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Researchers continue to explore possibilities for expandiﬁg additive manufacturing (AM)
technologies into direct product manufacturing. One limitation is in the materials available for use
in AM that can meet the needs of end-use applications. Stereolithography (SL) is an AM
technology well known for its precision and high quality surface finish capabilities. SL builds
parts by selectively crosslinking or solidifying photo-curable liquid resins, and the resin industry
has been continuously developing new resins with improved performance characteristics. This
paper introduces a unique SL machine that can fabricate parts out of multiple SL materials. The
technology is based on using multiple vats positioned on a rotating vat carousel that contain
different photo-curable materials. To change the material during the process, the build platform is
raised out of the current vat, a new vat with a different material is rotated under the platform, and
the platform is submerged info the new vat so that the new material can be used. This paper
introduces a new vat exchange mechanism, cleaning process, recoating process, resin leveling
mechanism and process planning technologies for the implementation of multiple material SL. An
overview of the system framework is provided and the system integration and control software is
described. In addition, several multiple material test parts are designed, fabricated, and
described.

Key Words: Additive Manufacturing (8 41718), Rapid Prototyping (& X 8), Stereolithography (2 Z ), Multi-material
(CHE X 2), Photo-curable Resin (22 314 +A)
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CAD modeling by the material

Suppert generation with merged models of all the
materials

Multi-material fabrication scheduling

Generate laser path plan by the material

Build 1 material to planned height N
Clean and change materials

Build 2" material to planed height

Clean and change materials

Repeat build unti! finished for all materials )

N

Remove support structure
* Clean and post-cure
« Perform part finishing if necessary

Fig. 2 Overall multiple material fabrication process
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Fig. 3 Multi-material stereolithography
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Fig. 7 Process planning with low viscous material
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Fig. 8 A simple verification part

Table 1 Simple verification

{tem Description
. WaterShed™  11120(DSM Somos®)
material A
color: transparent
. ProtoTherm™ 12120(DSM Somos®)
material B
color: red
. Propoxylated neopentyl glycol
diluent .
diacrylate(Sartomer Inc.) 50% (w/w)
dimension 38.08%25.4%x12.7 mm
layer
0.1016
thickness i
num. of layer 125
build time 8hr 20min

Transparent

Red

White

(d) Actualiayout (c) Fahricated part
Fig. 9 Example for actual geometry with three materials
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Table 2 Practical example

Item Description
. WaterShed™  11120(DSM Somos®)
o0
color: transparent
) ProtoTherm™ 12120(DSM Somos®)
stair
color: red
: ®
DNA 14120 Whlte(DSM Somos™)
color: white
R Propoxylated neopentyl glycol
diluent )
diacrylate(Sartomer Inc.) 50% (w/w)
dimension 73.152x32x32 mm
fayer
0.1016
thickness mm
num, of 720
layer
build time 46hr
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