
• Nyquist ⇣ƒ �© �⌧ / Ë⌅⌅Ïh⇠ G(s)– ˘¸ �⇣D î�` L Nyquist  ƒ– ¯Xî �•

(�⌧1) KG(s)� –⇣– ˘D 1⌧ ÏhXî Ω∞

KG(s) =
K

s(Ts+ 1)

|KG(j!)| = K

|j!||j!T + 1| =
K

|w|
p
!2T 2 + 1

\KG(j!) = �90� � tan�1 !T

– ! = +0 |L, l0 = 1, ⌅¡� = �90�

– ! = +1 |L, l0 = 0, ⌅¡� = �180�

– ! = 1
T |L, l0 = KTp

2
, ⌅¡� = �135�

– P = 0t‡ N = 0t¿\, Z = 0<\ H�X‰.
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(�⌧2) KG(s)� –⇣– ˘D 2⌧ ÏhXî Ω∞

KG(s) =
K

s2(Ts+ 1)

|KG(j!)| = K

w2
p
!2T 2 + 1

\KG(j!) = �180� � tan�1 !T

– ! = +0 |L, l0 = 1, ⌅¡� = �180�

– ! = +1 |L, l0 = 0, ⌅¡� = �270�

– ! = 1
T |L, l0 = KT 2

p
2

, ⌅¡� = �225�

– P = 0t‡ N = 2t¿\, Z = 2<\ $xΩ ⇠…t– –Ë⌅ ˘t 2⌧ t¨XÏ àH�X‰.
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(�⌧3) KG(s)� –⇣– ˘D 2⌧ ¯¨‡ H�\ �⇣D 1⌧ ÏhXî Ω∞

KG(s) =
K(T2s+ 1)

s2(T1s+ 1)

|KG(j!)| = K
p

!2T 2
2 + 1

w2
p

!2T 2
1 + 1

\KG(j!) = tan�1 !T2 � 180� � tan�1 !T1

– if T1 > T2 > 0, ⌅¡�@ �270� ⇠ �180� ¨t– t¨

! ! +0 |KG(j!)| = 1 \KG(j!) = �180� | ! ! +1 |KG(j!)| = 0 \KG(j!) = �180�

N = 2 and P = 0 t¿\ Z = 2, –Ë⌅ ‹§\@ s…tX $xΩ ⇠…t– 2⌧X –Ë⌅ ˘t
à¥ àH�X‰.

– if T1 = T2 > 0, ⌅¡�@ �180�<\ |�. tî –Ë⌅ ˘t j!ï ¡– t¨hD X¯ (marginally
stable or unstable)

– if T2 > T1 > 0, ⌅¡�@ �180� ⇠ �90� ¨t– t¨. N = 0 and P = 0 t¿\ Z = 0, –Ë⌅
‹§\@ H�X‰.

38



(�⌧4) KG(s)� x⇠Ñt ⇠î Ω∞

KG(s) =
K

(T1s+ 1)(T2s+ 1)

|KG(j!)| = Kp
!2T 2

1 + 1
p

!2T 2
2 + 1

\KG(j!) = � tan�1 !T1 � tan�1 !T2

– ! = +0 |L, l0 = K, ⌅¡� = 0�

– ! = +1 |L, l0 = 0, ⌅¡� = �180�

– P = 0t‡ N = 0t¿\, Z = 0<\ H�X‰.
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(�⌧5) KG(s)� x⇠Ñt ⇠t⌧ –⇣– ˘D 1⌧ ÏhXî Ω∞

KG(s) =
K

s(T1s+ 1)(T2s+ 1)

|KG(j!)| = K

|!|
p

!2T 2
1 + 1

p
!2T 2

2 + 1

\KG(j!) = �90� � tan�1 !T1 � tan�1 !T2

– ! = +0 |L, l0 = 1, ⌅¡� = �90�

– ! = +1 |L, l0 = 0, ⌅¡� = �270�

– ! = 1p
T1T2

|L, l0 = K
p
T1T2p

T1/T2+1
p

T2/T1+1
, ⌅¡� = �180�

tan�1 !T1 + tan�1 !T2 = 90�
!T1 + !T2

1� !T1!T2
= 1 ! =

1p
T1T2
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– if K
p
T1T2p

T1/T2+1
p

T2/T1+1
< 1, P = 0t‡ N = 0t¿\, Z = 0<\ H�X‰.

– if K
p
T1T2p

T1/T2+1
p

T2/T1+1
= 1, tî –Ë⌅ ˘t j!ï ¡– t¨hD X¯ (marginally stable or un-

stable)
– if K

p
T1T2p

T1/T2+1
p

T2/T1+1
> 1, P = 0t‡ N = 2t¿\, Z = 2<\ $xΩ ⇠…t– –Ë⌅ ‹§\X

˘t 2⌧ t¨XÏ àH�X‰.
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(�⌧6) KG(s)� ˘D –⇣ ✏ àH�\ �Ì– 1⌧) �¿î Ω∞

KG(s) =
K

s(Ts� 1)

|KG(j!)| = K

|!|
p
!2T 2 + 1

\KG(j!) = �90� � (180� � tan�1 !T )

– ! = +0 |L, l0 = 1, ⌅¡� = �270�

– ! = +1 |L, l0 = 0, ⌅¡� = �180�

– ! = + 1
T |L, l0 = KT

2 , ⌅¡� = �225�

– As s : +0 ! �0 with a radius ✏: K
s(Ts�1) ⇡

K
�✏ = �1î LX 4\� ⇠–<\ ıQ⌧‰.

– P = 1, N = 1t¿\, Z = P+N = 2� ⇠¥ $xΩ ⇠…t– –Ë⌅ ‹§\X ˘t 2⌧ t¨XÏ
àH�X‰.
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(�⌧7) KG(s)� –⇣ ✏ àH�\ �Ì– 1⌧) ˘D �¿t H�\ �Ì– �⇣D 1⌧ �¿î Ω∞

KG(s) =
K(s+ 3)

s(s� 1)

|KG(j!)| = K
p
!2 + 9

|!|
p
!2 + 1

\KG(j!) = tan�1 !

3
� 90� � (180� � tan�1 !)

– ! = +0 |L, l0 = 1, ⌅¡� = �270�

– ! = +1 |L, l0 =
p
5K, ⌅¡� = �206.5�

– ! = +
p
3 |L, l0 = K, ⌅¡� = �180�

tan�1 !

3
+ tan�1 ! = 90�

!
3 + !

1� !
3!

= 1 ! =
p
3

– ! = +3 |L, l0 = Kp
5
, ⌅¡� = �153.4�

– ! = +1 |L, l0 = 0, ⌅¡� = �90�

– As s : +0 ! �0 with a radius ✏: K(s+3)
s(s�1) ⇡ 3K

�✏ = �1î LX 4\� ⇠–<\ ıQ⌧‰.
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– if K > 1, then P = 1, N = �1t¿\, Z = P +N = 0� ⇠¥ H�X‰.
– if 0 < K < 1, then P = 1, N = 1t¿\, Z = P +N = 2� ⇠¥ àH�X‰.

(Example 6.8)
(Example 6.9)
(Example 6.10)
(Example 6.11) using RL, Bode, and Nyquist
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