CDS110 Recitation SectioRriday November 30

TA: Elisa Franco

1) Reca of perbrmance specibcations and loop [gima
2) Rerformance limitationgaroof of the Bode Integraldfrmula
3) Hw 8,problem 3

1) Rerformance specibcatiorseady state aor, phase and gain margins al
tracking eror

Given a plant transfr function P(s\we want to design a conttler C(s)
such that the CLOSED LOOP tramsffunction (CIOF) will achige:

a) steady state eor < X/100

b) tracking eror <Y/100 over a cetain frequency range

C) gain margin > Gm

d) phase margin > Pm

Rememberthese ppoperties ae to be shaed on the OPEN LOOP transf
function (OOF) L(s)=C(s)P(s).



1) Rerformance specibcatiorseady state aor, phase and gain margins a
tracking eror - RECAP

a) Steady state eor:the transér function Her is debPned as 1/(1+L(S)).
Approximate 1/(1+L(0))!'1/L(0)The specibcation 1/L(0)<X/100 =>ewvant
that L(0)>100/X.

b) Tracking eror over a cetain frequency rangeow the transér function
Hyr is L/(1+L)but the eror will be (1- L/(1+L)) theefore we will still use

Her. Using the samepproximation of a)we have to check that
L(jw)>Y/100 in the des@&d range Bode Diagrar

Gm =Inf dB (at Inf radisec), Pm= 69 deg [(at 0.934 radisec)
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1) LOOP S

choosing the right coniller.

RULEStog of magnitudes arsummedphases a& summed.
TABLEEeffects of elementayr controllers on P(s)=10/(s+1)
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JAPINGonce you plot Bode br your OLTFE you can shpe it by



Lead Contpller: zero brst,
then pole

C(s)=1000 (s+1)/(s+1000)

Lag Contpller: pole brst,
then zep

C(s)=1000 (s+1000)/(s+1)
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2) RFerformance limitationaroof of the Bode Integraldrmula

Consider the OOF L(s)and assume it has N poles in the RHP (unstabl
DebPne the sensitivity function S(s)=1/(1+L@hg assume itaps to zeo
faster than 1/sdr s going to iInPnityl hen:

o llog(S@)ld! =" ¥ Re(p)

Preliminaly obsewrations:

a) S(s) has zes wher L(s) has pole§o unstable poles of L(s)eamaped
to RHP zeos of S(s).

b) Logarithm of a complexumber z | C
log(z) = log(|z|) + 1 arg(z)

Example:log(—2) = log(2) — i
The argument is the *principal argument* ¢ [-", pi)



Consider the case wherwe hae one pole in the RHRnd pick the D
contour integral in the pictug. 2= X++ 1+ X

IR

/D log(S(s))ds = /iR log(S(s))ds + / log(S(s))ds + /b log(S(s))ds =0
| _iRIog(S(s))ds = —i. h log(S(s))ds +iR 0

1R | —;{R

= 2 [log(S(s))|ds |
0 X.
limg log(S(s))ds =0 X, @ 7
! > —
| Re(p)
lim~y—o  log(S(s))ds =0
log(S(s))ds + log(S(s))ds = | iR
X 1 X '

log(S(s)) ! log(S(s! 2iw))ds = 2irRe(p)
X +

log(S(s)) ! log(S(s! 2il)) =
|SCATY [S(s A2 )| +iarg(S(s)! S(s! 2!)) = 2d!

and the the length of X is Re(p)

Because:

QED



3) Hw 8,problem 3 - letanajze this system

1 L sy LU s!/24871/12

Pl = 57+ D) " 1+sl/2+s21/1

Asymptotic Bode plot w/o dela
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Performance specibcationgsquired:
a) zep steady state eor
b) tracking eror less than 10% betwen 0 and .5Hz

c) overshoot not more than 10%

a)We already hae a pole at the origirso the steady state eor is zeio

anyways.Check:
1

1+ I(s)  °

ltms) o

b)We can dra the usual b&: we need to incease the gain het

c) Need to relate the arershoot with the phase margiBased on what
found at Poblem 10ne should Pg@that we need a phase margin of at
least 70 deg.

ldeause a ér loop - pick a ppoportional contoller, increase the gain.
Compute the step esponse of the CIF at each gain and compgshase
margin of OOF and coresponding wershoot.

Or use second oder systemdrmulas.



Summarizingve need to incease the gain abe 20 dBs betwen 0 and .!
Hz,but also incease the phase in that range
A lead compensator (aequired) will da

S+ a
s+ b

C(s) =k

Place the zar brst,and then the poleRoughy, in between you will hare a
90 deg incease In phaséncreasing k will help with the tracking
specibcation.



