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Problem 1 (20 Points)
The mechanical system has a mass (m) of 1 kg, stiffness (k) of 20 N/m and damping
coefficient (b) of 5 Ns/m.

(a) Write the state-space model.

(b) Write the transfer function, G(s)=X (s)/F(s).

(¢) If the external force f{#) is 10 N. Find the response x(f).

(d) Calculate T, Tp, and %08 if f{z) is 10 N.
(¢) Calculate steady-state error if f#) is 10 N.
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Problem 2 (10 Points)
Give a state-space model of a closed-loop system. Check stability.
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Problem 3 (10 Points)
Find transfer function of the given block diagraph by block diagram reduction technique.
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Problem 4 (10 Points)
For the following closed loop control system; overshoot should not exceed 10% and peak
time should be less than or equal 0.4 s.

(a) Find the closed-loop transfer function

(b) Find K; and K, gain values that will satisfy the conditions.
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Problem 5 (10 Points)
Find the state variables [x1(1), x2(£)]' and output (¢) of the given state
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How to find a 2x2 inverse matrix: =
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equations.

Solution
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Problem 6 (10 Points)
Give the step response of a second-order system.

(a) Find transfer function.
(b) Identify damping ratio (&) and natural frequency (@4n).
(c) Find the location of poles.

Time (sec)

Reading from the step response:

1. Peak amplitude = 0.83

2. Overshoot =24.5%

3. Peak time = 1.38 secC

4. Rise time = 0.608 sec

5. Settling time =3.43

6. Steady-state output = 0.667
Solution
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