EXAMINATION PAPER NO: M11           

	1.
	This question relates to the system of Figure Q1 below in which the sampler operates with a sampling interval T.
	


[image: image2.wmf]s

Ke

sT

2

1

+

-

[image: image3.wmf]1

5

.

0

5

.

0

1

)

5

.

0

)

1

(

)

1

(

-

-

-

-

-

-

+

-

-

z

e

K

e

z

z

e

K

T

T

T

[image: image4.emf]0 2 4 6 8 10 12 14

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Time, second

System output, units


[image: image5.wmf]1

5

.

0

5

.

0

1

)

5

.

0

)

1

(

)

1

(

-

-

-

-

-

-

+

-

-

z

e

K

e

z

z

e

K

T

T

T

[image: image6.emf]10

0

10

1

10

2

-20

-15

-10

-5

0

5

10

Frequency, rad/s

Gain in db

[image: image7.emf]10

0

10

1

10

2

-250

-200

-150

-100

-50

0

Frequency,rad/s

Phase angle, degree

[image: image8.emf]0 1 2 3 4 5 6 7 8 9 10

0

1

2

3

4

5

6

7

8

Time, second

Plant output

[image: image9.emf]Time (sec.)

Plant

output

0 1 2 3 4 5

0

1

2

3

4

5

6








Figure Q1

	
	(a)
	Explain the meaning of the term “zero-order hold”. In what way would a first-order hold be different ?
	[6   Marks]

	
	(b)
	Show that the closed-loop transfer function in z for the system is: 
	















[8 marks]

	
	
	(i)
	The maximum value of K for which the system will respond without overshoot to a step input. (Hint - where do the z-plane poles have to be to avoid overshoot ?)
	

	
	
	(ii)
	The maximum value of K for which the system will be stable.
	[11  Marks]


	2.
	
	










Figure Q2

Figure Q2 shows a digital control system using unity negative feedback. It is proposed that a “true digital” approach be used.

	
	(a)
	Justify the choice of 0.2 second as a suitable sampling interval.


	(4 marks) 


	
	(b)
	Making the assumption that the digital controller incorporates a zero-order hold on its output, explain how you would obtain a z-transform representation of the plant. It is NOT necessary to do all the mathematical analysis but you must describe the steps in sufficient detail to demonstrate that you could have performed the full analysis if required.

(NB - we have not done Part (b) this year)
	(8 marks) 


	
	(c)
	For this part of the question, you are given that the plant can be represented in discrete-time as 

(0.1744 z-1 +  0.1251z-2)/(1.0000 - 1.2681 z-1  +  0.3679z-2) 

if a sampling interval of 0.2 s is used..
	


	
	
	(i)
	Explain the term ‘Dahlin Controller’.
	

	
	
	(ii)
	Obtain the transfer function in z for such a controller to be used in the system above using a sampling interval of 0.2 s if the closed-loop step-response is to settle in approximately 4 second. Any ringing poles should be eliminated.
	

	
	
	(iii)
	Determine the maximum value of the controller action produced by the controller of part (ii) when a unit step input is applied to the closed-loop system.

	(13 marks)


	3.
	A digital p.i.d. controller is to be produced for a particular plant. An open-loop frequency-response is given in Figures Q3.1 and Q3.2 attached. The closed-loop step-response overshoot with the controller in the loop is to be restricted to about 10%.
	


	
	(a)
	Obtain an algorithm for a digital p.i.d. controller for the plant in as much detail as possible.
	(16 marks) 


	
	(b)
	Discuss the following:
	

	
	
	(i)
	The requirements for appropriate hardware to implement the controller.
	

	
	
	(ii)
	The further information you would seek before finally specifying the hardware.
	(9 marks)


	4.
	A lead compensator of transfer function 5(s +3)/(s + 9) is to be implemented in digital form for a position servosystem.
	


	
	(a)
	(i)
	Why is a lead compensator likely to be more effective than a p.i.d. controller for such a system ? Suggest alternative controller types which would be successful.
	

	
	
	(ii)
	Suggest, with suitable explanation, an appropriate sampling interval.
	(7 marks)


	
	(b)
	Obtain the transfer function in z of the compensator by
	

	
	
	(i)
	the Tustin method, and
	

	
	
	(ii)
	the matched pole-zero method.
	(12 marks)


	
	(c)
	The authorities suggest that the control should be performed by a PC with the programming performed in LABVIEW. Discuss this possibility and suggest alternative hardware and software.
	(6 marks)


	5.
	It is suggested that a Kalman-type algorithm may be the best way of implementing closed-loop control for a second-order plant with a transport lag of 0.15 second whose transfer function in z is as follows if a sampling interval of 0.15 second is used.
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	(a)
	Explain why the Kalman approach is likely to work better than a ‘digitised analogue’ one such as p.i.d. What constraint does the ‘true digital’ approach apply to our choice of sampling interval and does the value of 0.15 s comply with that constraint ?
	(6 marks) 


	
	(b)
	Obtain the transfer function in z for a digital controller to give a Kalman-type step-response.
	(19 marks) 



Figure 3.1. Magnitude frequency response.

Note that the phase response graph (Figure Q3.2) is on the next page.


Figure 3.2. Phase frequency response.
	B1
	
	Figures QB1a, QB1b and QB1c show system responses when a step input of magnitude 3 units was applied.

 
	

	
	a)
	Determine the transfer function of each system as far as you are able by simple manual methods based on the available results.
	(14 marks)

	
	b)
	If a more accurate version of the transfer function for the system of Figure QB1c were required, how would you have proceeded ? What would you have needed to assume ?
	(6 marks)


	B2
	
	The table below shows the results obtained from a frequency-response experiment to determine the transfer function of a system. The input was maintained at 1 V p-p throughout. The input and output were measured by means of separate single-beam oscilloscopes. The oscilloscope measuring the input was known to be out of calibration in respect of amplitude. A separate static test showed that a constant input of 4 units resulted in a constant output of 12 units when the initial transient had decayed away.


	

	w, rad/s
	1.0
	1.3
	1.7  
	2.2    
	2.8

	Output voltage, p-p
	4.21
	4.34
	4.51 
	4.62
	4.26 

	w, rad/s
	3.6    
	4.6
	6.0    
	10.0   
	

	Output voltage, p-p
	3.14
	1.92 
	1.11 
	0.64
	

	
	a)
	Determine the transfer function of the system as far as you are able from the above data.
	(11 marks)

	
	b)
	Explain:

i) Why the transfer function cannot be fully determined from the above information.

ii) What additional tests you would recommend to determine a more complete transfer function model and how you would use the results.
	(9 marks)



Figures QB1a (above) and Figure QB1b (below)


Figure QB1c 
	5.
	
	The results of a frequency-response test on a piece of laboratory equipment are shown as Figures Q5.1 and Q5.2 and those of a step-response test are shown as Figure Q5.3.


	

	
	(a)
	Using the results of the step-response test only, obtain as accurate a transfer function model as is possible by simple manual methods.


	(7 Marks)

	
	(b)
	Using additionally the results of the frequency-response test, obtain an accurate transfer function.
	(13 Marks)


Please attach to your script any of the graphs on which you have done any work.




Figure Q5.1. Phase frequency response.

Please note that the diagrams for this question continue overleaf.




Figure Q5.2. Amplitude frequency response

.


Figure Q5.3. Unit Step Response.
� EMBED Equation.2  ���
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