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In orthopedic surgery, it is vital to use proper fixation techniques to treat various medical
conditions. Here is a requirement to provide the best possible medical treatment to a patient
with a bone fracture. Surgeons use internal and external fixation techniques to treat bone
fractures.

Nowadays, one of two types of plates and their variants are commonly used for bone
fixation is Locking Compression Plates (LCP). These fixation systems are standardly
anatomically shaped, and they provide angular stability to the bone.

In this toolkit will be shown printing process with all necessary pre- and postprocessing
steps as well as machine settings for successful printing of the part — Locking Compression
Plates which fixation plate.

2. Stereolithography Process

Stereolithography, as 3D printing technology, has following steps in the
- Selection of technology and machine

- Generating 3D model in a software for 3D modelling

- Generating STL file

- Defining parameter of machine for printing (at first use)

- Optional correction of object geometry

- Object positioning

- Generating support

- Distribution of model with support at platform for printing
- 3D printing

- Postprocessing

In a similar way, the steps required for modelling of the medical part is going to be
presented. Details presented must be just enough for the readers so they can also replicate
it at their home institution following the procedure described in the toolkit manual.

Standard for 3D printing is STL file that needs to be generated. Most of used CAD software

(Solidworks, Catia, Inventor) has number of restrictions in work with STL files and therefor is

This project has been funded with support from the European Commission. This publication [communication] reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein.
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necessary using of specialized software for STL file processing. One of those software that
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can be used for stereolithography is Materialise Magics.

Options that are important for conversion are related for resolution. Most of software
are giving button option with high, medium and low resolution as well as options that user can
enter his tolerances. As the user want higher resolution and better surfaces, he should choose
lower tolerances for possible deviations. This is especially important for the partswith
surfaces that are not plane and under angle. As the tolerances are lower the final STLfile
will be higher. Also, in the cases when printing resolution is low, high STL file resolution isnot
going to get any result. Therefor is important to know the resolution of the printer. For

example, Envisiontec Ultra 3SP has the maximal resolution of 0.025 mm in z direction.

Material consumption is an important issue for parts made by Stereolithography printing
process. If the functionality of the part as well as strength is less important, there should be
less used material. In that case for stereolithography is important to define the model as
hollow and to define technological holes if this is necessary. Preprocessing can be done in 3D
modeling software that can be, is some cases, easier comparing with software for
manipulation with STL file.

3. Generating geometry and preparation for printing

Part that need to be printed has to be made in some of CAD software for 3D modeling.
After the modeling is finished is necessary to convert part into STL file. Today all the software

has possibility to convert file into STL (Figure 3. 1 — Autodesk Inventor).

This project has been funded with support from the European Commission. This publication [communication] reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein.
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0% 100%
[] Allow to Move Internal Mesh Nodes [¥] Export Colors
Preview Options... Sawe Cancel
[ P ] I ] [ ] o ][ conm |

Figure 3.1. Autodesk Inventor windows for converting in STL with possible options

Wall thickness is important for printing process while if the wall dimension is too small
there is dangerous that during printing or in postprocessing phase wall can have or got cracks.
Some tips for wall thickness is to be at least 1 mm but results will be better if it is 2 mm. Also
here should be taken into account the size of the wall and is edge of surface with thickend or
not.

Technological holes should be defined for leakage of liquid material. The tip is that the
smallest diameter of hole should be 2 mm, but it would be better to have more holes and that
diameter is 3 mm. For this is important also to define the logical position of the hole at the
part. Position should be at surface that is not important for the part functionality and that will

allow liguid material to leak out (Figure 3.2, 3.3, 3.4).

This project has been funded with support from the European Commission. This publication [communication] reflects the views only of the
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Figure 3.2. Defining hollow and position for technological hole

Figure 3.3. Position for technological hole

This project has been funded with support from the European Commission. This publication [communication] reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein.
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Figure 3.4. Definition of technological hole in CAD software
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For the good printing of the part is important to define the machine settings.
Materialise Magics offers a lot of parameters that need to be defined in order to have good
print. Therefor in Figures 4.5 - 4.43 is going to be presenting defining settings step by step.
This isespecially important for support settings that enables the good connection to basic
platform from one side and to the printed part on other side. This gives smooth postprocessing
in which part with support structure need to be separated from platform as well separation of
printed part from support.

Untitled - Magics 16.0
File Edit View Posit

[o o s

Export Options _Help.

.J.\|m ing [View | Merkin

View |Siices | Multi-Section | Grid | Support Views | Rapifit View

PartList [ Partin.. | Part Fixing Information |Parte=. | Scenes

Inverted Normals

Machine Properties
!" Machine Library

Update mmef-files Part Name

[¥]Bad Edges
Bad Contours
[INear Bad Edges
[Z]Planar Holes

[ shells

[¥] Overlapping Triangles:
[¥] Intersecting Triangles.

[ Automate

| Text [raving | Attachments | Textures

| Dstance [Radus | Angle | nfo | Report

1 2 3 4 5 6 mm | Autofx_[Basic [ iole | Triancle |shel | Overlap | Point

Figure 4.5 Surrounding in Materialise Magics

Figure 4.5 represent Surrounding in Materialise Magics. To access Machine Library is
necessary to use card Scenes. After clicking Machine Library is necessary to use Envisiontec
Prefactory as it is shown at Figure 4.7.

s Add Machines from Librai
5] Machine Library == ] =]
My Machines Machine Library My Machines
o Machine] Add from Library £ Aspect = (No Machine)
Envisiontec Perfacto (£ Beijin Yinhua
Envisiontec Perfactory (mm) £ cet
Copy Machine Profile £ Concept Laser
(£ Cubital Solider
Delete Machine Profile (1 DMec
£ Denken LI
[ Digital wax
Edit Parameters o™
Add To Default View B (1 Emisontec =
mm)
LINK-B0X_LB-311]_(mm)
Number of Default Scenes LINK-BOX_LB-3123_{mm} =l
1
My Machines folder IC:\ProgramDaEWaberiahsa\Magqu Machines

Figure 4.6. Introduction of Envisiontec Prefactory

This project has been funded with support from the European Commission. This publication [communication] reflects the views only of the
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==l

23 5| Machine Library

My Machines My Machines
o Machine [ Add from Library ] (Mo Machine) [ Add from Library ]
Envisiontec Perfactory (m Envisiontec Perfactory {mm
Envisiontec Perfactory (mm) Envisiontec Ultra 35P (mm Envisiontec Ultra 35F (mm)
[ Copue Maching Deafil [ Copy Machine Profile ]
Copy Machine 23
= I—I [ Delete Machine Profie ]
Envisiontec Ultra 35P (mm) [ Edit Parameters ]
[ Add To Default View ]
=
5 Mumber of Default Scenes
1 1

[ Close ] [ Help ] [ Close ] [ Help ]

Figure 4.7. Defining 3D printer into Materilise Magics

In Figure 4.7 is shown procedure in which is copied “Evisiontec Perfactory” and
changed in the name of 3D printer that is used for printing. In this case is 3D printer
“Envisiontec Ultra 3SP” and that is the name used for defining work enviroment. In Figure
4.8 is given introducing field for Envisiontec Ultra 3SP enviroment.

7| Machine Properties : Envisiontee Ultra 35P (mm) @

» m Machine information

(] Platform
7 Compensation
(1 BuildCreator Medule
£ Support parameters
(1 Build time estimation
Cost estimaticn
£ Export to machine

Machine name Envisiontec Ultra 35P (mm)

Material name Photopolymer

Comment none

Save changes in:

Active platform scens [T All platform scenes alike (V] Machine library [ QK ][ Cancel ” Apply H Help ]

Figure 4.8. Introducing machine settings — machine information

This project has been funded with support from the European Commission. This publication [communication] reflects the views only of the
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| Machine Properties : Envisiontec Ultra 35P (mm) ===

Machine information

Build snvelope

{3 Piatform Platform shape
# Build envelope .
Def _
ault part p.o.smon @ Cirde
Platform position -
Nesting
Wall Thickness Rescaled
Fields Size x (width) 250,000 mm 250,000 | mm
No-Build Zones
Z Compensation Size v (depth) 160,000 mm 160,000 | mm
[ BuildCreator Madule Size z (height) 220,000 mm 220,000 | mm

[ Support parameters

£ Build time estimation
Cost estimation

[ Export to machine

Save changes in:

Active platforn scene  [7] Al platform scenes alike  [¥] Machine library [ ok ][ cancel | Apply |[ Hep

Figure 4.9. Introducing machine settings — platform

In Figure 4.9 are given machine settings for the platform. It has box shape with size
260x160x220mm. In Figure 4.10 is defined default part position for the position of the
printingpart on platform.

7| Machine Properties : Envisiontec Ultra 35P {mm) ===

Machine information Default part posttion

3 Platform
Build envelope
‘# Default part position Minimum y 1 mm
Platform position Mirimum 2 5 o
Mesting
Wall Thickness
Fields
Ne-Build Zones
Z Compensation
1 BuildCreator Module
[ Support parameters
£ Build time estimation
Cost estimation
[ Export to machine

Minimum x 1 mm

Save changes in:

Active platiorn scene [ Al platform scenes aike ] Machine library [ ok [ Cancel || Amply ][ Heb |

Figure 4.10. Introducing machine settings — default position

This project has been funded with support from the European Commission. This publication [communication] reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein.
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| Machine Properties : Envisiontec Ultra 35P (mm) ==
Machine information Z Compensation
Platform

-~ Default Value 0,125 mm

Y2 Compersotor]

(1 BuildCreator Module

(1 Support parameters

[ Build time estimation
Cost estimation

(1 Export to machine

Advanced Options
(@ Triangle Based
[7] Feature minimal z-thickness 0,0010 mm
() Point Based
Remove Self-Intersections

Add Z-Compensation value to part name

[T use Angle based Corection factor

0° [10000 | x0.125= 0.125 mm
15° [g,7400 | x0.125= 0.0925  mm
30° [o,5000 | x0.125= 0.0625  mm
45° 10,2930 | x0.125= 0.0%6 mm
60° | 0,1340 X0.125=  0.0167 mm
750 00340 | x0.125= 0.0042 mm
90° [o,0000 | x0.125= 0 mm

[¥]Fiter sharp triangles

Save changes in

Active platiom scene (] Al platform scenes alike ] Machine library [ ok [ cancel ][ Appl || Hep |

Figure 4.11. Introducing machine settings — platform, z Compensation

In Figure 4.11 is defined z-compensation for the platform —0.125mm. In Figure 4.12 is
defined support format that can be the same as printing part or different. For the successful
printing is necessary that the printing part and support has to be entered as two files but
with same names.

5| Machine Properties : Envisiontec Uttra 35P (mm) ==

Machine information Support Format
(1 Platform
Z Compensation
(1 BuildCreator Module
{23 Support parameters
(23 General
‘# Support Format
(] Surface selection

Solid supports:
[ keep as st on exit 5_* ex.ext
[ Merge with part on exit

Non-solid supports:

3 Type selection Keep as stl on exit filename s_text -
C
g pz:tMDH [ Merge with part on exit
1 Line Thickness 0,000 mm
1 Line®
£ Web [7] apply stitch
g ‘é'““ 7] Apply triangle reduction
ontour
(] Gusset [ Apply unify will be done before merging the solid supparts)
£ Combi
1 Volume
(1 Cones

(2] Build time estimation
Cost estimation
(1 Export to machine

Save changes in:

Active platform scene ] All platform scenes alie (] Machine library [ ok [ Cancel || Appty ][ He |

Figure 4.12. Introducing machine settings — support format

This project has been funded with support from the European Commission. This publication [communication] reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein.
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] Machine Properties : §-17-11 T34% ULTRA AL MODIFIED NEW SUPPPORTS

Machine information
£ Platform
Z Compensation
3 Support parameters
24 General
Suppart Format
(23 Surface selection
# Surface angle
Surface filter
£ Type selection
(3 Common
1 Paint
£ Line
£ Line*
(£ Wb
(1 Block
£ Contour
1 Gusset
(3 Cornbi
1 Cones

1 Export to machine

selection angle = o

Save changes in

Agtive platform scene ] All lalform scenes alie

Machine library

Suface angle

This anale determines which surfaces wil be selecked for
support generation

If the angle is below this value, supports are generated; o
above this vallie the surface is considered to be O
self-supporting and supports are not required

45°
15°

&

ok [ Cancel [ Appl | Heb

Figure 4.13. Introducing machine settings — surface angle

In Figure 4.13 is defined surface angle in which support will be generated on the

part.

In this case will be used 35 degrees. In Figure 4.14 is defined surface filter and surface

angle.

7| Machine Properties : Envisiontec Ultra 35P (mm)

Machine information
(£ Platform
Z Compensation
(7 BuildCreator Module
23 Support parameters
23 General
Support Format
£ Surface selection
Surface angle
W Surface filter
[ Type selection
£ Commen
£ Point
[ Line
[ Line*
£ Web
£ Block
£ Centour
£ Gusset
[ Combi
1 Volume
[ Cones
(] Build time estimation
Cost estimation
(71 Export to machine

Surface fiter
Surface filter 0.2 mm~2

[ unconditional surface fiter

Sharp edge filter 0.3 mm
[ Maximum height 10 =
[¥] Automerge surfaces

[ Platform support anly

(@) Keep support on partial platform contact
(7 Keep support only on full platform contact
(7 Keep individual support segments on platform contact

(7 Keep individual support segments on platform contact
while avoiding internal support

Save changes in

Active platform scene [ All platform scenes alike  [¥] Machin library

[ ok [ Cancel || Apply ][ Hel

Figure 4.14. Introducing machine settings — surface filter
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| Machine Properties : Envisiontec Uttra 35P (mm) (]
Machine information Support types
1 Platform ) None
7 Compensation @ Nor-sol
[ BuildCreator Module Elraint
(23 Support parameters [[lroint=
23 General
Support Format
[ Surface selection [¥] Block
23 Type selection ZJ contour
W Support types [Elwen
[ Gusset
P.umt supports El Combi
Line supparts i
Line* supports Ellme
Gussets (0 Cones
£ Commen
£ Point
[ Line
L Line”
£ Web
1 Block
£ Contour
£ Gusset
£ Combi
£ Volume
(£ Cones
(2] Build time estimaticn
Cost estimation
(7 Export to machine
Save changes in:
Active platform scene ] All platform scenes alice  [¥] Machine library [ ok ][ cancel | Appy |[ hHep |

Figure 4.15. Introducing machine settings — support types

In Figure 4.15 is defined surface angle in which support type. In Figure 4.16 is
definedbasic parameter for support — gusset.

% Machine Properties: Envisiontec Ultra 35P (mm) ===
Gussets

Machine information
1 Platform
7 Compensation
1 BuildCreater Medule Minimum surface height 80 mm
23 Support parameters
23 General
Support Format
[ Surface selection
3 Type selection
Support types
Point supports

Maximum distance to wall | 10| mm

Line supports
Line* supports
W Gussets
£ Common
£ Point
[ Line
£ Line™
[ Web
[0 Block
1 Contour
[ Gusset
£ Combi
3 Volume
£ Cones
1 Build time estimation
Cost estimation
1 Export to machine

Save changes in

Active piatform scene (] Al platform scenes alike (7] Machine ibrary [ ok [ Cancel |[ aoply ][ Hel

Figure 4.16. Introducing machine settings — gussets
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2 Machine Praperties : 9-17-11 7548 ULTRA AL MODIFIED NEW SUPPPORTS ==
Machine information X offset
Platf
£ Piatform XY Offset (a) 0.8 mm

Z Compensation
23 Support parameters

1 General

23 Comman

The ¥ offset determines the distance between the edge of
the part and the border of the support.

Z offsets
Mo suppart offset
Wertical wall offset
Lowest line

Lacal Minima
Teeth at platfarm
Teeth Synchronization
Broaden support
Reinforcement Line

Filter Segments
Solid Border

[ Paint

1 Line

1 Line*

£ Web

(1 Block

1 Contour

0 Gusset

£ Combi

£ Cones

1 Export to rachine

Save changes in

7] Active platfom scene ] All platform scenes alke  [¥/] Machine libiary [ ok ][ Cancel | Appe || Help

Figure 4.17. Introducing machine settings — XY offset

In Figure 4.17 is defined xy offset for generation of support structure. In Figure 4.18
isdefined z offset parameter that has upper and lower value.

5| Machine Properties : 9-17-11 TS48 ULTRA AL MODIFIED HEYW/ SUPPPORTS ==
Machine inforrnation Z offsets
Platfy
& Pltforn Upper Z Offset 0.300 mm
Z Compensation
(23 Support parameters Lower Z Dffset 0.300 mim
£ General e lues d he di b h h
These Z walues determine the distance between the top or the
& common bottom of the support and their respective surfaces,
X offset
Positive values ensure the suppart penetrates the part, Thisis
Mo suppart offset recammendad ta praperly connect the suppart to the part,
Wertical wall offset
Lowest line Using an Upper Z Offset of 0,250 mm will make sure the
Local Minima support penetrates downfacing surfaces,

Teeth at platfarm
Teeth Synchronization
Broaden support

Reinforcement Line
Filter Segments
Solid Border

£ Paint

[ Line

(1 Exportto rachine

Save changes in

/] Active platform scens (] Al platfom scenss sike (7] Machine ibrary [ oK ][ Cancel ][ apely ][ Hep

Figure 4.18. Introducing machine settings — Z offset

This project has been funded with support from the European Commission. This publication [communication] reflects the views only of the
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Machine infarrmation
[ Platfarm
Z Compensation
23 Support parameters
3 General
23 Common
XY offset
Z affsets

Werticalwall offset
Lowasest line

Local Minima
Teeth at platform
Teeth Synchronization
Broaden support
Reinforcement Line
Filter Segments
Solid Border
£ Point
3 Line
£ Line*
[ Web
£ Block
3 Cortour
] Gusset
£ Combi
£ Cones
[ Export to rachine

Save changes ir

Active platform scene [ Al platform scenes alke

Nosupport offset
Na Support Offset 0.5 mm
Overhangs less than this value will not be supported, Also, a
support is generated only when the wall height is greater than

the Mirimum Height Supporting il value.

Overhangs less than this offset will not be supported.

Minimurn Height 05 mm
Supporting Wall (a)

A support will anly be generated when the wall height is
greater than the Mirimum Height Supporting il

Machine library

(

0K | cancel || Appy ][ Hep |

Figure 4.19. Introducing machine settings — No support offset

In Figure 4.19 is defined no support offset with minimum height supporting wall
value.
In Figure 4.20 is defined vertical wall offset value.

&) Machine Properties : 9-17-11 T548 ULTRA AL MODIFIED NEW SUPPPORTS

Machine information
[ Platform
Z Compensation
2N Support parameters
£ General
23 Carnrman
Y offset
Z offsets
Ho support offset
W Vertical wall offset
Lowest line
Local Minima
Teeth at platform
Teeth Synchronization
Broaden support
Reinforcement Line
Filter Segments
Solid Bordzr
1 Point
£ Line
3 Line*
£ Weks
[ Block
£ Contour
1 Gusset
£ Cornbi
] Cones
27 Export to machine

Save changes in

Active platform scene (] Al platform scenes aike

Vertical wall offset
Vertical Wall Offset {a) [ m
This Feature ensures that supports don't get placed on a

vertical wall, A small gap allows the support ko be easity
removed.

Machine ibrary

[ ok | Cancel | Appb |[ He |

Figure 4.20. Introducing machine settings — Vertical wall offset

This project has been funded with support from the European Commission. This publication [communication] reflects the views only of the
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7| Machine Properties : Envisiontec Ultra 35P (mm) @

S,

Machine information « | Lecal Minima
(] Platform || [#] Adjust Hatching
Z Compensation [7] Add Point Supports
(7 BuildCreator Module
23 Support parameters [ Align with Hatching
[ General
23 Common
XY offset
Z offsets
No support offset
Vertical wall offset
Lowest line
® Local Minima
Teeth at platferm
Teeth Synchronization

(i

Reinfercement Line
Filter Segments
Solid Berder
Angled EQSTYLE
Draft EQSTYLE
Radius EOSTYLE
Gap EQSTYLE
Gusset EOSTYLE
Gusset EOSTYLE Reinforced
Gusset EOSTYLE Teeth
Gusset EOSTYLE Teeth EOSTVLE
£ Point
[ Line
L0 Line*
£ web
71 Rlnck 2

Save changes in

Active piatfom scene [ Al platform scenes alike (7] Machine library [ ok ][ Cancel |[ Apply ][ Heb |

Figure 4.21. Introducing machine settings — local minima

In Figure 4.21 is defined local minima for support. In Figure 4.22 is defined teeth
atplatform that can go directly of platform or it can be defined with some value.

2| Machine Properties : -17-11 TS4% ULTRA AL MODIFIED NEW SUPPPORTS @
Machine information Teeth at platform
O Platform

This function creates teeth at the bottom of a support
7 Cormpensation only i the battom is on the platform, This creates

£3 Support parameters supports that ars more easih removed from the platform

[ Genersl

(2 Comman [7] Teeth at platform
X offset
Z offsets Solid (a) z mm
Ho support offset When the checkboxis off, the “Solid” data box
Vertical wall offset determines & height from the platForm that wil be

solid {non-perforated) support material. This anly

Lowest line

applies when using perforated supports.
Local Minima

L J Teeth ot platform Note: This parameter has priority over the "Solid
Teath Synchronization Height” parameter Found in the Perforations
menus (Figure 1) i i s larger than the Solid Height
parameter.

Broaden support

Reinforcement Line
Filter Segrnents
Solid Border

1 Paint

£ Line

(7 Line*

(£ Wb

(1 Block

£ Contour

[ Gusset

(£ Combi

£ Cones

1 Export to machine

Save changes in

[¥] Active platform scene [ All platiom scenes aike  [7] Maching lbrary (oK [ cancel || fppw ][ Hep |

Figure 4.22. Introducing machine settings — Teeth at platform

This project has been funded with support from the European Commission. This publication [communication] reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein.
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2| Mahine Properties : 9-17-11T548 ULTRA AL MODIFIED NEW SUPPPORTS
P
Machine infarmation Contact length
Plat
o Tt Minimum Rib Length () 1 mn
ormpensation
Support parameters Maximum Contact 1 mm
pportp
£ General Length &)
£ Cornmon Minimal Contact Surface 0 mm*Z
23 Point B
h © Angle {c) 75
Sunken ribs () Wertical Distance (d) | 0
Teeth
Reinfarced
Hurmber of Ribs
0 Line
£ Line*
£ Web
£ Block
[ Contour
£ Gusset
£ Combi
£ Cones
2] Export to machine
Save changes ir
7] Active platfomn scene  [] All platform scenes alke (7] Machine library [0k [ Concel || Appk |[ He |

Figure 4.23. Introducing machine settings — Contact length

In Figure 4.23 is defined contact length of support structure. In Figure 4.24 is
definedbasic parameter for support — gusset.

5] Machine Properties : 9-17-11 T$48 ULTRA AL MODIFIED NEW SUPPPORTS =)
Teeth

Machine infarmation
[ Platform 7] Lower
Z Compensation
23 Support parameters
£ General Top Length (b} 1 mm

3 Common
23 Paint Base Length () 1 o

Height (=) 2 o

Contact length Base Inkerval (d) 1 i
Sunken ribs
eth

Reinforced

Number of Ribs

B Line Lowver teeth are created if support leans on an upfacing

0 Line* surface, If support leans on & platform, no teeth are created
ine

£ ek
[ Block
£ Contour
L Gusset
£ Comnbi
[ Cones
£ Export to machine

Save changes in

] Active platfomn soene ] All platform scenes alke (V] Mackine library [ok [ Cancel |[ apale |[ Hep

Figure 4.24. Introducing machine settings — Teeth
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Machine information
= ;';::r:matim Number of Ribs 50
(23 Support parameters
£ General
£ Comman
23 Paint
Cantact length
Sunken ribs
Teeth

Define the number of ribs that make up the Point support

Reinforced

£ Line
0 Line*
£ viveb
£ Black This suppart has 3 ribs
£ Contour
1 Gusset
£ Combi
£ Cones

(7 Export to machine

Save changes in:

[] &sctive platform scene [ Al platform seenes alike (V] Machine fbrary 0K |[ Cancel || Appl [ Hel

Figure 4.25. Introducing machine settings — number of ribs

In Figure 4.25 is defined number of ribs that are generated on support structure. In
Figure 4.26 is defined minimum rib length and maximum contact length.

7 Machine Praperties : 8-17-11T548 ULTRA AL MODIFIED MEW SUPPRORTS ==

Machine inforrmation Cross line length

1 Platform

zc " Minimum Rib Length {a) 0.5 mm
ompensation
{33 Support parameters The: minimum rib length determines the length of the
] General cross ine. Larger ribs are more stable but may be
3 Commen harder to remove
1 Point
Maximum Contact
3 Line Length (b} 0.5 mm
Cross line interval Maximum contact Isngth limits the length of the conkact

Sunken Cross Lines between the support and the surface

Perforations
Teeth
Cross line teeth
Reinfarced

£ Line*

[ viveb

£ Block

3 Contour

£ Gusset

£ Combi

£ Cones

[ Export to machine

Save changes in

[7] ttive platform scers [ ] AN platform scenes ke (V] Machine ey [ ok J[ Cancel |[ 4ppi ][ Hep

Figure 4.26. Introducing machine settings — cross line length

This project has been funded with support from the European Commission. This publication [communication] reflects the views only of the
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5| Machine Properties : 9-17-11 TS48 ULTRA AL MODIFIED NEW/ SUPPPORTS ==
Machine irformation Cross line interval
Platf
£ Plattorm Cross Line Interval (a) z mm

Z Compensation

23 Support parameters Defines the distance between cross lines

General
g c [¥synchranize
armon
£ Point (7) Teeth Always Intersect
23 Line Cross ine teeth and central support line testh

intersect each other in their middles

Cross line length

(@ Teeth Never Intersect

Sunken Cross Lines
Cross line teeth and central ine teeth never touch

Perfarations
Teeth
Cross line teeth
Reinforced

3 Line*

0 web

[ Block

£ Contour

[ Gusset

[ Combi

£ Canes

1 Export to machine

Sawe changes in:

7] xctive platfom scene [] ANl platform scenes alike 7] Mackine librar [ ok [ Concel ][ Appy |[ Heb |

Figure 4.27. Introducing machine settings — Cross line interval

In Figure 4.27 is defined cross line interval. In Figure 4.28 is defined sink cross lines
withdistance.

5] Machine Properties : 9-17-11 TS45 ULTRA AL MODIFIED NEW SUPPPORTS (=]

Sunken Cross Lines

Machine information

(1 Platform [#]sink Cross Lines

Z Compensation
Sunken eross lines provide suppott anly to the central line;

{23 Support parameters they do not touch the part. By sinking the cross lines, hey wil
1 General lose contact with the supporting surFace and only give support
£ Common to the line support
[ Paint
S Line Distance 2.5 o

Cross line length
Crass line interval Define distance between the cross line and the surface

ines
Perforations
Teeth
Cross line teeth
Reinforced

£ Line*

(] web

£ Block

3 Contour

] Gusset

£ Combi

1 Cones
[ Export to machine

Save changes in

7] Active: platiom scene ] All platform scenes alike 7] Machin lbrary [ ok [ Cancel || Appk |[ Help |

Figure 4.28. Introducing machine settings — sunken cross lines
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| Machine Properties : -17-11 TS48 ULTRA AL MODIFIED NEW SUPPPORTS

Machine irformation
[ Platform
Z Compensation
23 Support parameters
£ General
3 Common
£ Point
23 Line
Cross line length
Cross line intenal
Sunken Cross Lines

Teett
Cross line teeth

Reinforced
3 Line*
0 web
[ Block
£ Contour
[ Gusset
[ Combi
£ Canes
£ Export to machine

Sawe changes in:

Active platform scene [] All platform scenes alke

Perforations
Perfarations
Bea (&) 15 mm
Angle (b) 60 °
Height () 05 mm
Salic Height {d) 1 mm

Machine library
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Gk of the European Union
=
S
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va
=1
-
0K |[ Cancel | Appk ][ Help

Figure 4.29. Introducing machine settings — perforations

In Figure 4.29 is defined dimensions for perforations. In Figure 4.30 is defined

dimensionsfor teeth.

7| Machine Properties : 8-17-11 TS48 ULTRA AL MODIFIED MEWY SUPPPORTS

Machine infarmation
[ Platform
Z Compensation
O Support pararmeters
[ General
£ Common
£ Point
3 Line
Cross line length
Cross line interval
Sunken Cross Lines
Perfarations
th
Cross line teeth

Reinforced
3 Line*
[0 web
[ Block
£ Contour
[ Gusset
[0 Combi
£ Cones
£ Export to machine

Save changes ir

Active platform scene [ All platform scenes alke

Teeth
[V]upper [¥]Lower
Height (s) 4 4 mm
Tap Lenath (b 0.3 03 |mm
Base Length () 0.8 08  |mm
Base Interval (d) 0.8 08 mm

[] Lower Teeth Same as Upper Testh
Full Testh in Ends

Lower testh are created If support leans on an upfacing
surfae. IF support leans on a platform, no testh are created

Machine library

0K

J[ cancel ][ sppl ][ Help

Figure 4.30. Introducing machine settings — line teeth
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] Machine Properties : 0-17-11 TS45 ULTRA AL MODIFIED NEW SUPPPORTS =
Machine information Cross line testh
& Plattormn [Z1upper [VILower

Z Compensation

3 Support parameters Helght () 5 5 i
(] General Top Length (b) 0.35 035 [mm
£ Common
= Foint Base Length (<) 08 08 |mm
23 Line Base Interval (d) 0.8 0.8 mm

Cross line length
7] Lower Testh S: Upper Testh
Cross line interval ower Testh Same as Upper Teet

Sunken Cross Lines

Perfarations
Teeth

Lower testh are created F support leans on an upfacing
surface. If support leans on a platform, no testh are created

Reinforced
0 Line*
£ Web
(1 Block
2 Contour
(£ Gusset
(£ Combi
1 Cones
O Exportto machine

Save changes in:

7] Active platform scene ] All platform scenes alie 7] Machine libra 0k [ Cancel || #ppl [ Hep |

Figure 4.31. Introducing machine settings — cross line teeth

In Figure 4.31 is defined dimensions for cross line teeth. In Figure 4.32 is defined
reinforced for line support.

5] Machine Properties : 9-17-11 T$45 ULTRA AL MODIFIED HEW SUPPPORTS (===
Machine information FReinforcad
3 Platform [#IReinforced

2 Caompensation

£3 Support pstameters Places & box around a line support for reinforcement

£ General
3 Cornrmon Reinforcement Height 30 mm
£ Point
3 Line Line and Line* supports below this heioht will ot be
reinforced automatically
Cross line length
Crass line interval Note: Reinforcement Height is not editable in 56 made on
Sunken Cross Lines Support Parameter Pages
Perforations
Teeth

Cross line teeth

»[I
£ Line*
[0 web
3 Black
[ Cortour
£ Gusset
[ Combi
3 Cones

2] Export to machine

Save changes in

[¥] Active platform scene  [] Al plalform scenes alike ] Machine library [ ok |[ cancel |[ &y |[ Help

Figure 4.32. Introducing machine settings — reinforced

This project has been funded with support from the European Commission. This publication [communication] reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information contained therein.

u

TECHNICAL \(4 9 - STU

- °
UNIVERSITY IS | e bl@(lom bm plast
ROMANIA ) v OF TECHNOLOGY IN BRATISLAVA

Page | 21



(B oPPlicy,.
%

f@b e
“6 %j Co-funded by the

Erasmus+ Programme
of the European Union

BRSGHT
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Machine information Cross ling length

1 Platfarm
7 Compensatian
(23 Support parameters

Minimum Rib Length (a) 0.5 om

The minimunn rib length determines the length of the

(£ General cross ine, Larger ribs are mare stabls but may be
£3 Common harder to remove
1 Paint
Maximum Contact
g t'”e Length (b) é T
ine*
»[E Masdmurn contact length limits the langth of the contact

Cross line intersal between the support and the surface

Sunken Cross Lines
Perforations
Teeth
Cross line teeth
Reinforced

L wveb

C Black

£ Contour

£ Gusset

£ Combi

£ Cones

£ Export to machine

Save changes in:

V] tuctive platform scene (7] Al platform scenes alke (V] Machine library [ ok [ cancel |[ ppk | Hep |

Figure 4.33. Introducing machine settings — cross line length

In Figure 33 is defined cross line length for support. In Figure 4.34 is defined cross line
interval for line support structure.

5 Machine Properties : §-17-11 T545 ULTRA AL MODIFIED NEW SLUPPPORTS =3

Machine infarmation
[ Platform

Z Cormpensation
3 Support pararmneters

£ General

1 Common

£ Paint

£ Line

23 Line*

Cross line length

18 interval
Sunken Cross Lines
Perforations

Teeth
Cross line teeth
Reinforced

£ Web

7 Block

(£ Contour

£ Gusset

£ Combi

£ Cones

[ Export to machine

Save changes in

Cross line interval
Cross Line Interval 2 mm
Defines the distance between cross lines
Synchronize

(©) Teeth Always Intersect

ross line teeth and central suppart line teeth
intersect each other in their middles

@ Teeth Never Intersect

Cross line testh and central line keeth never touch

Active platform scene [ All platiorm scenes alike 7] Machine ibrary

[

oK

J[ Cancel || Appb || Hep

Figure 4.34. Introducing machine settings — cross line interval
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Machine information
£ Piatform 7] Sink Cross Lines
Z Cornpensation Gy | d T, rral
urken cross lines pravide support only to the central ling;
a é‘fpon pararmeters they do not touch the part
General
£ Comman
£ Paint
£ Line Distance 2 mm
23 Line*
Crass line length
Cross line interial

Define distance between the cross line and the surface

Sunken C ines
Perforations
Teeth

Cross line teeth

Reinforced
£ ek
1 Block
1 Contour
0 Gusset
£ Combi
£ Cones
(7 Export to machine

Save changes in:

V] tuctive plattorm scene (7] All platform scenes alike (V] Machine library [ ok ][ Cancel |[ pply ][ Helpn |

Figure 4.35. Introducing machine settings — sunken cross lines

In Figure 4.35 is defined sunken cross lines. In Figure 4.36 is defined dimensions
forperforations.

1 Machine Properties : 8-17-11 T545 ULTRA AL MODIFIED MEW SURPRORTS ==

Machine information Perforations

Platform
= —

Z Campensation
[ Support pararmeters Beam (a) 1.2 mm jd
1 General Angle (5} o . «
£ Common
1 Paint Height (c) 1.2 mm v,

£ Line Soiid Height () 2 i 4'3
3 Line* &

Cross line length
Crass line interval
Sunken Cross Lines

» [
Cross line teeth jd

Reinforced
£ Web
(£ Block
(£ Contour
£ Gusset
£ Cambi
7 Canes
(] Export to rachine

Save changes in

7] Active plattorm scene ] All platform scenes alke (7] Machine brary [ ok [ Cancel ][ 4pp ][ Hep

Figure 4.36. Introducing machine settings —
perforations
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Machine information =ty
=] ;‘Zﬁ”"” . [#]Upper [#]Lower b
ampensation
23 Support parameters GEEHIED) 2 : oD
£ General Top Lenath (5) 03 0% |mm
£ Common
3 Point Base Length (c) 08 [0E  [mm
[ Line Base Interval (d) 08 (08 |mm
Ling®
3 Cross line length [¥] Lower Teeth Same as Upper Teeth
Cross line interval [Z]Full Teeth in Ends

Sunken Cross Lines
Perfarations

Lower teeth are created f support leans on an upfacing
surface. TF support leans on a platform, no testh are created

Cross line teeth
Reinforced

[0 web

[ Block

£ Contour

[ Gusset

[0 Combi

£ Cones
£ Export to machine

Save changes ir

7] Active platfomn scene  [] ANl platiom scenes alike 7] Mackine library 0K [ Cancel |[ Apply ][ Heb

Figure 4.37. Introducing machine settings —teeth

In Figure 4.37 is defined dimensions for teeth. In Figure 4.38 is defined dimensions
forcross line teeth.

5| Machine Properties : 9-17-11 TS48 ULTRA AL MODIFIED MEW SUPPPORTS
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Machine information Cress line teeth

1 Piatform [#]Upper [@]Lower
Z Campensatian b

3 Support parameters Height (=) s k5w
£ General Top Length (b 03 03 |mm
(1 Commaon
£ Paint Base Length (c) 0.8 0E  |mm
£ Line Basa Interval (d) [iX: 08 mm
3 Line*

Cross line length [¥] Lower Teeth Same as Upper Teeth

Cross line interval
Sunken Cross Lines
Perforations

Teeth
C

Lower testh are created F support leans on an upfacing
surface. If support leans on a platform, no testh are created

Reinforced
(£ Wb
(1 Block
£ Contour
[ Gusset
(£ Combi
£ Cones
[ Export to machine

Save changes in

[7] Active platform scene ] ANl platform scenes alice 7] Machine brany [ ok [ Cencel || eppk |[ Heb |

Figure 4.38. Introducing machine settings — cross line teeth
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Machine inforration
[ Platform

Z Compensation
‘23 Support parameters

[ General

[0 cormmon

£ Point

£ Line

Hatching

Set the parameters for the hatching strategy of block supports depending an Surface area

Delta ¥ or Delta ¥ <
Dela i or Delea ¥ >

Delta & or Delta ¥ =

Cimensian
- 5 i
6 i

8 mm

% Hakching (a)

15

1.5

2.8

 Hatching (b}

1.5

1.5

2.8

mm

mm

mm

£ Line*
[ viveb
23 Block

Oooo™

Surface < o mme2 6 6 i

Other: default 28 6 mm

Teeth an hatching
Teeth synchro
Fragrentation
Hatch rernoval

Rotation Angle ()

Borders
Teeth on border
Perforations
Unperforated borders
Gusset Border

[ Contaur

] Gusset

1 Combi

£ Cones

[ Export to machine

To create only & border and remc
hatching size (100mm)

Save changes in,

][ Cancel ][ Apply ][ Help

Active platform scene [ All platform scenes alike tachine ibramy [ oK

Figure 4.39. Introducing machine settings — hatching

In Figure 4.39 is defined dimensions for hatching as blocks of support structure.
InFigure 4.40 is defined dimensions for teeth on hatching.

5 Machine Properties : §-17-11 T548 ULTRA AL MODIFIED HEWY SUPPPORTS =3

Machine infarmation Teeth on hatching

1 Platform
Z Cormpensation

Upper [V]Lower

3 Support parameters Height (a} 5 5 mm
£ General Top Length (b 0.15 015 | mm
£ Common
£ Paint Biase Length (c) 0.5 0.5 m
£ Line Base Interval (d) 1 1 mm

Line*
g Web Lower Teeth Same as Upper Teeth
23 Block
Hatching

Lawer teeth are created if support lzans on an upFacing
surface. If support leans on a platform, no teeth are created

Teeth synchra

Fragmentatian
Hatch removal
Borders
Teeth on border
Perforations
Unperforated borders
Gusset Border
£ Contour
£ Gusset
£ Combi
£ Cores
[ Export to machine

Save changss in:

[ ok

7] Active platform seene (7] Al plattar scenes alike (7] Machine brary J[ Cancel [ epoly |[ Help

Figure 4.40. Introducing machine settings — teeth on hatching
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Machine infarrmation
[ Platfarm
Z Compensation
23 Support parameters
3 General
3 Common
£ Point
£ Line
3 Line*
[0 web
23 Block
Hatching
Teeth on hatching

ro
Fragmentation
Hatch removal
Borders
Teeth on border
Perforations
Unperforated borders
Gusset Border

1 Contour

£ Gusset

[ Combi

3 Cones
2] Export to machine

Save changes in

Active platform scene (] All platfarm scenes alike

Teeth synchro
(0 No Synchronization
Full Teethin Ends

) Teeth Intersections
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(@ No Teeth Intersections

Cross line teeth and central line teeth never touch

Machine lbran
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Figure 4.41. Introducing machine settings — teeth synchro

In Figure 4.41 is defined teeth synchro. In Figure 4.42 is defined dimensions for

fragmentation.
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23 Support parameters
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£ Line
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Figure 4.42. Introducing machine settings — fragmentation
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Figure 4.43. Introducing machine settings — block perforations

In Figure 4.43 is defined dimensions for block perforations. In Figure 4.44 is
introducingnew scene in the software by using card Scenes.
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Figure 4.44. New scene
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Figure 4.45. Introducing machine settings at new scene

In Figure 4.45 are chosen defined “Envisiontec Ultra 3SP” machine. After the definition
of machine setting is finished and this needs to be done only once, is possible to continue work
with part. Therefor in Figures 4.46 - 4.48 is shown the position and support structure by
selection “block” support parameter.
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Figure 4.46. Importing part into Material Magics
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Figure 4.47. Defining support structure

In Figure 4.47 is shown part with, in previous steps, defined support structure. For this

support structure is used block support. In Figure 4.48 is shown position of the part with
support structure on the platform.
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Figure 4.48. Part with support
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5. Printing of part
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The printing process for this part was around 7 hours long. Influence on printing speed
is very small comparing to the FDM printing process. Printing process is defined by speed of
laser per layer in which there is small difference between big and small image. The most
important way to influence the printing speed is the have position of the part has less layers.

Figure 5.49. shows the laser that is on the top over the tank with resin material. Laser
ismoving left and right and every time makes solidification of one layer. During the printing
process, printed part cannot be seen since it is immersed in the tank full of resign. The whole
size of printed part is limited with the size of the tank in this architecture of stereolithography
printers.

Figure 5.49 Printing of part in the 3D printer

In Figure 5.50 is shows how printed part appears after the printing is finished.

For the postprocessing is important to know that not solidification resign is hazardous
and all the operation need to be done so that human skin do not have contact with resign. At
Figure 5.51. is shown separation of part with support structure from theplatform and in this
process is important to use skin protecting gloves. After the part is separated from the
platform is very important to clean part as well as platform since for the next printing is
important not to contaminate resign in the tank where platform is going tobe immersed.
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Figure 5.50 Finishing of printing of the part

rowas @ ix T 5 -

Figure 5.51. Separation of printed part from platform
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In Figure 5.51 is shown removing of part with support structure from platform by using

a spatula. After the part is removed it is necessary to wash it with isopropyl alcohol and it is
advised it to put it in some bowl filled with isopropyl alcohol and to wash it and clean with

brush.
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Figure 5.52. Washing of part in isopropyl alcohol
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6. Postprocessing
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In the Figure 6.53 is shown process of separating support structure from part. If the
machine settings are good introduced as it is shown in part 4 this is not going to be problem
and there is no dangerous to damage printing part.

Figure 6.53. Postprocessing of 3D printed part
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Figure 6.54. Postprocessing of 3D printed part

After separating part from support need to be used sandpaper to make smooth

surface where it was connected to the support structure (Figure 6.54).

Erasmus+ Programme
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Figure 6.55. Printed part
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In the Figures 6.55 is shown finished and postprocessed printed part. In Figure .56 is
given SLA and FDM printed parts for comparison. Surfaces of SLA printed parts are much finer.

Figure 6.56. Printed part by FDM (up) and Stereolithography (down)

7. Conclusions

In this toolkit is presented printing process with all necessary pre- and postprocessing step

as well as machine settings for successful printing of the part — Locking Compression Plates
which is used in surgery.

The printing process was done with Envisiontec Ultra 3SP. For the slicer is used Materialise
Magics. In this software need to be imported STL file that can be done in almost any CAD
software. For Materialise Magics was shown the whole process of machine setting that is
important for fine printing and especially for the creating good support structure. In

Materialise Magics is done slicing of the part and choosing the support structure as well as
positioning the part on the platform.

After the printing process is finished is important to have smooth separation of part from
the printing platform as well as support structure from the printed part.
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