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= Three categories of Particularly Simple and Effective Designs:

* | ead Compensation:

« Approximates the function of PD control and

« Acts mainly to speed up a response

by lowering rise time and decreasing the transient overshoot

* Lag Compensation:

« Approximates the function of Pl control and

* Is usually used to improve the steady-state accuracy

= Notch Compensation:

« To achieve stability for systems with lightly damped flexible modes



Design Using Dynamic Compensation

= Model: Controller U Plant
Ro— D(s) 1 G
De(s) = K e :
S+ p
= 1 4+ D.(s)G(s) = 0
= 14+ KL(s) =0 \

» Lead Compensation: fz<p ® Lead o

* Provides a positive phase shift
= Lag Compensation: ifz>p o Lag y

= Provides a negative phase shift
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= 2nd-Order Position Control System

Dc(S) e K ; RootllociwithPand PD compensation
1 B
G(s) = p
() = 5
= 1+ K - =0 ;
s(s+1)
— 8(8"‘1) —|— K = 0 3 y . | : 2
Real Axis (seconds™
DC(S) = K (S _I_ 2) , ~ Rootloci with P and PD compensation
1
G — .
(S) S(S"‘l) 5,1 m
= 14 K (s+2) S AN
S —_— g
s(s+1)
= s(s+1) + K(s4+2) =0 S S I




Design Using Lead Compensation

= 2nd-Order Position Control System

Dc(s)

G(s)

= 1 + K

s+ 2

s+ p

1
s(s+ 1)
s+ 2 1

K

s+ps(s+1)
(s +2)

s(s+1)(s +p)

Imaginary Axis (seconds™)

s+ 2
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Root locus with PD or lead compensation
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= Example 5.11: Design Using Lead Compensation

Controller

RO _...@\1

U

Plant

T | B

G(s)

G(s) =

1

Dc(s) = K

-1—|—K8+2

s(s+ 1)

s+ 2

s+ 10

1

s+10s(s+1)

oY

O

(s +10)s(s + 1) + K(s+2)
s34+ 11s° 4+ 10s + K(s+2)

= K = 70

— s34+ 11524+ 80s + 140

= Qvershoot <= 20%

= Rise Time <= 0.3 sec
= (> 0.5

O

= § = —2.34,—-4.33+6.402
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Root locus for lead design
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= Example 5.11: Design Using Lead Compensation

RG _...@
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Step response for lead design
T T T T

Step response for lead design with K=91
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= 2nd-Order Position Control System

1
G —_—
(5) s(s+1)
s+p 2= St o001
Z
D.(0) = — = 3to 10
p
= Lead Compensation: IF K,=70sec™ !
KD.(s) = 91 st+2 = Reduce the velocity error
s+ 13
by a factor of 5
Ky = lim s K D.1(s) G(s)
s—0 N E _ 5
— lim s(o1) T2 1 P
=0 s+ 13 s(s+ 1) = 2 =0.05
= 14

= p = 0.01
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= 2nd-Order Position Control System

1
Gls) = s(s+ 1)

2 0.05
T KDp(s) = 9157
s+ 13 s+ 0.01

KD.1(s) = 91
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= Suppose the design with lead and lag compensation

2 0.05
KDo(s) = 91 512 57
s+ 13 s+ 0.01

= Has a substantial oscillation at about 50 rad/sec

2500
Gls) = s(s + 1)(s2 4+ s + 2500)

= Notch Compensation (Phase Stabilization)

2 2
+ 2Cuwgs +
Dnotch(s) — ” (s iw£Z)2 —

s2 4 0.8s + 3600
(s + 60)2
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= Suppose the design with lead and lag compensation
G(s) Dc1(s) K Dea(s) Dyoten(s)
2500 s+2 54005 s? 4+ 0.8s + 3600
s(s+1)(s2+4+s+2500) s+ 13 s+ 0.01 (s + 60)2

Root locus,lead,lag, notch Step response for,lead,lag, notch
T - T N AN | 1.4 T I I
L 0.7 05 .03 01
60 [g'g | =
' ' 1.2
40t
o 1
=
% 20 F
& i : S 08F
@ o110 50 2
0 g
N Eos
T o0t
i=)]
T 0.4
— 40t
g 0.2+
60 FO:° g
_ 0.7 05 03 01|
1 . 1 - L 1 1 D |
-120 -100 -80 60 40 -20 0 20 0 0.5 1 1.5 2

Real Axis (seconds™) Time (seconds)



