
5 .  (15%) A control system in the laboratory has a PI control law as sbow~l in the following block diagram. A 

technician is asked to ~ I I I I ~  the controller such that the system's step response is as fast as possible and with 

approximately 10% overshoot. The tecllnician has a fuuctio~i geaeratol. which can be used to produce step 

comniand to the input I. and an oscilloscope (>%$$#a) which can be used to observe r and y. Without 

knowing tlie plant's 11.arlsfer function, how tlie controller can be tuned to achieve the desired response? 

6 (20%) The following figures show two different irnplenientations of PI> (proportional plus detivative) 

controlled closed-loop systems. K,, and K,, are the propo~tional and derivative gain, respectively, Q* and TI* 

nie tlie coninland ant1 the disturbance input, ~espectively, and O is the output, Answer the following 

questions 

(a) Comp:i~e the traclri~ig pelfonnance of these two cont~ollers? 

(1)) Conipa~e the c l i s f ~ ~ r b a ~ ~ c e  rejection perfonr~ance of these two con troll el.^? 
(r) In what applications the controller shown in Figwe 6b) is Inole srritable than the co~ltroller show11 in 

Figtire 6a)7 

Figure G a) Figure 6 I)) 

7 (20%) Tile table shown in Figure 7a) is driven 11y a dc n~otor horizontally. A tool is fastened to (be table and 

con(rol1etl by a position feedback controller. The transfer fiuiction of the closed-loop system is 

S ( S )  - 123-1-36 
- 2 

- , where x is the posiliori of the tool, and x *  is the position cotnmand. If tlie tool is at 
x*(s) (7 -1. 12s 4.. 36) 

x = 0 initially, as shown in I?gure 7a). Then a sil~usoidal cornmand between 0 to 1 meter is given to x*, as 

tlie waveforni shown in Figure 7b). Find the steady state position trajec(ory orthe tool ? 
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Y (s) 1 (10%) The transfer function a system i s  -=- l o  . Its unit step response is shown in the 
)  ( s 2 + 3 s + 1 2 )  

following figure. What is tlie resonance period I; = ? 

- 
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2. (10%) Tlie rnornetrt of inertia, viscorls damping coefficient, and rotating speed of the following table is .J, b, 

a n d  a], respet:tively. If the table is at standstill when a constant torque T is applied, let this instance be f = 0, 

find ~ ( f )  for f >= 0 ? 
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M l )  3 .  (10%) A nonli~inear system has the following lriathernaticill model: -- = x2(f ) ,v( f )+2,  where up) is the 
dl 

illput and x(f) is the o~rtput. If tlie system is to operate near x - 1,  find the liliearizcd systenr equation at this 

point? 

4 (150/;;) A tlc motor has a closed-loop eurreilt control is shown in the following figure. I(, and Ki are the 

proportional and integral gain, respectively, i and i* are the feedback and the commalid current, respectively, 

ant1 T,> is tlie external load torque. Firid the steady state current e17-or for i* = 0 and = I.ONm. 
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