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INSTRUCTIONS:
e Closed Book
e There are 4 problems worth a total of 100 points
e 2 Hours
e Calculator allowed
e You MUST show work to get credit.



Problem 1. (25 points)

Determine the values of K and k for the closed loop system shown in the figure so that when the
input is the unit step function, the maximum overshoot is 25% and the peak time is 2 sec.

Assume that J=1 kg m?.,
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Problem 2. (25 points)

Sketch the root locus for the system with transfer function:

G(s) = 6(s+1)
s?(s+2)(s+3)

Explain which rules you applied.






Problem 3 (25 points)

For the given unity feedback system find the range of K that keeps the system stable.

R(s) + E(s) C(s)
4(%)— G(s) >

G(s) = K(s+4)
s(s+1.2)(s+2)




Problem 4 (25 points)

The following unity feedback system is to follow a ramp input, r(t) = tu(t), so that the steady-
state error is 0.01. The natural frequency of the closed-loop system will be wn = 5 rad/s. What is
the system type? Determine the values of K and a.

R(s) + E(s) C(s)

K
Gs)= s(s+a)
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TABLE 2.2 Laplace transform theorems
Item no. Theorem Name
L. LIf()] = F(s) =[5 f()e'dr Definition
2; Lkf(t)] = kF(s) Linearity theorem
g Lf1(t) + f5(1)] = Fi(s) + Fa(s) Linearity theorem
4. Llef(1)] =F(s+a) Frequency shift theorem
5. Lft-T) =e>TF(s) Time shift theorem
6. 2L f(ar)] = iFG) Scaling theorem
a
7. y)[ﬂ] =sF(s)— f(0-) Differentiation theorem
3 @ dzf $2F(s) — sf(0—) — f'(0-) Differentiation theorem
: aiz
9 K% L = s"F zsn e (108 Differentiation theorem
N d[n
10 ([ E(s) Integration theorem
. Z[[y. floydr] =—= e
11. (<) = lm[; sF(s) Final value theorem'
s
12. f(0+) = lim sF(s) Initial value theorem?
§—00
'For this theorem to yield correct finite results, all roots of the denominator of F(s) must have negative real
parts, and no more than one can be at the origin.
?For this theorem to be valid, J(r) must be continuous or have a step discontinuity at r = ( (that is, no
impulses or their derivatives at r = ().
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