I D E O C O U R S E M A N U A L

Stability via
Frequency Response




s A A AR

7-2 | Electronic Feedback Systems

Blackboard 7.1 iHu vi
Sfabshfécum, Frequency <> b laf(sﬂ
= Q
S- p\ane no d o +q;"?‘|§o(s)»
Corsider a=-10, =1 q—
Sor some s = juo Example.:
Vo a _ - N —
VL s l*af 1—1?—0:% ‘1(5)&5\ (s+)0.15+1)(0.015+1)
Nyquist -
CEsi-LT= [ra({s)
Unstable 1 ats) #¢)="1
with Re (>0
Blackboard 7.2

Relative. stabily: A(sw) = _ﬂ&
|+ Ga)

i ORI

1+G ()

~ (3(y)
‘;(;«D |+ G () o

" | Gla)| << 1

«—o-{osrtfi




Stability via Frequency Response

7-3

T Viewgraph 7.1
Jw
s =0 +jR s plane
fs=Ref® Z>0>-1
lalong this path
Starting point
s=0+;0*
- o—>
s=0+;0
Inside of
A7ontour
s=0-jR
Contour Used to evaluate a(s)f(s).
Viewgraph 7.2

| aljw)fliw) | T

Value for s =0 +;0

Arrows indicate
direction of

increasing w
Points where

L af =-1

N

Value for s=0 + ;0"

+90°

af plane

+180°
% [a(w)fiw)]—

Value for s = +R
Plot of als)f(s) as s varies
along contour of previous
figure.

Value for s = -jR



7-4 | Electronic Feedback Systems

Viewgraph 7.3

+HR
i
s plane
¥ Test detour
-X X X 5
-100 10 1
-iR
Nyquist test for a(s)f(s) =
103 /(s + 1)(0.1s + 1)(0.01s + 1)].
(a) s-plane plot.
Viewgraph 7.4 Value for s =j0* Value for s =j0~

to detour

Values corresponding

| 1
+§0° +18/0°
l[a(w)fw)]—

%
-

Nyquist test for a(s)f(s) =
103 /[(s + 1)(0.1s + 1)(0.01s + 1)].
(b) af-plane plot.

+270°

af plane

Value for
s =R




Stability via Frequency Response | 7-5

Viewgraph 7.5
=0.999 10°
0.998
| 10572
0.995
/
0.99 - 102
[/
0.98
I/ o
0.95
I/ pe
0.9 — 10
1/
0.8
| 10172

o —— o
- NT—,

1

o

.

N

o

. |
o o |
[} o — o | Iw
™ o o - Q
2ly 8 8 9 RE e Llg =
TRR S Ter
0.01 102
| 10-52
173
T T T T | — 1 T T T 0

60° —330° —300° —270° —240° ~210° —180° —-150° —120° -90° —-60° -30° O°

G —>

Nichols chart.



o SR

7-6 | Electronic Feedback Systems

Viewgraph 7.6

1Ll= 1
G | . 401 1+G
-l1 ¢ cl 10 100
L 70
G
-5 ' _ = _q°
[ 1.02 1+6 — 50
0.99
- _2° - 30
-1.05. 3 — 20
0.98 |
1.1 -5
/ L 10
1,15 =7
0.95 - 7
1.2 L
: /1/ -
1.
15° 0.9 T IG 1
L 1.4 /
1.5 |
L0 0.85 3
1.7 /
2 —30° 0.8 L 2
25
[ 3 A 14
—40° |— .
| 4 5 g% 0.7
50" 0.6 !
~60°
— 0.5 [— 0,7
2o
N a—" -
e 05
N
&
5’% 0. 0.3
R - 03
-l-‘—‘"’_‘—‘_\_\c’—%—_oe “ 0
AN N - pry ’; D, © 2
e 3 & & o - 02
L 0.14
T I B S e e s ™ 01
—190° —180° —170° —160° —150" —140° —130° —120° —110°~100° —90° —80° —70° —60°

4G~

Expanded Nichols chart.




e SIS ——

Stability via Frequency Response 7-7

AT TR e e e TV ST T M AT e Ay T AR, e e ST S e S e il 7 |
Demonstration Photograph 7.1

3-dimensional Nichol’s chart

The root-locus method introduced earlier provides a good insight Comments
into the behavior of many feedback systems, but it has its limita-

tions. For example, experimental measurements made on an open-

loop system may be difficult to convert to the required forms. Fur-

thermore, quantitative results can only be obtained via possibly

involved algebraic manipulations.

An alternative that is useful in many cases involves frequency
domain manipulations, where the evaluation of relative stability is
based on the resonant peak of the closed-loop transfer function.
The conversion from open-loop to closed-loop quantities is
achieved via the Nichol’s chart.
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’ Reading Textbook: Section 4.4.

Problems

Problem 7.1 (P4.9)

Problem 7.2 (P4.10)

Problem 7.3 (P4.11)
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