
 

Automatons:  Force and Motion 
An Introduction To The Basic Mechanisms 

The difference between a sculpture and an automaton is that an automaton needs to contain at least 
one mechanism in order to create a movement. 

Here are a few main mechanisms and devices you will frequently see when making your own paper automata: 

- Cams and followers: You will find a 'cam' in almost all automata, and it is always paired with a 'follower'. The mechanism 
is designed to turn a rotary movement into a back-and-forth (reciprocating) movement. A cam is a flat, often round shape 
with a hole through it. A shaft (a rod) goes through the hole and it is around this shaft that the cam rotates. The cam can be 
all kinds of shapes including a circle, oval or heart, and the hole through which the shaft goes can be through the centre of 
the cam or can be off-centre. These variances are what create different kinds of reciprocating movement, via the 'follower'. 

A follower is a rod which has one end that rests on the rotating cam's edge and therefore moves up and down in a certain 
way depending on the shape of the cam. The follower is what translates the rotation into a specific pattern of reciprocating 
movement. 

Click here for excellent diagrams and photos of cams, and here for mechanism animations. 

- Crank Slider: A crank is a mechanism that also converts a rotary movement into a reciprocating movement (or vice 
versa). The crank is the part that rotates, and it can be as simple as a flat circle shape, whilst a slider is a long thin rigid 
shape that is attached (via a hinge/pivot) at a right angle to the crank so that it is offset from the centre line. As the crank 
rotates, the slider follows the circular movement and translates this into a back-and-forth motion within an enclosure. The 
slider part is called the slider because it slides within an enclosure, in order to control the movement. See this mechanism 
demonstrated here and here. 

The handle on the side a paper automaton is most commonly a crank mechanism. 

- Linkages: These mechanisms are created by linking together a series of levers using pivots or joints that allow the linkage 
to move freely. Linkages are very useful for producing a specific direction of movement. Click here and here for diagrams 
and more information about linkages. 

- Levers: These are the most simple of mechanisms and sometimes a paper automaton consists solely of a lever 
mechanism where the user presses one side of the lever (a flat and long piece of rigid paper), which pivots on a fulcrum 
point and delivers an 'up' motion at the other end of the lever. Have a look at the mechanism in action here. 
 
 
 
 
 
 
 
 
 



 
Different Types of Cam - (A Major Component of Automata) 

 
1) Eccentric cam: This is a simple circular cam shape with a center of rotation that's not actually in the center. The cam 
rotates about this point (shown with a white dot on the diagram) and in paper models this is usually a rectangular tube, and 
in wood automata it is usually a cylindrical dowel. 

The further off-center it is, the more movement you will produce. The motion is a steady and constant up-down motion. 

2) Drop/snail cam: This cam can only be rotated one way otherwise the mechanism would get stuck. It produces a steady 
up motion followed by a sudden drop for each rotation. 

3) Pear/lobed cam: This produces a more pronounced up-and-down motion compared to the eccentric cam, and there is 
also not a constant movement - the motion is up, down, still, up, down, still... etc. 

4) Oval cam: This produces two up-and-down movements in one rotation. 

5) Circular cam: This has a point in the center of the circle, and therefore produces no movement. 

6) Irregular cam: This fan-shaped example would create an up motion, then no motion (also called 'dwell'), then back down 
again and no motion. This would be one rotation. 

There are various other designs you can use for cams, including hearts and hexagons, but you only find the simplest 
shapes in paper automata. If you would like to experiment with irregular or more complicated cams you would find far fewer 
limitations when working with wood. 

1) is probably the most popular cam, and 2) and 3) also feature often in paper and wood models. 
 
 
 
 
 



 
 
Cams & Followers 

 
Cams are the basis of most automata and come in many different shapes. Pear-shaped cams like the one shown here are 
very popular, and the rods which rest on top of them are called followers (and are usually tubes made of folded card). 

The followers convert the rotary cam motion to up-and-down motion. Looking at the labelled diagram, the cam is the same 
distance from the center to the outer edge between marks A and B as marked with the line. When the the follower is resting 
on any of this edge between A and B, therefore, it stays level at the same height and doesn't move. 

As the cam rotates, the follower will start to rise as it travels along the edge of the cam from A to C. C is the peak height of 
the follower. Then from C to B the follower lowers back down to the original height. 
The Dog Ate My Homework 

 
	  



Micro Automata 
Steps: 

 
 
Use a push pin to poke a hole in the side your cup 
about half way down then push a skewer through. 

 
 
Insert the skewer and mark the position of the 
second hole so the skewer is parallel to the top of 
the cup.  When inserted this skewer is the input 
shaft. 

 
 
Make a hole in the center of the bottom of the cup 
using a push pin and enlarge with the point of a 
skewer and/or scissors. 

 
 
Cut a straw to about 2 ½”. Use a bamboo skewer to 
widen the hole until a straw will fit tightly in the 
hole. Note that the straw has to be big enough for 
your output skewer, so size your straw and hole 
accordingly. With the straw sticking about 1/2'' 
into the cup hot glue it in place being careful not to 
melt the cup. 

 
 
Prepare the output shaft, by gluing about a half 
skewer onto a circle of foam (I used 2 layers). 

 
 
Now you have to decide what you want your output, 
and whatever you build on it, to do. You can either 
poke a hole in the center or off center in the foam 



circle for the input shaft. Making the hole centered 
will result in a friction gear which will spin the 
output skewer when the crank is turned. If you put 
the hole off center you will get a cam and follower, 
the output skewer will go up and down as well as 
around when the crank is turned. Two cams with off 
center holes will make your creation go up and down 
and back and forth. I used two layers of foam for 
this. 

 
 
In this case we went for a friction gear resulting in 
a spinning output.  

 
 
Here are the two parts assembled into the cup. 
Note that you have to put the output skewer in first 
and then add the input shaft below it.    

 

 

 
 
The final mechanical step is to add a crank and some 
spacers to keep the input from sliding around, a 
bottle cap or a foam core square can be used to 
make the crank. You can use foam core washers to 
keep the crank shaft from sliding in and out too 
much. 

 
 

 
 



 
• http://www.clohe-

movingtoys.eu/www/Home_EN/Automata_Ga
llery_Mechanisms.htm#High_Crank     
 Great animated illustrations of 
 movements of cams 

 
• http://www.exploratorium.edu/pie/downloads

/Cardboard_Automata.pdf   
 Very good directions and photos of a 
 simple automaton creation 

 
• http://www.robives.com/   

 Great site with many pages of 
 animated illustrations and clear 
 explanations 

 
• http://www.mechanical-

toys.com/Automata%20mainpage.html 
 Great diagrams and more complex 
 cams and rods 

 
• http://toothill.notts.sch.uk/data/files/dept/

design/automata.pdf    
 a PDF with handouts, rubrics, 
 vocabulary, activities. You’ll want to 
 print this! 

 
 

 


