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LINEAR VISCOELASTIC MATERIALS. THESIS ADVISOR : JIRAPHON

SRISERTPOL, Ph.D. 221 PP.

LINEAR VISCOELASTICITY MATERIALS/STRESS/ STRAIN/TRANSFER

FUNCTION/LEAST SQUARE METHOD

Generally, the study and analysis of linear viscoelasticity materials is to
investigate the relationship between input (stress or strain) on such materials and
output (strain or stress) that occurs from the response of such materials. The control
theory can be used to find out the dynamic responding behavior of materials.

In the present study, the transfer function synthesis is proposed to accurately
describe the properties of the linear viscoelasticity materials, such as, creep, stress
relaxation and recovery behaviors of materials. The viscosity, elasticity, and input
frequency from the experimental set-up are measured. To determine the transfer
function coefficients, the least square method, the weighting least square method with
input frequency, and the weighting least square method with variance are used. The

results will be used to develop more efficient experimental set-up.
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error = norm (abs_error)
Tail
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Gm fo dudsi Binunamesi laninmssiass Taglivinaminy [k x1]
A 1Y Ad 1 o A A 9
REstimated parameter A0 fusinnumsiuiuasen laninlusunsu
A Y A g 1 o a ~ 9
XEstimated parameter A f0sMnuamsauduanni lannldsunsy
@ <3 ' a
abs_error A ALlsNuAIANNAANNA
A 1 Aa A o Y J v J o v Yo o
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nledlullsunsyu MATLAB 7.0 194
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A @ ~Aq Yo [ < 1 @ a = v 1 A A ]
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1 { 1 I
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'
= a2 9 o

S 1 A Aq Yo o <] 1 =
Wudruni Code  NlFdmTumAVaAIN lAINMIA MY tazuaadna Tasmssuns v
v o J J 1 o a o { 1 o a @ A
ANVANNUTIENINAIUTIUIUITIAVANND HATTIUTIUIUIUANINAVANND
IS A ) v an o
2) Talsunsu leastweightm i uTdsunsulddrmsuismssiasaestiooga
{ J g‘ o o 1 [ 1 {
(Least square method) NN130291141INA18 1/ 0 Tasmssmuamilouduiluainaug,
1 ' o Aa 1 [l a Y o Y ) [ 9 a sy ¥
AU I nazgardauduaniw udiins ¥ ldsunsudmsuademndinesnla
1 v 9 1 9 dy Y 1 Yo = A 1 dyd
nauluivensurintnsielunsunilan 9 Code NNogluldsunsuiianw
] 2 o 1 =\ 1 ~ 3 9 1 Y
AAeAAINDT15UN3Y leastupdate.m  tAvziaNUUAnAIANsaantog TUdIUUYDINIT I
a 4 1 { J a 4 A a 4
wasngnueayy Tuaiui 2 MImsouaImsiines gy Code  MIAS1IUATNENILEYL
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W = 1./(omega);

w=[w.;Ww]
fori=1:2%
forj=1:2%
ifi==]
WK(ij) = W(i, 1),

else

WK(ij) = 0.0;
end

end
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= 9 a 4 £ 1 A 1 = 1 & A ] A
Fus1vg lawaindnueayn Fsdruiuanasdndiuriieio dauil 3 MInIwamagYoTz Y

aumaraduazld Code il
Sol = (inv(A™ WK™ WK*A))*A"*WK"*WK*B;

% 4 [ 1 2 Y] a Q( LY J v l &Y 1
Fadormuaiud ludq 5z lddulszansveailansuae Tounazlanduoialon  Taslu
1 d' d’ = dgl A [
a2uil 4 uaz 5 Code MABUVUNOUAYTUTUNTN leastupdate.m NNUTZAT
. d { o % a, o (%3
3) Tusunsw leastweightzm  1fuTdsunsulddmsvizmstdsaeaiooga
i 1 gl o o 1 I 1 {
(Least square method) NIN303911MIInAI8 1/ 0® Tasmsimuasiilewduiluainiug,
1 ] o a [ 1 a Y o 9 o [ 9 a s Y [
MaIuUIUITAEzAAINIUANN udims 1y ldsuasudmsuadamnniwesnldnan
o 9 1 y & v : v ) Aa o Y, =
nluideneuntin wingelumsudilym &3 Code NagluTi)sunsuiiinnuadienag
Y 1 =1 v ~ 3 9 T ) a 4
nuTUsunsy leastupdatem  uavgianuuanaafisuantios ludiuvesnisairauasng
! ~ =~ J a 4 A 9 a o A 4? =)
nueayy Tudiui 2 MIwTeuAImSINNes 9z Code NMITASINNATNFNULIY INLAUDN
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Niayn

W = 1./(omega. *omega),
W=[W.;W]
fori=1:2%
forj=1:2%k
ifi==]
WK(ij) = W(i1);
else
WK(ij) = 0.0;
end
end

end
v Y
Al

' v
Tag - dawnls w unuanlylunmsoraiminluniiae 1/ o

Y a d
- dwls wk UNUWINATNBNLYIYY
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& A 1 dy FY Y a 4 1 = 1 £ A 1 A
mm’amuﬂizmumiu!,mnz"lﬂmmﬂcumwwu FIFXIUNUANANNONTIUNUI ADTIUN 3

MIMINARABUDITZUUANMTITFUFUIE 1A Code Aail
Sol = (inv(A™ WK™ WK*A))*A"*WK"*WK*B;

8 [ a Q‘/ [ Y 1 J v 1 1 { {
Fusvg ladulszansveaflanFunreTounazlansuasTon Tasluaiui 4 uaz 5 Code 0
= dgl =} U
Wenyumuauin T151nsy leastupdate.m NNsEMs

I { o v A o
4) TJ5un33 leastweightSTAT.m  (JuTdsunsuilddmsuIsmstideanaion
PR 1 :‘ v Y 2 o 1 9y 1 = 1
g9 (Least square method) NiM3naatimiindls o? Tasimuaaitlowduiluainiud, a
1 o a 1 1 a Y o 9 o [ 9 a P 9 [
AruIvITaazaauIuann udrims s llsuasudmsvaiannidwesn lanaun
o Y Y 4y ' Yo 2 Ao o Y, = o
lwirtenourtidnagglumsunilymi &3 Code MlodluTilsunsuiilinnuadionasiy
[ 1 ~ < 1 a 4
T1sun3u leastupdate.m uavzlinnuuanaraiisuantos Tuaiuveimsad a3 ngnuoaym

1 { 1 a 4 A a J = %
Tuaiun 2 Mo IUAT 2NN Code ﬂTﬁﬁ%ﬁ\‘llilﬁﬁﬂ“b’ﬂllﬂ\?ﬂﬂ@ﬂ“ljﬂﬂﬁﬂ

[meanR, stdevR]=stat(R);)
[meanX stdevX]=stat(X);

W1 = diag(ones(k,1),0) 1 o

- msnnulsdsiu (o?) nuegidannls sidevr, stdev
W1 = stdevR.*W1

- A mAsuegAtoyanUagNALlT meanR, meanX
W1 = diag(W1) >
W2 = diag(ones(k,1),0)
W2 = stdevX. *W2

W2 =diag(W2)

W=[Wl;W2] J
fori=1:2%
forj=1:2%
ifi ==
WK(ij) = W(i,1);
else
WK(i,j) = 0.0;

end
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aumaraduazld Code il
Sol = (inv(A™*WK"™*WK*A))*A"* WK *WK*B;
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Faderuainid ludr meglddulszansvesilensuaeTonnazilanduaieTlon Tagly
1 d' d‘ =) 42’ A U
a9uN 4 1ag 5 Code MABUVWHNOUNY T15UNTN leastupdate.m NNUTEAT
I A ) v ad o w
5) 11/51n5Y leastweightSTATL.m Wy T1sunsunl¥dmsuitTmsideans Hoe
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A 1 g‘ @ o 1 I~
qa  (Least square method) NiiNsA11MIINA1e 1/ 02 Tasmssimuasitowduilu
A1AUD, AEIUTIUIUDTI uazAIdIUIUANIN AT IFTdsunsudmSuaiia
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W'l'inJm’f]‘iﬂhlﬂﬂﬁTnﬂcluW'Jsllf]ﬂﬂuﬂu’]utﬂl’m’l“ﬁﬂﬂiuﬂ’lillﬂﬂiyﬂ’l“]ﬁ Code Ny Glu
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1 a 1 { 1 a J A
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9 a 4 A d? = =
FINUUATNBFNLYIYWNVUYUD NN UIYA

[meanR,stdevR]=stat(R)

[meanX stdevX]=stat(X);

W1 = diag(ones(k,1),0) | - yieanuntlsdlsau (o) Ruegidnls sidevr, stdevx

W1 = stdevR.*W1 - A uRdevesyateyaInUBg A5 meanR, meanx
W1 = 1./diag(W1)

W2 = diag(ones(k,1),0) )
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W2 = stdevX. *W?2

. - mmnNudsUsiu (o) NUednAuls stdevR, stdevX
W2 = 1./diag(W2) v

wewiiwy | mandevesyadoyaiiuegNd s meanRk, meanx
fori=1:2%
forj=1:2%k
ifi==j
WK(ij) = W(i,1);
else
WK(ij) = 0.0;
end

end

end
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] I ] 1 < 1 [ o A
awls sidevx Wudnlsildnumanuulsisiuvesedoyaludivvessuivanin

Y < @ AHq ¥ & 1 A Y 1 o a
aauls meanR L‘]Jim’Juﬂiﬂmﬂ‘ummaEJEU@Q%ﬂmagaiuﬁauﬂlmmummﬁ

Y IS @ Hq ¥ & ' = 9y 1 o a
a1ls mean) Wudmlsnlmnuanndsvesgadoyaluainuoasiuiuauann

U

9
A A

v Y 1
dauls w1 unuanlFlunsarnimdn luntife 1/ 02 vo3i 111954

[ 4
A AN

o 1 d‘ 9 1 :’ v 2 o a
dauals w2 unuanlglumsonruimidn luniiae 1/ o2 ¥0931UIUIUANN

dunls WK unumas ngnLoam

£ 9 a 4 B 1 ~ 1 = 1 =& = ! ~
mm%ﬂmummmwmm FIATIUNUANAWNDNTIUNUIAD TIUN 3 NTUINAURAYUDITE U

Y
aumMaFudy 9218 Code fail

Sol = (inv(A"™*WK"*WK*4))*A"*WK"*WK *B;
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=

Taofgud (Zero) iugud naglwa (Pole) HAMAU -5 S1urugadoyall
Wi 50 %, mmﬁiumiﬂizéjmzumgjsl,mm 0.1-10Hz, a, =1

a) 11/5Un5W leastupdate.m uTsunsuitednannmdulszans las1433
Least-square method

b) TU5n51 leastweightm iluTisunsuiedunanimdulszans 1asl433
Weight least-square method Taelv Weighting function Ao 1/ 0 Tag o Ao ﬂ’Jma"ﬁGlﬁlﬂTi
NIZAUTLUY

o) Tsunsu leastweightz.m i Tsunsuiednammduiszans nol433
Weight least-square method Taelv Weighting function Ao 1/ 0* Tag » Ao ﬂ?1h5ﬁ1ﬁﬂﬁ
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Imaginary part

Tt e
051 *  Sample data
Mumerical
D [ | 1 ! 1 ! 1 11
10" 10’ 10’
Frequency(radisec)
0y T
0.1 7
0z 7
3 *  Sample data 4
— Murnerical
| M‘—
05 o . . e
10" 10’ 10’
Frequency(radisec)
(a)
14—
4 Sample data
05r Murnerical i
L
El T | L L L L L TR
10" 10° 10'
Frequency(radfsec)
0y —
0.1 7
0.2 7
03 ¥  Sample data .
Mumerical
0.4 r ME
_DS 1 1 1 1 1 T T | ¥ '\fnf ¥ L1
10" 10” 10’
Freguency(rad/sec)
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Imaginary part
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= *  Sample data
e .
Mumerical
D | !
10" iy 10
Frequencyirad/sec)
0y T

*  Sample data
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1N DIUBYgA, (b) ﬁﬁﬁﬁmmﬁ%qmmu

Hougaunugiainmin (1/0?)

Q

A1 19N 4.1 UFAINAMSATUIUN [WaUAUNIND -5

Program | Plant Estimated Transfer function ||E|| )
parameter
b, =1 =-6.218e-009 . —6.218x107° (jow) +1
@ | > . G(jw) = 1810 (o) + 0.003291
a, =02 | b=1 1.244x10°(jw)? +0.2(jw) +1
a, =1.244e-009
a, =02
b, =1 b, =1 . 1
(b) ° ° G(jo) = 0.003310
a,=02 | a=02 (i) 0.2(jw)+1 '
b, =1 b, =1 . 1
(© ° ° G(jo)=—— 0.003530
a, =02 | a =0.2001 (o) 0.2001(jw) +1 :
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a Jd v H
4.3.2 fimsanlansuaeloudin =0, m =2

1
0.2(jo) +0.8(jw)+1

G(jo) =

Tao'laifisgud (Zero) uaz Ina (Pole) HAWMIAY 24, 24  Swugadoyall
Wanua 50 ¥n, Awa TumInszdussuneg e 0.1 - 10 Hz, a, =1

2) TU50n5Y leastupdate.m  1f1uTsunsuitednanimdunlszans 1asl453
Least-square method

b) TU5un51 leastweightm luTilsunsuitednamdulszans Taoldss
Weight least-square method Taeld Weighting function Ao 1/ o lag o Ao ﬂ’J”IﬂJé‘ﬁslﬁ}ﬂ”li
NIzAUTZUL

¢) T1l5un3u leastweight2.m fuTlsunsuesnanmmduilszans Tasld3s
Weight least-square method Tag 1w Weighting function Ao 1/ o’ 1w o fo ﬂ31maﬁ1ﬁﬂ15
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Real part

Irnaginary part

Real part

[rnaginary part

10

10°
Fregquency(rad/sec)

(b)

10

1Al
05+
ok *  Sample data
Mumerical
05 -
10" 10" 10
Freguency(rad/sec)
1] —
E
0.2
0.4
0F + SamMgdma |
Mumerical
0.8 -
10" 10’ 10
Frequency(rad/sec)
(a)
Tt
05+
*  Sample data
0r .
— Murnerical
_DS 1 1 1 1 I | 1 1
10° 10° 10
Fregquency(rad/sec)
0 —
E
02
0.4
*  Sample data
0B Mumerical -
0.8 L
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= *  Sample data
xr 0Of Mumerical L
05 . ) . e
10" 10° 10’
Frequency(rad/sec)
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*  Sample data
Murmerical

Imaginary part
=
=
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08 - L L L PR T S R I|:| L L L PR T S
10 10 10
Freguency(rad/sec)
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1 v Y ad o W Y ad
218 1o UAINH YD 4.3.2 Tﬂﬂ(a) IPNMAIFDIUDYAA, (b) ITNAITDIUDITAUD D

f
Y Y
gl (Yo), (o) 5ihdeaeadesgauuuainimiin (]/a)z)

nraitl§nnmsdaalaelddsunsudunnzimilassusieTouTas
SwualiilassugeTounildlumsnageuTasunsudisin = 0, m = 2 99939 4.2 Wuh
nnmsmualaeld TlsunsuduasgimilsnduaisTou laTusunsu ) Tamaw
Ranaaresiigane 0.011360 Taefimdudszansiladudelounidy b, = 1.82x107,
b, =9.394x10", b, = 1.532x10”, b, = 0.5880, b, = 2.657x10", b, = 1.0000 1A% a, = 0.001879,
a, =0.00782, a, = 0.1282, a, = 0.4725, a, = 0.7902, a, = 0.8027, a, = 1.0000

wazngUi 4.2 wudh fedFudeTeudidmaa idilehui@euns s nuh
dunsnlitldnnmssnnuiugavesadeyaiinnuaeandesiu Fuiledunaainaiss 4.2

1 1 a A 9 o 9 [ o U d v 1
W‘]J'NﬂTﬂ'JTJJNﬂWﬁ"lﬂﬂhlﬂﬁ]']ﬂﬂ'lﬁﬂ?“')ﬂljﬂﬂclslfiﬂﬁllﬂiﬂﬁﬂLﬂﬁW%ﬁﬁWN\iﬂ“ﬁUﬂ?ﬂI’ﬂum@ﬂ

9
v A

Tisunsua), ) uaz (c) 1w A ladiResny §9iiAs 0.011506, 0.011360 1az 0.011514

AN



A1519N 4.2 LEAINaNMIMUINN Inalaumny 2+, 2-

Program | Plant Estimated parameter Transfer function ||E||2
(2) by =1 b, =-3.368x10° a, =5.3510x10° | . (i) = ~3.368x10°°(jow)°® + 2.675x1072(jo)? +3.8710x107°(jo) +1 0.011506
8,=08 | p _2675x10° a,=2.217x10° 5.351x10°(jo)" +2.217 x10 2 (jw)® +0.2299( jw)? +0.8040( jw) +1 '
8,=02 | p _38710x10° a, =0.2299
b, =1.0000 a, =0.8040
a, =1.0000
(b) b, = b, =1.82x107 a, =0.001879 1.82x107 (jo)® +9.394x107° +1.532x1073(jow)°® + 0.588( jw)? 0.011360
4=08 | | _9394x10° a =0.00782 6(jo) = +2.657x10° (jo) +1
% =02 b, =1.532x10° a, =0.1282 J 0.001879( jw)’ +0.00782( j)’ +0.1282( jw)*
b,=0.5880  a, =0.4725 +0.4725( jo)° +0.7902( jw)? +0.8027( jw) +1
b, = 2.657x10° a, = 0.7902
b, =1.0000  a =0.8027
a, =1.0000
@ | ®-t b, = ~1.6340x10"° &, =6.1450x10" ~1.634x10°(jo)® +0.3072( joo)' +0.0458x10°(jo)* 0.011514
:1; 82 b, = 0.3072 a; =0.2549 (o) +11.74(jo)* +4.1720x10° (jo) +1
’ b, = 0.0458x10~ a, =2.6930 6.1450x102 ( jw)’ +0.2549( jw)’ +2.6930( jw)"
b, =11.7400 3, =9.4440 1+9.444( jow)* +11.95( jw)? +0.8044( jo) +1
b = 4.1720x10"° a, =11.9500
b, = 1.0000 a, =0.8044
a, =1.0000

8L
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4.3.3 Nosananruaalou in=2, m=3

1(jo)? +11( jew) + 30
0.1667(jo) +(jo) +1.833jo+1

G(jo) =

Taomgud (Zero) M1 -5, -6 uaz Twa (Pole) AWMU —1, -2 uag -3 $1uau
Glgﬂ%’mg,aﬁﬁgmm 50 40, AW TuMInsEAUTzUUEEIUTI 0.1 - 10 Hz, &, =1

a) 115N leastupdate.m Huldsunsuiiosnanmdnlszans lasl453
Least-square method

b) TU51n5U leastweight.m Huldsunsuiiedunanmdulszans 1asl453
Weight least-square method Taelw Weighting function Ao 1/ o lag o Ao mmﬁ‘ﬁclﬁ’mﬁ
NIzAUTZUL

o) Tsunsu leastweight2.m uTdsunsuedmnammdutszans Taold33
Weight least-square method Tag 1 Weighting function Ao 1/ o Tav o fio mmﬁﬁ‘lﬁ'ms

NIZAUTZUL



Real part

Imaginary part

Real part

Imaginary part

-0 L L T R R R | 1 1 P T T R

15 F

20 S

-10 .

L
m
T

20 e SN

304

201 *  Sample data .

Mumerical

101

10 10° 10
Frequency(rad/sec)

*  Sample data
Mumerical -

10 10’ 10
Frequencyiradisec)

(a)

304

*  Sample data
Mumerical

10 iy 10
Frequencyiradisec)

*  Sample data
Mumerical 1

10 10’ 10
Frequencyiradisec)

(b)

&3
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304

20

¥ Sample data
Mumerical

Real part
=]

-0 - ! L L T T T Ig L L L L
10 10 10
Frequency(radisec)

5 5
=
Py
= 10
E *  Sample data
£ 5k Mumerical |
-20 : e .
10" 10" 10°
Frequency(radisec)
(c)

A v o J 1 1 a 1 a @ { d o
g“lJ‘ﬂ 43 LAAWHUNINANUTUWUTTHINNTIUIT AT TIUTUAMNALANND VO ITINFU

a0 w 9

meToumunaie 4.3.3 Tao (a) I5M1a9a0atiooda, (b) IDAIaIADINBIFAULL

q

Y Y
dnimiin (Yo), (o) Thdsaeniosganuuninimin (1/0?)

nwan lannmssiuialasldldsunsuduasizimiledsunieloulas
fMrualilansuaeTounldlumsnagouTsunsudain = 2, m = 3 INANTN 4.3 NN
nmsdalaslsldsunsuduaieimifladsuoieTouldn Tlsunsu ) A

Aananatiooiigado 0.491948Tavliadusz@nsilendudolowidy b, = 0.0191,

b,=0.2104, b, = 2.1360, b; = 17.1900, b, =63.1200, b, = 180.1000, b, = 483.0000, b

1

= 11.2000, b, = 30.0000 148% a, = 0.0032, a, = 0.0191, a, = 0.2957, a, = 1.5790, a, = 5.6000, a,
= 17.8000, a, = 29.7400, a, = 17.0800, a, = 1.8400, a, = 1.0000

v

A Vo Jdo A o Yy A o = Y '
LLﬁSi]”IﬂE‘]J‘VI 4.3 mem%umﬂTaummmm‘lﬂ WO VIUNT IR WD

Y A A o [ 9 =\ 9 o £ A a
LﬁUﬂiW‘I/\IVIhlﬂi]"lﬂﬂ?iﬂ11!’Jmﬂ‘]JQﬂﬂlﬂﬂﬁﬂﬂl@y‘ﬁﬂﬂ’ﬂﬂﬁﬂﬂﬂaﬂﬁﬂLl HILUDNWITITUIIN
A

[ Y
A1319 4.3 nunmanuaanaian ldanmsaiuialasldllsunsy (), (o) vag (c) WUl

Indifeaiu §9iinD 0.502841, 0.503030 LAY 0.491948 MUAIAL



{ o { I'd 1 LY 1 [ =Y
MINN 4.3 HAAIWANMIMUIBNFUIVAUMA -5, -6 taz TwalAunIng -1, -2, -3

a, =1.0000

b, =17.1900 a, =1.5790
b, = 63.1200 a, = 5.6000
b, =180.1000 a, =17.8000

b, = 483.0000 a, = 29.7400

b, =11.2000 a, =17.0800
b, =30.0000 a, =1.8400
a, =1.0000

0.0032( jo)’ +0.0191( jo)’ +0.2957( jo)' +1.579( jo)’
+5.6(jo)’ +17.8(jw)" +29.74( jw)’ +17.08( jo)*
+1.84(jw) +1

Program Plant Estimated parameter Transfer function ||E||2
(2) b, =1.0000 a,=0.1667 | b, =0.0012 a, =0.0002 0.0012( jw)’ +0.0137(jw)° +0.1382( jo)" +1.11(jow)* 0502841
b, =30.0000 &, =1.8330 | b, =0.1382 a, =0.0191 0.0002 o)’ +0.0191( joo)" +0.0191( jor) + 0.1021( o)
a8, =1.0000 | b,=1.1100 a,=0.1021
° : ‘ +0.3351( jw)* +1.111( jw)® +1.839(jw) +1
b, = 4.0420 a, =0.3351
b, =11.1900 a, =1.1110
b, = 30.0000 a, =1.8390
a, =1.0000
(b) b, =1.0000 3, =0.1667 | b, =0.9606 & =0.1600 ) . (jo) = 0:9606(jo)” +10.69(je) +30 0503030
b, =11.0000 a, =1.0000 | b =10.6900 a, =0.9840 0.16( jow)® +0.984( jw)? +1.823(jw) +1 '
b, = 30.0000 a, =1.8330 | b, =30.0000 a, =1.8230
a, =1.0000 a, =1.0000
() b, =1.0000 a,=0.1667 | 1,=0.0191 a, =0.0032 0.0191( jo)’ +0.2104( jo) +2.136( jo)’ +17.19(jw)’ 0.491948
b, =11.0000 &, =1.0000 | b,=0.2104 &, =0.0191 463.12(jo)' +180.1( j)’ +483(jo)? +11.2(j) +30
b, =30.0000 a, =1.8330 | b, =2.1360 a, = 0.2957 G(jow) =

€8
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4.3.4 Nosananvueeley fin =4, m = 4

(jo)! - (jw)’ -22(jw)’ -10( jw) +100

G(jo) = — 3 — :
0.0083( jw)* +0.1( jw)’ +0.4583( joo) +1.0333jew+1

Taomgud (Zero) MAD -2, -5, 3+ uag 3- uazIwa (Pole) HAuniny -5, -3,
-242j 1Ay —2-2j ﬁwuauqm’fayjaﬁﬁwm 50 9a, A lumsnszduszuveglugag o1 - 10
Hz, a, =1

2) TU5un5Y leastupdate.m 150 Talsunsuledaamaduiszans Tasl433
Least-square method

b) T1/5105Y leastweightm Huldsunsuitednamaidulszans Taolsss
Weight least-square method Tae ¥ Weighting function Ao 1/ w Ao @ Ao ﬂ’Jma"ﬁGlﬁ}mi
NITAUTZUL

¢) T1l5un5u leastweight2.m fuTlsunsuesnannmduilszans Tasld3s
Weight least-square method Tag 1w Weighting function Ao 1/ o’ v o fio ﬂ31maﬁ1ﬁﬂ15

NITAUTZUL



Real part

Irmaginary part

Real part

Imaginary part

100

-100

-200

*  Sample data
— Murmnerical

10

200

10° 10
Frequencylradisec)

100 F

0

-100

-200

*  Sample data
Mumerical

10

100

10° 10
Frequencyirad/sec)

(a)

*  Sample data
— Murmerical

10’ 10
Frequency(radfsec)

*  Sample data
Murnerical

iy 10
Freguency(rad/sec)

(b)

87
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1 D04t
¥ Sample data i
= O Mumerical
o
z
o -100 |
200 ! ! M T R S NI L ! P T R R T
107 10° 10’
Freguency(rad/sec)
200 T
= 1m0t + Samplg data 3
= Mumerical
=
- 1
]
[1:3
£ 100 -

200k — e
10 10 10

Frequency(rad/sec)

()

{ v o d 1 1 a 1 a @ . d o
gﬂﬁ 4.4 LAAWHUNINANUTUWUTTEHINNTIUT AT TIUTUAMNALANND VO ITINFU
1 v Y A o o 9 ag [ 9
e lounNyiiie 4.3.4 lag (a) IDNIATDIUDYGA, (b) 3% TNADIUDYALUY

A
Y 9
fnimitin (Yo), (o) Tiddsaeadosgauuuainimin (o)

nnraildsinnissiuralasldlusunsuduasizdmiladdunieToulae
SwualiilassugeTounildlumsnageuTasunsudisin = 4. m = 4 999N 4.4 Wuh
namsfmuia TasldldsunsuduanzimiladduaisTonldnTdsunasy @ a1
Ranaadlosiigane  2.167463 Taefimdussansilaidudelowhdy 5, = 0.0224,
b, = 0.0324, b, = 0.0205, b, = 1.1440, b, = -7.7560, b, = -39.8500, b, = 99.9300 12
a, = 1.8780x10°, a, = 5.1130x10 ", a, = 5.5391x10", a, = 0.0454, a, = 0.2644, a, = 0.7324,
a, = 1.0000

)

| 1 J v ' { o y '
naznngU 4.4 wuhiladFumeTeundmna lddethwidounsuds wuh

=<

iduns i Idnnmsdiuin fugevesyadeyalinnuaeandeeiu Fulodunaina1sng 4.4

nunamanuRanaai lannmsmuaalasldllsunsuduaszimilansunie Tou



{ ° 4 o, 1 [ . . 1 [ . .
MINN 4.4 HAAIWANIAIVUNFUINA UMY -2, -5, 3+, 3+ uaz INaNAWNINY -5, -3, 2+, 2-j

b, =-1.0000 a, =0.1000 | b, =6.3240  a, =0.0868
b, = -22.0000 a, =0.4583 | b, =—26.5700 a, =0.7060 | G(i®)=
b, =-10.0000 a, =1.0333 | b, =-122.6000 a, = 2.1850
b, =100.0000 a, =1.0000 | b, = 288.8000 a, = 3.2620
b =-37.3600 a, =0.7597
b, =99.9900 a, =1.0000

+288.8( jw)” —37.36( jo) +99.99
0.0027( jew)’ +0.0868( j)’ +0.706( jo)" +2.185(jw)*
+3.262(jw)? +0.7597(jw) +1

Program Plant Estimated parameter Transfer function ||E|| ,
(a) | P+=10000 a =00083 | b =0.0224a,=1.8780x10" 0.0244( joo)° +0.0324( jo)® +0.0205( joo)* ) 1674633
b, =-1.0000 a,=0.1000 | b =0.0324 a, =5.1130x10"* 6y — L 144 0) ~7.756(jo) ~30.85(jo) +99.93
b, =-22.0000a, =04583 | 1 _ 00205 a, =5.5391x10°¢ 1.8780x10° (jo)° +5.113x10 (jo)’
=-10.0000 a, =1.0333 _ _
" % b, =1.1440 &, =0.0454 15.5391x10° ( )" +0.0454( jo)° +0.2644( j)’
bO =1000000 ao =1000O b — _77560 a = 02644 .
2 2 +0.7324(jw) +1
b, = —39.8500 a, =0.7324
b, =99.9300 a, =1.0000
(b) b, =1.0000 a,=0.0083 | b, =0.3398 @&, =0.0028 0.3398( jw)" +1.134( jo)’ ~11.24(jw)? —34.85( jo) 2 176900
b, =-1.0000 a, =0.1000 | b,=1.1340 a, =0.0462 S(j0) 19999 '
jo)=
b, =-22.0000 a, =0.4583 | b, =-11.2400 a, =0.2859 0.0028( jo)' +0.0462( jo)® +0.2859( jw)? +0.7845( j)
b, =-10.0000 a, =1.0333 | b =-34.8500 a, = 0.7845 "
b, =100.0000 a, =1.0000 | b, =99.9900 a, =1.0000
(c) | P.=10000 a,=00083 |b=03169 a;=00027 0.3169( jw)’ +6.324(jw)® —26.57( jw)' ~122.6(jw)’ 5 529059

L8
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Tisunsy @), () waz ) W e lndifeany aatine 2.167463, 2.176900 tag 2.529059
NN

4.3.5 Nosananruaelou in=3, m=>5

(jw)® —10(jw)? +31( jow) — 30
4.1667x107°(jw)® +0.0729(jw)* +0.4583( jo) +1.3542( joo)* +1.8917 jor+1

G(jo) =

T@ﬂmﬁuﬂ(Zem) AU 2, Suag 8 uazIwa (Pole) UAUNIADY -1.5, -2, -3+,
3+ uag -8 Sumugadoyadl ivanun 50 %A, analumsnsy zAUIZVUDEGIUT9 0.1 - 10 Hz,
a,=1

a) 11/5un5W leastupdate.m Fullsunsuiesnamadulszans las1433
Least-square method

b) 11514051 leastweight.m HuTdsunsuitedunannmdulseans 1as1433
Weight least-square method Taeld Weighting function Ao 1/w 1ae o Ao ﬂ’Jma"ﬁGlﬁlﬂTi
NIZAUTLUY

¢) TUsu1n5% leastweight2.m fulilsunsuiedunammdunlseant 1asl4ss
Weight least-square method Taolv Weighting function Ao 1/ w* Tag o Ao ﬂ?WNéﬁiﬁﬂﬁ

Y
NITAU



Real part

Imaginary part

Real part

Imaginary part

40 e

220 1 1 P T R R | ) 1 P T T R

A0 1 1 P T R R | 1 1 P T T R

-10
_2|:| 1 1 1 T TR T T T | 1 1 1 T N T

40 T

*  Sample data
Murmerical

20

10 lig 10
Frequencyiradisec)

*  Sample data |
Mumerical

10 10 10
Freguency(rad/sec)

(a)

40 . ——

*  Sample data
Mumerical | ]

20

10 10’ 10
Freguency(rad/sec)

30

201 *  Sample data |

Mumerical

103

10 10 10
Freguency(rad/sec)

(b)

91
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40 y — 7

*  Sample data
— Murmerical

Real part
[}

A0 - L L L Lo In ! L L Loy
10 10 10
Frequencyirad/sec)

*  Sample data |
— Mumerical

Imaginary part

20 . — . : e
10 10 10
Frequencyirad/sec)

()

{ v o d 1 1 a 1 a @ . Jd o
gﬂﬁ 4.5 LAAWHUNINANUTUWUTTEHINTIUT AT TIUTUAMNALANND VO ITINFU

teToumuiide 435  Tag (a) IBiasdestiosga, (b) IBMasdeiosgauu

e )

Y Y
ahmiin (Yo), (o) IMasaetioogauuuninimin (Vo)

vinwad 1donnsdiunTaeld TdsunsudunszimileddudioTou
TaofmualyilsrsudieTouldlummagenTisunsu iMin = 3, m = 5 MAA1T19 4.5
wunnmsans laglsldsunsudunsizimiladsuaisTou 1d Tisunsy (o) Naany
Aanmardesiigade 1127855 TasfimduiszansiledsudoTowshfiu b, = -4.7520x10°,
b, = 9.2860x10", b, = 1.1490x10”, b, = 3.7020, b, = -37.5700, b, = 118.0000, b, = -123.0000,
b, = 30.9100, b, = -30.0000 1% a, = 9.0060x10”, a, = 736270, a, = 0.2819, a, = 1.7530,
a,=5.2240, a, = 7.6270, a, = 5.1470, a, = 1.8960, a, = 1.0000

nngdii 45 wonhiladdudieTenddmoa ldlednn@euns gy wuh
dunslitldnnmssinaiugavesadeyaiinnuaeandesiu uaashiladdudioToud

o { o 7 a1 o ' d
AuraldnnTlsunsuiedunsizdimilandumelowiuamnsodszmnangadoyan Ia



{ o § . 1 [BE-Y 1 LY . .
MINN 4.5 HAAIWANMIAUIUNGUINAUNIAY 2, 5, 8 Ay TwalAumIn -1.5, -2, 3+, 3, 8

Program Plant Estimated parameter Transfer function ||E||2
(2) b, =1.0000 a, =4.1667x10° | b, =-2.1910x10"a, =3.0050x10"° ~2.191x107 (joo)’ +3.961x10° ( jo)’ | 133333
— - -6 -5
b, —3‘1123);: 3= g'igzz b = 3.9610x10"a; =5.1320x10 +6.208x10” (jo)' —6.098x10%  jo)°
= . =VU. — —4 _ -4
by a, b, = 6.2080x10*a, =5.9850x10 +7.508x10°(jo)" - 0.588( jo)’
b, =-30.000 a, =1.3542 b, =—6.0980x10 ?a, = 5.5520x10"° . . .
—1.8917 S, +2.666( jw)” —11.29( jw)” +30.48( jw)
Q== b, = 7.5050x102a, =0.0349
3, =1.0000 b, =-05880  a, =0.1632 G(jo) = : ]
"= a7 3.005x10°° (jw) +5.132x10° (jo)
b,= 2.6660  a, =0.5961 DU e
b, =-11.0900 a, =1.4460 +5.985x107* (jw)' +5.552x107 ( jo)
b = 304800 a =1.9100 +0.0349( jow)® +0.1632( ja))4 +0.5961( jw)*
b, =—-30.0100  a, =1.0000 +1.446( jw)? +1.91( jw) +1
(b) b, =1.0000 a, =4.1667x10"° b, =-1.2520x10° a, =0.0349 -1.252x107°(jw)® +9.452x10°° ( ja))4 1133020
bz =-10.000 a4 =0.0729 b4 — 94520><10_5 a4 =0.1632 G(Ja)) ~ +09986(Ja))3 —10(]&))2 +31(ja)) -30
b, =31.0000 a, =0.4583 b, = 0.9986 a, = 0.5961 0.0349( je)° +0.1632( j)" +0.5961( )’
b, =-30.000 a, =1.3542 b, =-10.0000 a, =1.4460 11.446(j0)? +191( jo) +1
a, =1.8917 b, = 31.0000 a, =1.9100
a, =1.0000 b, =—30.0000 a, =1.0000

16



{ ) { L= 1w 1 [ . . 1
MINN 4.5 HAAINANIMUIUNFUINAUNIAD 2, 5, 8 g INalA UMY -1.5, -2, 3+, 3+, 8 (410)

N

b = 309100 a =1.8960

b,

-30.0000  a, =1.0000

Program Plant Estimated parameter Transfer function || E|| X
b, =1.0000 =4.1667x107° =-4.7520x10°a, = 9.0060x10° - Slio) “(iw)
(c) ; 3 x by X 74a8 x 4.752x10° (jo) +9.286x107*( jo) L 127855
b, =-10.000 a, =0.0729 b, = 9.2860x10*a, =0.0167 +1.149x10° (jo)’ +3.702(joo)° 3757 ( jo)’
= = _ 3. _
h = TR = b, = 37020 a; =1.7530 9.006x10°®  jo)’ +0.0167( joo)
a, =1.8917 b, =—37.5700  a, =5.2240 0.9819( 1) 41755 il +5.224( i)
a, =1.0000 b, = 1180000 &, =7.6270 e F“‘:) FL7ssey S (jo)
b, = -123.0000 &, =5.1470 +7.627(jow)’ +5.147(jw)” +1.896( jw) +1

4
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MIndaudIuasaiuaud tazdiusmauiuanmiuaud ldgndes sulledunain
1 1 a A 9 o 9 [ 4 d v
MIN 45 wuhmanudaanaian ldnnmsdmsTagldllsunsuduasizimilandn
9 E4
aeTouvoalisunsy (a), (b) waz ) HulA lndiResduaeiine 1.133333, 1.133020 uag
1.127855 ¢ua1nl

Y IS

Jd o 3 Y Y o
4.3.6 iosanlantusalouil n =0, m = 1 1n¥deh 4.3.1 laamviualdyadoyadl
Y
anuulsdsavvesyatoya £10%
A AN Y 1 ] Ay v A 1
io991nnan 189 1nn1snaaoInyl gadoyan lavziainnuulsilsiu
. 9 1 = B a 1 9 o 1 .
(Variance) V0gAUDYAAIHHY 33ULUIANNAAIINIIAIANUMITUIIU (Variance) VDA
9 09/’ I oA 9 1 oy [ ) Y = [ o dg} A [
doyaru q wudumnldlumsaraihminegi i Tdsunsulianuiudmniunioe i
£ v 9 d" 91 9 o 1 g‘ o Yo ~ 4
Faluiardetivgldannuulsdsiuvesgadoyaniinmsorniminldduaunsildon
nizUIUMIRIaIdetiosga laotmualn
d 4 o 1 QU a Q( Y
a) 1151054 leastupdate.m Wy Tdsunsuiefmuiamaduseans lae143s
Least-square method
d 4 o 1 U a Q( i
b) 1151105 leastweightm Wy Tdsunsuefuismardudseans lae193s
Weight least-square method Tagl¥ Weighting function A9 1w a8 @ fe anudnlinmsg
NITAUTZUL
I 4 Y a = A
o) T1l5un5y leastweightz.m Wy Tlsunsuiemramaduilseans laeldis
Weight least-square method Tag 1w Weighting function o 1/ 0* Tav @ Ao Anwanlins
NIZAUTZUL
d 4 o 1 % a Q’
d) Tu51n5W leastweightSTAT.m tHuTdsunsuwefuiamaduilseans lag
1435 Weight least-square method Taglw Weighting function Ao o? lag o Ao AW
11)51)59% (Variance)
< § o 1o A
e) 1U5un31 leastweightSTATL.m (HuTdsunsuiemuramardulseans lag
1473 Weight least-square method Taeld Weighting function Ao 1/ 02 Tag o fio AW

usisau (Variance)



Irnaginary part

Real part

Imaginary part

(b)

1.5 T ——
*  Sample data
EE ot ke Foh o * Mumerical | |
Fr +F + 445 55 A
05r 7
"
D L L L L L P T | L
10" 10° 10’
Frequency(rad/sec)
D-: T
+  Sample data
N2r — MNumerical
04t i
¥x* T
QB+ 7
0.8 ! '
10! 10’ 10’
Frequency(radfsec)
(a)
1.5 T
*  Sample data
Bk F ¥+ 4+ 4 4+ Numerical | |
* + *******_********
.*.
05r T
.
D L L L L L TR | L
10" 10° 10
Frequencyirad/sec)
0y —————
*  Sample data
0.2 Mumerical
04t "
FEF T
O6r 7
0.8 . —— '
10" 10 10
Freguency(rad/sec)
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1.8 T
*  Sample data
- 1Bt ek ko kg L ¥ — Mumerical ] |
T **+*+*++**+******
z ¥
e 05F
D ! ! ! ! [ | 1 1 1 1 1 I
10" 10” 10’
Fregquency(radfsec)
04 T
*  Sample data
5 02 — Mumerical
jw
=
5 04¢ 3
2]
(13
E 06} -
0.8 L . i
10" 10” 10’
Frequency(radfsec)
(c)
1.5 T
¥ Sample data
o ot g ko4 o — Mumerical
EOFEEFE L FE 5 F
3
o D5F
L
D T | L L L L L TR T
10" 10° 10’
Frequency(rad/sec)
D-: T
4 Sample data
§ 02 Mumerical
o
Fa
T 04 i
= ¥
= ¥ + *
E 0B} -
0.8 L : e
10" 10” 10’

Freguency(rad/sec)

(d)
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156 .
*  Sample data
- 1-3:-+* +* t* g kg o4+ — Mumerical | |
* + *
H * *+ + * % % F PR
=
> 05 4
L
|:| 1 1 1 1 1 [ | 1 1 1 1 1 TR |
10" 1’ 10’
Freguencyiradisec)
I:I-] T
*  Sample data
5 02} Mumerical
o
=
w04 3
T ¥xE T
£ 06} .
0.8 . — . e
10" 10’ 10°
Frequencyirad/sec)
(e)

A v o J 1 1 a 1 a [ { Jd o
g“lJ‘ﬂ 4.6 LAAUHNUMNANNUFUNUTIZHINTIUITI LAZAIUIUANINALANNDVRININFY

Aad o [

oeToumuiate 43.1 Tae (a) Fiasaetiosga, (b) Apmasdesiioogauyy

Y 9
fnhmin (Yo), (© FBhdsaeniesgauuudinimin (Ve’), @ Bidaes

ad o W 9

Y 9
toggauuuninimiin (o), (o) FiMdsaeadosgauuuainimin (/o)

nnranlaainnsdivaalaeldldsunsuduasizimiiledsunielou

Tagsmua liilanduaio TounldlunmsnaaeuTusunsy a1 n = 0, m = 1 ez mualiya

9 = 9 1T = Ql as U g} v Y o
ﬁuaagjauﬂmamuﬂiﬂiaummmsuasuammu +10% wagimManuIsmsoaihminlvnums

G

o

A ax ' : o Y1 Y '
ATUIU Iﬂﬂﬂ?iLWll’J‘ﬁﬂTiﬂ'Nl!TVfuﬂIﬂﬂi%ﬂ?ﬂ??ﬂuﬂi‘ﬂﬁ'Jlﬁl@\ﬂiﬂﬂl@&ﬁﬂﬂ%ﬁﬂil&ﬂ"ﬁ
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(©) b, =1.0000 a, =0.0083 b, = 18.2100 a, =9.9730 G(jo) = 18.21( jw)? _—66.4330.48(_ja))+102.1 31550240
b, =-1.0000 a, =0.1000 b =-66.4300  a =0.4770 9.973(jw)? +0.477(jw) +1
b, =-22.0000 a, = 0.4583 b, =102.1000  a, =1.0000
b, =-10.0000 a =1.0333
b, =100.0000 a, =1.0000
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A
M1TNNN 4.9

Y =

o A k) o Y Yy A L= (Y . . =
Llﬁ'ﬂ\‘iWﬁﬂ"liﬂ?i!')ﬂl‘i/lhlﬂ%'lﬂﬂ"liﬂ?ﬁuﬂﬁlﬁ%ﬂﬂlﬂﬂﬁﬂﬂ’nmLlﬂiﬂi’lusll’f)\i‘lq)'ﬂsllﬂll“ﬁ +10% NFUINAUNNY -2, -5, 343, 3-j uaﬂwaum

N -5,-3, 2+, 2-j (AD)

a QU

b, =-1.0000 a, =0.1000
b, = —22.0000 a, = 0.4583
b, =—10.0000 a, =1.0333
b, =100.0000 a, =1.0000

b, =—68.9400 a, =0.4582
b, =96.9300 a, =1.0000

© 8.694x107(jw)? +0.4625( jow) +1

Program Plant Estimated parameter Transfer function || E|| X
A b, =1.0000 a, =0.0083 b,= 0.1807 a, =1.0770x107 0.1899( jo)° +8.469( jo)’ — 66.59( jw) 7199950
b, =-1.0000 a, =0.1000 b,= 8.3280 a, =0.0955 G(jo) = +98.78
b, =—22.0000 a, = 0.4583 b, =—66.1400 a, = 0.4596 1.098x107°(jo)® +9.562x10°* (jw)’
b, =-10.0000 & =1.0333 b, =97.3700 a, =1.0000 +0.4631(jow) +1
b, =100.0000 a, =1.0000
b, =1.0000 a, =0.0083 b,= 9.3170 a, =8.6970x10 jw)? — j
(e) A " 3 a, x G(jo) = 9.503(jw)” —69.69( jw) +98.43 24.32050

LTI
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a, = 1.0000 MnMANUHANAIANLI TU5UNTY (©) Tamanuranaiagani Tidsunsuduun

] ] 9 9 v v
vazlodunaningd 4.9 Tulsunsu o) du idunsmlfugedeyariulideandesiunanud

1 09;} 1 I 1 4 aa/' J @ 1 { o 4 )

Hadaue 1 Hz Wudulyl dauldsunsudy q uwuniladsuais Teunaruna ldiieiium
= v v g Sy v o Y 9 a Y o
Wounsudavglaiudunsidlannmsduiunvyavesgadoyalinnudoandesny

1 o o 1 ~ o Y A @ 4 LY d v 1 :J'
paasnfleanduaie Tounduaaldnn Tdsunsuedunnzimilendunis Touiuanse
Uszmaaigadoyan Idvindrudrwiueisduanuduazaiusiniauiuaniniuanud
A0ANADINU

Jd v Y ;Y Y o
4.3.10 imsanlaniusalou Al n = 3, m =5 n¥IveN 4.3.5 laammualigadoya

IS Y
Nanulsisvvesyavoya

40 . —————————

+  Sample data
40 — Murmerical

Real part
c

A0 - L L L L I|:| ! ! L L
10 10 10
Frequency(rad/sec)

¥ Sample data
Mumerical

Imaginary part

220 - L L L L In . L M
10 10 10
Frequencyirad/sec)

(a)



Real part

Irnaginary part

Real part

Imaginary part

-20

40 T

#  Sample data
Murnerical

-40 . )
10" 10’ 10
Frequencyirad/sec)
40 T

20 e

*  Sample data
Mumerical

10" 10"
Frequencyirad/sec)
(b)
40 . ———————— ——r——r———
*  Sample data
20 MNumerical

a
-20

4
-40 . ) .
10" 10” 10

Frequency(rad/sec)
40 . —————————— ——r——r——
.*.
otk g Sample data

Mumerical

10 10"
Frequencyiradisec)

()



Real part

Imaginary part

Real part

Imaginary part

40

201

*  Sample data

Murnerical

40 T
. *F * Samph.a data

- Hy # F # Mumerical

4

o -
0 ! L
10 10’ 10°

Frequencyiradisec)

40

(d)

4 Sample data
Mumerical

10° 10
Frequencyirad/sec)

¥ Sample data
Mumerical

-20

10

10’ 10
Frequency(rad/sec)
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(e)

A v o ' a 1 a @ { d v 1
E‘IJ‘V] 4.10 LAUNNANNTUNRUTTEHINAIUITI Lag FIUTUANIN AUAND Voilantu ae

[

Touauiinde 4.3.5Ta0 (a) AdMaeanstiosga, (b) ADAAIAOIUDITALLY 02
9 1

Y Y
miin (Ye), (© hdsaesdosganuudinimin (1/e?), (d) Fidiaesion

1 g) o 2 adl o W Y U :} Y 2
qanvunnimin (6°), (o) AMasaesissgauuunnhmin (1/0°)

nranlaannmsdivinlaslFldsunsuduasizimifensuoieTou
TaosmualdilasduaioTouil¥lumsmaaenldsunsuiiain = 3, m = 5 uazfvualiya

=l

doyatiannuulssiuvesyadoyaminy £10% nazfimstituIsmsaraiminliiunis
fune Tasmsiudsnsdraiminlasls a1nnuulslsruvesgadoyauizrelunis
Srahmiin MAMsAURAIINMN 410 WuhdANuRanaiad Idnnnsduiu Taold
TsunsudunsizivilansuaieTouvoal1sunsy ), ), ), d) vag (o) fufisdsiiae
12.65607, 12.25032, 16.91956, 92.32480 i@z 14.15827 awday vz 1anTdsunsu (b) e
awRanmatesgane 1225032 TasfimduszandiledFueToumiy o, = 2.672x10°,
b, = 09771, b, = -10.05, b, = 30.82, b, = -30.1 UAL a, = -4.261x10", a, = 7.192x10",

a,=0.4584,a, = 1348, a, = 1.891, a, = 1.0000



Yy =

A1519N 4.10 uﬁmwamiﬁmmﬁ'lﬁ’mﬂmiﬁmuﬂiﬁ’wmamummu

-1.5,-2, 3+, 3, 8

a QU

{ o 1 1w 1 1w
Usisauvesyadoya £10% Ngudliauniny 2, 5, 8 uaz Tnaliauminy

Program Plant Estimated parameter Transfer function || E|| ,
— _ -7 6/ : 9 6/ 8
@ EB - 1,(1);)%% ) ] a, 3.3660><1076 5.602x10°° (jo)’ —2.217x10° ( jw) 12 65607
2 =10, by =5.6020x10"  a, =3.4210x10 +1.111x107 (jo) -6.532x107 (jo)’
=31.0000 __ 5o -
b = =90, b, = 1.1110x10° a, =5.6830x10™ 5 .
o = 21667 x10° (i — ~1052(j0)’° +30.16(j) - 29.2
s =4 b, =—6.5320x10° a, =5.8760x10° (jo) = T YR
o = 0.0729 . . 3.366x107 (jo)" +3.421x10° (jo)
4 b, = 8.0180x10?% a, =3.0470x10 e DN
a, = 0.4583 b — 0.4904 o 01617 +7.884x10° (jow)’ +5.683x107 (jo)
y — — Y. y — Y
3, =1.3542 b= 2.5500 a, = 0.5587 +5.876x10°° (jo)" +3.047x10°(jo)’
8 =18917 b, =-10.5200  a, =1.4430 01617 jo)' +0.5587( jo)* +1.443(jo)’
3, =1.0000 b= 30600  a 18380 11.838(jo) +1
b, =—29.2000  a, =1.0000
= — -3 -3 \4 P \3 RV
®) b, =1.0000 a, = 4.2610x10 ~2672x10 (jo)' +0.9771( jo)* ~10.05( jo) 1295032
b, =—10.0000 b, = —2.6720x10° a, =7.1920x102 Gjo) = 3082(jw) ~30.1
b1 =31.0000 b3 - 0.9771 a, = 0.4584 4.261><10’3(ja))5 +7.192x1072 ( ja))4 + 0.4584(]0))3
b, =-30.0000 b, = —10.0500 a, =1.3480 +1.348(jw)* +1.891(jow) +1
a, =4.1667x10° b, = 30.1000 a, =1.3480
a, =0.0729 b, =-30.3700 a, =1.0000
a, =0.4583
a, =1.3542
a, =1.8917
a, =1.0000

(44!



Y =

A1519N 4.10 uﬁmwamsﬁmamﬁ”lﬁ’mﬂmiﬁmu@“lﬁ’%memmmmu

Q U

-1.5, -2, 3+, 3-j, 8 (A0)

{ o 1 [ 1 Y
Usdsruvesyadoya £10% Aguddinuniny 2, 5, 8 uaz Inaliauniny

Program Plant Estimated parameter Transfer function || E|| ,
© b, =1.0000 a, = 6.3240x10°° ~0.1388( jo)" +0.7255( jw)® —11.89( jw)? +29.55( jo) 16.91956
b, =-10.0000 b, =-0.1388 a, =8.2970x10? -30.35 '
‘ ' v G(jo)=—
b, =31.0000 b,= 07255 a,=05219 6.324x107(jw)°® +8.297x107 (jo)' +0.5219( jo)’
b, =-30.0000 b, =-11.8900 a, =1.4370 +1.437(jo)? +1.947(jo) +1
a, =4.1667x10° b = 29.5500 a, =1.9470
a, =0.0729 b, =—30.3500 a, =1.0000
a, = 0.4583
a, =1.3542
a, =1.8917
a, =1.0000
@ b, =1.0000 b, = -3.4660x10° a, = 2.7450x10* ~3.466x107 (jo)" +0.5951( jw)® —5.46( jo)? 92.32480
b, = -10.0000 b,= 0.5951 a, =0.1524 +12.08(jw) —17.04
G(jo)=—+ '
b, = 31.0000 b, = —5.4600 a, = 0.6999 274510 (jw)" +0.1524( jw)* +0.6999( jo)?
b, = —30.0000 b, =12.0800 a, =0.7291 +0.7291(j
. jw)+1
a, =4.1667x10° | b, =-17.0400 a, =1.0000
a, =0.0729
a, = 0.4583
a, =1.3542
a, =1.8917
a, =1.0000

eCl



-1.5, -2, 3+j, 3-j, 8 (A0)

A o Ay ¥ o 9 ] a Y A a1 w A 0w
AT NNN 4.10 LLﬁﬂQWﬁﬂ']ﬁﬂWU'JﬂW]ulﬂfﬂ']ﬂﬂ'lﬁﬂﬁ"iuﬂﬂlﬂ“])"ﬂ‘l]@Hﬁﬂﬂ??ﬂl!ﬂﬁﬂﬁ?um@ﬂﬂjﬂ‘u@yjﬁ +10% Vlf‘fuﬂilﬂuﬂ'lﬂ‘ﬂ 2,5,8 LLaZIWﬁiJ‘ﬂ’]WI’]ﬂ‘]J

Program Plant Estimated parameter Transfer function || E|| ,
_ _ 5 PN 4/ \6
©) E3 - 1-23%%00 . 3,=1.0300x10 i ~1.959x10"* ( jo)’ ~9.674x10™  jo) 1415827
2 — T Y b7 =1.9590x10 a, = 9.8490x10 +3.382><10’2(ja))5 —02156( ja))4
= 31.0000 __ . g 3
by b, = —9.6740x10* a, = 2.0480x10 11.815(jo) —9.731( jo)’
b, =-30.0000 | b= 338204107 & =13120x10° | 43013(jo) - 2819
% = 3'(1)32;”0 b, =-0.2156 a, =0.1070 1.03x10° (jo)’ +9.849x10° (jw)’
a,=0. b, = 1.8150 a, = 0.4597 6 .
+2.048x107° (jo)’ +1.312x102(jo)°
3, =0.4583 b, =-9.7310 a, =1.3530 _ 4(1 ) N be)
a, =1.3542 b, = 30.1300 a, —1.7530 +0.107( jw) +0.4597( jw)
3, =18917 b, =-28.1900 @&, =1.0000 +1.353(jw)” +1.753(jw) +1
a, =1.0000

14!
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@ I a @

Az W (Storage modulus), YOAAANT YL (Loss modulus) MudusunnlanuTdsunsy udn
o v o d 1 @ @ @ A (% o
i l@sunslanuduiussninwendanasnuazaununud uazvenddms gaydony

a4 A a ¢ o dy Fo 1 3 ¥
ANND o IAT Iz HHavRIMIFanT Iz ilandgun1e Toun 14

[ d
4.4.1 m3tszgnaliilsunsuiugadeyaves Polybutadient Wodlo3

H Y
M13719% 4.11 HAAIHANITNAABIVDY Polybutadient TasNtimiinTuanaminy 8.3x10

No. Frequency (rad/sec) Storage modulus (Pa) Loss modulus (Pa)
1 0.0105 0.0982 0.4900
2 0.0140 0.1724 0.6377
3 0.0187 0.2956 0.8099
4 0.0249 0.4923 1.0310
5 0.0348 0.7380 1.2522
6 0.0486 1.0573 1.4491
7 0.0646 1.4499 1.5968
8 0.0901 1.9160 1.6710
9 0.1198 2.3576 1.6719
10 0.1671 2.8238 1.5993
11 0.2332 3.2165 1.4286
12 0.3258 3.5357 1.2336
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M3 4.11 HAAIHANITNAADIVDY Polybutadient Taedtinyiin Tuanaminy 8.3x10 (#d)

No. Frequency (rad/sec) Storage modulus (Pa) Loss modulus (Pa)
13 0.4340 3.7813 1.0141
14 0.6074 3.9291 0.8189
15 0.8499 4.0769 0.6237
16 1.1343 4.1512 0.5023
17 1.5144 4.1764 0.3806
18 2.2262 4.2264 0.2834
19 2.9724 42516 0.2107
20 3.9697 42524 0.1627
21 5.5622 42777 0.1145
22 7.7974 4.2541 0.0907
23 10.4109 4.2794 0.0671
24 13.9040 4.2801 0.0680
25 20.4439 4.3056 0.0688
26 27.3033 4.3063 0.0452
27 36.4642 4.3071 0.0460
28 51.1045 4.3080 0.0467
29 71.6229 4.3088 0.0232
30 95.6539 4.3096 0.0240

N Yanovsky G. Yu., Basistov G. Yu. and Siginer A. Dennis (1996)



E T T T
w
o
5
= 4r
=
=2
=
L 2r *  Yanowsky and Basistov {1996)
g Murnerical
] *
Dﬂ—*'*? il I | Ll L
107 10" 10" 10’ 10°
Frequency(radisec)
2 T T T T T T T LA L LA |

E 4 ¥E *  Yanovsky and Basistov [1998)
w 15 Mumerical
=
=
=
)
£
o
o
3
0 Ll T
107 10" 10" 10’ 10°
Frequency(rad/sec)
(a)
B T T T
o
o,
5
= 4r
=
)
E 5L *  Yanowsky and Basistov (1996)
? — Murnerical
=
i
D-E 3 1 1 ||||||II:I 1 1 ||||||I1 1 |||||||2
10 10 10 10 10
Freguency(rad/sec)
2 T T T
g 15k # *F " *  Yanowvsky and Basistov (1996) |
E + Mumerical
=
=T 1 * .
=
w 08 8
3
D 11l L [ A A | L PR T AL -
10 10" 10’ 10/ 10°
Freguency(rad/sec)

(b)

128



E T T T
m
o
5
= 4r
kS
S *  Yanovsky and Basistov (1998)
ai]
= 2 Mumerical
S
Eﬁ D 1 1
10 10" 10" 10/ 10°
Frequencyiradisec)
2 T T T T T T T
g 15k * ¥ *  anovsky and Basistov (1996) |
E ——— Numerical
ER ]
[}
=
w 05 8
3
0 = e dersey
10 10" 10" 10! 10"
Frequency(radisec)
(c)
B T T T T
w
o
g
= 4r
sl
[}
E 5L *  Yanovsky and Basistow (1996)
= Mumerical
=
mu&-**.-*_ L1l L1l PR | L
10 107 10° 10’ 10°
Frequencyirad/sec)
2 T T T
= + ¥ ¥y *  Yanovsky and Basistov (1998)
L o15¢ * 3 Y :
é * + Murnerical
RS * + i
£ + *
2 06K *¥ 1
5
D 11l 1l L I B T L
10 10" 10’ 10° 10*
Frequencyirad/sec)

(d)

129



E T T T
— 4
[3:3
o
E 5l *  Yanovsky and Basistow (1996)
— MNumerical
D&-*— Ll Ll Ll L
107 10" 10" 10’ 0°
Frequencyirad/sec)
2 T T T
w & B .
o 15+ * *  Yanovsky and Basistov {1996) |
E | — Mumerical
=
T 1t + :
= *
.*.
@ 0.5% * .
3
|:| 11l L L1l PRI T T i
10 10" 10’ 10° 10*
Frequency(rad/sec)
(e)

130

7N 411 naaauru AU FNT YT 52 19d U IuIUTe AuaudlazdIuduI

IUANINAVANNDLT o UINIVTZHINHALUUATINUNAAIUIBFIAUAVN 30 point,

0.01 - 100 Hz, a, =1 U94 Polybutadient Ao (a) 33M1aa0tioada, (b) A3 189d04

[

Y Y
togganuuninimin(Ye), () Bihdsreaiosgauuudinimin(le’), ()35

Y Y
Mdsaeaiosgauuuainimin(o?), (o) Arddsresiesganuudiaimin

(¥e')

A ' Jd o J Y
NN15199 4.12 Wy Tlsunswy leastweigth2.m ’e’ﬂll15ﬂﬂ1ﬂﬂﬂ%uﬂ1ﬂi@uﬂl@ﬁ’3ﬁﬂ

[ a 1 a 1o A =S d v 1 1w
danguutiagaduldmnnuranaiaiiadiiige Ao 0.588785 TaslimlsndunisToumiiy

_22.7600( jw)? +322.5000( jo)? +49.0200( jow) + 0.01968

G(jo) =

5.2770( jw)® + 77.4700( jow)’ + 23.2500( jw) +1.0000

-14.016, -0.1533, -4.0253x10™

TasnuarIna (Pole) tN1AL



MINN 4.12 LAAINANITNATDIVDY Polybutadient

Program Estimated parameter Transfer function ||E||2
@) b, =5.3100x10° &, =1.2250x10° o) — 5.31x10° (jo)' +6.972x107 (jw)* +0.2534( jw)® +18.23( jw) +1.156 » 979437
b, = 6.9720x10° a, =1.6240x10° (Jo)= 1.225x10° (jw)" +1.624x107° (jw)® +5.885x 1072 (jo)? +4.258( jo) +1 '
b, = 0.2534 a, =5.8850x102
b, = 18.2300 a, = 4.2580
b, =1.1560 a, =1.0000
(b) b, = 2.2540x107 a, =5.2030x10°® 2.254x107 (jo) +3.239x10° (jo)’ +1.397x10°(jw)° +0.112( jo)’ 0.502566
b, = 3.2390x10™° &, =7.5430x10"° 6 (i) = 1454 j)® +69.93(jw)? +45.72( jw) +0.08
b, = 1.3970x107° &, =3.2460x10" 5.203x10° (jw)’ +7.543x10° ( jw)’ +3.246x10™* (jw)° +0.0262( jw)"
b, = 0.1120 a, =0.0262 +0.3417(jo)® +16.38(jw)® +13.5(jw) +1
b, = 1.4540 a, =0.3417
b, = 69.9300  a, =16.3800
b = 45.7200  a, =13.5000
b, = 0.0800 a, =1.0000
© b, = 22.76000 a, =5.2770 6(jo) = 2278 jw)® +322.5( jw)? +49.02( jw) +0.01968 0588785
b, =322.5000 a, = 77.4700 5.277(jw)® + 77.47(jw)? +23.25(jo) +1 '
b = 49.0200 a, = 23.2500
b, =0.0197  a, =1.0000

Iel



MINN 4.12 LAAINANITNATDIVDY Polybutadient (ﬁ"t’))

b = 23.3400  a =5.4800
b, =0.8063  a, =1.0000

Program Estimated parameter Transfer function || E|| )
%) b, = 1.5130x10™* a, =3.5030x10°° 1.513x10™* +6.908x107%(jw)° +0.4985( jw)* +18.8( jw) » 888459
b, = 6.9080x107° a, =1.6210x10° 6(jo) = +1.1333 :
b, = 0.4985 a, =0.1157 3.503( jo)' +1.621x107(jw)® +0.1157( jo)* +4.42( jw)
b, = 18.8000 a, = 4.4200 +1
b, =1.1333 a, =1.0000
() b, = 7.1940x10° a, =1.6540x10°° 7.194x10° (jo)’ +1.912x10° (jo)® +5.326 10 ( jo)’ » 076397
b, = 1.9120x10™ &, =4.4440x107° (e = +6.116x1072(jw)® +0.7668( jw)? + 23.34( jw) + 0.8063
b, = 5.3260x10 a, =1.2400x10™* ()= 1.654x10°° (jo)’ +4.444x10° (jw)° +1.24x10" (joo)'
b, = 6.1160x10°* a, =0.0142 +0.0142( jo)® +0.1808( j)” +5.48(joo) +1
b, = 0.7668 a, = 0.1808

el
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Aas

4.4.2 miﬂizqnvﬂ‘fﬁﬂigmsuﬁuiwammuﬁﬁmmﬁmuﬁm‘h (Linear low density
polyethylene) Taal¥ Metallocene 1Hufas aﬂ&jﬁ?m
MINUNAMNYDY Kucukpinar et. al. (n.d.) Huumanuiiniinmsanisiaveants
iRamsvasuazatevowas Tase doiUs1a0e Wagner 1iD31209A 1904 Storage 1182 Loss
modulus mﬂﬂgﬂsﬁ'ayaﬁ"lﬁ'mﬂﬂﬁmﬁau FINUIWVVT1A09 Wagner @ 11505120981

Storage 1182 Loss modulus 1A% 1A8@NNITUDI Wagner LAAIAITUMTN 4.1 LAz auM5TN 4.2

e Goiﬂ"lza)2

G ““’):zlmzwz .1
nes GOi/lla)

G"(jow) = Z—1+ pEpe (4.2)

Tagm G, A9 Strength

A f1® Relaxation time

A15197 4.13 Relaxation time A Hag Strength G, o,

Exceed 350D60

/’i’l,s Goi,Pa
10 1.94E+01
1 8.33E+02
0.1 3.93E+04
0.01 3.48E+05
0.001 3.70E+05
0.0001 1.00E+06

1: Esra, K., Kilham, M. K. and Paul, P. T. (n.d.)
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9

Tas 350D60 WmtinTuana (M) 191101 1000000 g/mol, BAIIAIUTEHIN
ﬁwwﬁ’ﬂimaqa (M,) @im{mﬁﬂTmafWmﬁﬂﬁuﬁmauim (M) Fufiduindu 2.5, Ao
wuwuEY 0917 g/em®,  anaewazatsil 119 °C uasdyiimsnasuazals (Melt
index) IMNY 1 g/10min

4.4.2.1 Hsani 4, =10, G, ,, = 1L.94E+01

oi,Pa

A15197 4.14 LEAINANITNAADIVDY INAENAUNTANUHUILUUAT (Linear low density

polyethylene) Tagld Metallocene 11113 Qﬂﬁ N3N

No. Frequency (rad/sec) Storage modulus (Pa) Loss modulus (Pa)
1 0.0100 0.1921 1.9208
2 0.0149 0.4199 2.8230
3 0.0221 0.9051 4.0915
4 0.0329 1.8951 5.7597
5 0.0489 3.7486 7.6597
6 0.0728 6.7189 9.2305
7 0.1083 10.4686 9.6695
8 0.1610 14.0005 8.6946
9 0.2395 16.5200 6.8976
10 0.3562 17.9829 5.0482
11 0.5298 18.7327 3.5356
12 0.7880 19.0926 2.4228
13 1.1721 19.2598 1.6432
14 1.7433 19.3364 1.1092
15 2.5929 19.3712 0.7471
16 3.8566 19.3870 0.5027
17 5.7362 19.3941 0.3381
18 8.5317 19.3973 0.2274
19 12.6896 19.3988 0.1529
20 18.8739 19.3995 0.1028
21 28.0722 19.3998 0.0691
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A1519% 4.14 LAAINANTNATDIVDI INALDNAUNTANUHUIUUAT (Linear low density

polyethylene) Taeld Metallocene Lﬂﬂﬁ?ﬁﬁﬂﬁﬁ?M (A0)

No. Frequency (rad/sec) Storage modulus (Pa) Loss modulus (Pa)
22 41.7532 19.3999 0.0465
23 62.1017 19.3999 0.0312
24 92.3671 19.4000 0.0210
25 137.3824 19.4000 0.0141
26 204.3360 19.4000 0.0095
27 303.9195 19.4000 0.0064
28 452.0354 19.4000 0.0043
29 672.3358 19.4000 0.0029
30 1000.0000 19.4000 0.0019
Az nmsumum luaumsi @.1) uaz 4.2) Tasdmualim 4, =10, Gy, 5, = 1.94E+01
. 20 T -
a
T 151 .
§ 10k *  Kucukpinar et.al(n.d.) | 4
E .
- Mumerical
F 5p 1
i
e
10 10 10 10 10 10
Frequency(radisec)
1D T T T
E: sl +  Kucukpinar et.alind) | |
-§ Mumerical
E 4 _
§ 24 .
-
0t T et
10 10 10 10 10 10
Frequency(rad/sec)

(a)



Storage modulus(Pa)

Loss modulus(Pa)

Storage modulus(Fa)

Loss modulus(Pa)

20 T "
151 .
10 - -
¥ Kucukpinar et.al.(n.d.)
5l Mumerical i
D Lol 1 Ll 1 L1l 1 L1l 1 L
10 10" 10’ 10’ 107 10’
Frequencylradisec)
1D T T T
B - -
ol *  Kucukpinar et.al.(n.d) | |
Mumerical
4 .
24 i
0 bl A fe—pemsih
10 10" 10’ 10’ 10° 10’
Frequencyirad/sec)
(b)
20 o "
158+ .
10r ¥ Kucukpinar et.al.(n.d.) | 5
— Murnerical
5 - -
D 111l 111l ! L1 a1l 1 L1 11l 11
10 10" iy 10’ 10° 107
Frequency(rad/sec)
1[' LR | T T T rrrrrg T T rrrrrg
8 - -
Br . 4
*  Kucukpinar et.al.in.d.)
4 — Mumerical .
23 _
0 ul S At —tsh
10 10" 10” 10° 10° 10°
Frequency(rad/sec)

()
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Storage modulus(Pa)

Loss modulus(Pa)

20 T -
18+ .
*  Kucukpinar et.al.(n.d)

10+ " i
Mumerical

51 i

El 1 L1l 1 L1l 1 L3l 1 L a1l 111

107 107" 10° 10’ 10° 10°

Frequencyirad/sec)

1EI T T T

B i

B *  Kucukpinar et.al.{n.d.) |
Murmetical

4 i

24 _

Ol i At

107 107" 10° 10’ 10° 10°

Frequencyirad/sec)

(d)

137
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20 . e
o
il
w 15} |
=
_E 10k *  Kucukpinar et.al (nd) |
o — Mumerical
T o5f .
o
in
D h L1l L L1l L 1ol L L1l L L1
10 10" iy 10’ 10 10°
Frequencyirad/sec)
1D T T T
o
= B} #+  Kucukpinar et.al (nd) | o
=i .
E 4 Murnerical i
L)
2 24 _
—
S AFTEN . s T
10 10" 1 10’ 10 10’
Frequencylrad/sec)
(e)

U 4.12 naaumun AN duTuT sz @i NS it AN wasdius
Suannsuaud nfSeufenszritmautuase fumasranFduavves
Iwﬁmﬁﬁﬁﬁmmwmuﬂuﬁw (Linear low density polyethylene) Tael¥ Metallocene
Lﬂuﬁmﬁqﬂﬁﬁ?mﬁ 30 point, 0.01-1000 Hz, a, =1 1@ (a) 358 1a3d0aiiooga, (b)

a0 w 9y ' 31 o ad o w 9 ' gJ o
ITNAIADIUDYYAUUUDNUINUN (]/a)), (c) IPNMANFOIUDYFAUUUDINUINUN

q

Aaxl o W

Y
(1/0*). @ Addrdsreaiosgauuudinimin (o?), (o) FMdresiosgaiy

dhatiin (1/0?)

{ 1 J o 1
911015199 4.15 W TU5UN5Y leastweigthm  @wnsomilantunisTouuns
[ l a 1 a 1 :; { 1 -
Tagdanguniladuduldsianuianaialiiidiiga Ao 9.85351x10°  Tasliarilandu

2.9870x1072( jo)® +194.0000( jw) +1.1880x10°°
1.5140x1072( jw)? +10.0000( jw) +1.0000

2wloun Ny G(jw) = Taalin1Ina (Pole)

171U -6605.1000, —0.1



A5 4.15 LAAINANTATUIN

Program Estimated parameter Transfer function || E|| ,
= 194.1000 =10.0000 . 194(jw)+1.405x10°°
(a) by & G(jo) = 240@) +1.405x 1.407071x10°
b, = 0.001405  a, =1.0000 10(jo) +1
_ _ -3 2/ 2 . 5
(b) b, = 0.02987  a, =1.514x10 &(jo) = 2.9870x107%( Jf). +1294.0000( jw?+1.1880><10 0.85351x10°
b = 194.0000 & =10.0000 1.5140x10™(jw)* +10.0000( jew) +1.0000
b, =1.1880x10° a, =1.0000
= 193.9000 =9.9973 . 193.9(§ 2.196x107°
© : L G(jo) = 23 2) + 2190~ 1.257821x10°
b, = 2.1960x10° a, =1.0000 9.9973(jw) +1
= 194.1000 =10.0100 . 194(jw)—3.874x107*
@ X 4 . G(jo) = (jo) 3.8 <10 1.407071x1072
b, = -3.8740x10* a, =1.0000 10.01(jo) +1
= 194.0000 =10.000 . 194( 6.194%x107°
© X L G(jo) = 22U+ 0194 1.884144x10°2
b, =6.1940x10° a, =1.0000 10(jw) +1

6€1
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4.4.22 Wsanil 4 =1, G ,, = 8.33E+02

oi,Pa

A15199 4.16 LAAINANITNATDIVDI INAONAUNTANNHUWUUAT (Linear low density

polyethylene) Tag1d Metallocene 1511613 Qﬂij] N3N

No. Frequency (rad/sec) Storage modulus (Pa) Loss modulus (Pa)
1 0.0100 0.0833 8.3292
2 0.0149 0.1842 12.3869
3 0.0221 0.4075 18.4187
4 0.0329 0.9009 27.3789
5 0.0489 1.9903 40.6688
6 0.0728 4.3902 60.3141
7 0.1083 9.6505 89.1388
8 0.1610 21.0533 130.7447
9 0.2395 45.1900 188.6826
10 0.3562 93.8014 263.3209
11 0.5298 182.5854 344.6103
12 0.7880 319.1250 404.9572
13 1.1721 482.0894 411.3032
14 1.7433 626.7708 359.5253
15 2.5929 725.1454 279.6610
16 3.8566 780.5227 202.3851
17 5.7362 808.4302 140.9360
18 8.5317 821.7111 96.3130
19 12.6896 827.8589 65.2391
20 18.8739 830.6681 44.0114
21 28.0722 831.9443 29.6359
22 41.7532 832.5225 19.9391
23 62.1017 832.7841 13.4100
24 92.3671 832.9024 9.0173
25 137.3824 832.9559 6.0630




A1519% 4.16 LAAINANITNATDIVDI INALDNAUNTANUHUIUUAT (Linear low density

polyethylene) Tael¥ Metallocene Lﬂuﬁiﬁﬂﬂﬁﬁ%m (70)

141

No. Frequency (rad/sec) Storage modulus (Pa) Loss modulus (Pa)
26 204.3360 832.9800 4.0765
27 303.9195 832.9910 2.7408
28 452.0354 832.9959 1.8428
29 672.3358 832.9982 1.2390
30 1000.0000 832.9992 0.8330
fin: vnmsumumluaums @.1) ez (4.2) Tasdmualdm Qs =1, Gy py = 8.33E+02

Storage modulus(Pa)

Loss modulusiPa)

1000 . . . T
500 *  Kucukpinar et.al.(nd) ||
Mumerical
1T S bl ol
10° 10’ 10" 10’ 10° 10°
Frequencyiradfsec)
500 . e -
400 - #  Kucukpinaret.al.(nd) | ]
oo b Mumerical §
200 .
100 A
0 ul ik
107 10" 10” 10’ 10° 10°
Fregquencyiradfsec)

(a)



Storage modulus(Pa)

Loss modulusiPa)

Storage modulus{Pa)

Loss modulus(Pa)

1000 .

500+

*  Kucukpinar et.al.in.d.)

Mumerical
(b Ll Y R Y E S S
10° 10 10" 10’ 10° 10°
Frequencyiradfsec)
a00 T TTTT TTTT T T T T
400 - #  Kucukpinaret.al.(nd) | ]
oo b Mumerical §

0 Ll Ll B
10° 10 10” 10" 10° 10’
Fregquencyiradfsec)
(b)
1000 —r—rrrrr 2 . 2
500 - *  Kucukpinar et.al.(n.d.)
Mumerical
10 10 10° 10’ 10° 10°
Frequency(rad/sec)
a00 T TTTT TTTT T T T T
400 .
*  Kucukpinar et.al.in.d.)
300 - Mumerical 7
200 .
100 s
0 i il = e
10 10 10° 10’ 10° 10°
Frequency(rad/sec)

()
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Storage modulusiPa)

Loss rodulusiPa)

143

1000 . T . T
500 - *  Kucukpinar et.al.ind)
Murnerical
1} i Y Y
10° 10" 10° 10° 10° 10°
Freguency(rad/sec)
a00 T T T T T T T T T TT T T T TTTTI T T T T
400 - .
*  Kucukpinar et.al.in.d)
300 - Murnerical B
200 -
100 -
D-! LR 1 1 1l 1 L1l i 1 F - Ilr f-f
10 1’ 10 10’ 10 10°

Freguency(rad/sec)

(d)
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1000 T T T T
e
i L
oy
=
=
2 A00 ¥  Kucukpinar et.al.(n.d.)
a Murerical
faa]
(1]
=
i
Dbt ™® i i s,
10° 10" 10° 10’ 10° 10°
Frequency(rad/zec)
a00 T T T T T T T L L LAY | T T T
@400t -
W +  Kucukpinar et.al.in.d.
S 300r Numerl;]cal e ]
g
£ 200 -
w
2 100 —
1
EI-) L1 ! ! 11l 1 L1l 1 1 """"JI--L--{-
10° 10" 10 10’ 10° 10°
Frequencyirad/sec)
(e)

gﬂﬁ413LL€Tﬂ\1L!Nuﬂ1Wﬂ’J1ﬂJﬁﬂJWH‘ﬁ§ MIE IS IUINISITUAINE LAz dIUSIUIY
SUAMNAUANE 13 eUTeUTENIaNANTUATIN IS LI TIE AV

TnaenauniANUHUILUUAT (Linear low density polyethylene) Tasld Metallocene

ad o

Wudusalfdzendi 30 point, 0 01-1000 Hz, a,=1 lag (a) 33Masaestiossa, (b)

BMa mmuaﬂammumqumuﬂ (J/a)), © 1 °1ﬁqaaqﬁaﬂﬁmmummmuﬂ

(Vo) @ Tﬁﬁwé’mamaaqmmudwﬁmﬂ’ﬂ (6?). (&) Widsanniosaauuy

dhatimiin (1/0?)

{ 1 J o U
11015199 4.17 W TU5unsy leastweigthm  e1unsoviilanTunIo Touuns

o A

aqianguriasuduldmniuianaiaiimdiiga fie 6.602797x107 Taslimilsndunie
5.175x10°(jw)°® +45.18(jw)® +833( jo)-1.46x10™°

—— — : Taeiia1Ina (Pole)
6.213x10°° (o)’ +5.424x10 (jo)’ +1.054( jo)+1

Toun iy G(jo)=

171U —8710.6, —18.473, —1.0002



A5 4.17 LAAINANTAIUIN

b, = —1.0960x10% a, =1.0000

Program Estimated parameter Transfer function ||E|| )
_ -3 _ -6 3 \3 FRY) PN -3
(a) b, =5.1750x10° a, =6.2130x10 S (ja) = ZL75X10 _G(J_a;) k. 45.18(ja))_2+_8332(ja)) 1.46x10 6.602797 x10°
b, = 45.1800 a, =5.4240x10 6.213x107° (jw)® +5.424x10 (jw)" +1.054( jw) +1
b = 833.0000 @& =1.0540
b, =—1.4600x103a, =1.0000
= 833.0000 =1.0000  833(iw)+1.704x10°
(b) > Lo 6(jo) - ) +LT04x 6.948565x10°2
b, =1.7040x10" &, =1.0000 (jo)+1
b, =157.8000 a, =0.1894 . 157.8(jw)* +3.869x10°(jw)® +16.8(jw)* +832.7(j 3.955x10°°
(© ‘ e G(jo) = 278U« +3869-10 (jo) +16.8(Jw) +832.7(jw) +3.955 1.047932x10™"
b, =3.8690x10° a, = 404.6000 0.1894(jw)" + 404.6( jw)® +464.5(jw)* +1.02(jw) +1
b, =16.8000 a, = 464.5000
b = 8327000  a =1.0200
b, =3.9550x10° a, =1.0000
) b, = 833.0000 & =1.0000 G (jo) = BB+ 2.899x10° 6.914183x10°2
b, =2.8990x10° a, =1.0000 (jo)+1 '
— — -4 P32 N -2
@) b, - 0.2328 a2__ 2.7950x10 Slio) - 0.2328( jo) :83?( jc;)) 1..096><10 7 518535 %102
b, =833.0000 a, =1.0000 2.795x107 (jo) +(jo)+1

94!



4.4.23 Wsanii 4, =0.1, G ,, =3.93E+04

A15197 4.18 LAAINANITNATDIVDI INALDNAUNTANUNUIUUAT (Linear low density

polyethylene) Tagld Metallocene 15Iudns Qﬂij n3en

146

No. Frequency (rad/sec) Storage modulus (Pa) Loss modulus (Pa)

1 0.0100 0.0394 39.4000

2 0.0149 0.0872 58.6015

3 0.0221 0.1928 87.1609

4 0.0329 0.4266 129.6382
5 0.0489 0.9436 192.8151

6 0.0728 2.0874 286.7756
7 0.1083 4.6175 426.5089
8 0.1610 10.2136 634.2788
9 0.2395 22.5875 943.0995
10 0.3562 49.9337 1401.7469
11 0.5298 110.2947 2081.6931
12 0.7880 243.1705 3085.7394
13 1.1721 533.9510 4555.4985
14 1.7433 1162.1238 6666.1192
15 2.5929 2482.1210 9572.5985
16 3.8566 5101.4083 13227.6649
17 5.7362 9754.4180 17005.1580
18 8.5317 16597.6936 19454.1948
19 12.6896 24305.7299 19154.0401
20 18.8739 30763.9064 16299.6925
21 28.0722 34963.2943 12454.7921
22 41.7532 37262.5626 8924.4829
23 62.1017 38404.2007 6184.0826
24 92.3671 38943.5419 4216.1709
25 137.3824 39192.3465 2852.7928
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A15197 4.18 LAAINANITNATDIVDI INALDNAUNTANUNUIUUAT (Linear low density

polyethylene) Tagld Metallocene 11J1613 Q‘ﬂﬁ N384 (A0)

No. Frequency (rad/sec) Storage modulus (Pa) Loss modulus (Pa)
26 204.3360 39305.8614 1923.5899
27 303.9195 39357.3902 1294.9937
28 452.0354 39380.7275 871.1869
29 672.3358 39391.2858 585.8871
30 1000.0000 39396.0604 393.9606
i vimaumum luaums 4.1 vag 4.2) Tasdmualin 4, =0.1, Gy p, =3.93E+04
107
ﬁ'd oo oI Torr T ¥ r T
%’ TL #  Kucukpinar et.al.(n.d.) i
é Mumerical
g 2T T
= 1r :
&
By R
10 10 10 10 10 10
Frequencyirad/sec)
10
2 T T T T T T T T
g 15k #  Kucukpinar et.al.(n.d.) |
= ' Mumerical
=
£
@a 048
i
D’-z R mln ' ””1 — '”””2 — &3
10 10 10 10 10 10

Freguencyirad/zec)

(a)



Loss modulus(Fa)

Loss modulus(Pa)

Murmerical

w10’
d T T T 1 1 T T
&
1—3.{ 3k *  Kucukpinar et.al.(n.d) -
= Mumerical
ER i
=
[ 4]
E1r .
o
sl
e At e -
10 10 iy 10° 1o iy
Freguency(radisec)
wi0?
2 T T T
15l #  Kucukpinar et.al.(n.d.) i

()

04 Ll Lol Lo vl ! -
10 10 1 10' 10’ 10°
Frequency(radisec)
(b)
w10°
4 T T T T T 1t r
o
a. .
E 3t *  Kucukpinar et.al (n.d.) 7
= Murmerical
(=) 2 - -
£
(k]
B 1r .
=]
sl
I o e T =
10 10 1o 10° iy 10’
Frequency(radfsec)
w107
2 T T T
15l *  Kucukpinar et.al (n.d) i
' Mumerical
1 -
05+
G \fnfnf'l'd' L1l 1 L1l 1 11l 1 =
10 10 1o 10° 1o 10’
Freguency(radfsec)
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Loss modulus(Pa)

Murmerical

w10t
-4 T T T T+t 1 r T T
w
o -
E’ I *  Kucukpinar et.al.(n.d.) -
= Murnerical
B oL i
=
k)
R .
o
]
e e . -
10 10" 1o 10° lin 10
Freguencylrad/sec)
w10
2 T T T
15k *  Kucukpinar et.al.{n.d.] 4

10 10 10’ 10’
Frequencyirad/sec)

(d)

10°

149
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# 10
4 . . | Pt
o
':'-L—;~ 3L +  Kucukpinar et.al.(n.d.) _
2 Murnerical
=R |
=
(a1}
T 1t .
(]
3]
P ——— T
10 10’ 1 10’ I8 10’
Frequency(radfsec)
w107
2 T T T
e
D“;T? 1.6 *  Kucukpinar et.al.(n.d.) .
= Mumerical
= '] -
]
=
5 05
A
I P Y B
10” 10" 1 10' 107 10°
Frequency(radfsec)
(e)

~ o @ 4 J 1 o a o { 1 o
gﬂ‘ﬂ 4.14 LAAUAUMNANUTUNUTIZHINNAIUTIUIUITINVAND azadIUTIUIY

IUANNNUANND (TN VTEHINWALNUATINDHARUIAFIAAAVVDS TN

v
ad aA 1

PNAUNUANNNUIUUAT (Linear low density polyethylene) Tasld Metallocene

D)

Q

Wudnsal§nse1d 30 point, 0.01-1000 Hz, a, =1 1ae (a) T3 1a9d03tiooga, (b)

Aad o w 9 1 2’ [y Aad o W 9 1 2’ [

TMaeaedtiesgauuuanimin (o), (©) IBMaaeidsegauunIimin
2 Aad o w Y 1 2} ] 2 Aad o W Y

(l/a) ) (d) AWM AITINDITALVN 1IN (0' ) (e) IBMasaiosgALUL

dhatimiin (1/0?)

1 1 Jd o 1 @
INA15197 4.19 W 1151053 leastupdate.m awsomilensunie Touveiee

v a 1 Aa 1o A I '
davguutlagaduldmnnuianaialiidings Ao 4.456085x107° Tasdlisnilandu  o1e

3930(jw)—9.67x10°°
0.1(jw)+1

Towmny G(jw) = Tasua1Ina (Pole) 111111 —10



A5 4.19 LAAINANITATUIN

Program Estimated parameter Transfer function ||E|| )
= 3930.0000 a, = 0.1000  3030(im)-9.67x10"°
(a) " fl G(jo) = 2280U@) 967 4.456085x10"
b, =—9.6700x10™"a, =1.0000 0.1(jw)+1
= 3930.0000 =0.1000 ) 3930( jw) —1.253x107°
(b) R ,Sal G(jo) = Ue) - . 4.511994x10™
b, =-1.2530x10°a, =1.0000 0.1(jw)+1
a, = 4.7620x10™ . . *(jo)? +14.6(jw)? jw) —5. °
© \ x (i) = — 1 392><10- ( jal)l) +14.6( j.a)) +3929( j.a)) 5405><10. 7 03165610
b, =1.3920x10° a, = 35.4300 4.762x10 ™" (jo) " +35.43(jw)’ +354.3(jow)? +0.1037(jow) +1
b, =14.6000 a, =354.3000
b = 3929.0000 @& =0.1037
b, =-5.4050x10°a, =1.0000
= 3930.0000 a, = 0.1000  3030(im)+2.275x10°
@ |2 Lo G(jo) = 330U +2:275x 4.459817x10"*
b, =2.2750x10™ a, =1.0000 0.1(jw)+1
= 3930.0000 =0.1000 . 3930(jw)—1.017 x1072
©) R ,zai 6(jo) - 2230 @) ~LOL7 4.466982x10™
b, =-1.0170x10%a, =1.0000 0.1(jw)+1

IS1



4.4.2.4 fi1500f 4, =001, G, ,, =3.48E+05

A15199 4.20 LAAINANITNABDIVDI INAONAUNTANNHUWUUAT (Linear low density

polyethylene) Tasld Metallocene Lﬂuﬁﬂlfﬁﬂf] n3en

152

No. Frequency (rad/sec) Storage modulus (Pa) Loss modulus (Pa)
1 0.0100 0.0035 34.8000
2 0.0149 0.0077 51.7599
3 0.0221 0.0170 76.9851
4 0.0329 0.0377 114.5040
5 0.0489 0.0833 170.3077
6 0.0728 0.1844 253.3075
7 0.1083 0.4079 376.7571
8 0.1610 0.9023 560.3697
9 0.2395 1.9962 833.4645
10 0.3562 4.4159 1239.6465
11 0.5298 9.7688 1843.7625
12 0.7880 21.6100 2742.2308
13 1.1721 47.8025 4078.3557
14 1.7433 105.7319 6064.9410
15 2.5929 233.8156 9017.3817
16 3.8566 516.8298 13401.1069
17 5.7362 1141.2847 19896.3449
18 8.5317 2514.7710 29475.6891
19 12.6896 5514.9074 43460.0227
20 18.8739 11970.2140 63421.9870
21 28.0722 25420.7387 90554.9729
22 41.7532 51661.5382 123730.7591
23 62.1017 96856.5109 155964.3616
24 92.3671 160213.4487 173452.9648
25 137.3824 227476.0041 165578.7335
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A1519% 4.20 LAAINANITNATDIVDI INALDNAUNTANUNUIUUAT (Linear low density

polyethylene) Tael¥ Metallocene Lﬂuﬁiﬁﬂﬂﬁﬁ%m (70)

No. Frequency (rad/sec) Storage modulus (Pa) Loss modulus (Pa)
26 204.3360 280757.7673 137400.0695
27 303.9195 314004.6979 103318.3650
28 452.0354 331763.8080 73393.3301

29 672.3358 340468.1090 50639.5959

30 1000.0000 344554.4554 34455.4455

Az nmsumum luaums @.1) waz 4.2) Tassmualia 4, =001, G

Loss modulus(Pa)

=3.48E+05

oi,Pa

¥ 10
4 T T T T T
o
o, .
Z 3r 4 Kucukpinar et.al.(n.d.)
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T o1r
o
Eli_j Y PR R TR SR TR [ TR DR R YIRS T |
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2 T T TTTT T T
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A T =
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Fraguencylrad/sec)
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g 15E *  Kucukpinar et.al.(n.d.)
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=
]
=
@ 05t
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e I e e
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Freguency(rad/sec)
(b)
x10°
4 T T T T T T T LA | T LRI |
m
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“u;{ 3+ #  Kucukpinar et.al.(n.d.)
= Murmerical
=] 2 -
£
[ak]
F 1t
=
]
I s T e i
10° 10" 10" 10’ 10° 107
Freguency(rad/sec)
w107
2 T T TTTT T T T TTTTT T T T T T TTTTT T T TTTT
w
L 15F * :
E kucukpinar et.al.{n.d.)
= 1l Murnerical
)
£
% 0aF
5 -
I o i o S el
10° 10" 10” 10° 10° 10°

Freguency(rad/sec)
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w107
-l'l T a | T T T
e
o
z 3r +  Kucukpinar et.al {n.d.)
= Mumerical
o 2 -
£
sk}
g r
=
aa D Y PPN PR T ST U 1 S e 1 S [ LR PR I ST
10 10" 1o
Frequency(radfsec)
w107
2 T T T TTTT T T T T T TTTTT] T T TTTTIT T —rTTTT
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£l 151 *  Kucukpinar et.al.(n.d.)
= 1l Mumerical
(=)
=
a 0af
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I e e e e + B e
10 10" 1o 10’ 10 10
Freguency(radfsec)
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¥ 10
4 T T T T
w
L
ign E 4 Kucukpinar et.al (n.d.)
ERt Murmerical
£
1]
= 1}
(]
in
T o R
10 10 10 10 10 10
Freguencyirad/sec)
w107
2 T T T T T
w
L 15F .
2 4  Kucukpinar et.al.(n.d.)
= 1L Mumerical
o
=
2 0AF
a -
YRR SR R SR U | PR PR ST TP e 3 T L1l L1 L L1
10* 10" 10 10 Iy 10’
Frequencyirad/sec)
(e)

I @ o 1 [ o A o { 1 o

JUN 415 @R UM NANUTURNUTISHINAIUTIUIUITINUAIND HazadIUTIUIU
UANINAVAIIND 1S UNIUTEHININALNUATINUNARTUINLTIA LA VUD I
TnaeNAUNTANUHUWUUA (Linear low density polyethylene) Tae14 Metallocene
I ] 1 Aaan { Aaxd o W
Wudusalfnse1 30 point, 0.01-1000 Hz, a, =110 (a) A5M1adetiosga, (b)
adl o w 9 ' gJ @ axdl o w 9 J 3/ o
TiaeeapeganuUn 1 mMin (Yo), (o) IsMataesieegauuynimin

2 axdl o w 9 ' g/ @ 2 ad o w 9

(Vo). (@) Fhdsdesdosgauuuainimin(c’), (o) IvMasanatiooganuy

st (1/o?)

110913197 4.21 WU 1Y50NTY leastweigthSTATL.m  au15viladFuns

1 [} A 1 A a 9) Y a s (; d‘ A -1 =)
melouvesiaganguriaFudulasmanudanaialisidinga Ao 4.409813x10"  Tael

3480(jw) +3.27x10°°
1.909x107 (jw)” +0.01( jw) +1

MilanFunisareTewmifiy G(jo) = Tagiarlna (Pole)

110 -5.2383x10", -100



A5 4.21 LEAAINANITATUIN

b = 3480.0000 a, =0.0100
b, =3.2700x10°a, =1.0000

©1.909x10™ (jo)’ +0.01( jo) +1

Program Estimated parameter Transfer function || E|| X
=1.0830x107% . 3480(jw)—7.9780x10°°
(a) % * G(jw) = (_Jlf’)_ b 4.414864x10™
b, = 3480.0000 a, =0.0100 1.083x10(jo)” +0.01( jw) +1
b, =—7.9780x10°a, =1.0000
= 3480.0000 =0.0100 . 3480( i 8.189x107°
(b) o B ,Gal _ G(jow) = (o) S dise 8.680005x10*
b, =8.1890x10°a, =1.0000 0.01(jow) +1
a, =3.3300x107™ . 1.063x10° (jw)® +8.662(jw)? +3479(jw) +1.577x10™°
(© o * G(jow) = oo (o) +8.66 (i“’) i _(‘2“’)+ — 5.654003x10"!
b, =1.0630x10° a, = 3.0540 3.33x10™ (jo) " +3.054( jw)* +305.4( jo)* +1.249x107 (jew) +1
b, =8.6620 a, = 305.4000
b, =3479.0000 a, =1.2490x107
b, =1.5770x10°a, =1.0000
=6.4430x107 . 3480(jw) -1.748x10°°
(d) ) i 8 G(jw) = (114‘") asdetd 4.423841x10™
b, = 3480.0000 a, =0.0100 6.443x10™ (jw)” +0.01( jow) +1
b, = —1.7480x10a, =1.0000
=1. 0% . 3480(jw) +3.27x107
(e) 8, =1.9090x10 G(jw) = (jo) +3.27 4.409813x10™

LST



4.4.2.5 fi15anii 4 =0.001, G, ,, =3.70E+05

M50 4.22 LAAINANTNATDIVDI INALDNAUNTANUNUIUUAT (Linear low density

polyethylene) Tagld Metallocene 151udng Qﬂﬁ N3N

158

No. Frequency (rad/sec) Storage modulus (Pa) Loss modulus (Pa)
1 0.0100 0.0000 3.7000
2 0.0149 0.0001 5.5032
3 0.0221 0.0002 8.1852
4 0.0329 0.0004 12.1743
5 0.0489 0.0009 18.1074
6 0.0728 0.0020 26.9321
7 0.1083 0.0043 40.0576
8 0.1610 0.0096 59.5797
9 0.2395 0.0212 88.6160
10 0.3562 0.0470 131.8032
11 0.5298 0.1039 196.0377
12 0.7880 0.2298 291.5769
13 1.1721 0.5083 433.6773
14 1.7433 1.1245 645.0297
15 2.5929 2.4876 959.3828
16 3.8566 5.5031 1426.9283
17 5.7362 12.1739 2122.3066
18 8.5317 26.9302 3156.4913
19 12.6896 59.5701 4694.3998
20 18.8739 131.7562 6980.8630
21 28.0722 291.3475 10378.5212
22 41.7532 643.9091 15421.7948
23 62.1017 1421.4675 22889.3513
24 92.3671 3130.0168 33886.7112
25 137.3824 6853.9881 49889.8632
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A1519% 4.22 LAAINANITNATDIVDI INALDNAUNTANUNUIUUAT (Linear low density

polyethylene) Tael¥ Metallocene Lﬂuﬁiﬁﬂﬂﬁﬁ%m (70)

No. Frequency (rad/sec) Storage modulus (Pa) Loss modulus (Pa)
26 204.3360 14829.5011 72574.1090
27 303.9195 31286.0230 102941.7955
28 452.0354 62776.7594 138875.7699
29 672.3358 115185.2698 171321.0537
30 1000.0000 185000.0000 185000.0000
Az nmsumum luaums @.1) uaz 4.2) Tassmualim 2 =0.001, G », = 3.70E+05
x 107
. 2 T T T T T T '(_
o
@ 15} +  Kucukpinar et.al {n.d.) -
= Mumerical
£
&
10 107 10 10’ 10° 10
Frequency(rad/sec)
% 10°
2 T T TTTT T T T 3l
i 151
E +  Kucukpinar et.al.(n.d)
S 1t Mumerical
=
w 0&F
A
10 107 10 10’ 10° 10°
Fregquency(rad/sec)

(a)



Storage modulus{Fa)

Loss modulus(Fa)

Storage modulus(Pa)

Loss modulus(Fa)

S
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—
m
T

#  Kucukpinar et.al.(n.d.)
Mumerical

10 10" lig 10° 1o iy
Freguency(radisec)
x 10
2 T T T T
15681 -
*  Kucukpinar et.al.(n.d.)
1k Mumerical
05+
I e i
10 10" 1 10' 10’ 10°
Frequency(radisec)
(b)
w10°
2 T T T T T
L
161
#  Kucukpinar et.al.(n.d.)

Tr Murmerical T
10 10" 10’ 10° 10 10’
Freguency(rad/sec)

w107

2 T LA | T T T T LEELLLL | T LA | rrTrTTT

1581 -
*  Kucukpinar et.al.(n.d.)

1L Mumerical
05+

I e i

107 10" 1 10' 10’ 10°

Frequency(radisec)

()



Storage modulus{Fa)

Loss modulus(Fa)
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w10°
2 T T T T
Ny
1.5F
T +  Kucukpinar et.al.(n.d.) ]
05 Mumerical
10 10" lig 10° 1o iy
Freguency(radisec)
® 10
2 T T T T
161
1k +  Kucukpinar et al.(n.d.)
Mumerical
nsr
I e i

10 1 10'
Frequency(radisec)

10° 10

(d)



162

w10

4 Kucukpinar et.al (n.d.) 1

Murmerical

Storage modulus(Pa)

10° 10" 10’ 10° 10° 10’
Frequencyirad/sec)
w107
2 T T T T LA | T AL | T LI |
w
L 15F
ol
=
= 1t -
z *  Kucukpinar et.al.(n.d.)
@ sl Murnerical
5
10 10" 1 10' 10° 10°
Frequency(radfsec)
(e)

U 416 naaaununINANNFURUTIznIdIUTIWINIT IR UAIND tazdIuT U
IUANINNVANND 1UToUINIVITEHININALNUATINVHARTUIVLFIAUAVVD

TNaNAUNUAMUHUWUUA (Linear low density polyethylene) Taeld Metallocene

Ao W 9

iWhudug e §ATei 30 point, 0.01-1000 Hz, a, =1 lag (a) I5Masaesiosqa, (b)

ad o w 9

Y Y
Thasdesdesgaununinimin (Ye), (o) Ishasdesiosgauuuaiaimin

q

Aad o W 9

9
(1/0*), @ Fiddsaeaiosgauuudinimin(c?), (o) Fhdaesdosgaiiy

dhatimiin (1/0?)

10013199 4.23 WU TUT0ATY leastweighSTAT.m  e11501 198 FUAS

oo Teuvesiagadangurtiaguduldnmnnuranaialiaidige Ao 5.194400x102 Taslin
370(jw) —1.104x10°°
5.456x107 ( jw)® +0.001(jow) +1

HanFunisarslowniiny G(jw)= Tagfinrlna (Pole)

AU —1.8329x10%°, —1000



A5 19N 4.23 LAAINANITATUIN

b = 370.0000  a =0.0010
b, = 2.9430x10° a, =1.0000

6.569x10™ (jo)’ +0.001( jw) +1

Program Estimated parameter Transfer function ||E|| )
=5.8440x107 . 370( jw) +3.067 x10°°
(a) % * G(jw) = (o) +3 06710~ 5.195003x10°2
b, = 370.0000 a, =0.0010 5.844x10™ (jw)" +0.001(jo) +1
b, =3.0670x10° a, =1.0000
= 370.0000 =0.0010 . 370(iw) —1.314x107°
(b) bl__ 7531_ G(jo) = (o) S 4.712568x10"
b, = —1.3140x10°a, =1.0000 0.001( j) +1
= 369.9000 =1.024x107 . 369.9(jw)-2.717x10°
© | o A G(jo) = 222 20) 2717 5.446555x 10°
b, =—2.7170x10°a, =1.0000 1.024x107(jw) +1
=5.4560x107 . 370(jw)-1.104x10"°
(d) ) i 8 G(jo) = 94“’)_ it 5.197005x107
b, = 370.0000 &, =0.0010 5.456x10 " (jw)" +0.001(jw)+1
b, = —1.1040x10°a, =1.0000
=6. 10 . 370(jw) +2.943x10°°
() 3, =6.5690x10 G(jo) = (Jo) +2.943x 5.194400x10°2

691



A5 4.25 LEAAINANITATUIN

b, = 100.0000 a, =0.0001
b, = 2.3890x10°a, =1.0000

1.013x10™ ( jw)” +0.0001( jo) +1

Program Estimated parameter Transfer function ||E|| )
=6.5490x10™ . 100(jw) —2.088x10°°
(a) % g G(jw) = (o) - 2,088 10" 143163610
b, = 100.0000 a, =0.0001 6.549x10 (j(o) +0.000 jow)+1
b, = —2.0880x10 *a, =1.0000
= 100.0000 =0.0001 . 100( iw)—=2.215%107°
(b) b B 76a1 i G(jw) = (o) 20X 2.815557x10"
b, =—2.2150x10°a, =1.0000 0.0001( jw) +1
© b, = 2.2750x10* a, = 2.2750 . 2275x10*(jo)’ +1.073( jo)’ +99.97(jw) ~1.269x10° 1990718 x10°2
b, =1.0730 = 227.5000 Cie) = e Y 2] ' g
, =1 a, : 2.275(jo) +227.5( jo)” +1.082x107%(jw) +1
b = 99.9700  a =1.0820x107
b, =—1.2690x10"°a, =1.0000
=6. " . 100(j 1.345x10°
@ 3, =6.3580x10 G(jo) = (lj“’) At 1.431637x10°
b, = 100.0000 a, =0.0001 6.538x10 (jo) +0.0001( jw) +1
b, =1.3450x10°a, =1.0000
=1. 3 . 100(j 2. 10°°
(e) a, =1.0130x10 G(jo) = 00(jw) +2.389%10 144214910
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4.4.2.6 W13aNi 4 =0.0001, G, ., = 1.00E+06

oi,Pa

A1519% 4.24 LAAINANTNATDIVDL INALDNAUNTANUNUIUUAT (Linear low density

polyethylene) Tagld Metallocene 151udng Qﬂﬁ N3N

No. Frequency (rad/sec) Storage modulus (Pa) Loss modulus (Pa)
1 0.0100 0.0000 1.0000
2 0.0149 0.0000 1.4874
3 0.0221 0.0000 2.2122
4 0.0329 0.0000 3.2903
5 0.0489 0.0000 4.8939
6 0.0728 0.0001 7.2790
7 0.1083 0.0001 10.8264
8 0.1610 0.0003 16.1026
9 0.2395 0.0006 23.9503
10 0.3562 0.0013 35.6225
11 0.5298 0.0028 52.9832
12 0.7880 0.0062 78.8046
13 1.1721 0.0137 117.2102
14 1.7433 0.0304 174.3329
15 2.5929 0.0672 259.2944
16 3.8566 0.1487 385.6620
17 5.7362 0.3290 573.6151
18 8.5317 0.7279 853.1672
19 12.6896 1.6103 1268.9590
20 18.8739 3.5622 1887.3851
21 28.0722 7.8804 2807.1941
22 41.7532 17.4330 4175.2461
23 62.1017 38.5647 6209.9299
24 92.3671 85.3095 9235.9206
25 137.3824 188.7036 13735.6455
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A15197 4.24 LAAINANTNATDIVDI INALDNAUNTANUNUIUUAT (Linear low density

polyethylene) Taeld Metallocene Lﬂﬂﬁ?ﬁﬁﬂﬁﬁ?M (A0)

No. Frequency (rad/sec) Storage modulus (Pa) Loss modulus (Pa)
26 204.3360 417.3576 20425.0691
27 303.9195 922.8185 30363.9076
28 452.0354 2039.1929 45111.3578
29 672.3358 4500.0120 66931.0235
30 1000.0000 9900.9901 99009.9010

fn: nmsunum luaums @1 ueg 4.2) Tasdmualdan 4 =0.0001,

G = 1.00E+06

oi,Pa

10000 — T

5000 - *  Kucukpinar et.al.{n.d.)
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Frequency(radisec)
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Loss modulus(Fa)
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................
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Frequency(rad/zec)
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Storage modulus(Pa)
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E — Mumerical
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6.549x107 (jo)’ +0.0001( jo) +1
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b, = 100.0000 a, =0.0001
b, = 2.3890x10°a, =1.0000

1.013x10™ ( jw)” +0.0001( jo) +1

Program Estimated parameter Transfer function ||E|| )
=6.5490x10™ . 100(jw) —2.088x10°°
(a) % g G(jw) = (o) - 2,088 10" 143163610
b, = 100.0000 a, =0.0001 6.549x10 (j(o) +0.000( jow)+1
b, = —2.0880x10 *a, =1.0000
= 100.0000 =0.0001 . 100( iw)—=2.215%10°°
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=1. 3 . 100(j 2. 10°°
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program

Estimated parameter

[E

0 1

(a)

b, =-6.218e-009
b, =1

a, =1.244e-009
a, =02

0.003291

(b)

b, =1.82x107 a, =0.001879

b, =9.394x10° a, =0.00782

b, =1.532x10"° a, =0.1282

b,=05880  a,=0.4725

b, =2.657x10"° a, =0.7902

b,=1.0000  a =0.8027
a, =1.0000

0.011360

()

b,=0.0191 a, =0.0032
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b, =2.1360 a, =0.2957
b, =17.1900 a, =1.5790
b, =63.1200 a, =5.6000
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b, = 483.0000 a, = 29.7400
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b, =30.0000 a, =1.8400
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(a)
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b,=1.1440 a, =0.0454
b, =-7.7560 a, =0.2644
b, =-39.8500 a, = 0.7324
b, =99.9300 a, =1.0000

2.167463
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_ 4 _ -4
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Ref. program Estimated parameter ”E”2
Yanovsky et al. ©) b, =22.7600 a, =5.2770 0.588785
b, =322.5000 a, = 77.4700
(1996)

b, =49.0200 a, =23.2500
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Kucukpinar et al. (n.d.)

Ref. Relaxation time ﬂflvs Strength GOLPa Program Estimated parameter ||E||2
Kucukpinar et al. 10 1.94E+01 (b) b, =0.02987 a, =1.514x10” 9.85351x10°3
(nd) b, =194.0000 a, =10.0000
b, =1.1880x10° a, =1.0000
1 8 33E+02 (a) b, =5.1750x10° a, =6.2130x10° 6.602797 x10-2
b, =45.1800 @, =5.4240x102
b, =833.0000 a, =1.0540
b, = ~1.4600x10a, =1.0000
01 3 93E-+04 (a) b, =3930.0000 a, =0.1000 4.456085x 10~
b, =-9.6700x10° a, =1.0000
0.01 3.48E+05 () a, =1.9090x10"" 4.409813x 10~
b, =3480.0000 a, =0.1000
b, =3.2700x10°  a, =1.0000
0.001 3.70E+05 O a, =6.5690x10" 5104400 10°2
b, =370.0000 a, =0.0010
b, =2.9430x10°  a, =1.0000
0.0001 1.00E+06 (a) a, =6.5490x10" 1431636 x10°2
b, =100.0000 a, =0.0001
b, =-2.0880x10° a, =1.0000
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Code T1)5un33

1. Tsunsu Computer PQRS.m
%0%%0 %% %% %% %0 %% %% %0 %% %0 %0 %0 %0 %% % % %% % % % % % % % % % % % % % %

%%% ComputerPQRS.m %%%
%%% Write by Autsadayut Rodpai %%%
%%% Master degree of mechanical engineering %%%
%% % ID.no.: M4540113 %%%
%%% n = order of nominator %%%
%% % m = order of denominator %%%
%%% p =n/2 %%%
%%% q = (n-1)/2 %%%
%%% 1r=m/2 %%%
%%% s = (m-1)/2 %%%

%%%%%%%%%%%%%%%%:%0%%%%:%%%% %% %% % %% %% %% %% %% %

function [p,q,r,s] =PQRS(n,m)

p=n/2;
P =fix(p);
q=m-1)/2;
ifg>=0
q=fix(q);
else
9=9
end
r=m/2;
r=fix(r);
s =(m-1)/2;
if's >=0
s=fix(s);

else



end

2. 115N AVG.m
0 6% % %6% %6 % %Yo % %Yo % %Yo %% %Yo % Ye% %Yo % % Y% % Yo% %% % %% %Y

%%% AVG.m %%%
%%% Write by Autsadayut Rodpai %%%
%% % Master degree of mechanical engineering %%%

%% % ID.no.: M4540113 %%%

%%% x = Data point %%%

%% % n = number of data point %%%

%%6%%%6%0%%%%6%0%6%6%%6%%%6%%6%:%%%%6%0%%%%6%:%%6%%%:%%% %%
function mean = avg(x,n)

mean = sum(x)/n;



3. TJ5unsu STAT.m
%%%%6%%0%%%%6%%%6%%6%%%%%6%:%%%%6%%%%%%:%%%%6%%%% %%
% %% stat.m

%%% Write by Autsadayut Rodpai

%% % Master degree of mechanical engineering %%%

%% % ID.no.: M4540113

%%% [u,v]=sdv(u,v,s)

%%% mean = avarage of data

%%% stdev = variance

%%% x =Data
%%0%%%6%%%%%6%0%%%%6%%%%%%:%%%%6%0%%%%%:%%% %% %% %% %
function [mean,stdev] = stat(x)

n = length(x);

mean = avg(x,n);

stdev =(sum((x-mean).”2)./n);

4. T5unsu ramdal.m
%%0%%%6%0%%%%6%0%%%%6%%%%%%:%%%%6%0%%%%%:%%%% %% %% %%
%%% ramdal.m

%%% Write by Autsadayut Rodpai

%%% Master degree of mechanical engineering %%%

%%% ID.no.: M4540113

%%% ramdal -[Al1]=ramdal(omega,k,M,p) %%%

%% % omega = frequency

%% % n = order of nominator

%% % m = order of denominator

%% % k = 2 x amount of data

%%% M =n+m+1

%%% p =n/2;
%%%%6%%0%%%%6%%%6%%6%:%%6%%6%:%%%%6%%%6%%6%:%%%%6%%%% %%

function A11 = ramdal (omega,k,M,p)

%%%
%%%

%%%
%%%
%%%
%%%
%%%

%%%
%%%

%%%

%%%
%%%
%%%
%%%
%%%
%%%



fori=0:p

forj=I1:k
AlLlG,i+1) = ((-1)™). *(omega(l,j).~2*i));
end
end
5. 11510353 ramda2.m

%%0%%%%%%%%%0%%%%%0%%%%%:%6%%%%%%%%%:%%% %% %% %% %
%%% ramda2.m

%%% Write by Autsadayut Rodpai

%%% Master degree of mechanical engineering %%%

%%% ID.no.: M4540113

%%% ramda2 is [A13]=ramda2(R,omega,k,M,r) %%%
%%% R = Date in Real axis
%% % omega = frequency
%% % n = order of nominator
%% % m = order of denominator
%% % k = 2 x amount of data
%%% M =n+m+1
%%% 1r=m/2
%%%%%%0%%%%6%%%6%%6%:%%%%6%:%%%%6%6%%%%%:%%%%6%%%% %%
function [A13] = ramda2(R,omega,k,M,r)
format long g
ifr==
fprintf('No matric A13\n');
Al3=0;
else
fori=I:r

forj=I1:k

%%%
%%%

%%%

%%%
%%%
%%%
%%%
%%%
%%%
%%%



Al13(G,1) = ((-DNi+1)). *omega(l,j).N2%)). *R(1,)),
end
end

end

6. 115133 ramda3.m
%%%%6%%0%%%%6%%%6%%6%:%%%%6%:%%%%6%%%6%%6%:%%%%6%%%% %%
%%% ramda3.m
%% % Write by Autsadayut Rodpai
%% % Master degree of mechanical engineering %%%
%% % ID.no.: M4540113
%%% ramda3 is [A14]=ramda3(X,omega,k,M,r) %%%
%%% X = Date in imaginaly axis
%% % omega = frequency
%% % n = order of nominator
%% % m = order of denominator
%%% k = 2 x amount of data
%%% M = n+m+1
%%% s= (m-1)/2;
%%6%%%6%0%%%%6%0%6%6%%6%%%6%%6%:%%%%6%0%%%%6%:%%%%%:%%% %%
function [A14] = ramda3(X,omega,k,M,s)
format long g
if's <0

fprintf('No matric A14\n');

Al4=0;
else

fori=0:s

forj=1:k
Al4G,i+1) = ((-1)™G). *(omega(1,j).N(2*)+1)). *X(1,j),

end

%%%
%%%

%%%

%%%
%%%
%%%
%%%
%%%
%%%
%%%



end

end

7. 15unsy ramdad.m
%%6%%%%0%%%%6%0%%6%%6%:%%6%%6%:%%%%6%0%%%%%:%%6%%6%:%%% %%
%%% ramda4.m
%% % Write by Autsadayut Rodpai
%%% Master degree of mechanical engineering %%%
%%% ID.no.: M4540113
%%% ramda4 is [A22]=ramda(omega,k,M,r)  %%%
%% % omega = frequency
%% % n = order of nominator
%%% m = order of denominator
%% % k = 2 x amount of data
%%% M = n+m+1
%%% q= (n-1)/2
%%6%%%6%0%%%%6%0%6%%%6%:%%%%%:%%%%6%0%%%%%:%%%% %% %% %%
function A22 = ramda4(omega,k,M,q)
ifg<0

Sfprintf('No matric A22\n');

A22=0;
else

for i=0:q

forj=1:k
A22(,i+1) = ((-D)()). *(omega(1,j).N(2%)+1));
end
end

end

8. 11J5un3u ramda5.m

%%%0%%%0%%6%0%%%%%0%%%0%%%0%%0%%%0%%%%6%0%%%%%:%%%%% %0

%%%
%%%

%%%

%%%
%%%
%%%
%%%
%%%
%%%



%% % ramda5.m

%% % Write by Autsadayut Rodpai

%% % Master degree of mechanical engineering %%%
%%% ID.no.: M4540113

%%% ramda3 is [A23]=ramda5(X,omega,k,M,r) %%%
%%% X = Date in imaginaly axis

%% % omega = frequency

%% % n = order of nominator

%% % m = order of denominator

%% % k = 2 x amount of data

%%% M = n+m-+1

%%% 1= m/2
%%0%%%6%0%%%%6%0%%%%6%0%%%%%:%%%%6%0%%%%%0%%% %% %% %% %
function [A23] = ramda5(X,omega,k,M,r)
ifr==

Sfprintf('No matric A23\n');

A23=0;
else

fori=I:r

forj=1:k

A23(G,1) = ((-DNi+1)). *(omega(l,j).N2*i). *X(1,j));

end

end

end

9. T1sun3y ramda6.m
%0%6%%%%6%6%%0%6%6%6%0%6%6%6%6%6%6%6%6%%6%6%%%6%6%6%%6%6%6%%6%6%6 %% %%

%%% ramda6.m

%%%
%%%

%%%

%%%
%%%
%%%
%%%
%%%
%%%

%%%

%%%



%% % Write by Autsadayut Rodpai
%% % Master degree of mechanical engineering %%%
%%% ID.no.: M4540113
%%% ramda6 is [A24]=ramda6(R,omega,k,M,r) %%%
%%% R = Date in Real axis
%% % omega = frequency
%% % n = order of nominator
%% % m = order of denominator
%% % k = 2 x amount of data
%%% M = n+m+1
%%% s = (m-1)/2
%%%%%%%%%%%0%%%%%%%%%%:%%%%%%%%%%:%%% %% %% %% %
function [A24] = ramda6(R,omega,k,M,s)
format short g
if's<0

fprintf('No matric A24\n');

A24=0;
else

fori=0:s

forj=1:k
A24(G,i+1) = ((-D"i+1)). *(omega(1,j).N(2*i)+1)).*R(1,j);
end

end

end

10. 14533 ramdal2.m
%0%6%%%%6%6%%0%6%6%6%6%6%6%6%0%6%6%6%6%%6%6%%%6%6%6%6%6%6%6%%6%6%6 %% %%

%%% ramdal2.m

%%%

%%%

%%%
%%%
%%%
%%%
%%%
%%%
%%%

%%%



%% % Write by Autsadayut Rodpai %%%
%% % Master degree of mechanical engineering %%%
%% % ID.no.: M4540113 %%%

%%% ramdal?2 is [A12]=ramda(omega,k,M,r)  %%%

%% % omega = frequency %%%
%% % n = order of nominator %%%
%% % m = order of denominator %%%
%% % k = 2 x amount of data %%%
%%% M = n+m+1 %%%
%%% q= (n-1)/2 %%%

%%%0%%%0%%6%0%%%%%0%%%0%%%0%%0%%%0%%%%6%0%%%%%:%%%%% %0

function A12 = ramdal2(omega,k,M,q)
ifg<0
fprintf('No matric A22\n');
AlI2=0;
else
fori=0:q
forj=1:k

AI26,i+1) = 0.0;

end

end

end

11. 1151054 ramda2l.m
%%6%%%6%0%%%%6%0%%6%%6%:%%6%%6%:%%%%6%0%%%%6%:%%6% %% %% %% %

%% % ramda21.m %%%
%% % Write by Autsadayut Rodpai %%%

%% % Master degree of mechanical engineering %%%



%%% ID.no.: M4540113 %%%

%%% ramda21 -[A21]=ramda21(omega,k,M,p) % %%
%%% omega = frequency %%%
%% % n = order of nominator %%%
%% % m = order of denominator %%%
%% % k = 2 x amount of data %%%
%%% M = n+tm+1 %%%
%%% p =n/2 %%%

%%%%%6%0%%6%%%%%%%%6%0%%%%%0%%%%%%%6%0%%%%%%%%%% %
function A21 = ramda21(omega,k,M,p)

fori=0:p



forj=I1:k
A21(G,i+1) = 0.0;

end
end
12. Talsunsw leastupdate.m
%%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%6%6%0%0%%%%%%%%%%%%%%%%%%%%
%%% leastupdate.m
%%% Write by Autsadayut Rodpai
%% % Master degree of mechanical engineering %%%
%%% ID.no.: M4540113
%% % Least squart method
%% % No weighting function
%%0%%%0%%%%%%0%0%0%0%%%0%6%6%6%6%%%%%%%%%%%%%%%%%%%%
cle

clear

%%%0%%%%%%%%%%%% Input data%%%%%%%%%%%%%%%%%% %%

omega=load('C\:w.txt');
R=load('C:\U.txt");
X=load("C:\V.txt");
[N,M]= size(omega),
[NI,M]= size(R);
[N2,M]= size(X);

if N~=1

omega = omega';

elseif NI~=1
R=R’

elseif N2~=1
X=X,

end

%%%
%%%

%%%
%%%
%%%



%%% %6%%%%%%%%%%% %initial condition %%%%%%%%%%%%%%%%

Count = 0;
n =0
m =0
Eold =0;
iter =0;

errornew=0;
anew=0;
bnew=0;,
Nnew =0;
Mnew =0;

%%%%%%0%%%%%%%% %% calculate p,q,r,s %%%%0%%%%%%%%%%%%

[NV, M]= size(R);

k=M % amount of data
%%%%%%%%%%%%%%%% Loop for 10 Order %%%%%%%%%%%%%%%
form=1:10
for n=0:m
M=n+m+1;

%%%%%%%%%%%%%%%% find value p,q,r,s %%%%%%%%%%%%%%%%

[p.q.1,s]=ComputePQORS(n,m);

%%0%%%%%%%%%%%%%%find ramda %%%%%%%%%%%%%%%%%%%
All = ramdal (omega,k,M,p);
Al2 =ramdal2(omega,k,M,q);
Al3 = ramda2(R,omega,k,M,r);
Al4 = ramda3(X,omega,k,M,s),

A21 = ramda2l(omega,k,M,p);



A22 = ramdad(omega,k,M,q);
A23 = ramda5(X,omega,k,M,r),

A24 = ramda6(R,omega,k,M,s),

%%%%%%%%%%%%% create rectangula matric A %%%%%%%%%%%%%

if n==0&&m==

A=[All A14;A21 A24];

elseif n==1&&m==

A=[A11 A12 A14;,A21 A22 A24];

elseif n==

A=[A11 A13 A14;,A21 A23 A24];

else

A=[A11 AI12 A13 A14;A21 A22 A23 A24];

end
%%%%%%%%%%%%%%% create vector B %%%%%%6%%%6%%6%%%%%%

B:[R r,.Xy’.

%%%%%0%%%%%:%%%%% Psuedo Inverse %%%%%%%%%%0%%%%%%%%

[NN,MM]=size(4)
RR= rank(A4)
if RR==MM
Sol = (inv(A'*A4)*4")*B

else



break

end
%%%%%%%%%%%%%% Set Form G(jw) %%%%%%%% %% %% %% %% %%

a(l,1)=1.0;  %%% constant

NU = (n+1)/2;
KU = ceil(NU);
fori=1:KU

b((2*)-1,1)=Sol(i,1);
end
L=(n+1)-KU:
Sfori=I:L
b(2*i,1)=Sol(KU+i,1);

end

Ml =m./2;
KI = fix(MI);
fori=1:KI

a((2*)+1,1)=Sol(n+i+1,1);
aeven(i,1)=Sol(n+i+1,1);
end
L=m-KI;
fori=I:L
a2*i,1)=Sol(n+KI+i+1,1);
aodd(i,1)=Sol(n+KI+i+1,1);

end

%%%%%%0%%%%%:%%%% Roots of poles %%0%%%%:%0%%%%%%%%%%%
Ra=flipud(a);
Ra=Ra’;

Ra_root=roots(Ra);

Root _real=real(Ra_root);



fori=I1:m
if Root real(i,1)>=0
rr=1;
Sfprintf(‘at n=%d,m=%d Unstability system',n,m),;
break
else
rr=0;
end
end
fori=1:m+1
atotal(i,n+1,m)=a(i,l);

end

fori=Il:n+1
btotal(i,m,n+1)=b(i,1),

end

%%%%%%%%%%%:%%%% Transfer function %%%%%%%%%%%%%%%%
ifrr==10 % if of stability check

num = flipud(b)'; % Flip Row from up to down

den = flipud(a)'; % Flip Row from up to down

sys = tf(num,den)

[magnitude,phase,w]=bode(sys,omega);

u=magnitude. *cos(phase. *pi./180);

v=magnitude. *sin(phase. *pi./180);

fori=Il:k



Rmodel(1,i)=u(l,1,i);
Xmodel(1,i)=v(1,1,i);

end

G=[RX]";
Gm=[Rmodel Xmodel]';
abs_error = (G-Gm);
%%%%%%%%%%%% Adjusted coefficient of determination %%%%%%%%%
error = norm(abs_error)

errorTotal(m,n+1)=error

ifm==I1&&n==
anew=a,
bnew=b;
Nnew=n;
Mnew=m;
errornew=error,

else

if errornew>error

errornew=error

anew = a,
bnew = b;
Nnew = n;
Mnew = m;

sys = tf(num,den)
end
if errornew<=error

errornew=errornew



anew = anew,
bnew = bnew;
Nnew = Nnew;

Mnew = Mnew;

sys = tf(num,den)

end
end
else
ifm==1&&n==
num = flipud(b)'; % Flip Row from up to down
den = flipud(a)';, % Flip Row from up to down
sys = tf(num,den)

[magnitude,phase,w]=bode(sys,omega);

u=magnitude. *cos(phase. *pi./180);

v=magnitude. *sin(phase. *pi./180);

fori=I1:k

Rmodel(1,i)=u(1,1,i);
Xmodel(1,i)=v(1,1,i);

end

G=[RX];

Gm=[Rmodel Xmodel]';

abs_error = (G-Gm);
error = norm(abs_error)

errornew=error,



anew=a;
bnew=b;
Nnew=n;
Mnew=m;

end
end

end
iter=iter+1

end

%%%%%%%%%%%%% Display %%%0%%%%%%%%%%%%%%%%%%%

Jprintf("%%%% %% %% %% %% %% %% %% %% %% %o/n"),;

forintf('Final Transfer functin/n');

Jprintf("%%6%%%%%6%6 %% %%6%6 % %% %% % % %% %onn') ;
num_final = flipud(bnew)’; % Flip Row from up to down
den_final = flipud(anew)’; % Flip Row from up to down
sys = tf(num_final,den_final)

9%%%%%% Plot between real vs. frequency and imagine vs. frequency%:%%%%

[magnitude,phase,w]=bode(sys,omega);

u=magnitude. *cos(phase.*pi./180);

v=magnitude. *sin(phase. *pi./180);
fori=Il:k

Rmodel(1,i)=u(l,1,i);

Xmodel(1,i)=v(1,1,i);



end
subplot(2,1,1);

semilogx(omega,R, "*k',omega, Rmodel,'-k');

xlabel('Frequency(rad/sec)’);

ylabel('Storage modulus (Pa)');
legend('Yanovsky and Basistov','Numerical');
subplot(2,1,2);

semilogx(omega, X, "*k',omega, Xmodel,'-k');
xlabel('Frequency(rad/sec)’);

ylabel("Loss modulus (Pa)');

legend('Yanovsky and Basistov','Numerical');

13. Talsunsu leastweight.m
%%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%6%0%0%%%%%%%%%%%%%%%%%%%%
%%% leastweigh.m

%% % Write by Autsadayut Rodpai

%%% Master degree of mechanical engineering %%%

%%% ID.no.: M4540113

%% % Least squart method

%% % with weighting function by 1/frequency %%%
%%0%%0%0%0%%0%0%%0%%0%0%%0%0%6%6%6%6%%%%%%%%%%%%%%%%%%%%
cle

clear

%%%%%%%%%%%%%%%% Input data %%%%%%%%%%%%%%%%%%%
omega=load('C\:w.txt');
R=load('C:\U.txt");
X=load('C:\V.txt');
[N,M]= size(omega);

[N1,M]=size(R);

%%%
%%%

%%%
%%%



[N2,M]= size(X);
if N~=1

omega = omega';

elseif N1~=1

R=R;

elseif N2~=1

X=X"

end

%%0%%%%0%%%%%:%%%%% initial condition%0%%%%%%%%%%%%%%%

Eold =0;
iter =0,
errornew=0;
anew=0;
bnew=0;,
Nnew =0;
Mnew =0;

%%%%%6%0%%%%% %% %% Y% calculate p,q,r,s %%%%%%%%%%%%%%%%%

[N,M]= size(R);

k=M % amount of data

%%0%%%0%0%%%%% %% Create Weighting Function %%%%%%%%%%%%%



W = 1./(omega);
w=[w'.;Ww]
fori=1:2%k
forj=1:2%
ifi==]
WK(ij) = W(i,1);
else
WK(ij) = 0.0;
end
end
end
%%%%%%%%%%%%%%%% Loop for 10 Order %%%%%%%%%%%%%%%
form=1:10
for n=0:m
M=n+m+1;

%%%%%0%%%%%%%%%% find value p,q,r,s %%%%%%%%%%%%%%%%

[p.q.r.s]=ComputePORS(n,m);

%% %% %% % %% % %% %% %find ramda %% %%%%%%%%%%%%%%%%%
All = ramdal(omega,k,M,p),
Al2 = ramdal2(omega,k,M,q);

Al3 = ramda2(R,omega,k,M,r);

Al4 = ramda3(X,omega,k,M,s),
A21 = ramda2l(omega,k,M,p);

A22 = ramda4(omega,k,M,q);

A23 = ramda5(X,omega,k,M,r),
A24 = ramda6(R,omega,k,M,s),



%%%%%%%%%%%%% create rectangula matric A %6%%%%%%%%%%%%
if n==0&&m==

A=[A1l A14;A21 A24];

elseif n==1&&m==

A=[A11 A12 A14;A21 A22 A24];

elseif n=0

A=[A11 A13 A14;,A21 A23 A24];

else

A=[A11 A12 A13 A14;A21 A22 A23 A24];

end

%%%%%%%%%% %% %%% create vector B %%%%%%6%%%6%%6% %% %% %
B:[R ','Xy,’
%6%%%%%%%%%%% %% Psuedo Inverse %%%%6%%%%6%%%6% %% %%%%
Sol = (inv(A"*WK'*WK*A))*A'"*WK'*WK*B;
%%%%%%%%%%%%% Set Form G(jw) %%%%%%%%% %% %% %% %% %%
a(l,1)=1.0; %%% constant
NU = (n+1)/2;
KU = ceil(NU),

fori=1:KU

b((2*)-1,1)=Sol(i,1);



end

L=mn+1)-KU;

fori=I:L
b(2%i,1)=Sol(KU+i,1);

end

MI=m./2;
KI = fix(MI);
fori=1:KI

a((2*i)+1,1)=Sol(n+i+1,1);
aeven(i,1)=Sol(n+i+1,1);

end

L=m-KI;

fori=I:L
a(2*i,1)=Sol(m+KI+i+1,1);

aodd(i,1)=Sol(n+KI+i+1,1);

end

%%%%%%%%%%%%%% Roots of poles %%0%%%%6%%%%%%%%%%%%%
Ra=flipud(a);
Ra=Ra’;
Ra_root=roots(Ra);
Root _real=real(Ra_root);
fori=I:m
if Root real(i,1)>=0

rr=1;

fprintf(‘at n=%d,m="%d Unstability system'n,m);

break

else



rr=0;
end
end
fori=I:m+1
atotal(i,n+1,m)=a(i, 1),

end

fori=I1:n+1
btotal(i,m,n+1)=b(i, 1),

end

%%%%%%%%%%%%%% Transfer function %%%%%%%%%%%%%%%%%
ifrr == % if of stability check

num = flipud(b)'; % Flip Row from up to down

den = flipud(a)';, % Flip Row from up to down

sys = tf(num,den)

[magnitude,phase,w]=bode(sys,omega);

u=magnitude. *cos(phase.*pi./180);

v=magnitude. *sin(phase. *pi./180);

fori=I1:k

Rmodel(1,i)=u(1,1,i);
Xmodel(1,i)=v(1,1,i);

end

G=[RX]";
Gm=[Rmodel Xmodel]';
abs_error = (G-Gm);

%%% Adjusted coefficient of determination %%%%



error = norm(abs_error)

errorTotal(m,n+1)=error

ifm==1&&n==
anew=a;
bnew=b;
Nnew=n;

Mnew=m;

errornew=error,

else

if errornew>error
errornew=error
anew = a;
bnew = b;
Nnew = n;
Mnew = m;
sys = tf(num,den)

end

if errornew<=error
errornew=errornew

anew = anew,

bnew = bnew;
Nnew = Nnew;
Mnew = Mnew;

sys = tf(num,den)

end

end



else

ifm==I&&n==
num = flipud(b)'; % Flip Row from up to down
den = flipud(a)';, % Flip Row from up to down
sys = tf(num,den)
[magnitude,phase,w]=bode(sys,omega);
u=magnitude. *cos(phase. *pi./180);
v=magnitude. *sin(phase. *pi./180);

fori=I:k
Rmodel(l,i)=u(l,1,i);
Xmodel(1,i)=v(1,1,i);

end

G=[RX]";
Gm=[Rmodel Xmodel]';
abs_error = (G-Gm);
error = norm(abs_error)
errornew=error;
anew=a;
bnew=b;
Nnew=n;
Mnew=m;

end

end

end

iter=iter+1

end

%%%%%%%%%%%%%% Display %%%%%%%%%%%%%%%:%%%%%%%



Jprintf("%%6%%%%%6%%%%%6%% %% %% % % %% %0/n’);

fprintf('Final Transfer functin/n');

Sprintf("%%6%%%6 %% %% %% %6 %% %% %% %% %% %onn");
num_final = flipud(bnew)'; % Flip Row from up to down
den_final = flipud(anew)’; % Flip Row from up to down

sys = tf(num_final,den_final)

%%%%%% Plot between real vs. frequency and imagine vs. frequency%0%%%%

[magnitude,phase,w]=bode(sys,omega);
u=magnitude. *cos(phase.*pi./180);
v=magnitude. *sin(phase. *pi./180);
fori=I:k
Rmodel(l,i)=u(l,1,i);
Xmodel(1,i)=v(1,1,i);
end
subplot(2,1,1);
semilogx(omega,R,"*k',omega, Rmodel,"-k');
xlabel('Frequency(rad/sec)’);
ylabel('Storage modulus (Pa)');
legend('Yanovsky and Basistov','Numerical');
subplot(2,1,2);
semilogx(omega, X, "*k',omega, Xmodel,'-k');
xlabel('Frequency(rad/sec)’);
ylabel('Loss modulus (Pa)’);

legend('Yanovsky and Basistov','Numerical');

14. TaJsunsu leastweight2.m

%%%0%%%0%%6%0%%0%%6%0%%6%0%%%0%%0%%:%0%%%%%0%%%%%%%%%% %0



%%% leastweigh2.m %%%
%% % Write by Autsadayut Rodpai %%%

%% % Master degree of mechanical engineering %%%

%%% ID.no.: M4540113 %%%
%%% Least squart method %%%
%% % with weighting function by 1/frequency”2 %%%
%%%%6%%0%%%%6%%%6%%6%:%%%%6%:%%%%6%%%6%%6%:%%%%6%%%% %%

cle

clear

%%%%%%%%%%%%%%%% Input data %%%%%%%%%%%%%%%%% %%
omega=load('C\:w.txt');
R=load('C:\U.txt");
X=load('C:\V.txt");
[N,M]= size(omega);
[N1,M]= size(R);

[N2,M]= size(X);

if N~=1

omega = omega';

elseif N1~=1
R=R;
elseif N2~=1
X=X"
End

%%%%%%%%%%%%%%%% initial condition%0%%%%%%%%%%%%%%%

Count = 0;



m =0
FEold = 0;
iter =0;

errornew=0;
anew=0;
bnew=0;
Nnew =0;

Mnew =0;

%%%%%%%%%%%%%%% % calculate p,q,r,s %%%%%%%%%%%%%%%%%

[N,M]= size(R);

k=M:; % amount of data



%%%%%%%%%%%%% Create Weighting Function %%%%%%%%%%%%%

W = 1./((omega). *(omega));
W= [W;W]
fori=1:2%
for j=1:2%k
ifi==j
WK(ij) = Wi, 1),
else
WK(i,j) = 0.0;
end
end

end

%%%%%%0%%%%%%%%%% Loop for 10 Order %%%%:%%%%%:%%%%%%

form=1:10

for n=0:m

M=n+m+1;

%%%%%%%%6%%%%%%% find value p,q,r,s %%%%%%%%%%%%%%%%

[p.q,1r,s]=ComputePQORS(n,m);

%%%%%%%%%%%%%%%find ramda %%0%%%%%%%%%%%%%%%%%

All = ramdal (omega,k,M,p);

Al2 = ramdal2(omega,k,M,q);

Al3 = ramda2(R,omega,k,M,r);

Al4 = ramda3(X,omega,k,M,s);
A2l = ramda2l(omega,k,M,p);



A22 = ramdad(omega,k,M,q);
A23 = ramda5(X,omega,k,M,r);

A24 = ramda6(R,omega,k,M,s),

%%%%%%%%%%%%% create rectangula matric A %%%%%%%%%%%%%
if n==0&&m==

A=[A1l1 A14;A21 A24];

elseif n==1&&m==

A=[A11 AI12 A14;A21 A22 A24];

elseif n==0

A=[A11 A13 A14;,A21 A23 A24];

else

A=[A11 AI12 A13 A14;A21 A22 A23 A24];

end

%%%%%%%%6%%%%%%% create vector B %6%%0%%%%%%%%%%%%%%

B:[R r,.Xy’.

%%%%%%%%%%%%%% Psuedo Inverse %%%%%%%%%%%%%%%%%%

Sol = (inv(A"*WK'*WK*A))*A'"*WK'*WK*B;

%%%%%%%%%%%%% Set Form G(jw) %%%%%%%%%%%%%%%%%%%

a(l,1)=1.0; %%% constant



NU = (n+1)/2;
KU = ceil(NU),

fori=I1:KU

b((2*)-1,1)=Sol(i,1);

end

L=mn+1)-KU;

fori=I:L
b(2%i,1)=Sol(KU+i,1);

end

Ml =m./2;

KI = fix(MI]);

fori=1:KI
a((2*)+1,1)=Sol(n+i+1,1);

aeven(i,1)=Sol(n~+i+1,1);
end
L=m-KI;
fori=I:L
a(2*i,1)=Sol(n+KI+i+1,1);
aodd(i,1)=Sol(n+KI+i+1,1);

end

%%%%%%0%%%%%%%% Roots of poles %%0%%%%6%%%%%%%%% %% %%
Ra=flipud(a);

Ra=Ra';

Ra_root=roots(Ra);

Root _real=real(Ra_root);



fori=I1:m

if Root real(i,1)>=0

rr=1;
Sforintf('at n=%d,m=%d Unstability system',n,m),;
break

else

rr=0;
end
end
fori=I:m+1

atotal(i,n+1,m)=a(i,l);

end

fori=I1:n+1
btotal(i,m,n+1)=b(i,1),

end
%%%%%%%%%%%%%% Transfer function %%%%%%%%%%%%%%%%%
ifrr == % if of stability check

num = flipud(b)'; % Flip Row from up to down

den = flipud(a)';, % Flip Row from up to down

sys = tf(num,den)

[magnitude,phase,w]=bode(sys,omega);

u=magnitude. *cos(phase.*pi./180);

v=magnitude. *sin(phase. *pi./180);

Jori=I:k

Rmodel(1,i)=u(l,1,i);
Xmodel(1,i)=v(1,1,i);



end

G=[RX]";
Gm=[Rmodel Xmodel]';
abs_error = (G-Gm);
%%% Adjusted coefficient of determination %%%%

error = norm(abs_error)

errorTotal(m,n+1)=error

ifm==1&&n==
anew=a;
bnew=>b;
Nnew=n;
Mnew=m;
errornew=error;

else

if errornew>error

errornew=error

anew = a,
bnew = b;
Nnew = n;
Mnew = m;

sys = tf(num,den)
end
if errornew<=error
errornew=errornew

anew = anew,

bnew = bnew;



Nnew = Nnew;
Mnew = Mnew;
sys = tf(num,den)
end
end
else
ifm==1&&n==0
num = flipud(b)'; % Flip Row from up to down
den = flipud(a)'; % Flip Row from up to down
sys = tf(num,den)
[magnitude,phase,w]=bode(sys,omega);
u=magnitude. *cos(phase. *pi./180);
v=magnitude. *sin(phase. *pi./180);
fori=1k
Rmodel(l,i)=u(l,1,i);
Xmodel(1,i)=v(1,1,i);

end

G=[RX];

Gm=[Rmodel Xmodel]';

abs_error = (G-Gm);
error = norm(abs_error)
errornew=error;
anew=a;
bnew=b;

Nnew=n;

Mnew=m;,

end

end



end
iter=iter+1

end

%%%0%%%%%%%%%%% Display %%%%%%%%%%:%%%%%%%%%%%%

Jprintf("%%6%% %% %% %% %%6%6 % %% %% %% %% %o/n");

fprintf('Final Transfer functin/n');

Jprintf("%%6%%%%%6%6%%%%6%6 % %% %% % % %% %onn’);
num_final = flipud(bnew)’; % Flip Row from up to down
den_final = flipud(anew)’; % Flip Row from up to down

sys = tf(num_final,den_final)

%%%%%% Plot between real vs. frequency and imagine vs. frequency%%%%%

[magnitude,phase,w]=bode(sys,omega);
u=magnitude. *cos(phase. *pi./180),
v=magnitude. *sin(phase. *pi./180);
fori=I1:k
Rmodel(1,i)=u(1,1,i);
Xmodel(l,i)=v(1,1,i);
end
subplot(2,1,1);
semilogx(omega, R, "*k',omega, Rmodel,'-k');
xlabel('Frequency(rad/sec)’);
ylabel('Storage modulus (Pa)');
legend('Yanovsky and Basistov','Numerical');
subplot(2,1,2);

semilogx(omega, X, "*k',omega, Xmodel,'-k');



xlabel('Frequency(rad/sec)’);
ylabel('Loss modulus (Pa)’);

legend('Yanovsky and Basistov','Numerical');

15. 11/5un33 leastweighSTAT.m
%%6%%%%%%%%%0%%%%%0%%%%%:%%%%%%%%%%:%%% %% %% %% %

%% % leastweighSTAT.m %%%
%% % Write by Autsadayut Rodpai %%%

%% % Master degree of mechanical engineering %%%

%%% ID.no.: M4540113 %%%
%% % Least squart method %%%
%%% with weighting function by varaince  %%%

%%%%%0%0%%%%6%0%%%%6%%0%%%6%:%%%%6%%%%%6%%%%%%%%%%%

cle

clear

%%%%6%%%%%%%%%%%% Input data %%%%%%%%%%%%%%%%%%%
omega=load('C\:w.txt');

R=load('C:\U.txt');

X=load('C:\V.txt');
[N,M]= size(omega);
[N1,M]= size(R);
[N2,M]= size(X);
if N~=1

omega = omega';
elseif N1~=1

R=R/;



elseif N2~=1

X=X

End

%%0%%%%0%0%%%%:%%%%% initial condition%0%%%%%%%%%:%%%%%%

Eold =0;
iter =0;
errornew=0;
anew=0;
bnew=0;,
Nnew =0;

Mnew =0;

%%%%%%%%%%%%%%% % calculate p,q,r,s %%%%%%%%%%%%%%%%%

[N,M]= size(R);

k=M:; % amount of data

%%%%%%%%%%%%% Create Weighting Function %%%%%%%%%%%%%

[meanR,stdevR]=stat(R),
[meanX stdevX]=stat(X),
W1 = diag(ones(k,1),0)
W1 = stdevR.*W1

Wl = diag(Wli)

W2 = diag(ones(k,1),0)



W2 = stdevX. *W2
W2 = diag(W2)
w=[Wl;W2]
fori=1:2%
forj=1:2%k
ifi==j
WK(ij) = W(i,1);

else
WK(ij) = 0.0;
end
end

end

%%%%%%0%%6%%%%%%%% Loop for 10 Order %%%%%%%%%%%%%%%

Jorm=1:10
for n=0:m

M=n+m+1;

%%%%%%%%%%%%%%% find value p,q,r,s %%%%%%%%%%%%%%%%

[p.q.1r,s]=ComputePQORS(n,m);

%%6%%%%%%%%%%%%%find ramda %%%%%:%%%%%%%%%%:%%%%
All = ramdal (omega,k,M,p);
Al2 =ramdal2(omega,k,M,q);
Al3 = ramda2(R,omega,k,M,r);
Al4 = ramda3(X,omega,k,M,s),

A21 = ramda2l(omega,k,M,p);



A22 = ramdad(omega,k,M,q);
A23 = ramda5(X,omega,k,M,r);

A24 = ramda6(R,omega,k,M,s),

%%%%%%%%%%%%% create rectangula matric A %%%%%%%%%%%%%
if n==0&&m==

A=[A1l1 A14;A21 A24];

elseif n==1&&m==

A=[A11 AI12 A14;A21 A22 A24];

elseif n==0

A=[A11 A13 A14;,A21 A23 A24];

else

A=[A11 A12 A13 A14,421 A22 A23 A24];
end
%%%%%%%%%%%%%%% create vector B %%%%%%6%%%6%%6%%%%%%

B:[R /,.Xy;

%%%%%%%%%%%%%% Psuedo Inverse %%%%%%%%%%%%%%%%%%

Sol = (inv(A*WK'*WK*A))*A"*WK'*WK*B;

%%%%%%0%%%%%%% Set Form G(jw) %%%%%%%%%%%%%%%%%%%



a(l,1)=1.0; %%% constant

NU = (n+1)/2;
KU = ceil(NU);
fori=1:KU

b((2*i)-1,1)=Sol(i,1);

end

L=(n+1)-KU;

fori=I:L
b(2*i,1)=Sol(KU+i,1);

end

Ml =m./2;

KI = fix(MI);

fori=1:KI
a((2*i)+1,1)=Sol(m+i+1,1);
aeven(i,1)=Sol(n+i+1,1);

end

L=m-KI;

fori=I:L
a(2*i,1)=Sol(n+KI+i+1,1);
aodd(i,1)=Sol(n+KI+i+1,1);

end

%%%%%%%%%%%%%% Roots of poles %%0%%%%6%%%%%%%%% %% %%
Ra=flipud(a);

Ra=Ra';

Ra _root=roots(Ra);

Root _real=real(Ra_root);

fori=I1:m



if Root_real(i,1)>=0
rr=1;
fprintf(‘at n=%d,m="%d Unstability system'n,m);
break

else

rr=0;
end
end
fori=I:m+1

atotal(i,n+1,m)=a(i, 1),

end
fori=I1:n+1
btotal(i,m,n+1)=b(i,1);

end

%%%%%%%%%%%%%% Transfer function %%%%%%%%%%%%%%%%%
ifrr == % if of stability check

num = flipud(b)'; % Flip Row from up to down

den = flipud(a)';, % Flip Row from up to down
sys = tf(num,den)
[magnitude,phase,w]=bode(sys,omega);
u=magnitude. *cos(phase.*pi./180);

v=magnitude. *sin(phase. *pi./180);

Jori=I:k

Rmodel(1,i)=u(l,1,i);
Xmodel(1,i)=v(1,1,i);



end

G=[RX]";
Gm=[Rmodel Xmodel]';
abs_error = (G-Gm);
%%% Adjusted coefficient of determination %%%%
error = norm(abs_error)

errorTotal(m,n+1)=error

ifm==I&&n==
anew=a,
bnew=b;
Nnew=n;
Mnew=m;
errornew=error;

else

if errornew>error

errornew=error

anew = a,
bnew = b;
Nnew = n;
Mnew = m;

sys = tf(num,den)

end

if errornew<=error
errornew=errornew
anew = anew;

bnew = bnew;



Nnew = Nnew;
Mnew = Mnew;

sys = tf(num,den)

end
end
else
ifm==1&&n==
num = flipud(b)'; % Flip Row from up to down

den = flipud(a)';, % Flip Row from up to down

sys = tf(num,den)
[magnitude,phase,w]=bode(sys,omega),
u=magnitude. *cos(phase. *pi./180);
v=magnitude. *sin(phase. *pi./180);
fori=I:k
Rmodel(l,i)=u(l,1,i);
Xmodel(1,i)=v(1,1,i);

end

G=[RX]"
Gm=[Rmodel Xmodel]';
abs_error = (G-Gm);
error = norm(abs_error)
errornew=error;
anew=a;
bnew=b;
Nnew=n;
Mnew=m;

end



end

end
iter=iter+1

end

%%%0%%%%%%%%%%% Display %%%%%%%%%%:%%%%%%%%%%%%

Jprintf("%%6%% %% %% %% %%6%6 % %% %% %% %% %o/n");
fprintf('Final Transfer functin/n');
Jprintf("%%6%%%%%6%6%%%%6%6 % %% %% % % %% %onn’);

num_final = flipud(bnew)’; % Flip Row from up to down

den_final = flipud(anew)’; % Flip Row from up to down
sys = tf(num_final,den_final)

%%%%%% Plot between real vs. frequency and imagine vs. frequency%%%%%

[magnitude,phase,w]=bode(sys,omega);
u=magnitude. *cos(phase. *pi./180),
v=magnitude. *sin(phase. *pi./180);
fori=I1:k
Rmodel(1,i)=u(1,1,i);
Xmodel(l,i)=v(1,1,i);
end
subplot(2,1,1);
semilogx(omega, R, "*k',omega, Rmodel,'-k');
xlabel('Frequency(rad/sec)’);
ylabel('Storage modulus (Pa)');
legend('Yanovsky and Basistov','Numerical');
subplot(2,1,2);

semilogx(omega, X, "*k',omega, Xmodel,'-k');



xlabel('Frequency(rad/sec)’);

ylabel('Loss modulus (Pa)’);

legend('Yanovsky and Basistov','Numerical');

16. Talsunsu leastweighSTAT1.m
%%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%6%0%0%%%%%%%%%%%%%%%%%%%%

%%% leastweighSTAT1.m 9%%%
%%% Write by Autsadayut Rodpai %%%

%% % Master degree of mechanical engineering %%%

%% % ID.no.: M4540113 %%%
%% % Least squart method %%%
%% % with weighting function by 1/varaince %%%

%%%%%0%0%0%%%%0%%%%6%%0%%%%:%%%%%%%%%%:%%%% %% %% %%

cle

clear

%%6%%%%%%%%%%%%%% Input data %%%%%%%%%%%%%%%%%%%
omega=load('C\:w.txt');
R=load('C:\U.txt');
X=load('C:\V.txt');
[N,M]= size(omega);
[N1,M]= size(R);
[N2,M]= size(X);
if N~=1

omega = omega';

elseif N1~=1
R=R;
elseif N2~=1

X=X



End
%%%%%%%%%%%%% % %% initial condition%6%%%%6%%6%%%6%%%% %%

Eold =0;
iter =0;
errornew=0;
anew=0;
bnew=0;,
Nnew =0;

Mnew =0;

%%%%%0%0%%%%%%%%% % calculate p,q,r,s %%%%%%%%%%%%%%%%%

[N, M]= size(R),

k=M; % amount of data

%%%%%%%%%%%%% Create Weighting Function %%%%%%%%%:%%%%

[meanR,stdevR]=stat(R),
[meanX,stdevX]=stat(X),
W1 = diag(ones(k,1),0)
W1 = stdevR.*W1

Wi = 1./diag(W1)

W2 = diag(ones(k,1),0)
W2 = stdevX. *W2

W2 = 1./diag(W2)
W=[Wl;W2]

fori=1:2%



forj=1:2%
ifi==]
WK(ij) = W(i,1);
else
WK(ij) = 0.0;
end
end
end

%%%%%%%%%%%%%%%% Loop for 10 Order %%%%:%%%%%%%%%%%

form=1:10

for n=0:m

M =n+m+1;

%%%%%%%%%%%%%%% find value p,q,r,s %%%%%%%%%%%%%%%%

[p.q.1,s]=ComputePQRS(n,m);
%%%%%%%%%%%%%%%find ramda %%%%%:%%%%%%%%%%%%%%

All = ramdal (omega,k,M,p);
Al2 = ramdal2(omega,k,M,q);
Al3 = ramda2(R,omega,k,M,r);
Al4 = ramda3(X,omega,k,M,s),
A21 = ramda2l(omega,k,M,p);
A22 = ramda4(omega,k,M,q);
A23 = ramda5(X,omega,k,M,r);

A24 = ramda6(R,omega,k,M,s),

%%%%%%%%%%%%% create rectangula matric A %6%%%%%%%%%%%%

if n==0&&m==



A=[A11 A14;A21 A24];

elseif n==1&&m==

A=[A11 A12 A14;421 A22 A24];
elseif n==0

A=[A11 A13 A14;A21 A23 A24];

else

A=[A11 A12 A13 A14,421 A22 A23 A24];
end

%% %%%%%%%% %% %%% create vector B %6%%%%%%%%%%6%%%%%%
B:[R ','Xy,'
%%%%%%%%%%%% %% Psuedo Inverse %%%%6%%%%6%%%6%%%%%%%
Sol = (inv(A"*WK'*WK*A))*A'"*WK'*WK*B;
%%%%%%%%%%%%% Set Form G(jw) %%%%%%%%%%% %% %% %% %%
a(l,1)=1.0; %%% constant
NU = (n+1)/2;
KU = ceil(NU);
fori=1:KU

b((2*i)-1,1)=Sol(i,1);

end

L=(n+1)-KU;



fori=I:L
b(2%i,1)=Sol(KU+i,1);

end

Ml =m./2;

KI = fix(MI);

fori=1:KI
a((2*i)+1,1)=Sol(n+i+1,1);
aeven(i,1)=Sol(n+i+1,1);

end

L=m-KI;

fori=I:L
a(2*i,1)=Sol(m+KI+i+1,1);
aodd(i,1)=Sol(n+KI+i+1,1);

end

%%%%%%%%%%%%%% Roots of poles %%0%%%%6%%%%%%%%% %% %%
Ra=flipud(a);
Ra=Ra';
Ra _root=roots(Ra);
Root _real=real(Ra_root);
fori=I1:m
if Root_real(i,1)>=0
rr=1;
Sfprintf('at n=%d,m=%d Unstability system',n,m),;
break
else
rr=0;
end
end



fori=l:m+1
atotal(i,n+1,m)=a(i, 1),

end

fori=I1:n+1
btotal(i,m,n+1)=b(i,1);

end

%%%%%%%%%%%%%% Transfer function %%%%%%%%%%%%%%%%%
ifrr == % if of stability check

num = flipud(b)'; % Flip Row from up to down

den = flipud(a)'; % Flip Row from up to down

sys = tf(num,den)

[magnitude,phase,w]=bode(sys,omega);

u=magnitude. *cos(phase. *pi./180);

v=magnitude. *sin(phase. *pi./180);

fori=I:k

Rmodel(1,i)=u(l,1,i);
Xmodel(1,i)=v(1,1,i);

end

G=[RX]";
Gm=[Rmodel Xmodel]';
abs_error = (G-Gm);
%%% Adjusted coefficient of determination %%%%
error = norm(abs_error)

errorTotal(m,n+1)=error



ifm==I1&&n==
anew=a,
bnew=b;
Nnew=n;
Mnew=m;
errornew=error;

else

if errornew>error

errornew=error

anew = a,
bnew = b;
Nnew = n;
Mnew = m;

sys = tf(num,den)

end
if errornew<=error
errornew=errornew

anew = anew,

bnew = bnew;
Nnew = Nnew;
Mnew = Mnew;

sys = tf(num,den)

end
end
else

ifm==I&&n==

num = flipud(b)'; % Flip Row from up to down



den = flipud(a)';, % Flip Row from up to down
sys = tf(num,den)
[magnitude,phase,w]=bode(sys,omega);
u=magnitude. *cos(phase. *pi./180);
v=magnitude. *sin(phase. *pi./180);

fori=I1:k
Rmodel(1,i)=u(1,1,i);
Xmodel(l,i)=v(1,1,i);

end

G=[RX]";
Gm=[Rmodel Xmodel]';
abs_error = (G-Gm);
error = norm(abs_error)
errornew=error;
anew=a;
bnew=b;
Nnew=n;
Mnew=m;

end

end

end

iter=iter+1

end

%%%0%%%%%%%%%%% Display %%%%%%%%%%:%%%%%%%%%%%%

Sorintf("% %% %% %6 %6 %6 % % % % % %6 %6 %6 % % % % % % %/ )



forintf('Final Transfer functin/n’);

Jprintf("%%6%%%%%6%6%%%%6%6 %6 %% %% % % %% %onn');
num_final = flipud(bnew)’; % Flip Row from up to down
den_final = flipud(anew)’; % Flip Row from up to down

sys = tf(num_final,den_final)

%%%%%% Plot between real vs. frequency and imagine vs. frequency%0%%%%

[magnitude,phase,w]=bode(sys,omega);
u=magnitude. *cos(phase. *pi./180),
v=magnitude. *sin(phase. *pi./180);
fori=I:k
Rmodel(1,i)=u(l,1,i);
Xmodel(1,i)=v(1,1,i);
end

subplot(2,1,1);

semilogx(omega,R,"*k',omega, Rmodel,"-k');
xlabel('Frequency(rad/sec)’);

ylabel('Storage modulus (Pa)');
legend('Yanovsky and Basistov','Numerical');
subplot(2,1,2);

semilogx(omega, X, "*k',omega, Xmodel,'-k');
xlabel('Frequency(rad/sec)');

ylabel('Loss modulus (Pa)’);

legend('Yanovsky and Basistov','Numerical');
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