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Solid Modeling Module: Crystal Structures

Type of activity/investigation: This module allows students to consider the atomic
structures of crystals by constructing models with the atoms idealized as spheres. To
begin this module, the teacher should have a large container filled with marbles.
Students are asked to guess the number of marbles in the jar. The teacher then
introduces the concept of crystal structures. The regular order and the close packing
associated with crystalline materials in part explains the strength of these materials. Two
basic structures, the body-centered cubic (BCC) and face-centered cubic (FCC) are
presented. Students will then model these structures in SolidWorks. The teacher will
than introduce the concepts of a unit cell and packing factor. By selectively cutting away
portions of their models, the students construct unit cells — the building blocks of atomic
structures. The SolidWorks program can calculate the volume of atoms within the unit
cell cube. By ratioing this volume to the volume of a solid cube of the same size, the
packing factor can be determined — 68% for BCC and 74% for FCC. The students are
then asked to apply these results to their guesses as to the number of marbles in the jar.
A discussion of estimation is appropriate here. The packing factor is based on ideal
conditions. Are the marbles perfectly packed within the box? How much should we
reduce the ideal packing factor to simulate the conditions of our real system?

Engineering concepts investigated: Materials science — effect of atomic structures on
material properties.

Mathematics concepts investigated/needed: None for baseline module. Geometry
and trigonometry for advanced options.

Science concepts investigated/needed: Chemistry — atomic structures
Materials needed for the module: SolidWorks
Estimated time needed for the module: 3 hours
Educational Outcomes:
1. Identify and model common crystal structures

2. Calculate packing factors for crystal structures

Techniques for instructional differentiation:
Advanced Students

1. Calculate packing factors by hand, using geometry (need to be able to find
hypotenuse of a right triangle, volume of a sphere).
2. Model the hexagonal close-packed (HCP) structure and its unit cell, find the

packing factor with software.

3. Find packing factor of HCP by hand (requires trigonometry of right
triangles).

4. Research to find materials with various crystal structures.
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Constructing the HCP unit cell with SolidWorks

Advanced students may want to construct the hexagonal close-packed structure. Here are the
steps to do so.

Open a new assembly. Create a new sketch in the i
Top plane, and create a hexagon (from Tools:
Sketch Entities: Polygon). Make sure to center the
hexagon at the origin. Add a 2-inch dimension to
one side, and a horizontal relation to one side so
that the sketch is fully defined. Close the sketch.

Open a 3D Sketch. Insert a point at a random
location.

Add centerlines connecting the point to the origin (center of
the hexagon) and two adjacent corners of the hexagon. Add
2-inch dimensions to each of the centerlines. This sets the
position of one of the atoms on the middle row. This atom
will touch three atoms on the lower row.

Close the sketch

Create a new plane. Select the Top Plane and the point just
created to define the new plane (the new plane will contain
the point and be parallel to the Top Plane.

Open a sketch in the new plane. Add the
three lines shown here. Use relations and a
dimension to

make the lines

equal in length

(2 inches). /\
L _ One line should Wy \
'II _ | behorizontal. AN,
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Add six more lines as shown, and use dimensions ]
and/or relations so that they are all 2 inches in
length. -

Close the sketch.

Open a new 3D sketch. Add a point, and add three
centerlines connecting the point to corners of the
center triangle of the previous sketch. Add 2-inch
dimensions. The new point is the center of the top
layer of atoms.

Close the sketch. Create a new plane through the
point just created and parallel to the Top Plane.

Open a sketch in this plane, and create a hexagon
directly above the first one.

N
A :
LA = /
N O T [P
Pointa@Sketch1
. |Points@Sketch3
Distance: 3, 26600 \ %
Deta X: 0.0000n >
et 3 o000 , _
] This completes the sketches needed to place the atoms in

the assembly. Measure the overall height for use in
calculating the packing factor.
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Add the atoms in layers:

2
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~ \ 3 Check the mass
A~  properties (Volume =
f [ . 251322in).

=

A For the volume of the
| ERSRRE , unit cell, create a

i / /  separate part, using
A A o © the height determined
F'I Y EmSumn . R ' earlier, 3.2660 inches.
R 4 / Y . ~ (Volume = 33.9413
wiibics ““"‘ Hw Packing factor = 25.1322 / 33.9413 =

0.7405 = 74%.
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