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Lecture 9

|_ecture 9

Controller design in the frequency
domain

Topics to be covered include:

Phase-lag controller design.

Phase-lead controller design
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A phase-lag controller

Lecture 9
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Lecture 9

Design fundamental of a lag controller

Analysis Design
Consider a minimum phaseSystem.
45 Bode Didgram
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How can the lag controller
help us?

Is it different from a
Proportional controller?

What is the effect of a lag controller on BW? Speed of system?

What is the effect of a lag controller on noise effect?
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Design procedure of a phase-lag controller ZOIOgj
In the frequency domain

ars+1 .
A with a<1as a phase-lag controll

Note: If the plant has another gain k, let G (s) = a;S +11
_|_

Step 2: Try to fix k according to the performance request, otherwise let kzl\/

D |~ I+~

Step 1: Consider G,(s)=k r.

Step 3: Sketch the Bode plot of the system (with the fixed k ) without controller.

Step 4: According to desired PM (GM) choose the new gain crossover
frequency (Phase crossover frequency). (reduce it a little).?

Step 5: Find the required gain by lag controller and derive the parameter a.

20log(a) =.... =51 A
Step 6: Put the right corner of the controller sufficiently far from
crossover frequency. 1 _ Deros 7 AL
ar 10

Step 7: Check the designed controller. r
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Lecture 9

Phase-lag controller design in the frequency domain

Example 1: Design a lag controller for the following system such that
the phase margin be 45° and the ramp error constant be 100. Find the
M, of overall system. ), ” C(s)

[T SO 5529 [ '

Step 1: Consider G.(s) = ka;—:ll with a<1as a phase-lag controller.

ars+1
Ss+1

:> Gc(s):a;:ll a<1

Step 2: Try to fix k according to the performance request, otherwise let k=1

K
=100 _
S(S + 25) :> k . 2500 Dr. Ali Karimpo(jr Aug 2024

Note: If the plant has another gain k, let G, (s) =

k, = Iirrg sG, (s)




Lecture 9

Phase-lag controller design in the frequency domain

Step 3: Sketch the Bode plot of the system (with the R(S)+O G f ©)
fixed k ) without controller. 5(s+295)
2500 100 |
(S) = = % Bode Diagram
s(s+25) s(s/25+1) CooL L T
40
Step 4: According to desired PMg 2 B -
(GM) choose the new gain TR
crossover frequency (Phase g 20 : T~
crossover frequency). (reduce ita - ! » ~
e ot s
o225 o SN N
= | PM=25°
l L]
-180-0 -1 = = -2 — [ 3
10 10 10 10
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Lecture 9

Phase-lag controller design in the frequency domain

Step 5: Find the required gain by lag Rﬁto—ec(s) | K f(si
controller and derive the parameter a. 3(+25)
20log(a) =—11 o - oo e
40
‘i o 20 \\\‘~
028 e T
= iy T~—_
g-zo \\\\
Step 6: Put the right corner of the - T~
controller sufficiently far from o S g T [ Ot
crossover frequency. T~
R g
3 =2 r=1.79 3 135 \\\
ar 10 8 N
ars+1 0.5s5+1 T
G.(s) = = [~—

s+1  1.79s+1 e Sy E g s
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Phase-lag controller design in the frequency domain AN

Step 7: Check the designed controller.

Bode Diagram
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Lecture 9

Phase-lag controller design in the frequency domain

Bt R(S)+ C(s)
Finding M, ol ( k25) ‘
2 - S(S+
Without controller M ,=6 db {
Aftel’ applylng o L L : NicholsL Chart
controller G G, (jw)G(jw) ]
7 [G(jw)
/ -
0dB
M,=3 db g
-EEB -1dB |
] -3dB
_.z -6 dBf
& 112 dB
-20 dB|
=40 dB1
60" r r r r r r -60 dB¢
-36 -315 -270 -225 -180 -135 -90 -45 0 10
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Lecture 9

Phase-lag controller design in the frequency domain

Example 2: Design a lag controller for the following system such that
the phase margin be 45° and the ramp error constant be 100.

R(s)+ k C(s)
G (S) >
- f s(s+10)(s+20)
: ars+1 .
Step 1: Consider G.(s) =k Ve with a<1 as a phase-lag controller.
Note: If the plant has another gain k, let G_(s) = aZSJ’ll
racfie g

:> Gc(s)za;:ll a<1

Step 2: Try to fix k according to the performance request, otherwise let k=1

: Kk
kK, =limsG_(s =100 _
o = 1M SG( )s(s+10)(s+20) j> k = 20000
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Lecture 9

Phase-lag controller design in the frequency domain

Step 3: Sketch the Bode plot of the system (with | R&+ = = 5 k e
the fixed k ) without controller. i : 5(s+10)(s +20)
G(S) = 20000 = 100 Bode Diagram
S(s+10)(s+20) s(s/10+1)(s/20+1) : T
Step 4: According to desired PM & 2 Tl
i g TS
(GM) choose the new gain g 0 ~~_
crossover frequency (Phase £ ! S~
crossover frequency). (reduce it a : ~—_
little). s CLsoceas :l 72507
\\\ :
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< Y \ |
Dross =4 g NS PM= 220
T 11 \\
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Lecture 9

Phase-lag controller design in the frequency domain

Step 5: Find the required gain by lag
controller and derive the parameter a.

20log(a) =—30

30 g
a=10 # =0.0316 :
Step 6: Put the right corner of the
controller sufficiently far from
crossover frequency.
1 :wcross —04 r=79 %
ar 10 g
G.(s) = ars+1 2.5s+1

s+1  79s+1

-100 °

-135

-180

-225

-270°F
10

100 ¢

50

30 -

-50

-90¢

Frequency (rad/sec)

R(s)+ ” C(s)
G (S) o—
- s(s+10)(s+20)
Bode Diagram
\
—
- S O NP‘&-__
\\‘
\\\\
\\
Y
\\\\\
'..'-=\' r r
~~
N
N
| N\
\
N\
.
\\\

10° 10" 0 10°

Dr. Ali Karimpour Aug 2024



Phase-lag controller design in the frequency domain

Lecture 9

Step 7: Check the designed controller.

Magnitude (dB)

Phase (deg)
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Phase-lag controller design in the frequency domain

Lecture 9

Step 7: Check the designed controller.

Open-Loop Gain (dB)
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Lecture 9

Phase-lag controller design in the frequency domain

Example 3: Design a lag controller for the following system such that
the gain margin be 10 db and the ramp error constant be 100.

R(s)+ k C(s)
G, (S) =
- f s(s+10)(s+20)
: ars+1 .
Step 1: Consider G.(s) = km with a<1as a phase-lag controller.
Note: If the plant has another gain k, let G (s) = aTSJ’ll
7S +

:> Gc(s)za;:ll a<1

Step 2: Try to fix k according to the performance request, otherwise let k=1

: K
k =limsG_(s =100 > =
Vo 550 ¢ ( ) S(S -|-10)(S + 20) le, A;KzariomggroAug 2024




Lecture 9

Phase-lag controller design in the frequency domain

Step 3: Sketch the Bode plot of the system (with
the fixed k ) without controller.

R(S)+ : C(s)

- i C:0) s(s+10)(s +20)

G(s)— 20000 _ 100
s(s+10)(s+20) s(s/10+1)(s/20+1) _Bode Diagram
Step 4: According to desired PM ~ _ sof— e
(GM) choose the new gain et M= 110 =
crossover frequency (Phase 5 L
crossover frequency). (reduce it a ® 50 : ™~ g
little). i L] T
T I
] new 10 = A \\\ !
wcro _15 a)cross = %-180 \PI&
2 L N\
-225 I \\\\
I N~
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Lecture 9

Phase-lag controller design in the frequency domain

R(S)4+ = ” C(s)
Step 5: Find the required gain by lag T o) s(s+10)(s+20) ]
controller and derive the parameter a.
Bode Diagram
20log(a) =—25 T
25 g B T
rxead % 15 |= = — = = e
a=10 2 =0.056 £5 BRRES
Step 6: Put the right corner of the - ! ~—_
controller sufficiently far from O ANIDREI s | < T P T T
crossover frequency. T ]
10 g N
—=— =1  7=179 <0 N
ar 10 : | \\
T l \
ars+1 = LN
G (s)= 28 _ s+l | ! ~
s+1 17.9s+1 10™ 10° 10* 10° 10°
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- - . 20 Ioga_:'\:—
Phase-lag controller design in the frequency domain L,
T ar
Step 7: Check the designed controller. R(S)a - C(s)
i G- (5) s(s+10)(s+ 20) "
Bode Diagram
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I SN
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Lecture 9

Phase-lag controller design in the frequency domain

Example 4: Design a lag controller for the following system such that
the phase margin be 45° and the open loop bandwidth be 10 rad/sec

R(s)+

G (s)[—

C(s)

=

It Is not possible explain why?
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Lecture 9

Controller design in the frequency domain

Topics to be covered include:

Phase-lag controller design.

Phase-lead controller design
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Magnitude (dB)

Phase (deg)

Lecture 9

Design fundamental of a lag controller (remember)

Consider a minimum phase gystem. \
Bode Diagram Y
60 ¢ F / FE F FFEEE TE 0 ‘
40 ] // 20log a i
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A phase-lead controller

. a
sing, =——
_|_

Magnitude (db)

Phase (deg)

Lecture 9

23
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G(s) = Let a>1
7S+1
30 :
20 - -
20log a
10 - & - =7 =
0 // il
-10 - -t
—20 ¢ 2
90 : 4
A\
0 = / v
—-90 =- ® ; - - - @it o
10° 10 1/ar 1/ r10° 10°
Frequency (rad/sec)

Dr. Ali Karimpour Aug 2024



Lecture 9

Design fundamental of the lead controller

Analysis Design

Consider a minimum phase system.

Bode Diagram
60 & = :or o o:
L -""~~...
% 20
o _= -
ity -
5 I
‘2“ -20 i
o
-40 I
o
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What is the effect of a lead controller on BW? Speed of system?
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Design procedure of the phase-lead controller  [**;——
In the frequency domain T -
T —

Step 1: Consider G.(s) =k a;s:ll with a>1 as a phase lead controller.
: 1
Note: If the plant has another gain k, let G.(s) = a;S:l

Step 2: Try to fix k according to the performance request, otherwise Iet\/

Step 3: Sketch the Bode plot of the sys_tem (with the fixed k ) without controller.

Step 4: Find the system PM and if it is not sufficient choose the

required phase by:

¢, = Desired PM - Existed PM +A 7 sing, :a_‘i S|
T a-+

Step 5: Put the center of the controller in the new gain crossover frequency:

1 \/
o, = v o, = = At

20log|G(j®)|,_,, = +10log(a) =0 L
Step 6: Check the controller. 7
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Lecture 9

Phase-lead controller design in the frequency domain

Example 5: Design a lead controller for the following system such
that the phase margin be 45° and the ramp error constant be 100. Find
the M, of overall system.

R(s)+ k C(s)
G, (S) | s
- i s(s+25) [
ars+1

Step 1: Consider G.(s) = km with a>1as a phase-lead controller.
ars+1
S +1

:> Gc(s):a;:ll a>1

Step 2: Try to fix k according to the performance request, otherwise let
k=1

K
=100 > k = 2500 26
S(S + 25) Dr. Ali Karimpour Aug 2024

Note: If the plant has another gain k, let G, (s) =

k, = Iirrg sG, (s)




Lecture 9

Phase-lead controller design in the frequency domain

Step 3: Sketch the Bode plot of the system (with the ~ R&+ = = ol L e
fixed k ) without controller. i . 5(s +25) I
2500 100 .
(S) = = 25 Bode Diagram
S(s+25) s(s/25+1) T T T T TN
Step 4: Find the system PM and % ZZ ] —
if it is not sufficient choose the £ ~_
s -20 \\

required phase by:

A

o

]
/

o
<]

@, = Desired PM - Existed PM + A

ol -
Py = 45° -25 +5° =25 = \\\\
g” -135 \\\
. a—1 & N PM=25¢
SIN25=——~" = a=2.46 T T~
a+l ¥ L
180" = > o #A0s
10 10 10 Dr. Ali Karimpour Rug 2024
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Lecture 9

Phase-lead controller design in the frequency domain

Step 5: Put the center of the controller in the new R(s)+ ” C(s)
gain crossover frequency: T GO 55+25) I :
20log|G(jw)| ... +10log(a)=0
3 Bode Diagram
60 : P ror T TIEE
20log|G(jw)|  ..=-10log(a)=-3.91 ,
C \\\
g 20 e
o, =60 i B
~3.901 ~
g -20 \\
new l 7 \\
@, = = 7=0.0106 -40 ~
T~ a : L Ll R L L LT
-60
-90¢ .\. T E
G (5)= 2 +1 0.0261s+1 3 \\
‘ s+1  0.0106s+1 &7 AN
& N PM=25¢
| =
_180-0 1 : -2 ™ 3
o ut 60 10 Dr. Ali Karimpour ]7ng 2024

Frequency (rad/sec)



Lecture 9

Phase-lead controller design in the frequency domain

Step 6: Check the controller. Bk O e I N A
_ : s(s+25) I ]
0.0261s+1 ‘
G.(s) =
001068 +1 o Bode Diagram
1/7=94.33,1/ar=38.3 i
g 2 [G(] T —
20loga=7.8 y , U ~a__, [cGecie)]
T
I~
1/+Jar =60 1l T
o TSR A
¢m — 250 _\:&;\“ ~
Ly NI
g \\\\ N S N
PM =47"] | ™~~~ _
-180'0 '1 ‘ - '2 tv 5.3
10 10 10 Dr. Ali Karimpour Rug 2024
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Lecture 9

Phase-lead controller design in the frequency domain

Find M, R(S)+ ” C(s)

T GC(S)_-S(S+25) I

/_\ Nichols Chart
60

= T T T
Aﬁ _
M =2db
= O 1dB |
)
£ -3dB
‘3 0 -6 dB
o
S
T 12.dB
(O]
o
O .o l- 20 dB|
G, (jo)G(jw)
40 |- -40 dB
60" r r r r r r -60dB;
-360 -315 -270 -225 -180 -135 -90 -45 0 30
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Lecture 9

Phase-lead controller design in the frequency domain

Example 6: Find the step response of example 5 and compare it with
lag design in example 1.

Gjeaq () = Sl L i Lead controller of example 5 R G (5) K C(SZ
0.0106s +1 i : s(s+25) l
G, ()= fepl Lag controller of example 1
g 1.79s+1
M, (s) = . 500 Closed loop transfer function without controll
1 1+G(s)  s2+ 25542500 osed loop transfer function without controller
M., (s) = Giea (5).G(S) 6156s + 235800 Closed loop transfer function
: 1+G,,.4(s)G(s) s®+119.3s*+8514s+235800 With a phase-lead controller
M.,(s) = G (8)G(S)  _ 698.35 +1397 Closed loop transfer function

1+ G0 (5)-G(5)  §°+25.68° +712.35+1397 witha phase-lag conttgller
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Lecture 9

Phase-lead controller design in the frequency domain

: C
Gjead () = Vi Lead controller of example 5 Rk G.(5) || K (SZ
0.0106s +1 i - s(s+25) I
G, ()= i Lag controller of example 1
: 117598 _|_:!_ L L LStep ReLsponse ;
Without controller
Phase-lag controller
Check the speed of

different
controllers and
compare it ??

\

Phase-lead controller

Amplitude

051

32
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Lecture 9

Phase-lead controller design in the frequency domain

Example 7: Design a lead controller for the following system such
that the phase margin be 45° and the ramp error constant be 100.

R(S)+ ” C(s)

- i G- (°) s(s+10)(s+20)

ars+1

Step 1: Consider G.(s) = km with a>1as a phase-lead controller.
Note: If the plant has another gain k, let G (s) = a;S +11
+

:> Gc(s):a;:ll a>1

Step 2: Try to fix k according to performance request, otherwise let k=1

_ K
k, =limsG_(s =100 > =
Y550 C( ) s(s+10)(s+20) l;r.;n%ggp?u?mg 2024




Phase-lead controller design in the frequency domain

Lecture 9

Step 3: Sketch the Bode plot of system (with the

fixed k ) without controller.

20000 100

G(s)

nitu?'(dB)

Step 4: Find the system PM anacg
If it Is not sufficient choose the g
required phase by:

@, = Desired PM - Existed PM + A

@ =45 - (-20)+5° =70 g
sin70:a—_1 s G
a+1

" S(s+10)(s+20)  s(s/10+1)(s/20+1) _

-100 °

-135
-180
-225

-270¢
100

R(s)+

k

C(s)

—T-'Gc (S)

s(s+10)(s+20)

Bode Diagram

50

0

-50

-90z

N

-20°

10

10"

Frequency (rad/sec)

10

415
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Lecture 9

Phase-lead controller design in the frequency domain

Step 5: Put the center of controller in the new gain | r(s),+ ” C(s)

crossover frequency: —_T—GC(S) S(5+10)(s+ 20)
20log|G(j®)| ... +10log(a)=0

Bode Diagram

100 7
20lo0g|G(jw)|  ..=-10log(a)=-15 —
=, 2 50 _____\\\§
fq%: ) R SR S ~},\I‘\
new £—15
a)c = 45 2 : N
% -50 i \
: \\\\
-100 - - LN
new 1 0F SEE L T
Ggrara = 7= 00 ~]
7 a # 135 . :
;8, ‘\ |
g \d | Am= 200
G (s)= 28 +1 0.1248s+1 N M=
— — 225 N\
: s+1 0.0039s +1 ~—
-270° : :
10" 10° 10" 45 10 3 10°

Frequency (rad/sec) Dr. Ali Karimpour Aug 2024



Lecture 9

Phase-lead controller design in the frequency domain

Step 6: Check the controller.

Magnitude (dB)

Phase (deg)

Bode Diagram

Frequency (rad/sec)

100 ¢
20 --\‘—
—
——
0 = ~— 1 1
‘\.r~~ .:\\‘ G ( J a))G ( J 0))
-50 | SN
g ‘\
| —T~ ~
-100 | G(jo)| T
\\
-150 :
200 S 1R
.90 = e T
N ™ |
\\ \ |
-135 \ \ |
\ AN o
N | h<r|PM =18
-180 \ N \\
-225 \‘\
N N
N\ h\‘
-270° :
10 10 10" 10° 10 10

R(s)+ K C(s)

T GO (5 110)(5 4 20)

Note: Design Is not
possible!

Why?
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Lecture 9

Phase-lead controller design in the frequency domain

Example 8: Design a lead controller for the following system such that
the phase margin be 45° and the open loop bandwidth be 10 rad/sec

R(s)+ 1 €O
—T_GC(S) "= =
_ S ‘
. ars+1.
Step 1: Consider G.(s) = km with a>1as a phase-lag controller.

Note: If the plant has another gain k, let G (s) = a;S +11
+

: S G ()=k2B aug
s+1

Step 2: Try to fix k according to performance request, otherwise let k=1

k
— =3 > k=177
@ Why? 37
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Lecture 9

Phase-lead controller design in the frequency domain

Step 3: Sketch the Bode plot of system (with the RO+ G. o)=L C(SZ
fixed k ) without controller. - s’ ‘
17.7
G(S) B 82 40 B?de E)iag{ar? :

Step 4: Find the system PM and
If it Is not sufficient choose the
required phase by:

N
o
|

Magnitude (dB)
p N
o (@
/ "
1 1

N
o
|
— o ——

r r rrF r r F_F F FFF o I P Fr FFrFE
Tt T T Tt F F = = Tt F

) - E g F \ r
ox -60
@, = Desired PM - Existed PM + A e — =
|
T o Ao -179.5 |- [ I
@, =45 -(0)+0" =45 2 |
o -180 .
@
P 5 | &
sin4s’ =——— = a=5.38 P I
a+l
_1811-0 = r r rrrrr=1 - - r rr'rrr'=2 F rubrrrrrrig
20 3 3 Dr. Ali Karimpour Aug 26?4

Frequency (rad/sec)



Lecture 9

Phase-lead controller design in the frequency domain

Step 5: Put the center of controller in the new gain R(S)+ 1 €O
crossover frequency: > CO1z ‘ >
20log|G(j®)| ... +10log(a)=0

Bode Diagram

60: rrFE r r F_F F FFF o I P Fr FFrFE

new l _179: E E F—F FIF F FE E E FF F FFFE E E F—FF FF I

a)(:: :2
< ot = 7=0.06

(N
o

20log|G(jw)|  ..=-10log(a)=-7.63

N
(@]
|

]

it |
Magnit ~ (dB)

o

wo

o,"" =6.7

(®

N
o
|

A
S
|

1795 |
ars+1 0.3596s+1 §

G.(s) = =17.7 el |
s+1 0.062s +1 '

-181 :10 = L r=1 - '2 ———— rfzg

i 6.7 10 O0pr. Al Karimpour Aug 2024

Frequency (rad/sec)



Lecture 9

Phase-lead controller design in the frequency domain

C(s)

Step 6: Check the controller. RSP royon B
T : 52 ‘ '

Bode Diagram

\ 4

Magnitude (dB)

G, (Jo)G(jw)

Controller Is not ok

135 T Try again
|
1
PM =45°||,
1
|
|
|
]

!

Phase (deg)

-180

i 1
=7rad/sec 2 e 40
HPERSE RE Dr. Ali Karimpour Aug 2024

10 BW

openloop




Lecture 9

Phase-lead controller design in the frequency domain

R(S)+ 1 o

—T_GC(S) S
- s

Step 2: Try to fix k according to performance request, otherwise let k=1

Open loop bandwidth is near to gain crossover frequency so:

k
— =-3 7
k
20log—| | =-3 > k =35.7
@ w=T7

41
Dr. Ali Karimpour Aug 2024



Lecture 9

Phase-lead controller design in the frequency domain

1 R(S) C(s)
Step 3: Sketch the Bode plot of system (with the _to_. G, (s) :Siz —>
fixed k ) without controller. )
35.7
G(S) = SZ i : G L0 o7 B?del?iagzrar:n :
20~ -1
Step 4: Find the systemPMand 8 ,_____= | 1
If it is not sufficient choose the : ! |
required phase by: g :
-40 — I -
. = Desired PM - Existed PM + A [y PRI T e S Sasaim %
|
P =45 -(0)+0" =45 i | |
o -180 =
Sin450 :a__l 2 a =58 4 -180.5 [~ il
a+1l i | | _
-1812) - — rrrrrl - S rrrrrz - e
10 10

0 10
Dr. Ali Karimpour Aug 2024
Frequency (rad/sec)



Lecture 9

Phase-lead controller design in the frequency domain

Step 5: Put the center of controller in the new gain
crossover frequency:

20log|G(j®)| ... +10log(a)=0

R(S)+

G, ()

C(s)

Bode Diagram

20log|G(jw)|  ..=-10log(a)=-7.63 .,

Magnitt N (dB)

new
. =9

A
S
)

-60 °

- - rFF r r r F FF
T T T e

new -179 &

= 7=0.0461

-179:5 |-

(deg)

-180

+1
G.(s) = k 357 0.2674s+1
ZS+1 0.0461s+1

-180.5 |~

R

Frrf

10°

10

Frequency (rad/sec)

2

r e
4O

3
10 =
Dr. Ali Karimpour Aug 2(1)84




Lecture 9

Phase-lead controller design in the frequency domain

Step 6: Check the controller. AN ey B Y C(s)
- z - 52 ’
Bode Diagram ‘
100 ¢ e e e e ‘
S~
. 90 \=\~~
[2) e
) S ~——
[} — -
é _%_ e EEEEETE= -ﬁ:‘ - ~_ Gc(ja))G(ja))
g : \\\:\\\
-50 I ™ : -y
| i \\\\~“ .
/o Lol G(‘“’) T~ Controller 1s not ok
100° 5 _
I
-135 -
i e :
g / | \\\ Try again
: __|PM =457 S~
£ -180 F=—— :
|
107 10" 1BW,,.0,, =14rad /sec | 20 10°

44
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Lecture 9

Phase-lead controller design in the frequency domain

R(S)+ 1 o

—T_GC(S) S
- s

Step 2: Try to fix k according to performance request, otherwise let k=1

Open loop bandwidth is near to gain crossover frequency so:

k
| =3 7
k
20log—| | =-3 > k=255
@ w=6

45
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Lecture 9

Phase-lead controller design in the frequency domain

- R(S)+ 1 C(S)
Step 3: Sketch the Bode plot of system (with the —0—c.O G
fixed k ) without controller. )
25.5
G(S) — > Bode Diagram
S 40 ¢ - 1 T
20 \\\
Step 4: Find the system PM and 8 | ™~
If it is not sufficient choose the I
. S -20 I ~
required phase by: < , ~—_
-40 ~_
| N
@, = Desired PM - Existed PM + A 1751 7 T
|
¢m &3 450 4 (O) + Oo al 450 § -179.5 I
? -180
Sin 45O :a—_l = a:5.8 g -180.5
a+1 e _ |
10° 10" 10° s

3
Dr. Ali Karimpour Aug %824
Frequency (rad/sec)



Lecture 9

Phase-lead controller design in the frequency domain

Step 5: Put the center of controller in the new gain R(s)4 = )
crossover frequency: —_T—GC(S) e
20log|G(j®)| ... +10log(a)=0
; Bode Diagram
40 ¢ : e or
20log|G(jw)|  ..=-10log(a)=-7.63 ™~
C a \\
new _:763 = ‘\
(O =8 g 20 \\\
-40 \\\
-60E r 3 3 \
new -179¢ et rrFrE ———r Tt /
@y = 7=0.0519
! -179.5
ars+1 0.301s+1 %
G (s)=k =255 Joks
s+1 0.0519s+1
_1811c-)° 1c-)1 1(-)2 "

3
Dr. Ali Karimpour Aug %824
Frequency (rad/sec)




Lecture 9

Phase-lead controller design in the frequency domain

Step 6: Check the controller. RO+ e [T
—_T_ c(s) > 5_2 ‘ >
Bode Diagram
40 ¢ : F = F F F =E
it \‘\
§ g-===-SSup Controller is ok
% 20 il\ \\ B .
£ T~ G Ue)G(jo)
< -40 ~— \\
-60 Ik n ~~
; G(jo)| ~_ T~
-80° 3 = PRIV T | AW E N
-135 //
g // : N It can be solved by a very
: PM =45"|] | T H— better method without trial
1P : — 1 and error. Try to find it.
I
10° BW,ni00, =10T20 / SEC 10° 48
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Exercises

Lecture 9

1- Following is the open loop transfer function of a system.

a) What is the velocity error constant. (answer 80)
b) Design lag controller such that PM=45°. (answer G (s)=(0.5s+1)/(1.56s+1))
c) Design lag controller such that PM=45° and the velocity error constant be

200.

(answer G.(s)=(0.49s+1)/(3.75s+1))

Magnitude (dB)

Phase (deg)

Bode D

iagram

qp frN LA e T R
60 = i
40\ i
20+ \ f
A \ i

_20*- L8

.40 - \

60 E P Errr N S
90 ey

135 |

180 £ \r
10" 10° 10" 10° 10°

Frequency

(rad/sec)
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Exercises

Lecture 9

2- Following is the open loop transfer function of a system.
a) Design a controller that the GM of system be 50 db.

b) Design lag controller such that PM=45° and the velocity error constant be

30.

Magnitude (dB)

Phase (deg)

-100

-150 ¢

-135
-180 |-
22253~

-270
&
10

Bode Diagram

50 ¢

-50

FEFE E E F FFFFFE

-90 &

|

T

FrrE Pt - rrrE

0 1
10 10
Frequency (rad/sec)

2
10

3
10

50
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Lecture 9

Exercises

3- Design a lead controller for the following system such that the phase margin be 40°
and the open loop bandwidth be 23 rad/sec

R(S)+ 1 C(S)

—T—GC(S) = >
s S ‘

4- Design a lead controller for the following system such that the phase margin be 40°
and the acceleration constant be 25.

R(S)+ 1 o

—T—GC(S) "= b
g 5 ‘

ol
Dr. Ali Karimpour Aug 2024

0.301s+1

Answer :G_(s) =k
0.0519s+1




Exercises

Lecture 9

5- Following is the open loop transfer function of a system. Design a lead
controller such that PM=45°. Draw the bode plot of compensated system.

Phase (deg)

Bode Diagram

40 ¢

20 -
0~

Magnitude (dB)

60 °F

-20 -

-40 -
r r F_F r F FrFF r r F_r F F
= T e T T ErE R

-179¢

|

-179.5

-180

|

-180.5

-181

10 10 10
Frequency (rad/sec)

0.2674s +1
0.0461s+1

52
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10° Answer :G_(s) =k




Lecture 9

Exercises

6- Following is the open loop transfer function of a system.
a) What is the velocity error constant. (answer 80)
b) Design a lead controller such that PM=50°. (answer
G.(5)=(0.0315s+1)/(0.0126s+1))
c) Design a lead controller such that PM=50° and the velocity error constant be
200. (answer G.(s)=2.5(0.0192s+1)/(0.0052s+1))

Bode Diagram
80 ¢ T FEEEEE T

60 =
40\

r r_r r rrrr r r_r rrrrrF r r r r rrrrf r r_r rrrrck
——— 3 F—F F FEFFE 3 F—F F FFEFFE E FF FFFFIA

Magnitude (dB)

-60 ¢
-90 =

435

Phase (deg)
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