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Students are allowed to use only the ENCS-approved calculators with the approval sticker affixed. No notes/sheets/texts are permitted.

	Special Instructions

CELL PHONES ARE NOT PERMITTED.

Five questions are to be answered for a  maximum mark of  50.
Answer  Questions #1 , #2 , #5 and #6 and  either #3 or #4.  Show all steps clearly in neat and legible handwriting. Students are required to return question papers together with the exam booklet(s).                  


Question # 1:  The  objective of the system shown in the figure below is to drive the  drum shown  at an angular velocity o in response to the control voltage Vi.
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The  comparator produces a voltage difference  Vc = ViVo  . The transfer  functions  Gc, Gm and Gt are  given by 

                Gc (s)= Vm(s)/Vc(s) =
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volt/volt, where the value of  K is adjustable. 

                Gm(s) = Tm(s)/Vm(s) = 
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 N-m/volt, 
 and         Gt(s)= Vo(s)/o(s) = 1 volt per radian/sec, 
The mechanical  system  parameters are :

                       N1= 32  teeth, N2 = 160 teeth  ,   J = 1 kg-m2  and  B= 3 N-m-s/radian 

(a) Draw the analog model of the mechanical load (drum & bearing) and determine its
      transfer function Gd (s) = o(s)/To(s) , radians/sec per N-m.[ Note: Cm=J, Rm=1/B ]
(b) Draw  the complete  block diagram of the system in the s-domain showing all blocks

      and  variables clearly,  and  obtain the  numerical closed loop  transfer function 
      T(s)=o(s)/Vi(s)  using the given parameter value  [ Note:   n = m/o= To/Tm= N2/N1 ]
(c) Using the Routh-Hurwitz Criterion , find the range of  (positive)  K  required  for  
      closed-loop  system stability

(d) Using  the unity feedback OLTF and the applicable error coefficient, determine the gain

     K required  to obtain a steady state error  of  0.15 radians/sec for a  unit  step input . 
                                                                                                         [ 2 + 4 + 2 + 2  Marks]
Question # 2:  The block diagram of a  position control system is shown below. The closed loop system is required to have a settling time  Ts =0.16 sec and a  PO of  20%.
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(a) Obtain the system transfer function T(s)= C(s)/R(s) without specifying Ka and Kt.
(b) Determine the  gains Ka and Kt required to  obtain the given performance specifications

(c) Determine the  steady state error  when an input  r(t) = 3u(t) + 5tu(t) is applied.

                                                                                                             [ 4 + 4 + 2  Marks]
Question # 3:  In the signal flow graph shown below, the constants A, k1 and k2 are to be chosen such that a specific closed loop transfer function T(s) = 
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 is to be obtained.
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       (a)  Use  Mason’s Gain Formula to obtain the transfer function T(s)=C(s)/R(s) in terms 
              of   A,  k1 and  k2
       (b)  Determine  A,  k1 and k2   to obtain  the aforementioned specific  CLTF

       (c)  Find the steady state error  ess  when the  input  is   r(t) = 6u(t)
                                                                                                                   [ 4 + 4+ 2  Marks]

Question # 4: A unity feedback system has the  OLTF , G = 
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 , where the nominal values of the parameters  are  = 12, = 44  and  K =48 .
(a) Determine the closed loop transfer function   T(s) = C(s)/R(s) and determine whether
     the  system is stable or not , for the above nominal values  [Hint:Use the coefficient  product 
       rule on the CE]

(b) Obtain the sensitivity 
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  and hence  calculate  the relative  change in the output C/C 

     for  a  5%  relative change in   , at the frequency   = 1 radian/sec.
(c) Determine the steady state error  ess   if the input  r(t)= 10 u(t)+20tu(t)+ 30t2u(t) 
                                                                                                               [ 4 + 4 + 2 Marks]
Question # 5:  A unity feedback  system has the open  loop transfer function

                                           G = 
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Draw  the root locus of the system , after stating all steps and calculating  all necessary  data such as  the  asymptotic angles a , the centroid of  asymptotes a , the departure angles d , and the imaginary axis  crossover  values of  gain Kcrit and frequency  osc. Use the Routh-Hurwitz Criterion   to  determine  Kcrit and  osc.   
                                                                                                                             [ 10 Marks ]
Bonus Question : If  the closed loop system  step response must have a settling time         Ts (= 4/n) of   0.8 sec., find the  location of the dominant  roots  and the required  gain Ks1.  Also find the resulting  percent overshoot , PO%.[ PO = 100 exp(-/
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                                                                                                                                [ 4 Marks]
Question # 6:  Part(a):  The  asymptotic magnitude plot of Gufs()  is shown. 
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 (a)   Determine  Gufs(s) [Note that  M(1) = Kb  ,db,   and   20 db/dec= 6 db/octave]
 (b)  From the result of (a), write an expression for the phase shift  (), degrees

 (c)  Determine  the values of   M(25)  and  the unity-gain crossover frequency 1 

       from the plot
 (d)  Using  1 and the result of (b) above,  determine the Phase Margin  PM

                                                                                                [2 + 1 + 2 + 1 Marks]  

Part (b) : The polar plot  of   the  unity feedback OLTF

                                       G = 
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is shown  below.
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(a) Determine    and  A 

(b) Hence  calculate the Gain Margin , GM, of the system , when K = 120
                                                                                          [ 2  + 2 Marks]
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