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About This Guide

£z stratasys

The purpose of this document is to provide information about the STL files, tools for creating
STL files that are optimized for additive manufacture, while taking advantage of Stratasys color
and multi- material capabilities.

This guide covers the following main topics:

* Whatis an STL file?

¢ How to create an STL files

¢ How to optimize and fix STL files

« Specific applications/features (2D to 3D file creation, VRML, OBJ)

This guide will discuss the workflow, settings and functions in general, and specifically for the

Dassault Systémes SolidWorks® and Materialise® Magics® (V23.0) software packages. These
operations can be performed with other software packages, too. Please get in touch with your
Stratasys representative for further information and support.
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STLs and 3D Printing

This section covers the following topics:

e Overview

e STL Settings

e STL Output Types

e Exporting Multi-Part STLs

¢ Using SolidWorks for STL Generation

Overview (Standard Triangulation / Tessellation Language)

A Computer Aided Design (CAD) system is a combination of hardware and software that
enables engineers and architects to design everything from furniture to airplanes. For additive
manufacture native CAD files cannot be read by the 3D printer, and the designed models need
to be saved as STL (STereoLithography) file. This file type describes only the surface geometry
of a three dimensional object with triangulated surfaces. This file type does not store
information relating to texture or color.

The number and size of the triangles determine how accurately curved surfaces are printed.
The more complex the surface, the more triangles produced.

For best results, it is recommended that the features of a design have a minimum feature detalil

of 0.6 mm. Using Pon.JetTM technology you can achieve fine detail parts down to 0.1mm /
0.2mm, however, depending on the specific geometry they may be very fragile, resulting in
handling or post processing issues. Additionally, care and special consideration needs to be
made to part orientation while printing (see Best Practice Guides).

Models containing holes or gaps adversely affect quality when printed. Therefore, it is
recommended that you perform a geometry check of the STL files before continuing. This
should be performed with a third party STL fixing software package, such as Materialise
Magics. If there is a problem with the STL model the software attempts to fix the geometry.
Alternatively, GrabCAD Print™ attempts to automatically fix the STL model geometry. Take
special care when using the automatic fix operation in GrabCAD Print, as the algorithm can
make changes to the model that may result in a model that deviates from design intent.

When printing in 3D, ensure that the model is watertight before saving it as an STL file. A
watertight model is a closed, defined volume. (It is much harder to fix STL files than native CAD
files.)

STL Settings

When STL files are created, there are a range of parameters that need to be considered.

Resolution

The quality of the printed part is defined by the density of the triangle mesh. The main goal is to
achieve a balance between file size and a fully-defined model with smooth curved geometries,
But, the more triangles the larger the file size.

<x stratasys © Copyright 2018-2019 Stratasys. All rights reserved. Page 5
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For a simple model such as a box, surfaces can be approximated with twelve triangles.

The more complex the surface, the more triangles produced.

A mesh resolution of 0.005 millimeters generally produces a good quality STL file. (A resolution
of 0.001lmm may be suitable for certain geometries to ensure that high accuracy and design
intent is captured). Reducing mesh resolution below this does not necessarily mean that model
accuracy is improved.

It is recommended that:

t e you create large parts or highly detailed parts with a higher resolution than small
parts.

¢ designs that have many contours or curved surfaces need a higher resolution
than flat, geometric surfaces.

« the resolution of the part should be double the resolution of the printer. These
settings may not be achievable with all CAD software packages.

t stratasys © Copyright 2018-2019 Stratasys. All rights reserved. Page 6
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If the STL model appears coarse and faceted on screen, you will see it in the finished model.
The printed part will not print any better or smoother than the STL.

File translated with coarse tolerance File translated with fine tolerance

If the facets are clearly visible on screen, then the printed models will also be faceted.

Angular Tolerance & Chord Tolerance/Deviation

When exporting a CAD model to STL, the number and size of the triangles can be controlled by
adjusting the appropriate parameters. These settings have a major effect on the quality of the
STL output with regard to replicating the design intent accurately.

¢ Chord Tolerance/Deviation—

This parameter specifies the maximum distance between a chord and the part's surface
(see figure below). It controls the degree of tessellation of the model surface. A smaller
chord height, will result in a more accurate curvature of the surface, but a larger file.

e Angular Tolerance—

This parameter regulates how much additional tessellation occurs along surfaces with
small radii. The smaller the radii, the more triangles are used.

t stratasys © Copyright 2018-2019 Stratasys. All rights reserved. Page 7
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STL circle is approximated to a polygon

Actual circle designed in CAD

) Resolution (Angular Tolerance)

-

\

Chordal tolerance or deviation from CAD design

These settings control the maximum distance allowed between the edge of a facet and the
actual surface of the designed CAD model.

The effect of changing the chord deviation parameter during STL generation is shown in below.

————— Low chord deviation = 0.00855126 mm
File size: 117 KB

—— High chord deviation = 0.2052303 mm
File size: 1,114 KB
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STL Output Types

There are two storage formats for STL files:

Binary (recommended)—

A computer-readable file (non-text file). Each character position can hold any one of 256
different binary codes.

ASCIl—

A human-readable text file. The large size of its file makes it impractical and errors may
occur when working with assemblies.

Exporting Multi-Part STLs

Assemblies and Tolerances

If an assembly of parts is designed so that its solid bodies are distinct parts, the model will
be separable into its components (shells) when saved in STL format.

The 3D-printing preparation software (such as, GrabCAD Print) contains a full range of
tools for printing Mixed Parts (models whose parts are printed using more than one Model
material). This is applicable for PolyJet only.

Tolerance Between Moving Parts

When building an assembly, make sure there is proper clearance between mating parts to
prevent them from fusing together.

& stratasys

PolyJet—a clearance of 0.25 mm

FDM—

e Z axis = a minimum clearance of slice thickness

e X-and-Y axes = at least the default extrusion width (that is, tip size)

Tolerance

—
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Additionally, the minimum clearance needed for mating parts when not producing the
components fully assembled is:

¢ PolyJet—0.1-0.15 mm

« FDM—The clearance is equal to the tolerance of the printer on which that the parts are
printed. For example, when building a 127 mm (5 in) front and back housing on the Fortus
400mc, the minimum clearance needed for an interlocking feature is 0.25 mm (0.01 in)
between mating surfaces.

Multi-Material/Color Capabilities

Using PolyJet technology, models can be printed from different Model materials and a wide
range of colors (on certain printer models). To make this possible, each component must be a
separate STL file. This is achieved by designing the part in CAD as separate bodies or shells
and exporting them as individual shells or STL files. Then, these are loaded into the printer
software as an assembly, or separated into shells with the printer software, where the material
and color selection will be applied.

In the following example, a multi-material model has been designed in CAD.

Grip—over-molded,
made of flexible material

Handle—made of rigid
plastic

<x stratasys © Copyright 2018-2019 Stratasys. All rights reserved. Page 10
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When this model is converted to STL, only one shell exists. To print the part using
multi-materials, you need to perform extensive STL processing.

e EEEN ARG = - HLELE & Vpbr g Wz 111 boasebrgt oo oty .

n e Ve ————— o sl Cs
ffﬂrﬂ W ag\ wl.gs W I--"@‘\*, B Tom

- it b s B e o G ] |ty ko M o,

ARG RRLWERBEL RWAZRD AL XA ADAS ABAR =~ -

[epra e

The part should be designed using multi-body CAD modeling, where each solid body in the
model is converted to different shells or STL files.
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In this way, six shells or STL files are formed enabling the assignment of different materials in
the printer software.
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Using SolidWorks for STL Generation

SolidWorks supports the saving of model designs in STL format, at all levels of design, for both
individual parts and assemblies, including the ability to save a multi-bodied model as a single
STL.

To generate an STL file in SolidWorks:
1. Inthe File menu, select Save as.
2. From the Save as type drop-down list, select STL (*.stl).

Save As ®
4 |« MYFILES > CADFILES » Kiosk » v & | Search Kiosk p
Organize »  New folder =~ @
B This pC Name - Type Sin ™
[ Desktop jog dial File folder
I_J Documents : button game_NE_Texture_try
& Downloads T jerry final 2 kinda fixed
T jerry final kinda fixed
b Music -
© jerry final
&= Pictures. - .
© jerry trial
B video: T jemyusb
i Windows (C) T phene holder vz .
¢ logistics (Wildld » ¢ T T T o = >

File name: | FEOERST 1) v

Save as type: |STL (".stl) v

Description: Add a description

A Hide Folders Cancel

$ stratasys © Copyright 2018-2019 Stratasys. All rights reserved. Page 12



Best Practices File Preparation for 3D Printing with FDM and PolyJet

3. Click Options.

4. Inthe Output as area, select Binary.

d Saving the file as binary, will result in a smaller size file that is quicker to process
3 in downstream applications.

Export Optiars x

File Format £33 Searcn Optians

IGES 5.3 Qutputas
sTen @ Binay O as Unit: [ Millimeters ]
ACES

Pasasolid Resolution

VANL Oicoarse Desatien

IFC Ofine i
B @ custom Talerance: [Q0ig76timm |
VDA

T FED/IFGIPNG Angle

EDRW/EPRI/EASM '

PoF [l 5how STLinfo before fde saving  Tolerance: | 7.05333333deq
[

[C10 ot transisse ST putpat mata to positie space

[CDsave

mponents of an assembyy in 3 singie file

T Owwstsrste e [CammEs Y]
Cangel Help
5. In the Resolution section, select the appropriate option.

If you select Custom, you can manually adjust the Deviation and Angle settings, as
needed. These settings affect the tessellation of non-planar surfaces, as follows:

« Lower Deviation settings result in finer tessellation.

« Lower Angle settings result in greater accuracy, noticeable in small details.

£ As a rule, the higher the resolution, the larger the size of the file, and the longer
; it takes to generate.
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X

Expert Opiians

File Farmat £53 Sessch Options Q

IGES 5.3 Dutput as

5TERD ®Biney  (Dasci unit: | Millimeters v

ACE

Pansalid Resolutian

VAML () coarse Deviation

IFC O Fine ks
® custom Tolersnce: [ 001676483 mm

VDA

THF/PED/IPGIPNG Angle

EDRW/EPRT/EASM v

POF [ Show STL info before fie taring  Tolerance: [7.083333330e0
[ereview

t data to positive space

assembty in 2 single file

et Output coormnate systes:c | - default - ~|

6. Make sure that the following check boxes are not selected:
« Do not translate STL output data to positive space

This ensures that the parts maintain their original position in global space, relative to
the origin.

e Save all components of an assembly in a single file
This ensures that each component is saved as a separate STL file.

g This check box is not relevant when saving multi-bodied models, since the
$ model is saved as single STL file with multiple shells.

Click OK.
In the Save As dialog box, click Save.
In the confirmation message, click Yes.

SOLIDWORKS >

| Triangles: 101984
. File Size: 5099284 (Bytes)
File Format: Binary

Save C:\USERS\NAFTALILEDER\MY FILES\MY
FILES\CAD FILES\KIOSK\GAME CONTROLLER.STL?

| Yes | No
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Manipulating Meshes

This section covers the following topics:

e Overview

e Common Errors in CAD to STL Conversion
< Additional Tools and Techniques

Overview

While all CAD software allows you to create of STL files, this process does not always
generate a printable file. These files may require additional actions to improve the quality of the
STL file and ensure that it is ready for printing.

With STL manipulation software you can:
e Analyze the STL model and check for errors.
e Fix the models in order to produce watertight models.

« Perform several simple actions to change the model, such as sectioning the model to fit
onto multiple build trays, adding labels onto the model, and other pre-print preparations.

This section describes the STL manipulation using Materialise Magics software,
# however, the workflow and functions are compatible with other STL manipulation
' software.

Common Problems and Fixes in CAD to STL Conversion

Often, when generating STL files, you have errors that require fixing before editing. The most

common error is that the model is not watertight, because some CAD software fails to close all
surface sets when translating CAD data into STL files. This leads to a damaged STL file and a
model with holes, gaps, inverted parts, etc.

Using the Auto Fix tool is not recommended because it does not allow you to specify
# the parameters for the fixing operations and adversely affect the desired geometry.

The following common errors and fixes are covered in this section:
¢ Inverted Normal/Flip Triangles

e Zero Thickness

« Bad Edges

e Overlapping Shells & Offset/Noise Shells

« Non-Manifold Objects

« Boolean Operations

2 stratasys © Copyright 2018-2019 Stratasys. All rights reserved. Page 15



Best Practices File Preparation for 3D Printing with FDM and PolyJet

Inverted Normals/Flip Triangles

Error In addition to the STL creation parameters discussed at the beginning of this document, when
Description editing or fixing the generated STL file the direction of the triangle must be taken into
consideration. Since we are dealing with 3 dimensional shapes, the data stored for each
triangle is the xyz for the three corners and the direction it faces. This direction is expressed by
the normal of the triangle. (The outward direction is represented by the normal.)

Z Z
Y Y
g x
The two triangles above, though they are identical, are facing in opposite directions. If the

direction for all or part of the model is incorrect it can cause problems for the printer to identify
a model as watertight or which surfaces to apply the appropriate material or color.

As shown below an inverted normal is a triangle or group of triangles, whose normals do not
create a solid body, or are not consistent with adjacent triangles.

In Materialise Magics, surfaces colored gray represent the outward facing triangles and the
inward facing triangles are colored red,

v v

Before fixing After fixing

% stratasys © Copyright 2018-2019 Stratasys. All rights reserved. Page 16
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Solution Follow these steps to use the fix the normals:
1. Open the Fix Wizard tool.

c ® ¥ PO

hutoFix ShrinkWrap = Mormals Automatic Holes
Part Fix Stitching Fix
Automatic Fixing

TEXTURE POSITION BUILI

! Fix Wizard (Ctrl+F)

Open the Fix Wizard to help you repair all errors
in the selected part(s).

2. In the Diagnostics tab, click Update to bring the diagnostics up to date, and to verify if
further fixing is required.

d Fix Wizard (Part: amber A full) > Diagnostics — X

/ Diagnostics CurrentPart | amber A full v | Piext
5 Combined Fix
— Advice
[ g Normals
[ stitching
i Noise Shells

GHDES /
Diagnostics

Go to the 'Combined Fix' page for an initial fixing that will solve most common problems.

@ Triangles
T]iOvErlaps [“Full Analysis
GShEIIS ¥ 26302 inverted normals detected
- i ¥ 240 bad edges detected
£l Profiles X s8 bad contours detected
X 67 near bad edges detected
X 38 planar holes detected

M 2441 shells detected

¥ 1179 possible noise shells detected
» 59187 overlapping triangles detected
\ 2 144333 intersecting triangles detected

L 3 Follow Advice Close Help

3. Run the Normals Fix tool to fix the normals.
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& stratasys

4. When the done, in the Fix Wizard, Diagnostics section, click Update to update the
diagnostics and to view the results.

o Fix Wizard (Part: amber A full) > Diagnostics - x

42 Diagnostics BrmEmirER ‘EmbElAfull | [ Next
(5l Combined Fix

- Advice
(g Normals
o Go to the 'Stitching' page to correct the near bad edges.
Qﬁ Stitching
" Noise Shells
i Holes ( \
. D i
@Tﬂangles L
\ﬁo\‘.e”aps [~ Full Analysis
L?Shells V o inverted normals detected
¥ 795 bad edges detected
El profiles X 173 bad contours detected
¥ o1 near bad edges detected
X 96 planar holes detected

3 2429  shells detected
¥ 1174 possible noise shells detected
. x 59266 overlapping triangles detected

K. [] X 144333 intersecting triangles detected J

p Update

‘ﬂ. Follow Advice H Close H Help |

5. Close the Fix Wizard tool.
If there are still problem areas:

1. Select the affected triangles individually (and a margin of surrounding triangles).

FILE TOOLS FIx TEXTURE

Fix  AutoFix Shrinkwrap = MNorme
Wizard Part Fix

Automatic Fixing
O PLY LS

For the inverted normals the visible red surface is showing.
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2. Press Delete on the keyboard to delete the selected triangles.

3. Select the Noise Shells tool to remove any floating triangles.

D PREPARATIOM AMALYZE 8 REPORT VIEW

‘ Unify & Filter Sharp

Shells To Parts Remove Ide
Remove Small Parts Detect Ovel

Semi-automatic fixing

Noise Shells (Shift+I)

Q‘ﬂ Automatically remove noise shells from the

selected part(s).

4. Select the Holes Fix tool to automatically fix holes.

BUILD PREPARATION AMALY

Unify

Shells To Pa
Remove Sm

Semi-automati

Holes Fix (Shift+H)

Automatically fix holes
on the selected part(s).

5. Select the Fix Wizard tool and click Update to view the updated diagnostics.
6. Perform any additional fixing, if necessary.
7. Close the Fix Wizard tool.
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Zero Thickness

Error Sometimes, a modeled CAD body is represented as a surface with no volume. Models that are

Description printed in 3D must have a volume that is larger than zero.

For example, the part shown below is a sheet of material, which has no volume, even though it

is a three dimensional form.

H __-_‘_'_'-‘—h-.
For the file to be printable it must have a volume. A minimum of 0.6 mm thickness is
recommended.
Solution Use one of the following tools to fix the thickness:

* Surface to Solid tool—
a. From the Tools ribbon, select Surface to Solid.

i Surface to Solid

Q@ Generates a solid part

from a surface.

b. When the dialog box appears, select the Offset based tab.

<x stratasys © Copyright 2018-2019 Stratasys. All rights reserved.
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c. Set the Shell Thickness—

*« Offset Part tool—

For PolyJet, set the thickness to at least 0.6 mm.

For FDM, the thickness depends on the slice thickness that will be used to build the

part. The thickness of vertical walls should be twice the slice thickness (4 or more
times will produce stronger walls).

Surface To Salid =

Offset based |Block based

Shell Thickness (w)

Detadl Size 0. 100 mm

For this operation you will need ~194.9 M@ of memary

R | advanced options

[ Remave noise shels [ apply Triangla Reductian for new surface

[] apply Filter Sharp Trianghes on onginal surface
Max width Fiter | 0010 mn 10.000
Max Anghe 5000

[] Clase hole(s) sutomaically

Stroight edge -

() XN

a. From the Tools ribbon, select Offset.

F@® H D

— hMerge Boolean Shells Label
< Milling Offset Parts To Parts -

Merge & Boolean G

Offset

> Offset the selected part(s) or marked area(s)
t according to the normals’ direction.

b. When the dialog box appears, select the Global tab.
c. Select the direction for the offset.

& stratasys
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The modified part shown below is printable, because it has a positive volume.

& stratasys

d. Set the offset thickness.

e. Click Apply.

© Copyright 2018-2019 Stratasys. All rights reserved.
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& Offset Part

Global Local

Offset

X

¥

z

Uniform offset

Direction ) Inside

(® Qutside

[] Create thickness

Comn ) e |
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Bad Edges

Error Printable models must be watertight. All the triangles must be connected to their neighboring
Description triangles, with no gaps. Gaps between triangles are referred to as Bad Edges.

There are two types of bad edges:

e Near Bad Edges—
Edges of triangles that are very close (but not connected) to a neighbor triangle.

In the figure below the eyelids are very close to the eye, but they are not connected.

Near bad edges
before repair

To fix the near bad edges, you use stitching, which is determined by the Stitching Tolerance
value.

After stitching

Before stitching
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Near bad edges
after repair

¢ Real Bad Edges—
These typically enclose a hole in a shape (planar or spacial) and have an open contour.

The part shown below has a missing triangles; a real bad edge. As a result, the part has a
zero thickness, which is not printable.

Solution Use the following tools to fix the real or near bad edges:

e Stitching for near bad edges—
a. From the Fix ribbon, select Automatic Stitching.

P\es &
£

. . Shells To Parts
Automatic fHoles Maise
itchil Shells Remove Small Parts

Fix

Semi-automatic fixing

| Automatic Stitching (Shift+C)

Automatically stitch near edges on the selected
part(s).
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b. Run the Fix Wizard diagnostic tool to verify that the automatic stitching succeeded.

+ Fix Wizard (Part: amber A full) > Diagnostics - X
42 Diagnostics CurrentPart amber A full > | Next
(3 Combined Fix
. Advice
[ Normals
- . Go to the 'Stitching' page to correct the near bad edges.
(3 Stitching
5§ Noise Shells
ﬁ Holes

N Di ti
@Tﬂangles B
ifi Overlaps [~] Full Analysis
Ki Shells V 0 inverted normals detected

¥ 795 bad edges detected

] Profiles

X 2429
X 174

3 59266 overlapping triangles detected

> 144333 intersecting triangles detected

shells detected

possible noise shells detected

,}3 Update

=] Follow Advice Close Help

If the automatic stitching does not fix all the near bad edges, use manual stitching,
as follows:

c. Inthe right pane, Fix Pages section, increase the tolerance to cover wider surface
gaps.

W Fix Pages =

Autofix Basic Hole

Triangle Shell

Overlap Paoint

Automatic normal fixing
Manual normal fixing
Invert marked Invert triangle

Invert shell Invert part

Automatic stitching

Manual stitching

‘ Tolerance: 0.025 :)\m

Iteration: 4 -

Estimate

Stitch

d. Run the Fix Wizard diagnostic tool to verify that the automatic stitching succeeded.
e. Repeat the manual stitching operation until the near bad edges are resolved.

In cases of very severe bad edge, you can delete the triangles in the affected area
and perform a Fill Hole operation with bridge section, as described below.

& stratasys
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e Creating a thickness for real bad edges—

If the missing face is part of the design intent, you need to create thickness. You can fix this
by using the Offset or the Surface to Solid tools (see “Solution” on page 20).

e

Without thickness Thickness added
e Filling the holes for real bad edges—

If there are missing triangles in the model and the missing face ia not the design intent—
that is, it needs to be closed, not thickened as shown above—close the hole by adding
triangles. Once the hole is closed, the box is watertight and has a positive volume, making

it suitable for printing.

Missing face Closed face
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Materialise Magics can only automatically recognize planar holes. This means holes that
are mostly along the same plane. Holes which follow more complicated contours will not be
recognized and will be shown as a bad contour.

Planar hole Bad contour

a. From the Fix ribbon, select Holes Fix.

ﬁ ’Um’ﬁ.r

Shells To Pa
Moise
Shells Remove 5m
Semi-automati
' Holes Fix (Shift+H) |

Automatically fix holes
on the selected part(s).
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b. Run the Fix Wizard diagnostic tool to verify that the automatic stitching succeeded.

ix Wizard (Part: amber A full) > Diagnostics -
o Fix Wizard (Part: amber A full) > D ti X
A2 Diagnostics CurrentPart | amber A full ~| [ Next
£ Combined Fix

. Advice

[Jg Normals

i Stitchi Go to the 'Stitching' page to correct the near bad edges.

\§ Stitching

58 Noise Shells

G Holes

. Di ti

@Tﬂangles lagnostics

ﬁfi Overlaps [“]Full Analysis

ki Shells V L] inverted normals detected

X 795 bad edges detected
= 173 ad contours detecte
=] Profiles X bad 4 "
¥ 0 near bad edges detected

‘ X 96 planar holes detected >
[#] X 2420  chells detected

¥ 1174 possible noise shells detected
3 59266 overlapping triangles detected
3 144333 intersecting triangles detected

,,C Update

=] Follow Advice Close Help

Fixing bad contour and other types of holes:

Bad contour and other types of holes may not be resolved using the Holes Fix tool. To
resolve them, you need to identify the type of hole, and then, apply the appropriate hole
filling solution.

There are five hole filling methods that can be applied:

e Planar Hole Filling—
This method fills holes with one flat surface.

0Y

X\mlj
To fix the holes using the Planar method:

i. Inthe right pane, Fix Pages section, display the Holes tab.
ii. From the Manual Hole Fill section, select Planar.
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iii. Click Fill Hole Mode.

¥ Fix Pages o
Autofix Bas@ngle Shell Cverlap Faint

[ Automatic hole filling

—Manual hole filling

Mark new "~
Flanar
[7] Treat as ofe voeue
| Mark contours J |_ Fill marked |
e———— e
[ C_ Fillholemode ) |
N— ——

| Create bridge |

iv. Using the mouse cursor, click the outside edge of the hole. The hole is
automatically filled.

* Ruled Hole Filling—
This method lets you indicate the direction of the plane the hole operation will follow.
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To fix the holes using the Ruled method:

i. Inthe right pane, Fix Pages section, display the Holes tab.

i. From the Manual Hole Fill section, select Ruled.

ii. Select the plane on which you want the operation to be performed.

iii. Click Fill Hole Mode.

¥ Fix Pages

Autofix Basicq Haole aangle Shell Overlap Paoint

Automatic hole filling

—Manual hole filling

Methad

% [1.00 S omm [ xans |

v [0.00 Somm [ vaxs |

z [o000 Somm [ zaws |

Mark new triangles

[ Mark contours | Fill marked

[ < Fill hole mode >

| Create bridge

iv. Using the mouse cursor, click the outside edge of the hole. The hole is

automatically filled.

Freeform Hole Filling—

This method follows the surface around the hole. A smooth surface will be generated to

fill up the hole.

© Copyright 2018-2019 Stratasys. All rights reserved.
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To fix the holes using the Freeform method:

In the right pane, Fix Pages section, display the Holes tab.

From the Manual Hole Fill section, select Freeform.

- Select the Automatic option for an average polygon size generated mesh.

- Select the Grid Size option to specify the mesh size.

When using the grid size selection, it is recommended to enable the Tangent
t option This feature ensures that the generated surface hole fits perfectly on

the surrounding triangles.

Select the plane on which you want the operation to be performed.

Click Fill Hole Mode.

¥ Fix Pages

Autofix Basic( Haole TE) ngle Shell Overlap Paoint

Automatic hole filling

Method

—Manual hole filling

(®) Automatic & Frectorm |Medium T |

(L Grid size P [1.000 2] mm
Tangent

Mark new triangles

[] Treat as one hole

| Mark contours | | Fill marked |

| Q hole mSD |

Create bridge
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iv. Using the mouse cursor, click the outside edge of the hole. The hole is
automatically filled.

Hole fix without Tangent selected Hole fix with Tangent selected

e Multiple Contour Hole Filling—

To fix the holes using the Multiple Contour method:

i. In the right pane, Fix Pages section, display the Holes tab.
i. From the Manual Hole Fill section, select Planar.

ii. Selectthe Treat As One Hole check box.

ii. Click Mark Contours.

iv. Using the mouse cursor, select the edges of the hole that need filling.
Click once on each profile/contour edge.
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v. Click Fill Hole Mode.

¥ Fix Pages -

Autofix Basic riangle Shell Overlap Point

| Autamatic hale filling

—Manual hole filling

@ Y@

Mark new triangles

[« Treat as one hole

E Mark contours\ | | Fill marked |
S — I
| C Fillhole mode |

| Create bridge |

vi. Click Fill Marked Contours.

¥ Fix Pages -

Autofic Basic Hole Triangle Shell Overlap Paint

[ Automatic hole filling

—Manual hole filling

vons 8] 6@

Mark new triangles

Treat as one hole

| Mark contours | | ( Fill marked ) |
g -

[ Fill hole mode |

| Create bridge |

The hole is automatically filled.

vii. Repeat these steps for all applicable holes.
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Bridge Aided Hole Filling—
Sometimes, the automatic hole filling operation does not close the holes properly. To
resolve this, you need to make the hole more defined. This is done by creating a bridge
(or a series of bridges) across the hole, and then applying the hole filling operation to
them, as shown in the figure below.

P/

To fix the holes using the Bridge Aided method:

i. Inthe right pane, Fix Pages section, display the Holes tab.

i. From the Manual Hole Fill section, select Planar.
ii. Click Create Bridge.

iii. Click and hold the mouse cursor over the edge that requires a bridge.

File Preparation for 3D Printing with FDM and PolyJet

iv. Drag the mouse cursor to the opposite edge and release the mouse to create the
bridge section.

¥ Fix Pages =

Autofix Basi( Hole Taangle Shell Civerlap Point
S ——

Automatic hole filling

—Manual hole filling
P

(88 @)

Mark new triangles

Treat as one hole

Mark contours

Fill marked

Fill hole mode

e ——

(@

Create bridge )
TeS—
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v. Click Fill Hole Mode.
vi. Click the hole that can now be filled using the Planar method.
The hole is automatically filled.

vii. Repeat these steps for large or complex holes to create a series of smaller holes
that can be automatically filled using the planar method, as shown below.

Complex non-planar hole Create bridges

Fill using the automatic
(planar) hole operation
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Non-Manifold Objects

Error Non-manifold objects are parts with one triangle edge that touches more than two faces, as
Description shown below.

The problematic edge, highlighted in yellow, causes an issue. Does it belong to the left or right
box?

Solution To ensure that this is not an issue, verify that this model is made of two distinct shells.

Overlapping Shells & Offset/ Noise Shells

Error Ashell is a collection of triangles connected to each other. A part should have one shell which
Description ensures that every triangle in the shell is connected to (indirectly) to all the others. An assembly
model can be comprised of multiple watertight bodies (shells). With PolyJet technology, using
non-overlapping shells is preferable whenever possible, if the shells overlap, the printer
software chooses the default material to assign for the overlapping region. However, if you
have overlapping clear shells, this may result in undesirable aesthetics and incorrect color
placement.

Single shell Overlapping shell—suitable for
PolyJet multi-material/color models
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Hollow part with 2 separate
shells—this is normal for hollow
models

Two types of shell-related errors can occur during STL creation
« Offset Shells—shells that leave voids in the model.
¢ Noise Shells—unnecessary shells floating in/faround the model.

Overlapping Shells

Offset Shells Noise Shells
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t Scanned models typically contain many noise shells.

Solution 1 In most cases, the simplest way to deal with these problems is to run the Noise Shells tool. If,
subsequently, when checking for errors there are individual multiple shells they should be
identified before deciding to remove them or incorporate them into an existing shell on a case
by case basis.

Solution 2 You can view areas within the model using the Multi Section tool, which enables easy editing
and identification of noise shells inside the model. You can access the Multi Section tab from
the View Pages section (right pane). Select a row, and then, click the Clip option and select the
desired display. In the sectioned view, you can select individual triangles and delete them.

¥ View Pages we {

View d Multi-Section > Slices Grid

Active Type Clip Color Position Step
O Xv @ 5.950 1.000
Yv 6350 +onn
7 @ Section on Part
v K
o 9.836 [) Hide side towards origin
O Xv @V . 5.950 B Hide side away from origin
O Yv @V @] ) Sections only
dente | | Algn | | port ~ ‘ | . \ #  Solid section

To fix noise shells:

1. From the Fix ribbon, open the Fix Wizard tool.

FILE TOOLS TEXTURE POSITION BUILI

@ 3@ P

utoFix ShrinkWrap = Mormals Automatic Holes
Part Fix Stitching Fix

Automatic Fixing
{ Fix Wizard (Ctrl+F)

Open the Fix Wizard to help you repair all errors
in the selected part(s).
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2. In the Diagnostics tab, click Update to bring the diagnostics up to date.

o Fix Wizard (Part: bool) » Diagnostics

x

.Pﬂiagnmtiu | Gmiadind | - > | Next
27 Combined Fix
@7 Advice
L Mormals Go to the Triangles’ page to solve the remaining problems, However if you stl see holes, go to the holes page.
T stitching
a9 Moice Shells
§H¢Iu Diagrostics
Triangles [ Rl Anabyms
1 Overlaps =R iwerted normals detected
(i sheits =RV bad edges detected
— o bad contours detected
=] Prafiles =RV near bad edges detected
Hwve planar hobes detected
=k &2} shells detected
o possble noise shels detected
o overiapping triangles detected
HEXa intersacting triangles detected
D Folow Avee Cose || Hep
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3. From the left pane, select Noise Shells.

o Fix Wizard (Part: bool) > Noise Shells -

,,ODiagrmstics Pat: |boal ¥ Next
= Combined Fix

x

[ Diagnostics
Li Normals Yo possible noise shells detected /O Update
e
(DT D -
W—/ Go back to the Diagnostics’ page to continue.
&) Triangles
Ti Overlaps
L;i Shells g‘.fﬂ. Automatic Fixing
;ﬂ Profiles A Manual
V  Clos.. Trian’gles Surface (mm®)  Volume (mm?) ~
® v P m 203 172
® v P 3 224 173
® v P w 2 0
® v P ow 2 0
® v P ow 2 0
2 v P w 2 0
*» v P 2 0
® v 2 n 2 0
® v P o8& 2 0
® v P e 2 0
2 v P w0 2 0
® v P a 2 0
® v P 2 0
®» v P w 2 0
® v P 3 3 0
® v P 2 0
® P v 3 n v
[T Detect Noise Select Al Invertse Fade Unsel
Delete Sekected Shels (5] Separate Selected Shels

=D Folow Advice Close Help

4. From the list, select a row.
The noise shell are identified (highlighted) on the model.

EC 3]

5. Use the Visibility icon to toggle on/off the visibility of noise shells.
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6. Once the shells that can be discarded have been identified, select them by clicking the
corresponding row.

e BAWEKRER -+~ WL@AR &L amnsma

I rcois v TOTWE  POSTION  BUMDPREMRATION  ANAUZE & RERO) 0skmm:mmn~omsr::-w - -x
D% @ @ PO O [Fom | o = o

m Autofin srmuwup Normals Automatic Moles Halse
Fix Smching  Fa  Shels Remeve Smail

Semi-automatic fos

AL RRABARBELCUWN

Daagnassce.
Automatic r-mg

WO possbie ncise shels detected

Advice:
Go back 9 the Taagnostcs’ page 1o conbrue,

7. Select Delete Selected Shells.

8. Run the Fix Wizard diagnostic tool to verify that the issues were resolved.

v BWHEHE BEG «-~ B0 @R % ovonnshao Matarialise Magies 21.1 - Usiitied -
FILE TOOLS  FiX  TEXTURE  FOSIMON  BUILD PREPARATION anaves & RErDl A Fix'Wizard (Part: boal) > Diagnastics - *
D% @ @ POP Gir | |[Zooee 7 o -
‘snems To Farts Combi
[ snnrnwnn Nomals Automatic Moles  Noise
Wizard Fix Stitching  Fx  Shells gummm
.nmmm:Fwnu Semi-autometic for ﬁm,mk o more Exrors are- LI [r—— _
H Sitchiry
AALOHRLABRRA Q R G @ G| B U
5 Hoise Shls
Herles Diagrosics
Triengles [ Full Astymis.
Overlaps Hy'e iverted normais detected.
(i she E WO badedoesdetected
we bad contours detected
5] Prafites Evo e bad eriges detected
w0 planar hoes detected
Hy'1 chals datmcted
v posshie noise sheds detected
Hy'e overiappng triangles detected
Hy'e mtersectig triangies detected
92 -
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Solution 3 Another option for fixing the overlapping issue is using the Unite Boolean operation. This
operation merges the selected files into one file and trims all the surfaces to make one shell of
both parts. There is no limit on the number of files that can be united.

Other Boolean operations are Intersect and Subtract. For an explanation on each of these
operation, see the next section.

To resolve the errors using the Unite operations:
1. Inthe Tools ribbon, Boolean button, select Boolean.

¥ 5 0 2

Boolean Shells Label Prop
- To Barts - Generation

K Boolean Ctrl+B
@ Boolean Undercut

2. Inthe Boolean window, select the Unite operation.

& Boolean x

099f&*l°ﬂ®5£5 "%

Main bodies (Green) @

Prism
Cylinder

Mode * Fast
Accurate

+| Unload onginal parts

Results in New Part
Mame bool
Ok Close

3. Select the main bodies you wish to unite.
4. Click OK.

e To preserve the original geometry, clear the Unload Originals check box.

« Select the Visibility icon “* to toggle on/off the visibility of parts.
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The bodies are merged.

Additional Boolean Operations

In addition to the unite (merge) operation describe above, Materialise Magics supports other
common Boolean operations:

e Subtract (Boolean Cut)—

This operation subtracts one part from another. The user specifies which part to
subtract from the other. The selected parts are automatically assigned two different
colors. The main body is green and the part to subtract is red.

e Intersect—
This operation creates a new body of the area where several parts overlap.

Subtract (Cut)

Original part
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From 2D Images to 3D Meshes

This section covers the following topics:
e Overview
e Converting 2D Images File to 3D Meshes

Overview

& stratasys

There are several ways to create 3D models from BMP images. This section explains how to
do this by converting a BMP file to an STL file. This method is useful in a wide range of
applications. It opens possibilities for creating and simulating coins, medals, printing plates,
stamps, height maps, bump mapping, textures, dactylography (fingerprinting), and many
others.

HELLO

In this method, the gray shades in the 2D image (in BMP format) are translated into a 3D height
map, as shown below. The two-dimensional array (the color) of each element is interpreted as
a height value in order to store information on the height of each point. For example, the white
points are flat, the gray points are higher and the black points are the highest. This is how
Materialise Magics converts grayscale images to physical textures. Other software packages
that use this techniques, such as Adobe Photoshop®, typically use images with black/white
inverted. For the cleanest and sharpest results, use an image with as few gradients as
possible, that is monochrome rather than grayscale or color.
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Monochrome— Grayscale— Color—

Best definition Workable, able to Unable to represent
represent different different heights
height gradients properly

Many 2D file types can be converted to a 3D model. For best results, use BMP files.

Model created
from a JPG file

! Model created
from a BMP file
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Converting 2D Images to 3D Meshes

The following steps were performed using Microsoft® Paint and Materialise Magics.
y Similar software programs can also be used.

Convert the 1.
Image to

BMP 5
Format

(BMP) format.

3. Save the image as a BMP file.

IJd %) ¢ = | maze02 - Paint

EI Co " [ Resize
Paste Select

Clipboard Image

A Rotate *

Open the image in Microsoft Paint or in any other program that can save a file in bitmap

Edit the image and remove or add features to minimize downstream STL editing.

JIEA cd >/OT0mA
- W Soonan-
A QBnshes L & A XX OO0

Tools Shapes

Create the 4. Open Materialise Magics.

STL file 5. From the Tools tab, select the Create button.

6. Select Create From Image.

FILE TOOLS FIX TEXTI

;.@ Create From Image ’

£z stratasys
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7.

10.
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In the following window, File Name field, navigate to the BMP file you saved, and select it.

Create From Bitmap

| C:\Users\naftali.eder\Pictures\maze02.bmp

File Name
Picture Size
250.000
¥ 252.382  |mm

Keep Aspect Ratio

Depth (Z) 15.000 mm

% | Frame Size

Frame height (a) 18

3
3

Frame & bottomn 3

thickness (b) mm

Set the Picture Size parameters as follows:

Set the Frame Size perimeter to provide rigidity and support for the part, if required.

Click OK to generate the model.

POSMON  BUILD PREPARATION  ANAIYTE & REPORT

B G R

Main

HBRABRKARBELAUAIUKI AL LD kDL

X &Y = the size of the generated model
Z = the depth of the generated features

igibiity

VIEW

’

af] :; .l-tb
by
Cancel

OPTIONS & HELP

@@ @

Paint SpitPan  Cobor
Part by Coler Surfaces

Color
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Edit the 11. Display the View tab, and orient the model for editing.
Model

e AREHK BER « -+ @0 @R %fouiksearchshitr) | Materialise Magics 21.1 - Untitled

FILE TOOLS FIX TEXTURE POSITION BUILD PREPARATION AMNALYZE & REPOR @ DPTIONS & HELP
LPES 9 30~ = v E CEE
) *unznnm ) ) Tag Names
Home Shade Top Front Indicate View  Fast Toggle Coordinate  Mo-build Part Gravity

Right - Orientation Preview Grid System - Zones - Dimensions Center Tag Path
Top

o ARRBE FHRTRB AL LD AD A,

Home View

12. From the Tools tab, select Cut or Punch.

I TOOLS FIx TEXTURE POSITION BUILD PREPARATION AMNALYZE & REPORT VIEW OPTIONS & HELP

R R FRIS® WE P AT

Offset
Duplicate  Batch Translate Rotate Rescale Mirror  Hollqw Cut or Pfrforator Surface ." . Merge Boolean Shells Label
Duplicate - Pa to Solid <y Milling Offset Parts - ToParts -
Create Position Edit Merge & Boolean Ge

AR RRABRRR G0 R@PALLD DA

Cut or punch the
selected part.
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13. Depending on the features that need editing, select a circle or polyline cut, and select
Apply.

Palyline | Circle |Section

Cut Preview
Radius mm P | I |Plane (fast) v
Tolerance i
[Juse Notch
2.000
2.000
0.000

[“] Clearance mm

I:‘ Cut only on visible triangles

¥ | Top View Options

Apply Close Help

14. Repeat this process until the desired result is achieved.
Additional actions:

e To hide cut sections from the Parts List, select the Visibility icon

« To delete cut sections from the Parts List, right-click on the part, and select Unload
Selected Parts.

. Part Name - FixInt
mazen?.stl cut 1 n/a
m §8 Select All
m B Invert Selection

B2 Show All

B Hide Unselected

Cut Part(s)
B Copy Part(s)

Paste Part(s)

& Shells To Parts
® Merge Selected Parts

GE&|@%§‘@|@‘ Grouping 3
P Annotation Pages e 1 & Diagnostics
Text Drawing at ) Combined Fix
¥ Measurement Pages ‘i @ Autocolor
etance Cree Angle Assign As Support
- . % "< Unload Selected Parts

Measurement Information % Machine List
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Fix the 15. From the Fix tab, select Fix Wizard.
Model

FILE TOOLS FIX  TEXTURE POSITION BUILI

c @ ¥ PO

utoFix ShrinkWrap = Normals Automatic Holes
Part Fix Stitching  Fix

‘Automatic Fixing
{ Fix Wizard (Ctrl+F)

Open the Fix Wizard to help you repair all errors
in the selected part(s).

16. In the following window, side menu, make sure that Diagnostics is selected.

17. Select Update.

o Fix Wizard (Part: maze(}2) » Diagnostics ¥

| Diagnestics NP a2 o0 cul 2 o 2 ¥ | Met

) Com

- Advice
L Normals
. N Check the Rems you want to anahyse ress Jabe” button. Unchecked tems wl
ek yo lyse and press the ‘Update’ eheche il
¥ stitching ot bt considered during the fagng operations.
T Moise Shells
r_‘iHuIm
&1 'lrianqlr\ Dragnestcs
T Overlaps EIFull Analysis
g Shets = - invested narmsals debected
= - bad edges detected
= Prafiles . bad comtours detecied
= e bad edges detected
= plasas holes Setacted
= - shets detected
possible noise shells detected
. overlapping trianghes detected
[#] = Intersecting triangles deteched

£ updam

= Fallow Advice Clags Halp

18. Continue as follows:
< If all the results of the diagnostics are OK, close the window.

* |f there are errors, see “Common Problems and Fixes in CAD to STL Conversion” on

page 15.
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Save the 19. From the File tab, select Save as > Save Selected Part As.
File

20. Select an location and file name.

@ SavePartls) As X r
« « 4 1 » OneDrive - Stratasysinc * Document Flles » dritt v O p
Organize > New folder (7]

~ Name Status Date madified Type Size
3 Quiick access

® Creative Cloud Files

&, OneDrive - Stratasys Inc
3D design blueprints
Document Flles.
Notebooks
STLMODELS

= This PC
3 3D Objects
' Desktop

File name: | mazet 02_SolidModel NEst!
Save as type: |STL files (*st)

A Hide Folders IE' Cancel

21. Click Save.
22. Exit the Magics application.
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Below is an image of the printed result.
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From STL to VRML/OBJ (PolyJet only)

This section covers the following topics:

« File Types

« Adding color (vertex painting) in Materialise Magics
e Texture mapping using Materialise Magics

e Exporting to VRML/OBJ

File Types

¢ VRML files—

VRML (Virtual Reality Modeling Language) is a standard file format for representing 3D
interactive vector graphics supported by many of today's 3D modeling applications. Unlike
the STL file, VRML describes an object's geometry and visual characteristics. VRML is a
text file format where, for example, vertices and edges for a 3D polygon can be specified
along with the surface color, UV mapped textures, shininess, transparency, and so on.
VRML defines shape, color and texture for individual components and discrete surfaces.
VRML is applicable when printing with PolyJet technology.

VRML files can be created in a number of software packages. This section focuses on the
Materialise Magics software application as it can be used for STL file fixing and has a
procedure workflow that is most intuitive for CAD users.

e OBJfiles—

Similar to the VRML format, an OBJ file saves the geometries approximation in the form of
tessellations (just like an STL file). It also enables the surface geometry to be precisely
captured using freeform curves, where the user defines a collection of freeform curves that
run along the surface of the model. The surface is then approximated from these curves.
These freeform curves are more complicated than a mesh of polygonal faces, however
curved lines can be exactly described with simple mathematical functions, which results in
a much smaller file size. With the OBJ file, geometry can also be specified by tiling the
surface with freeform patches instead of polygons. These patches are good for describing
surfaces that are organic in form like a car body (not planes, spheres, cylinders/cones) and
enable you to save precise NURBS (Non-Uniform Rational B Spline) freeform surfaces.

The advantages of using freeform surfaces are similar to the advantages of using freeform
curves. They are more precise than freeform curves, since they encode the surface
exactly, not approximately. Additionally, they lead to smaller file sizes.

The OBJ file format lets you store color and texture information in a companion file format,
Material Template Library (MTL). This partner file has the extension *.MTL.

MTL files contain ASCII text that defines the surface light reflecting properties and material
properties, such as material type, color, ambient color, diffuse color, specular color,
transparency, etc. This determines what the model will look like when it is rendered.

With these two files together it is possible to render a multi-color textured model.
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In addition to supporting these material properties, the MTL format also supports texture
maps, which is a more convenient method of specifying colors and textures. It does this by
using a separate texture/2D image file in the same way as VRML.

3 The STLs considerations described earlier in this document on pages 5-7, apply
also to VRML and OBJ files.

Adding Color (Vertex Painting) in Materialise Magics

In Magics you can apply colors to:

e Individual triangles

¢ Planes

e Surfaces

¢ Entire shells

¢ Manually selected areas

To add color:

1. Open Materialise Magics.

2. From the File tab, select Load, and then select Import Part.

©

Info

Mew Project I m port

Load

Save Az ﬁ Load Project

E Import Part

Reporting

Machines
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3. Select the file you wish to import and click Open to load it.

¥ Import Part %
& v 4|« Desktop > CADFILES » saltstand ~ © | Search salt stand »
Organize * Mew folder B M @
-
~  Name Date modified Type
¥ Quick access
@ OneDrive T saltstand 20-May-1721:32  STL Document
[ This PC
Documents
< Downloads
D Music
[/ Pictures
. Videos
i, Windows (C)
= UBDMeD) >
Placement: @) AsIs [ Autofix during import
() Default Pesition
(O Aside Of Others
() Automatic Placement
e e B —
Stimpoting Sandwd <] o |

The file loads into Magics.

FIX TEXTURE POSITION BUILD PREPARATION ANALYZE & REPORT VIEW 'OPTIONS & HELP

a o o 555 @ ‘ ‘B
" i i s w 9
New Partto Select Edit Copy Paste  Delete Texture Delete Toggle Textures Invert Textures Paint Split Part  Color

Texture texture Texture Texture Texture Texture From Triangles Texture Visibility Visibility Part by Color Surfaces
Main Visibility Color

ARG RRAMRRBRE OGO CBRAL LD ADAF L -

4
¥s
i

Ty
O® +
@@ -~
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4. Check the file for errors, as follows:
a. Display the Fix tab, and select Fix Wizard.

FILE TOOLS TEXTURE POSITION

@ @ F

PutoFix  ShrinkWrap Mormals Autom
d Part Fix Stitchi
Automatic Fixing
| Fix Wizard (Ctrl+F)

Open the Fix Wizard to help you repair all
errors in the selected part(s).

b. Select Diagnostics, and then click Update to check the file.

db Fic Wizard (Part: salt stand) > Diagnostics - X
(. Diagnostics ) Currert Pat: | oo srand ~| | Next
3 I
Advice
l:;i Mormals Go to the Triangles' page to solve the remaining problems. However if you still see holes, go to the holes page.
[ stitching
W Noise Shells
G Hales Diagniostics
@ Triangles Full Analysis
llﬁ Overlaps yo inverted normals detected
l:i Shells yo bad edges detected
o v’ 0 bad contours detected
=] Profiles veo near bad edges detected
ve planar holes detected
v 1 shells detected
v’ 1] possible noise shells detected
V 1] overlapping triangles detected
w20 intersecting triangles detected
_,}: Update .

If there are errors, see section “Common Problems and Fixes in CAD to STL Conversion”
on page 15.

5. From the Texture ribbon, select Paint Part.

W\ @

Paint pplit Part  Color
Part /by Color Surfaces

Calar

" Paint Part

Apply color(s) to marked triangles of the
selected part(s).
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6. Select the appropriate selection tool.

m TOOLS FIX TEXTURE POSITION BUILD PREPARATION AMALYZE & REPORT VIEW
- - - - - - - .
Pt B AfmgE dNmny NEmes Anms Pt e Pt |-.‘l“
POy g AR IR G 6
Mew  Partto Select Edit Copy Paste  Delete Texture Delete Toggle Textures Invert Textures
H Texture texture Texture Texture Texture Texture From Triangles Texture Visibility Visibility
Selection s .

WA A AL MRARRE RGRAZRSD

In the following figure, the Mark Plane selection tool is used.

AR BERAL

Mark Plane (F6)
Mark a plane on the
selected part(s).

7. On the model, select the area (plane) you wish to color.

8. In the Paint Parts dialog box, select the color box to open the color picker window.

Paint Part *

Current Color

Color Triangles

B Color Marked

| & Uncolor Marked

| m Color Surfaces |

|(_§> Reset
|(ﬁ5 Adjust
| oK || Cancel || Help |
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9. Select the desired color from the color swatch and click OK.

,_,_: Use the Define Custom Colors button for a greater variety of shades or to enter a
8 specific RGB value.

[a]
o
5
€
*

m
ar
@
t
o
=3
£
[=

Current Color

Color Triangles

2% Color Marked

EEEEAT"
EEEENN
EEENET]
FMTEEEEN

&

2
EEEENET
EEENT]

g Uncolor Marked

I
a
g
3
2
8
3
2
5

Iﬁ Color Surfaces -
& Resel nininininininls
i i Define Custom Colours =
<= ==
OK Cancel Help e

P} Annotation Pag

10. In the Paint Part dialog box, click Color Marked and click OK.

11. Repeat the steps above for the other areas on the model, until you complete all desired
color selection.

You can use different selection tools to color different surfaces or individual triangles, as
shown below.

———— Mark Surface selection

Mark Plane selection

Mark Triangle selection

12. Continue as follows:

« To add texture models, continue with “Texture Mapping Using Materialise Magics” on
page 59.

< To save and export the project, continue with “Exporting to File” on page 69.
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Texture Mapping Using Materialise Magics

Texture mapping is a method for defining high detail, surface texture, or color information on a
3D model. Texture mapping refers to a method that applies an image to a 3D body by wrapping
and mapping pixels from a 2D texture to a 3D surface, shape or polygon.

¢ Textures are commonly used in computer graphics, games and 3D animation

e No actual 3D texture is created (for that a height map or bump displacement map is
required)

e For 3D printing we only need Color/Diffuse maps

e Textures can be created from any digital image, such as photographs, digital painted
pictures and scanned images.

When creating a computer render, there is more than just color involved. Lighting,
environment, and material definitions help create the realistic feel on our screen. Although the
all the information is saved in the file, only the color designations are represented in the printed
part.

Unlike vertex painting, with texture maps you can create a higher detailed model with lower
polygon count. Textures can be wrapped around the body of an object using flat or cylindrical
projections.

Typically, a texture mapping workflow works as follows:
a. A 3D object is designed, such as the cube shown below.

b. The 3D object’s geometry is mapped and unwrapped, so that it is represented in a 2D
plane.

The 2D image for the texture is imported.
The geometry map and texture image are aligned.
The image is overlaid onto the part’'s geometry map.

~ o® 2 0

The map is rewrapped onto the original 3D geometry.
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E
d ' .
C
b ‘ l
a
The coordinates of the 2D image have attributes like color and texture. When rendering the 3D
model, every surface point is assigned a coordinate in this 2-dimensional image.

To improve UV mapping and downstream editing, ensure that mesh density of the underlying
model is even and triangles are formed with similar edge lengths.

=
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In certain geometries, wrapping may cause distortion. In the figure below, the leather texture
becomes distorted at the end of the model.

If required, the distortion can be resolved by performing the texturing process in an alternate
software package (such as Blender™) that allows unwrapping the surface of the 3D object so
that it lays on a flat 2D plane, applying the texture, and then reforming the object. This process

can result visible seams.

Unwrapped Texture applied Rewrapped model

Original STL
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Below is an example of a rewrapped model with visible seams.

Bad visible seams Aligned visible seams

To print textures, follows these guidelines:

* For a texture map, use an image resolution of 600 DPI and higher for optimal results. The
3D printing preparation software automatically resizes the image to fit the mesh, if needed.

e The generated VRML file has a 1-millimeter thick texture all around. The remaining internal
core is white. For optimum color results, a 1-millimeter-thick core is recommended. This
results in a 3-millimeter thickness overall. Walls that are thinner than 3 millimeters may
affect the color opacity.

* The files need to be exported as a WRL files in VRML 97/VRML2.

Adding Texture Mapping

To add texture mapping:
1. Open Materialise Magics.
2. From the File tab, select Load, and then select Import Part.

®©

Info

tew Prane Import
Load
Save As ﬁ Load Project
Reporting

. ‘ = Import Part
Machines Ny
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3. Select the file you wish to import, and click Open to load it.

¥ Import Part %
& v 4|« Desktop > CADFILES » saltstand ~ © | Search salt stand »
Organize * Mew folder B M @
~  Name - Date modified Type
¥ Quick access
@ OneDrive T saltstand 20-May-1721:32  STL Document
[ This PC
Documents
< Downloads
D Music
[/ Pictures
. Videos
i, Windows (C)
= UBDMeD) >
Placement: @) AsIs [ Autofix during import
() Default Pesition
(O Aside Of Others
() Automatic Placement
File name: [ salt stand fixed -]
stimporng G

The file is loaded into Magics.

FIX TEXTURE POSITION BUILD PREPARATION ANALYZE & REPORT VIEW ‘OPTIONS & HELP
) a o o 555 @ ‘ ‘.
" i i e W 9
New Partto Select Edit Copy Paste  Delete Texture Delete Toggle Textures Invert Textures Paint Split Part  Color
Texture texture Texture Texture Texture Texture From Triangles Texture Visibility Visibility Part by Color Surfaces
Main Visibility Color

ARG RRAMRARBREAOQORBRAL LR ADAF L
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4. Check the file for errors, as follows:
a. Display the Fix tab, and select Fix Wizard.

FILE TOOLS TEXTURE POSITION

Q@@

Autole ShrlnkWrap MNormals  Autom
g Fix Stitchi
Automatic lemg
! Fix Wizard (Ctrl+F)

Open the Fix Wizard to help you repair all
errors in the selected part(s).

b. Select Diagnostics, and then click Update to check the file.

b FicWizard (Part: salt stand) > Diagnostics - *

Current Part:

Diagnostics salt stand ml

[ ComBmhed Fix

l:;i MNormals
\ﬁ Stitching
% Noise Shells

Advice
Go to the Triangles' page to solve the remaining problems. However if you still see holes, go to the holes page.

ﬁ Holes Diagnostics
@ Triangles Full Analysis
=
1'i Overlaps v o inverted normals detected
l:i Shells yo bad edges detected
Vo bad contours detected
=] Profiles veo near bad edges detected
Vo planar holes detected
v shells detected
V 0 possible noise shells detected
V [1] overlapping triangles detected
¥ 20 intersecting triangles detected

If there are errors, see section “Common Problems and Fixes in CAD to STL Conversion”
on page 15.

5. Select an appropriate selection tool.

m TOOLS Fl
B OF W R W g

MNew Partto Select Edit Copy Paste  Delete Texture Delete Toggle Textures Invert Textures
Texture texture Texture Texture Texture Texture From Triangles Texture Visibility Visibility

ARL® Eo%.( WMRARB @ﬁﬁ&b@‘

X | TEXTURE | POSITION BUILD PREPARATION AMALYZE & REPORT VIEW

Selection
tools —
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In this example the Mark Surface selection tool is used.

@0 HRAWRRR @

Mark Surface

Mark an entire surface of the selected part(s),
as shown by the wireframe,

The surface of the model is marked in green.

6. From the Texture ribbon, select New Texture.

FILE TOOLS  FiX | TEXTURE  POSITION  E
= = = = =

I- .l.l. .l ] .l L] .I u

A ek R i

Hartto Select Edit Copy Paste D
exture Texture Texture Texture Texture Fr
Main

Texture

New Texture

.I:'. Place a texture on the marked triangles of the
'_'.‘ selected part.

The Open dialog box appears.
7. Select the image for the texture, and click Open.

© Open X
- v 4 J& > ThisPC > Pictures v @ | Search Pictures rp
Organize > New folder =- 0O @
~ ~
W This PC b b
» 3D Objects ,
m Desktop >
[& Documents . <
% Downloads hex color hex grey
B Music
= Pictures
B Videos
&9 Windows (C)
<4 Local Disk (D7) hexmene 2 e mane
=x logistics (W\il01d
=% Management (\\ %
=y Service (\il01da " .
1
File name: ‘heﬁ color = | All images =
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Any image can be used as a texture. Seamless textures, such as wood grain,
leather and stone are available online and are preferred for texture wrapping.

The image is automatically applied to the selected surface and the Textures dialog box
appears.

Any untextured surfaces appears in the printed model as gray (or white if you're
using older software versions).

s

hg Textures

Name |shutterstock_230474575 >
File shutterstock_230474575,jpg - @
Size

Width 800,000 Sl opx (100000 I % &
Height  |800.000 7| px [100.000 | %
Position

Herizontal |0.000 o oex I

Vertical | 0.000 2] ox I

s famo Zln
Rotation

Angle 0.000 - I
0 B A
Projection | Straight projection (Best fit) A
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e BWEE BEG -+ A 6% R % [ausearcn shrtea Materialise Magics 21.1 - Untit] {3 Textures %
I vocis ik TEuRe  POSMON  EUNDPREMRATON  ANAUTE&PREPORT  VIEW  OPTIONS & HELP

gt
&9 Ea ﬁa ® Name [shutterstock_230474575 | >

wert Tedures | Faint SplitPat Color

ture Teat Tangies Tedun v ! @ : -
Main iy o ile [ shutterstock 230474575 jpg ]

ANLOHRLANARRL DR RD AL LA AN ™=
a watn

et loonooy < px onom 2%

Pasition

N N T |
Sl opx I
Step 4.000 2l opx Center

Rotation

Vertical 0.000

Angle 0.000 o I
270 B A
Projection |Straight projection (Best fit) "

7 Dtsce | Cree sngie Trdn Fru
BB PAQRS bbb B e
autfiy | fBasc  Hole  Trsngle  Shel

8. In the Dimensions section:
a. Adjust the width and height of the texture, as required.
b. Disable the Lock ratio button.

Size

Width 6400000 - | px 500000 | %

Height  [3600.000 - | px [500.000 - %

-

256000 %] px 20000 3] %

-

124000 5| px (20000 )%
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In the Rotation section, adjust the direction of the texture, as required.

Rotatlon
Angle |-90.000 . : I
B A | Aign
Rotation ‘
Angle ’0000 :J g I
> A | Align |
I

10. In the Position section, adjust the position of the texture, as required.

Position

Vertical

stratasy

d A

4000

Step

N

11. Select desired projection direction.

Horizontal }r.9820.000

-10180.000 3

Horizontal 8728000 | px |
vetial  [s728000 ] px b

Step 4.000 < px { Center ‘
Position

ﬂpx I
I |

:‘ px [ Center

& stratasys
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12. To repeat the texture image, select the Tile image button.

g & » /A Align /__\[
Projection \Cylindrical_projection @
Ok ‘ { Apply | Close ‘

13. Click Apply.
14. Close the dialog box.

15. Repeat steps 8-14 for other model elements, as necessary.

Exporting to File

You need to export the part as a VRML or OBJ file to ensure that the colors and textures
selected can be replicated in the final part.
To export the files:
1. Save the Magics project. Use the File > Save as > Save Project as option.
This enables you to edit the files in the future.
2. Inthe Part List tab, make sure that the part is selected.

m T00LS | Fol | TEXTURE  POSMON  BUILD PREPARATION  AMAZE & REPORT  VIEW  OPTIONS & HELP
Eﬁ a @ @ @ @ ,J ity &.mnsnmn.angm Ea ﬂ & A * @ @ [ ]
Sheils To Parts Remaove Identical Tnangles
iyt ol F Shrini I \ ap Memualy  Automatic Mol L Fill Hole Create Create Delete Trim Trantlate  Maove P rt h

w aard Fix  Stitching Fu' shems ity Detect Overlapping Triangles Mode EBnoge Tiangle Tangle Tiangles FattFoints  Foant Enhance

utoimatic Fissng S i Manusl -

w ¥ PatPages
ﬁﬂd@ WKL .&K.%@QQ@@Q hEER KD AS
Part List Part Info P“F‘Jﬂiab\'ﬂ Seanes

Mum

oo S Do M., Parthame Fixtnfo
a B, © 7 buttongame N Texturery  nja

L ﬁﬂ‘%ﬂﬁi@ ®

b Anrotation Pages -
Text Dravang Attachments Textures
P Measunement Pages 100 o e e N e

Destance Cirde Angle Final Part Report
Autofix B Hole Triangie Shel Overlap For
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3. From the File menu, select Save As.
4. Select Save Selected Part(s) As.

Materialise hag

Info

Mew Preject Ex po rt

Load

Save As Save Project

[ I—

Options
o ﬁ Save Selacted Part(s) As

5. In following dialog box, from Save as type drop-down, select the VRML or OBJ file type.

© Syve Pactfs] s * |
- w 4 0+ DreDrive - SacssysInc > STLMODELS » Agiks White & | Search Agins wn »

Oeganize = Hew folder
STLMODELS  ~  Mame Stan Date modified Troe Sire
Acrylic1 30
Agitus Gyroid
agiks Parss
Agitss Seal Fist
Agius White
Butosmctve e
BALL VALV FIt
ARAK AL MG
Barak Final Mo
Barak lmice

cataput v

File name- =

save a e [VRMRL Blex 1 wrtzt o) o
er

|Massriasee 20 Exchange fies (- masama)
~ HigeFolders  (STL Zip et mgx)

AME fils. (- ae0f)

ST (A ties e

ST fikes (1)

Materase part files (".matpart]
ey Wieehiame fies (" o)
[HERT
‘:ﬂm
T —

VRML Tl (* et vrmi)
K30 files (34}

When exporting to VRML, the following window appears.
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6. Make sure that the units match the units in the CAD file.

[#7 VRML export parameters )
E Parameters
File units meters [z|

000 (000
1000.0000

Custom units

oK | i

When importing into the Stratasys file preparation software (for example, Objet
Studio or GrabCAD Print), make sure that the units match the ones in the models.
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