Mechanical Design II HW # 6

Working with your group members, you need to create a MATLAB program that will allow you to input the following variables: 
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The plant transfer function is:
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You are given a second order system having a damping ratio equal to 1.51 and a natural frequency equal to 106.8 r/s (C2 = 1). Unfortunately the response of this system does not currently meet the necessary government requirements.  We’d like to improve its performance by using a compensator and applying unity feedback.  I’d like for you to try several different controllers to see if you can reduce the settling time by at least half of its current value.  The overshoot of the response can not exceed 5 % of its steady state value.  For each controller below, plot the open and closed loop step response (on the same graph) of the system using a separate figure for each controller.  
A. First, I’d like you to implement a proportional controller. Make sure that Kp is less than 150.

B. Then try a PD controller.  Make sure that KP is less than 150 and 0< Kd <0.25 

C. Finally try implementing a PID controller.  I recommend that you start with Kp=1, Ki=10, and Kd=0.01

______________________________________________________________________________
Determine the following for the unity feedback system.  The forward path transfer function is given by:
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D. Plot the Root Locus

E. Determine the gain that causes instability.

The following commands will be helpful!

SYS = TF(NUM,DEN) creates a continuous-time transfer function SYS with 

     numerator(s) NUM and denominator(s) DEN.  The output SYS is a TF object.

    RLOCUS(SYS) computes and plots the root locus of the single-input, single-output LTI model SYS.  The root locus plot is used to  analyze the negative feedback loop and shows the trajectories of the closed-loop poles when the feedback  gain K varies from 0 to Inf.  RLOCUS automatically generates a set of  positive gain values that produce a smooth plot.  

    RLOCUS(SYS,K) uses a user-specified vector K of gains.

    [R,K] = RLOCUS(SYS) or R = RLOCUS(SYS,K) returns the matrix R

    of complex root locations for the gains K.  R has LENGTH(K) columns

    and its j-th column lists the closed-loop roots for the gain K(j).

RLOCFIND  Find root locus gains for a given set of roots.

    [K,POLES] = RLOCFIND(SYS)  is used for interactive gain selection from the root locus plot of the SISO system SYS generated by RLOCUS.  RLOCFIND puts up a crosshair cursor in the graphics window which is used to select a pole location on an existing root locus.  The root locus gain associated with this point is returned in K and all the system poles for this gain are returned in POLES. 
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