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NeNsees J WA, 2565 Ao ﬁ]gﬁ;;ﬂaaslumﬂiiﬂayauﬁﬂ 49,952 Au WWowfisunnasewesd w.e. 2564 9
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ABSTRACT
Obesity is a risk factor for diabetes, high blood pressure, hyperlipidemia, cardiovascular
disease, and cancer. The number of obese inpatients each year directly reflects the impact of

obesity. The inpatient data on obesity for 10 years (2012-2021) from the Strategy and Planning
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Division, Office of the Permanent Secretary, Ministry of Public Health forecasted the obese
inpatients in 2022 using gray models. GM(1,1), GM(1,1) expanded (GM(1,1)E), and GM(1,1)
expanded and periodic correction (GM(1,1)EPC), and computed the accuracy. The result showed
that GM(1,1)EPC had the lowest error and highest accuracy when compared to historical data.
The forecast value for the year 2022 will be 49,952 obese inpatients, compared to the actual
value of the year 2021, an increase of 12.77 percent, which would be a maximum forecast in
order to prepare the budget for inpatients that is expected to be increased. The GM(1,1) and
GM(1,1)E returned the forecast value for the year 2022 of 40,875 and 40,082 cases, respectively,
which were lower than the year 2021 in percent by -7.72 and -9.51, respectively. Comparison
with actual data from relevant agencies will reveal the effectiveness of using the gray model in

future time series forecasting.

Keywords: The Number of Obese Inpatients, Grey System Theory, GM(1,1) Model
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wernss1uauy Uasluainlsaeaulud wa.
2565 2MNVOLA WA, 2555 9 2564 ALV

STUULNTY
2. FATUNTINY
2.1 nM359usudoya
voyadnnugUelunnlsrolud we.
2555 {4 2564 F9UTWIINNGUYDYAYIIANT
GRIERET ﬂanqwﬁmam{l,t,aml,wumu d1neu
UdANTENsI9@s100g [12] 01519 311U
wazsnsnUaelusaumnnisidadelsn) ne
U5241n3 100,000 AU FIWUNALNA LALE1N
115478 (115191150 28a 00y T Sruunlsa
szyaUssme atuunluadedl 10 : 298 nqulsa)
TsAequ Ao318n1591 109 W ICD-10 Obesity

(E66) sananslunisad 1

2.2 N15a319AUUUTTUULNSY (Grey

Systems Modeling)

FakuusTUUnSaNlalun1sAneT Ae A7
WUU GM(1,1) tJuiuus uny Aaukuuveny
( Expanded Forms of GM(1,1) Model -

GM(1,1)E) [2] wazfauuuve1sUsuAInINTou
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AFA1FY Wl nsyuinw

(GM(1,1) expanded with periodic correction M &e wnsng M 7vnisasy

Model - GM(1,1)EPC) [13] Munusvonanuantuanun uazanunitu

fauU GM(1,1) w07 (Transpose)
ey ”ﬂmjﬁl,l,amagjslugﬂmammmg M e waSnanndu (Inverse Matrix)
(vector) way Wn3ng (matrix) Ya3unIng M
hw%ayjaﬁﬁﬂmu n A AuN5OYRUSYOIFIUY GM(1,1)
@)
X =(x21),x?(2),... X" (n)) dX
0.x°(2),...x(n) X

m‘uagaazauﬁﬂmu n A1

XO® — (X(l) @, x® ),..., x® (n))

ATNINTUELANTIUNITN K+1

b
D ; @ =| x©@
AveyadzausIen1T k x7(k+1) —( @- je 3
k
x (k) = ZX(O) (i) k=L2,...n ATNEINTEITIBNTT kot 1
hw%ayjaazamaﬁlEﬁmwmsﬁawﬂﬂ x© (k+1) = (1_ e? ) (X(O) @) - 9) o3k
a

20 =(29(2),2°@),...2°()) k=12,..n

ANYBYAHTHNLRA INUIIYNITNBUNUN 18888 UAANN1TURIFUY GM(1,1)E

BTN K [2] uazsuwuy GM(1,1)EPC [13] FaUsznaume

AUATIIUIULINTY @u1saAnwLRLAnlagn

@

At

79 (k) = (x<1>(k)+x<1>(k 1)

x@(k)+az®(k)=b , , ,
ANMILAAIAARBUS18NNST K

x9(2) -z92) 1
(0) _7M
O R 1 £ (K) =X (K)-x" (K)
X(O)(n) —Z(l)(n) 1 £© (k)~2a0+2{a cos(zT j+b sin (ZT”IHkIZ’s""’n
— =n— :M_
—(B"B)'B'Y =[a b] e

[5]
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12 cos(zﬁlj sin[zz'rll] - cos[zzlzj sin[z -
T T
2r 2z

’ T

1/2 cos(B—’l) sm(szll) Zj E
= T T

( 7
12 cuslnz_rll] sin(nz_rllj cos(nz_rlZ) sin(nz_riZ) 8 ccs[nz_rlz] sin[n%riz)

P

anngnueanmmas C

C=[a & b a b a, b]

-1
C=(P'P) Pc®
ANENTaIsIenSh K

X (K) = xO (k) — £ (k)

2.3 AULANULIVDIAIUUU

ALRE 83 08AZAIUARALAG DU
%wvﬁaj (The Mean Absolute Percentage
Error — MAPE)

SN @09VDIA1LRE AL
AaMLAA auENAI§9ae (The Root Mean
Square Error - RMSE)

FuUszans anduiuslnanin (The
Closer the Correlation Coefficient - CC)
Fuvuazlawensallad andaailng 1

Sulsvansuseavsnmlnana (The

closer the coefficient of efficiency - CE)

U7 18 atuil 1 unsAu- Squneu 2567

amsansive LT ﬁ%’iﬁ’#ﬂa

famuvazlanensaulaaennasiuA1asy
Wedawnlna 1
79 MAPE, RMSE, CC, way CE {1

1A [14] mff

x(k) = x (k)|
x© (K) |

MAPE =[ L > }100%
n-13

n

(x() ~x@(K))’
n-1

n

> (X 00-x (w0 ) (x(k)-x(K)
CC =2 ——
JZ x<°>(k)—x<°>(k)) (x(k)-x(k))’

k=2 k=2

3 (X (k) - x(K) )’
CE=1--k

_(x“’) (k) —W(k))2

k=2

AsUsEIanalalylusensuianusasin
NSAUNASNY YUASNTFEULURIUY wazlum3ng

ansile Ao TUswnsa MICROSOFT Excel
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M13197 1 Innugiiglulsaedu AesaazamngIns

+/- Souay
W. 6. AN939 Uit GM(1,1) GM(1,1)E  GM(1,1)EPC
a

2555 9,723 0.00 9,723 9,723 9,723
2556 10,296 5.89 6,547 2,205 12,074
2557 9,508 7.65 8,024 4,538 8,280
2558 13,105 37.83 9,835 6,692 13,635
2559 14,090 7.52 12,055 9,661 14,322
2560 15817 12.26 14,776 12,853 14,851
2561 17,911 13.24 18,111 16,437 19,495
2562 19,689 9.93 22,198 20,495 17,678
2563 22,470 164.12 27,208 24,955 24,665
2564 44,297 97.14 33,349 30,046 42,183
2565 40,875 40,082 49,952
SOUAYANLWANANIDINATAST 2564 772 -9.51 12.77

M99 2 AIULUUGINSVNUNIEVDITIRUFILUY

GM(1,1) GM(1,1)E  GM(1,1)EPC

MAPE 17.52 31.73 8.40
RMSE 4,482.36 6,427.27 1,555.62
CcC 0.89 0.79 0.99
CE 0.80 0.58 0.98
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3. Nan153veuazafusIuNa
AmensaisuaugUasluainlsaeau
W.A. 2565 3MNFAIMUY GM(1,1), GM(1,1E, waz
GM(1,1)EPC Ao 40,875, 40,082, Wz 49,952 AU
auadiu Tnefidasmnsiudsuulaminanasslu
J n.@. 2564 LV]IWﬁ’U;E]EJaz -1.72,-9.51,12.77
mudIRy fananslumsed 1 @auaiiunain
\AA DUNNSYUNBUDINIAUFIMUY Fanansly
a3197t 2 B9 GM(1,1)EPC flanauuuugAng
Snavsiauuulunniadin amdl 1 uansns

LEUYDIAIDIILASATNYIN T

4. #3UNan133e

AIAILLN UEIVOINITNEINTA 1D
MAPE, RMSE, CC wag CE 993 GM(1,1)EPC wang
hﬂmﬂmmﬂLﬂ?{awfﬂﬁqmLLazﬁmuLLﬁuEﬁqa
ﬁqm dleeuiu GM(1,1) ag GM(L,1)E 210

A 1 FugUigluanlsaoiuduuiluuiig

U7 18 atuil 1 unsAu- Squneu 2567

(8]

397U MUUU GM(1,1)EPC wennsanaeiiuae
Tuanlsreruia 49,952 Ay Woifisuanassvesd
WAl 2564 AHunLRNTusesay 12.77 Safiax
Wunismianisaidugs ielninisdamien
Q‘U‘LJ$$3J’1ENW;EJM%JUB;ITUIQEJIuﬁﬂWD'T\]SL‘ﬁlm“ﬁ?u
AURILUU GM(1,1) wag GM(1,1)E ndulnan
wenseid w.d. 2565 Wi 40,875 uaz 40,082
AU f1nand we. 2564 Aeanatsenas
7.72 uar -9.51 auddu dadumswensaii
o9y lunumauiuysznalunisndeusu
Qyﬂaalﬁy

pu19lsfiny uaﬂmﬂmﬂﬁ?ﬂuagm"ﬁa
USinauue miwmmaﬂé’aawﬁaaﬁmﬁw{aaﬂa
Suildmananisannizedu uazUsvaunisal
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sretludluilesudervedaniuiinnsusuen
NYINTAUVDIFAUY GM(1,1) ﬁuﬁmgmwu [15]
FamsinsAnunswazideaiiethunlsusslovy

okl

5. L@NE15D19D4

[1] Chambers JC, Mullick SK, Smith DD. How

to Choose the Right Forecasting

Technique. Harvard Business Review.
[Internet]. 1971 [cited 2023 October 9].
Available from: https://hbr.org/ 1971
/07/how-to-choose-the-right-fore
casting-technique

[2] Liu S, Lin Y. Grey systems theory and
application. Verlag: Springer; 2010.

[3] Modal K, Pramanik S. The application of
Grey System Theory in predicting the
number of deaths of women by

committing suicide - A case study.

Journal of Applied Quantitative Methods.

2015;10(1):48-55.

Shen X, Ou L, Chen X, Zhang X, Tan X.

The Application of the grey disaster

model to forecast epidemic peaks of

typhoid and paratyphoid fever in China.

Plos ONE. 2013;8(4):e60601,1-6.

U7 18 atiuil 1 uneu- Squigu 2567

[9]

sSMsuUJIAa
nsyunw

1158157998 UTI

[5] Zhang Z, Xu F. Measles trends dynamic

forecasting model based on grey system

theory. Management Science and
Engineering. 2012;6(4):71-4.
[6] Jayathavaj V, Pongpullponsak A.

Forecasting the number of deaths from
cerebrovascular diseases in Thailand
using grey systems theory. Journal of
Current Science and Technology. 2017,
7(2) :131-40.

Talu Yes3Y, oRdnA wqﬁmamaﬁﬂﬁ. A1y
yuesiuugidsdinanlsaiinniden
Tuuszmndlnenodauuuinse . 115813
A519UAUANENT. 2560;47(2):177-88,
ﬂémﬁa;ﬂaﬂnmsqmmw NBIYNTAENT
LAaYUHUITY @18 NIUUa AnTEN T
A151TUE Y. ANAANGITUAY WA, 2559.
UUNYS: ﬂaqulﬁmam‘l,t,amwmm
NILNTATITUGT; 2560.

e LoAwaINg (USIANSNIT). T1897UNNT
d15vguandszanvulnelaenisngig
§99N18 ATAT 6./, 2562 — 2563,
nganne: dinfiunsnvinsmfaueun
ileswl; 2564.

[10] Alberti KGMM, Eckel RH, Grundy SM, et

al.  Harmonizing  the  Metabolic
Syndrome A Joint Interim Statement of
the International Diabetes Federation
Task Force on Epidemiology and
Prevention; National Heart, Lung, and
Blood Heart

Institute;  American

Association; World Heart Federation;

Vol 18 No.1 January — June 2024



International Atherosclerosis  Society;
and International Association for the
Study of Obesity. Circulation. 2009;
120:1640-5.

dlnuimsnisnzdou nsunisunaTes.
adfuszyinsmiansneieousiugs(sne
Wwaw): UseyInIsneeny. [Buwmesiinl
u.4.4. Fuauilotuil 30 NINYIAL 2566].
91N https://stat.bora.dopa.go.th/ stat/
statnew/statMONTH/statmonth/# /view
ﬂq'm]laﬂ,iasu'nmsqmmw ﬂ@ﬂq‘ﬂﬁﬂ’]ﬁmi‘
WazhNUIIY @1dnuddnnTengag
a51504a%. asUTenumtae T 2564 fs
2556. [Bumnesiinl. 2567 Fuaudeotuil
30 A s A AY 2566 31N
https:/spd.moph. go.th/illness-report/
Lin YH, Chiu CC, Lin YJ, Lee PC. Rainfall
prediction using innovative grey model
with the dynamic index. Journal of
Marine Science and Technology. 2013;
21(1):63-75.

Cheng K-S, & Lien, Y-T, Wu, Y-C, Su Y-F.
On the criteria of model performance
evaluation for real-time flood fore

casting.  Stochastic  Environmental
Research and Risk Assessment 2017
;31:1-24.

Pai, TY., Ho, CL., Chen, SW. et al. Using
Seven Types of GM (1, 1) Model to

Forecast Hourly Particulate Matter

Concentration in  Banciao City of

Taiwan.Water Air Soil Pollut. [Internet].

U7 18 atiuil 1 uneu- Squigu 2567

[10]

sSMsuUJIAa
nsyunw

1158157998 UTI

2011 [cited 2023 July 30]; 217:25-33.
Available from: https://doi.org/10.1007
/511270-010-0564-0

Vol 18 No.1 January — June 2024



ranside LT ﬁ’é‘éﬁ?’ﬂa

n1suuRn1ssruundalniindsnuuaseniinduuunaiudmiu
szuufinfundenululssnugaamnssy
Implementation of Hybrid Photovoltaic Power Generation Systems for

Energy Storage Systems in Industrial Plants

g 1 a 1 aa v ‘1

U Uiy, aseAnus 39939y’ Yuwa AIIAIUENT',
L4 (1 o = 1*

A dingne’, d1as awmunug’, Ugled Snlnerseyan

q 43

:Q

Papon Ngamprasert', Narongpun Rungcharoen’, Chumpol Siriwattanasit’,

Kan Voottipruex', Sakhon Woothipatanapan', Nattachote Rugthaicharoencheep’

lauivirnssulin pagdmnssuA1ans wninedewmaluladsnvusnanseuas
'Department of Electrical Engineering, Faculty of Engineering,

Rajamangala University of Technology Phra Nakhon, Thailand
"Corresponding author. E-mail: nattachote.r@rmutp.ac.th

UNAnLa

unauiihianensUiiRnssruurdalirimdsnuuaserfinguuunanudmiussuuiniiu
wdsululsanugaamnssuszmiudeunguanuimaiauduszerinat 6 ey nsdiAnwinus
oonudu 4 nsdl laun 1. madeuneszuunanlinimdanuiasefinguunaunay 2. n1ssanazay
Usz93zuuiniAung s 3. Tnanfuauduius s UURER I NE 1 LA TR B WUUHALHATY 4.
Tnandsesfummudiiusvesssuuinfiundsnu ssuurdaliihndinuuaeinguuunauiidonis
Na® 149.80 kWp HadwsNUanuTAsNade Ao 4,793.42 kWh HASNE WU TLUUNER NS 91U

waoinevheuduiiusiussuuinfundan awnsenendsnulwunivanlaeensauna

ARy : STUURARINNINAT UL TInERUUREY, SEUUANNUNENY, 159ugaa1mns sy

ABSTRACT

This article presents implementation of hybrid photovoltaic power generation systems
for energy storage systems in industrial plants between May and October for a period of 6
months. The case study is divided into 4 cases. Case 1: connecting the hybrid solar power
generation system. Case 2: charging and discharging the energy storage system. Case 3: the load
and relationship of the hybrid solar power generation system. Case 4: the alternate load and

energy storage system relationships. Integrated solar power generation system with capacity of
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149.80 kWp. The average backup load is 4,793.42 kWh. The results show that the solar power

generation system working together with the energy storage system can supply energy to the

load in a balanced manner.

Keyword: Hybrid Photovoltaic Power Generation Systems, Battery Storage System, Industrial

Plants
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WUUTIRRIAITI YD UTAA UAID TN foya LT
Tngasasialen sananslunni 8 [9] Maximum power (Pmax) 535Wp
Maximum power voltage (Vmp) 40.63V
LA AN Maximum power current (Imp) 13.17A
* Rs Ish Open-circuit voltage (Voc) 49.34v

ID IL

U Rsh XZ <> Short-circuit current (Isc) 13.79A
Module efficiency STC (%) 20.75%

o . o . - VoA UDTNT AIARIlUMITNIN 2
A 8 LuuiiaesAsiivedraaLaseinelag

awslelon M13199 2 VOYABULIOILADT

ANUENAUSTEINUL SR IANR U

L doya N
uaznszualuanaansanvualadsdl [101-[12] Apparent power 110kVA
Rate power 100kW
U +RI Rate voltage 400v
F=1 —lg=1_-14 exp(—s)—l (6)
a Rate current 144A
- ¢ o ° THDi <3%
IL MY  NITLELYAALENDINAY
‘ PF 0.8lagging-0.8leading
I, AD  NSsuadudn
fe  uswiulvivinnoen ' vy v
U ﬁuayjaizummﬂuwawu GNLLEGNSL‘LI
R, AD  fIMMUnILLUUEUNTY M397 3
A AduUszavisonmal 4 v o e .
a o M139N 3 ‘ua;&aizwﬂmﬂuwawm
LLINAU
Specification Size
2.5 dayagunsnlvasszuundnluii Rate capacity 200Ah
WAL ARGV UNFUNEY Rate energy 76.8KkWh
v c a o Rate voltage 384V
suaaial,l,mmaal,l,aqmwms G]QLLHGNIU
4 Voltage range 336-438V
M99 1
Normal charge/discharge 0.5C
Max charge/discharge 1C
Weight <= 1060kg
Protection degree IP 54
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Amnau 1,719.70 2,033.30
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AAIAL 1,657.20 1,986.50
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Y 13 v
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wazmdansnsosmentuiuiuamaiay Taswieuniusufunnnaiumadiay waihanszauaig
nsanloavedn lwnvu 85% nailunanszau 6 92lus gamadl 400 °C Smsrarulasiiavesaune
USinmsnsamoanaInmfu 1 : 3 wasthlunagounisnsestinuima wamsvaaeuluineunses A
wnvuYes Fe Tuuvasi A wag B snainiunamoulangean (1.0 me/L) @1u C wag D fiAngenn
inausmeylangegafo 2.330 war1.657 me/L My Mn asaalimuluuanii A auluuani B C
uay D fiaganunamoylangean (0.5 me/L) 1Ay 1.589, 1.295 uay 0.964 mg/L mudsu Zn Tu
Lméq‘fwmma ABCuag D ﬁmﬁ?ﬁﬂ’j%ﬂmsﬁa@awqaqm (15 mg/L) Gli’)ﬁ]lli‘WU Cu Cd waz Pb IuLLMéq
11 A B C oy D MAINTDIATBAINTILYDY Fe Mn Zn Cu Cd uaz Pb ifiudunnuas nan1sdiasign
Snunuzfiufianig SEM Lﬁaﬂiwjyuﬁy’;&JﬂWWaav\lﬁﬂamwﬁuﬁagﬁu{wwzLUgauiﬂ ﬁmmﬂimﬁqq
Auluvilulassassgnugniniasuazgaydonuaasolumagady duuinuamedaduding
¥URASEN Bnitamanianadeu XRF nu Fe Mn Cu duderlunumishan fualmbuiniadis 4 uvas
fiusinaedany waslaveutinifiut undanuiunsyuiunisnsesmsauiutusnaiay

AdfAgy : Maviau awuiudiug n1sUFulTAMnINEIuIAG

ABSTRACT
The purpose of this research was to investigate the quality of groundwater in Bangkeiad
Subdistrict, Singhanakhon District, Songkhla Province before and after the filtration with

activated carbon from palm charcoal frond. Then it was activated with phosphoric acid,
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rsansive LT
concentration 85%, activation time 6 hours, temperature 400 °C. The mass ratio of charcoal to
phosphoric acid volume is 1 : 3 and used to test groundwater filtration. Test results in water
before filtering Fe concentrations in water sources A and B were lower than the maximum
allowance (1.0 mg/L), while C and D had values higher than the maximum allowable limit of
2.330 mg/L. and 1.657 mg/L, respectively. Mn was not detected in water source A, while in
water source B, C, and D the values were higher than the maximum tolerance limit (0.5 mg/L)
equal to 1.589, 1.295 and 0.964 mg/L, respectively. Zn in water sources A, B, C, and D had values
lower than the maximum tolerance limit (15 mg/L). Cu, Cd, and Pb were not detected in water
sources A, B, C, and D. After filtration, the concentrations of Fe, Mn, Zn, Cu, Cd, and Pb increased
at all sources. Results of surface characterization using SEM, when activated with phosphoric
acid, the lateral surface condition changes. The acid content is too high, causing the pore
structure to be destroyed and the adsorption capacity lost. The cross-sectional area, there was
no reaction. Moreover, XRF test results found Fe Mn Cu contamination in palm charcoal. As a
result, eroundwater from all 4 sources contained trace amounts of metals and heavy metals

increased after going through the palm frond activated carbon filtration process.

Keyword: palm frond, activated carbon, gsroundwater improvement
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2.2.2.1 thineg1at1uIaa 50 mL
asluSninesuunn 200 mL
2222 vindulaludnnes i

nsalunsn (HNO,) 65% lagU3unng

U7 18 atuil 1 unsAs- fguneu 2567

2223 1Un50bUAS N ANENAUE
nau lUwse 5 mL laludieegnaiuinia

2.2.2.4 1416198194 IUN1A8D UL

Iﬁﬂawu;auﬁqmwgﬁ 300 °C Tnggasauiioss
14
2225U5UUS US98 198N
wimalula 50 mL Tuwesausinestaglangy
Tunsusu
2.3 nawseuouiutusanmeUiay (8]

231 mqquﬁﬁ'mmzaﬂummﬂi
anmdananmaianlunaneduaiunie s
Thermo Gravimetric Analysis (TGA) TGA 7,
Perkin Elmer, USA

2.3.2 wimsUranena 10 cm lnanewdy
Tnaneiduniu Agamgd 500 °C 1duiaan 6
la

233 ﬂizx{uz{mmamémuwﬂimdaavda
5N 1WUTY 85% §n51d2UlABNIATDI U
Ysamsnsaneanesn 1 : 3 gaumgil 400 °C 1ian
Tumsnsegu 6 alus

2.3.4 ansanusufunaeiinduauilan
pH Aaft Mé“ﬂmnufuﬁﬂﬂauﬁqmmﬁ 110 °C
W 24§79 unaututunwazthluseunu

ATLATIVUIN 60 mesh

[25]
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faa10aQLUOVIUAT
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A

|““
% ...5014:115‘\* s
- Gooale

2024 TerraMetncsMaxarATechnologle5§Umw ©2024 CNES / AirbusLandsat / CopernicusMaxar Technologiesoya 2 nu.

2024 Google

AT 1 FURUINRIVDIAIUIVIAG §.UITER 0.8IMUAT 2.83Ua7 ARLUAIIIN Google Map [9]

2.4 pyndeUsnvaEvos Ui UTuA A
2.4.1 Aipswndnuwariiuianig Scanning
Electron Microscope (SEM) JSM-5800, JEOV,
Japan
242 AnulAsds 19HE A 28 X-rays
Diffraction  (XRD) X’Pert MPD, Philips,
Netherlands
2.4.3 m‘d%mmﬁwﬂua‘mmwwém uay
prufufuR ey nae X-ray Fluorescence
Spectroscopy  (XRF)  PW2400,  Philips,
Netherlands
2.5 miﬂ%’uﬂgnqmmwﬁﬂmma
2.5.1 thausutuanisliau lalunwuy
NINNTLUBN Gummgwhu@ju&jﬂaw 5cm g3 100
cam
2.5.2 withuiana Usunmns 1,000 mi lulva

HunuANTunnIaUauiussey luavus

7 18 atiuil 1 unsieu- Tquieu 2567

NsInTEUen nuuuInailvaniua Uiy

fuan1aunaulunnaeulanineiensas AAS

3. HAN1INAABY WazaAUusIeNa/
3.1 AMAMUIVIAG A.UINTEA B.FI1UAT
2.asva1 loun & pH wazUSnameudsazaeni

7191UA (TDS) h@AIlunNINg 2 wagm1s19i 3

= = H & A a &
AINN 2 @UDIUIUVINAANNNUN §.UNNEANS 4

bR
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A19199 3 AAsLdunIAAe (pH) wag Ui

Yoadazateinvianua (TDS)

uath pH TDS (me/L)
A 7.0%0.2 1,15013
B 5.4%0.2 1,724%5
C 7.4%0.2 1,21413
D 7.1%0.2 1,173%5

PNAMA 2 1annunas A uas B 9zdl
Snwazdla luvasd unainuwas C uay D4
Snwardqu Tag thannumas D T8nvzeuiian

nM5T 3 wuaeeudunsang
Yaaumasing 4 unas daenudunsania wu
3 nqu Ae wrasiidunans deunasii A
(7.020.2) uavumast D (7.120.2) unastiidu
Waeeu Aouvasin C (7.410.2) wazunasing
\Junse Aownasti B (5.440.2)

Usuavesud sazanstvanun ves
uwmasve 4 umas uasin B fusinameds
azawﬁwﬁgwmqaqm (1,724£5 mg/L) waziian
Lﬁumm«ﬁau‘lamqaqm [13] sesaanlaunumasni
C (1,21443 me/L) wna a1 D (1,173£5 mg/L)
WATUVAdN A (1,150%3 mg/L) Mmuaiu

ﬂmmwﬁﬁmmmw{amméqLmﬂs{wﬁu
Lﬁaqmﬂﬁumzﬁmmﬂaqmﬁnéawﬁwﬂwaé%u

mu%umuﬁagﬁmaﬂﬂmwmaaaumﬂiaeuaﬂﬁu%uﬁa

v P2
o °

Fuivguuiiduwnasinifiuiiuinia v

UIuN1uTuA Ut UiLaziinTara18le1ussIm
warasiadlutuiuwaziuadlunieg audRveai

U1aad @ uiufuwasAuus Nl ladunu

U7 18 atuil 1 unsAs- fguneu 2567

sSMu¥UIAa
ns‘dlnw

1TETIVY erl

saufanslovsglesudiau madulnvosmuey
$los orwviliimsdudeuvesiuina 110)
3.2 NaN1IMTRARUANWUE DU UR NS
Unau lusideilymehaniiduayiagmie
Tyanduimgivlumawiouniutuiiun uazusy
anmfiamueiinasansazatensaneanadn
desnuduasilauanuiien msethnduan
Toluale wazgamadlunisnszs usi [11]
uonani nsaveanesndunmnzdmsunis
nszguiagmidelynianns [7] wan1smaaoudl
il
3.2.1 gaumgiiluni1suusanindiuiania
Uhaulvnaneiduay lensiesen nsguyide

adlalasuaiuseu (TGA) WEARIHININA 3

120 POB1

100
o ——POB2

80
POB3

60 \

a0

Retained mass (%)

20 N

0 200 400 600 800 1000 1200

Temperature (°C)

mw‘i‘/'i 3 Nanaaau TGA Guaﬂmaméu (POB1-3

NAFOUL 3 DY)

NITAAILAINIIAIUTOU VDITINIANIY

Yraudnisilasullasvedaanusynausening

a aaa

Wnuisenlnlsladawaglaa iedwaglaa uaz

a a

anfluargnussaneilliogumigavy imvuouds

fvidefe ¥15 FaUHandn 10 — 25% buy9nIg

aanesavesujizenlnlslada anutuasseine
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noud gamad 100 - 110 °C ndeanituied
wagladazaaneiafigamnil 200 - 260 °C A
oﬁywt,szjagiaaﬁqmmﬁ 240 - 340 °C uazAniud
gamgdl 280 - 500 °C n15AAIBRATBIN 1A
osrUsznavilvmdndam Ao tifu n1u uazme
[12] gaumgfifanzaunensiiTnameUiay
oglue 400 - 600 °C

3.2.2 ManTaaeuinvaziuilaglsnaos
qanssAUdIAnnseurindeinsin (SEM) noy
LLawa"qmw;uﬁyw nsavleanain 85% 11an 6
Falua gaumgfl 400 °C Snsraulnemavesniu
neUiinnsnsavleanen 1: 3 uandunmil 4-5
U3nunadineenauLasudInsEaunIneae
3n wanslunmdl 4 USnafiuRaaueaneuLay
wé’amw?w?mmmﬂaaﬂa%ﬂLLam‘lumwﬁ 5108
Tys1dswens 100 11 Fawanisnsraaeulunnd
4 aruynatauivuingnuvuelyny EuR Y
AUBNA1UTEAN 100 pm JATUULIANGI LAY
HUAUENAUTEINAL 10 pm LATIHTUYUIRLAN
Lgumuqusfﬂmwizmm 2 um Wﬁﬁﬂ’]iﬂi%@:ﬁ
Aaensavoanedn dnvmugd udiusian
medaensdianimiy aauiuiauion
1119 wanslunInd 5 wusessesnisvin
‘Uﬁﬁ%EJ’FUEN?I’]?ﬂ'ﬁW]?‘uﬂiﬂWE]ﬁWE]%ﬂLLazﬁ’ml’m
aoaraody [13] Fawdsunututumainyeann
Tagwan1satnmaieimada SEM anmiuia
yosautuTuansIamdenunansEa A
nsnvleala3nanmituianuuisasdouly un
Usinansngaiulurilnlassassgngugnviias

[14] Saugnslunnd 5 (2)

7 18 atiuil 1 unsieu- Tquieu 2567

aw sMu¥UIAa
PEFGEFRDE] W( nsvinw

AR 4 21 SEM ANasweng 100 1111 WURIANU
ANAAAVINNVDY (A) DI1UNUIEN () IUANTUR

MataunaInsEaualensaneanain 85%

AN 5 A1 SEM n1899818 100 1911 NUR7
AUV (M) a1UNUIBY (V) 9IUANTUANIS

Unaundansgaumensaneaneain 85%
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3.2.3 naanmsnwauiutunn e X-ray
Fluorescence (XRF) Han133As1z09AUsZNDU
siluniunIsUnay uaznrufusuanisuaLny
Fe Mn waz Cu luamuniauiay wazauiusiug
marausanandlunnd 6 nmsiSeuidisuna
nMsiesgnsaluaiunaiay wazntufuiuen
maaunu1sna g iviinaanamds
nefusTunmensareanasn (HsPO,) smﬁusm P
Lﬁadll’]ﬁ]’]ﬂﬂ;’jﬁﬂg’ldﬂiﬂwaﬁwa%ﬂ (HsPO,) @8N

lunun

3000 -

Blank
2500 D
2000 [ Activate
1500

1000

- J{L‘tmﬂﬂ |
S d

Na Mg AL Si P

Concentration (mg/kg)

[L R N
K Ca Cr Mn Fe Cu Rb
Element
MWN 6 NMsUSEULTBUNENITIATIETE R luA Y
y19U783 wazauiuduanisuay

nuewe: LOQ = 1 mg/kg, #<LOQ

3.2.4 naanmsAnwauiunme X-ray
Diffraction (XRD) lunndi 7 uansuan1snaaey
XRD woaunnesiay uazauiuduanisuiay
Tunulassasafitdundnees C uansIanuNan
KClIuaywmmmnﬂwa‘maamaymﬁ’umam‘s
NAABU XRF M53aNUs10 K = 2,452 mg/kg hag
Cl = 1,296 mg/ke waznanues KCU lnaanesialy
wdnnefusfusmensaneanssn (HsPO,)

3.2.5 §NUALLIUINIANBUNTDS LATIEY
n1unisnsesiasaufutuaniaUiay ndaan

AFRN 3mi’1wm@ Fe Mn Zn Cu Cd wag Pb ane

U7 18 atuil 1 unsAs- fguneu 2567

sSMu¥UIAa
ns‘dlnw

1TETIVY erl

v v

WASDY AAS LAUNUNUT UL BUAUAINULINUY

AULUINANBUNTBY NARIAISI9N 4

2500
2000 -

1500

Count

1000

20

AN 7 wan1snaaau XRD Y890 1un1eUNau

wagauiuduaniaUiauy

AT 4 ANILVUIUVBILANY WAy
TanentnludIuINNaNauNTae WaYNaINIToInIeY

aufuiunn19UIay Nan1INAasesIeuLdy

meantS.D.

Fe nd99nnnsnsosfiuTundigenan
e daumain C uay D fUSunawes Fe 6N
NN FLILANDUNIUNTEUIUNITATBS (1.0
mg/L)

Mn ﬁﬂ%mmﬁqaﬂdmwﬁwﬁansaﬁw
pufusuanians Tnefiumasir B C way D &
Usuad Mn qqmﬁLﬂmsﬁf{aumuﬂizmuﬂ’ﬁﬂsaq
(0.5 mg/L)

Zn uag Cu @iwﬁﬂ%mmﬁqqﬂfumé’wm
n503n28aURuTUANIIUAY wRSUSURsn
MmN (15 uaz 1.5 me/L AUAIAU)

Cd fiUSmanfiuduis 4 uvas wdanses
aeanufusfuansUratlneumas B uaz D San

qqﬂﬁmmsﬁ (0.05 mg/L)
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1TETINY erl

sSuUIna
'I"'IS‘Jan

A19199 4 Aanuwuaulane waglaveninluliuinanaunIedlaraInIeImsaIuiuiuaisUIa

WEN Usunalang wazlangnin (me/L)
1 Fe Mn Zn Cu cd Pb
ARBY 011240015 <LOD 0.009%0.006 <LOD <LOD <LOD
WS 3126140051 1.80110.022 0.258+0.018  0.051+0.003  0.048+0.001  0.28440.051
BNou 018610008 1.58910.020 0.0200.003 <LOD <LOD <LOD
VN 5519+0.041  3.66010.029 041610010 0.07810.002 0.082+0.001  0.43910.041
Creu 233040361 129540032 0.00540.001 <LOD <LOD <LOD
W 341140032 273710004  0.21630.013  0.04110.001  0.048+0.01  0.27310.032
Dneu 165740137 0.96410.009  0.0090.005 <LOD <LOD <LOD
VN 5624+0.182  3.26810.009 0.31310.010 0.06410.002  0.076+0.01  0.39530.182
mm? 1.0 mg/L 0.5 mg/L 15 mg/L 1.5 mg/L 0.05 mg/L 0.01 mg/L

KEmA: LOD Fe = 0.009, Mn = 0.006, Zn = 0.003, Cu = 0.009, Cd = 0.001 W&z Pb = 0.005 mg/L

: dnusduawneinfuinuneylangee

;o lvaylanEsgneBRn UseniAnsenTiamingInssssumAnardsuinas, 2551 (2]

Pb T UF NI gan2 1N s nF 991K 1Y
nszuIUNIINTeInURtTuRnIsU A Tnounaq
s 4 umas fUSammes Pb ANIATNAN
neunsesmBauiuiun (0.01 mg/L)
nsUudeulans wazlanewmifnludi
vraaneunsesiiiiuanuneylangegalu
mai 4 iAalavanedade ﬁﬂlﬁamﬂ&qmu
violssnuiivasseanulaglulatn a1nns
Tyansiindnsiie Tnelavendnianiasfumu
%uﬁuaﬂﬂé’a%uﬁuajuﬁ;w dwansvudouves
aunaNSumTIBIY Cr Hg Fe Mn Pb iuau Te
dhuinainaswuussn vislanemingand
11AIFIU Faumariiufiagnudymiiuanaiety
oonlufutvanimuanaey Tave waslavemind

wuluiuimailuiie Fe Mn Pb Hg As [15]

U9 18 aduil 1 uns1Au- Tquieu 2567

JSu10uU93 Fe Mn Zn Cu Cd uag Pb
Tuf298 1981018 1T UNEIN15NTOIH Y
pufLTUANIIUNaY dennaaeiuRaNISIndeY
SEM RaU3tanin1uansesauiusiunmaraud
Tassasragngugnyiaie vilugyide
ANNANTluN1IA ALY 5739T9N1595aNU Fe
Mn 1@z Cu 728 XRF Tuaunisurauvilaiin
Vuidouveddasifiutuluuenandinses i
9191519991NNANTENUVBIRINTTUNIINITNEAS
wumslaeusuteiy wasdngits viooiaazan
maam‘wLL’mayau’luU%‘nmﬂfuq NIDUILIN
Tnadesinlauilenafiazgalansaiion
1 TnsAuluvdnadimnggnuiauienaiilans
wifnudousy @1 (16] lansreaeulaneninly

Auushanmzdgniiasludssmeludise 15
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WY WU Fe Mn Zn Cu Cd uag Pb Ainulufu
U3naumzugnuiauegluia 0.05-29.83, 0.12-
29.38, 12.36-78.62, 12.92-69.11 mg/kg 120-
4260 uag 6840-13610 pg/kg M1ua1aU Laglu
w5mﬁ’m%aWﬂﬂwémﬁwuiawzuﬁﬂﬁwwaﬂﬁagﬁyw
dnifutnaulusy Abia menyTueenideslaves
UssinaludiSe wu Fe Mn Zn Cu Cd wag Pb Tu
Y3 65-232, 6.55-12.05, 3.6-14.6, 0.56-2.09
me/L 24-89 lay 24-67 pg/L UaeU [17]

4. ayUna
mMswssuauiusunnmsU1anlnenis
ﬂiwfumqmﬁmyasmmWaaWa%Tﬂ ULV 85%
narlunisnsenu 6 Falus guugd 400 °C
SasaulnuiavesatuneUsuinsnsavoans
30 1: 3 INANTIATIERENBAIERUAD A8 SEM
pufusfunmstianusnanasavnslanunis
U isen numsihdnsentunsavieanesn
USNaaNNZUS ALY Imaiﬂiqaﬁngw;ugﬂ
vhane v‘fﬂﬁqzyL?ﬂammmmsﬂumiamﬁu \ile
Wlunageunisnsesisluainsarmsn Fe Mn
Zn Cu Cd way Pb luthuianale Snitsdensas
WU Fe Mn Cu Yudeuluamumetiay finalwi
vinans 4 unasdivsunavedlans wazlans
WAL T UNEI91NHIUNTEUIUNITNT DAY
aufuguaaia mmamsﬂmﬁau losan
NANSENUTBIRINTSUNINITABAS LyunTSITen
Yoy wazdngiiv vieaniwianaexly

Il 9 Anluingauiagdianlandaauiy

I3
o

Tunensidudagudelonisnisinuasiiludnig
Yuilou lane uazlaninegnaunad lagadsin
TrgAvumageunisvudaunsuiuindadu

q

aunuLiue

U9 18 aduil 1 uns1Au- Tquieu 2567

sSuUIna
'I"'IS‘Jan

1TETINY erl

5. AnAnssuUIENA
MuTded lasunisaduauuain
UNINYIBENALULAESTUIAAASITY UUTTU

RuuAY Usyand w.a. 2559
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unAnge

ﬁ;mgamuwamawu%’ﬂuﬂ%ﬂﬁﬁa nswWisuiisulssansamuesdauudmiunisaniun
éﬂasﬂsﬂmL%qﬂamymﬂm%'augmaqLﬂ%‘laa Usznaume 5 fauuy laun fuvumiludnauls duuuin
au fuvuudniug Muvuadlessauues way Muvuiwnesanninosusedu lunsinwadedlaly
myayjanﬁaqﬁmmﬁulm{ Kaggle.com 911U 309 Guyaa,ia waglyarnuuiugnduiuIsuiey
‘Ui%ﬁﬂ%ﬂ’lwmmﬁ’iLL‘U‘IJE‘?’M%JUﬂ’Iiﬁ’lLLUﬂI}q\ITUI’.JEJIime%QUE)G] NANSANYINUDN FaLUUTiTUsEAVE M
dufunmssiuungaslsruziieen Ao fauuuiigy faeuusudiaings fe 90.32% aaufauuy
puladindnula fuvuudniue fuuuiaidessauies uasiuuuinmesannmeswedy Ta1aan

LLmus‘J’ﬂumsaﬁLLuﬂgmsﬂ,sﬂmﬁwaﬂ WNAU 87.10%, 83.87%, 80.65% Way 87.10% A1NaAU
Arddny: lsnuwisaen, Nalieugreeses, Ungy

ABSTRACT

The objective of this research is to compare the performance of machine learning
models for lung cancer patient classification. The study includes five different models: decision
tree, random forest, naive Bayes, k-nearest neighbors, and support vector machine. The research
utilizes secondary data from the Kaggle.com website, consisting of 309 records, and uses
accuracy as the metric to compare the performance of these models. The study result showed

that the most efficient model for lung cancer patient classification is the random forest model,
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achieving the highest accuracy of 90.32%. Meanwhile, the decision tree, naive Bayes, k-

nearest neighbors, and support vector machine models demonstrated classification accuracies

of 87.10%, 83.87%, 80.65%, and 87.10%, respectively, in identifying lung cancer patients.

Keywords: lung cancer, machine learning, random forest
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ABSTRACT

The objective of this research was to study the welding layer on hardness properties
of high chromium cast iron with silicon additions of 0.5%, 1%, 1.5%, and 2%, aiming to provide
guidelines for hard facing welding of workpieces susceptible to wear. Specimens were annealed
at 950 degrees celsius for 1 hour and then welded in four patterns using MG 750 W and 450 R
welding wires. Subsequently, hardness tests were conducted using a Vickers hardness tester,

and microstructural examination. Experimental results revealed that single and double-layer
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welds using 450R welding wire exhibited higher hardness values with the presence of carbides

M;C5 and M,;C compared to welds using MG 750W wire, where predominantly M,,Cy carbides

were found. Double-layer welding resulted in higher hardness values in the HAZ region

compared to single-layer welding due to repeated heating from welding compared to the

tempering process, which promoted the precipitation of secondary carbides in the matrix.

Regarding the material type according to the silicon content, an increase in hardness was

observed in specimens with 0.5-1.5% silicon additions, while hardness decreased when the

silicon content increased to 2%, both in the welded metal and base metal regions.

Keywords: High chromium Cast Iron, Hard facing welding, Welding layer
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Source DF Adj SS Adj MS F-Value P-Value
Weld sequence 3 46762 15587 15.34 0.001
Material 3 12426 4142 4.08 0.044
Error 9 9145 1016

Total 15 68334
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Weld
N Mean Grouping
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a4 4 | 43036 | A
2 4 | 42272 | A
3 4 | 323.12 B
1 4 | 314.35 B
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Fisher pairwise dmiudadeuiinvas

TanauUIunuganeu
Material (Si) N Mean Grouping
1.0 4 394.519 A
2.0 4 386.306 A
1.5 4 384.953 A
0.5 4 324.791 B

Vol 18 No.1 January - June 2024




nsvuanstaseiidmanan1nuuLg
maﬂ‘z?yumul,%laﬂ%y Main effects plot WU
ﬂ’ﬁagﬂqumw‘?‘iamqwaéamﬂ’mLL%W@JL?T@
Tangidoungnadiulatn Tngnuinisideunie
anideu 450R HaLuunEstuLLILE suLazILUY
aaa%uumﬁaﬂﬁmmLLﬁﬂﬁqaﬂdmm%amﬁw
aidon MG750 W agnaiiuladn @qudase
auUSIN B aneudifuasiuamanony
wisidmaudiodudaneuainyas 0.5% T

"1 % fan i 19

Main Effects Plot for Hardness

Fifted Means
440 Sequence Material (5}
,./‘

420
ﬁ 400
g / .
S a0 / /
s /
£ 360 /
]
= /

340 /

—

@
8
S

@
-]
s

7504 T50WAS0R  4SOR  450RASOR 05 10 15 20

a o o ' ! <
AN 19 J98nANNAINaNDAIIULTS

naifeumenuisnisanifion 450R v
madeunuutudeuazuuvassdulnanuudd
geinnaideumeanidon MG 750W uamade
nsdeuaretusosiiuiarusudulunaden
desmnmdnnaslaidougedilassasiagania
Usgneumeasluaidanuudegs lunsidon
winng ui mindonvadelunind endly
WNzaNeIAKANTUNAANILANT1ILAY
fsnadeuasutusesiumelnsesdendai
wilsauazgsdasiunsuansluuden (7]
nslyarmden MG 750w Tunisidex 1udn

PLENUTNNEINITOUNN LY DUFSIMUITDUTY

U7 18 atuil 1 unses- Squneu 2567

suUIna
ns‘dlnw

115815998 UTI

sesitulad luauvesnsifennuuassuiiouls
funseuAudidmiumdnnaslasfongsds
A WA lUSAIANTENUSBUAANISANAZNBY
maqms‘"l,uﬁﬁmﬂﬁu [11] mmﬁmﬁ’wmu%uum
Feumnusousnnsideuaziduniseudugae
Wlwnnsanaznouvesasiuntiind uaaluaie
[12] 91nA15AN®IT L 014 ounenudan 2
22917 o1 450R TAuudansanun aauUa
ﬁ'ssummgjm5@6’?&Lﬁmwam‘amﬂ,‘gﬂwwuﬁa
msidend oeslsimudolansidenddanany
ufaidnIennsENUsoU WnRBINSALLES
Anadsstuansenusouiiolniolans doud
auudunisidendlauiniutu asdonain
Jendfiarunanvossniiatuayuniainais
lun 1wy sadeuiifiarunavessts WwaUAT
Muiey uarlasiden Wunu anesdnwdn
wuslumsidenfimnzaursly lusuddoilale
nandsusnalansgiuiesntununnassd
AINMLN 5 TABWAT F9TUAIINTEUIINNTS
W onasnanan1siUa suslasaaund suas
Tassassganiaratunuilulumdeaninues
Tavggiuiy dmiuinidedaulafnu gy
AL UAUNUIVDIT UITUNAND LT BT LT
m’mLU?{auu,ﬂaammLLGﬁ@LLadmaa;ﬂqamﬂ
YDIUS I LT oY USAIIANTENUSBU LAY

Usnadanegu

4. 45UNaN15338
4.1 MSITIDULUUTULABILATUUUFDITUAIEY
aaLTel 450R Wulassasemsiuanasin M,C,

&9 Y < o ' a ¢
Wae MysCy “INGL‘Viﬂ’]ﬂ'NlILL‘?JQV]QJﬂ']']ﬂ’]ﬁL?IE]NW]EJ

Vol 18 No.1 January - June 2024



amdon 750 W ﬁwumﬂuﬁéfsﬂmﬁﬂwﬁm
M,5C

4.2 MsiWenuuuLuLT suae st uaHali A
anuudsusnaansenuseuuualuninay
LLG‘ﬁaqnﬂ’hmiﬁfauLLUU%uLﬁmLﬁmmﬂmaﬁm
nsgnuseuladumnuseutanmsdondaiteu
TR UNSEUILNNTEURLSA HANSANAYNDUYDS
aslum (Secondary carbide) Whaieity

4.3 Yaqmnvaslasislengal6 wid% Cr- 2wt
% Mo TWiuGaRoU 0.5%-2% WU AIIUAIL
wadivivluiunaaesiifiusunadanou 0.5%-
1.5% wazaauudsanasdousuadanou
Windudu 29% susnalaneidouuasusnaian
NSYNUT
5. AnAnssudsznA
ﬂ;?a‘i’ssuafuﬂmﬂmzﬂqmam{qmmnsm
1Ineaewalulags1vusnaddauineniun

YOUWNY atiuayuATeIEaluNSANTUNTITY

6. 91984

[1] Gucwa M, Beczkowski R, Winczek J,
Wyleciat T. The Effect of Type of Welding
Sequence During Hardfacing Chromium
Cast Iron for Erosion Resistance . Archives
of foundry Engineering .2017; 17(3): 51-
54.

[2] Kosasu P, Inthidech S, Srichareonchai P
Yasuhiro M. Effect of Silicon on

Subcritical Heat Treatment Behavior and

Wear Resistance of 16 wt% Cr Cast Iron

with 2 wt% Mo. Journal of Metals,

Materials and Minerals. 2012;22(2):89-95.

U7 18 atuil 1 unses- Squneu 2567

[53]

suUIna
ns‘dlnw

115815998 L’Tl(

[3] Mician M, Konar R, Hlavaty . Winczek J,
M. Gucwa The Repair of Foundry
Defects in Steel Castings Using Welding
Technology .Archives of foundry
Engineering .2018; 18(2): 177-180.
Xinghui L, Welding Repair of High
Chromium Cast Iron Defects. Key
Engineering Materials .2019;814:229-232.

[5] 73 ‘wﬁmgz, Ugg2330d guIAIUY, BIINT Ua
WA, N15ANYIAUFUNUS T2 1982 uUs
mil,%‘aumi‘ﬂiamLLgaﬂquLLaz audives
Tanzifeunonudundnnasding. 115813
TAanssuA1ans F1YUIAAT YU, 5
2019;17(1) :103-113.

[6] Anfinae ﬁm‘wm‘, q'%“mﬂ m%’mu‘waﬁ, GRER

USTEuNDs UAYALY. BNSNAYEINITTRNY

warnsneninudweautinina vedlany

L%"aumﬁﬂﬂaywma‘mu JIS-S50C. 315d19

SAINTIUAERAT F1¥UIART YU T . 2016;

14(1): 77-86.

American  Welding Society. Welding

Handbook Ninth Edition Volume 4

material and application, Part 1. Miami:

Printed in the United States of America;

2011.

[8] H. Wang and S. Yu Influence of heat
treatment on microstructure and sliding
wear resistance of high chromium cast
iron electroslag hardfacing layer.Surface
& Coatings Technology.2017;319:182-
190.

[9] Zixiang L , Yinan C , Jie W, et al

Characterization of Microstructure and

Vol 18 No.1 January - June 2024



Mechanical Properties of Stellite 6 Part
Fabricated by Wire Arc Additive
Manufacturing. Metals. 2019: 9:474.
Wieczerzak k, Bata p, Stepien m, et al.
The characterization of cast Fe-Cr-C
alloy charakterystyka stopu Fe-Cr-C W
stanie lanym archives of metallurgy
and materials. 2015; 60: 779-782.
Kosasu P, Inthidech S Effect of Silicon
on Abrasive Wear Behavior of Heat-

Treated 16% Cr - 2% Mo Cast Iron

RMUTI  JOURNAL  Science  and
Technology.2019; 12 (1):42-56.
Inthidech S, Boonmak K, Sricha

roenchai P, et al. Effect of Repeated
Tempering on Hardness and Retained
Austenite of High Chromium Cast Iron
Containing

Transactions. 2010; 51(7): 1264- 1271

Molybdenum  Materials

U7 18 atuil 1 unses- Squneu 2567

[54]

suUIna
ns‘dlnw

115815998 UTI

Vol 18 No.1 January - June 2024



- snsuUgAa
FETI UT' nsJNw

nsusulanszurunsuantulfidnsagudsuuifnnisnanuwuuiu
Enhancing the Production Process of Knockdown House Through the Lean

Manufacturing Concept

Y@ aauinerdana’, vains gaushwana’ wae dianide Tad>
Chalida Udomraksasakul!, Chalakorn Udomraksasakul?

and Niwatchai Jaikham®

Indngnsimnssugnamnng angimnssumans ainerdomeluladsmueansuas
Department of Industrial Engineering, Faculty of Engineering, Rajamangala University of Technology Phra Nakhon
dngesimnssumaamseiing angimnssumans avinerdomaluladsvaenanszuns
2Department of Mechatronics Engineering, Faculty of Engineering, Rajamangala University of Technology Phra Nakhon
MEngeImNTsNgRaMnIg AugImnssumans uinendemaluladesaaauun 1Weese

3Department of Industrial Engineering, Faculty of Engineering, Rajamangala University of Technology Lanna Chiangrai

* Corresponding Author: E-mail address: niwatchai@rmutl.ac.th

[

uITedl

ITmgUszasariioiuuszdvsnmnszuiunisudauiuludnsaguuazanyaniniside

v v '

Tomalunsugluivuievnsdifing anveyasenvievesudens wun luawisondauiuludisagy

adlviugnanlamudiuiuiignainesns vilvasdelenidlunisuie 1,836,000 vmeed At

G
lavszgnalanuAnnissdanuudulunisssyanugauarlunssuiunisndn Uszgnalyanssisuns
auaTlumshlmdiuianssunisivalunssuiunsidadunsuiagiutauludantsasandasinty
l};‘lﬁiﬂﬂ wazUszynalymdnnis ECRS Iumiﬂ%’UﬂqmizmumiwémﬂmﬁﬁwL%%gﬂ Han1sALuNg
WU @NI0AANTEUIUNIHAALA 9 Funeu aunsnaanaInIHale 13 Tumends Aoy
Usvavsnmlunsudsle 2 vdsmed LLazmmmamgaﬂIwmsLﬁﬂiamdumsmdg 1,224,000 v mned

o a

°o o a ! ' o ¥ Yo &
ﬂ']ﬁ']ﬂmu  ANTINARNLUUAY, ﬁrlEJﬁ']iLLM\'iﬂmﬂ'], wann13 ECRS U']u‘lllﬁr]ﬁ"i]zﬂ

[55]
Received  01-04-2024

Revised 20-5-2024
Accepted 28-06-2024

U7 18 atuil 1 unsAs- Squneu 2567




- snsuUgAa
FETI UT' nsJNw

ABSTRACT

The purpose of this research is to increase the productivity of the knockdown house
production process and decrease the value of lost sales opportunities for case study. This result
of losing the potential revenues is at 1,836,000 baht per month. Consequently, the researcher
team applied the Lean manufacturing methodology to identify waste in the production process.
Utilize value stream mapping to visualize the flow activities in the production process from
obtaining raw materials to deliver the goods to clients, and employ ECRS technique to improve
the manufacturing process of knockdown homes. The results showed that the manufacturing
process could be streamlined into 9 process, the production time per home could be reduced by
thirteen days, the production could be raised efficiently 2 homes per year, and the annual cost
of losing sales opportunities could be reduced by 1,224,000 baht.

Keyword: Lean Manufacturing, Value Stream Mapping, ECRS Technique, Knockdown House
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ABSTRACT

This research aims to provide guidelines for reducing defect in the production and
decreasing the defect value of Frame Com Front NC131 products for case study. The study of the
production process of the company's products, found that the Frame Com Front NC131 product,
specifically the T. 1.0 mm. researchers supplementary work type. The highest scrap value was
304,800 Baht per month. The research team applied the principles of Six Sigma (DMAIC) and ECRS
technique to improve the production process. The implemented strategies to reduce product
waste are as follows: 1) Determining a reserve distance cutting for raw material for maker.
2) Specifying inspections of raw materials from all suppliers for every model. 3) Designing the new
operational manuals and providing training to employees. 4) Designing and creating JIG to check
the width of supplementary work channels on both the front and rear sides of the workpiece. The
result found that, the research achieved a reduction in scrap value by 235,200 Baht per month,
representing a percentage decrease of 77.17% and decreased 27.5 second per piece in the

production process, representing a percentage of 12.33%.

Keyword: Reducing defect value, Six sigma, ECRS Technique, Machinery component
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1A59IN75IRENINTIY

2. Mydnanvnveadaynn (Measure)
nsendusulud uneud Aen1sdnw
nsgUIUNIToE19aziden n133zyTady
(Parameter) 7l @1/ syn15r19uA Critical-to-

A <

Quality (CTQ) M31urwivveya asdlaiiu

P '
o

YoyA UarNTIATIEIvEYANI 9 Tidfues
N3EUIUNT

3. MFIIATIENMIANUNA VT YN
(Analysis) Lt unounITTATIEaLTR YD
Ty Tnslawizannnfiunass iotnllg
fupounglufomsuumdumsunta

4. MsUTuUsansEuIuMs (Improve)
dudumeunisaumiuuamaunladym uas
Fndulaidoniiietgnisnnasal U@ uin
wadwsoonundululufiansniad maned
oonuuulaziignisleass wmndlulanu
Wamneananeadenuuimsduiiiotignig
naaesfAnely

5. n3AuAY (Control) 1uN15314
wpsmssielrsularuuamantsun ety

lagnunludufiesnsgnaes imanzay waz
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noifles negufuRlundululsuumadu
mmjﬂan?zqufiymlﬁu [2], [4]

2.1.2 wanns ECRS

wdnms ECRS undnnisiianaay

guavise MUDA v 7 Usems aslawdueensd

g
Fausenaume

1. 115A9A (Eliminate) wungda NS

awawia 7 1Usens anulunsuaneentd Ae

7

fsanmsvinudagiuiagyinnisidnaing
G
Y

nsuanunAuly A155eR0s N5LAA BUT /
wa pugedilusndu nsvieuilunelwie
Uselowy nsifivauninsedsiiannduly ns
wdoueneflusudu uay veude

2. NMITIUAU (Combine) @31308ANTT
Vauitlusuduadle Tnensiiansananuse

STUnUNSINNUlnanadlansoly 1w 370

Y}
3

Baperi 5 duneufismunsiuneumediu vh
9 uneuil neaianatn Ny NsHanA 9z
ansanlagat uazannisiaa oudl s
Fumeuasdnme meantimsTanduneuiy ms
idouissvnetumeufianas

3. 11590 Tny (Rearrange) fio N1399
Funeun ARl eliannsiaa oudi it lu
Sy vizemssensy wu Tunszuiumsnda win
vinsadudumeudt 2 fu 3 Taevhduneuit 3
nou 2 azvhlviszeymensirdeuiianas uay

4. psvilanane (Simplify) #1883
msﬂ%‘uﬂqqmiv‘l’wmuiﬁiwu,amzmﬂsﬁu lng
9199¥00NUUY Jig %30 Fixture 1w1waelunis
vauitelunisynuazmnuazugNn Ty
Faaunsoanvedeadla sudunisannis
wasuiiflusndunasdunisannisvhaudily

sudusnme [31, [5]

U7 18 atuil 1 unsAu- Squneu 2567

[71]

suUJIAa
f'\S‘\“nW

115815998 UTI

2.2 MmAdeideade

NNsAnEINUATeTAgveslawn
nMsAnwIiloUFuUInNszUILNIS AR AT
NanTum 2 3Tin laun AENENILAZLALEN A28
1151935015 Six Sigma uazle 2995 DMAIC
ansolrUulsnsrUILNTUATAwa AL
nswananad [6] Mslauuamenssniuaues
&n% Snanlunsanveunwsestaiiunarilsyes
93AN5lUNNSHART UAILEUEUA [7] N5ARTS
Lﬁsﬂ,uﬂixmumim’sﬁmaumamﬁm%gé’mLLG&LLG‘TN
Tngdunaiia ECRS lngmuwuanislunisaniian
YOUNNS 09 LATNANTENUTDIvaLE oly
NIEUIUNTHER ﬂizmumsmaaaaumamﬁwﬁg
Souuda [8] ﬂmJ%’Uﬂqamzmumsmiqﬁwﬁq
TngUszgnalyinaia ECRS lun1soonuuy

gunswglunsussguasyiulseisnsinu

q

v
°

Tyl ansnsnandumeulunsussgiHedlusndu
oonly [9] Anigy 1383 sUszgnAlTULINIINTS
fuiuiuresdng dnun ludnwiuagiivue
anmvesdym n1sTaanna vy A1g
Anenmanmnvesdym ndulszgnaly
wanms ECRS IuﬂWiﬂ%fuﬂgaﬂizuauﬂWimﬁmLﬁa

anyarmvaadelunszuiumsudn

3. 39n15AHUUIY
MIUTUUTINTLUIUNTHNARKE AN UN
Frame Com Front NC131 A1LuuIn148 na

Fnu1 FITNSANAUNUITLAIAINGT 2
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a e
Luau

Anmuazimuasnindgm
= = a e A o
Anwmgujusznuidbussiieadas

myiasinaadtlym

¥

myienzimaingasiym

¥

msﬂ%’uﬂ;amzmummﬁm

¥

ﬂ"lTﬂ".l'.IJFl&lﬂ'ﬁﬁ"ll.ﬁ%d’lu

¥

a‘gﬂ NANTALEURIUI

fuga

AN 2 TUADUNSAMRUIUITE

3.1 Anwuazivuaaninasdaym

FiiumsAnwinssuIumMasantua
EUEUALATTUA LA BTN ILUUIAY (NOUNT3
U§ulge) ilelnlanayavesnssuiuniswanum
lUiiesiznaninaes g e ulu
nszUIUNSHARLUULAY wazlydmiunig
Anszmyanveadelunszuaumsidn

3.2 Anwnguiuazauilsuas

aa' v
NIV

v
a o

AUTNIR

Y

lnfnwmguiiienaziinu
Uszgnalylumsaiuanuddevionn 2 ngu)

AN BUINIINTABTUIUVBIING TNUT WAL

a

nann13 ECRS wazlavinnisfnyiauive
819037 b une 2 1anduauide

YAUA 4 9UIFY

U7 18 atuil 1 unsAu- Squneu 2567

[72]

suUJIAa
f'\S‘\“nW

115815998 UTI

3.3 Mmyindunnvasdoym

nsinavnuestymaginvoyaiila
1NNTLUIUNINITANYILALIINUATN TNV DS
Uaymuiinisieuiiisuyaniveadely
N3TUILUNIHAR Vesunazavnvaslymilag
Uszgnalsununiinusla ieidenanngues
Jymiifyaniveadeniniigauidiiunig
unlunau

3.4 MyAaTEianngaslym

mdnszmmawguesym lnussenaly

Huvmuazua laonsfansanauvniumasees
Tgnrarndaden198an AMIEA ® Mam,
Machine, Material, Method Lag Environment

3.5 N13UTUUTINTZUIUNTHER

N15UTUUSINTEUIUNITHA MY
Uszenalandnnis ECRS Tnedluuamadsdl

1. M3fi1dn (Eliminate) nsgUIUNSH
lunolmifnnmaidundadun vioudu
nszuaunisfi neluiAnaaiugauuanly
NILUIUNITHER

2. M3y (Combine) vostumau
Tun19vhau vienszurunsnandianunsnyii
Tunsen 9 dula \unsanaugnlatan
n13550ADY uarn15LAd oudl/ind ougnedily
S mandnfavanansoviilanniitu

3. n133nlny (Rearrange) 92dni3 84
Fumeunisudelaiiiolunszurunisuand
AuTInEITy wozilunisannisiedeudiily
dwdu wie n13vensy

4. msvilvany (Simplify) 1funis
ﬂ%‘uﬂqdmwﬁmﬂﬁyqﬁmmxazmmi‘fu e
9199%00NUUY Jig W30 Fixture 1w79aelun1s

PN lrN1sY N UEE AN WAL UG IUINTU
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Feaunsaanvendeasle wavidunisannis

wasufiilusndu wazannsvieuilusudu
3.6 NIAUANNTANTUY
Tunismuaunsdidunudolvla

wwamslunisanveade LLa:Lﬁaamgaéwaq

= a v

\Fuv0sndnsfum Frame Com Front NC131
ﬂmwﬁ‘{j’a%mmuLLasﬁﬂmumsﬁ%ﬁuam
mﬂJ%”UU@;@ﬂismumimﬁmMyLﬁulUmu
Tunsunisiauiiesnuuula wnluduly
pufioeniuula awdiaTemamnuesdam

uaadunsunladymsinannely

4. HaN1IANLENIUIY

4.1 HaANYILALAINUATAINYDS
Ugymn

KaN13ANLBYaNITHARA LA oY
WOEdneu 2566 YesuITnnTaiAnw wuan 4
wAASuNNn 184 T19n13 Tasanensudn
wAnum NC131 ﬁﬂ%mmﬁ’]ﬁqsﬁyamﬂqﬂgﬁ
mm‘?iqm vlmanensuandanannonssiing
wamdiolulasisUsunas wavasiunnuaani
Qﬂﬁy’]ﬁmum FohlmAsvesdelunszuiuns
wan lavhmsfinyiveyayaaveads luidou
WOFAN1BY 2566 WU WARSN Frame Com
Front NC131 4 90 luanen1swanndn fam
NC131 fyanwosdouindian ogfl 535,200
v Anidusesay 94.44 vosyan1veuds

PI9VUA RINISI9N 1

U7 18 atuil 1 unsAu- Squneu 2567

[73]

suUJIAa
f'\S‘\“nW

115815998 UTI

M13197 1 Yoyayan1veudey eungAIniey

2566

e 4 oa e . WU yaA1  yadTw
AU YINANNEUN v v FREH
@w) (U wAaY)  (um)
Frame Com
892 600 535,200 94.44
Front NC131
2 Guard Top 190 286 90 25,740  4.54
Frame Front
16 145 2,560 0.45
Inner LH
Frame Front
16 160 2,320 0.41
Outer RH
5 Door RH 8 75 600 0.11
6 Door LH 4 75 300 0.05
et 1,222 710,615 100

4.2 wan1sinaviguasdym

dlethveyauiinauaryanivonds
YOIHA AN UM Frame Com Front NC131 11
SuunUSnauasyanmuUszanvesode
WU Ussiamveadeifisiuaunniiando au
@3u@ T. 1.0 MM, ogft 508 Fu Tigarwouds
oyl 304,800 U Aniduseray 56.95 %M
Aodnns dsuau 192 Fu yan1veadooy i
85,200 U Anwdusesay 15.92 il 3 1u
sz undenlaifnifu S8 131 3u yam
voudwayd 78,600 U Aniuseray 14.69 &

A5197 2
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d| ¥ - '
A13199 2 vo3aUInIULaSaAININYTELAY

YDIVDILEY WAMNN UM Frame Com Front

NC131
.. Uszamwas 31wy yan Y Sovaz
A10U . v HRLGH
YBILEY () () GG
SULETUT
508 304,800  56.95 56.95
T. 1.0 mm.

2 e 142 85200 1592 72.87

wwadeuly
a e 131 78,600 14.69 87.56
Fartuy
wudon
95 35,400 6.61 94.17
AUA
Gap Spot
52 31,200 5.83 100.00
Plate
NaTIU 892 535,200 100

TUNISHITUIVDIA LAYVBILA UM AY

UsgnnanusalSeudieulasaning 3 Henw

=

7 7 FaflswanBosedl it 3 WDudhwarves
\deovewandumiinansuinvemeidnia
FUB U (uasudy) neslvuinaue
130 — 131 mm. (UIAANYI 130. mm. +
A 1.0 mm. - T 0.0 mm.) nwdl 4
Snvazvondsvemanduniiaani alusey
w1 awdl 5 iudhuaizendoveman Sund
wundeulufndu ffnvuzuundenlugnans

liFeu TaualionannsyansaogInFes A

d

7 6 \Juvendsvewdnsuniwuadeuniun
Faduuundeniifiveserniailvaguse lu
Sou waslUszune wazamnd 7 1ureads
YoWAASUNTT Gap Spot Plate ina1nee
3998 uruithund enlumnfud i lviie

STUTMVDN Spot Plate

U7 18 atuil 1 unsAu- Squneu 2567

= suUIna
AFA1TY W( nsvinw

GNEE NG

2 3 VoIRURRAEUTLLANOUESNRN T. 1.0

- a ) a
Yaade YBIf

= a =~ = 'a o
AN 5 ‘U'EN@‘UENLaﬂﬂi%Lﬂ%LLu’lLﬂaﬂJ‘luﬁﬂﬂu

SGNEE 997

= = =~ =
NN 6 VBIAYDILFYIUTELANLUILADUANA

NG YDIh

Al 7 veshveadeUszian Gap Spot Plate
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4.3 wansawseimnamnvaslomn
NNTTRann veIU Y1 WUl

S
dnAD

q

Uszianvesden I91uukazyan1ga
YsgLAnauLEsugy 1. 1.0 mm. ﬂmzrzgj'?f{l"a"?m

anesenmanvsvesdym fsnni 8 &

[

f519azdunnatl

a Ly

mmqﬁlmmmwumm (Man) A8
winaussiutasduduneunisyineu vilv
¥ausutunou 3slilansiedeuaszes 130
mm. YIULETUT

anun i iinaniad eadngUnsal

(Machine) s luilAsaeilamiensI9dauTuay

suuUJIna
nsIINw

115815998 U'I'l(

neudendsznau Suilnldlansiaeuiuiu
neudonUsznau

awnndAnainteafu (Fusu)
(Material) A® lm'"l,ﬂyﬁmumwsLﬁ'alﬁsgwﬁm

maRu (Maker) vinluduauiialnamesiuad

q

AEAURIAINIATIIUE T INTUIUMEINIS

Q

WounadlAuNAININTEIY ag lulaivun

@

szezilioln yuaningiu (Maker) vivlvlulaie

FUUY FIYNINVUINVBITUIUNNIRIN

U (Maker) &

@
b

@
b

9

v
a o a

WHAR IR

Y 9

4]

ANV NN AIINT UABUNITYINY
(Method) fi lulaimunduneunisniuaey
yauszneuTiniugnahilugiiensujifeu

lulaniuaeugnuseneusiuiugnan

" Environment | | Machine l |

a d o a
VLNHLF]'}TEIGNH'H“J@TTHHEU

Jununewdaulsznoy

D

ildanareudunu

' )
nawlfaullsznay

YhanutnuTuaan

Fasuhanw

-

wwmzhiunauldld

ldldaseraudiszo: - "
WiavadLie
130 mm. VN LETN DN R

| szinnaulaiy

nmna aaaﬁjﬂu'

4
ﬂTﬂUﬂﬂiﬂ&lT: HELNB

—_—

7

laildrimuaszer lseneutuand
L)

LHaUBITUIY

dldtuualiluglemalfidam

Method | [

[

UWIATDIFUNUANIN Maker §l4
M we A -
la'lenauganan WiaimuaTzozdalw Maker
y

TlfAeszasduanu

Ty T. 1.0 mm.

FununsImaay

nagANUNIAINATIIN
hildrmuaszozifialv Maker

Bunuiidlndifsanudimgaesinasgu

Material \

il 8 wnugiiwsuasnalumsliesgimamamaiavesdeUssiananuaiugy T. 1.0 mm.

4.4 #an1TUTUUTINTZUIUNITHER

4.4.1 wuanislunisanvaadevas
nanAel Frame Com Front NC131

WUINNITUTUUTINTEUIUNTHER

HARS T Frame Com Front NC131 Liiean

[75]

U7 18 atuil 1 unsAu- Squneu 2567

%aﬂLﬁﬁl%admﬁmﬁ'm% Frame Com Front

NC131 Usgennaiuasudy 7. 1.0 mm. 32

Ussenalandnnis ECRS TnefiswasiBundsil
1. n1s?alny (Rearrange) la

fdunis 2 Aanssu fe 1. MuuASEeLiaby
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nsindngAulniugdningau

H

(Maker) a4

2NN 9 FIMAUATUINAINUYNT VDINDNEN

v
a o a

fAaduduay (nuaiudy) ey 130 - 131
mm. (@u1AAI88713 130. mm. + LAy 1.0
mm. - LAy 0.0 mm.) waznisinunln
Wﬁmmmaﬁm’?@]qﬁuﬁéammnémémi’mqﬁu
nnu fanmd 10 Wermunszeziiiolunisdn

a o a

o a < v v ¥ o v v
Togaviaiauadlauadludeayniningavln

ANTUNITANTHOAUAINA ANUUA LAZAINY

q

a o

AAMINAMNINYDINNAUNUNNENTRYAUDY
mewiies Fazidumsunlodamiidinanave
FUNUNFIN Y OUNARUAUNIIAIUINTIIU

o a

LLasmmmmm‘uaﬁumuﬁmmné&ﬁmmqmu
(Maker) éguﬂ’a"]mmsgm 2. ﬁwmiaammwjﬁa
n3UFTRU (Work Instruction) Tusanindi
11 waimseusulvndnaulunszuiuns

HAMKARASUM Frame Com Front NC131 NN

suUJIAa
f'\S‘\“nW

115815998 U'I'I

A ielinlawarannsnjiRnuaugie
msﬂﬁﬂ’ﬁmulﬁvaa‘wqﬂgm safafinisqy
pTIIMIUURuvemiinauesneiies da
dunsunladgmdifiaainanvs wiinau
yausatunou uarlulansvaeuaiszey
130 mm. YBITULETUTY

2. nsvinlan e (Simplify) ¥1n1s
PONUULLAYAT N JIG Mslunsnsideuszes
ATUNTEITRN AT T I U alAA Y
yevestuIy Fanmil 12 uaznmil 13 01 JIG
R AL RC G AN OARRIE Y (T e ae I oveR
YosesnuERLTNTIAegR 130 - 131 mm. U
ousulvminaumnaulunssuIumsHEnUeNL
wduda malasazanansalya JG laseng
Qﬂﬁium 5’33J‘17?ﬂﬁmiqlmimmiﬂﬁﬁ”ﬁmwum
wifnouegameiiios dadunisunledomiife

nnawnlilansadeuTuunNauleNUTENaY

MR 9 wuunenEsudN wuulnuadluiugndaingAu

U7 18 atuil 1 unsAu- Squneu 2567

[76]
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115815998 U'I'l(

A 10 Tunsaasuing

a

q

AUN

v
a

ANINENARINGAY

suuUJIna
nsIINw

A

A Marutacaing Co L.

25M31/11@911 (WORK INSTRUCTION )

: 3 < T
[MODEL : NC 131 Tﬂ'ﬂu\”“ﬁ'ﬂsi _ _ ﬂuﬂﬂﬂ'\illfﬁmﬁﬂﬂ'ﬁ .
[PART NAME : FRAME COMP(FRONT) N Asait Fuit emaunly Aunly
[PART NO: 62735-51103 A1 F= 1| 2meves B s Eumagual
[WI NAME : FRAME.COMPFRONT) NC 131 ~
[wiNo - Y a
[PROCESS NAME : ROBOT WELDING o .
[PROCESSNO : 6273551103 Al
avivmaum AR uansnutEnin unssumumsnia amam
. ‘g . B ) 5 a . UM Q aunlaansio S (SEC)
aviu| 2 lawdsznaumsriam swandombsznaumsrham wikasileil s < -
R ¢ Envimmuguguam whoief | dlabibemdien | dwmas [ modeei [mn] e [wow
= = - Ynccmarize: Domn  n6 CHECE AR -1 16 czcxc o furme warzaaly |- vmniduiide | -mugeda
ox necEaridh=xe ualtwae s rmumpafe — Sandn -
T naar e crc v ocazc s |- fosinsusae vy
w|a | — |k
3
g
H e
shamloiuain
JETFo——— nc [T Fpe— - T A
crzcr Aaswaasd = ox 1o crECR i1 = ve  |eremunke — -
H
[p—
Caon - W |- wemihis |-
-visuAL Sagafn -manum
*
E
H

AN 12 JIG AlRTI980UIL8LAIUNINTOT

PDIULETUUATUAIVDIT U

U7 18 atuil 1 unsAu- Squneu 2567

[77]

AN 13 JIG NUnSI980Use8LAINUNNUBe

PDIULESUTUAUNNEVDITUIY
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4.4.2 HANTTAAYARIVDILEEUDS
nansi Frame Com Front NC131

ovhn1sUsuUTInszUIuNIIHAER
kAR Frame Com Front NC131 Usziaw
uaiadu T, 1.0 mm. a1undnnis ECRS wan
ymaiivveyavendslunssuiuniandn e
uNUT suL ouT ey an aun1sUTuYT S
NSPUIUNTIHEN (Foungadnieu 2566) wuandl
Funuveadeeyil 508 P Aniduyann 304,800
UmnoLiau LLamyaag‘aMa”amiiJ%’Uﬂza

&

ASTUIUNISHAR (MBUNNTIAN 2567) AU

vouduayi 116 Fu Annduyani 69,600 vvme
Wou @1unsnandiuiuvendsadln 392 Yu An
Wuyaan 235,200 vineideu Andusesas

77.17 Y09y YDUFLIIVIUA F9ANT197 3

A1519% 3 N5USTEUIBUNANISAEUIUAS
USUUTINTLUIUNTHAANGAS UM Frame Com

Front NC131 UsgtAnanuasuay T. 1.0 mm.

. neu ViGN . .
Jeasden . NARNS YUY
Jivdgs  USuuss
S 508 116 392 B/
Ypaide Wou
Qﬁﬂ"] 304,300 69,600 - 235,200 umw/
LNGE] oy

4.5 NANSAIUANNITANTUIY

4.5.1 n13AUANNITUJURIIUYD
niineu

mimu@umiﬂﬁﬁamuﬁuaﬂwﬁﬂmﬂﬁu
finsimuauazaunudel

1. fvuslinnunnaAuA a1
nsevsulumslagiionsufiRanlug uaznis

U7 18 atuil 1 unsAu- Squneu 2567

[78]

suUJIAa
f'\S‘\“nW

rsanside LT

19 JIG ilonT9deuszIzANNI 19T T9 Y
inBuTanuLarAuN Y

2. Tuweduamil 1-2 veuiounsn
(Fousunau 2566) fwusluiiamnauihng
auasaninaulunslyaiionisufoRalm
warn151y JIG Ll en529a8UszEE AN B
szfaﬂmul,ﬁu%uﬂgmymﬁuLLamymvanﬂﬁ’u
Ui 3-4 vinsguasaaniinaiuyn 2 Yu
dielvsilalanmifnaumnauansaUfoanu
ailomamsufiRnulaegisgnaes satamsly
91 G lapgsgnansuazdasndy winwy
wiinuil UfoRaulugnaesazdudunisiy
winufnamiunseusilg

3. Mvualv Ny 19 ud anau
AFIABU AIUAN WazIANANISUNURIUVDY
wiinunndunv enemaiiles

4.5.2 NMIAIVANTIUIULALYAAIYDY
\He

Tuideusunay 2566 lafuvualn
wamurauhnsnsatuiiuiurendouas
Aulayan1vendonniu i slFeuiiou
F1uIuLAzyAn1ve N FendanisUsuUTenns
v wasdieBusunnisusugsmsvinnuidy
dulumuiieanuuuly wegseaulugsdnnis
Hendn wnnulszduiineulmindym v
iwmulﬂﬁar;;ﬁﬂmisﬁamﬁm WoMILLAMN

unledgymsuiunely

5. gsd

9
v v

Ui T e

=% a

ANYINTTUIUNITHE

HARA N VEIUSENATEIRNYY WU NARSN
Frame Com Front NC131 Usglananutasudy
T. 1.0 mm. fyanveadennniigaogd 304,800

umneLieu AneyIdeddlauszgnaluuuini
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§ng dnun uazndnn1s ECRS Tunisufuuss
nszuunsHan Wielulauuimiddunisanves
\Aoveananium uastiioanyaniveadoes
W&y Frame Com Front NC131 nanas

AT U lawuinislunisanveadeveq

¥
v °

nandumAsil 1) AMmuessevirelunsiningaiu

a o a

Infiuguaningdu (Maker) 2)

q

AUAUA NI NI

'
a a

maaﬁ’mﬁ’mqmméammﬂ;Jmﬁmi’mqﬁunﬂi;u 3)
oenuUUR T ansUF TR (Work Instruction)
Ty umsvsdlvmiineudielmalauayanuns
Uﬁﬂ’amulﬁyasmgﬂgaq 1) PONUUULAYAT1 JIG
P8 luNIATINAOUATIIN IR UL T
AP ILATATUNIBYBIT UL 5) MUANLAY
Aanlvniinaufianugileuifeu uay
nsl JIG amriatunulnseisgnaes iilednw
wwsgumsUiTRnY Wekiiusmumuiuams
umanansnanyanvesdeadla 235,200 v
ou Anudusosay 77.17 vosyaavoudslu
WA Frame Com Front NC131 Usglavany
@3udu T. 1.0 mm. oz ensradeuiiaily
nszUIUMIHATNUT naumsUiulssleaily
nskAR 223 Audinety wﬁamiﬂ%“wgﬂ“gmm
Tunsudn 195.5 Jurfinedu asnsoaanatly
nszuaunAala 27.5 Funiinedu Anidusesas

12.33

6. TorauauuL

USENNIAANY @130 IWININTT
Funuided Tuussgnalalunisanyanives
Feluwdadun Frame Com Front NC131 Tu
Ussvmesdedula Snitseansaiiluyszgnaly
Tumsanyarueadslundnimdu « vesuidm
In3n Feavamalmitnaninanyanivonioas

A8 NUIN WATAIUITOLA UAIGINTTHE AL B

U7 18 atuil 1 unsAu- Squneu 2567
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suUJIAa
f'\S‘\“nW

115815998 UTI
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This research involves the design and construction of a cherry sorting machine, with

dimensions of 50 centimeters in width, 180 centimeters in length, and 120 centimeters in height.

The base of the cherry sorting machine is made of 1-inch angle steel while the cherry tray is

constructed from steel with a thickness of 1.40 millimeters. The steel shaft used for sorting has

a diameter of 9.5 millimeters. The operation of the cherry sorting machine utilizes electrical

power from a battery and a switching power supply that converts alternating current to direct

current to drive the electric motor. Regarding the sorting of cherry sizes, it is divided into 4

categories: C, B, A, and AA, in order from small to large. The optimum size adjustment of the

track is 10 degrees. Cherry screeners have an average error of no more than 5 percent.

Keywords: Cherry Sorting Machine, Cherry and DC motor
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Make-up cleansing balm with cherry tomato peel extract
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UNANED

AT g Usrasaflewmuuaminauasemeiesdens Taglvmuenvesusdomesdil
(Solanum lycopersicum L.) wvhnsafiameisnsminlusvasaneenay lnsesaskananveans
afPneIUIIAU 11.6 + 0.328 anmsanuUSinafluedn wazrailauosn Wiy 348.20 + 87.70 me
Gallic acid /g extract, 156.80 + 0.33 mg Quercetin /g extract #1UE1HU uaﬂﬁ]’m‘ﬂlﬁﬂmqmgﬁijﬁu
DUUADATY SBNUHANIBAT ICoy WU’JIWmiﬁﬁ’fﬂfI;@EJaSﬂﬁEQJJUEngEJHyJaE‘J\ﬁig WU 0.9 pg/ml Tuns

'3 | v v
o ada

WAILIKANAUNUIANYINALELDIALATDIE979 LneluasanaUaonuziamasITUNANULYUR19iY

' o '
o a ]

WU Msundansadn 2% w/w yhauagennniesdiontlafniuasdanuguduninnaisunay

asanm 1% w/w

AdnATY : uzlamAs1Bt, qrisaueyyadase, unainANEzen

ABSTRACT

The purpose of this research is to develop a make-up cleansing balm. Using the peel of the
queen tomato (Solanum lycopersicum L.) extracted by maceration method in hexane solvent,
the yield percentage of crude extract was 11.6 + 0.328, and the phenolic and flavonoid contents
were equal to 348.20 + 87.70 mg gallic acid/g extract and 156.80 + 0.33 mg quercetin/g extract,
respectively. In addition, a study on antioxidant activity reported with an ICs, found that the
extract had a percentage of free radical inhibition of 0.49 Hg/ml. In the development of

cleansing balm recipes in different concentrations, it was found that recipes containing 2% w/w
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extract cleansed make-up better and were more hydrating than recipes containing 1% w/w

extract.

Keyword: Cherry tomato Antioxidant activity Cleansing balm
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Janitlolunisvaaes deil weide
wmAs13d nataguady weewun e
NTUNNUMIUAT ansaiifileiigsi Shea butter,
Glyceryl Stearate and PEG 100 Stearate,
Cetearyl alcohol, Paraffin wax, Beeswax,

Polyethylene wax, Petrolatum, Grape seed

oil, Sweet almond oil hag Microcare PHC
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Solanum lycopersicum L. k

Drying Process

Determination of total phenolic content,
flavonoid content and antioxidant activity

Preparation and Extraction

Evaporation

AN 1 wanINSanAansaALaENITNAFBUNSNINATBIEIDNAINULUBINATIT

M19199 1 UansgnsiTunaniunuiauinauazead Uiy

Phase  Ingredient F1(%w/w) F2(%w/w) Function
A Shea butter 16 16 Emollient
A Glyceryl Stearate and 11.2 11.2 Emulsifier
PEG100 Stearate
A Cetearyl Alcohol 4 4 Thickener
A Paraffin wax 6 6 Thickener
A Beeswax 8 4 Thickener
A Polyethylene wax 12 8 Thickener
A White Petrolatum 8 8 Emollient
A Grape seed oil 24 32 Emollient
A Sweet almond oil 8 8 Emollient
B Vitamin E 2 2 Antioxidant
B BHT 0.8 0.8 Antioxidant

wuevn F1 Ao wanfaumuiauiiud 1
AENSWAUINAR ST V1A Y 151970
weisl Phase A tnlulneuseu 75 ssrwadoa
AN Phase B adly naslmandu wasly
WERDRTIY Samamffﬁu%%ugmﬂuméu
2.7 VRABUANLAIIYOIHAN TN
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Aluminium chloride colorimetric assay e
WU 156.80 + 0.33 mg QE/ g extract
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