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(a) First-order approximation 
 
ΔCV = 42-22 = 25 
ΔPV = 56.84 – 32.34 = 24.5 
0.63ΔPV+PV1 = 0.63(24.5) + 32.34 = 15.44 + 32.34 = 47.78 
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=1T  749 min. 
≈2T  751.7 min. 
≈3T  758.8 min. ⇐ @47.78 

 
=−= 12 TTDθ  751.7 – 749 = 2.7 min. 
=−= 231 TTτ  758.8 – 751.7 = 7.1 min.  

Gain = 98.0
2247

34.3284.56
MV
PV

=
−
−

=
Δ
Δ  

 

(b) Model:  
11.7

98.0)(
7.2

+
=

−

s
esG

s

 

 
Cohen-Coon w/o constraints 

α = θD/τ = 2.7/7.1 = 0.38 
PI control 

KP = (1/0.98)[(0.9)/(0.38) + 0.082] = 2.50 
TI = 2.7{[3.33+0.333(0.38)]/[1 + 2.2(0.38)]} = 5.08 min. 

Fertik 
αF = θD/(τ+θD) = 2.7/(7.1+2.7) = 0.28 
Tps = τ+θD = 7.1+2.7 = 9.8 
PI control (disturbance) 

KKP ≈ 1.60  ⇒ KP = 1.6/0.98 = 1.63 
TI/Tps ≈ 0.79 ⇒ TI = 0.79(9.8) = 7.74 min. 
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Cohen-Coon w/constraints 

α = 0.38 
PID control 

KP = (1.37/0.98)/[(0.38)-0.950 ] = 3.50 
TI = 0.74(7.1)[(0.38)0.738] = 2.57 min. 
TD = 0.365(7.1)[(0.38)0.950] = 1.03 min. 

Fertik 
αF = 0.28 
Tps = 9.8 
PID control (setpoint change) 

KKP ≈ 1.35  ⇒ KP = 1.35/0.98 = 1.38 
TI/Tps ≈ 0.53 ⇒ TI = 0.53(9.8) = 5.19 min. 
TD/Tps ≈ 0.28 ⇒ TI = 0.28(9.8) = 2.74 min. 

 
 


