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Contents

« Experimental and theoretical determination of

frequency response with phase margin and gain
margin.

e  Stability analysis using Bode plot, and Nyquist stability
criterion.

Controller design using frequency response method,
Phase-lead and Phase-lag controls.

Full state feedback control design.



Example 1
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Number of poles of L(s) in the right hand s-plane is zero, thus P = 0,
therefore system is stable. We require N = Z =0, and contour
must not encircle (-1,0) point in L(s)-plane.
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Example 2

_ K
L(S) B s(ts+1)

1. Origin of s-plane, w = 0_tow = 04+
2. Portionfromw =04 tow = +o0

3. Portionfromw =+ tow = —oo
4. Portion fromw = —cotow = 0_

, Poles of L(s) at originand —1/7.

P = 0 within RHP =» stable =» N = Z = 0 = '} must not encircle the (-1,0)
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‘ Example 3

L(s) =

K
s(t1s+1)(t25+1) ’

Poles of L(s) at

origin,—1/71 and —1/71,

vin (9.26) and uin (9.27)
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Example 4

Angle of L(jw) is always
—180° or less, and the locus of
L(jw) is above

1. As w approachesto 0,
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2. As w approachesto +oo

lim L(jw) =

w—>+ o0 X
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3. At small semicircular
detour at the origin, where

S = Eej¢
lim L(jw) = lim |—|e=%/?
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Stability and Nyquist Criterion

e Relative stability related with relative settling time of each root or

pair of roots.
e System with a shorter settling time is considered more relatively

stable.

* Nyquist Criterion provides suitable information concerning
absolute stability and relative stability

1. Focussing on (-1,0) point on the polar plot, 0 dB and —180° point
on Bode diagram

2. Clearly, L(jJw) locus to this stability point is a measure of relative
stability. [Gain Margin and Phase Margin]




Stability and Nyquist Criterion

* Consider L(jw) =

K

jo(Jwt1+1)(Jwt2+1)
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As K increases, polar plot
approaches the (-1,0) point.
Eventually, encircles the (-1,0) point
for a gain K3.

Locus intersects the u-axis at a point

u = =K1 (¢ f Example 9.5)
T1+72

It means that system has roots on
Jjw-axis when u = —1.

As K decreased below this marginal
value, stability increased. Margin

between K =222 and K = K, is
T1T?2

the relative stability[Gain Margin]
Reciprocal of the gain |L(jw)| at the
frequency at which the phase angle
reaches —180°.




Stability and Nyquist Criterion(Conti.)

K

 Consider L(]CU) — jo(jwt1+1)(jot+1)

* @Gain Margin is the factor by which the system gain would have to be increased
for the L(jw) locus to pass through the u = -1.
* Forgain K = K, gain margin is equal to the reciprocal of L(jw) when v =0.

* w = 1/,/T1T, when the phase shift is —180°, we have a gain margin equal to

1 _ KT1T2] _ l _
LGw)| Lmz = =, 20log> = —20logd dB

 The Gain Margin is the increase in the system gain when phase = —180° that
will result in a marginally stable system with intersection of the -1+j0 point on
the Nyquist diagram.

* The Phase Margin is the amount of phase shift of the L(jw) at unity magnitude
that will result in a marginally stable system with intersection of the -1+j0 point
on the Nyquist diagram.




Relationship Gain and Phase Margin

diagram
" Consider Ljw) = — : .
jo(jw+1)(0.2jw+1)

e Critical point (-1,0) point in the L(jw) —plane is equivalent to 0 dB and 180° on Bode
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The phase angle when O
dB is equal to —137°
Thus phase margin is
180° —137° = 43°
Magnitude when the
phase angleis —180° is
-15 dB

Therefore gain margin is
15 dB

Magnitude —
Phase diagram is
followed.




Relationship Gain and Phase Margin

1
e Li(jw) = , phase margin is 43°, gain margin is 15 dB

jo(jw+1)(0.2jw+1)
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Time domain and Frequency domain Criteria

* In Unity feedback case, relation between maximum magnitude and frequency w, determined by M

circle.
. , _ G (jw)e(jw) . . _ . _|-Ge(foye(wy | | utjv
For T(jw) = e let G, (jw)G(jw) = u + jv, then M (w) = HGego)egey| = |Trurr

e Squaring and arranging
(1 — MHu? + (1 — M?)v? — 2M?u = M?

M2 |2 M \2 M2
Finally, (u — 7 ) + v? = (1_M2) , centered atu = —> and v = 0

M =0.7

* Several constant M circles. Left of u=-1/2
are for M>1, and the circle to the right of
u=-1/2 are for M<1.

u

* When M =1, the circle es the straight line
u=-1/2.

u=—0.5
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