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9. Recitol 15.41 .2%

R@C&P
Time -Dowmain Specifications:
When locking of the step cespanse. of o system,we con Specify cectain Chacocteristics ouc system Should have.

By looking of the plot we cowm defime o few of them. Consider o Second order sysbem.

RE B R
(s) = L = " b 1
$2+2;u“$+w: y=x

Jor an  undecdomped system (7<) with zew imilial condition we get:

Y =1- Lo e coslut ve)
L. can define. impoctant dnarocteristics
y oo
of the step response : " /\ _____ 7 )
= Time to peok: 7;=% i /4:/'/
> Peak ovecchosk : M= ® o
o Lo
» Risetime: [ =2—wF L
[~] Ly
T100% Tp L t
~ Selfling time: Tj = - In(100/d)
ol
In
We con map out the poles 0{ G(s) as a - ©
AN
funclion of o, 00,0, , 0md @ inthe complex plane . el
s Joe
We. obsesve thot eodh compovent of Fhe ¥
time cesponse offects the poles differently. )

Thot means thaf e can take \'equitel'\enfs in the

fime domain and transform them ints constrambe on desicoble »"’?
afea
; 3 Re

the location of the peles of ¢he system. When designing

ous closed bop system we can Loke these restrictions info account.

Seﬁlin3 time



A wosy to relate these restriclions to the roct locus is ovecaying botn

n n
e 3¢ > Re Re
Roct Locus Time. domoin constraints
3¢ »Re

we can now choose K s.t. the poles fol in the testricted asea.
Dominart Pole. Ag(ox'\mﬁom
What if ous system hos move thon twe poles ?
Often we can approximote the higher acder system. Remewber thob evecy pole covresponds €0 an exponential .
The real past of the pole indicotes how fask the exponential grows or decays. For poles inthe LIP we can
Say thot poles further awoy from the imoginary axis ase "faster” simce they decay of o highes ralte,

We. obsesve thot the be combined behavior can be well approximated by the dowes pole, i.e. the pole closes to the

l'moginmnj axis.

§teadu -slate esvoc:

To compute the steady-state ervor of a standacd feedback system bo o comp input we can use the bable below:

€ss g=0 g=1|qg=2
Type 0 # 00 )
P 1 + kBode
1
Type 1 0 00
kBode
1
Type 2 0 0
kBode

Whese the l:&pe vefecs ko Bhe number of poles of the origm , amd q t the ovdes of the (amp input.



}'tegueucg Response

Back in week 5 we ivtroduced the TF and how, fos LTI syskems, it com modell the Steody-stote output fo Some
generol input & The TFis given by:
Vo= GO €€ with G(o)= C(sl-A]'B+D , se €
We chose the genenl inpul et Since vistually ecvery input can be aeneroted os o lineac combination of terms &t
Since ous system is LTI, we con thus caleulole the fespense fo complexinputs by breoking it down , and summivg up
the individual outputs. i the input is o cosine we Sow thot :
wt)= costub) =hedt + 1 Tt
[Je notice thot we con decompose ulh) as Sollows:
uw=2 U, & with U, and s, st
The output i then given by
Y = Gl e + Glju) e
we can rewsite Gljw) as Med®  with M = |G ()|
$ =< Gjw)

ond then I L . y
y(t) = Med? %e"u* +Mef‘l¢% et

y(#) = Mcos (wt +¢)
The output is ansther sinusoid with o diftecert omplitude and phase ,bit same frequency. This meons that , in
ordes bs analyze how o sinuseid offects ous system we only have {o know how the mognitude. and phase chonge . These
charges ase given by M=|Gw)| and ¢ =< G(jw). So by pliging in S=juw we can completley define the
Steady-state fespomse. o o sinusoidal input, this is also colled frequency response.
The fcequency response is Necy important i control Systems and allows ug ds asses the stabilify ,

petformonce , behavier  and Moy othec i\ﬁ‘nss of LTI S\ssj(ehs_



Whes cepresenting the frequency respemse we are essentially ploking o complex function G(jw) e C

with o real acqument welR. There axe twe ways to sepresert this:

= Polas Plot ( N&qu.isf FAot) = Rede Plot
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as pasametric curve, w is implicit two seposet plots as a function of w

We. will stast with the Bode plot.

Bocle P\ot‘-
We. wont o plot M = |G(ju)| ond $=2G(w) os a function of w. We will use. twe plets with o shased

frequency axis. The frequency axis is Shown on o log,, scale in 5 The wognilude is ploted in deciBells, i.e

|Gjwo) | LaRT = 20109, | Gljus) | |

x 1 1 1 1 1 1 2 2 10 100
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Xdp

and the phase usnally n degrees. This results i o plot of this form.

20
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%0
Phose 0
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10° 410* 40" 10° 10"  10°

rod
w [T

One reason for dhoosing this Scoling is thot when we have multiple mputs the magnitude gets rulliplied and the phoses

odded. Since. the magnitude plet is in log scale we can then add tws lnes i the plet instead of multiplying.



To sketch the Bode Plot we follot these bosic rules:

Magnitude
Phase —20 dB/dec +20 dB/dec
—90° stable pole non-minimum phase zero
+90° unstable pole | minimum phase zero

Lets fry drawing some plets. To drow these plots by Yovd we can do o shroight Lne. approvimation with he

table obove. Alsp recoll the Bode Form of o TF:

ke GGG
S ENE). )

G(s) =

Lets look ot siwple. examples

- G) =k , k>0 and k<O k=+
2 Bode Plot
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Bode Plot
20
to draw bhis plet we {oke g T
the obsolute position of the 8 10 bbbt ek b bbb
pde and wosk it on the pht. § <20 oot e
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we can put both togethes and draw the Bode plt for:

Bode Plot
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Bode Plot
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This con be dome for an arbitracy vumbers of poles owmd

the ovigin . The féﬁpectl'\:e. p|o*.5 look like Lhis:
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A moce complete toble with sketching sules is gjven by:

EXaL\EIc :

Gls) =

Rules for Making Bode Plots

Term Magnitud Phase
K>0: 0°
Constant: K 20-logio(K|) K<0- +180°
Real Pole: 1 « Low freq. asymptote at 0 dB * I.pw freq. asymptote at 0°. "
S « High freq. asymptote at -20 dB/dec | High freq. asymptote at -90°.
+1 3 Lo « Connect with straight line from
@, « Connect asymptotic lines at o,

0.1-0 to 10-@o.

Real Zero: 5 ;]
mﬂ

« Low freq. asymptote at 0 dB
« High freq. asymptote at +20 dB/dec.
« Connect asymptotic lines at wo.

« Low freq. asymptote at 0°.

« High freq. asymptote at +90°.

« Connect with line from 0.1-wo
t0 10-wo.

Pole at Origin: 1
S

« -20 dB/dec; through 0 dB at o=1.

« Line at -90° for all .

Zero at Origin™: s

« +20 dB/dec; through 0 dB at w=1.

« Line at +90° for all @.

1

Underdamped Poles:

(ij + 2g[i] +1
@ @y

« Low freq. asymptote at 0 dB.

« High freq. asymptote at -40 dB/dec.

« Connect asymptotic lines at wo.

« Draw peak at freq= wo, with
amplitude H(jw0)=-20-log10(25)

« Low freq. asymptote at 0°.

« High freq. asymptote at -180°.

« Connect with line from
@=0010% to w-10°

Notes:

(5+0.5)(5+12)

sitive. 1f 00 is negative, may

il ®0 is assumed to be Do gal Eémde is unchanﬁed, but Ehase is reversed.

2=+1)(5+1)

(5+2)(5+01) (5+9)

(£+1)

($+1)

Bode Plot
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Phase (deg)
|
ey
w

T —

10°
Frequency (rad/s)

107!




Unkil now we only considesed teal poles. Buk what if the TF has a complex-conjugote pair of poles ?

we can geneally write a corvesponding TF os:

2
Gls) = —; 1 =
S 21s L4 S+2]Sw,+ w2
wlwy

Jor these sssfa'ns the dasping rakio 7 influences the form of the Bode plet .

dB 4 m(w/wo) §=0.05 1\
10} / \
BUIS ;: 07 )\ w/wo
230 }
0.1 1
degrees | p(w/wo) w/wo
90
\ \;_ 7=07
NN
;: 0.05 -
-180 ="

Figure 8.3. Bode diagram of the second-order system (8.15) for six different damp-
ing ratios ¥= [0.05,0.1,0.2,0.33,0.5,0.7].

Despite this they can be breobed (ike nocmol poles.

Exam Queckion:

Box 11: Question 24

Consider the following Bode plot for a loop transfer function L(s):

Bode Plot of L(s)
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Question 24  Choose the correct answer. (1 Point)

How many poles and zeros does L(s) have?

Oz
Oz
O zes
Oz

has 2 poles and 0 zeros.
has 4 poles and 2 zeros.

has 3 poles and 2 zeros.

NN N

has 3 poles and 0 zeros.




Box 12: Question 25

Consider the following Bode plot of a transfer function g(s):

Bode plot for g(s)
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Question 25  Choose the correct answer. (1 Point)

Select the transfer function which matches the Bode plot.
O =:2
D 9(s) = 55
O =
Ooe=:

o
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Folac Plot

We con olse tepresent the Jrequency fesponse as o pacometric curve , whece w is implicit. e con then plat one

cucve inthe complex plave. Lets stacd with a simple example.
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We will go through Some w and note dowm mognitude ond phase:

Avithes exomple - (3(s) = 411 |

§+0.55+1
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