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Step 1: Modeling
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EXAMPLE11 Different open-loop responses

Consider systems with the open-loop transfer functions

1
(s+ 1)(s +a)

Go (S) =

where ¢ = —0.01, 0, and 0.01. The dynamics of these processes are quite differ-
ent, as is illustrated in Fig. 1.4(a). Notice that the responses are significantly
different. The system with ¢ = 0.01 is stable; the others are unstable. The
initial parts of the step responses, however, are very similar for all systems.
The closed-loop systems obtained by introducing the proportional feedback with
unit gain, that is, v = u. — y, give the step responses shown in Fig. 1.4(b). No-
tice that the responses of the closed-loop systems are virtually identical.
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Figure 1.4 (a) Open-loop unit step responses for the process in Example 1.1
with ¢ = —0.01, 0, and 0.01. (b) Closed-loop step responses for the same
system, with the feedback u = u, — y. Notice the difference in time scales.
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_EXAMPLE1.2  Similar open-loop responses
Consider systems with the open-loop transfer functions

o

400(1 — sT)
(s + 1)(s + 20)(1 + Ts)

Go(S) =

with 77 = 0, 0.015, and 0.03. The open-loop step responses are shown in
Fig. 1.6(a). Figure 1.6(b) shows the step responses for the closed-loop systems
obtained with the feedback © = u. — y. Notice that the open-loop responses
are very similar but that the closed-loop responses differ considerably. The
frequency responses give some insight.
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Figure 1.6 (a) Open-loop unit step responses for the process in Example 1.2
with 7' = 0, 0.015, and 0.03. {b) Closed-loop step responses for the same
system, with the feedback u = u, — y. Notice the difference in time scales.

6L ol OF Y olo fyoge) giandas S S5 oSS aalS g 3y esiiige oaSElS 1S 09,5




2/10/2025

2 s J 755 s b IS LT :

SWENT
g 5182013t

EXAMPLE 1.3  Integrator with unknown sign
Consider a process whose dynamics is described by

k
Go(s) = = (1.2)
)
where the gain %, can assume both positive and negative values. This is a very
severe variation because the phase of the system can change by 180°. This
process cannot be controlled by a linear controller with a rational transfer
function.
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EXAMPLE 1.4 Nonlinear valve ’ ot

A simple feedback loop with a Proportional and Integrating (PI) controller,
a nonlinear valve, and a process is shown in Fig. 1.8. Let the static valve
characteristic be

v=flu)=u* u>0

Linearizing the system around a steady-state operating point shows that the
incremental gain of the valve is f’(u), and hence the loop gain is proportional
to f'(u). The system can perform well at one operating level and poorly at
another. This is illustrated by the step responses in Fig. 1.9. The controller is
tuned to give a good response at low values of the operating level. For higer
values of the operating level the closed-loop system even becomes unstable.

6L ol OF Y olo fyoge) giandas S S5 oSS aalS g 3y esiiige oaSElS 1S 09,5




2/10/2025

(e i J 7S gt b (S o LT 1
sl yolyly Sl
oo 3 s jul
PI controller Valve Process
U, 1 u v y
K 1+T— — () " G,(s)
l-S
-1 |-
Figure 1.8 Block diagram of a flow control loop with a PI controller and a
nonlinear valve.
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Figure 1.9 Step responses for PI control of the simple flow loop in Ex-
ample 1.4 at different operating levels. The parameters of the PI controller
are K = 0.15, T, = 1. The process characteristics are f(u) = u' and
Go(s) = 1/(s + 1)%.
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