Homework #11 — Introduction to Feedback Systems — Section 12.1

Problem 12.1
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The sensitivity of the closed-loopsystemtransferfunction with respectto parametep is given by

AM(s)

P (s) = M(s) _ iAM’(s) _ P 1 K B K
A? Ap M(s) Ap M(s) +(p+Ap)s+ K s2+ps+ K
B p s2+ps+ K K B K P s2+ps+ K B
T Ap K 24+ (p+Ap)s+ K s2+ps+K) Ap\si+(p+Ap)s+ K
_ P —(Ap)s _ —ps N —ps

T Aps’+(p+Ap)s+ K s+ (p+Ap)s+ K 2 +ps+ K
In the last step, the approximationis done assumingthat Ap is small.
Problem 12.2

The original transferfunction H(s) = 1000/(s 4+ 10) hasthe static gain equalto H(0) = 1000/10 = 100. The
closed-loopsystemtransferfunction is

M(s) = Y(s)+AY(s)  100(H(s)£AH(s)) _  100(10 £5)
- F(s) T 1+ 100(H(s) £ AH(s)) s+ 1010 4500
When the disturbancesign is positive, the static gain is
100(15)
+00) — _
MT(0) = Gl0 = 0.9934
When the disturbancesign is negative,the static gain is
- 100(5)
M=(0) = = 0.9803
(0 510

In both casesthe toleranceis lessthan 1% of the original DC gain (100). Hence,the combinedtoleranceis less
than 2%.

Problem 12.3
The sensitivity function for the unity feedbacksystem defined in Problem 12.2, with the transfer function
H(s) = 1000/(s + 10), is given by
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S(S): = =
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COMMENT: STUDENTSWILL NOT BE ASKED TO PLOT THE SENSITIVITY FUNCTION

Problem 12.4

Y(s) = H(s)D(s) + H(s)Gu(s)(F(s) — G(s)Y (5))
= (14 H(8)Go(8)G())Y () = H(s)D(s) + H(s)Go()F(5)
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For large valuesof the controller transferfunction GG.(s) and/orlarge valuesof the feedbackelementG(s), the
disturbances attenuatedn the systemoutput.



