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Abstract

This paper investicates the buckling load of axially functionally graded tapered
nanocomposite beams reinforced with graphene, using the finite element method. The distribution
patterns of graphene platelets (GPLs) are uniform and non-uniform along the axial direction of
nanocomposite beams. Young’s modulus and effective mass density of axially functionally graded
graphene reinforced nanocomposite (AFG-GPLRC) beams are calculated using the Halpin-Tsai
micromechanics model and the rule of mixture, respectively. The governing equation of AFG-GPLRC
beams is derived based on the Euler-Bernoulli beam theory. Once the proposed finite element
method is validated, the buckling load of nanocomposite beams under various boundary conditions
is studied. Numerical results indicate that varying the cross-sectional area and the distribution pattern

of graphene significantly influences the buckling load of tapered nanocomposite beam:s.
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1. MuwazANdAgy
) [~ [} a o8 al Yo & & =1 va o 1%

wnsulwianudanideilasuaiuaulaluialan esndquandfinina n1suiaiuieu

wazn sl ilaaweu [1, 2] Jagduiendnunsiunnaudunediwesiun3ndiiousuusenuauifives

NoAWesIATY TANaN1TNARDIIINUITE [3-5] WU11 AsuaNnsHuadlunedwesuvnsndigantios

[ =

Mlir1uendavesds (Young’s modulus) MMaa5ULsIAY (tensile strength) WaEAIIUATUNIUNITUANTN
(fracture toughness) Tasdfiondunlunsulndndfiadu egrslsinu Wudiundunnirnuddeiiunlueie
inliaudrAgyiun1sAnwingfnssuvedlassaisiaunlunoulnanlasulsanuwn s UAILTIANIIAI LAY
yasaer sy [6-14] Tuvasiidouisoiodiutoeiildaud Ayt unsasuusadiownsiy
AUAMUEIVBIBIADIATS [15-21] NaIAe Wang wazany [15] AnwngAnssunisdawuulfigadursiniu
Timoshenko unlureulndnasuussisunsiuauuuisnuluanimwindouniaainudeou luvaed Liy
wazaniy [16] 1935 state-space method 3iAs1e¥nisinaanzuazn1sduazifiounuudaseunniu
oeslaes-uusyaduluneulndn d1u Gantayat uazanz [17] 1935 1 lud ledmusduindaud
537U ATIAIUUITUADLINEALETLLTIMBLATHULAZYDUTUAITUDUATULLILAY FiDLT Yee LazAy [18]
Iz ssaAvesauiidnginssuuvuialadatadin (viscoelastio) lngaufiaungy
(porosity) wazauldauysainiusviadin (eometric imperfection) 533 Tuvnued Patil waveay [19]
1935 Ritz method Fwmsnzsinislaumisuaznisduagifiounasriu Timoshenko utupaulnds nnelduss
NSETMANLUIL LTINS WU useAeTl usudady uazusamsiluan Wusy di Liang uaganig [20]
1433 isogeometric analysis Siasesinginssunsduasifiounaznisdauuulfidaduvesauldsnoulndn

lneldngud) third-order shear deformation beam theory wag Liu wazanie [21] 1975 state-space method



Rattanakosin Journal of Science and Technology: RIST Vol.7 No.1 2025 | 30

ANWINGANTTUNITINAAIBLAL NTT UALL I DURUUBATEYDIAURBELES -wUTYaduIluraulndnnela
LSINTEYIALUUILAUTULUUAN 9

DU I19UITBNNA1INITIAY [15-21] @11190TATIZANGANTTUNIN A LERRFIERNST (statics)
LagnamIans (dynamics) ¥89A1UUNUABNINEALASULTIRBULATHUAILLLILAY LANTTBIN ARSI
YUINNUIANATUA DIAINAADAAIINYNIANULVIIT Y AIQINNAINUT ADNEANTINTVBIATUUILUADULNES
dld v o 1 d‘ a 2 = 1 v v Y dl 1 U dy dl v Y
AU AN A L AN LAS UL SIN NS HUILLANAAUNLNF AAIN BE19LS AULUTEHUTDINUNNUIAAATY
ILAWANTENUABUIMLNUITINNLANAIZVBIALEE19L5UNN LAZNIINTEINLVBILNTHUAILAIINEIIAIY
sUnuulavhlinenudsssuvfuasuminussnnlaunsvesaumidaliniiiaunnign anadudony
Ql' U a v v 1 1 QI o = 4 % a ¥ a
minddelvianuaulaey lnsianizegedulagtu Insussgndldauiaguiluaeulndslusiwimnssy

a dll I~ [ d‘d @ = goj 9

nsfuwazeinia Wewnluianlianundausawatiunniniug

unauilAnwiumdnusimnlnsaizvesaiuuluaeulndantidnliasiiasuusaniewn s

AN ulLuUalEetazldaiane neldReulaisessunuunig 9

2. WuuaeamsatinAdnsvasauuluneulndantianlinsiESunssasunsiuniuuuanny

ﬁmimwmumiuﬂaﬂwﬁmﬁLﬁ@mﬂmimauﬁ’uizmwLms‘?\luuaxwaﬁma%mm?ﬂ%mugﬂﬁ 1

[ o a

° Y a | a o v v - Y | d' =
Avualifiinganuide xy agansessudugeiiovesaiu muliniidalined A(x) dainue1d L

q

wardusedn F uinseitnuane aegui 1(@) aun1saiuny (goveming equation) N15iANANEY99AIY

908LADT-HUTUAT UARIAIANNIT

d—Z{E(x)I(x)g}H:Q:O (1)
dx dx dx

dlo x fie AfAmuLwILNY (axial coordinate) nSefiinnIuAIINe1v0A Y Tuamsdl v fe
N13N32ANAINYIN (transverse displacement) @3 E(X) uaz 1(x) Ao wendavesds (Young’s modulus)
wazluudfigosvosiiufintfe (second moment of area) muansy Feudstumuszesluwuanny x
go3A1u Audntdaliaed na1nfe Aunde (oreadth) LarANEA (height) vaanIAAAIUAAAY

agvaianadudunsinaenainuend aawanslugui 1b) lneiunnidn A(X) wazluusvaes

YINUNULGA (X)) LAAIAIENNTT

L

1(x) =1, (1—cb %)(1—% %) (3)

A(X) = A, El—cb Ej (1—ch 5) 2)
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4:4' = o X A v oo s X A v o
e by hy Ay waz 1 Az AUNIe ANMES Hunnidakaslumuinaeswesiiuintifian x =0
MINEIAU dU ¢, Uag ¢, AD BNIIEIUAINENTET (height taper ratio) WayAuNINuse) (breadth taper

ratio) MUAIAU

b b(1-c,) h hy(1-¢)

Top view Side view

b(x)

h(x)

\

Cross-sectional view
(a) (b)
JUN 1 anunlupeulndnaSuusaniosunsitu (@) munthdnliasniuussanuuuiun (o)

NSWUIRUYRIMTARAIUTIIAIUNTIAEANES

lun1sfinwil Mrualisukuun1INTEAERITBUNTHUAILANENIVBIAUTN U UUAL L@ B ILAE
lafaaiane 7 3UuUy Ao UD AFG-A AFG-V AFG-X AFG-O AFG-Pattern A Uag AFG-Pattern B A9auns
7 (@) (3UN 2 Ysznav) lunsdlves UD unsilunszanedieg uaitanenaenni1ug1in1u diulunsd

Y83 AFG-A N130588MVBIRNTHUARARE Al tadaang18lUv Inswnsiudaruingai vaieaiu

¥ 4 =) =)

pugieile lure?l AFG-V Ae N13n35Ea18@1vnalnsH U NI uog1alaneang1eluv lnaunsiy

a ‘:4' v = 44 oA = A & D P

fAunanfivaienuauIile @ AFG-X Ae unsiullAuinfigavaeisaesdieveinu Lagiaranas
' ° o ¢ o = = N PR a =

pg Al naneunseriulugudnnanateniu luaued AFG-O Ae unsilullA1unfiaanseianalaniu

wardiinanasegsadnaverunsenuluguiiuanesdosinawesnu @ AFG-Pattern A fio N135N5¥21867

ISP

N Y oA s A & < ¢t
vounsiuduwuumslualamaeg lngunsiuiimunnfiganuateauiaesuaziidnlugudninnaiaaiu
LAy AFG-Pattern B Ao n13nszatedvewnslutduiuunisiluailaendn lasunsiudeiuingad

= A& & b
NINaNATY wazlALluAUENUaIuAIUYNEDY
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D (b) AFG-A (c) AFG-V (d) AFG-X
o p = P =

(e) AFG-O (f) AFG-Pattern A (g) AFG-Pattern B

I

/
\

E‘Uﬁ 2 E'ULL‘U'UﬂTiﬂi%ﬁ]’]EJGU’ENLLﬂiWumWﬂJﬂ’J’m%ﬂ’J‘U@\‘iﬂ’]u

UD: Ve (X) =Ven,
| . (3¢, +3c, —2c,c, —6) X
AFG-A: Ve (%) =(2V6 ) (2¢, +2c, —c,c, —6) L
| . (3¢, +3c, —2¢,¢, —6) ( x
AFG-V: Ve (X) = (2VGPL ) (4c, +4c, —3c,c, —6) L
AFG-X: Ve () =| 18¥0mt (o0, + 3, 285 -3, L
oL 3L )(4c, +4c, —3c,c,—8)| 2

(3¢, +3c, —2c,c, —6)
(12c, +12c, —7c,c, —24)
_(16ng,L j (3c, +3c, —2¢,c, —6) ‘x—h‘

L J(12c,+12c, —7c,c,—24)| 2

(3¢, +3c, —2¢,c, —6) (1_ﬂ+ 4X2j

(5¢c, +5¢, —4c,c, —10) L L

(3c, +3c, —2¢,c, —6) (( x x?
(5¢, +5¢, —3c,c,, —10)

AFG-O: Vep (X) = (8VG*PL )

AFG-Pattern A: Ve () = (Ver )

AFG-Pattern B: Vo (X) = (10Vp, ) (@)

L L
= a YN a . a
119 Vg (X) Ao dadrulasuIuins (volume fraction) 999N sH UM N52918M1UAIINEIIATUY

a aunde x 1o g Tuausn Ve, A9 dadiulaguiuinsiavunvesunsilu (total volume fraction of

GPLs) anasamuIlanENnIS

V(;PL = Wer
Wep, + (pGPL /pM )(1_WGPL)

o Wy, Ao dndiulauininvisvunveaunsilu (total GPL weight fraction) Tuaausn pgp, waz

(5)

Py AD AURUILUULIG (mass density) UBINTHULAZAMURUILULLIATOINRLBTIUNING AIUaIRU
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wanINil A1danafnuenda (elastic modulus) vesaruuluneulndnarunsaaulIulanle

wuudnaeslulasnaransved Halpin-Tsai Asaung

E- §1+ &M VerL <E,, +§1+ EulluVepL <E,,
8 1_77IVGPL 8 1_’7WVGPL

= (EGPL/EM)_l n, = (EGPL/EM)_l 7)

(EGPL/EM)+§I , ! (EGPL/EM)+§W

e Egp Waz E, A9 Sanafinuondavotunsiy wazdanainuendavaanadiuesiuning

(6)

AuadU Turagnsfiwes & way £, @aunsamunalaainaunis

g = 2|GPL/hGPL7 Sw = 2WGPL/hGPL (8)

W g, Wep, WaY hgp A9 AI0877 AIINNT1E LASAIUNUIVDILNTAUY AIUAIAY F19ATU
AUNUILUUINAUSEAVEHE (effective mass density) p vasmuuluasulnds a1unsadwIilainng

PRIN15HAY (rule of mixture) AYAUANS

P = Pep VoL + Pu (l_VGPL) (9)

3. W lnludeauus (Finite Element Method)

NsULeALUUARIY (beam element) N3aBudIuAUAINEN L, Usenaunde 2 9asa (node)

wazdl 4 seAutuAIULES (degree of freedom) fauandlugui 3

y
A
P, S
0 E I 4 A\
> X
A A
'L[’
B, B, 6,

5UN 3 wuudnaesestudiuaiuy

Wo P, waz P, A9 w39aau (shear force) luvazd P, uay P, Ao luiuusdana (bending moment)
5, wag S, A NINTLINMUVING wag J, WAy &, AD YuLBBY (slope) MINEINY dmTUTudIuA1Y
Adad A v o ¢l & A v oo ' ) o d' s o ]
ninunnien A Tuudniaewesiuiviidn | uazAlendaveds E amnaennduend Heidususng

(shape function) UBFUAIUATU LAAIAIALNIT

X —

3x? 2x3 2x? x® 3x* 2x® x2 X3
N(X) =|1-—%+—3 t= T Tt
L L L L L L L L
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YanNT wnsndaRniuavesduaIu (element stiffness matrix) @1u1saAUINlARIENNTS
T Lo,0
Ke :j N" E()I()N"dx, K® =j N’ FN'dx, (11)
0 9 0

5

e K} fg wvindafviuanisdnvesiudiu (element bending stiffness matrix) K¢ fig lm3ng

a a Qy ! . . . al' T a ¢ (% a
afvlualsvInllnvesdudIu (element geometric stiffness matrix) luvaugd [ | Ae wnsndaguildey

[ )

| 4 " A LY 6 o . . . % 6 o (%
(transpose of a matrix) @ [ | uag [ | Ae suiusoununis (first derivative) Lageusiusouduans

£%
o v

(second derivative) gUAUAIMYT X AIUEIGU @195UUIMINUTINNLINLAIEURIATUEINITAAIUIN

laanaunis
(K§©-nKs®)g=0 (12)

o KE° fe wvindaiiuanisnnuasszuulaseadng (slobal flexural stiffness matrix) Tuvasi
KS* flo wunindafniualsuinilnyeszuulaseaiing (global geometric stiffness matrix) @3 ¢ fe
5Us13lvun (mode shape) wag 17 A9 AN (eigenvalue) lagAr viinussynlnauazau1saAILIN

lean F, =nF e F #o L539nA9 (constant compressive load)

4. NanNSANEN

Fre819uIntIaUDNIN I UANY NA0s1aeT Slnllud oA ud A ldWaud u ndsainiy
G'T’Jaa'wﬁaaaﬂwLauamiﬁﬂmﬁmﬂ’ﬂmmﬂT,ﬂ'qLmmaqmuuﬂuﬂamiwﬁmﬁﬁmwmﬁﬁaﬂ%mﬁmf"w’u
unsfunaLnuiaLuvaiiaseuas i iane aeldideuleiisesiunuusing q lnsaauditan
(WARIRIAISI9T 1) wazmTTmesInsuIAdinuensTiu (geometrical parameters of GPL nanofillers)
naMAD AN |, = 2.5 um AUNIe Wy, =1.5 um waz Auuwln hy, =1.5 7m Qﬂiﬁi’ﬂ,umiﬁﬂm

A9

M15199 1 audifanveswnsiunazdiend [16]

auUfian wnsily snend
vanaauasds (GPa) 1010 3.0
ANUTUILLLNNE (Kg.m™®) 1060 1200
gns1duvestin 0.186 0.34

4.1 msmuaauLLazvmaaun'ﬁéL%"l (Verification and Convergence Test)

Aersanauunlureulndmad uusenasunsilunuuuawnustwwuvad naseazlladane
auinnues L uazdnddalined Ax) lunisdnweded fvualvdnsidiumuniiaseovas
AMUGLSEWNIIAU 0.8 (¢, =c, =0.8) Tuwariidndulnedminiouavewnsiuwiniu 1 wWesidus

Wep, =1%) Uagdnsiadiuauvegn (slendemess ratio) winfiu 120 (4 = L/hy =120)

34
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HaLRauLaAILaY (numerical solution) ¥83AUINTNUTINNINWALLTHA (non-dimensional
critical buckling load) F, = F, Lhy/Eyl, 983m1udiendusgniuasa1udionduauwnsiuiuusig 9
LaglUTumeununan 1A uInaIntusen sy ANSYS d@vsuaiui dgiusessunuudawuu-gauiuy

(clamped-clamped) Bawiu-Uanedase (clamped-free) anyu-Baviaiu (simply-simply) kae Bauiu-ganyu

=

(clamped-simply) kanRIA151991 2-5 auaau (e F, As umdnussnnlnaaizvesaiu lusaen L
A a o o aa = a s a ¢ 1 2 s al
A ANENIVRIAUY B, AB Nansavetdiuasdiiandnofiwesiuning duu I, uaz h, Ao luwudfaes

dy QA‘ ¥ (% 4 (4 d' o v — ref A a U dl g
YOIN UNNUIAALALAINFIVBINUIFAAIUA X =0 Aua1aU wag F7 Ao nalaagidaiiiaui Lo
9INNIIAUIUAELUTENTU ANSYS LaRIfanIgen 6)

Tun1sas1amuuTIandveenIus18lUswATY ANSYS atdanldiaaiuus BEAM188 §aduroaus

'
aaa

dmsuauludsgindfendunmsussnawuuidady dmsunisiesendmdnussnnlianie 193506y

Fe01A 8N u)n19inuae LneasuIA1anie (eigenvalue) wuazInmasianie (eigenvector) MAA1
wostian uonanil lun1sdrassdlamnuaieuluveuwsliaenndasiudnuaznissesiuresmuluusiay
nsfiAn® Famdadin1sMrueauda Tan lkusasuniuaueIveInIy WeTaedanunen1INIEaNe N

YounsAulugUluuse SIuie

gl 1

a & v A o ay v ° Y  ac ¢ a Y a )
ANANTNN 2-5 f\]gLVUVLWJ'] NaLQ@EJLGUQWJLaGUVle@‘iﬂﬂﬂ']iﬂ']u’)m@')ﬁnﬁ‘lwvl,u@LaaLNu@mﬂﬂﬂaLﬂﬁNﬂ‘U

NANTITANUIUINLUTHNTY ANSYS Taetd ald91uueaLuus (element) TUN1SAIUIUALTU A1HBUT LA

a1 o 1

fagdarugndewndWunuluaig wasdufiundaunadt nsudsmuesnduiudiugesdnuiumingy

¥

a § @ v a o v LY 1o ° o Py
128 LaLUUR ﬂLWUQW@LLﬁ?W%SWWiﬁN@ﬁWﬁQLGU’Wﬁﬂ’W]EJ‘U (convergent results) mmunmaauiwamw

Y

158395V (boundary conditions) LagNFULUUNIINTEINLAIVBIUATIY

M131990 2 NTIATILNNTELUNEAMBU (convergence analysis) YesAuImtnUTIMNlAUAzdmTUAY

SiiondusarSuazaudiondnauwnsiuLuusg 9 dmsuauiigiusessuluwuuauiu-Sanuy

o lf()r/lf(I:Ef
AUIU P a—
. ANDNY
LDALIUA o ub AFG-X | AFG-O | AFG-A | AFG-V | Pattern A | Pattern B
UIgNs
2 3.8195 | 3.8195 | 2.1649 | 7.0074 | 7.6483 | 2.1807 1.8649 5.8785
q 1.4125 | 1.4125 | 1.1930 | 2.1740 | 2.0176 | 1.2033 1.0756 5.5537
8 1.0348 | 1.0348 | 1.0149 | 1.1962 | 1.1249 | 1.0165 1.0059 1.2156
16 1.0019 | 1.0019 | 1.0011 | 1.0151 | 1.0061 | 1.0011 1.0007 1.0213
32 1.0004 | 1.0004 | 1.0004 | 1.0013 | 1.0010 | 1.0003 1.0003 1.0016
64 1.0002 | 1.0002 | 1.0003 | 1.0005 | 1.0005 | 1.0002 1.0003 1.0005
128 1.0002 | 1.0002 | 1.0003 | 1.0005 | 1.0005 | 1.0002 1.0003 1.0005
256 1.0002 | 1.0002 | 1.0003 | 1.0005 | 1.0005 | 1.0002 1.0003 1.0004
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nhntinussnnliaanzdmsuaudienduigns

NEULATAULUUANN 9 dmsumuiiigiusesiuiduluudaniu-vanedasy

s
a a

9

a

wazA1udien

o R /R
AU P E——
- . | 8Wang
LDALUUR - ub AFG-X | AFG-O | AFG-A | AFG-V | Pattern A | Pattern B
UIENS
2 1.0407 | 1.0407 | 1.0849 | 1.3182 | 1.1829 | 1.0179 | 1.0933 1.2435
4 1.0169 | 1.0169 | 1.0246 | 1.0325 | 1.0238 | 1.0091 | 1.0103 1.0279
8 1.0057 | 1.0057 | 1.0041 | 1.0159 | 1.0141 | 1.0024 | 1.0011 1.0121
16 1.0007 | 1.0007 | 1.0004 | 1.0045 | 1.0024 | 1.0003 | 1.0001 1.0042
32 1.0001 | 1.0001 | 1.0001 | 1.0007 | 1.0003 | 1.0001 | 1.0000 1.0007
64 1.0001 | 1.0001 | 1.0000 | 1.0002 | 1.0002 | 1.0000 | 1.0000 1.0002
128 1.0001 | 1.0001 | 1.0000 | 1.0002 | 1.0001 | 1.0000 | 1.0000 1.0002
256 1.0001 | 1.0001 | 1.0000 | 1.0002 | 1.0001 | 1.0000 | 1.0001 1.0002

A5197 4fYﬁ%Lﬂswgﬁﬂﬂi@lﬂﬂﬁﬂﬂ@@U%@ﬂﬂ

vV o

Y

NEULNIAULUUAN & dmsuauiifigiusessuiluwuuBanyu-Bavyu

. /R
AU P
. ANDNY
LOALIUA - ubD AFG-X | AFG-O | AFG-A | AFG-V | Pattern A | Pattern B
UGN
2 1.0809 | 1.0808 | 1.0680 | 1.5219 | 1.2854 | 1.0371 1.0769 1.4125
4 1.0268 | 1.0267 | 1.0258 | 1.0497 | 1.0318 | 1.0206 1.0133 1.0451
8 1.0104 | 1.0103 | 1.0051 | 1.0223 | 1.0200 | 1.0065 1.0015 1.0174
16 1.0014 | 1.0013 | 1.0006 | 1.0070 | 1.0035 | 1.0008 1.0002 1.0065
32 1.0003 | 1.0002 | 1.0001 | 1.0012 | 1.0005 | 1.0001 1.0000 1.0009
64 1.0002 | 1.0002 | 1.0001 | 1.0005 | 1.0003 | 1.0001 1.0000 1.0002
128 1.0002 | 1.0002 | 1.0001 | 1.0005 | 1.0002 | 1.0001 1.0000 1.0002
256 1.0002 | 1.0002 | 1.0001 | 1.0005 | 1.0003 | 1.0001 1.0000 1.0002

a

%

nhwinussnninenzdmsuaudienduiqrsuazaudiiend
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v ! =

A1590 5 MFATzinMsginganeuvesmtminusninaazdmuaudienduigvswaraudiend

Y

NELUNIAULUUAN 9 dmsunuiiligiusessuiduwuuBauiu-damyu

[ lf(:r/lffz:ef
AU —
. DNINY
LALIUA o ub AFG-X | AFG-O | AFG-A | AFG-V | Pattern A | Pattern B
UGN
2 1.2598 | 1.2598 | 1.0710 | 1.9222 | 1.8872 | 1.0847 1.0726 1.8061
a4 1.0408 | 1.0408 | 1.0363 | 1.1021 | 1.0740 | 1.0319 1.0272 1.1015
8 1.0231 | 1.0231 | 1.0129 | 1.0306 | 1.0401 | 1.0122 1.0063 1.0261
16 1.0030 | 1.0030 | 1.0015 | 1.0119 | 1.0090 | 1.0015 1.0008 1.0121
32 1.0004 | 1.0004 | 1.0003 | 1.0016 | 1.0010 | 1.0002 1.0002 1.0019
64 1.0002 | 1.0002 | 1.0002 | 1.0005 | 1.0004 | 1.0001 1.0002 1.0005
128 1.0002 | 1.0002 | 1.0002 | 1.0004 | 1.0003 | 1.0001 1.0002 1.0004
256 1.0001 | 1.0002 | 1.0002 | 1.0004 | 1.0003 | 1.0001 1.0002 1.0004

M15199 6 Auminussnnlnanzldia F Aldannisaunaislusunsy ANSYS dwmsuaiudiend

a £ aas IS = ! v PN v A 1 [y
Uiq%ﬁLLﬁ%ﬂ’IUQW@ﬂ%NﬁMLLﬂﬁ‘WULLU‘UWN 9 ﬂ’]EJIG]NEJuvL“UVliEJ\‘IiUVILLG]ﬂG]’Nﬂ‘Ll

GRINTRILY Fre
ARULWER gauiu - Bawiy | Saudu - Uanedase | Savyu - Bavyu | Sauiu - Savau
dlendusav’ 0.0132 0.0022 0.0033 0.0067
ub 0.0570 0.0095 0.0142 0.0291
AFG-X 0.0627 0.0073 0.0131 0.0327
AFG-O 0.0328 0.0075 0.0096 0.0168
AFG-A 0.0250 0.0044 0.0057 0.0126
AFG-V 0.0988 0.0162 0.0310 0.0515
Pattern A 0.0568 0.0055 0.0103 0.0310
Pattern B 0.0367 0.0084 0.0110 0.0191

4.2 nslasezvasauunluneulndauiingnlsinediasunsedrewnsiunuwuawnu

Tuns@nwdminussnalnwanzvesauuilureslndand1dallasi s uusadreunsily
auuwaLny wsfiwesildlunsiuaiuandisndaedusn Sxwelud (1) snsrdruanunitaden
(c,) uardnsdANNgnse (c,) Ay 0.0 0.2 0.4 0.6 uaz 0.8 nanfe ¢, €{0.0,0.2,0.4,0.6,0.8}

6§

wazc, €{0.0,0.2,0.4,0.6,0.8} (2) Suiududiugesvesnumiiu 128 edwud gnihanldlunisiese
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1 vLqu ac IS = ] _Epoxy A P v 1 vLyqq aac =
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s
a a

a13ei 7 Anhmnussninengliifvesnudienduians amudiendnauwnsiiuwuusg q dmiuai

9

niigusossuilunuuBaniu-Sauiy

or
C, c, |3wand
T ub AFG-X | AFG-O | AFG-A | AFG-V | Pattern A | Pattern B

UIEND
0.0 | 0.3290 | 1.4241 | 1.1390 | 1.1389 | 1.1457 | 1.1457 1.0658 1.1344
(333%) | (246%) | (246%) | (248%) | (248%) | (224%) (245%)
0.2 | 0.2361 | 1.0219 | 0.8267 | 0.8092 | 0.7658 | 0.8837 | 0.7690 0.8111
(333%) | (250%) | (243%) | (224%) | (274%) | (226%) (244%)
0.4 | 0.1552 | 0.6719 | 05691 | 0.5119 | 0.4607 | 0.6378 | 0.5171 0.5251
o0 (333%) | (267%) | (230%) | (197%) | (311%) | (233%) (238%)
0.6 | 0.0873 | 0.3780 | 0.3557 | 0.2652 | 0.2303 | 0.4082 | 0.3085 0.2837
(333%) | (307%) | (204%) | (164%) | (367%) | (253%) (225%)
0.8 | 0.0340 | 0.1474 | 0.1636 | 0.0886 | 0.0750 | 0.1943 | 0.1403 0.0994
(333%) | (381%) | (160%) | (120%) | (471%) | (312%) (192%)
0.0 | 0.2951 | 1.2774 | 1.0230 | 1.0205 | 0.9887 | 1.0695 | 0.9568 1.0172
(333%) | (247%) | (246%) | (235%) | (262%) | (224%) (245%)
0.2 | 0.2106 | 0.9114 | 0.7428 | 0.7172 | 0.6583 | 0.8215 | 0.6872 0.7221
(333%) | (253%) | (241%) | (213%) | (290%) | (226%) (243%)
0.4 | 0.1374 | 0.5948 | 05108 | 0.4485 | 0.3942 | 0.5895 | 0.4593 0.4633
o2 (333%) | (272%) | (226%) | (187%) | (329%) | (234%) (237%)
0.6 | 0.0765 | 0.3313 | 0.3166 | 0.2298 | 0.1959 | 0.3738 | 0.2715 0.2476
(333%) | (314%) | (200%) | (156%) | (388%) | (255%) (233%)
0.8 | 0.0294 | 0.1270 | 0.1408 | 0.0760 | 0.0631 | 0.1748 | 0.1210 0.0854
(333%) | (380%) | (159%) | (115%) | (496%) | (312%) (191%)
0.0 | 0.2587 | 1.1198 | 0.9017 | 0.8903 | 0.8267 | 0.9877 | 0.8415 0.8901
(333%) | (249%) | (244%) | (220%) | (282%) | (225%) (244%)
o 0.2 | 0.1832 | 0.7931 | 0.6548 | 0.6174 | 0.5477 | 0.7545 | 0.6010 0.6261
(333%) | (257%) | (237%) | (199%) | (312%) | (228%) (242%)
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= 1 Y o ! Yaa a o a a < a e = = ! o U
A19°90 7 (M) ﬂWU’]WUﬂUiiVlﬂIﬂQLG]’]%VLﬁJWU’ENﬂWUE)W@ﬂ"UUﬁjVIﬁ ANUDNDNTNAULNTWULUUAY f d1%su

Aa U [d = 1 = 1
ATUNUFIUTDITU VUL UUE AL UU-E ALY

F

cr

ub AFG-X | AFG-O | AFG-A | AFG-V | Pattern A | Pattern B

0.4 0.1184 | 0.5127 | 0.4491 | 0.3808 | 0.3259 | 0.5372 0.3985 0.3972
(333%) | (279%) | (221%) | (175%) | (354%) | (236%) (235%)

0.6 0.0651 | 0.2817 | 0.2746 | 0.1926 | 0.1606 | 0.3364 0.2327 0.2091

o (333%) | (322%) | (196%) | (147%) | (417%) | (257%) (221%)
0.8 | 0.0244 | 0.1057 | 0.1169 | 0.0629 | 0.0510 | 0.1537 0.1011 0.0707

(333%) | (379%) | (157%) | (109%) | (529%) | (314%) (189%)

0.0 | 0.2183 | 0.9450 | 0.7719 | 0.7423 | 0.6567 | 0.8960 0.7163 0.7476
(333%) | (254%) | (240%) | (201%) | (310%) (228%) (242%)

0.2 | 0.1531 | 0.6625 | 0.5602 | 0.5058 | 0.4320 | 0.6790 0.5076 0.5192

(333%) | (266%) | (230%) | (182%) | (344%) | (232%) (239%)

06 0.4 | 0.0976 | 0.4226 | 0.3820 | 0.3065 | 0.2547 | 0.4778 0.3331 0.3241

(333%) | (291%) | (214%) | (161%) | (389%) | (241%) (232%)

0.6 | 0.0526 | 0.2279 | 0.2281 | 0.1523 | 0.1239 | 0.2936 0.1911 0.1670
(333%) | (333%) | (189%) | (135%) | (458%) | (263%) (217%)

0.8 | 0.0191 | 0.0828 | 0.0913 | 0.0488 | 0.0385 | 0.1294 0.0801 0.0548
(333%) | (377%) | (155%) | (101%) | (577%) | (319%) (186%)

0.0 0.1702 | 0.7368 | 0.6244 | 0.5608 | 0.4702 | 0.7802 0.5716 0.5751
(333%) | (267%) | (229%) | (176%) | (358%) | (236%) (238%)

0.2 | 0.1174 | 0.5081 | 0.4515 | 0.3725 | 0.3054 | 0.5828 0.4003 0.3910
(333%) | (285%) | (217%) | (160%) | (397%) | (241%) (233%)

0.8 0.4 | 0.0733 | 0.3171 | 0.3030 | 0.2199 | 0.1771 | 0.4017 0.2583 0.2375
(333%) | (314%) | (200%) | (142%) | (448%) | (253%) (224%)

0.6 0.0383 | 0.1656 | 0.1722 | 0.1063 | 0.0841 | 0.2388 0.1441 0.1181
(333%) | (350%) | (178%) | (120%) | (524%) | (277%) (209%)

0.8 0.0132 | 0.0570 | 0.0627 | 0.0328 | 0.0250 | 0.0988 0.0568 0.0367
(333%) | (377%) | (149%) | (90%) | (651%) | (332%) (179%)
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M15199 8 Atminussyninanzliifvesnudiionduians mudiendnauwnsiuLuusg 9 dmsuau

Aa 1Y [ =2 1 a
Vllli’]‘lJi’eNi‘ULTJULLUUEJWLLUU-TJG’]EJaﬁiz

Fcr
C, ¢, |Bnend
o ubD AFG-X | AFG-O | AFG-A | AFG-V | Pattern A | Pattern B

U3gnd
0.0 0.0206 | 0.0890 0.0656 0.0656 | 0.1062 | 0.0478 0.0495 0.0716
(333%) | (219%) | (219%) | (417%) | (133%) (141%) (248%)
0.2 0.0169 | 0.0730 0.0508 0.0578 | 0.0796 | 0.0429 0.0377 0.0624
(333%) | (201%) | (243%) | (372%) | (155%) (124%) (270%)
0.4 0.0131 | 0.0566 | 0.0373 0.0486 | 0.0546 | 0.0376 0.0274 0.0519
o0 (333%) | (185%) | (272%) | (318%) | (188%) (109%) (296%)
0.6 0.0092 | 0.0396 | 0.0254 | 0.0368 | 0.0320 | 0.0316 0.0185 0.0388
(333%) | (177%) | (302%) | (250%) | (245%) (102%) (324%)
0.8 0.0050 | 0.0215 0.0148 | 0.0191 | 0.0129 | 0.0236 0.0109 0.0207
(333%) | (197%) | (285%) | (159%) | (375%) (118%) (317%)
0.0 0.0193 | 0.0835 0.0604 | 0.0631 | 0.0950 | 0.0468 0.0452 0.0685
(333%) | (213%) | (227%) | (392%) | (142%) (134%) (255%)
0.2 0.0157 | 0.0679 | 0.0464 | 0.0552 | 0.0705 | 0.0418 0.0343 0.0594
(333%) | (195%) | (252%) | (349%) | (166%) (119%) (278%)
0.4 0.0120 | 0.0521 | 0.0338 | 0.0459 | 0.0479 | 0.0365 0.0248 0.0488
o2 (333%) | (181%) | (281%) | (298%) | (203%) (106%) (305%)
0.6 0.0083 | 0.0359 | 0.0228 0.0340 | 0.0276 | 0.0304 0.0165 0.0358
(333%) | (175%) | (310%) | (234%) | (267%) (100%) (332%)
0.8 0.0044 | 0.0189 | 0.0131 0.0167 | 0.0108 | 0.0222 0.0096 0.0182
(333%) | (199%) | (283%) | (148%) | (410%) (120%) (316%)
0.0 0.0179 | 0.0776 | 0.0548 | 0.0602 | 0.0832 | 0.0458 0.0409 0.0652
(333%) | (206%) | (236%) | (364%) | (155%) (128%) (264%)
o4 0.2 0.0144 | 0.0625 | 0.0418 | 0.0522 | 0.0611 | 0.0408 0.0308 0.0560
(333%) | (190%) | (262%) | (324%) | (183%) (114%) (288%)




Rattanakosin Journal of Science and Technology: RIST Vol.7 No.1 2025 | 44

A13197 8 (d) At mtinussnnliaazlsifvesnudienduians AudienTuauwnsiuwuusiig o dmsu

Aundigiusessuiiunuudauiu-Uanedasy

m

cr

ub AFG-X | AFG-O | AFG-A | AFG-V | Pattern A | Pattern B

0.4 | 0.0109 | 0.0472 | 0.0302 | 0.0428 | 0.0409 | 0.0354 0.0221 0.0453
(333%) | (177%) | (293%) | (275%) | (224%) (102%) (315%)
0.6 0.0074 | 0.0318 | 0.0201 | 0.0307 | 0.0231 | 0.0291 0.0146 0.0322

o4 (333%) | (173%) | (317%) | (214%) | (296%) (98%) (339%)
0.8 | 0.0037 | 0.0161 | 0.0113 | 0.0140 | 0.0087 | 0.0207 0.0083 0.0153

(333%) | (204%) | (278%) | (136%) | (457%) | (%124) (313%)

0.0 | 0.0164 | 0.0710 | 0.0490 | 0.0568 | 0.0707 | 0.0449 0.0363 0.0613

(333%) | (199%) | (246%) | (331%) | (174%) (122%) (273%)

0.2 | 0.0130 | 0.0564 | 0.0370 | 0.0487 | 0.0511 | 0.0398 0.0272 0.0519
(333%) | (184%) | (274%) | (293%) | (206%) (109%) (299%)

06 0.4 | 0.0097 | 0.0418 | 0.0264 | 0.0390 | 0.0335 | 0.0342 0.0192 0.0411

(333%) | (174%) | (304%) | (247%) | (254%) (99%) (326%)
0.6 0.0063 | 0.0273 | 0.0173 | 0.0266 | 0.0184 | 0.0277 0.0126 0.0280
(333%) | (174%) | (322%) | (191%) | (339%) (99%) (344%)
0.8 0.0030 | 0.0130 | 0.0094 | 0.0110 | 0.0066 | 0.0188 0.0070 0.0122
(333%) | (212%) | (265%) | (120%) | (525%) | (132%) (304%)
0.0 0.0146 | 0.0632 | 0.0427 | 0.0525 | 0.0568 | 0.0444 0.0315 0.0563
(333%) | (192%) | (260%) | (289%) | (204%) (116%) (286%)
0.2 | 0.0114 | 0.0492 | 0.0318 | 0.0441 | 0.0401 | 0.0390 0.0233 0.0467
(333%) | (180%) | (288%) | (253%) | (243%) (105%) (311%)
0.8 0.4 | 0.0082 | 0.0354 | 0.0223 | 0.0339 | 0.0254 | 0.0331 0.0163 0.0356
(333%) | (173%) | (314%) | (211%) | (305%) (99%) (336%)
0.6 0.0051 | 0.0220 | 0.0142 | 0.0211 | 0.0133 | 0.0260 0.0104 0.0225
(333%) | (180%) | (316%) | (161%) | (411%) | (104%) (342%)
0.8 0.0022 | 0.0095 | 0.0073 | 0.0075 | 0.0044 | 0.0162 0.0055 0.0084
(333%) | (233%) | (240%) | (100%) | (638%) | (152%) (280%)
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9

nfigusossuilunuuBanyu-davyu

Fy
C, C, aﬁaﬂ"ﬁ
R ub AFG-X | AFG-O | AFG-A | AFG-V | Pattern A | Pattern B
UIGNS

0.0 |0.0823 | 0.3560 0.1913 0.425 | 0.3131 | 0.3131 0.1352 0.4238

(333%) | (133%) | (416%) | (281%) | (281%) (64%) (415%)

0.2 0.0591 | 0.2558 | 0.1386 | 0.3015 | 0.2053 | 0.2467 0.0980 0.3024

(333%) | (135%) | (410%) | (247%) | (317%) (66%) (412%)

0.4 0.0390 | 0.1690 | 0.0948 | 0.1898 | 0.1208 | 0.1833 0.0672 0.1941

o0 (333%) | (143%) | (386%) | (209%) | (370%) (72%) (397%)
0.6 0.0223 | 0.0964 | 0.0592 | 0.0964 | 0.0589 | 0.1225 0.0423 0.1027

(333%) | (166%) | (333%) | (165%) | (450%) (90%) (361%)

0.8 0.0090 | 0.0390 | 0.0303 | 0.0302 | 0.0188 | 0.0627 0.0225 0.0341

(333%) | (236%) | (235%) | (108%) | (595%) | (150%) (278%)

0.0 0.0739 | 0.3197 | 0.1720 | 0.3809 | 0.2683 | 0.2951 0.1215 0.3802

(333%) | (133%) | (416%) | (263%) | (300%) (65%) (415%)

0.2 0.0526 | 0.2279 | 0.1241 | 0.2667 | 0.1748 | 0.2310 0.0878 0.2684

(333%) | (136%) | (407%) | (232%) | (339%) (67%) (410%)

0.4 0.0344 | 0.1490 | 0.0844 | 0.1652 | 0.1022 | 0.1701 0.0599 0.1700

02 (333%) | (145%) | (380%) | (197%) | (394%) (74%) (394%)
0.6 0.0194 | 0.0838 | 0.0522 | 0.0825 | 0.0494 | 0.1121 0.0374 0.0884

(333%) | (170%) | (326%) | (155%) | (479%) (93%) (357%)

0.8 0.0077 | 0.0332 | 0.0263 | 0.0253 | 0.0155 | 0.0560 0.0196 0.0287

(333%) | (243%) | (230%) | (103%) | (631%) | (156%) (274%)

0.0 0.0651 | 0.2817 | 0.1523 | 0.3332 | 0.2230 | 0.2768 0.1076 0.3336

(333%) | (134%) | (412%) | (243%) | (325%) (65%) (413%)

o4 0.2 0.0459 | 0.1987 | 0.1093 | 0.2294 | 0.1442 | 0.2149 0.0773 0.2323
(333%) | (138%) | (400%) | (214%) | (368%) (69%) (406%)
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= 1 Y o ! vaa ac a a < a e = = ! o U
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F

cr

ub AFG-X | AFG-O | AFG-A | AFG-V | Pattern A | Pattern B

0.4 | 0.0296 | 0.1282 | 0.0738 | 0.1394 | 0.0835 | 0.1564 0.0524 0.1446
(333%) | (149%) | (371%) | (182%) | (428%) (77%) (388%)

0.6 0.0163 | 0.0707 | 0.0451 | 0.0681 | 0.0399 | 0.1011 0.0324 0.0735

o4 (333%) | (176%) | (317%) | (144%) | (519%) | (98%) (350%)
0.8 | 0.0063 | 0.0272 | 0.0221 | 0.0203 | 0.0123 | 0.0487 | 0.0167 | 0.0231
(333%) | (252%) | (224%) | (96%) | (676%) | (165%) | (268%)

0.0 | 0.0557 | 0.2409 | 0.1319 | 0.2799 | 0.1769 | 0.2580 | 0.0933 | 0.2824
(333%) | (137%) | (403%) | (218%) | (364%) | (68%) | (407%)

0.2 | 00387 | 0.1675 | 0.0939 | 0.1883 | 0.1132 | 0.1979 | 0.0666 | 0.1928
(333%) | (143%) | (387%) | (193%) | (411%) | (72%) | (398%)

e | 04 0.0245 | 0.1061 | 0.0628 | 0.1115 | 0.0646 | 0.1415 | 0.0447 | 0.1171

(333%) | (156%) | (355%) | (164%) | (478%) (83%) (378%)

0.6 0.0132 | 0.0570 | 0.0377 | 0.0528 | 0.0303 | 0.0890 0.0273 0.0576
(333%) | (187%) | (301%) | (130%) | (567%) | (107%) (338%)

0.8 0.0048 | 0.0209 | 0.0178 | 0.0152 | 0.0091 | 0.0407 0.0136 0.0173
(333%) | (268%) | (213%) | (87%) | (7T40%) | (181%) (257%)

0.0 0.0451 | 0.1952 | 0.1104 | 0.2161 | 0.1288 | 0.2378 0.0783 0.2222
(333%) | (145%) | (379%) | (186%) | (427%) (74%) (393%)

0.2 | 0.0307 | 0.1327 | 0.0777 | 0.1404 | 0.0809 | 0.1788 0.0553 0.1470
(333%) | (153%) | (358%) | (164%) | (483%) (80%) (380%)

0.8 0.4 0.0188 | 0.0815 | 0.0510 | 0.0798 | 0.0451 | 0.1241 0.0366 0.0858
(333%) | (171%) | (324%) | (140%) | (559%) (94%) (356%)

0.6 0.0097 | 0.0419 | 0.0298 | 0.0360 | 0.0204 | 0.0743 0.0218 0.0400
(333%) | (208%) | (272%) | (111%) | (668%) | (126%) (314%)

0.8 0.0033 | 0.0142 | 0.0131 | 0.0096 | 0.0057 | 0.0310 0.0103 0.0111
(333%) | (299%) | (192%) | (74%) | (841%) | (214%) (236%)
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a S CY 1 Vaa ac a a £ a e = = ! ° U
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o
® i aimqf UD | AFGX | AFG-O | AFG-A | AFG-V | Pattern A | Pattern B
UIgNS

0.0 | 0.1683 | 0.7283 | 05741 | 0.6670 | 0.6115 | 05978 | 0.4804 | 0.6835
(333%) | (241%) | (296%) | (263%) | (255%) | (185%) | (306%)

0.2 | 01208 | 0.5229 | 0.4414 | 0.4560 | 0.4044 | 0.4628 | 0.3634 | 0.4797
(333%) | (265%) | (278%) |(235%) | (283%) | (201%) | (297%)

0.4 | 00795 | 0.3443 | 03186 | 0.2783 | 0.2406 | 0.3357 | 0.2580 | 0.3031

o0 (333%) | (301%) | (250%) |(202%) | (322%) | (224%) | (281%)
0.6 | 0.0449 | 0.1944 | 02015 | 0.1400 |0.1189 | 0.2162 | 0.1635 | 0.1585
(333%) | (349%) | (212%) | (165%) | (381%) | (264%) | (253%)

0.8 | 00177 | 0.0764 | 0.0889 | 0.0459 | 0.0384 | 0.1039 | 0.0789 | 0.0531
(333%) | (403%) | (160%) | (117%) | (488%) | (347%) | (2019%)

0.0 | 0.1510 | 0.6536 | 0.5267 | 0.5897 | 0.5254 | 0.5592 | 0.4385 | 0.6093
(333%) | (249%) | (291%) | (248%) | (270%) | (190%) | (304%)

0.2 | 0.1077 | 0.4661 | 0.4025 | 0.3997 | 0.3462 | 0.4305 | 0.3294 | 0.4242
(333%) | (274%) | (271%) | (222%) | (300%) | (206%) | (294%)

0.4 | 00703 | 0.3044 | 0.2871 | 0.2420 | 0.2051 | 0.3098 | 02314 | 0.2656

02 (333%) | (308%) | (244%) | (192%) | (341%) | (229%) | (278%)
0.6 | 00393 | 0.1700 | 0.1778 | 0.1209 | 0.1008 | 0.1973 | 0.1444 | 0.1374
(333%) | (353%) | (208%) | (157%) | (402%) | (268%) | (250%)

0.8 | 00152 | 0.0657 | 0.0758 | 0.0393 | 0.0322 | 0.0930 | 0.0677 | 0.0455
(333%) | (800%) | (159%) | (112%) | (513%) | (346%) | (200%)

0.0 | 0.1326 | 0.5740 | 0.4764 | 0.5067 | 0.4372 | 05188 | 0.3941 | 0.5297
(333%) | (259%) | (282%) |(230%) | (291%) | (197%) | (299%)

o 0.2 | 00938 | 0.4059 | 0.3607 | 0.3400 | 0.2868 | 0.3963 | 0.2934 | 0.3650
(333%) | (285%) | (263%) |(206%) | (323%) | (213%) | (289%)
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Fer
Cy C, |B@wanw
Y ub AFG-X | AFG-O | AFG-A | AFG-V | Pattern A | Pattern B

UIEND
0.4 | 0.0606 | 0.2622 | 0.2533 | 0.2038 | 0.1689 | 0.2822 | 0.2034 0.2258
(333%) | (318%) | (236%) | (179%) | (366%) | (236%) (273%)
0.6 | 0.0333 | 0.1443 | 0.1525 | 0.1009 | 0.0824 | 0.1769 | 0.1243 0.1152
o (333%) | (358%) | (203%) | (147%) | (431%) | (273%) (246%)
0.8 | 0.0126 | 0.0545 | 0.0622 | 0.0325 | 0.0260 | 0.0812 | 0.0562 0.0374
(333%) | (395%) | (158%) | (107%) | (545%) | (347%) (198%)
0.0 | 0.1125 | 0.4871 | 0.4214 | 0.4156 | 0.3460 | 0.4753 | 0.3463 0.4417
(333%) | (275%) | (269%) | (207%) | (322%) | (208%) (293%)
0.2 | 0.0786 | 0.3403 | 0.3146 | 0.2751 | 0.2253 | 0.3590 | 0.2544 0.2999
(333%) | (300%) | (250%) |(187%) | (357%) | (224%) (282%)
0 0.4 | 0.0500 | 0.2164 | 0.2157 | 0.1627 | 0.1315 | 0.2517 | 0.1732 0.1824

(333%) | (331%) | (225%) | (163%) | (403%) | (246%) (265%)
0.6 0.0269 | 0.1165 | 0.1248 | 0.0794 | 0.0633 | 0.1541 0.1029 0.0911
(333%) | (363%) | (195%) | (135%) | (473%) | (282%) (239%)
0.8 0.0098 | 0.0425 | 0.0481 | 0.0251 | 0.0195 | 0.0679 0.0442 0.0288
(333%) | (390%) | (156%) | (99%) | (591%) | (350%) (194%)
0.0 0.0893 | 0.3867 | 0.3575 | 0.3097 | 0.2482 | 0.4249 0.2923 0.3379
(333%) | (300%) | (247%) | (178%) | (376%) | (227%) (278%)
0.2 | 0.0612 | 0.2648 | 0.2601 | 0.2008 | 0.1594 | 0.3147 0.2104 0.2239
(333%) | (325%) | (228%) | (161%) | (414%) | (244%) (266%)
0.8 0.4 | 0.0379 | 0.1640 | 0.1711 | 0.1161 | 0.0914 | 0.2146 0.1391 0.1322
(333%) | (352%) | (206%) | (141%) | (466%) | (267%) (249%)
0.6 0.0197 | 0.0851 | 0.0929 | 0.0552 | 0.0429 | 0.1260 0.0789 0.0637
(333%) | (373%) | (181%) | (118%) | (541%) | (301%) (224%)

0.8 | 0.0067 | 0.0291 | 0.0327 | 0.0168 | 0.0127 | 0.0515 0.0310 0.0191
(333%) | (386%) | (150%) | (88%) | (665%) | (361%) (184%)
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5. dgUna
unarmitnauenislinazvssnuuilunenlndaviidallasiiiaduussdisunsfiunuiuauny
TnefsUuuunanssasresunsiiunuausnausvasiiasekayliatiavetonua 7 Uuy Ao UD
AFG-A AFG-V AFG-X AFG-O AFG-Pattern A wag AFG-Pattern B wan1sdnw wuin Tunsdifivihdaniunad
AABAAINEIIAIY (G, =C, =0) N1INTTINPVBILNTHURUUALLALBNABDAAINUB1IAY (UD) az¥ilH
hainusmnlauagresniui fgusesiunuuBautu-Sauu wosuuuaudu-Sanay fewndige
Turefin13n3r918/1909uN T UAIUAINEMATULLY AFG-O Uaz UUU AFG-A azvilviundnussnn
Tamzvesmuifigiusessunuudanyu-Bavsu wazuuudauiu-Janedase famniian sudidy
ognslsAny 1Wuitrdunadn Weauinidalinedilneiivarsauinindaiserasindign
(G, =¢, =0.8) MINTFABFVOIATHUIMANLENATULUY AFG-V azshlthminusmnliunizvasay
fiflgrusesiuia 4 wuu fo wwuBanuu-Bauu wuuBauu-Savau wuuBavsu-Savau ey wwuBakLy-
UaneBase dawnniian Tnedanfiuduuszana 651% 665% 841% uaz 638% nua1sy uilawfieuiy
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