CONTROL SYSTEMS

Dog. Dr. Murat Efe

WEEK 10



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
ine the angle of arrival at a complex




Root Locus Analysis
Pole-Zero Cancellation

_N(s)  N(@)
D(s) D'(s)(s + a)

N(s) A(s)(s+a)
D'(s)(s+-a)  B(s)

TIHGWHK)

N(s)  B(s) N(s)B(s)
D'(s)(s+a) B(s) D'(s)B(s) 1

= DO)BE)TN©)AE) - DO)BE)+N$)AE) (s +a)
D'(s)B(s) D'(s)B(s)

N(s)B(s) 1 ‘ Canceled pole of G(s)

= D) B(s) 1 N(5)AG) (54 0) Is kept as a CL pole!



Root Locus Analysis
Pole-Zero Cancellation
An Example

s+1 5+3
SO ALt O ] | (s+3) is common

K(s+1) (s+3j
(s+2)(s+4) s+3

((s+2)(s+4)+K(s+ 1))(s T 3) 0 > Char. Eqn.
((s+2)(s+4)+K(s+1))=0 > Char. Eqn. for rooi/

- locus
Here is the
pole-zero '

Y(s)
H(s)

1+ KG(s)H(s)=1+

> (s+3) terms cancel

cancellation!




Root Locus Analysis
Pole-Zero Cancellation

N(s) — N(©)

A(s)  A'(s)(s+a)
D(s) D'(s)(s+a) N

G(s)= and H(s)=

G($)H(s)  D(s)s+a) B

T(S):]+G(S)H(S): I (]\)7((3‘) ) A'(S)((S;-OL)
' D'(s)(s-a B(s
Canceled pole is not a
N(s)A'(s) closed loop pole at all \

B D'(s)B(s) B N(s)A'(5) )
- D'(s)B(s)+ N(s)A'(s)  D'(5)B(s)+ N(s)A'(s)
D'(s)B(s)




Root Locus Analysis
Pole-Zero Cancellation
An Example (Same result is obtained!)

s+1 s+3
(s+2)(s+3)’ , A0 H (5} = Km [> (s+3) is common

K(s+1) (s+3j
(s+2)(s+4) s+3

((s+2)(s+4)+K(s+ 1))(s T 3) 0 > Char. Eqn.
((s+2)(s+4)+K(s+1))=0 > Char. Eqn. for rooi/

- locus
Here is the
pole-zero '

R(s) @II H(s) lI Gls) . Y(s)

G(s) =

1+ KG(s)H(s)=1+

> (s+3) terms cancel

cancellation!




Y(s)

Canceled pole is NOT a CL pole /




modify the gain K.

__] Modify the system dynamics suitably to obtain
the desired result, which means

and the device you used is called //



Design based on Root Locus
Description of the Compensation Problem

_] C(s) may remove some poles of G(s) and may
add new poles, or C(s) may remove some zeros
of G(s) and may add new zeros to change the
shape of root locus. /

] Once the shape of root locus becomes suita
to locate the desired closed loop poles e

adjustment of loop gain K is performed.



@ After some value of K,
< of the CL poles are unstable!




|

-1<_ ' '

Notice that, the CL poles are always stabl
this example. Adding zeros increase the s
of the CL system, this is due to the antici

behavior of the derivative action.



C(s)=K
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G(s)

- s(s+2)

C(s)

Compensator




S$-206=—210°

(No zeros!) (Two poles




Keeping this angle
at 30° will let us
meet the angle
Jitior

—P —Z 0






Design based on Root Locus
Lead Compensation - An Example
Determine K from the Magnitude Condition

CHGS) ;s g5 =1

|Ks+29 4

s+54 S(S T 2)|52+j2‘/§ )

Unccxfmpensated
Compensated
s+2.9 5

K=47, C(s)=4.7
s+35.4

2.9
Time (sec)




Design based on Root Locus
Lead Compensation - An Example
Static Velocity Error Constant

Step Input
r(t)=1

K, = lim sC(s)G(s)
s—0

= lims(4.7s+2'9) i
s—0 s+54 )\ s(s+2)

~5.02sec.




Design based on Root Locus
Lead Compensation
More general case:

K, = hm sC(s)G(s) = lim S(K 1
—0 s—0 S+ p

¢, —0,=30"= arctan(

|Ks+z 4 |
S+ p s(s+2) =21 1243

Angle Condition

Solve the three equations for 2,

p/a{dl(



_]You have
this example. In a mor
several specifications imply them. For ex
the transient or steady state characteristics are
described and you find out the required CL
poles.

the root loci and make sure that you are on t
right way.

] Before jumping into equations, roughly ske%




C(s)=K ST Z-'Ep

S'+p

tem performs well during transient
eady state, use a lag




Typically, a desired static error constant is
given. Since the angle contribution of the lag
compensator is very small, the root loci does
not change significantly. If this is not the

2, if transient response is not
ou will be using a
vill be




5 1.06
os(s+D(s+2)

O s(s+1)(s+2)




With this configuration,

o 1.06
s(s+1)(s+2)




>
Compensator Plant




Design based on Root Locus
Lag Compensation - An Example

G(s) = LU K, =lmsG(s)=0.53
s(s+1D(s+2) s—0

S+ Z 1.06

COG =K DD

Kew = lim sC(5)G(s) = K%O.53




Design, R-Locus
Lag Comp. Example

e What would happen if there
were no K adjustment?
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Design based on Root Locus
Lag-Lead Compensation

O Calculate the relevant variables (o, {, o, etc)
O Firstly, design the Lead Compensator
O Calculate the angle deficiency
O Locate the zero of the compensator
O Locate the pole such that the angle
condition is met
O Secondly, design the Lag Compensator
O Locate its pole close to zero /
O According to steady state response specs.,
locate the zero
O Check the angle contribution of Lag C
© If necessary, retune the gain so tha
kept at its desired value.

IS



Design based on Root Locus
Lag-Lead Compensation - An Example

e Dominant CL poles are desired /

to have{ = 0.5
¢ Desired Undamped natural frequency
IS ®, = 5 rad/sec
e Desired Static velocity error consta
is K, = 80 sec



Design based on Root Locus
Lag-Lead Compensation - An Example

4

)= s(s+0.5)

Gs) 4
1+G(s) s°+0.55+4

I'(s)=

K, =limsG(s)=8sec”

s—0




Design based on Root Locus
Lag-Lead Compensation - An Example

—Cw, =-0.5%5=-2.5 Jo

®, j4.3301
Jo, = jl—Cz(Dn = j4.3301

—2.Sij4.3301
0 /
¥——H—— O

Now Calculate the -2.5 -0.5
angle deficiency
20 =
Lead Controller will contribute O

54.8° to make sure that X¢—>0=t(2k+1)180°



Design based on Root Locus
Lag-Lead Compensation - An Example

\ j(D
® j4.3301
Opioad| 108791
pLea 110
54.319 0
XX
-2.5 -0.5
v ezLead_epLead:54'80 l
s+1 4

=1=>K, =694

K —
il 5 +5.61 s(s+0.5)



Design based on Root Locus
Lag-Lead Compensation - An Example

C ()G —(694 ol jL
eaa ($)G(5) =| 6. s+5.61 ){ s(s+0.5)

K

v(new)

=limsC;,,(5)G(s) = 9.9 sec”




Design based on Root Locus
Lag-Lead Compensation - An Example

s+0.1
“5+0.0124

Cout () (5)G )—(694 — )(K — T j4
tead ()C1ag ()G (8) =| 6.94 ==~ | Kype 005 s(s+0.5)

K, =limsC,,,(5)Cyu (5)G() = K;,, 79.8114 sec”

Clag (5)=K,

lag

AN

Angle Contribution 1s: 0.8791°

Angle contribution is acceptably small. However, t
has slightly changed z. A very tiny tuning can be
if the design specifications are too stringent. For this
example, there is no need to do so, keep K,



Design based on Root Locus
Lag-Lead Compensation - An Example

(s+1)(s+0.1)

() =694 s (5 30.0124)

Now, test and see whether the design
specifications are met or not...



Design based on Root Locus
Lag-Lead Compensation - An Example
Step and Ramp Responses
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K, =79.81139669944224 sec!
= 0. 49452458450471

Good enough
s=-1.12268288809756 2

Kiag = 80/79.81139669944224=1.00236311239195 -

CL Poles: s=-2.44966485404744 + j4.312791907360 / /

$=-1.12228732098688 and s=-0.10078297091824
/v

V4

Kiog = 0.97999709075950

CL Poles: s=-2.44773023820451 + j4.23959313579281
s=-1.12613839738740 and s=-0.10080112620358



Manipulating the roots and the poles of the
closed loop system may yield the desired
solution, which can be sought by root locus

method.

Stringent design specs. carry priority. Meeting
srecisely may require computer based




