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OBJECTIVE 

Most modern 3-D CAD software programs allow a user to design an object 
and then save it into some other format. For Rapid Prototyping and 

Manufacturing the most frequently used format is the stl file (.stl). It is 
important for the designer to take certain steps within the CAD program to 

ensure a successful stl conversion in order to build an acceptable part. 
 

This manual will summarize several points to consider when preparing a CAD 
model for 3-D output on some device. 

 
1.1 Definition of a stl file 

1.2 Faceting and Smoothness 
1.3 Wall Thickness 

1.4 Multiple Shells  
1.5 Inverted Normals, Edges and Surfaces 

1.6 Conclusion 

 
 

1.1 DEFINITION OF A STL FILE 
A stl file is the native file format for most rapid prototyping systems.  The 

STL file format make an approximation of the surfaces of a solid objet or a 
scanned part using triangles. 

 
Every surface can be approximated with a few as one triangle to several 

thousand triangles. 
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1.2 SETTING FACETING AND SMOOTHNESS 

A model that is designed to have smooth surfaces should be checked for 
overall smoothness during the design process. Certain geometries, 

particularly spherical and conical shapes can exhibit faceting which will be 
translated to the stl file and show up in the final build. 

 
The smoothness of a model can be adjusted within a CAD program by 

different means. Some programs use a combination of angle, deviation and 
chord height to adjust smoothness and other programs use tolerance, with a 

higher tolerance producing a smoother model. 
 

Here are some examples of various settings for smoothness on a round 
spherical object. 

 
Course Faceting (poor smoothness) 

 
FILE SIZE: 22 KB 

 

Finer Faceting (medium smoothness) 

 
FILE SIZE: 233 KB 

 

 
 

Here is an example of a slightly smoother 

model.  The tolerance has been increase by a 

factor of 10 and the number of flat areas used 

to represent this sphere has increase. The file 
size has also increased.  

This example of course faceting shows that 

there are large flat areas comprised of only 

two or three triangles. These flat areas will 
translate to the stl file and the final print.  
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Finest Faceting (high smoothness) 

 
FILE SIZE: 4 MB 

 
IT IS IMPORTANT TO FIND A GOOD BALANCE BETWEEN SMOOTHNESS FOR 

THE PART APPLICATION AND FILE SIZE FOR HANDLING. 
 

 
1.3 WALL THICKNESS 

It is important to design parts within the process capabilities of the system 

or systems to be used. The ProJet 1500 and 3500 3D Printers are capable of 
producing extremely small features and details and incredibly thin walled 

geometries.  The stated limitation for the ProJet 1000/1500 is a vertical wall 
thickness down to 0.025” (25mm). The stated limitation for the ProJet 3500 

is a vertical wall thickness down to 0.025” (25mm). However depending on 
surrounding features the system can successfully exceed that limit and 

produce a cleaned part with outstanding fine feature detail. 
 Consideration must be taken when designing thin walled geometries to 

ensure the entire part is able to undergo post processing without damage.  
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

This is an extreme example of smoothness. 

The flat areas and their triangles look like a 

fine mesh around the surface of the part. Bear 

in mind that the file size gets considerably 
larger as you increase the smoothness. 
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Screenshot showing Wall Thickness 

 
In the image above shows a measurement on a thin walled section of the geometry. This 

section measures a thickness of 0.0208 inches. While this measurement is outside the 

gidenlines of the machine’s limitations, the surrounding geometry helps sure up the feature 

for a successful build. 

 

1.4 FILES WITH MULTIPLE SHELLS 
Producing models with multiple shells can be simple for some 3D printers 

and more difficult for others. The support generation algorithims for the 
ProJet 3500 are quite different and more forgiving of parts with multiple 

shells. The software generally still treats the part as one shell and supports it 
accordingly. The ProJet 1500 software would view each shell as a separate 

part and may add excessive supports that are unnecessary. 
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The geometry shown above has 114 shells. As shown in the figure, there are 
also noise shells which are typically like shrapnel – small fragments of 

triangles and small planes. These can normally be removed during file repair. 
A good practice is to perform a Shell to Parts operation which will create a 

separate file for each of the shells. Then perform a Boolean Unite operation 
to create a 1 shell part. 

 
1.5 INVERTED NORMALS, EDGES AND SURFACES 

One of the fundamental file requirements for 3D Printing is being “Water-
Tight”, meaning the file has no missing surfaces, bad edges or holes. Most 

CAD design programs like SoldWorks, Inventor and ProE produce clean, 
water-tight stl files consistently. Other CAD programs whose design is based 

on surfaces or data from a 3D scan may not produce a water-tight stl file. 

The ProJet 3D Printers will handle “messy” files in different ways but the 
result could still be a printed part with quality issues. 

 
 

 
 

 
 

 
 

 
 

 
 

 

 



3D Systems, Personal and Professional Printers Line 
10/10/2012 

Example of file with many problems 

 
 
 
Example of file with inverted normal. On this file the inverted normals are 

denoted by the red areas. 
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Example of file with bad edges and a missing surface. On this cylinder the 

top surface was deleted creating a number of bad edges and planar hole 
(missing surface). 

 
 
 

 
 

It may be necessary to use some 3rd party file repair program to make sure 
files are ready to 3D printing. Some programs that are known for their file 

repair features are Magics by Materialise 
(http://software.materialise.com/magics-0) and Netfabb Studio 

(http://www.netfabb.com). 
 

 
CONCLUSION 

3D Systems’ 3D Printers produce extremely high quality models and 

patterns when good CAD data is used. The technologies and printing 
processes are robust enough to handle minor imperfections, but designers 

should strive to start with the very best data possible to ensure a perfect 
print. 


