Problem 1 (30 marks) -

The closed—loop control system, shown in the figure below, is used to control the movement of

an industrial robot. In order to improve its performance, a controller action, with the parameters

Ks-and Kz, has been added in the forward path. ‘/\&
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1. Obtain the closed-loop transfer function of the robot, C(s) / R(s).

2. Find the numerical values of the parameters if the system response to a unit step input

has the settling time of 2 seconds and the peak time of 0.9063 seconds.

3 Determlne the numerical value(s) of the Role(s ) and zero(s) of the system.
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Problem 2 (30 marké)

a) The transfer function of a closed—loop control system is given as:

Y(s) Ks + 40K

’/ﬁ/ ~
' R(s) so411s* +(K +10)s+40K

\/ 1. Find the range of variations of the gain K such that the system remains stable.

2. What is the value of K for marginal stability?

b) Determine the number of positive root(s) of the polynomial given below:

S5+3S4+2S3+ 65 + Gyt O 6
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Problem 3 (25 Marks)

1. Use the “block diagram reduction” method to simplify the block diagram shown below.

2 Determine the closed—loop transfer function T(s) =Y(s) / R(s) in its most simple form

and in terms of G1, G, Gs, H1, H2 and Hs.
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Problem 4 (15 marks)

o~

The block diagram of a closed—loop control system is shown in the figure below.

e a) Determine the closed-loop transfer function, 7(s) =C(s) / R(s).
i / b) Specify both the ‘type’ and ‘order’ of the system.
7 /

\9 c) Find the steady-state error of the control system for a ramp input function of 10t.
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Laplace Transform Pairs

Maximum percent overshoot, M, p:

Peak time: p

Settling time: 1. = ——
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