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Conftfinuous Controller Modes:
1- Proportional Control Mode

» Smooth linear relationship exists between the controller output & the error.
P=Kp.e, +P
K, = proportional gain between error and controller output (% per %).
P, = controller output with no error (%).

Direct action: P=-Kp.e, + P,

Reverse action: P =Kp.e, + P, 100 Saturation

» Proportional band (PB): the range of the error to cover
the 0% to 100% of the controller output.

9
PB = 100 é 50 |
K, :

» A high gain means large response to an error (fast), but E Gain G, < G,

also a narrow error band within which the output is not S

saturated. oL S
> A low gain means slow response to an error, but also a Seuraton; I A )

wide error band. : oow 31

band '
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band



Conftfinuous Controller Modes:
1- Proportional Control Mode

» Let us summarize the characteristics of the proportional mode:
1. If the error is zero, the output is a constant equal to P, .
2. If there is error, for every 1% of error, a correction of K, percent is added to or subtracted from
P,, depending on the sign of the error.

3. There is a band of error about zero of magnitude PB within which the output is not saturated at
0% or 100%.

Saturation
100 ~

» Offset: An important characteristic of the proportional
control mode is that it produces a permanent steady state
error in the operating point of the controlled variable when
a change in load occurs. This error is referred to as steady
state offset.

» It can be minimized by a larger constant, K, , which also
reduces the proportional band. (on/off control !) 0

50 L

Gain Gz < G1

Controller output (%)

| Saturation:

— : (=) o© (+) ' Error(%)
— p p 0 | Narrow ;_' !
-_— band '

P E
Kp R Wide
band
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Conftfinuous Controller Modes:
1- Proportional Control Mode

EXAMPLE Consider the proportional-mode level-control system of Figure 13. Value A is linear, with

6 a flow scale factor of 10 m’/h per percent controller output. The controller output is nom-
inally 50% with a constant of K = 10% per %. A load change occurs when flow through

valve B changes from 500 m’/h to 600 m’/h. Calculate the new controller output and off-
sel error.

Solution
Certainly, valve A must move to a new position of 600 m’/h flow or the tank will empty.
This can be accomplished by a 60% new controller output because

0, = (10 mB”h)(sﬂ%) = 600 m*/h Control valve

% A < Controller g Setpoint
as required. Because this is a proportional controller, we have \i )
P = KPEP + Po I ‘
with the nominal condition p, = 50%. Thus Izul "
_P—p _60—50 —_————
€p = Kp - 10 o - = ‘-\'--Lmlrrmmrmnt
e, = 1% ——Uauid__ _ Valve
— - B
so a 1% offset error occurred because of the load change. —— = — f




Conftfinuous Controller Modes:
1- Proportional Control Mode

» Adv. No oscillation.

» Dis. Adv.:  Steady state error.

» Application: The offset error limits use of the proportional mode to only a few cases,
particularly those where a manual reset of the operating point is possible to
eliminate offset.( manual change of P)

\

Set point offset error

» K, trade off!? C
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Continuous Controller Modes:
2- Infegral Control Mode (Reset Action)

» The integral mode eliminates the offset error by allowing the
controller to adapt to changing external conditions by changing
the zero-error output.

» Integral action is provided by summing the error over time,
multiplying that sum by a gain, and adding the result to the
present controller output.

» Where: Ki: integral gain (sec)
Ti: integral (reset) time =1/Ki (sec.)
P(0): the controller output when the integral
action starts.
» Ifthe error is zero, the controller output is not changed.
» If the error is not zero, the output will begin to increase or
decrease at a rate of K, percent/second for every 1% of error

(+)
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p (%)

ep (%)
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Continuous Controller Modes:
2- Integral Control Mode (Reset Action)

EXAMPLE An integral controller is used for speed control with a setpoint of 12 rpm within a range of

7 10 to 15 rpm. The controller output is 22% initially. The constant K; = —0.15% controller
output per second per percentage error. If the speed jumps to 13.5 rpm, calculate the con-
troller output after 2 s for a constant e,

Solution

We find e, from Equation (3): The controller output for constant error will be found from Equation (16)

r—>b i
¢ =3 5 <100 p=K,/epdr+p(n)
max min 0
e = 12 — 135 % 100 but because e, is constant,
’ 15— 10 Ket + p(0)
p= A€ P
e, = —30% o

After 2 s, we have

The rate of controller output change is then given by Equation (17),
P & £ Y an p = (0.15)(30%)(2) + 22

d _
d—f = Kje, = (~0.15 s™)(—30%) p=31%
d

P 4.5%/s

dt



Continuous Controller Modes:
2- Infegral Control Mode (Reset Action)

» Adv.: No Steady state error.
» Application: Typically, the integral mode is not used alone, but can be used for
systems with small process lags and correspondingly small capacities. (saturation)



Continuous Controller Modes:
2- Derivative Control Mode (Rate Action-Anticipatory Action)

>

Suppose you were in charge of controlling some variable, and at
some time, , your helper yelled out, “The error is zero. What
action do you want to take?” Well, it would seem perfectly
rational to answer “None” because, after all, the error was zero.
But suppose you have a screen that shows the variation of error
in time and that it looks like Figure.

You can clearly see that even though the error at is zero, it is
changing in time and will certainly not be zero in the following
time. Therefore, some action should be taken even though the
error is zero!

Derivation controller action responds to the rate at which the
error is changing that is, the derivative of the error.

. dep
1) = Kp—
p(t) D™

Where K;: Rate or derivative time (sec).
Can't be used alone.. why?

e

P

0




Continuous Controller Modes:
2- Derivative Control Mode (Rate Action-Anticipatory Action)

(+)
1. Ifthe erroris zero, the mode provides no output.

2. Ifthe error is constant in time, the mode provides no E 0
output. (=)
3. If the erroris changing in time, the mode contributes
an output of percent for every 1%-per-second rate of
change of error.

>

Controller output

Time

p (%)
> Adv.: Fast response. 100}

> Dis.adv.: Can't be used alone.

— — — ———————— —
———————— — ——— ——— ——

-

— — ———— ———— ——— — — —

0 > Time



Composite Control Modes:

» Combination of basic modes to gain the advantage of each mode and to eliminate some limitations

they individually possess:
 PI

2 PD
2 PID \ N ?O bo, f\ﬁ
Proportional-Integral Control (PI): \

p= KPE"F - KPK;/EF dt + p;(0)
0

> Adv.: No oscillation, no offset error. \

» Dis.adv.: Slow response. /4 > e




Composite Control Modes:

Proportional-Derivative Control Mode (PD):

de,
p = Kpe, + KPKDE + Po

» Adwv.: No oscillation, fast response.
» Dis.adv.: Offset error.

Three-Mode Controller (PID):

: de
p= KPEF + KPK,/EPJI + KPKDd—:' + p,(0)
0

» Adv.: No oscillation, no offset error, fast response.



Composite Control Modes:

EXAMPLE Given the error of Figure 20 (top), plot a graph of a proportional-integral controller out-
8 put as a function of time.

K,=5K,=10s"" and p,(0) = 20%

Solution 1
We find the solution by an application of / |

’ ®
p = Kpe, + KPK!_/].Ede + ps(0) 5 5 . ) 3 "
w

O=r=1 e [

r

t
p,=5r+5/t‘dt+20
0

) [ f
Pl=5f+5[_]/+30 p=5+5[1dt+225
2 0 1

pr =5t + 2.5 + 20 p1=5+5(r—1)+22.5'-l

21.% t )

P - ZQ— t <6 )
i&z-s‘no =215 t2 p-(3) = 32.5%
p,(1) = 2.5 + 20 = 22.5%.



Composite Control Modes:

€yyoy €p 0

p3=5[0]+5/0d:+32_5
3

p; = 32.5

\
Ho
36
3o
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Composite Control Modes:

EXAMPLE Suppose the error, Figure 22a, is applied to a proportional-derivative controller with
9 Kp =5, Kp = 0.5s,and p, = 20%. Draw a graph of the resulting controller output.

ep (%)
Solution
In this case, we evaluate 1+
- dey 5 | \
P_KPEF+KDKPE+P{} E o . L 1 L y L5 ¢
- 1 2 3 4 tl'. 6 (seconds)
- N I
1O ¢ x tgl €z T 1 I : I
— N L | |
dep
P- FP'EP"‘KDKP >y "'?a
_ 5t 25 U 4 2 (or WSt S3

-
-

- . EP-—_ l".\‘l
2- _
? - 5ttS fez-; t-s P- 5 4+ 2:6(0)+20 = 25 %0

235 _ {_:.‘-I



Composite Control Modes:

for  $.< t£5
-0 .
lo o - = ©€p~1S-0o'St
"1 5(25-05t)+ U5 (~05)+ 2 §EB.ts
- 125126420~ 25t = 31.26-25% *%w#;xtzs

]C,u’ tZ9:-
- Grofr =5 P~ v




Composite Control Modes:

EXAMPLE Letus combine everything and see how the error of Figure 22a produces an output in the
10 three-mode controller with K, = 5, K, = 0.7s™', K,, = 0.5 s, and p,(0) = 20%. Draw

a plot of the controller output. er (%)

—

Solution
From Figure 22a, the error can be expressed as follows:

Error
(=]
\l
/
-

—_————n

>
0-1s e, =1t% & (seconds)

1-3 s e, = 1%

f————

P

1
3-5s e, = —Er + 2.5%

, de -
p=Kpe, + KPKI£EF dr + KPKDGI_: + pi(0) = w1135 +" = 2041:15- 1'1*_:1’5
Fc*’ FETEES
(v s gl Pt 82 t1Lt+2-5ifJ+2° - i _ L
o iTediiot s P25436 [1 4ty 25 ()4 21%s 2635545
_ 525 ko 3 2 BAS>E.3
% 26 £ EL[S)X &Li)+3'5l.f Lt~ 42135 78 FS



Composite Control Modes:

PE.(.EJ E ?1'(3) 136 (25t-075 tt)‘

3

o 3SECG r
e | o
' - t .
P- 5(25_05t)+ 35(2St —oiﬁ.tt)g +26 (-0'5)4 26-15 \ r

-’W : I, :L 3! o s

P «-sfHst 4625t 47625 %25 £=3 [ —

\_M\—/\_/J ?‘; ! L r I

5 sVk - t=s Y ’ |
|

- 285316+ 35
-~ %26

P —R(S)= §L25 %




END OF LECTURE

BEST WISHES




