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Open Loop Analysis

Open Loop Phase

Phase and gain of common blocks
• Pole/zero at origin• Pole/zero at origin

• First order block (zero/pole)
• Second order block (pair of poles/zeros)

Pole/Zero at Origin

• Block Transfer Function

• Gain of the block

• Phase of the block• Phase of the block



Pole/Zero at Origin

Zero at origin Pole at origin

First Order Block (zero/pole)

• Pole or a zero (single or multiple)

• Gain
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Gain at milestone frequencies
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First Order Block (zero and pole) Second Order Block
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• Gain• Gain

• Phase• Phase



• Gain at milestone

frequencies

Second Order Block

Gain change
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Second Order Block

Phase Margin and Gain Margin
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Gain Margin and Phase Margin 
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Servo controller design needs to 

adjust the following

Servo Controller Design

• Open Loop Bandwidth (BW)

• Phase margin at BW frequency
• Steady state error

Example

Design C(s) to have BW=20[rad/s], 

Servo Controller Design

Design C(s) to have BW=20[rad/s], 

PM=45°°°°, and Unit step steady state 
error=0.01

Step 1: Draw gain and phase plots

Without Controller
Step 2: Bandwidth Adjustment
(Use a forward gain K)



After BW adjustment Phase Margin

• Phase margin is

• Additional phase required
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• Use a lead compensator to provide additional phase  

Step 3: Phase Margin Adjustment
(Use a lead compensator)

BW=20



Step 4: Adjust lead compensator gain 
to unity (Use a gain Kle)

After PM Adjustment

Step 5: Steady State Error Correction 
(Use a lag compensator)

Steady State Error for Unit Step Input (FVT)

Almost 1%, not acceptable

Step 6: Design a Lag Compensator

To meet the requirement



Place the pole and zero 

near the origin so that the 
effect is confined to low 
frequencies

Lag Compensator Characteristics

Servo Controller

BW=20[rad/s]

°°°°PM=45°°°°

Steady state error=0.01



Step 7: Simulation Simulation Results for 1,3,5 [rad/s] 

Simulation Results for 8,10,12 [rad/s] 


