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Controller Design Classical Approach

Given a system (e.g. reactor)

Choose
alternative
controller

A 4

A

Specify controller (e.g.Pl or PID)

Choose
- alternative
Tune controller (e.g. Zeigler- | Tuning Method

Nichols)

A 4

A 4

Conduct performance test

Is performance
acceptable?
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Direct Synthesis Controller

Given a system (e.g. reactor)

\ 4

Specify desired response

A 4

Design controller

(EI:ID)
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The feedback control loop for servo problem

Controller Process

_*DH%L G, L G

=

G.?H — ]' -

The closed-loop equation for servo problem is given by

Y = GG Y.
14+G,.G P (6.1)
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Direct Synthesis Controller

Assuming a desired response for y(s) to be:
Y'=Qa¥sp (6.2)

Using (6.2) in (6.1)
GG (6.3)
Ca=17 G.G
Rearranging (6.3) we get the design equation

1
G == Qa
G1-0Qq

(6.4)
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Direct Synthesis Controller

Example 6.1

The transfer function of a process is given below. The
desired closed loop response should have a time
constant of 5min and no offset is tolerated. Design a
controller using the direct synthesis approach.

025
8541 No offset

1

- 5s + Time constant

Qa
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Direct Synthesis Controller

Solution

~8s+1 1/(5s+1)

G 0.25 1—-1/(5s+ 1)

_85+1 1
025 (5s+1)—1
B 8s+1

B 5s

= 6.4 1+1
- 8s

This a Pl controller with K.=6.4 and 7= 8 min
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Direct Synthesis Controller
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Example 6.2

The transfer function of a process is given below. The
desired closed loop response should have a transfer
function given by Q. Design a controller using the direct
synthesis approach. Use 1% order Taylor series expansion
for the time delay.

0.28_1'25
G =
3.6s+1

e—l.ZS

s+ 1
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Direct Synthesis Controller

Solution

_(B6s+1) e /(s +1)

¢ 02 1—e125/(s+1)
(825 +1) 1
02 s+1—e 12
(825 +1) 1

02 s+1—(1—1.2s)

- C(32s+1) 32 - 1 o714 1
¢ 0.44s  0.44 3.2s] 3.2s

This a Pl controller with K.=7.27 and 7= 3.2 min
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Direct Synthesis Controller

Example 6.3

For process that are estimated by first order plus time
delay (FOPTD) and second order plus time delay (SOPTD)
models given below. Design controllers using the direct
synthesis approach. Use 1% order Taylor series expansion
for the time delay.

Ke—@s
" (ty5 + D) (145 + 1)

G
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Direct Synthesis Controller

Solution

18_05

Ca = T.s +1
Ke—@s
- s+ 1

18_05
_TS+1 | _TS+1 1
¢ Ke0s le=9 K t1.s+1—e 05
1 —
T.s+1

Using first order Taylor’s expansion e %5 = 1 — @s

c = s+ 1 _ T 1+1
“ K@.+0)s K(t.+0) TS

This is a Pl controller with K, = and 7;,=1

T
K(tc+6)
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Direct Synthesis Controller

Solution
18_05
Ca = T.s +1
Ke—@s
G

T (145 + 1) (15 + 1)

Inserting and simplifying

17,82 + (ty+1)s+1 1+ 71, . 1 LT
— = S
¢ K(t,+0)s K(t,40) K(,+0)s K(1.+60)
T1+7T 1 T1T
G, = ! 2 (1 + + 12 g
K(t.+0) (11 +1)s 11 +71,
. . . _ T1+7> _ . T1T>
This is a PID controller with K. = Kot ) T, =71+ 717, and tp = ———
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Exercise 6.1

The transfer function of three processes are given below. The desired
closed loop response should have no-offset . Fore each of the three
processes design a controller using the direct synthesis approach.
Determine, the time desired time constant by yourself. Use Skogestad’s
half rule whenever necessary.

_ 3.5(-0.5s+1) 7085

L. G=
(4.25+1)(3.2s5+1)
.. 0.5~ 14
I G =
(4.25s+1)(1.7s+1)(0.85+1)
0.5(—0.8s+1)e~ 145
111.

T (425+1)(1.7541)(0.85+1)

4/27/2020 Advanced Process Control Dr Lemma Dendena Tufa 14




