
CLOSED-LOOP BLOCK-DIAGRAMS[1-5] 

1(s) = X(s) − Y(s) 

2(s) = 1(s) − 3(s) 

3 s = 2 s ∗  G1(s) 

Y s = 3
 s ∗ G2 s              3 s =

Y s 

G2 s 
 

Y s = 2
 s ∗  G1(s) ∗ G2 s  

Y s =  (
1

(s) − 3(s)) ∗  G1(s) ∗ G2 s  

Y s =  X(s) − Y(s) −
Y s 

G2 s 
 ∗  G1(s) ∗ G2 s  

Y s = G1G2X s − G1G2Y s − G1Y s  

Y s   1 + G1G2 + G1 = G1G2X s  

Y(s)

X(s)
=

G1G2

1 + G1G2 + G1
 



   
Y(s)

X(s)
=

 
1

𝜏𝑠 + 1
  

5
3𝜏𝑠 + 1

 

1 +  
1

𝜏𝑠 + 1
  

5
3𝜏𝑠 + 1

 +  
1

𝜏𝑠 + 1
 
 

Y(s)

X(s)
=

 
1

𝜏𝑠 + 1
  

5
3𝜏𝑠 + 1

 

 𝜏𝑠 + 1  3𝜏𝑠 + 1 + 5 +  3𝜏𝑠 + 1 
 𝜏𝑠 + 1  3𝜏𝑠 + 1 

=
5

 𝜏𝑠 + 1  3𝜏𝑠 + 1 + 5 +  3𝜏𝑠 + 1 
 

Y(s)

X(s)
=

5

3τ2s2 + 7τs + 7
 

the feedback control system  



    

0
2

49
5.2

2

495

2

)4(*4255

2

)4(1454

2,1

22

















KcKcKc

a

b
s

Kcacb




416425495495.2
2

49



KcKcKcKc

Kc
 

404045
2

 KcKcKcss



     

 

𝑋 𝑠 =
1

𝑠
→ 𝑌(𝑠) =

1

𝑠 𝑠 + 1 
 

 

𝑌 ∞ = 𝑙𝑖𝑚𝑠→0𝑠𝑌 𝑠 = 1 

 

𝑋 ∞ = 1 → 𝑋 ∞ − 𝑌 ∞ = 1 − 1 = 0 



    

Unsteady state:                 
dt

dh
Aqqq  321

 

Steady state:                    0
0

3

0

2

0

1  qqq                                   ( 0

22

0

11 , qqqq  ) 

Unsteady state - Steady state:       
dt

hhd
Aqq

)(
)( 00

33


        ( 00

333 , hhHqqQ   ) 

                                             
dt

dH
AQ  3  

Taking Laplace transform, we get; )]0()([)(3 HssHAsQ                        
AssQ

sH 1

)(

)(
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𝑠1,2 =
−𝜏𝐼𝐾1 ±  𝜏𝐼

2𝐾1
2 − 4𝜏𝐼𝐴𝐾1

2𝜏𝐼𝐴
 

S1,2<0  stable 



Dividing numerator and denominator by (K1); 
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𝜃𝑒 = 𝜃𝑐 − 𝜃𝑚  

𝜃0 = 𝜃𝑒𝐺𝑐 =  𝜃𝑐 − 𝜃𝑚  𝐺𝑐  

𝜃𝐵 = 𝜃0𝐺𝑣 =  𝜃𝑐 − 𝜃𝑚  𝐺𝑐𝐺𝑣 

𝜃𝑚 = 𝜃1𝐺𝑚  

𝜃1 = 𝜃𝐵𝐺𝑝 =  𝜃𝑐 − 𝜃𝑚  𝐺𝑐𝐺𝑣𝐺𝑝  

𝜃1 =  𝜃𝑐 − 𝜃1𝜃𝑚  𝐺𝑐𝐺𝑣𝐺𝑝  

𝜃1 = 𝜃𝑐𝐺𝑐𝐺𝑣𝐺𝑝 − 𝜃1𝜃𝑚𝐺𝑐𝐺𝑣𝐺𝑝  

𝜃1 1 + 𝐺𝑚𝐺𝑐𝐺𝑣𝐺𝑝 = 𝜃𝑐 𝐺𝑐𝐺𝑣𝐺𝑝  

𝜃1

𝜃𝑐
=

𝐺𝑐𝐺𝑣𝐺𝑝

1 + 𝐺𝑚𝐺𝑐𝐺𝑣𝐺𝑝
 

𝜃1 𝑠 =
 𝑘1  1 +

1
𝜏𝐼𝑠

  𝐺𝑣𝐺𝑝

1 + 𝐺𝑚  𝑘1  1 +
1
𝜏𝐼𝑠

  𝐺𝑣𝐺𝑝

𝜃𝑐 𝑠  



        𝜃1 𝑠 =
 5  1 +

1
4𝑠  ∗ 5 ∗

4
3𝑠 + 9

1 + 4  5  1 +
1

4𝑠  ∗ 5 ∗
4

3𝑠 + 9

𝜃𝑐 𝑠  

𝜃1 𝑠 =

4𝑠 + 1
4𝑠 ∗

100
3𝑠 + 9

1 +
4𝑠 + 1

4𝑠
∗

400
3𝑠 + 9

𝜃𝑐 𝑠  

𝜃1 𝑠 =
100(4𝑠 + 1)

 3𝑠 + 9  4𝑠 + 400(4𝑠 + 1)
𝜃𝑐 𝑠  

𝜃1 𝑠 =
400𝑠 + 100

12𝑠2 + 1636𝑠 + 400
𝜃𝑐 𝑠  

𝜃1 𝑠 =
(400𝑠 + 100)/12

 
12𝑠2

12  +  
1636𝑠

12  + (
400
12 )

∗
1

𝑠
=

33.3333𝑠 + 8.3333

𝑠2 + 136.3333𝑠 + 33.3333
∗

1

𝑠
 

𝜃1 𝑠 =
33.3333𝑠 + 8.3333

 𝑠 + 136.0884 (𝑠 + 0.2449)
∗

1

𝑠
=

𝐴

𝑠
+

𝐵

 𝑠 + 136.0884 
+

𝐶

(𝑠 + 0.2449)
 



         
𝐴 =  

33.3333𝑠 + 8.3333

𝑠 𝑠 + 136.0884 (𝑠 + 0.2449)
∗ 𝑠  

A= 0.25 

𝐵 =  
33.3333𝑠 + 8.3333

𝑠 𝑠 + 136.0884 (𝑠 + 0.2449)
∗ (𝑠 + 136.0884)  

B= - 0.2449 

𝐵 =  
33.3333𝑠 + 8.3333

𝑠 𝑠 + 136.0884 (𝑠 + 0.2449)
∗ (𝑠 + 0.2449)  

C= - 0.0051 

𝜃1 𝑠 =
0.25

𝑠
−

0.2449

 𝑠 + 136.0884 
−

0.0051

(𝑠 + 0.2449)
 

𝜃1 𝑠 = 0.25 − 0.2449𝑒−136.0884𝑡 − 0.0051𝑒−0.2449𝑡  


