
(Example 6.11) Draw Nyquist plot for the second-order system

G(s) =
s2 + 3

(s+ 1)2
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4 Stability Margins
• ⌅¡– �\ l0  ƒ (magnitude-phase plot) (Nichols chart)

1. \¯ l0(dB) � ⌅¡  ƒ| µ¡ “Nichols”  ƒ |‡ \‰.
2. \¯ l0 � ⌅¡ ƒX •⇣@ –Ë⌅ ‹§\X ¡� H�ƒ| ‡çXå l` ⇠ à‡, Ù¡t }å
tË¥» ⇠ à‰î Ét‰. �| ‰¥
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• t› ✏ ⌅¡ P(⇣ (gain-crossover point and phase-crossover point)

1. t› P(⇣ (gain-crossover point): |G(j!g)| = 1 or |G(j!g)|dB = 0[dB]x ⇣. t› P(⇣–⌧X
¸�⇠| t›P(¸�⇠(gain-crossover frequency) !g |‡ \‰.

2. ⌅¡ P(⇣ (phase-crossover point): \G(j!p) = �180� or \G(j!p) = 180�� ⇠î⇣. ⌅¡ P(⇣
–⌧X ¸�⇠| ⌅¡P(¸�⇠(phase-crossover frequency) !p |‡ \‰.

3. �| ‰¥, ‰LX ⌅Ïh⇠| ‡$t Ùê

G(s) =
10(s+ 10)

s(s+ 2)(s+ 5)
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• ¡� H�ƒ : t› Ï (GM: Gain Margin) @ ⌅¡ Ï (PM: Phase Margin)

1. Nyquist  ƒî Ë¿ ‹§\X G(j!) H� ÏÄÃ D»| ‹§\t º»Ã| H�X¿ ¯ �ƒ| h
ÿ ò¿¥‡ à‰.

– t| ⇣ËX0 ⌅XÏ m¡ Ë⌅ ⇠9Ñ(unity feedback)D ��\‰.
– |⇠�<\ G(j!) §�t �1 + j0 ⇣– ⌘¸Xt, ƒË Qı¥X \� $Ñà∏� ù�X‡, ⇣
‡⇠î p ‹⌅t T x∞‰.

– |⇠�<\ G(j!) §�t �1 + j0 ⇣ ¸⌅| �]å ⇣�⇠] ‹§\X Qı@ T± ƒŸXå
⌧‰.

– G(j!) §�X �1 + j0 ⇣– �\ ¸⌘ƒî H�ƒ ÏÄX ôƒ\⌧ ¨© ⇠ à‰.
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2. ⌅¡ Ï (Phase Margin) : ‹§\D àH�X Ωƒ\ $ƒ] Xîp Dî\ t›P( ¸�⇠ !g

–⌧X î��x ⌅¡¿X ët‰. ⌅¡Ï PM@ 180�– t›P( ¸�⇠–⌧X ⌧Ë⌅ ⌅Ïh⇠
⌅¡� \G(j!g)| i\ Ét‰.

PM = 180� + \G(j!g)

\å⌅¡ ‹§\t H�t¿0 ⌅t⌧î ⌅¡Ï � ëX ✓t¥| \‰.
3. t› Ï (Gain Margin) : ⌅¡�t �180�x ¸�⇠, â ⌅¡ P(¸�⇠ !p–⌧X l0 |G(j!p)|X
Ì⇠t‰.

GM =
1

|G(j!p)|

p‹®\ \‹Xt

GM [dB] = �20 log |G(j!p)|

t› Ï GM [dB]� 1Ù‰ t Lî H�X‰. H�\ \å⌅¡ ‹§\–⌧X t›Ï î ‹§\t
àH�Xå ⇠0L¿ t›t º»Ã| ù� ⇠ àî �| ò¿∏‰.

– t›Ï Ë≈tò ⌅¡Ï Ë≈<\î ¡�H�ƒX ©Ñ\ ¿\�  ⇠ ∆‰. ¡� H�ƒX
∞�– à¥⌧î 2�¿ ‰ ¸¥8| \‰.

– Ãq§Ï¥ 1•D ª0 ⌅t⌧î ⌅¡Ï � 30 ⇠ 60� ¨t– à¥| Xp, t›Ï î 6[dB]
Ù‰ ‰| \‰.
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4. �⌧) K = 10 |L, t›Ï ? ⌅¡Ï ?

G(j!) =
K

j!(j! + 1)(j! + 5)

|G(j!)| = K

|!|
p
1 + !2

p
25 + !2

\G(j!) = �90� � tan�1 ! � tan�1 !

5

1) ⌅¡P( ¸�⇠ !p

tan�1 ! + tan�1 !

5
= 90� ! !2

p = 5

2) t›Ï GM

|G(j!p)| =
Kp

5
p
6
p
30

=
K

30
GM =

1

|G(j!p)|
=

30

K
= 3 GM [dB] = 20 log 3 = 9.54[dB]

3) t›P( ¸�⇠ !g

K

|!g|
q
1 + !2

g

q
25 + !2

g

= 1 !2
g(1 + !2

g)(25 + !2
g) = 102 = 100 !g ⇡ 1.2247

4) ⌅¡Ï PM

PM = 180� � 90� � tan�1 !g � tan�1 !g

5
= 25.47�
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