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* Repetition av komplexa tal:

« Lab 3: Datorprojekt (robotarm)

Kursinfo

Redovisas | par under c:a 20 min (13-15 dec)

Anmalan 6ppnar i Bilda kl. 17 idag. Anmal dig till
samma tid som din partner.

Ingen partner? Annonsera pa KTH Social

Gar att borja med Lab 3 redan nu (anv. kunskaper
fran datorovningar). Ladda ner lab3robot.zip fran
kurshemsidan.

Skjut inte upp Lab 3 till nasta ar. Lab 3 utgor bra
forberedelse infor tentan.



https://www.kth.se/social/upload/4fce1a4df276543a98000012/komplexatal.pdf
https://www.kth.se/social/upload/4fce1a4df276543a98000012/komplexatal.pdf
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KTH Elektro-
och systemteknik

Summer v Vill du prova pa att forska?
Undergraduate v Ar du mtre_s_sgrad av re_glfert_eknlk?

v Ar du ambitids och initiativrik?
Research

v Har du inget inplanerat nésta

Fellowships sommar?
v" Ar du nyfiken pa Kalifornien?

Systembiologi I?egulatordesign Vi pa avdelningen for reglerteknik vid skolan for elektro- och

systemteknik har majlighet att skicka 1-2 teknologer till
California Institute of Technology (www.caltech.edu) i
Pasadena, Kalifornien, under sommaren 2016.

Vi soker teknologer pa KTH som &r intresserade av forskning
inom regler- och systemteknik, och vill spendera 10 veckor i en

Verifierbara styrsystem forskargrupp av hogsta internationella klass. Anmaél intresse
y D DO senast den 25 november 2016. Intresserad eller vill veta mer?
S & & E3—6) _
_l_. L= and . Kontakta Henrik Sandberg (hsan@kth.se)
N\ N#zF " 6 6 E—G)) https://people.kth.se/~hsan/surf.html



mailto:hsan@ee.kth.se
https://people.kth.se/~hsan/surf.html

ay

eg’) = S%e
FKTHY

VETENSKAP
<8 OCH KONST 2%

Mot

Exempel pa SURF-projekt

File }

Abstract—\|
channel, loss
of resending
until it is suc
and the fragy
nel. We exan
minimizes thd
for non-decre
size depender
failure probal]
be fragmente
optimal fragni
size approach
sizes. We als(
transfer time
the penalty of]

Risk-Miticated Ontimal Power Flow with Hich Wind Penetration

Abstract—1)
poses new chal
inherent variaJ
operation of tl
services. We
primary energ
serves from co
services. The p
power flow (O]
of spinning re
and a chance
that compensa
OPF with ener
optimal contrd
using the topo
then extend th|
tion of storage
results of the c;
and suggest a

An Aircraft Electric Power Testbed for Validating
Automatically Synthesized Reactive Control Protocols

Robert Rogerstent, Huan Xu+, Necmiye Ozay~, Ufuk Topcu?, and Richard M. Murray*

fKTH Royal Inst. of Tech.
rrog@kth.se

*California Inst. of Tech.
{mumu, necmiye, murray}

*University of Pennsylvania
utopcu@seas.upenn.edu

@cds.caltech.edu

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
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Frekvensbeskrivning

AN

LA G(s) ’

@ u(t) = sin(wt) ger, efter insvangning, Viktigt!
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 (G & L, avsnitt 4.3)

Kl+2Z) - (1+3)
(1t 2) - (1+ )

G(s) =

@ Amplitudkurva:

1 2 1 '
log|G| = log|K| + =log(1 + w—z) + ... — plogw — =log(1 + w—z) + ...
2 Z; 2 Pi
@ Asymptotiskt:
- sma w: linje med lutning —p
- w = —z; lutningen andras +1 (brytpunkt
v z 1 (brytpunid) Viktigt!

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

stora w: lutning m—p —n

(Lutning = q: Okar frekvensen en faktor 10 andras amplituden en faktor 109)




1+ s
1+ s/0.1

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

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

Bodediagram — Exempel G(s) =10

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

Gl

R R R A R LT Fa

BT R R LR T RN PR P

I e e e e
frequency [rad/s] frequency [rad/s|




s Im

Relativ dampning: cos ¢ = ¢
Brytpunkt: w

G(iwg) = % ~ resonanstopp

Bodediagram — Komplexa poler (amplitud)

wo

$2 + 2Cwps + w3

G(s) = (wo =1)

10Y

e X Lutning
: : oo : E :_2

SR 1=,




Bodediagram — Komplexa poler (G & L, s. 85-86)

@ System med komplexa poler:

2

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

s? + 2Cwos + wi

@ Frekvenssvaret:

1 1
i T T (2 L=
(E)2+2C%+1 1 (wo) —|—I2Cw0

G(iw) =

— Amplitud:

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

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




Komplexa poler

1.8

Motsvarande stegsvar: y(t) = L1 (G(s)
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Amplitud- och fasmarginal (G & L, s. 94-95)

. 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 lead-lank
(fasavancerande lank, PD-lank, G & L, s. 105-)

we = 0.1, pmax = 30° = 3 = 0.33, 7p = 17.2

| Flead (Zw)|

gglllaD(

3-0_

arg Fleaq (iw) |
10
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@ fordel: positivt fasbidrag (faslyft)
@ nackdel: stor forstarkning vid hoga frekvenser



Maximalt faslyft lead-lank (G & L, fig. 5.13)

0.6 0.8 1

0 0.2 0.4

B
@ anvand paramtern 7p for att f4 maximalt faslyft vid onskat

frekvens (skarfrekvensen)

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



Kompensering med lag-lank

(fasretarderande lank, Pl-lank, G & L, s. 107-)
p=1,v=0.01

o fordel: ger stor lagfrekvent forstarkning

@ nackdel: ger negativt fasbidrag



Myguist Diagram
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(1) Vad ér amplitudmarginalen approximativt for systemet vars Nyquistkurva kan
ses ovan?
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@ Mygquist Disgram
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(2) Uppskatta fasmarginalen ur Nyquistdiagrammet ovan. Vad blir den, approxi-
mativt?
a) 0° b) 45°

¢) 90° d) 135°




Quiz

(3) Forutsatt att r(¢) ar ett enhetssteg vilket nedstaende villkor ar tillrackligt
for att det stationira felet ska ga mot 07

a) G, innehaller en integrator. r,__€e
b) G, innehaller en derivator. > Go(8)
¢) F(s) innehaller en integrator.
d) G,(0) =0
(4) Vad motsvarar forstirkningen E pa decibelskalan?
a) 3 dB bh) 1 dB

c) —1dB d) —3 dB




