        July 13, 2010.

 

        I hooked up the rapid prototyper to the computer to test repeatability in terms of its precision, to see if it would be suitable for pipetting.  When nothing went wrong, the precision of the xyz cartesian control system was to within a millimeter, which seems to be enough for most of our purposes.

 

        However, the following issues were encountered:

1.  While for rapid prototyping, the start point does not matter for the x and y coordinates, we do not have that luxury with the pipette system.

        As a result, we need to develop a mechanism whereby the pipette system will automatically return to a certain starting point, or otherwise know where it is.

2.  There are issues with slippage on the motors, especially when the system reaches the end of its movement.  Once an objective reference frame is implemented, this can be avoided trivilaly with software.

3.  The wires often get caught on stuff and pull on the servo system.  This is a problem that is difficult to predict.  The usb wires for the two servos on the actual printer head are the main causes of this.  This problem may not exist, depending on whether or not our implementation will use those servos in that kind of configuration, which is not likely to be the case.

 

Anyway - the snagging wires issue doesn’t seem all that bad - can’t they be tucked away better, or did you mean something else?

 

Anything is possible - but let’s define the problem a bit better

 

that sounds about right...

 

It seems to me that we should tackle the big fish first...

 

Prioritize your time to get something operational, and then address the individual problems...

 

 

 

Acknowledged

I think the first step would be designing a system for knowing where it is objectively.  One thing that makes that tricky is the way the computer actually communicates with the motors, in that we have a limited number of inputs.  A crude (terrible) way of doing it would be to move all the way in one direction until you know for a fact it will have reached the end, but I’m not a fan.

        A slightly better way might invovle contact sensors on one end of each motor’s movement space.  Or perhaps one of those IR sensors for uber close range would be more reliable.  I’m pretty sure cd’s use servos.  How much range do most servos give though, and how much precision within that range?  Servos get significantly more expensive as you increase their size.

 

        I’m largely unfamiliar w/ lvdt and quadrators.  

 

Right... This sounds like the right kind of thinking... once you identify your goals, and potential problems we can think up solutions... I think xyz positioning is a typical problem, no? Something that has been solved several different ways... I am pretty sure we can reverse engineer a cheap and effective method... Like you said - IR sensors, LVDT, quadrator sensors, etc... how do cd or dvd readers do it? just a basic servo feedback, no?

 

 

 

But basically, it works more than well enough for all basic movements to within the precision we expect to need, assuming the motors do not slip at all.

 

Possible solutions for positioning

1. Contact sensor
1. Pros - Dirt cheap, easy to implement
2. Cons - I’d question the reliability and the precision
3. Something as as simple as having a metal piece on the moving part come into physical contact with a metal piece on a stationary part, completing a circuit, could probably be perfectly reliable.
1. IR sensor
1. Still pretty cheap, more reliable
2. Unsure about precision.  May involve requiring new hardware because more feedback goes back to the computer (although, come to think of it, this would be true about any of the sensors here.
3. I’m leaning towards this option, although I will need to check what exists, b/c I don’t know how much is available that will give precision of “it is less than 1mm away”
1. Use servo w/ feedback
1. Pros - Simpler mechanism, as the movement and the positioning are done by the same hardware
2. Cons - More expensive, we’ll be able to inherit less useful hardware from the current prototyper
1. LVDT
1. Can likely be consistent, reliable, and precise
2. Expensiveish, but still reasonably affordable.
1. Linear potentiometer
1. Cheap, simple
2. Can’t really count on the precision
 

I’m going to be looking up the motors and how they’re controlled, b/c this is going to entail its own software being written.

 

Concerning motor control

The snaphub is a good controller for the motors, but it takes up a whole USB port and doesn’t leave much room for expansion.  It would probably be possible to figure out a way for any contact sensors, etc to communicate through the 6th port of the snaphub, but I feel it would take more time than that task should be allotted.

 

An arduino might be a better idea for an interface in between the pipette and the computer.  This might necessitate getting new motors.  It would still be possible to keep the motors, in which case the device might have to take up two usb ports. Unless the arduino can be connected to the 6th port.  I’m also right now unfamiliar with how encoded dc motors communicate with their controllers, but that shouln’t be too hard to figure out a way.  I’m leaning towards a computer program that will simply tell the arduino a list of points/actions, which the arduino can execute.  I’m working on a different project now which I’m soon going to begin dealing w/ a computer-arduino interface, so hopefully that should be tranferrable.

 

In terms of motor and motor control, I looked into the model that we have, and I’m not sure how easy it would be to operate without the snaphub.  As a result, new motors will likely be needed.

        The motors need to be set up in such a system that we have precise control over its movements, and whose position at any given moment is readily determineable.

Motor Type

1. DC
1. Cheap, Fast
2. Encoders will be needed
1. Servo Motors
1. Fast, more precise
2. Expensive, limited/questionable range
1. Stepper Motors
1. Easy to control, easy to determine position, powerful (a small one should suffice)
2. Slow, expensive
 

I’m leaning strongly towards a stepper. A horribly pessimistic stepper with 60 steps per revolution (six degrees per step) would introduce error well under half a millimeter (using a shaft radius of 7.5mm, around what i got when I attempted to measure the pieces, although I couldn’t get in there well).  With a 1.8 degree step size, there are 200 steps, and the extra error being intruduced drops to around 0.1 mm.  The steppers cost $60 each at the first website I looked at.  They can also be hijacked from printers and whatnot, although that wouldn’t be very open-source.

That discussion should cover the basics in terms of motors and control.  The next step would be the actual pipetting itself.

 

Necessary features:

1. Drawing arbitrary specified volume of liquid, or a large amount to be dispensed in increments
2. Expelling arbitrary specified volume of liquid, or all the liquid
3. Bubble detection for faulty draws
 

For drawing, I’m leaning towards a normal syringe, that can be moved up and down with a similar mechanism to what we currently have for the printer.  All that needs to be done is replacement of the attachment piece with an appropriate syringe for the job.  A good method of having the computer know the liquid level is still needed.

 

