Projektowanie UR z regulatorem PID
1. Zatozenia projektowe, wybor uktadu i regulatora

2. Dobor nastaw - zapewnienie stabilnosci

« Obiekt/uktad jest stabilny, jezeli jego odpowiedz na
wymuszenie (zaktocenie) o ograniczonej wartosci jest
ograniczona

«  Typowy problem: stabilny obiekt i stabilny regulator
Zadanie: dobrac parametry regulatora aby UR byt stabilny
Ogodlniejszy problem: stabilny/niestabilny obiekt i reguator

Zadanie: dobracC parametry regulatora aby UR byt stabilny
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3. Ocena jakosci — pomiar wskaznikow jakosci
4. Optymalizacja — szybciej | doktadniej




Regulator PID: struktura i nastawy
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Dobér nastaw PID (auto-tuning, samonastrajanie)

» Imetoda Zieglera-Nicholsa (odpowiedzi skokowej)
« identyfikacja modelu (przy otwartej petli)

* nastawy wg tabel dla roznych klas obiektow Ke %o
Regulator K, T; Tq
07 3,337
PI KTO 9 0
1,2T
PID ’ 2T, 0,57
KT, o
— Setpoint
— Process Variable
Metoda QDR (Quarter-Decay Ratio) ! T overshoor
- kazde nastepne przeregulowane ma amplitude 4 razy mniejszg od poprzedniej | ' /T\ _ N
; éA \//g\v
Uwagi: 3 | B_1
* Esperyment Zieglera-Nicholsa (1942) zautomatyzowany w latach '70 lz A a4
(+) prosty eksperyment i} e
(-) identyfikacja modelu obiektu przy rozwartej petli regulacji .
- PID-kaskadowy (interacting) | — T_' s ' 1

- Ajesli T=07

np.: https://engineering.purdue.edu/~zak/ECE680/Ziegler-Nichls 1942.pdf 3




Dobér nastaw PID (auto-tuning, samonastrajanie)

Ziegler-Nichols [pig controllers: Astrom: Tab4 1]

K, T, T, Ke ™'
P 1/a Ts +1
Pl | 09/a | 3T
PID 1.2/a 2T, T /2 | PID kaskadowy (interacting)
Chien, Hrones, Reswick [Pid controllers: Astrom: Tab4.4]
Przereqg. 0% 20%
K, T, Ty K, T, Ty
P 0.3/a 0.7/a
Pl 0.35/a | 12T 0.6/a T
PID 0.6/a T 0.57, | 0.95/a | 1.4T | 0.47T,
Cohen - Coon  1pid controllers: Astrom: Tab4.8]
Reg. K, T, Ty
= 1 ( 0, 357)
Pl ( 0922') 33-3.0r
a 1+1.2¢ °
PD 1.24 0 137 0.27-0.367 T
a 1-0.87¢ °
PID 1.35 ( O 182’) 2.5-3.07 O.37—O.37TT
a 1-0.397 ° 1-0.81z °




Dobér nastaw PID (auto-tuning, samonastrajanie) %

» 2 metoda Zieglera-Nicholsa (metoda cyklu granicznego)
» nastaw dziatanie proporcjonalne
» zwiekszaj wzmocnienie az odpowiedz na skokowe wymuszenie to oscylacje o statej
amplitudzie
» odczytaj okres oscylacji
* nastawy wg wzorow dla réznych regulatorow

Regulator K, T. T,
PI 0,45k, | 0,857,
0,6k 0,5T, 0,127, Dobre wyniki gdy
PID 12 % pkryt 121 osc / osc 2<kk <20 (gdzie k obiektu)

Uwagi:

+ bez rozwierania petli

+ PID kaskadowy (interacting)

- konieczno$¢ wprowadzania uktadu w stan oscylacji

np.: http://www.ceasiamag.com/article-2255-autotuningcontrolusingzieglernichols-Asia.html 9
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Dobor nastaw PID

Ktora transmitancja jest potrzebna (ma by¢ identyfikowana)?
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1) Identyfikacja 1 weryfikacja modelu (H ;)
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Badania UR na modelu i na obiekcie
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2) Projekt UR na modelu — nastawy

3) Badania UR na modelu
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4) Aplikacja 1 badania UR na obiekcie
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5) Wykresy PV 1 CV — ocena jakosci

Uwagi do realizacji
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Simulink -> Continous -> PID Controller

Projekt na modelu
Aplikacja na obiekcie

Filer Edit Wiew Simulatiom Format Tools: Help
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This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as
anti-windup, external reset, and signal tracking. You can tune the FID gains automatically using the Tune...' button
[requires Simulink Control Design]).

Controller: [F’]D v] Form: lParaH-el v] |

Time domain:

Wybdr struktury

Continuous-time

(=

. Discrete-time

Main | FID Advanced I Data Types I State Attributes

Contreller parameters

Proportional (P): 1 ' B Compensator formula
Integral (I}: = |
Derivative (D): o _ P+I£ D M T
Filter coefficient (M): 100 § % 1+ Ni

it Uruchomienie PID Tuner

R o
Il TR R (jeslijest toolbox)

Source: [ internal

Integrator: 0

Filter: ]

External reset: [norse v]

[ 1gnore reset when linearizing

Enable zero-crossing detection




Simulink Control D

s = |

esign -> PID Tuner

File Edit View Simulation Format Tools Help

D|EHES| + BB | 4= a0 [Noma BB E
g & [
=1 - " 3 i}
: Transfer Fon Scope n PID Tuner [test : i P e
@ | *‘:\ '\, {ﬂ-j'| a =i | —,§.'£‘ @ Design mode: | Basic | Form:Parallel  Type: PIDF

E Function Block Parameters: PID Controller

FIDCUToromeT

This block implements continuous- and discrete-time PID control algorithms and includeg - B N
anti-windup, external reset, and signal tracking. You can tune the PID gains automaticall i Plot: | Step - Response: | Reference tracking - [7] Show block responsf  Show parameters B
(requires Simulink Control Design). == 4 e = = i
1.4 T T T
Controller: IPI_D '] Form: [Paralte! i ! ! !
Time domain:
|1 = 121 1 : i
|| @ Continuous-time : : '
il ) Discrete-time
‘_ RN SR ol i A e s
| i ' i
|| Main | PID Advanced | Data Types | State Aftributes ' : :
ll| Controller parameters 2 | I - i
e i e i
= - ' ! '
Proportional (P): 1 2 t ! .
o ! ' '
Integral (I): 1 z T | I e s :
| i 1 i
il Derivative (D): 0
I Filter coefficient (N): 100 e by s R .
| | H H |
0 I A I A ; j
Tnitial conditions iy : : H ' Block response
Source:  |internal ! | | | | Tuned response
0
Integrator: 0 0 1 2 - (Simnds) 4 2 5
Filter: 0
Interactive tuning
External reset: [none
Response time: 1.12 seconds
[7] 1gnore reset when linearizing D
Enable zero-crossing detection
Slower Faster

[7] Automatically update black parameters ’ oK l ’ Cancel l | Apphy J l 'Helep J

Q.




Simulink Control Design -> PID Tuner

== — A "
"B PID Tuner (test_scd4d/PID Controller X
| | Ny {ﬂ}"| ﬁ = | 57 @ Design mode Form: Parallel  Type: PIDF
|
|
Plot: iStep hd ! Response: [Referenc,e tracking - | Show block response Hide parameters 4m
1.4 T | Controller parametedObraneﬂ_iSta Wy
i i i i i Tuned Block
1 A, S— SO LR e e e G o o - P 13185 1
E E E E : ! 2.2306 1
! ! i E E D -0.27354 0
e bogefisiin b T f — L 48203 100 i
E ": E E E Performance and robustness
L R e e S e S B S e e e e R e B B Rt e e e B Bt ek o e Bk Bt et i
1§ E . E E E E Tuned Block
E : i : i | Rise time (seconds) 0.758 22
£ 1 R ....T_":, ................ Fossiaasiaanioans mestmastaasiaanis Aisamimamioasioae onsteas e st » Settling time (seconds) 2467 341
' ' | : ' Overshoot (%) 6.77 0
' i | ' i Peak 1.07 1
L e - Gain margin (rad/s) Inf @ Inf Inf @ MaM
7. : H | : ' Phase margin (rad/s) 639 @178 |0@l
i ! i : ! Closed-loop stability Stable Stable
02| oo oo b oo dorocerenes o .
; ; ! ; uzyskane| poczatkowe
| | | f Block response L.
/ E E E E Tuned response wskazniki
ok | | | | I
o 1 2 3 E 5 6
Time (zeconds)
Interactive tuning
Response time: 1.12 seconds
\__/poprawa wskaznika
Slower Faster

Q‘ [7] Automatically update block parameters l 0K I [ Cancel ] [ Apply ] l Help I




Simulink Control Design -> PID Tuner

File Edit Format Tools Help

O =zES
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Transfer Fon

PID Controller

]:5 Function Block Parameters: PID Controller

I U OTrET

- Design mode: | Basic v | Form:Parallel Type: PIDF
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This block implements continuous- and discrete-time PID control algorithms and inca

=

anti-windup, external reset, and signal tracking. You can tune the PID gains automal ] ] ||
(requires Simulink Control Design). Plat: jS’:ep - Response: ILReference tracking - | Show block response  Show parameters B |F
Controller: ’PID '] Form: [Paraklel 14 |

Time domain:

@ Continuous-time 1.2

() Discrete-time

Main | PID Advanced | Data Types | State Attributes

Controller parameters

Proportional (P): 1.31852773976707 5
=
S— S——— — pu |
Integral (I): 2.23061146022551 =
Derivative (D}: -0.273538535320958 | e

Filter coefficient (N): 4.82026321527227
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Initial conditions
L L PR

Source: internal - Block response

E Tuned response
| T
1.5 2 25 3 35

Integrator: 0

Filter: 0 Time (seconds)

External reset: |none

Interactive tuning

[T] 1gnore reset when linearizing Response time: 1.12 seconds

N -
zastosowanie ridstaw

: S,
futomatically update block parameters OK

Enable zero-crossing detection

Slower
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