Problem 1: Bode

diagram 1

siven the transfer function

L (1-9)(01s+1)

96) =4 s+ s+ 12"

(1)

Find the poles and zeros and draw the asymptotes into the Bode diagram in Figure 1.
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Rule for asymptotic Bode-plot, L = k(Ts+1)/(ts+1)..... :

1. Start with low-frequency asymptote (s—=>0)
(a) If constant (L(0)=k):
Gain=k (slope=0)
Phase=0°
(b) If integrator (L=k’/s):
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Gain slope= -1 (on log-log plot). Need one fixed point, for example, gain=1 at w=k’

Phase: -90°.
2. Break frequencies (order from large T to small T):

w=1/T (zero) +1

w=1/t (pole) -1

3. Time delay, e®. Gain: no effect, Phase contribution: -w8 [rad] (-1 rad = -57° at w=1/6)

+90°(-90° if T negative)
-90° (+90° if T negative)
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Problem 2: Bode diagram 2

Identify the break frequencies in Figure 2 and whether they are related to a pole or to

a zero. What transfer function is shown in Figure 27
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Problem 3

ys(8) e(s) u(s) y

Figure 3: Closed loop control system

Given the system in from Exercise 9, Problem 1.2 ¢.), see Figure 3. The plant transfer
function is:

g(s) = GrY (2)
and the PI controller with SIMC rules is
1+ 1.58
c(s) = OAS( 15 ). (3)

1. Draw the bode plot of the open loop (L = gc) for w = 1072 to w = 10? rad/s. Use
Figure 4.

2. Fill in the following table.

w=0.1 rad/s We = Wiso = w=10rad/s I
|L 1
ZL —180°
3. How much dead time must we add to L to have ZL = —180° at the frequency w,

where |L| = 1?7

Comment: In Exercise 11, we will use the results from 2 and 3 to compute gain margin,
phase margin and delay margin.
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For W *
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