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%% Parameters

a=154; %% cm2 ‘)f*‘\ j)
C12=10.1; %%cm™(5/2)/s

C23=11; 3%cm™(5/2)/s

C3=19.7; %%cm™ (5/2)}/s

%% Steady State Parameters Part 1

hls=44; %%cm
Qins=(hls/(1/(C12%2)+1/(C23"2)+1/(C3"2}))*(1/2);
h2s=Qins”®2* (1/(C23%2)+1/(C3"2))

h3s=(Qins/C3) "2

$%Constants
kl=C1l2/(2*sgrt (hls-h2s));
k2=C23/(2*sqgrt (h2s-h3s));
k3=C3/(2*sgrt (h3s));

$$Matrices Part 3

A=[-1*kl/a kl/a 0;kl/a -(kl+k2)/a k2/a;0 k2/a -(k2+k3)/al;
B=[1/a;0;0];

C=[1 0 0];

D=[0];

sys=ss(A,B,C,D);

$%Part 3
Gl=tf (sys)

P=pole (Gl)
Z=zero(Gl)

¥%Tau values
taul=-1/P(1)
tau2=-1/P(2)
tau3d=-1/P(3)

%¥%Theta values
thetal=-1/2(1)
thetaz2=-1/2(2)

%% Process Gain

Kp=dcgain(sys)

$%Part 4 Step increase in feed flow rate
Qin=5+Qins; %%cm™3/s (part 4)

$%¥Nonlinear pﬁ‘. * q
[T,h] =odel5s(@(t,h)ProjectModels (h,C12,C23,C3,Qin,a,t), [0 100], [hls h2s h3s]);



11/19/14 5:35 PM H:\Fall 2014\Controls\Project\part3.m

2 of 2

%% Linear

[T,L]=odel5s(@(t,L)LinearModel4 (L,t,C12,C23,C3,a,hls, h2s,h3s,Qin,Qins), [0 100], [hls h2s¥¢

h3s]);
¥%Plotting

plot (T80 13 Tk B 5 e 1)y Y
$ylim([20,45])

$xlim{ [0 100})

hold on

a=legend('level hl','levelLl’, 4);
set (a, 'Interpreter', 'none')

title('step response of three interacting tanks:

ylabel {'tank level (ft}?')
xlabel('time {sec)')

figure

plet{T. . h{:,2) "B LT, Llz,2), '"m*")
Fylim{ {14,241}

$xlim{ {0 1001}

hold on

a=legend('level h2', 'levell2',4);
set{a, 'Interpreter’, 'none')

title('step response of three interacting tanks:

ylabel ("tank level (ft}')
xlabel ('time {(sec)')

figure

plot{T, hi:;3) ;"D LT, L{s:3) 'ml)
Fylim{[4,5.8])

$xlim ([0 100])

hold on
a=legend('level h3', 'levelll', 4);
set{a, 'Interpreter’', 'none'})

title('step response of three interacting tanks:

ylabel ('tank level (ft}')
xlabel('time (sec)')

hold on

hl Nonlinear vs.

h2 Nonlinear vs.

h3 Nonlinear vs.

linear')

linear')

linear')
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h2s =

23.1064

Transfer function:
0.006494 s™2 + 0.0003343 s + 3.176e-006

+ 0.05866 8”2 + 0.000807 s + 1.666e-006

g

e

-0.0391
-0.0170
-0.0025

-0.0389

-0.012e6

taul =

25.. 5621

tau2 =

58.6838

tauld =

400.0831

thetal =

25.6943

thetaz =
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function dLdt = LinearModel4 (L,t,C12,C23,C3,a,hls,h2s,h3s,Qin,Qins)

dLdt (1)=-C12/ (2*a*sqrt (hls-h2s))* (L(1)-hls)+C12/ (2*%a*sqrt (hls-h2s))*(L(2)-h2s)+(Qin-«¢
Qins) /a;

dLdt (2)= Cl2/(2*a*sgrt (hls-h2s))*(L(1)-hls)-C12/(2*a*sqrt (hls-h2s))* (L(2)-h2s)-C23/¢
(2*a*sqrt (h2s-h3s)) * (L(2)-h2s) +C23/(2*a*sqrt (h2s-h3s) ) * (L(3) -h3s);

dLdt (3)= C23/(2*a*sgrt (h2s-h3s))*(L(2)-h2s)-C23/(2*a*sqgrt (h2s-h3s))*(L(3)-h3s)-C3/¥
(2*a*sgrt (h3s) ) *(L(3)-h3s);

dLdt=dLdt’;
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%% Part 4

function dhdt = ProjectModel4 (h,C12,C23,C3,Qin,a,t)

dhdt (1)= (-Cl2*sign(h(1)-h(2))*sqrt(abs(h(1)-h(2)))+Qin)/a;

dhdt (2)= (Cl2*sign(h(1)-h(2))*sgrt(abs(h(1l)-h(2)))-C23*sign(h(2)-h(3))*sgrt(abs(h(2)-h¢
(3))))/a;

dhdt (3)=(C23*sign(h(2)-h(3)) *sqgrt(abs(h(2)-h(3)))-C3*sgrt (h(3)))/a;

dhdt=dhdt';
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%% Parameters ?; é& Lﬂ

a=154; %% cm2
C12=10.1; %¥%cm™(5/2)/s
C23=11; 3$%cm™(5/2)/s
C3=19.7; %%cm™(5/2)/8

%% Steady State Parameters Part 1

hls=44; %%cm
Qins=(hls/(1/(C12%2)+1/(C23%2)+1/(C3%2)))"(1/2)
h2s=Qins®2* (1/(C23%2)+1/(C3%2));
h3s=(Qins/C3) "2;

hlsp=52 %%cm;

$%Constants
kl=Cl12/(2*sgrt (hls-h2s));
k2=C23/(2*sqgrt (h2s-h3s));
k3=C3/(2*sgrt (h3s)) ;

%%Matrices Part 3

A=[-1*kl/a kl/a 0;kl/a -(kl+k2)/a k2/a;0 k2/a -(k2+k3)/al;
B=[1/a;0;0];

C=[1 9 0l;

D=[0];

sys=ss(A,B,C,D);

$%Part 3
Gl=tf (sys);

P=pcle (G1)
Z=zero (Gl)

rlocus (G1)
ke=rlocfind(Gl) ;

¥%5Tau values
taul=-1/2(1);
tau2=-1/P(2);
tauld=-1/P(3) ;

%%Theta values
thetal=-1/2(1) ;
theta2=-1/2(2);

$%Process Galn d
Kp=dcgain(sys) ;

Q. &

o

Closed Loop Transfer Functions -- P only

% o
%%Step Change under P-only Question 5

@
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2ot 3

hlsp=52; %%cm
M=hlsp-hls %% cm... step size

$¥%%%%%for different ke values
kcl=4;

Gel=tf (kecl); %% P only controller
kec2=6;

Gec2=tf(kec2); %% P only controller

kec3=8;

Ge3=tf(kec3); %% P only controller

kc4=10;

Gecéa=tf (kcd); %% P only controller
Ga=tf(1l); %% Assume actuator is very fast

%
Gs=tf (1l); %%Assume sensor is very fast
Gp=Gl; %% TF from part 3

Ge=tf(ke); %% P only controller

GcLl=feedback (series(Gcl,Gp),Gs) ;
GecL2=feedback (series (Gc2,Gp) ,Gs) ;
GecL3=feedback (series (Gc3,Gp),Gs);
GeL4é=feedback (series (Gec4,Gp) ,Gs) ;

hll=step(GcL1*M}+hls;
hl2=step(GcL2#*M) +hls;
hl3=step(GcL3*M) +hls;
hlda=step(GcL4+*M) +hls;

$Transfer function interms of Q and hlsp
Ggl=tf (GcLl/Gp) ;
Gg2=tf (GcL2/Gp) ;
Gg3=tf (GcL3/Gp) ;
Gga=tf (GcL4/CGp) ;

Qinl=step(Ggl*M)+Qins;
Qin2=step(Gg2*M) +Qins;
Qin3=step(Gg3*M) +Qins;
Qin4=step (Gg4*M) +Qins;
%%% for chosen kc
GecL=feedback (series (Gc,Gp) ,Gs) ;
Gg=tf (GeL/Gp) ;

Qin=step (Gg*M) +Qins;

$%%%%%for different kc values
figure
subplot(2,1,1)

step (GcL1*M+hls, 'b',GecL2*M+hls, 'r',GcL3*M+hls, 'g',GcL4*M+hls, 'm')
legend (num2str (kel) ,num2str(kc2) ,num2str (kc3) ,num2str (kc4))

=40
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xlabel ('time')

ylabel (‘theight of tank 1 (cm) ')

title('hl under P-only at various kc values')
subplot(2,1,2)

plot (Qinl, 'h')

hold on
plot (Qin2, 'x')
hold on
plot(Qin3, 'g')
hold on

plot (Qin4, 'm')

legend (num2str (kcl) ,num2str (kec2) ,num2str (kec3) ,num2str (kc4))
title('Qin under P-only at several ke values')

axis ([0 14 40 150])

xlabel ('time {s)"')

ylabel('Qin (cm™3/s) ')

hold off

hold on

%$%%%%% for chosen kc value %% Question &
chosen_kc=kc

offset_of chosen kc=(1+Kp*kc)
hl=step(GcL*M) +hls;

figure

subplot(2,1,1)

plot (hl)

xlabel('time (s)')

ylabel ('height of tank 1 f{(cm)")

title(['hl under P-only with kc=' num2stri{kc) ''])
subplot(2,1,2)

plot (Qin)

xlabel('time {(s)')

ylabel ('Qin (cm”™3/s} ")

title([' Reguired Qin for kc= ' num2str(ke) *'])
hold on
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%% Paramaters

a=154; %% c¢m2
C12=10.1; %%cm™{(5/2)/s
C23=11; %%cm™(5/2)/s
C3=19.7; %%cm™(5/2)/s

%% Steady State Parameters Part 1

hls=44; %%cm
Qins=(hls/(1/(C12%2)+1/(C23™2)+1/{C3*2)))*(1/2)
h2s=Qins*2* (1/(C23"2)+1/(C3"2}));
h3s=(Qins/C3) "2;

hlsp=52; %%cm;

$%Constants
k1=C12/(2*sqgrt(hls-h2s));
k2=C23/(2*sqgrt (h2s-h3s)) ;
k3=C3/ (2*sqgrt (h3s)) ;

$%Matrices Part 3

A=[-1*kl/a kl/a 0;kl/a -(kl+k2)/a k2/a;0 k2/a -(k2+k3)/al;
B=[1/a;0;0];

C=[1 0 0]);

D=[0];

sys=ss(A,B,C,D);

$%Part 3
Gl=tf (sys);

P=pole(Gl) ;
Z=zexro(Gl};

$%Tau values
taul=-1/P(1);
tau2=-1/P(2);
taul3d=-1/P(3);

%%Theta values
thetal=-1/2(1);
theta2=-1/Z(2);

%¥%Process Gain
Kp=dcgain(sys) ;

%% Closed Loop Transfer Functions -- P only
%%Step Change under P-only Question 5
hlsp=52; %%cm

M=hlsp-hls; %% cm... step size
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$%%% prompt ko
prompt="'Choose a kc?';
kep= input (prompt)

%%%%% trvansfer functions in process

Ga=tf(1l); %% Assume actuator is very fast
Gs=tf(1l); %%Assume sensor is very fast

nums= [Kp*theta2 Kp];

dens=[tau2*tau3 tau2+tau3 1];

Gps=tf (nums,dens); %% Simplified Transfer Function

tauia=500;

numa= [Kp*theta2 Kp* (l+theta2/tauia) Kp/tauial;
dena=[tau2*tau3 (tau2+tau3) 1 0];
Gexta=tf (numa,dena) ;

numca= [kep kcp/tauial ;

denca=[1 0];

Geca=tf (numca,denca); %% PI controller
Gcla=feedback (series (Gps, Gca) ,Gs) ;
hla=step(Gcla*M) +hls;

Gga=tf (Gcla/Gps) ;

Qina=step (Gga*M) +Qins;

%%Case B

tauib=300;

numb= [Kp*theta2 Kp* (l+theta2/tauib) Kp/tauib];
denb= [tau2*tau3 (tau2+tau3) 1 0];
Gextb=tf (numb, denb) ;

numcb= [kcp kcp/tauib] ;

dencb=[1 0] ;

Gecb=tf (numcb,dencb); %% PI controller
Gclb=feedback (series (Gps, Gecb),Gs) ;
hlb=step (Gclb*M) +hls;

Ggb=tf {Geclb/Gps) ;

Qinb=step (Ggb*M) +Qins;

$¥%Case C

tauic=30;

numc= [Kp*theta2 Kp* (l+theta2/tauic) Kp/tauic];
denc=[tau2*tau3 (tau2+tau3) 1 0];

Gextc=tf (numc, denc) ;

numcc= [kcp kecp/tauic] ;

dencec=[1 0];

Gee=tf (numcc,dence) ; %% PI controller
Gecle=feedback (series (Gps, Gece) ,Gs) ;

hlc=step (Gclc*M) +hls;
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Ggc=tf (Gclce/Gps) ;

Qinc=step (Ggc*M) +Qins;

$%Root Locus

figure

subplot(3,1,1)

rlocus (Gexta)

title(['Root locus for taul=' num2str(tauia) 'and kc=' num2str(kcp) ''1)
subplot (3,1, 2)

rlocus (Gextb)

title(['Root locus for taui=' num2str(tauib) 'and kc=' num2str({kcp) ''])
subplot (3,1, 3)

rlocus (Gextc)

title(['Root locus for taui=' num2str(tauic) 'and kes=' num2str(kcp) ''l)
hold on

5%%%Plotting
figure
subplot (2,1,1)
plot (hla, 'b')

hold on

plot (hlb, 'm")

hold on

plot (hilc, 'k')

hold off

title(['hl under PI at wvarious k¢ and various taui' ''])

legend(['taui=' num2str(tauia) 'and kec=' num2str(kep)''], ['taui=' num2str(tauib) 'andy¢
ke=' num2str(kcp)''], ['taui=' num2str(tauic) 'and kc=' num2str(kecp)''])

xlabel('time’)

ylabel ('height of tank 1 (cm)')

subplot(2,1,2)

plot(Qina, 'b')

hold on

plot(Qinb, 'm')

hold on

plot(Qing, 'k')

hold off

faxis ([0 60 40 120])

title(['Qin under PI at wvarious ke and taui' ''])

legend(['taui=' num2str(tauia) 'and kc=' num2str(kcp)''], ['taui=' num2str(tauib) 'andy¢
ke=' num2str(kep)''], ['taui=' num2str(tauic) 'and kc=' num2str(kcp)''])

xlabel ('time’)

ylabel ('Qin (cm™3/s}) ")

%%% for chosen kc and taul - Part 8
prompt2='Choose a taul?';

taui= input (prompt2)

num= [Kp*theta2 Kp* (l+theta2/taui) Kp/tauil;
den=[tau2*tau3 (tau2+tau3) 1 0];
Gext=tf (num, den) ;
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figure

rlocus (Gext)

kc=rlocfind (Gext)

title(['Root locus for taui=' num2str{taui)''])
hold on

numc= [ke kec/tauil ;

denc=[1 0];

Ge=tf (numc,denc); %% PI controller
Gcl=feedback (series (Gps, Gc),Gs) ;
hl=step (Gcl*M) +hls;

Ga=tf (Gcl/Gps) ;

Qin=step(Gg*M) +Qins;

$Plotting - Part 8

figure

subplot(2,1,1)

plot (hl)

xlabel('time {(s)')

ylabel ('height of tank 1 (cm)')
title(['hl under PI with kc=' num2str{kc) 'and
subplot (2,1,2])

plot (Qin)

hold on

y=110

plot(y,':")

hold off

xlabel ('time (s)')

ylabel ('Qin (cm™3/s5) ')

title([' Required Qin for kc= ' num2str(kc) 'and tauis'

hold on

taui="

num2str (taui)

num2str (taui)

tE] )
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