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Lecture#4-Process control and instrumentation

Controller

Controller: A device that outputs a signal to the process or final control element based on the magnitude of the
error signal.

The control hardware required to control the temperature of a stream leaving a heat exchanger is shown in Fig. 9-2.
This hardware consists of the following components listed here along with their respective conversions:

. T o
T mh =100 mA
1. Transducer (temperature-to-current) fimr— . BT
2. Computer/ Controller (current-to-current) . ="] & .
3. Converter (current-to-pressure) i S | Ry
4. Control valve (pressure-to-flow rate) = =
1

Figure 9.2: Schematic diagram of control system

¢ Figure 9-2 shows that a thermocouple is used to measure the temperature; the signal from the thermocouple is sent to a
transducer, which produces a current output in the range of 4 to 20 mA, which is a linear function of the input. The output of
the transducer enters the controller where it is compared to the set point to produce an error signal. The computer/controller
converts the error to an output signal in the range of 4 to 20 mA in accordance with the computer control algorithm. The
only control algorithm we have considered so far has been proportional. Later in this chapter, other control algorithms will
be described. The output of the computer/controller enters the converter, which produces an output in the range of 3 to 15
psig, as a linear function of the input. Finally, the air pressure output of the converter is sent to the top of the control valve,
which adjusts the flow of steam to the heat exchanger. We assume that the valve is linear and is the air-to-open type. The
external power (120 V) needed for each component is also shown in Fig. 9-2. Electricity is needed for the transducer,
computer/controller, and converter. A source of 20 psig air is also needed for the converter.

¢ To see how the components interact with one another, consider the process to be operating at steady state with the
outlet temperature equal to the set point. If the temperature of the cold process stream decreases, the following events
occur: After some delay the thermocouple detects a decrease in the outlet temperature and produces a proportional
change in the signal to the controller. As soon as the controller detects the drop in temperature, relative to the set point,
the controller output increases according to proportional action. The increase in signal to the converter causes the
output pressure from the converter to increase and to open the valve wider to admit a greater flow of the hot process
stream. The increased flow of hot stream will eventually increase the output temperature and move it toward the set
point. From this qualitative description, we see that the flow of signals from one component to the next is such that the
outlet temperature of the heat exchanger should return toward the set point.

An equivalent P&ID (piping and instrumentation diagram) for this control system is shown in Fig. 9-3



FIARE A=

Py ol anbiom il a:dagram ¥ ] il ol |- Y-

For convenience in describing various control laws (or algorithms) in the next part of this chapter, the transducer,
controller, and converter will be lumped into one block, as shown in Fig. 9-4.
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1. Proportional controller (P controller)

Proportional control. The simplest type of controller is the proportional controller. Our goal is to reduce the error
between the process output and the set point. The proportional controller, as we will see, can reduce the error, but
cannot eliminate it. If we can accept some residual error, proportional control may be the proper choice for the

situation.
The proportional controller has only one adjustable parameter, the controller gain. The proportional controller

produces an output signal (pressure in the case of a pneumatic controller, current, or voltage for an electronic
controller) that is proportional to the error €. This action may be expressed as

©

p=K.€e + ps

where

p = output signal from controller, psig or mA

Kc= proportional gain, or sensitivity

e=error= (set point)-(measured variable)

ps=a constant, the steady-state output from the controller

In a controller having adjustable gain, the value of the gain K. can be varied by entering it into the controller,

usually by means of a keypad (or a knob on older equipment).
The value of ps is the value of the output signal when ¢ is zero, and in most controllers ps can be adjusted to



obtain the required output signal when the control system is at steady-state and &€ = 0.
To obtain the transfer function of Eq. 1, we first introduce the deviation variable

P=p—ps

At time t = 0, we assume the error es to be zero. Then ¢ is already a deviation variable, E. Equation 1 becomes

p-ps=K E(t)

Ec¢s s
) P

Gs)

P=K_.E(t)

By taking the Laplace transform for the above equation, we obtain

P(s)=K E(s) ———(Z)

P(s
Proportional controller transfer function = G¢(s) = EES =K,

¢ The actual behavior of a proportional controller is depicted in Fig. 9—6. The controller output will saturate
(Ievel out) at pmax = 15 psig or 20 mA at the upper end and at pmin = 3 psig or 4 mA at the lower end of
the output. The ideal transfer function Eq. (2) does not predict this saturation phenomenon.
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Proportional band, P.B%, Band width

Proportional band is used in some controllers instead of gain. This tends to be somewhat confusing because gain-type
control is referred to as proportional control. Proportional band is the amount of change in error that will cause the
output to go from full on to full off. The amount of change in error is calculated was a percentage of full-scale error.

Proportional band P.B (band width) is defined as the error AE (expressed as a percentage of the total range of
measured error AEmax) required to move the final control element from minimum value to maximum value
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Example 1: A pneumatic proportional controller is usedhﬁcess shown in the below figure to control the
cold stream outlet temperature within the range of 60 to 100 °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. and proportional band, P.B%
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Now assume that the gain of the controller is changed to 0.4 psi/°F. Find the error in temperature that will cause
the control valve to go from fully closed to fully open.
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At this level of gain, the valve will be fully open if the error signal reaches 30 °F. The gain Kc has the units of
psi per unit of measured variable. [Regarding the units on controller gain, if the actual controller of Fig. 94 is
considered, both the input and the output units are in milliamperes. In this case the gain will be dimensionless
(i.e., mA/mA).]
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The offset in proportional controller

Offset: It is the steady-state value of the error. In other word, the offset represents the difference between the new
steady-state value and the original value (the set point)

It is impossible to completely eliminate the error through the use of a proportional controller. For example, if the set
point is 80°C and a disturbance occurs that drops the temperature to 70°C, if we use only a proportional controller,
then we will never be able to get the tank temperature to exactly 80°C. Once the sytem stabilizes again, the
temperature will not be exactly 80°C, but perhaps 77°C or 83°C. There will always be some residual steady state
error (called offset). For a home water heater, this is probably good enough; the exact temperature is not that
critical. In an industrial process, this may not be adequate, and we have to resort to a bit more complicated
controller to drive the error to zero.



i dn 1010 Coatinlks

I—/ovJ Lo Calcatade The @//Se/’— Ma}hcma—\»\‘c«\\\j 2
- Fo{ the Rtj\k\a\>fdw/ c\osu\ \00" SDS}ew/\/ +he o%/sc,)— Cawn be Qy\\cw\l’v‘\r(&
oS fo”OVIS‘.

07[7[564 = ﬁo'm\\ valwe o]L Conx rolled Voriabl < .

Of/SmL: liwn YOH)

Lo

oV

oaLgLSd— = ll“"" S Y(s)
s —»o

Ao Fo/' the Seyv o c(aSaA laof/ the 0//51,[» eom be CO\\LV\\O\'\-QA AS
0[d|(o VIR

0/%5:4’ = O\Mwﬂc w Set Poind — {\'Nk\ Valwe o/ Qaw*ro“t/}\ \NANO\\O\c

ogqsc-k = Bgebpornt — i Y()

Lt —»
oY

Offsetr = &N Selporny — 10an )
/# P 1Y Y

Example 2: For the below signal flow block diagram closed-loop system, find the following:

1. For a unit step change in 7;, find the following:
a. time constant ()

b. the final value of response

c. the offset



d. sketch the response
2. Repeat the (1) when the value of Kc=1 and K.=2.
3. What is the effect of increasing the value of controller gain (K¢) on time constant and the offset?
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2. ON/OFF Controller

A special case of proportional control is on/off control. It considers a discontinuous controller.

If the gain Kc is made very high, the valve will move from one extreme position to another if the process deviates only
slightly from the set point. This very sensitive action is called the on/off action because the valve is either fully open (on) or
fully closed (off); i.e., the valve acts as a switch. This is a very simple controller and is exemplified by the thermostat used in a
home-heating system, refrigerator, Iron and so on.
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v" The thermostat on the water heater is called an b P P
“on/off ” type of controller. Depending on the value ., Bz g ——Fm
of the error signal, the output from the controller is T
either “full-on” or “full off,” and the fuel valve is ' T [
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