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Abstract

This research paper presents studies of applying autonomous trajectory-tracking
logic for 4-wheel car robot and catamaran robot using an L, controller. A trajectory
computation toward specified target points need to calculate a centripetal-acceleration
command, described by distance (L,) and damping ratio ({) parameters, such that
vehicle can approach the desired straight-path trajectory. Effect of three parameters:
1) L, 2) € and 3) proportional gain (K,) of a PID control for steering, on efficiency of
autonomous trajectory tracking of both vehicles are evaluated from 1) an average
error of a perpendicular distance from vehicle toward the specified path or average
cross-track error and 2) an average maximum error of overshoot from specified path.
Experiments of autonomous trajectory tracking reveal that 4-wheel robot car, governed
by the L, controller, approaches desired trajectory similar to an overdamped response.
Robot car trajectory is not sensitive to L, and { parameter variations because a
4-wheel car dynamic has good traction capability during a sharp turn. On the contrary,
catamaran can slideways in water because of small hydrodynamics drag force. As a
result, L, €, K,

trajectory tracking. Using small L, and K, catamaran can track specified straight

variations have strong effects on a performance of the autonomous

S?

trajectories automatically with good performance

Keywords: trajectory-tracking navigation, autonomous control system, L, controller,

four-wheel car robot, catamaran robot, effect of parameter variation
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Abstract

This research aims to develop the cement board from vesicular basalt fragment.
The 5 ratios of Portland cement typel: fine sand: vesicular basalt fragment: sodium silicate:
tap water are equal to 1: 2: 0: 0.03: 0.5, 1: 2: 2: 0.03: 0.5, 1: 2: 4: 0.03: 0.55, 1: 2: 6: 0.03:
0.6 and 1: 2: 8: 0.03: 0.65 by weight. The cement boards were produced by compression
machine. The property tests of cement-bonded fiberboard followed the TIS. 878-1994
standard (cement bonded particle board: high density). From the results at 28 days of
curing, 1: 2: 4: 0.03: 0.55 is the most suitable ratio of cement board from vesicular basalt
fragment. This developed cement boards can apply the vesicular basalt fragment to use
as the construction materials with ligsht-weight, high strength, sood thermal insulation,

and moisture protection properties.

Keywords: cement board, vesicular basalt fragment, thermal insulation, knockdown building
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Abstract

According to current learning resources satisfaction assessment method, almost
current researchers use survey research with average comparison directly among each
aspects. Moreover, the clearly improvement methods are not specified. When the
institutions have to plan long term improvement projects, all of improvement projects
could not be implemented in the same time due to the limited of resources. Therefore,
the improvement projects with prioritization that provided by proper calculation method
is necessary. This paper proposed learning resources improvement project prioritization
using analytic hierarchy process technique that provides different important weight for
each selection criteria. This can reasonably reflect the fact more than current method. The
results of the analytic hierarchy process prioritization show that the improvement project
that was given the highest important weight was “providing the meeting area between
teachers and students”. The second place was “improving internet system”. This ranking
order was opposite to current method. This might due to the influence of the different
important weight for each selection criteria from analytic hierarchy process prioritization

method.

Keywords: AHP, Satisfaction, Learning resources, prioritization.
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Abstract

This research prepared a TiO, thin film photocatalyst for photocatalytic process.
The removal efficiency of color and COD from dyestuff industry were examined in a
continuous-photocatalytic reactor under sunlight as solar irradiation. The wastewater
used in this research for photocatalytic performance test comprised of pre- and post-
treatment wastewater from the wastewater treatment plant with activated sludge
treatment process of dyestuff industry. The results show that the use of prepared
TiO, photocatalyst in photocatalytic processes can remove color and COD in pre- and
post-treatment wastewater with the maximum efficiency of color and COD removal of
39.85% and 45.23%, respectively for pre-treatment wastewater and with the maximum
efficiency of 28.21% and 44.41%, respectively for post-treatment wastewater, after 300
minutes treatment. The kinetics of COD removal by photocatalytic process based on the
results of this study can be explained by the first-order reaction equation. The calculated
first-order reaction constant was 0.0121 min-1 and 0.0107 min™, respectively for pre- and

post-treatment wastewater from the wastewater treatment plant of dyestuff industry.

Keywords: advanced wastewater treatment, photooxidation, sol-gel, textile industry
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Abstract

The objective of this research is to develop the precast adobe wall panel with high
corrosion resistance and good thermal insulation. The ratio of Portland cement typel,
clay, rice husk ash, straw, rice husk, waterproofed liquid, and tap water was mixed and
casted as same as the common concrete, and reinforced by bamboo. From the results,
the proper prototype ratio of precast adobe wall panel was Portland cement typel: clay:
rice husk ash: straw: rice husk: waterproofed liquid: tap water which equal to 1: 3: 0.3:
0.02: 0.02: 0.02: 0.4 by weight. The properties of the precast adobe wall panel prototype
included density 1,797 ke/m3, water absorption 16.70%, bending strength 2.61 MPa,
compressive strength 21.40 MPa, thermal conductivity coefficient 0.314 watt/m.Kelvin.
Moreover, the precast adobe wall panel prototype was verified by TIS.2226-2548 with
properties of impact resistance, deflection, and hardness in medium duty (MD) level. The
contents of straw and rice husk effected the precast adobe wall panel to decrease the
density, bending strength, thermal conductivity coefficient, and increase the compressive

strength and water absorption.

Keywords: precast adobe wall panel, clay, cement, corrosion and thermal Insulation
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Abstract

Shorten tool life service problem of a palm chopper machine cutting blade affects
to deteriorate a palm chopper machine efficiency. Development for optimizing the cutting
blade that shows high efficiency and tool life service was an urgent issue that is continuously
performed. This research aims to 1) study mechanical properties and microstructure of 4
cutting blades metals and 2) compare the manufacturing cost of palm chopper machine
cutting blade. The summarized results are as follows. The SKD11 steel cutting blade
that was harden at the given condition showed the higher wear resistance than that of
SUS304, S45C and SCM440 steels cutting blades for 34, 45 and 60%, respectively. It was
also found that the S45C steel cutting blade showed the lowered manufacturing cost
than that of SCM440, SKD11 and SUS304 for 6, 42 and 52%, respectively. When comparing
wear resistance and production cost, the SKD11 steel blade and the S45C steel blade
were optimized to apply as a cutting blade of the orbital cutting blade palm chopping

machine, respectively.

Keywords: plam, plam chopper, wear, production cost.
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C 0.38 042 | 045 | 1.07
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Mn 0.65 0.02 | 0.67 | 0.45

P 0.02 | 0.03 | 0.02 | 0.04

S 0.02 7.70 | 0.02 | 0.02

Ni 0.04 | 1741 | 0.04 | 0.14

Cr 0.96 0.24 | 098 | 1235

Mo 0.15 - 0.17 | 1.86
Cu 0.01 - 0.01 | 0.04
Al 0.02 - 0.02 | 0.01
W 0.03 - 0.04 | 0.05
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Abstract

This research aims to improve a mold setup process and determine the standard
time for installing the paint Mold. By studying the Mold Installation by focusing on a work
study of Man-Machine with analyzing non-value added activities by using 5W1H questions
as well as applying ECRS concept in order to improve the setup process. After the process
has been improved by eliminated non-value added activities, the activities of setting up
the printing machine have been reduced from 13 activities to 6 activities, the time of a
mold setup was reduced from 76.99 minutes to 52.42 minutes, 57.13% time decreased.
After that, find out the standard time by employing stopwatch and counting suitable
numbers with the 95% confidence interval and + 10% tolerance. The result shows that

normal time and standard time are 56.613 minutes and 65.105 minutes.

Keywords: Non-value added-time, Normal time, Standard time.
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nslvdeULazduduTayan1INITEIYA7
wuuUn® (Normal Distribution) Aglusiasy
Juny

5.2 mAaun@ (Normal Time:

NT)
o ©aUnd (NT) = naade x %Rating (2)

WinsUsTIfunsYuYe e
(% Rating) Man1TUTELEU Westinghouse A
nsuseidiu 4 anu laun vinwe (Skil) Aanu
Ny (Effort) @n1mn15v191u (Condition)
waz AN LELD (Consistency) lagdl
azduaf ag197 1
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Westinghouse

yinwe (Skills)

Azuul | deyanwal | A1eBunY
10.15 Al e
+0.13 A2

+0.11 B1 A
+0.08 B2

+0.06 C1 f
+0.03 c2

0.00 D Uunang
-0.05 E1 189
-0.10 E2

-0.16 F1 e
-0.22 F2

AUNeU (Effort)

Azuuy | dgyanwal | A1aBune
+0.13 Al e
+0.12 A2

+0.10 B1 AN
+0.08 B2

+0.05 C1 A
+0.02 2

0.00 D U1unang
-0.04 F1 1Y)
-0.08 E2

-0.12 F1 el
-0.17 F2

A15199 1 (#10)
#01WN1571197% (Condition)

AZLULY deyanwal | A1asune
+0.06 A Tugauai
+0.04 B Aun
+0.02 C A
0.00 D Yunang
-0.03 E 189
-0.07 F el

AUEL AL (Regularity)

AZHUL fyaneal | Aa5unY
+0.04 A ANYIIMUY
+0.03 B AN
+0.01 C f

0.00 D U1unang
-0.02 E 89
-0.04 F LLe)

5.3 MAIaIn5gIU (Standard

Time: ST) log La1MsgIU(ST) = a1Unf

(NT) + Aniile (Allowance : A) (3)

Andlerivuady 2 Snwuzie Ade

duyana lnovhluivundosas 5 uazeniilo
iWionuidesdn Yevay 10 sufosas 15
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nMsfnwanindagiiuresnisidasu
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AnkauslfuiHudsurugdnsUf iR
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(When) Wundumausngeg fdaus 115y
WUAUN MSEBUBLAUN YINAIUEZD A
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. S19aL28n —
Ay AY | LA9993NT
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2 |d1anenaway
2 A & 6.50 6.50
UADNANAY
3 | wmdaamsosfiusi | 1.13 1.13
4 [vAvd 3.63 3.63
5 | DeneIoafiasd 0.46 0.46
6 | neassun 3330 | 33.30
334 52.42 52.42




5. mamnannasgdlunsUfuRn M191991 15 Rauiud (e : und)

NSMIANNINTFIU LAgyinn1sIuLa 3.60 | 3.60 | 3.60 | 3.60 | 3.61 | 3.61

ﬂ’]EJ‘VT'G%IQﬂ?'ﬁﬂ%’UU?\TﬂigUUUﬂﬂiaﬂgﬁLLli‘ﬁll‘Vq 362 | 3.62 13631363 363 | 2.63

IngnsAinwan (Time Study) & 4 Tunau 260 | 360 | 360 | 3.65 | 3.65 | 3.65

Fail
361 | 362|362 362 | 3.65]| 3.66

3.64 | 3.64 | 3.64 | 3.64 | 3.65 | 3.66

1. NMS3UNaLUBIAY

L‘fJUﬂﬂ’i"?]lUL’JaﬂULLG]IﬁgﬂiSU'JUﬂ'Ti

1MUY 30 AT TulmazIumnou tana o o . -
13199 16 LAUALATDY (UUE : UN)

YBINITIUNAT AN 12 — 17 99

0.43 (044 ] 0.44 ) 044 | 0.44 | 0.44
A1397 12 aNTEUILNTULL RN 0.45 | 0.46 | 0.46 | 0.46 | 0.46 | 0.46
Andia (e : i) 0.47 | 0.47 | 0.47 | 0.47 | 0.48 | 0.48
746 [ 7.42 | 7.37 | 7.35 | 7.48 | 7.42 0451 045 | 045 | 045 | 0as | 0as
736 (744 | 7.46 | 7.38 | 7.36 | 7.44 046 | 046 | 0.a6 | 047 | 0as | 049
740 [ 741 | 7.39 | 7.37 | 7.41 | 7.40
736 | 782 | 737 | 700 | 739 | 7.38 et 17 nadaedos e : wid)
245 | 736 | 738 | 741 | 738 | 7.39 33.28 | 33.27 | 3327 | 33.28 | 33.28 | 33.28

33.29 | 33.31 | 33.32 | 33.30 | 33.30 | 33.30
A1319fi 13 nanhgnensuazufonufines 3331 | 3330 | 33.32 | 33.30 | 3332 | 33,3

(W28 W)
6.48 | 6.46 | 6.52 | 6.51 | 6.49 | 6.50

33.29 | 3331 | 33.29 | 33.31 | 33.32 | 33.27

33.31 | 33.33 | 33.31 | 33.33 | 33.29 | 33.29

6.47 | 6.46 | 6.52 | 6.53 | 6.50 | 6.46

650 | 6.48 | 6.52 | 6.54 | 6.08 | 6.48 2. nsmduadimsdunm dai
6.51 | 6.52 | 6.48 | 6.51 | 6.52 | 6.51 ndeyanisAnwinasUiuyss
652 | 608 | 648 | 650 | 653 | 6.5a nsiundeufuiunandesduluuday
fumeunendsnsuuuss Suau 30 s

AN5199 14 nawAafiedt (mise - wif) devnduuuadanstunm auaunisd 1
1.08 | 1.09 | 1.18 | 1.09 | 1.09 | 1.10 lagnisunuaatlusdasyataya
111111 111 112 112 | 113 vosusardunaufiomsuuadinsiunm

11a 11511151 115 1.1a | 1.17 lnguanIsIsazldennIsunuAtasluaunis

7 1 Tudumeum sl fiuviuifads 1an
1.10 1 1.10 | 112 1 111 ] 1.19 | 1.21

fauansluansed 12
1.13 1 1.13( 1.09 | 1.14 | 1.17 | 1.19
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N= 40\/”Z§;(Zx)2

n = 30 AS9

dx = 22201
(3 x) = 49,288.44
b = 1642982

WNUAIASUANNS

N [40/30(1,642.982 - 49,288 .44 r
- 222.01

_[404/49,289.47 - 49,288.44 ]2
22201

_ [40 J1.o3 [
222.01

40x1.014 1
222.01

0.333 A33 %130 AU 1 A

HANTLVUAIYATBLANAT I UANNTT
1 1 Tutumaudug awnsaazulana n151 18

A15197 18 INUIUASINITIULIANINAUNT
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\nAaNATOIRNR 1
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MTIADUTULUUNNINTZAUMIVBIYAVDIYA
LﬁamaaugmwumimzmEJé’hLLUUUﬂ@
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fsgfumnuidosiu 95%
N1395IABUYAVBYAINAITIINT
Funarvesdunousneg mun1Ied 12-17
lagn15m519a0UAT P-Value Lguiuan
Anuiiamandl 0.05 mn P-Value > 0.05
8ausuU HO Ujias H1
Al
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H, Aia Teyainisnisnszareldliuuuuni
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Probability Plot of resultl
Normal - 95% CI

W
o

Percent
P S

Magr 74
StDev 0.03454
] i)
AD 0.617
P-Value 0.096

resultl

UM 4 Han1sinsendeyanainsiiwiiuiunfns

NANISASIFABUNITATLINYAIVDI
Toya 1NJUN 4 Tupeuthudiuianfns
1 v a0 d‘ =1 a0
nuNnvayaiAnedfy 7.4 Uil uagdlan
P-Value = 0.098 @su1nnq1 0.05
sy ou3u H Ujes H Ae daya
a LY a
1N150588ANUULUVUNA
PaUlUAIUNINTIVEBUNTNTLINYR?
P & A 1% I3 '
vostayavestunowduy tnaguidunisam
P-Value Aam1519% 19 A1 P-Value 3nntuswnsy

fflunUiioUsznaunsnsivaeuauNAgIy

M131991 19 A1 P-Value veayadeyaluusag

Funou
5 A1 Alady
yunau P-Value | (u1#)
duifaniindnds | 0.098 7.40
wignentag 0068 | 6.50
UADNANAS
wnFasa3osiun 0.098 1.13
\ud 0.083 3.63
Dnpdesfia 0.066 0.46
NABDINUN 0.128 33.30

RN 19 A1 P-Value NUI

v o
[ IS

Nndumneu A1 P-Value > 0.05 setd
3 gousu H, Uias H, aunsaazuladn

Qe

=
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S Db

wuuUnf fimnuRenann 0.05 vilanunse
wileindedsvesdeyaansadusuny
voangula
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5088y 15
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Abstract

This research was to characterize physical and chemical properties of char obtained
from fast pyrolysis of two biomass types, i.e. sawdust and acacia wood, in order to use char
as an adsorbent for removal of indoor air pollutants. Studied chars were tested as follows:
adsorption isotherm for gaseous toluene used as a representative of a volatile organic
compound, iodine number, specific surface area and pore characteristics, functional groups
on the surface, and morphology by scanning electron microscopy (SEM). The Freundlich
isotherm indicated that both chars provided favorable adsorption isotherms. The acacia-
wood char had specific adsorption capacity and Freundlich isotherm exponent closer to
the activated carbon. lodine numbers of the acacia-wood and sawdust chars were 731
and 802 mg/g, respectively. The specific surface area and mean pore size of the acacia-
wood char were twice as large as those of the sawdust char. These results agreed with
SEM images that showed capillary-like pores and greater open pores found in the acacia-
wood char than in the sawdust char. The similar functional group of aromatic bonds was
observed on the surfaces of both chars. According to these properties, the acacia-wood
char is capable of directly using as an adsorbent for removing aromatic indoor pollutants.
Furthermore, improvement of the char properties by activation and addition of particular
functional groups on the surfaces can increase the char ability to adsorb odors and other

air pollutants.

Keywords: char, pyrolysis, adsorbent, volatile organic compounds, value-added
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Abstract

Hard-faced welding is a simple and non-complex operation that could raise
mechanical properties such as hardness and wear of the machine part surface. However,
a variation of a base material and an electrode that is continuously performed, it leads
to investicate for new welding procedure specification. This research aims to study gas
metal arc welding process parameter that composed of welding currents and hard-faced
weld layers on wear, hardness, microstructure and cracking on a hard-faced weld metal
on gery cast surface. The summarized results were as follows. Increase of the welding
current affected to increase the hardness and the wear resistance of the hard-faced weld
metal. The optimum welding parameter that produced the hardness of 550 HV and the
wear resistance of 1.23% was the welding current of 160 A. Increase of the hard-faced
weld layer resulted in the increase of the hardness and the wear resistance of the weld

metal and resulted in the increase of the crack amount.

Keywords: hard-faced welding, welding current, welding layer, wear, cracking.

015d1S3AINSSUANENS S1BUVAASTYUS




1. uni
nsdnnsevesiiuindudiulniesdnsna
Aaannsdusaueiufiy Wy nsdn n1sa
NISVYU NITNTEUNN AUANIITWING BY
Fmnuudafiunndng wu Kufvesdudiu
9uq nIedruvesuievurnidndingnais
Tuiadodns nsedoufidndudaiuves
Fudrunardndausiigg Jrnldianng
VRAAINDBNLIVEIBUNA kaLVNluIAYes
FUAIUANAILNTARYUINAIINN VLAY
NATBIN15ARYUIRAITlRUsEANS AW
AsuvenaIesdnsanadls [1] dauds
dnfaiidamarenisdsunlanisannse
Usznausae lassasneganinveslansdi
e sduaiy sULuuvedlang ANUeTURY
vaslave vwansuredlans ussiiunnszyi
fetudy gaumgilunisdudaiuvedlans
aowia aruidilunsduds uasdsnndoy
Tuvagldou Dudu (2]

N5\ eud oy (Repair welding)
L{"Ju%%‘mwﬁaﬁgﬂﬁmﬂﬂﬂuﬂizmumi
douumielansfilAinnsanuse esan
GuFsmstiazenn duvulunswdsiawensn
Tuvnensalisndudesnentudiueenain
1399905 usnaNTuNISEeNNeNaLNTE
Wl iAnRaneniiauudnazaiuise
Fruntunisannselannilanziiy e
Feonarnideunenudaziulsnisiendia
ﬂmmmmzamﬁuiamﬁuq firiruaniinng
Usegndnsidoufievinisadisdulane
wonudsiivaule uasnuiaruudsveslans
L‘?Jl’e]m‘l/\laﬂLL%Q&H%%AQQWUEULLUUSU@QL‘V\|?I‘1’7I.
Andululansidoy Tanvideuuuiiuin
wENNE1ANSUBY 1020 Tiadrstudhenisidey
913naInYuNang (Shielded metal arc
welding: SMAW) Huanunsariinaand g

A A A A v & ° v a
WIoadn e aan MuuaIUNsavinlmAAn1S
N5¥NUMBY19RLLRuNVaNNE Fe-Ti Fe-V
Fe-Mo wazianslua [3] 38n1s5nszane
U 1 = al 6 6
frag19azdunuaLWalasiiauas bus
Tuindnnaiarsusuuiunais JIS-S45C
[4] UDNANUUAIAIUUDTILAEATUAIUNTY
N158N150U09laNne o UND NRTIUUNURY
WiannanAnsuauauisaiindulailiaiinng
MIUANEUNATTENIIUTL TN wazduIuy
= 9 ~ =
ANSBNTaULY) [5] Tunstlueenisiioy
WIANMABINT ANANUWT VDT ulan Loy
WanudIra83sn1sleneisnainundnd
arunsaiuIulaLtiion1snszaneflived
wialanzasluasiee wu lasleuaislua
= = & A <
PIDIMUIALUANS bUA bulanelTounanLd
N oa X | < a a
FawAuaduy agralsianuminiasniane oy
el'al a s ] a
UIumsuaugeenavinlilansiinnis
wAn31le [6-8]
ToUaNna 19UV 196 W 787 98]

yaUszasAlunIslounanudaunannasini
AENsteNeIsnlansuianay (Gas metal
arc welding: GMAW) Fadunsyuiunisiden
BRlWlA esan1IMIVANAILUT Lagausa
andgyivesaunIng1udouLazaIngey
adld lavegeuniiuniswengniluviinis
M52FBULNOANYNUSIUBUANUAUNUS
serivantinianawaslaseasneganInes
wwTen Teyamneasilaaunsaunluly
Tunis@eunanudalanzmannasmiluinu
guamnsIusialy

2. B/NNNADY

laviggu (Base metal: BM) Tuns
VNAADIADLHUMANYADWINUY 20 NaAiung
N119 100 Tadluns wavend 150 Jaaluns
flgarnnisnasnsieden (Green sand
casting) #aguUfl 1 AAvvesusumanude

215d1S3AINSSUANENS S1BUVAASTYUS




TUVUDNAIIADDNAIYLATDIIYTE LUV

Y

b e

)=

Afnrsnaatduieayinliiinauaiiaus
ADUNISIIRYN  AduNaNNILATIvRLNENYED
WAL AN BULAAIAIAITIN 1

JUM 1 sUs1guauRen (Mihe: mm.)

A15799 1 dunaunaaivesianvnaass

drunaun1LAll
SIANEY (%tiwitin)
wianuaawm | asneu
C 3.200 0.588
Si 2.300 0.667
Mn 0.550 1.994
P - 0.012
S - 0.001
Cr 0.400 7.846
Mo - 0.572
V - 0.345

nsvuvIumsdenlunisvaaesi fe
nsiWenersnlanzufangqu lasi3eudon
BuawWesiA3emINENISA1 Fronius Ju
Transpuls synergic 2700 Alu-edition andeu
Adlunsadretunenuds Aoarnldaldnd
(Flux-cored wire electrode) @uilduay
maafifamsned 1 duiugudnasvedann
Wou 1.60 fiadiuns

015d1S3AINSSUANENS S1BUVAASTYUS

d' < ) [
Tunswoeulanswanuda ANnuala
AN LARTUIUNUNNTIIG 50 Tadiuns
817 100 TadLums A1LUUININA19UD 4
wHUanuas [9] é’fﬁgﬂﬁ 1 WNUY fawUs
mil,%aaﬂumimaaqgﬂﬁmummé’qmiw
N2 mﬂ%awﬁ’]LLuaﬁWﬂumiﬁLﬂuﬁqgﬂﬁ 2
na1fekuIeulaguiinisinedauuy
LUIIBUNDUNUNIUSZUIU 30% (WANSEUD
A a a A & A
WUWTBNT 1 WA 2) YULNWUITBUTUN
getu Amualiuwieuisuduegfanans
WUITOUAUA 1A UNY W 7 Teg
= ~
AINANVBILUITN 1 g 2

A1999 2 Aadsaneg Allunsigen

o o AN
aaudsnisay .
NRUA
- NITLARRN (A) 120-180

- AUSAAULLY (Mm/min) 200

- Srunudunenuds (Gu) 1-4

- gamgiliguau (C0) 400

- uaunagu CO,

- dnsnstrauiaUnagy 12
(Vmin.)

N1SNAABULAEASIADUANURYDI
Tanz@ounanuissznausionismadoy
ATINATUNIUNITANUTD (Wear test)
AsnedeuAINLTwodlansiion wavnns
ns1vaeulassasrslaninerveslansiioy
Tnefiseazdonnisdiunsdl

NSNAFDUAINUATUNIUNITANUTD
Funisnedeutiterdsudisuimiinneuuay
wasnInaaeuveslanzidon lansidoudisl
miq‘zyl,ﬁaﬁmﬂﬂﬁ’aa Aelanziidainy
AUNIUNITANNTOGE NTNAGRUANTUNNT
A3 ASTM G65 TagAnuadn1IEnIsNaaay
U33NOURI8AIINEITOUNITNYUVIA TR



o

200 sUAOUN WseInATunadaungaedn
g1INAU 130 TI6U @159R ABNII8TANN
YU 120 LUY S2ELAUNITTIA 30 W9

s8N UNISNAABUTIY 4000 LUMS [10]

U 2 adunseunenuds [4]

n1snageuAINLlelin1snaasy
Anuudalalasinnesd an1znisnaaeu
UsENaumlsLsIng 300 NSUWSS LIAINALY
10 3uit Tnevinnnsvaaeuauudsluiud
voslavggu Aufinsenuiou (Heat affected
zone: HAZ) wazlanziounanuds (Weld
metal: WM) luusazsu

n1snsIdaulassas19laninen
UENOUAIENITNTI@aULASIAS 19U BANANIY
ndestdiweniuaznsnsIdeulasIass
ANANIUNABIYaNTIALLES (Light optical
microscope: LOM) lunisinSeutunageu
uiulavgideugnidondadsainiuuuaden
fiszazisnarsunulansiiousioiniosdin
Tudndanuiiseugeiiinnmaeifusie
danaeifuraziaiitedosfunisiinnis
Wasuulaslaseadrslaninegiilesain
arwdou Junuildgninvhmsdavenude
nszaenselutinluaued 150-1500 uay
MASTAdUAIERANTSIUIR 1 lulAsiuns
Avhdueudisuaniedionszangniiinig
fafandsavatsavatefitivuaiiondns
18azRYnUelATIEs1slanyInen

3. NAN1INARDY

SUT 3 uanslAssadnamanAue Ly
ounenuda 1 wuiidessonszuaiion
160 way 180 wemulf (A) fisinsdesilag
Liiflufiapgu (No gas) uazilufiangu (Gas)
wulpssasamaautseenidu 3 Mufivndn
Usznauselavggiu (BM) lanzideumnen
(WM) waeufinsgnusou (HAZ) msmsaaen
Tassadauvnavesuu@esmuiiuuidon
fldfienuanysallinugauansesineg wu
snsu nmsvieeuldauysal viesesinunis
Tulassafraumnaveauniden sglsfnm
Slevhmsdentinszuas 120 A Heeoauuy
WUgAUNNT 09 vualng/MAnannis
naevavansliauysal Mewginisdeud
nszuadasinivanides nszualoud
datuiunliiliauniswe e
aruniravesiiufinssnueu uazsvoy
nsFudnvesuundounenudaiviy usd
ANNYLIBILUILTONANAY AINLNT19YDs
wuadoufifisduidenszualiidontdangs
dwavilflansdouiiinnisenniisuuseiy
nszgoend1ut1svo LU douLar il

ANUYUVBILWITDUARAIAIFUN 4

JUN 3 1598590 MA 1A UILTRUND NS
1 U MdaumensEla 160 A

o1saisdfonssuans sasuonastyus Ry




AN UAULUASTAR19 VDLW
o - < & a &
OUVBILANLLYDUND NWIIUUNURILAAN
\ an v = '
PADMNN LA UL AIULAL D ULATLANA 192N
TRvedanzBounanudauuannainisuay
Urunans 0.45% nl¥aiaweulasideas
Tunswaunenudunannaiarsuauliunans
W AUNT19 ALY UagTEeEineYeaiul
HAZ faindu Wsltnsewaway 150-230 A
wagsinliszegnisdudnanasla [4] n1s
M52980ULASIFS NUNAIANIAYBILa VLB Y
NUSHUVBUWATENINNUTNNTNaBUATANY
& A [ a & a .
LATNUNNTENUSDUNATUNABNEV? (White
cast layer) \inusauanssiggnas WC Tugu
a & = A a X fa. <
7 3 FUNABUAVIIMAATULLA1AINU BT
! v = a ~ o A ad
AputvauilaIeuiguiuiiungu veq
1A oL LI USIUTLAANISNBFAIVD
langansludaniinainsigarsuouwasinan
= a =l = =l =
$30LATLIEN K30IULAEY NIoLUINILE
= & A a A <
Fadusiguauniluaiagounenuda [11]
s AaaaItdanayinlia1ANLLD 199
gj a a ell U d‘
YunaoudvIAanIsiUasuLUaIneguNn 5
a8141l5An1uN1INIIvaaUlATIAS 19N TALAU

v A4 A da ::II ~ =
AIYLATDIUDNUAINULNYINIIAITUNIANEN
okl

015d1S3AINSSUANENS S1BUVAASTYUS

—o= AN -0-A7 YU
|=*—n13@uan  HAZ

EID.U’D ] &-,—J,‘—-o—_—_‘é
==
i
Tl

120 140 160 180
nIzuaLay (A)
(n) wuulilduiianau

- ATUATI B-ATIUYY
==ms@udn  =HAZ

TR
=
L
L]

A dr i

0.00 . T

120 140 160 180
nszuagay (A)
(v) wuulduiangu

UM 4 Hfvetuuounenuds

580 - —o—Lsifiufianau
-o-flufangy

120 140 160 180
nszuaTay (A)

JUN 5 Anuwdevadlaneidounanuds 1
WUATINTZUALTDUANE)



700

600 BBM-No gas O HAZ-No gas
_ 1 BWM-No gas O BM-Gas
25001 DOHAZ-Gas B \WM-Gas
= 400
=300 -
o= 200 4

100 -

120 140 _ 160 180
nszuaay (A)

UM 6 Anuudsvedlavegiu Auiinsenuiou
uazlanzlouNaNAINTELATDLAIY

dlowFsuifisuanuudaaioves
Tavzg1u fufinsznufeu uarlaneideumen 1
wniivinsdeudenszuwadousneg §elid
uaviluAangulaneBendsguil 6 (b
fldluzud 6 dlddunufuainuuiaves
%gwaamﬁsunﬁwuiugﬂﬁ 5) HANIINAEDU
wuirAAuudeesfiuiinsznudeuden
gsninlanegu osarnnisuiuaninues
indanalwriuarinssadiefiu (Matrix) vo9
wannaewniiflvunadnuazazidenas [12]
vz fudlonFouisuiuauudaes
Tavzidounuinanuudsildfianiniug
\esanmsnesveaialavzansludiatuuss
lulsunugevenninnaeinliaiainuuds

'
a

WinAule [6-8] wazulafansanlansiyay
MTUAIYNTLUATOUAI) NWUIIAIALUTS
98N laNE WL DYINNSIWAUAIEN T LA

Y 9

4 AuagltuiaunAauiluang1s Nswoume
nszuaweu 160 A wuulilduiaunaquilen
ANULDNEIEAUSTIN 418 HY

3.00 —
@ Lidufangu
2 2.00 1 O fuAanqy

. -
g?‘l.OO .
35 )
=
305 OOO -
120 140 160 180

nszLaay (A)
JUN 7 Anuduniusseniaiviingayeuas

(%)

I

NITUATDLUDNANLTDUNDNLT 1 TU

| < A A A P

ANANULTIVBIL A VLU DUA ¢
nsewd 120-180 A uazmslduialnagud
LANA1IUAINALAYATINDAITUATUNIY
n1sanunsavdlans o unanwianyinnis
negeuwaziansluguveINsgaydsdInin
lanzWouniinuudguiulansiiouid
AUANUNIUNITANNTOGIAIAARAIFUN 7
meniRsaunsaagulai nsvuaiion 160 A

d' Y 6V I d'
waznswenkuulildufanquidunssuaioy
ﬁmmsamﬁﬂﬁlﬁmmmwﬁng LALAINY
éfmmumﬁﬁﬂmaqﬁﬂgﬂLﬁ@mﬂuﬁmﬂﬁ

d' o [ v d' I3 35
ASWOUFANSUAT I ANELTDUNDNLTS 1-4 T
VUBHULANaawaaly
~ 1%

sUN 8 uanalATIas U1
WUATDUNDNWTY 1-4 TU NUTIULANTID
(Crack) UUNUNYINNNTATIEDU WaLdAANIg
& v a v A ) P A
FIAINNURINUILUATDUAIFUN 8 (A) LD
F1uIuTUNDNUTNANTY USUauans19
LUBYDILANTUY AZAILAUINITEAANNS
wAN3ARMlUUUlaNERIRUISUANNLUIN 1
Tgimthuwidion wananduLilaiangn
ALYl AULUITDULLBVINN1TI T DU Y

< o a P P

PONLTIN 2-4 WUNISLAANTITHANS1INLAU
WUIRNTUATISTIUUN 8 (V) B3 (4)

215d1S3AINSSUANENS S1BUVAASTYUS




(n) 1 Fu sesunndnivenesanasluluitud
AszmuSeumaudon WovnsTaaiuy
g15wdAntululasiadsumna1nreenis
Fouwenuds 1-4 44 WUIMAMUEIVEINTS
LLmﬂ%ﬂLLUiﬁumﬁUf\i’wmu%guwaﬂLL%&GT&EU
# 9 msuandnfifetulunsdenmanvast
Lf]u%aﬁa’faqmsﬁwmsﬁmsm’mwmLw;
sold iesmnnsideunenudsssaiaien

o v & & o ¢ Aa a
ey NUNANYLIANNAIATUDUUIUNANINUUTUIU

10 mm

q

Tasiloudindn 4.50% duldifniy uas
ArALLT A ARG UNIUANTE NSO Tile
fldnsnn [12] uenansosunniNTLAnTy
Tusessonuiinisdounenudssrvansuun
denalaonsanon1sOnfvssuuiiou
ﬁqwuléﬂugﬂﬁ 8 wiuulangsuiagna
Wuwadeunardnseiiuunntudioduiu
Fufnannty NsANEIE09NULIBUAE
wasfiesananudeuiiliuiuudonnass
MsAnw Gy tieannnstaduidesain

10 mm

ANuTouNMIweusialy
5UN 8 laseasneumnnAvei oy
o g 4.00 800
WoNule 1-4 U
& 3.00- - 600 <
_100 = >
: £ =
£ 80 - 22.00- L 40073
e -y 2
s £ 1.00 200 €
2 40 e S e viwinggywne
& T o
e —— AT
e i 0.001— — —L 0
= 1 2 3 4
N , : : Fautunenuds ()
1 2 3 4
Innutunenuda (du) U 10 Anuduiusvasiaulsniswey

< 1 J 13 [
o v o . o NWBAYITESVEINATIAITULVILAS DR INNT
E‘LJ‘I/I 9 AINUAUNUTIEUINAIUYILANTTD o d
R y < ATUNIUNITANNTD
LAZAMUIUYUNDALUY

015d1S3AINSSUANENS S1BUVAASTYUS




LLﬂjuLﬁﬁﬂ%daﬁ‘QﬂL%E]MWE]HLL%ﬁWu’m
1-4 %ugﬂﬁwmﬁ’m’mm%u%umaau iie
NAFDUANLTS LATNAADUAIUAIUNIU
NSANNTD mamsmaauﬁ’qgﬂﬁ 10 wansA"
aruudsveddaneidoudiaiviuiles iy
Funonuiafiuduan 1 89 4 $u Admin
gymenfiaranrdorinudunugsga
wuldilevinisideunenuds 4 du Auans

[
=

@iqﬁmﬁfﬂ@maﬂizmm 1.23% N15LAT
voslanzidounonudailosuiudufingy
ATAIILANINNITAAAINNLEBR9 (Dilution)
Yasdrunaunaiiveslansatniouie
Fruutunsdendounufiudy diunay
vaslanzarnidouiiid1ioasanasivinly
drunaunandvaslavziondlnddiuney
maaiivedlavzaindondey@limsuis
Asfilanzarndendautinienailngides
fulanzarnideuiinvun nansnaesnany
Futiwuldiilovinnsdeuvufiuiumdnndn
1$aiin 304 waswdnndruwnuleyi SA553
fidousnensideuawes [13] wiensiadou
Ranenudalanraudniia-lasilleu-luseu-
Faneu-msveuUURUALMENNAAISUBY
[14] wionmsiFeumenudesiuiy 3 duuuity
AmannaAsUan ASTM A36 fenisidou
919nadnsiundnd [15, 16] n3on131dou
wonudesiuau 3 FuvuiuRamanuaewmn
ASTM grade 2500 faenisidenaisnadn

v

WUNSNT [17] Nan1sneaadnatuansliiliiu

q
= IS

fennstldunauveslansidoudiaailngifes
amndouiutuiiesuudunsidounenuds
ity wazyildenuudaasanudiuniy
MsAnusoTifiuTy

4. a3Unan1Innaeg

Iawm%auwaﬂLL%aQﬂa%’wﬁuﬁw
Faudsnisidenditnuatiialaiuainuunds
LAEAINUEIUNIUNISEN YT OV IURIMEN
waew WemannzmsdeniiviliAnay
WDAZAINAIUNIUNNTANVTOERER HANTS
naaodlavaguitded

4.1 nszuadeuifiududwarileg
AN e sLuEsune LT wwaz A1y
FuvunsEnuse YRR Y

4.2 frudsmsieniliaiaunds
298m 550 HV LagdnsInNIsAIUNILANSENTe

v o9
i
o

e 1.23 % Aouudoumenudanssuadon
160 A AnuSRuden 200 uy. /undl uas
Sruautuneniia 4 $u

43 msiinswauduluniswenuds
danarinlanuudiazalanud1uniy
Asdnuselfiniu urdawailiusuimunng
wndlulavedoufintu

5. AnAnssuUsENA

e ildsunsatuayunuide
Usgd1U 2559 91numInerdeinalulag
51939AaSAULNEUNS

6. 1BNA1581984

[1] Wang XH, Han F, Liu XM, Qu SY, Zou
ZD. Effect of molybdenum on
the microstructure and wear
resistance of fe-based hardfacing
coatings. Materials Science and
Engineering: A. 2008; 489:193-200.

[2] American Society for Metals. ASM
Metals HandBook Volume 8 -
Mechanical Testing and Evaluation.

USA: ASTM International, 1995.

215d1S3AINSSUANENS S1BUVAASTYUS




[3] Yang K, Yu S, Li Y, Li C. Effect of
carbonitride precipitates on the
abrasive wear behaviour of
hardfacing alloy. Applied Surface
Science. 2008;254:5023-5027.

[4] Kimapong K, Triwanapong S,
Prasomthng S, Wattanajitsiri V.
Effect of buffering and hard-faced
welding on mechanical properties
of JIS-S50C carbon steel. Journal
of Engineering, RMUTT. 2016;14:
77-86 (In Thai).

[5] Selvi S, Sankaran SP, Srivatsavan R.
Comparative study of hardfacing
of valve seat ring using MMAW
process. Journal of Materials
Processing Technology. 2008;207:
356-362.

[6] Poonnayom P, Wattanajitsiri V,
Chanchana A, Meechakha S,
Kimapong K. Effect of milling
process parameter on chip
morphology and cutting edge wear
in faced milling process of
hardfacing weld metal on JIS-S50C
carbon steel surface. Journal of
Research and Development.
2016;27-37-42 (In Thai).

[7] Buchanan VE, Shipway PH, McCartney
DG. Microstructure and abrasive
wear behaviour of shielded metal
arc welding hardfacings used in the
sugarcane industry. Wear. 2007;
263:99-110.

015d1S3AINSSUANENS S1BUVAASTYUS

[8] Fan C, Chen MC, Chang CM, Wu W.
Microstructure change caused by
(Cr,Fe)23C6 carbides in high
chromium Fe-Cr-C hardfacing
alloys. Surface and Coatings
Technology. 2006;201:908-912.

[9] Japanese Industrial Standard, Welding:
JIS Z 3114 (1990) Method of
Hardness Test for Deposited Metal.
Tokyo: Japanese Standards
Association. 1997.

[10] Buchely MF, Gutierrez JC, Ledn LM,
Toro A. The effect of microstructure
on abrasive wear of hardfacing
alloys. Wear. 2005;259:52-61.

[11] Klocke F, Hensgen L, Klink A, Ehle L,
Schwedt A. Structure and
composition of the white layer
in the Wire-EDM process. Procedia
CIRP. 2016;42:673-678.

[12] Poonnayom P, Yamphurn P,
Wattanajitsiri V, Triwanapong S,
Kimapong K. Microstructure and
wear of hard-faced weld metal on
FC25 grey cast iron. Journal of
Research and Development.
2016;27:35-41 (In Thai).

[13] Wu Y, Cai Y, Wang H, Shi S, Hua X,
Wu'Y. Investigation on microstructure
and properties of dissimilar joint
between SA553 and SUS304 made
by laser welding with filler wire.
Materials & Design. 2015;87:567-
578.



[14] Hemmati I, Ocelik V, De Hosson [16] Coronado JJ, Caicedo HF, Gomez AL.

JTM. Dilution effects in laser The effects of welding processes
cladding of Ni-Cr-B-Si-C hardfacing on abrasive wear resistance for
alloys. Materials Letters. 2012,84: hardfacing deposits. Tribology
69-72. International. 2009;42:745-749.
[15] Jeshvaghani RA, Harati E, Shamanian [17] Chatterjee S, Pal TK. Weld procedural
M. Effects of surface alloying on effect on the performance of iron
microstructure and wear behavior based hardfacing deposits on cast
of ductile iron surface-modified iron substrate. Journal of Materials
with a nickel-based alloy using Processing Technology. 2006;
shielded metal arc welding. 173:61-69.
materials & design. 2011;32:1531-
1536.

215d1S3AINSSUANENS S1BUVAASTYUS







N15%1A1U8N15ANE28N1UNIAUNIRNNZdUA8LASDIAR B8 TUARAS

g3nt eSeaumad’ Uslumd wuunen’ 150 I3’ wasindnad Augned’
surat.t@en.rmutt.ac.th’’, promote.p@en.rmutt.ac.th?, voraya.w@en.rmutt.ac.th’,

kittipong.k@en.rmutt.ac.th*

" AN INERAMINIG AMEIMNTIUIANERS W Inendemalulasvianasyys

Received: July 13, 2017
Revised: November 13, 2017
Accepted: August 20, 2018

UNANYa
a o a ¢ v ' & ad ~ a X A ¢ A
watlansannsrduduaraduismsiiundaninluiiuinisimgugniiauiiesnin

nsfinfsUNdumuadliduasTuaLNsaYi R uUdua I saLAvazaLe1s B LANINNIT @nunso
° Y a & | | ' a a & v = v
iiiAansuanneidulue wavaunsadwnasionisiiindsunaunaurdulvgauld Tuns
o a [y 1 1 o Y a QI 3 a a 2 o %
AnlunsaenandwavilivsinavesAsauludiunagwasiaudesnisiunisiilule
Usglewdl wu mvile viseduemsdniluewan memeiinsdngesiiieliiinmwuunian

a ° v e A o & o a ' | P &
wazdanuwnnzadlunisi lulsuselevuddadianudndulunisafiunisegremaiios unanudl
= & A A o = | ) o A = ° v
fyaUseasd Ao 1) WieviiniseankuunIsveaetiemAdadunisinimunsaudaunsovinly
a < a & Aot v P o I3 :’1 A e
AatrwruiadnuasUTinaawdunimagdagnisliinsasianisduluds wag 2) wWefinw
ANUFURUSVRITTNTFANdINanavLInkazUSUNAENI9UIaY Uadenisantunis@nend
UsZNaUMIEAINLISITOU 540-1000 SaURU Lazdnuiuvadlusn 2-6 Tu N1sIAs1einIeds
meatanuuuwnaiSea 23 wianaiSea wuu 2 Uade 3 seiu gnldlumsesnuuuuasiinsien
N13NAaeY Han1sneaedngasunudl MLUsnIsinnliALasNAnfnivwn 3.8 Tadwns uway
USU1aUNISHARLAY 6600 NSU USeNausmeaIuisnsau 1000 SausauniivadnIasdasni1auldy
wazs1uuluiinds 6 Tu nsiuauEsevlunisdanaznsiivsuulusndenavinlivuinve
LAYNISAANIIUIANAANRY LazyinlAUSUNNSHAMEYNIIUaNT ALY

AAIARY: U8 N138A 903INTHERLAY

215d1S3AINSSUANENS S1BUVAASTYUS




Palm Cutting Parameter Optimization of Orbital Cutting Blade
Chopper Machine

Surat Triwanapong"’, Pramot Poonnayom? Voraya Wattanajitsiri®, Kittipong Kimapon*
surat.t@en.rmutt.ac.th’’, promote.p@en.rmutt.ac.th?, voraya.w@en.rmutt.ac.th’,

kittipong.k@en.rmutt.ac.th*

" Department of Industrial Engineering, Faculty of Engineering, Rajamangala University of Technology

Thanyaburi

Received: July 13, 2017
Revised: November 13, 2017
Accepted: August 20, 2018

Abstract

Lower palm branch cutting technique was a productivity method in a palm growing
area due to this cutting technique could store more food for the palm tree, produce a new
palm branch and also affect to increase a higher palm fruit. To perform this technique,
larger amount of the palm branch waste was produced and was required to utilize as a
fertilizer or an animal feed in the near future. Therefore, the palm chopping that could
produce small scrap size and suit to utilize was continuously performed. This article aimed
1) to experimental design for optimizing cutting parameter that could produce small scrap
size and large amount of scrap using an orbital cutting blade palm chopping machine
and 2) to study the laration of the cutting parameter that could influence the palm scrap
size and amount. The cutting parameter in this study was composed of the cutting speed
of 540-1000 rpm and cutting blade amount of 2-6 blades. 23 factorial statistical analysis
technique which was 2 factors and 3 levels, was carried out to design and analyzed
the experimental results. The summarized results are as follows. The optimized cutting
parameter that could produce the palm scraps size of 3.8 millimeters and the palm
scrap amount of 6600 grams was a cutting speed of 1000 revolutions per minute and the
cutting blade of 6 blades. An increase of the cutting speed and an increase of the blade
amount affected directly to decrease the palm scraps size and increase the palm scrap

production amount.

Keywords: palm, cutting, scrap production rate.
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General Linear Model: SIZE versus a1, g7uauly

Factor Type Levels Value
ey Fixed 35 540, 750, 1000
Fruauly Fixed 3 2,3, 6

Anayasis of Variance for SIZE, using Adjusted 55 for Tests

Source DF SeqSS  AdjSS AdiMS F P
38U 2z 240.08 240.08 120.04 277.57 0.000
Fruauly 2 223925 22395 111963 258892 0.000
saurduauly 4 81.16 81.16 20.29 46.92 0.000
Error 18 7.78 7.78 0.43
Total 26 2568.28
S=0657623 RS5g - 99.70¢% R 5q (adj) = 99.56%

gﬂﬁ 5 HANTNAFRUATNLUTUTINYRUNAAYUIEY
General Linear Model: WEIGHT wversus 584, Ul
Factor Type Levels Value
581 Fixed 3 540, 750, 1000
Fruauly Fixed 3 2, 3, 6
Anayasis of Variance for SIZE, using Adjusted 55 for Tests
Source DF SeqsSS  AdjSS  AdjMS  F P
81U 2 4793430 4793430 2396715 27227 0.000
Fruauly 2 31111252 31111252 15555626 1767.13  0.000
saut*amuly 4 661370 661370 165343 18.78 0.000
Error 18 158450 158450 8803
Total 26 26724502
S =93.8231 RSg  99.57% R 5q (ad)) = 99.38%

UM 6 HaN1INAFRUAINLUTUTIUYEERTINSHARLAYUIAY
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Residual Plots for Weight
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WUUD18DINUIINTINANTUINLIIANUIRY
Juun@ (Normal probability plot) fiagy
FevuvesgUi 7 imsuanuaadadunanie
Tunsadrensinlgeaiiadrstudalndifeeiu
wazhud i dudunss wazduusauuay
fruwsdasvilanudunustududadunsa
[16] yatoyafilsiilevinsfiansansensyl
galnsunsy (Histogram) wudndeyaianwuy
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Interaction Plot for SIZE
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Abstract

The research was to design and fabricate a lotus seeds membrane peeling machine
to minimize the time and labor requirement in the processing of OTOP products of the
provinces with lotus planting areas. The prototype consists of the main frame, lotus seed
membrane peeling unit, the power transmission unit, and a 0.5 hp electric motor, which
was used as a prime mover. In the operation, the 0.5 kg lotus seeds and 1.5 lites of water
were fed manually into feeding chute at the top of the machine to peel the lotus seed
membrane in the peeling unit. After the peeling, lotus seeds were released through outlet
chute at the bottom. Results of testing at the peeling speed of 1,000, 1,200 and 1,400
rom, and testing time at 3, 4, 5, 6 and 7 min, respectively indicated that the optimal
performance was achieved when the machine was operated 4 min at peeling speed
1,200 rpm. The working capacity was 7.1 kg/hour, percentage of peeling was found to be
94.5% with seed damaged 2.9%, and consumed 0.66 kW-hour of energy. An engineering
economic analysis showed that, at an annual usage rate of 1,440 hours, the machine cost
was on average of 3.9 THB per kilogram, payback period of 3.4 years and the break-even

point of the machine was 1,170 hours per year.

Keywords: design, peeling machine, lotus seed, lotus
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Abstract

Design and construction of the lotus root slicing machine are to increase the
efficiency of the agricultural product process for the farmer sector. The lotus root slicing
machine consists of the lotus root feeding pipe, the lotus root slicing unit and the motor
power unit 1/2 hp. The design and construction of this machine use the mechanical
principles as the important parts. For the operation of the machine, the operator brings
the lotus root into the lotus root feeding pipe that is composed of two angle choices:
45 and 90 degrees. The studied parameter is the suitable speed for the lotus root slicing
unit. From the experiment, it is found that the maximum efficiency of the lotus root
slicing machine occurs at speed 200 rpm. The machine can slice the lotus root 55 kg/h
and 60 kg/h at the angle 45 and 90 degrees, respectively. Furthermore, the machine can
slice the lotus root more than 2.4 times the labor force does. The power consumption
is 0.373 kW-h. The lotus root slicing machine can cut the lotus root regularly and has a
constant production rate despite working for long periods of time. When the farmers use

the lotus root slicing machine, the payback period is 3.2 month.

Keywords: lotus, lotus root, slicing machine
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8. N5AATILATEEAEATIAINTIY [7]
NFIATIEAUATYIAANTIAINTTY
voandesaladimirthiieenuuuuazadaty
lngldusanuaudumian 1 au gl
Wwagldau 0.373 Alates-97lue Anuanse
Tunsalasmithseeios 60 Alansuse
Flus vuslesesihey 8 Hluwedy
yneulay 180 U @1u1501NIMITLEELIAN

[
Y a

AuNUYBLAIesdlanmitIladell

= a ¢ a
A1519fl 2 N1sAtAsIdinazUssiliunanis
LATYEAIANSIAINT TN

AuvnuAsi (Fixed cost)

1ALATD9E AN 30,000 UM

YaAwINLATesA A 3,000 UM

R =~ !
WULHREUUN 5 duaan

Y
AIWAD 10 LWasidus
YBITIAAUNULATEN

(S) = (10/100) x (30,000)

AADUTIAN
(DP) = (P-S)/L
= (30,000 - 3,000) / 5

5,400 um




A15199% 2 (%19)

AunuAi (Fixed cost)

AuvnuAsi (Fixed cost)

aanUgvsamLdalania

SRR

1,650 U™ AU AR 120 U™
(Interest on investment,) | #at 2 umedlansy v | sedlas
| = (P+S)/2) x (i/100) 60 AlanSurotilus
vualyt dhsmenide l39n15YaT 1,400 Flais
faUWINAU 10 Wasun e
2zle ((30,000+3,000)/2 ¥
( /2) fontle 1,650 U
x (10/100) |
noU
TIWAUNUAIN 7,050 um FununUsiu 57,690 U
(Fixed cost) ol sod
AuTULUSHY (Variable cost) AuusIN 57,690+1,650 | 59,340 um
ArsasnwAnLedey 1,800 U fal
Uszanaiuaz10 Um noy waUsElenTlasy 172,800 U
191U 180 Jusiad 1.440x120 ol
alwiliadeldan 0.373 [ 1,890 un raUseleans 113,460 UM
Alatad-dalus s1enluidl | slod 172.800-59 340 ol
mhway 3.5 v lu 17 SYgvAAUYY 3.2 lfiou
e 180 9 duae 8 (30,000/113,460) x 12
9 AUz EeA il
0.373x3.5x180x 8 A58 3 NsUTeuiunsTieusEnIng
AU T Y 54,000 U nsaladndrtialeiasesnaznisalas
300 U U 1 AU nol WNUIAEWT I UAL
e 180 vadelumaieu | wdes |ussauau
FIAUYULUTAY 57,690 UM Wi dlan
(Variable cost) #oU 1119107
AlAnglun15vinauy 0.67 UMD 1. AIUATLISE 60 25
(Umeentansy) YaaAIed | Atansy Tun15v19u
dlasmidalune 19 Alandusatilae)
iy 1,440 7l —
0 2. ANkANg 0.67 2
AMUEINNTDLUNNTVINIU )
o o Tun1svinau
60 AlanSuRaTILae ALY s
Y Alan
218 57,690 / (1,440%60) (Ummentanss)
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Abstract

This research is to study the workability and compressive strength of concrete
containing recycled aggregate and lime stone dust. Recycled aggregate (RCA) is used to
replace crushed stone was 70%, 80%, 90% and 100% by volume of total coarse aggregate.
Lime stone dust (CD) is used to replace river sand was 70%, 80%, 90% and 100% by
volume of total fine aggregate. The water to binder ratio = 0.65 was used. Compressive
strength was determined at the ages of 1, 3, 7, 14, 21 and 28 days by using concrete
cylinder (dimension was 150 millimeter in diameter and 300 millimeter in height) for
testing. The results show that, workability of concrete was decreasing, when the amount
of CD to be increasing, while workability of concrete was slightly increased, when the
amount of RCA to be increasing. For the compressive strength of concrete at the ages of
28 days, the tendency was to be decreasing, when the amount of RCA to be increasing.
For the amount of CD in concrete lower than 80%, compressive strength was tending to
increasing. While the amount of CD in concrete more than 80%, compressive strength
was decreased. In addition, the tendency of the compressive strength development of
concrete with RCA and CD was similar to conventional concrete (concrete without RCA
and CD).

Keywords: recycled concrete, lime stone dust, compressive strength and slump.
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2. /N15799

2.1. Fagildlusade

- YuBwudvesauaudUssianil 1
(OPQ)

- 1ATINALLBYAANGIINYRA (Sand:
NFA) Ao neusdtnenunzunsaued 4

- UIATIUNLIVAINTIIUYR (Crushed
stone: NCA) fla fiuyugoswunalngn % 47
TOUNUATLATIUBS % LATANNAZLNTIUDS 4

- 1aTIMadANTUEY (Fuyw)
(Lime stone dust: CD) iﬁﬂﬁﬂﬁuﬁﬁﬁu
senseagludamianigauys waziunseu
HUAZLNTILUDS 4

- IATINNENUIINABUN AT IEN
(Recycled Concrete: RCA) leiunannnisesy
Lamaﬂaﬂauﬂ%mﬁﬁﬁﬁaé’magﬂuﬁzm 400-500
nlanfusansraguiiuns laglvuialagn
% T (SOUNTUAZLNSIUBS % LAYAIAEUNSS
wes 4)

WIATIMNLIVLAZIIATINAZLD AT
Wl dudiunauvesneuninazegluan1ie

'
a Y

BUFIHILI (SSD) ANaIsmsgIu ASTM C127
[12] wag ASTM C128 [13] ANAUANT UMY
voayudiuud Uos auaus Usziani. 1.
(Portland.Cement.Type.1) 3518 (NFA) #u
(NCA) #iulu (CD) waziAyAaunIn (RCA)
Alflunseenuuudadgiunaunounin Wiy
3.15, 2.63, 2.61, 2.70 Uay 2.45 AUEINY
dusuauauAnenMenmeenasu begn
wamalifansned 1

2.2. @IUNEUVDIABUNTA

N1509NLUUEIUNENVDIABUNTA
Azl MUUAUSHINTVDILIATILLASTLUUA
wad  Iaefmuntasindadniiong 28 fu
Teglusening 200-250 Alansusanisna
WURALLAT d1RTUAINITDNLUUEIUNEY
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i 1 9ISy ACI 211.1-91 [14)) Tngld
Fduvesunaiuasdunseiasusiaug
(s/a) Sovay 45 InaUTuns wazlidndiuves
N18s2ucoAUNTA (Vagg).398a%.65.
lagU3u1ns (Mu1eAIu71 1,000 ans
2zUTENIUAIY 650 ANT AINTUNIATM LA
350 Ans dTUTuRNEr) Retinseeniuy
drunanvesnounInlutaiy ITnguseasd
iieruRuiLUsinag Trinedl ilelsiannsn
Wisuisuranismageuiulaey19taau
TdndrunanvenaunIneie kaiiduse
uANANAUDENeLS

AN51971 2 wansdndUNALURIRBUNA
lagAounInAlIuAY (ROCO) lduiasiu
NYIVLATUIATINAZLDUAINAULATNIIY
5ITUYA (ﬁugusiasuazm’]mujﬁw) Tuveue
fidndrunauroundndug MWunasiuveu
INLAYADUNIALATNIATINAZLDEAIN
FuruuufinassIIHmATosas 100, 90,
80 waz 70 laeuiuins laedeyanwal R Ao
\AYADUNSH Wavdyanual C Ao udy wu
ROCO wneaudn aeun3nfiliiunaznsne
Junnasan uaz R100C100 wanedis AauNIA
AFnoundngosuaziuduunuiuuagnse
Hanum

(1) 2IATIUN VWA ILBLAUSTTUTR

JUN 2 wiasaunleanniiugy 1iasi

NTa WaTUIRTIUGTITUVIR

713199 1 AEUURNINIEAINVDINIATIM

Properties NCA RCA NFA CD

Bulk Specific 261 245 263 270
Gravity (SSD)

Apparent 260 267 267 283
Specific Gravity

Water Absorption (%)  0.75 571 094  2.84
Fineness Modulus 6.49 660 257 325
Maximum Size (mm.) 19 19 475 475
Unit Weight (kg/m’) 1,597 1,444 1,745 1,893
Void Content (%) 39.71 4082 3197 12.83
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mﬂﬂfuﬂ'aaiﬁw%muﬁ LA AuLAS oW
AoUNIABNATIUsEINML.3. Ul LilelWLdln
gu%muﬁmzmaéffgﬂ"’muwau wildvh wes
uLASeINaNABUNSA SnagretosUssun
3 Wl wseuAINEIUNANITd T uIUTY
dolfontu ndaniufthaeuniailalyi
nMavadeukaziiufmegTlugULuUAIY

2.3 JN1IVAEY
2.3.1 ANYUAIYBIABUNIA
NSNAFBUMNAINISEUFIYBIABUNT
MMUNIATEIY ASTM.C143/C143M [15]
IngnannounInfifoin1saaeUnIAINIg

2.3.2 NNA9D9AVDIABUNTA
NAADUNIAIDAVDIAIDY1IADUNTH
sUnsansguen (Cylinder) YuIALEUNIY
Audnane 15 WuRlung a9 30 wuRlung
$1unu 3 fheg ilethameady ey
1,3,7,14, 21 uag 28 U

3. NAN1338

3.1 AMNITYUAYBIABUNIA

AINITYURIVBIADUNINAIUANLIAN
WU 16 wudiing dmiudiunaunaunI
ARl uLazAouNIATldLEY WUy
anad 45.63% - 59.38% (dA0g581IN 6.5
- 8.7 wuiwng) eiisuiunsuninaiunm
Fauanslugud 3 aziuldimsdfiudusas
AeunInfildudvinliaguivesnsunin

guda 1w 3 ada Wilethumeade ANAIBENIUN
A5199 2 Mix Proportion (kg/m’)
NO. Cement NFA NCA CcDh RCA Water
ROCO 362 769 933 0 0 235
R100C100 362 0 790 876 235
R100C90 362 7 711 876 235
R100C80 362 154 632 876 235
R100C70 362 231 553 876 235
R90C100 362 0 93 790 788 235
R90C90 362 77 93 711 788 235
R90C80 362 154 93 632 788 235
R90C70 362 231 93 553 788 235
R80C100 362 0 187 790 701 235
R80C90 362 r 187 711 701 235
R80C80 362 154 187 632 701 235
R80C70 362 231 187 553 701 235
R70C100 362 0 280 790 613 235
R70C90 362 77 280 711 613 235
R70C80 362 154 280 632 613 235
R70C70 362 231 280 553 613 235
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A5199 3 NMNAIDALATSDYAYINAIDAYDIADUNTA

Compressive Strength (ksc)

Concrete Normalized Compressive Strength (%)
1 day 3 day 7 day 14 day 21 day 28 day
172.15 225.98 255.65 286.21 306.71 325.03
ROCO
100 100 100 100 100 100
147.11 192.08 215.78 257.36 280.55 275.70
R100C100
85.45 85 84.40 89.92 91.47 84.82
140.01 160.69 231.29 23191 250.22 271.41
R90C100
81.33 71.1 90.47 81.02 81.58 83.50
189.63 216.58 248.31 287.27 292.26 312.06
R80C100
*¥110.15 95.84 97.13 *¥100.37 95.28 96.01
167.50 217.50 231.93 277.22 293.34 307.15
R70C100
97.30 96.24 90.72 96.86 95.64 94.50
179.31 232.09 245.09 273.83 278.17 288.67
R100C90
*104.16 *¥102.70 95.87 95.67 90.69 88.81
131.74 193.26 205.14 243.67 286.97 296.13
R90C90
76.52 85.52 80.24 85.14 93.56 91.10
181.09 233.21 285.22 291.73 335.90 356.76
R80C90
*¥105.19 *¥103.20 *¥111.56 *¥101.92 *¥109.52 *¥109.76
173.66 220.93 250.84 258.76 259.96 300.13
R100C80
*100.87 97.76 98.12 90.41 84.75 92.34
169.45 188.77 237.03 299.04 310.53 338.43
R90C80
98.43 83.53 92.72 *104.48 *101.24 *104.12
189.72 233.12 248.75 286.21 307.40 353.13
R80C80
*110.20 *103.16 97.30 *¥100.00 *¥100.22 *¥108.64
180.79 221.87 268.18 270.46 275.58 295.58
R100C70
*105.01 98.18 *¥104.90 94.50 89.85 90.94
165.72 209.38 249.92 275.85 306.46 309.78
R90C70
96.26 92.65 97.75 96.38 99.91 95.30
169.45 228.75 232.06 257.38 289.98 343.05
R80C70
98.43 *101.22 90.77 89.92 94.54 *¥105.54
158.45 221.58 252.55 301.24 318.59 346.05
R70C70
92.04 98.05 98.79 *¥105.25 *103.87 *106.47

Nanewme): diuniiaseaang * Iasevarfaednuinnitneuninuni

Y
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Abstract

This experimental research was conduct to study the effect of the bucket savonius
rotors on the performance and predicting an efficiency of vertical axis wind turbines with
different closing end of bucket. The bucket made from mild steel with 1.2 mm of thickness
while the ratio of height to length (h/b) is 2.0. There are three types of bucket for used in
the experimental. That the both ends open is Model 1, the both ends horizontal closed
is Model 2 and the both ends 45° closed is Model 3. Drag coefficient (C,) of bucket is
the first tested. Then assembly to the savonius rotors with the smallest C, value in two
type of bucket, while the gap of bucket is 0.1d. Experiment within the wind tunnel with
constant wind speed between 2.7 to 9.2 m/s. The results showed that the bucket both
ends 45° closed had the smallest C,value of 1.19. An average wind energy efficiency (P./
P,) was 27% in speed ratio (V,/V,) of 0.8. Moreover, it is also to predicting the maximum
efficiency of a wind turbine by using the relationship of wind speed, angular speed, drag

coefficient, shaft speed and the efficiency of turbine bucket.

Keywords: wind turbine, vertical axis, wind velocity, drag force, performance

015d1S3AINSSUANENS S1BUVAASTYUS




1. uni

nasuaud undeaunauny
madennilsiivigannistniddomnasain
fnalseina ansusnwuzanveslssnalneg
wilenuidiauuazndanuaniadvegluszei
sdaUunans weluladndanuanisndy
foelin1siauliidnnlnuaiu1salunis
Felaiinnusiausdeliunans fauan
Aldlunisudnnszualud1ludagiud
A09ANWUEAD NIRUANLAULLIUBY (Hori-
zontal Axis Wind Turbine, HAWT) uag
ArviuauLuuLnULLARY (Vertical Axis Wind
Turbine, VAWT) Ssustaaeauuuiidonuay
Fodelunsliouiiuanmaiu dmsuiiuay
puusnunuas s ueiuantunulusin
Fianfunisiadouiivesauiiunluuuasiy
mlinsiuavaiursasvanlunuisiula
ynianelaglidesinideniuauiianig
Fafuauuuusnuuulsslafin swauinas
anansaldanulaniled 2 wuu fie LuuwasiFea
(Darrieus) wagwuugliiled (Savonius)
dviuludssmalnediTenivmundsanuay
wazfefuaney 1enotdesiaty 354
Tssusuns [1] laAnw1ddenmunnsiuay
FULUUT LU ULAULUIR AT LA UL LI YD Y
YuIn 5 kW wudndaiulsindagegnd
AILSIAN 13 m/s WS g5und uazU3en
n3eenIng (2] lafinwieenuuuasiuay
VAABUANTTOULYOIR T UANLUULALLLIRS
Tur19AUEIaN 2.5-6 m/s NUI1ONTU5?
soureIR AN 439 rom fieuiSiay
Wiy 6 m/s inwudud wludediyad uay
a3edal wigU1ge [3] laseauningiy
maqwé’wuaﬂuﬂizmmiwaﬁazé’fmmmqq
100 m wilofuiuinUsymelnodumas
ﬁﬂamwwé’amuaugﬂuwﬁuﬁ yonani

An15390UAT WA UINIRUANLUULALLUY
&U’ﬁum"mﬂizmﬂiué’ﬂwmwﬁq6] LY U
Blackwell et al. [4] la@nwmnassaussauy
voansuanuwuugldeayia 2 Tu wag 3 Tu
NUIUTEENTAINNR I UAUVDINIRUAN
Tnewade 22% Ronold et al. [5] ladnw
Arnuvasndelunisesniuuiaiuay
Tneadaduaumsmendneansiiiodinse
MAIANLLTUSIFINSUN1TRNLUY WU
aunsfiaratuanunsayssidiuengmslda
vasneuaulaladeenin 20 U Altan and
Atilgan [6] Anwinsiinuszansnmees
FafuaunuusnuLuIRasaeTUsLATLAS 1S
wuudiass wudmindudeduaneyluy
funisfmanzanazdasliussansnmess
ﬁ’ﬁuamgﬂﬁﬁu Pope et al. [7] lalauaaunis
AMSUNSIUNERANTEN UV L UNAELALADS
R OENTTOULVRITITUANLAULLIRG Sareni
et al. [8] i aualUUT18090819918UD
w3oatndalriinieludafafuay Lite

TaguszasAlunsdaesiviuadlivaleuug

=

Feawnsavnlilsiasesidalndihfivanzay
fuffafuanfidesnislday

AR FIRuaN LA uLYIRe 19T
U'izﬁm%mwgqﬁuﬁﬂﬁ@iauﬁwmﬂ \ioean
yurnnardnululunnasiinalanensan e
LTI TUNITUYUVDINIT LAY dana e
UszAnSnnvesaiuausiassig suienis
ponuuvassiiuanlidvualuginlaenn
ANNSANYIANWULNITYINITULALHANTENY
gouiaulsinelunsesnuuuadeiifinase
AUTTOULVDINIRUAN WUIINITAAUTIAY
onesundslutuduiinisuiefiamnsa
ﬁ’ﬂéﬂﬁaLﬁuamsauwaqﬁ’qﬁuaﬂﬁqa%ﬂé’
meiedmanodundaiiiinguszasdlunis
Anwdspuiisudulseansusinuenin

215d1S3AINSSUANENS S1BUVAASTYUS




sundsvasluiaiuay wodukuinslunis
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2. gUnTalLazITNIMAGDY

2.1 glusAaNamIUNIINAAY

Ul 1 uansduysznousineg ves
glusdan (Wind tunnel) Aldlunismaass
MsTuesfsiuaukazm A duUsEaNS
usss1ueIn1Avesluiaiuan (Bucket)
wuueneq Wiellunsdieseiaussaugves
Tufauay glusdaudfiuiimindaves
viosnaaeu (Test section) iugUamdendnsa
WA 1.2 x 1.2 m wage1d 1.5 m ushe
adnfisaite (Honey-comb) thedsuides
nszuaanlvnszaeiiemagey Waau
(Fan) ¥iwtidigroinialiluadiglusdan
Frennmiined Tnedduidadunames
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Tun1smaaestosni1n1sUsuAILEITU
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yasludmdunisnaassia 3 sULUULaARS
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é’qgﬂﬁ 2 fie drudanesiaaosiuida (Model
1) dudanesassdulasiain (Model 2)
Lazaulaesansiudades 45° (Model
3) LﬁaL“LF'JEJULﬁwamiauzﬁtﬁmmﬂgﬂma
drulansvaduinlagnisnageuduuseans
usasnuenavesluluguUznzuIng (90°)
F28N15IALTINTEYNNAN IR IR UA 28
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Cd=2 (1)

pAV?

o Cd Femdulszanausswuues
91l (Drag Coefficient) F, Aoussiiinlaan
eosiauss (N) P Aonnuminutiuwesenie
(ke/m?) A fo Nufinedadsanfuiiams
au (0.18 m?) waz V fernudian (m/s) §
ausauiinsviselufwiuauanunsaale
Tnelfiadosinnnusiauuuusaiay DAVIS fu
AVM-01 AiAnuaztden 0.1 m/s Ndun13in
FegALINAU 30 m/s
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3. NAN1TNAABILAZIANTAING
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LsepnuazusInaLEsLAULs T An Ul
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D F=Fy-fp-fr-2f, (3)
dlefinnsanaunisit 3 aglé
Fy - fiy = €F), = 0.5epACd,. V> (4)
ussueMALlesnAMIENTR (f)

£, = pACd, (nrN)’ (5)
Masunamalveniuay (P,)

P, =2#NLF (6)

WNUA1 LF aeauni1si (3-5) Tu (6) way
ﬁmuﬂiﬁj} fAdlng 0 asandulss
@anIuURIUSINTAtosazan azle

P, = 21N|0.5epACd, 1 - 2<0.5pACdf(nrN)2)] (7)

NFUNITNANUVDINTE AR
p,=0.5p4V° (8)

Aglauszansnmuesiaiuay (M)

2nr<N[0.58pACdF v*-2(0.5pACd, (rr- N
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feuauAlawuiy (Power Coefficient, Cp)
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aun1sf (9) Feanudlianusaseuldau
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auvestIuaNaInn1syue il lut ety
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3.3 MIVAADIENTIOUZVDINIALAN

w§19nnaastiionIuszansnin
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nasuaNgsga (Maximum wind
power) fuIFEaNnTST (8) dsauiman
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2a9lUWINAU 1.19 WarNUINUSLANSAINUDY
nafugsaaviiiv 27% Tuvaednsidinves
ANUTAITIYUseAISIaN ( 7, /1) Wiy
0.8 FaannstUavanslufsiunuuies 45°
[ aa ~ A 7Ry) a ¢§ £
WU NN e A du UL ENSLIIA1UNA
Y29 UNAIVBIUNITUanaY NalduUsyans
wsanue1nAduiuusdrdaluniswaw

215a1s3AINSSUANEnNS s1sUVAaSIYUsS ke




UszAnsammdaruanvesiaiuauligedy
wazmnzauiunsaululssnalneded
mwm?aamLa?{aagiuﬁawﬁﬁqmuﬂaw
uaﬂmﬂ‘f‘jﬂww%’uﬂqﬁuﬂuﬁwwé’mﬂu
Thdunquvioidusendudnuuinianis
finaula Tunisadensvyuiuveseinie
[leanduUssansuseiiueiniadiny
ANTWAUIUTEANTAINNAII UV BIAIRUAN
LUURNULLARELE

5. 1@N&E1991984

[1] Wirachai R. Development and
demonstration of prototype wind
turbine technology for power
generation with low wind speed.
Research report, Rajamangala
University of Technology Thanyaburi.
2008. (in Thai)

[2] Pornthep S, Preecha K. Efficiency
comparison of pan type model in
the vertical axis wind turbines as
lenz i type in wind tunnel model
using design of experimental,
Proceedings of the 6th Ubon
Ratchathani University Research
Conference, 2012;326-335. (in Thai)

[3] Kasemsan M, Ariyawat P. Overall wind
resource potential of thailand at
100 meters above ground - first
results derived from a developed
dual highresolution info-database
system of wind resource, Thesis
report of Joint Graduate School of
Energy and Environment — JGSEE,
KMUTT. (in Thai)

F#l 01581SJFINSSUANENS S1BUVAASTYYS

[4] Ben FB, Robert ES, Louis VF. Wind
Tunnel Performance Data for
Two- and Three-Bucket Savonius
Rotors, National Technical
Information Service. U. S.
Department of Commerce. 1977.

[5] Knut OR, Jakob WH, Carl. JC.
Calibration of partial safety factors
for design of wind- turbine rotor
blades against fatigue failure in flap
wise bending, Proceedings of the
1996 European Union wind energy
conference, Goteborg Sweden,
20-24 May 1996; 926-933.

[6] Burcin DA, Mehmet A. The use of a
curtain design to increase the
performance level of a Savonius
wind rotors. Renewable Energy.
2010; 35: 821-829.

[7] Pope K, Rodrigues V, Doylea R,
sopelas A, Gravelsins R, Naterer GF,
Tsang E. Effects of stator vanes on
power coefficients of a zephyr
vertical axis wind turbine.
Renewable Energy. 2010; 35: 1043-
1051.

[8] Sareni B, Abdelli A, Roboam X, Tran
DH. Model simplification and
optimization of a passive wind
turbine generator. Renewable
Energy. 2009; 34: 2640-2650.

[9] Gerald M, Mark FJ, Euan S. Vertical
axis resistance type wind turbines
for use in buildings. Renewable
Energy. 2009; 34: 1407-1412.



[10] Qasim AY, Usubamatov R, Zain ZM. [11] Ramadan A, Yousef K, Said M,

Investagation and design impeller Mohamed MH. Shape optimization
type vertical axis wind turbine. and experimental validation of a
Aust. J. Basic & Appl. Sci. 2011; 5 drag vertical axis wind turbine.
(12): 121-126. Energy. 2018; 151: 839—853.

015d1S3AINSSUANENS S1BUVAASTYUS [RFE]







HAY2RUUYN IUTUABUNITUYUAZNITOULTNABAMNINYDY
P1qtlsnuguauila
gy Uuanes” wavansen Sanfiug’

sunan.p@en.rmutt.ac.th’” jaturong.l@en.rmutt.ac.th?
p S

o

2 01A3YIMINTINNEAT ANEIMINTINAIENS UNInendewalulagsvusnasyys

Received: December 1, 2017
Revised: March 22, 2018
Accepted: August 20, 2018

UNANED

NUAE IS agUszasilumsfinunaresgmngd (30,40°C) ludumeumsutiadedmludh
wazgamgdl (40, 80°C) Tudumeunseuutia seamamdndsiusueuta Wud @ (L*a% 6%
AATuuanasedlnesis (AE) Aarudu AuTinmihdass uasAUiinamsweulyleeiy
namFAdemud Ad Lia* b* veamdndvenianeulayvdinszuaunsnandiat Lo
wanesegaditudfynneada (P>0.05) widleiisuiisumauunnewesdlngsausening
Advesmdnivenianeunazndinsnaniinis wuunliunsanasiledivgaumnilunisu
widndrmendiaan 30°C 1y 40°C Anan 4 hr uazmsouuiainvendailhegamgil 40°C
uay 80°C Tdannisananuturesudatvendails Iiasinuanutusewing 11.33-
13.57%wb. uazAnaweiueniin (a,) w9 0.5-0.6 Feaglunaeifivanydmiunan i
pnsuwialosndisinergniafuinw uenaniidensiaaeuBinamsueulylyeniiu wui
Fraveufianeurnunsyuannsialian 5.11 me/e dry weight wasAuMaesEINg 3.03-4.33 me/e
dry weight Wlawdatrmvendashunisudluthiigumgfiiuasiy sufunisanaudufens
ouwisflgamgiigetu eglsfimunszuiunssdndniadunisuiulgnuniminuasgaslyd
anunsaifvinulderuutunihmadvluglvesinndementa

AdAgY: T1Ivientla 11989 N1SUY NFBULIAY waulnlseniiy
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Abstract

The objective of research was to investigate the effect of temperature (30, 40°C)
on the immersion process of rice in water and temperature (40, 80°C) in the drying step
to the quality of parboiled Hom-nin rice. Color values (L*,a*,6*), total color difference
(AE*), moisture content and the amount of anthocyanin were investigated. The results
showed that no statistically significant differences (P>0.05) in color value (L*,a*,6%) of the
Hom-nin rice kernel before and after the production of parboiled rice. However, find out
the total color difference reduction trend when increasing the temperature of the soaked
rice seed from 30°C to 40°C at 4 hr and drying of parboiled Hom-nin rice with temperature
40°C and 80°C. By the dehumidification of parboiled Hom-nin rice kernel was show the
moisture content value between 11.33-13.57%whb. and water activity (a,,) between 0.5-0.6.
It is suitable for dry food products as it extends the shelf life. In addition, when detecting
the amount of anthocyanin of Hom-nin rice was presented 5.11 mg/g dry weight. But, after
rice is soaked in water and drying at higher temperatures from parboiling process found
that the amount of anthocyanin just left between 3.03-4.33 mg/g dry weight. However,
the production process of parboiled rice is to improve rice quality and it can be stored

longer than the storage in the form of brown rice.

Keywords: Homnin rice, Parboiled rice, Soaking, Drying, Anthocyanin
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nAuuazsavIAlanIEndinismegn wazddl
@mﬂiﬂaﬁzjﬂuLLdﬁuaﬁmﬁuLﬁuu'mﬁu Usuo
Fradfugetiu waediognafunuienuniu
[4,5,6] og1glsAintuaulneliiisuuilan
Filafosdronduanziuazidoduia
firoudrauds Wnatlunsveun dudes
WIS AN UIUNSHARIUENSTUIUNNS
wsan TAgenimuhly dudeden
wegmn1sUTuUssnunndndsemaie
Ladsn3eee eneuaueIALGeINIT
URNATRET
nszuUNTNANT 1Tz ldngAv
Gusudutadenaeiugneg uHu
Fupounsutin nsliaudey waznisan
ATy Favdenvesdidulederidfyues
mMswasunlasandfinianenmisznisnis
wu nsuveadadaindendluluimée
Tusgminanszuaunsud yiliudadnmaes
wazdindu Waendusmdnvinanisaiem
AMNFIULAZLNAEN TN ITNAURINTEUIUNNT
dinsntu udy fremenadsnanied
nuddelddanwinislddindsaiuingiv
Budh Bonin “dhindesils (Parboiled brown
rice)” ?&W‘Udwmmmﬂ%’uﬂqqammwsﬁnﬁq

Tudrudadndanurnivenudainiy
wiadnilananjundsnisean Induven
wazansaivinulduududofisui
nsviiuinandesdaeialy [4,7,8,9,10] fedu
F1indosils Fadumsiauinuninues
F1ndeddidtetu Usznoufulutagdy
Trandonduiifonvesguilnauiniy
Tnglanzdnndomouia Liesinidudn
AfnmuAmislavuinsgeilusAuannda
I1veNNEd 105 83 2 Wi wazdilsenau
Ludagsmnan denzd nesuns uaa@e
Tnuva@ey dansioulnlyeniiu (Anthocyanin)
a1stifignidueyyadasy (Antioxidant)
Pwananundssionininlsavasadoniiila
g 15ANziSe @Nus0TIBanNITeNIaUTeY
oo vssmlsawu dretigaaneen
deiiudsyAvsnmnsuedunanounansiy
[11] el iidrdnuesdnndomeniadie
fognsifusnuiidy Uszana 3-6 ey
uavazinnauiiuldiy Fafunszuiunsis
Setrwaniymianald Tailfesnsziuy
fumeunagnszvaunsiuzan 1osie
FilaifissaAdeivhnsAnunissdatnis
ftusvenda dafunuitedisldviinisinm
navesgumnlutunounsutuasIoULs
sonunmwyasiniaiuduendaiedutoya
fanunsarausluldlunisiam auew
guanumdndaiugvondanioierdu
Tayaliifivanamnssuwdsutluldly
Banglvdsialy

2. gUnsaluazisns
2.1 mMswsgutwuIvieuila
£ d"j 14 = [y 6 a a
IngetUdoniugrenlianun g
< '3 a 4” |d'
wanaNy sl drenn dAnuTueg s
12-13%wb. 31UULIA881991UaBNUN
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AYWNEABLA30INZIIY (Model THU 35A,
Japan) wazugniudafinesnainudauiy
faeiadoduen (Model TRGO5B, Japan)
Mauaze1alagnisidneny uazasy
Aeufinzilunegoulutuneunising i
polu

2.2 msudntadatugveuda

. 15U ;- Yrdndeaneuia
Frrunisnszdeneonuds uluth
muaugnmrginUalu 2 szau ldun 30+2°C
uay 40:2°C Wunan 4 hr fMelaieseue
gaunil (Water bath)

.« MslauSeu : i nndeswieuda
Waa04i08 19MH U TTUIUNITUY LA
ulvnnuseulunsiedegaungil 100°C
Wunan 15 min

. MsaRANEY : thdndomenda
Finunslirudeusionisiananainuiu
shemseulugovanieudigamgil 40°C uas
80°C aunsevismnuTugaineegiissun
13%wb. NTuRTIvEEUANTHNIINIEAMN
LAl ATI AU TNAAD AR INNS 19T 1

A13199 1 LHUNISNAaeInNINantIdsiugvieuta

UYL nslianudeu | n1sanaaudy
FrRE guudll | a1 | gl | 1an geun il

o) (h) O | (min) c)
%’nwauﬁaﬁa (PBR 30-40) 30 q 100 15 a0
%’nwauﬁaﬁa (PBR 30-80) 30 q 100 15 80
%’nwauﬁaﬁa (PBR 40-40) 40 q 100 15 a0
S1veuilaila (PBR 40-80) a0 a 100 15 80

2.3 AN5ILASIZRAUTANINIGATW 2.3.2 Ad

=
wazLAdl
2.3.1 Y3u1aANTURATA
s nad’l
2VLNDIKDARAIN (a,)
Fauntntndeseutiadnuiu 2
¢ auwiafigamgl 105°C uan 16 hr
919BIITNTNAFBUIINUINTZIU AOAC [12]
LAYMIANIBLIADILOARIRA (a,) AIBLATOIINAT
JeInesLenRIR (Model Aqualab Ju 3 TE,
An3geLsnn)

TAEM8LASe9InE (Model JC801,
Tokyo, Japan) iﬂﬂﬂwumaiugﬂmaﬂ L* a*, b*
P ] & TR a
F9A199 3 Andun1swanansinAdlnenan
L* Ain A1A0@I19 (Lightness) HA1ALEI19
A v Y a A oA v o
nlanlng 100 wazimnuilediawilng
0 A1 g* AeAANULTuUAe (Greenness)
d‘ a 1 a ] a
Wetlanduavnaziatainud udneg
(Redness) Wafladuuin wazen b* A
' & o oA A A
A1ANULJUALNRDY (Yellowness) LUaiAN
Wuvinwazeiaududinku (Blueness)
A A & Y] | a
Wotladuay wazinA1AULANA1IUDIE
Inesiu (AE* Total color difference)
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waneaEun1sh (1) [13] Wisuifleuszning
AOUNTEUILNITUAZMSINTZUIUNS TInoU
MNTInANg Lﬂ%ﬁmﬁgﬂﬂ%’uLﬁaumwmﬁm
A39989A@MIY Standard Calibration Plate
A L*, a* way b* winnu 98.11, -0.11 and
-0.08 AUAIAU

AE*=((L* L) +(a*-ap)’+(b*by)’) (1)

e

AE* = a1uuansi19wesd (Total color
difference)

Ly, L* = @1A1ua119903f20814n o1
NILUIUNITUALIAINTLUIUNIS

ay,a* = Arnududifioieodunsues
ADE1NBUNITLUIUNITHAS VA
NFLUIUNIT

by,b* = aenududindesdediniu

YBIFIDYNNBUNTLTUIUNITHAY
PAINTLUIUNNT

2.3.3 Ysunamaulnlegeniiy

A1z Usuraneulnleyniuy
(Total Anthocyanin Content) [14,15] ng
LASLUFIDENHNITIINDULAT N 1 g NS
FOUAEAZLNTITOUTUIN 125um Tdasluy
asazarglenludnlalasrassn (ens1usa
95% 85 ml ¢ia nsalalasAassn 1.5 uasuea
15 m0) U311915 25 ml gy Uneang
wiuegithimesdudniluiuiigumgll 4°C
WU 24 hr :NTeeNINNTENIUNTEANY
nRaUes 4 YSulsunsmvansazaigieni-
ludnlalasmassnlydiusung 25 ml wali
UinFnnsgandunasneiadesinnisgandy
wasieuenandy 535 nm lagldansazane
mludnlalaserasin iusausugud (blank)
AuramUsinaneulsleenduimunain
aunsiil (2) uag (3) fall

Total Absorbance = (OD535 x V x 100)/W
Total anthocyanin content (mg/g) 2)

= Total absorbance /98.2 (3)

Tned

V JsumsvesansazaneNinunmysunn

woulnlyeniiu (ml)

W = dmihvesivesiathinnmuiun
waulnlweiu ()

0D = Amsgandunasiienulsaniedosin
N1INANFULAS

2.4  NIFIATIZANSEDR

THTUswnsumuRamesiiiodinses
NANIINABDITITEFUAIIURANAIINIEDR
95% (One-way analysis of variance (ANO-
VA) wazvhnmsSeuiisuaadeniuizves
Duncan New’s Multiple Range Test (DMRT)

3. NANTSANWILAZANTA

3.1 wan1sAnuaNURA1UdveU12
woudanaunazndInszuIuNIsHANT1 T
ﬁamqwi'm]

Jrveudadiudedinedn 2nnuidy
Tuafn [16,17,18] Wiodmszviusunadues
wandvenda wuindiddudnwuedinam
Feusznoulusedsaady (Cyanidin) Ay
gou (Peonidin) wazduiana (Procyanidin)
Fatuanawidetidleotnrdvesinivenda
(Control) wuInfludndsrsmuaylian L,
a*, b* Wiy 26.47+0.58, 1.63+0.06 Way
4.83+0.06 MUAINU UAAITINITIT 2 way
dlowdntnwendandsitunssuiunisuan
Il freduneunisudingumgli 30°C
uaz 40°C mmsonnsilsgamgi 100°C
Junan 15 min wagdumouniseunad
gaungfl 40°C waz 80°C wuinlifiaau
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WANANNYBIAE (L*, o, b*) ageliudfgy
eadd (P>0.05) swdadlasoudisuiv
drmeuiaildldriunszuiunisis (Control)
Tnawuienty agralsimumndunn
%zwm’wmiLﬁwﬁumaﬂqmmﬁmaa%ﬁmau

NMSUTLAYNISEULNAIHARBNTanAANTIRY
YDIAIANUEING (L*) v8udnd1aveuila
Tuvarfiarnnududuns (@) wazAiay
Fudmaes (0% dWuduudlinuanuuaneg
pgltudAYn1sads (P>0.05)

A19199 2 WU UANTRAMUEY 03U IMONTaNDULAZUAINTEUIUNTNERT1ITNEN1IZM

. Ad
MDY
a*ns b*ns

Y1veuila (Control) 26.47+0.58 1.63+0.06 4.83+0.06
%’Tmauﬁaﬁﬂ (PBR 30-40) 26.93+0.06 1.57+0.06 4.77+0.06
%’nwauﬁaﬁﬂ (PBR 30-80) 26.57+0.58 1.68+0.08 4.80+0.10
%’Tmauﬁaﬁﬂ (PBR 40-40) 26.87+0.06 1.63+0.06 4.83+0.06
%’nwauﬁaﬁﬂ (PBR 40-80) 26.50+0.30 1.70+0.10 4.90+0.06

" ynefsrieduresteyalukuidliianuwandsegndidedAgnisada  (P>0.05) e

Wguwisulae DMRT (mean+ SD)

ﬂizmumswémﬁnﬁqLﬂumiﬂ%’wqa
A et uReUNILY Mt uaznig
oUW Fansrutuntsvantoguuiiugunes
ANULANF1aveslaesine Inganzaumall
Feudiofansandeuusnsinsedlags
(AE¥) sswinandveswantivenianeuway
vdansuand s uanafagui 1 wuuudli
nsaRAIYBIANANLUANANIYRElaTILLile
iWingamafilunisusiudndrivenia 30°C
Hu 40°C finan 4 hr iileuiiuaudu uay
nseuwistmendailsaingamgil 40°C
du 80°C ilpanauduveaudndin
Aunset sdugaThefeUsyana 13%wb.
nsanasasAILANGIYedlne e

a

WnUfAseuaansa (Maillard reaction)
=) aa
UERRIEE

a a goj .
1N5LAAEUIR1a (Browning

015d1S3AINSSUANENS S1BUVAASTYUS

reaction) fliAgadestuieules UFATen
FenamiAntuszwing thaadand (Reducing
sugar) AUATABEIlY TUTAUVSRaENTUTENOU
Tulpsioudue Ineflenufeudusiseu iz
Anduansusznounanesilnfllidinmanse
vnlnansaeiduiadutu [19,20]

s
-
o |
e
02 |
s

[ B

PBR 30-80 PER 3080 PBR 40-40 FBR 4080

Total color difference (AE*)

5UN 1 WiguiguaauLAnevesd
108590 (AF*) 999971 UNANDULAT RS
NIZUIUNINERTITINANTIZA



3.2 mansAneanvRd ALYy
uwazaoimasuaninvasiviexdadouuas
waanszuIuN1sHAnT1alefian1aedeg

mutuiinasenisidendoveserms
Tnglowiznisidenideiilesangdunides
fiflnuduvdeusinanigaasiiueimsi
doudeie Wewmnanmefivnzaudenis
Winueagduvissiviilvemmainmaidende
SnmannuTuiinaneauUinisniennuay
AuURITIA1ILT UV TATUANNS) [21]
Tugqunisudndafanud udsduga
ASEUIUNNT ALTUTINaudnTunns
Ausnwidiegetadelieniuiuneunts
Smhefeuilneazeglutisiinunnui
1Ay 14%wb. [19, 22] fetuainuanis
suuvistvendailswhegumgll 40°C waz
80°C nuinldAUsuImNdusEnig
11.33 -13.57%wb. Feagluinasinivanzas
uansdaguRl 2 lavaonndesium Jewmesion-
73 (a,) floglutg 0.5:0.6 WHurfivang
dmsundndasiemnsuiaiesantiedney
ASL ALY [23] wazA1emeskenRIA
Hadutadeitaedumanishanlunandos
ownsfidegaunidanansalldilunsiady
wagldlunsinufizeaiisngg

350 10
09
————a, 08
a a ot
P ST { 08
05

150 be b 2 b 04

Moisture content (Yowb)
e
1
H
i
'
1
-
1
H
H
H
-
Water activity (a,}

Control  PBR 3040 PR 3080 PBR 4080 PR 4080

gﬂ‘ﬁ 2 mawBsuulasiaudiuuay
JowmesuenRinvesivenlaneutasrds
nszUIUNSHARTMlsianTieee
2P Snwsanenululiaz e 19N8a
AMULANANNUNIENG MIUNITIATIEH
LUU DMRT (P<0.05)

3.3 Nan1SANEIENURAA 1ULBUIN-
loggriuvesd1avioudan auULALHA S
nszUaUNSRARTEefidn1azanee

Briemvosuantneudaduang
asngumanlauess (Flavonoid) viefiFenin
aswoulnlweniiu (Anthocyanin) Faduans
LouRDeNALAUY (Antioxidant) vty
fueyyadase wazaeilvnalnnisviau
999919MeilUsEANE A NUINT UATIUSNA
[16] fatunsidvendatansueulvlseniy
fusglovidedadundndusiomsguain
(Functional Foods) ﬁa&ammwmﬁmﬁami
Anlsaiilagadunazazise [11,17]

PNNSNageUmMUsSInaLeulnlveu
Aeuilunamdudais (Control) fien
Wi1AU 5.11 mg/g dry weight Mnduidle
NIUNTEUIUNTHARTITINUII AT Ut LR
Frluiifiguuafifingstuain 30°C 1y
40°C finan 4 hr waznsanANNTURIENS
puLisTigungiigatuain 40°C 1Ju 80°C
danareanisanaseslsinaansueulniveniiy
pe9lvdEAgMN19adA (P<0.05) HANAILARD
581N 3.03-4.33 mg/g dry weight Wil
Hesmnautivesweulnleeiifiazarslan
Tuih Lilafes aanefldinedennuiou
pondlau uas Welpssadralasunlasday
Wasuludae [24] dunelaandnuaziudn
Trmeudlatlsiianigeineg faguil ¢ egls
Amudnilefinanandnreudadmeiuiunam
arsuoulnlvenfumdeegMdulsslovy
soruilan wagnszuaunsantmidaduns
Usuuganaunindgagliaiunsaiusne
#enunduniiniaivlusuvesdnndos
ﬁwm’wms;mstﬁu%'ﬂmﬁé’?ml,as%Lﬁm
naudiuldiss Fadunszuiunisiedsdasan
Ygynsiananlea
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Antrocyanin (me.g dry weight)

lin

PER 30-40

a0

PER 20-80 PER 40-40 PBA 20-80

gﬂﬁ 3 mawAsuudasaueulnlyeniy
YOIUNIVONTANDULAE NAINTZUIUNITHAR
Frafaftannigsneg
0 FrwsaenuluLAaEAIDE 1NN
TANULANANUNNEDR AIUNITIATIEN
LUU DMRT (P<0.05)

4. #3UNan13IY
Traveudardud1iidauemig
laguinisgalasanziiveulnleenduuay
devnnnandudvendails greduneunis
witgumf 30°C way 40°C Huian 4 hr
musnensilagamgdl 100°C Wunan 15 min
LLaz%umaumsaULLﬁQﬁqmmﬁ 40°C way
80°C wuea (L*,a*b* ldfianuunnsng
agiitdAyeadia (P>0.05) Autivienila
Flaildeunszuiunig Ussnoufundesny
nMsanAUTUlRANUS I AAL T USE NI
11.33 -13.57%wb. Feagluinasinivanzas
TunsiiusnuLasaennaoInuAIBLmDS-
LaRRdH (a,) foglutae 0.5-0.6 Wlonsae
goulsunuasioulnloerfunuin AU
widndluhilguvnfifingedy wognisan
ATwufIesouuisigungigatu duwa
fon1sanasesUsunuarsueulnlyeiiiu
desnnueulnleenfufinuandiazasldd
Tuth liadies aanefldinesennudoy

Wialassas1wiasunlasdazasulusie
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[V 7
Y

< a ¥ = < [y
MIUNTZUIUNITHEATIUILTUNTUTUU TS
f

NN ImazyIelia uiIsaL AU NN

q

Iegnmuuduninisivlugvesinndes

n) CONTROL

(v) PBR 30-40 (m) PBR 30-80

(1) PBR 40-40 (3) PBR 40-80

1
=

Uil 4 fegstinmendaneuduaznds
nszUIUMsHARTfianeee
(n) Tvouila
() $1imeuilails (PBR 30-40)
(m) dravieuilails (PBR 30-80)
(1) 4ravenilails (PBR 40-40)
(3) $1meufiadls (PBR 40-80)



4. ipAnssuUsEANA

VoUBUAMUMIINGIFEnAlulad
unasayy3 Raduayuiangunsal anud
Tunsvinide wavdtinauamensIuNTIde
WA (3%.) Ratuayuyuide
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Abstract

This research aimed to study the use of different geotextiles in soil for railway
construction application. Three nonwovens were produced by carding followed by
needlepunching and then were compared to commercial geotextile. The fabric weight of
three nonwovens was around 200 to 600 gram per square meter (gsm) and the thickness
of them was typically 2 to 7 millimeter (mm). Nonwoven having the heaviest in fabric
weight of 609.8 g¢sm and the thickest of 6.76 mm exhibited the highest in both of tensile
strength and bursting strength but had the slightest in hydraulic properties both of air
permeability and water permeability. In addition, three nonwovens and the commercial
geotextile were performed in a laboratory California Bearing Ratio (CBR) test to investigate
the behavior of reinforced soil with different materials. The results showed that the
stress of each penetration of soil was not improved with the inclusion of each material.
However, CBR value of the soil with the heaviest nonwoven were higher than that of the
soil with commercial geotextile about 87%. Therefore, the introduction of the heaviest
nonwoven reinforcement in soil enhanced the bearing capacity compared to the placing

of commercial geotextile in soil.
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