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Chapter 4 Root Locus of Basic
Feedback System

4-1 Root locus of a basic feedback system
4-2 Guidelines for sketching Root Locus

4-3 System Analysis Using the Root Locus

You can find this content in Chap 5 of our book
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What is Root Locus?

W.R Evans (1948, Graphical analysis of control
system £l AL fiRr#r)developed a method and
rules for plotting the paths of roots, which was
called as the Root Locus.

Root Locus is an engineering method of graphically
solving the characteristic equation.

With the development of MATLAB and similar
software, the rules are no longer need for detailed
plotting but it is essential for we to understand how
proposed dynamic compensations will influence a
locus.

It Is basic requirement for us to sketch a locus as a
guide in the design process.
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4-1 Root locus of a basic feedback system

= Root locus is the track of the closed-loop
poles on s plane varied according to the
variation of system parameter(s).

* Also: Theroot locus is most commonly
used to study the effect of loop gain
variations.
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4-1 Root locus of a basic feedback system

We begin with the basic feedback system shown as
follows:

R(S) + _E(s) C(s)
G(s) >

B(s)‘
H(s) [+

The closed-loop transfer function is

_C6) . GE)

) =) T 1 GOHE)
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4-1 Root locus of a basic feedback system

The characteristic equation:
1+ G(s)H(s)=0
whose roots are the poles of this transfer function.
we can get: G(S)H(s) =-1
If we define the G(S)H(S) with poles and zeros,
there are :

Krﬁ(s + Zi)
G(s)H (s) =—=

n

[I(s+p))

j=1
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4-1 Root locus of a basic feedback system

m

Let H(S+Zi)
G (s)H, (s) =—
[ [G+p)
the G(s)H(s) with p(ﬁes and zeros can defined as:
Krﬁ(s+zi)
G(s)H(s) =—= =K,G (s)H, (s) =-1
II®+m)

Thatis - Gu(S)H, (s)——Ki OR H<s+p>+KH<s+z> 0

They are the root- locus form or Evans forms of a
characteristic equation.
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4-1 Root locus of a basic feedback system
Example: Re) + 2 C(:)
'%_ "| 4D =
G(s) = K,
Open-loop transfer function:  s(s+1)
closed-loop transfer functioKn:
D(S) = G(s) _ G(s) _ s(s+l) _ : K,
1+G(s)H(s) 1+G(s) 4. K, s +s+K,
s(s+1)

characteristic equation: s*+s+K, =0

characteristic equation root; s;, =-0.5+0.5,1-4K,
8
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4-1 Root locus of a basic feedback system

As K, increases from zero toward infinity, the changes
of characteristic equation root are at the list blow.

I
K, 0 0.125 0.25 0.5 ... ® l
5) 0 -0.146 0.5 0.540.5 ... -0.5+jo i
E -1 -0.854 0.5 05505 ... -0.5-j |

b Im

As the value of K; increases from :
zero toward infinity, the e
corresponding location of s “moves” /Kl=ﬂi’5./f~fl=ﬂ
from an open-loop pole toward T s 0 ke
Infinity. e |
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4-1 Root locus of a basic feedback system

Stability :As the value of K, increases from zero toward infinity,
Root locus do not cross the imaginary axis to the right
hemisphere of s plane, so the system for all values are stable.

Steady-state: Open-loop transfer function in the coordinate origin
have a pole, so it belongs to type | system . The root locus
value is Kv. If ess is known ,we can sure allowed values range
of the close-loop poles.

Dynamic characteristics:
0< K, <0.5, close-loop poles are located in the real axis, damping

state(FARE7S)

K,=0.5, Two closed-loop real poles overlap, critical damping (li&

#Fe)

K,>0.5, The closed-loop system has complex poles, owe damping

state (XFHfE) 4
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4-1 Root locus of a basic feedback system

Analysis shows that, root locus and system
performance have a close relation. However, for the
high order system, the analytic method of system
root locus figure doesn’t apply. We hope that we can
have simple graphic method. According to the
known open-loop transfer function we can quickly
draw the closed-loop system root locus.

For this, we need to research the relationship of the
open loop zero, pole and the root locus.

11
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4-1 Root locus of a basic feedback system

Advantages of the Evans Root Locus method :

B Provide a straightforward method of graphically
“solving” the characteristic equation on the
complex plane

B Provide much more insight into the time-domain
response of the system

B Provide a powerful design capability, something not
obtainable from a direct solution of the
characteristic equation

1+ G(s)H(s) =0

12
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4-1 Root locus of a basic feedback system

For a trial value of s, it must satisfy the both
equations simultaneously

‘GH{_ s}| =3 Magnitude equation

/GH(s)=-180° Argument equation Shase equation

13
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4-2 Guidelines for sketching Root Locus

In this section the concepts outlined previously will be
developed further into some straightforward guidelines for
plotting more complex root locus, which will be illustrated
by focusing on a specific example.

Root locus: (review of previous lecture)

1+ G(s)H(s)=0
G(s)H (s) = —1
|GH|=1 magnitude equation

ZGH =—180" phase equation



Rule #1 The Starting Points and the End

Points of the ROOt LOCUS (#g#ua & 4 £ 4o £.)

The locus starts at the open-loop poles ( the
closed-loop poles for K =0 ), and finishes at the
open-loop zeros (the closed-loop zeros for K=«

). The number of segments going to Infinity is
n-m.

(g4 FARBE, AT ARRE. BFAFAGELBRELEK
AN-Mo EZEn>m, M AN-MELIEFLRLETF A FERL; ZEm>n
s, MA MNEHEIERE T AFRL, )



[ HHHHHHHH ];OT]ONGU NNNNNNNNN K :JI;[]-(S . ZJ 5 , Open o Oop Zero i
Proo G(s)=—-—
n
. ——open —loop pole
(s p,) 0~ openloop

14+G(s) =0 ilill(s—pi)+K}r_:Il(s—zj):O
At the starting point of the root locus: K=0
S V(6S-p)=0, s=p;; (1=12,---,n)

At the end point of the root locus: K—>
and the characteristic equation can be written as

1 n m
EH(S—piHHl(S—Zj):O}When K >0 $=1,

ﬁ@—nyj!ﬁ@—q)=o (J=1.2,m)



Segment of the real axis to the left of on an odd
number of poles or zeros are segments of the root
locus, remembering that complex poles or zeros have
no effect.

(4 Legtatnis, RALEMAGARR, BEKZfoAFRGRALE
o K&, BHL ABER BEKZFoAFHGLALE A B
o AR BEMAGLBEENE Q. )

J p
, .
S1— P3 180° Q J

180°

———x ok r;
P3 pz/ 1 / P A 3 .
S P : v 1

[ Proof] >~ P2 P P |




The locus are symmetrical about the real axis since complex

roots are always in conjugate pairs. (& #u i £ F 3£ 44 2t £k,
BAHBEERA N ERAG. )

The angle between adjacent asymptotes is 360An-m), and to
obey the symmetry rule, the negative real axis is one
asymptote when n-m is odd. (4a 4g it & & 2 iq 4 % % & 3609n-
mxim#&Aﬂﬁﬂﬁoénmwiéﬁw,ﬁﬁ%@i—¢%ﬁ
o

The Angle of the asymptotes and real axis is. (cﬁs&,gf@z] £ 44 E
SRS E Y

2k +1
Py =

Nn—m

T (k=0,1,---,n—m-1)



Rule #4 The Real Axis intercept of the

ASYMPLOLES (it & &40 5 40 45 % 4.)

The asymptotes intersect the real axisat o, ,
B 2. -2 j

a
Nn—m
where 2. Pi is the sum of the real parts of the open-loop poles

(including complex roots) and > z; is the sum of the real

parts of the open-loop zeros (also including complex zeros).
> 2 P27
(HiAkbRGRERL 27 T , XF 2D
ARARBEGRIGA (QELERE) ; Y7, AR
REGRHGH (QHEIHERS) )




_0+(=D)+(=2) _

-1

3-0

T (k=0,1,---,n—m-1)

=<m k=1
\72/5:—7r/3; k=2




Rule #5 The Angle of Emergence from

Complex Poles and The Angle of Entry Into
Complex Zeros (g fua: & & 4t % 4o ~5t % )

The angle of emergence from complex poles is given by
1802 X(angles of the vectors from all other open-loop
poles to the poles in equation) + X(angles of the vectors
from the open-loop zeros to the complex pole In
equation). 6 pi=180°—214( Pi — pj)+zll( pi —Z;)

)= )=
* The angle of entry into aj;f:'omplex zero may be found

from the same rule and then the sign changed to
produce the final result.

m n
i1 =
JES
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Example. GH(s) = K(s+5) _ K(s+5)
2 S(S+2-j2)(s+2+ j2)

S(s® +4s+38)

open-loop poles

0.5, =180°~{(£(-2+ j2-0) + Z((-2+ [D) - (-2~ [2)) ]/
+ %((_2 +]2)—(-5)) J& open-loop zeros

:18O°—tg‘1%—tg‘1g+tg‘1§

=180°-135°—-90° +33° =-12°

Y

Fig. 10.4 Imaginary-axis crossing point



Rule #6 The Root Locus Crossing with the

Imaginary AXIS (s b 4 s ¢ % )

The point where the locus crosses the imaginary axis may be
obtained by sunbstituting s = jw Into the characteristic
equation and solving for w.

1+GH(s)=0 =  1+GH(jw)=0
Re[1+GH (jw) = 0]
Im[1+GH (jw) = 0]

K(5+5) 5K —40* =0
S +
Senacy GH(s) = — Wl =
- %) s(s® +4s+8) (Ryy®) —a=\ K
s +4s% +5(K+8)+5K =0 -
@ = +6.32

(5K —40?) + j[(K +8)w—w’]=0



Rule #7 The of the Root

L OCUS (#. %13 ¢ 4 % &.)

The point at which the locus leaves a real-axis segment is
found by determining a local maximum value of K, while the
point at which the locus enters a real-axis segment is found

by determining a local minimum value of K.(#& i & 7 £ 44 &
Bes (285) dZEBRGRAKMARAR; DI RNELH
EBRGE (2535) duBBOR, KL kAR, )




vﬁ;ﬁxﬁ

d KTI(s -z, I[I(s—p;)
1) d_Ks:d:O (GH(s)=— =-1; K==
Y (s p)) (s-z))
I= ]=1
&1 1
(2)
JZd zj ] d-p. P,
Example: | GH(s) = (1) iK q =—[ s(s+1)],_, =—(2d +1) =0
A s(s+1) ds
Il -.d=-05
H——b—K- o L ooy L 11
1 05 o —d_7. ~d-p d T+l
Sd+1+d=0 ..d=-05




Classroom Exercises

B3l GH(s) A

~ s(s+1)(5+2)

volunteer?

GH(s) - K(6+2)

s(s+1)

volunteer?



app:ds:volunteer
app:ds:volunteer

Rule #8 The angle between the direction of
emergence (or entry) of g coincident poles (or

zeros) on the real axis (#esus & # Xt~ 4 Lo &4 4,
(X2s) Ta2Ziqh % %)




Rule #9 The gain at a selected point St on the

lOCUS (4 # # # £S5tk & fa 60 5 £K)

The gain at a selected point s, on the locus is obtained by
joining the point to all open-loop poles and zeros and
measuring the length of each line |s, + p; |, s, + z; |. The gain

IS given by

f[‘5+ p;|

K="

H‘s+zj‘



At the breakaway point s =
-2.6, Gain K Is

—-

i
K o ‘s=—2.6

S+ Z,
1 J

 |-26+2]-2.6+32.6°
|-26+1+j2-2.6+1-j2
~0.2473

— 5

= R

J

Fig. SP10.1.5



If there are at least two more open-
loop poles than open-loop zeros, the
sum of the closed-loop poles is
constant, independent of K, and equal
to the sum of the real parts of the

open-loop poles. S

(de RARBE A RES 25 $24, AR
BAGlA-FRRATKGER, L% TR
%ﬂ.&@ﬂ#%’f"o )

]

1

1

i

i

—6.32 X
1

1

\ I

GH(s) = K_(s+5) |
S(S + 2 + 12)(8 + 2 T 12) Fig- 10.8 Complete root locus with roots for K = 5
if s,=—ctjo, s,=-1 -l-0-0=0-2-2

=18



The number of branches of the root loci iIs

equal to the maximum in the number N of
poles and the number M of zeros of the open-

loop transfer function.

(g X BF FHAEIKPREEMAP R EHEN FHR
X #)

b =max{N, M}



Fig. SP10.2.4




Summary of the Root locus plotting rules (steps * are optional):

Step 1: Mark the poles and zeros with “x” and “o0” on the complex plane

Step 2: Draw the locus on the real axis to the left of odd number of real poles and
ZEros

Step 3: Draw n-m as ptotes centered at ¢, and leaving at angles o,

- 180+ 360[
D% b = =012, n—m—1
n—m n—m
Step 4: Cnmputﬂ departure angles from poles “x” and arrival angles at zeros “o0”.

Step 5*: Using s = j@ find the locations where the locus crosses the imaginary axis
Step 6°: Find any multiple roots on the locus by solving

dK(s)

.

=( = the solutions s, are the locations of multiple poles

s
for 5. If these roots are on the real axis, these are either break away or break-in
points

Step 7: Complete the root locus using the facts developed in steps 1-6.



Example 1: Plot the root locus of the following system

controller plant
N 1
WK (s+2) - © >
) s(s+1)

Step one: find the poles and zeros of GH and plot them: 4
K(s+2
GH =+ : )
S(s+
( ) O X X

p=0p, ==Lz =-2




Step two: draw locus on the real axis

Step three: calculate asymptote angles and center of asymptotes:
o = 2. Pi= 2. _0+ED=(=2) _,
‘ n—m 2-1
1804360/ _ 180+360/

n—m 2-—1

=180; /=0,

P,

since n —m = 1 there 1s only one asymptote at 1 80°,

corresponding to the real axis



Step four: compute departure angles at poles and arrival angles at zeros

A
BV A SE— >
22 -1 \
,-"'Hf’/ o, .
IBI &, 0
Departure angle at p=0: -2 -1
B, —a, -0, =180 %
Bi=00,=0=0,=-180 1 0 5 10
Departure angle at p=-1: ¢ > $ Arrival angle at z=-2:
B, o, —a, =180 -1 0 B-o-a,=180

B, =00, =180= 0, =—360=0 o, =180; @, =180 = B, =180+180+180=180



Step five: find locations on the imaginary axis

K(s+2)
s(s+1)

GH = |

substitute s = jw
K(jo+2)
jo(jo+l)
K(jo+2)=—jo(jw+1)
JKo=—jo=K=-1,0=0

|

2K = @’ = the only real solution K =0



Step six: find multiple roots, especially on the real axis:

GH - K(s+2) B
s(s+1)
K=_5(5+1)

(s+2)
d_K__(25+1)(3+2)—S(3+1) _0
ds (s+2)°
2s*+554+2—5"—5=0
st +45+2=0

5, =—2++2 =-0.5857;,—3.4142



Location of double roots
- .
Break away point

-.58

Break in point

-3.14



(Q: How can we determine the value of the gain K for a particular pole location?

s, + p

s, + P,

K =

S, + 2z,




Example 2: p. 10.5: Given the open loop pole-zero map,find the value of K, ©
for which the closed loop poles have equal real parts.

Re

o XX _(DHEDHED-(0) S
) n—m 3-0 3

- 180+360/  180+360/

n—m 3—0

¢, = 60:180:—60; [ = 0,1,2



S=0+]|w, S,=0— o, S;=0

'.'.Zsi =30 :Z p.=—"2+jo-2- jo-1

1.5
>
Re
13" 4481 485
¥ 22 Y3 o6
+-1.5
K_@J%z_ss
6 6 3 54




System design in the complex plane

Stable but sluggis

/1

Stable but sluggish
—I:R' _
(3) PO%=100e s =10 1-%) 0<¢ <06

= { 20.6(1- PO% /100)

(4) e, = 1 or | etc.
T 1+K, K

J ¥

[

(2)




Instructionsl objectives:
At the end of this lecture

students should be able to

* Find the directions of the pole asymptotes

e Find the values of K for which the pole
cross the imaginary axis

 Determine plot the root locus and select
“o000d” values for K
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Homework

Page 223
— Ex1

Page224-225-226 Deadline:5.Nov.2012
— EX5.2

— EXx5.3

— Ex5.4(a)/(b)
— Ex5.5(a)/(b)
— Ex5.6(a)/(b)
— Ex5.7(a)/(b)
— Ex5.8(a)/(b)



*Chap4 Root Locus of Basic Feedback
System Is an important engineering
method.
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Review for 4-2 Guidelines for sketching Root Locus

Content Guidelines
1 [Starting | The locus starts at the open-loop poles ( the closed-
point loop poles for ), and finishes at the open-loop

S zeros (the closed-loop zeros for K=< ),

| RIAT RN, LTINS (g
~ | EREFRD

2 | The The number of segments going to infinity Is n-m.
number of

segments %?}:Iﬁﬁ%ﬁgéﬁ 5437[‘&'5?& (n=m)
7 3
3 |symmetric | The locus are symmetrical about the real axis since
SHARPE | complex roots are always in conjugate pairs.

XFFR T SE A

Institute of Control and Information




N 1inciple of Automatic Control
Review for 4-2 Guidelines for sketching Root Locus

Content Guidelines

asympt | The angle between adjacent asymptotes is 360An-
4 |otes m), and to obey the symmetry rule, the negative real
T4 | @xis Is one asymptote when n-m is odd.

The Angle of the asymptotes and real axis is: (%rirk
55 SR I 1) B R A )

®»

1807 (2k +1)
Nn—m

The asymptotes intersect the real axis is: (% & 4, &
LG R L) " m
= — = 1=

n—m

O,

Institute of Control and Information




N 1inciple of Automatic Control
Review for 4-2 Guidelines for sketching Root Locus

Content Guidelines

The Segment of the real axis to the left of on an odd
5 | Segments | number of poles or zeros are segments of the
of the Root | root locus, remembering that complex poles or
Locus on | zeros have no effect.

the Real
AXIS

| S R S X [ A AR
SR By s, A TS B L B
i ¥ R K25 5

Institute of Control and Information
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Review for 4-2 Guidelines for sketching Root Locus

Content

Guidelines

The

Breakaway
Point of the
Root Locus

o (gD
Il{_:_I:

—— (DB ds ds

The point at which the locus leaves a real-axis
segment is found by determining a local maximum
value of K, while the point at which the locus enters a

real-axis segment is found by determining a local
minimum value of K.

(et iy (2o fi dIG OHET_ K

Institute of Control and Information




N 1inciple of Automatic Control
Review for 4-2 Guidelines for sketching Root Locus

Content Guidelines
The angle of | The angle of emergence from complex poles is given by
emergence 1802 X(angles of the vectors from all other open-
/ H 5 A loop poles to the poles in equation) + X(angles of the

vectors from the open-loop zeros to the complex pole
In equation).

The angle of | _

entry | PRI S A m
0 ,=180°-> Z(p;—p;)+ > Z(p; -z
NI A P ,Zzi (P —p;j) JZ:ll (pi —2;)

J#
The angle of entry into a complex zero may be found

from the same rule and then the sign changed to
produce the final result.

HE AN A -

¢ ,=180°— Zz(z ~Z. )+Zz(z p;)

=1 =1
J#

Institute of Control and Information
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Review for 4-2 Guidelines for sketching Root Locus

Content Guidelines
The Root (L) i BAFE T FE1+G(jo)H(jo) =0 f] Jo 15,
9 Locus (2) W5 HFEAIRE RK M IPED

Crossing with
the Imaginary

Axis The point where the locus crosses the imaginary axis may
e be obtained by sunbstituting s = jw into the
RE2Z characteristic equation and solving for w.

9 | Thegainata | The gain ata selected point s, on the locus is obtained by

selected point joining the point to all open-loop poles and zeros and
St on the measuring the length of each line [s, + p; |, [s; + z; |.
The gainisgivenb "
locus g g y E[‘s +p,
fEERS 2 K SLE K==+ s=s,
PIHR PUIZE I 25 K I1ls + Z,
j=1

Institute of Control and Information




N 1inciple of Automatic Control
Review for 4-2 Guidelines for sketching Root Locus

Content Guidelines
The sum of the | If there are at least two more open-loop poles than open-
10 closed-loop loop zeros, the sum of the closed-loop poles is constant,
poles independent of K, and equal to the sum of the real parts of
PR 2 A

the open-loop poles.

(de BAMMBMEARRE LS S24, AMBE T A
—~FHEBTFKGF#, LETFARBEGERIHGT. )

11 | The number | The number of branches of the root loci is equal to the
of branches of | mayimum in the number N of poles and the number M of

the root locus _
- zeros of the open-loop transfer function.

. (G > IBETHELBEPBE LM RE AN F
& K 0

Institute of Control and Information




_ Principle of Automatic Control
4-3 System Analysis Using the Root Locus

Bl: RGHTIR RS COHO) = —
WAL, JFHE €-05 BT, M
W SRR LIS I 2R O 2 AT 5T
(1) Btk 35%.
PTIT eI TS o= i1803° (Zlk”) — +60° 180°
R TR s

(0+4+6)-0

—A=-— = -3.33
N
<2> ]jl%;jl/n\o l"‘ 1 + 1 :O
S sS+4 s+6
H[] 35 +20s+24=0

s, =—1.57 s, =-51 (&4)

Institute of Control and Information
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4-3 P RGN RE B2 8o A

(3) 5HREHIFIAZ R
KRGWRHETFE: s(s+4)(s+6)+K,=0
? S_Jwﬁ]\ RIF
TR 100—K, =0
Wiri

pu{ (<

P @0 -240=0
fiRAS =49 w =0
{Kl = 240 {Kl =0 (&%)
(4) Wi ¢ =050 K, 1H: 7 S AEOALTZEAZ MR #NILE T-A,
f§if59  ~AOC =cos ™ 0.5=,60° | & 15
OA=24,AB=5.3 AC =35
R K, = 2.4x3.5%5.3

m%%l

=44.5

Institute of Control and Information




_ Principle of Automatic Control
4-3 System Analysis Using the Root Locus

AR AR, BUPIAR — MR E: s =-1.2+j21

K =44 5[5 1AM s, =-12-j21 53 =~7.6
[F) 3R] SRAG MR P AE Sl b1 70 B Ri-1.57 /b X B K, =17 .
_____________________ Im
-------------------- 49
K, = 44’.’5 ————————— j2.1
5.3
Kl_‘: 44.5. B . C,\ ' .
~7.6 -6 — 4 Re
g Breakawa;';' ‘
O N 121
-3.33 -
.,\4.9

Institute of Control and Information
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4-3 System Analysis Using the Root Locus

A complex domain analysis(& 1843 #7)
¢ 1. The stability analysis (F2EH:7H7)

¢ When K1 = 240, has a pair of virtual root, a critical
stability, output amplitude oscillation.(Ilf 5t f2 52, it
oy =R ==
FRIR)

¢ When K1 > 240, root locus curve to S right plane,
there are a pair of system is the real part of conjugate
root, so the system in a state of instable.( R4 A 2 iE)

¢ When K1 < 240, the system of the real root section
are negative, namely the root is distributed in S left
brain plane, system is stable .(Z: %12 E)

Institute of Control and Information
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4-3 System Analysis Using the Root Locus

A complex domain analysis(& 55 Hr)

& 2. Steady state performance analysis (FaZsP:8E0H1)

¢ The system open loop roots tracing gain K1 ring
opening amplification coefficient is proportional to the
stablility of the system, and so on, for the greater the
K1, the smaller the steady-state error, steady state
performance and the better, but the end is K1 not
greater than 240, otherwise, the system will appear
not steady state.
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3. Dynamic performance analysis (FhZ&MREDHT)

¢ When 0 < K1 more than 17, the system is the root of the negative real
number, at this point, as three inertia link in series, the system output have

aperiodic characteristics ( & 4% H B A BB AR .

¢ When 17 < K1< 240, the system has two root locus branch into complex
plane, produce a pair of conjugate root, make the order of system step
response with the characteristics of oscillation. Along with the increase, the
closer the triassic-paleogene root virtual axis, the more powerful output
oscillation.

If take = 0.5, poles: s1=1.2+j2.1,s2 =1.2-j2.1, s3 = 7.6. Due to the
relatively s1, s2, s3 is away from the imaginary axis, s1, s2 can be
thought of as dominant pole ,and s3 is negligible, can with the second
order system’s dynamic index to approximate the actually three order
system. It is not difficult to get the system dynamic performance index of
the complex domain: { = 0.5, w n = 2.4 corresponding to the time
domain indexes (ZM%S3, —r &40l LLUERUA - £&4t), dynamic
performance: 3.5

ts: o . =2.9s O'p:16.3%
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the effect the performance of the system when
add the open loop zero and pole

The integral pattern of system root locus are joint
defined by open loop transfer function of zero and the

poles. The open loop zero, pole position, root locus
have quite difference.

¢ 1. Add poles (with specific system to illustrate)

General speaking, when the function G (s)H(s) In s
left plane, to add poles, the original root locus move to
right way, stability decline.

A system of open-loop transfer function:
K
H(s)= —1 0
GOME)= g @0
add poles K,

GlEHE) -

s+a)s+Db)

(b>a)
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Im Am
Ky oo | Ki— o & Ky oo
Ky=0 Ki=0
P X >
—a - a 0 Re
2
K{— o
@  GEHE)-t @>0) 0) GEHE)=——"t— (b>a)
s5+a) s(s+a)s+b)

Increase the pole, the locus change to curve with right way. The Angle of the asymptotes

change from +90° to #=60°. Breakaway point move to right. (a) stable, (b) stable in
K1 small, K1 big may not stable.

WA SR R A S i, W2 A 9004 8 +600, B
Rl A. (a) fRg, (b)) fEK/PEEE, Kﬁﬂﬁ%?%%%
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A Im K. A m
K14>001 1 0 K]_"OO
K]_"OO

- *% > <X >
T
—-C _b —a 0 Re —a 0 Re

K1$OO v \\

K{— o0
K
G(s)H(s)= 1 b ‘ __K =
(8)H(s) s(s+a)s+b)s+c) (e>b>a) . G(S)I_|(S)_s(s+a) (a>0) MMHEER
n=4 n=2
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2. Add zero (with specific system to illustrate)
For G(s) H (s) function, add Zero, can make the root locus move to
left way in s plane , the stability of the system is increased.

K A Im
14>OO
AIm
b=o0-—P
Kl"OOA //‘\\ A
/ \
/
K;=0 Ky=0 \
3% —t—— > oo*Kll Ki—+»wo K;=0 K, =0
—a ~alo Re - \ > O ol <« x 1 "»
2 —b —al -2 | 0 Re
\ 2
4 /
K]_‘»OO \ /
N ~
S~
— v
K]_‘»OO
K,(s+b) ‘ \
COHE)="5ra) ©>¥ BEN— AN, AR 1)
2 f s — A 5
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A A im
Im K]_‘»OO
b=0 P
K]_‘»OO
K]_‘»OOA e_\
N A
h S
Ky=0 Ky =0 \
o > <X > \
5 % it X -
2 —a ~a 0 Re
/ 2
K]_"OO' /
/
~~
G.’

S R AR
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3. Conclusion

Closed loop zero, poles to the influence of system dynamic
performance

¢ (1) the distribution of close-loop poles determine the type of dynamic
response.

¢ (2) the distribution of closed-loop zero decided the transient response
curve form and index.

¢ (3) real zero will reduce the closed-loop system of damping ratio, make
the system speed to fast, overshoots increases, peak time in advance.

¢ (4) the system dynamic characteristics of the system depends on the
close-loop poles.

¢ (5) away from the imaginary axis of poles (or zero) and dipole can be
negligible.
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Homework

& Page 226-227-228
¢ Ex5.10
¢ Ex5.12
¢ Ex5.16

¢ EX5.17

¢ Deadline:Nov.7.2012
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