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Lecture 19

_ecture 19

Nyquist stability criteria (Continue).

Topics to be covered incluae.

Nyquist stability criteria (continue).
Minimum phase systems.
Simplified Nyquist stability criterion.
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Lecture 19

Nyquist fundamental

Kf (s)

/\/\ 0

\ 7

Nyquist path NyguistEiol Nyquist path Nyquist plot
Z,—F =N, Za=P= k>0
Z—l_P—l S N—l k >O
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Example 1: Check the stability of following system

by Nyquist method.

Lecture 19
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Example 1: Check the stability of following
system by Nyquist method.
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Example 1: Check the stability of following
system by Nyquist method.

f(s)=

375
~ s(s+5)(s+10)

/\

Checking the RHP roots of

2 375k &
s(s+5)(s+10)

or stability of above system

375

"[5(s+5)(s+10)

Z. =N

-1

0 StableforO<k<?2
|2 Unstablefork >2

Two RHP roots .



Example 1: Check the stability of following
system by Nyquist method.

f(s)=

375
~ s(s+5)(s+10)
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Checking the RHP roots of
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375

"|'s(s+5)(s +10) r

/ \\
/ \\
]
\
I \
1 \
i \
[} \
| \
\
(> \
O H'>
1 4

N, =1+0=1 Unstablefor k<0

1RHP root

Dr. Ali Karimpour Dec 2013



Example 2: Check the stability of following system from the giverr* ™"

Nyquist plot.
935 1 0348 03l CadSUU s 4 g Ly i 001 Y
1
d(s) is a polynomial. d(s) I
A g
R(s) + ” 1 C(s) /,”"\\ 4~
o r —%\-2/0_1 e—0
Zy—P =Bt/ 0 - P 2 e — P
O<k<6 Z,=-P,=NgZ,2,-1=0 Z =1 Systemis unstable( 1 RHP zero)
6<k <10 Z,-P,=N, Z ,-1=-1 z_,=0  Systemisstable
k>10 Z,-P;,=N, Z -1=1 7,= 2  System is unstable( 2 RHP zero)
k <0 g i .1 AR e g T System is unst%pL@iQ(;,i@J%]%eg%@)



Example 2: Check the stability of following system from the giverr* ™"
Nyquist plot.
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Example 3: Discuss about the RHP roots of following system. il

2(s—1
1l+k——= ( ) =0 05 cou K alises polis cows s 55, ddolae Culy Cas gl a; 9550 50 ¥ Jlis
s(s+1)
2(s—1
f ()= 28D '
5 s(s+1)
5 o Lo
AE () s &£0
| & 2/ -2

f(s)=—=— 5:004—225

] S s/4 >
% | ?
! f(s)=—= =o0/—270
) s &£90
/ 2 2
’ f(sl=—=——=62-90
¥ T
= 7 el LR O L
S 00/45
He)oo Site sy
s /0

10
Dr. Ali Karimpour Dec 2013



Example 3: Discuss about the RHP roots of the following system.

Lecture 19

A

1+k2(s 1 =0 K Calos
ASS Cou K alise polas cons dJoles ol Cows (gl ain ) o SVl
S(S e 1) % ? 7 . ro9r ) S =) 43 J
f(s)= 2(s—1)
s(s+1)
A /_\
} ] f(jo)= _2(]_(0—1)
A I jo(jo+1)
Il
’ @ | ?1
// ——————
> f( ja))‘ e
P”’, £
Which point is very important?
/f(jo)=2num—sden= 180—tan " w—(90+tan ‘@) =90—2-tan* w
A (Jo)=0 - w=1 |Orequivalently let Im(f) =0

—_——
-

_____

F(JD) =

i
iG+n

Dr. Ali Karimpour Dec 2013




Example 3: Discuss about the RHP roots of the following system for different valesase 19

of k.
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More Study:

Zo_I:)o:No

=N Z,—0=1
Unstable( one RHP root)

=N, Z,=N,
—05<k <0 Stable

Unstable
k<-0.5 (two RHP root)

1-0=1
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Lecture 19
Example 4: Discuss about the stability of the following system for different values of k.
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10(3 T 2) Lecture 19
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10(5 T 2) 7 Lecture 19

Discuss about the RHP roots of: 1+k B 0
P prd
e G T
—1:\_}(; 5
\ :' k>0 Z,-Py=N, Z,-2=N,
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Lecture 19

Minimum Phase systems
58 J8lo> aoles
f(s) Is said to be minimum phase If It has no poles and zeros

on the RHP and on the jo axis (origin Is an exception) and
there is no delay:.

9y 9 RHP o 680 5 bl e o o5l 510065 56 JSlos b_f(S) b
aals 2B gl ¢ (Conl Lecinl loce) allas JO 9

If It was minimum phase

Ii(s + )
f(s)=—>=
() - Ny Zi ! pJ >O
syjrzll(s+ P;)

T, Is typeof system

Important note: If f(s)is minimum phasethen |z,=P,=P,=0
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Lecture 19

Nyquist fundamental for minimum phase systems

* kf (s)
ST

B ~
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Nyquist path

Nyquist plot
k >0 Z,—-P,=N, Z,=N_

k <0 Z.,—P,=N, AL
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Check the stability of following system by Nyquist | R(s)+ 40 C(s)

method. '_T K s(s:25) I'
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ST 360° 360°

2( 90T, +®1) 2(90° +90°) Unstablefor k<0
KD 2N 366" T 360° - .OneRHP zero




Check the stability of following system by Nyquist | R(s)+ 40 C(s)
method. '_T " s(s+25) r
e f(9) = ——0
A = o S(s +25)
£
> O >
1| .
e\f
System is minimum phase S
2( 90T, +%P-1) :
iy Y (_4 Is the angle of polar plot around -1
b 360
2( 90T, +P1
k <O Z—l = 1 =g ( J )

360°

(4 Is the angle of polar plot aroqu 1!
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Example 5: Discuss about the RHP roots of the following system for different Valtes

of k.
S Eon K Gilise polie coavs g g piiesw RHP sla 4ty 5,90 500 Jlis

1+k s =0 >0
l+7S

Clearly System is minimum phase so we use simplified Nyquist method

l 1 !

f(s)=
)| 1+7s
/l\ /\ 1 \ )1 ”
—T P

Simplified Nyquist Polar plot
path plot

_2(90T, +¢,)  2(0+0)
360° 360°

N 290Ty @) | ¢ [180/180=1  k<-1 OneRHProot
0/180=0 -1<k<O0 NoRHP root.
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k=0 L =N 0 No RHP root.

360° 180°



Example 7: Discuss about the RHP roots of the following system for different vedwues19
of k.

.@mk@mﬁouﬁwﬁmeHP sle 4y, 8,50 y0:# Lo
1+Kk =0 7>0

s?(1+75S)

Clearly System is minimum phase so we use simplified Nyquist method

I 1 A
(Gt
d S“(1+759) //\
/I\ /\ ?1 T
Simplified Nyquist Polar plot

path plot

~2(90T, +¢,) 2(180+180)
360° 360°

N 2090T, +¢1) _ 2(180+0) _1 One RHP root.
360" 360" Z
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k=00 Z, =Ny =2 Two RHP roots.




Lecture 19

Simplified Nyquist method

kf (s)
N /\
Simplified Nyquist System is minimum phase Polar plot

path plot

~2( 90T, +9P-1)
360°

2( 90T, +@ :
k<0 7 N ( 366j 1) (4 is the angle of polar plot around 1

k>0 Zi N (_4 Is the angle of polar plot around -1

Important remark: If any of ¢, or o, Is greater than zero the system Is
unstable but if they were less than zero one must check it! i
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Lecture 19

Simplified Nyquist method

Cale L iseagllals o e

O
kf (s) /\

e 1
Unstable
Polar plot
kf (s)
Simplified Nyquist -
path plot -1<
s Polar plot
Stability depends en T,
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Lecture 19

EXxercises

Lo o5
1- The open loop transfer function of a unity-feedback (negative sign) is:
K
G (s) =
&)= 15

Apply the Nyquist criterion to determine the range of & for stability. Let
n=1,2,3and 4

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

s° +25% +20s+10k =0

Apply the Nyquist criterion to determine the range of & for stability.
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Lecture 19

EXxercises
FEERON

3- The open loop transfer function of a unity-feedback (negative sign)
with PD controller is:

10(K , +K,5)

G,(8)= 52

Select the value of K so that the parabolic error constant be 100. Find
the equivalent open-loop transfer function G(s) for stability analysis
with K, as a gain factor. Sketch the Nyquist plot and check the stability
for different values of K.
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Lecture 19

EXxercises
FEERON

4- The polar plot of an open loop transfer function of a minimum phase
system is: I

15

[

N

Determine the steady state error of the system to a unit step.  e.-; i

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

k e—TS

Sk s+1

(k >1)

Derive an expression that make the system stable.
[TVk®—1+tan'Vk*> —1]<I1 b 26
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cture 19

Example 6: Discuss about the RHP roots of the following system for different values
of k.
ug_mkgm).adbﬁ G 9 ) RHP Sl iy, 5,90 40 :( Jbee

1+k : =0 >0
S(L+759)

Clearly System is minimum phase so we use simplified Nyquist method

} G I
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/l\ P e ] 1
-T >

Simplified Nyquist
path plot

v

Polar plot

_ 2(90T, +¢,) 2(90-90)
360 360

N 2(90T, +¢1) _ 2(90+90) _1 One RHP root.
360" 360" Z
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k>0 Z,=N, 0 No RHP root.




Example 8: Discuss about the RHP roots of following system for different value ot k.~

AqukumeomWfﬁ)W RHP clo ais, 0,90 ;0 A Jlie

1+k— - =0 >0
S°(1+75S)

Clearly System is minimum phase so we use simplified Nyquist method

l G
l R, s*(1+75)

/l\ /\ ?1 R
T >

Simplified Nyquist
path plot

Polar plot

~2(90T, +¢,) 2(270+90)
360° 360°

N = 290, > o) o 2(270-90) —1 One RHP root.
360° 360° #
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k=00 Z, =Ny —2 Two RHP roots.




