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Lecture 12

|_ecture 12

Time domain analysis of control systems

Topics to be covered incluage.

Different region of S plane.
Constant natural frequency loci.
Constant natural damped frequency loci.
Constant damping factor loci.

Constant damping ratio loci.

L 2
2
2
2
Transient response of a position control system.

2
Dr. Ali Karimpour Feb 2013



Lecture 12

Introducing a prototype second order system.
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Lecture 12

Different region of S plane.

S ambs o calise g

Constant natural frequency loci.
Constant natural damped frequency loci.

Constant C

Constant C
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ning factor locil.

ning ratio loci.
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Lecture 12

Constant natural frequency locil.

b (ol 58 (B
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Lecture 12

Constant natural damped frequency loci.
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Constant damping factor loci.

Lecture 12

—lw, =-1
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Lecture 12

Constant damping ratio loci.
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Lecture 12

ffect of roots loci on step response
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re 12

Example 3: Find the poles of the following systems and

Its corresponding step response for k=75, 100, 200 and
1000

AL K c
> t P 20 M (S) C(S) k
[ AGUESY) | r(s) s2+20s+k
k=75 = p,=-5,p,=-15
k=100 = p, =-10, p, =-10
k=200 =  p,=-10+10]J, p, =—10-10]

k =1000 -~  p,=-10+30j,p, =-10-30j
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Lecture 12

? K - M () = c(s) k
S(S+ o o
1) r(s) s°+20s+k
Step Response
o k=75
k=100
2 k=200 |-
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Lecture 12

Dynamlcs of electromechanlcal system
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Lecture 12

A simplified aeroplane (position control system)
(CorBgo JyuS i) ous ool slomlen SO

"\
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Lecture 12

Block diagram of a position control system
Condgo [0S paw SO ol SLo Sol,

, . 7 Power Amplifier 2
—— 00— K, |—0— Wwilhcurrent { DC Motor |4— Gear F— Load| %
T - g feedback '
O;
Tacometer

16
Dr. Ali Karimpour Feb 2013



Lecture 12

Block diagram of a position control system
Condgo [0S paw SO ol SLo Sol,

kb
Ikba)
L‘;(D_.k __i_,()_,Elr + _.Ei-tc_ ) 1 Ia " T 1 w o |1 Hc
A I 1 R,+sL, ' B, +s9, M ‘e BN 1z g
k2
kt

/

i fig Power Amiplifier [ 5 2, Z B
L Vs /(5 —O— With gurrent > DWoz‘or Géar Y [ g4d >
1 — 7 feedback |

2

7
Ta(}x{eter
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Lecture 12

Let ignore the velocity feedback.
WSS ples] Cae s SGaS

K,

. [ | kI”r —EE.L_

7] I V
iRl ot By~ 1 |l [ 1 |@ Y 6
ks - k —— kl ‘l > k m‘ L 1 m c
A —_ N O
S ez, I

= = R, + sL, | ‘1 B, +sJ,
k2
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Lecture 12
Simplification
LS)LU; oSl

/ KN
s(R, +sL_)(B, +sJ.,)
Hr 90 G(S): 2 2 : t
~o—1 G(5) X 1+ ki, _|_ KiKp
I R,+sL, (R,+sL)(B,+sJ,)
k. kkk.N

(R, +5L)(B, +5J,) + kk, (B, +5J.) +k k. )
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Simpli

fication

Lecture 12

& 5108 us gle ksl

1 G(S)

90

|

]

k. kkk.N

G(s):s(

(R, +sL,)(B, +5J,) +kk,(B, +sJ,)+kk,)

Let we ignore L

k. kkk.N

(Ra + klkz)"]t

G(s) =

S[S +

R,B, +kK,B, +kk,
(Ra T klkz)'Jt

L e,
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Simplification

Lecture 12

$,I38 voe ¢ g5k sl

SE)=-

G(s) =

k. kkk.N

(R, +5L,)(B, +5J,) +kk, (B, +53,) +kik, )| &+

v

k. kkk N [
(Ra +kik;)J, |

G(s)

S(S +

R,B, +kK,B, +k.Kk,
(Ra + klkz)‘]t

k, =10 k,=05 k=9 k =1 k, =0.0636
R, =5 L,=003 N=01 B =1 B_=0.005

J,=0.01 J_=0.0001

B =B +NB, =0.005+—— 0015
100

3 =3 +N2J, =0.0001+ 22 _ 0.0002
100
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Simplification

Lecture 12

$,I38 voe ¢ g5k sl

k kkKk N
G(s) = -
s((R, +sL,)(B, +5J,) +kk, (B, +sJ,) +kk,)
k kkk N
é(s) — (Ra +k1k2)‘Jt
R,B, +kk,B, +k.k,
S| S+
[ (Ra +k1k2)‘]t J
k, =10 k,=05 k =9 k. =1

k,=0.0636 R =5 L =0003 N=0.1
B_=0.0005 B =1 J =001 J_=0.0001

T o G(5) l 7,

B =B +NB =0.005+—— =0.015
100

3 =3 +N2J, =0.0001+ 222 —0.0002
100

G(s) = 1.5x10k 3 1.5x10k

s(s? +3408.35+1204000)  s(s +400.3)(s +3008)
é(s) _ 4500k

s(s+361.2)
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Lecture 12

0 0
-1 ~ o——] G(s) >
Stabilit -
1.5x10"k -
G(s) = &(s) = 4500k
s(s+400.3)(s+3008) s(s+361.2)
G(s 1.5x10"k 4500k
M(s) = (5) = - M(s)=—;
1+G(s) s(s+400.3)(s+3008)+1.5x10"k s° +361.2s + 4500k

s® +3408.3s° +1204000s +1.5x10"k =0

s° 1 1204000
52 3408.3 1.5x10"k
4100593200 —-1.5x10"k .
3408.3
s’ 1.5x10"k

Stable for 0<k<273.57

s* +361.2s+4500k =0

Stable for all A>0
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Lecture 12
0 0,

: —o——{ G(5) .
Analysis { ] W
Fg) =2 0’ =4500k = @ =305k
s(s+361.2)
361.2 2.692
s? +361.25 + 4500k = 0 260, =3612 = ¢= =
€]
K P, P, - @, P.O. t,
—2 —384 23 Systemis unstable
0 —361 0 Systemis unstable B
2.222 -331 -30.2 181 Systemis over damped —e0o—O—o o>
725 | -180.6 -180.6 1 Systemis critically damping o
145 | —180.6+ j180.6 0.707 255 4.3% 0.022
274 |-180.6+ j1096  0.163 1110 60% 0.022




Step response
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Lecture 12
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Lecture 12

I‘ -+ C o .
xoO—— G(S > o L
Velocity response ©) &
~ 4500k
G(s)=
(s+361.2)
Step Response
0.12 ¢ T T L T L L
0.1 > S A
/
/ /// e
A
0.08 |- // P : - i
% 0.06 |- 1 .
£
xXe O o X
0.04 |- 1
(]
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_ fi’,,/,//:/
0O /:777770.01 O.EJZ 0.2)3 0.[)4 0.2)5 0.06 0.2)7 0.2)8 0.2)9 0.1
Time (sec)
k 2.222 7.25 14.5 274 o
K, 27.68 90.3|  [180.6| 3414
e, 0036 0011 [0.005] [0.00029 26
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Lecture 12

0 0,

‘ —o——] G(s) .
Analysis [ l A
G(s) = 1.5x10"k s® +3408.3s5° +1204000s +1.5x10"k =0
s(s+400.3)(s+3008)
. K P, P, P, 4 , P.O.
—2 | -3004 —-428 23 Systemis unstable
0 | —3008 —400 0 Systemis unstable I
2.222| —3012 —366 —30 Systemis over damped ’
7.250| —3022 -230  -156 Systemis over dampef7>>® ‘O‘?(z"
14.5 | —3035 —186+ j192 0.7 267 4.6% o
100 | —3178 —115+ j677 0.17 687 5% P
274 | —3408 0.2+ j1098 Systemis unstable




Lecture 12

A 4

\ 4

—{G(s) :
Step response [ b mly
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Step Response
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Lecture 12

Step response comparison ATy
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G(s)

_ 1.5x107k G(s) = 4500k Lot G (s)
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Exercises

Lecture 12

them on the s plane.

1- Find the roots of following system for -301<k<301 and show
G(s) = 4500k
s(s+361.2)
260,280,300

Let k=-300,-280,-260,..........

2- Find the roots of following system for -301<k<301 and show

them on the s plane.

G(s)

1.5x10K

B s(s

+400.3)(s +3008)

Let k=-300,-280,-260,........

..260,280,300
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