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Abstract
From a statistical study on the number of road traffic deaths in Bangkok over the past eleven years, there was no significant

reduction in the mortality rate even during the outbreak of coronavirus disease in 2019 that has significantly reduced mobility. The
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purpose of this study is to analyze the factors and influencing factors of road traffic deaths in Bangkok. The study was divided into

two periods: the period before and after the outbreak and the study data was based on road traffic deaths from the Ministry of Public

Health's integrated road accident mortality data system. Important research tools include statistical analysis, relationship and multiple

regression analysis, and hypothesis testing. From the study, we found that even during the period of strict control measures for the

epidemic diseases, the mobility in Bangkok tends to be obvious downward trend. Pattern and number of road traffic deaths failed to

find a significant difference in mean compared to the pre-epidemic period. Demographic, spatial, and environmental factors still

clearly dominate the number of road traffic deaths.

Keywords: Road crashes, Road traffic deaths, Coronavirus outbreak, Bangkok
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Abstract

This research aims to investigate dicofol removal by peroxidase extracted from cauliflower stem. The factors affecting
dicofol removal such as concentration of the enzyme, dicofol concentration, pH value of the solution, temperature and
concentration of hydrogen peroxide were tested. The results showed that changing in the enzyme concentration, the
concentration of dicofol, the pH value of the solution, the temperature and the concentration of hydrogen peroxide affected
the efficiency of dicofol removal. The optimum condition for removal in this study was peroxidase concentration 0.126
U/mL, dicofol 1 mg/L, the pH of the solution at 7, 30 °Cand 1 mM hydrogen peroxide. The efficiency of dicofol removal

was 94% at 6 h. The above results were used to calculate the amount of dicofol removed per unit of peroxidase and found
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that 1 unit of peroxidase was able to remove 0.104 mg of dicofol. Therefore, it can be concluded that peroxidase is effective

in removing dicofol and the results of this study can be used as a fundamental data for further application.

Keywords: Peroxidase, Dicofol, Cauliflower Stem, Hydrogen Peroxide, Enzyme
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Abstract

This research is to study the influence of parameters on surface roughness from milling process of wood-plastic
composites (WPCs) applying [-Optimal experimental design. Three factors in this study were speed (200, 480, and 720
rpm), feed rate (200, 480, and 720 mm/min), and depth of cut (3, 5, and 7 mm). The WPC specimens were mixed and
compressed by twin screw extruder and hot-press, respectively. In addition, the experimental results were analyzed by
Analysis of Variance (ANOVA) and optimized using Response Surface Methodology (RSM). The results can be
summarized that increased speed resulted in a decrease in surface roughness, which the speed increased from 480 to 720
rpm, causing the surface roughness to be slightly increased. Moreover, it found that the decreased feed and depth of cut
resulted in a decrease in surface roughness. The optimum parameter for side and face milling of WPCs was 720 rpm speed,

200 mm/min feed, and 3 mm depth of cut with a surface roughness condition generates of 2.580 um and 2.790 pm with

desirability score of 92.33% and 93.93%, respectively.

Keywords: Milling, Composite Materials, Surface Roughness, I-Optimal Design, Response Surface Methodology
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a o E) k2 ' .
asueaNuAuLs Tudeyald uonainil A1 Coefficients

of Variation (C.V.) ¥94A1AINUFVIEAIAIT LA 1Ay
Und liaasTiariinudesas 10 u5e0 10% Tag CV
Wi Msasaviaauiavesigaiinnuniud g uaz

ansaldiutdoyalumsadnguuumsiiass’ld [12]

M13197 2 mﬁaammimﬁmaamuu"la-aawﬁma uasmimﬁwmmm;mﬁzﬁa (Ra) GlumﬁfTﬂﬁ’m%ﬁmawﬁjwm

WPCs

Run Factors Surface Roughness (Ra)

Speed Feed Rate Depth of Cut  Side Milling Face Milling

(rpm) (mm/min) (mm) (nm) (nm)
1 220 200 3 3.049 3.710
2 480 400 7 3.123 3.772
3 480 300 3 2.952 3.122
4 480 200 3 2.831 3.104
5 720 200 5 2.747 2.789
6 220 300 5 3.152 4.060
7 220 200 5 3.138 3.830
8 720 300 3 2.723 2.934
9 480 400 3 3.012 3.606
10 720 400 7 3.057 3.195
11 220 300 3 3.074 4.040
12 720 400 5 2.893 3.107
13 220 400 3 3.162 3.811
14 480 300 7 3.087 3.594
15 480 300 5 3.039 3.495
16 480 200 7 2.893 3.389
17 220 400 5 3.212 3.927
18 480 200 5 2.849 3.242
19 720 300 5 2.771 3.045
20 720 300 7 2.828 3.100
21 720 200 7 2.791 2.931
22 720 400 3 2.922 3.082
23 220 200 7 3.268 4.000
24 220 400 7 3.273 4.120
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ANVUNFDDDULASHANNNDLNGS [12],[13]
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a d o aaa
4.3 fn‘i'J!ﬂ‘i13‘ﬁg‘l]!!‘]J‘]Jﬂ1ﬁi’)ﬂﬂ1i€lﬂi’li’)ﬂ‘ﬂ1\‘iﬁﬂﬂﬁ
mmzammmmmgmizﬁa
a L4 o aa
fﬂi’J!,ﬂi1$‘I’TqﬁjﬂLLUUﬂWaﬂQﬂﬁﬂﬂﬂﬂﬂﬂNﬁﬂ@]"UEN
o Y 9 v v Y 2
NITNAATUUVIULACATUH UIUDY WPCs LAAIAINITINN 3
' L2 A Y 2 YR ) X
WU Adj-R MnMInagevialndinesnual R” &9
S| A o Y < ' °
Lﬂuﬂ?iﬂ‘uﬂuWﬁﬂ?iﬂﬂﬁ@ﬂiﬁlﬁuﬂ? gﬂuuumammi
4y & & "
ﬂﬂﬂ@ﬂﬂllﬂlﬂugﬂlLU'UWLWMTgﬁiJ FINUI1 R*UDINTT

v 9

Fadud1aazauniIves WPCs UAUNINY 0.9088
R A 9 '
uaz 0.9507 ¥adiarge awnsoaglliai amnuugusy
Aalmansznuanfaseniivua Ao AN A3
Tou vazszezdoudn FaUA1 90.88% 1Ay 95.07%
o w 1 =) I o
ATUBIAY TIUDN 9.12% uae 4.93% 11 uNav1nifave
d' d‘ T Y 1 =y [ 1 . 2
oua 2 hignsoniugu 1@ iruRerdun Adj-R* ves
MIAAMUTIaLMUNTNIVEI WPCs AUNAL 0.8766
(87.66%) 1Az 0.9333 (93.33%) H3A1INNIIAT Pred-R>
< 2 A 1 @
AN ey FINAUNINY 0.8199 (81.99%) t1ag 0.9032
Y < T o 9 =
(90.32%) naaaliiudn S1uudeyalunisnaasll
¥
AN EINDABNITNAADY UBNIIAT WU A1 C.V.
YOININUYFYILAD UAUNINY 3.39% 1ag 3.13%
o 2 g VoA F) ° 9 '
muday suiluainaeudadwaziosnii 10% agil

18711 m3asiaauiidvesiagiinnuuiudiga [13]

y a ¢ o
ﬂ"li'lﬂﬁ 3 N’dﬂﬁ’JLﬂi'lgﬁgﬂlm’lji]'mﬂﬂﬂﬁﬂﬂﬂ@ﬂ

Sources Side Milling  Face Milling
Std. Dev. 0.5780 0.1083

Mean 2.99 3.46

CV.% 3.39 3.13

R’ 0.9088 0.9507
Adj-R’ 0.8766 0.9333
Pred-R’ 0.8199 0.9032

a J
4.4 mywanzvinnuudsUsivnazaumsansssvesm

ANNVFVIZAI

A

3 a Y 9 1
iWensdvaeuaNuiuilnavesdeya uainumn

9 =

1) Y =} A A R o 9 o
6U’t‘)ll.“ﬁ‘lflVlﬁf’]llﬂ2]111!,‘1N‘EN“I/‘If’)l!,?ﬂg‘u1L"])”t‘)ﬂf’) WUIVDYANIN

M3 1A AN 51591 (ANOVA) veaiadarive
asnaeuNTeteimmsanyniulinadonnuviuse
Amse i Taefmuaszauiodnnyh 0.05 (P < 0.05)
= a <Y .

FILTAINANITIUATIEHA20 1U511NTY Design-Expert
(Version 8) LAAIAIAI5199 4 Az SWUI1 AN

v
VFUTEAINANTZUIUNTAANY 2 ATZUIUNT N1l

U

uuuS ez fio sUuuusiane 26 azifuldh
gﬂ;muﬁ’mm&uﬁmﬁaﬁwﬁﬂgﬁ’aﬂniw 0.05 FaTien
P<0.0001 uaz P=0.0003 ey d3118a1 Tadewan
Usznoudis aAnuiEiseu sastlou uazszeziloudn i
WARBAIANINYFYTTANI0I NN ad 1Ay (P<0.05)
wena1nil vnaunisaanesluudazdefovesnts
naasuiieszynansznudnimsvesilass Tasnsifioy
mdulszansveatass azidin 1§ mdulszantues
ANUSITOU (A) ﬁﬂ'mmﬁqmﬁmﬁﬂuﬁuﬁﬁuﬂsﬁm%
vo98ns1fou (B)uazsvozilouan (C) a3ulai
A lumsdaiinansznu Tasassdennuvuse

A7 [141,[15] Faa1u15 000 oS uaun15011 Coded

Equation l@@aaums (1) uag (2)

Ra (Side Milling) = 2.99 + 0.1807A(1) - 0.0101A(2) -
0.0733B(1) - 0.0081B(2) - 0.0578C(1) - 0.0119C(2) +
0.0537A(1)B(1) - 0.0481A(2)B(1) - 0.0126A(1)B(2) +
0.0567A2)B(2) - 0.0219A(1)C(1) +0.0096AR)C(D) + (D)
0.0056A(1)C(2) + 0.0048A(2)C(2) - 0.0011B(1)C(1) -

0.013B(2)C(1) +0.0063B(1)C(2) + 0.0144B(2)C(2)

Ra (Face Milling) = 3.48 + 0.5050A(1) - 0.0234A(2)-
0.1691B(1) +0.0485B(2) - 0.1231C(1) - 0.0044C(2) +
0.0323A(1)B(1) - 0.0410A(2)B(1) +0.1191A(1)B(2) -
0.0999A(2)B(2) - 0.0067A(1)C(1) - 0.0546A(2)C(1) - @
0.0400A(1)C(2) +0.0522A(2)C(2) +0.0149B(1)C(1) -

0.0386B(2)C(1) - 0.0180B(1)C(2) +0.0108B(2)C(2)
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Y a 4 ° o
5199 4 Msaazranulslsu (ANOVA) "U'ﬂ\?!L‘U‘]J%']a'ENﬂ'liﬂﬂﬂ@fJEMﬂﬂﬁﬂﬂﬁ}'lu"ﬁ}']\?"llﬁ)\? WPCs

Source Sum of Squares df Mean Square F-value p-value

Model 0.6351 18 0.0353 26.64 <0.0001*  significant
A-Speed 0.4560 2 0.2280 146.30 <0.0001*

B-Feed 0.0960 0.0480 30.81 0.0005*

C-Depth 0.0609 2 0.0304 19.53 0.0061%*

AB 0.0437 4 0.0109 7.01 0.0278*

AC 0.0031 4 0.0008 0.4958 0.7418

BC 0.0024 4 0.0006 0.3822 0.8138

Residual 0.0307 5 0.0018

Cor Total 0.6429 23

o

WINEIHA: * A1 P-value HooN11 0.05 HU18Da AT

odn

7y

Y a J o o
51990 5 Msanszranulslsu (ANOVA) "'ll'l’N!L‘]J‘]J%1?31'?)\1ﬂ'liﬂﬂﬂ@ﬂ%]ﬂﬂWiﬂﬂﬁWUWfﬁ‘U@ﬁ WPCs

Source Sum of Squares df Mean Square F-value p-value

Model 4.02 18 0.2231 42.51 0.0003* significant
A-Speed 3.52 2 1.76 335.96 <0.0001*

B-Feed 0.2812 2 0.1406 26.82 0.0021*

C-depth 0.2362 2 0.1181 22.53 0.0032*

AB 0.1338 4 0.0335 6.38 0.0335%*

AC 0.0281 4 0.0070 1.34 0.3707

BC 0.0112 4 0.0028 0.5321 0.7196

Residual 0.0262 5 0.0052

Cor Total 4.04 23

@

WINEIHA: * A1 P-value W01 0.05 11809 AW
L% d‘d Al &‘ a
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M319h 6 anMziinzauaesInNNUIYsEA luMIfAsuTEs MU ves WPCs

Process Speed (rpm)  Feed Rate (mm/min) Depth of Cut (mm) Prediction (Ra) Desirability (%)
Side Milling 720 200 3 2.580 92.33
Face Milling 720 200 3 2.790 93.93
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U3 WPCs [19],[20]
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Speed Feed Rate  Depth of Cut Prediction Observed (Ra) Percentage
Process

(rpm) (mm/min) (mm) (Ra) Error (%)
Side Milling 720 200 3 2.580 2.636 2.17
Face Milling 720 200 3 2.790 2.883 333
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Abstract
Public Private Partnership (PPP) has been welcomed by government around the world as an innovative infrastructure

delivery. Currently, there is a new type of PPP arrangements that is being employed in the highway sector in Thailand called PPP
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O&M Gross Cost in which the private operator is responsible for operation and maintenance of the project to meet performance
specification and will be paid for a fixed sum of money over the contract period and the public agency is responsible for land
acquisition, construction cost, and still bears the market risks such as tolled revenue risk. In PPP O&M contracts, compensation
made to the private operator will be linked to output performance. This payment mechanism is called “availability payment.”
Under this payment mechanism, the actual compensation will be adjusted by performance deduction to be calculated in each
period if the private operator fails to meet performance specifications of the contract. This article is to present risk analysis
framework using Monte Carlo simulation of key stakeholders in PPP O&M contracts, namely, public agency, private operator,
and lenders. The proposed framework is then applied to a case study project named Motorway#6 (Bang Pa-In to Nakhon
Ratchasima). Based on the application of the proposed financial risk analysis framework, this study found that the financial risk
of the public agency was high. However, the public agency must include economic benefits into the evaluation since financial
NPV is only part of the whole public project evaluation. As for private operator, the financial risk is relatively high as well. This
is mainly due to the low bid price of the private operator. Finally, lender’s risk of the default of the loan, measured using DSCR,

was quite low since the mean of the DSCR was greater than 1 over the course of the term loan.

Keywords: Risk analysis, PPP, O&M contract, Availability payment, Stakeholders, Motorway
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_ ot=Tc+To +(365 XAADTyXTR)+PAr—OMP;
Yp = XiE] : ) @
(1+rp)

Tag Yp = yaa1a91ugnFn1ansau (Financial NPV)
Y95 g1i1v031nTan1T; I, =13 UaINUVEIT I 1v04
Tasems 1uili ¢ CR, = Ruaivayusarlsiieluns
GG ERRERIEEAIRY (System construction repayment) 1/ 171 t;
ACQ, = Aleswlumssanssuansnauluili ¢ AADT,
—BanmsmaaeTuveslasams lili ¢ OMP, =
AMOUUNUUDUDNFUIINNITAUHUITU (Operation &
maintenance payment)ﬂﬁ t; PA, = Msdivaamaouuny
(Payment adjustment) il ¢ TR, = SAnAruManaY
Ao 1iild ¢ 7, = 8A31ARAAYE4 1ATINTVBITT (Public
project discount rate); T'c = szeznalumsneadrshanue
Q)); To = szezrnalumsaniivaiu @)
3.2.8MUUNMIMIRUYBARNTUAIAUIMS (Private

operator)

AMVUNIINTITUVDUBNFUR IR UT NS (Private
operator) A5 A eAIFITLS Iddaauns i 2)

—Ct—F¢+(CR¢+OMP¢—PA¢)

—OM¢—DS¢—Taxy (2)
(1+rp)t

YO — gfIc+To

108 Y, = HAADULNUNNMIRUYOUNFUR 1T LT M3
(Private operator); C = uUaanuvauenyy 1wl ¢; F, =
arlgi1elunisvanitunuuazlszduvesonyu

sz 2% vosuasuauszu) Wil ¢; CR, = Ry

aduayualditelunisnead1eauseuy (System
construction repayment)ﬂ‘ﬁ t; OM P, = M0 UunuINmMsg
AU ¢; PA, = MsdSuaanianouny (Payment
adjustment) 1uil# ¢; 0M, = A lF9elumsauiinanuuas
1395 nu1udlA ¢; DS, = JusrvAwdug (Debt service)
il t; Tax, = nE910 1WlA ¢; 7, =oas1Aaaa Hie
DATIHAADVLNUVDABNFY
4 a Va Y
3.3.4nNMIM AUV IRIUT (Lenders)
dmsvanumstuimivayutudinuensug
Y

T3 ms Tumsdnitiaen1¥a1 Debt service coverage

. IS 4 a H
ratio (DSCR) 1H uinaiainisUsziiiunnuaosvo s 19
a Y vy Y 1 [
Rug Tasszeznarlumsgdesivenszeznardygn
uazA1 DSCR Tuudazildealiesndt 1 Tasauns

DSCR naad lddsaumsi (3)
DSCR, = FCF, /DS, 3)

Tao FCF, Ao n3zudiUadAd 52 (Free cash flow)
dmsudmiluazidves Taelaumsidlu FCF, =—c, —
F, + (CR, + OMP, — PA,) — OM,; DS, #i® nin@oq
rszaulialn ¢ Tasdnna ldasaumsn @)

_ TDX(1+TD)n]
DS =D x [(1+‘rD)”—1 )

A A o 2 a v A
Lo rp ABOATIABNIUYLIUTY (Interest rate) N AO

4 a g H
szeznalumsg @) o AsRudounavua

4. ﬂ153!?1513ﬁﬂ31ﬂ!a’ﬂﬁmﬂﬁiﬂﬁﬁﬂ1ﬁ
4.1.msszq€1’mﬂi!§m (Risk identification)

M 1455 My zianusou i (Sensitivity
analysis) °lumaazuﬁmﬂn?%mﬁﬁ1ﬁ’ﬂg TAg9INAMLUNMY
msuliate 4 Tidualstanua 4 duals 18un

o 151Nw95195 (44DT)
o  msisuaammouunu (P4)
0 szeznalumssanmsnnundeuldves
e (D1)

O szoznalumIinnegiameg (D2)
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o ml¥nelumsduinanuazihyquasnm
®  dn3nAan
o o a ~ ] A
dmfumsnansannsaigiu Usenev lidrel5um
1 v 1w ~ I~
93193 U US1na93195 43,490 AuaeTulutlusn @ludy;
1 Y o A o @ [l Y
A lgaelumsauiinnunazingasne wu 411 dwum
~ IS @ a A o [
TuTlusn fludu; sasiAnaaniesas 4 dmsuige1ves
Tnsens; oasARaANS ooaz 8.6 A5 UL L5 Ms3;
szeznan DI 48 WIM; Szeza D2 Wy 11 1
namInTzanueou luivesfgsrveslasans
1< @ A a I @
Wudwaadlugii 3 vazvesonaug 1iusmsiiluds

uaaslugin 4

Tornado Diagram ves5gid1uedlasanis

NPV (@11111)
-40,000 -35,000 -30,000 -25,000 -20,000 -15,000 -10,000

-20% 20%

-20% 20%

e

15

o A
Glealioilol

o
a3

-20% 20%
'
msdSuanmasuunu

510 3 Sensitivity Analysis Y935 gi31v091ATIN3

~ o w o A A '
1n3Ui 3 dravveafitmFesidanansznude
o Y A =
HARDUUNUYDIT T 1U09 IAT4Ns Ao 1) UTaeses
2) 9as1Anan 3) Msdsuaaaineuuny Taglinl NPV

FMFUNTATINND 24,209 U1

Tornado Diagram Yooy udl#u3ms

NPV (@11171)
1,000 500 - =500 -1,000  -1,500 -2,000
-20% 20%
O&M Costs
20% 20% -
Bnaesnes 2
20% 20% &

onsInnan

-20% | 20% v '
msdSuaamasuuny

51 4 Sensitivity Analysis voaonIUG RT3

= o w o A A '
mngﬂ‘n 4aauvofitedesnaInanssnuae

Y A 9 <3|
Na@]ﬂ‘ﬂLWI‘H"IJ?NL?JW]SHmﬁﬂiﬂ?i%?ﬂn1ﬂqﬂuﬂﬂlﬂu

@

2 e o = . o
aail D arlgarglumsdaniuaunaziingsine 2)

151195195 3) ons1AAaa 4) M3Usvaaniaeuuny
Taedian NPV dm5unsaiguminy -489 d1uum
drudldiSudifideidounilouduionyurg

1

a o a g a
Uiﬂ?iﬂﬂla}uﬂﬁi"lﬂﬂﬁﬂ TﬂﬂLﬂm“ﬂﬂ"NﬂTiNu*Ui’)\i

e

a ISP

¥ ya ' T oAy '
HIRUNWITITUIINA DSCR “lJ@QLLﬁﬁZlIT]@i‘NlJﬂ1 u

punt-

De &2

@

B8AI1 1.00 120814 Sensitivity Analysis @14 DSCR

a < o 3
voud dudiludwandlugilii s

Sensitivity Analysis VoI IAIUN
> L'
3.00
2.50 -20%
o 200 -10%
$ 150
/A 100
0.50
0 5 10 15 20 25 30
= d' o a vy
Uidsztug

31N 5 Sensitivity Analysis mmvﬂmuﬂmﬂﬂwmam

mMadua 143918 oM

o a d [y 4
4.2.m3a39uuumandinmansvesnnlsiaes
(Risk modelling)
a I'4 o Eal
aumsadiamans asoiun lFlumsnensaia
@ A Ao o v
yoeamlsiFesidingveslnsanmslueuinala Tae
5190212 8AVDIA MV UN AN TN VIR 1789
Q& w1 ¥
Fueaae 11
o a d d'
4.2.1. fmuumandinmanivedlSinansasmag
Ao Tuvealasanms
a 1] o ) a
Usuasnsiludimlsnaanalasnsananisau
[ Y = dy
194 1A5IN15U095 11909 Insams TaglumsAnyiil
ﬁl%}julﬂaﬂ1ﬂﬂﬁﬁlﬁ1ﬁﬂ§ﬁﬁEJﬂZh Geometric Brownian
motion (GBM) Tumiswennsaitlsuaasiaslueuina

v941A59M3 Tag GBM ainsa laaaaunisn (5)
dX,=uX.dt +oX.dz (5)

Taof dz =e,Vdt; &, ~

WBmaes930i 4 4 = Sasmaidu Tavesdaudsdu

N(0,1); X, vi30 AADT,=

X, 0 = mdnndeununasgiuvesdlsgu X,; de
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9
;T = uutlvesdayd; n = 91UIUATIVOA time

S 13

step WBIA T

S|

[y a d Ly
4.2.2. @muumandinmansveamsdsvaa
MABUUNUINMSIHLIMS
o ' Y a R
NMs5U5vaanIaeULNUINAIT 1HDTNITHY 1Tl ua
= 2 1 a 9
IAEITIAIHAADNITIINVYDITATINITUDY 1BNHFUH
IusmsTaendadelumsdSuanmaouunuaanand

Tuaumsi (6) [8]
PAq,t = QUTq't + QOVq't + QEDq,t 6)

Tas QUT,, fie MyluanmaeuumunInauN oY

Tvoseemsvedlasinai ¢ 17 ¢ Taoenaud 1dusms

Y oA Y 4 Y
i]ﬁﬁﬁi‘)\‘iﬂﬂuuﬂ1iﬁ1ﬂ1ﬂﬁslﬁNﬂ?ﬂllWi't‘)llsl‘]f'ﬂgﬁﬁﬂﬂnﬁ1

ansamuaalsuldaaaunsn (7)

CCPIgt
RCPI

QUT,, = (¥; Deduction),, X )

Taw ccpr,, fio Axiisndus Iaaveslasuah ¢
A A o oA Y a Y a
1 1uag RCPI A9 fri51A15U3 1nA91904
l o a U @ a [ A
arunuan lunsaanlsuan azAnein 2 1998 Ao
D 153295195 uag 2) szeznaivesnuui lundeuld
v #31dszy R udygrvewday Insens dmsy
A ' 2 g
TasamImanalaieyseNUlpIvueEay 6 Fuilu
a K o <u a o dy L a
T1A59MINTAANEIF NI VOUITEH tnaun lunsaa

Vo < y 4
alsvvadluaaaadlumsian 7 uazasai 2

d‘ a \J U | b4 v U
AITNN 1 m‘mﬂﬂ11]iuam1nmm‘1uwmu°lwemuu 4 ¥9999193

Unit: THB per Duration

Traffic Volume per Duration of Lane Closure

Direction (pcu/h) 1-15 minutes 16-30 minutes 31-45 minutes 46—-60 minutes
1,000 or less None None None None
1,500 4,400 17,200 38,600 68,500
2,000 15,700 62,600 140,800 250,300
2,500 36,500 145,700 327,800 582,700
3,000 84,000 335,800 755,300 1,342,800
Over 3,000 130,100 520,300 1,170,700 2,081,100

d' a \ u L4 v \
A1319N 2 miﬂﬂmﬂsuaﬂmnmm"luwmﬂwamuu 6 9999193

Unit: THB per Duration

Traffic Volume per Duration of Lane Closure
Direction (pcu/h) 1-15 minutes 16-30 minutes 31-45 minutes 46—60 minutes

2,000 or less None None None None
2,500 900 3,100 6,900 12,100
3,000 5,700 22,200 49,900 88,500
3,500 12,600 50,400 113,300 201,300
4,000 23,700 94,700 212,800 378,200
Over 4,000 82,600 329,300 742,000 1,319,200
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a9 QOV,, Ain M3UTuaaA 1Mo uINUIINNIS
o A o o Ay g s o
antiuauaziigssnun ludulnasinsmualu
doynn TaemslSuanA1noUUNUILAAIINAZIUUYT D
Y o . . = av Qy ya
uAuMIUT VAR (Demerit Point) F391u3toll ldna1sanms
Ysvaammouumun 2 Tadeds 1) msneguiamg lu
NN LA 2) ANWIE BUVBIRINUY
4 a ) [ [
Tagnaan lunisaaazuuudiiunisdivaa
9
AADVUNUUDINIA0IT T8 dmTuTATINITNIaIna
WiAysznIulorunemy 6 MIdiuaanmouLNUIIN
o A o o AN g 7o o
msauiuauuazaig e ludu linasinsvua

Y. , .
Fudaaaalumsian 3 tazmaan 4

3197 3 M3nanzurud I umsdivaamaeuuny

nMsNBRDRmg M

Description Indicator Demerit Point
=95 % to <100 % of
Incident Response
incident cases 0
Time, Including
290 % to <95 % of
on-site Traffic
incident cases 50
Management,
=85 %to <90 % of
within 30 minutes
incident cases 100
in general cases
<85 % of incident casey 150

M3131 4 MsnanzsuusnsSumsdSuaamneuuny

‘inﬂiﬂﬁﬂ!!ﬂ%ﬂ‘hﬂﬂ'JH»I!%EJTJEII?Na'Jﬂ‘H‘H

Demerit
Description Indicator Point
Roughness of Concrete Maintained 400 per 1

Pavement, Average |condition Average | lane - 1,000

IRIin any 1,000 m. | IRI <3.5 m/km. m.

v
nniu aznuudmsumsidivasmneuunuluua
aznsain lana1nun szgnihndiuiuailiuands

waaaluaumsn (8)

QOV,, = (5;VDPs),, x 0.002% x OMLP,,(8)

Ta8 QOV, , =M3lTvanmeLINUINMIA T
wazthgasned i el lasinad ¢ 917 «
Y.VDP, = HATINURIAZUUUT M UMIUT VaA (Violation
Demerit Points) T lnsanad q?_]‘ﬁ t; OMLP, , = Aaeuumy
mﬂmsﬁuﬁmmu’azﬂﬁﬁ'ﬂyﬂu'lmmﬁﬁ it

d15uIasamInenasiiey sy Naiiosnaneay
6 aznuudmiumsiunaamysuniu vzgnana 1l
1A 5,000 AZUUUAD lasIE TABAZUUUEININUIL
indadmsumstSuannmeuunululasinadaly

a5y QED,, Ao mslivaafineuunuey
iioavinazuuudiuiun lasuadeuniila

?ﬂiﬂﬁﬂﬁ?u’)ﬂ!fnﬁﬂ%ﬂﬁﬂﬁW]ﬂULmuqﬁ}ﬁ\iﬁNﬂﬁﬁ 9)
QED,, = EDPs x 0.002% x OMLP,,  (9)

[} a ! 9/
Tag EDPs = azunudiuiuain lasmaneunih
(Excess Demerit Points); OMLP,, = ANOVLUNUIINAIG
o o o v 4 ad
autiununazihgesnelulasinai ¢ 90 ¢
LY a < QY
4.2.3.Muumendiamanivesmlaoialums
AUHUNUUZIINFITIE (OM costs)
2
MIAWIUNULAZINFITNITUAINAADMTAUVDY
9q Y a a1 g9
Tasamsveuensud Inusnms Tasnarlda1elums
Y
autuaunazingadnevvegnulsuinesiaslu

Tasams (AADTY) ﬁ'nJ'ﬁﬂﬁﬂUlﬁ}ﬁ\iﬁNﬂ'ﬁﬁ (10)

Tas OM, = m19elumsduiivaunazaigeine
T3l « FC, = sldaelumsdutivaunazihgesnm
A9f (Fixed cost) 1uili £ Ve, = A114518Tuns
Autiuaunazngas e sAY (Variable cost) Tl &
AADT, =13 u1mv35195naede Tuluilil » AC, =

A lFaoinAY (Added cost) Tunsaintimsdoutigan

nm v o = a A
lildnasinasguanuiouvesianaluila
4.2.4.90510AaA (Discount rate)

9
fJ@lﬁﬂﬂﬂﬂﬁﬁ/ﬁUi‘ﬁlﬂyﬁlﬂxﬂﬂﬂﬂﬁuu WAITUIIN

@9

SasUEIAs UIAIZoze So0ay 4.00 dIUSATINAAA
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Y
ﬂJﬂﬂLﬂﬂ%uﬁiﬁ}Uiﬂﬁuu NITUININNTAUHAND VLN
v R & o A (o v 1Y) a
gugaveesy sutlusamiSuimunzaudiuanu@es
YDIAUNUITUN Y (Risk adjusted cost of capital) 31989910
Final Repot — Strategic Intercity Motorway Network Project —
TA7483 99111 T8N TUNI9HAILALTUIATNAIU D18
(Asian Development Bank: ADB) mnuiesas 8.60 Avl
a d d' ya Y YA (Y] A
4.3.miamiwﬁmmmmﬁumgumu"lﬂsaﬂﬁaniﬂmﬁ
Monte Carlo simulation
as o a o 9 [ U 1
AENITIa0INoUANTT lalEuanmMIveImsgual

=t

T < { o o
vinmsuanuasanuiziuignivuavesduls
GEN (Probabilistic variables) e lddmsunsszanm

' o oA L g 4 % o o
awasaun)sguinilull 1 Fuilunielonilsdmsy
MINATIZHANNTEUFT U1 (Quantitative risk
. Y a Y 1 1 3‘,
analysis) 1agn15 19819 a0 inmsgumaniuluns
° VA g Y y
il 1dvesdul sidesaw [9]
as o a o I
IBMITI0INOUANTS JaeuITaLEAUT WINUAIN

Idaaanalugiii 6

Deterministic
a,b,c

Variables

» Model »

Probabilistic Distribution

Variables of result

a o a J
E‘lh’l 6 LHUNWATTIADIUOUANS 1a

v Y H

mngﬂ‘ﬁ 6 ArvoIalIdu (Input variables) NN
3 o
1311101 Deterministic 4@ Probabilistic 150151 1114
a 4 @ A @ @ 4
AATIEHMIAIY 510 H30 AusNadns (Output

A o ' v Ia o

variables) NUM3nTzedvoImmasnindlu 1 1d

Y

R
5. mamimamsnsmﬂnm

i
5.1.%'asgnﬁugmmaﬂmamsﬂNwmaﬁmyﬂmmnﬁu 6

(M6)

TAsamInaraNNAEsay 6 Usznoudisanenia
VUIA 4-6 FDIDT19T IALHYUIA 6 FOIVTIVT TZIZNN 86.5
A lawAs LAZYUIA 4 TOIITIVT T2OZN 109.5 0 laINAT
uaza eSS inuesasgegald 2200 Audeves

505ADTU

szeznavedlnsamsvsznoulidne 1) szezna
Tumsneadaaulaseadie 41 2) szeznarlums
] Y =Y v Y
noad sz 39 nag 3) szezna1 10 nWUE
Ifusmsdmsumssutiuauuazaigeineg 30 1
doyandiAgneaiumssunndninaulszuw
=2 Yo dy
HAzIBNUMIANEIveINTUN A a3l Taaail
{Aa
- A9ANTTHANTNAUYTZI 6,630 UM
- neadanu Tes1)szans 66,269 11
- Juasnudmsumsnead wauszuulszua
7,187 1M
- 293ulszyadmsuaI9e 0&M Uszam 21,308
A (yannlagiiv)

- Jugnnaniumstu AauuauuAgIuUeIYyan

a Y X

Ruiasaiilwesiuasudmiuneadsauszy
5.2 fhuuumangiacmansvesiulsdasvedlnsams
o a A o @

NndvUNadamaasniuausluiive 4.2
118235 Monte Carlo simulation 1a81% MATLAB @130
uaasmamIneInsaiganlndesidrdyueslasans

e vo 2
AstIAny Ideail

d
5.2.1.m3nennsaifSnaasiasveslnsams
¥

el ladnsdoyalsumeivs Tagldszun

o o A
NAM 1182 SAM [10] dn5uniswernsaimiunuy
Deterministic AtaaalugUi 7 uaz1¥aun1s Stochastic
process 158091 Geometric Brownian motion (GBM)

o ' Ay ¥ J A Y
Gl’JE]fJN"’UE]\'INa‘ﬂ”lﬂﬁﬂﬂﬂWiWﬂ1ﬂiﬂ!ﬂ'§lﬂmﬁ]31fﬂiiﬂﬂ%§

MATLAB iuduanaslugili s

12 X104

—
>

%

395195 AW/ IN)

>

5 10 15 20 2'5 30
Ywsamsauiivau 1n)

310 7 nsmluaaaSnansesTuewandie3s NaM

1ag SAM
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2.5 X10°
= 20
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%€ 15
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S 1.0 g v
& X 2
5 - >y g
ﬂp"“ 0.5 =3 o

0
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Hvoamsauiinvanu @)

@

d' 1 Jd A d' 1 [
3‘1]7]8 Yed1emsnensaldSinaesesmasaeiulu

DUINA T1UIU 10 AT (10 simulated paths)

YSaesegmasaeiui ldannsnernse luua
v '
azthivavih lUwnsanduadulsou o ae'ly wu
v < 1 ] [
s1eldnnmsdanuaiiume avielums o&M tag
1 1 1< Y
m3ylsvaamaouunu uau
d a wAa
5.2.2.M3NNNSUMSINARUAIMAVIIIATINS
av dy ya 4 wa 1 aa
uAveil lananedgiania lulasanmsonaiana
mstiagiaialunianaresnaldsznalnesuau 90
v
#18M19 N5 ou11319 Envelope Method [11] d11151n15
a o 1< va o
Aanszianilulyldvegiiamg Tasuvusiaes

Qs

0w ¢ wa o y
FIHITUNMTWIINTUQUALG) Qllﬁﬂﬂ1ugﬂﬁ9

8
N

7 \
= 5 6 S Max
gE Rl 5 \\\
e 4 N
& = RN
€ 3 3 NS
g :
= 2 2 Most Likely
~? E 1
e = .
R Min x10*

0 2 4 6 8 10 12 14 16
PBnaesias @wiw

3UM 9 nsmluaasdasimsinagliamadolsnuees

a o a A Y
ﬂ']ﬂg‘].lﬂ 9 ﬁ']iJ']ﬁﬂWﬂ1ﬂ5m@§l31ﬂ']3lﬂﬂf)‘ﬂ@1!1’iiﬂvlﬂ

dred1ury auydlTuiusseslueuinasgi 60,000

9 '
Audeiu aziund1dasmanagiagzil “a1n
9

uladunfiga” (Most Likely) 13zanas 1.8 afsaeil

aon lawasaelsuaasns 1 uauau uave lilesnn

Y =

v ]
AMUDINGA (Min) 0 A3 uaz"lmnummﬂﬁqm (Max)
9
6.5 A3
d (%) F Y
5.2.3.MSNENNITAUIZEZNMIIAMIANNNIoN]F

VoITENIIVBIIATINS

=t

1neaTMaRagiavaina 1w e lanadwsuda
rdosmhmInensaiszeznalumssanisanunion
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tanmsnnundenlduesaioni vindoyaadaves
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ao Ayw % Y 2 wa
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x10”

0 10 20 30 40 50 60
=1 Ay =4
szﬂznﬂﬂunlm’hmuﬂLﬁﬂ D2 (¥1)

s asmluaasnudvesszozna lumsas

guame Tuaenig

dlensuAmmeInssivesszuzIa1vesnITina
Qﬁﬁmmwiazﬂ%mé’aﬁu ArrannsaniaIngIuY
dnsuldlumsdnnumsdSuaasmouunuld Tag
19msefi 3 Usznoumsduon

5.2.5.Msngnsaidriinuvzsznnavesia

93193 (IRI)

el Idhdeyadunisnensalaninaiy
YJUTLYOIANIDITIVT IAUATUAIINYFUTEAING
(International Roughness Index, IRT) Tagldvannisuod

o [l J I
uUU31a03gn Isu15ADN (Markov chains) Taatiluns

a J Y o | :ﬁl a o
’JLﬂ'i"IZﬂﬂJE]ll“aﬂilﬂUULﬂuWU§1u1uﬂ1i’]Lﬂ51$ﬁ

A a ds! a ' A o
IHANITUNISINAVULASUAIINADIUDINUY TINTTD

B%UWﬂLﬂHLLNuﬂWWqﬁ,ﬁiiﬂﬁ 12

L1}

P13

00
VARVARV

ﬂﬁ 12 !,qumwm_lllil”IﬁENﬂﬂT%iJﬁﬂElW (Markov

Chains)

1103 12 Usznevulidre 1) an1uz (State) v03A7
A a ' 2
wilshaulafeanIniie19s uay 2) Anuueilu
' 3 A
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Abstract

This paper proposes a new estimation method of the inverse sine function transformation. By taking the
approximation of the hyperbolic tangent function, the inverse hyperbolic tangent function and mathematic manipulation
determine the appropriate signal gains with the numerical computer program. The inverse sine function comes with small
errors and high accuracy when compared to the previous methods. The proposed inverse sine function circuit is synthesized
from an operational transconductance amplifier (OTA) with a bipolar transistor differential-pair front end circuit and the
appropriate configuration of the input signal and bias current. With an inverting summing amplifier circuit, it amplifies the
signal according to the specified gain. The proposed circuit is compact. It consists of two amplifier circuits (Op-Amp) and
two conductivity amplifiers (OTA) with some resisters. The results of a circuit simulator show the error of approximately

1.2 degrees and a Root Mean Square Error (RMSE) of the weighted frequency component 0.8%.

Keywords: Inverse sine function circuit, Operation transconductance amplifier, Hyperbolic tangent circuit, Numerical approximation
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Abstract
This paper presents the improvement method of operations for the case-studied assembly station to increase the

production rate per shift, reduce the risk form working methods, and reduce the part supplying workloads. The improvement

process follows the procedure of the PDCA cycle. Employees from relevant departments participated in the study via the

use of the Cross-Functional Team (CFT) approach. The existing data indicated that the assembly station was a bottleneck
causing the production rate of the assembly line to be less than the target of 1100 units per shift. The CFT and responsibility
of the team members were set to improve the situation. The study revealed that operators at the station had to pause their
assembly tasks to receive the parts from the material supply department every 24 units of the assembly operations and move
them to the pre-setting positions. This resulted in the assembly cycle time of 23.20 seconds per unit and the production rate
0f 990 units per shift. In addition, these steps were non-regular activities and were performed with body positions that could
cause a high risk of muscle aches. The work method was studied, analyzed, and an Automated Parts Handling Device
(APHD) was set as a countermeasure. The APHD was designed, built, and utilized to receive and move parts, automatically.
Implementation of the APHD has led to the cycle time reduction of the assembly station to 19.63 seconds per unit, and the
increment of productivity to 1169 units per shift (or 18.08% increment). The health risk of operators from lifting and
handling the parts has been eliminated with 50% reduction of the material supply workloads. From the results of this case
study, it can be seen that the implementation of the CFT following the steps of the PDCA approaches contributes to the
project success in meeting both the productivity target and requirements of involved parties. Furthermore, knowledge

gained from this case study can be used as a guideline for the improvement of similar circumstances.

Keywords: Assembly Station Improvement, Cross Functional Team (CFT), PDCA Cycle, Automated Parts Handling
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Abstract

The purpose of this study is to reduce the batch time the of the block ice production to be not longer than the duration
of lower electrical cost in a day, 11 hrs. Computational fluid dynamics (CFD) was used in this study. Three types of mould
were considered: conventional mold, conventional mould with a channel in its middle, conventional mould with brine
injection in the channel. The pool temperature, initial water temperature, volume of feed water and channel’s brine injection
flow rate are -10°C, 27°C, 180 liters and 80 Ipm, respectively. Comparison with the batch time of the conventional mold,
which is 44.25 hrs., the channel can be reduced the batch time to be 33.92 hrs. Moreover, the injection of brine inside the
channel can reduce batch time to be 9.87 hrs. This is due to at the middle of the mould, heat transfer surface is increased
from the channel walls and the brine injection causing the channel wall temperature is always below the water freezing

point. This leads to the ice forms from both the mould and channel walls.

Keywords: Solidification, Ice block production, Batch time reduction
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Abstract

This study was aimed at selecting the appropriate intersection alternative at the crossing of Rural Road construction project,
MH.4040, and Highway No. 12, using the Measure of Effectiveness from the traffic simulation and the analytical hierarchical process.
The study results showed that the experts gave the highest weight to traffic engineering (0.4327), the second highest weight to
environmental impact (0.2482), followed by economics (0.2191). The delay at the intersection is the secondary factor that receives
the highest weight (0.2278). It has been concluded that the second alternative, the overpass along Highway 12, is the most appropriate

alternative, receiving the score of 0.9736 or 97.36%. This alternative is outstanding in terms of traffic engineering and construction
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cost. However, there are the drawbacks in the fuel consumption and environmental impact of Alternative 2, which are worse than

those of Alternatives 3 and 4. The results of the study indicated that the Measure of Effectiveness used in the traffic model, which

included the multiplying parameters of all factors, could yield reasonable calculated outcomes. It omits the qualitative factor, reduces

complexity in surveying and calculative, and will be another alternative for selection of an intersection system in the future.

Keywords: Intersection, Traffic simulation model, Analytical Hierarchy Process (AHP)
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Abstract

The computational study has presented the 3D convective turbulent flow past a rotating isolated cylinder at a Reynolds
number of 100,000, for spin ratios growing up to 2. The rotating cylinders have plain and grooved surfaces, moreover, the
combination with end discs has been purposed in the investigation. The high Re k-g turbulent approach, including the linear
approximated form of the viscosity equation, in which the Reynolds stresses correspond to mean strain tensors, to determine
the different turbulent scales separating from the free flow. Also, the standard “log-law” near-wall function has been

suggested for the strategies of resource effectiveness to capture the fully turbulent region of the inner boundary layer. The
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finite element method has been provided to discretize unknown fluxes along with the computational domain. The

deformation mesh has facilitated the interactive flow with the arc grooves and balanced the continuity flow in each

computational element closing to the rotating walls. These predictions have been validated with available experimental

work to strengthen the competence of the turbulent approach. Also, the prediction has expanded to the higher spin ratios

from those earlier data, the trend is beneficial for further implementation and design work. These findings have clearly

indicated that the cylinder surfaces and combination parts have significantly influenced the aerodynamic force and turbulent

behavior with the spin ratios due to the distribution pattern of the boundary layer and flow domain, which has been the

most considerable discrepancy in each of these tests.

Keywords: Finite Element Method of Fluid Dynamic, Rotating Grooved and Cylinder with End Discs, Turbulent Model
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Lift Coefficient of Cylinder with End Discs

Lift Coefficient of Plain Cylinder
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Abstract
This research aimed to analyze plant layout options for the surface mount device (SMD) process. The research work

applied the concept of the three algorithms, i.e., 1. systematic layout planning (SLP), 2. computerized relationship layout
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planning (CORELAP), and 3. automated layout design program (ALDEP). A total of 12 alternative factory layouts were

created and compared in terms of the distance of moving parts per day. It was found that the factory layout type 1 by SLP

had the lowest distance for moving parts per day. When comparing the factory layout before and after the improvement, it

was found that the moving distance for the layout type 1 by SLP was reduced by 32.68%. The results from this research

showed that the SLP and ALDEP techniques ranked first and second, with an average distance of 27,747 and 29,627 meters

per day, respectively, in terms of effectiveness. The CORELAP technique seemed very inferior among all three techniques,

with an average distance of 30,864 meters per day.

Keywords: Factory Layout, SLP, CORELAP, ALDEP, Printed Circuit Board, Surface Mount Device
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Abstract

Accurately estimation of water evaporation is very difficult due to the complex relation between land, atmosphere and water
surface conditions. Therefore, many researchers have improved the Penman’s prediction equation and develop the statistically
regression model of meteorology data that giving simple and non-complex water evaporation equation. This research uses data from

the last 15 years of Nakhon Ratchasima Province consisting of the maximum and minimum temperatures, maximum and minimum
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relative humidity, wind speed, sunshine hours and evaporation values. The collected data was categorized into 6 models and then

analyzed by Multiple Linear Regression (MLR) method. The MLR analysis result shown Model 1 had the highest Coefficient of

Determination of 83.6% (4 variables, 5 years data set), which presented the water evaporation are consecutively related to wind speed,

mean temperature, sunshine hours and average relative humidity. Additionally, model’s error calculation using the Absolute Mean

Deviation (MAD), Mean Square Error (MSE) and Mean Absolute Precent Error (MAPE) were performed for inspective comparation

of the MLR models and the Simplified Penman's Equation (SPE). Ten months of most recent evaporation data were used and resulted

that MLR Model 2 (4 variables, 10 years data set) had the least errors as MAD = 0.41, MSE = 0.29, and MAPE = 7.9. Therefore, the

appropriate equation for predicting the water evaporation should consider both the errors and the Coefficient of Determination.

Keywords: Evaporation, Multiple Linear Regression, Simplified Penman's Equation, Accuracy Evaluation
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2.2.1. Forward selection

1 ~

I ax o A @ a Y o
duIsmsaamendulsoaszngaumsnazauys

£

o a { v o o o {
Tagdulsdasgnlanuduiusiudnlsmuuninga

@

vggnAadenidInou vimiuasnaeuhFndssasy
ﬁ'uﬁm15a1Jizmm@Tmﬂmm'lﬁ’afiwﬁﬁaf?wﬁag
s li Slvvzdadendulsdasedwuaou 611l
adadulsitueenluaziugud T lifidauls
daszla I luaumsldasniangamsdaidenuazie
Sraumsuduaums iz ay

2.2.2.Backward elimination

2

@

3 an A4 9 9 v =
WuIAsmsnisudualemsaseaumsusnilean

a 3’, 49! 1 Y =2 @ A @ a A
59T NIvNA YUNoULAIVIAALaRNA LY TN

v o du o Y A =
ﬂ’J']llﬁllWHfﬁﬂlJﬁ’JLLﬂ5@]1%1‘!@8‘1/]’@@@@ﬂ"lﬂﬂﬁllﬂﬁ‘ﬂ’dg

aauils wazihimsasrvaevdlsiimaeegsunu

@

usolsznadutlsanldearaiiisdnarse lu &

"W Y o A o a Aa v o Jdo
lll'hlﬂﬂgﬂﬂla@ﬂﬁ’]uﬂjf‘)ﬁﬁgwuﬂj’]uﬁuwuﬁﬂﬂﬁjuﬂj

9 o v 1 3 X A =%
@1muasﬂuammﬂmuawmmu"lﬂﬁﬂﬂ 9 i]u"liJiJ@’J

@

a = = Ay v @
uilsaaszngnAneonan ﬁiJﬂ'li‘VlvlﬂﬁnJ']ﬁﬂﬂigiﬂﬂ!ﬂ?

EY

0o o A

Y
ulsIdegneiiiedrgtehauga
2.2.3.Stepwise

L‘ﬂ UITNHEANTEHI9 Forward selection 11J Backward

@

o o a { v o Jdw
elimination 1a&M511A M50 @5LAVANUFUNRUTAVA D

= Y g ke =
useuanni g Wugumsisn NnUUnagounul

4
@ a = 1A

Wodngyneana o1 lulldedagrzionauganis

]

Aadon uasmuidednyizimsaadonauls

a q'ﬂow ¥ o

desznlidnuanuduiussesawuigauns Falums

ihdmlsdaszalmidiganmsszinsasndoud,
1 9

mlsdaszed luaumsneuniniu 1mndadiniseglu

aumswsoli drliasegazyiimsaasenneu udanos

3 = % a dld U o d o v [ Y 1
Aadendulsoasgnianudunusarduda lidg

£

Y 2 o o W o o
aumsuazar liihfeddgzgnaaeenly vziins

(=Y

4
aadonuunil llsundlulidunlsdaszlagmindms e

'
= =

o =Y o & A
ﬂﬂﬂﬂﬂﬁﬂ’ﬂﬁuq’ﬂﬂﬁﬂﬂmﬂﬂ ﬁNﬂWiﬂqﬁ/LﬂuﬁNﬂﬁ?’]

mnzeazn 19 umsilszanas

2.3 msilszRiuanuiugve Iy
MINTINADUANULULUGIVOIAUMINSEINNMI A3
o I~ [ =\
uuusiaeadnadalaglFuannislssuineuainy
HANANTEHINATINUAIMIUs TN Ieaums Faa
a A Sldy IS Ay Y A A o A A A
5anazlFiarndluain ldanmasealiains s e
v Y a =t =
doamsooafIsumevainmsszana vinliany
HANAININHIBANYIANNTN 1FszaniuTiay
w1 Ml deamananndSuudaumsaeli &
Y ¥
gty iannuamamnasuveImMlszinalivianedd 1dun

Afipauma o1y 381 (Mean Absolute Deviation, MAD)
MAD = 31,4, — Fl @

fim‘j'mmumﬁaﬁm”mm (Mean Square Error, MSE)
MSE = % t1(A — F)? (®)

' s 3 A A o s
ﬂmJaimummmmmmumaﬂﬁuyim (Mean

Absolute Percent Error, MAPE)

MAPE = *2yn  [4-f

n At

©

A
o
A
t v 1A
4, A A3 e ¢
A 1 d‘
F, Ao mlumsdszanainar ¢

Ao MTIUIUVDIIAT

S

3. 35mM5Iv8

9
awv A

n153veildsunisaiuayudeyasinaniil

g HeuINGIUATIFAN (NQUAIUBINAINEATIIN

a9

¥04) 0.010%09 foundd 151 Tua9dl w.a. 25592563

Y

A

] k4
FaaafilinTesiiomaspiumanuaud iy

pyanaggoninet laun n1niaszive moes luiines

=3

s = A A o o= ¢
LLUULL@aﬂﬂaﬂallagﬂiglﬂ1glﬂﬂﬂLﬂiﬂ\?ll?]ﬂu‘ﬂﬂ‘lﬂillﬂ

A

LELAR lﬂi@\iﬁ’ﬂﬂ’ﬂlllg’.laﬂullllﬁ'?ﬂ RELRRERL

X o o e ss a ¢
ANUBUFAUNND Llagl'ﬂﬂiiuulﬁﬂiuﬂﬂﬂjﬂﬂ Iﬂﬂﬂ1§'



Ladkrabang Engineering Journal, Vol. 39 No.4 December 2022 143

9
DIUILANUUNITIUALATI 1901 08:00-8:30 U. AIUIA

UszimatIneg naziimstiufindoya Fedoyass a5y

U

msasaeununmneudeuliiugly dmsuya

gY

) HAq = X Y ' o
doyanldlunisanuitlsznaudlen1sieuves

UNYNINIAGITA (T,,, °C) QUK YUDINIAAIGA

max?®

A o o 2 A
(T °O) ANUFUAUNNTYIFA (RH, ., %) AUFU

min? ‘max?

%) ¥ TN ELAN3 I (n, 33 1309),

Fuintaga (RH_
ANuEIaunae 24 $2Tu4 ﬁmmqq 2 1495 (u, m/s)
wagAMssEnesaiialdnnoiniamsszine e
iz@T‘uﬁﬂumﬂﬁaﬂaﬂﬂmﬂmﬁzmsl) (Em, mm)

3.1 mdamstoya

1]
=

9 a Y a [ = o
doyaaui lavinamil \Wunuusieiunaziisuou
=2 o v Y v A v o s A
wn JmslSudeyamaiiituveyasediaid e
aasuveyai i azANURuKIUYeITeyaas Tag
o Y 9 @ ' 2 A aa '
vualdveyasieiuluuaassouniludeul i
< @ 4 1 a
ponilu 4 da1 nazldnunie (average) voadoya
o ' o P - T o
eTuluudardlanimaimiuduny Suouga
] q v a ¢
doyanlFlumsnnszy
msdfunlasteyasiedu T, uag T,, Taomsiiia
1 A A Y <3 ' A A @
a2 A masie lHiuagarglmass ey (T) uaz

' X o o ¢ 4 o & o )
AU UTUNNDIRAYTIYIU (RH) L‘]Juﬂ']iu']ﬂ']ﬁllﬂlla

U

9

v v
518 TURH,, 1Az RH,, 1M1A1uaae mniuiiveya
4 o o 3 o ¢ o
nanuausunlasnnsedulidlunediland duaas
o 1 o { & o
dredetoyalumsian 2 Taoddanin 1-3 iWumsi
AoyAVDITUN 1-7, 8-14 LAY15-21 VBILADLLADUNIN
' A o w1 o I J o ¥ o A
Amagama Ry daudlanin 4 dumaiioyaiun 22—
o 9 A a o YN Yo v
Tugatisveuaoununde il 1dswaudoya 43

o S A ° P y 2
dilamiael] niesmTIUgATEYANITUIFA 720 %A

A o 19 o s A
ANINN 2 Gl’)ﬂEJN"UﬂyaﬁﬂﬁﬂﬂWﬁmﬂuNﬂi'}ﬂN 2563

Month-Weekly Jan-1 | Jan-2 | Jan-3 | Jan-4
T (°C) 203 | 206 | 196 | 19.7
T, (°C) 320 | 33.6 | 335 | 329

H,;, (%) 39.0 | 370 | 344 | 370
max (%0) 78.1 71.3 84.6 | 858
n (Gfs’ﬂm) 8.1 7.5 76 | 8.0

A o 1y o 7 A .
MINN 2 ﬁ?@ﬂ?ﬂﬂl@yjﬁﬁﬂﬁﬂﬂ?ﬂlﬂE]uuﬂﬁﬂll 2563 (§19)

Month-Weekly Jan-1 | Jan-2 | Jan-3 | Jan-4

u (m./s) 2.9 2.1 1.7 2.4

Em (mm./day) 6.6 5.7 6.0 6.9

9 A a Aq ¥ A 1o
YoyagaionInernlylumsdsziiuanuuiud

°

voauuuiiaes ¢ l¥veyagaionInorieiulunday

U
<

<Y asy 1 = ~ 1
S ulsuiludeyasredanidreitmaunasawing
i19au Tagvrz lddoyaszninudonuunsinu-aou
aAn1AN 2564 (57U 10 199U 13D 40 ﬁﬂﬂm) Lummﬂ
Y

2 ' @ A o Aw a & o
Yudoyaargavesifogiiuniiniside Aadludiuiu

o—

9y 2

¥y v
YAUVDYANIAUGIFA 40 YA

3.2 mydnnzrideyadaed’s MLR
uituiinanesadauuu$ias MLR wareuuy
uananuawS A mlsBasziazsIudoyan
szoznafeunds Feauuigiudieadananeniny
gnAvIveIMsUszanansszine il nusrandtld
Foyanegaiieninoignudauuseduaiug

310U 4 duals 18uA T, RH, n, 1ag u tazuyUsasdi

1% 6 dauals 1dun T, T, RH_ RH_

min® ~ max?® min®

KL HAT u
uaﬂfnmﬁs]”m,m'aﬂq'msﬂmﬁmaumayaaauwﬁaﬁm%n
mMsadrauuusianaais q 1w 15, 10,uaz 53 14
LTI IMINIIN 6 HUUTIABIANAIIT 3 1Az
Fulsawildlumsadranuusiansio Em lugas

=3 1 I [ Jd 9 1 @
nawdgInuazgaulauiusesdlaiuauruny

M1 3 aglsuunnusiaesnelddeiimuania o

Nuaumlsdasy il
wwusaesiii | megafimdnen | Hounda @)
adls [eemls| 5 | 10| 15
1 v v
5 v v
3 v v
4 v v
5 v v
6 v v




144

v '
= v A %

AIETANANTZLI UN 39 RUVN 4 FUNAN 2565

FoN3 N 11T UNINATIZH MLR Ao Tl5unsu
.. ya v A o a .
Minitab Iag 1535 mMsAa@ona o aseuuy Stepwise
4 v & a o 3
ol Idmadns anmsiasizvve Jsunsudluaums

9 9
UsINUMITUMVOUAALUVLTIADING 6 WA U

3.3 msdszdiuanuuuud

[l
=

a oo A ° Ao
ﬂ15“]Jis‘ﬁlﬂJ‘L!LliluEJHWEJ‘HMLUU%1@EN1/IQVIQ’Q

a

A ] A vy a
(narandeuiiesiga) vz lddoyagaiioning1siy
o s &4 o A "o 4
dlaiunenidinlsdaszuazaidindsaiy tie
AUIAUAYTENIUMTTUNIVDIFNNTULUTIA09INA 6
auns uazvedauni1s SPE. Junmsidsziiuaiawil

] Ed
MAD, MSE, 1182 MAPE (a4@un159 (7)—(9)) 3101 U
MunfSeumsusuaunasmsszienialdainoiaia
1 = @ I 1 a
M358 (Em) Tuaanandednuiluainmssimesss

(4) Tumsmuumartiaigg

4. @#aMINAaoy
] I T Y [
Wan1snaaedLUsoamy 2 diu llmm WAaNI1T
a L4 a o @ 1 @
ARsIgvLarMsUssiuanuaunu s uls
P '
aATENUMILYTANVDILVUTI009NT 6 LUY wazdIui

A = a A 4
2 o wamsifSeuieulseansnamstszuimains

]
@

Y
FLINYTTHINUBIANMIN 1F1nAI5ITeUAVaNAIT
SPE 1aZA1IN155LIHETINIAINDIANADI1N HaNT
NARDIAIUN 1 1INMIAATIEH A3 1UUVTI0098287F

v v
MLR 914 6 4UUT1804 uaad lumsian 4

M50 4 aumsdszunamsszmreveuUdany ﬁ’aa

2% MLR 910 115405 Minitab

nuu | aumsdssanamssssimenenves R

a0an i YA (%)

1 E1=-3.24 + 0.412T-0.0681RH+ | 83.6

0.184n + 0.674u

2 E2=0.446 + 0.346T-0.0813RH+ | 78.5
0.126n + 0.447u

3 E3 = 0.645 + 0.333T - 0.0771RH + | 74.1

0.145n + 0.405u

M40 4 ﬁi\lﬂﬁﬂizlﬂﬂlﬂﬁigmﬂsllﬂﬂll‘ll‘llﬁ1ﬂ@\3i'%}”clﬂ

7% MLR 910 12511053 Minitab (91®)

uuUd | aumsdszainamssssiveaInenaves R

AN i yuudIae* (%)

4 | E4=-8.43+0.437T,, - 0.0340RH,, + | 82.7

max

0.138n+ 0.973u

5 | E5=-0.0100+0.170T . +0.188T, - | 76.2

0.0499RH, , - 0.0324RH_, +0.145n+

‘max min

0.505u

6 | E6 = 0.830 + 0.118T,, + 0.230T,, - | 72.2

0.0794RH___+0.200n + 0.394u

WaNEIe *Ei filo Amsszireh laainaumsveanuusiaesi i

A1 Ei lum3197 4 Ao A1N552M0 (ﬂl”lﬂﬁﬂﬂﬂ\i"’ll@\i

4
@ °

1 I o
seaviinluaia ey mm/day) Tasdiuaa'ldan
1] v
AUMIVOLVVTIa09% i VOIN4 6 LVVF1A09 31ANS
1 1 U a QJ o =
Ansannumdudseansmsdaaula (R) ves

HUVIA09N 1 1AL 4 UAININAI 82 % uanddauals

o o

a A - 4 A @
ﬂﬁﬁ:ﬁqﬂ!ﬁgﬂ ﬂj]n%uﬁﬂWﬂ‘ﬁ %31“\1“@1\1@’]%@& lag

ANuEaNiinNudNius AUNIIYMegINIn dau

]
=

HUVTIARIN 2, 3, 5 1AL 6 IANNTURUTIZH A3

a

BAT¥N19QAHENINGINUNITILIN G Lazdany N

aa
]

snutlndeeiian RZ wnnnsuilnun uazsiiu
o d' 9 A 2 ) o d‘ @ g’/
aualsndealinl R ¥1nn19113uaulsnuan aanu
lumsimszdiieauuuiiaesnisdenyatoyai
mmgay Tiuudnlsaseunquuazdunusiu

NAI519N 4 §anu1 eu1ls T uay RH.. U4

min ‘min

o { o o 2 <
LL‘JJ‘]JiﬂaENﬁ 4 9NAADINIINAUNITHAANS L!,ﬁﬂﬂﬁ}mu

"W o

ammﬂi‘ﬁmmﬁ"liiﬁmmﬁuﬁuﬁasimﬂuﬁ’ﬂﬁmty
SUaun15UTEuIUNITTLIMEVE YT Ia0 T 4
(ﬁmuﬂdﬁzﬁuﬁﬂﬁwﬁmmmmﬁmswﬁﬁgmﬁu 0.05
FIN1NAT P-Value vo 1818115 1an1nniiaisza
ﬁﬂ@?ﬁnﬁ: G‘i’mﬂiﬁy’ngﬂﬁﬂaaﬂmﬂ’dnmiNaé’wﬁ’)

nagMMaRaREINY dauls RH,, veauuuiiand

‘min

'
=1

3 o v <
N6 NRNAADDNIINTAUNITINDAND

£



Ladkrabang Engineering Journal, Vol. 39 No.4 December 2022

145

HONIINTHAANE T 19R 4 Saaaannuduius
azdnsnavesdmdsni1g g AuMsseive lagan
Futlsz AN Yo )39 INGTVIAYEIBNT WAvD I
wlsiudomaszie uazA N oauvesdunlse Ane i

= @ 4 Y A
WM TLANVBIANUFUNUT UL VLY TAUAT 1T 0

Dy

UV THARY MUEIRY 991NN 3 AFUTEaAND
o = d' I 1
oIy ulvuaunngauaz Wuaiuanlunn

° Y& < a v o &
nuutaed uaas ImunanuEa (W) UANUTUNUT

AN INIA1DNT
— A M

FEANL| (A, mm/day)

AP

nuulsAuaTILazionswadon1sszivenIniga

v J o w A a

5990901 1AM T,nuag RHANE19Y Tagh T,nil

o Y4 o [ v J

ANUTURUTUVULTAUATI 1AL RH WANUFUNUTHLY
HlSHARUNUMITTZIME

WAMINAABIAIUN 2 taasdraduns S euew

Y
ANUUANAIIVBIAIMTTLNEINANMTHUUTIADING 6

182910 SPE A33UN 1 uag 2

==l ——A2

20
15
1.0
0.0 S / —_—r
05
1.0 |
‘15
LI

2.0

— o v [ =2} — ar' Wy - =2} — o Ul e~ [« - o Wy [ o

0 T oo oA A
Flarin

31U 1 nslfSeuieuanudnvesnmsssmenInuuusIaedi 1, 2, 3 188910 SPE

AR 19UBINS

TzIHY (A, min/day) —_—AM

dlaniin

3U7 2 nslfSeuneuanuanvesnImsssmenInuuuTIaean 4, 5, 6 183910 SPE



146

v '
= v A %

AIETANANTZLI UN 39 RUVN 4 FUNAN 2565

nsldulugUi 1uez 2uaasninnua19veanINg

szimeInauMInuana1¥iu ludannlssumeuny a1
o ¢ o P

Em anuszeznasedilanism 40 dilam aall

5L Am Ao ANUANTENIN Em 71 Em (090

' < ' Y

Em - Em =0) #4314 Em dlusgruvesmsnS suiiovil

a5 Ai Ao AINNNANTEHIN Ei 71 Em (09D

. A A =
Ei—Em), U019 1 036 Lag
] A ' ' ' o

A vlidu Ay, Ao A1NNUANTENIN Eg, 1D Em
(M Egy, — Em)

anbmzveanshduais q Tugai 1 waz 2 gl
Ad R naaIlmaaunInslssuamsszvoll
uun T lumaRendu uaduns Ay, Tvueainnu

9
A19N1nN21 Ai vouuui1aani 6 nuy uag Tuyag
o oA ' A A
dUama 19 - 40 (FRNANADUNYENAN — NANUADY
&2 [} A A
aanay Fuilurnggruamlszmavesnsugegiionine)
4

HUNTIMAI ) LEAIANUAINIUYBIAIN LA WHNINA N

' o Ia ' R
Tugadiania 1- 18 (59ngquas) uansignggruvzdl
ANUAAIANADUYOIMITUTTINUMIT2IHEGINIITINNY

g "o o ! " a

udela vennnii lusenitedanin 30-40 A A, liaaa

AN WUBDII1 A1 Eg, 4109181 Em F9019711 1100
Y %’ a U sn’ A A a 9

minauwums I innnuSinaniaaaesald

X o qYa A o ¥

i lnmnedymlumsusmsdamsin

= a a 1
ramsifssuneulseansmamslszunanimsseive

4
@

1 d' Y a A o
521NV Innnmsitelifuaumsangiuuy
418904 Penman HAZAINTIIHEVIINIAINDIAN DT
#8awll MAD, MSE 1182 MAPE L@@deNuems1an 5 wiin
9
i1 MAD, MSE 1182 MAPE ¥9441U31804149 6 a3 19
Anaanaoun Indimeanutaziosnd1vod SPE Tagh
HUUT1a09N 2 (4 dnls dounaa 109)) liamananaeu
3'/ v A Y ~ o 3 o AA o a £
133 axtiifosnga nazdutluuuiaesnimdulszans

v a < o v A A g
msaaaulagatiuddun 3 onaoe

A15199 5 AT 1UAAIAIANUAAIANADUAIEIT MAD,

MSE (tag MAPE

aumsilszanamsszive || MAD | MSE |MAPE (%)

Huusaai 1 0.43 | 0.33 8.3

z:' J A v axy
AITIN 5 AT NUUTAAIAINNUADIAUAADUAIYIT MAD,

MSE (tag MAPE (919)

aumsdszanaumsszine | MAD | MSE | MAPE (%)
nuusansdi 2 0.41 | 0.29 7.9
nuusansd 3 0.47 | 0.34 9.7
s aad 4 0.53 | 0.47 10.5
A s 0.43 | 0.32 8.3
nusasd 6 0.54 | 0.42 11.4
SPE fcmmi‘ﬁ @) 0.70 | 0.68 14.7
5. agl

Y
a o o 1 <3
nmsaseiiillgdeas 2 Uszaude 3Uuuy
Aanuduiusuazonswasznedunlinagaiionine
AUMSTEIMe uazn15UssluaNNuL U VAN
SPE 1Az @un13 V018039028795 MLR (1a8n13
v A @ a . = 9 a L4
Anaena Il oassuuY Stepwise B91FN1TAATIZH
@28 T1151n51 Minitab) Taguuvs1asan 1 (4 dauls,
doyadounds s 1) Tmdulszdnsmsaadulonin
Nga 83.6% uazlidaunslszuiuniszive Ao [E1 = -
324 + 0412 T - 0.0681 RH + 0.184 n + 0.674 u]
nEANN NG5 u, T, n Az RH DANudUWUT
@ 1 d‘ a [ @ o o
VINAUAIMSTLINE Tash u DaNuauRusuUULlsHY

aTauaziidninatumsszmeuniga uaasliifiui

- )

< 9 A A X @
mmgimmwmumwa“lwmanmaummmu amls
St v o Y 1 o w1
NUANUTUNUTIDIINN Ilﬂl!,ﬂ T g n AUAY I

RHUANMUFURUTHUVHNAUADNITIZING 50

9
1 =

k2
NUANIANUTFU TN AT udanaling
s2nelAdosad 1ayA1 RH 630N Wanen1seine
A % I o =
vooiga suiluliaundnmsuazngui
arumsdsziuanuuudIveInmsszive lagly
o o R
doyan1siAN1T5zIHeIN0InTan1sszine Fuilu
o Aa 2 a ~ o
AMNUMITLIHNNAVYUI 15 suReunUauNs SPE
° Y ax = A
HAZEUNITIINUUUIIADIAIEIT MLR FINA1NA15 19N
Y
5 ANMINNUVVIIADIA283T MLR 14 6 UV 10093)
A1AA1AIAABUTPENIIAINAIAIAADUUYDIANNT

v
Usznamsszmeangiliuudigyed Penman 1713 3 35



Ladkrabang Engineering Journal, Vol. 39 No.4 December 2022

147

Tagmunzuuuiianan 2 (4 s, dounda 10 1) Im
A Y A A a san I
AAAINADUIDENGA 1119991NN3AATIZHIT MLR 11U

a a @ 1

a I'd o
msanszRdeyasulsauggieoninernuninig
a aa dil A XY kY a a
FLIRBFITDA TUNUN uaa ) snediugadonanelu
aumsszunanssziveangliuundieved Penman 11

as 1 a @ -4 % =
91025M5UsEa IFIaNuFUNUTUeIA1l5 ¥
- A
anianuaaanasu lumslssun
A ° A ° v
ATNITAAUAITYBILVUI1a0aNd 11 1) 14
A4 o 1w o £
Uszanamsszvelunun asnasannemdullseans
msdaaulatazainnuaaianasu lagNiiolsaia
o a £ v A A A g =2
duilszansmsaaaulanlaumnetlunsuandda
@ Y4 % a a a @ 1
ANUFUHUTVDIA I TDATZNQATENINGINVAINS
= ﬂ' d' o Y
szve wazlianaamaounesnsy lduazmnzanlu
Y 1 ]
M3 ¥ daiy aunmsn Idanuuusiaoai 2 (4 69
u1ls, Yoyadounds 10 1)) Ao [E2=0.446 + 0.346T -
0.0813RH + 0.126n + 0.447u] NUaNNuLue IndiAes
U1 Em niga uazimdulszansmadadulanin
A 3 v o A = o o ]
Ngailuduauainne 78.5% yunuizandimivly
a A 4 v
Uszamsszmousnanunnagey 1d
[ < 9 a o dyd v A Y o v
pg13lsnaudoaglvesnuiselilidalidesina
eI U TeyanadeulsziiuanuuiuiIve]
° P A A o )
HUDTIaeY Uieq 10 10U HIDTIUIU 40 YATDYATY
[ X I 1 { 0 Aw a
a1t Fuiludeyavesilaiga (w 1na1i13de) (Aa
& o o Y] AHq Y Y o ~
Audiu 8.3% vesdmaudoyanldaiuuusiasei
Ao A XY [} <3 3‘, I
2 nanga) uads linsounquynggnansu@unsdl 1
[ a ] o
I lansadszduanuminduiuggnia’ld wag

Y o

zdouiimsideae

6. AnAnssNlszma
4
unauatuilldsumsaiuayuannuau

UANAINT UMINGIAIUATNULY

% a
PNA1IDINDY
[1] J. Doorenbos, and W. O. Pruitt, “Guidelines for

predicting crop water requirements,” in FAO

Irrigation and Drainage Pape No. 24, Rome, Italy:
FAO, 1977, ch.1, pp.1-65.

R. L. Snyder, M. Orang, S. Matyac and M.E. Grismer,
“Simplified estimation of reference
evapotranspiration from pan evaporation data in
California,” Journal of Irrigation and Drainage
Engineering, vol. 131, no. 3, pp. 249-253, 2005, doi:
10.1061/(ASCE)0733-9437(2005)131:3(249).

J. M. Bruton, R. W. McClendon and G. Hoogenboom,
“Estimating daily pan evaporation with artificial
neural networks,” Transactions of the ASAE, vol. 43,
no.2, pp.491-496, 2000, doi: 10.13031/2013.2730.
W. J. Shuttleworth, “Evaporation,” in Handbook of
Hydrology, D.R. Maidment, Ed., New York, NY,
USA: McGraw-Hill, 1993, ch. 4, pp. 4.1-4.53.

R. G. Allen, L. S. Pereira, D. Raes, M. Smith, “Crop
Evapotranspiration: guidelines for computing crop water
requirements,” in FAO Irrigation and Drainage Paper No.
56, Rome, Italy: FAO, 1998, ch.2, pp. 15-79.

M. E. Jensen, R. D. Burman and R. G. Allen,

113

“Evaporation  from  Water  Surfaces,” in

Evapotranspiration and irrigation water
requirements, 2nd ed., Reston, VA, USA: American
Society of Civil Engineers, 2016, ch. 6, pp. 99—137.
J. D. Valiantzas, “Simplified versions for the Penman
evaporation equation using routine weather data,”
Journal of Hydrology, vol. 331, no. 3—4, pp. 690-702,
2006, doi: 10.1016/j.jhydrol.2006.06.012.

rd

K. Leewatjanakul, ~HYDROLOGY, 3 ed.
PathumThani, Thailand: SPEC, 2009.

G. M. Kovoor and L. Nandagiri, “Developing regression
models for predicting pan evaporation from climatic
data—a comparison of multiple least-squares, principal
components,

and partial least-squares approaches,”

Journal of Irrigation and Drainage Engineering, vol. 133,



148 AAITANANTLIIG 1N 39 RUVN 4 FUNAY 2565

no. 5, pp444-454, 2007, doi: 10.1061/(ASCE) [11] D. E. Hinkle, W. William, and G. J. Stephen, pplied
0733-9437(2007)133:5(444). Statistics for the Behavior Sciences, 4th ed. New
[10] C. Theeraviriya, Analyzing statistical data with York:, NY, USA: Houghton Mifflin, 1998.

Minitab, 1st ed. Bangkok, Thailand: simplify, 2020.



Ly %) o (%) 3 J
ﬂﬁ’t)’t)ﬂ!!‘l]‘ﬂ!!i’l%w%ﬂlﬂ‘lﬁ"lﬂﬂ’J‘HNﬁNﬁﬁr‘iﬂJ‘U’ﬂ\‘lulﬁﬁﬁﬁﬂ’ﬂﬂ?‘iﬁﬂﬁ]ﬂ@x‘iﬂﬂ’nui
a Ay a Y 4 a a ¢ d
‘iﬂﬂi’ﬁ’lﬁ‘l.lﬂiﬂﬁi’)i’)ﬂ!!‘ll‘ﬂﬂﬁﬂﬂﬂ!WIIﬂﬂ]%!ﬂﬂHﬂﬂﬁ’J!ﬂiWﬂN’sl‘i’l1\‘i1/‘lﬁﬂ1ﬁﬂ‘§sllf’)x‘lll?‘ia
Designing and Developing Mixed Stirring Rotors for Viscous Fluids with Knowledge

from Product Design Patents using Computational Fluid Dynamics Technique

Aszgns ndrenitona’
L a3nIrnTTunTedna, AadmnIsumans, wanedemalulasnvuenadiuin Wy lan
uns 19 iiles Auey Tan 65000
Werayoot Lahamomchaiyakul*
! Department of Mechanical Engineering, Faculty of Engineering, Rajamangala University of Technology Lanna
Phitsanulok, Ban krang, Mueang, Phitsanulok, 65000, Thailand

*Corresponding Author E-mail: werayootrmutl@gmail.com

Received: Jun 09, 2022; Revised: Sep 19, 2022; Accepted: Sep 22, 2022

UNAALID

4 = d” d‘ X U @ d‘ o o
TagiszasAvesnsaniil meudasgUuuuauums lnanuutfuhumeludsmunay Tagves nanimssiasa

a

@ I

I a ' A A Vo A a a ) 2
Lﬂuwa@ﬂmmmmﬂmuwummwﬁﬂma NNy 1.8 Pa.s ngUNHU 98 DIFH ALY Y GlJu@]f]“l«!ﬂ'lﬁﬁﬂ‘H'lLﬁ Né]lui]']ﬂﬂ'lﬁﬁl‘%}
o o . a o A ao a o < A o
Gl'lJWﬂﬂ'JuWﬁiJL!UUVHHIJ 45 9371 (Pitch blade) 1/1llﬁji]'lﬂﬂ'liwwu'llﬂiﬂﬂﬁﬂ‘ﬁ'ﬂ@liﬂ'ﬁﬂﬂﬂlmﬂﬂﬁ@lﬂﬂ!‘;l’llﬁ"llﬂ 62881 Yiad91N
3‘, [ ) [ a 4 I [ 19 19 o a ) § [
HUU Wﬂ\?ﬂl&ﬁ?ﬁiﬂﬂﬁﬂﬁﬁ‘llﬂ%ﬂ%i’Nﬂ’JHWﬁllﬂlli;]ji‘]_lﬂ"ﬁﬂi“]Jcl“rsijmll"lgﬁﬂﬂﬂﬂ"ﬁWNWui]i\'i “luwamuwauﬁmmmﬂwuﬁ
muwm&’umuquﬁnmd 334 4. uazﬁ'qwauﬁﬁ'mam"lﬁ'ﬁmmm%’uwﬁug{uﬁnmﬂ 1,002 1. uazﬂmmqq 1,002 1. Lﬂ%i’N

' o A v s a 9 ) U0 o o v Ja
Nﬁllllgllﬂﬂgﬂ*llﬂl,ﬂﬁ@uﬂ'JEJ?JE’)LG]@STI/\I’I?\I"ILW?TL@EJ'J‘UHW@ 105331 Tﬂﬂi"lﬁﬁ?ﬂW"luﬁ\'lﬂWﬁﬂ NTOONLUUULSVIDINAA WS LB
o cae & o aw ~ o < o w v & <
GI'JLE’I"UGI,H\T]U'J%EJH uﬂ?ﬁ]ﬂgl}ﬂﬁﬂﬁllﬁﬂ'ﬂmfJ‘IJW'cmWfﬁ"llf)\?ﬂ'.l'mﬁ'Jiuﬂﬁﬁigu@’f'mﬁﬂﬂ'lﬁﬂ')uﬂﬁﬂ muuﬁmﬁaﬂmmti’ﬂu
ﬂﬁﬂﬁllﬁ 10, 15, 20, 25 1iag 30 ifJUGI'E)‘HTﬁ ﬁ?hﬁ?ﬁﬂ wamiﬁi’mm@aﬁammmzmmﬁ fJ‘]JLﬁﬂﬂlﬁﬂllﬁﬂﬂﬂaﬂiz’ﬂﬂﬂlﬂﬂﬂ'ﬁ

Vo A o Yy A o Ay v o o A o ¢ ao &
ﬂﬂﬂlLUUﬁﬂﬁ’JlLﬂiﬂﬂ"Iu’JiLlﬂ'JfJil@ GI’JLL‘]_ITV]Ilﬂﬂ1ﬂﬂ1§ﬂ1u3ml£ﬂ$ﬂ15ﬂ"Iﬂi’)\'il"h'\'iﬁ'JLﬁﬂW]"l\iWﬂ?ﬂﬁﬁ]im@ﬂllﬁﬂsluﬂ"lu'mfJu

asmi llsegnd 15 lumseonuuuuagianuas esmunalunuuaig o 1aluewan

o o A Ao A o < A a s s 4 '
Aan QJﬂ.luz ANTUATNTODNLUUNAANUMN, WIﬂuﬂﬂ']i'.l!,ﬂﬁ'lgﬁNﬁWNWﬁﬁ1ﬁ@ﬁﬂJ@\ﬂ1’m, !ﬂ%@ﬂﬂ?uﬂﬁllll%ll')ﬂ

Abstract

The purpose of this study is to show a turbulent flow field pattern inside a mixing stirring tank, with the simulated fluid being a
viscosity is 1.8 Pa. s at 98 degrees Celsius. The study process began with the use of a 45-degree angled mixing rotor (pitch blade)
developed from product design patent no. 62881. After that, the production power of the mixing machines was optimized. The
redesigned mixing rotor has a diameter of 334 millimeters, and the calculated mixing tank is 1,002 millimeters in diameter and has a
height of 1,002 millimeters. The mango mixing machine was driven by a 1 horsepower, single-phase electric motor and used a

transmission belt. Numerical simulation results and comparisons show the effect of design on hand-computed variables. The variables
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in this study were obtained by calculation and computational fluid dynamics techniques. And can be applied to the design and

development of various stirrers in the future.

Keywords: Product design patent, Computational fluid dynamics technique, Mango mixing machine
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