CONTROL SYSTEMS

Dog. Dr. Murat Efe

WEEK 9



This week’s agenda

O Lag Compense
O Lag-Lead Compensation
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poles move as the loo

] What happens if the design specifications
require the CL poles at certain locations
when the order of the denominator is
more than 2? Difficult to repeat... /

] What happens if the gain adjustment
does not yield the desired result? /




3% Root Locus Analysis will let us know how

the CL poles change as the system
parameters, e.g. gain, change.

% Root Locus Analysis is useful for finding
oximate results very quickly.
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Root Locus Analysis
How to do with Matlab?
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Root Locus Analysis
Angle and Magnitude Conditions
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Root Locus Analysis
Angle and Magnitude Conditions

s =0+ jo, s 1s a complex number
G(o+ jo)H(o+ jo)= A(c,0) + jB(c,m)

|G(s)H(s) |2 A(c,0)> + B(c,0)* =1

/G(c+ jo)H(c+ jo)=*180°(2k +1)
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Root Locus Analysis
Angle and Magnitude Conditions
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1. Locate the open loop poles and zeros
2. Determine the loci on the real axis
3. Determine the asymptotes of root loci
4. Find the breakaway and break-in points
5. Determine the angle of departure from
a complex pole
6. Determine the angle of arrival at a complex
zero
I e point where the root loci may cross




Root Locus Analysis - Rules

One finite pole at s=-2

+1 = -

G(s)H(s) = Kj+_2 One finite zero at s=-1
ini 4

x| Two finite poles at / /
/

s=-2 and s=-3

(5+2)(s+3) B X R
One finite pole ts=-2

One zero at infini
One zero at mfinity

G(s)H(s)=K

G(s)H(s)=K

S+2




Root Locus Analysis - Rules




2. Determine the loci on the real axis

Consider only the poles and the zeros lying on the
real axis. Choose a test point, if the number of
poles and zeros right to the test point is odd, then
the test point belongs to the root locus.




2. Determine the loci on the real axis

— —_————




3. Determine the asymptotes of root loci

If there are open loop zeros at infinity,
how does the root locus approach them?




Root Locus Analysis - Rules

+180°(2k +1)
n—m

n :Number of poles of G(s)H(s)

m : Number of zeros of G(s)H(s)

Angle of asymptotes = Je=0,1.2....

+180°(2k +1)

k=012
2_0 b Bk gty

Angle of asymptotes =

Angle of asymptotes = +90°(2k+1),k=0,12,...



3. Determine the asymptotes of root loci

& There are only n-m distinct
asymptotes

he expression repeats

(sum of poles) — (sum of zeros)

Intersection Point 6, =
| n—m




3. Determine the asymptotes of root loci
An Example
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4. Find the breakaway and break-in points

When two poles meet, breakaway point
occurs. Similarly, if they tend to approach
two zeros, they meet at break-in point.




4. Find the breakaway and break-in points

& Because of the conjugate symmetry of
the root loci, the breakaway points and
break-in points either lie on the real axis
or occur in complex conjugate pairs.

2 Pay attention to the following cases! You
do not have to have them in between two

voles...

—X



4. Find the breakaway and break-in points

Write the characteristic equation as

A(s)+ KB(s)=0

dB(s) dA( s)
~ L A(s) =

B'(s)=



4. Find the breakaway and break-in points
dK  A'(s)B(s)— A(s)B(s)
A(s)+ KB(s)=0 || 68 B(s)?

=0

Solutlon of this equation will let you have a set of s
S1,Sy++,Syt= Not all of them correspond
2ak-in points. Some s; values

do not




4. Find the breakaway and break-in points
dK  A(s)B(s)—A(s)B'(s) _
A(s)+ KB(s)=0 || 68 B(s)?

0

If s=s; and s=s; are complex conjugate pairs
ing dK(s)/ds=0, and if you are not sure if these

esakaway or break-in points,
ase are not




Root Locus Analysis - Rules

o

K(s+5)
s(s+2)(s+3)

G(s)H(s) =

s(s+2)(s+3)+ K(s+5)

L R e =~

A(S) B(s)

s(s+2)(s+3) + Ki(s +5)=0




4. Find the breakaway and break-in points
An Example

A(s)=s(s+2)(s+3) =5 +55 + 65
B(s)=(s+)9)
dK B'(s)A(s)— B(s)A'(s) A

Che

_.1(s3 +557 +65)— (s +5)(3s> +10s+6) 0

‘

(s° +55” +65)— (35" +255” +565+30)

= 0
.
s,=—0.8865

25 +20s% +505+30 ' s,=—2.5964
- (s+5)? =9 $,=6.5171




4. Find the breakaway and break-in points
An Example




5-6. Determine angle of departure/arrival
Find these

arrival
angles \/
S

» num=[1.00 13 55.25 75.75]
» den=[1.00 12 59.50 153.25 218.8125 11
» rlocus (num,den)




Root Locus Analysis - Rules

Angle () of departure Is

o= 180°-Z(Angles from other poles to that pole)
+2(Angles from zeros to that pole)

K (s, +2)(8; +25) (5, +2,)|? FI‘Om zeros

(s, +p ), +py)-(s,+p,) t pFrom poles

L(M]:Zﬁ _291 =i1800(2k+1)

(5, + P ) +py) (s, + D)

=1 =1
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5. Determine angle of departure

Complex pole
juestion

7

o, = 180°-2(Angles from other poles to p?a{ pole)
)

+2(Angles from zeros to that pole




Root Locus Analysis - Rules

Angle () of arrival is
B = 180°-X(Angles from other zeros to that zero)

+2(Angles from poles to that zero)

K (s, +2)(8; +25) (5, +2,)|? FI‘Om zeros

(s, +p ), +py)-(s,+p,) t pFrom poles

L(M]:Zﬁ _291 =i1800(2k+1)

(5, + P ) +py) (s, + D)

=1 =1

N\



6. Determine angle of arrival

Complex zro (;(\

/

e Vi

— 180°-Z(Angles from other zeros to Ziya’(/zem)
+2(Angles from poles to that zéro)




7. Find the jo axis crossings

= o D+ B

<——
-3 -2 0°

E
N2

solve for » and K.



Root Locus Analysis - Rules

)Open loop TF

G(s)H(s)=

s(s+2)(s+3)

IR AT @ | Characteristic equation

) Routh table

P10< K <30=>K_ =30

e

\\\




Root Locus Analysis - Rules

jo!

K
G(s)H(s)= —— 0<K <30=K._ =30
= e 3 =8 = or

T

s 4552 +65+K =0

Remember, when K=0, the roots of the
characteristic equation are the open loop poles;
and with K=0 there is a pole at origin (on the'imag. axis)



Root Locus Analysis - Rules

s 41557 + 65+ K =0 (jo) +5(jw)* +6(jo)+K =0

— jo’ —50% + j6m+K =0
(K -50°)— jo(o” —6)=0

s %

Insert s= |®



7. Find the jo axis crossings

G(s)H(s) =

s(s+2)(s+3)




8. Focus on the important parts of the loci

Near origin behavior and the behavior
around the imaginary axis must be
well known.

omputational trials with




Root Locus Analysis - Rules

Remember, once you set the value of K,
this fixes locations of the CL poles. This
Is because the magnitude condition is
satisfied on the root loci.

1+ KG(s)H(s)=0=> KG(s)H(s)=-1

= ‘KG(S)H(S)| =1= K|G(S)H(S)| =1 %

1 1 Given CL
G(s)H(s) = oA ) poles, find K

" [G(s)H(s) /




9. Determine the closed loop poles

G(s)H(s)=

s(s+2)(s+3)

.................................. Ver——g——
e | you can find K

If you are given K, you can find the
CL poles from the characteristic
equation

3 2 .
S +55" +65+ K =0




Root Locus Analysis - Rules

(S+z)(s+2zy)(s+z,)
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G(s)H(s) =

m

H|S+Zi|

S+zZ. [|s+2z, |- |85+ - 1
‘G(S)H(S)>=| al 5 || s+ 2z, | 21;1

|S+p1||S+p2|'“|S+pn| H|S+p-| K/
=1 l

/4]
I—{|S+pi|
4

le

K==
H|S+Z,.|
i=1




ine the closed loop poles

Assume that

B K S this point is
CHE)H (5)= wanted to be a
CL pole

3ty T>r"
=y




