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1-Given the block diagram in figure 1, where r(t) is a unit step function. 

 
Figure 1 

i) Find the steady state value of c(t). 

ii) Find the nymerical value of the settling time for 2%tolerence. 

iii) Choose: the response will be mainly: overdamped, critically damped, or 

underdamped? Justify your answer. 

1-b)Using Masson’s gain formula obtain the closed-loop transfer function of the system 

whose signal flow graph is shown in figure 2. 

 

 
 

Figure 2 

1-c)  

If the transfer function of a system is given by: 

 
 

i) Draw a signal flow graph represents this system. 

ii) Deduce the state space representation of the system. 

iii) Write the differential equation of the system in canonical form. 

2-a) Given the block diagram for a control system in figure 3, 
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Figure 3 

 



i) Find K such that the steady state unit step error is 0.1. 

ii) Find K such that 
2

1 . 

2-b) The system shown in figure 4 has parameters ζ=0.4 and ɷn=5 rad/sec. The system is subjected to a unit 

step input, find the resulting rise time (tr), peak time (tp), settling time (ts) and maximum overshoot (Mp). 

 
 

 

 

Figure 4 

3-a) Consider the standard feedback system shown in figure 5  with
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Figure 5 

 

We use a proportional controller Gc(s) = K, with K >0. 

(i)  Determine the range of K for which the feedback system is stable. 

(ii) Let 2k  , calculate the gain and phase margins. 

(iii) Let 3k  , and sketch the Nyquist plot (calculate real axis crossings of )G(i  

3-b) Consider a unity gain feedback control system. The plant transfer function is G(s)=1/(s^2+5s+6). Let 

the controller be of the form C(s) =K(s+z)/(s+p). Design the controller (ie choose K, z, p>0) so that the 

closed loop system has poles at j1-  . 

4-a) Sketch the root locus for the system given in figure 3 with 

 
Make sure you provide verbal description on the following: open-loop pole/zero map; real axis 

decision; and asymptotes. Find the jw-axis crossing point and the corresponding value of K. 

4-b) Consider the following system where G(s) is a transfer function. Asymptotic Bode plots of 

G(s) is given in figure 6 below. For calculations, you may use these Asymptotic  plots. 

i) Find the gain margin of the system. 

ii) Find the phase margin of the system. 

iii) Find the transfer function of the system.  . 

 
                                                                            Figure 6 
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1-a) The transfer function is 
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 For unit step input  
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  i) The steady state value C(∞) = 1
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ii) From the second order part of the transfer function 20,82,
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iii) 

10    under damped 

1-b) 

 
Listing of loops and paths 

Loops 

L1= -G4H1 ,   L2= -G2G3G4G5H2,        L3=-G2G7H2,              L4=-G6G4G5H2 

Paths 

M1=G1G2G3G4G5,        M2=G1G6G4G5   ,                             M1=G1G2G7 

∆1=1 ,                           ∆2=1  ,                                             ∆3=1+G4H1 

∆=1+G4H1 +G2G3G4G5H2 +G2G7H2 +G6G4G5H2+ G4H1 G2G7H2 
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1-c) 
If the transfer function of a system is given by: 

 
Devide both numenator and denomenator by s
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we get   
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i) signal flow graph represents this system 

 

 

 
Ii  )Deduce the state space representation of the system., 
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2-a) i) Find K such that the steady state unit step error is 0.1. 

 

The steady state error for unit step 91.0
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ii)  The denominator of the closed loop transfer     is given by 2010k12ss2   
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2-b) ) The system shown in figure 4 has parameters ζ=0.4 and ɷn=5 rad/sec. The system is subjected to a 

unit step input, find the resulting rise time (tr), peak time (tp), settling time (ts) and maximum overshoot 

(Mp). 

 
 

 

 

 

ii)       tr = r

d

t
 




  ,

1cos   =  ,tr=0.4 sec 0—100% 

tr =0.36 sec for 10%---100% 

 tp =
2/ / 1p d nt         =  0.6856 se,  

ts  = 
4

4st T


    = 2  sec,  

            td = ,  

 =25.38% 

 



 

 

3-a
2p

s)(1

s)(1
(s)G




  

 

For proportional controller Gc =k 

Using  routh criterion 

 

K < 2,   K >- 1          i.e  0 < K < 2 

iii) For 
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Nyquist plot 

 

iv)  
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4-a)  

i) Open loop poles are at 0 ,0 , -7, -7. 

ii) Open loop zero at -1. 

iii) Number of asymptotes = 4 – 1 = 3. 

iv) Angles of asymptotes with real axis are 60ᵒ ,180ᵒ, 300ᵒ. 

v) Intersection point of asymptotes on the real line = (-7-7+1)3= -13/3 

vi) Intersection with the imaginary axis 

The characteristic equation is given by : 
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4-b) Consider the following system where G(s) is a transfer function. Asymptotic Bode plots of 

G(s) is given in figure 5 below. For calculations, you may use these Asymptotic  plots. 

iii) Find the gain margin of the system. 

iv) Find the phase margin of the system. 

v) Find the transfer function of the system.  . 
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