SAM PLAYS T- BALL
Linear Functions


Overview:

Servo motors like the one pictured below are often used to position objects such as the rudder on a radio-controlled model airplane. They are also used in industrial applications and in robotics. In this activity you will calibrate a servo motor that SAM will use as an arm to play T-Ball! 
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The Servo Motor:
Servo motors have 3 wires, one connected to a positive voltage, one for ground, and the third to control the motion. The calculator sends pulses through this control wire to an electronic circuit inside the motor’s case. The electronic circuit measures the time duration of the pulses (called the pulse width) and moves the shaft of the motor to a corresponding angle position. The program SAMPUTR controls the servo motor by inputting a pulse width into the variable R. 

For example, if I would send a stream of .002 millisecond pulses to the motor, the shaft would turn to a certain position and stop. Try this and see what happens. 
Servo Motor vs. Stepper Motor
There is an important difference in how these two types of motors work. Recall that SAM’s drive motors are stepper motors. If you wanted to make SAM turn 
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 you would store 45 into A and run the program SAMPIV. If you input 45 again, SAMPIV would move SAM an additional 
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 making a total turn of 
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 from where the robot was originally pointer. A servo motor does not work that way. The same pulse width will always move the shaft of the motor to the same angle position regardless of where it originated. Try this! 

Servo Motor’s Range
The servo motor has a range of about
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. Try turning the shaft in both directions to see how far it goes. A plastic “stop” on one of the internal gears will not let the motor turn beyond a certain point. For our calibration, we will measure angle position by letting
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 mark the center point of this
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 range. Counterclockwise from 0 will be positive and clockwise will be negative. 
Calibrating the Servo
Operating the servo by inputting a pulse width is not very convenient. You’ll want to calibrate SAMPUTR to input the angle position you want it to turn to instead of the pulse width R. To do this, you’ll need to find the relationship between these two variables. (See Report Form)

Playing T-Ball
Write a simple program TBALL so that when the position of the ball is stored in X, the TBALL program will move SAM to the ball, knock it off the cup, and then return to the starting position.


SAM PLAYS T- BALL
REPORT FORM

NAME_________________________________________________GROUP # ____________

To operate the servo, store a pulse width in the variable R and then run SAMPUTR. To calibrate the robotic arm so that you can control it by inputting the angle position rather than a pulse width, you must find the relationship between the two. We will use variable A for the angle position. 
	Angle Position A
	Pulse Width R

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


1)
Use SAMPUTR to help you collect data so that you can find the relationship between A & R. 
2)
With A as the input variable and R as the output variable, what would you say is the domain and range? 

DOMAIN:  __________________

RANGE: ___________________

5)
Use Excel to graph your data and find an algebraic function that models the relationship between these two variables. 

NOTE: Excel defaults to a graph that will need “cleaned up” a little. Take some time to put the graph into good shape (see example of graph on the next page).
What is the function you will use with SAMPUTR?

________________________________________

4)
What did you discover about the relationship between the two variables A & R? 

5)
What is the slope of your function? What does it tell you? What the significance of the “R-intercept”?

6)
Use the function above to help you create a new program PUT. 
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Press the [PRGM] key on your calculator and arrow across to select NEW. Name your program by typing in FORWARD. Press [ENTER] and type in your function on the first line. The next line of the program should call SAMPUTR. To do this, hit [PRGM] and select [EXEC]. Use the arrow keys to locate SAMGOST and then hit [ENTER]. Your program PUT is now complete! 

On the home screen of your calculator, enter a value into the variable A and then run your new program PUT. Try turning SAM’s arm for both positive and negative angles.
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7)
In this activity you calibrated a Futaba® S3003 servo motor. The graph below has been generated from calibrating a HiTec© 422 servo motor. The equation given by Excel for the HiTec® is:  R = (-.000009)A+.0017
a) What are some differences you see between with the two motors?
b) In a certain application where both motors need to respond to the same signal it is desirable to know the pulse width where the servos have the same angle position. What is the pulse width that will make your servo and the Hitec® servo move to the same angle position? Use mathematics to help you find this value.  Show your work!
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SAM’s robotic arm is a Servo Motor
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