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THE EFFECT OF ANNEALING TEMPERATURE ON PROPERTIES OF
PZT CERAMIC FILMS PREPARED VIA SPIN-COATING PROCESS

Marut Khieokae', Kanut Jinpakz, Suphattra Kritwattanakorn®, Suwimol Jairtalawanich®,
Tinno Kwandee® and Pichitchai Butnoi®
123458 acturer, Department of Industrial Technology, Faculty of Technical Education,
Rajamangala University of Technology Krungthep, 2 Nang linchi Road, Tungmahamek,
Sathon, Bangkok 10120 Thailand,
'marut.k@mail.rmutk.ac.th, *lershbhundtu.s@mail.rmutk.ac.th,
*suphatra.k@mail.rmutk.ac.th, *suwimol.j@mail.rmutk.ac.th, °Tinno.k@mail.rmutk.ac.th,

6pichitchai.b@mail.rmutk.ac.th

ABSTRACT

In this work, lead zirconate titanate Pb(Zrys,Tig4s)O3 or PZT films under 20% mol of Pb-
excess were fabricated on Ti/SiO,/Si wafer by spin-coating method. The PZT films were
annealed at different temperatures of 550, 600 and 650 C for 30 min under atmosphere. The
effects of annealing temperature on microstructure, surface morphology and phase formation
of PZT ceramic films were investigated by Field-emission scanning electron microscope (FE-
SEM), Atomic force microscopy (AFM) and X-ray diffraction (XRD), respectively. The PZT
ceramic films exhibited perovskite phase that crystallographic orientations increased with
increasing annealing temperatures. Moreover, the average grain sizes and film thickness
slightly increased with increasing annealing temperatures.

KEYWORDS: PZT ceramic films, Spin-coating, annealing temperature, AFM

1. Introduction

Lead zirconate titanate [Pb(Zrs,Tig45)O5 or PZT] film are widely used in electronic
devices such as memory, micro electro mechanical system (MEMS) sensors actuators and
high power transducers due to their high piezoelectric performance [1-3]. Nowadays, the
increasing demand of thin materials or portable devices, it has been researched and
developed piezoelectric materials with lightweight and high performance. Moreover, PZT

52/48 composition has attracted great attention and its composition is close to the
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morphotropic phase boundary (MPB) which exhibited excellent ferroelectric and piezoelectric
properties [4-6].

A variety of methods were used to prepare PZT ceramic films such as Rf-magnetron
sputtering [7], chemical vapor deposition (CVD) [8], screen printing [9] and sol-gel dip coating
[10, 11]. Among those methods, sputtering and spin-coating methods have received higher
than other methods. The ceramic films fabricated by sputtering process exhibit high dense
morphology and good electrical properties. However, the sputtering process is expensive
process due to it operate under high vacuum for long time deposition. Therefore, spin-coating
is verry attractive method. It is inexpensive and simple for film preparation. Spin coating is a
technique for using centrifugal force to prepare films from solution. The solution is dispensed
onto the center of a substrate, which is then rotated at high speed. The thickness of films
can control by the spin speed and the viscosity of the solution [12-14]. However, it is difficult
to obtain uniform phase structure and flat surface morphology by spin coating [14].
Additionally, the annealing process under heat treatment results in film cracking. As a result,
dense, crack-free coatings with good surface roughness are required to form PZT ceramic
films with good electrical properties.

In this work, we present a method of precursor solution and PZT ceramic film fabrication
by a sol-gel method deposited on substrate via spin-coating technique, and then characterize
the prepared films to obtain their properties such as phase formation, morphologies, and

microstructure.

2. Experimental

Lead acetate trihydrate [Pb(CH;CO,),*3H,0, 99% of purity (Sigma-Aldrich)], zirconium
(IV) propoxide solution [Zr(OCH,CH,CH;),, 70wt.% in 1-propanol (Sigma-Aldrich)], Titanium
(IV) isopropoxide, Ti[OCH(CH;),ls, 97% of purity, (Sigma-Aldrich), 2-methoxyetanol and
acetylacetone were used as raw materials of sol-gel method to prepare the PZT precursor
solution. Firstly, Pb(CH;CO,),*3H,0 was dissolved in 2-methoxy- ethanol and continuous
stirred at room temperature (RT) until cleaned solution. Then, the prepared solution was
vacuum distilled at 120 °C. At the same time, [Zr(OCH,CH,CH,), and TifOCH(CH,),], were
weighed and dissolved in 2-methoxyetanol in a separate container under Ar atmosphere.

After that, all solutions were mixed in a flask and mixed solution was refluxed at 120 °C for

Faculty of Engineering, Kasem Bundit University Research Article
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2 h. After distillation, the clear and light-yellow solution is kept stirring to cooled to RT. The
PZT solution was controlled to be 0.5 M.

The PZT films were fabricated by spin-coated on Ti/SiO,/Si substrates at 500 rpm for
10 sec. and 3000 rpm for 30 sec. subsequently given a pyrolysis treatment at 400 °C for 10
min. Then, annealed at different temperature of 550, 600 and 650 °C for 30 min. in air, with
heating rate of 5 °C /min.

The phase formation was identified using XRD technique (X'Pert Pro MPD,
PANalytical). The films thickness was characterized by FE-SEM (JSM-6335F, JEOL). The
surface morphologies were observed by an atomic force microscope (AFM, Nanoscope llI,
Digital Instruments). While the surface roughness and grain size were obtained from these

AFM images.

3. Results

After the PZT ceramic films are annealed at different temperatures of 550, 600 and
650 °C for 30 min. The phase formation is analyzed using XRD and the XRD patterns of
PZT ceramic films with different annealing temperatures and standard peak of tetragonal
PZT ceramic are presented in Figure 1. We can see that the diffraction intensity of 001 and
110 peaks is increased with increasing anneal temperature and it shows the highest value
at an annealed 650°C. In addition, the perovskite and unknown phase coexist in these films
[15, 16]. However, the number of unknowns decreased with increasing temperature, while
the crystallinity was found to increase.

The cross-section and surface morphologies of PZT ceramic films are characterized by
using FE-SEM and displayed in Figure 2. From cross-section image (Figure 2(a)-(c)) can
observe that the PZT ceramic films coated on the substrate have a well bonded with Si-
wafer. All samples exhibited uniform thickness and high density. The ceramic films showed
average thickness of 707, 827 and 900 nm, respectively. Moreover, the thickness slightly
increased with increasing annealing temperature from 550 to 650 °C. However, a slight
increase can be observed in the average grain size with increasing annealing temperature,

as seen in Figure 2(c-e) and Table 1.
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Figure 1 XRD patterns of PZT ceramic films annealed at different temperature of 550,

600 and 650 °C for 30 minutes.

Table1  The PZT ceramic films properties at various annealing temperature

Annealing Temperature (°C)
Ceramic films properties
550 600 650
Thickness (Llm) 07%02 0.8 0.1 0.9 0.1
Grain size (nm) 244 * 32 273 £ 28 270 £ 20
RMS (nm) 1051 0.3 861t 04 84%0.2
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Figure 2 Cross-sectional SEM, (a) — (c) and surface SEM, (d) — (f) of PZT ceramic films
annealed at different temperature of 550, 600 and 650 °C.

To analyze the dependence of surface roughness and surface morphologies of the PZT
ceramic films on Si-wafer substrates are also characterized by atomic force microscopy
(AFM) as shown in Figure 3. The grains and Root Mean Square (RMS) surface roughness
were determined from AFM images [3, 17]. According to the results of AFM surface
morphology, the initial surface shows a high RMS roughness of 11 nm of the sample annealed
at 550 °C. Although, the roughness of the PZT ceramic films was decreased to about 8.6 nm
and 8.4 nm for samples annealed at 600 and 650 °C., respectively. The surface roughness of

PZT ceramic films can be significantly smoothed up by increase the annealing temperature.
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Figure 3 AFM images of PZT ceramic films annealed at different temperature of 550,

600 and 650 °C.

4. Discussions
After spin-coating, on Si-wafer substrates were coated with a gel - solution, good
bonded to the substrate by capillary force [18]. Then, gel solution became a ceramic film by

annealing process. Liquid volatilizing to be formed crystallinity as ceramic films [19, 20].

Faculty of Engineering, Kasem Bundit University Research Article




3AINsSsuAlsInwUUruna Un 13 alun 1 uNSIAU-IVBIYU 2566 ]

However, crystal structure depends on annealing temperature. From this result, the gel
solution was transformed into perovskite phase of the PZT tetragonal structure of annealing
at 650 °C for 30 min. In addition, an amorphous structure has been observed, the amorphous
phase is not formed into completed crystals at the annealing condition. The perovskite phase
increase with increasing annealing temperature. The PZT ceramic film, annealed at high
temperature can improve surface roughness because of grain growth effects [5, 17]. The
grain growth occurring at high temperature processes, the ionic mobility increases with
increasing temperature, which explain by grain-boundary diffusion [17, 18]. Meanwhile, grain
growth significantly increases the grain size and surface roughness. Resulting in narrowing
the gap between grain boundaries or merging of other grains in the meantime [21]. It is well
known that the electrical properties of ceramic films such as dielectric, ferroelectric, and
piezoelectric properties are strongly influenced by grain size and porosity. Generally, remnant
polarization of hysteresis loops and dielectric constant are increased while the grain size
decreases. In contrast, the ferroelectric and piezoelectric properties increased with large
grain size [22]. SEM and AFM images indicate that a fine grain size, around 270 nm, a
densely and smooth surface without porosity could be found after annealing at 650 °C. It is

for possibility as piezoelectric film application.

5. Conclusion

In this work, lead zirconate titanate Pb(Zrs,Ti;45)O5 ceramic films under 20% mol of
Pb-excess were successfully fabricated by spin-coating technique. The surface roughness
was improved with increasing annealing temperature. The PZT ceramic film annealed at
650 °C shows high perovskite phase, high smooth surface. The higher degree of perovskite
phase in the ceramic film annealed at 650 °C for possible as good electrical properties of

PZT ceramic film device.
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ABSTRACT

This research proposes model-based reinforcement learning (MBRL) for planar motion
control of 2-DOF and 3-DOF robotic arms. Three case studies - placing task, 2-DOF and
3-DOF reaching tasks - are used as test problems. The 2-DOF and 3-DOF reaching tasks
were investigated with additional noise in motion control signal and different training
techniques. Within MBRL, 3 machine learning regression techniques, Gaussian process
regression (GPR), artificial neural network (ANN) and support vector regression (SVR) were
used to create environment model and then combined with an optimization algorithm,
covariance matrix adaptation evolution strategy (CMA-ES). They were also benchmarked
with the standard technique inverse kinematics (IK). The results show that MBRL with GPR
and CMA-ES has the highest performance against the other 3 techniques. Since GPR is
approximating covariance that considered noise, therefore, its success rates, which are
100%, 96-100% and 98-100% success rate in placing task, 2-DOF and 3-DOF reaching task
respectively, was higher than those of ANN, SVR and IK, obviously. Although GPR spent
the most training time, GPR was more suitable than other techniques of which the
approximately average success rate was only 50%.

KEYWORDS: robotic arm control, model-based reinforcement learning, machine learning

regression, covariance matrix adaptation evolution strategy
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k(x ) kOxa.xg) - k(x.x,)
[K]= k(xz:vxl) k(Xzzvxz) k(xz:’xn) )
k(Xn,Xl) k(xn!xz) k(Xn,Xn)
[K*]z[k(x*'xl) k(x*'xz) k(X*,Xn):I, [K**]z[k(x*nx*]) (5)

I@]Uﬂ’]i’i‘]”laﬂﬂLLUUﬂSZU’]%ﬂ’]SLﬂ’]@ﬁ‘EU% iagaﬁﬁﬁ]zmmmme‘fwmﬁamaﬁﬁwmﬂ
¢ A o . e o &
NILANURLUULNRLTIURANEALLUT (Gaussian normal distribution) a9%

[{;ﬂ N [{o} Lz :iD (6)
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v v
o A 1

mm:sgamwauiavlﬂﬁmwuw: \Hw3anla (Conditional probability) p(y*Ky}) 995

anunaed “@adgadaya {y} anuduldlanmwldandu y- iduritle” lasaina

(2
=

inzduiiazdulyaunsuanuasuuuimadoneiaunsa (7)
v o =N ([KJ* (KT O [Ker ][ DTKTH [T )
mﬁﬁﬁqmmmiﬂszmm y* fadaduzasnsuwanuasain azldasaunisi (8)
v =K K] (®)
yaiany liwinanvasmsdszanmesunglddsaanuudstsin sssunisi (9)
var(3-) =Ko ][ JIKT [k ©

niflazdasmeauliaadula {6} = {, o, o) Mnanzaunge lasdNariTwingdszasd
{o 2 o ' a v . .
AMnuaauNn=jua9ud (Bayes’ theorem) GIuaaIsgaIaan3nuauATIY (Likelihood

Logarithm) e3&un137i (10)

log |o({y}|{x}.{e})=—%{y}T K] {y}—%log(det([K]))—glog 2n (10)

wasannldeneulseaaulananzauidedusuaiaiunsinasiuasis GPR

2) lassansyszannifion (Artificial neural network; ANN) LwUUDSBINIATAMENS
ﬁaaﬂLﬁzmu,uumiﬁwmummm:uuﬂizmma\‘iugl,mﬂﬁma;Jiuum‘%faaﬂauﬁamai{ wwolw
ABNNILABTRINITOAA AT 1LY wazUTeuiana e luansmeidsinulassineUszainves
el [11] TagasfounIvinewiinaa 3 54 (gﬂ‘ﬁ 1) fa 1) "fuiagaﬁnnj’ﬁ (Input layer)
Lﬂufuﬁﬁmﬁ’lﬁlumﬁuﬁagaLﬁﬁuﬂﬂmwﬂmﬂ‘s:m‘n wazaenalUgsTuuauurs 2) T
WauLKy (Hidden layer) Lfluﬁguﬁﬁmﬁﬂﬁﬂi:mawaﬁa;&mﬁ"adwia"l,ﬂs‘i’a*‘fm]”agaa&aaan lag
Tugnitaunsndlduinnin 1 5w wazluudazsuaursadlauinnin 1 nua 3) ﬂﬁzm]”aga
g9aan (Output layer) Lﬂwﬁgwﬁ'ﬁ'mﬁ'\ﬁ%'uﬁagamn%uuamwlﬂu%uq@ﬁ’]sJ Lasyinn1y

> rai v 1 a
LRAIHAANWTN Laa1nNTUszNakalulaTInNs U rninoy
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Input
Output
Input
Output
Input

Output Layer

Input Layer
Hidden Layer

s 1 Funsviuzaslassnedssanidien (12]

3) TANDIALINLABSULNTTUFIRTUNITDADBEY (Support vector regression; SVR) v
nIaiIuwILLITaYA (Hyperplane) dauWariduiaasiua (Kemel function) wallunns
Fwge @37 11 waaInsnTuinasiuaisiioalufa (Radial basis function; RBF)) Tag
WIIZHEUNTZRINLEWVD LIS (Margin boundary) ﬁ"uu,mLLLiﬂTagaﬁﬁmmm:auﬁqﬂ Sfiwq@
ﬁagjumﬁumaumm:ﬁmnd’l TAWDIALINLABS (Support vectors) [13] LLam@Tagﬁﬁ 2
el

2

K (x, X) = exp e (11)

lag K(x,x') fa Wartuanuuwdsdsiusening x nu x’
x uaz x' fla uanUzaItays

o fp ALdBaunIaIIIN

y
A Margin Boundary
(Positive) Hyperplane
Margin Boundary
(Negative)
Support Vectors
‘v » X

P '3 o ¢ 3 A o )
21]7] 2 29AUIENDUVBITNNDTALINLADILNTTUAINIUNITOADND Y [14]
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2.2 WnIMAaEaaTga (Optimization algorithm)

lumadanmisnizidesniuzes 9 azdszgndlfisnmsmdunanzanfigaiveninis

o Aa A o a v P v J A a v ,&’ v A va a [
nizifdfiganuuudinesfiniadennainedu delunuwidsdldidenldifnayns
TawnsnIdiuavaaunsnganundsdsinsiu (Covariance matrix adaptation evolution
strategy; CMA-ES) Aiidunisltinafiavasiunindanuudsdrssinlunmmidiaauuas

o o tﬂld s o 6 A ¥ a aq: | aa 1 A

winnzdwiudymndenudunusuuulidadu Snnadaduitmmmndnanzaafigauuy
tj&lIﬂﬂvL&isL“ﬁ'angu‘E (Derivative-free optimization) [15]

TuaaunlunImidiaauas CMAES (3U 3) laaytiuiuaaudiugaaduudazds
lavdudsnidouagluaiasnany .} unwinaasiduwmariny nx1 lay (n) dudwm
Mudnyimsmannanzauige mmzﬁé’mﬂiﬁa%ﬂum%amma [..] ABLUNINTUIUIA nxn

LaTAILLIN aQuanmﬁamﬂﬁﬂdnmL‘flu@hamms‘

Generation 1 Generation 2 Generation 3

Generation 4 Generation 5 Generation 6

3U13  mImAIaauBas CMA-ES [16]

(1) Anuaaindsarnsnbaun suialszsinsd1aay (Population size; A) 2414

% '

A10819 (Sample size) 1UIUAADUIUGN (Number of offspring) uaz 4 WWusrwindaay

juWaual (Parent number) Nnntian $urnaadunifignidenluiszains (Number of
selected search points in the population) lagf U A
(2) BnunadnIuFUVadIaILalY (Mean; m) BUIANNI (Step size; o) LUNINTAINY

wi3U59% [C] = Wwn3ndlananusal (Identity matrix) [] wdunisdtawinisuuulelanseda
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(Isotropic evolution path) {p} = {0} t&UNIIITAWINITHUVLaKLalonsada (Anisotropic
evolution path) {p.,} = {0}

(3) ﬁiwﬁmaulmjLLﬁaﬂszLﬁuﬁNﬁmau x lndanmsuanuasiuuUn@nanaaiuds
(Multivariate normal distribution) NAGLAIAILRRY = {m} uaziunIngaNuulslsIn [V]
= o’[C]

(4) FwIUAINNUDINTI (Fitness; £) 189 {x} LARZAINNIRTUNABINITRIAT
VEREEIILT)

(5) FAIBI {x.}, {6, ..., Do) MNAIANNLTINTI Las {x;} azlAAranuudansinnn
A o & = o ad
ngaeInudsdudrinaudiga

6) othaa {m} laglsa {x.}, {x}, ..., {xu}

(7) 8thaa {p)} lavldeTaatiuues {py), o, [C] uaz {m)-{m"}

8) 8aa {p)} lavlFeTaariuves {p), o {m-m'} uaz {p.}

9 8ihaa [C] laglFendagtuves [C], {p, (x}-{m'}, o

(10) 8liea o lasldedagiuves o uaz {p}

sy Y o A o A o & A oA
(11) Fugan1idunidiaey a9 wIusaudInuINTUaaui 3 - 10 ATUAWATN

fruald wazazle {x,) Lfluwaa”wﬁmaamsﬁumﬁmaummzauﬁqmaa CMA-ES

3. msaniwmspasmasaniuuussamalaglslues

lunsingaw (Training) V8935 MBRL au’%'uﬁumﬂmﬂﬁm”aLmumﬁauﬁuumjwlmwi
82A39 (Step) B8IFBUNIIHNIW (Episode) wianiiudayaraianius (State; S) NInszv
(Action; A) uazanuztall (Next state; S) anasus wInsaufnualy inashanlgluns
ﬁ%/’]\‘lLLU]J@’]&E]G’SGLL’J@]ESSM@T’JULY]ﬂﬁﬂﬂﬁiL%ﬂufﬂladLﬂ%ﬂd lasfidayatingi fa anuzuas
n1InIzyin dayadsaan fa aniuzae il nsuwluseunsvineudalussimuadiumnis
Lﬂmmmﬁﬁaamﬂﬁm‘”mwu"l,ﬂﬁameiuﬁﬁmim:mm‘ﬁazmaﬁﬁmwa waztinguaauizng
mmmm:auﬁq@m‘L%‘lumsmmsm:ﬁﬁﬁﬁﬁqwadLL@iazﬂ%msmﬁauﬁmnLmuﬁwaaa
faadeNiaItn wiauiiudayavasanius msnssvhuazamueaa lUanasUswInaI
gaq@ﬁﬁmu@"ﬁ%?aLﬂﬁiawﬁ'"l,ﬂﬁoLﬂmmﬂluu@ia:iau LLéT’aﬁwTaHaﬁvl,@]“"l,ﬂi’mﬁ'uqmj”aya
duiasInuUsaesiiaaeuinal LLa:ﬁw‘?naum:ﬁﬁmamm’ﬁiau"lmmaoqu@a{ﬁa
UL aIFILINSEN LT ﬂim‘hmusauqa@mﬁﬁmuﬂﬂummi‘mme‘haaaﬁaumﬁau
wineaunuindend AT vunofadonwduiiuin N sou nkwsduuUinges

Fanasauinlglunmasay (Test) LWanUsz@ntawzasuuudnaes
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4. nInkANEA
4.1 Tawnnsldde Lﬂ'mN'lﬂ‘lladLL‘IlWVi%ﬂ%Gi( 2 29@19&3% (2-DOF Reaching task)
Jywimsldfadhninesainawiuoud 2 aamSm:Lﬂumimqumimﬁauﬁuuu
|9y (Angular motion) M InyUBaINNTada 2 yuluszuwy yz LﬁalﬁﬂaﬁmLLmuﬁumueT
(End-effector) U sdunsiaithnanadidasnis 0 Gautsminesavasnidu 2 nsth da
1) mimuqumsmumaa;\;m‘fa@iaﬁﬁmiﬁmum‘hmmaugaq@lumsa{ﬁame‘haaa
?am@ﬁ”auLLazﬂwsLﬁué'fytyﬂmiUﬂauLLuuLangﬂ (Uniform noise) maaquuﬁ'ﬁﬁumﬁ'v
0.0% 2.5% 5.0% 7.5% 10.0% 15.0% Wag 20.0% fasanlunisd jodudanindasnis

Y a A

muqmlﬁguﬁa@iwgﬂﬂﬁagwﬁﬁaanﬁ aﬂ’ﬂﬁﬂﬁ]fﬁ'&lﬁddNﬂlﬁquﬁfﬂi@ﬁ]ﬂuﬂ’nw

o

asaindawiadule 1w syarmmsiihidanliduyudade laswindssyyiamns
auquliyutadenyulddiyy 40 asen 14&117'1'Lﬂuvl,ﬂvl,ﬁmﬂmwuqm:ﬁma%iizmw 36 19
44 gaenlunsdififdy I MIUNIMYAL 10.0%

TuudazasInmsiadond ym’fa@iaﬂza 2 yusnanInnyulazning -45 §i3 45 a9 uazd
VOULYADDINIINYUDEITNING -180 19 180 24¢1 LLE?(@G@T\‘IE‘IJ‘ﬁI 4 d3uns vl ddumi

Lﬂ’mmfJﬁLﬂuvlﬂvl,@TLLam@”agﬂﬁ 5

End-effector

;sﬂv"; 4 n1391aasifynn 2-DOF Reaching task Nt 1
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1000

800

e
..‘..',’
oo
600 .....0..
......'
400 .QO....O
0e®%e0 ,%,@®
000, *,0®
200 4 . e

0

y (mm)

=200

-400

=600 -

-800 o

—-1000 T T T T T T T T T
—-1000-800 —600 —400-200 0 200 400 600 800 1000
X (mm)

sUi 5 dunssithuanefifulylauasidawn 2-DOF Reaching task n5diii 1

'
1 =

2) msmuqumimg.wuaaag.u"ﬂ”amaw"[sjﬁmiﬁmum‘hmmauga q@iumia%”w
wuudtaedsdsnadanuas liinmsinsyassunInvaInsaus lasluudazasavasnis

2] q

LARauN quﬁa@iaﬁh 2 QN%Z&’]NW?Q%Q%%&?ZWJ"N -11.46 19 11.46 2961 uasdvoUIVANNS

mummguﬁa@'aﬁ 1 agjs:wm -90 919 90 897N gu‘*ﬁa@iaﬁ 2 agi:wiﬁq -150 919 150 897

L%
o K o

uaaIaI3LnN 6 @”aummm‘lﬁﬁ@‘hl,mmthv.mUﬁLﬁu"l,iJVL@TLLam@”agﬂﬁ 7

End-effector

Target

]
~

311 6 n1331a@9iynn 2-DOF Reaching task n3abil 2
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1000

800

600

400 o

200 A

0+

y (mm)

=200 +

~400 -

—600

—800

_1000 T T T T T T T T
—~1000-800 —600 400 -200 0 200 400 600 800 1000
x (mm)

, o o ;
s 7 duwiathuanefdulylavesdywi 2-DOF Reaching task n3dii 2
4.2 ln1n13119907 (Placing task)
Tymnmeneiagdunainiag lhnsgsduniadmanondainis kaunisaiugunis
\ARUALULLIEUEU (Linear motion) Taddanpuauiueudluiziy xy [4] lasluudazaisas
A a A A o ' = & a & o a
MILAROUNIZENTOLAREUN LATENING -30 119 30 WA, NILUUWILN X ULAZUN y BNNIead

A = o . ' \ o A
°llEl‘iJL%@‘Uadﬂﬁﬂﬂﬂﬂ%ﬂLLﬂz(ﬂ’]LL%%GLﬂ’W‘Iﬂ&I’]Ul%LL@]RZLLﬂ%Q%Iﬂ’]ﬁlu 500 V. LL'LW]\WNE?JY] 8

(0,0) mm

L

End-effector

/‘ Object

Target (500,500) mm

3018 msdnaesdyninisneiag
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4.3 fawnslilas Lﬁmmﬂmmtmuﬁuﬂm{ 3 a9A12&32 (3-DOF Reaching task)

Toyninisiadmunsvesuauiueud 3 asadarzazdiaguszadaasdym
wilounudgywinslufiathninsveswsuiusud 2 asendase udazidunsaugunianyu
vasyutada 3 yu Tasluudazasinisiadani guﬁa@iaﬂ{i 3 &lqm:mm'smﬂﬁauﬁﬁwms
WYUITWIN 45 119 45 9 uazlivauluan1Inyuagszning -180 09 180 a4e URAIAIIL
7i 9 lurhuasidwariuinywn 2-DOF Reaching task N3 1 drunviaitmansfidulyle
LLam@ﬁgﬂﬁ 10 ﬁﬂﬁ?\iﬂ'oﬁmnﬁué’zytyﬂmsummmuLﬂﬂgﬂﬂlﬂdﬂﬁ%g%ﬁﬂﬁﬂ”ﬂ 0.0% 5.0%
ae 10.0%

End-effector

Target

1000

800

600 -

400

200 A

0 4

y (mm)

—200 -

~400 -

—600 -

—800 -

—1000 T T T T T T T T T
—~1000-800 —600 -400-200 0 200 400 600 800 1000
X (mm)

suUfi 10 dunsiaithuanefifiulylauasidawn 3-DOF Reaching task
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lumstmuasauzuazmInssnaasudazdym seimualranuadudiunioning
Unsuauiuaudluszny yz nmanszviidunmingusesyutocens 2 yuuss 3 yudmy
ﬂrymms"lﬂﬁuﬂmmwaamuﬁuﬂu@? 2 99 ARTZUAT 3 BIADEITANEIAL WA lud%
2230113119707 Az mualiduniadnadansuauiusudluszuny xy iusniuz ns
a P o a_ & @ o ° (=
wRaniluuny x uazunw y iunninszvh annanslinedsvasnndymaziinualiiien

whﬁ'mwzmdizwmﬂmﬂLmuﬁuﬂuﬁﬁmﬂmmﬂ

5. Wan1INaaad

nwistitduiinmmesaurumadanldsunsunmsn lwnasn (Python) saseuRiiaas
il cPU 3% NVIDA GeForce MX150 LLazvl,@Tﬁmum’lﬂauﬁmmﬂﬁﬂmsﬁmuﬁmaom%aaﬁ
anl#ludsn1s MBRL tawSoufisudszansaiwnsrinam lasinadia GPR azlgWoridi
197 (Constant kernel) WeriFuisiiiuaIudia (Radial basis function) wasWariTuiz11 (White
kernel) LIwsiTwAasing nafia ANN 9zld5 1 uduanurainiy 6 suuasluudazud
F1uIn 30 lnua 5ﬂﬂ$w”\11‘ﬁﬂ'aﬁ°ﬁuﬂszéju Aa WariTuiag (ReLU) T inuauursuas
Wangulaasludnunuiaud (Tanh) quu%a&adaaaﬂ wazinafia SVR leWanTuLsifea
wamduistTunasiug G9szEnsnnmsvinnweziasosaanudise (Success rate)
AurmannIInagay (Test) msmé"au'ﬁlvl,ﬂETaLﬂmmﬂﬁLﬁmmnﬁq'm Tasfszaznng
i:‘mwﬂmmmuvjuﬂuﬁﬁmﬂwmU‘ﬁlﬂau%'uvlﬁﬁaﬂﬂdm%awhﬁ'u 10 wu. LJwiTwan
100 saugatielun1sldnaau fa’nvﬁm‘m@aaulunﬂﬂzymﬁ]:"l,ajﬁaﬁmnﬁommL%qLLaz
mmLi'ﬂumimﬁ'auﬁmaau,°1|uﬁuau&ﬂuammlumiﬁwj Foiurnesdeinuniy
U3B89 Libera et al [17] laglunsd fuduaa samlngiawimasianinuiiinazainuiss
fﬂz"l,u'ﬂ'aﬂﬁmiﬁ’mﬂ"ﬁmmﬁaamﬂﬁﬁunuﬁiqa Milunsditnnuduszanuiisiazdwam
dodudidiazandunniszasdasuauiuoud mlidanuuandranusznirodyyim
WSanvayumlasndszanm Sediuandstuizsinaliifadyanmsuniunudunis
VoIUMBUIUAUEUA ‘nuﬁa‘lumimuqumsmﬁauﬁmauwuﬁuwmﬂumaﬂﬁﬁﬁ fana9zdl
drunisinaaaaenldifiasanussidesAaduiiesananudiuazanuss sauds
anuamanfwdiasndwseiadunibs Sinnuaaanieudinsniiiaedudyann
FUMUdaMURN VI M BLIURUEUALT WA SIS B IR TINNINT BN N7
"L&iﬁé’ryryﬂmiummmzﬁé'mwryﬂmﬁ‘ummﬁaiﬁaa@ﬂﬁadﬁumiﬂs:qn@‘l"ﬁ@ia"lﬂ lawilynn
mylandnansrasuuuaug 2 paenBasznImndmainsy msunuldimualy

LLT%%%U%@TLﬂﬁE}%ﬁLLUUq‘&I 1 99UNINBITUIN 7 A9 Lm:ﬁf{hmmaugaq@hmmf’m
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o
a [

o a o | @ A ' d ] o &
wuuinesFIwIadauvinny 250 vau Seluudazseumuniniafeunldgiga 7 ase anna
@"nLL%uoyuﬁa@iaL‘%uﬁmzLﬁ@mnmiqulunmaumiﬁﬁmu

nn3Uf 1 dumsiouifisudananuduiavesudazinaiialuis MBRL uazis

6 L . . A o a A Aa o ‘:3’ @
INUARASULULNNA (Inverse kinematic; 1K) Mtdlunisewinluniingui Ssuwisolals
’“Jﬁmsvnﬂ"]mm:auﬁq@slumsﬁ']mmmymaa“ﬁa@ia@m 9 Wannuduniswnaiiinang [18]
laswudnadia GPR ldananudiiigengalunnaygiusuniu tiasaniugiuses

a [ [ [ val v A' n&’ 1
imafia GPR 928NNT09ANINURUIMIUNINLG G LT QITTUNIWLANDW [10] Wa bt
a o o = v s L 4 na' &/
nafia ANN uaz SVR fdananudualndidssnulunnaygismuniuiasannaiuin
oy mIuMwhlldginatianuuingivasuuudiaes annunaiia GPR g3sanya by
fadhwanglddnsa dsdmwuasimuafenindoaniunaiia ANN uaz SVR aa3Ufl 12
A Y A a . a ° i\ a9 o daa e @
TILFAILTUNNNIILAROUNVDILARLNARAINNA WA UILTUARNA NN QLYINNY (770.03, -
356.15) al. bddaduniatnunanidnavinny (833.76, 87.00) ux. lunsdiaadend
RYIHILNIWHIAY 0.0% 7.5% waz 20.0% wazd1wiudd IK wudiaasanudiaden
4 > F&I J § A‘ ‘§/ s o v v [
aaadtllagyImIunIwANdn Lhasannaiudwradsyuimiuniw ilddadadaana
A A é’ =2 1 v ' = o 1 v J

amainfaulunmInguundliu Jsssnalilamouswiuond lWisduniathnansldendu
A0ENTY WInduRIRNaIT RN ELYINND (833.76, 87.00) U, NIth AN MILNIUAE
sanIndwItatadan 1 uaz 2 @Ay 15.5 waz -19.0 89ANANNIAL WATAINNTID
wywlddadunsadnainglddnia udniniidyginsuniuriiny 20% a1vvzviliua
1 Q { a 1 Qs IA ]
WusudnywlUgoyn 13.7 uaz -21.6 aaenAfiAnariiy (841.12, 40.62) va. G4laiaanin
ldasthwunele L‘ﬁa\‘ﬁ]’mﬁi:ﬂ:‘ﬂ'm‘]i:ﬁ’j’]dﬂmElLLTHﬁ%U%GTﬂVUL‘]j’m&l’mwi’mvu 44.75 4.

v A A o e~ ad [ A ] 1 < A a =3
lapidunamaafeundnivids IK usasaizUf 12 wdatalsfionn iaiansanfanaly
nIAn&awu (Training time) @931 13 azwudunaiia GPR ldiansfinaeusnfigaluyn
FymIunn avnnltiunindanuudsdruiulumsswmimiNeassuuuiiaas [10]

o A X o & 1y \ A
WINFUYIMIUNIBALIY aAnuenlunsiwimdsendwlldls ualunafia ANN uaz
SVR filialumidnmeulndifssnulunnaygissuniu iasnndiugiulunisdiwimn

= o A a & W va ] °
0L LLﬂzafymw']miUﬂquﬂLW&J“]J%VLNVL@NNQGIaﬂ?qwﬂqﬂluﬂqiﬂqu?m
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100
90+
80 1
70 A
60
50
401
30
20
104

Success-rate (%)

¢/

—&— GPR
—— ANN
=@ SVR
- 1K

00 2

5

7.'5 16.0

Noise (%)

5.0

{ o ° @ 1 a .
s 11 msSeuisudasianaduSoluudazinaihavasilyni 2-DOF Reaching

task n3abi 1

.
004  farget At 100 A
’. ......... E ..
ol A -
E 100 - E
- ~100 4
£ £
= =
> >
—200 1 —200 1
i GPR
-3004 4 ANN ~300
o . . ‘B SVR
i Initial Position |, g
780 800 820 840
x (mm)
(a) Noise = 0.0%

= 1% a = ' a . a
zlh’] 12 Lﬁ%ﬂ'l\?ﬂ']‘ilﬂaa%ﬂsl%llﬂaglﬂﬂ%ﬂﬂaﬂﬂmu“q 2-DOF Reaching task n3twn 1

o
\“'.
:?.”
o “f GPR
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ABSTRACT

This research has focused on finding the appropriate conditions for the factors that affect
the minimum surface roughness in the turning process using the design of experiments
technique of the turning process of KCF guide pins with the automatic lathe. A two-factor
factorial design, speed, and feed rate were investigated. Both factors have been assigned
three levels. The effect of cutting variables (depth 0.1 mm) on the surface roughness was
investigated. The results from the experiment and the analysis of variance with a 95%
confidence level showed that feed rate has much more influence on surface roughness than
speed rate. The appropriate condition factors for speed and feed rate are 280 rpm and 0.08
mm per round, which show the minimum surface roughness is 0.739 pm.

KEYWORDS: Surface Roughness, Design of Experiments, Analysis of Variance
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1 220 0.04 0.839
2 220 0.04 0.843
3 220 0.04 0.878
4 250 0.04 0.868
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P 1 a AV v = d‘y 1
M1 2 @A NRYTIUHD (Ra) ‘Vllﬂ%’]ﬂﬂ"liﬂﬂ'dﬂﬂﬂ’]iﬂﬁdﬂ%gﬂ (a13)
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L. ATANRLTIUA (Ra)
Ay (Cutting speed) (Feed rate)

(30U/W1N) (Nafuas/saw) (hm)
5 250 0.04 0.808
6 250 0.04 0.847
7 280 0.04 0.851
8 280 0.04 0.880
9 280 0.04 0.789
10 220 0.06 0.854
11 220 0.06 0.849
12 220 0.06 0.872
13 250 0.06 1.025
14 250 0.06 1.079
15 250 0.06 0.986
16 280 0.06 1.157
17 280 0.06 1.109
18 280 0.06 1.141
19 220 0.08 0.804
20 220 0.08 0.831
21 220 0.08 0.816
22 250 0.08 0.896
23 250 0.08 0.909
24 250 0.08 0.946
25 280 0.08 0.739
26 280 0.08 0.743
27 280 0.08 0.788
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Sum of Mean
Source df F-Value | p-valueProb >F | Remarks
Squares Square
Model 0.33 8 0.042 46.37 < 0.0001 significant
A-Cutting
0.037 2 0.019 20.79 < 0.0001
speed
B-Feed rate 0.18 2 0.088 97.80 < 0.0001
AB 0.12 4 0.030 33.45 < 0.0001
Pure Error 0.016 18 | 8.966E-004
Cor Total 0.35 26
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L. ATANRLILAD
AU (Cutting speed) (Feed rate)

(s2u/mIN) (Naawums/say) (k)
1 280 0.08 0.792
2 280 0.08 0.807
3 280 0.08 0.784
4 280 0.08 0.796
5 280 0.08 0.793
6 280 0.08 0.815
7 280 0.08 0.789
8 280 0.08 0.799
9 280 0.08 0.809
10 280 0.08 0.816
11 280 0.08 0.793
12 280 0.08 0.810
13 280 0.08 0.788
14 280 0.08 0.743
15 280 0.08 0.789
16 280 0.08 0.796
17 280 0.08 0.807
18 280 0.08 0.788
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ABSTRACT

This research aimed to design and make double-sided friction stir welding equipment and to
study friction stir welding using the double-sided friction stir welding equipment. The double-
sided friction welding equipment consisted of 5 major parts, i.e. drive shaft, gear train, engine
compartment, rotary shaft, and friction stir welding head. AA7075-T651 aluminum alloy was
used with 50 x 300 x 6 mm (width x length x thickness) under 3 levels of stir rotation speed,
i.e. 710, 1,000, and 1,400 rpm and 3 levels of welding speed, i.e. 14, 20, and 40 mm/min.
The findings from the experiment showed that there were wider holes in welds at the
retreating side due to the friction between the stir welding head and materials that did not
absorb enough heat during the welding process. Friction stir welding at the rotation speed
of 710 rpm and welding speed of 14 mm/min produced the highest tensile strength of 360.58
MPa. The highest hardness was produced at the rotation speed of 710 rpm and welding
speed of 40 mm/min. The highest bending strength at the face bend, 40.26 N, was produced
at rotation speed of 710 rpm and welding speed of 14 mm/min. The highest bending strength
at the root bend, 26.10 N, was produced at the rotation speed of 710 rpm and welding speed
of 14 mm/min.

KEYWORDS: Friction Stir Welding, Double-Sided, Equipment
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1 > 4 o A A o v § di s 4 J o v
n31 (710 rpm) amﬁaamﬁnﬂmwummv\mﬁv&:qmusl,maﬂmaugmljoﬂ@a@ﬁgwu il
& o a P o A X a =2 A i
Whadaquilam Sz fauTeusraunuinduifianisanuanuuulawrin (Dynamic
. . o v a = a £ ' 4
Recrystallization ; DRX) auvinldifianisanuanluaigaiadulusznitenszuiwnsibou
a d'd @ A 094/ ‘&’ di a = a eq; v
\WwoanunuumwndnIRwduaungiuies wenaniilaNansanisuiinn TMAZ e
= v A Aa g A & = voe X A =
AS WAz RS AzLiwbaINnIwndatdeinaziasn10anuINT LAz AR laTaUWLE AN
A s < A A A
WNWLTONDITUFA (1400 rpm) mm@gLuaammnlum:mumsmauLammmmumu
u-ﬁaoﬁaL%aué'w”aﬁ'm,ﬁai'a@ﬂ@Ummanﬁ@mwgmmﬁslLmm?mmnmmﬁam&m%au
n:i s ' 1 o s d' > eq; d' Ai A A Qs n:i A‘ ¢§/ =3 o Q/A’
AlATURIADRIRINIANLATIINALWIA maLmawaLmawvl,muLL‘smag‘umwmum:m‘lmua

Qs

A a A o a o 8 wal % & o 4
a@magluamazwmmnmaau‘ﬂvl,ﬂmuﬂﬂmom aausmqmum’lﬁsﬂﬂsmiwmadmma@;ﬂ

1
3
ZJ‘Y]?I‘YI”IGVL‘]_I@HN‘YI?I‘Y]’]\‘]L@]f;l".]ﬂ‘]_lﬂ'ﬁ%&‘!%“lladLﬂiﬂd&laL’ﬁa&l@nEl
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AN L%’J
TMAZ Stir Zone TMAZ

Advancing Side (AS) (S2) Retreating Side (RS)

a 4
ALlDad

(mm/min)

14

20

40

. . - .
319110 '[maa%"mqamﬂmaoiama"jauﬁmwLi'magw,%au 1400 rpm

sanaulavaslasiainiganindnatne wodr anuanlosveslasiainsunnia
datflanndilasainganiaiude J89v00209FIUNNIBlULLILTONNIINTY (Voice) HiB
1 1 IAI é dl ] =3 v Y Qs = v =3
1843719 (Holes) waF9nilen llonanasdnldmaluszauunniade saouaninnananusa
%ym%auﬁ@‘h (710 rpm) vl,ﬂﬁaizuﬁga (1400 rpm) WU11 Asa8UansIUSII SZ N

A X ' = Y o { = A & a 4

AN NYNINUUBLILAW bATR 0FINANANUTIYWITAN 710 rpm ANUTUAULTOY
20 mm/min {ABUAY ANULTIRYBITAY 1000 rpm ANULTUAAWLTEN 40 mm/min LABLAL
mmﬁmgm%aw 1400 rpm ANILTUAKLTEN 14 mm/min ILLARINANNLNIVBITOLUANTII
A a X \ = v A ' v = 2 A L& . = a
MANVURDENIAWIATA TILDNRING LALATIGaAIAMNLTILIIAINAzNaDIda b ae19bIna
ﬂswngms:ﬁ@”\mdnﬁmm@;mmnmmnwﬁﬂLLuu"lmmﬁﬂ (Dynamic Recrystallization; DRX)
a a o v Aa =1 n:i a A’ > a a
FurninwldanrilwinansannanvasnswngzauluuSiim sz LAzt HaIRQLABANULATLA
annifinldawfasasuanlufiga [11]

Iﬂsaai”wmaﬁgamﬂﬁmnaauﬁazJnﬁaagamiﬂﬁﬁL§nmammu&iaamm (Scanning

Electron Microscopy; SEM) 2843881523 10210L5MwiTau7 710 rpm ANULLAULTEN

14 mm/min UEAIAIZUN 11(n) USNMUWILTEN SZ LNamTuaninuadwe O nzIanIzany
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ﬁ’au‘%nmﬁgﬂmu insufianuazifoaunnnitusnmidnansznusuitasanananuson
TMAZ Lﬁaammnu%nmumL%angnmmuﬁaw”aﬁuimnmﬁaﬁﬂﬁmmu’%nmf:ﬁm'm
a21BANINNIN waNIMNANMTILAT=R 98 UszNa LA 81A389 Energy Dispersive X-
ray Analyzer (EDX) Wu730 mﬁmﬁ:ﬁm}n’m‘luﬁnmftuamgﬂﬁ 11(2-2) baalAAWING
gulsznonaas Al Jwnananvessesifon uwasdina &9nsd (zn) wwniion (Mg) uas
NadIuas (Cu) ﬂi:ﬁ‘i’ﬂﬂi:muag’vﬁu’%nmsam%iaumugﬂs'wﬂnaaiam%au z&augﬂﬁ' 11()

a 6 a a . . . 1_a a
LLﬂ@]\‘lﬂ’]i(ﬂi’J‘ﬂﬁa‘Uﬂ’ﬁ’lLﬂ'i’]z‘lﬁﬁ’]@qtf’ﬁdﬂi&l’]m (Quantitative Analysis) WU'J’]&H.]?&J']E%FWJ

a:gﬁl,ﬁsm (Al) 91.3% 130119 Zn 5.2% U3Wm119 Mg 2.0% uazl3unmsa Cu 1.5%
RPgtast]

T710-14

f 100pm !

Mg Kol_2 Al Kol

(9)

100pum ' T100pm '

311 11 Ta39&379 SEM waz EDX UStimwsaasas
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Cu Kal

()

H
=

|
{&]

cpsfeV
5
S
| I I R

w
=1
1

Mg

W T710-14
Witk o

Al 913

Zn 5

Mg 2 0

Cu 15 01

0 2 4

R R L o R R Lo e e L R EREEZEEzozoosssesiny

] 10 12 14 kel

51U 11 Tas9a319 SEM uaz EDX US1aesagiion (6a)

< = o
3.3 ANMNLYILIIAIUDITDYLB DN

NRTBIANANNLTILIIAIVBITO L TaNLN LT UL A BN TNARAINLIN NRANZNTTaY

FuamMuuUUNIUNLTANATIMYWTaNN 710 rpm AMATIAUTENT 14 mm/min GA1aaa

LL%GLLsaﬁdmﬂﬁq@ fa 360.58 MPa ﬁ'suﬂ'nmvﬁal,l,saﬁw’hﬁq@ fa 120.51 MPa 197113152

4 s a4 4 . 4 o
%Q%L‘Bﬂﬂ\l 1400 rpm ANVLILAULDANY 20 mm/min NANIINARDIRNIZAY ¢ LRAININII

7 2 1 WRINUIRILNAL LD NIITUWINAVIAIAIN LT ILTIAILRINUIN LﬁaLﬁwm'\m%mgu

A £ o v & =2 1 = ' I =3 o 1 )
Lﬁa“uﬁﬂ“ﬂ%ﬁlz“{lﬁlﬂﬂ"lﬂ’ﬂwLLTGLL?G@\‘]@E’JU f AANY DINRITNATAITULYILIINIAINATIN

S‘YI%WEQ%J'HT‘IﬂT,ﬂi\‘i m?nmaqamaﬁﬁu"lﬁfmﬁLﬁma EJLL(?'IT’I%"]’JI%?BEIL%?J&IQE]'N“I?@ LauLile

- y &
LW&Iﬂ’J’]ﬁJ%&!%L%a&I&I’]ﬂT%

UNADIUIYY
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P> < = -
AN 2 ANNLVILIIAIVDITIDYLDAN

Rotation Speed | Welding Speed | Tensile Strength | Yield Strength | Elongation

(rpm) (mm/min) (MPa) (MPa) (%)
710 14 360.58 288.46 3.27

20 142.78 114.22 2.87

40 216.53 173.22 2.47

1000 14 153.86 123.09 3.10
20 132.50 106.00 2.33

40 225.33 180.26 3.10

1400 14 149.08 119.26 2.37

20 120.51 96.41 1.90

40 145.65 116.52 2.67

Base Metal AA7075-T651 538.70 430.96 13.86

gﬂﬁ 12 LLamﬂﬂwmm’mLLiaLLioﬁwaaiaUL%auLﬁmmmmumunﬂama: q@ﬁm
FI9NA Ad am’szn’m%a11Lﬁmmmmumum‘fmmL%’maglmﬂﬁawﬁ 710 rpm ANNLIAY
A A L A& A = A A o o ' =
Vrayf 14 mm/min mumm’mtmLLsoﬁamanﬂ f9 360.58 MPa @3411398@9na1Li%
ﬂafﬁ'ﬂﬁagﬁﬂﬁq@mmmsmamﬁdﬂﬁ nanfa Lﬂuﬂaﬁ‘i’ﬂﬁlﬁhmmL%%gm%awﬁ@‘hqmaa
NNINA8aI (710 rpm) LA 1°ﬁmmL%qLﬁul,%auﬁ@‘hqmaamsmaaa (14 mm/min) WANAL
"L@TwammmmwLLﬁaLLsaﬁamﬂﬁq@ sngLitasnnanadunaiiaunaugasuInaing

U d' =1 = d' o v a Qs ]
mwmau'ﬂmm:auLLa:uUsmmmnwam]zwﬂﬂmmﬂ@ﬂﬁvlmmad’sa@;amammmu [12, 13]
a & = ' a s A o A P A
gnaTin1sanwinvadinsuadiiwaddliifiasesuanilusanidenauiduingliiian
ANULDILTING le amidunwlaasRarsan ldfsandesidudninuia (Elongation) 3
wud dedannidalaiiv 5 wWesidudlunn 9 anizmmasess nafduiasnnanus

E Aa o . A ' @ @ @ A P
maamsmammaunwsaﬂmamﬂjamaumnmn ﬂs:ﬂaunuﬁwﬂmsmammvmauqmaﬂ

RINAYN IANANIINAFAUAINET?
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450 35

400 —A— Tensile Strength 30
E 350 —o— Yield Strength
S 300 —&— Elongation 25 —
< X
< ~
é’ 250 20 5
g *a
& 200 15 2
2 150 i
2 10
£ 100

%0 E*W °

0 0

14 20 40 14 20 40 14 20 40
710 1000 1400

Condition of Weld

nl ' < = A
E']J‘n 12 @@L Llﬁ\?ﬂ\ﬁ]aﬂiaElL‘ﬁa&llaﬂlﬁﬂ'l%uﬂﬂﬂ')%“qﬂﬁﬂ']')z

3.4 anaudsvassauidon
wamaa@hmmwﬁwaasauL%au"l,ﬁuammm‘im”ummﬁmqw,%au 710 1000 L&z 1400
rpm LLam@”agﬂﬁ 13-15
1) m’mLLﬁwaaiam%auﬁ'mmﬁmgm%au 710 rpm ANSEWEoNT 14 20 uaz
40 mm/min LLam@Tagﬂﬁ 13 WU anuudsestunasaufivsiim Sz fanuudigage 7
aSawdon 40 mm/min Sanuudetszanm 156.4 HV §nuStaoe SZ Mdaauds

dga fa ANSUAWLTAN 14 mm/min lagdanuudalszunos 106.8 HV

200
i 150
?
[0}
t 100
(%]
2 —F— 14 mm/min
©
£ 50 —=©—20 mm/min

—&—40 mm/min

7 6|5 4 3]|-2 -1 0 1 2 3 4 5 6 7

BM TMAZ (RS) sz TMAZ (AS) BM

Distance from Weld Centerline (mm)

a & A < A
gﬂ‘n 13 ﬂi"l‘lhlﬂ']'l&lLL‘J.IGYI@I’)"INLT)%&!%L%QN 710 rpm
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2) enuudivassesitannanuiImyuian 1000 rpm ANUTUAKITINN 14 20 UAz
40 mm/min LLam@ngﬂﬁ 14 WU ANULTIVAITUNARBUNUILIDH SZ ﬁmmwﬁagaqﬂ 7
AMULINLAWLTAN 14 mm/min FANVLTIUTZNIH 138.9 HV &§I1USLI0h SZ NAANNLTY

dga fia ANLSULAWLTAN 40 mm/min lagdanuudalszunos 101.6 HV

200
dz; 150
L]
o
., 100
3
5 == 14 mm/min
:ch 50 —©—20 mm/min
0 —@— 40 mm/min
7 6| -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7
BM TMAZ (RS) KY4 TMAZ (AS) BM

Distance from Weld Centerline (mm)

P & A < §
Ell‘n 14 n‘mﬂmwumﬁmwLi'amgm%a:u 1000 rpm

3) enuudiveIsesiTaunaNuIIMYuLTan 1400 rpm ANUTUAWITANT 14 20 UAz
40 mm/min LLam@”\‘lgﬂﬁ 15 WU AN DIVBITWNARBUNLI I DL SZ ﬁmwuﬁagaqﬂ 7
AMNLIILAULTAN 14 mm/min AN DIUTENE 130.2 HV §3%USII 0 SZ NTANNLD

dga fa ANLSUAWLTAN 40 mm/min lagdanuudalszunos 111.1 HV

200
3>£ 150
b
o
» 100
]
= =814 mm/min
% 50 —©—20 mm/min
0 —®— 40 mm/min
7 6|5 4 3]-2 -1 0 1 2 3 4 5 6 7
BM TMAZ (RS) Sz TMAZ (AS) BM

Distance from Weld Centerline (mm)

P & A < 2]
Ell‘n 15 ﬂi’lﬂﬂ'a’mu“].l\‘i‘i(lﬂ')'mLi’)ﬂ&g%t“ﬁau 1400 rpm
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FUUDDMILEAINATDIANUUTITBIToUTRNMBANUITINY W TBULAT AN N T TONN

1 Qs 5| til 1 Q 1 1 ' 1 1 & 1 til 1 o A C!I v A Qs 1 dﬂ/
wandani iunihdinadidanuudsdsulngidudninengunuddflndifoaiudnia
lanzidn snungiiiosnnainiagluuiiim Sz desrirunimauninisaasass viliany
v v v g v ‘VQ/ v 1 Qs H L3
vintuasnsfauanuiawazaindu dsmgkdannisszinsanuiauisinninizgnls
H1uduaawide [6] danudranaudiusigigasasnimanadluaiofiviniy 156.4 HV 1
ANULTINYWLTAN 710 rpm AMULTAAULTON 40 mm/min UAzAIANWUTILTIAIFAVRINT

nanadluaTiikyinny 101.6 HV AaMuTIvywTaa 1000 rpm ANWTAALTaN 40 mm/min
[=3 ¥ Y
3.5 ANNUTILIIANVDITBYLTDN
NANIINAFAUANNBTILTINAVDITOLLTON ﬁ’m%’uﬁm’lm%’mqm%au 710 1000 W&

1400 rpm UFAIAINIINT 3

: < o :
M3190 3 ANMAUTILTIAAVDITO LT DN

Rotation Speed Welding Speed Bending Strength (MPa)

(rpm) (mm/min) Face Bend Root Bend

710 14 40.26 26.10

20 20.86 18.00

40 29.17 10.45

1000 14 19.58 6.60

20 16.68 8.06

40 17.68 10.34

1400 14 17.46 6.27

20 17.47 8.62

40 12.51 7.10

NNTBYAHANINATEUANUUTILTIAAVDITOIL TN TN TIANULLLNIRLILRINIL
@;’Lumﬁaﬁ 3 mminu,amwa"léfﬁa;sﬂﬁ 16 HANNINARDUAIANNLTILIIAAVITAULTANANT
L%auLﬁmmmmumuazgmﬁwwﬁm AA7075-T651 LLuuﬁ'amu@; WU ANANNLTILITING

(Bending Strength) N1t (Face Bend) g4gafianuliamawiaian 710 rpm ANUTAGUToN
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14 mm/min ¥iNNU 40.26 MPa a"suﬂl’]ﬂ’ﬂml,idLLN@T@G%WEE@“?IIWJ’]NL%JM&J%L%Q&J 1400 rpm
AMuLS AL Tan 40 mm/min léAanuudousssa windy 12.51 MPa laRansanfean
AMULTILIIAR A1WAAI (Root Bend) qaq@ﬁmnm%nmﬁmﬁau 710 rpm ANNS AU ToN
14 mm/min tYiNNU 26.10 MPa ﬁhumm’muﬁaLLia@T@@‘%ﬁq@ﬁﬂ’s’mL%’mqm%au 1400 rpm
aNuSNAwTeN 14 mmmin lddrenuudsussaa iy 6.27 MPa
Wadamsinaniimasasnudn LfiaﬁaLﬁ'ummL%’mgm%auLLazmmL%’;L@m%ama
MINAFOUANNUTILTIFADIRARINITIURIUN LATEIUNEST Lﬁaqmmnmuﬂﬁﬂugﬂ
L"Bawmaaﬂvl,u'auHsm‘imzwj’mmzmumﬂ%au ilasanniseennuauanmaiuanu

laiwnnzaw [14] mauAtymdaaiuaNu AR Tz aaa VTN LTOY [15]

45
40 k3 Face Bend P Root Bend
A35
§30
£ 2
i= ] q
73 ) ¥ ) N N
“ 10 7 A AN NS N N N
/ NN, NN N N
/ N N NA N NA N
; Z VM YV X N XY W
; % N N2 N N NI N7
14 20 40 14 20 40 14 20 40
710 1000 1400

Condition of Weld

cﬂ ' < Y o a o '
Eﬂﬂ 16 @AIAINLYS Llidﬂﬂ?.ladiladiam‘ﬁa&lwa&lLaﬂﬂ‘l’l’l%uﬂﬂﬂ'}%uﬂuw}ﬂ?%@'

4. @3

q

1) aUNIiNITLTaULFIANIBULUNIBLULRINIUG Tdaudsznounan 5 Tusn

a

U32nau@a8 hnLNANUL qﬂLﬁaa #aILnTad LAWY LRZHINIW LO8NRINIBIZHNIRAIN

LRSLINIW

A 4 A o & a A & a . ' dao 1% &
2) 3041 TRULNALNNILALANULIIILABLTANNINYBILLNADEIINN NUIBIBNIMTNINYLLL

12

@4 Retreating Side 8WiiasunnmaiuamuszninviInuiuiaisgniianuisuscau

lannnwarsitay
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3) sapuanyawiaidnlusesidon tinananufouiiszguu1annIsFoanIuY e
Lftm"'a@;ﬁ'um%adﬁaL‘%"amumnLﬁu"l,ﬂl,ﬁ@mmLﬂ%ﬂﬂdmalﬁl,ﬁai'a@pﬁmamwmﬁ?n

4) insuiidardsauaziasnnluusion TMAZ ¥adnu AS uas RS 1Anannszuiuwmsidan
LﬁmmuuuumuméaaﬁaL%a:ué'uN"'aﬁ'uLf:ai'aqimmaLLa:LﬁﬂmimgimuéTwLmm"?lm

5) ama:mm’}'auLﬁmmmmumuﬁllﬂﬁmmL%ﬁﬂyuL%auﬁ 710 rpm ANNSEwdan
# 14 mm/min sfaﬁﬁﬂﬂawuLLﬁdLLsaﬁamﬂﬁq@ fa 360.58 MPa

6) mmwufz"ial,l,saqaqmaam‘:maaﬂuﬂ%ﬁmﬁu 156.4 HV ﬁﬂ’awﬁ’amul,%au 710
rpm ANNLSIAWTON 40 mm/min

7) AANNUDILIING @T’]Wﬁwgaqﬂﬁﬂ'nuﬁ'amgm%aw 710 rpm ANUSAAWToN 14
mm/min \YiNNU 40.26 MPa u,a:@i”m%é‘dqoq@ﬁmmSmgul,%au 710 rpm ANNSEU TN
14 mm/min ¥inAU 26.10 MPa

naanssndsznd
I8 Uﬁiﬁ?ﬂﬂﬁﬁ@]mﬁmuﬂszmmmuﬂamumLa‘?u"‘m PIFNRAT FVULITWIANTIN
() Yszdnd w.e. 2564 nw‘lﬁuwumuqﬂﬁmam{ NMIIVVUBSNAWIBIANTIN URIINYIRE

wmaluladnouinaasisy
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ABSTRACT
The objective of this research was to study on drying kinetic, total color difference of mango
before and after drying, before and after drying, specific energy consumption, water activity
and shrinkage. The Nam Dok Mai mangoes were dried with hot air at 2 m/s, temperature of
50, 60, 70 °C and hot air at 70 °C in combination with a microwave with a power of 700
watts. The study found that increasing drying temperature results in faster drying of mangoes.
As a result, the drying time and the specific energy consumption are reduced. Drying
mangoes with hot air at 70 °C took the shortest drying time of 320 minutes, total color
difference of mango before and after drying was minimal (AE=6.08), specific energy
consumption was lowest at 478.73 MJ/KQeyaporates Water, The smallest shrinkage at 79.77%
and water activity was 0.516, which was within the dry food standard. Comparison between
drying of mangoes with hot air at 70 °C and drying by combined drying technique with hot
air at 70 °C and microwave at 700 watts. It was found that drying by combined technique
had shorter the drying time by 3.12%, the color difference before and after drying was
reduced by 40.30%, specific energy consumption was reduced by 36.7%, shrinkage
decreased by 11.12% and water activity was 0.505, which was within the dry food standard.

KEYWORDS: specific energy consumption, barracuda mango, microwave, hot air
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ABSTRACT

This research aimed to study supply chains and increase competitive advantage in coffee
business through management and logistics strategies to suggest the development of supply
chains in the production process. The study was conducted in the lower northern provincial
cluster 1 consisting of Sukhothai, Uttaradit, Phitsanulok and Phetchabun at least one in each
province. The results showed that coffee cultivation in each study area had potential and
competitive advantages because of the low cost of cultivation and there are certain markets.
Most farmers faced labor and funding difficulties in coffee production and processing.
Therefore, the products are often sold as fresh bean with low price. Therefore, the
government should promote the integration of farmers in each area to get enough workers
and should support knowledge and funding in coffee production and processing to create
added value and make income for them.

KEYWORDS: Coffee, Supply Chain, Value Steam Mapping
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ABSTRACT

The traffic congestion in Bangkok causes significant problems that negatively impact
economy, social and environmental status. Therefore, the Thai government implemented the
Mass Transit System development masterplan for Bangkok and its vicinity area to ease the
problems. The government has invested in construction of Mass Transit system networking.
and the first stage of ten (10) mass transit line is nearly finish. The connectivity is important
for mass transit system users which passengers have to travel first mile or last mile from
their home to the mass transit system. The objective of this study is to evaluate the influential
factors for the first travel of the passengers as it is the key factor to reduce the use of private
vehicle. The stated preference method was used to get the opinion from 477 samples, using
online questionnaire. Multinomial Logit Model was used to understand the travelling factors.
The result showed that passengers have given priority to1) travel time, 2) waiting time and
3) travel cost respectively. The P-Value of all parameters are more than 99% level of
confidence. Networking development which is in accordant with passengers' need will
increase the use of mass transit system.

KEYWORDS: First mile, Mass Transit System, Mode Choice, Modelling

1. UNW

gﬂLLuumﬂﬁu‘%mimaai:uwummamuu,uum"LWﬂmeﬂﬁu‘%mimn aoniblyes
sondivhlwdesdmsdendenisdunma [1] B M INAW NN 9T U U REIEN 51T A a2
WndssAnsnwuazaaanlddnoun Q’T@mmi [2] rm'@‘hLﬁumwaama%’ﬂumﬁmﬁwwu
muﬁiammim:ﬁ’;m:umn"tvxlﬂﬂuﬁuﬁngamwumumuazﬂ%umma"l,@i’ﬁﬂ'ﬁw”@uu’flud’m
JruUnanadiIudLiias ﬂ’]iﬁ]”@ﬁ'm’mmﬁﬁwuﬁum']3J@j”umlumsw”@ums:umnvlw% [2]
mu%amiamnﬁumwﬁggﬂLLuuﬁ’ﬁ'msLﬁumaLmuma 9 LT NILAK IDINTLIW TDEIU

o v IS (2 2K A o o a i .
uaaa TﬂI@]?.IET']Sﬂiz’inYI'N INFURD LU [3] "Nllﬂ'ﬂNa’]ﬂfyi%ﬂﬂim%'ﬂ’]d‘ﬁ’mLLiﬂ (First

UnAIUIY ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




]”5 Kasem Bundit Engineering Journal Vol.13 No.1 January-April 2023

Mile) #3an19idunniz9garine (Last Mile) zasglasaysnlwi [4] winglasasladldsy
ﬂi:aumim‘lumilﬁumo"ﬁaoLLSﬂ/maq@ﬁwﬂﬁﬁLLa:gTumLL@Tﬁﬁa:ﬁNa@iamiLﬁanmﬂ"ﬁ
suvsusmmInzlumadunmuasinlulsmafumsdisindiuyaaauny (5]
v a { v v o X o [ [ '
amnlumaliuinnsfiglasasioiuudsunudadbnsssanvesslasans iiu any
Qs Y a A 1 1 1
et szaunele Taglizaidlunandunis $ay sianuuandsvesglasmudaznguinzd
nsRaTansauanuidyesTadslunmaienIdunumaaunanue neenn 1w a0
Alasany TTUZIANAUING TTBLIATT ANWAZAINALIY ININNITALTNT uazTIndil
MITandandun1anunsiaunelutiaman msmanmsifendalunmsidunisnuseuy
pusaasImeidaziliylasaslifeanldmadunisdisszuuausia s [6] A1w
v = Qs A v a 1 v o

dhlafsdadsluniaifenlsyduuumadunzesdlasmnzsinliaunindimue jluuy

4 1 a { o v, Y a 1 &/ Qs o
nmIdandanmadumanasi il lduinsszussussmmsmeanndu [7] nufisnisdar
suwpumilduimauuulng 9 annsiamdwnaluladdaildmansaauizluny
nIlduInanauasaauanudaInsvasglasasaaniszalasasuazadiiunisvas
A1WUIN1989 1w nIiAuauuDuLislu (Ride Sharing) N3l#USNIULUL On Demand %38

A A A A o
mifianuilunsdusaudsfsuauanudasnisvesdlasans (8]

= A = a

nmsdnmAidunisdnsingdnssnvesglassssaluirluisananwumiuasuas
USummanadunaziausn asnnanduganfnadenisaanislioiwmnuzdinyans

n:!l v ada ) ni o g,&’ A a
unfga droiinsdinaninuasnrunisaiiulunisifenyduuuniaidunis (Stated

di =< = [ t:io u o ] o ;:i‘:! 1 a

Preference Survey) liNa@nunfistfadsNdnn uazszauvasatadaninadangdnssaly

mil,ﬁaﬂgﬂ LUUNIILAWNIITIININ

2. MINUNINAIIRNIIN

MILAUNWI TN/ N AN LT U IUFIAYVRINTLAUN AT D TTUDYUEIRTITUE
Nt auneT9SuEw m%aﬁ'saﬁéuqmlumﬂﬁumwaaﬂu‘v\%amwuda FUA1 [9]
m'idam’%umﬂ"ﬁi:uwudamm‘m:ﬁhL'ﬂu‘ﬁ'm:ﬁaaﬁmsmuqumﬂﬁumomuqﬂﬂa@hU
NNIUIRIIAUABINITLAUNIY (Travel Demand Management) La=NITUTHITNITLAWNI
(Mobility Management) Lﬁaﬂfmﬂﬁﬂquaﬂﬁmad;jLﬁuma mm@mm%awnamsmﬂu
Tasan195aingfiazinlfifianiinszviness Seviauadinalasassdoninudsle s
WOANTIN [10]

mﬁmﬁ:ﬁmaLﬁamﬂumiﬁnmLﬁmﬁ'umsmauauaaﬂﬁmwqanﬁmaaqﬂﬂa‘ﬁ'agﬂ,u
nauaI8L9 [11] Lﬂumﬁmﬁ:ﬁlﬁaa%mmmmm"[umnﬁanmﬂLﬁuiagamm*ﬁawa’l,'«n

4 o a v a 1 v ) { 1 s lé/ s
T1UYAAA Lﬁaqﬂﬂammnﬁanaumm?ammi LARTAKIZUTBNINTIMNNLANAIINUTUAY

Faculty of Engineering, Kasem Bundit University Research Article




3F2NSSUATSINUUUTUNQ Uﬁ 13 QU_Uﬁ: 1 UNSIAU-IVVNYU 2566 ]”/

wiszaianyana anudrlalung@nssunsaadulanazdadpnineadasiianudeg
o o | A a & A a oA & a &
TunT9arnTzULIREINLALNZEN W MTIeNzEnaiend lddaifiaadumsiienes
AaA a | ' A a A @ &
nfimuyAguiudazdaanyansanifanfefiawasazldslomigoga
Warituaysndlszlomt (Utiity Function) lunmsuaasfisanaianalazasfaanyanalu
A va o A A A ' Y ' o A ' o A a
nmadenldiud1mianinis Siudazanazliyadizesdadonuandreniu lasnafanazd
sasuuufia anuWanalauuuidains (Revealed Preference) iun1sdsziliuyadilasld
mafanfifiogads uaz anuianalafinnaienlddatais (Stated Preference) [11, 12]

Wattuarsndszloiazaglugivasauns (13]

U = Vi + g (M
e & A i
lag U, = assauszlomininuevasnaien i
V, = szauvadassausylumivesnaien i Axona le
6 A . A ] [ ¥
& = endulomiveimaden i wwizyaaaf liausndsnald

MNMIANBINILAUNITIIUIN/TIgaredInIalanasaaludd laoldisnns
AnziaIangefauifass (Three-factor theory analysis) [14] wudntassluizasanudlu
mIlvuInsnuauszaIngurglunsi@uwniaiudassdranlunisifenltuinig lu
msﬁnmﬁaaﬁw%wmJaaﬂaﬁi’mﬁ’ﬁuéﬁmJﬁ'umuﬁuma"ﬁ’mq@ﬁmlmmmﬁaa [15]

a = ' a U Q =
Wisufouseninensdu nnsktyasnsonuuazsalasasansismwearnaanitsa lWialu
Uszinaienlds @283% Multinomial logit regression model Wu315z8EN 9 NEANHTR IWRN
duadsdmaylunsifengduuunisidunie maduneszozawfidunaaziianniaan
| o Qs v { [ v L { QI l&/
usrauusn wanddowdunsldindansenn wazsalagasasTmeaNIzosn 19NN LY %
. Y Aa | A aa A & o A o o o
faudadsasndnadenisiionitnisiaunisasidudadpiasegnanasdiay wazdaduan
amnmmildvinagu Swawinlasans anadlunslivimeianudayauiiau

1 A a { 1 a 1 Q ™
sopufINIm s U UM I AU AN TN B ITR I TARN UL E RN
wuum I AnIUTugduuuliauasasuanudasnadunivasglosans anfigu

° A v a A o A (% A o [ ° '
AsirwaaudlunlAusasAUsudasuld nsRa NI UTULEUNIILATFTLA
90IL-FIMUANNGBINTTY aa;ﬁ@mmi TasfnsaunegInsdanwauenimsdunissiuny

acd 49 v a Y = = A v Aadd
Eﬂau Uqquﬁuz‘ﬂi%ﬂiﬂqiuﬂ‘ﬂzLﬂuiﬂi@]Elﬁ']i"llu’]@]l,ﬂﬂ RIDINRIUNDVNIUNUINRTELLD

UnAIUIY ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




]”ﬂ Kasem Bundit Engineering Journal Vol.13 No.1 January-April 2023

214 Andidnmn
msﬁnmﬁmauaqmﬁﬁlimﬁ'aa%islmmmngamwumumuazﬂ’%ummaﬁ"l@“l%szuu

solvdh Fsvaeiivimsdnsdidumesaidimndaldusnisuds 8 duns 1auszeems

214 nw. 128 §019 uwwILdwM9 Aassoniimdalwusnisuds uazurunslsusslomivan

@mlLme?umaLLavaﬁﬁ'ogﬂﬁ 1

a

31 1 unsdawn1Ta I aldusnsuarnazuunnis gl szlanitnawaiaunn

Wwnesa Il nilaliusnisuan

2.2 uuusauay

nsfinm ladaruuuseumaliaeurriunisaanlad lasdnwazisznandae
Taua 6 &% VL@TLLrhTaQav‘iTugméﬁmmwgﬁaLm:é'aﬂu ﬁagaLﬁ'mi'@]qﬂi:aaﬁuazé’ﬂmm:ms
W@unImsszuusa i ﬁaga?ﬁmnﬁumamnﬁw’”ﬂﬂﬂ'aamﬁvaWﬂﬁ Toyaaahaunis
LATUANENI19TBINTTLARNIIA 8T bW AN °1Tayaﬁ‘ﬁ'mmﬁumamnamﬁm“ﬁﬂﬂfl'o
angny LLa:mi@T@ﬁu%LﬁangﬂLLuumiLﬁuma'«a’mL'f‘iiau"l"nmi@?'@ﬁulamrﬁ@m 5 ddnnal
INPIFY 29 T8

ludusasmaRengduuunsiaunaaziidnnny 6 9o lasusdazdad 5 gduuumadan
Tumsidiuns dsznauss madn msldsnsnseuend sauding solasamsdszsng use

1 A { =) 1 = { 1
TDUVBEINIRITITORS IHFDIUNI NN TZULIANAUNI I2HZIRNTAADY AIUTAT NUANE

Faculty of Engineering, Kasem Bundit University Research Article




3F2NSSUATSINUUUTUNQ Uﬁ 13 QU_Uﬁ: 1 UNSIAU-IVVNYU 2566 ]”lg

M wazdidaudsvin (Dummy Variable) fFnsUMsEanMTE RN RIE TSI R Dy
FIUGIMIaULLURITIIME TauvuFaunn laRa I Izpznadunadu 2 ndu Aanga
maunmsluszes e 2 na. Ll,a:ng;uﬁl,ﬁumﬂm:m 2-5 NA. LAV IMABATZBZLIAN
WWung dldine vreandasnuszazlasinisutaszay (Level) 1w 3 s2ab @uldanny
NMINRBAIZLLLINNTOADEY d’mgﬂLmummLﬂumuﬁ’;ﬁﬂuﬁmﬂsﬁmzﬁ 2 ey tald
gadnuaTauagy 2an3lEllsunsa NGene @2873 Fractional Factorial Design 14n13
aﬁ”’mmjmmuaaunw 12 NYY TINAIDIN 72 7 ﬁ'%ﬁﬂﬁuuuaaumuﬁmwmamquLﬁa
danldienmzi

nndayaiwinglosaslull 2562 ﬁaﬁ"\mu;ﬂ%n"lwﬁwmﬁﬂfuaz 1.14 §rufindati
INEIUIEI835289 Taro Yamane 1 uuasuULRaUANNsz AU uTana: 95 1T
FIWINERBY 400 74 wuusauanulEATINaLNT T aIN19a0u et 15w FaceBook
Page vasnguilgin i ndulatsainduanimladsdnduazzuuandiniesg aus

a 6 a & ¥
AEINTIVARAT VAAN LT WA

a ¢ v

2.3 MIIATIEHRTBYA

2 A v 4 o v A | [ o

Tayafldnuuusauniveaulad wzaausndeyaninaviduingidunanivii
AR 29 UNI T UFIANLAZUT=11NT (Socio-demographic) BaIINHUIIVNATIA
= o s Y Y ad
Sesiaulmidayalnaaitgu

mylaneidayalilisunsa NLogit Tias1zsidayauuy Multinomial Logit Model tWa11
fudszinizasfadnluninfengduuumaidunis Sadsznaudisgduuumadunmadas

- . < .o . ' ,
MILE® TNINTUIBEBAIUINS T0lauFITUILIING TOUNNT UAZTDVUINIENTITHS Lag
A @ A a4 ° [ v o o @ { o 4 o ' £ [%
WsaLRandaulszAnTnezvinlvssaunudayNszauanuTadnadatastasas 95

& a
A bW TN

3. WaN1IAN®

mnmsﬁﬁsné’aalLu_maaumwaaﬂaﬂuﬁamwdwLﬁauwﬂﬁﬂu AREVRGE 2565 §

HAAUMULRAUNINNIRY 477 118 daulvgvasdaevuwuusaunivaziduinandgs (53%)

D e

finquany 21 T i1 35 T (54.7%) nqumele 15,000 um 9 35,000 1N (54.8%) Usznay

q q
=

andwiduwinauuTenionou (53.9%) nstduniilasldszuuansgsniaswarnlng
a o ¢ A o ] ] A a o a v
fiaguszmsdiNaniinniaunriasiisauaznsidunialdvnnu (82%) Moazidvadiu

LATBNALAZAINNYBINADUNUUROUDN LEAIAIANTINN 1

UnAIUIY ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




] ]” Kasem Bundit Engineering Journal Vol.13 No.1 January-April 2023

AN 1 TDYAAIMLATHINIUAZHIANVDIHADUUULFDLAS

318113 1% IINI08AL (%)
LN
- Y 214 44.9
- T 253 53.0
- lavzy 10 2.1
EI’IEJ
- veanin 18 1 17 3.6
- 18-201 20 4.2
- 21-251 58 12.2
- 26-301 107 22.4
- 31-351 96 20.1
- 36-401 45 9.4
- 41-451 32 6.7
- 46-501 37 7.8
- 51-551] 36 75
- 56 -60 1 15 3.1
- annin 60 I 14 2.9
szaunele
- %a8ni1 5,000 LN 42 8.8
- 5,001 — 15,000 U 54 1.3
- 15,001 — 25,000 UN 119 24.9
- 25,000 — 35,000 UN 87 18.2
- 35,001 — 45,000 UN 56 1.7
- 45,001 — 55,000 117 30 6.3
- 55,001 — 65,000 117 15 3.1
- 65,001 — 75,000 117 17 3.6
- 75,001 — 85,000 UN 11 2.3
- 47nN71 85,000 LN 46 9.6
aNTw
- WRNIUUITENLONTY 257 53.9
- FUNTMINIBNHNIIUYBITF 73 15.3

Faculty of Engineering, Kasem Bundit University Research Article




3F2NSSUATSINUUUTUNQ Uﬁ 13 QU_UI'_'i 1 UNSIAU-IVVNYU 2566 ]]]

@997 1 JoyAAIRLATEINILAZFIANVDINADURULFDLDN (AD)

318113 NN IwINSouaL (%)

T (dia)

- UniSawrlannfnm 62 13.0

- aNTWORI 51 10.7

- Aug 34 7.1
JanUszaadlumaaums

- Wndawmaaiien 204 43

- Haw 187 39

- fedaging 71 15

N HIV ISR 18 4

luguninseuasassumnuzwuiiaunaPiTauiimInsauatasTnaudainiias

Qs Qs { Qs A &
1 6% (85.1%) LATHATALAIINATOLATOITOINTVBEUAUTZU1MNINTI (55.3%) HiNed
Jauaz 8.2 NasauaTd insasauasasenunInuslszinnlalay uazBaanisasauaTad

n U%@TLL&ziﬂ’i}wﬂiUW%U%@TLLQ@G@T@ AN 2

A13719% 2 ﬁi’ﬁuaumumﬁmﬁmanmmu,@iaxﬂ%"aﬁaummé’mammnaanmu

NIATEUAIAY NN3AUATITNINTIHAWAVDIATIIT D
ITnunAVaIATINTAN alfl 1 2 >2 ERTY
Tai&i 8.2% 4.2% 1.7% 0.8% 14.9%
1 15.1% 12.4% 4.8% 3.1% 35.4%
2 11.7% 9.2% 5.2% 2.3% 28.5%
>2 9.6% 3.8% 2.5% 5.2% 21.2%
RIPEY 44.7% 29.6% 14.3% 11.5% 100.0%

fnTuITnadunmalaszaznaiaandt 500 8. gasuuuuseumudulngjazifan
5315101 LT azMIANLTY 1 DY, RAEIWAITLTIDINTUIRIUAITLI INFINYAAR UAL

a & A ! a X &, o .
iﬂI(ﬂEla’]iﬁ]:LW&lTuLW]uﬂ’]iL(ﬂu WaTeaznMaNNIwaILd 1 nal. ﬂ’]il?iil']%W']ﬁuZﬁ’J%l‘!ﬂﬂa

UnAIUIY ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




s

Kasem Bundit Engineering Journal Vol.13 No.1 January-April 2023

AUTDlaga13UIa M9 I UFAFIRRANVDINITLABUNIY FAFIWVBIITANTLAUNIINY

i:ﬂ:mdl,l,am@”dgﬂﬁ 2

100%
90%
30%
T0%

B0%

50%

40%

30%

FwaminSasarnasdaouuuugaunu

20%

10%

P

fiaandn 500 waT 500- 1 Ay 1-2A. I H YA 5 AN

seaznolldaaanit

o, ar roow . o
[ vau B 9nTINUEBATIT N & Talapmiti=dma B Toufing

M mwr Uz YA AE

s 2 dadwmdagazasgUuuumsiawmenenlwuaazsssszazmelideamitsalany
;jmauLLuuaaumm:zhuSLmyjLﬁ%ﬂﬁd@i”;ﬂiﬂﬂﬂﬁmﬂﬁﬂﬁﬁu (35.8%) aua283n N
uFde8an (23.1%) uasFidody (10.9%) MuUfIGL Toazidaauadaaniesa Ww1N

L’%uﬁumstﬁumqﬁ‘ummwaﬁﬁuqmmmﬁumwﬁmmleﬂ'nmm@”amswﬁ 3

M1391 3 anargnvuazilatgaianisaasnisizssuusa W

. danaaianig
ANFEI1ENIS v - ; - ) ; F
A% ddgr00w | SPNVN GEeN) an 9

A9 144 (30.2%) | 9 (1.9%) 6 (1.3%) 5 (1.0%) 6 (1.3%)
1901 16 (3.4%) 67 (14%) 20 (4.2%) 2 (0.4%) 5 (1.0%)
EID RIS 4 (0.8%) 13 (2.7%) 32 (6.7%) - 2
&9 33 (6.9%) 5 (1.0%) 3 (0.6%) 24 (5.0%) -
fuaw 9 15 (3.1%) 5 (1.0%) 17 (3.6%) 3 (0.6%) 41 (8.6%)

Faculty of Engineering, Kasem Bundit University

Research Article




3F2NSSUATSINUUUTUNQ Uﬁ 13 QU_Uﬁ: 1 UNSIAU-IVVNYU 2566 ]]3

a [ A a 1 a (3 6
3INNIIALAIIEANITLRONIUUDUNITLAUNIITERTIINITLAY (Walk) I0INTUIUL UG
o o o = A . = :
U4 (me) salasandsedinig (bus) TOUAND (taxi) LAZTOUWSINIEITITME (para) WU
1 Qs a A( Qo d‘d @ A A a L3 U
mauﬂs:a‘nﬁmaaﬂwmuwa’lumimau’laLaangmmumimumwaaQ’l‘mn"l,%lﬁﬁmﬂ
2% Multinomial Logit Regression aumsaiinﬂiﬂwﬁmadgﬂLLuumiLﬁumoﬁa 5 3ty

LRAIAIANANTN 1 DIFNAITN 5 HANITIATITALFAIAIANTIIN 4 UazANI N 5

Uwalk = Ptime x time )
U, = ASC,.*+ Bcost X cost + Bﬁme x time + Bwaittime X waittime (3)
U(bus) = ASC,, + Bcost x cost + Bﬁme x time + Bwaimme X waittime (4)
U(taxi) = ASC,, + Bcost X cost + Bﬁme X time + Bwamime X waittime (5)

U(para) = ASC,, + Bm X cost + Btime X time + Bwamime X waittime + Bsharepa,a x sharepara (6)

lag ASC,, = @AINILANIZYBIMILAUNIITILTNSNIINUIURIUIN
ASC,,. = fesfilamizaasmadumesiasalagasdszsime
ASC.; = FeIfilamIz289nITauNesIeInuing
ASC,u = AAITILANZTBINILAUNIIRILTOUUEIIIR T TN
Bime = sudsrAntuoaTzazIaLEwNNg
time = STUZIRUAUNIG (WT)
Beow = sulszAnsvassanenlanas
cost = gaselasas (L)
Buatime = sul3e AN 89T Hz A TENaY
waittime = Jzg2lIa138A08 (W17)

e =) QF 1 Q v 1 ‘é
Bararepara = dWUszENIv0IANMTRsma lunslasnaussnismsme
sharepara = ananuLduaIuad (0 Wuguad, 1 lidusium)

UnAIUIY ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




/14

A 1 o a £ o o ¢ [ . | a
N1319N 4 mauﬂsza"nﬁaﬁauwuﬁmmﬂa%maangmmumsmumo

Kasem Bundit Engineering Journal Vol.13 No.1 January-April 2023

Cor.Mat. CHOICE COST TIME WATIME SHARE
CHOICE 1 -0.04564 -0.06873 -0.06741 -0.07822
COST -0.04564 1 -0.28014 0.27435 0.04135
TIME -0.06873 -0.28014 1 -0.22459 -0.06987
WATIME -0.06741 0.27435 -0.22459 1 0.08721
SHARE -0.07822 0.04135 -0.06987 0.08721 1
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ASCBUS -0.50257*** 0.0096 -2.59
ASCTAXI -0.27119*** 0.0001 -3.89
ASCPARA -0.71490*** 0.0000 -6.01
SHAREPARA -0.40741* 0.0003 -3.61
Log likelihood function -4304.57285

R-squared 0.0502

Chi-squared [ DF = 4] 454.96500

Number of Observation = 2862
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