a division into voltage ranges, current welding angle, etc. 

A CT scan of the samples was produced to assign the recorded process data to the 

produced component. This shows a significant increase in the number of inclusions in 

layers exposed to reduced laser output. Based on the evaluation algorithms, in particular 

the algorithm used for allocating the recorded process light to the corresponding scanner 

position, this inclusion should then be recovered in the logged process data. 

 

Result 

The following procedure was applied to find the imperfections, which were present 

according to the CT scan, in the recorded process data: As it was not known beforehand 

what made up the inclusion in the recorded process light at the two measuring positions, 

the area where the fault could be found had to be restricted first. Owing to the high 

resolution of the CT scan, the area could be restricted to a few layers having a thickness 

of 0.03 mm in the direction of the design height. According to the CT scan, the inclusion  



 

 

 

to be found extended over 6 layers. By investigating the time sequences of the recorded 

process light, it was eventually possible to detect the air inclusion in 5 layers. 

Once the fault had also been identified in the process data, the measured scanner 

position was used to allocate the time signals locally – referred to as localization – so as 

to determine its recorded position on the construction platform. This could successfully 

be done through appropriate parametrization of the algorithm. 
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