EE 475 Midterm Exam 2, Fall 2009

Name:





1. Answer the following multiple choice questions. (5 pts)
i. Which one of the following is used to eliminate nonzero steady-state error?

a.  P,

b. PI, 

c. PD,

d. lead,

e. lag
ii. Which one has the most similar use to a PD?

a.  P,

b. PI, 

c. lead,

d. lag,

e. lead-lag
iii. Which two are known to typically cause sluggish settling?

a.  P,

b. PI, 

c. PD,

d. lead,

e. lag
iv. If the root locus does not pass through the region for the desired closed-loop poles, which two could be useful?

a.  P,

b. PI, 

c. PD,

d. lead,

e. lag
v. If the signal to the controller is noisy, which one should not be used?

a.  P,

b. PI, 

c. PD,

d. lead,

e. lag

2. For a unity negative feedback system with forward transfer function given by
[image: image1.png]K

()=
O = Grar 139




For the value of K will the root locus pass through a pole pd with damping ratio = 0.707? What’s the value of this pole? (10 pts)
3. The root locus of the system in the previous problem passes through ±j Find K and . (5 pts)
4. Consider an open loop transfer function [image: image2.png]



Verify that the gain cross-over is  [image: image3.png]i+
1520




 (5pts)
5. For the following pole/zero maps for G(s), roughly hand sketch the root locus 1 + KG(s) = 0 as K = 0 to (. The qualitative shape and key angles need to be correct. Clearly mark the direction on each branch. (10 pts)





6. Hand sketch the complete Nyquist plot of 
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. Make sure to indicate j0+, j0-, j+∞,  j-∞, and any axis crossing point. (10 pts)
7. Consider the step response of a prototype second order system.  Draw the desired region of closed-loop pole location in the complex plane corresponding to tr < 2/3 second and ts < 2 for 2% tolerance, and overshoot < 25%. (10 pts)
8. A system has unit step response given by
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Find the rise time, delay time, peak time, settling time for 2% tolerance, percentage overshoot, and ess. Mark them on the graph. (7 pts)
9. If the system in the previous problem is a second order zero-less system, find its transfer function. (8 pts)
10. In a unity feedback set-up, the open-loop transfer function G(s) is stable and minimum phase with all real coefficients. The Bode plot of G(s) is given below. (10 pts)
a) Find the gain and phase crossover frequencies, gain margin, and phase margin. (4)
b) Determine the closed loop stability.

c) Determine system type, error constants, and ess to unit ramp. (4)
d) If the system gain is increase by 10 times, what happens to the closed- loop stability?
[image: image6.wmf]Frequency (rad/sec)

Phase (deg); Magnitude (dB)

Bode Diagrams

-150

-100

-50

0

50

From: U(1)

10

-2

10

-1

10

0

10

1

10

2

-300

-250

-200

-150

-100

-50

To: Y(1)


11. Sketch the root locus 1 + K/{(s+4)((s+1)2+9)} = 0 as K = 0 to (. Specify departure angles, asymptotes, and jw-axis crossing. (10 pts)
12. A unity feedback control system has a strictly proper stable open loop transfer function whose Nyquist plot is given below together with the unit circle. (10 pts)

[image: image7]
a. Draw the Nyquist plot for negative frequency.

b. Complete the Nyquist plot into a closed curve.

c. Mark directions on the Nyquist plot for increasing frequency.

d. Count the number of encirclement.



e. Determine the closed-loop stability. 



f. Determine the phase margin.




g. Determine the ranges over which the system gain can be changed without losing stability.



h. What is the system type? 


i. In the bode phase plot, what is the value at very low frequency?



j. In the bode phase plot, what is the value at very high frequency?



-3.5





w=0+





Re





-0.3





-1.75





Im








_1320211538.unknown

