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 Root Locus:

 Bode Plot:

 Nyquist Plot:
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 By Hand:

 Use the Bode Plot Techniques

to roughly sketch the magnitude and phase plots 

of any transfer function

by identifying these critical frequency locations 

 By Computer:

 Use Matlab codes 

to draw the exact Bode Plot, Nyquist Plot 

of any transfer function

 Design proper transfer function and 

select associated and reasonable gain value

 Hand Writing in Exam (40%)

 Multiple Choice in Exam (60%)
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 Class 1: Singularities at the origin
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 Class 2: Frist-order term
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 Class 3: Second-order term

 slope = -2 or -40db

 -180o
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 First-Order CT Systems:
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 Second-Order CT Systems:
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 Example 6.3: Bode Plot for Real Poles and Zeros

(1) Break points

(2) Asymptotes

 Low-Frequency Asymptote:

  << 0.5: slope = -1 (or -20 db/decade)

 0.5 <  < 10: slope = 0 (or 0 db/decade)

 10 <  < 50: slope = -1 (or -20 db/decade)

 50 < : slope = -2 (or -40 db/decade)

 Break points: 0.5, 10, 50
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 Example 6.3: Bode Plot for Real Poles and Zeros

o
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 Example 6.3: Bode Plot for Real Poles and Zeros

o

(3) Magnitude at break points

 By Zero: 1.4 (+3db)

 By Pole: 0.7 (- 3db)

o

o

o
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 Example 6.3: Bode Plot for Real Poles and Zeros

o

o

o

o
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 Example 6.3: Bode Plot for Real Poles and Zeros

(1) Break points

(4) Phase

 Low-Frequency Asymptote:

  << 0.5: phase = -90o

 0.5 <  < 10: phase = 0o

 10 <  < 50: phase = -90o

 50 < : phase = -180o

 Break points: 0.5, 10, 50
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 Example 6.3: Bode Plot for Real Poles and Zeros
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 Example 6.3: Bode Plot for Real Poles and Zeros
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 Example 6.3: Bode Plot for Real Poles and Zeros
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 Example 6.3: Bode Plot for Real Poles and Zeros

 Break points: 0.5, 10, 50
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 Example 6.4: Bode Plot for Complex Poles

 Break points: 2
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 Example 6.5:
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 Increasing gain 

 increase OR decrease stability?

  | KG(jw) | < 1 !!!

 However, for some systems,

  | KG(jw) | > 1 !!! 

 Need to check their root locus

 OR, by Nyquist Stability Criterion
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 Example 6.8: Nyquist Plot for a Second-Order System

 N = 0: not encircle -1

 P = 0: no poles of G(s) in RHP

 Z = N + P  Z = 0, 

no unstable roots for K = 1

 K > 0 also holds  
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 Example 6.9: Nyquist Plot for a Third-Order System
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 PM vs K

 K = 5

 | KG(jw) | = 1

 PM = −22𝑜

 K = 0.5

 | KG(jw) | = 1

 PM = +45𝑜

 K = 0.2

 | KG(jw) | = 1

 PM = +70𝑜
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 Example 6.15: Lead Compensation for a DC Motor
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 Example 6.15: Lead Compensation for a DC Motor
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 Example 6.17: Lead-Compensation Design 

for Type 1 Servomechanism System

 𝐾𝑣 = 10

 PM = 45𝑜

1. Determine gain K:

2. Bode plot of KG(s), K = 1 

 PM ~= - 4, Wcp ~= 4
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 Example 6.17: Lead-Compensation Design 

for Type 1 Servomechanism System

3. Allow for 5𝑜 of extra margin   

 45𝑜 + 5𝑜 − (−4𝑜) = 54𝑜

4. Pick   1/ = 10

5. Zero & Pole

 PM ~= 23, Wcp ~= 7
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 Example 6.17: Lead-Compensation Design 

for Type 1 Servomechanism System
7. A double-lead compensator:

 PM = 46𝑜
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 Example 6.19: Lag Compensation for the DC Motor

 Error constant: 𝐾𝑣 = 10

 PM = 45𝑜

 K = 10

 PM = 20𝑜 at 𝑐 ~= 3

 Select break points

 𝑐 is lowered

 more favorable PM results

 Lag zero = 0.10

 Lag pole = 0.01

 PM = 50𝑜
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 Example 6.19: Lag Compensation for the DC Motor

 Error constant: 𝐾𝑣 = 10

 PM = 45𝑜

 No steady-state error

 a Type 1 system

 Settling time ~= 25 sec

 Rise time ~= 2 sec

 Example 6.15: Lead Compensation
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 Example 6.20: PID Compensation 

for Spacecraft Attitude Control

 𝑐 = 0.5
 PM = 65𝑜

  Find K

 | 𝐷𝑐 𝑠 𝐺 𝑠 | = 20

 1/K = 20

 K = 0.05
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 Example 6.20: PID Compensation 

for Spacecraft Attitude Control

 Frequency Response of

𝑇(𝑠) and  𝑆(𝑠) are shown:


