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27. Regulatory liniowe o wyjsciu ciaglym

REGULATOR OBIEKT
t t
T’_?& G (s) “0 Gob(s)
Rys. 77.
a) regulator typu P (proporcjonalny):
Ul(s) . .
G.(s) = E(s) =ky,, G,(jw)=Gr(5)|s=jw =kp,+j0, Kk, >0
O(w)4 Lm, (o) 201gk,

1
t—00 s—0 - 1 + kpkob

o /

e, = lim e(t) = lim sE(s)
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4?_3"1 )_ ky — 0ol—— Goy(s) y()
GQ(S) <

Rys. 80.
Y(s) _ kpGob(S)
Yo(s) 14 k,Gop(s)Ga(s)
Gob(S) 1

kzignoo Gls) = kIl,l—r>noo 1/k, + Gop(s)Ga(s) B Ga(s) (85)

G(s) =

b) regulator typu I (calkujacy):
U(is) 1 s I |
E(S)_TiS’ Gr(]w)—Gr(Sﬂs:Jw_jTiw—O ]Tiw

Lm, () = —20log(T)) — 0log(w),  @p(w) = —7/2

+0(w)

G.(s) =

W—>*

A
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c) regulator typu PI (proporcjonalno-catkujacy)

U
Gr(s)= 7 =k, <1+

T:s

! ) o u(®) =k, [e(t) +— / e(r)dr | (86)

. 1 1
GT(Jw)_kp(1+jﬂw>_kp(1_jﬂw) = o (w)=—

1 201g k, —201g(Tiw),
Lmr(jw):201g<k:p 1+—> 8 k= 201g(Tw)

2
T7w? 201g k,,
Lm (oA
%B/dek 201gk
£%
|
! >
T, lg ®
|
|
(Pr((’O)A |1/T, lg

—7t/4

=

.

1

oy

arctg

w < 1/T;
w > 1/T;

/
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Lm(w)4

~
~
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~ Sao
~ S
S

=~ ™~ PI S

ob S | "~eas
Y

Rys. 85.

* regulator typu PD idealny

d) regulator typu PD (proporcjonalno-rézniczkujacy)

.

u delt
G’T‘(S> = Egg = ]fp(l + Tds) = u(t) — kp (e(t) + T, il(t ))
(88)
ht) =k, (1(t) + Tud(t)),  Gr(jw)=Gr(8)|smju =kp(1+jTaw)
A () O(w)4 ®»—> o
o(t) A
k, A
! ®=0 P(Cll)
0 > 0 i >
(a) Rys. 86. (b)
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* regulator typu PD rzeczywisty

G, (s)= gg =k, <1+ - JTFdSTS> = h(t)=k, <1+%e—%> 1(t) (89)

k(1+T,/T) )

o //\
y =0 0> x0) P(o)
0 > of & k(1+T,/T)

(a) Rys. 87. (b)
] dew 1 + ](T + Td)w
G"r =k 1 — | =k
() P ( * 1 +ij> P14+ 4Tw

Lm,(w) = 201gk, +201g /1 + (T + Ty)2w? — 201g V1 + T2w? ~

(

201g k,, w < 1/(T+Ty)

201g k, +201g((T + Ty)w), 1/(T+Ty) <w<1/T
201gk, +201g((T + Ty)w) — 201g(Tw), w >1/T

Q

\ =201g (kp(T+Td)/T) =201g (kp(1+Td/T))

1
or(w) = arctg((T' + T)w) — arctg(Tw), Winax =
3 s NooEsm
Lm (w)4 201gk,(1+7,,/7)
20 dB/dek

201gk, ~ :
| lgo
(T, T >

|
¢ (0) 4 : :
|
/2

_______I_ _____ | _____
I

- I !

(T+T,)) Omax I}T lg ®
Rys. 88.

o /
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/ 1 Ty 1 \
()

1+T48)=— 1+ —
(—I—dS) T +Td8

sT;

Rys. 89.
e) regulator typu PID (proporcjonalno-catkujaco-rézniczkujacy)
+ regulator typu PID idealny

G.(s) = ggg =k, (1 -

T,
T;S + dS) (90)

de(t)
dt

Rys. 90.
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S

Gr(jw) =k, (1 + —I—dew> = ky [1 + 3 (wa —

JTiw
AQ(O\)) n—>
O OJX »
A P(w)
“ b >
n—0

Rys.91.  w, = 1/vTi1y

1
Tiw

Lm,(w) =201gk, + 201g \/1 + (wa —

(201gk, — 201g(Tow), w < 1/T;
201g k,, /T, <w < 1/Ty
\201gkp+201g(TdW), w = 1/Td

Q

or(w) = arctg (wa _ )

Tiw
Lm, ()4
~— 20 dB/dek
20 dB/dek~___ 20lgk, /
| |
| | Ig (2
[
vt /T,
|
A0, (0) |
/2 |
Al e ———
|
lg ®
& >
/(Dx
——ﬁ ______________

Rys. 92. zal. T; > T},

2
) = {zal. T, > Td} ~

-
)
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* regulator typu PID rzeczywisty

1 TdS t Td —
G.(s)=k,|1 = h(t) =k, 1+ =+ e /") 1t
(s) p(—i_Tis—i_l%—TS) (?) p( +TZ-+T6 ) (t)
(92)
A h(f) 4
. O(o)
kAH‘TJT)% ]I(p m P(Og)
b -, T e
I vy |
% T, lo—0
(a) Rys. 93. (b)
Lm ()4
~ 201gk,(1+T,/T)
20 dB/deR~_20!gk, 20 dB/dek
| L le9
ur, | UT, UT
(Pr((’o) A :
/2 :
|

Rys. 94. zal. T; > Ty > T, wy=

o /
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Lm(w)4-..
~~~~~~ ob+PID

~ ~
~ §~

SIS~ PID e
S~ .

Wiasnosci regulatoréw ciaglych

.

odpowiedz czas przeregu- czas uchyb
uktadu narastania | lowanie | ustalania | ustalony
zamknietego t, M, s ts o
k, / N\ Va ~~ const N
T/ / p pY — 0
T, ~ const Ny Ny ~ const
LOR — ‘ 0.0
1Mp i lub 0,05k
N N ~——3
sl |
0 t; ‘zr t; ZL f
Rys. 96.

/
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N

feonde |

28. Calkowe wskazniki jakosci

Iazi\e(t)\dt

Wskaznik ISE (ang. integral of the squared error):

Wskaznik TAE (ang. integral of the absolute magnitude of the error):

~

(93)

(94)

/
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~

Wskaznik ITAE (ang. integral of time multiplied by the absolute
magnitude of the error):

Lo = | tle(t)| dt (95)

St —

Wskaznik ITSE (ang. integral of time multiplied by the squared error):

T
Iy = / te*(t) dt (96)
0
Przyklad
T?— Go(s)
Rys. 98.
B 1  Go(s) 1
Gols) = s(s + 2() = Glo)= 1+ Go(s) s2+2(s+1
Wy = 1, k=1
:
6
i [TAE [TSE/10
4
1
3
2
1

(]

00 02 04 06 08 10 12 14 16 1.8 2.0
{

Rys. 99.

o /
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