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1st Report

Please write your report in accordance with the following format.

Reports should be simple and clear.

The report example (format) can be downloaded by
http://www.hfg.sc.e.titech.ac.jp/course/ROC/handouts/ex/19Reportl ex.pdf

Please follow it.

* Write your answer clearly...
* When you display figure, note that...
* ctc...




Report™: Distillation Process [SP05, pp. 100, 509-514]
STEP 1. Real Physical System  STEP 2. Ideal Physical Model
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STEP 4. Reduced Mathematical

Model
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Distillation Process (Time Delay System) [SPO0S, pp. 100, 509-514]

Inputs and Outputs - \\ a Controlled Variables
Vr | YD : top composition
% q ,ID___. v Z B : bottom composition
U1 — dL T %) Manipulated Inputs
U9 dV o L :reflux D : distillate
E | V : boilup
[yl ] [ dyp ] T B : bottom flow
— Rebter \ — X V7 : overhead vapor
daj holdup \\../‘V A0 r
Y2 B o "%
Nominal Model U1 TP (s) U1
dy D dL >
[de] = P(s) [dV] (5) Interaction
Couplin
[PH(S) Pu(s)] (5) (Coupling)
P(s) =
Pai(s)  Paa(s) U9 o{ Paa(s) Yo

p—
-]
Q0
b
| -
—_C
o
o

Time constant 75 [min] 28



| 1] Nominal Stability and Nominal Performance (15 pts.)
Throughout all 3 reports, consider the following frequency range.
1.0 x 1073 <w<1.0x 102 rad/min MATLAB Command

1.1 Nominal Plant ;‘é:r :_igma(Pnom, w);
Show o -plot of the nominal plant P(s). semilogx(w, mag2db(sv));

xlabel(* Frequency [rad/min] ")
Consider the following inverse-based controller:

0.7
_ 0 755 +1 [0.3994 —0.3149
K. — p—1 S —
v ($) (5) [ 0 —“;7] 0T [0.3943 —0.3200}

S
1.2 Nominal Stability (NS) MATLAB Command
Confirm that the closed-loop system is - popsens(Pnom. KI)
internally stable by checking the Gang of Four. | si=Fsi;
PS = F.PSi;
1.3 Step Response KS = F.CSIo;

Consider the closed-loop system with K, ().

Show the step response of output ¥ from reference signal 7 = [1.0 0]”.
MATLAB Command

time = 0:0.1:15; step_ref = ones(1,length(time)); ref = [step_ref', zeros(1,length(time))'];
figure; hold on; grid on; FI =loopsens(Pnom,Kinv); [yhi,t] = Isim(Fl.To,ref,time);
plot(t,yhi,'r-",'LineWidth",2); plot(time,ref,'b-.",'LineWidth’,1.5); 5



Distillation Process: Performance Specifications

&(Wp(s)) Gain Crossover
0.075 Frequency 1.0
— | —t—
1w We 1 1 [rad/min]
g 0 o(Wy'(5))

B Rise time 7, = 2.27 < 30min . .
(First-order System) H Delay Margin: 6 < 1 min

22 1 .

59 < 7 < wp = 0.075rad/min we < 1/6 = 1 rad/min
B Steady state error < 0.01 A = (0.01 M Gain Margin: +20%, 2dB
B Performance Weight

we > wp = 0.075rad /min
A=001 M,=2

B Uncertainty Weight
we < 1/7<1/6 =1 rad/min

Wp(s) =wp(s)ls Wi (s) = war(s)12
(g _ 055 +0.075 wyp(s) = T 2.1
wp(s) = -
P 5+ 0.00075 st :




|2] Uncertainty Weight for Real Plant

Perturbed Plant Model
s [A(s) 0 0 g
O RSN 0 R S o [0

A e B S

’ Gain Margin: 0.8 < k; < 1.2
0.

—5s+1 +20%, 2dB

fz(s):kz 9,28 , 1 =1,2 ) ( ) .
s+ 1 Delay Margin: (0 < ¢, <1 [min]

Multiplicative (Output) Uncertainty

Mo = {P(s)| P(s) = (I + Anr(s)War(s))P(s), |Anlloo < 1}

W (s) = war(s)l2 O ——— :

TS + 719 §P<S) W (s)Am (s |

wp(s) = = | I 1 |
s+l P >




|2] Nominal Performance and Robust Stability (30 pts.)
see the programs in 3rd lecture & Use controller /;,,, given in [ 1]

2.1 Nominal Performance (NP)

Show the NP Test graph of the closed-loop system and answer 1f
NP i1s satisfied.

2.2 Uncertainty Weight
Design an uncertainty weight Was with order 1 using the MATLAB
command “ucover” and write W, and the parameters 1/7, rocand ro.

After this, use the uncertainty weight 13, 1n 2.2.

2.3 Robust Stability (RS)
Show the RS Test graph of the closed-loop system and answer 1f
RS is satisfied.

2.4 Set of time responses

Show the step responses of the closed-loop system with the perturbed
plant model P(s) and K, (s) from the reference signal v = [1.0 0)"
to the outputs. 8
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