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Introduction 
The Hole in One golf machine replicates one hole on a miniature-golf style fairway.  The 
automaton is completely self-driven, all the user needs to do is push a big wooden button 
to start the action.  The wooden man receives a golf ball, placed in perfect position just in 
front of his club, and gets a single swing at a chance for a hole in one.  When the ball is in 
position the golfer is signaled to swing.  He hesitates a little and then putts, sending the 
ball down the green.  The magnetic golf ball traverses the course and (hopefully) falls in 
the hole on the opposite end of the green.  The ball travels underground through a slinky 
and series of ramps and then is sent back to the golfer to try again.  The ball is moved 
back up to the golfer with a ball return system which uses the magnetic property of the 
golf ball.  The golfer automaton will repeatedly hit hole in ones, only needed user 
interaction to reset the ball in motion after an occasional missed putt.   
 

Mechanical Elements 
The mechanical elements of the project were divided into three separate groups.  1)  The 
mechanics driving the golfer, 2) The mechanics of the golf ball’s return path, and 3) the 
mechanics of the mechanism to raise the golf ball back to the golfer. 
 
Golfer  
The golfer mechanisms were driven by a single motor operating beneath the golfer.  This 
motor used a spring and a wooden gear to make a worm and wheel mechanism which 
rotated an axel below the golfer.  The gear was cut from the laser cutter and we used an 
erector set motor to power the swing, see Figure 1. 
 

 
Attached to this axel was a wooden snail cam (Figure 2), which was also cut using the 
laser cuter.  When the shaft turned, the edge of the snail cam pushed against the shaft of 
the golf club (a bent wire coat hanger) below the surface of the golf course.  A spring 
kept tension on the golf club so that when the sharp change of radius on the snail cam 
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occurred, the golfer’s torso would appear to swing, and hit the ball forward.  The golfer’s 
torso was actually powered by movement of the golf club. 
 
 
Golf Hole Return Path 
The return path relied on ramps, a slinky and gravity to bring the ball back to the golfer’s 
side of the course, Figure 3.  This part of the project was intended to be very open to 
expansion because of the complex pieces involved in other parts of the project.  Yet, due 
to time this part remained very simple and there were no moving mechanics required. 

 
Golf Ball Return 
The Ball Return was responsible for returning the golf ball back to the golfer so he can 
swing again.  This mechanism once again used the mounted spring and wooden gear to 
make a worm gear mechanism.  This gear turned the lower wheel of a belt (made of 
elastic) which had a magnet attached to it at one location.  Since our golf ball has an 
internal magnet, the magnet on the belt is strong enough to carry the ball up a thin 
wooden board.  This is kind of hard to see, but is shown in Figure 4. 
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At the upper end of the belt, the thin wooden board is replaced by flexible card board.  
When the belt carries the magnetic ball over the top of the belt a small ramp with a guide 
directs the golf ball back to the golfer. 
 

Computational/Electronic Elements 
The two major mechanical elements of our design, the belt drive and the golfer, are 
powered by two erector set motors.  Since the motors draw too much current for a cricket 
to handle, they are powered by an external 6 volt, 1 amp power supply.  Each motor is 
controlled by a relay which is switched on and off by the cricket. 
 
The cricket takes input from two sensors and executes a relatively simple program.  The 
first sensor is a light sensor which is covered up by the ball when it reaches the bottom of 
the belt drive.  The other sensor is a small reed switch which is closed by the magnetic 
marble while it is on the tee.  When the light sensor registers low light, the belt drive 
turns on.  When the ball reaches the tee and activates the reed switch, the belt stops and 
the golfer begins his swing.  Once the ball has been hit, and the reed switch is no longer 
activated, the golfer waits 4 seconds and then stops his swing.  This delay allows the club 
to back up to its center position and be ready for the next ball to come.  [See the appendix 
for the cricket code.] 
 

Process of Construction 
Construction of our automaton began with a solid base of particle board.  We attached a 
vertical wall using right-angle brackets and wood screws.  This gave us a flat, solid 
surface to attach additional parts to.  We anticipated that the belt drive would be the most 
difficult component to build, so we started with that.  With our initial testing, we quickly 
discovered that even the light tension of the elastic belt or a slightly misaligned bearing 
or axle could cause a crippling amount of friction.  We also discovered that just a small 
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amount of resistance could easily stop the motor completely.  For these reasons, we 
decided that we needed a very high gear ratio so that the motor could turn the belt drive 
with sufficient power. 
 
The natural solution was to use a worm gear configuration.  After experimenting with 
various materials, we settled on a design that used a large spring which meshed with a 
custom cut gear.  Again, we found that the worm gear setup worked adequately, but only 
if the motor was held in place solidly and just the right height.  To accomplish this, we 
used a table saw to accurately cut a block of wood to which the motor was 
attached.  See Figure 6. 

 

 
Figure 6 

While building the ball return system around the belt drive, we discovered that our 
original design of using of steel marble for the golf ball did not work.  In particular, the 
marble was too heavy to be carried reliably by the belt drive.  When we switched to a 
small magnetic plastic marble, the belt drive worked reliably, but we had to change some 
other design decisions as well.  Our original plan was for the steel marble to physically 
close a switch while it was on the tee by resting on two electrical contacts.  Since our new 
ball was not electrically conductive, we had to change our plans. 
 
We considered light or reflectivity sensors, but they did not fit the small size constraints 
we needed for the tee sensor.  In the end, we decided to use the magnetism of the new 
ball to trigger a reed switch.  The reed switch was so small and thin that it could fit next 
to the tee without affecting the operation of the mechanical parts. 
 
The second major mechanical part was the golfer.  For this component, we stuck mainly 
to our original design specifications.  The golfer was designed with an axle through his 
body so that his torso, arms, and golf club could rotate freely around the axis of his 
body.  The golf club shaft extended through the floor and acted as a cam follower for a 
snail cam.  The end of the golf club shaft was also connected to a light spring so that the 
club could quickly swing back and hit the golf ball.  Although this component followed 
our original design, it required a lot of fine tuning to make it work properly.  In particular, 
a slight change in the tension of the spring could cause so much friction that the club 



could not move or so little tension that the club would not swing back to its original 
position.  There were also problems with the snail cam applying unwanted torsional force 
to the golf club shaft.  These problems were generally caused by the fact that the golf 
club shaft acted a lever on the golfer, which was secured to the base at the feet.  By 
solidly attaching the golfer to the platform and by making some adjustments, we were 
able to produce a working golf swing. 
 
Once the two major mechanical components were constructed and tested, the rest of the 
construction was relatively easy.  We built an angled platform with a hole at one end and 
guides to direct the ball into the hole.  We used basswood corner pieces to act as a trough 
for the ball to roll in as it returned to the bottom of the belt drive.  The final stage of the 
construction involved painting and decorating the golf tee, fairway, and hole so that it 
resembled a real golf course.  We used green paint and felt for the grass and some blue 
felt for a small pond.  We added a picket fence, a shade tree at the tee, and a crab to live 
in the pond.  The final effect was to make the view from the top (Figure 7) look like a 
golfer making a hole in one, while a view from underneath would reveal the mechanical 
workings of the automaton.  
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Aesthetic Issues and Educational Value 
The golfer automaton fits in with the spirit of the Cabaret Mechanical Theater creations.  
The golfer’s hesitant swing and crab-adorned fairway follow the comical nature of the 
Cabaret automata.  Most noticeable, is the movement of the golfer’s torso while swinging 
the club.  The golfer is actually driven by the movement of the club, much like Keith 
Newstead’s bicyclist whose legs are powered by the wheels.   
 
When building our automaton we tried not to conceal any of the mechanical working of 
the golfer.  In doing this, the observer is able to see all the working pieces up close.  This 
lends very well to children and adults alike being able to determine for themselves how 
the machine works.  The continuous movement of the golf ball through the hole to the 
ball return belt and then back to the golfer allows someone to follow the path and 
understand what happens at each point in the system.  The belt drive is the most 
interesting mechanism to investigate because from the top down view, it looks like the 
ball is magically going up a slanted wall.  We have seen this sparks the most curiosity in 
children and they are able to discover the magnetic properties of the ball and anticipate 
when the magnet attached to the belt is getting closer to the ball.   The educational value 
of the golfer is more in the exploring of the machine than the interaction with it.    
 

Suggestions for Future Work 
The nice part about this project is that it is easy to design the bare minimum aspects of 
the project, and then add pieces to it if the time exists. 
 
Multiple Paths 
In our original design we thought of creating a surface with multiple locations that the 
golf ball could exit the golf course.  So that we could add pieces like a sand trap or water 
hazard that would take different routes from their hole back to the return ramp. 
 
Complex Paths 
While we didn’ t design anything elaborate for this part of the project, this is easily the 
most expandable.  Currently we just have a set of ramps that return the ball back to the 
ball return ramp immediately.  A quick change to this could include adding a few more v-
shaped ramps so the ball switched back and forth before going to the return ramp.  This 
part of the project is just really left open to the imagination.  Any sort of marble path 
construction set piece could be placed here to make it more entertaining including funnels 
and wheels. 
 
Reaction Elements 
One of our original plans for expanding the project was to have various reaction 
mechanisms that could respond when the golf ball entered certain holes (if we 
implemented the multiple paths) or certain parts of the return path (if we implemented 
complex paths).  But the basic idea was to attach additional sensors along the return path 
to detect when the ball reached some part of the path, and then trigger a separate event in 
the project.  These events could be anything such as a gopher popping up out of the 
ground or making little human figures off to the side looking around or making little 
lights go on and off. 



 
Random Paths 
This idea for expansion was intended to be implemented with the multiple return paths.  
The idea is that since the golfer is basically going to hit the ball in about the same 
direction, then some other element needs to change how the ball finds the hole or trap.  
So to get the ball to roll in different directions this change would make various panels on 
the surface of the course capable of moving up and down just a little bit, and thus change 
the shape of the course’s surface.  This way each time the ball is hit, there is a possibility 
of following a different path. 
 
Golf Course 
Then the obvious expansion is to build 17 more of these so that there is an entire golf 
course. 
 
Durability 
The automaton could also be modified to be more durable for repeated use.  The main 
structure could be built from studier wood or metal components on a slightly larger scale.  
The worm gears could be replaced with a better gear system with minimal slippage, 
which is sometimes an issue with the current worm gears.  Another restructuring would 
need to happen on the belt drive for the ball return.  Finally, the crickets may need to be 
replaced with another form of processor that is more reliable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



[Appendix]  
 
Cr icket Code 
 
to test 
   a, setpower 8         ; belt drive 
   b, setpower 8         ; golfer 
 
   loop [ 
     ifelse switchb [      ; ball is on tee 
       a, off              ; turn off belt 
       b, on               ; start golfer 
     ] [                   ; else... 
       if sensora < 175 [  ; ball at bottom of belt 
         a, on             ; turn on belt 
       ] 
       wait 40             ; reset swing 
       b, off              ; stop golfer 
     ] 
   ] 
end 
 
 
 
Design to Implementation 
 

                  


