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1-a) 

 
 

 
Loops  

L1 = -G1G2H1   L2 = - G1G2G3H2  L3 = - G2H3 

Paths 

M1 = G1G2G3                                  M2 = G4G2G3 

Δ = 1 + G1G2H1 + G1G2G3H2 + G2H3  

Δ1 = 1 
Δ2 = 1 

TF = (M1 Δ1 + M2 Δ2 )/ Δ = (G1G2G3+ G4G2G3)/( 1 + G1G2H1 + G1G2G3H2 + G2H3 ) 

 

1-b) 

FOR P=0, the characteristic equation is given by: 

S2(S2+2S+8) + K(S+Z) = 0 

S4+2S3+8S2+KS+KZ=0 

Construct the Huwarth array 



 
For stable systen 

16 > K > 0, Z>0  

    >0 
16-K-2z > 0 

16 > k + 2z 

ii For marginally stable system  

 Put S = jɷ 

ɷ4 -2jɷ3-8ɷ2+jkɷ +kz=0 

-2 ɷ
3
+kɷ = 0                         k=2 ɷ

2 

ɷ4 -8ɷ2+kz=0  

ɷ4 +(2z-8)ɷ2+ =0  

 

ɷ4 +(2z-8)ɷ2+ =0   ɷ=0.     ɷ=± (8-2z)1/2     , K = 16-4z 

4 > z >0 , 16 > k > 0 

2-a) 
For the system given below in figure 5, estimate the values of K and Kt so that a maximum percentage overshoot 

of 9.6% and a settling time of 0.05 sec for a tolerance band of 1% are achieved. 

 

 

 
  

The system is reduced to 

 

 



 

 

 

 

 
2-b Determine the step, ramp, and parabolic error constants of the following unity-feedback control 

systems.  The forward-path transfer functions are given.  Assume the closed loop systems are stable. 

State the type of each system. 
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   Type Zero 

Kp= 50  , Kv= 0  , Ka = 0   
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sG  Type one 

Kp= ∞  , Kv= 1  , Ka = 0   
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sG  Type 2 

Kp= ∞  , Kv= ∞  , Ka = 1/6   

 

3-a 
 

 
The asymptotes intesect the real line at -3 

There is a break point between -1 and -1 

The intervals on the real line that lie on the root locus are (-1,-2), (-4,-3), (-5,-∞) 

Find K that the system start to be unstable where the root locus intersect the imaginary axis  

 

4-a) 

 
For  

greater than zero k is less than 2 so the system ism unstable for any k 

4-a) 
 

, ωn
2=aT2 find a and T 

4-b) 

 


