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FIGURE 8-2
Block diagram of a simple control system.
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FIGURE 9-1
Pneumatic control valves. (a) Air to close; (b) air to open.
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FIGURE 9-3
Piping and instrumentation diagram for control system of Fig. 9-2.
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Equivalent block for transducer, controller, and converter.
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Proportional controller—Ideal behavior

pA
slope =K,

p, = bias value
/ 0 EV

(a)

FIGURE 9-6

Proportional controller output as a function of error input to the controller. (@) Ideal behavior;

(b) actual behavior.

Proportional controller—actual behavior
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Example 9.1. A pneumatic proportional controller is used in the process shown
in Fig. 9-2 to control the cold stream outlet temperature within the range of 60 to
120°F. The controller gain is adjusted so that the output pressure goes from 3 psig
(valve fully closed) to 15 psig (valve fully open) as the measured temperature goes
from 71 to 75°F with the set point held constant. Find the controller gain K.
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On/off controller with dead band

Ideal on/off controller
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Output from on/off controller as a function of error input to the controller. (a) Ideal on/off

controller; (b) on/off controller with dead band.
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Control action
1 None ! L oyIN 60{' “ﬁc{ %f ‘%{%‘ﬂb
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FIGURE 9-10

Response of a typical control system showing the effects of various modes of control.
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Controller type Time domain model Transfer function

. _ P(s) _

Proportional (P) p =K. e+ pg £(5) = K

K. ¢t
Proportional-integral (PI) p = Kee + —CIOE dt + ps P(s) = K. (1 + L)

24 £(s) TS

de P(s

Proportional-derivative (PD) p = Kc€ + Ke7Tp m + ps e‘Es; = K¢ (1 + 7ps)
Proportional-integral- » = Kee + Ko7p de Ko Itg it + p, P(s) _ K. (1 o 4 L)
derivative (PID) dt 7170 £(s) TIS
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FIGURE 8-2
Block diagram of a simple control system. FIGURE 11-1
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FIGURE 8-16
Block diagram of control system.

R = set point or desired value

C = controlled variable

£ = error

B = variable produced by measuring element
M = manipulated variable

U = load variable or disturbance

G, = transfer function of controller

G, = transfer function of final control element
G, = transfer function of process

H = transfer function of measuring element
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FIGURE 11-1
Standard control system nomenclature.
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FIGURE 11-2

Block diagram for a multiloop, multiload system.
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U = load variable or disturbance

G, = transfer function of controller

G, = transfer function of final control element
G, = transfer function of process

H = transfer function of measuring element
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Example 11.1. Determine the transfer functions C/R, C/U,, and B/U, for the sys-
tem shown in Fig. 11-7. Also determine an expression for C in terms of R and U; for
the situation when both set point change and load change occur simultaneously.

U U,

A
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Example 11.2. Determine the transfer function C/R for the system shown in
Fig. 11-8. This block diagram represents a cascade control system, which will be

discussed later. C,
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Block diagram reduction. (a) Original diagram; (b) first reduction; (c) final block diagram.
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