
The Switch Doc rebuilds his cat toy launcher with 3D printing

 Practical  
 Creation
To explore the possibilities of 3D printing, we rebuild the cat toy 

launcher that debuted in Issue 5. By John C. Shovic, PhD

It no longer makes much sense to hand-
wire boards, although during circuit develop-
ment, it still makes sense to use a breadboard. 
I expect that will change in the near future. In 
one of my other lives, I wrote software that 
would simulate large digital and analog VLSI 
(very large scale integrated) circuits, which 
would often allow the design engineer to get it 
right the first time. The US$ 200K price tag for 
a set of VLSI masks is a huge incentive to get 
it right the first time. In my IC design career, I 
burned huge amounts of computer time, sim-
ulating these circuits to work out the bugs be-
fore building them. I look forward to being 
able to do that with my own board designs in 
the future without purchasing a very expen-
sive CAD system.

With the advent of relatively inexpensive 
3D printers, makers can now apply a whole 
new toolkit to building one-off designs and 
prototypes.

What is 3D Printing?
3D Printing usually refers to a method for 
building a three-dimensional object from a 
software model. The consumer products gen-
erally use PLA or ABS plastic and build the 
model one layer at a time – usually 1mm or 
less per layer – from the bottom up. Dozens 
of 3D printers are available today and many 
are priced under US$ 3,000.

I borrowed a MakerBot Replicator 2 to start 
building prototypes in a more modern way. 
Compare the foam and wood build prototype 
of MouseAir V1 of my previous article [1] to 
the 3D-printed MouseAir V2 in Figure 1. I 
will never return to foam and wood to build 
projects again. By the time Tom Daugh-
erty [2] (a great source of what is going on in 
3D Printing) needed his 3D printer back four 
months later, I was hooked. I had to have 
one for myself. I also got to print with his 

Prototyping hardware has always 
been a difficult business. Hand-
wiring boards, breadboarding, and 
cutting foam and wood to mock 

up cases was a time-consuming process. In 
the past couple of years, everything has 
changed. Printed circuit boards (PCBs) are 
easy and inexpensive to fabricate. Either 
make them at home or through one of doz-
ens of fast and accurate prototype board 
manufacturers.
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prototype potato-based filament, which was 
a very interesting experience. Especially 
being from Idaho.

selecting a 3D Printer
I spent a lot of time looking at the market as 
I selected the 3D Printer. I looked at printers 
from US$ 1,000 to $4,000. I looked at inex-
pensive kits and fully complete and tested 
printers. I decided not to buy a kit because I 
wanted to use the 3D printer as a tool and 
not as the project itself. I also know from 
long experience that, when you want some-
thing very accurate and reliable, it is hard to 
build it from a kit and get all the tolerances 
right. Although that would make a good 
SwitchDoc Labs article, the point was to get 
a tool that would work out of the box and get 
me building quickly.

The software that comes with the printer (I 
call this the “tool chain” – the data path from 
the 3D design software to the 3D printer it-
self) – needs to work well and fit my criteria 
to build prototypes with engineering accu-
racy. The tool chain is critical to making all 
this work. After looking at a number of dif-
ferent printers and, most importantly, their 
reviews on the Internet, I came to the conclu-
sion that I would buy the new MakerBot Rep-
licator 5th Generation [3]. My reasons for 
choosing this printer were:
•	 Manufacturer	is	proven	in	the	market	(and	

by me) – I liked the MakerBot Replicator 2; 
it was pretty reliable. I did have problems 
with the extruder and had to replace it, 
which is not uncommon in all 3D printers. 
Extruder problems abound. MakerBot cus-
tomer service made it a very good experi-
ence: They were very helpful.

•	 Reliable	Tool	Chain	–	I	found	I	could	use	a	
number of 3D CAD software packages with 
the MakerBot. Every package I tried had a 
path given to the MakerBot that didn’t take 
me down the black hole of Mac and Linux 
software compatibility.

•	 The	features	of	the	new	MakerBot	Replica-
tor 5th Generation appealed to me. The 
Webcam seemed cool; they had a new 
smart extruder design, and the self-leveling 
Build Plate looked good.

I bought one for US$ 2,800 (Figure 1) after 
trying to get a discount from the marketing 
department. They were not very forthcoming 
with any kind of a deal beyond a $50 educa-
tional discount (I am an adjunct professor at 
a local university), which was disappointing.

Overall, after over 70 hours of printing, I 
am pleased with my purchase. In addition to 
providing reliable printing, a good tool chain, 

and solid technical support, MakerBot offers 
many help and design sources on the web 
and great ideas for projects through the 
Thingi verse site [4].

Of course, there were also some down-
sides. Although the technical support is 
good, you do have to pay for it. I paid 
US$ 350 for a year of MakerBot Care, which 
was worth it for me, but it might not be for 
you. Also, the software for support of the 
Webcam is next to worthless. The iPhone 
app can only be used on a local network 
(they promise support for the Internet at 
some point). I was expecting at least a time-
lapse program, as well as remote viewing 
and control, but you can’t do any of that. You 
always have to go to the printer to hit the Go 
button. Hopefully they will fix these issues in 
the future.

Lastly, using any filament other than Mak-
erBot filament voids the warranty. Hmm … 
sounds like razor and razor blades to me, ex-
cept they are charging US$ 2800 for the razor.

the smart extruDer
For some reason, the MakerBot distributor 
that I bought the printer from shipped me a 
very early unit with a very early design of the 
new Smart Extruder (Figure 2). I powered up 
the printer for the first time and it didn’t 
work. It wouldn’t even level the build plate. 
The first call the technician asked me to up-
date the firmware (which took about two 
hours). No change. Still failed. I called Mak-
erBot (got a person easily and every time 
after paying the MakerBot Care); they were 
appalled that I had such an old Smart Ex-

Figure 1: MakerBot replicator, 5th generation.

Figure 2: Smart extruder.
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Smart Extruder works like a charm. I still 
had the old extruder and compared it to the 
new one. I could see some of the changes to 
the heat sink and structure that seemed to 
address the web comments.

The last issue I had with my new purchase 
was that they changed the spool size from the 
MakerBot Replicator 2 to the 5th Generation. 
Ouch! I had a bunch of filament. Turned out it 
was simple to fix. I found a Thingiverse proj-
ect that added an additional spool holder that 
used the old size spools. I printed it with the 
MakerBot and the problem was solved.

Now that I have all the new equipment, I 
am very pleased with the MakerBot Replica-
tor 5th Generation. Someday, I will like the 
webcam and app too. Overall? I am satisfied 
with my purchase.

learning 3D Printing
I knew nothing about 3D printing when I 
started. I had never used a mechanical CAD 
system, and I had never designed a single 3D 
file. I’m an electrical engineer and have used 
CAD systems my entire career, but not a single 
mechanical design program. I used the sample 
files and printed chains and bolts when I got 
the printer, which was cool, but I had a 
Mouse Air V2 box to design. I’ve always ap-
proached learning new systems by forcing 
myself through the learning process and doing 
a real project.

I started by using several CAD systems to 
try to design a box and do something simple. I 
tried 123D Design, Tinkercad (Figure 3), 
BlenderCAD [5]-[7], and several others. I 
could draw designs and push them to the 
MakerBot using the tool chain. However, I 
quickly learned the difference between draw-
ing 3D designs and engineering 3D designs. It 
was impossible to place items accurately 
using 123D Design and devilishly difficult to 
place in Tinkercad. I was coming to the con-
clusion that I would have to use a professional 
CAD system such as SolidWorks [8].

However, Daugherty suggested I look at 
OpenSCAD [9] (Figure 4). I did, and I was in 
love from the first moment. OpenSCAD is the 
programmer’s Solid 3D CAD modeler. You 
write code to create the 3D solid models. 
Want a box? Here is the code for a box:

        difference()
        {
                cube ([190,140, 40]);

                translate([2,2,2])
                cube ([186,136, 65]);
        }

truder and next-day air shipped me a new 
one. I was impressed. However, I plugged in 
the new model extruder and it did exactly the 
same thing. No joy. I had a lemon MakerBot.

After several other calls and some other 
suggestions, MakerBot had me ship the entire 
printer back, and they cross-shipped me a 
new MakerBot. This got me thinking. I started 
looking at reviews on the Web and I found 
lots of comments and complaints about the 
Smart Extruder, especially early on. I emailed 
MakerBot marketing and asked for a com-
ment, but they ignored me. The tech support 
guys told me they had problems early in the 
product life, but they had fixed the problems 
with the new Smart Extruders. Once they 
found out that I was writing an article, they 
stopped commenting about anything and re-
ferred me to marketing. I should have kept my 
mouth shut about writing this article.

I opened the box, checked the serial num-
ber on the Smart Extruder (it was much 
newer), updated the firmware, and started 
my first print. Absolutely perfect. The new 

Figure 3: Tinkercad initial design.

Figure 4: OpenSCAD design screen for sample box.
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want them. For a programmer, it makes per-
fect sense.

Although the OpenSCAD script has many 
aspects, the most important operators I use in 
this example are:
•	 difference() – takes the difference of one 

object from another
•	 union() – combines objects into one object
•	 translate() – moves an object (positions it)
•	 rotate() – rotates an object
A couple of comments about OpenSCAD 
code: You only use a semicolon to close the 
modifications to a shape. In other words, in 
the lines

translate([10,20,30])
rotate(90,[0,0,1])
cube([10,10,40.3]);

Plus, I get sub-millimeter positioning. This 
box is 190x140x40mm with 2mm walls. Now 
I get programmable accuracy that I can ad-
just when something doesn’t quite fit. Every-
thing is positioned exactly where I want it, 
and I can change its position via code. This is 
3D modeling for programmers. I completely 
abandoned all of the others and have exclu-
sively built models using OpenSCAD. You 
will find many designs and modules avail-
able on Thingiverse and on the web for gears 
(Figure 5), rack and pinions, rounded cor-
ners, and more.

One downside to OpenSCAD is there 
doesn’t seem to be a good path from an 
OpenSCAD model to building a plastic injec-
tion mold MouseAir is going to be marketed 
as a kit, and it is way too slow (and too ex-
pensive) to make, say, 300 units when each 
top/ bottom unit takes 12 hours to print. A 
rule of thumb with 3D Printing is each hour 
of printing costs about US$ 10 in production: 
$120 for a MouseAir box doesn’t work. A 
plastic injection mold should be able to make 
one for about $4 (ignoring the $4,000 or so 
for the mold cost!). I can see a conversion to 
SolidWorks in the future.

introDuction to 
oPenscaD
OpenSCAD tutorials abound on the web. The 
key thing to understand about OpenSCAD is 
that you are writing code to build things 
based on primitive objects, such as:
•	 cubes
•	 spheres
•	 cylinders
•	 polyhedra
You can have modules and parameters, do 
math, size things exactly the way you want 
them, and position them exactly where you 

Figure 5: OpenSCAD design screen for gears downloaded from Thingiverse.

Figure 6: MouseAir V1 versus MouseAir V2. Figure 7: MouseAir V2 block diagram.
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translate and rotate apply to the cube in 
the order they are listed. The semicolon at 
the end of the cube statement closes the 
statement. The hash mark (#) placed at the 
beginning of a number of statements tells 
OpenSCAD to show this block in the quick 
render mode that is used to see whether 
things are looking kind of right. The full 
render mode can take a long time to com-
pute and does not show the blocks that are 
“differenced” out, as in the quick render 
mode.

Time to build the MouseAir V2 box.

mouseair V2 introDuction
Raspberry Pi Geek Magazine published the 
definitive article on my MouseAir cat toy 
launcher in Raspberry Pi Geek Issue 5. I had 
so much response (including the response 
from the cat) to that article and project from 
a variety of sources, that I decided to do a 
redesign of MouseAir, incorporating what I 
had learned from the project. I aggressively 
redesigned to eliminate unneeded hardware 
and drive down the cost and size.

Figure 6 shows the differences in the de-
signs of MouseAir V1 and MouseAir V2. 
The block diagram in Figure 7 shows the de-

sign for the new Mouse-
Air V2.

I cut the number of 
servos down from four to 
two (plus the optional 
pan and tilt servos for 
the camera), redesigned 
the motor control to 
eliminate the 12V power 
supply (cutting the range 
of the mouse throw from 
10 to 2 meters in the pro-
cess, but my cat is old 
anyway), removed the 
RFID hardware (which 
didn’t work with the im-
planted chip in the cat), 
added software support 
for iBeacons (hang an 
iBeacon on the cat col-

Figure 8: Inside the MouseAir V2 box.

Figure 10: The 3D printer learning pile.

Figure 11: Full MouseAir V2 bottom box design.

Figure 9: First 3D print attempt with scaling error.
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lar), and moved to a much less expensive ul-
trasonic detector. I also added support for the 
new Raspberry Pi B+ and built a MouseAir 
PCB board with lots of LEDs to show what is 
happening. Figure 8 peeks under the hood at 
the MouseAir V2 box.

3D Printing of mouseair V2
I learned 3D printing as I designed the box. 
This led to many mistakes, wrong turns, and 
outright sizing errors. My very first attempt 
had a huge scaling error (Figure 9).

I printed many different variations and 
learned something from most of them (Fig-
ure 10). The MouseAir top takes about 
seven hours to print, and the bottom takes 
about eight hours to print. This made fixing 
small problems very difficult and time con-
suming. I thought about it and came up 
with a good idea that lets me print only the 
section of the big print in which I am inter-
ested.

Debugging 3D Prints
When you have a complex design that 
takes hours to print, it can be frustrating to 
have to wait eight hours to see if you put 
the servomotor clip in exactly the right 
place. This caused me to have to print 
many extra boxes. The revelation that 
made this process turn around more 
quickly was simple: I take the whole box 

design (Figure 11) and then perform a dif-
ference with a cube, leaving only the part 
to print in which I am interested (Fig-
ure  12). The OpenSCAD code for this 
debug technique is shown in Listing 1.

01  difference()
02  {
03  
04          union()
05          {
06  
07                  <your design>
08  
09          } // union
10  
11          // difference the debug hole
12          difference()
13          {
14                  #translate([‑10,‑10,‑10])
15                  cube ([190,160, 60]);
16  
17                  // print hole
18                  //cube ([170,140, 35]);
19  
20                  #translate([85,‑10,‑10])
21                  cube([105,150,300]);
22          }
23  
24  
25  } // final difference

Listing 1: Making a Difference

Figure 12: Bottom of the MouseAir V2 box with debug box applied.

Figure 13: MouseAir loading servo stand.

Figure 14: MouseAir V2 top design.
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Note that I don’t pass in any parameters, but 
I could if I wanted to customize the function.

Next, I translate and rotate the entire de-
sign so that it makes sense to me when I 
place it (lines 13 and 14). I make it apply to 
the entire design by putting it inside a 
union() (line 15), which combines all the 
shapes within the union block (lines 16-64).

Now I apply an additional translate/ ro‑
tate (lines 21 and 22) and union() block 
(lines 24-57) to the design. Note that the pa-
rameters of this second translation and rota-
tion could have been combined into the first, 
but there used to be more shapes between 
the two in the previous design, so this part of 
the code is really an artifact.

Next, I build the stand itself (lines 26 and 
27); then, I build the left and right mounting 
tabs using cube and translate (lines 32-41; 

This idea dramatically reduced my time for 
testing design changes.

an oPenscaD moDule 
examPle
Rather than go through the entire MouseAir 
design in detail, I will go through one of the 
modules: MouseLoadingBox (Listing 2). This 
module originally contained the box where 
the two racks from the rack and pinion were 
housed. In the Mouse conveyor belt system, it 
now just contains the stand and clips for the 
servomotor for the conveyor belt (Figure 13).

The first section of Listing 2 contains an 
include and defines constants (lines 5-8). 
The library write.scad contains code to 
write text in an extruded format. Offset de-
fines how far up to place the servo-holding 
tabs. It also contains the module definition. 

01  // mouse loading box
02  // jcs 6/23/2014
03  // SwitchDocLabs
04  //
05  include <write.scad>
06  Offset = 10;
07  
08  module MouseLoadingBox()
09  {
10  
11  
12  
13          translate([28,19,0])
14          rotate(180,[0,0,1])
15          union()
16          {
17  
18  
19                  // Servo stand
20  
21                  translate([98,‑2.5,0])
22                  rotate(90,[0,0,1])
23                  union()
24                  {
25                          // side block for servo
26                          #translate([‑17,74, 0])
27                          cube([20,34.5,13.38+Offset]);
28  
29                          // now the mounting tabs
30  
31                          // left tabs
32                          tr anslate([‑10, 74.2+23+5, 

13.38+Offset])
33                          cube([2,5,14.5]);
34  
35  
36                          tr anslate([‑5.6, 74.2+23+5, 

13.38+Offset])

37                          cube([2,4,10]);
38  
39                          // hook on top
40                          #tr anslate([‑5.6‑2‑0.5,74.2+23+5+ 

3‑1,25.38+0.5+Offset])
41                          cube([1.25,1,1]);
42  
43  
44                          // right tabs
45  
46                          tr anslate([‑10, 74.2, 

13.38+Offset])
47  
48                          cube([2,4,14.5]);
49  
50                          #tr anslate([‑5.6, 74.2, 

13.38+Offset])
51                          cube([2,4,10]);
52  
53                          // hook on top
54                          #tr anslate([‑5.6‑2‑0.5, 

74.2+1+0.5,25.38+0.5+Offset])
55                          cube([1.25,1,1]);
56  
57                  }
58                  // Version text
59  
60                  #translate([10,‑19,10])
61                  rotate(90,[1,0,0])
62                  write("LB‑004",h=2,t=2,center=true);
63  
64          } // main module union
65  
66  }
67  
68  
69  // remove when adding to main box
70   MouseLoadingBox();

Listing 2: MouseLoadingBox
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to load and launch up to 
five mice reliably using 
the loading mechanism. 
In MouseAir Version 1, I 
used a PVC pipe and two 
servomotors to dump a 
mouse into the firing slot. 
It was just not reliable 
enough; although the pipe 
was big enough to load 
eight mice, the mice 
would get stuck and land 
badly in the firing slot, 
making the whole con-
traption noisy and slow. 
In MouseAir V2, I first 
used a ramp with one ser-
vomotor controlling a 
two-rack-and-pinion slot 
dropping one mouse at a 
time. It worked better, but 
it still wasn’t good 
enough.

Finally, I decided to try 
using a flexible timing 
belt to build a small conveyor belt that would 
load the mice one at a time into the firing 
slot. It took me less than one day to convert 
the MouseAir top and bottom to use this 
scheme. My use of modules and debugging 
techniques had improved dramatically. Fig-
ure 18 shows the debug print for the con-
veyor belt.

mouseair softWare
The software for MouseAir V2 is mostly 
ported over from the original MouseAir soft-

46-55). Finally, I put the version information 
on the side of stand itself (lines 60-62). When 
your design includes a number of stands and 
blocks, it is really important to mark the de-
sign so you can trace it back to the right ver-
sion of code.

Lastly, I put the call to the MouseLoading‑
Box in the code so the rendering engine has 
something to render (line 70). This call is 
commented out until you are ready to in-
clude the module in the larger design.

the mouseair V2 3D 
Printer Design
The design comprises two major parts:
•	 The	MouseAir	bottom,	which	holds	the	

PCB, the Raspberry Pi, the firing mecha-
nism, and the loading/firing servomotors

•	 The	MouseAir	Top	(Figure	14),	which	has	
the mounting holes for the motors and the 
top part of the conveyor belt and ramp that 
loads the mice into the firing mechanism.

The OpenSCAD code for this design is less 
than 1,000 lines. Compare that to the control-
ling and display software, which has about 
3,000 lines of Python.

mouse firing base  
anD motor
The MouseAir firing base is built as a sepa-
rate module in its own file. It is added as a 
module call in the main MouseAir Bottom 
code. The base consists of a servomotor 
stand, the “mouse containment box,” and a 
slot for the ramp to be inserted. Why do I 
have the ramp inserted rather than built in 
one piece? Turns out that it is very difficult to 
install the rack and pinion gear and the ser-
vomotor with the ramp in place, so I build 
the ramp separately and then just slide it in 
(Figure 15).

Without the ramp in place, you can see the 
underlying rack and pinion gear (Figure 16), 
whose OpenSCAD file I found on Thingiverse 
and just modified to make the pushing ramp 
that pushes the mouse up into the spinning 
motors then into the air.

There is also a stand for the second servo-
motor that powers the mouse loading con-
veyor belt on the MouseAir top (Figure 17). 
The top has the mounting hole for the DC 
launching motors and the tower for the pan 
and tilt mechanism for the Pi Camera.

mouse loaDing  
conVeyor belt
The mouse loading mechanism proved to be 
the most difficult mechanical design aspect 
of the entire project. The goal was to be able 

Figure 15: MouseAir V2 firing ramp.

Figure 16: Rack and pinion gear for the firing ramp.
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to wire. Because of the interest in this proj-
ect, SwitchDoc Labs is considering making 
MouseAir V2 a product, probably in kit form. 
To do that, I will have to convert the 3D 
Printing design to a format (with some 
changes, no doubt) that a plastic mold injec-
tion company can deal with. In looking at 
molding companies, I did find one that 
would build a routed version of MouseAir 
out of a solid copper ingot for the low price 
of US$ 5000. I’d better have the design right 
before I do that.

The MouseAir V2 3D print files are avail-
able for download at the SwitchDoc Labs 
GitHub site [10].

conclusion
3D Printing is a superb way to build proto-
type enclosures and mechanical parts for 
your design. Just as the inexpensive PCB ser-
vices are changing the way makers prototype 
boards, 3D printing is changing the way we 
build things. While the learning curve was 
steep, now that I have paid the price, I just 
can’t see myself ever gluing wood and cut-
ting foam again.

If you have questions, please send me an 
email [11], and if you have specific questions 
to ask, please post on the SwitchDoc blog 
[12] so everybody can learn from your ques-
tion. I’ll be picking the best question submit-
ted and answering it the next SwitchDoc 
Labs column next month.  ● ● ●

ware. The firing and loading routines have 
changed, and the detection routines are now 
for iBeacons and a simple ultrasonic ranger. I 
am also planning to use image detection from 
the camera to detect the cat and fire a mouse.

What is next?
The next part of the MouseAir project is to 
print and build carefully a second unit, so I 
can write up an assembly manual. The 
Mouse Air PCB needs to be revised, because I 
placed one screw connector right up against 
the wall, which makes it devilishly difficult 

Figure 18: Debug print for conveyor belt prototype.

Figure 17: Completed MouseAir V2 ready to fire!
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