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r(t) *QMi`QHH2`

w(t)

avbi2K y(t)

v(t)

+ e(t) u(t)

+

+

+

−

+

Ç _272`2M+2 r(t)

Ç 1``Q` e(t)
Ç AMTmi u(t)

Ç AMTmi /Bbim`#�M+2 w(t)

Ç J2�bm`2K2Mi MQBb2 v(t)

Ç PmTmi y(t)

:Q�H, J�F2 y(t) = r(t)- MQ K�ii2` r?�i w(t)- Q` v(t) �`2

k

h?Bb q22F, SA. *QMi`QH

SA. @ S`QTQ`iBQM�H- AMi2;`�H- .2`Bp�iBp2 *QMi`QH

e(t) Kp u(t)

Td
de
dt
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∫ t
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Ç JQbi +QKKQM +QMi`QHH2`
Ç lb2/ BM #BHHBQMb Q7 /2pB+2b
Ç o2`v bBKTH2 �M/ 2z2+iBp2

:Q�H, .`Bp2 2``Q` iQ x2`Q �M/ F22T Bi i?2`2
S, u(t) = KP e(t)

A, u(t) =

∫ t

0

KIe(τ)dτ
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de(t)
dt



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w2`Q B7 �M/ QMHv B7 2``Q` Bb x2`Q �M/
MQi +?�M;BM;

j

1t�KTH2



.* JQiQ` aT22/ *QMi`QH

i(t)

+

�

u(t)

+

�
f

R K � !
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1H2+i`B+�H /vM�KB+b,R

u(t)︸︷︷︸
oQHi�;2

= v2K7︸︷︷︸
"�+F@1J6

+ Ri(t)︸ ︷︷ ︸
_2bBbi�M+2

= KΦω(t) +Ri(t)

J2+?�MB+�H /vM�KB+b,

τ(i)︸︷︷︸
hQ`[m2

= KΦi(t) = Jω̇(t)︸ ︷︷ ︸
AM2`iB�

+ fω(t)︸ ︷︷ ︸
oBb+Qmb 7`B+iBQM

+ Mr(t)︸ ︷︷ ︸
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S`QTQ`iBQM�H *QMi`QH

u(t) = KP e(t) = KP (y(t)− r(t))

a2i i?2 bvbi2K BMTmi iQ #2 T`QTQ`iBQM�H iQ i?2 2``Q`

AMimBiBQM, *QMi`QHH2` `2bTQM/b bi`QM;Hv iQ � H�`;2 2``Q` �M/ r2�FHv iQ � bK�HH QM2
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q?�i BKT�+i /Q2b KP ?�p2 QM i?2 bvbi2K #2?�pBQm`\
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(
f +

(KΦ)2

R

)
ω(t) =

KΦ
JR

(
u(t)− R
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qBi? i?2 +QMi`QHH2` BM TH�+2- i?2 bvbi2K 2[m�iBQM Bb,k
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AKT�+i Q7 S`QTQ`iBQM�H :�BM

Ç ai�#BHBiv
Ç �M BM+Q``2+i ;�BM +�M +�mb2 i?2 bvbi2K iQ #2 mMbi�#H2

Ç h`�MbB2Mi `2bTQMb2
Ç � H�`;2` ;�BM rBHH MQ`K�HHv +�mb2 i?2 bvbi2K iQ `2�+i KQ`2 [mB+FHv
Ç G�`;2` ;�BM → H�`;2` BMTmiX >Qr2p2`- vQm /Q MQi ?�p2 mMHBKBi2/ BMTmi �mi?Q`Biv5

Ç ai2�/v@bi�i2 Qzb2i
Ç J�Mv bvbi2Kb rBHH ?�p2 � bi2�/v@bi�i2 Qzb2i rBi? QMHv T`QTQ`iBQM�H +QMi`QH

lim
t→∞

ω(t) = lim
t→∞

KP ω̄c

2 +KP
(1− e−(2+KP )t) =

KP

2 +KP
ω̄c #= ω̄c
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Ç uQm K�v Dmbi #2 �KTHB7vBM; MQBb2 UKQ`2 H�i2`V
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S`QTQ`iBQM�H AMi2;`�H *QMi`QH

S`QTQ`iBQM�H AMi2;`�H USAV *QMi`QH

e(t)

1
Ti

∫ t

0
e(τ)dτ

Kp u(t)
+

+
E(s)

1
sTi

Kp U(s)
+

+

S`QTQ`iBQM�H AMi2;`�H *QMi`QH

u(t) = KP

(
e(t) +

1
Ti

∫ t

0

e(τ)dτ

)
= KP e(t) +Ki

∫ t

0

e(τ)dτ)

r?2`2 Ki :=
KP
Ti

U(s) = Kp

(
1 +

1
Tis

)
E(s) =

(
KP +

Ki

s

)
E(s)

Ç AMTmi Bb T`QTQ`iBQM�H iQ i?2 BMi2;`�H Q7 i?2 2``Q`
Ç AMimBiBQM, *QMi`QH BMTmi +QMiBMm2b iQ ;`Qr mMiBH i?2 2``Q` ;Q2b iQ x2`Q

Rd

6BM�H o�Hm2 h?2Q`2K

>Qr iQ +QKTmi2 i?2 bi2�/v@bi�i2 p�Hm2 Q7 � bB;M�H\
6BM�H o�Hm2 h?2Q`2K
A7 �M/ QMHv B7 i?2 HBM2�` iBK2 BMp�`B�Mi bvbi2K T`Q/m+BM; x(t) Bb bi�#H2- i?2M

lim
t→∞

x(t) = lim
s→0

sX(s)

h?2 bvbi2K Kmbi #2 bi�#H25

Ç A7 BiǶb MQi- i?2M i?2 6oh rBHH ;Bp2 vQm i?2 r`QM; �Mbr2` UBi rQMǶi T`2/B+i �M
mM#QmM/2/- Q` Qb+BHH�iQ`v `2bTQMb2V
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∫ ∞
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/t e−stdt

= x(t)e−st
∣∣∣
∞

0
− (−s)

∫ ∞
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= lim
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x(t)e−st

︸ ︷︷ ︸
=0 x(t) Bb bi�#H2

−x(0) + sL (x(t))

= −x(0) + sX(s)
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ω̇(t) + αω(t) = βu(t)

*QMi`QH BMTmi, u(t) = KP (e(t) + 1
Ti

∫ t

0
e(τ)dτ) → U(s) = KP (1 + 1

Tis
)E(s)

(s+ α)Ω(s) = βKp

(
1 +

1
Tis

)
(Ωc(s)− Ω(s))

Ω(s) =
βKp(Tis+ 1)

Tis2 + Ti(α+ βKp)s+ βKp
Ωc(s)

ai2�/v@bi�i2 2``Q` BM `2bTQMb2 iQ � bi2T BM i?2 +QKK�M/, Ωc(s) =
ω̄c
s ,

lim
t→∞

w(s) = lim
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sΩ(s)
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s
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s

= w̄c
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Ç .Bbim`#�M+2 BKT�+ib i?2 bvbi2K 7`QK t = 2 iQ t = 4

Ç h?2 BMi2;`�iQ` `2D2+ib i?2 /Bbim`#�M+2 �M/ F22T i?2 bvbi2K �i i?2 b2iTQBMi
kj

AMi2`�+iBp2 aBKmH�iBQMb

1ti2`M�H 2t�KTH2 RXkN
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SA *QMi`QH @ amKK�`v

e(t)

1
Ti

∫ t

0
e(τ)dτ

Kp u(t)
+

+
E(s)

1
sTi

Kp U(s)
+

+

Ç ai2�/v@bi�i2 Qzb2i
Ç AMi2;`�iQ` 2Mbm`2b x2`Q Qzb2i UKQ`2 /2i�BHb H�i2`V

Ç ai�#BHBiv
Ç �//BM; �M BMi2;`�iQ` +�M 2�bBHv /2bi�#BHBx2 i?2 bvbi2K

Ç h`�MbB2Mi `2bTQMb2
Ç hmMBM; Bb MQr KQ`2 +QKTH2t UKQ`2 /2i�BHb H�i2`V

k8



S`QTQ`iBQM�H .2`Bp�iBp2 *QMi`QH

S`QTQ`iBQM�H .2`Bp�iBp2 US.V *QMi`QH

e(t)

Td
de
dt (t)

Kp u(t)
+

+
E(s)

Tds

Kp U(s)
+

+

S`QTQ`iBQM�H .2`Bp�iBp2 *QMi`QH

u(t) = KP

(
e(t) + Td

/e
/t (t)

)
= KP e(t) +Kd

/e
/t (t)

r?2`2 Kd := KPTd

U(s) = KP (1 + Tds)E(s) = (KP +Kds)E(s)

Ç AMTmi Bb T`QTQ`iBQM�H iQ i?2 /2`Bp�iBp2 Q7 i?2 2``Q`
Ç AMimBiBQM, _2�+i iQ 7�bi /Bbim`#�M+2b KQ`2 [mB+FHv i?�M bHQr QM2b

ke

S. *QMi`QH , �M AMi2`T`2i�iBQM

*QMbB/2` i?2 p�Hm2 Q7 i?2 2``Q` Td b2+QM/b BMiQ i?2 7mim`2,

e(t+ Td) ≈ e(t) +
/e
/t (t)Td
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kd

JQiQ` *QMi`QH 1t�KTH2

q2 MQr r�Mi iQ +QMi`QH i?2 TQbBiBQM θ Q7 i?2 KQiQ`,

θ̈(t) + αθ̇(t) = βu(t) u(t) = KP

(
e(t) + Td

/e
/t (t)

)

= KP

(
θc(t)− θ(t)− Td

/θ
/t (t)

)
j

h�F2 i?2 G�TH�+2 i`�Mb7Q`K,

(s2 + αs)Θ(s) = βKPΘc(s)− βKp(1 + Tds)Θ(s)

Θ(s) =
βKP

s2 + (α+ βKPTd)s+ βKP
Θc(s)

h?2 ;�BM Td BKT�+ib i?2 /�KTBM; Q7 i?2 +HQb2/@HQQT bvbi2KX UJQ`2 H�i2`V

jLQi2 i?�i i?2 /2`Bp�iBp2 Q7 θc(t) Bb �bbmK2/ iQ #2 x2`Q ?2`2

k3
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_2bTQMb2 Q7 *HQb2/@GQQT avbi2K iQ S. *QMi`QH
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AKTH2K2MiBM; .2`Bp�iBp2 �+iBQM

Td
/e
/t (t) TdsE(s) ≈ Tds

Td
N s+ 1

E(s)

Ç LQi � T`QT2` 2tT`2bbBQM- �M/ +�MMQi #2 BKTH2K2Mi2/ BM � +B`+mBi
Ç .B;Bi�H �TT`QtBK�iBQM, u(t) ≈ e(t)−e(t−∆)
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AKTH2K2MiBM; .2`Bp�iBp2 �+iBQM
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AKTH2K2MiBM; .2`Bp�iBp2 �+iBQM
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AKTH2K2MiBM; .2`Bp�iBp2 �+iBQM

Td
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Ç LQi � T`QT2` 2tT`2bbBQM- �M/ +�MMQi #2 BKTH2K2Mi2/ BM � +B`+mBi
Ç .B;Bi�H �TT`QtBK�iBQM, u(t) ≈ e(t)−e(t−∆)
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S. *QMi`QH @ amKK�`v

e(t)

Td
de
dt (t)

Kp u(t)
+

+
E(s)

Tds

Kp U(s)
+

+

Ç ai�#BHBiv
Ç *�M �// 2ti`� /�KTBM; iQ i?2 bvbi2KX
Ç AMimBiBQM, �+ib iQ `2/m+2 p2HQ+Biv

Ç h`�MbB2Mi `2bTQMb2
Ç hmMBM; Bb MQr KQ`2 +QKTH2t UKQ`2 /2i�BHb H�i2`V

Ç _Q#mbiM2bb
Ç PT2`�i2b QM ?B;?@7`2[m2M+B2b KQ`2 i?�M HQr2`@7`2[m2M+B2b
Ç qBHH �KTHB7v ?B;?@7`2[m2M+v MQBb2 �+iBM; QM i?2 bvbi2K
⇒ .2`Bp�iBp2 +QMi`QHH2`b �`2 �Hr�vb +QK#BM2/ rBi? HQr@T�bb }Hi2`b

jR



S`QTQ`iBQM�H AMi2;`�H .2`Bp�iBp2
*QMi`QH

S`QTQ`iBQM�H AMi2;`�H .2`Bp�iBp2 USA.V *QMi`QH

e(t)

Td
de
dt (t)

1
Ti

∫ t
0 e(τ)dτ

KP u(t) E(s)

Tds

1
Tis

KP U(s)

S`QTQ`iBQM�H AMi2;`�H .2`Bp�iBp2 USA.V *QMi`QH

u(t) = KP

(
e(t) + Td

/e
/t (t) +

1
Ti

∫ t

0

e(τ)dτ

)

= KP e(t) +Kd
/e
/t (t) +Ki

∫ t

0

e(τ)dτ

P` BM i?2 G�TH�+2 /QK�BM,

U(s) = KP

(
1 + Tds+

1
Tis

)
E(s) =

(
KP +Kds+Ki

1
s

)
E(s)

jk

J�Mv 1[mBp�H2Mi 6Q`KmH�iBQMb

S�`�HH2H 6Q`KmH�iBQM

KP

+

+

U(s)E(s) +

Kds

Ki
1

s

U(s) = KP +Kds+Ki
1

s

JBt2/ 6Q`KmH�iBQM

KP

+

+

1

sTi

Tds

U(s)E(s)

U(s) = KP

(
1 + Tds+

1

Tis

)

a2`B2b 6Q`KmH�iBQMb

U(s)
KP

1

sTi
Tds

+

+

+

+

E(s)

U(s) = KP

(
1 +

1

Tis

)
(1 + Tds)
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"�HHQQM �HiBim/2 *QMi`QH @ *HQb2/@GQQT _2bTQMb2
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SA. *QMi`QH

S`QTQ`iBQM�H Ç a2ib i?2 ǵ�;;`2bbBp2M2bbǶ Q7 vQm` bvbi2KX
Ç >B;?2` ;2M2`�HHv K2�Mb i?�i i?2 bvbi2K rBHH `2bTQM/ KQ`2

bi`QM;Hv iQ /Bbim`#�M+2b

AMi2;`�H Ç �//2/ iQ 2Mbm`2 x2`Q bi2�/v@bi�i2 Qzb2i
Ç LQi M2+2bb�`v B7 vQm` bvbi2K �H`2�/v ?�b ǵBMi2;`�H �+iBQMǶ
Ç .�M;2`, *�M 2�bBHv /2@bi�#BHBx2 i?2 bvbi2K

.2`Bp�iBp2 Ç AM+`2�b2 i?2 /�KTBM; Q7 i?2 bvbi2K @ BKT`Qp2 bi�#BHBiv
Ç *�M �KTHB7v ?B;?@7`2[m2M+v MQBb2
Ç G2bb Q7i2M mb2/

j8

wB2;H2`@LB+?QHb hmMBM;

hmMBM;, >Qr iQ +?QQb2 i?2 T�`�K2i2`b KP - Ti �M/ Td\\

⇒ 1, 637 #QQFb QM ǳSA. *QMi`QHǴ QM �K�xQM

*QKKQM �TT`Q�+?2b,
6�+iQ`v /27�mHib → o2`v +QKKQM T`�+iB+25
6B//H2 mMiBH Bi rQ`Fb → *�M #2 2z2+iBp2 B7 MQi p2`v +QKTH2t U�M/

bi�#H2V
JQ/2H@#�b2/ �TT`Q�+?2b → :QQ/ BMBiB�H b2iiBM;b 7Q` /2HB+�i2- mMbi�#H2

bvbi2Kb
�miQK�iB+ imMBM; → 1z2+iBp2 BM bT2+B}+ b2iiBM;b
1tT2`BK2Mi�H imMBM; → ai`m+im`2/- bBKTH2 �M/ 2z2+iBp2

h?2 KQbi +QKKQM 7Q`K Q7 2tT2`BK2Mi�H imMBM;, wB2;H2`@LB+?QHb
LQi2 � HQi Q7 BMimBiBQM r?v i?Bb rQ`FbXXX T`BK�`BHv #�b2/ QM 2tT2`B2M+2

je

wB2;H2`@LB+?QHb 6B`bi J2i?Q/, ai�#H2 avbi2Kb

System

u(t) y(t)
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wB2;H2`@LB+?QHb 6B`bi J2i?Q/, ai�#H2 avbi2Kb
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hvT2 KP Ti Td
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u(t) = KP e(t)

u(t) = KP

(
e(t) +

1
Ti

∫ t

0

e(τ)dτ

)

u(t) = KP

(
e(t) +

1
Ti

∫ t

0

e(τ)dτ + Td
/e
/t (t)

)

j3

1t�KTH2 @ "�HHQQM o2HQ+Biv *QMi`QH

aTB`Bi Q7 6`22/QK

1[m�iBQMb Q7 KQiBQM,

δṪ +
1
τ1

δT = δq

τ2v̇ + v = aδT

δT = /2pB�iBQM Q7 i?2 ?Qi@�B` i2KT2`�im`2 7`QK
i?2 2[mBHB#`BmK i2KT2`�im`2 r?2`2 #mQv@
�Mi 7Q`+2 2[m�Hb r2B;?i

v = p2`iB+�H p2HQ+Biv Q7 i?2 #�HHQQM
δq = /2pB�iBQM BM i?2 #m`M2` ?2�iBM; `�i2 7`QK

i?2 2[mBHB#`BmK `�i2

"�HHQQM T�`�K2i2`b,

τ1 = 250 b2+ τ2 = 25 b2+ a = 0.3 KfUb2+·◦*V

jN

"�HHQQM @ ai2T _2bTQMb2

hmMBM; T`Q+2/m`2, hm`M i?2 #m`M2` QM 7mHH �M/ K2�bm`2 p2`iB+�H p2HQ+BivX

0 50 100 150 200 250 300−10

0

10

20

30

40

50

60

Time (sec)

Ve
lo

ci
ty

 (m
/s

)

ai2T `2bTQMb2

→

0 50 100 150 200 250 3000

0.05

0.1

0.15

0.2

0.25

D
er

iv
at

iv
e 

of
 s

te
p 

re
sp

on
se

Time (sec)

.2`Bp�iBp2 U�++2H2`�iBQMV

9y

"�HHQQM @ wB2;2`@LB+?QHb S�`�K2i2`b
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"�HHQQM @ *HQb2/@GQQT _2TQMb2
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wB2;2`@LB+?QHb imMBM; Bb Q7i2M [mBi2 �;;`2bbBp2X

9k

wB2;2`@LB+?QHb a2+QM/ J2i?Q/ @ lMbi�#H2 avbi2Kb

q?v irQ K2i?Q/b\ *�MǶi �TTHv � ǵbi2TǶ iQ �M mMbi�#H2 bvbi2K5
aQHmiBQM, ai�#BHBx2 i?2 bvbi2K rBi? T`QTQ`iBQM�H +QMi`QHH2` }`bi- �M/ i?2M imM2

System

+

�

yc y(t)
Kpc

Tc

hvT2 KP Ti Td

S 0.5Kpc

SA 0.45Kpc 0.83Tc

SA. 0.6Kpc 0.5Tc 0.125Tc

S�`�K2i2`b,
Ç Kpc, :�BM �i r?B+? i?2

bvbi2K #2+QK2b mMbi�#H2
Ç Tc, S2`BQ/ Q7 Qb+BHH�iBQM

9j

1t�KTH2 @ "�HHQQM �HiBim/2 *QMi`QH

aTB`Bi Q7 6`22/QK

1[m�iBQMb Q7 KQiBQM,

δṪ +
1
τ1

δT = δq

τ2z̈ + ż = aδT

z = �HiBim/2 Q7 #�HHQQM

h?Bb Bb �M mMbi�#H2 bvbi2KX

99

1t�KTH2 @ "�HHQQM �HiBim/2 *QMi`QH
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1t�KTH2 @ "�HHQQM �HiBim/2 *QMi`QH
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1t�KTH2 @ "�HHQQM �HiBim/2 *QMi`QH
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"�HHQQM �HiBim/2 *QMi`QH @ *HQb2/@GQQT _2bTQMb2
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9e

wB2;2`@LB+?QHb hmMBM; @ amKK�`v

aBKTH2 K2i?Q/ iQ /2i2`KBM2 `2�bQM�#H2 SA. imMBM; +Q2{+B2Mib

Ç J2i?Q/ R, 1biBK�i2 /2H�v �M/ iBK2 +QMbi�Mi 7`QK bi2T `2bTQMb2 Ubi�#H2 bvbi2KbV
Ç J2i?Q/ k, 1biBK�i2 ;�BM �i r?B+? i?2 bvbi2K #2+QK2b mMbi�#H2- �M/ i?2

7`2[m2M+v Q7 Qb+BHH�iBQM UmMbi�#H2 bvbi2KbV
Ç GBKBi2/ iQ mMbi�#H2 bvbi2Kb i?�i +�M #2 bi�#BHBx2/ rBi? � T`QTQ`iBQM�H +QMi`QHH2`

GBKBi�iBQMb

Ç o2`v bBKTH2- #mi �HbQ bQK2r?�i HBKBi2/
Ç "�b2/ QM BM7Q`K�iBQM /m`BM; i?2 }`bi TQ`iBQM Q7 i?2 bi2T `2bTQMb2 @ K�Mv bvbi2Kb

�`2 7�bi 2MQm;? 7Q` KQ`2 BM7Q`K�iBQM iQ #2 �p�BH�#H2
Ç 6�B`Hv �;;`2bbBp2 @ MQ`K�HHv ;QQ/ B/2� iQ `2/m+2 ;�BMb

9d



�Hi2`M�iBp2 hmMBM; J2i?Q/b

A/2�, lb2 JQ`2 AM7Q`K�iBQM

6Bi � T�`�K2i2`Bx2/ +m`p2 iQ i?2 bi2T `2bTQMb2,

P (s) =
K

sT + 1
e−τs p(t) = K(1− e−

t−τ
T )
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*?QQb2 � ǳ:QQ/Ǵ a2i Q7 S�`�K2i2`b

ǳ:QQ/Ǵ T�`�K2i2`b 7Q` i?Bb am``Q;�i2 JQ/2H,

Kp =
0.15τ + 0.35T

Kτ

Ki =
0.46τ + 0.02T

Kτ2

A/2�, h?2b2 ;�BMb ;Bp2 i?2 b�K2 `2bTQMb2 7Q` �HH bm``Q;�i2 KQ/2H T�`�K2i2`b
6Q` i?2 +QMi`QH bi`m+im`2,

C(s) = Kp +
Ki
s

LQi2,

Ç J�Mv Qi?2` T�`�K2i2` p�Hm2b TQbbB#H2
Ç a2p2`�H Qi?2` bm``Q;�i2 KQ/2Hb T`QTQb2/

UwB2;H2`@LB+?QHb T�`�K2i2`b 7Q` b�K2 KQ/2H, Kp = 0.9T/Kτ - Ki = 0.5T/Kτ2V

9N

1t�KTH2, "�HHQQM o2HQ+Biv *QMi`QH

1[m�iBQMb Q7 KQiBQM,

δṪ +
1
τ1

δT = δq

τ2v̇ + v = aδT

*QKTmi2 i`�Mb72` 7mM+iBQM,
(
s+

1
τ1

)
δT = δq (τ2s+ 1)v = aδT

v =
a

(τ2s+ 1)(s+ 1/τ1)
δq =

a
τ2s2 + (1 + τ2/τ1)s+ 1/τ1

δq

"�HHQQM T�`�K2i2`b,

τ1 = 250 b2+ τ2 = 25 b2+ a = 0.3 KfUb2+·◦*V

hQ J�iH�#5

8y



JQ/2H@J�i+?BM; pB� SA.

JQ/2H@K�i+?BM;

R(s) K(s) G(s) Y (s)
−

=

R(s) T (s) Y (s)

Ç h?2 +HQb2/@HQQT bvbi2K Bb � i`�Mb72` 7mM+iBQM T (s) T�`�K2i2`Bx2/ #v K(s)

Ç *�M r2 +?QQb2 K(s) iQ K�F2 i?2 +HQb2/@HQQT bvbi2K K�i+? � /2bB`2/ #2?�pBQm`\

8R

JQ/2H@K�i+?BM;

R(s) K(s) G(s) Y (s)
−

=

R(s) T (s) Y (s)

*QKTmi2 T (s),

E(s) = R(s)− Y (s) Y (s) = G(s)K(s)E(s)

⇒ Y (s)
R(s)

=
K(s)G(s)

1 +K(s)G(s)
= T (s)

8R

JQ/2H@K�i+?BM;

R(s) K(s) G(s) Y (s)
−

=

R(s) T (s) Y (s)

Y (s)
R(s)

=
K(s)G(s)

1 +K(s)G(s)
= T (s)

⇒ K(s) =
T (s)

G(s)(1− T (s))

q2 +�M b2i K(s) iQ ;Bp2 mb i?2 #2?�pBQm` T (s)X�

�h?2`2 �`2 � HQi Q7 HBKBi�iBQMb iQ i?Bb BM ;2M2`�H- r?B+? r2 rBHH /Bb+mbb H�i2`X

8R



J�i+?BM; � 6B`bi@P`/2` _2bTQMb2

amTTQb2 r2 r�Mi iQ K�i+? i?2 bvbi2K

T (s) =
1

τms+ 1

Time (s)

O
ut

pu
t Y

(s
)
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1

ai2T `2bTQMb2 Q7 }`bi@Q`/2` bvbi2K rBi? iBK2@+QMbi�Mi τm = 0.1

Ç .Q2bMǶi Qb+BHH�i2 Ç :�BM Q7 QM2

8k

*QMi`QHHBM; � 6B`bi@P`/2` avbi2K

amTTQb2 i?�i i?2 bvbi2K r2Ƕ`2 i`vBM; iQ +QMi`QH Bb

G(s) =
γ

τs+ 1

� bvbi2K i?�i KQp2b r?2M vQm ǵTmb?Ƕ Bi �M/,

Ç .Q2b MQi Qb+BHH�i2
Ç aiQTb KQpBM; �7i2` bQK2 �KQmMi Q7 iBK2

*QKTmi2 i?2 +QMi`QHH2`,

K(s) =
T (s)

G(s)(1− T (s))
=

1
τms+1

γ
τs+1

(
1− 1

τms+1

)

=
τs+ 1
γτms

=
τ

γτm

(
1 +

1
τs

)

8j

*QMi`QHHBM; � 6B`bi@P`/2` avbi2K

K(s) =
τ

γτm

(
1 +

1
τs

)

h?Bb Bb � PI +QMi`QHH2`5

KP =
τ

γτm

TI = τ

Ç q2 +�M +?QQb2 ?Qr 7�bi r2 r�Mi i?2 +HQb2/@HQQT bvbi2K iQ `2bTQM/
Ç aBKTH2 ǵimMBM;Ƕ T`Q+2/m`2

89

6B`bi@P`/2` avbi2K rBi? AMi2;`�H �+iBQM

amTTQb2 r2Ƕ`2 +QMi`QHHBM; i?2 bvbi2K,

G(s) =
γ

τs+ 1
· 1
s

� bvbi2K i?�i KQp2b r?2M vQm ǵTmb?Ƕ Bi �M/,

Ç .Q2b MQi Qb+BHH�i2
Ç *QMiBMm2b KQpBM; �i � +QMbi�Mi bT22/ 7Q`2p2`

*QKTmi2 i?2 +QMi`QHH2`,

K(s) =
T (s)

G(s)(1− T (s))
=

1
τms+1

γ
s(τs+1)

(
1− 1

τms+1

)

=
1

γτm
(τs+ 1)

h?Bb Bb � PD +QMi`QHH2`

88



a2+QM/@P`/2` avbi2K

amTTQb2 r2Ƕ`2 +QMi`QHHBM; i?2 bvbi2K,

G(s) =
γ

(τ1s+ 1)(τ2s+ 1)

� bvbi2K i?�i KQp2b r?2M vQm ǵTmb?Ƕ Bi �M/,

Ç .Q2b MQi Qb+BHH�i2
Ç *QMiBMm2b KQpBM; �i � +QMbi�Mi bT22/ 7Q`2p2`

*QKTmi2 i?2 +QMi`QHH2`,

K(s) =
τ1 + τ2
γτm

(
1 +

1
(τ1 + τ2)s

+
τ1τ2

τ1 + τ2
s

)

h?Bb Bb � PID +QMi`QHH2`

8e

1t�KTH2 @ "�HHQQM o2HQ+Biv *QMi`QH

aTB`Bi Q7 6`22/QK

1[m�iBQMb Q7 KQiBQM,

δṪ +
1
τ1

δT = δq

τ2v̇ + v = aδT

δT = /2pB�iBQM Q7 i?2 ?Qi@�B` i2KT2`�im`2 7`QK
i?2 2[mBHB#`BmK i2KT2`�im`2 r?2`2 #mQv@
�Mi 7Q`+2 2[m�Hb r2B;?i

v = p2`iB+�H p2HQ+Biv Q7 i?2 #�HHQQM
δq = /2pB�iBQM BM i?2 #m`M2` ?2�iBM; `�i2 7`QK

i?2 2[mBHB#`BmK `�i2

"�HHQQM T�`�K2i2`b,

τ1 = 250 b2+ τ2 = 25 b2+ a = 0.3 KfUb2+·◦*V

8d

1t�KTH2 @ "�HHQQM o2HQ+Biv *QMi`QH

1[m�iBQMb Q7 KQiBQM,

δṪ +
1
τ1

δT = δq

τ2v̇ + v = aδT

h�F2 G�TH�+2 i`�Mb7Q`K,

δT (s)

(
s+

1
τ1

)
= δQ(s)

V (s)(τ2s+ 1) = aδT (s)





→ V (s)

δQ(s)
=

aτ1
(τ1s+ 1)(τ2s+ 1)

:Q�H,

T (s) =
1

τms+ 1

r?2`2 τm = 10bX
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1t�KTH2 @ "�HHQQM o2HQ+Biv *QMi`QH

K(s) =
τ1 + τ2
γτm

(
1 +

1
(τ1 + τ2)s

+
τ1τ2

τ1 + τ2
s

)

"�HHQQM T�`�K2i2`b,

τ1 = 250 b2+ τ2 = 25 b2+ a = 0.3 KfUb2+·◦*V

.2bB`2/ bvbi2K T�`�K2i2`b,

τm = 10

_2bmHiBM; SA. +QMi`QHH2`,

K(s) =
275

0.3 · 10

(
1 +

1
275s

+
6250
275

s

)

KP = 92 Ti = 3 Td = 2083

8N



1t�KTH2 @ "�HHQQM o2HQ+Biv *QMi`QH

PT2M@HQQT #2?�pBQm`

Time (s)
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*HQb2/@HQQT #2?�pBQm`
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0.5

1

ey

amKK�`v @ JQ/2H J�i+?BM;

h?2 F2v B/2�,

Ç SA. +QMi`QHH2` +�M K�F2 mT iQ b2+QM/ Q`/2` bvbi2K #2?�p2 �b /2bB`2/

Ç J�Mv HBKBi�iBQMb QM i?Bb bi�i2K2Mi,
Ç �+im�iQ` HBKBi�iBQMb UbT22/- TQr2`- 2i+V
Ç S?vbB+�H +QMbi`�BMib @ K�v /�K�;2 bvbi2K B7 BiǶb KQp2/ iQQ 7�bi- 2i+

Ç J�Mv- K�Mv T?vbB+�H bvbi2Kb �`2 �TT`QtBK�i2Hv b2+QM/ Q`/2`
Ç L2riQMǶb H�r
Ç >B;?2`@Q`/2` /vM�KB+b +�M Q7i2M #2 B;MQ`2/

eR

a2+QM/ P`/2` JQ/2Hb

q?�i �`2 ǵ:QQ/Ƕ JQ/2Hb\

a2+QM/@Q`/2` bvbi2Kb �`2 2ti`2K2Hv +QKKQM
U2X;X- K�bbfbT`BM;f/�KT2` Y L2riQMǶb H�rV

ẍ(t) + 2ζωnẋ(t) + ω2
nx(t) = ω2

nu(t)

Ç ζ, .�KTBM; `�iBQ
Ç ωn, L�im`�H 7`2[m2M+v

h?2 i`�Mb72` 7mM+iBQM 7Q` i?Bb bvbi2K Bb,

X(s)
U(s)

= G(s) =
ω2
n

s2 + 2ζωns+ ω2
n

q?�i /Q2b i?2 `2bTQMb2 Q7 i?Bb bvbi2K HQQF HBF2 �b � 7mM+iBQM Q7 ζ �M/ ωn\

ek



a2+QM/ P`/2` avbi2Kb

X(s)
U(s)

= G(s) =
ω2
n

s2 + 2ζωns+ ω2
n

r?2`2 r2 �bbmK2 i?�i ωn > 0 �M/ ζ > 0X

_2bTQMb2 iQ � mMBi bi2T BMTmi U(s) = 1
s ,

X(s) =
ω2
n

s2 + 2ζωns+ ω2
n
U(s)

=
ω2
n

s(s2 + 2ζωns+ ω2
n)

LQi2 i?�i i?2 bvbi2K ?�b MQ bi2�/v@bi�i2 Qzb2i 7Q` �HH ζ- ωn,

lim
s→0

sX(s) = lim
s→0

s
ω2
n

s(s2 + 2ζωns+ ω2
n)

= lim
s→0

ω2
n

ω2
n
= 1

ej

ai2T _2bTQMb2

h?2 `QQib Q7 i?2 +?�`�+i2`BbiB+ TQHvMQKB�H s2 + 2ζωns+ ω2
n �`2,

p = ωn(−ζ ±
√

ζ2 − 1)

h?`22 +�b2b /2T2M/BM; QM /�KTBM; `�iBQ ζ,

RX ζ > 1 Pp2`/�KT2/
kX ζ < 1 lM/2`/�KT2/
jX ζ = 1 *`BiB+�HHv /�KT2/

e9

*�b2 PM2, Pp2`/�KT2/

q?2M ζ > 1 r2 +�HH i?2 bvbi2K Qp2`/�KT2/

h?2 bvbi2K ?�b irQ `2�H- /BbiBM+i TQH2b p1 �M/ p2

p1 = ωn(−ζ +
√

ζ2 − 1) p2 = ωn(−ζ −
√

ζ2 − 1)

h?2 T�`iB�H@7`�+iBQM 2tT�MbBQM Bb,

X(s) =
ω2
n

s(s2 + 2ζωns+ ω2
n)

=
a1

s− p1
+

a2

s− p2
+

1
s

h?2 BMp2`b2 G�TH�+2 i`�Mb7Q`K Bb,

x(t) = a1e
p1t + a2e

p2t + 1

LQi2 i?�i #Qi? p1 �M/ p2 �`2 M2;�iBp2- bBM+2 ζ > 1X h?2`27Q`2 #Qi? 2tTQM2MiB�H i2`Kb
/2+�vX

e8

*�b2 PM2, Pp2`/�KT2/
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ee



*�b2 hrQ, *`BiB+�HHv .�KT2/

�bbmK2 ζ = 1X
PM2 `2T2�i2/ TQH2,

p1 = p2 = s = ωn(−ζ ±
√

ζ2 − 1) = ωn

h?2 T�`iB�H@7`�+iBQM 2tT�MbBQM Bb,

X(s) =
ω2
n

s(s+ ωn)2
=

−1
s+ ωn

+
−ωn

(s+ ωn)2
+

1
s

h?2 BMp2`b2 G�TH�+2 i`�Mb7Q`K Bb,

−e−ωnt − ωnte
−ωnt + 1

aBM+2 ωn > 0- i?2 2tTQM2MiB�H i2`Kb rBHH �Hr�vb ;Q iQ x2`Q 7Q` �HH ωnX

ed

*�b2 hrQ, *`BiB+�HHv .�KT2/
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Step Response
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itu
de

G�`;2` p�Hm2b Q7 ωn ?�p2 � 7�bi2` `2bTQMb2

e3

*�b2 h?`22, lM/2`/�KT2/

�bbmK2 0 ≤ ζ < 1

h?2 TQH2b �`2 +QKTH2t,

p = ωn(−ζ ± j
√

1− ζ2)

h?2 BMp2`b2 G�TH�+2 i`�Mb7Q`K 7`QK i?2 i�#H2 Bb9

x(t) = 1− 1√
1− ζ2

e−ζωnt sin
(
ωn

√
1− ζ2t+ θ

)

r?2`2 θ = cos−1 ζ

9P` vQm +�M /2`Bp2 7`QK i?2 7`2[m2M+v@b?B7i T`QT2`iv- �M/ FMQrBM; i?2 i`�Mb7Q`K Q7 i?2 bBM2 7mM+iBQMX

eN

*�b2 h?`22, lM/2`/�KT2/

x(t) = 1− 1√
1− ζ2

e−ζωnt sin
(
ωn

√
1− ζ2t+ θ

)

Ç h?2 bB;M�H Qb+BHH�i2b- #mi /2+�vb iQ QM2
Ç h?2 7`2[m2M+v Q7 Qb+BHH�iBQM Bb i?2 /�KT2/ 7`2[m2M+v ωd := ωn

√
1− ζ2

Ç h?2 bB;M�H /2+�vb �i �M 2tTQM2MiB�H `�i2 Q7 e−σt- r?2`2 σ = ζωn

dy



*�b2 h?`22, lM/2`/�KT2/

(b)
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Im(s)

Re(s)

LHP RHP

STABLE UNSTABLE

dk

oBbm�HBx�iBQM, h?2 SQH2@w2`Q .B�;`�K

Im(s)

Re(s)

u ! sin"1z

vn

vds

SQH2 HQ+�iBQM /2i2`KBM2b i?2 #2?�pBQm` Q7
i?2 bvbi2K

Ç J�;MBim/2 Q7 i?2 `2�H +QKTQM2Mi,
/2+�v `�i2

Ç G�`;2`, 7�bi2` /2+�v
Ç J�;MBim/2 Q7 i?2 +QKTH2t +QKTQM2Mi,

7`2[m2M+v Q7 Qb+BHH�iBQM
Ç G�`;2`, 6�bi2` Qb+BHH�iBQM

Ç J�;MBim/2 Q7 i?2 TQH2, M�im`�H
7`2[m2M+v

Ç �M;H2 Q7 i?2 TQH2, sin−1 ζ

q?�i �`2 ;QQ/ +?QB+2b 7Q` TQH2 HQ+�iBQMb\

dj

hQ J�iH�#5 TxGQ+�iBQMb

Ç AKT�+i Q7 ωd

Ç AKT�+i Q7 σ
Ç AKT�+i Q7 ζ

d9



*?�`�+i2`Bx�iBQM Q7 a2+QM/ P`/2` avbi2Kb

t

Mptp

ts

tr

1
0.9

0.1

!1%

S2�F iBK2 TpX hBK2 iQ ;2i iQ i?2 K�tBKmK p�Hm2X

Tp =
π

ωn

√
1− ζ2

=
π
ωd

2X;X- +QMbi`�BMi, Tp ≤ 1.5 ⇔ ωd ≥ π
1.5

d8

*?�`�+i2`Bx�iBQM Q7 a2+QM/ P`/2` avbi2Kb

t

Mptp

ts

tr

1
0.9

0.1

!1%

S2`+2Mi Qp2`b?QQi P.O.X

P.O. := Mp × 100% = 100e−ζπ/
√

1−ζ2

2X;X- +QMbi`�BMi Mp < 20% ⇔ ζ ≥ − ln(Mp)√
ln(Mp)2+π2

= 0.45

d8

*?�`�+i2`Bx�iBQM Q7 a2+QM/ P`/2` avbi2Kb

t

Mptp

ts

tr

1
0.9

0.1

!1%

a2iiHBM; iBK2 TsX hBK2 iQ b2iiH2 iQ rBi?BM δ T2`+2Mi Q7 i?2 bi2�/v@bi�i2 p�Hm2X 2X;X- B7
δ = 2%

Ts =
− log δ
ζωn

=
4

ζωn
=

4
σ

2X;X- +QMbi`�BMi, Ts ≤ 4 ⇔ σ ≥ 4
Ts

= 1

d8

*?�`�+i2`Bx�iBQM Q7 a2+QM/ P`/2` avbi2Kb

t

Mptp

ts

tr

1
0.9

0.1

!1%

_Bb2 iBK2 TrX hBK2 iQ ;2i iQ 90% Q7 }M�H p�Hm2 7`QK 10%

d8



*?�`�+i2`Bx�iBQM Q7 a2+QM/ P`/2` avbi2Kb
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Ç Tp ≤ 1.5

Ç Mp ≤ 20%

Ç Ts ≤ 4b

de

a2+QM/@P`/2` JQ/2Hb, amKK�`v

ẍ(t) + 2ζωnẋ(t) + ω2
nx(t) = ω2

nu(t)
X(s)
U(s)

= G(s) =
ω2
n

s2 + 2ζωns+ ω2
n

Ç ζ, .�KTBM; `�iBQ
Ç ωn, L�im`�H 7`2[m2M+v

Ç J�Mv bvbi2Kb +�M #2 /2b+`B#2/ rBi? bm+? � KQ/2HX
Ç A7 vQm` bvbi2K Bb ?B;?2` Q`/2`- i?2 ;2M2`�H #2?�pBQm` +�M Q7i2M #2 /2b+`B#2/ #v i?2

/QKBM�Mi TQH2b Ui?2 KQbi mMbi�#H2 QM2b @ i?Qb2 +HQb2bi iQ i?2 BK�;BM�`v �tBbV
Ç *QKKQM T2`7Q`K�M+2 T�`�K2i2`b +�M #2 b2i #v �TT`QT`B�i2 b2H2+iBQM Q7 ωn �M/ ζX

>Qr /Q r2 +?QQb2 i?2 SA. r2B;?ib bQ i?�i r2 +�M K22i bT2+B}+ +`Bi2`B�\

Ç wB2;H2`@LB+?QHb imMBM; Y K�Mm�H �/DmbiK2Mib U`QQi HQ+mbV
Ç JQ/2H@K�i+?BM;
Ç J2i?Q/b BM H�i2` H2+im`2b U;2M2`�HHv `2[mB`2b ?B;?2`@Q`/2` +QMi`QHH2`bV

dd

a2+QM/@P`/2` JQ/2Hb, amKK�`v

ẍ(t) + 2ζωnẋ(t) + ω2
nx(t) = ω2

nu(t)
X(s)
U(s)

= G(s) =
ω2
n

s2 + 2ζωns+ ω2
n

Ç ζ, .�KTBM; `�iBQ
Ç ωn, L�im`�H 7`2[m2M+v

Ç J�Mv bvbi2Kb +�M #2 /2b+`B#2/ rBi? bm+? � KQ/2HX
Ç A7 vQm` bvbi2K Bb ?B;?2` Q`/2`- i?2 ;2M2`�H #2?�pBQm` +�M Q7i2M #2 /2b+`B#2/ #v i?2

/QKBM�Mi TQH2b Ui?2 KQbi mMbi�#H2 QM2b @ i?Qb2 +HQb2bi iQ i?2 BK�;BM�`v �tBbV
Ç *QKKQM T2`7Q`K�M+2 T�`�K2i2`b +�M #2 b2i #v �TT`QT`B�i2 b2H2+iBQM Q7 ωn �M/ ζX

>Qr /Q r2 +?QQb2 i?2 SA. r2B;?ib bQ i?�i r2 +�M K22i bT2+B}+ +`Bi2`B�\

Ç wB2;H2`@LB+?QHb imMBM; Y K�Mm�H �/DmbiK2Mib U`QQi HQ+mbV
Ç JQ/2H@K�i+?BM;
Ç J2i?Q/b BM H�i2` H2+im`2b U;2M2`�HHv `2[mB`2b ?B;?2`@Q`/2` +QMi`QHH2`bV

dd

1t�KTH2



1t�KTH2

amTTQb2 i?�i r2 ?�p2 � bvbi2K r?B+? i�F2b � 7Q`+2- �M/ QmiTmib � TQbBiBQM,

G(s) =
V (s)
U(s)

=
21.53

s4 + 1.833s3 + 70.28s2 + 69.44s

*QMi`QH i?2 TQbBiBQM Q7 i?Bb bvbi2K mbBM; � S. +QMi`QHH2` bm+? i?�i,

Ç Pp2` b?QQi Bb H2bb i?�M MP = 40%

Ç a2iiHBM; iBK2 Ts Bb #2HQr 10b
Ç S2�F@iBK2 Tp Bb #2HQr 4b

LQi2, h?2 i`�Mb72` 7mM+iBQM iQ p2HQ+Biv Bb

G′(s) =
21.53

s3 + 1.833s2 + 70.28s+ 69.44

h?2`2 Bb �H`2�/v �M BMi2;`�iQ` ?2`2- bQ r2Ƕ`2 mbBM; � S. +QMi`QHH2`X

d3

J2i?Q/ R, _QQi@GQ+mb .2bB;M

:Q�H, *?QQb2 Kp bQ i?�i Qm` +HQb2/@HQQT TQH2b �`2 BM i?2 `B;?i TH�+2X
A/2�, SHQi i?2 TQH2b Q7 i?2 +HQb2/@HQQT bvbi2K �b � 7mM+iBQM Q7 i?2 ;�BM Kp

G(s)
+

�
K(s)Yc(s) Y (s)

U(s)E(s)

h?2 +HQb2/@HQQT bvbi2K Bb,

Y (s) = G(s)K(s)(R(s)− Y (s))
Y (s)
R(s)

=
G(s)K(s)

1 +G(s)K(s)

1[mBp�H2MiHv,

G(s) =
A(s)
B(s)

K(s) =
C(s)
D(s)

⇒ Y (s)
R(s)

=
A(s)C(s)

B(s)D(s) +A(s)C(s)

dN

_QQi@GQ+mb .2bB;M

Pm` +QMi`QHH2` Bb,

K(s) = Kp(1 + Tds)

amTTQb2 r2Ƕp2 +?Qb2M Td = 0.01- �M/ r2Ƕ`2 HQQFBM; 7Q` � ;QQ/ Kp

Pm` +HQb2/@HQQT TQH2b �`2 ;Bp2M #v i?2 `QQib Q7 i?2 +?�`�+i2`BbiB+ 2[m�iBQM,

B(s)D(s) +A(s)C(s) =

s4 + 1.833s3 + 70.28s2 + 69.44s+Kp21.53(1 + 0.01s) := f(s)

q2 +�M THQi ?Qr i?2 7Qm` TQH2b Q7 i?2 +HQb2/@HQQT bvbi2K KQp2 BM `2bTQMb2 iQ +?�M;2b
BM KP X h?Bb Bb i?2 `QQi@HQ+mb /B�;`�KX

hQ J�iH�#5 bQHn`HQ+mbXK

3y

J2i?Q/ k, SQH2@SH�+2K2Mi

*�M r2 /B`2+iHv TH�+2 i?2 /QKBM�Mi TQH2b Q7 i?Bb bvbi2K r?2`2 r2 r�Mi\
ai2T R, lM/2`bi�M/ �M/ aBKTHB7v i?2 avbi2K
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J2i?Q/ k, SQH2@SH�+2K2Mi

*�M r2 /B`2+iHv TH�+2 i?2 /QKBM�Mi TQH2b Q7 i?Bb bvbi2K r?2`2 r2 r�Mi\
ai2T R, lM/2`bi�M/ �M/ aBKTHB7v i?2 avbi2K
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0

0.1
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0.3

Jm+? bBKTH2` bvbi2K i?�i +�Tim`2b i?2 K�BM T`QT2`iB2b

P (s) =
0.31
s+ 1

≈ G′(s)

o2`v +QKKQM iQ M2;H2+i i?2 ǵ?B;?2` Q`/2` /vM�KB+bǶ

3R

h�`;2i avbi2K

*QKTmi2 � b2+QM/ Q`/2` bvbi2K i?�i b�iBb}2b i?2 bT2+B}2/ +QM/BiBQMb,

Ç Pp2` b?QQi Bb H2bb i?�M MP = 40%

Ç a2iiHBM; iBK2 Ts Bb #2HQr 10b
Ç S2�F@iBK2 Tp Bb #2HQr 4b

wn = 1.53 zeta = 0.52
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ζ ≈ 0.52 ωn ≈ 1.53

3k

S. *QMi`QH ai`m+im`2

0.31

s + 1

+

�
KPYc(s)

U(s)E(s) 1

s

V (s)
Y (s)

Td

�

*HQb2/@HQQT i`�Mb72` 7mM+iBQM,

Y (s) =
1
s
0.31
s+ 1

KP (E(s)− TdsY (s)) E(s) = R(s)− Y (s)

Y (s)
R(s)

=
0.31Kp

s2 + (1 + 0.31KpTd)s+ 0.31Kp

hrQ T�`�K2i2`b iQ +?QQb2- �M/ irQ T�`�K2i2`b iQ b2i
∴ r2 +�M +?QQb2 �Mv `2bTQMb2 r2 HBF25

3j

S. *QMi`QH ai`m+im`2

Y (s)
R(s)

=
0.31Kp

s2 + (1 + 0.31KpTd)s+ 0.31Kp

=
ω2
n

s2 + 2ζωns+ ω2
n

.2bB`2/ `2bTQMb2

r?2`2 ζ ≈ 0.52- ωn ≈ 1.53

KP =
ω2
n

0.31
= 7.55 Td =

2ζωn − 1
0.31KP

= 0.25
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�MiB@qBM/mT

AMTmi *QMbi`�BMib

�HH `2�H bvbi2Kb ?�p2 BMTmi +QMbi`�BMib
�HH i?2 +QMi`QHH2`b vQmǶp2 b22M �bbmK2 i?�i i?2v /Q MQi

h?Bb Bb � T`Q#H2K5

*QMbB/2` i?2 bBKTH2 bvbi2K,

G(s) =
100

s+ 50

rBi? � SA +QMi`QHH2`

K(s) = KP

(
1 +

1
Tis

)

rBi? Kp = 3.5 �M/ Ti = 0.01X
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a�im`�iBQM

LQ K�ii2` r?�i r2 /Q- i?2 BMTmi rBHH b�iBb7v i?2 +QM/BiBQM +�HH2/ b�im`�iBQM,8

u(t) =






umax B7 u(t) > umax

u(t) B7 u(t) ∈ [umin, umax]

umin B7 u(t) < umin

8q2Ƕp2 r`Bii2M i?2 b�im`�iBQM ?2`2 �b � bvKK2i`B+ i2`KX Ai Bb �HbQ TQbbB#H2 iQ ?�p2 �bvKK2i`B+ b�im`�iBQMX

33

�MiB@qBM/mT

S`2p2MiBM; i?2 BMi2;`�iQ` 7`QK ;`QrBM; Q` ǵrBM/BM; mTǶ Bb +�HH2/ �MiB@rBM/mT

A/2�, .2i2+i r?2M b�im`�iBQM Bb �+iBp2- �M/ im`M Qz i?2 BMi2;`�iQ`

Ç PMHv BKT�+ib i?2 bvbi2K r?2M +QMbi`�BMib �`2 �+iBp2
Ç _2H�iBp2Hv bBKTH2 iQ imM2
Ç *�M #2 BKTH2K2Mi2/ BM +QMiBMmQmb@iBK2 Ui`�/BiBQM�H `2�bQMV

3N

1t�KTH2 , AKT�+i Q7 *QMbi`�BMib
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SA. @ amKK�`v

SA. +QMi`QHH2`b �`2 2ti`2K2Hv mb27mH,

Ç lb2/ BM i?2 p�bi K�DQ`Biv Q7 bBKTH2 bvbi2Kb
Ç P7i2M i?2 ǵHQr2bi@H2p2HǶ Q7 +QMi`QHX JQ`2 +QKTH2t +QMi`QH #mBHi QM iQT

� ;`2�i /2�H Q7 ;QQ/ HBi2`�im`2 �p�BH�#H2 QM imMBM; +QKK2`+B�H SA. +QMi`QHH2`b

S`QTQ`iBQM�H Ç a2ib i?2 ǵ�;;`2bbBp2M2bbǶ Q7 vQm` bvbi2K
AMi2;`�H Ç �//2/ iQ 2Mbm`2 x2`Q bi2�/v@bi�i2 Qzb2i

.2`Bp�iBp2 Ç AM+`2�b2 i?2 /�KTBM; Q7 i?2 bvbi2K @ BKT`Qp2 bi�#BHBiv

AKT�+i Q7 SA. i2`Kb,
SA. :�BM S2`+2Mi Pp2`b?QQi a2iiHBM; hBK2 ai2�/v@ai�i2 1``Q`
AM+`2�bBM; KP AM+`2�b2b JBMBK�H BKT�+i .2+`2�b2b
AM+`2�bBM; KI AM+`2�b2b AM+`2�b2b w2`Q bi2�/v@bi�i2 2``Q`
AM+`2�bBM; Kd .2+`2�b2b .2+`2�b2b LQ BKT�+i
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