ECE 486: Control Systems

Lecture 14C: Introduction to Bode Plots for

Higher-Order Systems




Key Takeaways

Consider a system whose transfer function is G(s) = G,(s)G,(s).

* The Bode phase plot of G(s) is the sum of the phase plots of
G,(s) and G,(s).

 The Bode magnitude plot of G(s) (in dB) is the sum of the
magnitude plots of G,(s) and G,(s).

This can be used to draw Bode plots for higher order systems.




Products of Transfer Functions

* Consider a system whose transfer function is G(s) = G,(s)G,(s).
 The response of G(s) at frequency o is:
G(jw) = G1(jw) Ga(jw) = |G1(jw)|e? £« |Gy (jw)|ed £C2 1)
= |G(jw)| = |G1(jw)| - |G2(jw)| |£G(jw) = LG1(jw) + LG2(jw)
* Next recall that for any real numbers ¢, and c,:
logp(cice) = logyg(c1) + logyg(c2)
* Thus the magnitude of G(ja)) in dB is given by:

The Bode phase plot of G(s) is the sum of the phase plots of
G,(s) and G,(s). The Bode magnitude plot of G(s) (in dB) is the
sum of the magnitude plots of G,(s) and G,(s).



Example: Lead Controller

* Consider the first-order system:
a(t) +2u(t) = 26(t) +e(t)  G(s) =5

* Express transfer function as a product:
G(s) = G1(s)Ga(s) where G1(s) =2s+ 1 and Ga(s) = lerQ'
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Example: Overdamped Second-Order System

* Consider the first-order system:
() +1.2() +0.2y(t) = 05u(t)  G(5) = ri%seron

* Express transfer function as a product:
G(s) = G1(s)Ga(s) where G1(s) = — 15 and Ga(s) = 2%
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Bode Diagram Bode Diagram
S 14 S 14}
[«b) 8 [<H) 8
S S -6}
€ 20} 5-20F
O ©
= 40 = 40
107 107
Op= 0
=2 = = (G Approx.
@ -50F 5 L -
=] >0 ) >0 === (5 Exact
L -100 | $ -100 F
2 2
a -150 o -150
1072 107 10° 10° 1072 107 10° 10°
Frequency (rad/sec) Frequency (rad/sec)



