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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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mechanical solutions to demanding scientific experiments. Examples of wide diversity of their applications can
be found in microfluidics [3], human tissue [4,5] and endoscopy [6].

When printing a structure, the robustness of the material is only maintained if each layer printed is properly
fused to its neighboring layers. Even when using the same printer, identical printing design and settings, the
performance in strength and strain of the component can vary significantly [7]. 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 can resolve with high resolution
translucid samples, sensitive to variations in the refractive index [8]. In this work we demonstrate the power of
ultrahigh resolution (UHR) - OCT for non-destructive testing (NDT) of faulty layer-to-layer print interfaces of a
test print which cannot be otherwise detected by means of surface characterization.

The OCT system is schematically depicted in Fig. 1. The system is spectrometer based, using a supercontinuum
source, SuperK Extreme from NKT Photonics, Denmark, as the light source. The source is bandpass filtered to
provide light in the range of 1000-1500 nm only, roughly matching our spectrometer detection range. The light
is guided to a 50/50 coupler and split into two paths, a sample arm (S) and a reference arm (R). Both rays
entering S and R are collimated to a beam width of 3.4 mm. In S, two galvonometer mirrors are used to scan the
beam in a raster pattern in the XY-plane of the sample. The beam is finally focused with a microscope objective.
In R the beam travels through a dispersion compensation (DC) block and is finally reflected by a plane mirror.
Reflected light from S and R mix in the coupler and the spectrum of the interfered signal is measured by a
spectrometer from Wasatch Photonics, USA (1074-1078 nm with 2048 pixels). The spectrometer operates at a
line rate of 76 kHz. An example of a measured interferogram is presented in Fig. 1, LHS.
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Figure 1: Sketch of the experimental set-up.

To characterize the axial resolution as a function of optical path difference (OPD) the reference arm mirror was
scanned within the imaging range of 2 mm with a mirror as sample reflector. In this way reflector peaks
throughout the imaging range were found collectively representing the sensitivity roll-off. This characterization
is seen in Fig. 2. By fitting Gaussian profiles to the post-processed data seen as reflector peaks, full-width-half-
maximum (FWHM) axial resolution was found as 3-5 pm within the imaging range. An increasing resolution
was seen at larger OPDs.
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Figure 2: Axial resolution and sensitivity roll-off. Data was collected for different optical path differences adjusted by
displacing the reference arm mirror whilst using another mirror as reflector in the sample arm. A zoom-in of the peak at OPD
about 100 pum is depicted in the inset.

The lateral resolution was characterized using a USAF target 1951 from Thorlabs. To build an en face image A-
scans we performed in the XY plane of the sample generating a rectangular volume scan. From this the en face
surface image of the target was extracted. An en face image of a subsection of the target is seen in Fig. 3.
Spacing between metallic bars could be recognized down to elements with bar width of ~ 6 um in group 7.
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Figure 3: En face image of a USAF target, 1951 to determine the lateral resolution. A part of group 6 and group 7 is seen in
the image. Scale bar marks 80 pm.

The 3D printer used was an Ultimaker 2 from Ultimaker, The Netherlands, with a 0.4 mm nozzle hole size using
polylactic acid (PLA) as printing material. The test sample is a 5 mm x 50 mm x 2 mm (W X L x H) print with a
layer height of 0.06 mm and 100% material fill, which means that we should expect no cavities or layer-to-layer
divisions in bulk. The sample is seen in Fig. 4.

Figure 4: 3D printed PLA block for inspection. Dimensions are designed as 5 mm % 50 mm x 2 mm (W x L X H). It has
been marked with a black dot in the center for recognition.
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Figure 5: a) 3D printed test sample mounted for inspection, red circle pointing to the ROI. b) ROI reflection image of the far
corner in XY plane seen in a), green rectangle marking the OCT scanning area. c1)-c10): OCT images recorded in steps of
6.25 pm along X. The white arrows indicate dislocation interfaces. d) A zoom-in of c1) with an arrow marking a highly

reflecting interface. The inset is a reflection profile corresponding to the vertical blue line showing variation in material
consistency.

The PLA sample was mounted on an XYZ stage with the sample surface about 7 mm away from the objective,
as seen in Fig. 5, a). As a region of interest (ROI) of the sample, a corner in the XY plane was selected. By
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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 um, 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, c¢1)-c10). The minimum distances we find between two
scattering interfaces, which we define as single print layers, are seen to range between 70 um and 100 pm in
optical distance. This corresponds to 48 um and 69 um , calculated using a refractive index of np;, = 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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