
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  

 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 

   

 

Downloaded from orbit.dtu.dk on: Dec 15, 2017

Non-destructive testing of layer-to-layer fusion of a 3D print using ultrahigh resolution
optical coherence tomography

Israelsen, Niels Møller; Maria, Michael; Feuchter, Thomas; Podoleanu, Adrian; Bang, Ole

Published in:
Proceedings of SPIE

Link to article, DOI:
10.1117/12.2269807

Publication date:
2017

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Israelsen, N. M., Maria, M., Feuchter, T., Podoleanu, A., & Bang, O. (2017). Non-destructive testing of layer-to-
layer fusion of a 3D print using ultrahigh resolution optical coherence tomography. In Proceedings of SPIE (Vol.
10329). [103290I ] SPIE - International Society for Optical Engineering.  (Proceedings of S P I E - International
Society for Optical Engineering, Vol. 10329). DOI: 10.1117/12.2269807

http://dx.doi.org/10.1117/12.2269807
http://orbit.dtu.dk/en/publications/nondestructive-testing-of-layertolayer-fusion-of-a-3d-print-using-ultrahigh-resolution-optical-coherence-tomography(b71b0bc0-09e4-4f67-8c3e-86714d8245d8).html


PROCEEDINGS OF SPIE

SPIEDigitalLibrary.org/conference-proceedings-of-spie

Non-destructive testing of layer-to-
layer fusion of a 3D print using
ultrahigh resolution optical coherence
tomography
Niels M. Israelsen
Michael  Maria
Thomas  Feuchter
Adrian  Podoleanu
Ole  Bang

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 8/31/2017 Terms of Use: https://spiedigitallibrary.spie.org/ss/TermsOfUse.aspx



 

 

Non-destructive testing of layer-to-layer fusion of a 3D print 
using ultrahigh resolution optical coherence tomography 

Niels M. Israelsen1*, Michael Maria2,3, Thomas Feuchter2, Adrian Podoleanu3,  

Ole Bang1 

1DTU Fotonik, Department of Photonics Engineering, Technical University of Denmark, 
DK-2800 Kgs. Lyngby, Denmark 

2NKT Photonics A/S, Blokken 84, 3460 Birkerød, Denmark 

3Applied Optics Group, University of Kent, Canterbury CT2 7NH, UK 

*corresponding author electronic address: nikr@fotonik.dtu.dk 

ABSTRACT 
Within the last decade, 3D printing has moved from a costly approach of building mechanical items to the 
present state-of-the-art phase where access to 3D printers is now common, both in industry and in private places. 
The plastic printers are the most common type of 3D printers providing prints that are light, robust and of lower 
cost. 

The robustness of the structure printed is only maintained if each layer printed is properly fused to its previously 
printed layers. In situations where the printed component has to accomplish a key mechanical role there is a need 
to characterize its mechanical strength. This may only be revealed by in-depth testing in order to discover 
unwanted air-gaps in the structure. 

Optical coherence tomography (OCT) is an in-depth imaging method, that is sensitive to variations in the 
refractive index and therefore can resolve with high resolution translucid samples.  

We report on volume imaging of a 3D printed block made with 100% PLA fill. By employing ultrahigh 
resolution OCT (UHR-OCT) we show that some parts of the PLA volume reveal highly scattering interfaces 
which likely correspond to transitions from one layer to another. In doing so, we document that UHR-OCT can 
act as a powerful tool that can be used in detecting fractures between layers stemming from insufficient fusion 
between printed structure layers. UHR-OCT can therefore serve as an useful assessment method of quality of 3D 
prints. 

 

INTRODUCTION 

The technology of 3D printing has evolved greatly during the past decade where prints scale from micrometer 
scale objects to macroscopic objects as large as houses. Progress in the 3D printing technology has made printers 
so affordable that they can now be purchased for in-home use. Most common are the layer-on-layer plastic 
printers which provide light, robust and lower cost prints [1, 2]. Their widespread has allowed a diversity of 
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registering the largest spectrometer signal for a given XY position, a fast but primitive reflection image was 
built.  This is seen in Fig. 5, b). In the ROI, a sub-area (green rectangle) was chosen where 10 B-scans (YZ) were 
recorded stepping X by 6.25	 m, depicted in Fig. 5,c1)-c10). In most of the images higher reflection “strings” 
are seen along the Y dimension (marked with white arrows) which we associate with insufficient fusion of two 
printed layers as marked with white arrows in Fig. 5, c1)-c10). The minimum distances we find between two 
scattering interfaces, which we define as single print layers, are seen to range between 70	μm and 100	μm in 
optical distance. This corresponds to 48	 m and 69	 m , calculated using a refractive index of  = 1.45 [9]. 
The layer height setting of 0.06	mm falls within this range. In Fig.5,d) a zoom-in of Fig. 5,c1) is provided 
highlighting the limited lateral extent of the sub-structure reflective interfaces. 

In conclusion we report imaging of a 3D printed block made with 100% PLA fill. By employing UHR-OCT we 
show that some parts of the PLA volume reveal higher scattering interfaces which likely correspond to 
transitions from one layer to another. In doing so, we document that UHR-OCT can act as a powerful tool to 
detect fractures between layers stemming from insufficient fusion between structure layers which can serve as an 
important characterization method. More work is required to connect the OCT results to the mechanical 
properties of the 3D prints. 
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