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3D printing was once only known through science fiction, such as Star Trek, the popular 1960s
TV series. But inventors and engineers on Earth began experimenting in real life with 3D printing
to find faster ways to develop and build prototypes, using computers, ultraviolet lasers, and
printable materials. Now, there are many innovative uses for 3D printing. Yet 3D printing has
drawbacks. Chemicals used in 3D printing can be toxic, and legal experts are not sure how to
protect 3D printing inventions so that others do not steal ideas. Learn how 3D printing works and
how we can keep up with the safety, health, and legal challenges that lie ahead.
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IntroductionWasps Do ItThe rhythmic buzzing and continuous oozing of a 3D (three-
dimensional) printer can draw a crowd. Hypnotized, everyone watches as the printer deposits
small bits of material, layer upon layer on a platform until slowly a new object emerges. Ready to
use.3D printing may sound like science fiction. There’s a reason for that: 3D printing has been a
star of science fiction in television and film. For example, the technology appeared in scenes in
Star Trek, the popular 1960s TV series. Later, in the 1980s’ TV show Star Trek: The Next



Generation, the 3D printer was named the Replicator. In this series, crew members on the
Starship Enterprise could order up and print anything they wanted. Viewers wished they had
their own Replicators to make pizza and banana splits. In the twenty-first century, MakerBot even
named its popular 3D printer Replicator.We humans began actually experimenting with 3D
printing in the 1980s. This style of printing is also known as additive manufacturing because it
adds materials layer upon layer to create a 3D object. But humans were not the first to develop
3D printing. Wasps were additive manufacturers long before us. The method paper wasps use to
build their homes reveals the basics of 3D printing.Human WASP EngineersWasps build the
hexagonal cells of their colonies in layers. Inspired by this natural technology, human
entrepreneurs have modeled 3D printing techniques to build houses and other structures layer
by layer.Wasps live in nests in communities called colonies. A queen wasp starts a colony by
building a nest. She uses her mandibles (appendages near the mouth) to scrape wood pulp
from trees, fence posts, and even cardboard into her mouth. Mixed with her saliva, these
materials become a watery pulp. The queen finds a good location for building the nest. She spits
out the pulp, layer by layer, to create hexagonal (six-sided) cells in which her young will develop.
As the number of wasps in the colony grows, the new generations of worker wasps construct
new cells the same way the queen did.In 2012 an engineering team in Italy known as the World’s
Advanced Saving Project (WASP) closely watched wasps, specifically the mud dauber wasp, at
work. The human WASP team decided to build 3D printers to mimic the wasps’ technique. The
WASP engineers collect large chunks of clay, sand, plant, and other soil materials and put them
into a custom-made, 20-foot-tall (6-meter) 3D printer to print a house, layer by layer. The house
cost almost nothing to print because the nontraditional building materials are gathered at the
site. The team creates these homes at locations where typical building materials (bricks, stones,
and wood) are inaccessible or too costly to use for homes and other buildings.3D printing can
change not only where people live but how they live. For example, high school students in Van
Buren, Ohio, used a 3D printer to create a prosthetic hand for a toddler in their town. The
students gathered thirty dollars’ worth of plastic, melted it into liquid form, and put it into the
school’s 3D printer. They used 3D computer-aided design (CAD) software to design the hand.
Thomas Wolford, a senior at Van Buren High School, described the printing process. “The
nozzle goes around it all in crazy funky patterns and prints it out layer by layer,” he said. Another
senior, Aaron Scasny, added, “We ran fishing wire down through the bottom [of the hand] and
this elastic threaded cord through the top, so when you bend it, it acts like tendons in your hand.”
Because young children outgrow their prosthetics, outfitting them with artificial limbs was
expensive in the past. But 3D printing has made it possible for more children and adults to have
the prosthetics they need because they can afford it.Teens in Ohio 3D printed a prosthetic hand
for Addy Johnson at their school. The technologies involved in 3D printing are available to all
and are often used to improve everyday life for individuals.BioprintersIn the medical field, 3D
printing is a modern superpower. With bioprinters, bioprinting researchers from all over the world
have successfully re-created human ears, noses, skull bones, tracheas, bladders, and other



body parts. The ink-jet printing of viable cells is one example of what a 3D printer can do. It
deposits drops of human cellular material and proteins onto a platform in the same way an ink-
jet printer drops ink onto a piece of paper. Traditional printers place one layer of ink onto one
sheet of paper at a time. By contrast, a 3D ink-jet printer adjusts its platform up and down adding
cellular material, layer by layer, until a 3D organ emerges.This 3D printer can quickly produce
human tissues. The bioprint head moves back and forth, and up and down, placing human cells
on the platform. The bioprinter alternates layers of bioink (a dissolvable gel) with the cells to
protect them during printing. It also places growth factor (a protein or a hormone) in the solution
to help cells grow. The final tissue takes several hours to print.In the future, 3D medical printouts
could be lifesaving for people who need organ transplants or repairs due to injuries or illness.
However, Robert Langer, a professor of chemical engineering at Massachusetts Institute of
Technology (MIT), cautions about the current limitations of 3D bioprinting. “Right now, we can’t
make any organ or tissue to function properly in humans other than skin. 3D printing hasn’t even
been used successfully for that. Making an organ also requires blood vessels, nerves, and cells
to behave properly. 3D printing can’t do that.” Bioprinting researchers worldwide continue their
laboratory work: researching, designing, and 3D printing to find lifesaving solutions.Wasps have
had millions of years to evolve their 3D printing process. For humans 3D printing technologies
are a revolution.

Chapter 1Inventing 3D PrintingInnovative ideas often occur to more than one person at the
same time. And it usually takes more than one person’s efforts to make an innovative idea a
reality. 3D printing got its start with Chuck Hull, Scott Crump, and Carl Deckard. These engineers
did not know one another when they each invented 3D printing, but they had a lot in common.
They each worked in manufacturing. They each saw that traditional manufacturing needed a
new and faster approach to developing prototypes. Prototypes are demonstration objects that
resemble the final product to help developers refine a product before they build it.Engineers and
designers use prototyping to create a mockup of a part to see how well it will work. CAD
software helps engineers and designers make prototypes so they can test their designs. At
some point in the process, designers must make and test the actual physical prototype. Often
building and testing a design happens many times before the designed product actually works.
Using traditional manufacturing approaches of building, welding, and assembling a prototype is
costly and time consuming. Hull, Crump, and Deckard saw the need to speed up prototyping.
They knew that rapid prototyping would reduce the time and cost of developing a new product.
These quickly made prototypes would have enough of the features of the final product to help
designers and engineers make changes to the design so they could build the best product
possible. Independently of one another, the three men successfully developed 3D printing
processes that are still in use.To be successful, an invention has to be more than a good idea. It
has to be designed well and work well. So before making a product, a company will first develop
a prototype (above), or model, to make sure the idea will work as planned, look good, and be



cost-effective to manufacture. This can be a lengthy, expensive process, however. 3D printing
can speed it up significantly and save companies money too.Meet Chuck HullThese decorative
pieces are 3D printed through stereolithography. This method uses photopolymer resins, which
harden when exposed to ultraviolet light.In 1983 Charles (Chuck) Hull had been experimenting
for months with a technique called stereolithography (SLA). This printing method requires a
computer, an ultraviolet (UV) laser, and a liquid goo called photopolymer resin. The resin
naturally hardens when it comes in contact with the heat of the laser’s light. Hull was working for
a company in San Gabriel, California, developing durable resin coatings for tabletops. His
experiments with the resin gave him the idea that he could turn his digital designs into physical
objects using those same resins. His company agreed to give him a small lab to see what he
could make. Hull imagined that he could create a process for engineers to quickly make
prototypes for the objects they wanted to manufacture. After many disappointing attempts,
suddenly, late one night, he turned the goo into a cup. He used software on his computer to draw
the cup, and he used the laser to harden the resin and to print the cup layer by layer. Excitedly,
he called his wife, Antoinette, and asked her to drive to the lab to see what he had created. She,
in her pajamas and ready for bed, said, “This had better be good!”Years later, when interviewed
about that moment, Antoinette said, “He held this part in his hand and he said ‘I did it. The world
as we know [it] will never be the same.’ We laughed and we cried and we stayed up all night just
imagining.”Hull started his own 3D printing company, 3D Systems, in 1986. He went on to
receive the first patent for 3D printing using stereolithography, the technology behind his cup. He
also received several other patents for 3D technologies and developed STL, the
stereolithography file format that many 3D printers use.SLA, STL, and CAD3D printing relies on
these basic technologies:Stereolithography (SLA). This was the first 3D printing process and
continues to be widely used. SLA remains popular because the technique produces a smooth
object. Other 3D techniques can show individual layers of material, often resulting in a bumpy,
unfinished look.In an SLA printer, a UV laser is focused on a tub of UV-curable photopolymer
resin to produce a layer on the build platform. Then the printer lowers the build platform slightly
for the next layer, and the process is repeated until the object is fully formed. This high-quality
process comes at a high price for the printer and the resin material. Originally, organizations
used SLA for commercial purposes only. Since then companies such as Formlabs, 3D Systems,
and others have provided desktop SLA printers at more affordable prices for individual
professionals.Stereolithography file format (STL). Chuck Hull developed the STL file format for
his SLA files. A file format stores specific types of information. For example, a JPEG file format
contains data for displaying an image. A pdf contains data for sharing a document across
platforms. For 3D printing, Hull wanted to invent a file format that would allow a 3D printer to read
a CAD file. He called it STL, another abbreviation for stereolithography. STL has become the
standard 3D printing file format.Computer-aided design (CAD). Engineers and designers in
many fields use CAD software to create two- or three-dimensional (2D or 3D) digital
representations of physical objects on their computers. They can use those designs to



determine how best to build the object. With 3D printing, they can design the object using CAD,
save the information as an STL file, and then print the object from a 3D printer.Meet Scott
CrumpScott Crump, pictured here with a 3D-printed motorbike, cofounded Stratasys with his
wife, Lisa, in suburban Minneapolis, Minnesota. He came up with the idea for fused deposition
modeling, in which a printer head places (or deposits) layers of melted plastic on a movable
platform.In the late 1980s, Scott Crump knew that engineers at his company needed a way to
develop prototypes easily and rapidly to test new product designs. He had been thinking about
how he could give engineers a way to create a physical object from a CAD file. At home in Eden
Prairie, Minnesota, Crump had been experimenting with creating a toy frog for his two-year-old
daughter. One day, he was successful. He made a frog with a hot glue gun and a CAD
program.Crump realized he could automate the process through fused deposition modeling
(FDM). In FDM a 3D printer heats a thermoplastic—a plastic that becomes pliable when heated
and hard when cooled—to a semiliquid state. The printer then places the plastic in layers of
small beads on a platform along a predetermined path. If the printed object has fragile pieces,
the 3D printer produces a removable support during the printing process. When the project is
fully printed, the support is then removed and the 3D object is ready to use.Crump refined FDM
in his kitchen, ruining most of his family’s pans to melt the plastics. When their food started
tasting like plastic, his wife, Lisa, asked him to move his work to the garage. Seeing her
husband’s passion and the possibilities for FDM, she encouraged him to turn his expensive
hobby into a business.In 1998 Scott and Lisa Crump started the 3D printing company Stratasys.
They filed several 3D patents, including patents for FDM, and developed many 3D printers. FDM
is also known as fused filament fabrication (FFF) when the process is used by non-Stratasys
companies. It is one of the most popular 3D printing processes for individual users. Two decades
later, Stratasys, like 3D Systems, sells a range of 3D printers and 3D printing services to many
industries. So far, the Crumps’ company has more than twenty-four different 3D printers.
Collectively, those 3D printers use more than 120 different materials. Stratasys enables
companies and individuals to 3D print prototypes, concept models, molds, and actual parts.
These 3D printers cost from $2,000 to more than $600,000. Stratasys has more than 560
patents pending or granted.Meet Carl DeckardIn the summer of 1981, Carl Deckard had just
finished his first year of college at the University of Texas at Austin. He had started a summer job
at TRW Mission, a manufacturing shop that made parts for drilling oil. Deckard was intrigued that
TRW was using CAD, then a new software tool. He saw an opportunity to create 3D parts for
manufacturing using a computer. He thought about it for more than two years until he had an
idea he thought would work.In 1984, in his senior year of college, Deckard approached Joe
Beaman, a mechanical engineering professor, with an idea. Deckard realized he could use a
directed energy beam (such as a laser) to melt together particles of powder, such as metals or
plastics. Deckard thought it would be possible to make a part from the melted powdered
material. An added plus: he wanted to go to graduate school, and he needed a graduate school
project. Beaman liked the idea and agreed to work with Deckard to develop selective laser



sintering (SLS). Together, they wrote grants to fund their research and development work on
SLS at the University of Texas.To prove that SLS would work, Deckard did most of the work by
hand. He used a device similar to a saltshaker to fill a small box with powder. A computer on the
same table as the shaker ran the scanner whose laser beams would heat the powder. What did
Deckard make? Chunks of plastic. From there, Deckard and Beaman developed a 3D printer
that they called Betsy. Then they developed Godzilla, a machine that was too large and whose
design tried to do too much. The two inventors abandoned Godzilla. Instead, they simplified their
design and built Bambi, a reference to the short animated science-fiction cartoon film “Bambi
Meets Godzilla” (1969). Students and professors at the University of Texas used Bambi for many
years for research and project work.Meanwhile, Deckard and Beaman wanted to go beyond
their university work and start a business to sell their SLS machines. In 1986 the two men and
investors started what became DTM, an SLS 3D printing company. In 2001, 3D Systems bought
DTM. SLA and SLS technologies are similar. However, SLS is the only 3D printing process that
can make metal objects as strong as traditionally manufactured metal objects. SLS is also the
most complicated and costly of the three 3D printing processes.For the material to build objects,
SLS uses powdered material in a vat rather than liquids. High-powered lasers melt powdered
particles together into a solid mass. SLS can work with any material that can be powdered and
melted with a laser. This includes metals, ceramics, and plastics. An SLS printer then deposits
pieces of the melted material, layer by layer, onto a platform in the vat until the product is
complete. The SLS method doesn’t require support structures since the powder in the vat
supports the object as it is being printed. The final product has a porous texture similar to a
sponge.What Is a Patent?A patent is a document that protects owners of an invention from
having their inventions used without their permission. Governments issue patents so that anyone
who wants to make, use, or sell a patented device, process, or application has to either pay the
owner of the patent or get the owner’s written permission.
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D. Fowler, “This is a mesmerizing book about 3D printing readers of all ages will love .... If you’re
a fan of ‘Star Trek,’ you’re well aware than many of the futuristic occurrences and products are
now real. Take for example, the cell phone-like devices the crew used are now used by
practically everyone. One of the more interesting things on the series was the fact that “crew
members on the Starship ‘Enterprise’ could order up and print anything they wanted.” The
machine they used was called the “Replicator,” a machine that we now know as a 3D printer.
Now these printers aren’t in every home, but the technology is there and they can be found all
around us. You too can have access to a 3D printer and in this book there are several
suggestions as to where you can find one. Did you know that many UPS stores have them?
They do!One thing that oftentimes happens is that people are working on the same project or
invention at the same time. As they say, great minds often think alike, and in the case of Chuck
Hull, Scott Crump, and Cark Dekard, each one was working on the concept of 3D printing. They
had no idea anyone else was thinking about the process and no, they did not know one
another.” In 1983 Chuck Hull was checking out stereolithography (SLA), something that “gave
him the idea he could turn his digital ideas into physical objects.” After many, many flops, Chuck
ended up making a cup. By 1986 he had developed a stereolithography file format that is
utilized by 3D printers.Similarly Scott Crump had been “thinking about how he could give
engineers a way to create a physical object from a CAD file.” Instead of a cup, he developed a
“toy frog.” Scott went through a pile of the “family’s pans to melt the plastics,” but it was all worth
it. Now his company, founded in 1998 with his wife, Lisa, was called Stratasys. The processed
his used was FDM whish is “also known as fused filament fabrication (FFF).” Stratasys has a
whopping “560 patents pending or granted.” Then, to round out the trio of 3D inventors, was Carl
Deckard. In 1981 he “realized he could use a directed energy beam (such as a laser) to melt
together particles of powder such as metals or plastics.” Carl’s contribution was the
development of “selective laser sintering (SLS).”Aside from hobbyist-type creations, just what
would some of the applications (and implications) of 3D printing be? Amazingly, but not all that
surprising, the 3D printing process is used by “health care, architecture, automotive, aerospace,
energy, clothing, dentistry, and culinary” individuals to create products we can all use. For
example, in dentistry crowns can be created in a single visit instead of having to endure several
visits to achieve the same results. Just how does the entire process work? In a nutshell, you
can think of the it as being somewhat like a recipe. You’ll learn that the “technique or process
dictates the materials, hardware, software, and file format you will use to make the object you
want.” In this book you’ll also learn about the materials used, the processes, the hardware, the
materials used, robotic printers, where you learn how to use a 3D printer, file formats, and you’ll
learn many other fascinating, amazing things about the world of 3D printing!This is a
mesmerizing book about 3D printing readers of all ages will love. Of course there’s so much
more about the topic than I ever imagined and definitely loved reading about it. The book is a



very well-written one and drew me in totally, something that will also happen with the younger,
intended audience. There are examples of young people such as Hasti Asarifard, a youngster
who became interested in technology at a young age, who went on to work for NASA. Any tech-
oriented / interested person will love taking a journey through the pages of this book, not only
learning about the technology, but also the people behind it. There are photographs and
numerous informative sidebars that add a lot to the text. For example, there are ones that go
into everything from file formats, to robotics, and how one can get access to 3D printing. In the
back of the book is an index, a glossary, a timeline (1983 to 2016), source notes, a selected
bibliography, and additional recommended book, video, and website resources to
explore.Reading Grade Level: 8Interest Grade Level: 8-12Ages: 13-18This book courtesy of the
publisher (to library).”
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