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O = s+ py) 5+ p,)

« 37|=A =
[ [ls+z]
G, (S)H,(s)| == =0 —0<K <o
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e Toolbox 7-3-1

%9d ool box 7-3-1
WelZl 7-3 = STt MATLAB B &

num= [1 1];
den = conv([1 O], [1 2]);
den = conv(den, [1 3]);

nysys = tf(num den);

rl ocus(nysys);

title(' Root loci for equation 7.27");
axis([-3 0 -8 8]);

[ k, pol es]=rlocfind(nysys);

% | ocfind coommand i n MATLAB can choose
% he desired poles on the |ocus

Imaginary Axis (seconds™)

Root loci for equation 7.27

r r r r r

-2.5 -2 -1.5 -1 -0.5

Real Axis (seconds™1)
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1. K = 0 points The K = 0 points are at the poles of G(s)H(s), including those
ats = oc.

2. K = +oc¢ points The K = oo points are at the zeros of G(s)H(s), including
those at s = oc.

3. Number of separate root loci The total number of root loci is equal to the order of the
equation 1 + KG;(s)H;(s) = 0.

4. Symmetry of root loci The root loci are symmetrical about the axes of symmetry the
of pole=zero configuration of G(s)H(s).

5. Asymptotes of root loci as For large values of s, the RL (K > 0) are asymptotic to

5 — 00 asymptotes with angles given by

0; = Zd- x 180°
For K<0, the RL are asymptotic to
0i = 2 % 180°
wherei =0,1,2, ...,|n—m| -1,
n = number of finite poles of G(s)H(s), and
m = number of finite zeros of G(s)H(s).

Kyung Hee University
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6. Intersection of the asymptotes (a) The intersection of the asymptotes lies only on the real axis
in the s-plane.

(b) The point of intersection of the asymptotes is given by

. Z real parts of poles of G{s)H(s) —Z real parts of zeros of G{s)H{s)
- n—m

o1

7. Root loci on the real axis. RL for K > 0 are found in a section of the real axis only if the
total number of real poles and zeros of G(s)H(s) to the right
of the section is odd. If the total number of real poles and
zeros to the right of a given section is even, RL for K < 0 are
found.

Kyung Hee University
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[E 7-1] 1+ KG, (s)H, = 021 2HZe| ME

8. Angles of departure

9. Intersection of the root loci with
the imaginary axis

10. Breakaway points

11. Calculation of the values of K

The angle of departure or arrival of the RL from a pole or a
zero of G(s)H(s) can be determined by assuming a point s, that
is very close to the pole, or zero, and applying the equation

m
G(sy)H(sy) ZZ(S] — Zk) zl(sl —
=1

=2(i+1)180° K >0
=2ix 180° K <0
wherei=0, 1, £2, . ..
The crossing points of the root loci on the imaginary axis and

the corresponding values of K may be found by use of the
Routh-Hurwitz criterion.

The breakaway points on the root loci are determined by
finding the roots of dK/ds = 0, or dG(s)H(s)/ds = 0. These
are necessary conditions only.

The absolute value of K at any point s, on the root loci is on
the root loci determined from the equation

Kyung Hee University
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s(s+1)+K=0 (7-36)
O7IM= K71 —200il A 207EX] 100749 2YUst dfez FESIHM HE nije] 2HNMTE ATt o] 2HH
2 Z203of| All=ln olMHoR EHYE AoIck Z2HN & 2E H2 K9 FoT Lol oigt & 22 UErd
Ch 0882 KO 377t 3H 29| YT oS ¢ £ Utk KQ| 7Pt HASHH L2 K9 Hsiof of
8101 22| 0I50| HZEICEL s = —0.52! O|2HM 22| Ciziz== FEH7t Eck
38 75 OhE WEAIS| K7t —400| A 507tX] 200712 #UEt e FRY el 2HIXMzo|Ct

s+ 12 4K(s+2) =0 (7-37)
E CHAl O] HIM= 250| s = 0, —0.543, —1.0 2t —2.457Q! o|2Hol H2&+& 29 YA F7HEE B¢
ZF1 QUck 2o] =0l oSl of A A2 A (7-34)2] BHHES 0|30 TAFE £ UCL A (7-36)9] 2i}
WA Cistof

dK

— — 7’38
7 251 (7-38)

& #S|CHe @
Kyung Hee University



Toolbox 7-3-2
Al 7-361} Al 7-370i gt MATLAB 3

numl=[1];

denl=conv([{1l 0],[1 11);

mysysl=tf(numl,denl);

subplot(2,1,1);

rlocus(mysysl);

title(‘'Root loci for equation 7.36"');

[k,poles] =rlocfind(mysysl) %rlocfind command in MATLAB can choose the
desired poles on the locus,

num2=[1 2];

den2=conv([1 0 031,[1 11);
den2=conv(den2,[1 1]1);
subplot(2,1,2)
mysys2=tf(num2,den2);
rlocus(mysys2);

title( ‘'Root loci for equation 7=37"');
axis([-3 0 -8 81])

[k,poles] = rlocfind(mysys2)

3

gep B A
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o9 ool box 7-4-1
Wl 7-62 et MATLAB B E
a=2 b=3 ¢c =5;

nund = [1]; nun2 = [1];

dend4 = conv([1 0], [1 a]); den2 = conv([1 0], conv([1 a], [1 b]));
subpl ot (221) ; subpl ot (223) ;

nysys4 = tf(numi, dend); nysys2 = tf(nunk, den2);

rl ocus(nysys4); rl ocus(nysys?2);

axis([-3 0 -8 8]); axis([-3 0 -8 8]);

nun8 = [1]; nunl = [1];

den3 = conv([1 O], conv([1 a], [1 a/2])); denl = conv([1 O], conv([1 a], [1 b]));
subpl ot (222) ; denl = conv(denl, [1 c]);

nysys3 = tf(nunB, den3); subpl ot (224) ;

rl ocus(nysys3); nysysl = tf(numl, denl);

axis([-3 0 -8 8]); rl ocus(nysysil);
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o Ct= If2fo[E Bt
— ot7H o|Ate| TEO|E{ T} -00 O| A oo 7FX| AL O

- I ZHAHE 2250 (RC: root contours)
o« 2HH A

l—P(S) +KQ,(8)+K.Q,(s)=0

« Ky Ky 7Fda gkt g

K,=0 ¢ P(9), Qi) Q9 : 59 THEA]
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o CI= m2tolE Ba}
- 2t 7l of &kl mEt0[E{ 7} -0 O M oo 7FA| HAEX O 2 Bi5}

- I ZHAHE 2250 (RC: root contours)

o HFX{Al
l— P(s)+KQ,(s)+KQ,(s)=0 (7-50)
K 017 . Ky K,: 71 sEkn] g
1- =70 « P(3), QuS), Q) : s 2l ThE
K S
‘ > 1+ R(8)  _ (7-53)
P(s) +KQ,(s)
« ZEEO{(K, 7t HE I K, 2 I H)
Q,(S)
G,(S)H, (s) = :
L(S)H,(S) P +K 0.0 (7-54)
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CHS YEAlS YZSHxt

S3+K2.S’2+K13+K| = () (7-53)

047|M KT} Ky= 00f| A co77kX| 8 4= QU= 7HH m2to[Ejo|ch X il SR K, = 022 £9H 4] (7-55)=

S+Kis+K =0 (7-56)
0| Alo| YHE K 2 HE6HK| U2 s*22 LT FH

Ki(s+1) - g

1+ 5= 0 (7-57)
Al (7-56)9] 220 =

G (S)H] (s) = = ;: : (7-38)

9| S-GH tix|ofl 2H3IH OF 7-10(a)2t 20| 2 HZTICE CHS K2 FO| O F+2 E1 KH,E 00| M «77kX]
HSIA|F (X} A (7-55) PHE K, E ZEGHK| Y2 S22 L0 FH g AS P=Ct

o L R |

Kyung Hee University



2250 : ofE H2fo|Eo| Het

o CtE mf2tolE B3}

K;s* .
- = 7-59
) +S3 + K15 + K ( )
J3B2 K7t HE o 4 (7-55)9 22F0=
o)
§2
i (s)HA(s) = (7-60
Oz(S)H‘_(S) S3+K13+K1 )

o] -G HHXIZEE I4EICL Gyls)Ha(5)2] FES 5 = 0,00[X[2t 22 1 + K,G,(s)H,(5)2] HXo| ooz
22 7-10(2)2] A0 FBICL QD2 K,0] THQ SO K,7t Hals RS0l 13 7-10(2)2] ZEE0]
28H D25 A|ESICE a8 7-10(b)= K>7F 00| Al ooZ7kK| BHEED K, = 0.0184, 0.25 2! 2.56 mf Al (7-55)9] &
Z£0{E 12! Zo|ct.
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ct= ojetolefe] B3}

o CtE mf2tolE B3}

%94 ool box 7-5-1
Wl 7-102 ¢t MATLAB EHE
for k1 = [0.0184 0.25 2.56];
num=[1 0 0];
den = [1 0 k1 k1];
nysys = tf(num den);
rl ocus(nysys);
hol d on;
end;
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