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Kursinfo: Extra material

« Introduktion till Laplacetransformen:

« Extra material om Nyquistkriteriet:

* Repetition av komplexa tal:
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Kursinfo: Lab3

« Anmalningssystemet till Lab3 under bilda.kth.se aktiveras
under dagen

« Denna labb skaredovisas i par! Se till sa du anmaler
dig till samma tillfalle som din labbpartner

 Ingen partner for Lab3? Anvand kurshemsidan pa KTH
Social for att hittar partner!
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ABSTRACT

Modern aircraft increasingly rely on electric power for sub-
systems that have traditionally run on mechanical power.
The complexity and safety-criticality of aircraft electric
power systems have therefore increased, rendering the de-
sign of these systems more challenging. This work is moti-
vated by the potential that correct-by-construction reactive
controller synthesis tools may have in increasing the effec-
tiveness of the electric power system design cycle. In partic-
ular, we have built an experimental hardware platform that
captures some key elements of aircraft electric power sys-
tems within a simplified setting. We intend to use this plat-
form for validating the applicability of theoretical advances
in correct-by-construction control synthesis and for study-
ing implementation-related challenges. We demonstrate a

reconfigure the contactors to react to faults and modes of
operation, the system uses control logic that can sense sys-
tem conditions and environmental conditions under which
the system operates. The electric power system, therefore,
includes voltage and current sensors connected to the con-
trol logic. In current practice, the control logic is often de-
signed by hand, resulting in lengthy design and verification
cycles. As an alternative approach, [11] and [12] explored
the application of correct-by-construction reactive controller
synthesis techniques.

In this paper, we report on our recently developed sim-
ulation models and a hardware testbed for validating re-
active controllers synthesized using TuLiP [11], a temporal
logic planning toolbox, in order to investigate the validity
of the assumptions made in controller synthesis. TuLiP is




Dagens program
* Frekvenssvar och Bodediagram (repetition, slides)
« Bodediagram for system med komplexa poler (slides)
« Stabilitetsmarginaler (tavlan)
— Amplitudmarginal

— Fasmarginal

« Specifikation av prestanda i tids- och frekvensplanet
(tavlan)

« Regulatorsyntes ("konstruera '(s)”) via kompensering i
frekvensplanet (tavlan)



Frekvensbeskrivning

AN

LA G(s) ’

@ u(t) = sin(wt) ger, efter insvangning,
y(t) = |G(iw)| sin(wt + @) ; ¢ = arg G(iw)
@ G(iw) kallas frekvenssvaret

@ Grafisk presentation av G(iw):

|. Amplitud och fas var for sig =  Bodediagram
Il. 1 komplexa talplanet = Nyquistdiagram



Bodediagram — Allmant

K(1_|_i)...(1_|_i)

G(s) = 1 el
P =)... =
sPA5) (4 3)
@ Amplitudkurva:
1 w? 1 w?
log|G| = log|K| + =log(1+ =)+ ... — p logw — —log(1 + =)+ ...
2 Z 2 Pi

@ Asymptotiskt:

sma w: linje med lutning —p

w = —2z;: lutningen andras +1 (brytpunkt)
w = —p;: lutningen andras —1 (brytpunkt)

stora w: lutning m—p —n




Bodediagram — Allmant

@ Faskurva:
. W W
arg G(iw) = arg K+ atan— + ... —p-90° — atan— — ...
21 P1
— asymptotiskt:

smad w: arg G = —p-90°.

_ w = z;: fasen andras med +90°. (brytpunkt)
- w = p;: fasen dndras med —90°. (brytpunkt)
stora w: arg G =(m—p—n)-90°.




1+ s
1+ s/0.1

Brytpunkter: —p; = 0.1 (bryter ner -1), —z; = 1.0 (bryter upp +1)

Bodediagram — Exempel G(s) =10

: 1 9 1 w?
log |G(iw)| = log 10 + ) log (1 +w ) ~3 log (1 + 0?)
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Bodediagram — Komplexa poler

@ System med komplexa poler:

2

G(s) = i ., poler : s1p = —wo (C + /(2% — 1)

s? + 2Cwos + wi

@ Frekvenssvaret:

1 1

G(iw) = — - = , -
N e I = L g

— Amplitud:

* smd w: |G| =~ 1.
 stora w: |G| = 1/(=)?, dvs. lutning -2.

* W =wo. |G| = % dvs. resonanstopp da ( litet!




Bodediagram — Komplexa poler (amplitud)
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Komplexa poler

1.8

Motsvarande stegsvar: y(t) = L1 (G(s)
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Amplitud- och fasmarginal

. I
Nyquistdiagram + |
RS S Bodediagram
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Fas-skarfrekvens w, och amplitudmarginal A,
Skarfrekvens we. och fasmarginal o,
Mater avstand till instabilitetspunkten (—1)




Kompensering med PD-lank (”’lead-lank”)
we = 0.1, pmax = 30° = 8 =0.33, 7p = 17.2

H I R A | H HE - | H HE T | H I
3 -2 -1 0 1

10° 10 10 10 10

@ fordel: positivt fasbidrag (faslyft)
@ nackdel: stor forstarkning vid hoga frekvenser



Maximalt faslyft

Qomax

maximalt faslyft

0 0:2 D.I4 0:6 018 1
B
@ anvand paramtern 7p for att f4 maximalt faslyft vid onskat

frekvens (skarfrekvensen)

@ stora faslyft — litet 3 — stor hogfrekvent forstarkning 1/




Kompensering med Pl-lank (”lag-lank”)
=1, v =0.01

-4 -3 -2 -1 0 1

10 10 10 10 10 10

o fordel: ger stor lagfrekvent forstarkning

@ nackdel: ger negativt fasbidrag




Myguist Diagram
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Vad idr amplitudmarginalen approximativt for systemet vars Nyquistkurva kan
ses ovan?
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@ Mygquist Disgram
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Uppskatta fasmarginalen ur Nyquistdiagrammet ovan. Vad blir den, approxi-
mativt?

a) 0° b) 45°

c) 90° d) 135°




Bode Diagram
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i) Vad ar amplitudmarginalen 1 Bodediagrammet ovan approximativt?

a) —hH4 dB b) 2 dB
c) 33 dB d) 104 dB
i1) Vad dr fasmarginalen 1 Bodediagrammet ovan approximativt?
a) 0° bh) 85°
c) 173° d) 253°

i11) Vad ar skirtfrekvensen 1 Bodediagrammet ovan approximativt?

a) 5-1072 rad/s b) 0,3 rad/s
75 rad/s d) Gar inte att utliasa
c)




L.
(4) Vad motsvarar forstiarkningen E pa decibelskalan?
a) 3 dB h) 1 dB
c) —1dB d) —3 dB

(5) Forutsatt att r(¢) ir ett enhetssteg vilket nedstaende villkor #r tillrickligt
for att det stationira felet ska ga mot 07

a) GG, innehaller en integrator.
b) GG, innehaller en derivator.
c) F(s) innehaller en integrator.

d) G,(0) = 0




