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Lecture 19 

Nyquist stability criteria (Continue).  

Topics to be covered include: 

 

 Nyquist stability criteria (continue). 

 Minimum phase systems.  

 Simplified Nyquist stability criterion.  



Lecture 19 

 Dr. Ali Karimpour  Dec 2013 

3 3 

( )kf s

Nyquist path 
Nyquist plot 

0011   kNPZ000 NPZ 

Nyquist fundamental 

Nyquist path Nyquist plot 

1 ( )kf s

0111   kNPZ

0111   kNPZ



Lecture 19 

 Dr. Ali Karimpour  Dec 2013 

4 4 

-1 

)10)(5(

375

 sss

)(sC
k

+ 

- 

)(sR

0
)10)(5(

375
1 




sss

k

)10)(5(

375
)(




sss
sf

0
050

375

50

375
)( 




s
sf

45
4550

375

50

375
)( 




s
sf

90
9050

375

50

375
)( 




s
sf

270
)90(

375375
)(

33



 

s
sf

135
)45(

375375
)(

33



 

s
sf

0
)0(

375375
)(

33



 

s
sf

V
er

y
 i

m
p

o
rt

a
n

t 

V
er

y
 i

m
p

o
rt

a
n

t 

Example 1: Check the stability of following system 

by Nyquist method. 

 .پایذاری سیستن را توسط روش نایکوئیست تررسی کنیذ: 1هثال 
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Example 1: Check the stability of following 

system by Nyquist method. 

 .پایذاری سیستن را توسط روش نایکوئیست تررسی کنیذ
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Example 1: Check the stability of following 

system by Nyquist method. 

 .پایذاری سیستن را توسط روش نایکوئیست تررسی کنیذ
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Example 1: Check the stability of following 

system by Nyquist method. 
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Example 2: Check the stability of following system from the given 

Nyquist plot. 

 .پایذاری سیستن را تا توجه ته  هنحنی  نایکوئیست داده شذه تررسی کنیذ: 2هثال 

000 NPZ  10 0 P 10 1  PP

d(s) is a polynomial. 
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Example 2: Check the stability of following system from the given 

Nyquist plot. 

 .پایذاری سیستن را تا توجه ته  هنحنی  نایکوئیست داده شذه تررسی کنیذ: 2هثال 

000 NPZ  10 0 P 10 1  PP

d(s) is a polynomial. 

01.0
6

1


60  k

111   NPZ

System is unstable( 1 RHP zero) 

6 10k  System is stable 

10k 

0k  111 NPZ   1 1z  011 Z

System is unstable( 2 RHP zero) 

System is unstable( 1 RHP zero) 

)(

1

sd

11   PN











10

11

11



Lecture 19 

 Dr. Ali Karimpour  Dec 2013 

10 

 .تحث کنیذ kدر هورد ریشه های سوت راست هعادله روترو تر حسة هقادیر هختلف : 3هثال 

Example 3: Discuss about the RHP roots of following system. 
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 .تحث کنیذ kدر هورد ریشه های سوت راست هعادله روترو تر حسة هقادیر هختلف : 3هثال 

Example 3: Discuss about the RHP roots of the following system. 
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 .تحث کنیذ kدر هورد ریشه های سوت راست هعادله روترو تر حسة هقادیر هختلف : 3هثال 

Example 3: Discuss about the RHP roots of the following system for different values 

of k. 
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 .تحث کنیذ kپایذاری سیستن را تر حسة هقادیر هختلف : 4هثال 
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Example 4: Discuss about the stability of the following system for different values of k. 

 :فرم استانذاردهعادله ته صورت زیر است
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Discuss about the RHP roots of: 
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Discuss about the RHP roots of: 0
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Minimum Phase systems 
 تواتع حذاقل فاز

f(s) is said to be minimum phase if it has no poles and zeros 

on the RHP and on the jω axis (origin is an exception) and 

there is no delay.  

و  روی  RHPرا حذاقل فاز گوینذ اگر این تاتع هیچ قطة و صفری در  f(s)تاتع 
 .و دارای تاخیر نثاشذ( هثذا استثنا است)نذاشته    jωهحور 
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Clearly System is minimum phase so we use simplified Nyquist method 
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 .تحث کنیذ kسیستن زیر تر حسة هقادیر هختلف  RHPدر هورد ریشه های : 5هثال 

Example 5: Discuss about the RHP roots of the following system for different values 

of k. 
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Clearly System is minimum phase so we use simplified Nyquist method 
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 .تحث کنیذ kسیستن زیر تر حسة هقادیر هختلف  RHPدر هورد ریشه های : 6هثال 

Example 7: Discuss about the RHP roots of the following system for different values 

of k. 
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Simplified Nyquist method 

System is minimum phase Simplified Nyquist  

path plot 
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φ-1 is the angle of polar plot around -1 

φ1 is the angle of polar plot around 1 

Important remark: If any of φ-1 or φ1 is greater than zero the system is 

unstable but if they were less than zero one must check it!   
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Exercises 
  تورینها

1- The open loop transfer function of a unity-feedback (negative sign) is: 
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Apply the Nyquist criterion to determine the range of k for stability. Let 

n=1,2,3 and 4 

2- The characteristic equation of a linear control system is: 

Apply the Nyquist criterion to determine the range of k for stability. 

010202 23  ksss
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Exercises 
 تورینها

3- The open loop transfer function of a unity-feedback (negative sign) 

with PD controller is: 

2
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p




Select the value of Kp  so that the parabolic error constant be 100. Find 

the equivalent open-loop transfer function Geq(s) for stability analysis 

with Kd as a gain factor. Sketch the Nyquist plot and check the stability 

for different values of Kd. 
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Exercises 
 تورینها

4- The polar plot of an open loop transfer function of a minimum phase 

system  is: 

3 

Determine the steady state error of the system to a unit step. جواب:  
4

1
sse

5- The open loop transfer function of a unity-feedback (negative sign) is: 

Derive an expression that make the system stable. 
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 .تحث کنیذ kسیستن زیر تر حسة هقادیر هختلف  RHPدر هورد ریشه های : 7هثال 

Example 6: Discuss about the RHP roots of the following system for different values 

of k. 
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Clearly System is minimum phase so we use simplified Nyquist method 
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 .تحث کنیذ kسیستن زیر تر حسة هقادیر هختلف  RHPدر هورد ریشه های : 8هثال 
Example 8: Discuss about the RHP roots of following system for different value of k. 
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