Frequency Response
Analysis

Frequency response analysis implies varying @ from zero 1o o and
observing corresponding variation in magnitude and phase angle of the
response.

Frequency Response Analysis for Second Order System

Transfer Function
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Resonant Frequency

it is defined as, the frequency at which the magnitude has maximum
value.
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Resonant Peak

It is maximum value of magnitude cccuring at resonant frequency W,

g

e fJi- g2

Phase Angle at Resonant Frequency
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* As{approacheszero, w approaches w and M approaches to infinity.

* Foro<C<1/ J2, theresonant frequency always has a value less than o,

and the resonant peak has a value greater than 1.
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stability from Frequency Response Plot
Q Phase Margin (P.M.)
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* For stable systems
(i} Gain cross overfrequency < phase cross-over frequency
(i) G.M.and P.M. both are positive

*  For unstable systems
(i} Gaincrossoverfrequency > phase cross-over frequency
{ii) G.M.and PM.both are negative

*  For marginally stable systems
(i) Gaincross overfregquency = Phase cross-over frequency
(i} G.M.and PM.both are zero



G.M. and P.M. for Second Order System
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Polar Plot
itis a plot of absolute values of magnitude and phase angle in degree
of open locp transfer function G(jw) H{jm) versus w drawn on polar
coord_inates.
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General Shapes of Polar Plot
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+ Forstandard transfer function of type-2 and type-3 systems, the polar plot
intersects negative real axis as many times as there are zeros in open loop
transfer function.

Nyquist Stability Criteria

Open loop transfer function
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Nyquist stability criteria states that the number of encirclements about
the critical point (—1 + jO) should be equal to poles of open loop transfer
function G(s) H(s), which are in the right half of s-plane.



i.e.
For stability i 2 =20
and (i) N = P
where, P = Number of open loop poles in RHS of s-plang
Z = Number of closed loop poles in RHS of s-plane
N = Number of encirclements about of the point {—1 i
by G{s) H(s) plot. The positive directign 'CZ
encirclernents being anti-clockwiss.
Bode Plot

The variation of magnitude of sinusoidal transfer function expressed s
decibel and the corresponding phase angle in degrees being plotted w -
frequency on a logarithmic scale inrectangular axis. The plot thus obtain .
known as Bode plot,

Procedure to Draw Bode Plot

+ sisreplaced by jw to convert into frequency domain.
* Find magnitude in terms of @ and write in terms of dB.

| Myg = 20log| G(je) H(jw) | |
+ Find the phase angle 24¢
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* With required approximation by varying the frequency minimum i
maximurn, draw the magnitude and phase plot.

Q If G(s)H(s) = K
| |Mge|= 2010gK

then

System gain K shift the magnitude plot either in upward or downware
by “20 logK”.

Q Slope
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Hote: ........................................................................................................
o Themagnitude plot should be started at the frequency of 0.1 with cpposite

sign of the slope and it should be passes through 0 dB line and intersect at
w=1,whenK=1.

O n poles at origin gives
Slope = ~20n dB/dec
£ = —90n°
{d n zeros at origin gives
Slope = +20n dB/dec
Zp = +90n°

remember:

+ Theinitial slope o*the magnitude plot is given by the poles or zero located
at origin.

QO Corner frequency

The frequency at wrich slope changes from one level to another
level. Corner frequencies are nothing but a finite poles and finite
zeroes location 1 the form of magnitude.
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Error _ ‘ constant Magnitude Loci {(M-circles)
Maximurm error between the exact and asymptotic plot occurs at corpg,
frequency ' @ Radius of M-circles
Frequency | Error in magnitude plot | Error in phase plot Raﬁws = .
R
- 0dB -5.6°
T O Centre of M-circles
Qfl 0.96 dB _26.56°
1
= 3dB —45°
T
JTQ 0dB 5 e constant Phase Angles Loci (N-circles)
O Radius of N-circles
ReMemM e . -
‘s Theerroris nothing but difference between actual value and asymptotic valy: Radius = |-

= Erroris maximum at corner frequency.
e Erroriseven function w.rt. corner frequency. Q Centre of N-circles
*  6dB/oct=20dB/dec.

Classification of system

1. Minimum Phase System mEaRN

A system in which all finite poles and finite zeros are located in left ha!
of s-plane then it is called as minimurm phase system.

2. Non Minimum Phase System

A system in which one or more zeros lies in the right half of s-plane.
remaining all the poles and zeros lies on the left half of s-plane.

3. All Pass System

A systern in which zeros lies on the right halt of s-plane, poles lies on
the left half of s-plane and which are symmetrical about imaginary axis.
For ali pass system magnitude should be 1 and phase angle is -180%

N -
*  Nonminimum system = Minimum phase system * all pass system
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