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1. An industrial process control system which features a first order lag is illustrated in Figure Q1.  In order to reduce steady state errors a lag/lead compensating element has been introduced in the forward path of the control loop.  Both the coefficients K and T are variable and it is desirable to determine their influence 


on the output response.







a) With T = 0, draw a root-locus for the combined system and describe the  
closed-loop performance if K = 4.






(10)

b) Using the s-plane analysis draw a root-contour with T variable and
K = 4.










(10)


c)
Discuss the influence the coefficient T has on the time response of the               



system.









(5)
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Figure Q1










ME 302
3/7

2. The schematic  diagram shown in Figure Q2 represents a rig for testing a 
structural shock absorber.


a)
Draw the state variable diagram and use this to determine the state 



and output equations.      






(12)

c) If the system is initially at rest and the input is subjected to a ramp 
signal 
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t, calculate a time simulation of the output in steps of 
50 ms for  period of 250 ms.

     




(13)







DATA
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Figure Q2
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3.
A boring bar and its equivalent system, shown in Figure Q3, are to offer maximum 
resistance to transverse vibration.  The boring bar is represented by an equivalent
          
mass and spring acting at the cutting tool.   The vibration absorption is achieved with 
 
the auxiliary mass, spring and damper system located inside the boring bar.


If the rotational velocity of the bar is 600 rev/min determine :


a)
the impedance matrix for the equivalent system;



     (6)


b)
the necessary auxiliary spring stiffness;




     (7)


c)
the boring bar vibration amplitude resulting from a transverse


cutting force variation P1 = 10 Sin 20 ( t.
    



   (12)







DATA



Equivalent mass  of the boring bar


5 kg



Equivalent transverse stiffness of the boring bar
32 x 104 N m-1



Auxiliary mass





0.5 kg



Auxiliary damping





32 N s  m-1
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Figure Q3
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4.
A position control system, shown in Figure Q4, has been designed using a hydraulic
 actuator and spool valve.  The input to the valve is a mechanical movement which is proportional to the position error.  The equivalent unity feedback system has a 
forward path transfer function                                                                                  
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a)
Draw a root-locus diagram for this system and estimate the required value 

                        for the gain K to give the closed loop time response a damping ratio 



(= 0.707 









   (10)         


b)
To maintain ( = 0.707 it is required to increase the speed of response 
            such that the actuator settling time is 1.6 s.  Design a suitable spring and 



dashpot compensator that can be incorporated within the hydraulic 



spool-valve.
     








   (15)
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Figure Q4
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5. An electro-mechanical positioning system operates in closed-loop as shown in 

            figure Q5.  It may be assumed that the system has three states which are 


position x, velocity 
[image: image9.wmf]x

&

 and electrical current I.


Determine for the closed-loop system:


a)
The state and output equations for the system shown in Figure Q5.


     (8)


b)
A matrix of state feedback coefficients which will ensure the system



has poles at – 4, – 5
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   (12)


c)
A sketch of the output response, when the state feedback is included, for 

                        a step input command.







     (5)
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Figure Q5
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6.
Part of a paddle mechanism used for mixing chemicals in the process industry 

            is shown in figure Q6.  Assume that the paddle blade is constructed using a
 
rectangular sheet of material of constant thickness and with a mass of 100 kg.
      


a)
Explain why the paddle blade is out of balance on its axis of rotation. 
(8)


b)
Using the Euler equations determine the out of balance couple, in both



magnitude and direction, acting at the bearings when the rotation                  


            velocity of the paddle is 60 rev/min.





(17)
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Figure Q6.
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