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Compensation

Before introducing various compensation in control system in detail, it is very
essential to know the uses of compensating networks in the control system.

The important uses of the compensating networks are written below.
Necessary of Compensation

1.

®

In order to obtain the desired performance of the system, we use
compensating networks. Compensating networks are applied to the
system in the form of feed forward path gain adjustment.

Compensate a unstable system to make it stable.

A compensating network is used to minimize overshoot.

These compensating networks increase the steady state accuracy of the
system. An important point to be noted here is that the increase in the
steady state accuracy brings instability to the system.

. Compensating networks also introduces poles and zeros in the system

thereby causes changes in the transfer function of the system. Due to
this, performance specifications of the system change.

Methods of Compensation

1.

Connecting compensating circuit between error detector and plants

known as Cascade/series compensation.

Cascade compensation is perhaps the most common control system topology.
With cascade compensation the error signal is found, and the control signal is
developed entirely from the error signal

In cascade compensation, the system transfer function is
H=GcG(s)/ (1 +GcG(s))

with the salient characteristic that the entire controller characteristic
appears in both the numerator and denominator of the transfer function—so
anything you do to affect the system poles also affects the system zeros.


https://www.electrical4u.com/control-system-closed-loop-open-loop-control-system/
https://www.electrical4u.com/error-detection-and-correction-codes/
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2. When a compensator used in a feedback manner called feedback

compensation.

Feedback compensation, shown in Figure below, modifies the plant output in
some way before it is compared to the command signal. This is generally done
because the property that we wish to control is not the one that we are
measuring; for example, if we want to control the velocity of a system with
position measurement. Showing a functional block in the feedback path is also
a good way to model how the measurement process affects the signal. Whether
it is a simple gain block to model an analog-to-digital converter, or something
more complex such as a gyroscope or an accelerometer, you can model the
behavior of a sensor with a feedback block

The transfer function of a system with feedback control is
H=GcG(s)/ (1 +GecG(s)H (S))

Putting compensation in the feedback path of a system, either explicitly in
the form of a filter, or implicitly in the form of a sensor, can have a dramatic
effect on the "personality" of the system. Instead of the system attempting to
servo to the system output, it will now attempt to servo to the output of the
feedback compensation; thus, a rotary system with a gyroscope or tachometer
in the feedback path will tend to servo the plant's rate of rotation, while a
system with an accelerometer will tend to servo to the plant's acceleration.
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Careful use of feedback compensation, particularly by sensor selection, can be

very powerful indeed

C(s)

Feedback Compensator

3. A combination of series and feedback compensator is called load

compensation.
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Now what are compensating networks?

A compensating network is one which makes some adjustments in order to
make up for deficiencies in the system. Compensating devices are may be in
the form of electrical, mechanical, hydraulic etc. Most electrical compensator
are RC filter. The simplest network used for compensator are known as lead,
lag network.

Phase Lead Compensation

A system which has one pole and one dominating zero (the zero which is
closer to the origin than all over zeros is known as dominating zero.) is known
as lead network. If we want to add a dominating zero for compensation in
control system then we have to select lead compensation network.
The basic requirement of the phase lead network is that all poles and zeros of
the transfer function of the network must lie on (-)ve real axis interlacing each
other with a zero located at the origin of nearest origin.
Given below is the circuit diagram for the phase lead compensation network.
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Phase Lead Compensation Network
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From above circuit we get,
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Equating above expression of I we get,
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Now let us determine the transfer function for the given network and the
transfer function can be determined by finding the ratio of the
output voltage to the input voltage.

So taking Laplace transform of both side of above equations,

1 . 1 o . o . . _ L. L
H—EDLSJI S R—[E;-LS}—EDLS}]é—Cs[EiLS}—EDLS}] (neglecting initial condition)
2 1
1 ., 1 . . Ei(s
= —F,(s5) + —FE,(s) + CsE,(s) = i(5) + C'sE;(s)
Ry B i8] ' ' |
P 1+s0 R
E,(s) o j‘?l
Esls) L 1 + sC'Ry
EL'I:-‘.'T;] - Rl + RE 1+ _l_'_s;?lfﬁf

On substituting the o = (Ri +R:)/ R: and T = {(R:R:) /(R: +R:)} in the above
equation.
Where, T and « are respectively the time constant and attenuation constant,

we have


https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/laplace-transformation/

Tulsiramji Gaikwad-Patil College of Engineering & Technology, Nagpur

Department of Electronics & Communication Engineering

Academic Session: 2018 - 2019
Subject: Control System & Engineering Sem: VIth

N ORE) 1|1+ asT
Transfer function , Giegq(s) = ols) - _ [i]

Es  a|l1+sT

The above network can be visualized as an amplifier with a gain of 1/a. Let us

draw the pole zero plot for the above transfer function.
' jm

s plane

-1/ aT -1/7T o

Pole Zero Plot of Lead Compensating Network

Clearly we have -1/T (which is a zero of the transfer function) is closer to
origin than the -1/(aT) (which is the pole of the transfer function).Thus we can
say in the lead compensator zero is more dominating than the pole and
because of this lead network introduces positive phase angle to the system
when connected in series.

Let us substitute s = jw in the above transfer function and also we have «

Now in order to find put the maximum phase lead occurs at a frequency let us
differentiate this phase function and equate it to zero. On solving the above
equation we get

1 —sind,,

0= ————

1 +sinf,
Where, 0. is the maximum phase lead angle. And the corresponding

magnitude of the transfer function at maximum 0= is 1/a.
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Effect of Phase Lead Compensation

1. The velocity constant K. increases.

2. The slope of the magnitude plot reduces at the gain crossover frequency
so that relative stability improves and error decrease due to error is
directly proportional to the slope.

3. Phase margin increases.

4. Response become faster.

Advantages of Phase Lead Compensation
Let us discuss some of the advantages of the phase lead compensation-
1. Due to the presence of phase lead network the speed of the system
increases because it shifts gain crossover frequency to a higher value.

2. Due to the presence of phase lead compensation maximum overshoot of
the system decreases.

Disadvantages of Phase Lead Compensation
Some of the disadvantages of the phase lead compensation —

1. Steady state error is not improved.
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Phase Lag Compensation

A system which has one zero and one dominating pole ( the pole which is
closer to origin that all other poles is known as dominating pole) is known as
lag network. If we want to add a dominating pole for compensation in
control system then, we have to select a lag compensation network.

The basic requirement of the phase lag network is that all poles and zeros of
the transfer function of the network must lie in (-)ve real axis interlacing each
other with a pole located or on the nearest to the origin.

Given below is the circuit diagram for the phase lag compensation network.
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Phase Lag Compensating Network

We will have the output at the series combination of the resistor R. and
the capacitor C.

From the above circuit diagram, we get

1
e; = ifty +1Hy + Vel / 1t

1
£, = 1fa + re [ ers

Now let us determine the transfer function for the given network and the
transfer function can be determined by finding the ratio of the


https://www.electrical4u.com/types-of-resistor/
https://www.electrical4u.com/what-is-capacitor/
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output voltage to the input voltage.

Taking Laplace transform of above two equation we get,
Ei(s) = Rl(s) + Ralis) + —1i5)
C's

' ' J‘ '
E,(s) = RoI(s) + Fﬂﬁ]
| Ey(s) Ry + L
Ellfh] le—ﬁgi—L_

Transfer function, Gigg(s) =

 RyCs+1

Ry + Ry)Cs+1

(R2 + Ry)
Ry

= Gfr:g[ﬁ]

T=R5Cr*and_3={ }

On substituting the in the above equation

(Where, T and 3 are respectively the time constant and DC gain), we have
1+7Ts

Transfer function, G,l8) = ———
sfer func Mg\t = T AT

The above network provides a high frequency gain of 1 / 3. Let us draw the

pole zero plot for the above transfer function.
A jm

s plane

AT 1/ BT a

Pole Zero Plot of Lag Network


https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/laplace-transformation/
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Clearly we have -1/T (which is a zero of the transfer function) is far to origin
than the -1 / (BT)(which is the pole of the transfer function). Thus we can say
in the lag compensator pole is more dominating than the zero and because of
this lag network introduces negative phase angle to the system when
connected in series.
Let us substitute s = jw in the above transfer function and also we have a
Now in order to find put the maximum phase lag occurs at a frequency let us
differentiate this phase function and equate it to zero. On solving the above
equation we get
1 — sin 6y,
Where, 0. is the maximum phase lead angle. Remember {3 is generally chosen

to be greater than 10.

Effect of Phase Lag Compensation

Gain crossover frequency increases.

Bandwidth decreases.

Phase margin will be increase.

Response will be slower before due to decreasing bandwidth, the rise
time and the settling time become larger.

Advantages of Phase Lag Compensation

N =

Let us discuss some of the advantages of phase lag compensation —

1. Phase lag network allows low frequencies and high frequencies are
attenuated.

2. Due to the presence of phase lag compensation the steady state accuracy
Increases.
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Disadvantages of Phase Lag Compensation
Some of the disadvantages of the phase lag compensation —

1. Due to the presence of phase lag compensation the speed of the system
decreases.

Phase Lag Lead Compensation

With single lag or lead compensation may not satisfied design specifications.
For an unstable uncompensated system, lead compensation provides fast
response but does not provide enough phase margin whereas lag
compensation stabilize the system but does not provide enough bandwidth.
So we need multiple compensators in cascade.

Given below is the circuit diagram for the phase lag- lead compensation

network.
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Lag Lead Compensating Network
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Now let us determine transfer function for the given network and the transfer
function can be determined by finding the ratio of the output voltage to the

input voltage.

1 o, 1
E,(s) (*" = Hlf.*l) (*“ = —ngr:.g)

Transfer function .Gf,:”q_fm{flfﬁ:] =

ROy " RaCh 0 Ra(h Ry R0
. I:R1_C1$ T lj ERECES T l]
R RaCChs? + (RO + RoCly + RyCh) s+ 1

E;'I:.ﬁ;]_ﬁg;_(l P S )ﬁ_ 1

= Gl’ng—l’mrfES]

On Substituting the aT. = R1C1, R.C. = ﬁTz, RR.CiC: = a[STsz and T:T. =
RiR:C:C: in the above equation (where Ty, T: and «a, 3 are respectively the time

constants and attenuation constants). We have

(1 +aTis) (1 + 3Tas)
(1 +Tis) (1 + Tas)

Transfer function .G,l”q_f“”[[x‘i';] =

Let us draw the pole zero plot for the above transfer function.
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Pole Zero Plot Lag Lead Network


https://www.electrical4u.com/voltage-or-electric-potential-difference/
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Clearly we have -1/T (which is a zero of the transfer function) is far to the
origin than the -1/(8T)(which is the pole of the transfer function). Thus we can
say in the lag-lead compensation pole is more dominating than the zero and
because of this lag-lead network may introduces positive phase angle to the

system when connected in series.

Advantages of Phase Lag Lead Compensation
Let us discuss some of the advantages of phase lag- lead compensation-
1. Due to the presence of phase lag-lead network the speed of the system

increases because it shifts gain crossover frequency to a higher value.
2. Due to the presence of phase lag-lead network accuracy is improved.
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s Comparison of phase lead and lag compensation

Phase lead comp ensation

Phase lag comp ensation

Maim  Improve transient performance by nsing Improve the steady-state performamce by
Idea  phase lead characteristics nsing magnitud e attenuation at the high-
frequency pant
(1) Avonund @,. the absolute valne of dopeis | (1) Keep velative stability unchanged, but
reduced. Phase margin 7 and gain margin reduce the steady-state error,
GM are increased, (2) Reduce o, amd then closed-loop
Effect  (2) Increase the handwiddh handwidth
(3) With bigger ¢, overshootis reduced, (3) For specific open loop gain, 7. GM and
(4) Take no effect on the steady-state resonant peak M, are all improved due to
- performance, magnitude attenuation around o,
(1) Broad handwidth reduces (he filtering [ Narvow Bandwidth increase the vesponse
Weak  for noise, time,
ness  (2) For passive network implementation,
need an extra amplifier.
(1) Extra phase lead compensation is less (1) The phase lag of the uncomp ensated
thon 53", system is fast amwonnd o,
(2) Require hroad handwidth and fast (2) Bandwidth and transient response are
?::l: response satisfactory,

(3) No macter the noise at high-firequency
pare

(3) Require actennation of noise
(4) The phase margin can be satisfied at
the low frequency,
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