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Question No. 1  [15 Points] 

 

A liquid level process control system is shown next. The system parameters are 

 

𝑨 = 𝟐 𝒎𝟐 

𝑹𝒇 = 𝟏𝟓 𝒔/𝒎𝟐 

𝑯𝟏 = 𝟏 𝑽/𝒎 

𝑲𝒗 = 𝟎. 𝟏 𝒎𝟑/𝒔𝑽 

Controller gain 𝑲𝟏 = 𝟏 

 

 

 

 

 

 

  

 

Given that:  

PI controller used is 𝑲𝟏(𝟏 +
𝟏

𝑻𝒊𝑺
) The inflow to the tank is 𝒗𝟏(𝒕) =

 𝑲𝒗𝒖(𝒕) 

The tank dynamics are expressed by 𝒗𝟏(𝒕) − 𝒗𝟐(𝒕) =

𝑨 
𝒅𝒉𝒂

𝒅𝒕
 

Linearized outflow is 𝒗𝟐(𝒕) =
𝒉𝒂(𝒕)/𝑹𝒇 

Hint: PI controller used 𝒖 =  𝑲𝟏(𝟏 +
𝟏

𝑻𝒊𝑺
)𝑬 where 𝑬 is the error signal 

 

A. Sketch the block diagram  of this system  

B. What are the values of 𝑻𝒊 and 𝜻 when the undamped natural frequency 𝝎𝒏  is 𝟎. 𝟏 𝒓𝒂𝒅/𝒔. 

 

Question No. 2  [15 Points] 

 

Use signal flow graph to find 

the transfer function 

𝑻𝑭 =  𝒀(𝒔)/𝑼(𝒔) 
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Question No. 3  [15 Points] 

 

Show how the figure below can be used 

to implement the PD controller. The PD 

general transfer function is 

Gc = Kp + KDS 

 

 

 

 

Question No. 4  [15 Points] 

The unit-step response of a linear 

control system is shown in Fig. below. 

Find the transfer function of a second-

order prototype system to model the 

system. 

 

 

 

 

 

 

 

Question No. 5  [15 Points] 

The following transfer function is given for a single loop nonunity 

feedback control system.  

𝑮(𝒔) =  
𝟏

𝒔𝟐 + 𝒔 + 𝟐
              𝑯(𝒔) =  

𝟏

𝒔 + 𝟏
               

a. Find 𝑲𝒑, 𝑲𝒗, and 𝑲𝒂  

b. Find the steady-state error for a unit-step input 

c. Under what conditions your answer in point (b) is valid 

d. State the system type 

 

 

Question No. 6  [15 Points] 

 

The loop transfer function of a single-loop feedback control system is given 

as 

𝑮(𝒔)𝑯(𝒔) =  
𝑲(𝒔 + 𝟓)

𝒔(𝒔 + 𝟐)(𝟏 + 𝑻𝒔)
 

The parameters 𝑲 and 𝑻 may be represented in a plane with 𝑲 as the horizontal axis and 𝑻 as 

the vertical axis. Determine the regions in the T-versus-K parameter plane where the closed-

loop system is marginally stable  

Best wishes 

Dr. Mostafa Elhosseini 



  𝑨 = 𝟐     𝒎  𝟐


    𝑹  𝒇 = 𝟏 𝟓   𝒔 /   𝒎  𝟐


    𝑯  𝟏 = 𝟏   𝑽 / 𝒎


    𝑲  𝒗 = 𝟎 . 𝟏     𝒎  𝟑 / 𝒔 𝑽


    𝑲  𝟏 = 𝟏


    𝑲  𝟏 ( 𝟏 +   𝟏    𝑻  𝒊 𝑺 )


    𝒗  𝟏  ( 𝒕 ) =     𝑲  𝒗 𝒖 ( 𝒕 )


    𝒗  𝟏  ( 𝒕 ) −     𝒗  𝟐  ( 𝒕 ) = 𝑨     𝒅   𝒉  𝒂  𝒅 𝒕


    𝒗  𝟐  ( 𝒕 ) =   𝒉  𝒂 ( 𝒕 ) /   𝑹  𝒇


  𝒖 =     𝑲  𝟏 ( 𝟏 +   𝟏    𝑻  𝒊 𝑺 ) 𝑬


  𝑬


    𝑻  𝒊


  𝜻


    𝝎  𝒏


  𝟎 . 𝟏   𝒓 𝒂 𝒅 / 𝒔


  𝑻 𝑭 =   𝒀 ( 𝒔 ) / 𝑼  ( 𝒔 )


   G c =  K p +  K D S


     𝑮  ( 𝒔 ) =     𝟏    𝒔  𝟐 + 𝒔 + 𝟐                              𝑯  ( 𝒔 ) =     𝟏  𝒔 + 𝟏                            


    𝑲  𝒑 ,     𝑲  𝒗 ,  


    𝑲  𝒂


  𝑮  ( 𝒔 ) 𝑯  ( 𝒔 ) =     𝑲 ( 𝒔 + 𝟓 )  𝒔 ( 𝒔 + 𝟐 ) ( 𝟏 + 𝑻 𝒔 )


  𝑲


  𝑻


  𝑲


  𝑻

