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Gain and Phase Contribution
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Open Loop Analysis

M (jw) IT7 M; (jw)

Open Loop Gain ., . vie — w6 io)as

ow) = Eigi(jw)
LG (jw) XY LGi(jw)

Open Loop Phase

Phase and gain of common blocks
» Pole/zero at origin

 First order block (zero/pole)

» Second order block (pair of poles/zeros)

Pole/Zero at Origin

- Block Transfer Function st"

« Gain of the block IGi(jw)| = w®™

G;(jw)|dB = =£n20logwdB

/Gi(jw) = 4ntan! (%)
= +90n°

* Phase of the block

% Bode plots of a zero and a pole

% for a zero at origin
- subplot({l2l); sys=t£([1 0],[0 1]); bode(sys) 5 grid on;

% for a pole at origin
- subplot(122); sys=t£([0 1],[1 0]); bode(sys) 5 grid on;
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Pole/Zero at Origin

First Order Block (zero/pole)

Freguency (radizec) Fregquency (rad/zec)

Zero at origin Pole at origin « Pole or a zero (single or multiple)  [s+z 1
Bode Diagram Bode Disgram 1 S+ p
5
o R I S R A A R « Gain IGGw)| = |(jw +a)[ +1 for zero, -1 for pole
g R B S SO S R G(jw)|dB = =£20log(vw?+ a2)dB
E; % L R e R RRA AR RE RS * Phase ZG(](U) = :I:tan_l (E)
= = 1
B kot CECEEEEE EEPER R ERLE S LR PEE RE LS
. : . 1
e Gain at milestone frequencies or |2*4
=i | -53 s+a 1
g T |G(j0)] = +20log V02 + a2
g @ g = +20logadB
= - AL . S N SO P S B ST - N U P SO N S
G(ja)| = +20log Va® + a? = +20log/(2?)dB
1= | S PSR S PP SN SRR R 1 S P U A SR RRE SRE I
10° 10’ 10° 10 i
Freguency (radisec) Freguency (radfzec) EEE :I:(20 ]Og a + 20 1Og \/Q)dB
= =£20logadB £ 3dB
First Order Block (zero and pole) Second Order Block
3 % for a zero at origin
4 - subplot(l12l); sys=tf£([1l 10],[0 1]); bode(sys); grid on; 2 2
5 Pair of zeros 5T 260, + @, Pair of poles !
6 % for a pole at origin 1 s? +2g(0n +(l)j
7 - subplot(122); sys=tf([0 1]1,[1 10]); bode(sys); grid on;
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T 45 [
g an |- g ) . \/(u, QCL‘J\UN)
8 35 f--- E‘ -45 ) _
- 30 1~ Freguency (radfsec), 9.8 -50 |G(Jw)‘dB = j:QO log \/(wi‘zi, o w2)2 + (QC('""wﬂ)de
o5 |- hagnitude (dB): 2 55
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Second Order Block

Second Order Block

+ Gain at milestone |G(50)|[dB = =+20log \/wi} + 02dB . Bode i . - ESTEN
frequencies = =+40logw,dB .
G(jwn)ldB = +20log /0 + (2¢w?)?dB e
2 - zeta=0.1; SN2 ésn :f_m ,,,,,,,,,,,,,,,,,,,,,,
3- omegan=10; = +20log 2w, dB } :
4 +(40log wy, + 201og 2¢)dB E S R
5 & for a pair of = +40logw,dB £ 20log 2¢dB : R
6 - subplot{l2l) - - a0
7 - sys=tf([1 2*zeta*omegan omegan*2],[1]); Gain change
8 - bode(sys) ; as frequency - I O O A . S
9 - grid on; hold on; changes 0 — o, ~ N
10 2. S e
11 % for a pair of poles & 5 ‘
12 - subplot{l22) ; B 4
13 - sys=tf([1],[1 2*zeta*omegan omegan*2]) ;
14 - bode (SYS) H ) ‘ » 72 B Um-‘:- 10’ 10 -WBUWU 1-0-‘ -m:
15 - grid on; hold on;  GUSIHB = £20log /(i - w2)? + (2w 2B s
Phase Margin and Gain Margin Gain Margin and Phase Margin
- Consider the open loop (s+5)(s+6) : i
transfer function (s> +14s5> +135+2)(s* +10s +2) -~
3 % B8ystem transfer function §4W
4 - num=conv([l 5],[1 6]); e
5 - den=convi([l 14 13 2],[1 10 2]):;
6 - sys=tf (num,den) ; i
7
8 % Bode plots _
) % calcuates gain and phase at 5rad/s %
10 - [gain,phase]=bode(sys,b) £
11 - bode(sys); grid on;
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Servo Controller Design

Servo controller design needs to
adjust the following

« Open Loop Bandwidth (BW)
 Phase margin at BW frequency
- Steady state error

Servo Controller Design

3(s+3)
(s+4)(s2+3s+20)

Example G(s)

Design C(s) to have BW=20[rad/s],
PM=45°, and Unit step steady state
error=0.01

Step 1: Draw gain and phase plots

numG=3%*[1 3];

denG=conv([1 4],[1 3 20]);

G=tf (numG, denG) ;

bode(G); grid on;

[gainG,phaseG]=bode(G,20) % gain and phase at 20[rad/s]

Without Controller socebagam

—20 . System: G
. Freguency (rad/sec): 20
. Magnitude (dB): -42.2
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Step 2: Bandwidth Adjustment
(Use a forward gain K)

K|G(jw)|u=2o = 1
p 3(j20 + 3)
(720 + 4)(—=202 + 3 x j20 + 20)
K x 00077 = 1
K = 129.3

K=1/gainG
G1=K*G
bode(Gl); grid on; hold on;




After BW adjustment

Bode Diagram
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Phase Margin

£(520 + 3) — £(520 + 4) — £(20 + 3 x j20 + 20)
= /(j20 + 3) — £(520 +4) — £(460 — 380)

20 20 60
SEREI ) S=e ] = BE=Smm I Fiahs
= tan ( 5 ) tan ( 1 ) [180 tan (380”

= -168°

ZG(jw)w:QO

Phase marginis 180 —168° =12°  Not adequate ?

Additional phase required

PM —12° =33°

Use a lead compensator to provide additional phase

Step 3: Phase Margin Adjustment | ;,

(Use a lead compensator) P, %
’f le g
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This can be numerically solved and find that z, =~ 10.8, and then p,. =(20?/2,) = 37

Bode Diagram

gain =1 at_mr-nax

Magnitude (dB)
o
T

" — — R
40 ! ! T
oL e e

IO :

30

Phase (deg)
L]
o
T
1

—
o
T
L

- :.: : ib.l)max._=20{lradf.s]: .

T -— e

o

10' 10° 10°
Frequency (rad/sec)

—_
o

|
-
(=)




Step 4: Adjust lead compensator gain

After PM AdiUStment Bode Diagram

50 T

G System: G2

tO Unlty (Use d galn Kle) __‘1___——_-_—_‘::.________ : Eﬂrequgn;y [;zﬂ!seg}a 6??069
e agnitude e 1 X
Cej20)| = K[ SE108) g of R
el ] le (:S +3?) é L :
L o VPEDE § o
V207 37
1 = K054 o
1.85 = K ’
-45
lead g . s
compensator plant % —g0 .. System: G2 . S
o) Yo g Phase (dog) 135 g
> 135 : p
{s+4)[52+35+2()ﬂ
-180 _— -
107 10 10’ 10° 10°
Frequenecy (rad/sec)
Step 5: Steady State Error Correction Step 6: Design a Lag Compensator
(Use a lag compensator) 1
; S = St =
compensator plant E(s) = R(s)—Y(s) Cias) $tPia Bls) 1+ Cia(8)Cle(s) KG(5)
s) [ 1.85(s+10.8) 3(s+3) = R(s)— E(s)Cie(s)KG(s) 1 1
(s+37) (s+4)(s*+35+20) 1 Cee = limg S -
_ : — s8 50 (5+2a) 1.85(s+10.8) 3(s+3) .
1+ Cle(s) KG(s) () + (:+;L) (siS?) 129'3(82+Sss+20) ’
1
Steady State Error for Unit Step Input (FVT) - 1x 2a10.47
la
ess = limg_gsE(s) Pla
‘ 1 Pla + 10472,
= oy T K G(s) Pia
+Ceels) G To meet the requirement = 0.01
G R : Pia + 10472,
T 1.85(s+10.8 v 543 -
Lk (§++37) )129'3(323;34220) Sa o _ 0.99
_ 1 Pla 0.1047
T 141047 = 946
= 0.087 Almost 1%, not acceptable
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Lag Compensator Characteristi¢s
Place the pole and zero , (s + 0.95)
near the origin so that the & - Cuals) = (5+01)
effect is confined to low & STTITTTITETY
frequencies 2 10
&
Lets select p, = 0.1 i L e e R H R e
then 2, = 0.95 5
1
, (s +0.95) g
C.-m(S) = = K TH
(s+0.1) g
&
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Step 7: Simulation

=1 BodeExs

File Edit View Simuation Format Tools Help
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Simulation Results for 1,3,5 [rad/s]
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