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standing of the submicroscopic symmetric structures that comprise crys-
talline solids and the physiochemical rules that govern the development
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of these structures. We describe a project that uses 3-D printing of - - -
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academic 3-D printing project at our institution, there was considerable S =5K) use scaled spheres to represent ions, cylinders for bonds, interest. ar¥d that 2 Xce mesh file) in c4d. ] ool (LG | 7 (A ,

time investment from the instructor and support staff; however, the 3-D and platonic objects (tetrahedra, octahedra, or cubes) for co- everything is projected For small elevation datasets
J

printing aspect of the project facilitated student engagement and excite- . . . 4 B B @ -

ment and anecdotal evidence from comprehensive examinations admin- orc_lmat'on po_lyhe.dra ] usm%.thet Samet Wl | 3 clean and re-expor@ in Excel, for
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This project workflow starts in CINEMA 4D, a 3-D modeling and anima- STEE S b pllcll, P .t’ I y map to lllustrator (or the b 5! Almost successful 3D print
tion software platform that allows users to position scaled polyhedral ele- uild a unit ce _ _ projected shapefiles if you CI dC o A 4 fresh from depowdering
ments (in this case, spheres for ions, cylinders for bonds, and platonic i3 copy and translate the unit cell into a large enough structure have them). Other ou ompare psds : station

objects for coordination polyhedra) to x,y,z coordinates based on a com-
bination of Pauling’s Rules, XRD-derived bond lengths, and simple trigo-
nometry. Other software applications (like CrystalMaker) can use inputs
from crystallographic databases to produce similar printed results; how-
ever, while this would reduce the students’ time required considerably;, it
would also drastically limit the educational utility of the project. The ProJet
260C (3D Systems, Inc.) printer used in this project uses a 64 color pal-
ette and high spatial resolution (0.004”) which allows students to design
intricate structures that can be creatively colored. Practical considerations
centered on developing printable models that were small enough to limit
printing costs but large enough to be robust under delicate handling. Ad-
ditional applications of 3-D printing in geoscience education discussed

shapefiles (geo-policical
boundaries, watersheds,
etc.) can be exported as
well (see below).

2. Export the DEM as a
geotiff (better for larger
areas) -or-

3. Extract the elevation
data from the DEM and
export as a text file

that an observer can get a feel for the symmetry/repetition
include some ions that are full sized and some that are
shrunken to reveal the bonds, at least one of each coordina-
tion polyhedron, indication of one unit cell
make sure that the mineral is (structurally) printable
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Import traced 2d lines as a
spline from illustrator,
position, scale, and orient.

Use CloudCompare (or some.

Photogrammetry
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(arcMap) and inputs from digital photogrammetry (PhotoScan). e exported as a .tir an X,V,z, point cloud extracted from .
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photographing an object from many angles. Features on the object must
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(see right) in CINEMA 4D; & |features). Save each feature (eg -
however, the high PN # | all of a single rock unit) as its
resolution image will not Je =2 v @y own file in V8 with a mechanism
export to sketchfab.com & :  |for scaling. Map from: Wilkes, G.
and the fine features & - _|P, Spencer, E. W,, Campbell., E.
would not be printable o7+ = Zamy - V.M., 2007. Geologic Map of
with the Projet 260C g =&~ - _.'Rockbridge County, Virginia.
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very small areas. Also, it | e = -|resources publication 170.

Is nhot possible to match | — = —
the resolution of the W AL e ‘”/I" /
original contours even |

with the densest £

available DEM (10 meter)

individual position and color measurements.
This point cloud is useful for making
measurements or comparing areas over
time. Physical models can be generated by
creating a polygon mesh from the point
cloud. Polygon meshes can be textured with
sections of the original photographs to give
them a realistic appearance. With some
processing, these models can then be 3d
printed or shared using 3d sharing services
such as Sketchfab or Verold.

add
copy & translate coordination polyhedron

Exporting
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Cut the relief surface with the
polygon developed from the . _
extruded spline using a 3D printing for this
boolean intersect. application requires
— “baking”, “optimization”,
. and export as a .wrl file. This
file is 67.5 MB as printed.
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-animatable dolomite
-stereovisualization
-useful editing
capabilities
-software learning
curve

-limited number of
users in geosci
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-accessible to
anyone with
internet
-upload limitations
-can’t quite get the
map to work!!!

B -limited editing

skfb.ly/EGOW \-watermark

\U 5

1! L
Wi | gl

1 R e L2l 7 s i) L TR R
bl AR 7 “"A&-ﬁrﬂf ';"'l"' AN -i-:-‘\“'.- =

Example of NLCD image
for a watershed exported
from
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DEM g in for c4d that can automatically
download DEM data (up to 30 m resolution), map a variety

surface images (such as the aerial photograph above) to a
relief surface, and extrude a base to a relief surface. ...and

4 . ) | 2 you can download and print other people’s projects (below).
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