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Chapter 1 — Foreword

DeskArtes Expert Series software suite consist of several software modules:
3Data Expert, 3Data Expert Lite, Dimensions Expert, Sim Expert, Design Expert
and View Expert. The software suite covers everything from 3D CAD design
through photo realistic renderings and CAD viewing to STL/VRML data transfer
for 3D printing, Additive Manufacturing and simulation software packages.

DeskArtes 3Data Expert 9.1: STL and VRML Repair Examples document
describes the use of the latest improvements done for the faceted model repair
with the Expert Series software. The use of the commands will be shown through
several examples and most commands for faceted model repair are covered in
the document:

- Fix Model > Verify Shells and Repair Shells commands for automatic model
verify and repair,

- Fix Model > Edit Triangles command for manual model editing,

- Modify Faceted > Boolean and Multiple Join commands for part combination
and cutting,

- Great Geometry > Extrude Surface to add material on surfaces,
- STL, VRML and ZPR output for 3D printers,
- and several other supporting commands.

The examples contain both STL and VRML models. The shown techniques will
apply to any STL, VRML and ZPR model similarly because all are used to define
faceted (i.e. triangulated) models. The repairing of STL, VRML and ZPR models
is identical, the only difference is the additional color and texture handling
available for VRML and ZPR models. New textures and colors can be added on
any faceted model with 3Data Expert.

Most of the examples will require the use of the 3Data Expert software equipped
with full set of repair, manipulation (repair, boolean, extrude, edit triangles, ...)
and texturin/coloring commands for triangulated models.

The repaired models include models with variable level of difficulty. These
models are selected due to the errors in them. Normally you should not meet
model with such large amount of errors if designed and outputted correctly from
the sending CAD system. The models include a cell phone, a human head and
Maya demo part are included in the installation package tutorials/GeomFiles
directory.

All commands and their parameters are explained in detail in the On-line Help of
the Expert Series software. If in doubt please check the meaning of each
parameter from the On-line Help.
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If you are using Expert Series the first time, you should reserve about four hours
to go through all examples.

The operations given in boldface in this document are commands which affect
the geometry of the part in question and must be run by the user in the given
order to get the results show in this document. Several other commands, like
viewing and clipping, are not given in boldface but must be used to be able to
generate a correct result. Terms given in Jjtalics indicate file names, commands,
shell names, surface names and parameters for different commands.

The full set of tutorials for Expert Series include and it is recommended to go
them through in the given order:

e Expert Series 10.0: Quick Start Guide gives a short introduction to model
repair and splitting for 3D Printing with 3Data Expert, 3Data Expert Lite
and Dimensions Expert products. Estimated completion time 15 minutes.

e Expert Series 10.0: Tutorial 1 — Working with 3D Models introduces basic
viewing, measuring, automatic repair, split, connect, hollow, offset, 3D
Text, Boolean, cut, reduce, surface triangulation and other model
manipulation functions available for STL files. Applies to All Expert Series
modules. Estimated completion time is 3 hours.

e 3Data Expert 10.0: Tutorial 2 — Working with Colors introduces basic
automatic repair and coloring for 3D Color Printer users. For 3Data Expert
only. Estimated completion time is 60 minutes.

e Expert Series 10.0: STL and VRML repair examples document includes
more advanced model repair operations with 3Data Expert. Applies to
3Data Expert module and mostly to 3Data Expert Lite, Dimensions Expert
and Sim Expert modules. Estimated completion time with 3Data Expert 2
hours.

Page 5



Expert Series 10.0: STL and VRML Repair Examples

Chapter 2 — The cell phone model

The first model to repair is a cellphone model (tutorials/GeomFiles/cellphone.stl)
You will need the 3Data Expert, 3Data Expert Lite or Sim Expert to complete this
exercise in about 10 minutes. You can also use Dimensions Expert until the
paragraph Combining the cellphone components at page 25, which requires
Boolean commands.

Green box indicates if the lesson is applicable to the given module:
B Vview I Dimensions [ Lite ' 3Data [ Sim

Now

- input the STL file with File > Open command you can see the model
on the graphics area.

For each inputted file the software will ask for the units if not available in the input
file.

- Select default Millimeter units and press OK:

— Extents of the part
X (Length) 3.0606
¥ (Width) : 2.2047

Z (Height) : 0.5206

~— Units

millimeter >
L -

When the units are set the software will ask for the Operation Mode:
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Choose the Operation Mode

[ N % = X2 7
<> 2 el 2\

Fi Maded Paint& Texture Mocel Print Preparation

Operation Mode Window gives a reminder on the possible modification
processes you can perform on a faceted model and allows you to select the
correct set of tools for any operation. Note: if you do not see the Operation Mode
window, please make sure the Show operation mode dialog when opening a file
is On in the Edit > Preferences General Tab:

Preferences

Rareed
Viewiing
Coloss Undao Stﬁk}' modes

File lixing ¥ Enabled ¥ Transioimation
Systern dieciolies

Librang pathe Mace lenel ;|20 [ Dimanziching
Licessing

Projact :

Mame il:-:ls-'_rrl:-ri;_:n:-lllc_bwrl

File open
[¥ Show wnils dalog when opening a ik

&% Show operstion mode dislog when _'_'____'rT“__._;)
¥ Shaw coerabon g spening 2 fle

Langusge

Select language: |

The differences in the triangle colors on the display (blue vs. pink) are due to the
fact that the triangle normals are not consistently oriented. The blue colors marks
the inner side (inverted normal) and pink color marks the outer side (normal) of
the triangles.

Accept

- Fix Model mode and let the software run until you will see the
following message:
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Maodel status:
- 210 verified shells
- 208 shells with errors

This is the result of the automatic analysis before the Auto Repair (the same
result can be achieved through Fix Model > Verify Shells command if Operation
Mode Window is not used).

We can see that most of the 210 shells are separate from each other (red gap
curves) but obviously should be connected into one single shell. It is up to taste
either to run the Auto Repair with this model as the open flat shells are left non
repaired for more controlled repair operations (to stitch with neighboring shells)
later. Anyhow, running Auto Repair may generate solid shells from shells which
should be connected to neighboring shells.

1 Model status:
Jﬁ - 210 verified shells
- 208 shells with errors

oK |

- Press No to the Do you want to run Auto Repair question. After
pressing No the status dialog appears:

Now
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DeskArtes 3Data Expert - cellphone

i Model status:
- 210 verified shells
- 208 shells with errors (red)

To do:

- select each error shell (red)
in the Model Tree and repair
according to the instructions given
in the Fix Model tab Help text
window.

OK |

This indicates that most shells have errors and we should use Model Tree and
Help Text to repair the model.

- Press OK to close the window.

You may see the Command Tip window (if not seen give the command Help >
Show Command Tips before running the analysis again):

m - Elx]

You have run Yerify shells on the input data. The Madel Tree S
now contains & new separate shells generated from
the ariginal madel,

Please select each shell with errors (red icon) from the

Maodel Tree to see the required repair action in the Fix Model
Help text window, Compare also ko neighbaring shells to see if
Joing Gaps or Offset should be used to create solids,

Tips:
3Data Expert offers bwo calar modes, 30 calor pinter’ and 'Repair

{set through '30 printer colors' icon in the toolbar).,
It is more efficient ko do the repair in the ‘Repait’ color mode

[v Show Command Tips Close

The Tip window gives useful information after different commands. For example,
this tip window proposes to use the Fix Model Help Text window as well as visual
checking to decide the next repair actions.

- Press Close when ready reading the tip.
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The analysis shows that the part is made of many (210) non connected
components or shells. The first task will be connecting these components into
meaningful part(s). The repair is started by visual inspection due to the large
number of disconnected shells in the model. We can also see that some triangle
normals are incorrectly oriented (blue inner side is displayed) and a surface is
missing from the flat end of the part.

After the verification the components are listed according to their surface area in
the Model Tree. If you take a look at the end of the Model Tree and display the
last component 270 (F4) on the screen and then the whole model you can see
that this part is an very thin triangle stripe and thus

- shell 210 can be deleted (this is not absolutely necessary but can be
done for practice).

204, cellphone [Verili
205. cellphone [Verili
206. cellphone [Verih

) 4. cellphone [Vesili
#

i

# 207. celiphone [Venh

ir

il

[

# 20

# 205 cellphone [Vesili
# 206. cellphone [Vesifi
# 207. cellphone [Verili
# 208. cellphone [Verili
i’

209. cellphone [Venl =

208. cellphone [Vernh
204, cellphone [Verili

210. cellphone [Verifgs

»

Cal Lo R IR JERC Lo

=

The next component to check is the 209. The component 209 is already a
meaningful square surface needed to generate a good part.

With a short visual inspection we can also see that there are alt least two bigger
open shells (or surfaces) that we can remove (shells 107 and 182).

- Remove first the component 782:

172. cellphone [Verified)
173, celiphone [Verified)
174, cellphone [Veiilied]
175, cellphone [Verified]
176, cellphone [Venhed]
177. celiphone [Vernhed)
178, celiphone [Vernilied)
179, cellphone [Verified]
180. cellphone [Verified]
181. cellphone [Venhed]
182. celiphone [Verihied)

R b o I O L L e ) )

< »

Note: If you did not remove these open shells now, you would notice these error areas after the
first Repair run and could use Undo to get back to delete and rerun the Repair.

- Then remove the shell 107, the gaps below the shell will be filled
automatically later:
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Bl =l perspect

103. cellphone [Vernfied] ~
104. celiphone [Venhed)
105. celiphone [Wenified)
106, celiphane [Verified]
107. cellphone [Verified]
108. cellphone [Verified]
108, celiphone [Venhed)
110, celiphone [Wernfied)
111, celiphane [Verified]
112, cellphone [Werified)
113, cellphone [Verified]
114, celiphone [Venfied)
115. celiphone [Werfied)

You may find more surfaces with errors (red areas indicating overlapping,
intersecting, duplicate etc. triangles). You may sometimes remove more small
shells or surfaces if you think are not needed when creating the correct model.
Generally, very thin or flat surfaces can be removed, they will be fixed with gap
stitching and gap filling later. Anyhow, with this exercise we will remove
remaining errors using the help of Fix Model > Locate Errors command later.

Useful Toolbars

Before continuing the exercises you may want to turn on the Transform Toolbar:

|8 B & 7| x|

and the Errors Toolbar:

N L N e

and the Dimensions Toolbar:

EREEIEY RIS

All are turned on via the View > Toolbars menu and contain shortcuts to useful
commands for repair.

Repairing the cellphone for the first time

Now we are ready to run the first Fix Model > Repair Shells command on the
model to connect the separate shells (surfaces) into meaningful shell or shells.
First
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- select the shell 1 from the Model Tree wih LMB (left mouse button)
and then select the last component 207 while keeping the Sift button
down.

This will create a multi-selection containing all separate components:

O R R L T R R o e R TR e R I R TR U

You may also select the Model Tree root All before running the command to get
all shells selected automatically for the command.

Now
- Run the Fix Model > Repair Shells command

As mentioned before, the first task is to connect or stitch the open shells into
meaningful closed shells. For that we will use the Stitch gap function in the repair
command to connect disjoint open shells (surfaces). We will use the
automatically calculated default parameters values now, especially

- make sure that the Multiselected shells form separate parts is not
set,

this will ensure that the stitching is done between the edges of separate shells.
Your parameter dialog should look as seen below before continuing:
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Repair Shells ]

Emors
[+ Check for tniangle ermrors

[T Multiselected shells form separate parts [v Rapairfiafopen shealls too
[« Stitch gaps smaller than fI}.EHZISBH | mm
[+ Fill gaps smallerthan [ﬂl »| mm

[T Use sumounding texture on fill triangles when filling gaps

z<Hide Advanced

Advanced
[T Regenerate all faces

[w Separale faces 15 deg. smoath angle limit (0-90)

[+ Flatpolygon area fil 1 flatness coefficient (0.01-100)

[T Connect error nangles last [ Minimize error riangles

l'l deqg. ovelapping nommal limit (0-20) 10

Flat open shells may be sometimes better to fix using Offset (or Join Gaps) to
generate solid shells. Normal Auto Repair process does not try to fix flat open
shell for that reason. But now we want to fix all shells we have selected i.e. stitch
them to neighboring shells, so you make sure “Repair flat/open shells too” is
taicked and

- Press OK to start the command.

After a while the command finishes and the status is displayed (for the first shell).
Now we have significantly fewer components left in the Model Tree, as seen
below. The components are sorted in the order of decreasing area and the status
of the last selected shell is displayed:

DeskArtes 3Data Expert - celiphone

i Selected object: shell
& g cellphone (Repaired)

Shell status (error filter; Mormal/Part):

- verified, repaired
- shell can be saved and then printed.
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- Press OK to close the status dialog.
You should have 6 shells in the Model Tree.

- Now use the multi-selection in the Model Tree to see each shell
bounding box:

perspect

. cellphone (Repaired)
. cellphone (Repaired)
. cellphone (Repaired)
. cellphone (Repaired)
. cellphone [Repairad)
. cellphone (Repaired)

ERERERCRCRERE
LT EL L
OB e R =

We have now manged to combine over 200 separate (open surface) components
into 6 useful components. The next step is to repair each component separately
to a correct STL file and then use the Boolean operations to form one final part.
The next step is to first to repair each shell into green state and then use the
Boolean commands to join them into one component.

Note: if you have more than 6 shells in the Model Tree, you may delete the the
small extra shells caused by overlapping surface areas in the model.

Locating and removing errors in the body

Let's now give a more descriptive name to each component: body, cylinder,

upbox1, upbox2, downbox1 and downbox2. The first task is to repair the body
component:
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Bl x

body

. cyhnder
uphaoxd

. upbox?

. downbox1
. donwhox?

B-[0--[-H- -5 T
C L LR L L -
1IN e

The body component has several errors due to the bad quality of the input data.

- Select the body shell now

After selecting the body shell in the
Model Tree, the Help Text window on
the right hand side of the window gives
a textual description on the errors.

In the image above we can see the red
areas on the top of the component,
these are caused by the other
components intersecting the body
(cylinder). Also, in the image next page
we can see areas which have both error
triangles and complex gaps caused by
duplicate and overlapping surfaces in
the original input model (if you removed
more duplicate/overlapping surfaces in
earlier you may have less errors now).

- give the command Fix Model > Locate Errors or press the shortcut

K

button. You will see the Locate Errors dialog appear and error triangles

highlighted in the body shell:

Help text :

Selected object: shell
1. body

Shell status {error filter: Normal/Fart):
= verified, repaired

- 18 multi edge triangles, may require fisi |-
- @ inverted normal triangles, may require |
- 10 duplicate triangles, may require fixng
- 5 duplicate triangles in separate shells,
= 35 overlapping triangles, may require fix |
- 10 overlfapping triangles in separate shell
- 1 intersecting triangles, may require fixi
- 3 intersecting triangles in separate shells
- 1 gaps, may require fidng

To create a correct solid shell try first the
Automatic repair and Gap filling command:
above. Possible try order for commands:

- run Automatic repair Repair Shells to sot

and fill all gaps or
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9 DeskArtes 3Data Expert - cellphone
“Fie' |[Edt View Dimensions Transform (Create Geometry Modify Surfaces FixModel Modfy Faceted Color and Texture Print Preparation  Help

[BEd@ s 2R X oo @ 0@ w+E8LROCO[(66 HxuE1e|s

E

FEFPT T DHY BT 0

4. Repaived

5. Repaie (IR NN

6. Repaire
7. Repaire  Shell: 1. bady
8. Repaire Mumber of ermors

9. Repane 5
0. Repaire Triangles : 65

1. Repaire | G3PS! L
2. Hepaire Total 1]
3. Repaiwe

4. Repaire <—Prﬂ1'nus| Mm—sl

5. Repaire
6. Repaire | CUITENt&mor

7. Repaire | Index: 166
96. Repaiwe | Class:  Triangle
99. Repaie | Eror types :
Self-overlap

101. Repair | |seif multi edge
102. Repair | Mt edge

105 Repair Delete |

ir Localeoptions —————

DWW W W W WSS S

116. Hepaired

& 117. Aepaired

Tnangles: 116

Extents = 004774 mimy
¥: 05110 mm
Z- 00454 mm

Testures: 0

P b Lo [ Lo o D [ [ o [ [ [ P P [ [ [ L L o [ e [ [ oo P [ [ 5 [ [
g
=
2
S

The Locate Errors dialog gives exact information on the currently highlighted
error triangle (or gap), Current error. Also, the surface containing the error
triangle is automatically selected in the Model Tree, as can be seen in the image
above.

We will now use the Previous and Next buttons to find each area with error
triangles and use surface selection and deletion as well as Fix Model > Triangle
Edit to remove or add triangles to enable correct fixing with the next call to Fix
Model > Repair Shells command. We will not use the Delete button available with
Locate Errors tool this time, now it is better to use the red error triangles to
indicate the error areas for surface selection and deletion.

- Press Next-> button in the dialog and you should see the following
error fitted in the middle of the screen:
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Locate Errors

Shell: 1. bady

Mumber of errors
Triangles : »
zaps ! 2
Tokal ; kL]

- Previous Maxt ->

Current error
Imdee : 2034
Class:  Triangle
Error types :

Self-cverlap
Sef multi edgs
Iulti edge

Locate opkions
[¥ Selact in Model Tree
[ Highlight

< Shal shel-> |

Case |

You can use the mouse wheel zoom to zoom closer/farther to the area pointed
with the mouse and middle mouse rotation to change the view point.

This error area is caused by some overlapping surfaces in the model. You can
have a more detailed explanation on each error (red) triangle in the screen by

- clicking it with the right mouse button on the screen on an error
triangle:

=

g A 1. body/172. Rapared

21906: overlapping, inbersecting triangle
Select

Next

w Shaded
Wireframe
Shaded+Wireframes

Hide object
Elink. object
Fit: object

Properties. ..
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Then

- select the triangle index menu item 27906: overlapping,
intersecting triangle (or similar) to get more detailed explanation on
the error triangle:

o]
DeskArtes 3Data Expert - cellphone x

i The triangle contains the following errors:
- overlapping triangle in the sheill, fix
(delete triangle or surface, if reduces errors)
triangle at a gap, fix
(add triangle, run Repair Shells or delete nearby
duplicates/multi edge triangles)

QK.

The dialog appearing will give more detailed information on the errors in the
clicked triangle. We will follow the first help to remove triangles or surfaces to
reduce errors.

Let's now start deleting bad surfaces and triangles in the error area. When we
delete small overlapping surfaces, the number of errors diminish and soon we
will only have gaps which can to be fixed automatically.

Make sure that
- the Selection Mode is set to Surfaces now:

Selection mode Calar

?r ?rlgp @l—| JJ

You may turn on the shaded+wireframe view mode by pressing the & icon with
the left mouse button (LMB) and also make sure the selected object bounding bo
is displayed by clicking |i&@ icon.

Then

- click with the LMB (left mouse button) on the middle of the error
area

to get an error surface selected:
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LY Ahb,
£ 287,
A 288,
& 289
£ 290
A 291
£ 292,
& 293
& 294,
& 295
A, 296
£ 297
£ 298,
& 299
£ 300
=i
£ 302
& 303
A 304,
& 308
£y 306,
A 307
£ 308,
A 309,
A 30
&4 .
4 nz2
P 1 kS
& o34,
= [

A e

Then

Hepared
Repaired
Repaired
Repaired
Hepared
Aepaned
Repaired
Repaired
Repaired
HRepaired
Repaired
Repaired
Repaired
Repaired
Repaired
Repaired
Repaired
Repaired
Repaired
Repaired
Hepaired
Hepaned
Repaired
Repaired
Repaired
HRepaired
Hepaned
Repared
Repaired
Repaiied

Locate Errors

Shel: 1, body

[~ Mumber of errors
Triargles : 32
Gaps : F4
Total : 34

<= Prawvious I Mok = I

| Current error
Indexx: 2/
Cass:  Triangle
Errar Eypes |

Self-overlap
Self muli edge
Muli edge

I Salect in Model Tres
| W raghight

<= Shell I Shell -= J

Close |

- give the command Edit > Delete to remove the bad surface or press

the shortcut

Ed

button. Then reselect a new surface at the bad area. When removing surfaces
always try to remove the smallest error surfaces at a given error area first. Also,
you should try to remove surfaces surrounded with red gap curves first. You may
need to click several times on the same mouse location to figure out how many
small surfaces are laying in the same area. You will notice that the error status is
updated after each deletion:
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. Repaired
Repaned
Repaired Locate Errors
Repaired
Repaired
Hepaired
Repaned

Repaired
Repaired Gaps :
Repaired Takal : 38

Repaired
Repaired < Previous | Next ->
Repaired

o T Y Y Y o Y Y Y Y
R el Gl B B0 e et G G b B P B Bl B B B B R Ba Bl B B
SEIRNFEOSSBEENSRRORN8EES

Repaired Current error
Repaired 3 Index: 138
- Repaired Class:  Triangee
- Repaired Errar bypes :
. Repaired
Repaited Self-overlap
e Self muli edge
. Repaired Mulki edge
. Repaired
. Repaired
. Repaired ~Lecate eptions
i be e i e
. Repain
A 312. Repaired b Hichioht
£ 13, Repaired
£ 314, Repaired <shel | shel-> |
& 315, Repaited I

£, 6. Repaired
£ N7. Revaired

| %

Now

- repeat selection and delete combination until all overlapping
triangles are removed:
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A gap or gaps are left in the error area. These gaps will be fixed during the next
run to the Repair Shells command done later. Now we will go through the rest
remaining error areas to perform similar bad overlapping or intersecting surface
removal.

You can easily find the next error area by pressing the Previous or Next buttons
in the Locate errors dialog. Or you can select the next area visually. For example
you can select the following surface in the middle section of the part:

You will need to remove two small error surfaces in this are to get the result
suitable for subsequent automatic repair shells command, i.e. model with small

gaps:
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Now go to the next error area:

Select and remove surfaces until you have removed all bad surfaces in the area.
You may also generate a larger gap at the area but do not worry, this will be filled
with subsequent Repair Shells command:

There is still one area with red triangles around. The body — cylinder intersection
has created red triangles on top of the body part. If you use the right mouse
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button on top of the red triangles you will see the error status. This indicates that
the error should be removed by using boolean operation between the body and
the cylinder:

==

perspect
f‘ ﬂl 1. body Locate Errors
4 1. Repair,
£ 2 Repoir Shell: 1. body
43 Repair Mumber of errors
& 4 Repair
4 5 Repair Triangles |
4 B Repair, Gaps : 9
&y 7. Repair Total : 12
& 8 Repair
4 9. Repair = =
A 10 Flepu'g <- Previous MNext ->
4 11 Repal _ cyrrent error
4 12, Repai

Index : 112

4 14 Repai Class : Triangle
4 15 Repai Error types :

4 16. Repai Intersact
£ 17 Repai Qverlap
4 18. Repai

£ 19. Repai

4 20. Repal

4 21. Repai Delets
£ 22 Repai

4 23 Repai

A 24 Repa{ [ L0CAte options

4 25 Repai [+ Select in Model Tree
4 26.Repal [« Highlight

£ 27 Repai

& 28 Repal

A 29, Repai =- Shell Shell ->
4 30. Repai

4 31. Repai o

Srmras R21

You can close the Locate Errors dialog now.

The Boolean operations will be done after each shell is fixed into a correct STL
shell. Now we will

- select the body shell and

- run Fix Model > Repair Shells command on to fill in the gaps
generated during the surface removal.

You can use automatically proposed parameters:

Rapair Shalls |

Emors
[« Chackfortriangle erors

[¥ Stitch gaps smaller than lEI 003937 - I mm
[+ Fill gaps smaller than All *| mm

[T Use suraunding tesdure on fill ianglas when filling gaps

Show Advanceds>
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- Press OK to start the command.
After the command is run we have a body shell without any errors:

@™ 5 downbox?
=@ B body (Repaired)

f Desl:Artes 3Data Expert - cellphone-shells

i Selected object: shell
6. body (Repaired)

Shell status {error filter: Normal/Part):
- verified, repaired
- shell can be saved and then printed.

If you had problems producing the correct body, you can continue with the file
tutorials/GeomFiles/cellphone-body-repaired.3de stored in the distribution
package.

Note: If you are still left with some errors and seem not to get forward, you may try the Fix Model
> Edit Triangles command to remove individual triangles from areas with errors. Just start the

command, click on triangles with LMB and finally RMB to remove them to make clean gaps for
the automatic gap filling with Repair Shells command.

Repairing the small cellphone components

Now we will have a look at the remaining cellphone components, cylinder,
upbox1, upbox2, downbox1 and downbox2. Before we can use Boolean
operations to combine them into the body we need to make sure that the
components are correct. We will use multiselection on shells 1 to 5:
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=1 rercpect
o' Al
+ i 1. cylinder
+ ' 2. upboxl
4+ i 3. upbox2
+ i 4. downboxl
+ @ 5. donwhox?
+ @ E. body [Repaired)

and run Fix Model > Repair Shells on all of them with the following parameters.
Especially, the Multiselected shells form separate parts should be set On to keep
the names for the results correct (and to avoid trying to stitch them together):

Repair Shells |

Ermors
[v Check for riangle emors

[v Muhiselected shells form separate parns [+ Repair flalfopen shells too
[+ Stitch gaps smaller than 0.000262 | mm
[« Fill gaps smaller than Al | mm

[ Use surrounding texture on fill triangles when filling gaps

Show Advanced>>

The result is 5 correct components:

ol =

- body [Repaired])

. donwbox? [Hepaired]
. downbox] (Repaired]
. upbox? [Repaired)

. upbox1 [Repaired]

. cyhinder [Repaired]

¥ -H-H
L L L LR LT
0N o e R o=
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Combining the cellphone components

The Modify Faceted > Boolean command is used to combine the 6 components
into one correct STL file. You will need 3Data Expert, 3Data Expert Lite or Sim

Expert to finish the cellphone example as Dimensions Expert does not include
Boolean commands.

First we will combine the cylinder with the body. As we can see in the image
below (using clipping with | @ icon) the two components are slightly intersecting:
;B x|

- 1. body (Repaired)
2. downbox2 (Repaired)
3. downbox1 (Repairad)
- 4 upbox? (Repaired)
5. upbox1 (Repaired)
B. cylinder (Repaired)

H--E - E -
BRRBIBRE

Clipping |

Viewing plane
a

Iso-planes

x o [ ¢
Y o4 I
z o [ ¢’

-

We can connect these two shells into one just by using Modify Faceted >
Multiple Join or with Modify Faceted > Boolean command. We will use Multiple
Join command.

- Select the shell 1. body and shell 6. cylinder as shown in the image
above.

- Give command Modify Faceted > Multiple Join

Soon you are asked to Remove original parts:
Boolean multiple join

[+ Bemove orginal pars

coct|

- Press Ok to Remove original parts and to commence the Boolean
operation.
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Soon the result will appear, the two shells are connected and the result is stored
in a new shell, body (Multiple Join):

i E 'J!:J persp et

o' Al

7@ 1. downbox? (Repaired)
@@ 2. downbox1 (Repaired)
=-@ 3, upbox? (Repaired)

#- @ 4 upbox1 (Repaired)
=@ 5. body (Multiple Join)

Now we will connect the upbox1 and upbox2 shells to the body. The fixtures are
too far from the body, so we either need to move them towards the body or we
need to generate extra material on the surfaces facing the body. Now we will
generate more material on the surfaces. Extra material is added with Create
Geometry > Extrude Surface > from Surface command.

Note: With 3Data Expert Lite or Sim Expert you can use the Transformation
commands to move the fixture shells slightly (0.01 mm) towards the body shell.

With 3Data Expert we will add material on the upbox17 shell, selected below in the
Model Tree:

perspact

- downbox2 (Repaired)
. downbox] (Repaired)
. upbox2 (Repaired)

. upboxl (Repaired)

. body (Multiple Join)

o Poo=

To be able to create a boolean result, we will add material to the surface facing
the body shell.

- Fit the shell with LBM + | &2 icon
- make sure you are in the Surface selection mode:
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iy

Then rotate eye point to see the surface facing the body shell
and select surface graphically

perspect

Then

Ela:amag'i
oo R

1. downbox? (Repnired)
Z. downbox1 (Repaired)
3. upbox? (Repaired)

4. upbox1 (Repaired)
-4 1. Repaired
& 2. Repaired
& 3. Repaired
~-& 4, Repnired

& 5 Repaired

-~ £ 6. Repaired
5. body (Multiple Join)

give the Create Geometry > Extrude Surface > from Surfaces

command

You will see the following parameter dialog:

— Selected ohject size and units

Extents: X: 0.0327 mm ¥Y: 0.1057 mm Z: 0.0581 mm

i Direction 1~ Close both ends
(" =X ( #X (% Normal
=  # ( Opposite [ Yes, create solid
L =E . +Z

Extrude thickness : 1|:|.l:|1

[ use default (1/100 of max ext)

o] co
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- fill in the values above (thickness 0.01 mm and untick the use
default)

- press OK
After a while you will see the extrude result:

- 1. downbox2 (Repaired)
7@ 2. downbox1 (Repoired)
s @ 3. upbox? (Repaired)

-7 4. body (Multiple Join)

# 5. upbox! (Extruded)
& 1. Repaired
. Repaired
. Repaired
. Repoired
. Repaired
. Repaired
. Repaired

PEDDDD
= O N Ja Gd P

The command moves the selected surface to the (average) normal direction of

the selected surface(s) and creates new edge triangles to keep the fixture solid.
Now

- use the multi-selection (Ctrl + LMB) to select the body and the
upbxo1 shell

A

downbox? (Repaired)
downbox] (Repaired)
upbox? (Repaired)
body (Multiple Join)
upbox1 (Extruded)

1. Repaired
2. Repaired
1. Repaoired
1. Repaired
5.
b.
1.

m@m@am

i’
i
-
&
l

Repaired
Repaired

1.
F
1,
4.
5.
-y
A
L dy
[eee
4
&4
& 7. Repaired

- give the command Modify Faceted > Multiple Join and press OK
(twice):
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@ 1. downbox? (Repaired)

@ 2. downbox1 (Repaired)
- 3. ypbox? (Repaired)

i 4. body (Multiple Join)

The result now has the two shells connected into one shell 4. body (Multiple
Join). Connect the upbox2 shell to the body in similar fashion,

- select the surface facing the body

- extrude material with Extrude > from Surface with the same
parameters used in the previous extrude

- run Multiple Join to connect the shell to the body

After connecting the upbox2 shell you should have the following composition in
the Model Tree:

. downbox? (Repaired)
. downbox] (Repaired)

. body (Multiple Join)

LR R
W=

In the last Boolean step we will connect the downbox? and downbox2 to the
body.

- Use multi-selection to select all three shells
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I:l All

- 1. downbox? (Repaired)
- 2. downboxl (Repaired)
m-@ 3. body (Multiple Join)

If you do some visual checking with Clipping tool

, you will see that the
components are tangential:

N-EN

. downbox? (Repaired)
. downbox1 (Repaired)
. body (Multiple Join)

a9
W=

Chpping 1

Viewing plane
i | »

—Iso—l'”
X o [
Y o [
z o ¢

Clipping step |‘ %

i~ Show clipped area as

The new Boolean operations with Expert Series software can most of the time
handle tangential surfaces, i.e. to connect them correctly. Just proceed with

- command Modify Faceted > Multiple Join for the three shells
After a while you will see the three shells connected into one body shell:
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Ol x|

o All
a- @ 1. body (Multiple Join)

Clipping 1
~\iewing plane -
] >

|

Iso-planes 1
x o [N
Y o [ ¢
z o (I ©

-~ ' . I‘I e

The correct model is stored in the cellphone-repaired.3de file in the distribution
package.

Transferring to 3D Printing via Plugin

You amy want to use the Print Preparation menu plugins to transfer the
cellphone model directly to another Additive Manufacturing application, like some
3D Printer control software.

To define and use plugins from Expert Series software products, please see On-
line Help Menus and Commands > Print Preparation > New Plugin page. This
page explains how to create connection to 3D Systems ZPrint, Stratasys
CatalystEX and Objet Studio software products, for example.

Conclusions with the cellphone model

The cellphone model can be repaired using the Expert Series software within 5 -
10 minutes by an experienced user. Stitching gaps, adding material and using
Boolean allow us to fix the cellphone file in a few minutes. The output result is a
fully fixed STL model for 3D Printing or Additive Manufacturing.
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Chapter 3 — A human head

The second example will be a VRML model, a human head, file tutorials /
GeomfFiles / gary front profile_bwrl.wrl in the example package. The head
model can be repaired using 3Data Expert, 3Data Expert Lite or Sim Expert
modules with less than 5 minutes. The extensive use of Boolean operations
make this example unsuitable for Dimensions Expert.

Green box indicates if the lesson is applicable to the given module:
B Vview B Dimensions [ Lite ' 3Data [ Sim

Anyhow, Dimensions Expert can be used until paragraph “Repairing and
combining the head and the eyes”. You may also want to try the self-intersection
removal in paragraph “Repairing and combining the head and the teeth” on page
44 if running Dimensions Expert.

Start by

- inputting the VRML file gary front profile_bwrl.wrl with File > Open
command

you can see the model on the graphics area. For each inputted file the software
will ask for the units if not available in the input file.

- Select Millimeter units and press OK.

Extents of the part

X (Length) 40.4002
Y (Width) :  71.3451
Z (Height) : 57.6186
Units

millimeter (mm) -
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When the units are set the software will ask for the Operation Mode:

(DT 7 =
= W 4 B

Fix Moded PaintaTexture Mokl

Analyzing the head model automatically

We will now

- select the Fix Model mode, this will automatically analyze the model
for errors as well as orient the normals consistently.

After a while the analysis result is shown:

’g Model status:
= - 6 verified shells

- 6 shells with errors

After the analysis the surface normals are corrected and the outer surface color
is changed to pink, the inner surface color remains light blue.

The model has 6 shells each with errors.
- Press OK to close the dialog and
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to see the Model Tree and the Tools Window with Fix Model Tab and repair Help
text window. The software asks you if you wish to run the Auto Repair
immediately:

The visual inspection of the errors (gaps) in the model suggest that we should
not run the Auto Repair. Auto Repair will repair each open shell (6) separately
into a solid shell. The gaps in this model at the mouth / lip region show that
closing them may generate separate shells where shells should be connected to
each other at open edges (lips vs. mouth). Anyhow, you may do a faster repair
just by running the Auto Repair now and skipping to the chapter Repairing the
teeth on page 44.

- Press No Auto Repair to start a more careful examination of the
errors.

You will see the status window appearing:

DeskArtes 3Data Expert - gary_front_profile_bwrl g

E Model status:
- 6 verified shells
- 6 shells with errors (red)

To do:

- select each error shell (red)
in the Model Tree and repair
according to the instructions given
in the Fix Model tab Help text
window.
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This indicates that each shell has errors and we should use Model Tree and Help
Text to repair the model.

- Press OK to close the window and
to see the Command Tip window (if not turned off earlier):

- - [5[x]

You hawve run Yerify Shells on the input data. The Model Tree S
now contains 6 new separate shells generated From
the original model,

Please seleck each shell with errors (red icon) from the

Model Tree to see the required repair action in the Fix Model
Help text window, Compare also to neighboring shells to see i
Jning Gaps or Offset should be used ko create solids,

Tips:
3Daka Expert affers bwa calar modes, ‘30 calar pinker' and 'Repair

(set through 30 prinker colors' icon in the toolbar],
It is more efficient ko do the repair in the 'Repair' color mode

Iv Show Command Tips Zlose |

The Tip window gives useful information after different commands. For example,
this tip window proposes to use the Fix Model Help Text window as well as visual
checking to decide the next repair actions.

- Press Close when ready reading the tip.

Before going to more controlled use of the repair commands you may want to
take a look at the real colors in the VRML file. For that you should turn on the 3D
Color Printer mode for a second. Press the &; icon to see the original VRML
texture map colors:
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3Data Expert can repair and manipulate fully colored and textured models for 3D
Color Printing. Now press the &z  icon again to get back to the Repair color

mode.

8=l
] A
+
+
¥
*

2. gaiy_fronl_piof [Ve
3. gary_fronl_prol [Ve
A. gay_front_prof [We
5. gary_front_prof [V
. gary_front_prof [V
&1, Vernfied

& 2. Veiilied

A3 \Falimcf
Fu
4
4

The Model Tree on the left hand side of the
display area contains the directory to the
geometrical information for the model. This
model contains 6 shells (e.g. 1. gary_front_prof
(Verified), ...). Each shell contains Verified
triangle surfaces (press +-icon to see the 1.
Verified, 2. Verified. etc. surfaces inside the
first shell). The texture information for the
VRML data (.jpg images) is stored after each
surface.

If you select each shell separately you will see that they represent the eyes, teeth
and mouth for the head model. After the initial verification the shells are ordered
by surface area in descending order.

Now select different shells in the Model Tree and see the Help text window in the
bottom of the Fix Help Tab on the right hand side of the screen. Select the 1.
gary_front_prof (Verified) shell with the left mouse button from the Model Tree:
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The message in the Fix Model Tab Help
text window tells that there are several
intersecting triangles (about 153) and
gaps (4) in the selected shell. Gaps are
shown as red curves on the graphics
area and stored in the Gaps element in
the end of each shell in the Model Tree
(for example, open the 1.
gary_front_prof (Verified) component
and use the vertical scrollbar to scroll to
the end of the component to see the
Gap element). The intersecting triangles
are show with red color in the display
area. The are mostly generated by
intersections between the eyes and
mouth parts with the 1. shell.

Below the status information the set of
possible commands to fix the model are
presented. There may be one or more
commands and the first is the most
likely action to take. Anyhow, you
should also use visual inspection to
finally decide the command to run.

The input file is divided into 6 different shells in the Model Tree; the original head
consist of these disconnected components (eyes, teeth, mouth ...). In the sequel,
all gaps will be closed and the components will be connected into one correctly

oriented part.

Analyzing the head model visually

Some visual inspection very quickly shows us that the 1. shell (head) should be
connected with the inner mouth shell (2. shell). In the image below the two shells
are displayed (non displayed shells are grayed out in the Model Tree) and
clipped to display the inner structure of the model (the Clipping Tab can be

displayed by pressing the " icon):

Paint & Prim
Fix: Model | i Freparation
Salection mode Color

wle 7|

Automatic repar

Gap filing
| | <2
Manisal repair
)
x| KT A
Help bext :
Selacted objact: shell ~

1. gary_front_peof (verified)

Shedl skabus {error filter: Mormal{Part):

- werified

- 149 intersecting triangles in separate she
-4 gaps, may require fixing

To create a correct solid shel bry first the
Automatic repar and Gap filing commands
above, Possible bry order For commands:
= run fubomatic repalr Repar Shalls bo stitc
arid fill all gaps or
run Modify Geometry »Boolean command
join shells together or
- gobo manual commands

TF o drenabis rrearmande Failad boosreaska
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| B x| [eeen——

1. gary_front_prof [Venk
2. gary_tvont_prof [Wenfi
3. gary_front_prof [Werili
4. gary_fromt_prof [Werifi
5. gary_fromt_prof [Wenfi
6. gary_tront_prof [Wenh

&) [ -

o e S W e >

We can use different visual aids to define the order how to fix and combine the
different components together (see the image above). Several viewing
commands are available in the View menu as well as the Viewing Tab and
Clipping Tab functions do determine the best way to go forward. For example, we
can have a look at the model using clip form +X direction and a thick light blue
clip curve, as seen above.

Investigating the verified model visually will show us that one possible way to go
is to repair and combine the parts in the following order:

1) stitch head and mouth into one correct shell

2) repair eye shells

3) repair teeth shells

4) join all shells with Multiple Join command into one shell

Before starting the repair operations, lets
- rename the different shells with more descriptive names

with right mouse popup menu on the Model Tree item + Rename command. This
will help us to keep better track on different parts during the repair process.
Below we can see the renamed components.
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All

# 1. head

# 2 mouth

# 3. upper teeth
# 4 lower testh
# 5 right epe

L6 icit cye]

1‘1‘1’1‘1‘1‘“

Repairing and combining the head and the mouth

With the head and the mouth we will use the automatic Fix Model > Repair
Shells command to combine the mouth to the head at the lip area. Stitching the
mouth edges into the lips (see below) will produce a desirable result.

We can see that both the disjoint shells are more or less at the same distance
from each other along the open edge. The approximate distance can be
measured using the Dimensions > Distance command and it will give
approximately 0.05 units (you can also use the &* icon to start the Distance
command).
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Before running the Fix Model > Repair ol x|
Shells command we will use the multi 3 an
selection (Ctrl + left mouse button 3 :
(LMB)) to select both head and mouth o i el
components in the Model Tree. = @ 4 lower teeth

+ (P 5 night epe

+« M G left eye

Now

- select the two shells with multi-selection, first the mouth, then the
head (the last selected shell will give the name to the result)

- run the Fix Model > Repair Shells command from the menu or use
the command Fix Model Tab shortcut

m/]

button. You will see the following parameter window:

Repair Shalls |

Ermors
[v Check for riangle arrors

| Muliselected shells form separate paris [v Repairflatiopen shells too
[+ Stiich gaps smallerthan 0071345 *| m
[+ Fill gaps smaller than [l ZI m

[ Use surounding texdure on fill riangles when filing gaps

Show Advanceds> .

To get good results, we must give correct parameter values for the repair
process. As seen above, normally we want Check for triangle errors as we are
changing the geometry and we want to know the possible errors after the repair.

- Turn Off the Multiselected shells form separate parts setting.
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Stitch gaps smaller than 0.071345 is automatically calculated according to the
size of the selected shells. According to our measurements earlier this will
connect the shells together by stitching the edges together, i.e. all segments
which are closer than 0.077 units from each other will be combined. Fill gaps
smaller than and value All will fill the remaining large gaps (neck and eye slots) to
form a solid model.

Note: you must be careful when filling the Stitch gaps smaller than value. If a too large value is
given some edges may be connected to edges too far away, causing new errors.

The Advanced parameters are not needed with this example.

With the head model we will accept the default parameters seen in the image
above and

- press OK to start the Repair Shells command
After a while we will see the correct result and the message

DeskArtes 3Data Expert - gary_front_profile_bwrl [me.dm)

o Al

- 1. upper teeth

@@ 2. lower teeth

- 3. right eye i Selected object: shell
i 4. left eye 5. head (Repaired)
@ & 5 head (Repaired)

Shell status (error filter; Mormal/Part);
- verified, repaired
- shell can be saved and then printed.

0K

The original parts will be deleted from the Model Tree and the result will be
stored in the end of the Model Tree, 5. mouth (Repaired) (should be renamed to
head immediately).

- Press OK to close the message dialog

Repairing the eyes
In the next step we will repair the eye ball shells to prepare for combining them
with the head shell later in the process.
First we will
- select both eye shells, left eye and right eye,

for the second Fix Model > Repair Shells command. The selected sells are fitted
on the graphics area in the image below:

Page 42



Expert Series 10.0: STL and VRML Repair Examples

=) perspec]

All

M 1. upper teeth

i 2. lower leeth

# 3 right epe

# 4 left aye

7 5 head (Aepaired)

4++++Q|

- Give the command Fix Model > Repair Shells

The parameter dialog is displayed.
We will use the default parameters except that we will
- set the Multiselected shells form separate parts to On

as we do not intend to join the two eye balls with each other (they would be too
far from each other in any case):

Repair Shells |

Errors
[¥ Check forfriangle emors

[+ Multiselected shells form separate parts [+ Repairfiafopen shells too
[+ Stitch gaps smaller than 0.0069 *| m
[+ Fill gaps smaller than Al | m

[ Use surrounding tesxture on fill tiangles when filling gaps

Show Advanceds>

- Press OK to run Repair Shells command
- Press OK to close the following status dialog

And you will see two correct eye balls in the end of the Model Tree:
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EI ﬂ parspact

1. upper teeth

2. lower teeth

3. head [Repawed|

4. left eye [Repawed)
5. nght eve [Repaired]

w] e
RRDERE

Repairing the teeth

In the next repair the teeth shells to be connected to the head shell later. First we
will run Repair Shells command individually on both teeth set, upper teeth and
lower teeth, to get a solid STL data for the following Boolean operations.

- Select the upper teeth shell and
- run the Fix Model > Repair Shells on the selection.

Use the automatic parameters. Note: Repair Shells is the second preferred command in
the Help Text window in the Fix Models tab (first proposal Join Gaps can not be used as there are
no similar gaps close by).

Rapair Shells l

Errors
[« Checkfortriangle amors

[« Stitch gaps smaller than 0019327 *| m
[v Fill gaps smaller than All *| m

[ Use surrounding texture on fill tiangles when filling gaps

Show Advanceds>

- Press OK to start the Repair Shells command

After a while you will see the result

Page 44



Expert Series 10.0: STL and VRML Repair Examples

& Al

@@ 1. lower teeth

= 2. head (Repaired)

@ 3. left eye (Repaired)

=@ 4 right eye (Repaired) Selected object: shell

= 5. upper teeth (Repaired) 5. upper teeth (Repaired)

Shell status (error filter: Normal/Part):
- verified, repaired
- 23 intersecting triangles, may require fixing

The software reports 23 Intersecting triangles error. A closer investigation (red
triangles in the image below) shows that the intersecting triangles are are
piercing through the outer surface.

In the Fix Model Tab Help text window the most recommended repair action is to
run Remove Self-intersections command.

- Run the Fix Model > Remove Self Intersections command on the
upper teeth shell now.

The command can also be started from Fix Model Tab shortcut

=

button. After a while the self-intersection result is displayed with Tip window, if
not turned off earlier:
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= o Bl =
o Al
+ @ 1. lower teeth
- 2 head -
. Remowe Salf-inkersections produced & shalls,
+ @ 3. upper tee [sﬂ'fm The results are sorted by deressing surface
+ (@ 4 upper tee [Sell-interse size: in the end of the Madel Tree,
4 (M 5 upper tes [Self-inters: Chiack visualy  the selected smal shels in e Modsl Tree
+ M 6 upper tee [Self-intera {can be red or gresn) sre nok nesded and can be deleted.
M 7. uppes tee [Sell-interse T
; . v
+- @ 8 upper lee [Sell-interse - display everything first in wireframe

(wareframe icon+Heft mowss in Viewing Toolbar)
- display then the selected objects in shaded

mode (shaded icon<right mouse in

Viewing Toolbar).

¢ show Comenand Tips

The Tip window indicates that the shells preselected after the command is run
can be deleted. These are the small pieces generated by the self-intersection
removal and can normally be deleted from the result; the largest shell is the one
before the preselected shells and is normally the correct result. Anyhow, you
should always visually check that the correct extra shells are removed. With this
example the visual check also supports the proposed removal of the shells 6 to
10, as seen on the next image:

Bix

1. lower teeth

2. head (Repaired)

1. left eye (Repaired)

4. right eye (Repaired)

5 upper tea (Self-imersected
b. upper tee (Self-intersected
7. upper tee (Self-intersected
8. upper tee (Self-intersected
9. upper te (Self-intersected)

10. upper te (Self-intersected,

AR
TTYTTITIIILY

- Delete the extra shells with Edit > Delete command
or by pressing the Fix Model Tab delete shortcut

=

button.
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The software now recommends you to run the Repair Shells to fill the gaps
generated during the Remove Self-intersections command.

- Run Fix Model > Repair Shells command with the automatic
parameters now to generate a solid upper teeth shell:

< Bl

T T B T Mﬁ

. lower teeth

. head (Repaired)

. left eve (Repaired)

. right eye (Repaired)
. upper tee (Repaired)

_ Selected object: shell
=== 5, upper tee (Repaired)

AR
RRRRaE
N oda G P =t

Shell status (error filter: Normal/Part):
- verified, repaired, self-intersected
- shell can be saved and then printed.

OK

The lower teeth is handled in the similar manner. First
- run the Fix Model > Repair Shells command to close all gaps

on the lower teeth component to make it solid. Once again, there are self
intersecting triangles which are removed by

- running the Fix Model > Remove Self-intersecting command.

After the self intersection removal the extra small shells 4 to 12 are again
deleted:

. upper tee (Repaired)

. lower tee (Selfiintersected)
. lower tee (Sel-intersected)
. lower tee [SelHnersected)
. lower tee (Sel-intersected)
9. lower te (Self-intersected)
10. lower te (Seli-intersected) :
11. lower te (Sel-intersected) l .....‘ -
12. lower te (SeliHintersectad)
13. lower te (Self-intersected)
14. lower te (Sel-intersected)

H-F-B-E-F
B o U e

ERCE
E = - 1Y

-5

- Delete the preselected small shells now.

- Run Fix Model > Repair Shells on the shell 5. to create a solid shell.
- Press OK to close the status window

- give View > Fit for the root node All
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Now we will have a model with 5 correct shells to be connected into one final
shell.

perspeact

1. head (Repaired)

2. left eye (Repaired)
3. right eye (Repaired)
4. upper tee (Repaired)
5. lower tee (Repaired)

E}E]E‘:TJEQ
TRBBRE

Now we are ready to combine the three remaining components, head, upper
teeth and the lower teeth into one solid STL part. First we will use multiple

selection to select all parts and then run the Modify Faceted > Multiple Join
command on them.

- Multi-select all shells in the Model Tree and
- Run Modify Faceted > Multiple Join on the selected shells:

- 1. head (Repaired)

@ 2. left eye (Repaired)
- 3. right eye (Repaired)
# 4. upper tee (Repaired)
- 5 lower lee (Repaired)

Cancal

- Press OK to Remove original parts

A progress bar is shown for each shell to connect (1/5, 2/5, ... 5/5) and soon you
will see the correct head (if necessary, rename the mouth shell to head shell):
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persped

& Al
#-@® 1. head {(Multiple Join)

The Fix Model Tab Help texts shows that the model is correct too:

Help text :

Sehacted abject: shell
1. head

Shell status (error filker: Mormal [Part):
- vetified, repaired
- ghell can be saved and then printed.

Outputting head STL and VRML files

The STL output of the file is straightforward, just select the model and give File >
Save As command with the STL option. Also, outputting to 3D Color Printing can
be done easily by selecting either VRML or ZPR file formats.

The correct file tutorials / GeomFiles / head-repaired.3de can be found in the
installation package.
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Chapter 4 — The Maya model

The second model to fix will be a test part generated with Maya software
(maya_three_d.wrl in the example package). The maya model fixing should not
take more than 20 minutes with 3Data Expert or other Expert Series module.

Green box indicates if the lesson is applicable to the given module:
B View I Dimensions [ Lite I 3Data I Sim

Start and
- Open the file maya_three_d.wrl with File Open dialog.

After the input we will immediately see that the model is not oriented correctly,
there is a lot of blue inside (inverted normal) color visible amongst the material
colors (normal side) inputted from the VRML file.

Extents of the part

X (Length) 24.6380

¥ (Width) :  19.1567

Z (Height) : 13.0212
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- Set the Units to Millimeters and press OK to continue to Fix Model
mode:

Choose the Dperation Mode

2 &=
7 B

Pairtd Texture Model

- Press Fix Model to start the analysis and after while you will see the
error message:

Model status:
- 1 verified shells
- 1 shells with errors

The normals are now consistently oriented and also the repair color is set to the
normal sides of the triangles (the original material colors are stored for the 3D
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Color Printer mode). There are also a few gaps visible on the screen. We can
see that there are errors close to the “created with” text. Running Auto Repair
may join the small details in the letters in a way which may cause difficulties later
with the Boolean operations, so we will

- press No to the Auto Repair question:

9 Do you want to run Auto Repair?

Yes No

Familiar status message appears:

l Maodel status:
- 1 verified shells
- 1 shells with errors (red)

To do:

- select each error shell (red)
in the Model Tree and repair
according to the instructions given
in the Fix Model tab Help text
window,

OK

- Press OK to close the window and also press
- Close to the Tip window appearing if set On through the Help menu.

Now we will select the shell 1. maya three _d (Verified) from the Model Tree and
have a look at the Help text in the Fix Model Tab.
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The indicated errors, 137 overlapping
triangles are typically the most difficult to
fix. This may require removing surfaces
manually and then adding some
triangles to help correct filling for the
gap. Also, re-trimming of some surfaces
against each other is sometimes
required.

The 10 intersecting triangles are either
fixed by Remove Self-intersecting
triangles command or Delete triangles /
Repair Shells pair. Anyhow, now we
must first remove the overlapping
triangles to see the real situation
concerning the intersecting triangles.

To start, let's rename the shell to shorter name, maya. If you now now open the
Model Tree for the maya part, we can see no textures as was the case with the
previous head model. Now the model colors are given through the material

definitions in the VRML file.

You may now try to press the 3D Color Printer |8

of the model:

o Al
+ W 1. maya

Return to Repair color mode by pressing the &5

Help bext ©

Seleched object: shel ~
1, maya_threa_d (Verified)

Shel stabus (error flter: Mormal[Part);

- werified

- 137 oveilapping triangles, may require fi
- 70 overlapping tHangles in separabe shalk
- U0 inkergecting triangles, may require Fid
- & gaps, may require fing

Ta create & correct sold shell bry first the
Automatic repar and Gap filing commands
above, Possible try arder For commands:
- run Automatic repair Repar Shells to stitc
and il all gaps or
- transfarm overlapping shells ko
creabe proper intersections

- run Maodify Geometry >Boolean command

icon again before continuing.
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Repair steps for the Maya model

The errors in the model are caused by erroneous triangulation of surfaces at the
intersections of different model components. First you should investigate visually
how serious the errors are.

A short investigation reveals that we can not just delete the erroneous triangles
with Fix Model > Delete Errors > All error triangles command. Instead, we need
to do some

1) The “created with” text requires to be re-connected to the part for correct
STL/VRML file generation.

2) The box below the “created with” is not correctly trimmed to the curved
surface attached to it.

3) Manual triangle removal and addition at the string “graphics” character
borders to help the automatic repair to produce the correct result in the
end.

4) Gaps should be filled with automatic repair.
Let's start with the worst problem, re-connecting the “created with” string.

Connecint the “created with” string

The string “created with” needs to be re-connected to the maya shell first. If you
take a look from X axis and use clipping, you will see that the text is on a flat
surface. In this case we can use the new flat polygon area fill functionality
available with the Repair Shells command. In the clipped image below you can
see that the gaps are on the flat plane:

Bl =

g Al
- 1. mayn

Clipping |

Viewing plane
1 | b
ol

lzo-planes

x o [ O
Y o [
z o [

Mimmine chom 1 @
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We will first clean up the planar area surfaces the text is attached to. Before
selection make sure the Selection mode is in the Surface selection mode:

|

Selection mode ————————————————— |'C|:|I|:|r

o2z 7

take a view from X axis direction
use Alt + LMB rubberband selection to select the surfaces in the flat

Then

plane as seen below

il L
L

L

When the mouse is released, the surfaces at the plane are selected:

4 723 Verified
4 724, Verihed
L4 725, Verified
&4 726, Verified
L4 727 Verified
-y 728, Verified
oA 729 Veriied
4 730, Verified
A I Verihied

tA 00 Al

And from another view point:
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Then
- give Edit > Delete command to delete all selected surfaces

Now
- select the maya shell

- give Fix Model > Repair Shells command to fill the gap between the
text and the surrounding area

Soon you will see the parameters dialog:
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Repair Shells |
—Ermrors
[+ Check far tiangle erars
[+ Stitch gaps smaller than lm mm
[+ Fill gaps smaller than Al | mm

[T Use surrounding texture on fill iiangles when filling gaps

| <<Hide Advanced

rAdvanced
[~ Regenerate all faces

|7. Separate faces 15 dﬂg. smaooth angla lirmit {0-9407)

[+ Flat potygon area fill 1 flatness coefficient (0.01-100)

[T Connectermror triangles last | Minimize ermor triangles

1 deg, ovelapping narmal imit (0-20) 10 error diste

The new Flat polygon area fill, set on by default, will connect the flat gap
polygons at the letter bottom edges to the surrounding box edges. All polygons
lay in the same plane and the software use a special algorithm to fill between the

separate polygons automatically.
- press OK to run Repair Shells on the maya shell.

The result on the text area is a prefect triangulation between the letters and from

the letters to the surrounding square gap.
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Fast visual inspection to the result will show as that the “created with” string is
correctly connected to the maya component.

The maya model would be printable with Help text :
inti i Selected object: shel ~

any 3D Printing system with the current e b e e
state. Anyhow, there are still a few

, , . . Shell status (arror filber: NormaliPart )
overlapping and intersecting triangles - verlfied, repaired
and we will fix them for the L harem i tanles, ey rodre o
Complete_ness shake in the Sequel' AlSO, T creake a correct solid shell bry first the
some thin triangles may have caused Autormalic repair and Gap Flling cormands
. . above. Possble try order for commands:
inverted surface area to appear. This - run Automatic repar Remove Self-interse

will also be fixed in the sequel.

Repairing the text base box

To locate the remaining errors you can either look for the red triangles on the
screen or use the Locate Errors command to highlight the error triangles with
yellow edge color and to fit them on the middle of the screen. Locate Errors tool
will help you to pinpoint any error triangle or gap in the model.

- Give Fix Model > Locate Errors command or press the Locate

Errors
&

button in the Fix Help Tab.

The Locate Errors Tab is displayed and error triangles highlighted on the screen.
The dialog will give info on the total number of errors in the selected shell,
Previous and Next buttons to select and fit the next error on the display area,
error type for the currently selected error triangle as well as buttons to go to the
next or previous Shell with errors
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L
1)

wpe = 3

faztzes~Nmma
I I IR
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Press the Next button on the Locate Errors dialog until the following error
triangle is highlighted on the scree:

Locate options
Iv Select in Model Tree
¥ Highlight

L]
1
2
3
4
5
[
7
a
9
1
1
1
1
1
1
1
1
1
1
2
2
2
@

bt ol 2 o e e R S o T

1.
&
£
£
&
&
&
£
£
&
&
&
£
£
&
&
&
£
£
&
&
&
£
A

We will now clean up this overlapping triangle and the area surrounding it. You
can

- close the Locate Errors dialog now by pressing Close button.
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The box feature in the model has some overlapping triangles on the upper face,
as seen in the image below:

&4 5. Repaired

BEBBEOLBBDDD

These errors can not be removed 100% reliably using automatic Remove Self-
intersections command due to the tangential intersection conditions. Now we will
remove a few triangles manually and then let the Fix Model > Repair Shell
command to Fill all created gaps.

- Start triangle removal with Fix Model > Edit Triangles command or
using the Fix Model Tab shortcut

&%)

Remove enough overlapping triangles from the error area, as seen in the next
image. You could also use Surface selection mode and LMB selection with
Delete to get rid of extra surfaces in the area.

button.
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Trignghe edit
Select

02| %5/ nl| @ s 2% 52 o

To finish the fixing at the “created” string, have a look at the bottom of the base.

- Select all red triangles and delete them also on the down surface of
the box to allow the automatic repair to fill the gap correctly:

You may use the mouse wheel zoom and middle mouse rotation during the Edit
Triangles command to get a better view to the delete triangles if necessary. After
the removal the gap should look as seen here:
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Select Colet eopy

@ o %5 a8l 2w 58] o

The run

- Fix Model > Repair Shells command and the corrected area is
displayed:

Repairing the “graphics” string
To locate the last remaining errors we should use the Fix Model > Locate Errors
tool again.

- Give the command Fix Model > Locate Errors to open the Locate
Errors dialog or press the Fix Model Tab shortcut
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it

button. Error triangles in the model will be highlighted with yellow color as seen
on the image next page:

‘aa Locate Errors

= ' 1. maya [Repaited] ~

4 1. Repaired Shel: 1. maya {Repaied)

& 2. Repairad o

4, 3. Repaired RENRSEES ot

24 4. Repaired Triangies | 7

£ 5. Repaired Gaps | 0

& 6. Repaired Total ¢ 7

& 7. Repairad

4 8 Repaired < Previoss | Mt |

£ 9. Repaired

£ 10, Repaired Current enror

&4 1. Repaired Index : 17

£ 12, Repaired Class :  Triangle

4 14. Repaired Seff-ntarsact

£ 15, Repaired

£ 16. Repaired

£ 17. Repaired

£ 18, Aepaired

£ 19, Repaived Locake options

4 20 Repaired Iv Select in Model Tree

£ 21. Repaired ¥ Highight

£ 22 Repaired

£ 23 Aepaired

j 24. Repaied <shel | shet-> |
25. Repaired

4, 26. Repaited S |

£ 27 Repaired

The last errors are at the letter 'c' in the graphics string. Press Next or Previous
to zoom into the error area and the close the Locate Errors dialog. The errors
around the letter 'c' are similar to the previous two errors we have fixed:
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Open Fix Model > Edit triangles tool and
remove the overlapping triangles with LMB selection + RMB

delete
The give
- Fix Model > Repair Shells command for a gap filling and you will
have a correct maya model.
pEspech
o Al

+ @ 1. maya [Repaired)

I

o
— v

o

Selected object: shel
1. maya (Repaired)

Shiel stabus (error Fiter: MormalfPart):
- werifiad, repaired
- shell can be saved and then prinked.

Note: You may find a new area or areas at the letter 'p' with similar errors after the last repair, just
remove the overlapping or intersecting triangles in that case and rerun the Repair Shells once
more. Or use Fix Model > Edit Triangles to clean up the error triangles, simplify the gaps and
rerun the Fix Model > Repair Shells until there are no errors.

Outputting the Maya model

Once again, STL, VRML and ZPR output is straightforward File > Save As
operation.

The correct file tutorials / GeomFiles / maya_three d-repaired.3de is available in
the example package.

If your goal is to take the model to 3D Color Printing, you will need to fix some
color errors created during the topology fixing. Model coloring is described in
detail in the “Working with Colors” (through the Help menu).
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Chapter 6 — Conclusions

Congratulations for reaching the end of this repair example document! By going
through the examples you have learned a lot of the advanced STL and VRML
model fixing functions in the DeskArtes Expert Series software. The handled
models are difficult and in the everyday work you should not need all the skills
acquired to prepare parts to be build. Anyhow, when a difficult model comes you
will now know what do with it!

We have shown that the DeskArtes Expert Series, especially the 3Data Expert
can be efficiently used to fix even most difficult geometrical problems. Investment
in the 3Data Expert software will pay itself back very fast due to increased
throughput of the 3D Printing system or seamless STL model transfer to
simulation softwares. New Expert Series Plugins allow you to connect to other
software products with ease.

There are still several other commands available in the DeskArtes Expert Series
software suite for generating and handling triangle models. To know more about
these commands we recommend you to go through the example documents
available through the Help > Tutorial Documents command.

Thank you for spending you time with these exercises. We wish you pleasant
and productive moments with the software in the future and also ask you not to
hesitate to contact us at DeskArtes (support@deskartes.fi) if you have any
questions concerning this manual or the Expert Series software in general.
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