2. Generic SISO QFT Design

Consider the following feedback system (gftex1.m)

reference input output
disturbances disturbances disturbances
V
R U
T ™ F G : P
reference ore-filter error L manipulated Slant controlled
signal T = | signal signal . signal
g g control hardware g dynamics g
H | i
sensor
sensor Aot
hardware

with an uncertain plant family ®@

Assume H=1and F=1.
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o

define
problem
data

i

compute and
manipulate
bounds

e

design

=

analysis

2.0.1 QFT Design

Define frequencies (w)

Define models (P, R, C)

Define sampling time (ts)

Define specs (Ws)

Define nominal response indices (nompt)
Define controller type (Ioc)

Define phase array for computing bounds (phs)

v

SI1SOBNDS or GENBNDS

(compute bounds)

v
LPSHAPE

v

PLOTTMPL

(view bounds)

v

GRPBNDS

(combine bounds)

¥

SECTBNDS

(worst case bounds)

¥

PLOTBNDS

(view bounds)

PFSHAPE

CHKSISO or CHKGEN

(compare design to specifications)

End
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2.1. Specifications

Performance SpeCS. reference inpu output
disturbances disturbances disturbances
Vv
R U
— F G _ P
ref_erence orefilter error conrol Bw man_lpulated olant cor]trolled
signal signal control hardware signal dynamics signal
H = i
sensor
sensor Haises
hardware

eStability margins (PM = 50" and GM = 1.6)

Qutput disturbance rejection

eInput disturbance rejection
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2.2. Templates

ke[1,10], ac[L5], be [20,30]}

— k
~ (s+a)(s+b)

. @ ={P(s)

 Plot P(Jo)

Plant Templates
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I I I I I I I
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| | I | | | |
I T
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Swao I I I I I I I
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o o o o o o o o

(ap) ures doo7-uado

-315

-360

Open-Loop Phase (deg)
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2.3. Bounds

Convert algebraic specs into equivalent specs in terms on nominal

loop L,=GP,H,. For example, consider the classical M and N

les plotted on a Nichols chart.

CIrc

~

-50

-250

-300

-350

Open-Loop Phase (deg)
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2.3.1. Margin Bounds

Convert robust stability margin spec in terms of nominal loop.

Robust Margins Bounds

[ [ [
Lo =GPy, Py e®P S— S— N
= 20 - ———-- [E— A 5
0 0,70 | | | | "
| | T ! 100
. I I .
T (i L(jo) <12 vPe®P “ A /A i R N .
(jCO) = : S1.4, € ; ; )
1+L(jo) 1 1 A
OF------ T e (e it -
e | | |
z I I o
0| R N A 1 S —
] | | | | |
a I I I I
8 I I I I I I
-
ol N
o I I I I I
o i
| N | | |
I I b S I I I
o R g e T
I I | I I ‘ I I
L | / | |
R ‘
/T ) R e R {}B x,\,,,,;,,,,,/,”/ 777777777777777777 —
| ) —
l
Y e .
| | | | |
-360 -225 -180 -135 -90 -45 0
Open-Loop Phase (deg)
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2.3.2. Output Disturbance Bounds

Convert robust output disturbance spec in terms of nominal loop.

‘Y(j(o)

D/ <W (o), for all Pe®P, ®<[0,10)
D(jo)

Robust Output Disturbance Rejection Bounds

T
| | | | | | | — 0.1
20F-—=---~ [ [ 5 | 5 [
— 10
| | T | o
| = o ) A = R |
10 --- T e—1 I

Open-Loop Gain (dB)

| | | | | | |
-360 -315 -270 -225 -180 -135 -90 -45 0
Open-Loop Phase (deg)
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2.3.3. Input Disturbance Bounds

Convert robust input disturbance spec in terms of nominal loop.

Y (jo)

©71<0.01, for all Pe P, @e[0,50)
V(jw)

Robust Input Disturbance Rejection Bounds

Open-Loop Gain (dB)

| | | | | | |
A5k - _ [ [ S I _

| | | | | | |
AN e e e e s fh e M —

1 1 1 1 1 1 1
-360 -315 -270 -225 -180 -135 -90 -45 0

Open-Loop Phase (deg)
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2.3.4. All Bounds

View all bounds.

All Bounds

(gp) ures doo-usdo

Open-Loop Phase (deg)
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2.3.5. Effective Bounds

Compute worst-case bound by computing their

Intersection of Bounds

I I I
I I I : I I
200 - R e e e
| | ,*’7\7 | T T~ | |
O e A i et e N e —
I | | | | | T
I
I
l
o |
I
S of-d e ¥ S
£ I
8 |
g l
<] I
= |
i Ll e B e e - - .. —
o I
o o L |
I
I
I I I : I I I
20f----- - Rt RCREEEN SRR e e |
I
I
I
l
Y ) R S S _
I
I
| | 1 ; | | |
-360 -315 -270 -225 -180 -135 -90 -45 0
Open-Loop Phase (deg)
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2.4. Loop Shaping

Plot nominal loop Ly =GPy, Py € P.

Start withG =1

(gp) ures doo7-usdo

-45

-90

-225

-270

-360

Open-Loop Phase (deg)

si Chait)
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step 1

2.4.1. Loop Shaping

(ap) ures doo7-usdo

Open-Loop Phase (deg)
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| steps

Ina

f

2.4.2. Loop Shaping

270 -225 -180 135 90 25
Open-Loop Phase (deg)

-315

-360
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2.4.3. Loop Shaping Environment

+} Continuous-time Loop Shaping M= e
Eile “iew Toolz Help

r Pointer Info
Open-Loop: -310.58 deg, -64.22 dB
Clozed-Loop: -310.61 deg, -64.23 dB
Frequency: n/a rad/zec
¢ Rad/Sec " Hertz

¢ 1 RIS QESIE

r Controller Elements
Select elements to Add.

Ipshape

Complex Pole: [0.5, 247] [re=123.5, im=21

_E IGain j
' k
screen capture - E IE- | 4l -
% -E Ldd veEing [ rput Felds I
'(EJEB . J: Apply I [Eaticel I
5 : Select elements to Tune.
3 1
5 - . Real Zera: [42]
o
i :

-
1« | »

[VelEte I Heductionl

r Bounds

]
'
]
]
4
1
]
'
'
'

| | h H

360 315 270 225 -180 -135 -390 -
Open-Loop Phase (de

: : (deg) Or A0 Al D All OfF I

S

p+1 e
2.0.5-5 (s+1)(s+10)

+ 53 +1

Lo =379,

S
2502
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2.4.3. Working with Measured Data

Open-Loop Gain (dB)

80

C | 3157 H
5454
—— 1.027e+4
—— 2.656e+4
1.257e+5.

-360 -315 -270 -225 -180 -135 -90 -45 0
Open-Loop Phase (deg)

Radial loop in a CD ROM drive:
showing measured freq response.
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2.5. Analysis

Verify closed-loop performance with the designed controller.

Why?

1/26/2005

Open-Loop Gain (dB)

-16

-18

-20

-22

-24

-26

-28

,

I
’5
L

0000000

Hyooddoooo Y

S
o lllc)
SRy,
— 01
5
—— 10
100
-170 -160 -150 -140 -130 -120 -110
Open-Loop Phase (deg)
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NS

Marg

2.5.1. Analysis

1.58dB(1.2)

PG(jo)
1+PG(jw)

max‘
Pe®

ght: --
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2.5.2. Analysis: Output Disturbance

3 1 64(j0) % +748(j) +2400
(j)° +14.4(jo)+169

0.02Y%)

Weight: --

1
1+PG(jw)

max

pe®

Frequency (rad/sec)
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Input Disturbance

2.5.3. Analysis
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