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Abstract:

This paper explains the burr puzzie piece production system. Specifically it
details and describes the process of our automation and how we accomplish the given
criterion.
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Introduction:

Awesome-o is a burr puzzle piece production system that meets specific criteria
for entry and exit of blocks, part quality, dust collection, and safety.

Background information:

Our strategy was inspired from two primary sources, the ideas of past students
and from a memo containing five criteria. Those criteria were:

1. The ability to cut one, two, three, or four notches .375 inches square on a single
face of each block. These cuts must create puzzles that maintain ninety-five
percent assembly success rates.

2. The blocks are to travel in and out by belt conveyor (criented in the long
direction).

3. The machine must be able of either (we picked the latter):

a. Accepting and operating on blocks that have already had two notches cut
on one face OR

b. Cut notches on two faces by rotating the block on its long axis within the
machine.

Dust collection must be integrated in the machine.

Safety is a necessary consideration and as such jams must be minimized and

clearing jams made safe and easy.

o

While the above criteria got us moving, it wasn’t until we observed the projects from the
previous year and compared its abilities to our needs that our strategy started to emerge.

Design and Process:

Although many of the ideas used the past year were helpful, the criteria motivated
us in a new direction with the decision to accomplish a two-face cut procedure. This
meant rotating the block within our machine. For a while we considered a design that
would move the block from the belt to the router then rotate it using the lead screw,
return it to the belt and then bring it to the router a second and final time for more cuts.
This idea seemed inefficient by using unnecessary movement of the block to accomplish
the rotation.

Our machine used the following process:
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1. BLOCK LOADER and FLOW CONTROL
The blocks were placed in to the block loader, which combined with two
pneumatic actuators, provided flow control at the beginning of the conveyor.

2. PIVOT GATE and CONVEYOR LIFT
Once through flow control, the block was stopped by the pivot gate while it
waited to be pushed by the clamp over to the router. In order to push the block
from the conveyor on to the cut plate easily, the conveyor was raised by a
pneumatic lift.

Conveyor Belt

‘Pneumatic Lift
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3. CLAMPING AND CUTTING
The block is now pushed over on the cut plate to prepare it for cutting. It is held
in place by three pneumatics clamps and an electric lead screw.

4. FLIPPING SYSTEM
It is at this point that we hope to save time over our initial design by retracting the
clamps enough to allow two flippers to lift the block from below, rolling it ninety
degrees. With the block now rolled the clamps could quickly return and cutting
could continue.

Flipping System
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5. SUCTION SYSTEM and PIVOT GATE
With cutting finished, the block is ready to be returned to the belt. This is done
using another new idea we incorporated in our machine. The same clamp that
moved the block from the belt to the router was used to return the block to the
belt. By adding two suction devices to the front of the clamp, the block could
now be pulled back to the belt for its exit. With it back on the belt the pivot gate
can be lifted to allow the block further down the conveyor.

Suction System

6. BEHIND THE SCENES
a. WIRING
The actuators were wired so that an E-Stop switch could cut off power to
most of the actuators without disturbing the PLC. The only exception to
this is the router motor itself. In order to protect the PLC from carrying
accidental high currents, all positive {"hot") wires were fused before
connecting to the PLC.

b. INPUTS
Our project used ten inputs on the PLC. These inputs were used for four
optical sensors, two induction sensors, and three Hall effect sensors on the
cylinders, The last PL.C input was a "Position Done" signal from the
intelligent slider's controller. Even though only some of the sensors were
sinking type, we wired the PLC so that it sources to all sensors.

c. OUTPUTS
We used all sixteen outputs on the PLC. These outputs controlled nine
cylinders, two blower/sucker devices, and four intelligent slider
commands. One of the cylinders used two air valves (and therefore two
PLC outputs) in order to "float". Of the four wires controlling the
intelligent slider, three were used for communicating desired position
(three bits = eight positions), and one used for activating the slider. All the
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relays and intelligent slider inputs were sourcing current, because the PL.C
required that it sink all of the outputs.

d. CUTTING PLATE AND BASE PLATE
An early element of our strategic design dealt with how we would
assembly and fabricate things accurately. Knowing we had the Haas mill
at our disposal we set to learning feature cam to create accurately
dimensioned base plates and cutting plates. In doing so we created a more
rigid framework for better tolerancing. Diagrams of the base and cutting
plates can be found in the appendix.

Conclusions and Recommendations:

This project was useful for learning about manufacturing and automation strategy.
This project also gave us hands on fabrication, programming and cad experience.

We learned of possible ways of improving our project all the way along and
certainly at the end during demonstrations.

e Our clamping system could hold the block better as it was noticed that the
block moved a little on the first cut.

e It was attributed to both the clamping and a dull router bit that there were
chips still attached to the block after the cutting process. This was an
unexpected problem that caused trouble for our flippers and our suction
system. The chips would cause the block to roll 180 degrees instead of 90.
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Appendix:

o State Diagram
* Ladder Logic
o Extra Diagrams
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