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BUILDING BLOCKS

Ceramics:

Calcium Phosphate..

+ Ideal for Bone
regeneration

Clay:

Laponite

Hydrogels:
PEG, Alginate...
+ Cell friendly

+ Perfect for tissues

Natural Polymers:
Collagen, Gelatin...
+ Biocompatible

- Variable

Synthetic Polymers:
PCL, PLA....
+ Strong
+ Customizable

- Less biocompati!
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DEVELOPMENT OF BIOMATERIALS RELIES ON 4 IMPORTANT FACTORS
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DESIGN & FUNCTIONALITIES OF BIOMATERIALS
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Surface morphology Tunable adhesion
: <«
Surface wettabnhty

Blomlmetuc‘ Natural
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Military Med Res, 2023, 10, 16. https://doi.org/10.1186/s40779-023-00448-w
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BIOMATERIALS
MARKET

Market by Region, 2019

® North America
= Europe
» Asia Pacific

® Latin America
® Middle East & Africa

’0 Global Market Inigith

‘ e ghli e heonstion

MARKET STATISTICS

$123.80 Bn 12.6% $360.70 Bn
RECIONAL

ANALYSIS

MARKET
SEGMENTATION

13.1%
23.3%

37.3% 17.8%

Key Market Findings

Bia

Deployment of 3D Prifting
in Tissue Engineering
to Boost Demand



Biomaterials
Biofabrication

What is Biofabrication?
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Biofabrication is the
production of complex
biological products, tissues,
and organs through 3D
printing, electrospinning,
and other advanced
techniques.
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3D BIC PHI D OF EDIBLE FISH
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(BIO)PRINTING IN KLINICS

Photos: Microtia-Congenital Ear Institute and 3DBio Therapeutics, 2022
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3D BIOPRINTED HEART CONSTRUCT




3D (BIO)PRINTING PROCESS

? 'ss _Inkdesign
J

_ Script reading

I
[§)

Polymer Nanocomposites in Biomedical Engineering, 2019, pp.205-233.

Material testing

Culturing cells,
tissues or organs
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INK FROM POLYMERS

Biomaterial
Natural polymers are large, organic molecules derived from living Synthetic polymers are man-made compounds created through
organisms, such as proteins, polysaccharides, and nucleic acids, that chemical processes that combine small molecules (monomers) into
play essential roles in biological processes. long, repeating chains, enabling a wide range of applications.

Advantages:
*  Biocompatibility

Advantages:
Control over properties

Biodegradability @ Consistency in production

Renewability w Tailored functionalities

- Rubber _
»  Versatility «  Cost-effectiveness
*  Enhanced cell interaction *  Durability
= X
| Souh
3 p~
Cellulose DNA Epoxy Polyester

16
Bioactive Mat. 2023, 28, 511-536



USE OF BIOINFORMATICS TO BIOMATERIAL DESIGN

Bioinformatics can reveal:

* Protein sequences for biomaterial scaffolds (e.g., silk, collagen, elastin-like polypeptides)

Cell-matrix interaction motifs (RGD, YIGSR, IKVAV) obtained from protein databases

Enzyme cleavage sites to design degradable hydrogels

Gene expression data to tailor biomaterials for specific cell types

Material biomechanics and processability




(BIO)INK : MODULAR DESIGN

Conductivity / lonic transport

Self-healing capacity =~ Hydrogel

Bioactive motifs

Qs integrin

ECM composition

2,

Stiffness
Suiff

Provide mechanical signalling to cells

Viscoelasticity

V4

Strain

Stress

Degradability

220

|

Immobilization of biomolecules

Degradation rate crucial in tissue regeneration controlled release of growth factors

»
.
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(BIO)INKS: HYDROGELS

Advanatages of using hydrogels:

skeletal +  Biocompatibility
¥i mscle lissue + High Water Content
- * Adjustable Mechanical Properties
: » Porosity

» Bioactive Molecule Incorporation
* Printability

adipose :

tissue luncltl ]

J— — ung LSSt smooth rtil

L= 1B uscle tissue S arirkalls
R

e ||
)& \
e - |

brain tissue

10" 10 10? 103 10* 10°

stiffness in kPa

Arch. Computat. Methods Eng. 2020, 1187-1230.



BIOINK VS BIOMATERIALS INK

BIOINK

Cells as mandatory component

Processing with a
biofabrication technique

Biofabrication, 2018, 11. 10.1088/1758-5090/aaec52.
Current Trends in Biomedical Engineering. 2023, Springer, Cham. https://doi.org/10.1007/978-3-031-38743-2_11.

Components
Biomaterials (opcional)
DNA / RNA
Amino Acid
Protein
Hormones
Spheroids
Micro tissues
Single cells

20



BIOINK VS BIOMATERIALS INK

BIOMATERIAL INK

[ s W ‘.4',.,,,_'
Cell growth in surfa

Additive manufacturing of
biomaterials as inks

LSS

Seeding of the scaffolds with cells

Cell adhesion = et
: - " ' * Hydrogels ( Synthetics

and natural)

* Ceramic particles/
Ceramic past

* lons metallic

* Possible to work
diferente tecnhique

processability

Biofabrication, 2018, 11. 10.1088/1758-5090/aaec52. 21
Current Trends in Biomedical Engineering. 2023, Springer, Cham. https://doi.org/10.1007/978-3-031-38743-2_11.



BIOINK

BIOMATERIAL

LIVING CELLS

© Gosia Wlodarczyk-Biegun, 2020

9

PROPERTIES

TISSUE
SPECIFIC
PROPERTIES

22



BIOINK CHARACTERISTICS

Maintain Cell Viability

7

Protection from shear stress

- Protected cells
B shearcd cells

Mass transport (diffusion)

t Biomolecules
‘ Nutrients

Adhesion sites

Allows cells to interact
with the matrix

o
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DESIGN CONSIDERATIONS FOR HYDROGEL-BASED BIOINKS

: m— Gel-phase bioink rheological behavior
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Advanced Materials, 2022, 34(2), p.2103691. 24



BIOINK DEVELOPEMENT

shape fidelity

novel fabrication
strategies
traditional
biofabrication
window

O cell culture

polymer concentration,crosslink density, stiffness

Adv. Mater. 2013, 25, 5011-5028
Biomanuf. Rev. 2020 5, 2. https://doi.org/10.1007/s40898-020-00008-y

Shear-thinning
Characteristics
(Printability)

Viscoelasticity
(Protect cells
from shear stress)

Gelation Hydration

(Structual (Nutrient

diffusion)

Viscosity
(for uniform cell
encapsulation)

Biocompatibility
(High cell



IDEAL BEIOFABRICATION WINDOW

Ideal bioinks for

3d printing but

poor cell culture
environment

Printability/Shape Fidelity

4
~

Future
Biofabrication
Window using

Advanced
Bioinks

Traditional
Biofabrication
Window

A

Ideal cell culture
but poor shape
fidelity

Biocompatibility/Cell Viability

J. Indian Inst. Sci., 2019, 99, 405-428. https://doi.org/10.1007/s41745-019-00129-5 Cytotonic

Cell adhweson Froliferation
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(BIO)INKS CROSSLINKING

'," ---------------------------------------------- ~\‘ I”’ --------------------------------------------- =
(@)  { ()

1 ! 1

i P

1 1 1

1 : :

i Thermo-sensitive o

| bioinks E i Bioinks

1 |}

| |

i Temperature ! E

! controller ' i - Crosslinking
1 1

i P sprayer

E i i Crosslinking

! i - agents

1 e = i y

i Printing %—» Scaffold i E Scaffold <t

l stage . : i ] , &

\ 7 X

‘(<) 1 (d) 4 (e)

i Light-sensitive

Pre-crosslinked bioink

Bioinks bioinks

UV light source
g
Scaffold «—=#=. -

Bioactive Mat. (2023), 28, 511-536

Crosslinking
medium <+—9

Scaffold <«

-

Physical
crosslinking

Shear thinning
Temperature
sensitivity

Combinational Wet-chemical
crosslinking crosslinking
Reactive
Physical mixing
cross-linking
and

Photo curing

Adv. Mater. (2013), 25, 5011-5028
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(BIO)INK CHARACTERIZATION: PRINTABILITY VALUE

Under- Proper- Over-
gelation gelation gelation

UK
T

Extrusion status

Structure

Biofabrication, 2016, 8, 035020
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3D (BIO)PRINTING TECHNIQUES

AK Bloom
I N K] E T Thermal Piezoelectric

bioink bioink 7

thermal I piezoelectric Characteristics:
actuator actuator

Y Y *Droplet-based deposition, highly controlled.

—— @ e @
X > 5 ”
—-—— - -y -

*High resolution (tens of micrometers).
substrate substrate

*Low viscosity bioinks are required.
A tiny heater rapidly

: A piezoelectric actuator
vaporizes a small

generates pressure
pulses to eject droplets.

*Non-contact printing, reducing contamination risk.

portion of bioink to
form a droplet.

Limited to low cell density, as high viscosity or cell density can clog the nozzle.

Modified: Materials & Design. 2018, 159, pp.20-38. 29



3D (BIO)PRINTING TECHNIQUES

EXTRUSION

Pneumatic Mechanical

AK Landfester
&
AK Weil

pressurized air piston screw /

bioink bioink bioink

substrate substrate substrate

Pressurized air pushes
bioink through a
nozzle.

A rotating screw
pushes bioink.

A piston pushes the
bioink.

Characteristics:

*Continuous filament deposition, rather than discrete droplets.
*Compatible with higher viscosity bioinks and higher cell densities.
*Lower resolution than inkjet (100-500 pm).

*Shear stress on cells can be higher, potentially affecting cell viability.

*Can print larger 3D structures.

Modified: Materials & Design. 2018, 159, pp.20-38. 30



EXTRUSION BASED (BIO)PRINTING

Extrusion-based bioprinting

R

NG

Crosslinking
agent

Shear thinning Printing in

(DIW) e‘i?:,::g:, coagulation bath

Extruding bioink

Pressure based Deliver bioink and a : :
directly into a

extrusion of bioink crosslinking solution

through a syringe. using separate nozzle. coagulation bath that

triggers its gelation.

Adv Materials Technologies, 2020, 5(8), doi: 10.1002/admt.201901044

Freeform reversible
embedding

Extruding bioink into a

pseudoplastic or
granular bath.

31



3D (BIO)PRINTING TECHNIQUES

MICRO-VALVE

l— pressurized air

valve coil
(solenoid)

bioink

plunger

/
//
)

.
o
L 4

substrate

Solenoid-controlled
plunger or valve

releases bioink droplets
under pressure.

Characteristics:

*Droplet-based, similar to inkjet but can handle higher viscosities.
*Moderate resolution.

*Non-contact, reducing contamination risk.

*Good for cell-laden bioinks, as shear stress is lower than extrusion.

Modified: Materials & Design. 2018, 159, pp.20-38.
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3D (BIO)PRINTING TECHNIQUES

LASER

energy
absorbing
layer

laser

donor{

substrate

receiving substrate

Laser-Induced Forward
Transfer (LIFT)

A laser pulse hits an energy-

absorbing layer, propelling a
droplet of bioink from a
donor substrate to a
receiving substrate.

Characteristics:
*High resolution (10-50 pm).
*Non-contact, avoiding nozzle clogging.

*Can handle very viscous bioinks.

*Can deposit single cells or small cell clusters with high precision.

*More complex and expensive than other methods.

Modified: Materials & Design (2018), 159, pp.20-38.
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2-PHOTON 3D MICRO(BIO)PRINTING




500 pm

=
o e . -

2 Photon 3D Microprinting:
Reproducible
* High Resolution
« ECM and Tissue microstructures can be sirgjl}te’d

35



3D (BIO)PRINTING TECHNIQUES

Melt Electro-Writing (MEW)

|:> @ N, gas pressure
@ electrical heater

Z-motion
-

heated
high voltage source

O

+—p
X&Y-motion collectorplate

Molten polymer is extruded
under high voltage and
precisely controlled stage

movement, allowing fibers to
be deposited in defined
patterns.

Characteristics:
*Fiber-based, typically 1-50 um in diameter.

*Highly controlled fiber placement, enabling 3D
microstructures.

Solvent-free, safer and environmentally friendly.
*Produces smooth, uniform fibers with tunable porosity.

*ldeal for tissue engineering scaffolds and microstructured
biomedical devices.

ACS applied Materials & Interfaces, 2017, 9(44); 38187-38200.
Materials & Design, 2018, 155; 46-58. 36



3D (BIO)PRINTING TECHNIQUES

Electrospinning
AK Landfester
Syringe
Polymer solution Taylor cone
Spinneret . .
—> Characteristics:

Liquid jet

ﬁ *Fiber-based, mainly nanoscale fibers (100 nm — few pm).
High voltage
power supply

L _/C“

*Fibers are usually randomly oriented, but alignment possible with
special collectors.

*Solution-based, requires solvent evaporation.

*High porosity, limited control over exact fiber placement.

High-voltage electrostatic

: : Suitable for filtration, drug delivery, wound dressing, and scaffolds.
field draws a polymer solution

or melt from a needle tip
toward a grounded collector,
forming fine fibers.

Food Hydrocolloids, 2015, 51; 227-240.
Stem Cell Research, 2016, 16(3); 740-750.
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BIOMATERIALS AND BIOAPPLICATIONS

%

Ao

MONOMERS POLYMERIZATION BIOMATERIAL

Biomaterials

BIOINK 3D BIOPRINTING BIOPRINTED
TISSUE

(Bio)Fabrication

Bioapplications

A 4
Synthesis of Nature-Inspired Materials

Physicochemical Characterization

Rheological - Mechanical
Characterization

Electrical Characterization

A 4
Extrusion Bioprinting

Microprinting
Light-assisted 3D printing

Electrowriting/Electrospinning/Electrosprayin
g

4
Cell-Material Interactions

Cell/Tissue Adhesion
Biomolecule Release

In vivo Experimentation

39



3D PRINTABLE HYDROGELS: TISSUE ENGINEERING = Stftung

MAX
pranck €

SCHOOL
Carl Zeiss

(Bio)printing

Neural Engineering

Bone Engineering

Pneumatic, piston‘:_,

or screw driven U

Xin Wei Ayaan Khan

Till Grandjean

Alex Reitz

Feng; Zheng; Bhusari; Villiou, et. al, Adv. Funct. Mater. 2020
Wiodarczyk-Biegun; Paez; Villiou, et al. Biofabrication 2020
Wiodarczyk-Biegun; Villiou, et al. ACS Biomater.Sci.Eng. 2022

40
Wei; Grandjean; Reitz, Ritz, Landfester*, Villiou*. Manuscript in preparation 2025



: Nude
micro-spheroid

3D PRINTABLE HYDROGELS: CELL-MATERIAL INTERACTIONS

'ﬁA ‘kﬁ
; Hipe o O :
N it = -
® 3 o ,,-l . To
\f § G < 200 cells
‘ : - Alive,
o » ; A ST 2,
’. ,\ oAy o ey ’ N - " e
\( B B reT SR/ s .‘/"." ‘o
" " ‘,. ..‘{ \ :j % r;- L% o 3
* 100 pm
NSy -
3D Cell Reconstruction
Day 5 > W\{g

Day 0

Manipulation

ACS applied materials & interfaces. 20207, 30;12(34):37862-72.

Small. 2024, 20(33):2401344.
Advanced Functional Materials. 2024. 34(19):2303601



PRINTING OF FUNCTIONA ARTIFICIAL CELLS

ARpELL@

. Cascade reactions Glucose detection Lactate-Glucose metabolism H,O, degradation,
* NADH

Pyruvate Gluconate

-~

Glucose

A1.0- o L] ]
| P v

b4 '§§9305'; ﬂ;;!§t
Nos LA
© g’,
£ byv = cell1
o %8 , X o cell2
X s, A cell3
£ 041 :, v cell4
S ¢ cell5
o2 &

gv

0.0 r r v v T v v )
0 20 40 60 80 100 120 140 160
time (seconds)

Dr, Tsvetomir Ivanov  Lukas Hein

Angewandte Chemie, 2022, 134(6), p.e202113784. 42



MULTICOMPONENT PRINTING: BIOSENSORS  zin <"

Benz

Glucose Biosensors

‘ Hydrogel-gated OECT 35
Glucose 6000 41 mp 3 MM 10 mM —
=364 | 5 mM/ 512
— —_— L 50 mM —
E 4500 Gate g 371 / " g
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Source Drain —414Vas=-03V =
| A A (Auy=———Channet—— (Au) 4z 1Vgs =03V
Comency [l LY (PEDOJZPSS) P 0 200 400 800 800 Lukas Hein  Dr. Renan Colucci
ds
= time [s] “Glucose LT =g
O, Sensor for Cells
Tuning the Hypoxia
lexc= 660 NM
\ 3 160 mmHg&j
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Hein; Colucci; Submitted in Advanced Science, 2025
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INTRODUCTION TO COMPUTER AIDED DESIGNING

03.12.2025| Dr. Maria Villiou



USE THE DESIGNS FOR 3D Printing

03.12.2025| Dr. Maria Villiou



Problem?

Planning: What is the problem?

Concept: How can | solve the problem?

Drafting: What solutions are possible?

Design: What is the final product?

Computer-Aided Engineering Tools

47



COMPUTER EIDED ENGINEERING

CAD

Computer
Aided
Designing

FEA

Finite Element
Analysis

CFD

Fluid dynamics

Computer
Aided
Engineering

CAM

Computer
Aided
Manufacturing

Topology

Optimization

48



COMPUTER AIDED DESIGN

* Replaces traditional hand drafting
Faster, more accurate, and easily editable compared to manual drawings.

» Used to design, draft, and produce digital models
Supports the entire workflow from concept sketches to detailed production drawings.

» Applied across nearly all industries
Architecture, construction, engineering, automotive, aerospace, manufacturing, product design, and more.

* Creates precise 3D models
Allows visualization of shapes, dimensions, assemblies, and internal components.

* Enables realistic materials and lighting
Produces photorealistic renderings for presentations, marketing, and client approvals.

« Simulates real-world performance
Includes stress, motion, heat, flow, and structural analysis to validate designs before physical prototyping.

* Provides comprehensive design documentation
Generates technical drawings, BOMs (Bill of Materials), reports, and files for patents, manufacturing, and communication.

49



STRESS SIMULATION IN CAD: USE FINITE ELEMENT ANALYSIS (FEA)

* Non-destructive virtual testing
Evaluates strength, durability, and failure points without damaging physical prototypes.

« Simulates real usage and application conditions
Models loads, pressure, vibration, impact, temperature, and other operational forces.

« Identifies weaknesses early in the design stage
Reveals stress concentrations, deformation, and potential failure zones before manufacturing.

« Optimizes materials and geometry
Helps reduce weight, increase strength, and improve overall performance and safety.

* Reduces cost and development time
Minimizes the need for multiple physical prototypes and shortens the design-validation cycle.

Type: Von Mises Stress

Unit: MPa

21/01/2025, 10:07:35 a. m.
1,295 Max

I—»
(Z)
I_

Fixed Constraint:1 1st Principal Stress



STRESS SIMULATION - FINITE ELEMENT ANALYSIS (FEA)



TOPOLOGY OPTIMISATION IN CAD

» Uses computational algorithms to automatically improve a model’s mechanical performance.

« Enhances strength-to-weight ratio
Adjusts geometry to achieve maximum stiffness or strength with minimal material

* Removes non-contributing material
|dentifies and eliminates excess areas that do not improve structural performance.

* Generates efficient, lightweight structures

Produces organic, high-performance shapes ideal for aerospace, automotive, and additive manufacturing.

* Supports rapid iteration and redesign
Integrates directly into CAD workflows for quick evaluation and modification of optimized designs.

£ £ Dimensioning
A
é Shape optimization

Topology optimization

52



WHAT TO TAKE INTO ACCOUNT?

The design
* Does it look nice? Beautiful? Attractive for science/customers?

Costs
» Time of production
* Material: type and quantity

Technical specification
» Does it follow the rules, the size, materials, etc.
* How is it produced? Is it possible to produce it the way it is designed?

53



COMPUTER AIDED DESIGNING (CAD)

Create 3D or 2D models
Supports multiple file formats, examples: .ipt, .iam, .step, .dwg for design and sharing.

Common CAD software: Autodesk Inventor/ Fusion, Tinkercard, SolidWorks....

T
K|E|R
C

54



CAD SOFTWARES

Commercial software |edit]

e« AC3D e Promine
« Alibre Design  PTC Creo (successor to Pro/ENGINEER) Not the best user interface
« ArchiCAD (Graphisoft) e PUnchCAD but its ok
| + AutoCAD (Autodesk) |  Remo 3D / \
I » Autodesk Inventor I » Revit (Autodesk) Open-source software
e AXSTREAM e Rhinoceros 3D ¢ BRL-CAD
» BricsCAD e Siemens NX » FreeCAD
« CATIA (Dassault Systémes) » SkefchUp e LibreCAD
« Cobalt « Solid Edge (Siemens) « OpenSCAD
¢ CorelCAD e SolidWorks (Dassault Systemes) e QCAD
|« Fusion 360 (Autodesk) | ¢ SpaceClaim « Salome (software)
« IntelliCAD o T-FLEX CAD * SolveSpace
¢ |RONCAD « TranslateCAD \ e CAD Sketcher /
« KeyCreator (Kubotek) e TurboCAD
» Landscape Express ¢ \/ectorworks (Nemetschek)
« MEDUSA

« MicroStation (Bentley Systems)
o Modelur (AgiliCity)
» Onshape



| @
.

COMPUTER AIDED DESIGNING (CAD)

 Create 3D or 2D models

« Supports multiple file formats, examples: .ipt, .iam, .step, .dwg for design and sharing.
« Common CAD software: Autodesk Inventor/ Fusion, Tinkercard, SolidWorks....
* Prepares models for 3D printing: Always export as STL-file which converts geometry into a triangle mesh.

Control STL export quality: Adjust resolution, deviation, and accuracy for smoother prints.

. . . .
* Speeds up pI‘OtOt pIn and reduces errors: Enables fast iteration before manufacturin
y g ° g °
| STLFile Save As Options X [fefault 18L s 3 Re
fance ¥ Windows
Format
@) Binary (O ascn \
Units Structure
millimeter
Savein 23-105-Sadk-microchannel oF @~
| Resolution
| @High () Medium Low STL
) Custom Orep P °
Surface Deviation 0,005000 w d7
0% 100%
§ Oldversions 23-105-Microchannel-v01
Normal Deviation: 10,000000 [ ]
0 41
1 Max Edge Length: 100,000000 | )
0% 100%
| Aspect Ratio: 21,500000 ' File name 23-105-Microchannel-v0 1 st
0 215 Baveastype:  STL Files ("t
] Allow to Move Internal Mesh Modes [v] Export Colors
Savi Cancel
Cancel

m
==
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3D PRINTING WORKFLOW: GENERAL STEPS -

Designing your structure on the computer (CAD)
—> export your model commonly as STL-file

Choosing a suitable type of 3D printer
- material restrictions? Size of final structure? Costs ? ...?

@ -
Preparing a print job file via the printers slicing software
—> import the STL-file; set printing parameters (Temperature, ...)

Start print job and cross your fingers for it to succeed

Take out your printed part
—>sometimes post printing processes are required

57



AUTODESK INVENTOR GOLDEN RULES

Verify your starting planes and directions

Ensure visibility is correct; create additional reference planes when needed.

Always sketch in 2D first: Use “'Sketch”

Build clean sketches, then apply 3D operations like extrude, revolve, or sweep.

2D drawings T

Sketch Create Modify

Model X +
' Part2
= . Representations
+:+{3 Model State: [Primary]
+- (@] View: [Primary]
+ P& origin
17l sketch3
® End of Part

Steps carried
out in the
design

process are
listed in
sequence of
execution.

Surface  Simplific...

» Search Help & Comm

Simulation Convert




Sketch

Create

Verify your starting planes and directions

Ensure visibility is correct; create additional reference planes when needed.

Always sketch in 2D first

AUTODESK INVENTOR GOLDEN RULES

Build clean sketches, then apply 3D operations like extrude, revolve, or sweep: Use “"Create”

!- @ Generic ~® n

Tools  Manage View  Environments

Part2

Collaborate

» Search Help & Commands...

Fusion [

T ONS &~ O

Modify  Explore Work Fea... Pattern  Create Fr..  Surface  Simplific.

. Simulation

Convert

Revolve

= Gaurav.Daved...~ ¥

Loft

- @ X

-@Ex

Gnes Tanstion

nnnnnn s

E o b3y

B S

%

g

o »

c oo Lo
s @0 Ovenropmires
8o

-mXx
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AUTODESK INVENTOR GOLDEN RULES

Fully define every sketch
Use dimensions and constraints to avoid errors and make later modifications easier.

Maintain proper sketch origin placement
Size and position your geometry relative to the origin; center sketches whenever possible.

Use construction lines for alignment
Improve accuracy, symmetry, and constraint management.

Reuse sketches when appropriate
Share sketches to avoid redundant work and maintain design consistency.

Use quick tools efficiently
The “M" key helps with measurement and verification.
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AUTODESK INVENTOR GOLDEN RULES

Leverage pattern and mirror features: Use “"Pattern”
Speed up repetitive geometry creation and ensure perfect symmetry.

Mirroring

61



AUTODESK INVENTOR GOLDEN RULES

Leverage pattern and mirror features
Speed up repetitive geometry creation and ensure perfect symmetry.

Combine multiple solids when needed: Use “"Modify”
Final part should contain one single solid body unless intentionally modeling multi-body parts.

» Search Help & Commands... 2! Gaurav.DaveA..~ ¥ | @ -

Fusion o -

. Pattern Create Fr.. Surface  Simplific.. Simulation Convert

Move, Fillet
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AUTODESK INVENTOR GOLDEN RULES

Adjust visual style
Shaded, wireframe, or hidden-line views can help detect issues.

Use section views
Half-section or full-section views help inspect internal geometry.

Export images when documenting your work
Useful for reports, presentations, or reviews.

Use ESC key frequently

Quickly cancel unwanted commands or actions.

Prevent accidental operations or sketch edits.

Helps you reset the cursor and navigate faster in the CAD environment.
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WHAT IS TINKERCARD?

Free, browser.based 3D-design tool

Log in by visiting tinkercad.com

Sign in using Google or Apple EE AUTODESK
c[AlD] Tinkercad

Create a new design and get creative!



TINKERCAD...THE EASIEST OPTION!!

Join now: https://www.tinkercad.com/

oooooooooooo




THE HUD

(T]1] . i ni [ Q
- H o Q
E\m‘ Terrific Bombul-Maimu 6 ) s ol
E‘i‘ “« W Importieren  Exportieren  Senden an
ke &
Einfache Formen = Q
~ —
NN { | (>
,<>.. N Y

Workplane w . ®
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THE HUD

1]

[K[E Terrific Bombul-Maimu m A S o Q
[ClAl 6 ) i Ce

E‘i‘ « W Importieren  Exportieren  Senden an

Library with geometries, etc.
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THE HUD

2 Terrific Bombul-Maimu 6 ;;.'I-J i 8°Q
E‘ «~ v Importieren  Exportieren  Senden an
iy
Einfache Formen = Q
a Toolbar (Copy, Paste,...)
o T .
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+
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THE HUD

"' Terrific Bombul-Mai TRIE=E o
E ombut-Maimu m .
[ClAl 6 & it Ce Q

E‘i‘ « W Importieren  Exportieren  Senden an

Camera tOOIS (home— Einfache Form

ﬁ . . ——
w . position, zoom,..) S ©
+
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CREATING YOUR 3D-DESIGN

] 1]
K] Terrific Bombul-Maimu
[c|A}

BoEOO -

+)(o)(»

Q

=

Change size by either dragging the black/white
dots or typing in a specific value
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CREATING YOUR 3D-DESIGN
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CREATING YOUR 3D-DESIGN

Align the geometries

Y
.' s
0
xz
@

- &

<
@
e ® ©
®
®

v

Group the geometries

0
@
e ® 0 o >
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EXPORT YOUR DESIGN... as an STL file!

Herunterladen 3D-Druck

EinschlieBen @ Alle Objekte im Entwurf.

Machen Sie mehr aus Ihren Entwiirfen — mit Autodesk

n Autodesk Fusion

»~2 AUTODESK Forma

Fiir 3D-Druck

.0BJ

GLTF (.glb)

Fiir Laserschneiden

.Sva

@ Weitere Informationen
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