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PROCESS

Inputs Outputs

FINAL
ELEMENT

CONTROLLER

SENSOR

Desired value

Basic Elements in a Feedback Loop

What is a typical “final element” for 
chemical processes?

How do we select the sensor
location?

What are the meanings
of the arrows?
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Series (Cascade) Connection

» tf(1,[1 0])*tf([1 1],[1 2 1])

Transfer function:

s + 1

---------------

s^3 + 2 s^2 + s 

» sys = series(tf(1,[1 0]),tf([1 1],[1 2 1]))

» tf(1,[1 0])*tf([1 1],[1 2 1])

Transfer function:

s + 1

---------------

s^3 + 2 s^2 + s 

» sys = series(tf(1,[1 0]),tf([1 1],[1 2 1]))
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Parallel Connection

» tf(1,[1 0])+tf([1 1],[1 2 1])

Transfer function:

2 s^2 + 3 s + 1

---------------

s^3 + 2 s^2 + s

» sys = parallel(tf(1,[1 0]),tf([1 1],[1 2 1]))

» tf(1,[1 0])+tf([1 1],[1 2 1])

Transfer function:

2 s^2 + 3 s + 1

---------------

s^3 + 2 s^2 + s

» sys = parallel(tf(1,[1 0]),tf([1 1],[1 2 1]))
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Feedback Connection

» sys = feedback(tf(1,[1 0]),tf([1 1],[1 2 1]))

Transfer function:

s^2 + 2 s + 1

---------------------

s^3 + 2 s^2 + 2 s + 1

» sys = feedback(tf(1,[1 0]),tf([1 1],[1 2 1]))

Transfer function:

s^2 + 2 s + 1

---------------------

s^3 + 2 s^2 + 2 s + 1
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• +1 positive feedback

• -1 negative feedback (default)
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Multi-Loop Reduction
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n1 = conv(nh2,dg4)
d1 = conv(dh2,ng4)
sys0 = tf(n1,d1)

Multi-Loop Reduction
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sys1 = feedback(G3*G4,H1,1)

Multi-Loop Reduction
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sys2 = feedback(G2*sys1,sys0)

sys3 = feedback(G1*sys2,h3)

Multi-Loop Reduction
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PART IV: FEEDBACK CONTROL LOOP 
WITH THE PID ALGORITHM
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PID for LTI Continuous Process: Simulink

»SimLTI_PIDs.mdl
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clear all; clc
syms s

% G = 1/(s^2+3s+1)*e^(-1)
num = 1; den = sym2poly(s^2+3*s+1);
G = tf(num,den, 'InputDelay', 1);
H = 1;

%%
Kp = 6; Ki = 0; Kd = 0;
C = pid(Kp,Ki,Kd);
Tc = feedback(C*G,H);
step(Tc)

clear all; clc
syms s

% G = 1/(s^2+3s+1)*e^(-1)
num = 1; den = sym2poly(s^2+3*s+1);
G = tf(num,den, 'InputDelay', 1);
H = 1;

%%
Kp = 6; Ki = 0; Kd = 0;
C = pid(Kp,Ki,Kd);
Tc = feedback(C*G,H);
step(Tc)

PID for LTI Continuous Process: MATLAB
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»SimLTI_PIDm.mdl


