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WGUER - ORDER SYSTEMS

e OUR RELATIONSH\PS ReTWEEN TIME RESPONSE
0 A <teP AND  THE fole  LOoCATIONS WEKRE
CALCULATED FoR @ sSeECOND - 0APel SYSTEM.

- GWeS Good INSIGHTS

—  AcTUALLY  Good  APPROXIMATIONS  FoR  MANY
H\GUE AR - 0RDER SYSTEMS BECAUSE THEIR
TRANSIENT ResPoNsSE TS DoMmINATED BY
A PRR OF  COMPLEX- CONTUGATE POLES,

o  RELATWE DOMINANCE oF CLOSED-LooP MHLES
bETERMINED  BY
O RaTwo of ReEAL PARTS oF THE CLoseD-Lu
PoLES L, & o jua
@ ReLATWE MAGNITUOES oF THE RESIOUES
ENALVATED AT THE CLOBED -Loof  FHILES,

P

() SLoweR Poles Tend To  DoMINATE MoRE
TN FAST  owES ((WRICH DBCAY QuickLY ) ALL
cise  BEWNG EQuaL. ( FAcToR oF 5)

@) # zeRo VNERR A PoLE wiLL TEND TO
REDUCE TTs effFect oN TUE SYSTEM RESPINS
(AND  RESULT IN & SMALLER RESIDVE ),

€




Y

EXAMPLE :

- PARTIAL FRACTION EXPANSIOA Res  DUES

Y =

yw = L- wv2seE + s2se®

® G, - 55(s+odi)

-t -
s + o0.\24 -1\28
= \5({:3 4 + o0 e (S

@

e &, = 5 stef

(s+\)s+5) oot
U=Vs

R
u

G‘“e £ = L + (ﬁﬂ + (‘/4-\
s(sH)(s+5) S S+l S+5

£

- 125 LARGER THAN ©0.25
+> et swower THAw €7%F

ExXPECT THIS TERM Tp  DOMINATE RESPONSE
= SLow

(s+)(s+5)
Yo Go=_85(sa) _ o4, o4 (-li2f)
S(S+\X5'\’ 5) s <+ S+5

5t

- MUCH SMALLER CONTRIBUT loN THIS TIME

-5t
= EXfect € > (FASTY T DoMINATE THE
INITIAL RESPONSE —> SHouL) THEN SEE
Twe .c_on-rklewnon oF THE SLow MmpIDE.




Slow dominant pole
nume5; den=conv([1 1],[1 5]); step(num den, 6)

Step Response

Amplitude

0 1 2 3 4 5 6
Time (sec.)

Fast dominant pole
nume5. 5*[ 1 0.91];den=conv([1 1],[1 5]); step(num den, 6)

Step Response

Amplitude

0 1 2 3 4 5 6
Time (sec.)



Similar example, but with second order dynamics combined with asimple real pole.
z=.15;wn=1;plist=[wn/2:1:10*wn];
nd=wn”2;dd=[1 2*z*wn wn”"2];t=[0:.25:20]';
sys=tf(nd,dd);[y]=step(sysit);
for p=plist;
num=nd;den=conv([1/p 1],dd);
sys=tf(num,den);[ytemp]=step(sysit);
y=[y ytemp];
end

plot(t,y(:,1),'d" t,y(:,2),'+"t.y(:,4), + t,y(:,8),'V');
ylabel (‘'step response’);xlabel (‘time (sec)')
legend (‘2" ,num2str (plist(1)),num2str (plist(3)),num2str (plist(7)))

1.8 T T T
O 2nd
16 f + 05 |1
o + 25
L s v 65

step response

0 5 10 15 20
time (sec)

For values of p=2.5 and 6.5, the response is very similar to the second order system. The
response with p=0.5 is clearly no longer dominated by the second-order dynamics
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RopT Locus BAsiCcS

RASIC  FEEODBACK SYSTEM

- -Te {6 ] & >
G : PLANT TRANSFER FUNCTION = Np
Op
&, - CoNTROLLER TF = g Ne
De
r ' ? %,J D, ™moniC.
u CONTROL  COMM ANDS POLYNM\&LS I ‘g’
| Y - SYSTEM  ouTPUuT
y
r: REFERENCE INPUT (oFTEI\l =o>
e RESPONSE ERROR

WE WiLkL 0I18CcvssS

IN MRE OETRIL LATER, FOoR New TJUST

CONCENTRATE oN  LOCATIoN oF SYSTEM POLES,

TS Is THE " ywiTY  FEEDBACK" FoRM,

WE CouLD PvT THE  (oNTRoL G
FEe0BACK  AATH

LOCATIONS,

IN THE
WITHOUT  CHANGING THE PoLE

DisTURBANCES ADOEP LATER,

THE PERFoRMANCE GoALS =

1




» ANALYSLS —  &WEN Ne | 0c WHERE Do THE

» SYNTHESIS - GWEN WNp Dp

WNOTE = BoTH  PRESUME THAT WE KNow WHERE

BASIC QUESTIONS :

) .
CLOSED-LooP POLES &0 As A FudcTIoN

0F T™E GAIN K, I.E. WHAT Kk To AcK

, How SHouLd WE
MCk K, Ne Do TO GET THE CLOSED-Lonf
POLES WHERE WE WANT THEM,

THE CLOSED- Lpop PoLES  SHouL0 BE LocATED, |
THIS THEME Wil  RuA THROVGH6UT THE -
ENTIRE COURSE + WE wiLl SPEAND A LT -
oF TIME LooKING AT IT, ~

BLock  DIAGRAM QNH'LYS(_S__

9

b HE  OENOMINATOR IS chLled THE (d.)

EAsY To SHow THAT Y _ G Gp

GCL = k Nc NP W
0c0p + K NeNp TRANSFER FUNCTION |

= G

CHARACTERA\STIC EQVATION +THE ROOTS ofF |
b, <=0 ARE CALLED THE CLoSED- LooP FPoLES, |

POLES RRE CLERARLY A FUNCTIpN of K
(FoR GWEN N, Np De Dp) = #"Locus ofF ReoTs




OBSERVATIONS * o

- RooT LoCUS IS CONSISTENT WTH FIXING
THE  CoMPENSATOR  DYNAMICS Ne, De
AND THEN CHANGING THE GANW K

- RooT (ocus ERABLES uUs To DeTelming
KeY FERTURES oF THE CLOSED - Loo P
s¥sTeEM  ( TRAdSIENT ) ResPonse (FRom THE
PLE  LocATLNS) Gued THE  ofEN -Loof
IREPRMATION = Np D, Ne 0o K.

2> WWWL SEE THAT IT Is HARD Tp INFER
SoME  PERFORMANCE PRoPERTIES fRoM THIS
LocyS —® USE BoDE TECKNIQUES Too,

- APPROACH SVUGGESTED 8Y w.R. EVANS

Evans, W. R. Graphical analysis of control systems, AIEE Transactions , vol. 67, , 1948, pp 547-551; and -
| Control system synthesis by root locus method, AIEE Transactions , vol. 69, 1950, pp. 86-89. ] .




RooT  Locus ANALYS 1S
o TN GENERAL, THE FuoLL  RooT LDCUS TS VERY
CoMPLEX  AND  REQUIRES  MATLAB" TooLS

LWE  RLOCUS ( NUm, 0&«\)

~ £(fns’
ANALO &Y.

ORIGINAL PAPER

- FULL frottiNgG  RULES

= We Neep To
SXILLS So
DES\GAS

NE  CAN

o PBfis\c PHNTS: ASSUME

LeT T
TheN Q. = 4+ kKL

La'

s L.A“ ";Z‘

> CAN USE THIS o

15 Se oN ThE RooT
NS:  oNLY  IF A Lyse) =
, K PositTwe —»  \R0°
NEGAT\VE — o°

Develof SoME BASc DRAWING

WES A SoURCES + SINKS

ons  FPe  PRGE 240

Do ° BACK of THE ENVELDPE"

Ne K De  KNOWN,

= 0

K RERL, Pos 1 T\WWE

ANSWER BASIC QUESTIN:
Locws

\%0° £ 34o°-L

L= 6,1,2, ..

LoCcvs

LocVUS .



snauti
®


Engineer's Computation Pad

® No.937 811E

d STAEDTLER

)

BAS\C QUESToNS

WHERE 0oeS THE  Locus START °
- foLES

WHERE Does THE Lecys £nD °

- ZERDS
-  ASYMPToTES

WWEN / WRERE TS THE Locus oN  THE
ReAL LWNE ?
- Locvs PonTs oN  THE RERL LWE
ARE To TME LEFT of AN
000 NUMBER oF REAL- AXIS
foLES AND  2ERDS.

GWEN  THAT s, IS oN THE Locys
WRAT GAW IS NEEVED To 4ET ™IS
CLosED - LooP  PoLE ?

N

\(R = | LA(S) z
D

T

|s)]

N,
Oc

k(s) = K& _h_‘_c_
De




BASIC  RUEST(ONS

)  WHERE O0ES THE  LocuS START 1

IF K=o , T™MEN WITH  Li=x/p
&C=O= 1+ K_%_ - D+ KN =0
Locos STARTs AT
oo S K=o = De=b

- RopTs OF [ ARe THe PoLES ofF THE
PLANT  AND  CoMNPENSATOR.

2) WWERE D0ES THE  Locus £NO 7

ALREADY SHeweDd THAT FoR S, To BE oN
THE LoCvus, WE MUST HAVE

(5 = -_S_
. BsS K=o PoLes MusST SoLVE .
LA‘: -—l\-‘—- = Ne NP = 0O
D DC OP

- seNeRAL PossiB\LA\T\ES
A) PoLeS LOCRTED AT VRWES oF S FoR WHICH
Nzo (ZeRos of  PLANT / CoMPENSATOR)
) Loob (L(®) Hks moRE FPOLES TUAN ZEReS
+> &s s\ = o , &> 0 | we MusT
ALSo ENSURE THAT THE PHASE CoNDITIoN
TS SATISFIED As  WELL,




e MoRE DETAIL ON CcASE K > o0
- ASSUME THERE ARE n ZEROES AnD

p Poes. For LARGE |[sl, L= L —
(p2n) (s-a)f"

<COMPLEY ANALYSIS oF EQUATION
RooT Locus
(s-=)

<TELLS US THAT !

() N PoLES HEAD To THE ZEROGES ofF L
2) THe REMAINING pP-N  PoLES Herd To
s\ = AKLONG  ASYMPTOTES DEFINED

BY THE RADIAL LINES

b, = _0°+ 3¢o°(L-1) L= 1,2

B B

L)

p-1n .

= # ASYMPTOTES GoVERNED BY THE £ foLes
CoMPARED To * ZERoS (( RELATIE DEGREE ),

zF  N(zY=6 , D(p)=0 |, THEN THE
CENTROWD ofF THE  ASIMPTOTES GWEN 8Y
d; ZP.I - 27—;

f-n

o EXAMPLE : G&(5)= s") Ge= 4

P'f\=4
X=0

-11

0,



-~

] I
2.

oN THE

2) S, TIs
of TME
— SPec\RL cASE

RECAVSE TUE

= RRITE L) =

Locvs 7,

T (s-23)

, Is It PART

(kssume Kz o)
OF ERRUER QUesTION 2 4
ANSWER TS MORE CoNcRETE,

REAL LINE

P
T (s-¢;)

—“-(50 )

A 5(50\ A-

PWRSE /

off " = 1%0® =

T

W TF S. RefL | THEN

o
™S
WITH

™

*

22-’—1\ .

GeT ATERM nKe

—F\KS\" WRAT TS

\ )
- \—2'
‘2,-\' 0 8\

p Y

Re

POLES + ZeRos DO
CALCOLATION ,

’> SQ’Z‘
CONNECTS Z,

Sb'f

P
] Sl LG
i 4

360°- L L=

0,1, ...

COMPLEX CONTUGRTE PAIRS
NoT coNTRIBUTE To
CoNStDER ZERD PAIR zl)zz

L(S ~Z 3'\’ A-(so
=L (s, —2\+L($o'z 3

Se— &, 7-
- TRINK of THESE RS VECTORS
TN THE S-PLANE.

-
~ START AT Z,, GO =%

To oRIGIN, THEN Go S, To/Se

TS THE VNECToR THAT
To So.

.....



| |

& A(Se-Z )+ h(5-2F) < & +b, » 360°

2  COMPLEX CONTV&ATE zekos/ POLES RADO

- seconD, WHAT Is  L(s;2) 7%

Im

— THE CPWASE IS MEASURED FRoMm THE REARL LIWE
To -TME  \(ECTOA.

- B GEometRY | ¢+ ¢, = 260°

MULTPLES of 2360° To THE PHARSE |, 6UT

RIS AMOUNT oF fPHASE Ts NoT  TIMPoRTANT
IN THE CALCOLATION WE ARE DoING |

= COMPLEX POL.ES/ ZEROS CAN BE TEnNoRED.

Thus oNLY THE REAL PoLeEs AND ZER0s oF
=) DETERMINE IF 4 PorTien oF THE REARL

LINE Ts PART oF THE Locvus,
& Locus POINTS ON  THE ReAL LINE ARE

To THE LEET oF AN 00D NUMBER oF
REAL- AX1S PoLES AND 2zeRis, (180° Locus

A KA

2-13




4 AssumiNg S, Is

GRIN DO WE NEED To

CLoseD- Loof PoLE ?

Kp = \
| s

o EXAMPLES oN NEXT PAGE :
- NOTE SEQUENCES 2 *3
2 -4
2 =5

ARE SIMILAR Tb  ConTRol
SINCE  WE  RRE

To MoDIFY THE Loof | La(s)

OoN THE LecCUS, BHAT

GeT THIS

PESIGN FoR *2

AODING " COMPENSATOR" DYNAMICS




_EXAMPLES K2o

0 T
" @) T
X
vl Ke Re
A00
..... ZeRo
D) Tm ® T
X , X i
& Re V) Re

P
*

e ————O—1——h—

- £ ASYMPTOTES
- ReflL. LINE
DU S

Keys To A
Goo0 SKETCH




2-16

RoOT LocuS = ADD PLANT GAIN

. we ASsumep oN  PRGE 12-13 THAT LoTH
TRE  PLANT  AND  CoMPENSHTOR POLYNOMILALS
WERE  Mon\C
- MEANT we Could WATE  [4(s) = ¥ T (5-2)
T (s-f))

2> USED THE COMPENSATOR &AW K, T
fLot  THe  RooT  Locus

%> MOST oFTEN FINO THAT THE FPLANT NoT
MONIC ANO MUST Awtso  AccounT FoR
THE  fLANT GAIN = () = Kp T (5Z0)

/
J

5 VERY ERSY To ACCOUNT FoR THE MAGNITUE of

kp. = Ke= Kee kgl
&> MUST HALSo AceounT Fok  THE SiGN ofF Ky

— IF Kp {0 | THEN MUST MoOIFY

ovR PREVIpUS <STATEMENTS oN 2-13

snged A L4(s) - ~Bo"£360°L  STHL .

ASSUME K. 20 (STILL) K BuT Kp <o CoMPARE

. WiTY
S>wg NEED A_["{(s—z-.) - 0° % 360°L 2-\3
T (s-£3)




o 0UR ULTIMATE GoAL TS CoNTROLLER
SYNTHESIS -»  MucH MoRE THAAN FLopLINGg

WITH THE GARIN KNoB,

d)c: 1"’ Gpoc 1+ kcth .._’J_f_-:O
D Dp

o WE CAN MAKE N.+1 AND Dc # 4
> DYNAMIC  coM PENSAT (ON.

o WE TMEN PLoT TE PoLES AND ZERLES

ofF THE PRODUCT  Nc Np AnND  PLoT
OCDP

JERSUS K. ,

b IF R SYSTEM  Gpet— (If #2)

(s+a) +b

THEN AODING A ZERD IN THE CoMPENSATOR

Ne = (S+C), 0c =4 ResuLTs IN A SYSTEM
ROOT LocuS LIKE #3 |

[Puae ZERS FEASIBLE ?]

o SIMPLE PLoTs LIKE TYESE LEARD US STRAIGHT
INTo ConTRolL szHesns, RUvT How GET

THE POLES To WHERE WE WANT THEM |




l EX1-1

EXAMPLE :  CART \TU AW INVERTED FENDULUM,

- NONLINERR EQUATIONS ofF
MOTION  cAN BE VEVELNPE
FoR  LARGE ANGLE MoTI(

. M (sE€E 30-32)

~ FoRce AcCTuATOK, & SeNgd
'—>x

LINEAR\ZE FoR smALL ©
(T+m2)® - mal & = mL X

(Mrwm) X + bx - Mo = F
(T +wLP)s" = gl - mLs? o) | | ©
- ML s? (Mem)s*+s || %9 F(s)
= mLS"

5
P [y g emsters] - (e

-« CANNOT sSAY Top MUCH MoRE

- LET M= 0.5, M= 02 e o, IT= 0-006'L=0.3

» GQWES o . 4.54 s*
& S%+ p 131€ S3 - 3118S*- 445 S

*  WAs AN UNSTARBLE FLE (AS EXpECTED)

S= = 5.6,-0.\4-’0

*

o

S



EX1-2

E205: Inverted pendulum example

num = 4.54*[1 0 0];
den=[1.0000 0.1818 -31.1818 -4.4545 0]
rlocus(num,den)

10 T T T T T T T

NERR ORVEIN

Imag Axis

-8} »

-

_1 o 1 | l 1
-6 -4 -2 0 2
Real Axis

r-S
(o]
®




Q |

| | 2.

=

PERFORMANCE TSSUES ((SEcTioN 43)

TATERESTED IN  KNOWING How welL ouk
CLOSED - LooP SYSTEM CAN  TRECK  VRRIOUS
INPUTS

- sTebs / RaMPs [ fARABOLAS ...

- RoTH TRANSIENT AN)  STEARDY STATE

FoR  PERFECT STeADY STHTE TRACKING  Je

woouLo LIKE LM elt) =0
£> 0

o CAN OETERMINE THIS UsING THE cLf
TRANSFER FUNCTION  8&ND  THE FINAL VRLVE

THEOREM LM el+) = LM Se(s)
T P S*®0
SWP INPUT M= Al - RS T
—\/—- = _._——-——ﬁ"c‘;.C C- l— = G-Caf
r \""GcGF ) €
* L - \
v \+Gckp
e = T(s) . Vs
A+ ey A +G G
LIM se(s) = LM A 1 e &(3)

S>o S*0 A+ & Gp ) Z+ Gc(o)G,oM

18



| H
: |
| ’ 2-19

L 4

BoTToM LINE: STEADY STATE - ERROR TO

p sref GNEN  RY
4
1-+ GC(D)Gp(O)

w—

€sg =

SMALL  WE NEED To
nhke  (BOTH OR) oNE  oF  Ge(o), Gplo)
VERY  LARGE.

“FREE TINTEGRATOR
1

s(s+a)

CLEARLY | IF Gp(s) HAS &
So THAT TT L0ooKS LKe Gp&) =

THEN G—.P((f) —> o

CAN  CoNTIWUE  THE  DiScussioN BY LooKING

KT VARLS INPUT TYPES ((STef RAMP, fARASoLA)

WITH  SYSTEMS THAT HAVE  DIWFERENT™ #'s ofF

FRee  INTEGRAToRS  (TYPE)

STES RAM P PARABoL#
l
NPE © ———_\+Kp oD SV}
A
™PE 1 (o} ™ 00
™NPe 2 o b _\K_
o




! !

DEEINITIONS 2

- 20

oSt TION
Kp= LM L .(5)&p (D ERRLR.
S>o0 CONSTANT
Ky = LM S & () G—P(s) NELocaTY
sS®0 ERRDR CoNSTANT
Ko = LM 55G.(s)Gpls) ACELERAT OV
S>o0 ERROR ConSTAT

- A Gwop WAY To Keef TRACK oF How
WELL YNovR SYSTEM Is DoiNG TN TekRMS
oF STEAPY STATE  PERFEMANCE.




DJYNAMICc COMPENSAT ION

» LAST TIME WE STUDIED How To 0RAW
A RooT LocuS FoR THE GWEN FPLANT
IYNAMIC S,

2> WHAT ITF oUR (YeESV\RED FOLE LocATIONS
ARE NoT oON THIS Locos ¢

e WE NEED To MODIFY THE LocuS TIrSELF
BY  AD0ING EXTRA  JYNAMicS In  Ne 0,

=> 0YNAMIC COMPENSATION.,

=  THEN REORAW THE Locus + Fng
THE GAIN To PUT THE CLOSED
Loof POLES WHERE WE WHAAT THEM,

e REW  QUESTIoNS :

— WWAT TIPE oF CoMPENSATION  SHouLD Lg
vse?,

- How Do We FGURE ©OvT WMERE TD
PUT THE AODITIONAL  Dynamccs




2-22

TYPES  of coNTRoL OYNAMICS

THERE ARE 3 CLASSIC TYPeES of
CONTROLLERS :

roe W Y
T' GC. GP »
CONTRY LLER : U= G (s)€

= WHAT IS &, 7,

PRoPORTIONAL  FEEDBACK : (G, ()= k
I.E MC. = OC = i (A WSTA‘NT>

W= Ke

= SAME CASE WE JUST LovkKepy AT.

COoNTROLLER  pNLY  coNSI1STS of #

“ChiN  kNoB ", WE HAVE O THRKE THE
LocuS "AS GEN" SINCE WE MVE

NO EXTRA OYNAMICS To MopFY IT.

= uUsvhALLY VERY LIMITED HPPko/}cH)
BUT A Good PLACE To START.




| |
, .
2) INTccRAL FEEDBACK

+
W) =U e (1) o\«} Kz

= G ()= Kz

m—

S

- UsE0 To  Reduce [ ELIMINATE  STERDY-STATE

ERRORS
- TIF  e(T) = CoNSTANT U] WiLL
RECOME VERY LARGE + HofefFuLLY
CORRECT THE €£RRoR

. A —
o EXAMPLE - Gp S+ a6 a>b>o
- WITH  PRoPoRTIONAL FEEDAACK  tss = ﬂ—K
1+ 5
5> CMN MKKE egg SMALL BUT alr

NEED K LARGE.

— W\TH{ TINTGRAL CoNTROL g = O
S\NCE Gc(s)\s”=o°

o  TINTEGRAL FEEOBACK TWPRoVES THE STEADY StATE
REsPONSE | BuT THIS IS OFTEN AT THE Exfense
0F THE TRANSIENT RESPONSE ( TUIS GETS WORSE
> noT &S WELL OMMPED )

23




DT R

INTEGRAL  FEEDBACK G, = __g_;
Al = A
> €¢g = 0O Gplo) al-
Im
RooT Locvus
—H—— Re

. TNCREASING Kt To TNCREASE THE SFPEED
 oF THE RESPYNSE  PUSHES THE POLES TowARDS
THE ZIMA&INARY AX\S - 6SCILLATORY,

|

;jﬂo PoRTIONRL - TANTEGRAL

Now G = K, + K | K S+k.
S s

s BOTH A foLE AND) R  ZERo.

—© Kt ‘;ﬁ{ COMBINATION oF
PRoPORTIONAL - INTE GRAL
(PT) SoLVES MAAY
oF TE PROBLEMS WITH
- & ASYwPToTES ? JUST TINTEGRAL (1),
~CENTRDID




8) DERWATwWE FEE0BACK We Kp€  (RaTE)
o> &) =S K

o D0ES NoT 0o MUCH (ANYTHWE?) To HELP
THE  STEADY STATE  ERROR

o DERNATIVE (coNTRoL  PROVIDES FEEVBACK THAT
Ts PRoPoRTIONAL To THE RATE oF CHANGE
ofF e(t) => CoNTROL RESPONSE ANTICIPATES

| FUTVRE  ERRORS,
= UERY  BENEFICIAL
| - USED A LoT |

CEXAMPLE ¢ G(s) - ! Ge(S)= S K,
' (s-0)(s-)

T 6> o

DER\WAT\VE FEENBACK
T Is VERY USEFUL FoR
DRAWING THE KooT

LocVsS INTo THE LHP

G—%—

= TINCRERSED PAMPING
> MoRE STABLE RESPONSE,

ALso TYPICALLY USE  ComBINATION oF
PROPORTIONAL + OeRWVATWE = £ (S) = K+ K,S

(PO)




_SYATHESS

FIRST  LpoK
OOMINANT

wiL L

KIND

AT

WHE RE

PROIRTIpNA L

PoLES To

FEEORACK Dy

WE WANT THE
BE LocATED,

TAE goB ?

oF DYNAMICS

WHAT

o TYAIcALLY  USE  THE

pLock

—
-

Gy = ke

SHOULD WE A00 ¢

FoLLoWING BulLDINgG

(s+z)

Z >0

—

LIKE
ON

»> AN LooK
0EPENDING

(A)

()

PrcK z>'0

)
THEN

PICK P>z

Gg
SINCE TMmPACT of

Tm

)]

MANY  TYPES
How WE

G'B Ts SIMILAR To

IS SIMILAR To

P)D

+P)

oF COMPENSHTIRS

ek ke, Z, P

T

Re

4

p SMALL *I

K (S+a)
s

., AT Low FRERUENCY

K(5+z)

P TS SMALL

————

S+P

Re




|
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e To DETERMINE How To fick Kk P2  wE
MUST USE THE PHASE ConDITIDN ofF THE
RooT  LOCVS \‘\> + MAGUITUIE |

— CoNS = Jd_
o \0ER G‘P(SX - g2

= WE WANT  THE  CLP PoleS AT -1+j2
o W\LL PROPORT(ONAL Do 7.

s So  WHAT DWAMKCS Do wWe Negp To #DD?

GCCS) = Kc CS'FZ)
(s+f)

=> Loof La(s) = S+Z
(s+p) s*

o EVAWOATE PuAsE oF  L)(s) AT S, = -4%)2,
SICE WE WANT S, To BE ON THe NEW

LocvS 2 A Li(s.) = \Ro°x360° 1L
20 Fouk TERMS IN
- 2‘
_ //'.\’ A LA (o)
o~ O
__x/'tlé gﬁ‘* \%\o - foLes AT
—p -z oRIG N  BoTH
cCoNTRIBUTE \\70

==> conTRIBUTION oF  PoLE(zERS CLEAR FRoM
| GEOMETRY,



1

’

[ ]

’

GeEOMETRY FoR THE  ZEROD
TN X= __2 //?';—
2z - 1 l\’ﬁd :
bz = & F &
z-1

FoR  THE _foL.E
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ALTERNATWE  APPROACH
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THEN G () = A+ G()Ge(s) =0

= S'(svez)+ K(s+z) =0
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Now COMPARE THE CHARACTERISTIC ERUATION
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Example: G(s)=1/2"2
Design Gc(s) to put theclp polesat —1 + 2

z=roots([-20 49 -10]); z=max(z), k=25/(5-2*z), al pha=5*z/ (5-2*2),
nun¥l;den=[1 0 0];

knumek*[ 1 z]; kden=[1 10*z];

rl ocus(conv(num knum), conv(den, kden)) ;

hol d; pl ot (- al phateps*j,'d");plot([-1+2*]j,-1-2*j],"'d" ); hold off
r=rl ocus(conv(num knum, conv(den, kden), 1)

z 2.2253
k 45. 5062
al pha = 20. 2531

These are the actual roots that |I found fromthe | ocus using a gain of
1 (recall that the Kgain is already in the compensator)
r =
-20. 2531
-1. 0000 - 2.0000i
-1. 0000 + 2.0000i
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