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ABSTRACT

An algorithmis introduced for model reduction of linear time invariant system using combine advantage of pade
approximation technique and stability equation method. The denominator of reduced order mode is derived by
stability equation method and numerator of reduced order transfer function is obtained by pade approximation
technique. This method guarantees stability of reduced model if high order original systemis stable

Key words: Model reduction, Stability equation method, Pagpraximation technique, Transfer function.

INTRODUCTION

Development of reduced order model is importanamalysis, synthesis and simulation of complex syst€he
design and analysis of high order system becomeplex and tedious. Numerous methods have beenajmatl
for approximation of original system of linear tinmevariant of dynamic system. Routh approximatioetimod is
good for stability and simplicity [1] but it is fodl that this method is unable to produce good rediunodel.
Several methods have been proposed based on ppoeiamtion technique [2-6] stability equation maedfi7-

8]continued fraction expansion [9-12] and error imization technique [13-15] and time moment matgheic
methods contain advantages and disadvantages.nGedtiraction method is used as powerful toolsréatucing
the original system. This paper deals with botdePapproximation technique and stability equaticethod .A
popular approach as pade approximate techniquéefiaving reduced order model has been based orhingtof

time moments of reduced order model and originsiesy. This technique is very simple in computatiad fitting

of initial time moments and steady state valuewpot of reduced order model and original systerfioim of Yo;t'.

A known drawback of this method is that unstabldguced order model arises from original stabldesgswas
improved by using stability equation method progbbkg Pal[16] and Parthasarthy and Jayasimha. Sombioed
methods are also given for order reduction modét13].A proposed method for deriving reduced onderdel

equivalent to original high order system is destiblt combines Pade approximate technique andistaguation

method.

MATERIALSAND METHODS

2.Methods Used
2.1 Statement of Approximation Method.
Let " order of time invariant dynamic system is giventtansfer function
D,+D,s+D,s* +.....D _,s"™"
H(s) = —>———*F T @
d,+d;s+d,+....... 8T +d S
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n-1

2D
— =0
H(s) = 5—
248
j=0
Where 3 ,D; ............ Dn1 and g,d; ........... d, are constant.

Reduced order model is given by

N (s) . E,+Es+ES +..+E s

H =
) D.(s) g+es+es +..+e s +es

r-1

> Es

Hr(s) =12

r
2.D;s
j=0
Where |, E;, E...... E,and g,e.,6...... €, are constant.

2.2 Order Reduction Method.
This method consists of two types

Step 1

First numerator of reduced model is formulatedoimT of Pade approximation technique.

H(s) can be expanded into a power series about s=0

H(s)=p,+ pS+p.s +......

@

Where
D,
po ==
d,
Reduced order model,{3) to be Pade approximate about s=0 of origingth loirder system H(s), we have
E, =P, (4)
E =&p.+ep,

B =P tep,t ...t 6 P,
E;j can be determined by solving the above k equatidrere
j=0,1,2.....k-1

Step 2

4)

Determination of the denominator coefficients afueed order model
From stable original system H(s), denominator of)H separated in even parts and odd parts, laititgtequation

®)

D.(8=d [ 1+
e(S)_dOU 1+?

G
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D,(s) = dlsﬁ (1+ S—sz (€

Wheren and n are integer parts of k/2 and k—1/2 respectively an
Z°<p< <P,

by neglecting the factors with large magnitudeg; aind pin eqn(5) and eqn (6) Stability equation fdt order of
reduced order model is obtained. as

ik s° B}
De(S)deI] 1+? (l
D, (s) = dlsﬁ (1+ :'—zzj (¢

i

r-1
Where g and n are integer parts of r/2 andz—.

Combing these even and odd parts of reduced osemdinator and reciprocating, we get

D, (s) = De(s) + Dy(s) (¢

r/2 SZ r-1/2 SZ
Dr(S)deI_l 1+? +dlS|_J 1+F

[11. Results: - Numerical Analysis.

Let transfer function of @order system [1] is given by

@

H.(9) = 28s® + 4962 + 1808+ 2400
4 25 +365° + 204%+ 368+ 240

From above original transfer function, second oréeuced model is to be obtained.

Step 1:--
Power series of H(s) given as
H(s) =10-7.5s+........... (11)
Now

B= ep,=11.904

E1= epp1t+erpo =8.928

Step 2:- Model of second order is obtained by Combing thesduced stability equations Separating the
denominator of the above high order system (HO®yan and odd parts, we get stability equations as

De(S) =240 + 204s+2¢'

s? s?
240 1+ > 12
1.1904 100.809

Do(s) = 360s + 365
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3605[ 1+ f—;j (13)

By discarding the factors with large magnitude oand i in D«(s) and )(s) respectively
The stability equations of'2order reduced model are given as
2

> | andD,(s) =360s
1.1904

D,(s) = 240( 1+

Combing these reduced order stability equationsgetelenominator of*2order reduced model as
Finally 2" order reduced model,ts) is given by

8.928+ 11.904
H,(s) =

-2 (14

s°+1.7856+ 1.1904
Fig-1.presents step response of original high osgetem H(s) and reduced order modgkHand fig-2 shows the
frequency response of original high order systers) lfid reduced order modej($). It may be seen that steady
state response of original system and reduced ondelel are exactly matching and transient respofseduced
order model is also matching very close to theioailgsystem.
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Fig-2: Frequency Response
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Comparison of Reduced model with Original System
Original system

Rise Time: 1.6920

Settling Time: 2.5514

Settling min: 9.0181

Settling max: 10.0443

Overshoot: 0.4435

Undershoot: 0

Peak: 10.0443

Peak Time: 3.9460

Reduced M odel

Rise Time: 1.6137
Settling Time: 4.2493
Settling min: 9.0700
Settling max: 10.2569
Over shoot: 2.5686
Under shoot: 0

Peak: 10.2569

Peak Time: 3.4667

DISCUSSION

In proposed model reduction method algorithm usatthvcombines to take both advantages of statslifyation
method to derive the denominator of polynomial pade approximation technique to determine the natoeof
polynomial .It is observed that proposed methods@mnees the steady state and stability in reducddranodel.
This algorithm has been implemented in Metlab 3t@ady state and stability avoids any error iridah@nd final
value of responses of original system and reducddranodel. This method is extended for multivagadystem.
These methods are easily contribution to model giéalu method due to flexibility of algorithm. Thisethod is
curiosity method to develop reduced order modebfiproximation of original system.
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