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ABSTRACT

This thesis presents a method to construct a reduced mode] reduction by Pade’
Approximation and Routh Approximation techiques that make time response of the reduced
model very close to time response of the prototype system and still retains system stability in

the sense that the model is stable if the system is stable.
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Order System Peak Time / PercentOvershoot Rise Time’ Settling Time
Original System s Al 3.62242 6.97727
Pade Approximation b )Y 3.62658 6.96497
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Routh-Pade - _ 3.25211 6.56557
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Impulse . - - 3.23165 6.58603
Approximation

s s g

Tablc I Show the time performance of Original System and Model Reduction
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Order sygtem Peak Time PercentOvershoot Rise Time Settling Time
Original System v P 1.9 3.41
Pade Approximation . B 1.83858 3.38001
Routh Approximation 3.29785 1.52582 1.4175 ‘ 0
Routh-Pade 7.69425 0.0014092 1.64637 0
(Y.Shamash)
Routh-Pade - _ 1.79753 3.42899
(Lepschy&Viaro)
Impulse 7.69425 0.0014092 1.64637 0

Approximation

Table 2 Show the time performance of Original System and Model Reduction
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G(s) =

G(s)=1+0.9167s— 0868152105505 -~ 1.35565" +1.6091s° +....
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2,=5.5287 by=5.5287
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Settling Time

Order System Peak Time PercentOvershoot Rise Time
Original System 0.28 139.554 0.04 4.5
Ronth Approximation 0.75848 89.1595 0.154505 4.57897
Routh-Pade 0.720996 862082 0.144199 4.39253
(Y.Shamash)
Routh-Pade 1.33342 96.0592 0.323253 9.39455
(Lepschy&Viaro)

Impulse 031674 149.782 0.0351934 6.51077

Approximation

Table 3 Show the time performance of Original System and Model Reduction
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WIMSARAIANMS 0=-66k,41.6k,+348 Fufuaumaidussaiioh l@ounussiny
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1 4
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a,=025a, =08,a, =15625,a, =32
ﬂl '—25:ﬂ2 =77,ﬂ3 =I334375,ﬂ4 =190

2
MimshnsanlSouiioua L YITSUUNOUALININY 4

&,
2 2 2
2L _ 9s00,£2 = 741125, by - 113955625, 2% = 1128125
@, ) a, ay

b4 *
AoIMsuUUIIABIsTUIVaANBUTSUAUIIIN 3 Buwmili unit step AT o, B T
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21552 +427s+ 125
s +3455* +55+125

G/.s (s)=

UTwooyn -1.5697+1.2494j , -1.5697-1.2494j 1ag -0.3106 SEUVIADUTAIMN

Order System Peak Time PercentOvershoot Rise Time Settling 'i‘ime
Original System 1.41014 9.95781 0.560055 2.89028
Routh Approximation 2.18345 20.3066 0.889555 © 940772
Routh-Pade 2.24074 16.5514 0.859232 8.03634
(Y.Shamash) ‘
Routh-Pade 1.15298 14.5461 0.524081 11.5298
(Lepschy&Viaro)
Impulse - _ 0.740604 6.11804
Approximation

Table 4 Show the time performance of Original System and Model Reduction
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Approximation

Order System Peak Time PercentOvershoot Rise Time .,Settling Time
| Original System 2.14695 112.49 0.879402 21.3499
iI"ade Approximation 221192 99.4456 0.577023 19.3783 |
’Routh Approximation 2.9397 54.3642 1.23468 20.9895
E' Routh-Pade 2.06607 101111 0.506772 15.9828
' (Y.Shamash)
g Routh-Pade 2.07076 111.884 0.44058 18.2844
:L (Lepschy&Viaro)
E Impulse 1.52031 60.0173 0.350842 14.8133

T e

- N e —r

-

- emeewm,

B e T -

Table 5 Show the time performance of 'Original System and Model Reduction
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function timespec(num, den)

:

I discr=[
E' function timespec(num, den) returns the time domain performance '
;' sﬁecifications of the system step response. num & den are row vectors '
'* of the numerator & denominator coefficients of the closed-loop transfer'
" function. y

I i3

% disp(discr)

b

3
m=length(num);n=length(den);

r=roots(den); r=(real(r));
nr=length(r);
for i=1:nr-1
if (i) >=0 disp('Unbounded response’), return
{ else, end
end
r;.)zabs(rcal(r)); i=ind(rp>0); rnO=rp(i);
rmn=min(rn0); tf=10/rmn; dt=tf/1000;
v
'
Css=num(m)/den(n);
iff Css==inf
, disp('Unboundcd response’)
return,else end
|
=:0:dt:tf ;
l:-flcnglh(t);
|
]
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b
c=step(num, den, t);

i

E if ¢(I) > Css+0.1*Css | ¢(1) < Css-0.1*Css
disp(' Unbounded response'),return
else,end

4

j=0 ;m =0;

Cmax=max(c);
]

3

if Cmax > Css
po= (Cmax - Css)/Css * 100;

i=find(c==Cmax); tp=t(i); else,tp=0; end

> e ——

if tp < 10*dt & tp>0

tf=round(10*tp); di=tf/200;
t=0:de:tf;’

I=length(t);

‘. c=step(num, den, t);

, §=0m =0;

i Cmax=max(c);

else, end

if Cmax > Css
po= (Cmax - Css)/Css * 100;
i=find(c==Cmax); tp=t(i);

fprintf(’Peak time = %g',tp),fprintf(’ Percent overshoot = %g',po),
ti:lsc, tp=0;end
i
b fori 2
if j==0
; . if ¢(i) >= 0.1*Css t1=1(i); j=1;

; end



[ else, end

E if m==0

if c(i) >= 0.9*Css 19 = t(i); m =I;

end

j
else, end

]

end
3

end

£

ift9~=0

4

pir= 19 -tl;

1

‘fprintf('\n')

,fprinff('Risc time = %g'tr),fprintf(\n’)
i

cnd

il tp > tr t0=tp; clse t0=tr; end
I

r
tfu=1.02*Css; 1d=.98*Css;
{sl=0;t32=0;
for i=1:1
if 1(d) >10 & t(i) <tf
if c(i) >= thu ts1=t(i); else, end
if ¢(i) <= tfd 1s2=1(i); else, end
E else,end
end
t§=max(ts 1,ts2);

fprinlf('Scttling time = %g "ts).fprintf("\n\n’)

61



NMANUIN Y

1dsinsu MATLAB magouiad 830mMa 28 ROUTH-HERWITZ

+ % Function routh(a) constructs the Routh table for a polynomial of degree n
function routh(a)

! head=[' '

Routh--Hurwit.z' Array '
' i

n=length(a);
‘ jw=0;
‘m=2;

nc=round(n/2);

lb=zeros(n,nc);

z=zeros(1,nc);

iif round(n/2) > n/2

a1)=0;

else,end

for i=1:2:n

k=(i+1)/2;

b1 k)=a;

E)(2,k)=a(i+l);

¢nd

if b2 ,;1)==z

fprintf(Elements of row %g',2)

!
fprintf(’ are all zero\n")

fprintf('They are replaced by the auxiliary Eq. coefficients \n\n')

: jw=1;
1
; for k=1:nc
j=n-1; d=j+2-2%k;
" b(2,k)=d*b(1,k);

end



4
, else,end

for i=l:n-2

! for j=1:nc-1
if b(i+1,1)==0
b(i+1,1)=0.00001;

{  fprintf('Zero in the first column is replaced by 0.00001 \n\1")

i else,end
: b(m+i,j)=(b(i+1,1)*b(i, j+1)-b(i+1,j+1)*b(i,1)) Mb(i+1,1);
; end
¥
if b(m+i,:) ==z
I if m+i <n
}

fprintfCElements of row'%g',m+i)
fprintf(’ are all zero\n")
i fprintf('They are replaced by the auxiliary Eq. coefficients \n\n')
jw=1;
' for k=Il:nc
i j=n-m-i+1;
d=j+2-2*k;
.: ifd< 0
b(m+i,k)= b(m+i-1,k);
else,
b(m+i,k)=d*b(m+i-1,k);
end
end
else, jw=3; end
' else,end
ClEld
d%sp(hcad)
férmat short e
diisp(b)
'

!
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* format short

j=0 ;nr=0;

for i= 1:n
p if j==0

if b(i,1) <0 ,nr=nr+1 ;j =1;
else,end
b else,if b(i,1) > 0 ,nr=nr+1; j=0 ; else, end

end !

end

;
iif jw==3, fprintf('Characterisitc Equation contain root at origin\n'),end
iif jw==I, fprintf('Characteristic Equation include roots on jw-axis or \n")
b fprintf(‘pairs of real or complex roots symmcfrical about jw-axis' \n\n'),end
if nr==0
if jw==0, fprintf('System is stable \n\n'),end
E else,fprintf('There are %g',nr) . '

fprintf(’ roots in the right half s-plane \n\n'),end

-

64





