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Closed-Loop Transfer Functions




Solution of Block Diagram




Open-Loop and Closed-Loop
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Construction of the Loop Gain

Example
S
80 dB T (1 u a)z)
_ T(s)=T,
| T “Q 14+ +(s)2 (1+L)
60dB 1 ’ TO |dB . \ 4 dB Qa)pl wpl wpz
40 dB 1 Jpn
—40 dB/decade
20dB T
) S
—20dB e — 40 dB/decade
frequency
—40 dB : : . . !
1 Hz 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz
At the crossover frequency f,, || T|| = 1 f
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Tracking of Reference
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/
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Rejection of Disturbances
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f
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Determining Stability From T(s)




The Phase Margin Test




Example: Stable System

60dB T
T
|| || ” T ” LT
40 dB
Crossover
20dB T [frequency
0dB 0°
—20dB 1 -90°
—40 dB - - —180°
1 =270°
1 Hz 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz

LT(j2nf) =—112°

¢, =180° = 112° = + 68°
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Example: Unstable System

60dB 1

40 dB

20dB T

0dB

-20dB 1

—40 dB -
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LT

- —180°

-270°

1Hz 10 Hz

LT(j2nf.) = - 230°

100 Hz

¢, = 180° — 230" = 50°
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Nyquist Stability Criterion I(s) = (s - 1)
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