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SCHOOL OF ENGINEERING

MODULAR HONOURS DEGREE COURSE

LEVEL 2

SEMESTER 2

1998/99

DYNAMICS AND CONTROL


                                                                                                  EXAMINERS : DR D F PEARCE/DR J LEARY

___________________________________________________________________________

Attempt FIVE questions only.

          
Time allowed : 3 hours

Answer at least one from Section A.


      









Total number of questions = 8
All questions carry equal marks.


The figures in brackets indicate the relative weightings of parts of a question.

The following charts, tables and other special requirements are supplied:

Graph paper

Table of Laplace transforms

Mathematical Formulae (B & C)

SECTION A

1.
a)
A lorry is to transport a large roll of paper as shown in figure Q1a.  Initially the lorry is at rest and then moves forward at a constant accelerations of l m s-2.






Assuming the paper is free to roll, determine how far the lorry will have to travel 


before the roll of paper falls from the lorry ?

(12)



before the roll of paper falls from the lorry?
(12)



                                            DATA




Mass of paper roll = 100 kg




Moment of inertia of paper roll  = 25 kg m2




Diameter of paper roll  = 2 m 
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Figure Q1a.


b)
An electric motor supplies a constant torque via a reduction gear ratio 4:1 to an inertia 

load.  The moment of inertia for the motor shaft assembly is 1 kg m2  and that of the 

output load is 8 kg m2.



Determine the motor torque if the load is to accelerate at 1 rad s-2.
(8)


2.
The mechanism shown in figure Q2  consists of a pivoted arm OA  and a  slotted link C.  The pin B is attached to the arm at 0.5 m from the pivot and engages with the link via the slot. If in the position shown the link is moving down with a constant velocity of 0.25 m s-1 determine :







a)
the angular velocity of the arm OA 
(5)

the relative sliding velocity of the pin B in the slot

(5)


b)
the relative sliding velocity of the pin B in the slot
(5)


c)
the angular acceleration of the arm
(10)
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Figure Q2

3.
The mechanism shown in figure Q3 stands in a vertical plane and consists of along slender 



bar AB of mass 10 kg and a spring of stiffness 100 N m-1 which is capable of both extension 



and compression.  The movement at each end of the bar is constrained by the slots shown in 



the diagram and the free unstrained length of the spring is 1.2 m.

              If the mechanism is released from rest and neglecting any fictional loss determine the velocity
              of the point A when the bar reaches the vertical position.
(20)



(20)
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Figure Q3




SECTION B

4.
a)
The schematic diagrams shown in figure Q4a represent two mechanical systems;

i) positioning of a hydraulic valve and  

ii) the head in a water tank via the input flow rate. 



Detrmine in each case the transfer functions 
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Figure Q4a.


b)
The time response from a step input to a spring, mass and damper 



system is shown in figure Q4b.



Estimate from the time response :



i)     the damped natural frequency
(3)



ii)    the damping ratio (

           (3)






(3)



iii)   the characteristic equation for the system
(4)
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Figure Q4b

5.
A seismic transducer used to measure acceleration is shown in figure Q5 where the 


movement of a mass, M, is constrained by a spring, k, and damper, C.  The output 


voltage, Vo is taken from a potentiometer.



a)
Show that the transfer function relating the output voltage, Vo, 



with the acceleration 
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(5)


b)
Using the data provided, determine :



i)
the steady state output voltage for a constant acceleration of 10 m s-2  
(4)



ii)
the output transient settling time for a step change in acceleration
(5)



iii)
new values for the spring stiffness and damping coefficient to obtain a 




settling time of 0.2 seconds and damping ratio ( = 0.707.
(6)





         DATA





Mass M = 0.1kg





Spring stiffness K = 40 N m-1




Damping coefficient C = 4 Ns m-1




Potentiometer coefficient kp = 10 V m-1
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Figure Q5

6.
The angular position control , (o, of a robot arm is achieved with the use of a dc motor, power amplifier and position transducer.  The open-loop transfer function for this system is given by 
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a)
Describe the open-loop transfer function and suggest how each of the terms might 




relate to the practical system.
(5)


b)
Assuming unity feedback, determine the closed-loop transfer function and discuss



whether the system will be stable.
(4)


c)
Sketch the closed-loop frequency response characteristic indicating the value for 




resonant frequency.

(6)


d)
Suggest a new value for the forward path gain such that the system just loses its 




resonant characteristic.
(5)

7.
An industrial process which makes plastic sheet material uses a unity feedback control system to maintain a constant output thickness.  The output thickness is difficult to control and it has been discovered that the forward path transfer function
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a) Draw the root-locus diagram for this system and then determine the value of  K to give the closed-loop system a damping ratio ( = 0.5.
(8)


b)
To improve the performance of the system a forward path controller with a transfer 





function  
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 is to be added to the control system.  Sketch the new 




root-locus and discuss how this will influence the closed-loop performance.
(12)

8.
The temperature control of a furnance is achieved with the use of a temperature measuring transducer and a fuel control valve.  The furnace temperature T ((C) is related to the fuel valve setting X (mm) by the transfer function 
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The operation of the temperature measuring transducer may be expressed by the transfer function  
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,  where V is the transducer output voltage.  The voltage input command signal to the control system is Vi  and the action of the control valve is given by the equation X = 60 (Vi - V).


Determine


a)
the block diagram for this system
(5)



b)
the open and closed-loop transfer functions
(4)


c)
an estimate for the system transient settling time
(4)


d)
the steady state error following a unit step input signal
(4)


e)
a method for reducing the steady state error.
(3)
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