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ABSTRACT
This research is aimed at developing a hybrid choice model to forecast the proportion of modal
shift from private car to mass rapid transit (MRT) with either campus feeder buses or motorcycle taxis as

egress modes of commuting trips to Kasetsart University. A survey of stated preference and factor scoring of
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four latent factors including convenience, comfort, safety and reliabilities are conducted. The results show

that the newly developed hybrid choice model which integrates the traditional modal choice model with

the MIMIC model can provide more accurate forecasting results than the traditional one that considering

only travel time and cost subject to the increase of McFadden’ s R-Square statistics by 4.03% and 3.26%,

respectively where the precision of model predictions is increased by 0.74% and 0.68%, respectively.

Keywords: Hybrid Choice Model, Traditional Modal Choice Model, Latent Variable, Private Car, MRT Green Line.
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p-=1 L) (8)

Toeii p2 fie Rho-Square (1Ans¥wing 0 wae 1), L(B)
fa fin Log Likelihood Function g% uag L(0) Aig fin Log
Likelihood Function Lﬁamiwﬁma%uﬂmwiﬁu 0

A1 p? Bad1lnd 1 vuiede wuusiaesd
UszAnSa1ngs nd1dfe WUUTIRBIEINITALARS
ANNFUNUSTENINIMUT AN AN p2 ﬁaeﬂﬂummszﬁ
gousulaaisiaruinnin 0.20 Fuly (HFA, 1985)
Setudmuurensdan p? laisudusiosdiangails
(Ortuzar and Willumsen, 2011)
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% Correct= Z% 9)
n=1

Tnedi % Correct fie Jo8arANUYNABIVBING
MINEINsESlABRUUSIaDS, w, = 1 Wenansnensal
vo3108197 n Huluauiidrsals fefimudiay
\udinguinegns n agidenguuuy | puiidrsald
wnnindesaz 50 nanafe P.() > 0.50 Taedl N uny
FUANGUFIE ST LR

2.4 Wuuiaeeann I 999lAsia i

WUUINa898UN5L89lATIE519 T TRUINISHNIN
N193LAS18% U398 (Spearman, 1904) N153LATIEN
LM (Wright, 1934) %ﬂgﬂﬁmuﬁu’lﬁLﬁuLﬂ%aﬁaﬁ
THlumslinsgideyanansiudstsuszneuluses
wsBasy fhuusmuuasiuUsudeiiadrsduannduds
AganaldTsaun Al uiunuresiaudsudana i
MW TeausanaaeUian NN us se I3
wila (Latent Variables) wazsuusiidanm (Observed
Variables) laluttiengui] (Bollen, 1989; Kline, 2011;

Hair et al, 2013) ﬁaa&iwﬁmﬁmmugﬂﬁ 1
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/ QObserved Variable X; | €—

/ Observed Variable X, e’

1
\ Observed Variable X; <—
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Observed Variable X; | €—

JUN 1 Dadeurlaniusznaumesiuwlsdaunale 4 i

Latent Variables

(F)

fun: faen (2556)

[ ¢

dadeydnual (€) vunefls muaanaedioutes
sudsdunalidesanldanunsaindudsdannle
gnABa 100 %
2.5 UsslanYouuT1aedainIsIATIa TN
wuuiaesaumslassasuusesnduvanenagu g

aa '

uaenauiuisusndesdnuannuansisietu @
s N3z, 2553 o1edslunsanual 5%y, 2542)
Lwis[,uﬁfjﬂiﬁmmaaﬁmaﬁﬁwamﬁsmLawwﬁ%ﬁ'%
vrunldlunisiasngilusmuidodiidudsuans
swazBundwolud

2.5.1 n154AT12% 99819987599 (Exploratory
Factor Analysis: EFA)

Jumaiianisandaudsinedidelinsulaseasng
AnuduiusvasuUsdunalaunneulsdndudesdn
nauulsifaudiusiuisdalveglunguiade
Weaiu lneideazlinsuanneuindudsdunala
anunsoansuauiulslindendede

2.5.2 n15Aszvtlaieidedugu (Confirmatory
Factor Analysis : CFA)

= Y
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=524

a v Al YA o =

Nounieuideladnsdnwiniuun 13387
AANITAIANFNNUSYRIR L UTANA AR ILUS
Tatrsfdanuduiusiuaiseglutadoud sivadu
nTuiadranuusiasaitoduduniuduiugin
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253 WUUTIeI MUUHITT U sansUass 2T 9
a8 NIoLUUTIaeeun (MIMIC Models)
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Ben-Akiva (1997) na1131 Tudagdunisimun
wuuiaswadenlaliaudinglunisiidadediu
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I0IN10IUARAIUATLAT 9 LIL1TIUAILR TR

AUNN5LTILATIASN ANUFuRUSAuduRusnmileluandaduaiurian
Model Fit Good Fit Acceptable Fit wazAldane 1w siauad Wouanslidudonginssu
Chi-Square | 3IANAIUA O-0 HANPUA O-c0 n1stdensukuunsiAuntsdsnanslusui 2 lng

2 Snilendnazi dnilannazi o \ LA . -
o ( ) ) ( i ) wUUSaasRekundy 2 du Ae wuudiasamadan
Degree of TAAgUs 0-co TANASLE 0-00 ) ) . o
Y . L . (Discrete Choice Model) uazuuuitaasaduuns
Freedom (DF) |  (a13A101N3EA) (QHAUNALA)
(Latent Variable Model)
0.95<GFI<1.00 0.9<GFI<0.95
GFI
GFI : Goodness of Fit .
ad ! | Observable Variable Explanatory
AI3HUAININAIN 0.9 = e T ” S e
AGF| ) ) C__ Unobservable Latent Variable = Ulslumance Disturbance Boaraisd
AGFI : (Adjusted) Goodness of Fit > Sructural Relationship - 4 el
> M Relati ~ Lot T Indicators
. ; - Variables - :
AITHAININALN 0.9 » Random Disturbance Term P =
CFI .
CFl : Comparative Fit Index Uiy )"
Uy
0<RMSEA<0.05 | 0.05<RMSEA<0.08 ; " Distubances
RMSEA RMSEA : Root Mean Square Error of s e
Approxim ation Discrete Choice Model
Normed Chi- sl @ o o . :
o 0<x¥/df<2 24X/ <3 JUN 2 anwalziuu91ae3 Hybrid Choice Model
square (X/d o o .
q X 731: AawUasan Ben-Akiva et al. (2002) Ing

fun: fauUasann Hair et al. (2006)

Kim et al. (2014)
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Equation Modeling) Ae35uuudnansianysuriis-
uwsannguaziadiavanedaviefigendnievdeii
wuUs1aedifin (MIMIC Model) anndusiuuusians
e 2 wuusIae AT TR AU eiiidenfudl
wuusiaesadeniisiutadauns (Hybrid Choice

Model) lnwafananvesossauseleoal (Utility)

4
2 o o

NATUIANUNU I aNVRIRFUUTEENS dodrAgnis
adf LaznI19@aUUsLANSAINUBILUUINADY LD
Wisuilgumuuudnaesinsaunaganaailuly

Nusasvisanensallusuansald

4. WANIVIAADY

4.1 nMsarsIasinTIeilngeideuyuaava I
(09

Tug29iifin1sen T unERs LI NS oL e
wnsUsEIT 2560 Yo ineduinunsenans {u
Hanffauiumansmnuiudinounn wanzun
nsdrsrauvuaeunulosiuiiiadisaatiadeiina
sanisiienguiuunmsiiunandwming e lned
Jafolddusd inszdvsnnfienanisainanin
nsiusnsuszneulume anunseulunisiiusnig
Auundedolunsliusnig muazanauts A
dr91n ANUaendulazn1IsnwIANUasniY
Toya/U1¥Ens N15UINNT LA HANIENUADAWLINA DY

MFasEEaildannsdsadesdudienis

Funwallagordeuudaua unuInliad@dsn KMO

(Kaiser-Meyer-Olkin) &4l¢inanumsnzauvesdaya

|
o

lun1siasizndade Inenaluagfansmninnis
'31,%'13‘1}‘1{‘]%1?{7&1mm:auﬁuﬁasﬂaﬁam KMO > 0.5
(Field, 2005) wailunsdiaudseiiia KMO tinfu
0.906 LLamjweﬁagaméﬂﬁﬁmmmmzamLﬁmwaﬁ%
ilultlunsimsieat

Uadausls 4 é’uﬁULLiﬂﬁﬁmﬁ’mﬁfﬂgaqm JEHISHIN
Animtnaugfuanandiaalumiosdian Téun
0.828 0.804 0.783 way 0.764 Usgnaulumiy Aw

MFANFIAINTTUAERNS UWNINYIFBATUASUNT IS

=

U7 13 aUu?l 3 heu AULIEU — SWINAN N.A. 2561

dva1n ANNUaBANY ANATAINEUIY NISHAUSNNS

PUAIPU PALEAILIUANTIIT 4

m15199 4 A windadelunisandulafensliuy
N1 AUNIINITIUNINGIRELNBATAIENTVOINGY

Anaunuuasuauisedlununuasuns

Uade Amdidn | Susudl
Jadeauanunseulunsiusns 0.701
Yadesuruidetiolumsliuins 0.746
Jaduaunnugzninauly 0.783 3
Jaduanunuazen 0.828 1
Jaduaruniudasndolagnig

0.804 2
SnwANUannny
Uadeenudeya/anims 0.679
Yadusunsliusns 0.764 q
Yadesumansnusodauinden 0.522

a A

WAINWIFEIUBAN ML ALITBINUINUITBEIY

[ %

1‘1/121]:‘\33LLEJﬂ‘U‘U’«JEJ@WUﬂ’JWiJﬂZ@?ﬂLLaBﬂ’J’]lIﬂUWEJa?Jﬂ

nAuwazlgf1din (Indicators) Nwanm1any Lag

AwazmInazng AL idnveslnsansiieg
semInennsiAumsuazuienisifendesruunis
AumaiierdndeeuminugvesguuuNSIAuNg
nénildlunsifumaidesenineenaineunmuz
yeaguuuUMsiumamdndildlunisidunialuds
ANUIBUAIINIT @IUAIUAUIENUIEAIINDT
anuidnvuzegnglugiunivugvessuhuung
wumavdnildlunisifune ludiuvesiadosu
Aruazen Turddeuistufiansan i duiuysd
dunalaluladensinuanuauiswazanynetadsly
sunstiusnmsfadesiuinldaunsaldidutedely
st nsnsusdiuyanald Jeldidentladeduania
etulunadumanfidumdaunu

4.2 M3aTIvuaz unTIvvlageIREuUUFoUn N
aUvauysal

nsasfiuiidnsaanuuasuammunageg 1 T

wInedenuasetans luglasounalnuiiviou




MFANFIAINTTUANERNS LN INPFASUASUNTILIR

UM 13 aUufl 3 heu AueneU — SUAN N.A. 2561

WAL W.A. 2560 TTUIUYALUUADUAINTIIVINA
485 yadoya lauH1uNITARNTOIRALLABNUILN

aa vy

ATIEY 400 YAdaya N1sIATIzviA1atiAdeya

Y

o a

ﬂmaﬂ‘t‘)mg‘lﬂ’]ﬂLﬂi‘t‘ﬁﬂ"\]LLa%ﬁﬁﬂN%@ﬁEﬁLﬁu%’NLLax

q o«

[ [ a

Joyaanuauznsiaunstutagiuresiiums wuii
Timguszasdlumsiiumaiionisdnuanduiesas
7.8 uarilingusrasdlunsifumaiiensiauda
Hudosay 92.2 vessuunguiiogneavan ey
nqudtegefisrunouLUUas Uy Tauandd
aonAdafuinguszasivesAdeiiananiils
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AUvasnNgUsenauniy 4 AauUs bawn Safe2,
Safe3, Safed, Safe5 wastladodumnudedulunis
WunmsUsenousie 3 aawds laun Rell, Rel2, Reld
4.4.2 msanTIevithdedeiudu (CFA)
PMNNTIATIEATIE1519 (EFA) daudsesuiela
gninuvseanidu 4 nqudadouns antuiiun
Anesitateidduduiotuduiuuudassinegly

oA

nguiladnuniigananysaiuintdesiigdda Iy
AAT1eRluluuIIansdunIslasasne (Structural
Equation Modeling) annlassarsuuudianslugud
3 uay 4 iuldindedeudeis 4 Yadedednd
Auduiudiudeudiainuelaiiy 0.8 daduidlsl

Wty Multicollinearity

-40 -34
! 57

0 61 53

lMRLConvZ| |MRLConv3| IMRLConwl |MRLme4|

| MRT_Rel4 | | MRT_Rel2 | I MRT_Relt |
2l 69 52

UM 3 Taduietiudurasmnuiianelalunisiiums

fesa ki

MFANFIAINTTUAERNS UWNINYIFBATUASUNT IS
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ANHLNUNZAUVDILUUTI8DY (Model Fit) Ua4
salv#n 1aun Chi-Square WinAU 162.175, Degree
of Freedom 1i1fU 79, Normed Chi-Square L1y
2.053, RMSEA AU 0.51, GFI (vinAu 0.949 , AGFI

WinAu 0.922 way CFl winAu 0.974

-40 -33

@@@

| Car_Conv2 | | CaLCanwl | Car_Conv1 | | Car_Conv4 |

@ Car_Safe4 -
60 78
@ Car_Safe3

I Car_Rel4 | | Car_Rell | | Car_Rel2 |
65 34 70

JUN 4 Yadeigeduduvesanuiianelalunisiiumig

MysnEURdILYAAR

MINTIVFABUANUMUTAUVDILUUTIADS (Model
Fit) 9aesnsudidiuyana Lawn Chi-Square iy
157.240, Degree of Freedom WinAu 80, Normed Chi-
Square AU 1.965, RMSEA 1111AU 0.49, GFI 1Yy
0.951, AGFI iy 0.926 uag CFI Wity 0.981

nsazidadededuduvesanuinelaly
N131§eNIULUUNSAUNIT 2 UMDY @1u190
asuladuuuiiaeiinnumuizan Inegleain
ANADANTIIAOUANIMNIE ANV UT AR ST LS
wansAa1u1nsgIulyd waznanladndediaiulusa
wUsedurelagndnleglungudadaucs aanen
i ads (Factor Loading) 74 2 nguiien
1 0.5 Fuly

4.5 uyudraediin (MIMIC Model)

iielsiiedenisiiuvudiaeddldnensainig

v = o

Wasusuuunsiiunegidedaiienuudiaeiiiia
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wdusdrlunisitasisiitoanduneulunis
AAszrdenauuesladausls lngmnnsuiiesn
wUs8d5y (Independent Variable) ildarnns
daunuvayanuanyMENILATYgR LA SIANYDIY
Wunanaztayasnuaenisidunsludagduvesy
Hiuma fannsamensaltminvesadoudaiely
fiseninduusmy (Dependent Variable) W 4 6
faula laun Jadadunuazain Jadeduainu
auie Jaduanuanulaonde wagtdadeaiuainu
Forulunsiunie Wlaede Tnswuusiaediineg
wuseaniu 2 dw Uszneulume

daudi 1 Formative (ﬁ’a@uﬂﬁﬁﬂvﬁ'wm{]ﬂé’]’mmn)
Hudad 1 uag 2 Alfanmsasunudeyailuves
ngusegne Ineduusudazfignasiseanium
Pauudaiiorneduredadowls Tnesuusiilaan

o w

nsaeuMuveyadnyMzduyARaAITHTEdATYNIg

' v
= =<

adfileifiunnugniesvesiuudaedliftedu

d2ufl 2 Reflective (¥1gnAsiseanaindaie
uil) Wududildanuuvasuauludui 3 (Teya
Aerduiiruadlunisidensuuvumsiiuniavesy
WHiung) viemudsdunnddldannsdanguius
Tumsneitadsluhded 4 lnenguiudsdang
uiarinzgnesuiesetatouddlunguiuiiioss
WeadsgULuUaNng

AUsAttasuretade N aUBIwUUIIa0INg 2

o

wuuaedidudsildTadusendu laun ey sedu
n1sfnw selanaideu Arldanelunisiiunisse
Wi wazginiunie nanalainaindeyadiuuana

4 5 Aoudiinadenisiienguuuunisiaunienlyd

Y @ N

Tunasiaunieie 2 gduvuuaaslliuisaiiy

@ v ]

ADAAADIVDILUUINABIRE19lUsdA Ay YauadIu

yapafiuanmiennmsed 5 lallginlidarudAty

weldeenleLioundiasieviluwuuinasy AN

a (Y o w aac '

dudszanddudsluddedifgynisadandslidiun

AATITNTIUN Y
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I3197 5 s inuseAnatiAvewwUTanunlzaLURRA

fauus 1NN U | Seeaz(%)
Ll 1. 918 131 328
(Gender) 2. ey 269 673
1. ¢nd 20 T 7 18
2.20-30 U 107 268
21y ~
3.31-40 U 130 325
(Age) -
4.41-50 U 101 253
5. 51 Yyuld 55 138
1. sninBaaed 53 133
sgunsany | 2. Useyy1es 240 600
(Education) 3. Yy ln 9 235
4. Y3gyyean 13 33
Lémn15000um | 82 205
2.15000-25,000 U 203 50.8
eldwedeu | 3.2500135000um | 67 168
(Income) 4.35001-45,000 U 20 50
5.45001-60,000 U 14 35
6.> 60001 Ful 14 35
Toguszaed | 1. v 369 923
(Trip Purpose) | 2. ?]“14‘] 31 77
ADTUNN 1. D 229 573
(Status) 2. flagans 171 a23
4 1.1-2 % 3 08
ATBRASAIMY —
2.3-4 93U 17 4.2
(Frequency) —
3.5 Yuguly 380 95
Funse 1. laid] 14 35
(Bag) 2.4 386 9.5
gsaundumse | 1 LiAu 1 e 305 763
(Companion) | 2.2 Avuiuly 95 237
Aldae o
MU UUIN
(Travel Cost)
1an oL
MU UUIN
(Travel Time)

4.5.1 uvviaeslidnyessaluil
wuvdnassddnvessalndn Sdudsang o Al
Judyiavesngudadoulsusiazngy Tnaduduys

AlaanAnulusuvasunudeyadnuazdiuyana
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yhludd 1 uaz 2 maaﬁmamwuaaumuﬁzﬁ 8 i1
wls lawa 918 nsfinwn s1eldsieldon anunin
mldrelunmsidumssionion natlunsifiunsde
e 5rniuma uazanuilunisifiuns Tassasa

Aauanalugun 5

sUN 5 wuudnassidauessa buin

Y

(Standardized Estimates)

InNMsuUANENUsEANS luLUUS a0 MUIes
sl snlusuvauauiuauaswiae daduile
wnuArnavluaun1ssresdiniannuuudtansluy
EULL‘UUﬁLﬂu Unstandardized snunuluaunisuagly
slludnwes e (Error) iesanidumusainedou
PBIANULUIUTIU (Variance) Imagmwuammimaq

wuUdnanssabiirvewsardadeuslsinemaludl

F1lyrr = -0.09Age+0.355tatus-0.003Travel_Time
(15)
F2yrr = 0.152Status-0.001Travel Cost  (16)
F3urr = -0.071Income-0.001Travel Cost  (17)
Fdyer = 0.121Education-0.002Travel Time

+0.118Companion+0.190Frequency  (18)

MFANFIAINTTUAERNS UWNINYIFBATUASUNT IS

U7 13 aUu?l 3 heu AULIEU — SWINAN N.A. 2561

NNIMTIVFBUANUNLEANVBIL UV (Model
Fit) vessalniln wuandlan Chi-Square Wwiniu 490.515,
Degree of Freedom 11U 214, Normed Chi-Square
Winu 2.292, RMSEA 11U 0.570, GFI 117U 0.905,
AGFI wirfiu 0.877 wag CFl Winfiu 0.926

4.5.2 wuui1aeslinvesoguiauyAna

JUN 6 wuuiaesiiinvessnguddiuyAna

(Standardized Estimates)

wuiaedifiavessasudduyana SHuUsild
Huidfanguilafouds 7 Fwds WWun oy sedu
nsfinen eldsowau Tngusvasdlunisiiunig
Alddglumsifumasiodion g3mfunmauazsunm
Hunsy fuandluguil 6 lasguuuuansuesuuiaes

IflevessaewddnyarauamsiayUadeuilnwialuil

Fle, = 0.092Income+0.047Bag
+0.043Companion (19)
F2¢, = 0.070Income+0.302Trip_Purpose
+0.001Travel Cost (20)
F3c.r = 0.110Age+0.089Education
+0.422Trip_Purpose (21)
Fd,, = 0.056Age+0.055Income (22)
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N19M529d0UAIULNUIEAUVDILUUIIA DY
(Model Fit) ¥89sn8uddIuyAAa WuI1dA1 Chi-
Square LM1AU 474.004, Degree of Freedom LU
192, Normed Chi-Square %1 U 2.469, RMSEA
WinAu 0.61, GFI WinAu 0.912, AGFI winiu 0.884 way
CFl wihiiu 0.936

FauUsTanunuanifenuaenndewonis

v a

maulwaq;jmamwuaaumuﬁﬂﬁ?mﬂLﬂ%‘lammﬂu
AFUUSZAVBAUA 9 UaZANSILAMIEBRRNS 9
GUENLLUUﬁwaanﬁaiﬁﬂwagiuLﬂm%ﬁaamiuvlﬁ etz
folauuudiassianunaunaudalsedng
4.6 uuuTIaeuIasoniisIutlaseusls (Hybrid
Choice Model)
omluiteiliiertesiunisnaiunuusiass

a550Usslovtnuunafunnansldluiiden 4.3

'
v

Sutuwuudiasenkandldluiiden 4.5 Niudade
Wl AP UFUAR AL IR INWINLN 4997y Tawn Jade

AuANNEEAIN Yadgauauauns Jaseniumning

v =

Uaonsouardasdusuamnuidoriulunsiiums deie
lé'h'1Lﬁu{]aé’aﬁQ’Lﬁumﬂﬁmmﬁﬂﬁ’zﬂumiﬁm%ﬂa
Wenguuwuunisiiunisludagdu annnsiasien
wuustasmadendisiuiadoudedrslusunsy

NLogit LaAd3ULUUANNITUNENN1TLIATIANAN

Y

aran1sailinazfimnduuseansluuiradwuslid

o =

WUNNEDR LaNAURANAIAVDILATOINUNY

€

vdn

ﬁ’]?]l"lﬁiiﬂﬁgaﬂ/lﬁl,l,aﬁLWJJﬂ’J’]JJQﬂ(;\}@JLLUUT\T’laEN

=

=

39839149350 1559uUad8 Composite Variable Li®

=D

srutasuuiania 4 Jadedndudaduifondulee
Sendn Yadeifinanvirunafivesldums (Travelers
Attitude) M83suIALRRLLaYANS Arithmetic Mean
AauanagusuuaINsmEzauwaEAgaselul
A a a I3
N3AIN 1 MIUABUFULUUNMSLAUNIIN U
dauynraundanldsaliiuaisiesiesalaeans
Usgammanglunmingnay Jaunisessauselevy

Wusanans

13
U, = 2.702-0.116Cost,-0.087Timec,,
-0.776Travelers Atte,, (23)
UMRT = ‘OlléCOStMRT‘0087T|meMRT
+3.072Travelers Attyar (24)

Lﬁmmﬂﬂaﬁ]’ﬂLLmﬁmﬁﬂmama&r,{:iﬁumdﬁﬁwa
ABN1SIEONFULUUNTIAUNIMETNEUAdILYARS
Travelers Attc, SiiaSewmuneniandaeansutiis
wUsldnsanuiimanisalliusiiesannlufivedday
naadm windrluimsieduaznseneinsally
Sndudeaihdadesenaniwsgivseldluaunissiu
e FaduaunisessaUselenilunsdld 1 awnse

agUlanmalull

Ue, = 2.702-0.116Cost,,-0.087Time,,  (25)
UMRT = ‘O.].16COStMRT‘0.087TimeMRT
+3.072Travelers_Attyqr (26)

dlounuandulsyaventndauys Travelers Attyr
winftu 3.072 ndudluluaunis Tned Travelers Attygr
WA U Average (Flurr, F2urn F3un Flur) 98161
auni1svestadoulsunazdasedifiansunain

AMANYEAILUARAYDIIMDULUUABUNY Aasialull

salWiln (Travelers Attyqr) :
F1ysr = -0.069Age+0.275tatus-0.0023Travel Time
27
F2yqr = 0.117Status-0.000768Travel Cost (28)
F3urr = -0.0545Income-0.000768Travel Cost (29)
Fdyer = 0.0929Education- 0.00154Travel Time

+0.0906Companion+0.146Frequency (30)

aa = a ¢
N3N 2 NMIUABUFULUUNITLAUNININTOYUR
druynraudenldsalniiudnenusadnseiueu

Sudng
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Ue, = 1.45-0.103Cost.,-0.0717Time,,  (31)
UMRT = _O103COStMRT_OO717T|meMRT
+2.233Travelers Attygr (32)

wWudeatutunsaif 1 deunuanduuszanavth
Fauus Travelers Attyq AifiAINAU 2.233 nduidi
TUluanns Travelers Attyqr WU Average (F1yr,
F2usr sF3uar Flurr) ¥laaun1svostadoucaniay
Jadeifinnsuquinvuzdiuyanaveadney

wUUABUANUAIRD bUT

salWin (Travelers Attyq) :
Flyer = -0.05Age+0.25tatus-0.00167Travel Time
(33)
F2yrr = 0.0848Status-0.000558Travel Cost (34)
F3yrr = -0.0696Income-0.000558Travel Cost (35)
Fdrr= 0.0675Education-0.00112Travel Time

+0.0658Companion+0.106Frequency  (36)

AndudseanSuenuusiasaia 2 nsdl fleandu
aufidadedunawazaldsne wardanduvand
Hadeiimundvesfifunsiiinasonindenguiuuns
Wunmasesaluil Traveller Attyqr dadulumu
Aansal nanfe Wenawavaldiielunisiunig
anas Jaduiuanuazain AuauIY AuUasna
wazanudeiulumsiiunedesalaiinfistufies
dealifiaumadenldsuwuunisiiunssiesalnih
TR

YaA1381lUNITAUN VB AIUNUNGUAIDE
UAAINTUNTINENSeNwATAIanTLandi LTI
ﬁuﬁﬂfjuéhaem@uﬁﬁhaLﬁuéﬁmﬁauaﬂﬁunmﬁ

aandeluni1sAuniensaf 1 Ae 0.75 UINsauy

YR

I~

P39 45 UIMAaTIUY WagnsaN 2 Aa 0.696 UINAB

U9 158 41.77 Usatilaa

MFANFIAINTTUAERNS UWNINYIFBATUASUNT IS

U7 13 aUu?l 3 heu AULIEU — SWINAN N.A. 2561

4.7 MAUTIUTgULUUTIAEN

PALUUFIADIT 2 sUUU laun wuudnaeaiuy
madensaduiduanyadedunauazaldany
wazuuusasnadendisauiadoudeeiznte Ay
Tudrwvestadenudnineuasiruad fe Jadenu
Auaraln Jadeaiuainuauiy Jadeniuning
Uaoaduaziasesumudodulunisliuinns lu
vhtetiviuuusaesis 2 inFeuidieuluddnann
mnseswuuTiaeslunensaiiazusoldusylovilu
au1An wuudnasdladwaduasitesonisululeau

TnsnansiSeuisudusasanduselud

A157991 6 NMSUS YUMBUAMNNAD B SEIINMUUT1aD9

PMGABNBUUASANAULUUT @RI adansT el

Mode Choice Hybrid Choice
Y Model Model
Uizm‘lll'ua%a aa aa e aa
NIUN NIUN NIUN NIUN
1 2 1 2
1.614 0.934 2.702 1.450
ASC Car
-0.083 | -0.066 | -0.087 -0.072
Time
-0.112 | -0.101 | -0.116 -0.103
Cost
*K* *K* Bl X%*
Traveller Attc, -0.776
3.072 2.233
Traveller Attygr
McFadden
0.248 0.215 0.258 0.222
R-Square
Log-Likehood - - - -
1724.6 | 1806.3 | 1701.5 | 1791.2
%Correct 75.83 73.75 76.39 74.25
McFadden
+4.03% | +3.26%
R-Square
Log-Likehood -1.34% | -0.83%
% Correct +0.74% | +0.68%

MR 2 * seutludnfny (Level of significance)

1%, 5%, 10%
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dewFpuiflsunuudiassmadenuuusaiuiv
wuUsaewmadeniisuledeunsaedsaie wiuls
Iuuusiassadoniisadasoudeie3snaaduly
AIANNADIWNGEDTA LAln AIMcFadden R-Square

= o

Lay %Correctﬁq&mﬁ 91nduisiuuusiaes
madonfisnudedoudsdiedzdfauvidadiunis
WasugUuuumaAumafisuiuiuudiassnaden
FuRufisrduanzdadedunaiazailding ldua

nsilSeuiteuldunsandlumisan 7

3197 7 Andaaruauiasfulunmsieuguiuy

MaAuNINsaeuidyanauianldsalui

. FLYENI nsal 1 | sl 2
WUUANaDY -
(Alawuns) (%) (%)
laifiu 5 13.2 14
Mode Choice

5-10 31.5 29.9

Model s
10 Auly 57.4 41.2
Hybrid laifiu 5 8.5 13.1
Choice 5-10 22.9 29.9
Model 10 ly 48 425

- a .
AnaunmTdauusdiuunTidiueg

iy 5 flawmes 5-10 Alawas 10 Alawasialy

-------=- Mode Choice Madel (A5l 1) =——— Mode Choice Modeijngdli 2)

— — Hybrid Choice Mode{ngélil 1)e @ » ® Hybrid ChoiceModel{ngéli 2)
U7 7 dndruanuiesdulunsiddeusduuunis

WUNN9Yie 2 JUBUUNSIAUNIG

5. @3y
NNTHAILLUUINRDINIUADNNG 2 LUUINRBS
TAWA ASILATILTRUUIIRBINILADNLUUAANBAY

A15ILASIZABUUT1aDIM B ENATINT T8 WA U

15

WAUARLAaYININeT (Hybrid Choice Models) 1iulaan
wuUsassadeniisndedoudiuszansanves
LUUS1A09399500191nAadRA McFadden R-Square
fenfiuduanuuudiassmadonuuusaiudesas
4.03 uag 3.26 Iuﬂsfﬁmaamsm?augﬂLLuumﬂﬁuma
INTNIUAGILYARANNTRNAUNAIETALNTUE?
Wunadousenislugiesalaeaisuszsmieves
uvInends (nsdid 1) waznsdivesnisAsuguuuy
N1SLAUNINAINTALUATUYAABNNTBNLAUN A
solnwdniumadeusonslulaesadnserueus
$ud19 (N3t 2) muddiu wazdlinanuusiuglunns
wensaluuusIans (% Correct) tiniudowas 0.74
wa 0.68 lunsdifl 1 uaz 2 Aud sy
mnfinsandsmadeudoneluaziiuldin ngu
segnsiiunliumusionislunisasuguuuns
WuvnINsasusduyAraudanAumesaliii
LAAAUNABAILTAlABAITUTLI MU INY G Y
(nseifi 1) Wendwinonns ddnau nniimsiden
g‘LJLmumiﬁamamUiuimaia%’ﬂsmuauﬁ%uﬁw
(N3t 2) WosmnnsiRumsiiesalagansusssina
yoaunIngdeldfialddneiiuifiy HLAUN1939
Usendaalddeisludinvesguuuumaliumadn
Ao salufiuagguuuunisiiunieses fie mMadeuse
melumesalagansuseaneIuiINeIaeuInnin
msieusemelulausadnseusussusng
ImammqﬁmﬁmiwﬁuwﬁﬂaaamaLﬁaﬂﬁiw
Hadoudadoninortadoudats 4 faunsaufundim
ALaAe Arithmetic Mean 11910 Uszn1susn Llei
Hadutta 6 ¢ 1dud Jadeduan Aldsne Ay
dvmIn AuaLne AnuUasnsiowasanudesiulunis
Fiumsuimsiesesismiu sUsuuanns il
Aszdulsranivowiuushinamumdnmg uagua
Usgnisiass dunaldindodoun et 4 §ad
Awdiusdatunas fureutnsgauslaiiiuen 0.8 au

iiAndeymn Multicollinearity wagUsgn1sanying
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inandesiisluduneunisasauuuaeuniiesann
mauludiuvasmnuwelalumsifium @adoudais
4 9ade) Wilfsmegluduesminnzimadoni
wnegladaiunaiwarAlydne nqudiegedsldle
vhiladourdanandfionsaniuiutiadedunaiayen
9910 Famniladena 6 Jadounadreaniunisel
auuflfnguiogsinsaniuiuluaduiefias
dealvidnuauanunisalfiinnauwiuly ngudaedna
gInReanN1vinANUile Msilanassinazindula
quenaneliiinaiuduan nadildannisneu
wuvasuaufaglifinnuundedo uagnduiegng
p1aldatmeunuuasuauldullaiuiuauin

Anuanwlissalunsneunuuaeuanlalduiy

6. AnAnssuUsEAA

N

@ =

b YUBVBUNTTAL AMUALAYABIUINNITVO)

U q

e

AEKALINENEY LI INe SN unTANEns Inenun
vy Alvmnueyiesesilumsifiuiuudsiadeya
dieldusenounviaded YBVBUNTLAM NANFIDEY
Fadusunuyrainsyneasmans sauluds
F3manuiununswiend 2560 yvinu Midedazia

guflalunslideyaduluvssloviionuide uaz

7. 1@N@1991989

[1] Mass Rapid Transit Authority of Thailand. “MRT
Green Line (North) Project, Mo Chit - Saphan Mai -
Knhu Khot Section,” 2015. [Online]. Available:
https.//en.mrta-greenlinenorth.com.  [Accessed
May. 1, 2018].

[2] M. E. Ben-Akiva and S. R. Lerman, Discrete Choice
Analysis: Theory and Application to Travel
Demand. Cambridge: MIT Press, 1985.

[3] W. Rujopakarn, Urban Transportation Planning.

Bangkok: Kasetsart University, 2001. [in Thail

MFANFIAINTTUAERNS UWNINYIFBATUASUNT IS

U7 13 aUu?l 3 heu AULIEU — SWINAN N.A. 2561

[4] D. McFadden, “Quantitative methods for
analyzing travel behaviour on individuals: some
recent developments,” in Behavioural Travel
Modelling, D. A. Hensher and P. R. Stopher, and C.
Helm, Eds. London: Croom Helm, 1978, pp. 279-
318.

[5] J. D. D. Ortuzar and L. G. Willumsen, Modelling
Transport, 4th ed. Hoboken, NJ: John Wiley &
Sons, 2011.

[6] C. Spearman, “General intelligence, objectively
determined and measured,” American Journal of
Psychology; vol. 15, no. 2, pp. 201-293, April 1904.
[Online]. Available: JSTOR, https://www.jstor.org/
stable/1412107. [Accessed May. 1, 2018].

[7] S.Wright, “The method of path coefficients,” 7he
Annals of Mathematical Statistics, vol. 5, no. 3, pp.
161-215, September 1934. [Online]. Available:
JSTOR,  https//www. jstor.org/stable/2957502.
[Accessed May. 1, 2018].

[8] K A Bollen, Structural Equations with Latent
Variables. Hoboken, NJ: John Wiley & Sons, 1989.

[9] B. E. Kline, Principles and Practice of Structural
Equation Modelling, 3rd ed. New York: The
Guilford Press, 2011.

[10] J. F. Hair, B. J. Banbin, R. E. Anderson, and W. C.
Black, Multivariate Data Analysis, Tth ed. New
Jersey: Pearson Prentice Hall, 2013.

[11] K. Vanichbancha, Structural Equation Modelling
with  AMOS. Bangkok: Samlada Partnership
Limited, 2014. [in Thai]

[12] S. Piriyawat, Structural Equation Modelling and
Travel Behaviour Studly. Chonburi:  Burapha
University, September 2010. [in Thai]. [Online].
Available: http://www.surames.com/images/
column_1227454930/SEMandTransportStudy.pdf
. [Accessed May. 1, 2018].



MFANFIAINTTUANERNS LN INPFASUASUNTILIR

UM 13 aUufl 3 heu AueneU — SUAN N.A. 2561

[13] N. Wiratchai, LISREL Model: Statistical Analysis for
Research, 3rd ed. Bangkok: Chulalongkorn
University Printing Office, 1999. [in Thail

[14] A. M. Anwar, A. K. Tieu, P. Gibson, M. J. Berryman,
K. T. Win, A. McCusker, and P. Perez, “Temporal
and parametric study of traveller preference
heterogeneity using random parameter logit
model,” Intemnational Joumal for Traffic and
Transport Engineering, vol. 4, no. 4, pp. 437-455,
2014,

[15] J. F. Hair, W. C. Black, B. J. Banbin, R. E. Anderson,
and R. L. Tatham, Multivariate Data Analysis. 6th
ed. New Jersey: Pearson Prentice Hall. 2006.

[16] M. E. Ben-Akiva, J. Walker, A. T. Bernardino, D. A.
Gopinath, T. Morikawa, and A. Polydoropoulou,
“Integration of Choice and Latent Variable
Models,” October 1999. Available:
http://www.joanwalker.com/uploads/3/6/9/5/36
95513/benakivawalkeretal iclv_chapter 2002.pdf
. [Accessed May. 1, 2018].

[17] M. E. Ben-Akiva, D. McFadden, K. Train, J. Walker,
C. Bhat, M. Bierlaire, D. Bolduc, A. Boersch-Supan,
D. Brownstone, D. S. Bunch, A. Daly, D. Gopinath,
A. Karlstrom, and M. A. Munizaga, “Hybrid choice
models: progress and challenges,” Marketing
Letters, vol. 13, no. 3, Choice Modeling, pp. 163-
175, August 2002. [Online]. Available: Springer,
https.//www.jstor.org/stable/40216632. [Accessed
May. 1, 2018].

[18] J. Kim, S. Rasouli, and H. Timmermans, “Hybrid
choice models: Principles and recent progress
incorporating social influence and nonlinear utility
functions,” Procedia Fnvironmental Sciences, Vol.
22, pp. 20-34, 2014.

[19] T. Yamane, Statistics: An Introductory Analysis,
2nd ed. New York: Harper and Row, 1967.

17

[20] L. Eboli and G. Mazzulla, “Performance indicators
for an objective measure of public transport
service quality,” European Transport\Trasporti
Furopri vol. 51, pp. 1-4, 2012.

[21] K Vanichbancha, Data Analysis with SPSS for
Windows, 11th ed. Bangkok: Dharmasam Printing
Company Limited, 2008. [in Thai]

[22] A. P. Field, Discovering Statistics Using SPSS, 2nd
ed. London: Sage, 2005.



SWU Engineering Journal (2018) 13(3), 18-30 MIANTIAMNITUAARS UNTINYIRDATUASUNTI IR

YN 13 aUUR 3 Weu Aue1ey — SuNAY w.A. 2561

nsuan WA Aeiiuauniintsausaeidslnigegn
TneldauanszuuszungaIN1AvYeINSHNANMEULUUSEWIBLN
Wind Turbine Generator with Maximum Power Point Tracking

Using Wind form Evaporative Cooling System

InAa FoLa3eygauge’ naaiu 91350 naana 8133ny! 5wy eIV 15ING ASNESY
'nguidedidnnselindings Wi 1n3eednsna uagn1sAIUAL
avvieanssuliin dnindeienssuaans uninerdemaluladasuns 30000

o o

U39 Ffen (Uszinelng) $1n (@now) 128 . Budn wriejeinnou waams N3 10120
Koson Chaicharoenaudomrung' Kongpan Areerak'* Kongpol Areerak’
Theesit Sereekhajornjaru? Woravit Srimaroeng®
'Power Electronic, Energy, Machines and Control Research Group, School of Electrical
Engineering, Institute of Engineering, Suranaree University of Technology 30000
*CPF (Thailand) Public Company Limited, 128 Yenchit Road, Thungwatdom, Sathorn,
Bangkok 10120, Thailand
*Corresponding author Email: kongpan@sut.ac.th

(Received: September 3, 2018; Accepted: October 30, 2018)

UNANED
UANUTULEUDNSNAR TP ENE I UALIINTTUUTLUIEDINIAVRL SIS BUNTI NSV AL LU

semenn lngedesyuuiviuaundnlni ndanuednavesdviuauiaialiannasuaulaeniluiuediv

U

v
1 o w a

mnurauuaziirailiidudadu luwsiasanusiauaziigansinuifimmdsgegafiswiumadoaidy
Fevmiitsuiufesodoszuumununusenindigean sunouisnisiitiauotsuandifiuhaansofatids
auanansruuiiuaudnliild msddunuideludosudumsinuuarnisiassanunsaissuuioi
auwAslvnfisinsnusesfdagega samfamsianuasUFuUTssUUmMUALI ey & sgeanliTiusavsam
agmnson i lUlFnu uansmedeunnyasuuusandiiiuiassavinmnisdsliinildinauslngldau

INTLUUTEUIEDINATDNTIT DUNT NIV UL U UTE WL

ArdRey: szuurhaudusuusEmel stuudviuaundaliiiuuudasy nsmiusesgaidaasan 35013

q

FUNIULAENSALNA MAuAuiledasin

ABSTRACT
The paper presents a wind power generator from an evaporative cooling system by wind
turbine generator system. Generally, the output power of wind turbines extracted from wind energy

depends on wind speed in which the characteristic is non-linear. Only one operating point providing
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the maximum power is available. Therefore, the maximum power point tracking control is important.
The proposed technique will show that the maximum power can be obtained. The simulation and
experiment are used to study and develop the maximum power point tracking algorithm. Hardware
experimental results from prototype are presented to verify performance of the proposed power

generation from evaporative cooling system.

Keyword: Evaporative cooling system, stand-alone wind power generator system, maximum power

point tracking, perturbation and observation method, fuzzy logic control.
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waauAs NMmUANUUBIULSIAULN MsmuaNULBNUALLLIWENLSINeS

ABSTRACT
This paper presents the three-phase induction motor drives with back-to-back converter
which is divided into two sides. Three-phase full-bridge converter using voltage-oriented control is
connected with grid-side, and three-phase three-leg voltage source converter control by means of
rotor field-oriented control in motor-side. Three-phase induction motor drive system in the paper is
simulated with the help of MATLAB/Simulink. The simulation results revealed that three-phase

induction motor had satisfactory performance and fast response. Meanwhile, grid-side converter was
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capable of bi-directional power flow, kept dc-link voltage constant at 700 Volt, and had power factor

of grid and total harmonic distortion of grid current, which was 0.922 and 2.33 percentage.

Keyword: Back-to-back converter,

three-phase

full-bridge  converter, three-phase three-leg

voltage source converter, voltage-oriented control, rotor field-oriented control.
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Bode Diagram
Gm = -Inf dB (at 0 rad/s) , Pm = 63.4 deq (at 31.8 rad/s)
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ABSTRACT

The objective of this study was to explore the potential of the removals of nitrogen, phosphorus
and organic matter in the forms of dissolved TKN-nitrogen (TKN-N), phosphate-phosphorus (PO,*-P), and
COD, respectively. This study focused on a treatment of wet coffee processing wastewater using
suspended and biofilm microalgae cultivation. Moreover, this study also investigated the microalgal
biomass production in biofilm microalgae system at the differences in harvesting frequency. Mixed-
microalgae culture was cultivated in the laboratory scale and constructed under outdoor climatic conditions
in Northern Thailand. Three different systems were used, which were suspended system, biofilm system
(harvesting at day 7 and 14) and biofilm system (harvesting at day 14). These three systems were cultivated
for 3 cycles with the period of 14 days for each cycle. The results showed that biofilm system (harvesting
at day 7 and 14) gave the highest removals of dissolved TKN-N, PO,*-P, and COD, which removed on
average 48%, 44%, and 90%, respectively. Another two systems had lower average removal efficiencies
of dissolved TKN-N, PO,*-P, and COD. These results could be explained by the minimization of light
limitation to photosynthesis and enhancement of CO, mass transfer when using biofilm system. However,
this study showed that microalgal biomass harvesting in biofilm system at day 7 caused less mixed-
microalgae seed. Consequently, biofilm system (harvesting at day 7 and 14) had lower average biomass
production rate (1.02 g dry weight/day) than biofilm system (harvesting at day 14) (1.19 g dry weight/day).
This study provided a development of efficient treatment for the wet coffee processing wastewater using
microalgae cultivation in biofilm system. Moreover, only half biomass harvesting of the patterned sheet in

day 7 and all biomass harvesting in day 14 should be applied to increase microalgal biomass production.
Keyword: Microalgae, coffee processing wastewater, suspended system, biofilm system.
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ABSTRACT

This research aims to study 1) factors affecting course withdrawals of undergraduate Engineering
students at Srinakharinwirot University in academic year 2016 and 2) the ways to reduce the number
of course withdrawals of undergraduate Engineering students at Srinakharinwirot University in the future.
The sample group, used in this research, was composed of 335 undergraduate Engineering students at
Srinakharinwirot University from all departments. A questionnaire was used as a tool to collect the
data, and the data analysis was done by descriptive statistics, t-test and F-test. This study showed
several results as follows. First, the most important factor, affecting students’ course withdrawals, is
the curriculum/teaching management. Second, other important factors are other factors, lecturers, and
students, respectively. In terms of students, the top factor is that the students concemn about their
mid-term test scores. They are not sure whether they will pass the subject after taking the final
examination. In terms of lecturers, the top factor is that the lecturers do not assess the student's
understanding. In terms of curriculum/ instructional management, the one-week examination schedule
is so dense that the students cannot take time to prepare themselves for all subjects. Three top factors
among other factors are 1) concern about lowering GPAX, 2) retirement and 3) no offered course during
summer school. Third, the students, who study in different fields, have different factors that affect the
course withdrawals by overall factors (Sig. = .000), by student factor and by curriculum/instructional
management factor (Sig. = .000), by lecturer factor (Sig. = .009), and by other factors (Sig. = .021). Forth,
the students, who study in different years, have no significant difference in the factors affecting the

course withdrawals.

The ways to reduce the number of course withdrawals of undergraduate Engineering students
at Srinakharinwirot University in the future are as follows. First, students should do the time

management and time allocation for reading, and should have helps among friends, set goals, practical
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study plan, and self-motivations. Second, lecturers should pay attention to both individual student and
student group, and should create the improvement and development in teaching, so that it is
interesting and easy to understand. Moreover, the lectures should arrange the examination that is
appropriate and correspond with the contents, the teaching by examples, practice hours more than
lecture hours, attractive study atmosphere, and frequent student assessment Third,
curriculum/instructional management should be up-to-date, and should associate with the assessment
that is appropriate and correspond with the contents. Moreover, the contents should not be scheduled
too dense to reduce the students’ burden to learn materials, and should emphasize more on practice
courses. The materials should be improved so that they can be used in real life. Some courses are
unnecessary, and should be dismissed. Courses should be offered during summer school. The handouts

should be improved so that they are up-to-date. Last, the Faculty of Engineering should have its own

library.

Keywords: Withdrawal of course, Faculty of Engineering, Srinakharinwirot University
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FISAREN AN

ABSTRACT
This paper describes the characteristics of flying height time independent sub ambient
pressure slider head. The modified Reynold equation was formulated for air lubrication with the
effect of molecular slip. Finite difference method, Newton-Raphson method and multigrid technique
was implemented to obtain air pressure distribution and flying height of the slider. The simulation
results show that the film pressure rapidly increases at the trailing edge region. The flying height

decreases with increasing air pressure when increasing load. The flying height increases when
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increasing velocity of disk. For increasing of air inlet temperature, the flying height increases. The

appropriate of slider head groove depthis 2 um .

Keyword: Sub ambient pressure alider, Air lubrication, Modified reynold, Newton-Raphson method.
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ABSTRACT

The purpose of this research is to study the creep deformation behavior of the Bambusa
blumeana. The study was carried out by restraining the bamboo beam under moisture condition and
constant temperature. Three level of loads were applied to the specimens respectively i.e.,— 10%,
20% and 30% — of the maximum load. Each level of load was applied for 4 hours. It was found that
when the testing objects were loaded, their shape suddenly changed and continued changing slowly
as time increased. The maximum value at the end of the testing time. Moreover, the Bailey-Norton
Creep Law successfully describes the main feature for the investigated material and shows good
agreement with experimental creep data with R* more than 0.994.

Keyword: Bambusa blumeana, bending load, creep deformation behavior, Bailey-Norton creep law.
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ABSTRACT

This paper proposes a multi-input high step-up boost converter topology for renewable energy system.
The proposed converter provides a high voltage conversion ratio, approximately 20 times, in order to boost up the
low input voltage generated from renewable energy sources about 20V — 40V to the high output voltage level of
400V. In addition, this proposed multi-input converter can employ with the multi-input sources to increase power
to the load. In this paper, the configuration of the proposed converter and its principle of operation will be
described. The converter parameters such as inductors and capacitors are designed to reduce the current and
voltage ripples. The Pl controller with one voltage control loop and multi current control loops is also designed to

regulate the output voltage at the desired constant levels. The current control is based on the current weighting
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technique in order to provide the proper reference current for each current control loop. Simulation and
experimental results show that the proposed high step-up multi-input boost converter can increase the voltage

conversion ratio of 20. The Pl controller based on the current weighting technique can satisfactorily regulate the

output voltage at the desired constant levels under different operating conditions.

Keyword: High step-up boost converter, multi-input boost converter, renewable energy, Pl controller.
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ABSTRACT
This paper presents a mathematical model of system with constant power loads. These are
speed controlled permanent magnet synchronous motor drive and output voltage controlled buck

converter. The considered CPLs are feeded by a three phase rectifier via the DC-link filters. The DQ
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method and the generalized state-space averaging method (GSSA) are used to derive the dynamic

model to achieve the time invariant model. The proposed model is suitable for the stability analysis

due to CPL. The simulation via the exact topological model of MATLAB is used to validate the

proposed model. The results show that a good agreement between the derived model and the exact

topological model can be achieved.

Keyword: PMSM dives, buck converter, constant power load, modeling, simulation.
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ABSTRACT

This article aims to study the performance of asphalt concrete by Marshall Test using different
reclaimed asphalt pavement (RAP) content. The experimental design detailed in this study included
the use of one limestone aggregate source, no separation of RAP such as 10, 20, 30, 40, 50, 60 and 70
percent by mass of aggregate, asphalt cement (AC 60-70) at 5 percent by mass of aggregate. The
research methodology used Marshall Test and binder course 19.0 mm in laboratory conditions. The
study found that when using the amount of no separation of RAP in the range of 10 to 40 percent by
mass of aggregate had job mix formula properties to meet the requirements of Asphalt Hot-Mix
Recycling. The study found that RAP had a indirect tensile strength of 579.4 to 953.7 kPa, a resilient
modulus of 1,242.0 to 1,504.1 kPa, static creep of 0.4935 to 0.9938 percent and dynamic creep of 3,870

to 4,774 microstrain.

Keywords: Reclaimed asphalt pavement, asphalt concrete, mix proportion, Indirect Tensile Strength,

Resilient Modulus, Creep
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A1YRINTEnIeTanuasnlunisesnwuudIuNay

guafinnilianudunuienisiintedeiiuiulay
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LA fdefsruanazsiavoadees Tunemsaiugnu
ANAINUATUNIUABLTIAIN19884 (Indirect Tensile
Strength) lalwanspnfidfydodrunauvesnisld
YUIATB AT 3 FUA oeelsAnImAISLRY

YUINVDIL NS hA TR asinvesenadun1sanan

o Y

lugaanudy

!
=]

drunauilasun1susul§e Gonzalo Valde’s wae

Lwi%Lﬁum‘i%nawmmﬂﬁmm

v

ARy [4] 1931891UNATEINg AN TTUNINNAVDIEIUNEY
Loailadifsnsndiuues RAP fige drunaniiniiy
vuuduaimilwamunelagauesianuiasud
2 YUIAAD 12 wag 20 TadnT Uarussy RAP Wiy
Youar 40 way 60 M1NAIRU TedenAdaeniy
Jorvunvosaly auUAnisnaainnisinwiiunis
%1A1 Stiffness Modulus WAZAIIUATUNIULTIF
NDDULASNOANTTUNITUANT1ILATANFTUNIUGD
mwdn agulein Shsves RAP figavinlvinissaud
fulddludrunaueailadlasfaud@ivuyay
1595 unwM uag Msed U1aena [5] Anwaudfnig
nmenmveskeailadnouninlaeFunfuvadiideld
Usiatantuianiaiunyudsuiiel el
snafiu IngldTanuasiufiuyudsuna RAP lifnuen
Ywnsesas 10, 20, 30, 40, 50, 60 WAz 70 YBINIA
591 USunauueailandiuudingn 60-70 wiriuiouay
5 vounayy TngldiSusuvaduazinasitu Binder
Course 41U 19.0 fiadluns wan1sAnwIwU iile
14Usua RAP Liifnuenvuineglugieiosay 10 e
40 voaasnynlilanuautfveaiadaaunin
Julumuderimuevesgasdiunauanizaiy s

o

FanramafunauanyUsulTenanwlddeianay
$9u (Asphalt Hot-Mix Recycling)
Yagtunsunmavadddldteimunnisesniuy

drunauwaaiadnaunsalagdSunsuraadinsu

'
= o & o

mvpuianuasunadlviegludisenadndndan
wazasan JudueSevasvasianuiasiuiiniuusas

YUIARLLATINAINUAN LD NWUTYDITUNIG LY
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{1119 (Wearing Course Way Binder Course) ‘ﬁumﬂ
(Base Course) kagluanis (Shoulder Course) Tumns
UURn1seentuudIuNaNLaN1zI1Y (Job Mix
Formula) agfesanfeUszaunisaivesgeaniuuly
nsfvuRsRsEIuNE (Mix Proportion) wieliiuaa

suwaneglutariivua (6]

v
av

Fofulunuddeifdnumginssumedennssy
yoswoailadnouninileliuiuatanduiionaiy
vudsuiieldeulnddnedu Tnefddositeeinia
Indifgansauiniuiosas 4 muNIRTINVBINTUNI
wanafl ma.-u. 410/2542 [6] Minasonuauifives
woailasineundn Liteliannsadmuasasdrunay
Wduwumasuzisedesnuuulunmsiiansanden
yuARAzYosTanIIaTIUNALATUS I NYD RAP 7
wanzaufigauagaiiunisieatistunidlunisld
drunanueailadnounin Lilelvldeuiomieii
A MABTuLags RN s Tanduianiada
vywdsuiiieldauluniunldluaudoaiisianig
weailadaounaiiuanniu mnfinsanuseledan
nslifanduimadunudsudeldonulml (Ra)
gondmalaenswon1sanaswosliununisidianua
SWAINGTIIR uanINLannInantunulunig
wamimﬁy’ammmLLﬁ‘fJaymmﬁﬁﬁmﬁuauﬁwaw&m
Usgndandsnulnesnmesuseing o1ty wasnui
TEluN5vUAITANIRTINIINUNAINEAN LT TTUYIA
winuildsndsetaniameildound wdanuild
Tumsszidaguniuyuuasndanuildlunsgosiiu
diondnTanuiasan  udu venanilsanusada

o

srezhaunsiininensifiogesedndnlaeiui

BRG
2. Aganiunis
2.1. 7anllun15398

RAP {1 UNTZUIUNITAALENIUIN 51U 1

Wae TuaeN1IviaIvIelaY 106 Ao o.liu - 8.4
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RAP Bavnaifisvedlasin1sneasne an-a1une new 1
(d2ufl 1) 1 8uTanus1AaInuIas1uesdunis
auaililliuealadaounia [6] uagladlin RAP

luldlunudnvauzduuenainnisirfanian sy
nausUTuU TR wlnsiieTBran o AU 1

JUN 1 RAP lidshunszuiunsfnuenuuin

o

Tanuiasiuldnuyu mnlsaldudieygyde

v
o

Fl9agfl NY.3+000 #1u RT. offset 50 41

woadladfiuudldingn 60-70 MuNINIFINIBNT
NARADY [6]

2.2, FupounranFeuiieguaziiosilunis
nAFoy

\usegnetanuasuiuyuaindsiufoudls
21n19¥9uTDlsIURANTS 4 £ (4 Bins) wax
RAP fuundnsnadusauiteliianunasiunanogly
nasitvundmiudu Binder Course wuna 19.0
faduns [6] wazimualdusuimues RAP M1AY
Saway 10, 20, 30, 40, 50, 60 WAz 70 lALUIAVDY
TanuIa57u FYanwalveIvUINARLYDINIATIY
ANINAINITHAUAD RAP 10, RAP 20, RAP 30, RAP
40, RAP 50, RAP 60 wag RAP 70

2.3, Supeumsmadoy

MUUINALVBITAAUIATINLAY RAP [7] 49
1571971 1 [5] waglvinasiunan sz suuInnazes

Tanurasauuar RAP wenenulegluinasinivun
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YUINAAZVDILIATILAENAINITHEN FIN15199

2 uag 3 [6]

TN 1 muﬁﬂﬂaz"naﬁa@;maswﬁuguua: RAP

Sieve % Passing

Size RAP Bin 1 Bin 2 Bin 3 Bind
17 100
3/4" 100 100 89.5
1/2" 98.8 70.6 5.4

3/8” 95.6 100 16.3 0.5
‘4 77 100 173 1.7

8 48.4 65.8 1.1

“16 33.6 a1.1 0.8

30 25.0 279

50 19.8 20.8

100 16.3 15.8

200 14.0 11.1

A1519% 2 VUINAASVDILIATINANYWAIN1THEN

waiildisen Jedwns 19.0
(i) (3/)
dmdutuma Binder Course
AU Tadlung 40 - 80
YUIARTUNTS UTUaURZLAT
Sovazlavina
1”7 100
3/4" 90 - 100
1/2" -
3/8” 56 - 80
4 35- 65
"8 23 - 49
"16 -
30 -
50 5-19
*100 -
200 2-8

nadevdnUfvesnadiannaunsnlaneis
11564988 (Marshall Test) [8] wazldinauaininun

ASUuU Binder Course wu19 19.0 Taduns [6]
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n1sLTeufaufeg1muISususad wWen
yunRavfinzauts 7 snsdiunay tieldld
F991190 0N AUS oA 4 Fan15199i 3 Taeld
Ysunaweaiiaduinduiesas 5 lnsuiavesianuia
59U [8] LATLASIUFIBE19VDITNTI@IUNENDE1S DY
3 fhegne unviufeusegdildannisnatdumay
Tnsunviuduag 75 ada figuugiidaunau 150 s
waldea ledeusiedinfuaiuds Teiudeu
F1981998NNLUU (Mold) NAADUANUAIUNIUAS
L359A9N19903 (Indirect Tensile Strength Test)
naaeuAlugAaAusI (Resilient Modulus Test) uag
ANuFUMUAeNSIUAEUIUDE19a13 (Creep) Tng
TEnsvaaRULUY Dynamic Creep Test AMULNUATNW

AU 2

MFANFIAINTTUANERNS UM IV FUASUASUNTI ISR

YN 13 aUUR 3 Weu Aue1ey — SuNAY N.A. 2561

f1919% 39eA1nunluniseaniuy Recycled

Asphalt Concrete

Fums
Binder
378013
Course
Blows 75
Stability Min N 6672
b (1500)
Flow 0.25 mm (0.01 in.) 8-16
Percent Air Voids 3-6
Percent Voids in Mineral Aggregate (VMA)
Min. 13
Stability/Flow Min.
N/0.25 mm 556
(Ib/0.01 in.) (125)
Percent Strength Index (Min.) 75

Mixture Type

Aggregate and Reclaimed Asphalt Pavement (RAP)
RAP 10, RAP 20, RAP 30, RAP 40, RAP 50, RAP 60, RAP70

Sieve Analysis Test (Binder Course 19.0 mm)

l A 4

A l

- Voids in Mineral Aggregate
- Voids Filled with Bitumen
- Stability

- Flow

Marshall Test Indirect Tensile Strength Test Resilient Modulus Test Creep Test
- Density - Static
- Air Voids - Dynamic

JUN 2 e ntuneun sadey

VAFBUAIINATUNIUGDUTIR 98N (Indirect
Tensile Strength Test) 91484AUNMIFINTTNAGOU
AASHTO T 283 Resistance of Compacted

Bituminous Mixture to Moisture Induced Damage

[9] wagddn1sNAdau ASTM D 4867 Standard Test
Method for Effect of Moisture on Asphalt
Concrete Paving Mixtures [10] Tddmns1n1stdeu

uwinivelvilinnisgudiasiviiiu 50 Tadlunsee
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|
Y ' [ =2

unit qunseitsaegnaianans Sufindminningaqe
lnanisvageulzingumgivesiouiiegelils 35
psmneaidoa Aoufiaziifeudiessfndeluye
NAABULTIRIMSSRL FagURl 3 wdwhnnsduine

ANUATUNIUABLITIRINIDDY HIFUNITNA 1

ITS = e (1)
dle ITS = APUAUNIUADLTIAINIDDY,
Alalrana (kPa)
P = mifmﬁfﬂﬂﬂgqqm, AU (N)
D = Lﬁumuquéﬂama?{maa
A0, Tadwes (mm)
T - AUVULRABTBIR0ENS,

Jaduns (mm)

E‘U‘ﬁ' 3 MISNARDUAIINATUNIUADUTIAIND B

nagaUAnluUAaaALF (Resilient Modulus Test)
5’]@5\‘1@1’11]1]’1(5]'52’]‘14ﬂ’15%ﬂﬁ@U ASTM D 4123
Standard Test Method for Indirect Tension Test
for Resilient Modulus of Bituminous Mixtures [11]
ae AASHTO TP31-94 Standard Test Method for
Determining the Resilient Modulus of Bituminous
Mixtures by Indirect Tension [12] lagfioud10814

azgnindnsluiasemaaeuludnuauzifieiiunis

119

PNAFABUNIAIAIUA U UFDLSIAIN1908Y ANLITIN
AANLElUNISNAER UL AN ULSINYI A ARAIY
AUNTULSIAIN19008508aY 15 VBIAIAIINATUNIY

ABLLTIAN90 BUVBINDUAIDEN

v
o v

NSARRINBURIBE19RNTEYINlUaNwaELAEINU
AUAISNARBUAIIUATUNIURBUSIAINIDDY LAY
®an1sfndegunanl LVDTs (Linear Variable
Differential Transducers) tfio ¥an15sUAsuwUA
sUsssudadiadlume elviausatunld

Usznoumsaunaumlugaafui fsgun 4

JUT 4 nMsnadeuAnlugaanuea

Asnaasvazliimiinnaludnvaznseyine
(Repeated Load) ngldnud 1 Hz dndrudran
Ymiin (Load) edraaarvdesimin (Unload)
Wi 1 sie 9 udefdeluudazadildinan 1 3w
Tngildrsanfiviinisnaduidnivindu 0.1 Jund
sUsasmsnatmiinagtvuslidugu Haversine
Falunnsg1uinismeaey ASTM D 4123 [11] 1%
nseyilutag 50-200 AYawesAAILEIUNIURBLSY
famedon dwmdulunsAnuinadeusunsesteds
$nunfweinisnathmindeseud 160

v a

nsfiusiunindeyanasnisAuinelugdany

Magldlsunsudniaguaiuaunsinnuvesaies
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v A v

CRT-NU14 vinsdruiale Taedlugdasudai
foin1saziludade 4 Agavinendainishuiing

(@ndenvuninsgu liiudesas 2) luudaziau

a o

f7987199LAaLUNATILIINNITNAADU 2 IANI9RAIY

9 Y

Y
o @ i3

wvandusugudnasisaIniu wiuaie

awvililsradevedlugdaruiigamgiuu o

U

.

Tunsawaalugdafudiudidudeddan
dndrutliwea (Possion’s Ratio) TUN15AIUIQL Le
Wesnndedinainnisianisiudsuudasuldiiies
AUV DIATRIENAADU WBNNHUAIERFIN Ud
ya991nnsnageulagUnfariialaiunnanaunnin an
dnaruthees 2 a1 Adnlasuniseeusuldiu@e 0.35
A o a a a
Wievhnismegeuiigaumgil 15 way 25 ssrwaided

a

uaz 0.40 Levinnsvegeuigumvnil 35 uay 45 a3

U

v

walded lunisanwindsnrusdenldmdndliuth

a

wosfigaumgdl 35 ssrwaeaiyiniy 0.40

mmé’wumu@ianmﬂ%ugﬂaEJNz:m'i (Creep)
Junsmeaeuauantivesneailadaeuniniiie
Anwraussauzlunisdiuniusanisiinaiiy
Wasuulasguee1eands lneldnismaasuuuy
Dynamic Creep Test #udun1snaaaulagnistlou

v v

PrvineusuIknu (Axial Load) Tudnwaiznseyingn

¥
o o [ = = v

Rafeusnets dmsunisAnwasebovdnedanay
AnLUAITNITNAFDUINNUINTFIUNITNAFD UV
UseginAoodalnsilaey AS 2891.12.1-1995
“Determination of the permanent compressive
strain characteristics of asphalt - Dynamic creep
test” [13] nsnadevazyhmsioutmtinuuunsyyi
Fr9u1m 100 kPa #28A210A 0.5 Hz uwiadutianan
Tunsdeutimin 0.5 3unil uaztaain 1.5 3undl

Mgaungil 35 psAgallya AIguT 5

MFANFIAINTTUANERNS UM IV FUASUASUNTI ISR

o A o

YN 13 aUUR 3 Weu Aue1ey — SuNAY N.A. 2561

ATIZANANGANTIUNIIAINTTUVDILDAT AR

ABUNTA LAWA AUAIUNIUABLSIAINIEDY AN

o A

lugdafud AnuaunusiensiligusUeEg1enis
(N8l Static Creep Wag Dynamic Creep) ANNUIA
Aagiuansaiuvesianuiasiy [5] kaglyd RAP H2

LAY

JUN 5 anudumusientsiudeusuegnanis

3. WANTSNAABILAZIITAINE

3.1. HANITOONUUYEH TIFIUNAU VOO
AeunSAT 7 shsdaunay Ingeenuuusnsiaiunes
IpilvoeaveinimniAy fovas 4 uazlvusuia
ueaiadiuiesay 5 lneuiavesianuiasiu [5]
Fans9it 4

ngAnssukeaiannounIngeniIei aantad

)

q
daunandeulidniulneaiunugunIdnv

ee

WEIAUAUNITHANSOUVDINIATIN NANITNAFDU
gudAvosueailadroundaiilaie 6 A1 laud A
NUMUY 989919911/ F89731958 NI TERUIAT M
Fesinsfignunudidioueailad afesninuazAinis
Iva asvuanaziiuandsiuesTanuiasmuasly
RAP Ramnaiiuegludaiinunvesnisesnuuy
Recycled Asphalt Concrete f91504197109197991 3
WU Usuadues RAP Tae) vinlsiAiaanumnuiiuuiien
TndLAeaiy DeuwsINAINIATIUNANUDS RAP 50, RAP
60 uay RAP 70 u1AnzunTs 3/8” wagdanua
SuNANT RAP 60 uag RAP 70 iuuianzunssiues

200 9¢TANAUNINAUNTDN1NUA USUIaw RAP
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Wudy s ldaaiosamdafiuay lumenduiu
Ansluaaziidanas iesnaniamnaniunauii
U318l RAP 110 Azilszeninasenineuniavesian
Wa52uTe8 N5y RAP Aldlusuisedlainuy

ASEUIUNISAARENTUIRLazITuTan AU adnEnT

q

v

USinasitumzunsann tngundudrianuiasiuiil
Snvazifiafundsy faveivasese azliien
\fiosnmiigs uriivemsdilefisie Anafiosnmi
gannifuliagyiliveailadrouniaudaiuly vin
audanguisenavilliiionademeld [14)
finsanuunnnazvesTanuIaTINTinaTINAY
ogmeludadriaiidivun Inefinnsaniinzunssvung
3/8” wagkuas 200 WU USunad RAP 10 fis RAP 40

fAnasiunanagluinaridefmuauazHansAny

' v
= a1

auURvasLaaianmauUNIATINAY 6 ANAD AU

121

NUIUY ¥899190171A BB9I1958 1IN TaRUIATIM
Yerinsiignunuiitieueadlad Lafiesnin waza1ns
Ina Taudfveweailadnounindenndesiunguife
Amaweailadaeuniafifanumunuuinneasyii
Tangnisldnubueiuaziigunini Ranueailad

Auaviukalsniuag19daniazdealusunsteaing

2IMANNEINE USUIMTY093199%UANT 0858139

Y

dinvesTanuiasuluneailadaeuninfiunviuids &

5IUY89I190INAdIUNYNULNUTNAIBLeaTladdl

Y a o

Ysumsiieanevinlvidukeaiannvievuiianuia

q q

gy likeailadraunindainunmusonis

ASNUlATUEILALLED ETNINLAASDIAINUAINTD

TunsSuininn1sasas [14] Feaud@nnanisley
TUN U AVILANIUYUIAARLYDINIATINAENAINTT
wauuazdaiinualun1seaniuuu Recycled Asphalt

Concrete [6]

AN 4 HANITDDNLUUEIUNALVDILDATANADUNIANAL RAP 311U 7 8AS1@IUNEY

Sieve Combined (% Passing)
Sizes RAP 10 RAP 20 RAP 30 RAP 40 RAP 50 RAP 60 RAP 70 Desired (6]
1 100 100 100 100 100.0 100 100 100
3/4" 98.7 98.7 98.5 99.0 99.0 99.7 90 - 100
1/2" 85.6 85.5 82.9 87.1 88.2 95.9 96.7 -
( 3/89 79.3 78.8 74.7 79.9 &829 &92.7 Q93.3/ Qe - s@
“q 42.3 a1.1 40.9 424 43.5 49.1 54.7 35 - 65
g 23.7 23.3 24.1 25.0 25.9 29.4 34.2 23 - 49
16 15.2 15.2 16.1 17.0 179 20.4 23.7 -
#30 103 10.6 11.4 122 13.1 15.0 175 -
#50 78 8.1 8.9 2.6 103 119 13.9 5-19
100 6.1 6.4 7.1 7.8 8.5 9.8 11.4 -
( “200) 45 5.0 58 6.5 7.2 &8.4 Q 98 ) Q y
- RAP 10 20 30 40 50 60 70
g BIN 1 28 20 14 8 2 0 0
% BIN 2 40 38 30 32 32 35 26
g BIN 3 10 10 12 10 6 2 2
= BIN 4 12 12 14 10 10 3 2
Marshall Test RAP 10 RAP 20 RAP 30 RAP 40 RAP 50 RAP 60 RAP 70 | Specification
Density 2.402 2.402 2.401 2.397 2.400 2.398 2.397 2.391-2.409




122

MFANFIAINTTUANERNS UM IV FUASUASUNTI ISR

YN 13 aUUR 3 Weu Aue1ey — SuNAY N.A. 2561

TN 4 HANITEINWUUAIUNALYDILDATARADUNIANAL RAP 31U 7 9951d UNaY (7D)

Marshall Test RAP 10 RAP 20 RAP 30 RAP 40 RAP 50 RAP 60 RAP 70 Specification
Air Voids 3.9 39 39 4.0 39 39 39 3.3-4.7
VMA 14.6 14.6 14.6 14.7 14.6 14.6 14.6 >13

VFB 733 733 733 72.8 73.3 733 733 68-78
Stability 2,260 2,290 2,320 2,310 2,290 2,370 2,520 >1900
Flow 15 13 12 12 10 9 11 10-12

3.2 HAYDNAIIUATUNIUA DL TIAININEDUYDY
weailagpauniava 7 snsiaunay 1ieldusuIns
RAP 1917 usagia 10, 20, 30, 40, 50, 60 uag 70 lag
1I8Y9IIAANIATIN

91501910307 6 AuFIuNIUsBULTIA
esenvesueailafaeundna 7 snsiarunauiy
wui deldusine RAP Wnanndudunsifiuussda

wilerszuifintanuasuludunanludnuugi
Aagfuf nsvurunsieyalalaesdauuuiby (6]
HARBILUIAAAZYBY RAP vilHAuaziSonunniy
niudu TnslanzUTinasluiingunsaues 200 1an
Fu MiiUsunaduan Bunfiunnesiifuiitnduiaves
asmInnty fvSinaueailadraiuozdmaldns
gatnzszninseyninvesiinanas vinldaiau
nunuuiuuilivanas Jsldanunsaldusunasesay
499 RAP TutSunasiunniuld msnevilinas ey
Lapgluinauaiunnggu [5] kagANIaTINNANYDS
RAP 50, RAP 60 Waz RAP 70 9u1anzunsa 3/8”
waranuiasaunanil RAP 60 oz RAP 70 finuin
ATUNSILUDS 200 axilinAuninnaeidormun dau
miﬂf«mmwumﬂamaﬁa@mmwﬁﬁmaiamau
ogmeludadiiaiidmun lnefinsaniinzunssvuin
3/8” wuin USunaudi RAP 10 F9 RAP 40 agfluinasi
Fortmun [5] SawsnAnadesamaiinus iy
wagMSAIUNIUNIS adluualilanasiany
NANTISLUSIULTEUAIAINATUNIURD LT A 9

vageuodiUunns RAP sy Usingan Usunai

RAP 10 914 RAP 40 HANA3TUATUNIUABDLTIA

vageunglurie 579.4 f1 953.7 kPa aguil 6

1400

1200

1000

500 /
500 /

1

}

1

400 i
1

T

200

Average Indirect Tensile Strength (kPa)

0 ¥ ‘ ‘ M ‘ ‘

RAP 10 RAP 20 RAP 30 RAP40 RAP50 RAP 60 RAP 70

Mix Proportion

JUN 6 AanuduUsaLs RN s ey

BNIAIUNANTIUSUNU RAP fnany

3.3. waArlugaanusiivesueaiainouninmg 7

ONTIFIUNGL UAZUSUI RAP 1997

U A v

f915anangul 7 Anlugdadusveueadiad
pounIavi 7 Sasndunantu wut ideldusunm
94 RAP LiinduLunsifiuarudiuniuusidou
Tifuueaiiadfunduazifunssdamiosevinetan
dinnasuludunauannsaliilugdafudufiuty

Han1siUTeuisuAtlugdanuilvesaaiian
AoundaLlafiuTina RAP f1afu Us1ngin Ui
RAP 10 fis RAP 40 [5] dAlugaafiusiogludis

Y

1,242.0 f13 1,504.1 kPa #aguil 7
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3500 Static Creep
& 3000 . 130
% / 120
% 2500 1.10 L = e + + [ =+=RAP 10
3 1.00 e e e = e b
£ 2000 // 0s0 [Fiolaeteete® ~<RAP 20
: / £ 080 % —=RAP 30
3 1500 & 070 —e—RAP 40
& Wﬁﬁ”"/{ £ 060
° 1000 1 0.50 I S ~+-RAP 50
i S S —
& 0.40 =
g 500 1 030 --RAP 60
< 1 020 X —RAP 70
0 T T ¥ T T 1 0.10 ‘
RAP 10 RAP20 RAP30 RAP40 RAP50 RAP60 RAP 70 o 300 600 900 1200 1500 1800
Mix Proportion Pulse Number

v v v ]

JUN 7 AlugaaruiiensdunauiuIunm RAP

AU

3.4. 4anNAIUNINABNTUAIUUDE 190775

ﬁmimwmﬂgﬂﬁ 8 ﬂ’J”IEJG’ﬁ‘LW]”IuﬁiE]ﬂTﬁL‘LJaEJU‘gU
08198175 n36] Static Creep wosusdailanmaunInis
7 Sasrdunautu wui deldusuiaues RAP i
1nTu ﬁ]zﬁﬂﬁﬁfﬂm’iL‘LJgEJULLUa\‘I‘g‘U'ﬁNEJEJ’NﬂﬂS
Wiy 19U RAP 70 wansivdiunaniileniaiiaziin
audemelduiniian uasideldusunmues RAP
anas asﬁﬂﬁlﬁmm3L1J§£JuLL1Jaa§1J'§'Nashmns
AAAWYUNY LYW RAP 60, RAP 50, RAP 40, RAP 30,
RAP 20 wa e RAP 10 anud1sy detu wedilad
AounInfifisnsdues RAP navegiosazdiAiaay
é’humuﬁiamiw%augﬂammﬁ‘ﬁ'mmﬂdﬂLLaaWafﬁ
AOUNATITSRIdLNALvDs RAP TuUsuaifiunn &4
weailafaouninii RAP 10 AA1Audunudents
WasugUetennInTign wazAimuiunIuse
nswAsugUetsansaziirmanasmusnsdunNan
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ABSTRACT
The aim of this research is to improve adhesive wear resistance in ironing of aluminum alloy

cups by utilizing modification of the die surface with shot peening and post- polishing. The dies were
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made of TiCN-based cermet with three different surface conditions, polished, shot-peened (R, = 0.08
~ 0.10 ym) and shot-peened (R, = 0.14 ~ 0.18 pm) surfaces. Workpiece material was aluminum alloy
A3003-O sheets. The aluminum alloy sheets were formed into cups by a deep drawing process. Before
ironing, liquid lubricant was applied onto the die and cup surfaces. The ironing ratio was changed to
accelerate occurrence of adhesive wear. The results showed that comparing to the smooth polished
die, the shot-peened die (R, = 0.08 ~ 0.10 pm) succeeded in ironing cups at a high ironing ratio without
adhesion of the cup material on the die. The adhesive wear resistance was improved because dimples
on the surface structured by shot peening helped retaining and supplying the lubricant into the die-

cup interface during the ironing.

Keyword: Cup ironing, aluminum alloy cup, adhesive wear resistance, shot peening, TiICN-based cermet.
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ABSTRACT

This research aims to study the efficiency of nitrate (NO5 -N) removal by photocatalytic
reduction process using Ag doped TiO, (Ag-TiO,) nanopowder catalyst. The Ag-TiO, was prepared by
composite colloid deposition under low temperature with acid condition. Ag was doped into TiO, film
by 3 different amounts, i.e. 0.1%, 0.5% and 1.0% weight to volume. The physical characteristics of the
catalyst prepared were investigated by X-ray fluorescence spectrometer (XRF) and Brunauer, Emmett
and Teller analyser (BET) that can identified elements and specific surface area of the catalyst prepared.
The results showed that all of Ag-TiO, nanopowder catalyst has the required components. The efficiency of
photocatalytic reduction process of nitrate removal was evaluated from nitrate removal with initial
nitrate concentration of 100 me.L ™" as N under UVA light source of 1,000 /J\N.cm’z. The highest efficiency
of photocatalytic reduction process for nitrate removal was 97.55% within 180 min and the highest

reaction rate for NO, 1.08 mg.L" as N. In addition, the selectivity (S) of nitrogen conversion in photocatalytic

reduction process 90 min were 7.17%, 2.30% and 90.53%, for nitrite (Sy,

nitrogen (Sy, ) respectively.

0, ), ammonia (SNHAA) and

Keyword: Photo reduction, Nitrate reduction, Nitrogen conversion, Dopant
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anmaasaiulnegasaniga [1H5]

saulunuddedfagadulunisminlumse

U o o

Tulasiaw  Ingldnszuiunmsinlanemydfniandud
HunszuumsesnBndutugs Safudiseufisen
wazuasdallonn i IngUsvasiudniumaded
Toun  mawSeudusaufisewsnmdenlaeenlediie
Ry (A-TiO,) TutBinaufiumnenaiu §e3% composite

colloid  deposition  FaisANTURATEFINETIN

nadaulsransninlunismantuinsalulnsiau

G

U UNTEUINMSRALRZARNI A NTY

2. gunIaluazisnis

2.1 MSHTHUTUTIUGATE N Ag-TiO,

MSWREUANTIUY AT Ag-TIO, Tngldanssad
ndvimideulaeenlen  (TIO,) waudusvhazalense
Woslin (HCOOH) ludnsnd 1:67 Tmedwiin
paUsums Usu pH Tiwindu 2 aaensalussn (HNO,)
Ansun15SeuANIUATEINe  0.1%Ag-TIO,,
0.5%Ag-TiO, Waz 1.0%Ag-TiO, w3sulaun1siAL
Faneslunsn (AgNO,) Tudnsiaau 0.1%, 0.5% uag
1.0% Tagmidndedsinns musaskauuaylaennie
foudalulasoudunan 1 hr snduhilugreusu
pH Tidunana uazviliuraiigamgdl 100 °C Wuna

24 hr %naﬂé’fﬁalﬁ'wﬁﬁ%&nm Ag-TiO,
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2.2 NITIATISANHULNINAIEATINYDIH T
Ufh3e Ag-Tio,

A1USUITIATILVANULNIINYATNYDIF T

UAATEIH Ag-TIO, M9T8LTL UANIAINITINN 1

3199 1 gUnsaluayISNslins e nuaeenIBnIn

VoI BIIURNTENS Ag-TiO,

Wiwes | WmTeszi gunsnl
29AUTENDY X-ray Bruker model
Fluorescence S8 Tiger
Spectroscopy
Nl uae Brunauer Autosorb 1QC
USUmsgnsu | Emmett and (BET)
Teller (BET)

2.3 yanmaed  Photoreactor FITUANYINIT
manluwsalulpsiounlenseviunsinlpaznsann

SanTu

el A <G

UM 1 Photoreactor dwisunsyuiumsinlangagain

1. uvasgnglul 5. IR 100 mL

2. Wnanszuneanuson 6. uawes

3. 19 Ag-TiO, 7. wiasanenseualn

4. lunu

2.4 mswuseansnimlunisaivnluese
dnsunisudseansanlunismanluinse
1A8YINN1SHS 8N UNLEAWRATIZUNN AL IUTULS LAY

100 me.L™ as N 91nturhnnsdans Ag-Tio, Ui 1

MIFANTIAINTTUAERNS UNTINGDUFIUASUNTIL SN

YN 13 aUUR 3 Wou Mue1ey — SWINAN W.A. 2561

¢ luvangUraniusuins 100 mL wagyhnisidivin
dedaasngyiusunas 100 mL Tguaunnsiiautain

FOUH1YIN MdRInTuvIngUBHYlUuIeTEning

wiasrdauaafisinudunas 1,000 LOW.cm™
Wnsfiudiegsiivian 0, 15, 30, 45, 60, 90, 120
baE 180 min

2.5 mymdseansnmlumsarinlunse

dwmsunsnmnisidsuguvestumsavildlag
msfamuanududuveslunsafiudsundadiud
lulnsiaugusineg  iAntuainnszuiunisinie
Arazaanssnty  loun lulesd  wenluflowazuia

Tulssiauanunsarwiadlansaunis (1)-3) [6]-[7]

Sy =2 b 100 (1)
> [NO5], —[NO;],
S .= &XIOO 2)
Vi [NO3 ], —[NO3 ],
SN _ [NO;]O _[Nog]z _[NO%]z _[NH4]I %100 (3)
: [NO; ], —[NO;],
a7
Svo; = MswABugUes NO; Uil NO, (%)
Sy = mswasuguves NO, Ty NH,* (%)
Sy, = mnﬂ?iaugﬂmm NO, Uil N, (%)
NO;|, = Avmdndues NO, fnalag
(mg.L™ as N)
NO;], = Pvadsdumes NO, falan
(mg.L™ as N)
INH!] = Anandiduves NH,' fivanlan

(mg.L™" as N)

3. WAMIMAADILAZIATAI
3.1 WaNITIHATILYANYAENINNIENTNYDITUTI
UNA387819 Ag-TiO,
HAN1TIATIENDIAUTENOUTDIFNTIUHATE NS

Ag-TIO, wllarinee MwiseuTulaeaunsal Bruker model
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S8 Tiger UaRWsgUN 2 uenaNtUsinerUsEnay

ANTUTTNOUANY WARIRINITIN 2

2400

A
1200 . i
§ 600 ‘I\/\qﬁ, 1.0%Ag-TiO,
v ”‘***H—--»“_Jwkﬁumﬂkd¢¢J_N
j\f 0.5%AsTiO (| ",
100 Nm\\J * =
0.1%Ag-TiO,,
Ml
24 16 8 0

KeV

JUN 2 Bl TeiduseUisens Ag-TiO, aunsal

Bruker model S8 Tiger

TN 2 USLNadesnUsenouTeswesUsenaus g

Fauss | Usinalaetdmin 96) vesensusvneu
Uiisen | To, | Ag | NaO | PO, | Nb©O, | Buf
0.1% |[9870|009| 08 | 015| 011 | 0.08
0.5% | 9700|048 | 207 | 016 | 018 | 0.12
1.0% | 9530|099 | 333 | 016 | 011 | 0.11

ijaﬁﬁ]’ﬁm’maﬁmmxﬁiugﬂﬁ 2 wagmsnedl 2
wandliiiuinesdusznauresasussnauuazsinly
AITIUAATEWS  0.1%Ag-TIO,, 0.5%Ag-TIO, uay
1.0%Ag-TiO, wuansusenau TiO, ussAusznau
wanluuSinalaetmiinwindu 98.70%, 97.00% way
95.30% ANAIGU ﬁu'aﬁl,ﬁaﬁmsmﬁm Ag fifinsiie
adllufussufAsens To, TutSadasthwiindae
gunsal Bruker model S8 Tiger wansliliiuiwanis
Wo Ag aslUludusaufisendnans wudnusann Ag

Iusualndlfseiulsuna Ag Niinsieaslulnedan
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Tnethwinwiiu 0.09%, 0.48% uag 0.99% @Sy
AITIUAATEWS  0.1%Ag-TIO,, 0.5%Ag-TIO, uay
1.0%Ag-TiO, A1UAIPU
Tudnmemanmsnsziiuiiiueny waeUiines
SNBSS MY AgTIO,  Tinuainlag
gunsnl Autusorb 1QC (BET) mmmagﬂiéfﬁqmi’mﬁ 3
Tnsuandliiiufefiuiifinanie  wasUiumsgngu
VOIS NS Ag-TiO, fsentusnanilag
oeweliensuLiiufvesnsuseufalulrmou

4

Tumsimse

PN 3 ANWAYNNIENNUBII AU AN Ag-TIO,

o fufifaane YSumsgngu
LTIV NI - s 4
(m°.g") (m’.¢")
0.1%Ag-TiO, 2.176x10° 5.079x107
0.5%Ag-TiO, 1.276x10° 3.572x107
1.0%Ag-TiO, 1.120x10° 2.745x10”

NATINMTIATIZINLTR LRI WarUsUINTg
wywesusiURRSeme AgTIO, Tsenusegunsal
Autosorb  1QC  (BET)  lneiimawSeumuseUf)isenss
0.1%Ag-TiO,, 0.5%Ag-TiO, Waz 1.0%Ag-TiO, WU
mafiaturesiinu Ag Ainmdeaduluiuseuiizen
ke TO, vhlsiuiRaamzuazUiiasnsudnunli

q

anaed1niuledn FiaenndaatunaudTeNnIuun

81-[9] 5N Ag 1uansiFeuuiinTurhldniud

—

HalanizuagUTuInsgniuanas wenanidauive

HIUNNTINUINNITLAUEITIR0UUAIDUY dINalid

=b.

aa

PuURRLRNIZanaULReINY [10]-[11]
3.2 msanwiusednsninlunisiinlumse

lulmsiaumlgnszvaunmsinlonznsannsantulagly

FUTIUNNZEI89 Ag-TiO,
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v v

3.2.1 713999 UN T URUMUAIA I TUTUYDS

a aAo o

luasalulpsiaunignsevaunisinlnasngadniantu
lngliaussunsene Ag-Tio,

A nSUNITANWINITAIA I ULATAAIBNTEUIUNNS
Ilnaznzafnsantulaelddissufizens  AeTiO,
Tudmsndau 0.1%, 0.5% ag 1.0% lun1smaass WU
nszvIumstlarznzanninntulaglidussuisens
w3 adedmalilumsedifiaududusuguminiy
100 mgl? as N (Mugudl 3) dWefinnsanyium
ansnsawdsugumsiisilasaulugiingg  lasnaves
sl URATeme AgTIO, Aisimaiu Ag luuSinm
figsdsnalfannsnsdalumsaldlasldinanduni
wiegslsAmuionadidulugenan 180 min wudn
msldsusaufiseneis 3 iedwadenstinlusm
Tldumnsnafu  Teeflenududulunsrarasiive
fnaTuiiifiu 5.77, 3.17 wag 2.45 mgl’ as N
FASURILTIUTEHe 0.1%Ag-TIO,, 0.5%Ag-TIO, uay

1.0%Ag-TiO, MUAIRU

100
80

60

lunsn (mgL! as N)

40

ANLNTUT9

20

0 30 60 90 120 150 180

1381 (min)

X 0.1%Ag-TiO, O 0.5%Ag-TiO, A1.0%A¢-TIO,
UM 3 anadntuveslunsaiiiiansie lagld

Y

N o

nszUIMsINlnAERZARNS ANTU

MIFANTIAINTTUAERNS UNTINGDUFIUASUNTIL SN
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Uszavsamlunmsidnlumsn (%)

0 30 60 90 120 150 180
a1 (min)
X 0.1%Ag-TiO,

[ 0.5%Ag-TiO, A\ 1.0%Ag-TiO,

JUN 4 Ysednsnmlunisidalumsedae

o o

AsEUIUNSITnATAZARNIANTY

faiuszansamgagalunisinlumsndae
NSPUIWMIAINGNTAEN 180 min ey 94.23%,
96.83% way 97.55% dmsumslaiusaufizens
0.1%Ag-TiO,, 0.5%Ag-TiO, tag 1.0%Ag-TiO, AUERU
wiiflofnsandlaisudioutunasgugnn i
Tuneurussqiiteain wa. 2534 fuuslsiidy
panannesivsinadunsalaiiu 4 mel™ as N [12]
Fanuanisnaaesiainanuandiifiuin nsldsiss
UfAs8IHe Ag-TiO, fifln1siiu A winfu 1.0%
TnethwinsetEnesansnsardnluaseiimnududy
100 mg.L™ as N Tamaande 2.77 meL ™" as N lalu
LIAiiEs 90 min

3.2.2n150Aguuvacgvveslutnsadag
nsruIunIsinlaneneain3ant:

Mnaumsi (D43) deldedurmsiasusuves
lunsafiuAsuudadudululnsiaugsineg Aty
nnssuunstilaageainddndu feinamamaaos
wandlsiistuinlusssanunsonAsuuaduidululasno
sUsing Ialsenssuiunsilaasaednniandu lngld
FiseuiAse 3 olin saenszeznailunVIAAeY
LLamﬁqgﬂﬁ (57 LLazLﬁaﬁﬁmmmimﬁﬂugﬂ%a
Tuwseluululasiaugudug fnan 90 min wamsvnaes

LARIAINTIN 4
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U7 13 adud 3 ey A

9 (mg.L" as N)

9

lulasiaulususing

ALY

A o

UYIYU — SUINAN W.A. 2561

1381 (min)

O NO,N O NO, N

3U 5 nswasuguredlunsniivaatsingg fae

A\ NH*N

X NN

nszvuMIlnAznsaRnIAngY (0.1%Ag-TiO,)

9 (mg.L ™ as N)

9

lulasiaulugusng

o

AL

1381 (min)

O NO;-N CINO,-N

JUN 7 nsldsugUveslumsaiiiiandieg fe

/N NH,-N

X N,-N

nszuIUllnAzAzaRNIANTU (1.0%Ag-TIO,)

1397 4 msasugveslumsaludululasauly

5U199 911381 90 min

nawdsugUvedunsmludu

RN IR Tulsswaulugusine (%)
NO, NH," N,
0.1%Ag-TiO, 9.66 2.38 87.52
0.5%Ag-TiO, 7.60 a.27 88.14
1.0%Ag-TiO, | 7.17 230 | 9053
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nnan1svaaediiiefiansannislasusuves
luwmsaldilululasiauguengg  wandliiiuingis
UNTEME 0.1%Ag-TIO,, 0.5%Ag-TIO, uar1.0%Ag-TiO,
ﬁmimﬁ'augﬂlumimLﬁuLLﬁ”aluImLauwhﬁ’u 87.52%,
88.14% uay 90.53% wandliiiudnfiseufizens
1.0%A¢-TiO, lumsadsuldiduuialulasiauuin
fanfiszaziaan 90 min Walfisufufaisaufisens

0.1%Ag-TiO,, 0.5%Ag-TiO,

HCOOH — HCOO™ + H* @
HCOO™ — CO; +H* +2¢ 5

=

v slofasanmadrssurunslerene AR e iU
Tunmadaluess Tnenalnnsinuiasens Adntu
\esndaussufitens Ag-Tio, TéFunsnssduain
WAl S L A UNS UL NIV YOI UNE 9T
a'maiﬁ%LﬁﬂmauﬁLLmU’nLausgLLuuﬁQmiw’jﬂﬂﬁ
LaUNITELANENZVIAENATOURALLAATE 93197
Suni 198 (hole) Fssndusisfianslididnasowdie
voumudiEnasouiimgll  lunuddedlinsavesan
\Ju (hole scavengen) issanniduanslisidnasoudi
Mdlewfieufuansdunsssmau donsavesinuandly
DurlesiumagvimihilliBidnaseuufasendiiniu
TudnuiliFendn UjAseeendindu daunsi (@)

3 a

dusudianaseuiiintuainujiselule

'
=]

ALATARNIINTUAIENNI1ST (5) BLannsouminaInay

v
o

\masuRiannuavinaud wilunisidalunsadoe
nszvaunstnlanzasainisndu lunsaasimdii
\Hussudidnnseudnaliluinsaudsusuludy
whalulnsiaussannisi (6)49) uenaniifadaluiu
wansoust Tdullasiougudug 8n loun lulesd uas
wonluile dwalvanududuveslunsnanaiogng

folloakarkUsHunsanuIan [131-20]
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2NO; +12H" +10e” — N, +6H,0 (6)
2NO; +5HCOO™ +TH* — N, +5C0, +6H,0 (7)
NO; +2H" +2¢” — NO, + H,0 (8)
2NO; +8H *+6e” — N, +4H,0 9)

ﬂ?‘Wi’Jll‘*U@\'iﬂ’ﬁW@ﬁ@ﬂLﬂUIﬂGIWQJﬂiﬁUUUﬂWiIWIG]

N o

AzazdnnsantuLansliliiuIl  nszUIuNSHInanndl
Anennlunisminlumsaladsinuas Taewud
FussURATen 1.0%AeTIO, Tumsadsuluuuia
lulasawnniigaindy 90.53%  ilefiansannis
WasugUves  luwsaidsundaaduuiallasiay
sUseq loun lulnsd wazueslufedadumslifs.
Uszasdlunszuaunisdanaruiesnnlulasdidu

a5ei5fud (intermediate product) tHuansnanadi

v
a = v o

WindusgndtamsiiauiselnlanzasdinIandu
Faffalsianunsadsuudasufuuialulasaulsosn
auysal veilluduvssuesluflefadunavosnaasn
sUveslumsalagujiselnlanznedfinianduans
Fosdimsthgnszuaumstndasiely ilesmnuesluile
17'iLﬁm%ﬂumsmumsﬁaﬂ&mmﬂﬂéaﬂﬁaaqejl,méa
thausssurRaIunsadamansznuiedauindey
\esanlulasiaudandifiaauasinaznind
Audutugardmansenueddiniiogluumaanii
sisdINansznuAeUTIMeDNdlauara ol
iesannszurudesaaslulnsiaulugudsnaindos
Tdeangaulunszuiums dwalviinnizvineendiay
Tuwash  Tnensumuamafvldswunaududy
vowaludlslusnnsgruaunimiiniu Ussoamd 2
(FusloviitensUszas nsoydnddniih) aeanlsl
AL 0.5 me.L” as N [21]

Gl
MATpFana kAl ATiILIIEA T 0WS LRI

UfATeHe Ag-TIO, ¢85S Composite colloid
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deposition  lagdaeUfisennsenduiinaaudan

o o

winzandwniuduiissufizelunszuaunisile
AEALARNIANTUIAETNITNRINNANTIAT I YL
yanen el fisefieSentudegunsal
BET uaw XRF auvithias sUfAseme Ag-Tio, a3ey
Fulunaaevtszansnmlunismanlunsm wans
naaosdlifiuindusiisefimnvaunasiifiande
1.0%AgTIO, Tnsanunsamanluasalawindu 97.23%
waziAsuluduudlulnsialsgsanwintu 90.53%

7131 90 min

AnAnIsuUIENA

va o

ALAITUYBVBUANUNAIUIVUTEINUE MY

@

msvhenddelunded Idun avninendenelulad
FIMRPATEYUS Uard N UAENTIINSNAITUUSIA
(1) Wnsefuayunads Usedd 2561 dealil
nuddedsnarlulumennuieueuazdniagans

Tunen
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