P

(AN AUTONOMOUS INSTITUTION)

Approved by AICTE & Affiliated to Anna University
Accredited by NBA & Accrediated by NAAC with ‘A+’ Grade,
Recognized by UGC saravanampatti (post), Coimbatore-641035.

SNS COLLEGE OF TECHNOLOGY ‘
>~

FIrUTichl=

Department of Biomedical Engineering

Course Name: Control Systems
III Year : V Semester

Unit III -Frequency Response

Topic: M & N Circles

O9OBMT301/CS/Dr.R.Karthick/HoD/BME 1




Introduction

Ty iont=

The study of closed loop frequency response is every useful as it
enables us to use the second order correlations between frequency

response and time response.

R(s) + C(s)
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Frequency Domain Specifications

Ty iont=

Usually the specifications in frequency domain are:
‘Resonance Peak
*‘Resonant Frequency
-Bandwidth
Cutt-off rate
*Gain margin and Phase margin

The maximum value of M and the frequency at which it occurs are

iImportant figures of merit.
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Constant M Circles ‘

« Consider any point G(jw)=x+jy, on the polar plot. The closed loop response is

G(jw) = X + jY

where X and Y are real quantities. Then M is given by o, M M2
1 +M’—1x+ﬁﬂ-l+}ﬂ:n
a = X+ Y]
o |1 + X + ;}r' If the term M?/(M? — 1)? is added to both sides of this last equation, we obtain
. Mi 2 MI
and M? is (I+M?—1)+F1={MI—1F
X*+Y
M? =
(1 + X)? + Y2 M*
Xp = p —
Hence 0 MZ _1 ¥o
X1 - MY —2M*X - M*+ (1 - MHY? =0
u u ] u u u M
he above equation is the eqgationn of circle with centre & radius 1 = M2 — 1
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Constant M Circles
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M=12 Y|
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Constant N Circles ‘

Consider any point G(jw)=x+jy, on the polar plot. The closed loop response is

sSince
X+ i¥Y tam A — tan K
lr — =
I.l'ﬂ_'h =/1—+m lan(A — B) 1 + tan A tan B
i we oblain
the phase angle a 15 L §
nulﬂn_llr_mn_]L N = X 1+ X N ¥
Y { + X I+£(L) X+ X+ 7
X1+ X
If we define
Or
tana = N 1
X+ X+¥Y-—=¥=
- + X+ H}' ]

¥ ¥ The addition of (¥4) + L/(2N)? to both sides of this last equation vields
N - IEI.I‘J[IEII'I_:(_] - I-E“_I(l & .r)] 1 z 1 d 1 1 2
-4+

Xo=—"1/2; yo=1/2N

e eqn of circle with centre & radius Ty = % (NZ+1) 1/2

e equati
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Constant N Circles

FUTIon=

O9OBMT301/CS/Dr.R.Karthick/HoD/BME 7



S e,

£§N . Nicholas Chart

‘:”?JrThe chart consisting of the M and N loci in the log magnitude
versus phase diagram is called the Nichols chart.
* The critical point (-1+]0) is mapped to the Nichols chart as the
point (Odb, -1809°)
* The Nichols chart is symmetric about the -180° axis. The M & N

loci repeat for every 360°.

 The Nichols chart is useful for determining the frequency

response of the closed loop from the open loop.
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Nicholas Chart
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