Problem Set 5 Solutions

Problem 1
Combine Gg and G7 yielding G¢G7. Add G4 and obtain the following diagram:
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Figure 1: Initial block diagram.

Next combine G3 and G4 + G¢G7, as shown in Figure 2. Push G5 to the left past the pickoff point. See
Figure 3 for this arrangement.

Notice that the feedback is in parallel form. Thus the equivalent feedback, Heq(s) = g—§+G3(G4 +G6G7)+Gs.
Since the forward path transfer function is G(s) = Geq(s) = G1Gs, the closed-loop transfer function is

Geq(s)

T = .
) =13 Geq(5)Heg(5)
Hence,
T(s) = G5G
1 + Gy (G8G5 + G7GeG5G3 + G5G4G3 + Gg)
Problem 2

Combine the feedback with G¢ and combine the parallel G2 and G3. Displayed below in Figure 4.
Move G2 4+ G3 to the left past the pickoff point. Shown is Figure 5.
Combine feedback and parallel pair in the forward path yielding and equivalent forward-path transfer function

of:
G + G3 Gy G
Ge(s) = G
(S) (1+G1(G2+G3)>( 5+G2+G3>(1+G6>




Gs - C(s)

R(s) N e J oo
T
3 v
Gy Gg(G4 + G6G7)
+
<
Figure 2: Combine G and G4 + G¢Gr.
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Figure 3: Push G5 left, past the pickoff point.
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Figure 4: Feedback combined with Gg and G2 & G3 in parallel.
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Figure 5: G3 + G3

moved left past pickoff point.



Gel(s
But, T(S) = W()C);ﬂs) ThUS,

T(s) = Gs(G4 + G5G3 + G5Ga)
GG(G7G4 + G7G5G3 + G7G5Go + G3G1 + GG + 1) + Gy (Gg + Gz) +1

Problem 3
Equation for Ts: 0 = (w, = — = 4;
Equation for overshoot: ¢ = M = 0.5549;
m2+1n2(12.3/100)
0= Cwy = 0.5549w, =4; .. w,="7.21
w2 51.96
G(s) = 3 2 = 2
52 4+ 2Cwps + w2 52+ 854 51.96
Problem 4
Use the following equations:
di
1) KVL - dt ;f—Vc—O
ave .
2) KCL dt =1
Calculate the Laplace transforms and derive the TF:
Vels) & _ 1o
Vi(s) R+Ls+é $24+ 85+
4 8L . Thus, £ = 4000. Using Eq. (4.39) with 15% overshoot, ¢ = 0.5169.

Also, Ts =210~ 3———3
But, 2§wn— . Thus, w,, = 3869 = 1/ =\/1 10 a5 Therefore, L = 6.7 mH and R = 26.72 €.
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