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36. Korekcja dynamiczna układów liniowych

a) korekcja szeregowa

✲ ✲e(t)
Gk(s) ✲u(t) ❄

z(t)

✲Gob(s)

✻+ − +

+

Rys. 111.

Go(s) = Gk(s)Gob(s), Gk(s) = k
1 + T2s

1 + T1s
(109)

T1 > T2 – k. opóźniający fazę, T1 < T2 – k. przyspieszający fazę

korektor opóźniający fazę

e t( ) u t( )
R1

R2

C

(a)

h tk( )

t

k

0

k a/

(b)Rys. 112.

Gk(s) =
U(s)

E(s)
=

R1 +
1
sC

R2 + (R1 +
1
sC
)
=

1 +R1Cs

1 + (R1 +R2)Cs
= (110)

= k
1 + T2s

1 + T1s
= k

1 + Ts

1 + aTs
, a > 1

k = 1, T1 = (R1+R2)C, T2 = R1C, T = T2, a =
R1 +R2

R1

hk(t)=L−1

{
Gk(s)

s

}

=L−1

{
k(1 + Ts)

(1 + aTs)s

}

=
k

aT
L−1

{
1 + Ts

( 1
aT

+ s)s

}

=

=
k

aT




1 + T (− 1

aT
)

− 1
aT

e
−

t

aT +
1
1
aT




1(t) = k



1− a− 1

a
e
−

t

aT




1(t)
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Gk(s) = k
1 + Ts

1 + aTs
, a > 1 → Gk(jω) = k

1 + jωT

1 + jωaT

aT > T → 1/(aT ) < 1/T

Lmk(ω) = 20 log k + 20 log
√
1 + ω2T 2 − 20 log

√
1 + ω2a2T 2 ≈

≈







20 log k, ω < 1/(aT )

20 log k − 20 log(ωaT ), 1/(aT ) 6 ω < 1/T

20 log k + 20 log(ωT )− 20 log(ωaT )
︸ ︷︷ ︸

=20 log(k/a)

, ω > 1/T

ϕk(ω) = arctg(ωT )− arctg(ωaT )

dϕk(ω)

dω
=

T

1 + ω2T 2
− aT

1 + ω2a2T 2
=

T (1 + ω2a2T 2)− aT (1 + ω2T 2)

(1 + ω2T 2)(1 + ω2a2T 2)

1−a+ω2T 2(a2−a)=0 → 1−ω2T 2a=0 → ωmin =
1

T
√
a
=

1√
T1T2

ϕkmin = arctg
1√
a
− arctg

√
a

Q( )w P( )w

w=00
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(b)Rys. 113.
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korektor przyspieszający fazę

e t( ) u t( )R1

R2

C

Rys. 114.

Gk(s) =
U(s)

E(s)
= k

1 + T2s

1 + T1s
=

1

a

1 + aTs

1 + Ts
, a > 1 (111)

T1 =
CR1R2

R1 +R2

, T2 = R2C, k =
R1

R1 +R2

, T = T2, a =
1

k

h tk( )

t

k

0

ka

(a)

Q( )w

P( )wwg 8

wmax

0 k ka

w

jmax

(b)

Rys. 115. ωmax =
1

T
√
a
=

1√
T1T2

a > 1 → aT > T → 1/(aT ) < 1/T

Lm ( )k w

lg w

j wk( )
lg w
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Rys. 116.
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korektor przyspieszająco-opóźniający

e t( ) u t( )
R1

R2

C1

C2

Rys. 117.

Gk(s) = k
(1 + T2s)(1 + T4s)

(1 + T1s)(1 + T3s)
= k

1 + aT1s

1 + T1s

1 + T4s

1 + aT4s
, (112)

T2

T1

=
T3

T4

= a > 1, T3 > T4 > T2 > T1

h tk( )

t

k

0

(a)

Q( )w

P( )w

wg 80 k ka

w

w=0

(b)Rys. 118.

b) korekcja równoległa

✲

✲

Gk(s)

G1(s)

✻

❄
✲

+

+

Rys. 119.

G(s) = G1(s) +Gk(s)

Układy regulacji automatycznej http://marcin.kielczewski.pracownik.put.poznan.pl
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✲
❄

+

+

kk
s

Gob(s)✲ ✲

✻

✲y0(t)

e(t)

y(t)

+−
Rys. 120.

Go(s) =
Y (s)

E(s)
=

(

1 +
kk
s

)

Gob(s) =

(

1 +
1

Tks

)

Gob(s)

c) korekcja ze sprzężeniem zwrotnym

✲
y0(t)

✲
e(t)

Gr(s)✲
+

−
✲

❄

z(t)

± +
✲ Gob(s)

y(t)

✛Gk(s)
✻✻

+−

Rys. 121.

Gok(s) =
Y (s)

E(s)
=

Gr(s)Gob(s)

1∓Gk(s)Gr(s)Gob(s)

odp. skokowa układu otwartego ze sprzężeniem korekcyjnym:

hok(t) = L−1

{

Gok(s)
1

s

}

= L−1

{
Gr(s)Gob(s)

[1∓Gk(s)Gr(s)Gob(s)]s

}

odp. skokowa układu otwartego bez sprzężenia korekcyjnego:

ho(t) = L−1

{

Go(s)
1

s

}

= L−1

{
Gr(s)Gob(s)

s

}

sprzężenie elastyczne ⇒ lim
t→∞

hok(t) = lim
t→∞

ho(t), tzn.

lim
s→0

s
Gr(s)Gob(s)

[1∓Gk(s)Gr(s)Gob(s)]s
= lim

s→0
s
Gr(s)Gob(s)

s

lim
s→0

Gk(s)Gr(s)Gob(s) = 0
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Przykład (korektor szeregowy opóźniający fazę)

✲ ✲e(t)
Gk(s) ✲u(t)

Gob(s)

✻+ −
Rys. 122.

Gob(s) =
k

(T1s+ 1)(T2s+ 1)(T3s+ 1)
, Gk(s) =

1 + Ts

1 + aTs
, a > 1

k = 100, T1 = 0,2[s], T2 = 0,4[s], T3 = 2,5[s]

k=100; T1=0.2; T2=0.4; T3=2.5;

G_ob=tf(k,conv(conv([T1 1],[T2 1]),[T3 1]));

bode(G_ob); grid on

LTI (Linear Time-Invariant) Viewer:

ltiview(’bode’,G_ob)
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Bode Diagram

Frequency  (rad/sec)

❄∆M < 0

ω−π = 3,92[rad/s]
Lmob(ω−π) = 12,6[dB]

|Gob(ω−π)| = 1012,6/20 = 4,27

Rys. 123.
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Lm ( )k w

lg wj wk( )

lg w

-20 dB/dek

1/(aT)

-p/2

1/T

-20lga

wmin

jmin

Rys. 124.

T ≫ 1/ω−π = 0,26[s], a > |Gob(ω−π)| = 4,27: T = 1[s], a = 10

T = 1; a = 10;

G_k = tf([T 1],[a*T 1]);

G_o = series(G_k,G_ob);

bode(G_o); grid on
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∆M > 0

ω−π = 2,97[rad/s]

Lmo(ω−π) = −2,21[dB]

ωp = 2,58[rad/s] ⇒ ∆ϕ = 7◦

Rys. 125. eu = 1/(1 + 100) ≈ 0,01
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37. Sprzężenie „w przód” (ang. feedforward)

✲
u(t)

✲
z(t)

Gob(s)

Gzob(s)

✲
❄ y(t)

+

+

OBIEKT

Rys. 126.

✲
u(t)

✲✛

z(t)

Gob(s)

Gzob(s)

✲
❄ y(t)

+

+

OBIEKT

Gr(s)

Gk(s)

✲✲
y0(t) ❄

+

−

✻−

Rys. 127.

Y (s)
∣
∣
y0(t)≡0

=
Gzob(s)

1 +Gr(s)Gob(s)
Z(s)−Gk(s)Gr(s)Gob(s)

1 +Gr(s)Gob(s)
Z(s) (113)

Gz(s) =
Y (s)

Z(s)
=

Gzob(s)−Gk(s)Gr(s)Gob(s)

1 +Gr(s)Gob(s)
(114)

w przypadku idealnym:

Gzob(s)−Gk(s)Gr(s)Gob(s) = 0

Gk(s)Gr(s) =
Gzob(s)

Gob(s)
(115)
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Gr(s) Gob(s)

Gk(s)

✲ ✲ ✲ ✲

✻

✲

❄y0(t) y(t)

+− +

+

Rys. 128.

G(s)=
Y (s)

Y0(s)
=

(

1 +
Gk(s)

Gr(s)

)
Gr(s)Gob(s)

1 +Gr(s)Gob(s)
=
[Gk(s) +Gr(s)]Gob(s)

1 +Gr(s)Gob(s)
(116)

Gk(s) =
Lk(s)

Mk(s)
, Gr(s) =

Lr(s)

Mr(s)
, Gob(s) =

Lob(s)

Mob(s)

G(s) =

(
Lr(s)
Mr(s)

+ Lk(s)
Mk(s)

)
Lob(s)
Mob(s)

1 + Lr(s)
Mr(s)

Lob(s)
Mob(s)

=

[Lr(s)Mk(s)+Lk(s)Mr(s)]Lob(s)
Mk(s)Mr(s)Mob(s)

Lr(s)Lob(s)+Mr(s)Mob(s)
Mr(s)Mob(s)

=

=
[Lr(s)Mk(s) + Lk(s)Mr(s)]Lob(s)

Mk(s)[Lr(s)Lob(s) +Mr(s)Mob(s)]
(117)

równanie charakterystyczne:

Mk(s)[Lr(s)Lob(s) +Mr(s)Mob(s)] = 0 (118)

Gr(s)Gob(s)

1 +Gr(s)Gob(s)
, Gk(s)

Gk(s) =
1

Gob(s)
=

Mob(s)

Lob(s)
⇒ G(s) = 1 (119)
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