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Development of Paper Production Process from Rice Straw by Mechanical
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Abstract

The objective of this research is to study the production process of paper from rice straw using
mechanical methods combined with biological methods and to study the properties of paper from rice
straw obtained from the production process. Rice straw from two types of rice, namely, jasmine rice
RD15 and glutinous rice Khieo Ngu, will be selected to test the production of paper pulp by mechanical

methods, namely, grinding by machine and boiling in a pressure vessel designed to be suitable for the

application using a boiling temperature of 140 °Cand a pressure of 361 kPa to reduce boiling time and
save fuel. For the biological method, rice straw will be fermented with water containing microorganisms
that decompose PD2. Then, the obtained straw pulp will be molded into paper and tested for properties.
After testing, it was found that rice straw from jasmine rice RD15 can be used to produce paper from
straw better because it gives more pulp. When the rice straw goes through the mechanical process and
is soaked in water containing microorganisms PD2 for 30 days, it can be boiled in a pressure-controlled
tank for 30 minutes. This method can reduce the boiling time of the straw pulp better than the
production method using caustic soda, so it saves more energy. Where the length of rice straw pulp
fibers is suitable to use at 33.4 mm, pulp weight 45 ¢, paper thickness 0.33 mm and using rice flour as
a paper quality modifier, the maximum tensile strength of the paper is 142.1 N, with a tensile strength
index of 58.42 N.m/g, increasing but water absorption is reduced to 75.58%, which has sufficient

properties to be developed for compression molding into food packaging.

Keywords: Paper, Rice straw, Mechanical method, Biological

Please cite this article as: P. Sittiritkawin, P. Yotkat and R. Boontasri, “Development of Paper Production
Process from Rice Straw by Mechanical and Biological Methods,” The Journal of Engineering and Industrial

Technology, Kalasin University, vol. 3, no. 1, pp. 1-15, 2025.
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URLLAS (cm) $1U9Y 5 Fu iielddmSuTadd
AR TIUNIUR DUTIA 7 28LA5 89 universal
testing machine lngldy load cell vu1n 500 f7-
f1u (N) A18aaen +- 0.1 N 41IRAIUATULS

¥

AIAIELAS DIIAAINUATULITIAILTLYLYNATENING
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fntluindu 100 Jadwns (mm) agdaladuiu
5 @1 Wewaswmisie 5 azfumaudiuuse
FeveusuBenguiudnilusmasiviaud
ussRsinedafuma/nsu (N.m/g)
2.2.6 mi@m%ufwaﬂﬂszmw
¥lnewsntunseaeiieg1auun 10 cm x
10 e PuiinAnduiusteunriugtudnegng
Tudndudussezina 2 uni udRdldiadai
\Juszeziaan 45 Jundt Juiinamdnuasdeon
wd ey anduasusedrddul udavnll
Muaradsvesimdnui oldlunsiuue
mi@,meﬁa\lﬁ;ﬁ (% water absorption Wag water
absorption) Y0INTTAEANANNITT (5) TneAnd
swruduaiadunn 3 fegs

(5)

% water absorption = % X 100%
L

M;—M,
A

(6)

water absorption =
M; @9 dnundenraauaun
M, @8 UMTnLineuLyul
A

A A A |
A8 WUNUVDNLNUNIEAN

2.3 YUABUNNTNAADS

1) eonuuundenuLssuligauiunsly
31U TgATUINNIAIURUIVDINL DA UINNAN
AR UT L AR st untelundody way
sudunsadamsfodunssdiuianaumuaaiiold
Tusviunisiudonszane

2) nsiaseudanaeLad oed Uy o

PUNUTLEIA YN0 2 vl Tawa w9
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T1menNzd nv. war D1aviendeny uanapagy

Y

¥
a

7 1 wazldiesasdunieiunusyass i udy

Wane wum 2 - 4 cm

JUN 1 v1ednudannunsdunsd | n.ahedn

voued NY15 . adIwmile ey

~ v v A o oqva
AsmseNrnsmeAsesduliliauin 2 - 4 cm

v

wivhsmemiinedunsd we.2

v

fudenszauhainendiouswiugamall 140 °C

v

unduidavhesiensesdulitivundn

33.4,10.5, 1.2 mm

v

FuzUnszanwiuminidenseay 25, 35, 45 g

v

vageuAENTR Laka UIntinnseay AN LSaR

M3gATun

v

Yfuusnanmnszawswlainiduasudaiy

v

e UAnEN AT

a3unansive

JUN 2 UHUNINATEUIUNITNARES
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3) A3 EUNIAIBITN T ININAIBUINIIN
Fanmidanadatn legldarsisegues we. 2
Nve18L¥e (Microbial activators PD2; M) Tgaanu

v v Q(‘)’ U = = 1 v
VU UUBIUINTNTININ 139279 10 11 bhald
BMINAIUNVIIABUMLNTININ 1 Atansy : 10
ans (hn./a.) wag Ui mdnTinin ansiseguies

d' 424’ a £ 1 s
W2 Mgl wanlagnsvinaisiseydiles
NH.2 S9UAUNINUINNA [10] BAIUUUIUIMIIN
Fanmaleunsaaietluldlunisnaass wilu
Watrduian 30 Su

4) nrsduvaenamduldanseaiunng W
nsdmnenEunIsuIRIegAunIduudnduna
30 Fuaunadiausouyl nUwNIAunIY

wia LPG Tudsdunsssunlsoanuuulunausuidy

a1 30 uil leeldusdiuau 3 kg onsaunils

ads Tnsnslivsiomunuussiuldgnmnd 140°C

5) UANRIBLAS BIUALOUNUSEEIA UAFY
avdun YUIARIE 800 W ALLSITOU 3 AU
Tnefisesu 1 AuLEI59U 15,000 S0URDUNT
(rprn) Azldnsfidvunnanen 33.4 mm seéu
2 A2U5258U 20,000 rpm agldnnafi Tuuan
ANENY 10.5 mm 32671 3 Ana$aseu 25,000
rpm azlgvhefifivunneuens 1.2 mm

6) Sfugﬂﬂismwiumima@um’?%miﬁ
WinzauluNISNARNITEAT¥IAN19Y1Y 2z lalns
JUIA 20 x 30 cm Inedidoulunisnnassdsd
Tdmnugnveadonis 3 seduldun 33.4, 10.5,
1.2 mm wag drudnidenszany 25, 35, 45 ¢

7) msldudad oufudsanszaulidaany
wfaussluadsilneldudaudendwasutisdn

Wrlaen1sdiudeans 2 sfanaudiuddugnid
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aranduturesntls 6 % nauadluludilutumey
FuzUnszarudroulsudaonsznty 9108 uL
ﬂi%ﬂ’]‘lﬁﬁﬂ%UU?ﬂﬁ’mLLﬂﬂﬂgﬂ 2 ¥ila Unszauly
naaounuaNdAnszawienIutinlaogd

ANMULNZENLINAI
3. NAN159Y

3.1 N1599NUUUNLDANLTIAY
INNTATUIUDDALU UM BANYI A LA G IAL
Honszanuanafaguil 3 TnsnaidenldTandu
AULAULAAAIINNUIVBINTIT 6 mm 1ilosanly
ﬂ’ﬁ“ﬁ’uzﬂﬁﬂ’]iL%@M‘UizﬂaULLﬁzLﬁaLﬂlmﬂ’J’m
9K UIAEURIUANEINA1Y 60 cm HAuEs
80 cm T9MIIN1TUIAIIUS DUV IA ULV IAU
90.2 KW Tugdaun1sn1Ausauu0sa9fuLvinnu
85.1 kW AduUszansmunsenemanuseuain
DMWY 6 mm gnANFIEN 180°C ILERRIVREY
Fawnden 30°C aruaunsalunisiinuseu
Yosauauad (k) 14.64 W/m2K Aduuszansns
arewmalnseun1uly (hy) 2,400 W/m2.K an
SuUsvans msanemanuseudiuuen (hy) 81.2
W/mZ2K vinlilaandulsyans msanemaiuou
ldnaunsfi (3) 76.5 W/m2K Wasauaas
fouililunsiudiioAnannusunnsds 282 ans
wimsuthazldidmsududonseanuiiioands
YaeUSIRsTaRy Feiuinildduasdifios 113
anInTe 113 kg
Pnandivesindethlumunammemdsay

AMUSAUNADINITINNAUNSA (4) IneiiruaLIan
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Fogldlumsduindadlaiiiu 2 $alus Iandeanu
AINUSOU 5,821 W agL@an b ewuutla 2 917
Lucky Flame Ju LGS-992 winnssusiangulng
Waalwl 3 29 senuuun il ol lnussgegads
6,000 W agvlnldiianlunisdaud enseanws

Uszanal 2 2109 wazwlauwmtiesnulunagaunis

¥ sshemssudernaegamail 140°C agld
nalunsdy 30 wift FuflewFeuidisutunisdy
wuuidniilinuauussfuagldnailunisduuny
11 3 - 4 $2las Faaonadesiunuidovegay
WY walley waz 9ans Uy (2563) [4] 7
ANINAUINTZANHLATNAAAUTNTEATHANLATY
vostuasuwallagldarsazarglaalnyinnig

D

sudofaamnil 200°C Tdszaviian 2 - 6 Halug

sUN 3 nidenuusaiudmuauganseay

n9TUsENBUMY 1masludulla 2.6n23m

LSIAU 3,699 4.91828AWSIAU 5.60169ANURAY

3.2 mInadaunIsibanszaennedng

1) MsAnwsinvesiisdnfivansausenis
WAnonszay

ilothwnats 2 vdeldun vhedveuwza nv

15 wagn et anilendery Adudaunisias e
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dueunUszasvilvwnnueUsesnm 7 - 9 cam
wd il ifiadwiEs wn2 Dunm 30 S
wazihluduiioamnfl 100°C 1uian 30 und
wuinetameNuyd v inandnveadounn
faplunsiudeidermauisuiieuainwiedn
i3 2 viia nswudnfivsdavenusd nu 14
wananLdouniian 31.55 % luvnizdinnet1n
wilendenglinandn 25.42 % fsduiadensa
Trameuurd nv ldlunisiidenszavanslng
Inluddudnly

2) MU

3nN19en5 suNa 1IN sud lUndnad e
9Auv3s azldieTesduioundsvasddonyinednli
fvuadnadiaeviinisdudes 2 ade agldvned
AT 10 - 15 cm wanadaguit 4 o Tuadausn

ntuinlugesliazidendnasslutinnuenn 3 -

6 cm. LARIRIUT 4 A

JUN 4 vhadnniiunIdugesmelATesing : n.
WINOUAU V. W19dU817 10 - 15 cm. T Uag a.

Aedueny 3 - 6 cm.

n1sldqaunigdlaeidenarsissguilas we.2
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ANUIRNa U lUnTnAunnetiNIunNISaug o

waLERIIE@INLINLN 200 ansHeN19T1 4 ke

vinsuvsinilunian 30 1w fsgui 50 - A

UM 5 vhsdnirunsvdnagdmn we.2

. Wandn 10 3 9. Whandn 20 U

way A, Weandn 30 T

NAIINNITUINNUTINTITE N vz doUYY
93UN 5 A danvagvendulonenaanainiu
1 3 Y =% a 1 a a ¢
agaulatn Fufnanmsdesaaelneydunsd
! 1 el' g CY d! I o w
naus1ee Inuludmdn Fadiunuvindrdglunis
1 a N 6 1 . .
gRUEARNYBUNIYANT L¥U Bacillus sp. Aspersillus
. a a 6 1 dy o
sp. kaig Lactobacillus sp. A UNTYLRAIUILIN
wriilunswdsateuleivnsinesnuigesaans
W13t 1w eulediwagiaaviiniidevaane
waglad toulwsilusiieavimifigeslusiu was
veulgyWeanimanivd v Yanuaausie
WoaWesanluilulsylovineivliiuuselovnl
1 = < v £ [y a v a
aoNvLduaU [12] d0nAd09AUILITBU0e F0U)
$od yashuuazauvie luansenns (2553) [13]
NNUIIMHIRINNTEUIUNTULNUINLNFININDIN
a6

Uawhiusunuaunsddesaanaivaglaaiiadu

wazasnamnaUseansnnlunisgegaaraniagn
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21nUlUALE LAENNSANEIVEY UIATUNST YU
(2557) [14] filgvnms@nenistesaaianietin
Taenslddmsingann wuinmslsimsinuansi
TriUsuauuaiiSouazionilussdngnuaany
waqiamﬁu%ummwznawaqmwﬁﬂuaquwa
senistesaaieredn uenainil ensdmi gu
N9 LarANINg AnAaulIu (2562) [15] lavinnis
naasnd nN195 19820t N NG i a1 g e
wuATiSe Bacillus spp. 1UuLaa1 28 Tu wuandl
Wesidudnistesaanenadieylugae 37.27-
39.30%

JUN 6 vheli UM IAuaLaiIUNTAIuEe

AR

wasa1nn1sninret1aeaunsdilunm

a

30 Ju uantnbuduludndaigamgdl 140 °C
Duia 30 wiil Aeglalbernedsgui 6 wansvig
ANIUNITAVLE DLATHNIUNTA LT DA2BHIVUN
200 2R56AEINNNITULY DN INHIUNITAULAIUN
a Y al P a
UAATLDYARIYLASBIUA LIALE NI UUIAAINNYN?

3 quIe WWLAYUIA 33.4, 10.5 way 1.2 mm Land

fnG @nBVIENIU warAE, NITHWINTZUIUNIINANNT2AIHAINNINTI IR TINNNATIINUITNNTININ



. &

NIATINTIULazAlulaganan sy unInenden1udug U9 3 aduil 1 unsian - NUAMUS 2568

sournal of Engineering
and industrial Technology
UNAUIIY (Research Article)

T95UR 7 wasdevheluTusuidunseawiie

Y Y

insneaausaly

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 1 January — February 2025

winsgaeiiiileaziBundeuiignasiduvuadu

To 1.2 mm

5UN 7 Werhafiiunisunaziden: n. Wenng

9 33.4 mm 9. Hennsvuia 10.5 mm

LAY A. LaNIIUINL.2 mm

3.3 MINAFeUANEITAYaIUHUNTEATYANNA
v 1'%
gy

NNTENTeNe 3 WweInTugunsEay

FETUUUIR 20 x 30 cm. wadtlunnuwrady

D.

1381 2 "j’uv'fﬂﬁlé’mzmwmﬂwq%’nLLaméfﬂg‘d
8 n-A YuUIALE 99 33.4, 10.5 ey 1.2 mm
ANUAIFU TRENUIINTEATWAINLEDNIIVUIR 33.4

mm Lanszaeaziudulon1st g9 nLau

A15197 1 AauaudFnszatwaInTedg

5UN 8 nszawaNEensEAYIlNIivuIn
A199 naullunagey n. Weon1swwIA 33.4 mm
9. Wan19wuIn 10.5 mm

WA A. LNIIUIA 1.2 mm

INNSNAFDUBKEUNTLANWVUIN 20 X 30 cm
A a = v v A A
ANanaNLE 9n5EA1YN 9Tt ae gL a9 &
YUINAINUENIVBNAULENG 3 VUR warldumn
WWansga1un 25, 35 wag 45 ¢ veudailenian
ununszavluneaeuauantinseamuiclina

ASNAADULAAIIUAITIIN 1

A71U817 v
Y ¥ o 4 ¥ Ay AYU o .
vauduly | Umtnge uwitn | Y nMIgadu | AN
< AURUN ATUNIULTY | ATUNIULTY ¥ -z
LWaNsZANY NN UNTFU - - 141 ANTU
v (mm) A9 M9
#1991 (9) (g/m?) (%) (g/m?)
(N) (N.m/g)
(mm)
25 0.17 115.3 333 14.52 84.11 842.1
334 35 0.27 161.5 434 17.69 85.89 853.4
a5 0.38 221.1 554 19.33 87.73 861.8
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M1519% 1 AauandFnszawaInedng (de)

AU o
. ¥y o 4 ¥ AU AV . ,
vauduly | dwmdnie dwin | Y QALY | AINIT
< AURUN ATUNIULLTY | ATUNIULLIS ¥ - ¥
lWanIsANe N3sAY 1NTFIY - - 1 AAYNLN
" (mm) fq M9
w1991 () (g/m?) (%) (g/m?)
(N) (N.m/g)
(mm)
25 0.18 116.2 22.3 8.15 83.01 845.3
10.5 35 0.25 167.7 26.5 10.57 85.11 855.3
45 0.41 222.8 33.1 12.18 86.87 862.2
25 0.17 114.2 121 4.54 82.74 870.3
1.2 35 0.26 163.8 17.7 6.95 84.21 875.2
45 0.39 220.3 21.8 8.11 85.98 878.3

[N
o

/ —@— duloen 33.4 mm

/
—

vl
o

w@uloe 105 mm

(N)

o
o

=

wuloen 1.2 mm

W
o

W’JTZJ(;W/’W‘VWULLNGW

N
o

=
o

o

25 30 35 40 45 50

¥ oo o4
WNUNLEBNTEAY ()

JUN 9 AnuduiusveInLEIveLEaN1at?

PIANNLEDNIG AZAINUATUNIULTIA

NHANITNAADUNTEAI BN IMARTU
9197 1 NUTIAUNUIYDIUNUNTZATWUAY
minunasgudeuuanensfuuasiuualiy
W ad unnuusuiand el end ldlunisv
urlunszay Tnsamefinminionszay 45 g

Ay iNsEAWIANNNUININTEA NNTUINAIIY

gvpndunariitniinunnsguegseuing 115.3
~ 221.1 ¢/m? Fadulumuanasgiunseavaila
N8 09U03UTENIANTENTIIRAAINATIUT 14
dnsuiugiundnsusiviagsening 125 - 230
o/m? [16]
TUAIUVDIANATUN UL TIPIUDINTEA AN
NTNAABUFIDENNTZANUTT IRV
dulodensearwnnadivuin 33.4 mm uas
dhinidensyany 45 ¢ agldAauE L
Faunfian wagdarduniuusaieaiosgnas
Aatuiddlevun 1.2 mm sadndensyanud
25 g LLﬁ@QﬁJ\‘izU‘ﬁl 9 1l paanidufidaanueny
11nnngiivsnadulonaznisdeuriuiusiuld
fapuenvendufionnit asiausdaniziu
sswaduleldunninduledusanludeusina
voaduloifiunnd uisdmasonuaudinszay
TuAuAMUATUNILLSIAITIulUR R IR 1un U

LSIPTN LU NTURNUS UL ansE Y
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Pt UNY T 992 ULA21NTE AW 1 AIUNUN

0.38 mm NnAugIveLdulyazi iyl

AUMNULTIFIEITIAR 19.33 N.m/g

88

/ wuleen 33.4 mm

86 | =l &uloe 10.5 mm

o
J

$(%)

AsaguULn
oo
[6,]
1

wulesn 1.2 mm

v

82\ T T T T 1
2530 35 40 45 50

I
dniniganszany (g)

=

JUN 10 AuduiusveInIde vl

ihntiniliansgay ANISRATLL

mamamaauﬁmmmm%’uﬁwaqﬂimw
NUINANULIVRAUL LT NTEAYNIST LTk G
HON1IAATULIVRINTEATY LilBRATUINAIINET
Yaunduletg e 33.4 - 1.2 mm adwninige
nszA1wvIfuiliAIn1sgaduln 85.98 %
Thaeanu wausunatngansea1uwnIanINg
umﬂizmmzﬁmaﬁammiqme‘z’mm gNAIDLIY

1 dl = 9; v v 1

WU AMUNUET 0.17 mm Aaduulatagnin
NANUTUT 0.38 mm UaRRa3U# 10 199910
VDU NLEBNTLANYNI BANUNUITLALLINTY
iliAN1sgadudLiuu N U lumeiia1ng
Andaingagnegil 87.73 ¢/m? Waliuuunauge
AOMNTIBUATUINY ULV NTEAT I ALY

dgl 1 v = a U 9-6
UINTY AINAbNTEANWTUSUINT LN ULN

Taungeulumeiuriu
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3.4 p1snadavaNUAnTzAENUTuUTneuls
P1azwdatudIusnag
n1sUSTulgIRuaudAnTen1wIn15199 2
d' v Yal @ dy &S ¥
Winlvinseanwlrdanundassunntulaedanty
LWoNsEANY 35 NSU NuwTtua1UsnaT azwil
v v v aa v v H v A
TINIPNFNNLANNAUTY 6 % Vo mTnEe
Wenrauiuns nauiuln 200 dnsdmsudugy
N3EAuRAReRaguR 10 n.uded1d wag .4l
TUANULTAY NTTANUIANYULNUNNTIUTUY LAy
W BUINTEANRUINAFBUNUI1AINUAUILAY
UminynsgIuveanseawieunsiaund sl
Wianes TUdIUYRIANNA T UNIULTIAILAY
v a Y = QI 5 a QI
AYUAUNIULITIAWNULINVUINNLAY 43.4 N LAY

{1621 N way 99ndiu 17.69 Nm/e witaly

Ju 58.42 N.m/g anuansu

SUM 11 N52AwaINNIST1INUSUUTY

U 9

A.bU991790 V. wdadudUsnag
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AUNULSIPN LT 9T wa kU A Usna
NUINT 9912319 TR NTE AN YR UN I ULT IR I b

11NN

M13197 2 AanTAnseauiTulTamewteinuduasudeiudlevas

y o | auduniu | Avddiuniu .
, AAMU | Wniin d - n13aaduLn
WHUNTEANY TEXR TEXR
(mm) (g/m?) (%)
(N) (N.m/g)
nszaedlaiuTulse 0.27 161.5 43.4 17.69 85.89
nszawlTulTamewlatnug 0.33 164.2 142.1 58.42 75.58
nszawlTulTamewlagiu 0.32 164.8 140.1 55.32 73.41
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LY
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6. LPNEITD19D9

[1]

Haﬁ%mwm%’ﬂﬁﬁummﬁam (Uszwmealne),
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Abstract

Multi-Criteria Decision Making (MCDM) is a crucial approach in decision-making processes
involving multiple factors. It is widely applied in various fields such as engineering, management, and
logistics. The Weighted Aggregated Sum Product Assessment (WASPAS) technique is one of the most
efficient MCDM methods, as it integrates the strengths of the Weighted Sum Model (WSM) and Weighted
Product Model (WPM). However, a key limitation of WASPAS is the fixed assignment of the parameter A
=0.5, which may impact the accuracy of ranking alternatives. This study proposes a novel approach
incorporating Gibbs Entropy to analyze the sensitivity of the A parameter and uses entropy values as a
ranking criterion. The proposed method was tested on a Computer Numerical Control (CNC) lathe
selection problem, demonstrating a high Spearman correlation coefficient (r) when compared with
WASPAS (r =1.000) and COPRAS (r =0.937). These results confirm that the proposed method is highly
reliable and produces rankings consistent with established MCDM techniques. This study can be applied
to MCDM problems where parameter sensitivity analysis is necessary, enhancing decision-making

accuracy and reliability.

Keywords: Multi-criteria decision making, WASPAS, Gibbs entropy, CNC machine selection
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A19199% 2 asunmsanduladuniutymnisiaen

LA389NAI CNC

Madan G G lGlal|l 6 |l G
CNC1 36,900 | 3000 | 16 | 165 | 600 | 750 | 1860
CNC2 30,400 | 4000 | 12 | 180 | 465 | 266 | 700
CNC3 88,900 | 3500 | 8 | 250 | 760 | 165 | 2440
CNCa 20,000 | 1600 | 6 | 330 | 1500 | 300 | 500
CNC5 10,000 | 1600 | 8 | 240 | 1050 | 400 | 850
CNC6 89,200 | 6000 | 12 | 215 | 605 | 340 | 554
CNC7 120,000 | 5000 | 12 | 215 | 605 | 340 | 535
CNC8 86,150 | 4000 | 12 | 140 | 305 | 250 | 264
CNC9 129,200 | 4000 | 12 | 215 | 1155 | 340 | 1055
CNC10 | 50,400 | 2500 | 4 | 160 | 550 | 145 | 750
CNC11 39,800 | 4000 | 6 | 165 | 600 | 275 | 600
CNC12 | 50,400 | 2500 | 8 | 250 | 760 | 400 | 900

dmsudiminaiudiAyvoiunazinaeign

Aulalaeleis BWM f9iisneasideneall

w, = 0.1169, w, = 0.1669, w; = 0.1889,
w, = 0.1218, ws = 0.1155, w, = 0.1599 uag
w, = 0.1302.

nveyalumnisnen 2 ¥Iu1aIuInAN
wnsgulagldaunisn (2) uag aun1sn (3)
anunsaaiiamsanisandulaniasgiudmsy

YgymnsideniaToanas CNC Aamnsei 3

A15199 3 a1senisandulaninsgiudviu

Jgymnisi@eniasoanas CNC

mMeden | C, G, G, C, Cs Cs c,

CNC1 0.271 | 0.500 | 1.000 | 0.848 | 0.508 | 1.000 | 0.762
CNC2 0.329 | 0.667 | 0.750 | 0.778 | 0.656 | 0.355 | 0.287
CNC3 0.112 | 0.583 | 0.500 | 0.560 | 0.401 | 0.220 | 1.000
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, , y
M15199 3 91519n5andulauinsgiudinsy A135999 5 ansunsandulagiadininues WPM
Ugymnisiaeniasoanas CNC (sio) dusulgunisiasniAIeends CNC
maden | G G, Cs Cs Cs Cs G maden | G G, Cs Cy Cs Cs c,

CNC4 0.500 | 0.267 | 0.375 | 0.424 | 0.203 | 0.400 | 0.205 CNC1 0.858 | 0.891 | 1.000 | 0.919 | 0.900 | 1.000 | 0.965
CNC5 1.000 | 0.267 | 0.500 | 0.583 | 0.290 | 0.533 | 0.348 CNC2 0.878 | 0.935 | 0.947 | 0.929 | 0.874 | 0.847 | 0.850
CNC6 0.112 | 1.000 | 0.750 | 0.651 | 0.504 | 0.453 | 0.227 CNC3 0.775 1 0.914 | 0.877 | 0.967 | 0.925 | 0.785 | 1.000
CNC7 0.083 | 0.833 | 0.750 | 0.651 | 0.504 | 0.453 | 0.219 CNCa 0.922 | 0.802 | 0.831 | 1.000 | 1.000 | 0.864 | 0.814
CNC8 0.116 | 0.667 | 0.750 | 1.000 | 1.000 | 0.333 | 0.108 CNC5 1.000 | 0.802 | 0.877 | 0.962 | 0.960 | 0.904 | 0.872
CNC9 0.077 | 0.667 | 0.750 | 0.651 | 0.264 | 0.453 | 0.432 CNC6 0.774 | 1.000 | 0.947 | 0.949 | 0.900 | 0.881 | 0.824
CNC10 | 0.198 | 0.417 | 0.250 | 0.875 | 0.555 | 0.193 | 0.307 CNC7 0.748 | 0.970 | 0.947 | 0.949 | 0.900 | 0.881 | 0.821
CNC11 | 0.251 | 0.667 | 0.375 | 0.848 | 0.508 | 0.367 | 0.246 CNC8 0.777 1 0.935 | 0.947 | 0.901 | 0.832 | 0.839 | 0.749
CNC12 | 0.198 | 0.417 | 0.500 | 0.560 | 0.401 | 0.533 | 0.369 CNC9 0.741 | 0.935 | 0.947 | 0.949 | 0.970 | 0.881 | 0.897
CNC10 | 0.828 | 0.864 | 0.770 | 0.916 | 0.891 | 0.769 | 0.858
o o o o CNC11 | 0.851 | 0.935 | 0.831 | 0.919 | 0.900 | 0.852 | 0.833
f\ﬂﬂsuamuaﬁlum’]i’]\‘i‘l/l 3 WRNMUIN A1TNANT CNC12 | 0.828 | 0.864 | 0.877 | 0.967 | 0.925 | 0.904 | 0.878

snaulanlsiivinues WSM waz WPM lanadns

Y] a a o W o \ \
PNANINN 4 hag AN 5 ANAINY NTUToyalun1Ted 4 Lagmn13199 5 1

AUIUAIAZIUY WSM (Q)) waz WPM (Q,) lag
15797 4 A13NsERdUlan I iInges WSM  4aunnsii (4) waz aunsit (5) audrdu Tnenns

Amsulgmasiaeniazenis CNC wdsen A waust A =050, A =0.40, A = 0.30,

maden | G G, G, C, Cs Cs G .
=
CNC1 | 0.032 | 0.083 | 0.189 | 0.061 | 0.046 | 0.160 | 0.099 A= 0.20, A=0.1uaz A =00d039n013

CNC2 0.038 | 0.111 | 0.142 | 0.066 | 0.036 | 0.057 | 0.037 V]UV]']U?iimﬂiﬁllﬁf}hUlﬂLLugﬁWIﬁﬁq ﬂuﬂ’gﬁﬁ@ﬂ

CNC3 | 0.013 | 0.097 | 0.094 | 0.092 | 0.058 | 0.035 | 0.130 . y N o - .
N1 0.5 §3a111908519019°130198 nd ulaan

CNC4 | 0.058 | 0.045 | 0.071 | 0.122 | 0.115 | 0.064 | 0.027

CNCé6 0.013 | 0.167 | 0.142 | 0.079 | 0.047 | 0.072 | 0.030

WAAIIUAISI9N 6

CNC7 | 0.010 | 0.139 | 0.142 | 0.079 | 0.047 | 0.072 | 0.029

CNC8 | 0.014 | 0.111 | 0.142 | 0.052 | 0.023 | 0.053 | 0.014

CNC9 0.009 | 0.111 | 0.142 | 0.079 | 0.089 | 0.072 | 0.056

A13199 6 M1519AZILUL WASPAS d1msutigyun
CNC10 | 0.023 | 0.070 | 0.047 | 0.059 | 0.042 | 0.031 | 0.040

CNC11 | 0.029 | 0.111 | 0.071 | 0.061 | 0.046 | 0.059 | 0.032 NtaantAIeINas CNC

CNC12 | 0.023 | 0.070 | 0.094 | 0.092 | 0.058 | 0.085 | 0.048 maldan 0.5 04 | 03 | 02 | 01 0.0
CNC1 0.640 0.634 | 0.628 | 0.622 | 0.616 | 0.610

CNC2 0.471 |0.468 | 0.464 | 0.461 | 0.458 | 0.454

CNC3 0.478 |0.470 | 0.461 | 0.453 | 0.444 | 0.436

CNC4a 0.467 | 0.460 | 0.453 | 0.446 | 0.439 | 0.432

CNC5 0.534 | 0.530 | 0.525 | 0.521 | 0.516 | 0.512
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A13197 7 A1519AZILUL WASPAS d1msudeyin

A15L8BNLASBINEY CNC (A1)

N9den 0.5 04 | 03 | 02 | 01 | 00 Madon H a1nu
CNC6 0.502 0.493 | 0.484 | 0.474 | 0.465 | 0.455 CNC11 0.714 10
CNC7 0.471 0.462 | 0.453 | 0.443 | 0.434 | 0.425 CNC12 0.821 9

CNC8 0.366 | 0.358 | 0.349 | 0.341 | 0.332 | 0.324

CNC9 0.518 | 0.510 | 0.502 | 0.494 | 0.486 | 0.478

CNC10 0.304 | 0.303 | 0.301 | 0.299 | 0.298 | 0.296

CNC11 0.398 | 0.396 | 0.394 | 0.392 | 0.390 | 0.388

CNC12 0.458 | 0.456 | 0.453 | 0.451 | 0.448 | 0.445

thdoyalumsned 6 sduanlasldaunisd
8 39emnsil 8 szgminluiBeulAnlagldwoniiuag
Lingo wiarwinAnaulnsTvesudasnuden
Tne3snmsuanoulnsliastaelilddoyaids
SnuiuAnA satunisnsraneivesdeyauat
Audf v azadefi dawanonisiden
\A38anEs CNC namsAuanfldazgniunuans

Tum157199 7 F99zmanim1aulnsUvssunay

'
[y

NUADN FIDNAWBUINTVUINNIETA P UNFRNI

A13199 7 $113519ASIUL WASPAS d1msutigyun

AN5L@0NLAIBINAY CNC

yadan H BRI
CNC1 1.147 1
CNC2 0.844 7
CNC3 0.857 5
CNC4 0.836 8
CNC5 0.957 2
CNC6 0.900 4
CNC7 0.844 6
CNC8 0.656 11
CNC9 0.928 3
CNC10 0.545 12

ANUULINANITINDUAUNILABNUS UL U

v ax = Y Y] N
fuasnsou o lanansuanslunisned 8

A197199 8 M1519ATLUL WASPAS dusutleyin

N15:89NLATBINAY CNC

M9L@an | WASPAS | dufu | COPRAS | dufu H | dudu

CNC1 0.640 1 1.000

—_

1.147 1

CNC2 0.471 0.701 0.844

CNC3 0.478 0.764 0.857

CNCa 0.467 0.756 0.836

CNCé6 0.502 0.743 0.900

ol NN | BN

7 7
5 5
8 8
CNC5 0.534 2 0.922 0.957 2
4 4
6 6

CNC7 0.471 0.698 0.844

CNC8 0.366 11 0.550 11 0.656 11

CNC9 0.518 3 0.776 3 0.928 3

CNC10 0.304 12 0.460 12 0.545 12

CNC11 0.398 10 0.594 10 0.714 10

CNC12 0.458 9 0.681 9 0.821 9

a

iayalunised 8 luAmuueduUseans
anduwusatd ey uuu (Spearman’s Rank
Correlation Coefficient) ¥8935 01159 Ub@UD

~ U aa =~ ] P
WYUAUISTNITOU mgﬂ‘m 2
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Abstract

This research aims to analyze the existing transportation route planning method and compare
it with an optimized approach to optimize transportation cost reduction. The study begins with data
collection on the current transportation routes. Subsequently, route analysis and calculations are
performed using the Saving Algorithm and the Nearest Neighbor Algorithm. The results obtained from
these methods are then compared to determine the most effective routing. From the research findings,
in one week of water delivery, the original route plan consisted of 14 routes, covering a total distance
of 413.1 kilometers, with a transportation cost of 1,659.84 THB per week. By applying the Saving
Algorithm, the number of routes was reduced to 12, with the total distance decreasing to 333 kilometers
and the transportation cost dropping to 1,459.17 THB per week. Similarly, the Nearest Neighbor Method
also reduces the number of routes to 12. However, the total distance traveled is 354 kilometers, with a

total transportation cost of 1,652.41 THB per week.

Keywords: Transportation routing, Saving algorithm, Nearest neighbor method, Route planning efficiency,

Transportation cost reduction
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Abstract

This research aims to design and develop the soil production process by creating an automatic soil
packing machine to enhance operational efficiency. Work study techniques were applied to analyze and
optimize the production process. The existing production process consists of 11 steps, requiring a total of
80 minutes, a movement distance of 6 meters, and a workforce of four people, serving as the baseline data
for the conventional process. The research methodology involved analyzing the production process using
work study techniques and the ECRS (Eliminate, Combine, Rearrange, and Simplify) technique, in
conjunction with the application of Quality Function Deployment (QFD) to enhance the potting soil
production process. The automated packing machine was designed to reduce operational steps, shorten
production time, and increase production capacity, ultimately leading to enhanced efficiency in potting soil
production that meets user requirements according to product specifications. The results indicate that the
automated packing machine, designed based on ECRS principles combined with QFD, successfully reduced
the production steps to six, cutting down processing time to only 35 minutes. This led to a 50% increase
in production capacity compared to the conventional process without automation. The proposed approach
demonstrates the potential for developing an automated potting soil packing machine that meets quality

requirements and customer demands effectively.

Keywords: Automatic soil packing machine, Work study, Quality function deployment (QFD), ECRS
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Abstract

This research aims to improve the production process of Japanese flagpoles for vinyl signboards
by applying the ECRS waste reduction principle to minimize production time and distance while
establishing a standardized process. The study begins with an analysis of the current production process
using flow process charts and diagrams. Subsequently, data was analyzed to identify the root causes of
inefficiencies through brainstorming sessions with stakeholders, utilizing a fishbone diagram. The ECRS
principle is then employed to pinpoint waste factors and optimize the production process into
a standardized workflow. The research results are evaluated based on reductions in the number of
operational steps, time, and distance. The findings reveal that before the improvement, the production
process consisted of 39 steps, taking 12 hours, 4 minutes, and 29 seconds, with a total production
distance of 176 meters. After the improvement, the number of steps was reduced to 29, the production
time decreased to 8 hours, 45 minutes, and 7 seconds, and the distance was shortened to 127.5 meters.
This represents a 25.64% reduction in operational steps, a 27.52% decrease in production time, and
a 27.56% reduction in production distance. In conclusion, the application of the ECRS waste reduction
principle effectively enhances production efficiency and improves the competitiveness of the

manufacturing process.

Keywords: Waste reduction, Productivity improvement, Production process improvement
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Supattananon, “The Manufacturing Improvement with ECRS: A Case Study of The J Flag Manufacturing Process,”
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