
e have been anticipating 
for a number of years 
now that 3D printing 
will revolutionize the 

manufacturing industry. While we haven’t 
experienced a revolution yet, the advances we 
have seen demonstrate that this technology 
could significantly change the way we think 
about how we produce things—not just the 
traditional products that come to mind when we 
think of manufacturing, but things like houses 
and food and human body parts as well. 

During the next few years there will also likely 
be a shift from big production plants in countries 
such as China to local printing outlets, in-

house company printing systems and personal 
3D printers in the home office. Many design 
companies may one day cease outsourcing 
manufacturing altogether and have the capacity 
to do custom design, production and retail 
locally. Spare-parts outlets would not need to 
store all of their parts, currently gathered from 
manufacturers around the world, but rather 
would print on demand from a massive database 
of blueprints. There is still a way to go for this 
scenario to become reality, however.

The 3D printing industry began in the mid-
1980s with companies like 3D Systems that 
developed 3D printing technology, a type 
of printing that enables fast prototyping of 

objects, and coined the term stereolithography 
for the process. 3D Systems was instrumental 
in introducing the technology to a range of 
industries, including aerospace and architecture, 
health care, automotive and manufacturing. 
Another founding player in the 3D printing 
industry is Stratasys, which introduced the 
first relatively affordable 3D printer (priced at 
under $30,000) to the market in 2002. Since 
then we have seen a plethora of new 3D 
printing companies entering the marketplace 
and a growing number of printers able to 
print with diverse materials—from plastics and 
resins, glass, metals and concrete, to food and 
biological matter. 
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Good 3D printers are still quite expensive, 
however, and affordable models are mostly 
the PLA (polylactic acid) or ABS (acrylonitrile 
butadiene styrene) plastic filament type that 
limits the end use of the object you print. At 
the lower end of the price scale, the quality 
can be less than perfect and the printers slow, 
but this is likely to change as new, models 
are introduced—such as Uniz Technology’s 
Slash 3D printer, which produces very high-
resolution objects in zABS resin up to 50 times 
faster than many other standard 3D desktop 
printers in the same price range. 

When it comes to speed and resolution, 
the Silicon Valley company Carbon 3D has 
developed a 3D printing process that is 25 to 
100 times faster than existing methods, using a 
process called CLIP (continuous liquid interface 
production). According to the company, CLIP 
is a photochemical process that carefully 
balances light and oxygen to rapidly produce 
parts. It works by projecting light through an 
oxygen-permeable window into a reservoir of 

UV-curable resin. As a sequence of UV images 
are projected, the part solidifies and the build 
platform rises. 

Beyond the more traditional use of 3D printing 
technology, there are some amazing projects 
to behold—such as a 3D-printed self-driving 
mini bus (called Olli by the manufacturing 
company, Local Motors, who also created 
the first 3D-printed electric car, the Strati, 
in 2014), or apartment blocks printed by the 
Chinese 3D printing construction company, 
Winsun, who have recently signed a deal 
to lease 100 3D printers to a Saudi Arabian 
construction company that will print 30 million 
sq m of new development. In the completely 
different field of 3D bioprinting, liver tissue 
has been printed by a Californian company, 
Organovo. The printed tissue has been used 
to test the toxicity of drugs prior to human use 
and is claimed by the company to be superior 
to traditional tissue used in similar testing 
environments. Organovo’s ultimate goal is to 
print entire organs for transplantation.

Printing in Glass
There is a growing list of materials that can 
be 3D printed as new technology emerges.  
Among the more recent additions to this list 
has been glass, thanks to a method developed 
at the Karlsruhe Institute of Technology (KIT). 
As a consequence of the particular properties 
of glass (e.g., transparency, thermal stability and 
resistance to acids), the use of this material in 3D 
printing opens up many new applications, such 
as optics, data transmission and biotechnology. 
The scientists at KIT mix nanoparticles of 
high-purity quartz glass and a small quantity 
of liquid polymer and allow this mixture to 
be cured by light at specific points, by means 
of stereolithography. The material, which has 
remained liquid, is washed out in a solvent 
bath, leaving only the desired cured structure. 
The polymer still mixed in this glass structure 
is subsequently removed by heating. 
“The shape initially resembles that of a pound 
cake, it is still unstable, and therefore the glass is 
sintered [i.e., heated so that the glass particles 
are fused] in a final step,” explains mechanical 

Olli by Local Motors in DC
image courtesy Local Motors
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engineer Dr. Bastian E. Rapp who conducts 
research at the Institute of Microstructure 
Technology at KIT.

The glass structures made by the KIT scientists 
show resolutions in the range of a few 
micrometers (one micrometer is one thousandth 
of a millimeter), although the structures may 
also have dimensions in the range of a few 
centimeters.

“The next-plus-one generation of computers 
will use light, which requires complicated 

processor structures; 3D technology could 
be used, for instance, to make small, complex 
structures from a large number of very small 
optical components of different orientations,” 
explained Rapp in a recent press release. 

For biological and medical technologies, the new 
printing technique could produce very small 
analytical systems made out of miniaturized glass 
tubes. In addition, 3D-shaped microstructures 
of glass could be employed in a variety of 
optical areas, from eyeglasses meeting special 
requirements to lenses in laptop cameras.

Printing Silicone
Using the principles behind the formation of 
sandcastles from wet sand, researchers at North 
Carolina State University have developed 3D 
printing using flexible and porous silicone rubber 
structures in a new technique that combines 
water with solid and liquid forms of silicone 
into a pasty ink. These new developments 
could have biomedical applications and uses in 
soft robotics.

Researcher Orlin Velev, INVISTA Professor of 

Chemical and Biomolecular Engineering at 
NC State, and colleagues have shown that, 
in a water medium, liquid silicone rubber can 
be used to form bridges between tiny silicone 
rubber beads to link them together, much as a 
small amount of water can shape sand particles 
into sandcastles.

The technique can be used in a wet or dry 
environment, suggesting that it has the 
potential to be used in live tissue—think of 
an ultraflexible mesh encapsulating a healing 
droplet, or a soft bandage that can be applied 
or even directly printed on some portion of the 
human body, for example.

“There is great interest in 3D printing of silicone 
rubber (polydimethylsiloxane or PDMS), which 
has a number of useful properties,” says Velev. 
“The challenge is that you generally need 
to rapidly heat the material or use special 
chemistry to cure it, which can be technically 
complex.”

“Our method uses an extremely simple 
extrudable material that can be placed in a 

3-D printed glass castle by KIT. 
Image curtesy KIT
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3D printer to directly prototype porous, flexible structures, even under 
water,” Velev added, “and it is all accomplished with a multiphasic system 
of just two materials. No special chemistry or expensive machinery is 
necessary. The trick is that both the beads and the liquid that binds them 
are silicone, and thus make a very cohesive, stretchable and bendable 
material after shaping and curing.”

Printing a Rocket Engine
The U.S. aerospace corporation, Rocket Lab, have created the Electron 
rocket using an engine that was printed. The Electron uses nine Rutherford 
engines (oxygen/kerosene pump-fed engines) specifically designed in-
house with all primary components printed in 24 hours. The printing 
process is said to provide better structural performance and lighter 
weighted components than traditional methods. The ability to produce 
the various parts of complex new engine designs in an accurate and fast 
manner is also key to economically pushing rocket technology forward. 
Lattice structures can be easily produced using 3D printing techniques 
and once solid and heavy components created with the same strength 
but significantly lighter than traditionally produced parts. Every ounce of 
weight saved on individual components can add up to significant cost 
savings.  

Another advantage of 3D printing is that complex shapes can be 
manufactured as a single unit rather than an assemblage of many 
components; this way, there’s less waste in producing the part and 
potentially more integrity in the design. In 2013, for example, NASA 

Above: Rocket Lab’s Electron Stage 1, Greater Auckland, Dec 2016 
Image courtesy Rocket Lab

Electron fully fueled, Mahia Peninsula, 2017
Image courtesy Rocket Lab - rocketlabusa.com
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tested an engine with a 3D-printed rocket 
part, an injector, which had only two parts—
in striking contrast to a similar injector tested 
earlier that had 115 parts. Fewer parts require 
less assembly effort, meaning complex parts 
made with 3D printing have the potential to 
significantly reduce costs. The injector was 
manufactured using selective laser melting 
that built up layers of nickel-chromium alloy 
powder to make the complex injector with 
its 28 elements for channeling and mixing 
propellants.

“We took the design of an existing injector, 
which we had already tested, and modified the 
design so the injector could be made with a 3D 
printer,” explained Brad Bullard, the propulsion 
engineer responsible for the injector’s design.
NASA are also working with a Californian 
company, Made in Space, to develop and test 
3D printing for the crew of the International 
Space Station. It’s understandably difficult to 
keep a lot of spare parts on hand in such an 
environment—and a long way down to get 
spares from earth. Ideally, if something needed 
replacing, engineers could pull up a design for 
the 3D printer and produce it on the space 
station. In 2014, SpaceX’s Dragon resupply 
mission delivered the first 3D printer to the 
space station. NASA is also exploring the 
possibility of printing food for long-duration 
space missions.

Printing Body Parts

Bioprosthetics

3D printing is now entering the realms of 
biological spare parts, and a recent breakthrough 
at Northwestern University Feinberg School of 
Medicine and McCormick School of Engineering 
is demonstrating just how sophisticated this 
technology is becoming. The researchers 
have successfully printed and implanted ovary 
structures in a mouse that, true to their design, 
actually ovulate. The scientists did this by 
removing a mouse’s ovary and replacing it with 
a bioprosthetic ovary—the mouse was able to 
not only ovulate but also give birth to healthy 
pups and then nurse her young.

The bioprosthetic ovaries are constructed of 
3D-printed scaffolds that house immature eggs 
and have been successful in boosting hormone 
production and restoring fertility in mice, which 
was the ultimate goal of the research.

“This research shows that these bioprosthetic 
ovaries have long-term, durable function,” said 
Teresa K. Woodruff, a reproductive scientist 
and director of the Women’s Health Research 
Institute at Feinberg in a recent press release. 
“Using bioengineering (instead of transplanting 
from a cadaver) to create organ structures that 
function and restore the health of that tissue for 

that person is the holy grail of bioengineering 
for regenerative medicine.”

The material used to create the scaffolding is 
gelatin, a biological hydrogel made from broken-
down collagen that is safe to use in humans. 
The scientists knew that whatever scaffold they 
created needed to be made of organic materials 
that were both rigid enough to be handled 
during surgery and porous enough to naturally 
interact with the mouse’s body tissues.

“Most hydrogels are very weak, since they’re 
made up of mostly water, and will often collapse 
on themselves,” said Ramille Shah, Assistant 
Professor of Materials Science and Engineering 
at McCormick and of Surgery at Feinberg, “but 
we found a gelatin temperature that allows it 
to be self-supporting, not collapse, and lead to 
building multiple layers. No one else has been 
able to print gelatin with such well-defined and 
self-supported geometry.”

That geometry directly links to whether or 
not the ovarian follicles (organized hormone-
producing support cells surrounding an 
immature egg cell) will survive in the ovary. 
This was one of the bigger findings of the 
study. “This is the first study that demonstrates 
that scaffold architecture makes a difference 
in follicle survival,” Shah said. “We wouldn’t be 
able to do that if we didn’t use a 3D printer 
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Scaffold for bioprosthetic mouse ovary printed with gelatin: A scientist 
holds a bioprosthetic mouse ovary made of gelatin with tweezers.
Image courtesy Northwestern University

Immature mouse egg after six days in bioprosthetic ovary: A microscopic 
image of an immature mouse egg, surrounded by supportive cells, after 
it has been housed in a bioprosthetic ovary scaffold for six days.
Image courtesy Northwestern University



platform.”

The sole objective for developing such 
bioprosthetic ovaries is ultimately to help restore 
fertility and hormone production in women who 
have undergone adult cancer treatments, or 
those who have survived childhood cancer and 
now have increased risks of infertility and 
hormone-based developmental issues. 

“What happens with some of our cancer 
patients is that their ovaries don’t function 
at a high enough level and they need to use 
hormone replacement therapies in order to 
trigger puberty,” said Monica Laronda, Assistant 
Professor at the Stanley Manne Children’s 
Research Institute at the Ann & Robert H. Lurie 
Children’s Hospital in Chicago, and co-lead 
author of this research. “The purpose of this 
scaffold is to recapitulate how an ovary would 
function. We’re thinking big picture, meaning 
every stage of a girl’s life—so puberty through 
adulthood to a natural menopause.”

“3D printing is done by depositing filaments,” 

says Alexandra Rutz, co-lead author of the 
study. “You can control the distance between 
those filaments as well as the advancing angle 
between layers, and that would give us different 
pore sizes and different pore geometries.” 
These printed structures are called scaffolds—
like the scaffolding that temporarily surrounds 
a building while it undergoes repairs. When the 
scaffolding is eventually removed what’s left is 
a structure capable of holding itself up.  

“Every organ has a skeleton,” said Woodruff. 
“We learned what that ovary skeleton looked 
like and used it as model for the bioprosthetic 
ovary implant.” 

The 3D-printed scaffold, or skeleton, is 
implanted into a female, and its pores can be 
used to optimize how follicles (immature eggs) 
get wedged within the scaffold. The scaffold 
supports the survival of the mouse’s immature 
egg cells and the cells that produce hormones 
to boost production. The open structure also 
allows room for the egg cells to mature and 
ovulate, as well as blood vessels to form within 

the implant, enabling the hormones to circulate 
within the mouse’s bloodstream and trigger 
lactation after giving birth.

New Life for Grecia 

In a very different part of the world, with a very 
different animal species, 3D printing of body 
parts has again come to the rescue. This time 
for a Costa Rican toucan.

It started with a savage act, but thanks to 
animal welfare advocates, a group of dedicated 
specialists, and leading-edge 3D technologies, 
a young Costa Rican toucan has become a 
national symbol of perseverance and hope.

The toucan, named Grecia after the region in 
which it lives, was attacked by youths and lost 
almost the entire top part of its majestic beak. 
Fortunately, the injured bird was found and 
taken to nearby Zoo Ave, Central America’s 
largest animal rescue center, for care and 
recuperation.
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Grecia’s attack received widespread media 
attention, setting off a flurry of protests and 
proposed legislation in Costa Rica for better 
animal protection. A crowd-funding campaign 
raised more than $10,000 for Grecia’s treatment. 
Grecia’s story also got the attention of Grupo 
SG in San José, Costa Rica. As a distributor of 3D 
systems products, Grupo SG was in a position 
to offer a complete chain of 3D solutions (from 
scanning to modeling to printing) to help the 
toucan’s return to health.

With a team headed by Thomas Lange and 
Karley Fu, Grupo SG provided technical 
expertise and connected regional specialists 
in industrial design, dentistry, nanotechnology 
and zoology to 3D Systems’ worldwide 3D 
technology resources.

After giving time for the remaining part of the 
toucan’s top beak to harden, Grupo SG used an 
Artec Spider 3D scanner to capture dimensions 
and features from Grecia’s beak and surrounding 
areas. The toucan needed to be awake during 

the process. “Scanning a live toucan without 
anesthesia was difficult,” says Esteban Murillo, 
Sales Representative for Grupo SG. “We made 
two or three different scans to make sure we 
had all the data we needed. The toucan stayed 
very still but the clock was ticking.”

Grupo SG also scanned a whole beak from a dead 
toucan to obtain additional data. 3D Systems’ 
software was then used to create a model of the 
replacement beak. They then shared photos, 
documents, scan files and requirements with 
Youngkwan Joo, a 3D reverse engineering 
specialist from 3D Systems’ modeling team 
in Seoul, South Korea. He designed a well-
fitted beak for Grecia and a cap to attach the 
prosthetic beak to what remained of Grecia’s 
top beak. The cap was designed to enable the 
prosthetic beak to be removed for cleaning and 
for a larger beak to be inserted over time, since 
Grecia is still growing.

Collaborative efforts for the prosthetic beak 
also included two 3D Systems materials experts 

in the United States—Steve Hanna and Khalil 
Moussa. They studied the characteristics of 
real toucan beaks and load factors provided by 
experts in Costa Rica and made recommendations 
on printers and materials. Grupo SG and 
Moussa experimented with CubePro® Nylon 
material for the initial prototypes and settled 
on DuraForm® PA, a robust nylon material, for 
the final version. The material was chosen for 
its strength and durability qualities to match 
Grecia’s needs for preening, drinking and eating.
The final printing of the cap and beak prosthesis 
was done at Rock Hill on a 3D Systems ProX™ 
500 SLS (selective laser sintering) 3D printer 
and then shipped to Costa Rica for Grecia’s 
operation. The cap was attached by epoxy 
glue to the remaining part of the toucan’s beak 
and the prosthesis was locked in place with a 
pinned hinge. The caretaking team chose not 
to paint the beak to serve as a reminder of 
Grecia’s tragedy and recovery.

Grecia adapted very quickly to the new 
prosthetic beak. Within days, he was preening 
himself and eating and drinking normally. He’s 
even singing better than before the prosthesis, 
according to sources at Zoo Ave.

“The voice of the Costa Rican nation was raised 
loudly and clearly and we have the privilege of 
being part of this team that provided a second 
chance at life for this beautiful sentient being,” 
says Karley Fu. “A team of great humans and 
gifted professionals executed a never-seen-
before act of love in collaboration with the 
latest 3D technologies.”

You can read the full story of Grecia, the Costa 
Rican toucan here: https://au.3dsystems.com/
learning-center/case-studies/prosthetic-beak-
gives-new-life-costa-rican-toucan

There’s much more . . . 

These few stories are just the tip of the 
iceberg—there’s a lot going on in the world of 
3D printing and we will be covering as much 
as we can in coming issues of Age of Robots. 
It’s certainly a disruptive technology that we 
believe will change the nature and economics 
of manufacturing in a massive way over the 
next few decades. 

The design of the new prosthetic beak for Grecia the Toucan.
Image: 3D Systems

Grecia the Toucan with original injury.
Image courtesy of ZooAve Animal Rescue, Alajuela, 
Costa Rica

Grecia the Toucan with her new prosthetic beak.
Image courtesy of ZooAve Animal Rescue, Alajuela, 
Costa Rica
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