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Dalji razvoj RP/RT tehnologija

Tehničke karakteristike:
a) povećanje brzine izrade modela
b) povećanje tačnosti modela
c) novi materijali za RP i RT modele
d) povećanje dimenzija modela
e) telegenerisanje proizvoda na zahtev

Oblasti:
a) Medicina ‐ 3D bioprinting
b) Proizvodnja hrane
c) Građevina
d) 3D za kućnu primenu



Razvoj AM sektora 

 Three of the fastest‐growing areas for AM include the medical, 
dental, automotive and aerospace sectors1

 In 10 years, the use of AM for the production of final 
products has gone from almost nothing to 28.3% of the total 
product and services revenue from AM worldwide.



“3D PRINTING’S POTENTIAL TO REVOLUTIONIZE
MANUFACTURING IS QUICKLY BECOMING A REALITY.”



A word of caution
Tech Consultancy Puts 3D Printing at Peak of "Hype Cycle"



"Hype Cycle„ - 2016

Critical technologies to be considered include: 4D Printing, Brain-Computer Interface, Human 
Augmentation, Volumetric Displays,Affective Computing, Connected Home, Nanotube 
Electronics, Augmented Reality, Virtual Reality and Gesture Control Devices.



3D Printing Aims to Deliver Organs on Demand

NASA awarded a $125,000 grant to develop a process for 3D printing 
food for astronauts

NASA Funds 3D‐Bio‐Printer 
Development to Combat 
Universal Hunger



 Fabrikovanje tkiva i organa;

 Izrada proteza, implantata, medicinskih pomagala, membrana,
anatomskih modela i sl.

 Primena u farmaciji – razvoj novih lekova, novi forme
doziranja, novi načini isporuke lekova i sl.

Primena 3D Printinga u medicini





 Kompjuterski vođen bioaditivni proizvodni proces u kome se
vrši deponovanje živih ćelija na skeletne strukture (scaffold)
na bazi hidro‐gela u cilju fabrikacije 3D tkiva i organa.

 It uses bioadditive manufacturing technologies, including
laser‐based writing , inkjet‐based printing , and extrusion‐
based deposition .

 Bioprinting offers great precision on spatial placement of the
cells themselves, rather than providing scaffold support alone.

3D Bioprinting



Bioprinting tehnologije obuhvataju:
 (a) laser‐based writing of cells,
 (b) inkjet‐based systems, and
 (c) extrusion‐based deposition

3D Bioprinting



3D Bioprinting



 Organ printing takes advantage of 3D printing technology to
produce cells, biomaterials, and cell laden biomaterials
individually or in tandem, layer by layer, directly creating 3D
tissuelike structures.

 Various materials are available to build the scaffolds, depending
on the desired strength, porosity, and type of tissue, with
hydrogels usually considered to be most suitable for producing
soft tissues.

 Although 3D bioprinting systems can be laser based, inkjet based,
or extrusion based, Inkjet based bioprinting is most common.

Bioprinting Tissues and Organs



Procedura 3D Bio ‐printinga obuhvata sledeće faze (korake) :

 1) kreiranje strukture‐šeme (blueprint) organa zajedno sa 
vaskularnim sistemom

 2) generisanje plana procesa 3D bioprintinga;
 3) izolacija matičnih ćelija;
 4) diferencijacija matičnih čelija u ćelije organa;
 5) pripremita bioink rezervoara sa specifičnim ćelijama ogana, 

ćelijama krvnih sudova i potpornih struktura i pozicioniranje istih u 
Bio‐štampač;

 6) bioprint;
 7) postavljanje bio‐printovanog organa u bio‐reaktor pre 

transplantacije.



 The precise placement of multiple cell types is required to fabricate
thick and complex organs, and for the simultaneous construction of
the integrated vascular or microvascular system that is critical for
these organs to function.

Tissue spheroids for blood vessel printing: (a) Deposition of straight filaments 
containing a string of tissue spheroids (stained in white) with agarose filaments 
as support material (stained in blue) both around cellular filaments and inside 
the core, (b) design for multicellular assembly with (c) printed samples with 
human umbilical vein smooth muscle cells and human skin fibroblast cells



Concept of 3D organ printing technology 



3D Bioprinting





3D Bioprinting



 Implants and prostheses can be made in nearly any
imaginable geometry through the translation of xray, MRI, or
CT scans into digital .stl 3D print files.

 In this way, 3D printing has been used successfully in the
health care sector to make both standard and complex
customized prosthetic limbs and surgical implants, sometimes
within 24hours. This approach has been used to fabricate
dental, spinal, and hip implants.

Customized Implants and Prostheses 



Scientists have created a revolutionary new electronic membrane that could replace 
pacemakers, fitting over a heart to keep it beating regularly over an indefinite period of 
time. The device uses a “spider-web-like network of sensors and electrodes” to 
continuously monitor the heart’s electrical activity and could, in the future, deliver 
electrical shocks to maintain a healthy heart-rate. Researchers used computer modelling 
technology and a 3D-printer to create a prototype membrane and fit it to a rabbit’s heart, 
keeping the organ operating perfectly “outside of the body in a nutrient and oxygen-rich 
solution”.

Customized Implants and Prostheses 



 The individual variances and complexities of the human body
make the use of 3Dprinted models ideal for surgical
preparation.

 3Dprinted models can be useful beyond surgical planning.
 3D printed neuroanatomical models can be particularly

helpful to neurosurgeons by providing a representation of
some of the most complicated structures in the human body.

 Complex spinal deformities can also be studied better through
the use of a 3D model.

Anatomical Models for surgical preparation



 3D printing technologies are already being used in
pharmaceutical research and fabrication, and they promise to
be transformative .

 Advantages of 3D printing include precise control of droplet
size and dose, high reproducibility, and the ability to produce
dosage forms with complex drug release profiles.

 Complex drug manufacturing processes could also be
standardized through use of 3D printing to make them simpler
and more viable.

 3D printing technology could be very important in the
development of personalized medicine, too.

Drug Delivery Devices and Personalized Dosage Forms



 The primary 3D printing technologies used for pharmaceutical
production are inkjet based or inkjet powder based 3D printing.

 In inkjet based drug fabrication, inkjet printers are used to spray
formulations of medications and binders in small droplets at
precise speeds, motions, and sizes onto a substrate. The most
commonly used substrates include different types of cellulose,
coated or uncoated paper, microporous bioceramics, glass
scaffolds, metal alloys, and potato starch films, among others.

 In powder based 3D printing, the inkjet printer head sprays the
“ink” onto the powder foundation. When the ink contacts the
powder, it hardens and creates a solid dosage form, layer by
layer. The ink can include active ingredients as well as binders
and other inactive ingredients. After the 3D printed dosage
form is dry, the solid object is removed from the surrounding
loose powder substrate.



 Personalized 3D printed drugs may particularly benefit patients
who are known to have a pharmacogenetic polymorphism or
who use medications with narrow therapeutic indices.

 Pharmacists could analyze a patient’s pharmacogenetic profile,
as well as other characteristics such as age, race, or gender, to
determine an optimal medication dose.

 A pharmacist could then print and dispense the personalized
medication via an automated 3D printing system.

 If necessary, the dose could be adjusted further based on
clinical response.









Challenges in AM materials properties 
predictions

 Most AM processes introduce anisotropy in mechanical properties (z different from x,y)
 Local differences in laser/EB power (e.g., perimeter vs center) introduce heterogeneity in

mechanical properties
 Laser fluctuations might result in embedded defects that are difficult to identify
 All existing machines are open-loop: temperature sensors have been introduced in some

processes, but the readings are not used to optimize the processing parameters on the fly.
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Micro‐Architected Materials
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How can we fill unclaimed regions?
‐ Optimal topology
‐ Optimal geometry
‐ Base material optimization (nm‐features)
‐ Hierarchical design

What do we need?
‐ Understand multi‐scale mechanical behavior (deformation and failure modes) 
‐ Understand processing ‐> microstructure ‐> mechanical properties (including size effects)

IMPROVED STRENGTH
AT THE FILM LEVEL

SIZE EFFECTS
IN PLASTICITY
AND FRACTURE

UNIQUE DEFORMATION
MECHANISMS

IMPROVED STRENGTH
AT THE MACROSCALE






































