The Ultimate Guide to 3D Printing Thermosets for

Manufacturing and Production

Learn the difference between SLA, DLP and 3SP for additive
manufacturing in a large build envelope when high accuracy,
repeatability, reliability and throughput are required.
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The Ultimate Guide to 3D Printing Thermosets
for Manufacturing and Production

This paper examines the difference between traditional SLA, DLP and 3SP for additive manufacturing
in a large build envelope when high accuracy, repeatability, reliability and throughput are required.

fter more than three decades of research and
Adevelopment, 3D printing is ready for prime time in

manufacturing — production of high-value parts
and mass customized products, in addition to prototypes,

injection molding tooling, end-of-arm tooling and
assembly jigs and fixtures.

In fact, a variety of manufacturers have been using 3D
printing, also known as additive manufacturing, this way
for years now, with more adopting the technology every
day. In addition to manufacturers of all sizes, the range of
production users also includes laboratories, hospitals

and Hollywood studios.

Did you know, for example, that the global hearing aid
industry has been mass producing custom hearing aids
with 3D printers for more than a decade!? In recent
years, dental laboratories have also been mass producing
dental and orthodontic models, which require high XY
accuracy and a smooth surface finish. This has eased the
way for the mass production of clear thermoformed
aligners for teeth straightening, in addition to other
dental products. And in 2016, General Electric began
mass production of metal fuel nozzle injectors for its
LEAP jet engine using 28 additive manufacturing
machines — validating the idea that 3D printing
isn’t just for prototypes anymore.

This large part was 3D printed in EnvisionTEC's ABS Hi-Impact
material on the Xede 35P machine, which has a build envelope of
457 x457 x 457 mm (18 x 18 x 18 in.)

1 “The 3D Printing Revolution You Have Not Heard About,” Forbes, 2013.



https://www.forbes.com/sites/rakeshsharma/2013/07/08/the-3d-printing-revolution-you-have-not-heard-about/#61fa697c1a6b
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The University of Michigan-Dearborn chose EnvisionTEC’s large frame 3SP technology to 3D print large
parts for its Formula SAE Electric race car project. Watch the video at EnvisionTEC.com/automotive

Vat photopolymerization, in which a light source is used to selectively cure or harden
photopolymer resins inside a vat or tray, has become a popular method of 3D printing among
manufacturers for a variety of reasons.

For example, the photopolymer resins used during this process are also known as thermosetting
plastics or thermosets, which strengthen during post-curing and hold their shape, even after
reheating. This is in contrast to thermoplastics, which can be re-melted after being formed into a
part. A wide range of thermoset materials are also available today with a variety of desirable
properties, such as epoxies, which offer elasticity and exceptional chemical resistance, as well as
biocompatible materials.

The vat photopolymerization category includes stereolithography (SLA), digital light processing
(DLP) and a new method launched in 2013 called 3SP for scan, spin and selectively photocure.
3SP specializes in affordably building accurate parts with a smooth surface finish across a
relatively large build envelope, where traditional SLA and DLP have challenges scaling up in size
affordably. This allows for 3D printing of a single large part or a tray of smaller parts.

To understand why 3SP is so unique in its benefits, it’s critical to understand the limits of SLA
and DLP.
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Understanding SLA vs. DLP

One of the earliest forms of 3D printing, SLA
was patented in 1986 and commercialized by (x,y) Mirrors
3D Systems.

In SLA systems, a UV laser beam literally
draws — lithography means “to write” — out a
part into a vat of resin. Wherever the light hits
resin, curing or hardening occurs. The laser
beam can be positioned either above or Elevator
directly below the vat, and each approach has (z Stage)
its own pros and cons.

Stationary
Mirrors

However, for most large manufacturing
systems, the laser is typically positioned
above the vat and curing takes place on the
upper layer of resin in the vat or tray. This
approach allows for the largest build
envelopes and lower gravitational forces on Liquid
the part being built. After each layer is built Polymer
onto a build platform inside the vat, the
platform is lowered in the Z axis so the next
layer can be cured onto the part.

Build
Platform

SLA’s Limitations Expensive to Correct

However, there are two main problems with traditional SLA in large build environments,
whether one is building a single large part or a full build envelope of smaller parts.

The first is speed. Drawing out a big part or a collection of parts in SLA with a laser beam, layer
by layer, is akin to drawing each layer on a sheet of paper with a fine-point pen. Each layer must
be outlined and filled in perfectly with the laser beam. The bigger the build project, the longer
the process takes.

The second drawback with SLA is accuracy. While SLA uses a tight laser beam to cure resin,
which results in pinpoint, highly accurate curing in the centermost parts of the build envelope,
SLA has undeniable challenges as the build envelope grows larger.

Consider this simple analogy: a human standing in the center of a room holding a flashlight
aimed directly at a wall. The beam is highly focused in the center, but when directing the
flashlight to the farthest edge of the wall, the beam focus elongates or diffuses, losing some of its
accuracy at the edges. The bigger the room, the worse the distortion of focus will become.

This same dynamic holds true inside a large SLA machine. The use of a single laser beam across
a wide build envelope can cause the beam to lose focus at the widest points of the build
envelope, impeding accuracy and surface quality.
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Over the years, manufacturers have figured out ways to try to minimize this focus distortion by
using mirrors controlled by galvanometers, also known as galvo mirrors, often in concert with
optical lenses, to reflect the laser beam to further points in the build envelope and
simultaneously reduce distortion or flatten the field at point of impact with the resin.

Some of these large build-envelope systems also use multiple laser beams and a variety of galvo
mirror and optical lens systems. While these systems are effective, the complexity of these
systems also increases their price, sometimes dramatically.

For example, the ProX 950 from 3D Systems uses two lasers working simultaneously in a build
envelope of 1500 X 750 x 550 mm (59 X 29.5 x 21.65 in.) While the system is highly accurate, it
also retails for just under $1 million. The company’s ProJet 6000, which offers uses a single
laser and a build envelope of 250 x 250 x 250 mm. (10 X 10 X 10 in) retails for about $200,000.

What’s more, the complexity of these expensive systems can also amplify speed challenges.
Instead of drawing out the image with a fine-point pen, these galvo mirror systems are more
akin to drawing out large parts with an Etch a Sketch controlling a reflecting beam, or drawing
point, in X and Y.

dual Z-axis slides

DLP, a Step Ahead of SLA

Commercialized in 2002 by EnvisionTEC, DLP
represented a significant advancement in speed and

final part quality.
build platform
Instead of using a laser beam to draw out a part in

resin, DLP uses a high-definition theater projection
system to “stamp” out a full image layer at a time.
Typically, the light source in DLP systems is located
below a transparent vat of resin. The projector cures
the first layer onto a build platform that advances out
of the resin tray as each layer is cured onto the
previous layer.

Because each pixel from a projector can be conveyed in
a spectrum from white to gray to black, each pixel can
be cured to a different depth, or volumetric pixel, also
known as a “voxel,” offering substantial edge finish
improvements over SLA. A laser beam, by comparison,
is either on or off and cannot change power

precision optic

DLP chip

midstream. light saurce

While DLP can provide exceptional speed, part

accuracy and surface finish, which means less post- In DLP, the projector light source is often
processing, it also has challenges as build envelopes located below a transparent material tray.
grow.


https://www.google.com/search?q=galvonometer&ie=utf-8&oe=utf-8#q=galvo+mirror
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Pixels Reach Their Limits

For example, the largest high-definition projector
size currently available for 3D printer
manufacturers is 1920 x1200 pixels. With that
projector, EnvisionTEC offers the largest DLP build
envelope in the 3D printing industry, at 192 x 120 x
230 mm (7.6 X 4.7 X 9.06 in).

In that system, there are 10 actual pixels in X for
every 1 mm or 0.39 inches. The reason EnvisionTEC
can offer a larger build envelope than its DLP
competitors is because of its patented Enhanced
Resolution Module, or ERM, technology.

The ERM is an electromechanical system that moves
the projector a half pixel in X and Y during a quick
second exposure layer that anti-aliases the edge of
the build object. That means its system delivers a
surface quality that appears as if it were printed with
twice as many pixels.

This is a photograph of the EnvisionTEC Enhanced

Still, if one tries to scale up a DLP system to larger Resolution Module (ERM), which moves a
SiZC_S than 192 x 129 X230 _mm; surfE}ce quality - projector, seated in the middle, a half pixel in X
begins to erode quickly. Without a higher definition and Y, to slightly shift the second exposure in its

projector system, or another technological
innovation, DLP has found its upper build limit for
quality parts.

DLP machines and reduce stairstepping in a
sophisticated 3D anti-aliasing technique.

Understanding 3SP

In a desire to meet customer demand for larger parts, while preserving part accuracy and
surface finish, EnvisionTEC set out to develop an affordable solution.

Understanding the limits of projectors, the engineering team at EnvisionTEC started with the
idea of a laser beam that, instead of being fixed as in most SLA systems, actually travels over the
resin tray to reduce the need for a variety of expensive lasers, galvo mirrors and optics. The R&D
team also wanted to draw out images in a more efficient manner.

The patented 3SP machine design is unlike anything on the market, offering a simple and
affordable solution for 3D printing quality parts on a large build tray.

The key to the system is packaged in a special moving 3SP gantry that spans nearly the full Y
axis of the build envelope. Within that gantry, a multi cavity diode laser is housed in an upper
chamber. Rather than use galvo mirrors, the laser beam is reflected off a mirrored drum that
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spins at up to 20,000 RPM and directs the beam through a series of two concave custom-
designed F-theta optical lenses.

These thin F-Theta optical lenses work very much like a pair of progressive eyewear lenses,
flattening the focus of the beam at its exit point. In the case of the 3SP machine, the focus is
flattened directly above the point of impact with the resin, eliminating the distortion that
challenges accuracy and surface finish in traditional SLA systems.

3SP’s Quick-Drawing System

The way the 3SP system “draws” out a part is also different than in typical SLA machines, which
sketch a single beam around the build envelope in X and Y. The 3SP system moves more like a
2D laser printer, essentially drawing out a full Y axis at a time before advancing to the next
position.

The laser beam moves quickly
from its highest point in the Y
axis to the Y-0 position before
the stage moves to its next
position along the X axis. The
beam is turned on for positions
along the line where curing is
to occur and is simply turned
off for positions where no
curing is to take place, making
timing of the software-
controlled laser critical to the
fast-moving system.
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The scanning time per line is 500 microseconds.

The speed of the motor can also be reduced to allow the beam to move more slowly and more
deeply penetrate or cure resin when desired, and the system delivers exceptional XY resolution.

In all, the build speed for the entire build envelope is 10 mm depth per hour, and the build time
is not dependent on the X-Y volume of the build envelope being built, but rather the Z axis
alone. Each layer takes the same amount of time to build. So while SLA can take longer, for
example, if more items are on the build envelope, 3SP takes the same amount of time regardless
of build plate coverage, resulting in rapid production.

What’s more, the multi cavity diode laser used in 3SP is at least five times more affordable than
a solid state laser employed by most competing industrial SLA systems. It also allows for the 3D
printing of high viscosity materials, including filled materials.

Drum Mirror

Optical Sensor

3SP Laser Assembly

The design of the 3SP laser head, and the way it efficiently reflects a laser beam and flattens its focus,
is unlike any other system in vat photopolymerization available today. It is a highly efficient and
affordable way of curing resin across a large build envelope.
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HIGHLIGHTS
The EnvisionTEC Line of 3SP Large Frame 3D Printers
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VECTOR 3SP XTREME 3SP XEDE 35P

3SP Models Vector Vector Hi-Res Xtreme Xede

Maximum Build

Envelope
millimeters 300 x 200 x 275 300 x 175 x 275 254 x 362 x 330 457 x 457 x 457
mm mm mm
inches 11.8x79x10.8 (11.8x6.9x10.8 (10x14.25x13 (18x18x18in.)
in.) in.)
XY Resolution 100 pum (0.004 50.8 um (0.002 100 pum (0.004 100 um (0.004
in.) in.) in.) in.)

Wide Variety of Printing Materials Available

e ABS Flex White 3SP e E-Appliance Red 3SP e E-Model Light 3SP

e ABS Hi-Impact Black e E-Clear 3SP e E-Model White 3SP
3SP e E-Cyano Ester e E-Poxy

e ABS Hi-Impact Gray e E-Denstone 3SP e E-Tool 2.0 3SP
3SP Peach e E-Tool 3SP

e ABS Tough 3SP e E-Glass 2.0 3SP e PolyPro MAX 3SP

e ABS TRU 3SP e E-Model 3SP

e EoModel Peach 3SP e E-Model Black 3SP





