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Project Description:


Definition and Requirements:

The description of this project was to construct a driver that controls movement of a laser light beam, and develop application for it.  It required that hardware and software be designed and built.


Solution:

The solution that I came up with was to have the laser be in a fixed position while the beam would be moved by changing the angle of two mirrors that it would bounce off of.  I choose this method as opposed to actually moving the laser for two reasons.  First if I am only turning two small mirrors I am moving a lot less weight and so should get faster response times.  The second is I wanted to make the mirror assembly independent of what laser was being used.  The software does not care what laser is being used, or if there is even a laser there at all, it just moves the mirrors.  To move the mirrors I decided to use stepping motors.  These are dc motors that are able to be moved in small increments or steps.  I thought that this would give me the percision that I would want when moving the mirrors.  For the application I used Visual Basic because I could quickly implement profesional looking applications.


Exceptions:
When I was first given this project it was suggested that I could make the laser move to music.  I was not able to accomplish this.  While it was not something that was a requirement of the project, I was hoping that I would be able to create an application that would interface with an audio program such as Winamp and control the laser based on the music being played.


Methodology:
I designed the project using my previous knoledge of stepping motors.  I had a problem using them though.  Each motor needed four inputs, but the board that I was using would only give me eight total.  This was not enough to drive the two motors that would move the mirrors, as well as the other motor needed to drive a shutter for turning the beam on and off.  I started designing some circuts that would allow me to drive each motor with only two inputs instead of four.  While designing the circuts I ran into some obsticles where things did not work as I thought that they should.  I set up several experiments using transistors to reduce the number of inputs that each motor needed.  In the end I used a portion of the pc board that I had previously overlooked.  While developing new parts of my project I would test the induvidual component before adding it to what I already had.  Using this method I was able to isolate problems quickly and efficiently.

Demonstration:
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My solution relies heavly on the use of stepping motors.  The stepping motors that I am using have four input leads.  The leads are connected to coils inside the motor in such a way as to turn the shaft to some point when a particular combination of coils are energised.  The motors I am using are called four phased because each one has four combinations of energised coils that are useful.  This may sound like I am limited to only four position of the shaft, but this is not true.   In this picutre there is an example of a four phase stepping motor that has eight positions the shaft can be in.  If the motor is in its current position and the coils are energesed in such a way to make it go to the second phase it will rotate fourty-five degrese clockwise.  It does this becase the only other option is to rotate one hundred and thirty-five degrese counter-lockwise.  The pull to move clockwise is much stronger than the one to turn counter-clockwise.  In the motors that I am using it is further broken down so that each step is only 3.6 degrese.  As mentioned earlier there are four input leads for each motor, they are split in to two pairs of inputs.  If we were to lable them A, A’, B and B’, then one of the A’s would be energised as well as one of the B’s.  The patterns of which leads being energised  results in what phase the motor being in would look like this.

	
	Phase 1
	Phase 2
	Phase 3
	Phase 4

	A
	1
	0
	0
	1

	A’
	0
	1
	1
	0

	B
	1
	1
	0
	0

	B’
	0
	0
	1
	1


I used the pairing of the inputs to may advantage.  I wired the board to the motors in such a way that each output on the board was connected to both leads in a pair on the motor.  If I energised the output on the board, then one of the pair on the motor would be energised, and if I did not energise the output on the board then the other of the pair on the motor would be energised.  This cut down my effective inputs needed by each motor in half making it posible to control all three motors with only six inputs.

The mirror assembly consists of three main parts.  The simplest of these is a shutter for the laser beam.  There is a motor that can move a shutter in the path of the laser efectively turning it off.  The other two parts or the mirrors.  There is one small mirror that, when rotated, reflects the beam onto different parts of the second mirror.  This first mirror controls the horizantal angle of the beam.  The second mirror is much longer than the first, and mounted perpendicularly to the first.  This second mirror when rotated controls the vertical angle of the beam.  The construction was surprisingly simple, and accomplished with Legos, two small pieces of a plastic mirror, and some adheasive.

Learning and Development Process:


Strategies:

The best technique that I used in this project was the “Sit and Play” method.  I would get the materials that I had antisipated using, and then sit an play with them.  After playing with things for an hour or so I realize what other materials I might use to make things easier.  This play is where I came up with almost all of my ideas.  I got most of my knowledge of stepping motors from Robot Builders Bonansa a superb book that has lots of information on motors, controler, and many other things electro-machanical.

Knowledge:
The largest CS concept I used was the breaking up of large, complex problems, into many simple ones.  I also used my knowledge in programing langueges to implement the software.
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