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The project is the first to investigate per-layer composition analysis integrated within nylon selective 

laser sintering (SLS) additive manufacturing in order to generate per-layer data for each produced object and thereby 

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. 

 
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 at a specific location within the volume of a  
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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. 

 
A chemical composition birth certificate for additively-manufactured parts 
 

The project aimed to understand the process by which the traditional selective laser sintering (SLS) could be 

extended with materials composition sensors and in situ data analysis.  

 

Our hypothesis going into the project was 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. 

We tested this hypothesis by creating and evaluating a composition measurement apparatus and integrating it into a 

nylon SLS 3D printer. We used this apparatus to evaluate the property variations of manufactured components of 

designs in which knowledge of the millimeter-scale composition variations will be valuable. We have carefully 

documented the customized nylon SLS system with integrated sensing that we built in the process, and we have 

made the designs, documentation, and software completely open for other researchers to build upon.  

 

The image below shows the assembly process of our first instance of the sensor-augmented SLS system. We used 

as the basis for our system a SLS platform that comes in a kit of parts. Constructing a system from scratch rather 

than using a pre-built platform allowed us to have a thorough knowledge of the operation of the system. 

 

 
 

  



The EPSRC-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. 

 

 

 

 

 
 

The images above show two examples of objects printed using our sensor-augmented nylon selective laser sintering 

testbed. The sequence of images in the third column shows the laser sintering for a single ~100μm layer as two 

torque wrenches are being manufactured. For each printed object, and for each ~100μm layer of the object during 

the additive manufacturing process, our testbed produces a set of measurements including absorption spectra of the 

nylon powder that will be used in the layer. 

 

 

 

 
 

Left:   Warp, a multi-sensor platform we developed to enable our research.  
 
Middle:  Integration of the 248-band spectrometer into the SLS system.  
 
Right:  We extended the optical path of the spectrometer to allow us to measure spectra at the powder surface 

without having to enclose the spectrometer inside the high-temperature build chamber. 
 

 

The study has shown it is possible to integrate multi-band spectrometers into nylon SLS systems by extending the 

optical path into the chamber, despite the chamber operating temperatures. It is possible to use data from multiple 

sensors (and from the spectrometers themselves) to demarcate the data stream into per-layer segments. 
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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. Our sensor-augmented SLS 

system generates per-layer composition and surface roughness information that could enable a variety of new 

research directions into machine learning for predicting aesthetic and mechanical properties of objects manufactured 

by the system.  

 

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.  Our ongoing efforts are to 

investigate how we can place sensors into the powder reservoir and into the print bed to gain even further visibility 

into the nylon SLS process.  

 

Further funding achieved 
 
Funder:  EPSRC (via MAPP hub) 

Amount:  £47k 

Project title:  Programmable In-Powder Sensors (PIPS) for Real Time Metrology and Data Analysis in Powder 

 Processes 

Timeframe:  January 2019 – August 2019  

Main result  

 
An open sensor-augmented nylon SLS system 

hardware and software (Sesame and Sesame-

tools) that is documented in enough detail for  

other researchers to replicate, and an open multi-

sensor hardware platform (Warp) that has uses 

across a variety of manufacturing research areas. 

 

The combined hardware-software system 

provides absorption spectra of the powder bed 

for each ~100μm print layer and the collection 

of sensors in the system allow it to demarcate 

the steady stream of sensor data by print layer. 

 

 

  Further findings 
  
1) It is feasible to integrate two kinds of near-

infrared spectrometers (one 248-band and    

one 6-band) inside a nylon SLS system and    

to obtain absorption spectra of the powder 

bed surface by extending the light path of the 

spectrometers  using glass optical fiber.    

 

2) Accelerometers, temperature sensors, and 

humidity sensors (attached to the SLS 

system), combined with the spectrometer, 

can be used to demarcate per-layer data 

collected. 

 


