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Lecture 17

Lecture 17

Time domain design of control systems

Topics to be covered include:

Time domain design of the lead and lag controllers.

Design of lag controllers.

Design of lead controllers.
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Lecture 17

Time domain design
Sbej 09> ()b

Is it possible to set the value of k such that the damping ratio of
complex poles be 0.707? YeS

RO EG) o C(s)
:\“’_ ” k ” s(s+25)
k=0
0
12.5v2 #12.5+/2
A0k = ‘/_I ‘/_—> k =17.8125
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Lecture 17

Time domain design
Sbej 09> ()b

Is 1t possible to set the value of & such that ramp error constant be
100? Yes

Jolee cots sllas coli a5 o 5 pudas ol asgSo L K lgs o Ll 5 et 4o

c\.lg $05,5 Vv
Rs),  E(9) 5 C(s)
Q- % 156129 —> k =100
: 40k
—  lims =100
520 s(s+25)

— 40k =2500

— k=62.5
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Lecture 17

Time domain design
Sbej 09> ()b

Is 1t possible to set the value of k such that the damping ratio of
complex poles be 0.707 and ramp error constant be 100 ?

RO+ B6) 5 C(s)
_>< )—} > >
I g s(s+295) 1
k=7.8125
k=625

Clearly the design 1s not possible
flc A bEl ¢
Other controllers 5
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Lecture 17

Lag controller design procedure

B g JS (b ag,

1- Obtain the root-locus (without controller) and

determine the gain k, to satisfy the desired R(s)4  E(s) s C(s)
damping ratio or ...... —0 > k T G(s) +—
2- Find the gain k to satisfy the desired steady Z>p

state error (without controller). If k is in
conflict with k, continue.

3- Evaluate the needed controller gain
: k  Gain to satisfy the desired steady - state error
needed gain = — = — . . : :
k, Gain to satisfy the desired damping ratio or...
< z : k
4- Choose pole and zero of controller nuch that: — =needed gain = T
P 0
5 - Choose the controller as: G.(s)=k STZ :
‘ L What is near?

6 - Check the controller.




Example 1: Designing lag controller

8 o S Al Jls

Is 1t possible to set the value of k such that the damping ratio of
complex poles be 0.707 and ramp error constant be 100 ?

R(s)+ E(s) S+z 40 C(s)

Q

S+ p ] s(s+295)

P >

1- Obtain the root-locus (without controller) and

determine the gain k,, to satisfy the desired damping

ratigrer.:. ...

Lecture 17

40k, =

12.5v/2 @12.54/2
1

> k,=7.8125

k=00
k=0 45°
—> 45°
-25

v
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Lecture 17

Example 1: Designing lag controller

5 e RS (b ) ks
Determine the controller coefficient such that the damping ratio
of complex poles be 0.707 and ramp error constant be 100 ?

Sledad Sl Caid aS 0iS pdails ol GO 1y JiuS Colis w0
¢ oo en JaLxAWZLgUa}@UgO.7O7W1_4L‘;>’u

R(s)+ E(s) S+ 7 40 C(s)
r i ] ks+p " s(s+25) 1 kv =100
: 40k
—  lims =100
520 s(s+25)

2- Determine the gain k to satisfy the desired — 40k =2500

steady-state error (without controller).

If there is a problem then continue.

Y - — k=625
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Lecture 17

Example 1: Designing lag controller

3 g JAS b s
Determine the controller coefficient such that the damping ratio
of complex poles be 0.707 and ramp error constant be 100 ?

Sledad Sl Caid aS 0iS pdails ol GO 1y JiuS Colis w0
Coo8 Vet Jobo ool (gllas oy 90.707 s lalises

3- Evaluate the needed controller gain

: k  Gain to satisfy the desired steady - state error 62.5
needed gain = — = — : . . . — -
k, Gain to satisfy the desired damping ratioor...  7.8125

4- Choose pole and zero of controller near origin such that:

i=neededgain:£:8 p=0.1 z=0.8
P kq
5 - Choose the controller as: G.(s) =k, AL 7.812557" 8
S+ p s+0.1
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Lecture 17

Example 1: Designing lag controller

8 o S Al Jls

R(s)+ E(s) 0% 70 C(s) 6 - Check the controller.
——O—]7.8125 . —s
G s+0.1 s(s+295)
e e P TR e
50 s+0.1 s(s+25)
(@) k= oo A
¢ =0.707 Why?
/D\
C(s) 312.5(s+0.8)
R(s) s(s+25)(s+0.1)+312.5(s+0.8) k=0 k=0
> = < O -
C(s) 312.5(s +0.8) -2 0
R(s) s°+25.1s+3155+250

Poles are:







Lecture 17

Example 2: Designing lag controller

8 o S 2l Y s

Design a lag controller such that the ramp error constant be 50

and P.O. be 16 % .

RGs): ) [z 1

C(s)

—0 »| k

A _ S-{-p

[5G+ 565 +10) I_'

33,5 B+ Jobeo ol sl colbias oS b J oS

33,5 T\E gl 8 ds o g

1- Obtain the root-locus and
determine the gain k, to satisfy the
desired damping ratio or ......

22 o3 +27 0482427

1

4 7.07
P.O.=16% — (=05 — =0.707

v

—-7.07
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Lecture 17

Example 2: Designing lag controller

5 ot NS ol Y i
Design a lag controller such that the ramp error constant be 50

and P.O. be 16 % .

INE Szt ooy 9005 00 Jolae o sl cb &5 08 Sl J S
53,5

R(s)+  E(s) 5+ T C(s)
(1_ | s+p 's(s+5)(s+10)_'_" k =350

1%

k

—  lims =50

=0 s(s+35)(s+10)

2- Determine the gain k to satisfy the desired
steady—state CITOT. If there 1s a problem then 5 k=2500
Continue. (without controller)
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Lecture 17

Example 2: Designing lag controller
38 om A (b Y Jls

Design a lag controller such that the ramp error constant be 50
and P.O. be 16 % .

JAF Gazld ooy 905,85 B0 Jolas o sllas cob &S 08 b JS

33,8
3- Evaluate the needed controller gain
e k £ Ga.m to sat.lsfy the des.lred stead?/-statc? error 2500 1976
k, Gain to satisfy the desired damping ratio or... 84
4- Choose pole and zero of controller near origin such that:
z . k
— =needed gain =— =29.76 p=0.01 z=0.2976
P ko
5 - Choose the controller as: G.(s) =k, AE JE s Tl gl
S+ p s+0.01 ¢
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Lecture 17

Example 2: Designing lag controller

B om S (A eV Jls

C
O Q20 Jegsrosers] T 170 6 - Check the controller.
4 - s+0.01 s(s+5)(s+10)
! s+0.2976 1
k, =lims84 =50
i s+0.01 s(s+5)(s+10)
£ =0.707 //
C(s) 84(s +0.2976) il
R(s) s(s+5)(s+10)(s+0.01)+84(s+0.2976) ¢ = - e
C(s) 84(s +0.2976) P
R(s) s*+15.01s’ +50.15s" +84.55 +25
Polesare: —-1.73+1.76;,-0.37,-11.18 N
Real Axis 15
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Lecture 17

Time domain design
Sbej 09> ()b

Is 1t possible to set the value of k such that the damping ratio of
complex poles be 0.707 and ramp error constant be 100 ?

RO+ B6) 5 C(s)
_>< )—} > >
I g s(s+295) 1
k=7.8125
k=625

Clearly the design 1s not possible
flc A bEl ¢
Other controllers 1
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Lecture 17

Lead controller design procedure
B G S Ak a,

1- From the time-domain specifications

obtain the desired location of the closed- R()+  EG) [ 12 C(s)
. —0 »| k > G(s) ’—>
loop dominant poles. g s+p
z<p

2- Select the zero of controller. Place the
zero on the real value of desired location of
the closed-loop dominant poles or on the

pole for pole-zero cancellation.

3- Locate the compensator pole so that the angle criterion is satisfied.

4- Determine the compensator gain k, such that the magnitude criterion is satisfied.

S+ Z

5 - Choose the controller as: G.(s)=k
S+p

6 - Check the controller.
7 - If the overall response rise time, overshoot and settling time 1s not satisfactory, choose
another location of the closed-loop dominant poles.



Lecture 17

Example 3: Designing lead controller
3B o s by s
Is it possible to set the value of k such that the damping ratio of
complex poles be 0.707 and ramp error constant be 100 ?
Slrhad Slye Coiis a5 0,5 o a5 (ol A6 L K plei o b 515 et o

¢ 0,8 Voo Joles e (ellas ool 4 0.707 oo Jaliro
{ He=]62.5

R(s)+ E(s) e 20 C(s)

» S »
s+ p Nss+2%5
zZ<p

1- From the time-domain

specifications obtain the =53

desired location of the closed-

loop dominant poles. / k=0
0

k=7.8125] = [r, - 22805

k, =100 = [k=625




Lecture 17

Example 3: Designing lead controller

3 ey JS b ¥ i

Is it possible to set the value of k such that the damping ratio of
complex poles be 0.707 and ramp error constant be 100 ?

R(s)+ E(s) [ 5+z 20 C(s)

>k >
_ s+ p s(s+25)
‘ z<p ‘

2- Select the zero of controller.
Place the zero on the real value of
desired location of the closed-loop
dominant poles or on the pole for
pole-zero cancellation.

Where?

S
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Example 3: Designing lead controller

3 ey JS b ¥ i

Lecture 17

Is 1t possible to set the value of k such that the damping ratio of

complex poles be 0.707 and ramp error constant be 100 ?

RGsYF  E(s) [ = Cs) € ngf Voo JQLM, s LS‘U"”' wl.: 9 0.707 (Dot L,

>k

s+ p Ns(s +25)

z<p

3- Locate the compensator pole so
that the angle criterion is satisfied.

90° —135° —(180—tg™" %

—0 ==+180
40

0=2444" tg6=0.4545=—
X

A

40

135°




Example 3: Designing lead controller

3 ey JS b ¥ i

Is it possible to set the value of k such that the damping ratio of
complex poles be 0.707 and ramp error constant be 100 ?

Lecture 17

R(s)+

E(s)

s+ z

40

C(s)

>k

s+ p

Ns(s +25)

z<p

i

4- Determine the compensator gain
k, such that the magnitude criterion

1s satisfied.

40k =

40+/2 0+/40% +15% @4/40” +88*

40

k=146

—128

A

40




Lecture 17

Example 3: Designing lead controller

3 ey JS b ¥ i

Is it possible to set the value of k such that the damping ratio of
complex poles be 0.707 and ramp error constant be 100 ?

R(s)+

E(s)

s+ z

40

C(s)

> k

s+ p

Ns(s +25)

z<p

i

5 - Choose the controller as:

G.(s)=146

s +40
s+128
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Lecture 17

Example 3: Designing lead controller

38 o o S L;>‘).L: Y b
Is it possible to set the value of k such that the damping ratio of
complex poles be 0.707 and ramp error constant be 100 ?

R(s)+ E(s)

s+ z

1

C(s)

> k

s+ p

Ns(s +25)

z<p

i

6 - Check the controller.

Clearly ¢ =0.707

40

k= lims[l46 5149

s—0

TE=13

s+128 s(s+25)

|

It 1s not ok we must try other

closed-loop dominant poles
Exercise 2: Tune the controller to
derive the requested performance
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Exercises

Lecture 17

1 In the following system design a lag controller such that the damping
ratio of complex poles be 0.6 and ramp error constant be 80.

R(S)+n E(s)

A4
A

v Glag (S )

40

C(s)

ss+485)

L

2 In the following system design a lag controller such that the damping
ratio of complex poles be 0.6 and ramp error constant be 80.

R(s)+  E(s)
4 -

Glag (S )

4

C(s

] S(s+5)(s+10)

—

o
>
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Exercises

Lecture 17

3 In the following system design a Lead controller such that the damping
ratio of complex poles be 0.6 and ramp error constant be 80.

R(s)+  E(s)

'Y

A4
A

> Glead (S )

40

C(s)

ss+485)

L

4 In the following system design a Lead controller such that the
damping ratio of complex poles be 0.6 and ramp error constant be 80.

R(s)+  E(s)

4 _

Glead (S)

4

C(s

] S(s+5)(s+10)

—

o
>
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Lecture 17

Exercises(Continue) (aalo)lp s o3

5 In the following system design a lag controller such that that the
settling time be less than 3 sec.

Re) . EG) c(s)
:("? > G (5) > — *+—>

6 In the following system design a lead controller such that that the
settling time be less than 3 sec.

Rs)+  EGs) C(s)
:(P "G, (5) 5 — ——
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