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Q.1 For the closed loop system whose schematic diagram is shown in Fig. 1(a), write all the related governing equations, 

draw the block diagram and find the transfer function 
∆𝑞2(𝑠)

𝑒𝑟(𝑠)
.  Assume the following parameters for the various 

components:                     

i) actuator dynamics:  𝑒𝑎 =
𝑑𝜃𝑅

𝑑𝑡
+ 2𝜃𝑅 

ii) valve gain =2 
𝑚3

𝑠.  𝑟𝑎𝑑
  

iii) flow-rate sensor gain   = 0.5  
𝑉

𝑚3/𝑠
 

iv) gears ratios: 
θ𝑀

θL
= 10 and 

θM

θS
= 1 

v) synchro pair sensitivity = 5 
𝑉

𝑟𝑎𝑑
  

vi) amplifier gains:  𝐾𝐴 = 4  
𝑉

𝑉
 , 𝐾 = 5  

𝑉

𝑉
  

vii) load: 𝐽𝐿 = 1  𝑘𝑔 . 𝑚2 and 𝐵𝐿 = 2  
𝑁.𝑚

𝑟𝑎𝑑 .𝑠
 

viii) tanks: capacitance 𝐶 = 10 𝑚2 and resistance 𝑅 = 0.1  
𝑠

𝑚2  (for both the tanks) 

ix) PD controller: 𝐾𝑝 = 4; 𝐾𝑑 = 2 

The torque-speed characteristics of the AC Motor with 110 V, 50 Hz supplied to the control winding is given in Fig. 

1(b). Assume motor-losses and its inertia and friction to be negligible.      [17] 

 

                                                                Fig. 1 (a)                Fig. 1 (b) 

 PTO 



Q2. Determine the overall gain (C/R) of the signal flow graph as shown in Fig.2. Leave the final answer in the form of 

(Pii/) without simplifying.                [16] 

 

Fig. 2 

Q3. The forward path transfer function of a negative unity feedback system is given by 
10

(𝑠+𝑎)(𝑠2+2𝑠+2)
. Determine the 

conditions on the parameter '𝑎' (where −∞ < 𝑎 < ∞) for the closed loop system to have         [15] 

 

i) no right half plane pole 

ii) one right half plane pole 

iii) two right half plane poles 

iv) three right half plane poles 

Also determine '𝑎' for the closed loop system to have a steady state error of 0.01 (or 1%) to a unit step input. 

 

Q4.  The unit step response for a second order plant (without any zero) is shown in Fig 4(a). The response settles  in 

8 𝑠 (2% tolerance band) . Determine the transfer function of the plant.  

Now this plant is connected with a controller & feedback mechanism as shown in Fig 4 (b) and the pole-zero map of 

this closed loop system is shown in Fig 4(c). This closed loop system has zero steady state error to a unit step input. 

Determine the transfer function of the controller.              [12] 

               

           Fig. 4(a)                             Fig. 4(b)      Fig. (4c) 
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