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16.31 Feedback Control

Control Design using Bode Plots

e Performance Issues
e Synthesis
e Lead/Lag examples
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Bobe's GAIN - PARSE RELATIONSH) P
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SYNTHES'S wWourd A HARD TIF WE HAD To
pEAL W'TH  BoTH  MAGNITVDE AND PHASE

pLovs, BvT

THEOREM :  FoR  ANY STABLE , mwiMum PUASE
SYSTEM, AG(jw) TS ULNIQUELY RE LATED

To [ 4Ge)],

RELATION SHIP : o  LoG- Log PLoT TF
SLoPE oF MAGNITUDE (vRVE TS CoNSTANT

oVER A DECADE oF FREQUENCY WwITH

SwofE A |, THEN
VeRY
LGGwy 2 0% n TMPORTANT

\Y’ I8 THE CcRoSS - oVER FRERUENCY RANGE

(lGn.Gp\ziL\ , TF TuE SLoPE TsS:

s* No  CROSS - oVER

s™ 240°

E¥% > 180° Too MUCH PUHASE
S PM=2p

> SELECT (G, (s) So THAT LTF CROSSES oveR
WiITH A stofe of -4



| | 2

i QER' PERFORMANCE TSSVES
i

'+ sTeP RESPNSE ERRoR Geg » 1

—

God NEWS: WE CAN FIND & Gp(od DIRECTLY FROM
| THE Low FREQR RovE PLOT (-rypgo)

o FOR TYPE I SYSTEMS THE Low FRER ASYMPTOTE
1s zTnFINITE ([ stoPE -:L)
> oteP ERRR oF 2z€eRo
2 VELOTY ERROR (RAMP INPUT)  es5 = _.‘12;

o Ky TS THE GAIN oF THE CuRVE AT LOW FREQ

- Ky= LM S & (HGp(s).

e FpR  TYPE I  SYSTEMS GeGp(s) = Kv
| s

| AT Low  FRequency

|
w» CAN  FIND Ky B8Y ExXTeENPIRG THE |
Low FReeuencY ASYMPTOTE (zF NECESSARY) |
15 w=4 A0 FWDING \ecep\lwl |
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How Mocd  PHASE MARGN ?
TmME RESPONSE oF 2 oRpgR SYSTEM GIES:

D) 0AMPING RATIO oF g n m PM<'70°
cLp PolLES ; (00 )
2 CLP RESONANT PEAK oM, o2

L
"7 2sw ()

c

cLp BANDWIOTH = L&X  CResS oVER FReQUENCY.
& eI e i *

| 10 20

, 4l_ Decibels
Amplitude o M, resonant peak
ratio 1 15 0 -
Ii/r] ! t_ o, rad/s
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— PeAw oF TF  USUALLY CLOSE To we

= SPECIFY (uTmATELY)  We AND PM \
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FREQUENCY RESPOINSE  DESIGN

o LookeED AT BUILDING BlocK Ge B) = k, (5+2)
(s+f)

2> RooT Locus APPLICATIONS

e FREQUENCY RESPONSE CHARACTERISTICS ¢
> How USE G .(s) To MONFY
THE  Loof TRANSFER FuncTion (LTF) G (HGp(s)
To GET VESIRED — BAROWIDITH
- PHASE MARGIN.
- ERRoR CONSTANTS,

(V LEAD 12\ < | e

- ZERD AT LoWER FREQUENCY THAN foLE
2 GRIN INCREASES WITH FREQUENCY
> PUASE PostTive ( T.E. R00S PHASE LEAD)

dB4
Sleg k|l 2 PLoTred
20 | WITH
|
¥ - ' > Ke= £
| | &
Phase A | |
90°F I |
N
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LEAD MECHANICS K= V= SIN §umay
- MAXIMUM  PHASE  ADOEY |+ SIN & max
St Ruay = A= x= 2zl
|+ & |P\

-  FREQUENCY oF MAXIMUM PHASE ADDITIoN

Wmay = le"“"

- H\GH FREQUENCY GRIN TNCREASE '!.'Z'

=2  CoMPROMI\SE SBETWEEN NeESIRE FoR LARGE
PHASE MARGIN (o( sMRLL) AND  TEAND ANCY

T0 GENERATE LARGE GAWS AT HIGH FRER.
]

> keeP o 10 (”"“‘"z\)

> Sa £ 60°

o UVSE MULTIPLE LERD) FILTERS To &ET

MORE  PUASE, Ge = Ke (§_+_z_.)(s+z;)

S+ P, St

o SELECTion oF ke TIs fRoBLEM SPECIFIC

-~ Could ARRANGE }Gcts)] = K,
CS=>o0

- oR SELECT K. To FokcE We = (W) DESIRED

o USE LEAD To APD PUASE > TncREASE PHASE
MARGIN = TMPRoVE TRANSIERT RESPINSE .
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AT  LowER FREQUENCY THAN  ZERo,
GAIN DECREASES AT HgH FREQUENCY
PURSE NEGATWE (T.€. ADOS LAE ),

dB
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e AG MECHANIcS THE SAME AS FoR TWE LEAD

e USE LAG To A0P 20 oG X To Low

FREQUENCY GAIN  wWiTH (HoPEFULLY) # SMALL
CHANGE To THE CHRSE MARGIN.

» PLOT SHows

CRIN MUCH HIGHER

4T Low HREQUENCY,

= Keefp

THe

LA¢ OynAamics TYPICALLY wveEL BRow
LERD .



LEAY COMPENSATION :  TYPIcAL FPRoCESS,

e PADDING CHANGES MAGNITUPE + PHASE

-90°

-180°

> DWFFLcuLT To  PREDICT New cRossoveR

FREQUENLCY
HARD To TARGET &, AT CoRRECT LoCATION,

0esten APARokCHES

DISCUSSED IA
TEXT,

®req= M- (1Bo+ &E(weY)

THE PROCESS TS SLIGHTLY SIMPLER TIF WE
TRRGET THE LERD CoMPENSATeR DESIGN oNLY AT
THE CRo0SS- oVER FREQUENCY RANGE |

\zl
) FIND  § may RERUIRED -2  Find X = 3
D) PuT ® mux AT CRoSS- OVER FRERUENCY
we = lpl-1z]

3) SELECT K¢ S0 CROSSoVER IS AT u,

2> MEET BANOINDTH / PHASE MARGIN  SPECIFICATIDNS

= No SPeECI\FIED CHANGE TN Leof GAIN

>  ERROR  COMNSTANTS,
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| EXAMPLE: Gls)- | wouLd LIKE
| S(s+0) We & 1o RAD[sec
M~ 40°

AT W "Is, SLofE ~ -2
<> (LANT PHUASE ~ (304

Need To ADD
A LeERD So TTH‘T

Slofe oF THE
LooP GGls) Ti

|GGl = RDOING A LEAD

AN ALSe T NCRERSES
THE PHASE, GVING
\ VS ouk PN,

!@ b - = SIN bwm A.G(]wc) -~ -1%0° 2 ct’ﬂ - 40°

| P \ +SIN b, M = 40°
‘> }_c 021-
P |
2 e &
@D wS= Zp=10 = Z- 471 p=2.4



% g=1/s/(s+1) LERD EXAMPLE

wc=10;num=1;den=conv([1 0],[1 1]);Phim=40*pi/180,
zdp=(1-sin(Phim))/(1+sin(Phim));z=sqrt(100*zdp); p=z/zdp;

numc=[1 z];denc=[1 pJ;
kc=abs(polyval(conv(den,denc),j*wc)/polyval(conv(num,numc),j*wc));
f=logspace(-2,2,400); g=freqresp(num,den,f*sqrt(-1));
ge=freqresp(kc*numc,denc,f*sqrt(-1));
loglog(f,abs(g),f,abs(ge),"-.',f,abs(g.*gc),");

title('Lead Example');xlabel('Freq (rad/sec));ylabel('Magnitude')
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LAG ComPENSAT 0N @ TYPICAL PRoCESS

ASSUMPTION TS THAT WE NEBED To MODIFY

(IncRerse) THE bc GAIN  OF  THE Loof

TRANSFER FUNCTIoN |

> ¢F ALY onNLY R GAIN | THEN W, TYPicALLY
INCREASES . AND THE PHASE MARGIN DECREASES.

™MIS IS wNoT GoeD * YSE LAG Comf

To LOWER HIGH FRER. GAIN
(oR TINCREASE Loud FRER. GRIN)

avaLYSts SMPLER  WiTH g - K. (SIz +1)
CS/P-H)
I) Pick \GLﬂG—\S___o = K T™> &WEe THE 0ESIRED

Low FREQUENCY GAIN  FoR L= Guaq (s) Gp(s)

2) PleK  DESIRED &/IN REOVCTION AT
Mg FRequency 20 Log (1) d= I21)
> NoRMALLY P\CK & Se TUAT we NOT CHANGED, Td
3) MEURISTIC @ WANT To LIMiT FREQUENCY
oF THE ZERo (+ PoLE) So THAT THERE TS
# MINIMAL TMPACT F THE PHASE LAG

AT W=wW,
=> i SET Z-= _h:‘.s.!
10
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Two WAYS To GET DESIRED

LAG Low FREQUENCY GAIN
O vsiwe Just
Ke TINCREHRSES
we ANO LOWERS
ovR PMm > BAD
"
20 log |p/z|
Original @ _

@ 400 Low FRER
- oyNamics (LAG)

TUAT TOCREASE Low

FRER GAIN, LEAVING

GaN NEAR + ABovE
ORI\GINARL W, UN AR

|

|

|

|

|

Phase T [
|

’ |
|

I

|

-90°
[ Cc(j0)Gjo)

Phase margin,

-180° |— Sompensated _ __

Phase margin,
uncompensated

o MANY ©OTHER AMRoACHES EXIST
> TRY To MEET ALL Sfecs WITH owNLY
ONE  COMPENSATOR
> APPROACH T OUTLINED SPLITS THE PRoBLEM
AND MAKES ERCH STEP EAsieR

= TYPICALLY REQUIRES BoTH LEAD
AND LAG To MEET ALL SPECS.

e SEE Book/ HANDouT #9 FoR MORE EXAMPLES
+ Rec\PeES FoRk  oTrHER DESIGN CASES,




