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Ideal Physical Model

X

le—

/, : the force of coarse actuator

m, : the mass of coarse actuator

k1 : the spring constant of coarse actuator k2

C, : the damping coefficient of

coarse actuator

Configuration of coarse actuator and fine actuator

fine actuator

: the force of fine actuator
: the mass of fine actuator

: the spring constant of fine actuator

: the damping coefficient of
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Ideal Mathematical Model

d’x, dx

fi =K u, S :Kfzuz

Xp =X+ X, =X,
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Block diagram of Profile measuring system
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Nominal Model

Gcnom = ﬁ = 2 Gco*nom 2 (4)
ul s+ (2§cnom a)cnom + Kv )S + a)cnom
Xz Gﬁ_noml Gﬁ_nomZ
o =L = + = (5)

2 2 2
u2 s+ 2’é’lfnomla)fnomls + a)fnoml s+ 2é/fnom2a)fnom2s + a)fnom2

G, ,om=05318, ¢ =0141, w,,, =5.1321, K, =89
Gﬁinoml = 888264: é,fnoml = 19 a)fnoml = 942,

Gy w2 =895371, £ n =0.04, @, = 5655,
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Nominal Model
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MATLAB Program

@ Parameters
Gco_nom=0.5318;
zeta_cnom=0.141;
omega cnom=5.1321;
Kv=8.9;

% Goom

Genom_tf=tf([Gco_nom],[1 2*zeta cnom...

*omega cnom+Kv omega cnom”2));

*omega cnom+Kv omega cnom”2]);
zpk(Genom_tf)
%
Genom_p=frsp(Genom,omegal);
Gcenom_g=20*log10(abs(vunpck(Genom_p)));

Gcenom_g=vpck(Genom_g,omegal);

.

Gcenom = nd2sys([Geco_nom],[1 ...2%zeta cnom...

%

figure('Position’,pos1)
subplot(2,1,1)
vplot('liv,d',Genom_g)
subplot(2,1,2)
vplot('liv,p',Genom_p)

%
Gcenom_pole=spoles(Genom)
Gcenom_zero=szeros(Genom)
%

figure('Position',pos2)
vplot('ri', Genom_pole,'yx") j
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M Control strategy for first loop

dist,
Z A W
. W add _c
dlStz N perf _c2r
Wadd _cr Wperf701 r
r=0 + + 0 e
+ Kc (S) cnom + n Wperf_C”
W e_z,
perf _ c2r
Feedback Structure
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Overall Framework
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Perturbed Model

: ‘1 Aadd_c !

cper = 2 Gco 2 ‘ 2 Wl

ST+ (2é,ca)c + KV)S + a)c : . :

i Wadd _d Wadd _cr §

Uncertain 1 @, = a,,,,, x(1£0.1) c _»l +o

. i cnom + i
Uncertain2 G, =G, ,,,*(1£0.2) S s S G

Uncertain 3 (Fine motion)

Gco = wcoinom': 0697

é/c = é/cnom':O'073
o =0, '=35331

|
==}
o

Magnitulde (dB)
)
S

cnom \
cher = Gcnom + Wadd_cAadd_c e — uncertaint ‘ ‘ \
— uncertainl
-2007 ----- uncertain2
- uncerta!ng
- | Wadd_c |S | cher - Gcnom | —240 unce:t;um 161 107 10°
Freauencv (rad/s)
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MATLAB Program
fomeg32=logspace(-l ,4,50); \
% G,
Gco =[Gco_nom*0.8 Geco_nom*1.2 0.697];
zeta_ ¢ =0.073;
omega c = [omega_cnom*0.9 omega cnom*1.1 35.331];
% uncertain 1 @, =m,, % (1-0.1)
Gperll = nd2sys([Geco_nom],[1 2*zeta cnom*omega c(1)+Kv omega c(1)"2]);
Deltall = msub(Gperl1,Gcnom);
Deltall _p=frsp(Deltall,omega2);
Deltall g=20%*log10(abs(vunpck(Deltall p)));
Deltal1=vpck(Deltall g,omega2);
% uncertain 1 @, =@, x(1+0.1)
Gperl2 =nd2sys([Gco_nom],[1 2*zeta_cnom*omega c(2)+Kv omega c(2)"2]);
Deltal2 = msub(Gperl12,Gecnom);
Deltal2 p=frsp(Deltal2,omega2);
Deltal2_g=20*log10(abs(vunpck(Deltal2 p)));
QeltalZ=vpck(Deltal2_g,0mega2); j
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MATLAB Program

@) uncertain2 G, =G, . *x(1-0.2)
Gper21 = nd2sys([Geo(1)],[1 2*zeta_cnom*omega cnom+Kv omega_cnom”2]);
Delta21 = msub(Gper21,Gcnom);
Delta21 p=frsp(Delta21,omega2);
Delta21 _g=20*1ogl10(abs(vunpck(Delta21 p)));
Delta21=vpck(Delta21 g,omega2);
% uncertain2 G, =G, .., x(1+0.2)
Gper22 = nd2sys([Geo(2)],[1 2*zeta_cnom*omega_cnom+Kv omega_cnom”2]);
Delta22 = msub(Gper22,Gecnom);
Delta22 p=frsp(Delta22,omega?2);
Delta22 g=20*logl0(abs(vunpck(Delta22 p)));
Delta22=vpck(Delta22 g,omega2);
% uncertain 3
Gper3 = nd2sys([Geco(3)],[1 2*zeta_c*omega c(3)+Kv omega c(3)"2]);
Delta3 = msub(Gper3,Genom);
Delta3 p=frsp(Delta3,omega2);
Delta3 g=20*logl0(abs(vunpck(Delta3 p)));
Delta3=vpck(Delta3 g,omega?2);
% Plot

Qplot('liv,d',Deltal 1,Deltal2,Delta21,Delta22,Delta3);
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Weighting Function
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Weighting Function

MATLAB Program

CVadd_cl_l =nd2sys([1 6e2 9e4],... \
[18.211 26.339],1e-3);

Wadd cl 2 =nd2sys([1 8], [1 3.9],2.634e-6);
Wadd_cl = mmult(Wadd _cl 1,Wadd_cl 2);

% right

Wadd_cr = 1e3;

% Wadd
Wadd_c¢ = mmult(Wadd cl,Wadd_cr);
Waddc p=frsp(Wadd c,omegal);
Waddc g=20%*log10(abs(vunpck(Waddc p)));
Waddc_g=vpck(Waddc_g,omegal);

figure("Position’',pos1)
vplot('liv,d',Waddc_g,Deltall,Deltal2,...
K Delta2l ,Delta22,Delta3)y
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Weighting Function

pﬁfemf_cl

p

- 2012 o -

perf cll — 24025 +0.12 X perf ¢l = Wperf_cll xW,

perf _clr

1211x2

14 ~10° W -
b2 40.25+0.12

perf _clr p

Wperf

120 MATLAB Program

(Wperf cl1=nd2sys([1211¥2%1e-3],[1 0.2 0.1°2]); )
80\ ‘ o T Wperf clr=1le3;

40 Wperf ¢l = mmult(Wperf c1l,Wperf clr);

Wperf cl_p=frsp(Wperf cl,omegal);
Wperf cl_g=20*logl0(abs(vunpck(Wperf cl p)));
Wperf ¢l g=vpck(Wperf cl g,omegal);

Magnitude (dB)

figure('Position’',pos1)
10 10 10 \vplot(‘liv,d‘,Wperf_c 1 g) J

Freauencv (rad/sec)

0

10
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Weighting Function

Magnitude (dB)

perf _c2
22
R S T
perf <2l 6 10.01
1
Woers crr = 10°x ——

Wperf2

80~

40

0
Freauencv (rad/sec)

10°

w

perf 2 =

w

perf _c2l

22
14 -
pel-2 6 10.01

xW

perf _c2r

MATLAB Program

(Wperf_c21 = nd2sys([Gco_nom*22e-3],[1 0.01]); h
Wperf c2r = 1e3/(Gco_nom);

Wperf ¢2 = mmult(Wperf c2],Wperf c2r);
Wperf ¢2 p=frsp(Wperf c2,omegal);
Wperf c2 g=20*log10(abs(vunpck(Wperf c2 p)));
Wperf c2 g=vpck(Wperf c2 g,omegal);

figure('Position',pos2)

prlot('liv,d’,Wperf_c2_g)

H. Bevrani
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Generalized Plant

MATLAB Program

@ystemnames ='Gcnom Wadd cl Wadd_cr \
Wperf cll Wperf clr Wperf c21 Wperf c2r';
inputvar ='[ wl ; distl; dist2; control]";

-Genom - Wadd_cr - Wperf clr |';
input_to_Gcnom ='[ Wperf c2r + control |
input_to_Wadd_cl =" control ]';
input_to Wadd cr="Twl |;
input_to Wperf cll="[ Gecnom+Wadd cr...

+Wperf clr]')
input_to Wperf clr=" distl |';
input_to_Wperf c2l="[ Gecnom+Wadd cr...
+Wperf clr ]
input_to_Wperf c2r="] dist2 |';
sysoutname = 'General P';
cleanupsysic = 'yes';

outputvar ='[ Wadd_cl; Wperf cll; Wperf c2l;. .|

stic /

W

dist,

dist,
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D-K Iteration

CLOSED-LOOP MU: CONTROLLER #3

L
Iteration Summary 08l - ‘\
0.7
Iteration # 1 2 3 06
Controller Order 8 24 28 205 ’
Total D-Scale Order 0 16 20 ="
Gamma Achieved  1.563 1.166 0.993 04 \
Peak mu-Value 1334 1.110 0.982 03
02 o : H
0.1 \
9 0 1 2 4 -1
FRENIIFNCY (rad/e)
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Controllerk.(s)
K (5)= 8.27x10" (s +0.01)(s +1.13% j7.23x107°)(s +1.81)(s +3.12)
‘ (s+0.01)(s+0.10% j1.13x10™*)(s +0.217)(s +1.60)
180
y (s+3.88%3.17)(s+6.91£ j2.61)(s+3.19x10)(s +6.68x10) =@ \\
~ 140+ , ,
(s+1.62+ j1.17)(s+1.15% j3.33)(s + 6.13x10) jj \\
'%100* . __’/’_
y (s+4.97x10%)(s+1.63x10%) = 60 P e e .
(s +4.63x10° £ j3.07x10%)(s +4.99x10”)(s +1.62x10") % |
gﬂ 0- ERNS H /,—\ i
£ o0 / , |
SN
-180 ’0/\4 3 ’ v s
10 10 10 10

Freauencv (rad/sec)
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Continue

MATLAB Program

himat dkl.m

NOMINAL DK = General P;

% Number of measurements
NMEAS DK =1;

% Number of control inputs
NCONT DK =1;

% Block structure for mu calculation
BLK DK =[11;11;11];

% Frequency response range
OMEGA_DK = logspace(-1,4,60);

AUTOINFO DK =[131]

/

\

H. Bevrani
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Continue

MATLAB Program

G)K_DEF_NAMthimat_dkl "
dkit

k dk3 p = frsp(k_dk3,omegal);

k dk3 g=vpck(k dk3 g,omegal);
%

[sysb,sig]=sysbal(k dk3)
Kc=strunc(sysb,14)

[Ke a,Ke b,Kc c¢,Ke d]=unpck(Kc);

Kc_tf=tf(Kc_num,Kc_den);

zpk(Kc tf)

-

k _dk3 g=20*logl0(abs(vunpck(k dk3 p)));

[Ke_num,Kc den]=ss2tf(Kc_a,Kc b,Kc c,Kc d);

¥

Kc_pole=spoles(Kc)

Kc zero=szeros(Kc)

Kc p=frsp(Kc,omegal);
Kc g=20*logl10(abs(vunpck(Kc p)));
Kc_g=vpck(Kc g,omegal);

figure("Position’,pos1)
subplot(2,1,1)
vplot('liv,d',Kc_g)
subplot(2,1,2)
vplot('liv,p',Kc_p)

H. Bevrani

University of Kurdistan

24




Closed-Loop System

MATLAB Program
("DGD_c = mmult(dl_dk3,General P,... )

minv(dr_dk3)); 400
systemnames ="' K¢ DGD _c ';
inputvar ="'[ wl ; distl; dist2 |';
outputvar ='[ DGD_c(1); DGD_c¢(2); ... 20
DGD _c¢(3) 1 "
input_to Kc="'[ -DGD _c(4) ]} < @% |
input to DGD_c ="[ wl; distl; dist2; Ke |'; 'é" °r° 0% M °
sysoutname = 'Kc_cloop'; B
cleanupsysic = 'yes', -20
Sysic
Kc close p=spoles(Kc_cloop) 4 00 -300 200 -100 0 100
Kc_close z=szeros(Kc_cloop) Real Axis
figure("Position',pos1)
Kvplot(’ri',Kc_close - p,'yx'.Kc _close z,'ro") )
H. Bevrani University of Kurdistan 25
Continue
G P(j)] <1
U )
1 \\
MATLAB Program
0.8 ; s ~N
. \ Kc cloop g=frsp(Kc cloop,omegal);
50.6 Kc_cloop_svd_g=vsvd(Kc cloop g);
g
EDOA ~ \ figure('Position',pos2)
=

o
)
/

10° 10' 10

Freauencv (rad/sec)

vplot('liv,d',Kc _cloop svd g)
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Continue

MATLAB Program

nom_perf=sel(Kc cloop g,2,2);
nom_perf g=20*logl0(abs...

\

(vunpck(nom_perf)));
nom_perf g=vpck(nom_perf g,omegal); 0 4
\\\\
nom_perf2=sel(Kc_cloop g,3,3); “ ™~ | I ~
nom_perf2 g=20*log10(abs... -20 7 N
(vunpck(nom_perf2))); JE
nom_perf2_g=vpck(nom perf2_gomegal); | hX
_40_ ‘\\\ |
rob_stab=sel(Kc cloop g,1,1); - Gmax((Dw1z1) \‘\
rob_stab_g=20*logl0(abs(vunpck(rob_stab))); | ||~ Omax.  distlel )
e .
rob_stab_g=vpck(rob_stab_g,omegal); -60 max_ dist2e2 i
10° 10' 10 10°
figure('Position',pos3)
vplot('liv,d',rob_stab_g.nom perf g,...
K nom _perﬂ_g)j
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More Continue
MATLAB Program
\
Le=mmult(Gcenom,Kc); GM 149 [dB]
Lc_p=frsp(Lc,omegal); PM  46.5 [deg]
Lc_g=20*logl0(abs(vunpck(Lc_p)));
Lc_g=vpck(Lc_g,omegal);
A120 <
m S~
[Lc_a,Le b,Lc_c,Le_d]=unpck(Lc); = 80f \ ]
(]
Lc_ss=ss(Lc_a,Lc_b,Lc_c,Lc_d); 3 40 T~ i
[Lc_ Gm,Lc Pm,Lc Weg,Lc Wep] = 9 of \\\\ 1
=
margin(Lc_ss); -40 5 ; - ) s
10 10 10 10
.. -90
figure("Position’,pos1) .
subplot(2,1,1) ;‘5 \\ /// /’—\
vplot('liv,d',Lc_g) §_1807 ~ / \;
subplot(2,1,2) & /
Kvplot(’liv,p',Lc p) ) -210 ; 60 10 162 10°
Freauencv (rad/sec)
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Frequency Response

x 10 Nyquist Diagram

MATLAB Program 9L ,

figure('Position',pos2)

Imaginary A
o
T
1

nyquist(Lc_ss,'y")
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HSynthesis (2" Loop)

dist,  dist,

z W.
2 2
|_' Adel_ ! _l
Wde17 7l Wde17 fr Wperf _flr Wperf _Sf2r
r= O u + + + + y2 83
2 .
—0— Kf(S) anom WPerf_f”
+1_ + + + |t
€,
L Wperf _f2
KC (S) Gcnom

Feedback Structure
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Generalized Plant of Coarse Actuator

Adelif 0 0
0 Aperfﬁf] 0

0 0 Dy p2
[ R 1
1 1
zZ, 1 Wi 2 |4 Wi 5 1 w
| 1 .
€ T Wp647f11 Wperfiflr 1 dlStl
| |
: .
) 1 rer s Woerr v <-l—l dist,
| |
| |
| |
: + G + alx :
A4
(I Jrom | I
| |
I L I
|
: K(' (S) ] Gcnom I
———————— —— e o o = o= = = o= o o]
Uy Vs -
Kf (s)
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Weighting Functions

Wdel_ r (s)
W,. = 50 % (s +800)(s +1200) x107* Wi r= Wi e W el fr
- (s +8000)(s+12000) - 8;)0 1‘200
Wia s = 10* Wa s =50x (s + BBOXs + )
- - (s +8000)(s+12000)
40
o 20}
2
-20 0 i 2 3 4
10 10 10 10 10

Freauencv (rad/s)
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Weighting Functions

MATLAB Program

Wdel fl = zp2sys([-800; -1200],[-8000; -12000],50e-2);
Wdel fr=1le2;
Wdel f=mmult(Wdel fl,Wdel fr);

Wdel f p=frsp(Wdel_f,omegal);
Wdel f g=20*logl0(abs(vunpck(Wdel f p)));
Wdel f g=vpck(Wdel f g,omegal);

figure("Position',pos1)
vplot('liv,d',Wdel f g);
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Weighting Functions

/4

perf f1
1211x2 S
perf SN~ s +02s+0.17 g Woerr_n =Woerr_si*Wpay_ps
1211x2
W s 1 =107 W EXe
e P I 025 40,10
Wperf
MATLAB Program 100 :
(Wperf fIl=nd2sys([1211%2],[1 0.2 0.1°2],1e-2); )|
Wperf flr=1le2 60"

o
(=]
7

Wperf fl = mmult(Wperf f11,Wperf flr);
Wperf fl p=frsp(Wperf fl,omegal);

Magnitude (dB)
N
S

Wperf fl1 g=20*logl0(abs(vunpck(Wperf fl1 p)) 0
Wperf fl g=vpck(Wperf fl gomegal); -20
R _40 [
figure('Position',pos2)
0K 1 -60 !
(vplot('liv,d',Wperf fl1_g) ) 10° 10’ 10? 10°

Freauencv (rad/sec)
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Weighting Functions

Wperf_fZ

360 x 400 _
Wperf_fZl = x1072
(s +120)(s +400)

2
Wperf,er =10

MATLAB Program
(Wperf £21 = zp2sys([1,[-120; -400],360*400e-2); )
Wperf f2r = 1e2;
Wperf 2 = mmult(Wperf 21, Wperf {2r);
Wperf 2 p=frsp(Wperf f2,omegal);
Wperf 2 g=20*log10(abs(vunpck(Wperf 2 p)));
Wperf 2 g=vpck(Wperf f2 g,omegal);

Magnitude (dB)

figure('Position',pos2)
Q/plot('liv,d’,Wperf_fl_g)

J

40

20¢

Wperf _f2

w

perf _f2

=W ey s *W,

p

360x 400

perf _f2r

" (s +120)(s + 400)

Wperf2

™

10' 10°

10

Freauencv (rad/sec)

3
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MATLAB Program

Wdel fr Wperf fl1l Wperf flr ...

Wperf 21 Wperf f2r';
inputvar ='[ w2 ; dist3; dist4; control]";
outputvar ='[ Wdel fl; Wperf f1l; Wperf f21; ...

-Gfnom - Wperf flr - Wperf f2r - Genom '

input to Genom ="[ Ke |
input_to Kc ='[ Gfnom + Wperf flr + Wperf f2r|';
input_to_Gfnom ='[ Wdel fr + control ';
input_ to_ Wdel fl="[ control |';
input_ to Wdel fr="Tw21;
input_to Wperf f1l=" Gfnom + Wperf flr + Wperf f2r + Genom |'
input_to Wperf flr="[dist3 ]';

input_to Wperf c2r="] dist4 |';
sysoutname = 'General P2';
cleanupsysic = 'yes';

ﬁystemnames ="'Gcenom Kc Gfnom Wdel fl ... \

input_to Wperf c21="[ Gfnom + Wperf flr + Wperf f2r + Genom ]

stic J

€

3

W

dist,

dist,
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D-K Iteration

CLOSED-LOOP MU: CONTROLLER #3

0.95+
Iteration Summary
0.9 o
Iteration # 1 2 3
20.85)
Controller Order 26 36 40 =
Total D-Scale Order 0 10 14
Gamma Achieved 1.909 1.094 0.910 0.8
Peak mu-Value 1.826 1.068 0.909
0.75
0.7 L
10° 10' 10° 10° 10
FREQUENCY (rad/s)
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Controller K ,(s)

1.03x10% (s +3.64x10™" £ j1.21)(s +3.53x107" + j1.19)(s +1.43)
(s+3.65x107" £ j1.24)(s +3.07x10™" + j1.17)(s +1.16)(s +1.34)
y (s+9.32x107" + j1.96)(s +1.19 % j1.97)(s +2.27)(s +2.59)(s +3.35)
(s+1.00x10™" £ j1.59x107°)(s +2.63)(s +2.94x 107" + j2.11x10)
(5+3.50x10)(s +6.30x10)(s +2.73x10 £ j5.06 x10)(s +1.03x10?)
(s+1.49% j2.22)(s +1.14x10)(s +2.22 x10)(s + 4.36 x10)(s +1.26 x10%)
(s +4.61x10% + j3.06x10%)(s +9.45x10* £ j2.75x10)

Kf(s) =

X K,
(s+2.30x10% + j8.75x10)(s +3.78x10°)(s +2.07 x10° + j9.69x10%) 120 - ‘ f
(s+2.26x10% £ j5.65x10°) S sof ‘ ~
X 3 \
(s+6.26x10% + j4.02x10°) sS40 P I
= T—
><(s+8.00x103)(s+1.20x10“) 20 f ~
(s+1.92x10* + j1.61x10%) 40 e o e 0 10
0
®
\g -90
©
a
-180 e : b i :
10° 10' 107 10° 10

Freauencv (rad/sec)
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Continue

MATLAB Program  himat_dk2.m
\

NOMINAL DK = General P2;

% Number of measurements
NMEAS DK =1;

% Number of control inputs
NCONT DK = 1;

% Block structure for mu calculation
BLK DK =[11;11;11];

% Frequency response range
OMEGA DK = logspace(0,4,60);

AUTOINFO DK =[131]

J
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Continue

MATLAB Program

/ DK_DEF NAME="himat_dk2";
dkit

k dk3 p = frsp(k_dk3,omegal);

k dk3 g=20*logl0(abs(vunpck(k dk3 p)));

k dk3 g=vpck(k dk3 g,omegal);

% {ERITiE

[sysb,sig]=sysbal(k dk3)

Kf=strunc(sysb,36)

[Kf a,Kf b,Kf ¢,Kf d]=unpck(Kf);

[Kf num,Kf den]=ss2tf(Kf a,Kf b,Kf ¢ ,Kf d);
Kf tf=tf(Kf num,Kf den);zpk(Kf tf)

Kf pole=spoles(Kf)
Kf zero=szeros(Kf)

-

$

Kf p=frsp(Kf,omegal);
Kf g=20*log10(abs(vunpck(Kf p)));
Kf g=vpck(Kf g,omegal);

figure('Position',pos1)
subplot(2,1,1)
vplot('liv,d' . Kf g)
subplot(2,1,2)
vplot('liv,p',Kf p)

H. Bevrani
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Closed-Loop System

MATLAB Program
fDGD_f = mmult(dl_dk3,General P2,... )

Qplot(‘ri',Kficlose - p,'yx",Kf close z,'ro') )

minv(dr_dk3));
systemnames ="' Kf DGD _f; 40
inputvar ='[ w2 ; dist3; dist4 |';
outputvar ='[ DGD f(1); DGD _f{(2); ... 20! 0 x |
DGD f(3) 1}
input_ to Kf="[ -DGD f(4)1; é %
input_to_DGD_f="[ w2; dist3; dist4; Kf];| w O & X @O RO 0@ © ]
sysoutname = 'Kf cloop"; E x
cleanupsysic = 'yes"; _o0l y |
Sysic yel
Kf close p=spoles(Kf cloop) —11200 2300 200 100 0 100
Kf close z=szeros(Kf cloop) Real Axis
figure("Position’',pos1)
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Continue
O [P @)] <1
o (T, )
1
MATLAB Program
\\ . ™
08t \ 1 Kf cloop g=frsp(Kf cloop,omegal);
Kf cloop svd g=vsvd(Kf cloop g);
@os
2 figure('Position’,pos2)
5 vplot('liv,d',Kf cloop svd g)
S04 1
- J
0.2
0 0 1 2 3 4
10 10 10 10 10
Frequency (rad/sec)
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Continue

MATLAB Program
Gom_perf=sel(Kf_cloop_g,2,2); \
nom_perf g=20*logl0(abs...
(vunpck(nom_perf)));
nom_perf g=vpck(nom_perf g,omegal); 0 BEIE
i "
nom_perf2=sel(Kf_cloop_g,3,3); \\ ,,,,,,,
nom_perf2 g=20*logl0(abs... -20 b
(vunpck(nom_perf2))); )
nom_perf2 g=vpck(nom perf2 g,omegal); i
—40} . ‘\\

— . — G (CD ) \\\
rob_stab=sel(Kf cloop g,1,1); max_ _ wizl ) .\ :
rob_stab_g=20*log10(abs(vunpck(rob_stab))); | | Omax, _distlet N

" Omax ™ dist2e2 \ 1
rob_stab_g=vpck(rob_stab _gomegal); -60 0 e S 5 2
10 10 10 10 10
figure('Position',pos3)
vplot('liv,d',rob_stab_g,nom perf g,...
\ nom_perf2 g) )
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Continue
MATLAB Program
(Lf:mmult(madd(anom,mmult(anom,Kb GM 237 [dB]
G Kf);
cnom)),Kf) PM  67.6 [deg]
Lf p=frsp(Lf,omegal);
Lf g=20*logl0(abs(vunpck(Lf p))); 200 <
Lf g=vpck(Lf g,omegal); g ~—_
< 100 .
s S~
[Lc_a,Lc b,Lc_c,Le d]=unpck(Lc); € ol T |
& —
Lc_ss=ss(Lc_a,Lc_b,Lc c,Lc_d); S
- -100 :
[Lc Gm,Lc Pm,Lc Wcg,Lec Wcep] 10° 10' 107 10° 10*
(L :
margin(Lc_ss) 970 .
.. “ob // \\\‘\
figure('Position',pos1) 2180 v
subplot(2,1,1) o \
e 8 90/ \ /
vplot('liv,d',.Lc_g) & /
subplot(2,1,2) ol O / .
o gy 10 10' 10° 10° 10
\yplot(livp’Le_p) / Freauencv (rad/sec)
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Frequency Response

x 10"

Nyquist Diagram

5;

MATLAB Program

figure('Position',pos2)

Imaginary Axis
T

nyquist(Lf ss,'y")

2

Real Axis
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Simulation Results

Clsimu2
E REE RTW Jal-whyE O LD AH

=1olx|

DEE&E| a2l 2 RES ®| P = [Noml |

The Wave;

Sine Wave3
Sine Wave1 E §

CEEa——

Sine Wave

® = fxc+Bu
y=Cx+Du b

State-Spacet State-Space2

State-Space Transfer Fen

o
: [
Gain 7]
e
|
Gxi 100% [ ode4 4
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Simulation Results

o x2
4210
35 4
3 J
25 4
2 1 -2
'E ~
=15 E_
s P
1 1 -4
05 5
or -6
-0.5} 4 7
- i i . _ i i . ; :
% 05 1 1.5 2 ‘o 05 1 1.5 2 % 05 1 5
Time (sec) Time (sec) Time (sec)
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Simulation Results
ul N u2
1.6 ‘ g0 ‘
1.4 . 7 q
1.2 - 6 4
1 5 s
0.8 — 4 al
2 ~
~ 0.6 £ 3
= &
E] £
0.4 . 2 4
1
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Project: Report 8

Consider your dynamic system :

Using the determined uncertainty and performance characteristics,

design a u controller.

Deadline: The day before next Meeting
Please only use this email address: bevranih18@gmail.com
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Thank you!
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