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ABSTRACT

Autonomous mobile robots (AMR) are an important part of modern manufacturing processes
in the Industry 4.0 era. They can create paths and avoid obstacles on their own, providing high flexibility.
However, commercial autonomous mobile robots are expensive and difficult to connect to external
programs. As a result, small and medium-sized factories in Thailand cannot access this technology.
Therefore, this research presents the development of autonomous mobile robots using the open-
source ROS 2 software to develop robot control and navigation systems, along with LabVIEW, an
engineering software, to create a user interface. The LabVIEW program receives commands from the
user on the computer and transmits data via a wireless network to the ROS 2 program running on the
autonomous mobile robot's computer for controlling the robot to the desired location. This
autonomous mobile robot offers significantly reduced software costs, is highly flexible, and is
expandable in the future. The experimental results show that the LabVIEW program effectively
transmits data to the ROS 2 program. A map can be generated from manual control via LabVIEW. This
autonomous mobile robot can efficiently create a path to its destination and avoid obstacles. For the
open-space case, the average errors in the x, y, @ were 0.08 m, -0.03 m, -5.19°. In the case of navigation

with obstacles, the average errors in the x, y, @ were 0.07 m, -0.03 m, -4.28°,
Keyword: Autonomous mobile robot, navigation, data distribution service, ROS, LabVIEW.
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ABSTRACT

This study examines the selection of suitable locations for electric-vehicle (EV) charging stations
in buildings. Ten Thai and international standards were reviewed and synthesized into safety
requirements for building administrators, facility managers, and building users. The study was conducted
in the form of a safety checklist and evaluation criteria developed using the Weighted Average Method,
which considers weighting factors (w) and scores (s) from the actual site inspection. The level of
suitability (Ql) is calculated to support decision-making for selecting appropriate and safe locations for
EV charging station installation, covering six aspects: structure, ventilation, fire protection, electrical

safety, signage, and risk control. The checklist is designed to evaluate suitability of sites before
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installation and to verify safety compliance after installation. The approach was applied to a nine-story

office building with an open parking area that has not yet installed EV charging stations.

Keyword: Electric vehicle charging stations, Fire safety.
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TinguszasdiiieAnymavesnivodnszuaunsiasensdnvsesuinave ueiosdlofiniadou TIAIN Tunns
Anwannan SKD61 lngeanuuunsnnasdkuu 2 factorial design iAszniduysdase 3 i laua Anusdin
gnsdlou warAuisey uazinA1n1sdnuserudig (VB,) muu1nsgu IS0 3685-1997 NaNSNARBINUT
muinnarsnslouiinaesiifudAmnaaia (p < 0.05) denisdnuse Tnsdoulviimunzasiign leun
AR 40 R/t Snalou 828 Tadluns/unit wasanuiiseu 2,387 seu/unit Tiesmsdnvselads
danil 0.0428 lupseu Seeaeynislinuaiesiio uarandurunsuanldedneiszavsnm Tnonadwsi
anunshlufmunmnsinesnisfaiivangauniiofiuussdns anuasanudualunisuangnamnssals

2819%ALIU
Adfey: NsepnLuUNIIIAaBITawnMelSea, N3anvse, Wesedladnndou TIAWN, anndn SKD61

ABSTRACT
Milling is one of the essential machining processes in the manufacturing industry, particularly
for high-precision applications. A major challenge in this process is tool wear, which directly affects tool
life and the surface quality of the workpiece. This research aims to investigate the effects of milling
parameters on the flank wear of TiAlN-coated cutting tools during the milling of SKD61 steel. A 2
factorial design of experiments was employed to analyze three independent variables: cutting speed,

feed rate, and spindle speed. Flank wear (VB,) was measured in accordance with ISO 3685-1997. The
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results revealed that cutting speed and feed rate significantly influenced tool wear (p < 0.05). The

optimal condition—cutting speed of 40 m/min, feed rate of 828 mm/min, and spindle speed of 2,387

rom—produced the lowest average flank wear of 0.0428 microns. These findings contribute to

extending tool life and reducing production costs effectively. The outcome can be applied to define

optimal milling parameters to enhance productivity and cost-effectiveness in industrial manufacturing

processes.

Keyword: Factorial design, tool wear, TiAIN-coated cutting tool, SKD61 tool steel.
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3. NIVNABILAZNITIATIZHNANIITNIAADY
wamiﬁﬂmmiﬁ’]Lﬁumiwmamﬁlﬁmﬂmiwﬁm
A15NAABY Wi emARA BAY AN FaTRdaeen
UIMIIFIUNTANNTBAUNINTZIY 1SO 3685-1997
(VB,) \efuaANRasnsAnrsenuaTa 4 Ay

fn fanandlunisan 4

AN3197 4 N1sfiuan1InAaeINIsAnuse Flank Wear (VB,) vetusiariludendesqanssmi

Std Run Cutting Feed Spindle Flank Wear Area 4 Flutes (VB,) (um)
Order | Order speed rate Speed 1 2 3 4 x S.D.
1 7 40 828 1591 0.042 | 0.042 | 0.063 | 0.013 | 0.040 | 0.021
2 13 40 828 2387 0.063 | 0.013 | 0.061 | 0.042 | 0.045 | 0.023
3 1 40 1241 1591 0.088 | 0.117 | 0.063 | 0.117 | 0.096 | 0.026
4 14 40 1241 2387 0.015 | 0.042 | 0.246 | 0.042 | 0.086 | 0.107
5 3 60 828 1591 0.089 | 0.043 | 0.042 | 0.043 | 0.054 | 0.023
6 8 60 828 2387 0.061 | 0.063 | 0.042 | 0.042 | 0.052 | 0.012
7 20 60 1241 1591 0.239 | 0.125 | 0.061 | 0.119 | 0.136 | 0.074
8 15 60 1241 2387 0.042 | 0.237 | 0.061 | 0.125 | 0.116 | 0.088
9 2 40 828 1591 0.043 | 0.012 | 0.063 | 0.012 | 0.033 | 0.025
10 10 40 828 2387 0.012 | 0.013 | 0.042 | 0.013 | 0.020 | 0.015
11 23 40 1241 1591 0.125 | 0.042 | 0.125 | 0.042 | 0.084 | 0.048
12 21 a0 1241 2387 0.023 | 0.063 | 0.042 | 0.008 | 0.034 | 0.024
13 19 60 828 1591 0.089 | 0.103 | 0.089 | 0.082 | 0.091 | 0.009
14 17 60 828 2387 0.063 | 0.042 | 0.082 | 0.063 | 0.063 | 0.016
15 6 60 1241 1591 0.082 | 0.117 | 0.117 | 0.094 | 0.103 | 0.017
16 4 60 1241 2387 0.238 | 0.117 | 0.119 | 0.238 | 0.178 | 0.069
17 18 40 828 1591 0.042 | 0.063 | 0.089 | 0.042 | 0.059 | 0.022
16 a 60 1241 2387 0.238 | 0.117 | 0.119 | 0.238 | 0.178 | 0.069
17 18 40 828 1591 0.042 | 0.063 | 0.089 | 0.042 | 0.059 | 0.022
18 5 40 828 2387 0.117 | 0.012 | 0.063 | 0.063 | 0.064 | 0.043
19 24 40 1241 1591 0.042 | 0.089 | 0.143 | 0.089 | 0.091 | 0.041
20 11 40 1241 2387 0.258 | 0.063 | 0.063 | 0.012 | 0.099 | 0.109
21 12 60 828 1591 0.099 | 0.013 | 0.063 | 0.063 | 0.060 | 0.035
22 9 60 828 2387 0.099 | 0.061 | 0.042 | 0.042 | 0.061 | 0.027
23 16 60 1241 1591 0.117 | 0.141 | 0.082 | 0.257 | 0.149 | 0.076
24 22 60 1241 2387 0.117 | 0.082 | 0.117 | 0.099 | 0.104 | 0.017
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A15991 5 NN5IASIEIANULUTUTIN (ANOVA) Alinarannudnvisavasnudniaziay TIAIN

Source DF Adj SS Adj MS F-Value P-Value

Model 7 0.0259 0.0037 6.62 0.001
Linear 3 0.0243 0.0081 14.45 0.000
Cutting speed 1 0.0072 0.0072 12.88 0.002
Feed rate 1 0.0168 0.0168 30.07 0.000
Speed 1 0.0002 0.0002 0.40 0.538
2-Way Interactions 3 0.0013 0.0004 0.80 0.511
Cutting speed*Feed rate 1 0.0013 0.0013 2.31 0.148
Cutting speed*Speed 1 0.0000 0.0000 0.09 0.763
Feed rate*Speed 1 0.0000 0.0000 0.01 0.939
3-Way Interactions 1 0.0003 0.0003 0.57 0.461
Cutting speed*Feed rate*Speed 1 0.0003 0.0003 0.57 0.461

Error 16 0.0090 0.0006

Total 23 0.0349

$=0.0236580 R-sq=74.33% R-sq (adj) = 63.09% R-sq (pred) = 42.23%

Ao AndeuuuInIgINYeIANAAIAARDY (ANULINEITaLNg)

e DF fio osrndase (Surufidsuutadd)
Adj SS flo naTiuiddeafiuunds (ruwdsusufishuusesuals)
Adj MS flo Anadsmdaesiiusunda (Adj S + DP)
F-Value fieo Anadn F ldvnaeuioddey
P-Value Ao ArAuURzdu 6 < 0.05 wanafitedAy
S
R-sq

& "o a £ o a P . a v,
fio ArduUsEANSMIARaule (Segavmnunususiunlunassuigls)

R-sq (ad)) Ao A1 R-sq AivSuLA (Ariledeinuausauys)

R-sq (pred)

Ao A1 R-sq dmsuvhuneteyall

3.4 919052 01YA UVVYAFVOIT IUANA 19T
toyanivianuanyse

mﬂgﬂﬁ 5 MINTINABUFUUUUNITNARDY LA
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NAaY TANULUNIEANLALEINITABE UNY
auduiusvesulsldluseiuiiundede

Taafia15a191nn57 Normal Probability Plot
WUT1 ANAINAAIALAA DU (Residuals) Sin1snszane
fraenndadlndifoinisuanwaswuuund dadu

Reulvddgresnsinszideas

N5 Residuals versus Fitted Values wan sl
WiudAmnuraaedsunszateseuqudlagliin
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Shape) U' 98 3 1A21uUsUsaud asun il
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yauzding 1wl Histogram ¥4 Residuals f5Unss
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Snénuwila
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wear fingail 0.0428) leun A1adaen (Cutting
Speed) 7 40 m/min §n317eu (Feed Rate) 7 828
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rom lnedafadainufianels Wi 0.85549 &
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Optimal Cutting Feedrat Speed
: High 60 1241 2387
D:08555 ‘2% 0 28 2387
Low ) a8 1501

viaer

Minimum °
¥ =00428
d = 085549

JUN 6 Amdlwesiminganlunisnaaeinisin

Widnndn SKD61

4. @ayuna

4.1 taseiiinanonudnusevesauininaou
TIAIN

Yadevdniidmarannudnusevesnudnindeu
TIAN Idun anudadnuazsmnsitou daan F =
12.88 (p =0.002) WAy F =30.07 (p = 0.000)
audU wanedn sasdleowduiledesidsvdnanin
fignrenisdnuse nsifiudmsdouviliussiauas
usanafiau dwaliAnmadaguusauazidanisdn
wsLTINIWaveIR LR E0EN 1Y)

anusadn edanfiganeliAnanuounas
usadeanudzauUInUMnduRE dwalinsdnnse
Wintuasdaian Ssaenndasiunguinisdnuse
109A3 095lafATi 51891177 flank wear way crater
wear Sinifnguusaiiennuiafngs [15) uansiwa
nsdnusegnaseudidig Anusdn wazdnleu
Bundn dafuniseuausnadoulioglusedus
wazidonanuiifainganiaduwuimandnly
msBangmslinuresaiesiefnniou TIAN [16]

4.2 mad udsgdnsarmnasidinesnisia
wdnnd1 SKD61 iiloanmsdnnseveunToeiionn
Aoy TIAIN

nMslEvaila Response Optimization Tun1s
wAszdudatefiumailunismeasiioanain
dnvseveains sadodniadou TIAIN lunisiniag
SKD61 Ao mLLEAA 40 /Uil ensndou 828

Tafuns/unil wazA1us250U 2,387 59U/U19 T4
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annsaanmnsdnusevesiaiedieldfinani 0.0428
lunseu Faduluaminasinismganaaoy (End-of-
test criteria) Wloia3osilefndnmsedssyiuiidodnlal
winngausan1sldeusald lng 15O 3685:1997
fual3ead Flank wear (VB, w3® VB, Inevialy
0.3 . Hurwniléfuganismaaey e1adameuls
Fufuam 19y 0.2-0.6 wl. ANRIFINEING d sy
THussuiiisuengnisldauai eadeda (tool life)
Arfiunnndnd (VB = 0.6 uu.) Wluaunerunse
anmedidesmsauyuynuannnIuilazden lu
\B99AaIMNIIND1TNITUTURINAIUABINTT LTUY

anauNEe VB,= 0.2 Uy, 119 1UABINIRIaLBuAge

=

Feaman53delunsatissyanisdnvsevensoleld

o

fnandl 0.0428 luAseu egszuinwads VB, = 0.3
. e ly (finishing) wazAade VB, = 0.6 1.
NUNYIV (roughing) TEuUUS A NAdAFERTT
WannTuanansanamsalnaldoeiausiuen [11]

5. dadnnauazauiiglusuan

1) FIUIUAIYNNARDIABUTNTINA dINanD
ALUE TR I UUTIaIeEER ATSRLSILINT
vaethesziudadelumsinumadmsluiieriiuan
\Wigansanismnuasesutedfy 160 (o = 0.05)
Wuninsgiu waziivuamasnaasy (power
analysis) WeUszanmmuanszny (Effect Size) vun
vosmadwiinininaznulunisvimasead sedy
(Pilot Study)

2) asverensanslulngldmeaiinnisesnuuy
N13MARBIRA835N15TIAS LR UAINSRe VLSS
(RSM) 1 e11A 115 T Lme§ 7 L vanl g aluida
(Optimization) wagas19auNSITIAEAAIENTANTU
MurgAN1sanuselaeg1saziden

3) WAIUILUUINa89 (Machine Learning) #39
Predictive Model Lilaainnnsainisdnmseaindoya
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TiSIN v38 TICN ieiSeusfisunnunumusaznaln
msanuseluanneiheany

5) unmeasudieuiisuluannznsdaiou
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ABSTRACT

This paper aims to study the effect of plastic waste as a partial fine aggregate replacement in
concrete on compressive strength, flexural strength, splitting tensile strength, abrasion resistance,
thermal conductivity, rapid chloride penetration, and bulk chloride diffusion of concrete with natural
aggregate. There were three types of plastic waste aggregate: polyvinyl chloride (PVC), polypropylene
(PP), and polyethylene terephthalate (PET). Fine aggregate was partially replaced by plastic waste
aggregate at 10%, 20%, and 30% by volume of fine aggregate. The water-to-binder ratio of 0.50 was
used. The study results found that the compressive strength, flexural strength, and splitting tensile
strength of concrete decreased as the amount of plastic waste aggregate replacement increased.
Concrete containing 10% PVC achieved the highest strength values and had a compressive strength of
210 kg/cm?, being applied for the construction of pavement and bicycle paths. By considering durability,
it was found that utilizing plastic waste aggregates improved the abrasion resistance of concrete,
particularly with 30% PVC, which provided the highest resistance. Thermal conductivity decreased
significantly with the incorporation of plastic waste aggregates, with 10% PVC achieving the lowest value
of 0.148 W/mK, representing an 83.3% reduction compared to the controlled concrete. Concretes
containing 10% of PET or PP had high chloride penetrability, whereas concrete containing 10% PVC
had moderate chloride penetrability.
Keywords: Plastic waste, compressive strength, abrasion resistance, chloride penetration resistance.
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NineINIsTINIRWIAsedsialy [1] 91nau3Tenkiu
1N ANANINAUDINT IIVEENAARN L UADUNS AN IR D
AuauTAveInouninaawazmaunIauwddafeil lu
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FIUAAIDR NISUNUANIATILAIENAERNTIANGS
Snanas SuogiurlauarUSinumarainiild (du
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mm%auu,a::Lﬁmmauﬁ’aﬂmﬂuamu (fuAUSoU
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2.3 WIATWINAYVYISNAITNN

MaTAvIEENaaRnsauile laun wedls
Jananlse (PVC) wodlniau (PP) uagnedlaniau
wiswvian (PET) muiuandlusuil 5 165 unsdnm
NUSTEN lnavea nand Liulnas 311 laelAy
nanafn PVC ﬁmmmaummf«m’ 3.0 -3.5 uyl. LAY
ygywanain PP fuuineynindaud 3.0 -3.5 uul. uaz

WirgEwa1aRn PET Juu1nun1Adaws 3.0 -4.0 wl.
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N13N381LVUINARLVOIDOUNIANIATIULABYY
Wmaﬁmmmﬂugﬂﬁ 2 dunuantAnIanIenInYes
warmiavvsznanaanagulilumssi 2 negldim
Yuznatafnunufitnasivasidendesar 10 20 way
30 TneUSuns sauanslunsned 3

2.4 MINAEDU

2.4.1 Mason

ANS99ATDINBUNTANAABUNINNIATFIY BS EN
12390-3: 2009 [9] lnuviaaR 188 19ABUNS ANTI
QNUIARUUINA 1010410 iufns’ nHutufiiegg
Turniduiian 7,28 WAy 365 7U KA991NATU
szuzaUutn thiegrsmmegeuiiddnlaely

LAS DINAADULIINANABIVUAIDY1IADUNI AULAA

39

A15IUR LLf’hﬁuﬁﬂLLNﬂmgqejmﬁaﬁ’lmmﬁ’]é’qé’mm
ADUNSA

2.4.2 Maam

MR NVBIABUNIANAZBUAIUNINTFIU ASTM
€293/C293M16 [10] Tnel9 a5 oannaau
tounusrasa (UTM) Aumog19anssusduaunn
10x10x50 wuians Aualutn 7 28 way 365 Ju
MntuieImneulsnatsauasuUsud ey
d09dIuay 22.5 [URLUAT Lﬁaﬁmummm%’uuag
JAnAlran 19A10819UULINTBITUAR YA Liluan
naganataiiegelasLi uusiag19s oL aaauLin
upniin YufinusggalazAIimana (Modulus

of rupture)

M5NN 2 AMALTANINIEATNYBIIATIULATUIATINAYVLENAARN

- PR UIRTIUAYVYLNAERAN
AnENUR —

918 U PVC PP PET

ANANT NN 2.68 2.59 1.30 - 1.48 0.905 1.35
UIRNBYUNIA (L1 0-3 475-19.0 3-35 3-35 3.0-4.5

magadini (evaz) 0.32 0.42 0 0 0
U3 angular Angular cylindrical cube angular
M99 3 drunanaeunIATlY
daunauaaunin (AlanusegnuiaAfiung)
RV GEeIGH y 318 UIATANABYYZNAEAN
Yuduud | idaey g #u (SSD)
(SSD) pPvC PP PET

NCO 260 111.4 192 773 - - - 1020.8

PvC10 260 1114 192 695.8 39.7 - - 1020.8

pvC20 260 1114 192 618.5 79.4 - - 1020.8

pPvC30 260 1114 192 541.2 119 - - 1020.8

PP10 260 1114 192 695.8 - 26 - 1020.8

PP20 260 1114 192 618.5 - 51.9 - 1020.8

PP30 260 1114 192 541.2 - 77.9 - 1020.8

PET10 260 1114 192 695.8 - - 40 1020.8

PET20 260 111.4 192 618.5 - - 79 1020.8

PET30 260 1114 192 541.2 - - 119.9 1020.8

e diunaumpunseenuuulnsmuaNsnsdwihveTagUsyau (w/b) wihiiu 0.50 waglddhsdruiasesefanusza wifu 0.30
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2.4.3 1890 UURNTA

A1E9AUUUNITNVDIABUNTAQNNAFBUAY
UIMTFIU ASTM C496/CA96M-17 [11] RTIGEOR
NAFBULSITAABUNS M LAYYA DA I8819ABUNTA
VSINTLUDNVUIALEUEAUENAT 10 WUALLAT g3 20
wuARS ULy dunan 7, 28 Lay
365 Yu M§9191NATUTEEEATULYN Y0819
naaaulneN1INALSIT AT e Raf0819US N
Anansauinnisuandt wdeuetuiindusane
geaniiledaidsfauuuindnuesaeunin

2.4.4 augmunIsIng

AMUEIUNIUNNSTREYe i U ABUNT ANAEEY
A4 Rotating-cutter method A1uN1AT51U ASTM
C944/C94aM-19 [12] Tne @ ad 9925 (Dressing
wheel) fulnumuvaaaiasany 1hiog1saaundn
NT9NUIAAYUIA 10x10x10 wuns’ Beliuiuas
Fedmin andudafiuiafiennugs 200 seuse
Wit melddmdinne 98 dasu Wuan 2 wift wda
wmaau%’nﬁwﬂhﬁm%ﬂqLLazﬁwmmmiqiyLﬁwfwuﬁﬂ
M5 Ineveaeundsutinasy 365 Su

2.4.5 msihnusou

N1511ANUTIUTDIABUNTANAFBUAIULINTFIY
ASTM D5334-22 [13] Tnel4ias 09 Transient Line
Source (TLS-100) fUAI0819NTINTLUDAYUIALEY
HIUANENANY 10 LWURLIAT 89 20 LwuRling Nauy
¥AsU 365 Fu vinisidenuazing aduneaeud
winnzay Ldeuiduasluiegne 1Jaas owway
M319d0UNIILT ou 1w s L'%'wmaa‘uimaﬂmﬂu
mUANAN 2 T LeTesazudpsnufouniudy
wazduiingumnd seaunansAINIsiiAuiouas
audumuaudou Jufinnalfieiaszsd ainns
nAnusouLandlunulg W/mK

2.4.6 maunsndupaslsauuuiss

NA VA 10U 19ABUNT ANTINTTUDNVUIA

WURNAUENA1S 10 WwuRlang g9 20 lwuiwns duly
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1 365 Ju ntuthfegandausutnadis
AMUNUT 5 LwURLLnT Ydleg19unUsEno Uiy
\wasvaaeu Tnesundslidudaansazans Nacl 8n
Frunils uaz NaoH siadaluin Tdusesu 60 Thad
r1ufeg1s Tufinnszuann 1 wiit Wunan 6 $alug
AuruA1Us iUz ladalnan1u ey
Coulombs Lﬁ@ﬂﬁSLﬁUﬂ’J’lMW?uLLazﬂ’]ﬁLL‘Vﬁﬂ‘%Mﬂaa
ls@nnunnsgIu ASTM C1202-22 [14]

2.4.7 nsunsndunae lsEuuULNS N

ASNAFBUNITUNITNTUAADLIAUUULNT AL
UIATFIU ASTM C1556-22 [15] 13ududagnisvae
AI9819ABUNIANTINTEUBNVWIALTUNIAUENAI 10
WwuRms g9 20 wuiiuns uluinduna 28 fu
Tntuhluuluansazansnaslsannudududeas
5 fwan 365 Ju Weasurmun fasegiadu 5
LR AUILKUAE 1 L9URIAT TUANNRIMTIABUNIS
ustanzduisnansvesusazuduliuns dmsu
MTUATIERUSUUAaDLSA YUINAI0819 5 NTU Kaw
Futhndy 100 faddns uaznsalun3niieans 25
Jaddns Bms1du 1:1) aulifen nsesasazany

wadlaswsnmiiednusununaslsaiaunlunaunin

3. WaN1sAaBILazaAUsY

31 1189%m

mﬂg"dﬁ" 6 NUT1 ABUNIATINALLIATILLATVEE
wanafn PVC fimdssnanasnuusunanisunud

[

st Tnefivgununmsunuiisosay 10 Wenmdsdn
qqqmﬁmﬁwﬁ’ﬁaaaz 20 war 30 wona Nl N3
anasweshdsdaileiisuduneuninaiuny oelutas
Joway 3.85-11.85 (7 1), 14.32-20.30 (28 Tu) uae
15.46-39.32 (365 1) vaszfinoun3aiildinasiuey
YYEWAN@An PP Lay PET 4n158na9U04018180
Tuga9seeay 6.50-25.00 (7 §u), 19.35-43.04 (28
), 35.55-58.69 (365 ) hazsouar 10.26-30.77
(7 1), 24.54-46.76 (28 Fu) uag 38.85-53.89 (365

TU) AUAIAU LT BINNLAYVLENANAR NL A NWalY
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fuRnFeuiiu fedu ussBaminsewineTanUszany
LLazaqmﬂwmaaﬂ (Interface transition zone, 1TZ)
59amas uonand AuRfnsTannglifneliAn
segnalulassas1smounin YlRNITa8ULIITENINg
waTuwarianUsvaulifiuss@nsnin dwavili
AENNsasUiddaanaias [3-4, 16] uanani
AR LU UINITUNUT I AvVEE NaER T
geludaufinfiuiisdudaveseymeananadinluie
Aoun3n MlsinsSosivasianliataueuasiin
nsazauTesssuand1aladie @ ediwansenune
ANULT 59 lAYINVBIABUNT A NAaNTSNARBlU
Snwasdirfuilfgnaenulae Sau et al. [17] uaz
Hassan et al. [18] 0&19l5An 1y Tun1s@nwail 149
USunaunsunufiseLAwgswatainsesas 10 20
way 30 lneUSunnsvesnanivaziBundldldusune

a o

AgannauAuly usiinsldiaveegnanadnyils
1184 ”Wil’wrrjﬂﬁ’lé’dé“msuamaurﬁ'mmuqu wAATIANAS
gnLiuNIITeLas 50 YBINAIEATDIABUNTAAIUAY
8¢ Na1IAe MAIWANINNIT 210 Alaniusienisng
WURWLAS FavnzandmsunununInn1etnseIy

1 oMU INANIENUTBITTATDILIATILLAY
YuEnaERninsuuTiinasiasdensesas 10 90
gﬂﬁ 7 wudn reunsafily PVC ﬁfi’]ﬁ’]é’qﬁ’mﬁﬁqm
sosasundu pounInild PP uaz aoun3adild PET
auaiu Tngaeun3afildutasiunatdin PP uaz
PET ffassnanasdosas 2.76 uaz 6.67 91 7 Tu So
az 5.87 waz 11.93 1 28 Su uazdovas 23.76 uaz
27.66 i 365 Su 91nUBTBve4 Ibrahim et al. [19]
WU31 PVC JA1ANULT 94N e (Young’s modulus)
Windu 2,833 1wnzUnanna vaded Shiuly et al. [20]
1897731 PET da1anuudewnss wihiu 1,800 wing
U1dAna 31N9UTTLAINA NI WUI1 PVC dAa
udaunsagendn PET dsenavilimouninitld Pvc 1

MasdngandtpeunInily PET [4]

41
1000
KE‘ O 7 days
< 800 A [ 28 days
g o
‘E o o [ 365 days
B 600 o @ «
g @ < = -
@ 2 e o i~
] o® 0 R o0 ~ 0
1= 5 a3 28
3 N N J Q
a
g 200 A
(o]
)
0 T T T
0 10 20 30
Percentages of plastic waste (%)
n) ABUNIANITUIAT LAYV HAERN PVC
1000
O 7 days
800 [ 28 days
\ [ 365 days

600 A

400

311.2
§ 3801

2
~
=
&~

200 A

Compressive stregth (kg/cm?)

Percentages of plastic waste (%)

) ABUNSANITLIATIUAYgENaERn PP
1000

O 7 days
800 4 [ 28 days
\ 365 days

600 4

400 +

b 3607

291.1

@
P~
o
o

200 <

Compressive stregth (kg/cm?)

Percentages of plastic waste (%)

A) ABUNSANTTUIATIUALYLTNaNERn PET

JUN 6 MAORVeIRBUNIATLTIATINAIYIEE

a
Wadnn
1000
« [ 7 days
£
g’ 800 4 % [ 28 days
< % © [ 365 days
£ 600 - e
g e} < = ~
g .8 2 ~g -3
— o0 P
v 400 4 S ; Q "f 3 rc\o ] A
2 2 B S Q
£ 200
£
S
0 T T T
NC PVC10 PP10 PET10
Mix id.

JUN 7 Midsdavesnsuniniliinasiuayiey

NANERNT 10%
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32 118999
N INTUINFINAVDIADUNIANNANLIATIULAY
YgWaaAn PVC, PP uay PET 91n3U7 8 wudn Mad

FRAABIAINENTINITUNUNLIATIUABVIENANARANT]

a

dindulnedlofioutuaouninaugu nsanases
frdafniiszernantuth 7 Yu eglurasiesas 6.30
fla 300007l 28 T ogsEMineFosay 13.64 f
18.18 waz i 365 Tu anasdovaz 18.68 fi9 25.45
audsy dmsunreunsaTldas AR s NaERn
PP WUl Aassnanadluteseuag 20.00-36.70,
16.36-26.36, 20.82-30.46 ﬁ 7,28 way 365 U
AN LazADUNS AT IdUIaTIIAYIEENATERN
PET fdadimanadlugiedasas 30.00-46.70 #i 7 Su,
18.18-39.36 71 28 YU uaz 22.14-31.90 71 365 Ju
audsu TnsasundafluufiuasuAwusznanain
Jogay 10 dMdwingeaalunnvilnvesianuiey
YYLWAEAN F1USUNITANBIVDINAIAAYDIADUNTA
anaflesainanuvuuiufisiniiveunasuAwes
wanadnudlofeuiuiasiusssuwd wlilaseadis
melunsunindidesinauarannungugedu danals
asnszaeussatdiduliegrefiuse@nsann [20]
ussfawmdlerseninetanussauiumasuanes
wanadnan (osaniuiananainidnvaziSeurily
ViR ITZ A 8A080UkeRan1TANS 7 Lazan
ALAINNTOIUNITANBLIITENINNTaR [21] wasns
WisUinanauwatafnuiui uiiiadudavesounia
wanafnluionounin vilins3osfavestagl
AiMAND LAz UAIINLE B9R ON1TAZALTDIT Y
wan311 Savhlianuudsussanasegreraiiosnny
nansUN [5] Welansawansenuveuinves
WIBTILABIENAEANT NSUNUTiNIaswasLson
Soway 10 ﬁqgﬂﬁ 9 Wu31 ABuUNIATIIIaT LAY
ygzwaradn PVC fiArindasninian sesasuniy
AauNsATd AT AYIBTNATERN PP LAz Aounin

PYuasiuAgvgznaId@in PET auanay

60

40

Flexural strength (kg/cm?
]
o

o

Flexural strength (kg/cm
N = o
o o o

o

= e e
N A 0 O N B
o o o o o o o

Flexural strength (kg/cm?)

o
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7 days [0 28 days [ 365 days

Percentages of plastic waste (%)

) ABUNSANLTINaTINAYVEENANERN PVC

| 7 days [ 28 days [ 365 days

Percentages of plastic waste (%)

) ABUNIANMILIATIUAYYETNaERn PP

| 7 days [ 28 days [ 365 days

0 10 20 30
Percentages of plastic waste (%)

A) ABUNSANTTUIATIU ALY NaNERN PET

JUN 8 MiavwinvesraunInildinasuAvvee

140

<120 4

100
80
60
40
20

Flexural strength (kg/cm

Na@RN

‘ 7 days [ 28 days B 365 days

NC PVC10 PP10
Mix id.

JUN 9 MidwinvesraunInildinasuAvues

NANERNT 10%
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dlafisusuasundaiilduiasuavueznaiadin
PVC paun3nfi lduiasiuiAvvesnalafin PP uaz
PET fifdssnanasioray 14.62 uaz 25.29 7 7 Yu
$ovaz 3.16 uay 5.26 71 28 Tu uazdosas 2.64 uaz
4.26 71 365 Ju 1iesrnuIaTIARIEENAIERN PVC
fA1A g 93 (Young’s modulus) gan31 PP
wag PET [5, 19] Fagreiiiumnuanunsalunisunss
fnvasmaunindisldiSuinaniuawusznanain e
PIAUFUNUS TENINANEID AUAENIRIA AYD
AUNS AT lduna LAY T NaN@Rnia PET, PVC
was PP wuin Mdsinuasneuninfiutudmaliings
SavesnaunInildinaTiuAwIssaaR LT UA1Y
TU8 1neAMUdUNUSTEUINNAIBALALAIA IR

wansluzUuuudndlnudea fan1si 4

A15799 4 ANUAUNUSTLUINAMDIDALALIAINAVDS

ABUNIANLIUIRTIUACVIENAARN

PVC; | f, = 5.833f 0417 R? = 0.851
PP; f. = 3.973f 047 R? = 0.803
PET; | f, = 0.669f%8% R? = 0.881

wnewe: f. A Aaswavasmeunsen (Rlansunensiaauiiuns) , f, fie

Mdavesnounin [lansusomsineudiuns) vl Usinanisunudiig
SavBunfEIIaT I AYIEENANERNAILS 10-30%

3.3 AIANENUUUNITA

mﬂgﬂﬁ 10 wuin Aeun3afilduiasiurvaes
WanafRnsta PVC, PP wag PE A& i suuunign
amaailoUSinansunuiiiady uavile3euidiou
fumsunIAAIUANIUIT 7 szoziraUuun 7 Fu
AounIaf lduIasAvIsznatain PVC Sifdads
anasdouas 9.18 B9 26.80 vausTiszaziiauuii 28
Yu didisanasdovay 637 9 30.42 wazd

N o w

SygvaINIsUNT 365 Su IMdRanasdesas 9.44
f9 23.01 FeduusA USRI Uwo IS SWNLR
WnaTINazBunfieay 10, 20 waz 30 lngusuns
AINEITU LULA BT URDUNSATINAN LTI AYEE
wanafin PP uaz PET ul swuSeutievlunsasy

SYYLLIAIUNUIAD 7 28 Wag 365 TU WU N1aIAd

43

anassouasy 15.78-34.84, 12.73-34.66 @y 18.92—
36.23 ANSUABUNS AT HALLIATINABYELNATARN
PP LAy poay 23.48-41.79, 22.99-44.12 wag
23.29-36.11 d15UABUNS AT NANLIATIUL ALV

WadRAn PET Anuaiau

L=}
f=}

| ONC  E@PVCI0  EPVC20 g PVCa0

[ ] 13 £ w
=1 =1 f=1 [=} f=)
| 1 I 1 I

Splitting tensile strength ke/cm?)

=]

Curing time (days)

) ABUNSANLTINaTINAYVEENANERN PVC
60

CJNC  @PPI0 [ PP20 g PP30

50 4

a0 4

Splitting tensile strength (kg/cm?)
]
L

Curing time (days)

) ABUNIANILIATIUAYYgYNaERn PP

| ONC  EPETI0  EPET20 @ PET30

Splitting tensile strength (kg/cm?)
&
L

Curing time (days)
) ﬂ@uﬂ%ﬁ]ﬁl‘zﬁnai?uLﬂ‘lﬂ‘UEJSWﬁ’]ﬁaﬂ PET
JUN 10 MdssvesnpunInilldinasiuayiey

WA

ANSANAIYBINFIATLUUNITNYBIABUNS AT LY
1NATIULARVLTNANFRNDIANAAIINNITINLANLTEIAING

Weyuduudiveynianatainiilaid esaniiuia



a4

vaaAwnanaRnidnwagiSsuLaziu Hydrophobic
vilfiAnsessesznineianiidaus suneuaziy
ypsaudmiunisuanidmaliauaunsalunis
TULIIAsvRIARUNS AARataEaNIN [17, 21] AW
WANANNYRIAMANTANIINATENINNIATINGITUYA
wazlAgnanadn lneanzlugaannugangu (Elastic
modulus) AinInveaaNatain dwaliiAnnis
nszneussitliaunaludonnunin arwsisosan
wdawsamaznsdanadiliiinaueionasay
USnasessiaseningtan (T2) Jadugeseuildessio
913 uuAzveeiveITesIANd1 denalininy
wlausdlnesiuvaspeunsnanasuaziloniainniy
Fomeountumeldussiadouswinluszezen (6,

20] TngABUNS AT MIUIATILLAYNAIRTISe8ay 10 &

'
[ a =

MAIRUURNIBNG TR LHTONNTUINTUNUNALIA

a o a

SIRYIUABUIATILAYNAANTT08aE 10 A95U

U

'
a

11 WU ABUNSANLY PVC IMadnawuuNIZnangn

4

soasundumaunInNlyd PP warAaunsai Ly PET

AUARU T19l19Tueg fuAINIILLTIwNTa (F) va9

Y

LWYEENANARNVDILAASIUA [16, 22]

o
(=

H 28 days 365 days

v
<
1

=
(=]
!

[}
=1
I

Splitting tensile strength (ke/cm?)
= S
L 1

o

NC PVC10 PP10 PET10
Mix id.

JUN 11 MaaRauuur@nvesraunInilduias ey

YEENANERNT 10%

34 AINAIUNIUNITING

1n3UT 12 nudn AeunIndilduasuiavuey
wanadndnisgadedminainnisdadtosnds
Aoun3nfildinasuaiBunsssund waznisgyde
iwiinvesaeuninflldutaravssnatainanas

pehaiulaTanIuUSINUN IS W UATLRLTY
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(&}

IS
1
3.260
2.787
2.672

M W
! I

—
I

Weight loss due of abrasion (%)

(=

NC 10 20 30
Percentages of plastic waste (%)

) ABUNSANLTINaTINAYVEENANERN PVC

3.260
3.149
2.932

Weight loss due of abrasion (%)

NC 10 20 30
Percentages of plastic waste (%)

) ABUNSANITLIATIUAYgENaERn PP

E=Y

3.260
2.842
2.802

Weight loss due to abrasion (%)

NC 10 20 30
Percentages of plastic waste (%)

A) ABUNIANITLIATIUAYYEYNaERAN PET

JUN 12 mggyidedminanmsdndvesreuninily

IATILABVIENAARN

TneulaFsuiiisuiuaouninniuay nsanas
GUEJ\‘lﬂ’liqiyLﬁ‘c’JﬁéWMﬁJﬂTMﬂﬂ?'ﬁﬁﬂﬁ%@ﬂﬂ@Uﬂgmﬁi%
PVC oefluthsioray 14.51 fa 18.90 vaurfinounindl
14 PP diA1n1sanaseg seninefosar 3.40 fi1 11.10
warAunIndild PET anasdoray 12.82 fia 14.69
audsu TnenounInilduiasiuwuesnanaini
anuiafinsunuiisesay 30 ﬁmiqzyl,?imfmﬁfﬂmﬂ
nsdndvosiian Fsaenadesiunuideves Sau et

al. [17] N7 ABUNSHNLTUIATIUARIENAARNS
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nsgapdgimtinanmstaddesnitreuninitliulg
FIUALBYATITUNYIR Lasnwaraindaauding

o o

nan ¥g At und sy wazdnginssudangu

U

' = =

(Ductility) 717 némfe fanuannsalunndegulae
Liiusniin SsageuaumaiAnsesunninuazannis
dnndeu WwAeiuUITeves Mohammed et al.
[22] w1 nsgeydeumiinvesaounadildunasiu
wanafin PVC sidllunmaunuiivaeuasiiu fdanas
WeoinuTmanmsunud efinnsunansznuves
vilnvosnasiuimswaIAniinsunuiiesas 10 &9
Ul 13 nud eeundndilfinasuiavsznatadin

Y

PVC finsgayidetimvinainn1stndniign

3.26
15

2.79

Weight loss due of abrasion (%)

NC PVC10 PP10
Mix id.

PET10

SUN 13 anudumumstndvesreuniniiliuiasiy

LAWULLWAERANT 10%

35 msiharusou

mﬂmaﬂﬁwmamﬁuam‘[.ugﬂﬁ 14 WU ABUNIA
Alduaravasywaradnynuiadainisiia
Louanaseg1eunnid ouUs i suwnufive e
sAYIgENaaAnluAduNI M BILUSYULTiBuAY
AeunIAAIUAN WUl AounIndilinasiuiawuse
wanadin PVC fiAnisdiaiuseuanasasan Ussanu
$ovaz 83.33 - 83.67 vuzfineunInfildiuiasiueay
Yuznanann PP anaslngifesiuilfesay 81.23 -
83.15 wazABUNS AT IIAT LAY ENAERN PET
anasipuay 78.30 — 80.78
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1.20

g 3
.00 8
g kd
2080
3
5060
T
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S o040 4
: e : :
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3060 4
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go‘zo i S S S
£
i ]
0.00 i : . m
0 10 20 30
Percentages of plastic waste (%)
9) ABUNSATIINaTIAYYEENaNERn PP
1.20
2 s
£ 1.00 + 5]
S
2080 F
2
5060
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5
U 040 4 © =
-
020 I_CL| =
=
: 0
0.00 . r .
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Percentages of plastic waste (%)
f) AeuNIATldIaTILAvYEENATERN PET
JUN 14 msthanufouvesreunIniiliuiasiuey

YYLWAERAN

uonnidanuin defimsunuiinsedosas 30
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ABSTRACT

This study aimed to improving productivity and reducing ergonomic problems in coconut
peeling, focusing on a case study of local entrepreneurs in Pracham Subdistrict, Chana District, Songkhla
Province. The research procedures consisted of: 1) investigating initial health problems and measuring
the Abnormality Index (Al), (2) assessing ergonomic risks before improvement, (3) proposing and
implementing improved working methods, and (4) re-evaluating ergonomics and productivity before
and after improvement. The ergonomic assessment using RULA and REBA before improvement revealed
high risks, with scores of 7 and 10, respectively, indicating the need for immediate corrective action.
The average time for peeling 5 coconuts was 65.36 seconds. After introducing the new peeling method,
which was rated at an average score of 4.10 (good) by the participants, ergonomic risks were significantly
reduced: the RULA score decreased to 3 and the REBA score to 3. The average time for peeling 5
coconuts decreased to 16.76 seconds, reducing the average peeling time by 4 8.6 seconds.
Consequently, for one worker peeling 400 coconuts per day, the time required was reduced by 64.8
minutes, while productivity in 90 minutes increased from 410 coconuts with the old method to 1,610
coconuts with the new method. The findings indicate that the improved method reduced ergonomic
risks, minimized unnecessary movements, shortened work time, and enhanced overall productivity

while also decreasing worker fatigue that could affect health.
Keyword: Productivity Improvement, Ergonomics Assessment, Dried Coconut Peeling, Wholesaler.
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ABSTRACT

Cryotherapy can reduce pain in injured people. Cold air blasting is another alternative
treatment because it can treat the injured area directly. However, currently, cold air blasters are
expensive and must be imported from abroad. This research aims to design and create the cryotherapy
machine by spraying cold air with cost-effective, using refrigerant R-404a, to compare the temperature
and wind speed with the normal cryotherapy machine. The experiments are divided into 3 types:
experiments in a temperature-controlled room at 20°C, 25°C, and 30°C with wind speeds of 5, 10, 15,
and 20 m/s, respectively. The results of the experiments show that this research can produce
temperatures of -7.5°C to -10.7°C, while general cold air blasters can produce temperatures of -10.3°C
to -24.4°C. This information shows that this research cannot produce temperatures as low as general

cold air blasters. Therefore, further study and development should be conducted.

Keyword: Cryotherapy, cryotherapy machine by spraying cold air, refrigerant R-404a.
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Abstract
This research aims to develop an automated material listing system for production orders
using Visual Basic for Applications (VBA) within Microsoft Excel. The case study focuses on the

production of curtain and venetian blinds. An analysis of the case study company revealed significant
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issues with production errors and delays in placing orders. The root causes of these problems were

analyzed using the "Why-Why" analysis technique. A new production ordering process was then

developed by applying a data flow diagram to create a more detailed production order form. This

form clearly lists the materials required for each customer order and calculates the total quantity of

materials used. When the reorder point is reached, the system automatically calculates the Economic

Order Quantity (EOQ) to optimize subsequent purchasing plans. The development of this database

and automated system, using Microsoft 365 and Visual Basic for Applications, significantly improved

process efficiency. The new system resulted in a 63.67% reduction in waste and production errors.

Furthermore, it improved the production time efficiency for roller blinds, wooden blinds, and

aluminum blinds by 27.5%, 32.5%, and 22.85%, respectively. A post-implementation user satisfaction

survey indicated a high level of satisfaction, with an average score of 4.2 out of 5.0.

Keywords : Production order, VBA, Bill of Materials, Why-Why analysis, EOQ.
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ABSTRACT
This research presents an approach to improving the production line of the supercomputer

Model A, which is a new product line consisting of 18 workstations used for producing both components
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and finished products. The production line was found to have waste arising from waiting, inventory,
and transportation. Therefore, lean techniques were applied to improve the line, including quick setup,
kanban, and cellular layout design using the Computerized Relative Allocation Facilities Technique
(CRAFT) to analyze and optimize the workstation layout. The improvement of the parts feeding method
using the quick setup principle eliminated waste caused by waiting. A parts feeding box was designed
to contain exactly the number of parts needed to assemble one unit, prepared in advance according
to the kanban size and scheduled to be delivered directly to each workstation. This reduced inventory
waste by 14.87%. The production layout analyzed by CRAFT reduced movement distance by 216.8
meters, equivalent to 26%. As a result of the study, the improved production line was able to produce
20 more supercomputer Model A units per month, with a 33% increase in output rate. The overall

production line efficiency increased by 191%, and the average workstation utilization improved by 129%.

Keyword: Computer simulation, lean production, production line Improvement, Computerized Relative

Allocation Facilities Technique (CRAFT).
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