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Problem 1: (15 points)

a) What are the advantages and disadvantages of open-loop and closed-loop control
systems? [5 points]

b) Determine the transfer function C/R for the block diagram shown in Fig. 1 by signal
flow graph (SFG) techniques. [10 points]
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Fig. 1

The signal flow graph, Fig 8-46, is drawn directly from Fig. 7-44. There are two forward paths. The
path gains are P, = G,G,G, and P, = G,. The three feedback loop gains are Py, = — G, H,, Py, = GG, H,,
and P,, = - G,G,H,. No loops are nontouching Hence A=1— (P, + P, + P,,). Also, A, = 1; and since
no loops touch the nodes of P,, A, =A. Thus

T P, +PA; GGG, + G, + GG H, — G,G,G, H, + G,G\G, H,
A l + G: Hl — GlG:”l + G:G)”:
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Problem 2: (30 points)

a) Obtain the transfer functions X1(s) / U (s) and X2(s)/U(s) of the mechanical system
shown in Fig. 2. [10 points]
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Rewriting, we have '
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Assulning the zero initial condition and taking the Laplace transforms of these
two equations, we obtsin
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- By eliminating Xz(s) from Equations (1) and (2), we get
ks
mLS +b,s+ ko t+hs

b) Find the steady-state error for the system given below for (a) a unit-step input, (b) a unit-
ramp input, and (c) a unit-parabolic input.. (10 points)
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c) You are given the block diagram of a control system shown below. Find the unit-impulse
response of this system. In other words, find y(t) when r(t) = §(t). (10 points)
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Problem 3: (20 points)
a) What is PID control? Explain the control effects by P, I, and D, respectively. [5

points]
b) Determine the range of values of K such that the following closed-loop system is

stable. [ 15 points]

y(t)
= Y (s)

R(s) K

Figure 3
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Problem 4: (20 points)

a) What is root locus? Why it is used? And summarize the steps for constructing the root

loci? (5 points)
b) A feedback control system is proposed. The corresponding block diagram is: (15

points)
RGs) + X Us) | s'+2s+101 [ 169
_, > K (s +2)(s* +25+26) ]
Controller Plant G(s)

Sketch the root locus of the closed-loop poles as the controller gain K varies from 0 to oo,



Step 1: Formulate the (closed-loop) characteristic equation into the
standard form for sketching root locus:

s> +2s+101
Nis)
K o,
TR G2 5% £ 25+ 26)

bis)
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Step 2: Find the open-loop zeros, z; , and the open-loop poles, p; :

£

lopen-loop zeros| s*+25+101= (s +1)° +100=0,z, = —-1+10,

lopen-loop poles| (s+2)0(s+1°+25)=0.p, = —2,p,, =125,
Step 3: Determine the real axis segments that are to be included in the
root locus by applying Rule 4.

A\

Step 4: Determine the number of asymptotes and the corresponding intersection o, and angles
6, by applying Rules 2 and 5.

N,-N, =1 One asymptote 0, = (2k+1)x180° =180°

Step 5: (If necessary) Determine the break-away and break-in points using Rule 6.
Step 6: (If necessary) Determine the departure and arrival angles using Rule 7.

p =2 0, =180°
z,=—1+10; 6, +90° —tan"'(10)-90° —~90° =180°

7 :3540:—60 p2:_1+5.] gp} :].]_O
5=-1-10j 4 _go ps=—1-5; 6, =-11"

Step 7: (If necessary) Determine the imaginary axis crossings using Rule 8.
(s+2)s> + 25+ 26)+ K(s* + 25+101)=0
<5 +(4+K)s> +(30+ 2K )s +(52+101K)=0
Z52+101K) - (4+ K)o |+ [30+2K)- 0 | = 0

{(52+10LK)(4+K).:02—0 =0 {@:9.5 {a%zs.?

[(30+2K) - |0=0 - Klz—ﬂ’ K,=304"|K, =11

101
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Fig. 3
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Step 8: Use the information from Steps 1-7 and Rules 1-3 to sketch the
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