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3D Printed Science Projects

3D Printed Science Projects describes how to create 3D printable 
models that can help students from kindergarten through grad 
school learn math, physics, botany, chemistry, engineering and more. 
Each of the eight topics is designed to be customized by the reader to 
create a wide range of projects suitable for science fairs, extra credit, 
or classroom demonstrations. Science fair project suggestions and 
extensive “where to learn more” resources are included, too. You will 
add another dimension to your textbook understanding of science. 

In this book, you will learn: 

• To create (and present the science behind) 3D printed models.
• To use a 3D printer to create those models as simply as possible.
• New science insights from designing 3D models. 

Who this book is for:

This book shows parents and teachers how to use the models inside 
as starting points for 3D printable explorations. Students can start 
with these models and vary them for their own explorations. Unlike 
other sets of models that can just be scaled, these models have 
the science built-in to allow for more insight into the fundamental 
concepts.

Topics covered in this book:

• 3D Math Functions
• Light and Other Waves
• Gravity
• Airfoils
• Simple Machines
• Plants and their Ecosystems
• Molecules
• Trusses
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Introduction

When we started our 3D-printing and makertech consulting company, we joked that we 
were going to call it “Now What?” because that was what schools seemed to say after they 
bought a 3D printer. We hope that this book takes a step toward answering that question.

We saw that students, parents, and teachers would be excited about using a 3D 
printer, might download a 3D model, print it, and then wonder what to do next. Or, they 
might get into creating models from scratch, and get discouraged by the limitations of 
easier 3D-modeling programs or the learning curves of the more capable ones.

In this book, we try to create a middle path: models that you could just print, but 
that would be reasonably easy to alter if you wanted to do more. Further, we designed the 
models so that they would be useful for learning science or math principles while you 
were changing their features. In particular we wanted to create some seeds of science fair 
or extra-credit projects—that is, open-ended, meaty explorations that could be explored 
at a variety of levels.

We were surprised at how hard this turned out to be. Most textbooks and online 
sites endlessly recycle versions of the same 2D projection of models of science concepts. 
In each chapter, we have a “Learning Like a Maker” section where we talk about our 
adventures in defining and implementing the models—which in some cases involved 
finding online copies of 1935 manuscripts (signed off by a Wright brother and Charles 
Lindbergh!) and in others meant figuring out what to do after a scientific experts who 
implied that everyone teaches the subject at hand the way it is drawn in textbooks, but 
you unlearn all that in grad school to get to the real way.

This book presumes that you know a little bit about 3D printing already. If not, 
Appendix A and the resources linked there should get you up to speed. The models are all 
written using the OpenSCAD free and open source 3D-modeling program. If you know 
how to program in a language like C, Java, or Python, that will help, but it’s not strictly 
necessary to alter the models. Appendix A and the OpenSCAD materials linked there will 
help you out with that too.

We have found that teachers use 3D printers in one of two fundamental ways. Either 
they want to create a model to pass around in class to help students visualize a concept, or 
they want students to use a printer either to learn engineering and design per se or to cement 
physical concepts like levers and gears. Since most of these models would lend themselves to 
being used either way, we have not included a grade level or explicit lesson plans.

To show our readers who are teachers (in the United States) what we had in mind, 
though, at the end of most chapters we suggest Next Generation Science Standards that 
we thought might benefit from these models. These science standards, from the group 
NGSS Lead States, are documented in Next Generation Science Standards: For States, 
By States (The National Academies Press, 2013). Links are given at the end of relevant 
chapters. If you are a teacher, you may want to check with your state or school standards 
as well to see the best fit.
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The models span a variety of topics, and we tried to cover as many disciplines as 
possible. Briefly, here is what you can look forward to:

Chapter 1 gives you a few options to print many different 
types of mathematical surface. This ability underlies some of 
the other models.

Chapter 2 creates models of waves to allow you to explore 
what happens when various waves overlap and interact. You 
can print yourself a model of Young’s famous double-slit 
experiment to see how light from two slits can interfere.

Chapter 3 takes us back to Newton and Kepler to learn about 
planets and stars and how they speed up and slow down in 
their orbits.

Chapter 4 allows you to create wings with classic airfoil shapes 
from the early days of flight. You will be able to make yourself 
a very simplistic test stand that you can use to measure the lift 
from the wing with just a fan and a postal scale.

Chapter 5 lets you create basic models of all the “simple 
machines”—wedge, inclined plane, lever, pulleys, and screws.

Chapter 6 allows you to model plants and their ecosystems, 
and to design plants for different environments. Maybe you 
can create a garden for another planet (or for Earth after 
another few hundred years of climate change).

Chapter 7 lets you begin to explore carbon atoms, and how 
water molecules come together to make two different types of 
ice crystals.

Chapter 8 explores 2D and 3D trusses and how you can use 
them in various explorations.

As we noted earlier, Appendix A reviews how to 3D print, and 
Appendix B aggregates all the links in the book.

Finally, we are making the 3D-printable models used in this book  
(although not the book itself!) open source, licensed under a Creative  
Commons Attribution-NonCommerical-ShareAlike 4.0 International License  
(https://creativecommons.org/licenses/by-nc-sa/4.0/). That means you can use 
them for noncommercial purposes (in a classroom, for instance) and alter and remix 
them as long as you credit us. Appendix A has some notes about where to find the 
repositories if you would like to add to these models. We hope these models are the 
beginning of a set of models that students everywhere can play with and learn from.

http://dx.doi.org/10.1007/978-1-4842-1323-0_1
http://dx.doi.org/10.1007/978-1-4842-1323-0_2
http://dx.doi.org/10.1007/978-1-4842-1323-0_3
http://dx.doi.org/10.1007/978-1-4842-1323-0_4
http://dx.doi.org/10.1007/978-1-4842-1323-0_5
http://dx.doi.org/10.1007/978-1-4842-1323-0_6
http://dx.doi.org/10.1007/978-1-4842-1323-0_7
http://dx.doi.org/10.1007/978-1-4842-1323-0_8
https://creativecommons.org/licenses/by-nc-sa/4.0/
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Chapter 1

3D Math Functions

Since so much scientific visualization starts with looking at underlying mathematics,  
we are beginning this book on 3D printing for science projects with a chapter on 3D 
printing mathematical functions. The basic models in this chapter are intended to be a 
starter set that you alter to 3D print whatever function you like, within the boundaries we 
will get to in a later section.

Math Modeling for 3D Printing
It seems like it should be easy to just put an equation into a program and have the printer 
“draw” it somehow, like some sort of 3D pen plotter. However, if a 3D printer head just 
tried to follow an equation, it would have no way of knowing how to avoid material that 
had already laid down, so we have to go about it in a bit more roundabout way.

3D Printing
3D printers require a several-step process from the first idea to a finished print.  
First, you need to develop a 3D model, as we will in this chapter. Models in this chapter 
(and most of the remainder of the book) are based on the free, open source 3D solid 
modeling program OpenSCAD (www.openscad.org). OpenSCAD allows you to encode 
geometrical models in a language that is sort of a subset of the C programming language. 
Good documentation is available by clicking the Documentation button on the 
OpenSCAD site’s home page.

Then, other software takes this model and slices it into layers, which the  
printer will then create one at a time, typically from the bottom up. We will use the 
open source MatterControl host program throughout this book, available free from 
www.mattercontrol.com. Appendix A talks more about things you should know about 
OpenSCAD, MatterControl, and 3D printing in general.

Electronic supplementary material  The online version of this chapter  
(doi:10.1007/978-1-4842-1323-0_1) contains supplementary material, which is available to 
authorized users.

http://www.openscad.org/
http://www.mattercontrol.com/
http://dx.doi.org/10.1007/978-1-4842-1323-0_1
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■■ Tip T his book presumes you are generally familiar with 3D printing practices. If not,  
you can learn how to use a printer from Joan’s previous book, Mastering 3D Printing 
(Apress, 2014) or our book 3D Printing With MatterControl (Apress, 2015). Unless we 
specifically note otherwise, prints in this book were created on a Deezmaker Bukito in 
polylactic acid (PLA) plastic, using the MatterSlice engine in MatterControl (although we 
could have used any software compatible with an open source printer).

Math Background
This chapter presumes you know what a function is—a relationship among a number of 
variables. In this case, we are dealing with functions using three variables, which we will call 
x, y, and z. Function notation looks like this: z = f (x,y). All that means is that our variable, z, 
can be computed for any given pair of values for the x and y variables. Having three variables 
means we can define shapes in three dimensions, with one variable corresponding to each 
dimension. Normally these three-dimensional shapes would be shown on a page with  
two-dimensional projections. Often, this is fine and you can see what is going on. 
Sometimes, however, it really helps to hold a 3D model in your hand and turn it this way 
and that. This chapter will give you the ability to do that for many types of functions.

■■ Note  3D printing convention holds that x and y are in the plane of the platform that your 
model is being built up on, and z is vertical height above that. In other words, the bottom 
of the surfaces generated in this chapter is always the z = 0 plane. In this convention, you 
always have to transform what you are printing to have z greater than or equal to zero, since 
you cannot build under the platform. In other words, if you know that z would be negative for 
some values of x and y that you want to use, you may have to add an offset to your equation 
so that z is always greater than zero and remember that the offset is there when you think 
about what your model represents.

We will get you started with a model entirely in OpenSCAD that creates surfaces of 
functions z = f (x,y), where x and y are the plane of the 3D printer’s build platform, and z is 
the height of the surface above that plane. First we will show you how the basic 3D math 
model Rich has written and included here works, and what kind of functions you can 
print. Then we will show you a simple model that creates surfaces that might be a starting 
point for your own projects in OpenSCAD.

Alternatively you may have code you developed that produces a surface you would 
like to 3D print. It may not be practical to port that code to an OpenSCAD model. We will 
also show you an example in which we wrote a separate Python script that produces a file, 
which is then read into OpenSCAD and made into a surface. Finally we will give you some 
ideas about how you might use these tools as a teacher or as part of a student project.
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Others (see links at “Where To Learn More” later in this chapter) have used more 
sophisticated mathematics modeling programs, but our desire here is to make this 
completely accessible and free so that you can get started without investing in software,  
at least at the beginning of your explorations.

Creating Surfaces Entirely in OpenSCAD
In this section we show you how to create a polynomial with a flat base. In the next 
section we show you what a print of a double-sided surface looks like using the same 
OpenSCAD code with different parameters. This model was written to be simple and 
easy to alter, which means that it does not check for complicated problems, like functions 
that go to infinity or other mathematically bad behavior. It does, however, let you input a 
function f (x,y) (as you can see in Listing 1-1). It uses OpenSCAD’s polyhedron module to 
accomplish this.

Making a Smooth Surface with a Flat Bottom
Listing 1-1 is the OpenSCAD model that creates a flat-bottomed “slice” of a surface,  
like a chunk cut out of a mountain range. The function in this example is z = f (x, y) = 0.01 
(x – 50) (y – 50) + 30, and the 3D print will go from x = 0 to 99 and y = 0 to 99. This creates 
a “saddle point” structure, as shown in Figure 1-1. The model will create a surface xmax 
mm in x and ymax mm in y, with z height computed in mm. If the resulting structure is 
too big (by default, 99 mm by 99 mm on the bottom, or a bit less than 4 inches square), 
then you can scale the whole piece in your 3D-printing software. Figure 1-1 was scaled 
down to one-quarter scale.

Figure 1-1.  Saddle function with a flat bottom. Printed at quarter scale, so each side is 
about 25 mm, or just under an inch long. Layer height was 0.2 mm
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The values of x and y go from 0 to xmax and ymax respectively. A maximum of 100 
points in each dimension (xmax = 99 and ymax = 99) is allowed. The model will step in 
units of 1, which cannot be changed. If you want your model to step in smaller or larger 
increments, you will need to scale the variable in the equation.

For example, if in your original equation you had a function you wanted to increment 
by 0.02 in each step, replace the x in your original equation by (0.02 * x) to accomplish 
the same thing when you increment by 1. Or if you want to step from –500 to –400 in the 
original function, replace the x in your original function with (x – 500) everywhere to 
accomplish the same thing. Be careful if variables are raised to a power, or are inside a 
function like cosine, that you do this scaling correctly and consistently.

■■ Caution  Because we are creating a flat bottom, the equation being represented here is 
actually 0 <= z <= f (x, y ). As a result, z = f (x, y ) must be greater than zero everywhere for 
the flat-bottomed (thick = 0) version. A model will still be produced if there are z values 
that are less than zero, but it will be an invalid model, and even if you manage to repair it,  
it won’t print easily.

■■ Note T he OpenSCAD models in this book are written by Rich Cameron and licensed 
under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International 
License—see http://creativecommons.org/licenses/by-nc-sa/4.0/ for details.

Listing 1-1.  The Basic OpenSCAD Model to Create a 3D Print of a Surface

// OpenSCAD model to print out an arbitrary surface defined as z = f(x,y)
// Either prints the surface as two sided and variable thick = thickness
// Or if thick = 0, prints a top surface with a flat bottom
// File surfaceprint.scad

function f(x, y) = ((x - 50) * (y - 50)) / 100 + 30; // Saddle point 

//z height, in mm

thick = 0; //set to 0 for flat bottom. else mm thickness of surface
xmax = 99; //Number of points in x direction - 99 is the max
ymax = 99; // Number of points in y direction - 99 is the max

// If you want a rough surface (to make it more tactile) set blocky=true. 
// Otherwise surface will be smoothed
blocky = false; //if true, xmax and ymax must be less than 100.

//number of points that will be plotted
toppoints = (xmax + 1) * (ymax + 1);

http://creativecommons.org/licenses/by-nc-sa/4.0/
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//next section generates the points in the array
points = concat(
    [for(y = [0:ymax], x = [0:xmax]) [x, y, f(x, y)]], // top face
    (thick ? //bottom face
        [for(y = [0:ymax], x = [0:xmax]) [x, y, f(x, y) - thick]] : 
        [for(y = [0:ymax], x = [0:xmax]) [x, y, 0]]
    )
);

zbounds = [min([for(i = points) i[2]]), max([for(i = points) i[2]])];

//create triangles from quad
function quad(a, b, c, d, r = false) = r ? [[a, b, c], [c, d, a]] : [[c, b, a],  
[a, d, c]]; 

faces = concat(
    //build top and bottom
        [for(bottom = [0, toppoints], i = [for(x = [0:xmax - 1], y = [0:ymax - 1]) 
            quad(
                x + (xmax + 1) * (y + 1) + bottom,
                x + (xmax + 1) * y + bottom,
                x + 1 + (xmax + 1) * y + bottom,
                x + 1 + (xmax + 1) * (y + 1) + bottom,
                bottom
            )], v = i) v],
        [for(i = [for(x = [0, xmax], y = [0:ymax - 1]) //build left and right
            quad(
                x + (xmax + 1) * y + toppoints,
                x + (xmax + 1) * y,
                x + (xmax + 1) * (y + 1),
                x + (xmax + 1) * (y + 1) + toppoints,
                x
            )], v = i) v],
        [for(i = [for(x = [0:xmax - 1], y = [0, ymax]) //build front and back
            quad(
                x + (xmax + 1) * y + toppoints,
                x + 1 + (xmax + 1) * y+ toppoints,
                x + 1 + (xmax + 1) * y,
                x + (xmax + 1) * y,
                y
            )], v = i) v]
);

//Now either generate the surface as discrete cuboids
// or smoothly with the polyhedron function



Chapter 1 ■ 3D Math Functions

6

if(blocky) for(i = [0:toppoints - 1]) translate(points[toppoints + i]) 
cube([1.001, 1.001, points[i][2] - points[toppoints + i][2]]);
else polyhedron(points, faces);

echo(zbounds);

Printing Considerations
Since this model was designed to have a flat bottom, it prints easily. There will not be any 
overhangs. If your function would get very tall, you may want to scale it down by multiplying 
the equation by a constant. To check that the function is not getting too big or going negative 
in the z direction, you can either just run it in OpenSCAD and look at the result, or graph it 
conventionally yourself to see what it looks like. (The model does not check it for you.)

Limitations and Alternatives
To keep the model simple, transparent, and easy to understand, we have not inserted 
any error checking or special cases. Obviously, if you have a function that goes to infinity 
or has some sort of discontinuity, you will need to come up with some fix. You could, 
for example, create a branch in the definition of f (x, y) to handle cases that are poorly 
behaved in the mathematical sense.

We could only test a few cases, and there are an infinite number of options, so as with 
any print you should check the software model of your print before committing it to be sure 
that it worked for your particular example. As discussed earlier, z has to be greater than zero.

Another parameter in the code is blocky, which in this example is set to false. Setting 
blocky = true will create a slightly rough-textured surface instead of the smooth one here, 
which generally will take a lot longer to render in OpenSCAD—we have pulled out this code 
in a later section as a freestanding tiny model, so you might want to try using it that way.

■■ Caution O penSCAD’s math functions will probably look familiar if you are a programmer, 
but some of them will not be what you are expecting if you do not have that experience 
already. Exponents, for example, take the form of pow(base, exponent) rather than using a 
superscript, and a square root uses the sqrt() function instead of a radical sign. You can  
find a (nearly) complete listing of the mathematical functions available in OpenSCAD at 
https://en.wikibooks.org/wiki/OpenSCAD_User_Manual/Mathematical_Functions.

Making a Two-Sided Smoothed Surface
Although it is convenient to be able to visualize the top of a surface in 3D, sometimes it is 
even better to see it from both sides. However, you might think that then you will have to 
put a lot of support under the surface and wind up more or less with the same thing. The 
way out of this is to print the surface sideways. As long as the surface does not contain 

https://en.wikibooks.org/wiki/OpenSCAD_User_Manual/Mathematical_Functions

