
 Three-Dimensional Printing Standard Operating Procedure 
Tools Needed 

● Computer with 3-D model slicing software (e.g., Prusa Slicer) 
● 3-D printer 
● Polylactic acid (PLA) or acrylonitrile butadiene styrene (ABS) filament 
● Sand paper or rock tumbler 
● Needle nose pliers, sprue cutters, deburring tool, and/or metal pick 

Model Access 
 The 3-D model files were created using both proprietary software, Maya (v2024.1), and the 

open-source software, Blender (v3.4), and are provided in .STL format (Figure 1) via the 3-D model 
sharing platform, www.thingiverse.com. These models were adapted from scans of live pangolins that 
were taken in June 2019 at the Carnivore and Pangolin Conservation Center in Cuc Phuong National 
Park, Vietnam, and generously shared with our team by the National Geographic Society. The following 
models were adapted from full-body pangolin scans:  

● Single-scale models (whole scale matching species-specific dimensions) 
● Cross-section of animal (from the last quarter of the animal’s trunk to the base of the tail) 
● Full body model 

 
Table 1D 
Links to Download Each 3-D Model 

Model Species Access link 

Single scale Temminck’s pangolin  
(Smutsia temminckii) 

NA 

Single scale Giant pangolin  
(Smutsia gigantea) 

NA 

Single scale Black-bellied pangolin  
(Phataginus tetradactyla) 

https://www.thingiverse.com/thing:6327616 

Single scale White-bellied pangolin  
(Phataginus tricuspis) 

https://www.thingiverse.com/thing:6327616 

Single scale Sunda pangolin  
(Manis javanica) 

NA 

Single scale Chinese pangolin  
(Manis pentadactyla) 

https://www.thingiverse.com/thing:6327616 

Single scale Indian pangolin  
(Manis crassicaudata) 

https://www.thingiverse.com/thing:6327616 

Single scale Philippine pangolin  
(Manis culionensis) 

NA 

Body cross- General pangolin model that can be https://www.thingiverse.com/thing:6327767  

https://docs.google.com/document/d/1NxRdprmaS5UJmU7uKFLqQjbjkE-xBjcDfLZTSdkj6Sk/edit?usp=sharing
http://www.thingiverse.com/
https://www.thingiverse.com/thing:6327616
https://www.thingiverse.com/thing:6327616
https://www.thingiverse.com/thing:6327616
https://www.thingiverse.com/thing:6327616
https://www.thingiverse.com/thing:6327767


section (long) rescaled as needed 

Body cross- 
section (short) 

General pangolin model that can be 
rescaled as needed 

https://www.thingiverse.com/thing:6327767  

Full body (life 
size) 

General pangolin model that can be 
rescaled as needed 

release forthcoming 

 
Figure 1D 
3-D Model Renderings of a Pangolin 

 
Note. These are 3-D models of (A) a full pangolin, (B) a pangolin cross-section (top, side, and angled 
views), and (C) individual species-specific scale model examples (from left to right: Chinese pangolin, 
white-bellied pangolin, black-bellied pangolin, Indian pangolin), view from top and below representing 
scale curvature. 
 
Model use 

Once a model’s .STL file has been downloaded, it can then be imported into a 3-D model slicing 
software to (1) make any desired modifications, (2) ‘slice’ the model, and (3) then export the final G-
code. Here the scale and position of each model may be adjusted, if desired, though it is important to 
note that models have already been developed to roughly match measurements provided in the 
scientific literature on pangolin scale dimensions (Table 2). Prusa i3 MK3S 3-D Printers (Prusa Research 

https://www.thingiverse.com/thing:6327767


by Josef Prusa, Prague, Czech Republic) and the accompanying PrusaSlicer software (v2.6.1; Prusa 
Research by Josef Prusa, 2023) were used to develop proof of concept models with 1.75 mm diameter 
PLA filament. 

 
Table 2D 
Pangolin Scale Structure and Physical Measurements by Species 

Species Length Width Thickness 

Temminck’s pangolin 
(Smutsia temminckii) 

unknown  unknown  unknown  

Giant pangolin  
(Smutsia gigantea) 

unknown  unknown  unknown (though noted to be very thick) 

Black-bellied pangolin 
(Phataginus tetradactyla) 

67 mm1 50 mm1 unknown (though noted to be thicker/ harder 
than white-bellied pangolin scales) 

White-bellied pangolin 
(Phataginus tricuspis) 

40-47 mm2,3 18-26 mm2,3 1.5 mm2 

Sunda pangolin  
(Manis javanica) 

unknown  unknown  unknown  

Chinese pangolin  
(Manis pentadactyla) 

20-40 mm2 10-30 mm2 0.4–3 mm2 

Indian pangolin  
(Manis crassicaudata) 

70 mm4 85 mm4 unknown  

Philippine pangolin  
(Manis culionensis) 

unknown  unknown  unknown  

Gudehus et al., 2020;1 Wang et al., 2016;2 Jansen et al., 2020;3 Mahmood et al., 2020.4 
 
When 3-D printing, it is important to note that settings such as infill and layer height have the 

potential to significantly impact overall print time. For individual scale models, we recommend printing 
with an infill of 30% with a maximum layer height of 0.10 mm. Infill should generally be set to a value 
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between 10 and 15% for both cross-section and full body models. These models should also have a layer 
height of either 0.10 or 0.20 mm. A layer height of 0.10 will better preserve details in the surface and 
curvature of the scales, however it will increase print time notably. A layer height of 0.20 mm will have a 
faster print time while still preserving a majority of model detail.  The use of supports (specifically, 
‘supports on the build plate’; Figure 2), which can provide extra stability to portions of the model that do 
not rest flatly against the modeling surface and/or do not have any structure beneath them otherwise, 
are also highly recommended for all models, with the exception of cross-sections, to preserve their 
structural integrity during printing. For cross-sections, we recommend turning the model 90° and placing 
it body-side down (i.e., the positioning in the farthest right photo in Figure __B, main text) for printing 
this model, and we recommend ‘organic’ supports on the build plate (as opposed to ‘grid’ supports on 
the build plate) if possible. 

 
Figure 2D  
3-D Printed Pangolin Scale 

 
Note. 3-D printed pangolin scale (left) and the supports that were printed below it (right) 

 
When printing cross-section or full body models, we recommend printing them as close to true 

biological size as possible. The detail of the scales in these models becomes too fine-scale for 3-D 
printing technology to handle effectively as the scale of these models is reduced. Once all print settings 
have been defined, ‘slice’ the model using your preferred model slicing software (e.g., PrusaSlicer) and 
export the G-code. This G-code document will be the document loaded onto the 3-D printer. While all 
proof of concept models printed here were created using PLA, ABS is also appropriate to represent the 
mechanical properties of a pangolin scale. Printer temperature was set to 215°C (nozzle) and 60°C (bed) 
for all models. 
Model post-processing 

Once a model has been printed, it may have imperfections that need to be addressed prior to 
use. These imperfections may include supports that need to be removed, jagged edges that require 
smoothing, or separately printed items that need to be attached. At this stage, there are four key post-
processing steps to consider: 

1. Removing supports - If included in your model, supports may be removed using needle nose 
pliers (for larger portions), sprue cutters (for smaller portions), and a deburring tool or metal 
pick (for popping/prying portions away from the model). It is important to use caution and work 
slowly when removing supports to ensure you do not damage the model or injure yourself. 



2. Sanding/tumbling - For models with jagged edges, you can either manually sand the model or, 
for small 3-D printed items such as individual scales, rock tumbling can be used in batches to 
increase time efficiency. Sanding is generally the most cost-effective, but also most time-
consuming, approach. For sanding, it is generally recommended to begin with a coarse grit 
sandpaper (150–400) and then follow it with multiple finer grits (maximum 2000), moving in 
circular motions while applying even pressure. Rock tumblers are becoming increasingly 
affordable for small-scale use (between $40 and $60 USD for an at-home tumbler kit), however, 
in the context of these models this will only be applicable to individual scales. Cross section and 
full body models will likely only be amenable to manual sanding, if any post processing is 
required. 

3. Combining pieces - There are two common approaches to combining multiple 3-D printed items 
that are components of a larger, single model: (1) welding and (2) gluing. Welding is appropriate 
for models created using ABS filament, while gluing is appropriate for models created using PLA. 

4. Polishing - Final models can be polished using a microfiber cloth and a plastic polisher. If 
desired, you may also use a Dremel tool to polish the final model. 

 
Once post-processing is complete, the final models should be ready for use in a training or 

device design setting.  
 


