To Work the Model


The model comes up in a feedback controlled mode with some proportional feedback.  Move the setpoint and watch the motor respond.  If the model is too fast on your system or too slow, go to the modify motor box and change the integration interval (smaller=slower).  Adding derivative control will prevent overshoot.  Adding integral control will allow correction for errors due to loading conditions.  With the feedback control disengaged, the student can modify the various motor properties to see how they affect overall behaviour of the motor. For example, if the voltage to the motor is adjusted too low, the motor will not be able to overcome the gravity load.  Increasing the motor voltage allows the spring load to stretch further, etc.  Example, set the motor friction very small, engage the gravity load and watch what happens if you engage the power supply very briefly.  


===============================================================


How the model works:


Every 40 milliseconds (whatever the timer interval is set for in Visual Basic) the computer calculates the acceleration of the motor under current conditions using the differential equation for acceleration.  


V*K=I*t2 + b*t1 +ks*t0 +load  


More simply, the torque generated by the motor is divided into 4 parts:


#1 The torque needed to accelerate the motor from Newton’s Second Law F=ma


	I*t2, in this case the inertial moment of the motor times the angular acceleration


#2 The torque to overcome friction, only coulombic friction is considered here friction 


	due to movement: b*t1    friction constant times angular velocity


#3 The torque needed to overcome spring force if present


	t0*ks, angular position in radians times a spring constant


#4 Load torque, usually some complex value based on speed, position, and external 		conditions


Note that the total torque available in this model is assumed to be given by the motor constant times the applied voltage.  


	Once the acceleration is known, the velocity and position are then updated or calculated by adding up the area of the timed rectangles under the acceleration and velocity curves to accomplish simple integration.   At the same time the error signal is calculated based on the position of scrollbar 4.  The error, its integral and its derivative are then used to calculate the PID control and update the voltage that the controller would normally provide for the motor.  As the voltage is adjusted the model then responds appropriately.  On a fast computer the timer interval can be set to the same as DT, the time interval in the model.  Under these conditions the model can be synchronized to the real world!  Normally you would seek to adjust DT smaller until no further changes in the model were observed.  DT should be at least ten times shorter than the shortest anticipated time constant, and roughly 5 times shorter than the Nyquist criterion.  


==============================================================


Identity of the variables:


v=motor voltage if engaged, battery=retained value


k=motor constant


b=motor friction


i=inertial moment of the motor


ks=spring constant of the motor if engaged, springconst=retained value


t0=position of the motor


t1=velocity of the motor, first derivative


t2=acceleration of the motor, second derivative


e=error signal,  eo=error signal one cycle in past, voe=error signal 2 cycles in past


ki=integral controller gain


kd=derivative controller gain


kp=proportional controller gain


sp=setpoint when engaged , setpoint=retained value when not engaged


Visual Basic Properties that have been set:


‘set drawmode to 6


‘set timer interval to 40, shorten to speed up model


‘set max and min for all vertical scroll bars to 0 and 50 respectively, 


	‘hscroll1 max and min set to 10000 and 0 but scaled to give 0 to ten for setpoint


Questions:======================================================= 


      1.	What is the effect of increasing motor friction on system response?


2.	What is the effect of reducing power supply voltage when you turn on and turn off the motor (not under PID control).


3.	With no integral or derivative control, what is the proportional gain at which the system starts to overshoot badly?


4.	Referring to question 3, what happens if you then add derivative control, how much is good??   How much is too much??


5.	Pick a set of values that you think gives good control of the system.


6. At what voltage can the system not overcome the gravity load provided in the model,  at what shaft angles does that load seem to be greatest?


7. The spring force acts either side of what postion on the screen??


8. Can the PID control overcome these loads??


9. What is the effect of decreasing proportional error when you are far from the spring return center location?  Close to the spring return center?


10. Attempt to sync the model with reality. Find a formula for estimating resonance of a spring-mass-damper system or solve the differential equation with the values given when you open the motor properties panel,  does it agree with the timed screen response, measure the time for three cycles with a stop watch.


11. In exercise 10, what variables modify the frequency.  Try it. What did you find?


12. Arrange a ruler on a countertop with a mass at the end of the ruler. Similar? How?


	Can the motor model estimate the ruler oscillation?


      13. What is the function of proportional control in this model?


      14. What is the purpose of derivative control in this model?


      15. What is the result of integral control in this model?


      16. What would be the differential equation for the motor if attempting velocity control?


   	Why might it be different in a block diagram? 


      17. Modify the program to maintain constant velocity, not position. You may want to 			set up a picture box to plot velocity vs time:  Hint: T=T + DT


      18. In a velocity control model, what is the purpose of integral control?  Why is it important 		in overcoming friction  


      19. Why do velocity control?		


      20. Why do position control?
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