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We make the system stable by increasing a component.
This procedure Is called the compensation .

1.1Definition of the compensation:

Increasing a component ,which makes the system’s performance to
be improved, other than only varying the system’s parameters, this
procedure is called the compensation of the system.




1. Introduction
Compensator:

The compensator is an additional component or circuit that Is
Inserted into a control system to compensate for a deficient
performance.

1.2 Types of the compensation

The transfer function of the compensato r is designated as
G, (s), and according to the location of G,(s) in the structure
of the system, we can get several types :




1. Introduction
(1) Cascade(or series) compensation

(2) Feedback compensation

(3) Both series and feedback compensation

(4) Feed-forward compensation

(1) Cascade(or series) compensation

Compensator

Process
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Features : simple but the effects to be restricted.




1. Introduction
(2) Feedback compensation

R(s C(s R(s C(s)
&@_»@)E’GO (S) ( )= ( )=<‘>§>—> Glo —>®—> GZO >
Ge |« L G. |
Features: complicated but noise limiting, the effects are more
than the cascade compensation.
R(s) C(s)
(3) Both cascade and — G, —— G, 4
feedback compensation - t
Ge, e

Features: have advantages both
of cascade and feedback compensation.




1. Introduction

(4) Feed-forward compensation

F(s)
> GC GC <
R(S) + C(s) R() I+ C(s)
{f—' G, Gy ” T Gy () Ga :
For input For disturbance(voice)

Features: theoretically we can make the error of a system to be
zero and no effects to the transient performance of the system.
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2.1 Passive compensation controllers
Types of passive compensation controller

1) phase - lead controller G.(9) = il a<l
1+ as

2) phase - lag controller G.(s) = TS [>1
1+ 15

=" 7 SR 7S

3) phase lag - lead controller G(s) = :
1+ pr,s 1+arz,S

ol 3 el r, >,




2.1 Passive compensation controllers
1) Phase -lead controller

1+7s i 1 s+z

Transfer function : G.(S) = — a<l
l+ars a S+
jw
A
1 1
/ = — p e
T aT ' > U

Zero and pole
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Passive realization
of compensators
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Circuit diagram of the phase-lead controller
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2.1 Passive compensation controllers

2) Phase - lag controller

751 S SR

Transfer function : G.(s) = =—- B >1
B+l B s+p
jw
A
o b
fr
> O

Zero and pole
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Circuit of the Phase-lag controller

+0 NN 0+
R,
RQ
T
Vo(S) 1+ s R+ R,
C()_Vln(S)_l'l'ﬂTS t=R,C f= R,
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2.1 Passive compensation controllers

2) Phase lag - lead controller
1+7,8 14748

transfer function : G.(s) = a<l pg>1
1+arys 1+ frys
4 jo
0 1 . 1
1=, 1 =
ﬂTb Tb X—o o X =
1 1 P2 2o 44 P
P2 =— ZoF—
aT 4 T4

Zero and pole




Circuit of the Phase lag-lead controller
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G.(5) = ( L bS) G.(5) = (1+T5)(1+T,5)
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a<l
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PID Controllers

PID has become almost universally used in
industrial control.

These controllers have proven to be robust and extremely
beneficial in the control of many important applications.

Proportional only: Gp(s)=K,

K.
Proportional plus Integral: G (s) =K, +?'

Proportional plus derivative: Gpp =K +K;S

Proportional, integral and G (5) =K, +ﬁ+ K4S
derivative:




2. Operation analysis of the basic compensators

2.2 Active Compensation
PID controller — active “compensator”.

Transfer function:

G.(s) = Kp(l—l—i+rDS)
T|S

1 Kp .
:Kp+K|g‘|‘KDS—)K|:T—, KD:KDTD
I

P - - proportion al controller — promoting sensitivity.
| --integratin g controller — clearing e.
D - - differenti al controller — improving stability.




PD controller  transfer function : G.(s)=K,+Kps

Ge (8)
______________ -
Assuming : Ao Ik T (9
. 2 A_é Y —I—A ;
= i i L» Kps i
S(s+ 2&wp)

The open —loop transfer function of the compensated

2
systemis: G (s)G(s) = N (Kp£ Kpg)

s(s+2¢m,)
It shows that the PD controller is equivalent to adding a
open—loop zeroat: s= _Ke
Kp




2 . Operation analysis of the basic compensators

Effects of PD controller:

1) PD controller does not alter the system type;

2) PD controller improve the system’s stability (to increase
damping and reduce maximum overshoot);

3) PD controller reduce the rise time and settling time;

4) PD controller increase Bl/I{Band Width) and
iImprove GM(K),PM(y,), and M, .

— bring in the noise !




2. Operation analysis of the basic compensators
Pl controller  Transfer function : G (s)=K,+K; =
S

""""""""""""""""""

2 Q@ pﬁa——» 6(9 9
Assuming : G(S)= s(s+§§wn) LK 1 P

The open —loop transfer function of the compensate d systemis:

2 1
on(Kp+81° ) oy (Kps+K))

s(s+28wn) s (s+2Ewp)
It shows that the PI controller isequivalent toadding aopen —loop

G (s)G(s) =

K
zeroat: s=——L andapoleat: s=0

Kp




2. Operation analysis of the basic compensators

Effects of Pl controller:

1) Increase the system’s type —clear the steady-state error ;
2) reduce B Band Width) and GM(K), PM(y,) and M,;

beneficial to the noise limiting ,
not beneficial to the system’s stability.




2. Operation analysis of the basic compensators

1

PID controller  Transfer function: Gy(s)= K +K, ik,
S

""""""""""""""""""""""""

R(s i : C(s
O g K, O | G(s) -
_’KlE
S E\
:KDS E GC(S)

PID controller have advantages both of Pl and PD.




Active realization of
compensators
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Circuits of PID
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PID controller




2.3 Comparing active compensation controllers and
passive compensation controllers

PD: K,(1+7ps) — phase —lead : 7 4l
as+l
Kp(1+i)
PI : i — phase —lag : B+l
- Kp(zys+1) % BB+l
T|S
il
Kp(1+—s+rDs) : .
T
PID : ' —» phase lag —lead: (raS+ 1)(zps+1)
Ko(zi7ps” +7,5+1) (at,S+1)(7pSla +1)

T|S
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