
The ESPRC-funded Network Plus Connected Everything: Industrial Systems in the Digital Age aims to 

identify the key challenges we face as digital technologies transform our industrial systems. 

 

 

 

 

 
 

 

 

  
 
 
 
 
 
 
 
 
 

What does the project demonstrate? 
 
The aim is to understand the process by which the traditional selective laser sintering (SLS) of chamber components 

could be extended with materials composition sensors and in situ data analysis. The end result will be a 

demonstrator for a SLS printer that, in addition to producing functional parts, will provide, for each part produced, a 

detailed volumetric (per-build-layer of its construction) dataset of the variations in composition. 

 

Determining the properties within manufactured parts  
 

Variations in the materials composition of manufactured objects dictate their aesthetic and functional properties. 

Traditional manufacturing processes such as casting and machining of metals, or injection moulding of polymers, 

make it impossible to know the specific chemical and structural properties within the volume of a manufactured part. 

Additive manufacturing techniques, such as selective laser sintering (SLS), create parts one layer at a time, and 

therefore in principle make possible the determination of the structural and chemical composition of a part, layer by 

layer, as the part is created. This capability is today unexploited. This is a missed opportunity.  

 

Information about millimetre-scale variations in composition would provide a unique fingerprint for each instance of a 

product. This information would enable more accurate estimation of product quality, would enable dynamic 

adaptation of the manufacturing process to properties detected during the manufacturing process, and more. 
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A chemical composition birth certificate for additively-manufactured parts 
 

This project will capitalise on recent advances in sensors and sensor signal processing, to enable chemical 

composition analysis in real time during the manufacturing process of parts created by additive manufacturing. The 

project’s hypothesis is that recent advances in spectrophotometric systems based on micro mirror arrays can be 

harnessed to create per-layer composition sensors integrated into an additive manufacturing process.  

 

The project will test this hypothesis by creating and evaluating a composition measurement apparatus and 

integrating it into a nylon SLS 3D printer. This apparatus will be used to evaluate the property variations of 

manufactured components of designs in which knowledge of the millimeter-scale composition variations will be 

valuable. 

 

 

A SLS 3D printer (a) and its internal print chamber (b). The Sintratec Kit SLS 

printer will be used as it is provided in kit form with detailed mechanical 

drawings and assembly instructions, making it an ideal platform for research. 

The interior of the build chamber will be modified by adding structure sensors 

and composition sensors.  
 

 

 

As sintering of material progresses (c), (d), the sensing methods developed 

will allow the per-layer characterisation of the microstructure and chemical 

composition using a combination of infrared reflectometry and 

spectrophotometry. (Images: Sintratec) 

 

 

The project is the first to investigate per-layer composition analysis integrated within the SLS build 

chamber in order to generate per-layer data for each produced part characterising millimetre-scale chemical 

composition variations.  This per-part data can be thought of as a “volumetric chemical composition birth certificate” 

for each produced part. 

 

Wider applications 
 

The per-part data that this project’s approach and demonstrator generate could lead to new methods for inferring part 

properties without destructive testing or without expensive tests such as CT scans. 

 

What next? 
 

The results of this research will enable a vision for integrating Computation and Sensing Additive Materials as a new 

kind of materials additive, to provide through-life sensing within manufactured parts. 
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