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Forelasning 11:
Implementering



Kursinformation

e Forelasning 12 (8 december): Sammanfattning

— Repetition enligt 6nskemal (kompensering redan
foreslaget)

— Skicka onskemal till hsan@kth.se senast idag
eftermiddag

— Losning av tentatal

* Fragestunder infor tentan:
— Onsdag 14 dec 8-10, Q22 (Martin och Antonio)

— Torsdag 15 dec 13-14, konferensrummet plan 3, Q-
huset vid STEX (Erik och Oscar)

— Fredag 16 dec 13-15, V3 (Omid, Olle och Zhenhua)
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Innehall

Tillstandsaterkoppling med observerare (rep.)
Kaskadkoppling (rep.)

Framkoppling och Smith-prediktorn
Implementering



Tillstandsaterkoppling med observerare
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Y(s) = Ge(s)R(s)
Ge(s) = C(sI — A+ BL) 1Bl

G.(s) samma som vid enbart tillstandsaterkoppling!



Kaskadreglering

e Kan mata "mellansignal” z

(yttre loop
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* Valjinre regulatorn F, sa att z(t)~ z,(t) (gor inre
loopen tillrackligt snabb)

* Ger forenklat reglerproblem fér yttre loopen:

Yref

Z

)

G

Y

T




Exempel 1: Rategyroaterkoppling (Fo. 10)
Gl( ) _|_17G2( ):%7 F1(8)2K17F2(3):K2

* Overforingsfunktion fran Yres till ¥ :
KiK>
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Y(s) =

}?ef(s)

(s)

om K, ar stor i férhallande till s (y,. frekvens) och K, (enl.
tumregel!)

* Under dessa villkor “syns” ej inre loopen i utsignalen y!



Exempel 2: Automatic Generation Control

* Hur haller elnatet frekvensen 50 Hz? Genom
kaskadreglering av alla generatorer!

* Inre loop for en generator:
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Exempel: Automatic Generation Control

* Hur haller elnatet frekvensen 50 Hz? Genom
kaskadreglering av alla generatorer!

* Inre och yttre loop:

Set point
(styrcentral, ofta Pl-regulator) > P Secondary regulation (yttre loop)

—L AUTOMATIC Q
. LOAD REQUENCY | _
To CONTROLLER
0
Other
Machines Generator
1e11_e1l1 °' Other m/c Total
Power Load
Set point \ GRID Area
SO Governor 4= Turbine INERTIA =>Freq-
uency

Total Generation
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Frequency Primary regulation (inre loop)



Framkoppling

Kan mata systemets storsignal v v system
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Forkompensera innan storsignal ger fel i y:
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Valj framkoppling

Fr(s) =

B H(s)
G1(s)

Derivator i F;(s) maste approximeras



Smith-prediktorn

* Antag vi kanner systemets tidsfordrojningen T

: = ~ GF :

Desigha F saatt Gc = T GF bllr_bra (PID, etc.)

* Smith-prediktorn F(s) = F(s)
1+ (1 —es)YF(s)G(s)
ger Ge(s) = Ge(s)e *'
regulator F'(s)
[T T m e system
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Implementering

®)

Regulator ———=| System

—1

e Hur forverkliga sambandet mellan e(t) oc

— Analogt: mekanik, elektronik, pneumati
Signaler representeras av spanning, tryc
— Digitalt: programmering.
Signaler representeras av tal i en dator.
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u(t)?

etc.



Centrifugalregulatorn

* Mekanisk P(l)-regulator
 James Watt, 1788
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Varfor digital implementering?

e Fordelar:

+ billigt

+ flexibelt

+ kan realisera komplicerade samband

e Nackdelar (ty tidsdiskret arbetssatt):
<+ maste appoximera F(s)
— kan ge samre prestanda
— kraver speciell teori




Hur ser den digitala implementeringen ut?

____________________________________________________



Aliaseffekt

0.8 ] % i -
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02757 \ !

tid [s]
— Signal med frekvens w = 2.57 uppfattas som signal med
frekvens w = 0.57!



Digital implementering. Exempel

e Sampeltid T = 0.3s

styrsignal u: utsignal y:
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Digital implementering. Exempel

e Sampeltid 7 = 1.5s

styrsignal u:
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e Sampeltid T = 2.0s
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Digital implementering. Exempel
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Hur ser den digitala implementeringen ut?

____________________________________________________



Wireless Inverted Pendulum

Process

____________________________________________




Wireless Inverted Pendulum

KTH Electrical Engineering

 Sampling period of 25ms (Real-Time
Control)

e Delay of 50ms
o Controller = Linear Quadratic Controller |
and Kalman Filter ‘ o
o System is of 4th order where the states '
are:
- Position of the cart
- Angle of the pendulum

- The respective velocity of the cart and
pendulum

A. Hernandez, 1. Faria, J. Araujo, A. Khakulov, H. Sandberg and K.H. Johansson



Wireless Inverted Pendulum

Interference node starts

POSitlon Sensor Tite between packets far mote 1 — transmitting every 100 ms
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