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ABSTRACT

In deep excavation works within major urban areas particularly in Bangkok, the safety
of soil protection systems is concerned. In addition, soil movement must be carefully controlled
to prevent the impacts on adjacent nearby structures. Soil cement columns, an effective ground

improvement technique, have been applied in underground construction to enhance stability
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and reduce soil displacement. This paper presents the design concept, construction techniques,
and case studies of deep excavation projects where Diaphragm walls were stabilized with soil-cement
columns. Two construction approaches are considered: 1) the arrangement of soil-cement columns
to reduce active earth pressure, and 2) the arrangement of soil cement columns to increase passive
earth pressure. The study results indicate that the use of soil cement columns can significantly
reduce ground movements and enhance the safety of soil protection systems during deep

excavation. Moreover, this method helps minimize the risk of damage to nearby structures.

Keywords: Soil cement column, Diaphragm wall, Soil movement

UNidn

ludagdunuaduiieneairalassaslafuouinivg 1wy 1stuladu Jaesglued aandl

solnilafu anansfivensaldnu 1av Nanudnfuyauntundodnglasangluiuingunmne dnae
a P Y] ° U a < L. ¥ 1o < a oA . A

yoiulneidenldseuumunsiuauiuurds (Rigid wall) lowa Munaaiduangisewoos (Pile wall) vise
° . = & o v oa _a ' A g v oa oA
munslaa1unsy (Diaphragm wall) Fadumunsiuausiaya-vastunilussuudosiuiu iieansanseny
fulasaai19919LAes (Thasnanipan et al., 2008) Tnsnisidenldazfiansaniadosaumng o loun anmiiud
anwRETUAY TUNBUNTYINNL WagNansenusislasiasniufsInaenIusuLAneai

{‘Jaqﬁué’ua%’afﬁ’mummﬁmﬁﬁwaammamwuﬁumé’am (Environmental Impact Assessment,
EIA) Tununoads Fefesssiliunansgnuanmsyaiuiiionsaislassairslifudedeneansthades
Flrundlasimsiifidesidndesszasisanlasadsdafos Sadeseenwuuszuuiestuiulneilds
wanszyUINMsdeufvesilusEninuyaiu MslfianAudiung (Soil cement column) 3y
Laﬁaimwﬁquﬁ’uau%aL‘TJuLLmﬁmﬁmmﬁaaaﬂwu*uLﬁaammsl,ﬂ?iauéfwuaaauimaiauﬂasqm Feaztnoan
NANTENUADDIASULALalA

Tuudlasaimsauneaseldnu o1ainswisunuassyiurnnendinisieasessuuiuneiuau
waaase niseenuuulnidsdesinisusuussiulaegldianfudiuudunaduaiosnimiunsiufuiy
Tiudaus iielidenndasiusziuyaifimsasuniag

Aye et al. (2007) Anwmuin Mmavasuwdasseauyalununeadeildsyuumiunslaoiunsy
(Diaphragm wall) ansnsaldianfuduusiundeiinedivsninauyald Inedesdinsesniuuiagaauu
ApsnuNanIIneas e 1eLlouNuYRALLAIES

watiaNsUSTUUTeAUAIEsEUUE AT

enRuBuuiagl i msanyuiuudiviumilessewsensevain neailudnuasdueaiuiu
Adeladu Tneyudmudasrinfiseniuiiuasususenaulufu 1an1sudeis (Cementation) Viliau
fANULDIUTIUAZAUTUNUTATY
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FoRvoumanuduud v

- iufdssuusaidou (shear strength) Te3fiugeu

- aamsuruveniiléau (permeability)

- ann1INIAdi (settlement) vosdunglsimiindinnseh

- aAWIIURAL (earth pressure) uagiiinusadufinseyisielassadnatiufiu
- aAnsiAAousvediu

NsUTuURRumesTUUERUBLAa 50N Seas1ela 2 35 Fesnauuis (Dry mixing) wax
WrauTen (Wet mixing) wanilenldlunmsuiuugsiudmsvruyaiuduiBnaundeon Feewisaneadne
161 2 szuu TouAssuunsldusaium (Low pressure grout / Mechanical mixing) fiuszuunisldiseiugs

(High-pressure grout)

sruuLsusazlaSemaLszUU Rotary (nndl 1) TnensTaluiasinuliunnsudwvhnsuauiu
futyusousaduiuszanm 10-30 115 wiedldluitadfiusiel mueudnildeonuuy Welsyy
GO Lﬁﬂﬂﬁﬁ%ﬂ’]%ﬁﬂLﬂﬁﬁﬂﬁﬁuﬁﬁ’]ﬁﬂ@ﬁﬁu

Fnauaulaonisldusatugdd38nssadminu Uet-grouting technique) Tasnisdaidasiss
fugeuszanal 200-400 V1sHumMeiadn (nnil 2) eduianseymevesiuliunndlasasiBon auils
audniildoonuuy udniuasdainandiuudfoussdugs wdoufienfafiuanstudutone
fmvu%Luuﬁmmé’ugwwauﬁuammLﬂuLﬁaLﬁmﬁ’u NIYINUILATUANAIYTEUUAIUANSHLUIA

281990, LD IR ILALTULINZIUDITEAUAUANNHBINNT
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Frrry

Yeres
trere
ey

{ -
|-
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—
———
-
|-
o

AN 1 STUULIIIUAT (R) 1ATDIINT () TURBUAISNDES1S
731 : Submaneewong et al. (2015)
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(n) (@)

MR 2 N158ARMNMBLTIRUEN (N) 1ATE9INT (V) TumeuNITneasn

P11 : www.soilcrete.co.th

wuaAnn1sUFUUsRUlagldanAududiuEissn YR UNaUAY

wwIRRNIERNKUUNSUSEENAlYssUUEAUB WAL AR BT A YR I MU AUAY Tngaaniuy
THENUT0anALIIRUAY AMUNIULTITUALLazaanIsAdeudvahiu nsldnatianisuiuugsfusiessuy
EAudaus dnsunuyanuaunsaesniuuldu 2 dnvazie

1. Wafuimudidussuuiunesiufuwuy Gravity wall Tngeenuuuldsyuuianfudiuud

'
=

o v & N A % s v o ) 1 T v o d'
FIAZVUNULAZIALTEIUY Block LADETATNAYUINUNALDY Iuaﬂwmﬂumw‘umﬂu ﬂﬂLLﬁﬂﬂeLUﬂ']WV] 3

'
=

Ferosaunsadumunisidieulaa (Sliding) nsuyumanAdn (Overturning) was SUtMEINLUNUYBIAY
(Bearing capacity) lasensuasnse (Submaneewong & Siripoun, 2015)

2. Tafuduudunasuiadysnineasseuuiwnaiunu lngneas1ednseuafudiuudlidmaiu
ANaURY AansluNINg 4 waznIwi 5

(n)

il 3 ruyedulagldlafugiuudsuuuy Gravity wall (n) JULUULLAAR (9) URBE19 YR
731 : Submaneewong & Siripoun (2015)
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JULUUM I AL liesadosnmmwreiuiu lagvinisneasednitesafugiuug
IviRafufwmaiuay 8 2 JUwuy fall

1. MIINLEAUTUUANAALTIRUALTIIN-U3INT2Y (Active earth pressure)

MIdanuamAuduudiiioanuswuiudgn-usinssi azeenuuuiaAudiuuilneneasiadu
WUUBUAU (Block type) aundsniunsfiunulaulsinszyin (Active zone) LNoaALTIAUAUNINTEYI

FIRauangbuNINg 4

Soil Side Soil Side
(Active Zone (Active Zone)
[ |
Excavation Side Excavation Side
(Passive Zone) (Passive Zone)
)~
-Plan- -Section-

AN 4 MITANLEAAUTUUALNDAALTIAUAUTIFN-U5INTEI

N5IAEEULULT 98eanusanseyinankssnuay inlrlumudkasusadeuiinvulumiumg

fURY LazAINSAdRUSTaIRIwNITURLanas Tneanaludndunagnead e fudiuudainsesauinmy

v
o

MailFURUURAZTEAU/Mue Tuagiuniseeniuy NaeiliAnyssansnaluwiaznsdly

2. mMtansaiuduudiiiofinussuRudedu-usenu (Passive earth pressure)

mMsdanaatudundifiofuusafufudedu-usedin aresnuuuianiudunilaeneasiadu
UL (Block type) fumtihiunafufuileunsadinu (Passive zone) ilerinussinuaarunsiuiu
Fauansluning 5
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Excavation Side Soil Side
(Passive Zone) (Active Zone)
— R~

Soil Side
(Active Zone

-Plan- -Section-

AN 5 N15IRINUENAUTLU U LN D LN LT IPUAULTISU-H T 99U

o A & ) | v a ¢ o a a Al a P | &

nsdaseagUuuull Ineluasneadinafudiuudausiingu ieliuuwssinuluudastunay
N13YAALLALARAIAEY B9z IEanAINTISIARBUAININLIATY (Creep) YBIRUIINTUABUNTAAATAEY
Tuwsaztu Tunsdlineaiaanfuduudusnaldseduiugn (1wl 6) ieielfiuatiosnindugn (Heave)
Tiveyn wagdieiiiunseiunisinfouvesiiung iWisuialoufinasendudndulivsyanounisynsiu

° Y o ° o a X a o o o a

%wﬂmaa&Jﬁm‘wmmmumﬂumqwuLLasmsmaaumﬂJaqmLLwnﬂumu%amaa (Tan et al., 2003) wag
iidnduanuUasnsuseniseavesiulivayaiiiau (Tanseng & Boonkert, 2023)

31NMIANYIVBT Sugawara et al. (1996) wuidmsuauyaaulasen1s Bugis Junction Fealus
wuAnsAdeuslunsaivinnsUSUUTRuMeEAuTL dateeniimesnuuu Aililatinisusulsemu

(N9 7)
Excavation Side ,
) Lateral displacement (mm)
(Passive Zone)
Tj 3 0....50:..:100
3-{ e - *\\\\
\ ~~ -
Soil Side 2 |/ T =X
3.6} [ JetGrouting ] d Obserped (trehted)
; IH ,’Predi ted
_ ,ll/ " ’/ —
Z /P,redi ted (treated)
7’
7
L 1 GLasa
-Section-

MWN 6 MITANBEFUTUUANLAY NND 7 HansenuvesuUiuusululasanig
wssruAusulasERUALA Bugis Junction, dealuUs
#31 : Sugawara et al. (1996)
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dil o =1 ¥ a = 3 a a o .
unanutaziauensalifnwinisldssuuianfuduudiaiuatosnineesiunslaeunsy (Di-
aphragm wall) lusuyasiugn laglivannisdnieguwuuiaiudiaudiiielvianussiuiugagn-usainseih

(active earth pressure) WagFULUUEAUTUIUATNINLITUAUTITU-U599U (Passive earth pressure)
nsdlfinyi 1: MavsulsRulagldianfudiuudantssiufugagn-wsanseyin Diaphragm wall

1. dnwarlasanig
lassnstinegunuuauadn nsaunne Wund1aAesUsznaumig 91Astuinedy uagemns
ynnouladidoulnediluninlasinisuasilszessu 6 waslagseu

nsdiAnwdunugeiudnlszann 137 wes dWereadieiodddfu 4 du wiidesnlasamsi
Hulassmsifimsiimundewinganisaliasugia w.e. 2540 lagldoonuuuuazioasts Diaphragm wall
11 80 LwuRiuns 3 21.0 wms dmiunugeAuldAudn 3 $u fenuEnyaUszanm -11.0 was 9nfaRy
wédade ndamnisinganisaiiesugiadagnitedreniiieu 20 U

mendsiinisietiulasinslaevhmssenuuunugeiulnifledeaisduldfuiifinsdeuntas
Srnudldfuan 3 dudu 4 uvilianudnfunaeoonuuul i -11.0 s feseonuuulyaifi-13.7 wns
Ineldlas9a519 Diaphragm wall iin n1seeniuUIaresszynald nsuulsRulaenoassafudiuud
agjfinrnunas Diaphragm wall lguusanseyi (Active zone) LﬁaaﬂLLiaﬁuauL%ﬁﬂ-Lmﬂizﬁﬂ (nwfi 8)
PREAALEDNLULS LISz UASY uazfmuaduneunugeiulysifteroadsduldiau tneldszuutoadg
aatuuL wdwinmiuansadu 3 $u Weli Diaphragm wall Wisannsaduusdld

® @ SOIL CEMENT|COLUMN | = 1824 INOS
20.80x5.00 m. @ 0.80 M.

A 8 JHalAINITNUYARAUGN 13.7 LUnT

7131 1 wuuneaelATINISNUYAANANUTEINN 13.7 AT TUAUUGYLIN NTUNN
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2. é’wmz%’uauu%nmimqmw’mmauﬁﬂﬂixmm 13.7 L§S
ANWULTUAULATINITUTENDUMETURUUTEIDDUY UUIUTEUIN 13 LUAT UAI9INUUNUTUAY
a < A P a a a v 8§ va el a a
willends AeudnUsyann -17.2 wes 3Ry wasdseaudilafiueguseana -1.0 wWas NRGEY
SnwauetuAulasang wandlilunnsnei 1

v

A19197 1 anwarduAulATINSNUIARUANUTENI 13.7 lWAS

oraEn 61) A MAISULSIADUAL, ANMNBNNAFBULIATIIY,
Su SPT
N s (M/P319m3) (ﬂ%ﬂ/ﬂ/ﬂﬁ])
0 1.0 Pavement/top soil - -
1.0 5.0 Soft Clay 1 1.3 -
5.0 15.0 Soft Clay 2 1.8 -
15.0 17.2 Medium Stiff Clay 4.0 -
17.2 19.5  Stiff Clay 18

3. UWUIARNIIBRNLUY
Iasensillueinlatinseenuuuiagneais Diaphragm wall udt&5a Diaphragm wall fineana
11 0.80 wufiwns dn 21.0 was wanaSuldsenwuudmsunuyaaudn -11.0 was Inglusuuinug

v '
N o o o

FATUTIATII 2 FUNTEAU -2.0 LIRS Way -6.0 AT (AN% 9 (1)

dleflatununuyadiu madasinislainsdsuudamuuiuldaulaeimunseuanuyeln
Winluszau -13.7 wes ainniwsidesiunud uwdiuasusadounietuiseauanuyansigaiund

@ a . A v Y Y [ v
\WidnLa3u Diaphragm wall Aineas1sliudn azanunsasula

wmauAtaynsimuslminsuuusiuiiowinatosnmeunds Diaphragm wall Litean
WIINTHIN MIETPUUENAUTILATLNATUFNANENATE 0.80 WINT WUUIRBITAMUANLIU 6 4 fisysu -10.0 W
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unAnga

Aot fypvsrasdlunsduanesiansuszney NaCuPO, ﬁy’ﬁugﬂLLUUﬁL{Jumé’wﬁ%‘msﬁw
UfATenanuzvodsiignmgi 600 esmwados uaznanidealagliiAananainnisiusgiadi q
MnasUsznevitasarsainmsdsnliiinuadefigumnd 680 ssrisaidea 9nn1TieTed
Tassadandndenindsnvuisdiond wud astszney NaCuPO, Tuguuuiifuss TMassairsuuy
Orthorhombic wa space group wila P2 2 2 sssfiufiusieaniddenounth wWudeafurdnieiiidanse
luemiafet winifefidaemeild Touneglutng 1xixt gnuiaidedums f9 1x3x5 gnuiAriiadiuns
ajUldn winidenvunlnajves NaCuPo, anwnsaUgnlddenslinuauuds ansoivludesen
WioRnwaudRimailandsu g seluldluewian

ANFIARY: KANLAET WMWY N1SEELULSIEEND

ABSTRACT

This research reports the synthesis of NaCuPO, in both powder and single-crystal forms.
Powder samples were prepared using the solid-state reaction method at 600 °C, while single crystals
were grown by slow cooling from the melt in a vertical electric furnace at 680 °C. X-ray diffraction
(XRD) analysis confirmed that the crystal structures of both the powder and single crystals were
orthorhombic with space group P2 2 2, consistent with previous reports. Notably, the single
crystals obtained in this work ranges from 1x1x1 mm?’ to 1x3x5 mm?, larger than those previously
reported. These results demonstrate that large NaCuPO, single crystals can be successfully grown

using a vertical furnace, facilitating future studies of their physical properties.

Keywords: single crystal, vertical furnace, X-ray diffraction
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Uniin

auuns se symmetry Tunsn@nanans (crystallography) amnsauuseenteiiu 3 ngu laun
centrosymmetric non-centrosymmetric Lag chiral %'!ﬂ%LLﬂﬂaaﬂmumiﬁﬁLﬁumiaumm (symmetry
operation) ulaun n15\@eu (translation) NINYUTDULNU (rotational axis) 5eU1UNTEAN (Mirror plane)
nAudnaIanIsHniiy (center of inversion) (Sands, 1993) lnsnguudndisianuauunasiuy
centrosymmetric agfimnuasnnasasunungeauu Sefeidunduiifienuasnmsnings uvnedings
non-centrosymmetric g ARAFUENANIMIHNAL Fefiohfiamannasiiesninlungy centrosymmetric
wazaATe Nau chiral aw11ATIAAUENANINITNARY WarszIUNTzan tufte andunduiifinnuaunng
wantosign

autBidausndnvosngundniidausinsd islungu non-centrosymmetric wagnga
chiral AReA15¥a18auNInT (symmetry breaking) ImaLawwae’ha@'aLﬁ'amﬁﬂmmﬁﬁmmmtﬂu
druusyneu vlesnneswasdiadu (spin) Wity 1/2 vhlfAndusyuuuindndeaneusy Tussuu
fiflauannssussyuy (ﬂEjiJ non-centrosymmetric LLazﬂéjm chiral) guiuuves dispersion relation
nfinnsvhaneauung wazadualu (spin wave) azanunsaianisinatlswdunenfiedauazyan
sonanifuld Taglumgnisaifsndniagldannsafnduldluasusiundnlungy centrosymmetric
Tl A.A. 2016 Hayami, Kusunose wag Motome léseaunaddeidanguidosnisvhargaumnsluans
wiimdniifiaumasuuy non-centrosymmetric \uafiusn wazseuldiinsmaasmuluasszneu
0-CuV O, (Gitgeatpong et al,, 2017) ) Falaaunfiuds a@1sUszneu Cu V.0, ﬁ]ulIEJ‘r’JWJEJﬂu 2 wld
tufe o uaz ﬁ usa thy mammmnwu centrosymmetric Tuvneaein Msvhaleatines
sldenansanintulaluansusdndnia B | Saufuase sy lngsgaidearanluasusenau Zn-doped
Cu,V O (Gitgeatpong et al,, 2022) Fafllassarandnuazandinaudiviniiviloutu B -CuV O ldusns
Iiitud aduaufigamnidnfitaliiy Snvazaunasuuuunfomumguinaiy
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ionpassdusunsiinnisiatsauuins Wilden eaieasietiideniundnui sxdes
oglugUveandnifed dellanueinlunisduased laslaniziearsiegsieausznoulusie
neauns Liesdaeanudeanisaaly 1/2 eldszuuiduaisudwdnideaeudu egslsiniu
derivveuiunanuddsludanguasudmdnifaunasuuy chiral sgwuiflansuszneufitianuduls
Tumsduaszidunniu dufleansdszneu NaCuPO4sﬁquaﬂmnmmL‘T;Julﬂvl,é‘[,umsé’ameﬁmiﬂixﬂau
wilail Seltnerumguitsmudululilumafamehaeausastundnngs chiral $6e (Proskurin,
Stamps, Ovchinnikov, & Kishine, 2017) lnglutlagiu §alaifsneunismaasaiiiuienshuny
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state reaction) Tnei3uannansees I NaCl (99.9% Kemaus Australia) CuO (97% Loba India) wae
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4NaCl + 4Cu0 + 4P 0, + O, — 4NaCuPO + 4CL2 (1)
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1 §Uni leideusiumisvesansasluldszes 5-10 lufins
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wusdiond Sedoyailld avthanifleutudeyafireiineruanieuniinide’s Rietveld refinement
Tngedulusinsumauimes FullProf Tunstaeiiasizyt (Rodriguez-Carvajal, 1993) AauanInanIsie
Tunni 3
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unAnge

NI UszasiflewaLgnIo AR ameuanBn Susisutdnsediasalusiuan
frseng wamsveaesmugases? 119uA agua, nguqAuYETTUsEAVEM (Effective Microoganisms;
EM) nntiana emvnavy $1417 wasian sulusiudadenun 100 ndu fufinalusiugegadiana
uansnsfufissdunudeiiufosas 95 Wi Bsuisuiutimanstusiusmaidedugrsennsd 2-3 uay
gnsesil 4 Hugemuay Teefiviinalusiulunshsaguintudesay 46,5 uazilevnuniungns
wsutnsednuinsutedgnsi 3 Adunamueudnangiesay 30 ArosdUsznouNaAigIan
(rudu arsTulawnsm Wsiu o wasd) Sanuuandnsduiissifunnudeduiesay 95 olinsei
AauduTRnIamenmnUdIA a deegsywing 0.22-0.88 Aty Senagseinadesas 2.17-2.96 uay
HANITIATIZVAEYDIAIANNETIN (L¥) DgTening 32.26-39.34 A1ELAY (2¥) BE21IN9 3.56-5.90 Uay
Admdes (b*) agszning 4.16-7.72 lneendynavesyngasmsudusedmningnamsudnged (aauaw)

o w

aslANLANAiueE9ltsd ARy (p<0.05)

AdAey: uuas TUsAY auwdniue sudnsed oeane

ABSTRACT

The objectives of this study were to develop a diet formula for rearing the red palm weevil
and develop protein-supplemented french fries. The experimental results found that diet formula
1 consisted mashed sago, Effective Microoganisms; EM, molasses, pig feed, rice bran, plain water

and 100 grams of bean protein had the highest of protein content significantly different (p<0.05)
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when compared to powder protein of red palm weevil from diet formulas 2, 3 and 4 (control).
The protein content was the highest at 46.54%. When developing the french fries formula, it was
found that the French fries formula 3 supplemented with 30% red palm weevil powder had the
highest chemical composition values (moisture, carbohydrate, protein, fat and ash) with a
significantly different (p<0.05). When analyzing the physical properties, it was found that the aw
value was between 0.22-0.88, the moisture value was between 2.17-2.96 percent, and the color
analysis results of the brightness value (L*) were between 32.26-39.34, the red value (a*) was
between 3.56-5.90, and the yellow value (b*) was between 4.16-7.72. The color values of all french

fries formulas were significantly lower than those of the French fries (control) formula (p<0.05).

Keywords: insect, protein, product development, french fries, red palm weevil

UNidn

713817 (Red palm weevil) #3eRasnimeni1a fuall MsaurSeusands d¥einermansi

a

Rhynchophorus ferrugineus Olivier §nagluasd Curculionidae dudiu Coleoptera uuuauAsygia
a °o o & a 1% . . ' a a ay 3 o A Ao w
fiaudAgduutasiuld (Edible insect) wazuwnasemslusiy wnidsanaduutasdngiivnddy
vosilnszNaUIaY iU NeNs T3 fluang visesua smaasiameugninlaanznVluddulazdnugen
szpgivuauzzininiuuaziasyiiulnegneludiduueni dmueuaziniuluizes o aunsens
sudulnsslug/lidndesomisludeeenld ilidunendaaeludian (Plant Protection Research &
Development Office, 2017) fsanpfivunadieniuseanm 2.2-3.5 wuiwas faufuiefdiinaendy
wsodurnavu Uinenawuuung deelds Jgaududiiniaduiiuuuvetenyaeusn ausuil
a | 1 v o a [~4 %3 | | ra o CY =3 1 v
NaINaIegULUY Unanuidsostdulay & A1uA11ue11999Un Uﬂﬂqaﬂ,ummmmumuﬂmwaa
Mifuaziuflefdnuauzuansneiu lnedidedvuduwuiidiunaimiuniueiveans dudledvaens
g1u3e7 mdgldnarngdauiy 5-8 dUadi TudSunaade 400 Wes Muusuidmdasluiineia snue
Judasnviveiaviiudianniisiiiuluems (Al-Dosary et al. 2016) fnaneauidenuinnang
gaslumeasemsnivseloviinning 1wy 3n9wideres Leatemia et al, (2021) wuinssugnueu
Jo 4 way 5 vewnmaiasewnsmslulansn WWsiy leduinniy uwazussinsing g laewnzlusiu
HUsunmusenay 27.97 wasiilvdulsunasesay 59.71 uanainddsillediin 3 way 6 dnee

wsuds1ed (French fries) Aotusfsfuuvismesluisiuvhuuuunseundeyudululseinde
wsudrsedid uruneuifeimioomsnudiuiiniufureausifoma ieosua ihduasy vie
oAUt uonnifaiutssmuiuends soansms viethadamdudlouausd sUuuumsutvised
fiviannvany 1wy uuu wuundn wieldiumawnuiuns Noiduang & Boonpa (2016) Jaqtiundnsiasi
91m13U39A9U (fast food) flunumsedinlszirfuresuywdagiauin agralsinueimisisaniu
fnedmhefuduiiguadulasunmstes iesnfiesdussneundniuutuazlutu wisudised
Huewnsussnuviaviliidenuslaatuinn e luwsudwnednananmathiutiaunvielautaiunss
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wiasdnibiinlsaliu lnefinsnaaeslunumaasinuiiA1ves Cholesterol, Triglyceride, Low Density
Lipoprotein (LDL) Waz Very Low Density Lipoprotein (VLDL) ga%u%faaas 12.30, 29.48, 25.77 uay
30.66 aua iU Faavdwarienisidulsadiuuarlsaiile
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1. wuasiildlunimeaes
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= = a A A & &
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wazgnse M sLasulusi

A 1 ANULANANTENIANAR LA INAEEY0R9Ee (@) Ay (b) ey
71 Nangai & Martin (2017)

2. managsunnlisuifisunisiissdasanglugnsemnsitugiuuazgnsemnaiaiulusiy
thweuslitusdsanaduan 5 4 sidsdugnsenmsiiugiu Usenoude aguannguiiass
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Qmﬁ 1 (@Bulusiudadeun ?jﬁagu) Usgneuse @1aun 900 N3 EM 15 adans mniana
15 §addns ownsuy 0.5 Alan3u $1913 0.5 Alansu divan 2 ans w@sulUsfududonun 100 nda

Qmﬁ 2 (@SulUsiunens Brelenn) Usznause aAun 700 N1 EM 15 fiadians mathena
15 addns ownsuy 0.5 Alan3u $1913 0.5 Alansu waztan 2 ans LEsulusAuneasun 100 NSy

Qmﬁ 3 (sulushunsavie B%e Herbal One) Usznausie a1AuA 700 N3 EM 15 fiadians
Mnthea 15 Taddns, 13y 0.5 Alansy, $19173 0.5 Alansu warinwan 2 Ang lESursanvene 100 ndal

Qmﬁ 4 (yapyuRw) Usznaume anaua 1 Alansu EM 15 addns nMnthaa 15 fadans
911y 0.5 Alansu $191 0.5 Alansu wazan 2 ans

yhnsnaue s Al fulungasdiuaduiiuguinas 66.50 wuRiuns
g9 20 ufiluas AT Ta ‘wé’mnf?uﬂwLﬂﬁaﬂmw§’n‘17'iLL‘zhfﬂ"L’ﬁunwﬂﬂﬂquuuﬁmﬂwmmslﬁaLﬂui’aa
dnsunndlavesdasang uasiindaeinh 1 wa ndlidmsuduundsomsdmiuiadiute Udossausiue
shsangduu 5 g (e 5 6 nedle 5 ) aslunzazsailelismerauiusuas nslaiauiyduls
sielt thlunslilsadsuuasiifiorniademléi Mausunsvanesiuuduauysal (Complete Randomized
Design; CRD) usiazgnsonmsiaeadaangrnisnaasd 5 41 idsiniewmoudiangssesna 15 uag
30 Fu Whiwmeuduageoniiiovinisiwdsusmaniail 1 uazafafl 2 mudiiy aunsevisfassozia
40-45 $u n¥niudaihdemeeenuiiiethininsgiviiulusiusoly (nmd 2)

WA 2 A3ENR
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3. N5ATITIRUSUalUshu
vueuaEAdedlugnTeMITEargnsIuIL 100 M7 1NA1VIANLEZDINMIEUINAY
Y o v P a a a = o o o v a

wahaneuwisludauntasigamall 60 sernewaea Wuan 1-2 Tu nawindualiaziden
v A y & a | Ao v | 2 a ) & o
aransasduluntasiBonrugasunsaiiduniiuaudnatsvuin 80 wuy (Amil 3) wasainiiui
HIUAUMSENANTIAT Iz UTInalusAunmualagTBinanivia (Kjeldahl method) (AOAC, 2000)
§I5MsRall Wsaueuaan 2.5 n3u ldadly Kjeldalh flask Wiy Mixed catalyst: Cuso, 0.1 A3y
Naso, 2 ASYU way concH SO, 25 N3y ndudngesuuevaulinuiaulnd (heating mantle)
818 MTOPS, Korea lnglvinnnusouseu q udireeiiiuaiuisuiigunil 400 semiwalfesd s0u

PP g v a 3 ) | A a o | ' Y o a o
asavareddlanalilndu Wudinauasluvasnges 10-15 18dns U11aengauu nold1nuLASEINAY
Wiy 40 Wesiduduas NaOH 40-50 Hadans U1 receiving flask 7dl 4 WWasidudves nsausin (Boric acid)
2 20-25 1adans uazin indicator ISeuiosudinnsasduasavatefinauls ndwauldasavareysyunm
25 fiaaans mwsnansazaneindulame 0.1 N nsalalasmassn (HC) aunseisdvetansazanedeuaindilen
& A ° 5% 3 | = a = a v ~ &
\Dudieusunyi blank nglideddmetng issuisuUsinalusiuremsmueuiaeiiedugnioms
TngAuInmUTinalusiuaIngns

USunalusiu (Soeag) = (A-B)xNx1.4xF (1)
Wt
A fo USuasvesnsalslaseassnildlunisinmsaiusesne Gladans)
B e Usumsvesnsalalasrassniildlunislnmsadiu blank (fadans)
W, o dhwivessnetns
N fo  Anududuvesnsalalasaassn (N)
F Ao AllvAmes

A7 3 BalUSAUAINGSETR
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4. msnaunWsuinsedietulusiuandeng

ﬁwdﬁ’;dm@ﬁﬁLm’wﬁﬁmm‘[ﬂﬁﬁuaﬁaqmmLﬁ%ﬂﬂiaﬂuLWW%V\Iﬁwﬁ Tnedonsrdiunu
Qmmmﬁaﬁqmﬁ 1 isudnsed + nevueunaaiesar 10, qmﬁ 2 W5udNIEEd + HUBUANETR
Saway 20 gmﬁ 3 wlsudnsed + nevueusaaseas 30 wax gjmﬁ 4 wisudnsed (ga3euiiigu)
Imaﬁ%ma%ugﬂvxlm%ﬂm&Jéi@&ﬁ%mﬁmaumﬁ’mLﬁﬁﬂiﬂwﬁa LLﬁ@ﬂﬁLﬁu’hL?JULLUUU@NawfugU (reconstituted)
\eAuaiaNeveda15e1MS wﬁamﬂﬁ?uﬁﬂﬁmeﬁ@mmmﬂmmmﬁVLﬁLLri 1Ushiu (protein)
Aslulawnsn (Nitrogen free extract) lusiu (Ether extract) nsieszdiioleneu (crude fiber)
M5 1ASIERALAY (moisture) &1 (ash) 1ne3d Proximate analysis asiswes AOAC (2000) waz
AasgnuanAn1anenm oun Aemesioniin @) S PRI ERR Aqua Lab (3TE, USA) AR
SagheiA3es Moisture Analyzer B%e Sartorius (MA37, Germany) Adiadaeia3as Konica Minolta
(CR-400, Japan) Soenuieduria ldun Aanauda (hardness) wazAnALUANYN (fracturability) feLn3oTTn
Brookfield (CT3, USA)

5. MSIATIZAERA
TNUNUNTNARDUUENBE Yl (Complete Randomized Design, CRD) Wieade
AAUIAI18AANLUTUTIU Analysis of Variances (ANOVA) uagtUSauifisumnuuana1auesaady

°o o aay

#8735 Duncan’s New Multiple Range Test (DMRT) Miszfiuautiiotusgsiituddgnivainsosas 95

NaNISNAABILAZIRANTA

Y

1. wamsiFsuiisuUsinalusiulursdasaaiibeslugnsoivisanssiiaiu

NnransiteuisuUsInalusiulunsenanidedugnsemsisiiniu laud ansemns
7l 1-3 uargnsomnsil 4 \uynaruau sansvaaesnUgRseST 1 16 angu 900 N3k, EM 15 iadans
nnthana 15 8803 01y 0.5 Alandu $1912 0.5 Alandi e 2 Ans wedulusiudadeaun 100 nd
fusinalusiugeaninnuunnssiuiisziuanudesiudosas 95 WenSsuiisuiuuinamalusiusmsang
fidedlugnsewnsdl 2-3 uasgrzonsit 4 Wumaeauay Teefiuiinalusiilumdaguiiuiosas
46,54 luvnziignsewnsi 2-3 fvsinalusiulunsisaguiniu 43.02 was 42.46 Turnsiivanuay
fusmnalusiulunsdsamaguiriuesas 38.60 (Mefl 1) asomsluensfidesismadudiadondn
ffuavilifmuouismefasomsasanfisinniu Tnsawzunadusiudlionmameaduiou
Fsangluimusufiaziiasemslsiufintu dusihildannsdomuoudsagfiadulsiuluges
ot 1-3 fUinalUsiudutudonioufivuiumusuduameidsmngazensi 4 (graunw)
MNHAMIAABmLDUF N iAssINgRTeT 1 fidduseduTeuniiviinalsiugean mesdy
uwdssefienmsTusiuiafian Senduldilustuduimadmsomnsilindinu afavaduaniode
o3 madiulusiudedudiusluemaissdagdmalidaeduimalusiufiuduaged

'
v o o a

HedhAgynssauanudeduiosas 95 WellTeuiiguiussagiidedugnsemsiugiu dvaeanuide
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Mhnsnasedeaiasulusivadulugasemnsiiugrunanihlulidniviounasfiudnludmalvdnivie
A a a a X av QY < = a Y = a o
wiailvSunalusiuiady neuddglidnlsruadulusiveasuluomsdeswmisaagdunuideves
Sapappom & Chaumphol (2024) finwaaeasdfvadlusiudides wudnleduninsenusinnansems
waznsaexiilu wuhegaulmeansewnsunune enulvieldulusiusiu 62.05 n$/100 ndu finspezliudntu
Usnaunn wiu ladu llasvaniiu uazdidu dadudwddglunsiasyiivlnveddidin Aniududeiun
= :4' v a a & v A a a = va 1 oA X
Juvnzaunagldiduemsiasulusiulugnsomisidesnisans wetiuuTunalusaulideniuuy
PMNNUITHVDY Sangthong et al,, (2022) insAnwnavesszAulusiuluomMITUABENTTOAINANS
WwigAvlanaznsldussleviliveslagugresungiudoddnawad nuinlodnsieiusualussiu
TulleunzivSunalushudinduioseuiisuiuilownsMideddugnsemsiugiu wenainifdawal

YIAUNVDILNLLALTVUALE

P a = v & W
M137°9% 1 ﬂill']miﬂi@]umaﬂ@']ﬂﬁ’]@wLaﬂqsluqmiaqﬂfﬁumﬂmqﬂﬂu

4139113 Ysuaulusiu (Fewaz)
gnsens 1 Mderun) 46.54°
gnsomns 2 (Ushunens) 43.02"
gn501ms 3 (Wedus) 42.46°
gn397911T 4 (AIUAL) 38.64°

o w a o

* GoNwsNAIUIUBLIRLENIINTANULANAN A UR 1T NBE AR AN SEAUAIT BN USDEAY 95

o

17835 Duncan’s multiple range test.

2. wansiSsuiisunmsienzinunmmanenmuasiadiveansudnsediasulusiy
INHINUBUADNER
MMMFAATERANIMNEMeasuTnseATiasLTUsuIReuBUsIag S
finnsaitu nan1svaseswuhAUiinanidass (a ) SlFnegsynine 0.22-0.48 A fifnegsennedosay
2.17-2.96 lngmuinazimanasileiisnslsiuanssang Wesnnadlusiuldrunszusumsouwiohly
anUaniluingiu uagnanisliesesiendvesiaraing (%) agsewing 32.26-39.34 Aduns (a*) oy
584 3.56-5.90 WAz AAEDs (b¥) ag5eving 4.16-7.72 (51971 2) InsAndnnanesyngnsiisudused
Mngnsisudnged (muam) sgsimuuanmatuensiitoddy (0<0.05) sangluuasiiTushugs
anunsathanldlumsuslaasenndudiunauasunuamisinsuinistasanzlsiiu ann1sfnyves
Nilklang & Leejoeiwara (2022) finwinsgeusiuresuslaasendningomisainmaugnicg wui

1Yo

AnouwuvasunudlngIInuavinguslaamiseniuandndue wssuanndisueniny Jaden

o
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1dndnanean1seausun1TUsInANaR UgIINANNENS1Y ogell HedAgynsadanszdu 0.05 A5
nalUsfiuandasanguasuivemsvisesunifuusenmuaudunisiiiunuermialasuinisligeu
a o . o = v a U s d’l a = v
319398989 Songian et al. (2024) yinsAinwinsiauNEnsugianfugaaEsulsALaINAER
HaNsfnwAuAInItaTuINIsNUIIREALUUEn dlsiusevar 7.74 luuderay 17.89 uazlawdi 3
(ALA) Sozaz 0.03 FellnalvianiiuganiaSulusiuainaianuan 100 n3u dwdanu 566.63 Alaunaes
lvsfuSesay 36.39 Wsiusaar 9.32 aslulawmsniaeay 50.46 Tawunn 3 (ALA) Souay 0.10 wWnsouay
1.00 n3u uavaruuiosas 2.81 lneUsunaldusiuuagludiuainiianfiueangnsnugiu #adnyinig
o Y a Ao & a a Y o Y a o v 1% o
gonsureusinalidenniweanasulusiuandssiuag fuslnamiluesar 99.17 Timseausu
wsendndanidanuwdantvduiaula savis evey wazlinuAmMIATLINTG kaTIINWIIBVRY
Kueachan et al., (2024) vinn1s@nwAnwinisnaumuudaanamerdwiiaiugnesiluusniinseuniogas 0
(@nsmuA) 10, 20 wag 30 veawlinuds wudUSunamalmEaiiadudaalianalusiu luiy
wulevienu kagla iy weeanuaing (L) Usunan dase wasanslulawsnvesandusanad usnidnseu
Aa a A A v P < v A A a ¢ | v
MivsnRwEauniige (Sevar 30) Wiaanuudtdesian Weodnseiamaimidaruinig laun
Anuau Astulawmse lvsu Tshu w@uleneu wazdn windusesay 3.57, 52.92, 21.89, 9.40, 10.15 wa
1.76 (hutinden) audieu

P a ¢ 3 s A v = v
N139N 2 ﬂrﬁ'ﬁLﬂiqgﬂﬂmﬂqWW’Nﬂqﬁlﬂ’]‘WﬁUaﬁLW3UGU‘V\|T]EJaVlLﬁiﬂ@'ﬂ&]wﬂiﬂﬁmuﬂqﬂmaﬂﬁ’]@

N153ATIZIAUNIN gsAIuAN  eEusny  TUSAUNYAS aadeaun
P9NYAIN 100 nsy 100 A3y 100 nsy

USinanhdase @) 0.48+0.34°  0.22+0.16°  0.24+0.32° 0.32+0.20°
ALY (moisture) 2.96+0.34°  2.17+0.09°  2.38+0.24° 2.24+0.18"

L* 39.34+1.20° 33.86+0.88° 33.14+1.32°  32.76+1.06

a* 5.90+0.20°  4.12+0.54°  3.86+0.44° 3.56+0.38"

b* 7.72¢1.42°  5.06+0.48°  4.52+0.52° 4.16+0.64°

AR (Hardness/g.) 1854+0.32°  2482+1.38°  2265+0.42°  2206+1.63"

ANAULANIN (Fracturability/g.)  1628+1.68° 2670+1.52°  2238+1.08°  2144+1.24°

U8RI A1 L* #1809 ANANNEIS (A1 = 0, 9717 = 100)
a* VU8 ALAVSRETYY (+ Fueg, - @)

v
o a

b* MuNeDN AWapIsedUY (+ dwiaes, - dU1R)

o

“ yunefs Anedeveslayaiegluiuiueudefiunifmsnvsmileuduluiinuunnsaniu

o o a

osliEdAYNIEdAN (p<.05)

)
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a P a ¢ 3 s a a
NHANINARDINITWITBUTBUNITIATIERAMNIMNINEANVBI U NS 18 dMaSulUsAY
v | 02 I a A a 9 v a '
INHINUBUANAIA NUTNNTUTNIwdgnsh 3 MaTunanuoussaIniesar 30 dr1o3AUsEnay
a & Iz a Y Y a | o A o A O
maadasgn (Audu arslulawnse Wsiu ledu wagid) Sauuandieiuiissduanudedu
Jewar 95 WawIsuiuivansi 1, 2 wag ansi 4 (Auaw) tnedAindu 2.50+0.48, 44.64+1.14,
47.06x1.60, 8.36+0.28 uay 8.80+0.74 luvnueiignsi 4 (Auay) JAWviniU 0.46+0.14, 40.16+1.68,
40.34+1.80, 6.08+0.82, 7.22+0.48 war 1.040.06 (1571991 3) Tuvaueiduazsusisveansudnsed
azfidalnuduiniagunssgouiiy luudauiuly junsasudnsiedaunsainizdandugusieiiliuen
ausainlleunienaalunisuilaale (M9l 5) 91n91u3deves Dholvitayakhun et al., (2023)
PINNSANEINTHRIUIHANN UIENBHUDUNTDULESUIUSAUINNIIVSA NUIMES LRI USAUINNIIRSaeas 10
finguuuniseansvunianedlunmugiveuliunans (7.27+1.17) wanduainlasininauaing (L*)
14.43 AdEwAa (%) 4.73 Ad@wmdaea (b*) 21.37 anuunun 0.26 daawns wazusunuundadsy 0.54
Tnendnduainladauamialasuinisuseneunie Wskiusesar 24.38 arslulansniosay 48.37
lodfudesay 5.32 USunaudmisvrunsosay 6.22 Usunandulesesay 8.56 AndwuANNSau 423.98
Alalaasdresmegne 100 n5U warrlamiieusiaa 30 nsu JuSualdsiu 7 nsu wenainddadinashy
TUsAuanwuastunisidueimsiasudn 1wy 31n9uddeves Dornchai et al., (2023) #1n15ANY
AMSWAILNARAUNUIUNT I ULES LU ALALIUSTAUIINLLAL NUIINS MM U UEN UL MR ateR V5 ALava m A
U3uay 428, 200 wag 372 nsu My HesAuszneumaaiiluiulusiu leenms uazussmgegn
WiaTeuiieuiutnunisunienism ($rinseuiauasd1inigula) dunin1svenemvenansioe
1% = a U = a 1 1 v = v 2= 1 v =
anseuetuiunakagiysivanuuasdialiwndeandrinieui uilidgandndrinseulan (p<0.05)
Wsiudaduansomsifimuddgrensiadyiiule nsasiavaaiasiileidevesdditin luswanlussiu
X o s | ' = a =~ & & =

Nnlednlazvnuwaauwarliiisanasanisusinavesuserinslan TUsAuanwuasdndunadanuils
A = v a a v a Ay av v a ' a a '
Magumaunuseldiluemisatulusiuld Tnefivansnuideiildesuigilusiuainiuasdinuainig
Tarunn1sneemsinasAgenulusiuaniiodn?
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P a ¢ = s ca a w a v
M99 3 NMTIATIRVANNIMTIVNGATITR AT UTNTwETESUAIERlUTALAING9ER

ASAATIZA Zawazimtinuite (Geeaz)
AANIMTAIAG gn39793 4 (ATUAY)  gATRIMIT 3 gATEIMIS 2 gATaIMNS 1 (AIUAN)

Aty 0.46+0.14° 2.50+0.48" 1.34+0.30" 1.26+0.65
Aslulansn 40.16+1.68" 44.64+1.14°  41.02+1.60° 40.78+1.36°
1Ushiu 40.34+1.80° 47.06+1.60°  44.84+172° 43.76+1.66°
TosTu 6.08+0.82° 8.36+0.28" 6.84+0.08" 6.26+0.14°
Fal 7.22+0.48° 8.80+0.74° 7.84+0.68" 7.52+0.42°
wduly 0.60+0.04° 1.08+0.08" 0.78+0.12° 0.60+0.04°

o o

* gonwinansiulutinasaasiniamusansisiusgeiitedAgnisedianszduamudelusovas 95

1n835 Duncan’s multiple range test.

A 5 wlsudrisediiasuiiendusiuaindansg

dyUnanside

naasulusiududueluomaiosaglugnsemnsiugudunafisinaulusivly
samgdauduundslusiulusssund smeamgiuuiasdnguzninn fwnszgatidy 9nTeaunTide
srgrvuauaansndnulsEnule gudmdlavnnsadasianizansmsussianiusiuanansadin
HuomaaSulusiuld msudnsedduemshadiofulsemuiien 1 wwdwmadedessnmediorsagyinli
Nnnsazauvesluiuluienme dwavilisenigsiunazialsnsig ) musn NMIRRUIRERATWTUTH 86
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A a v a v & a | v X = ' v a &
Masumglushuanuanuesuaaadunsiiuauamadasuinsiiawu dwagnelminuseloviun
Y a < o aa ) ¢ ¢ | = < P
Quﬂﬂﬂifﬂmawwmmm’mu wazAuMlUNNeurausuUsemunsudns1edduyeding Feaziiulaan
a o 3 6 6 a = U = 6 1 =l
HAnSauailsudnsediasulsiuanaaueuisaniivselevinisauamidasuinis lnelusau
9 & A A v a Ko & | a Y a v ¢
nvueusaadullsiuiilainsssued wenantidadunisreengiideyyviesdiulunisldusslov
nuuaduinaeImsnadinmifiaamlaruinisea

a a

ARnIINUTENIA

¥
aw Ao

mAdetidSaanlulised fidefewevaunngudivenmans wnivendosvdigilaseasnsel

Tunszusuayuiug Avinnueuaseildinieiie JangunsaimineimanslumTiineiiegnwisens
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ABSTRACT

This research involves the study, requirement gathering, and development of an online
registration system. The objective is to develop a registration system for meeting, training, and
seminar organizers that can be applied to any internal or external organization. Furthermore,
it aims to provide King Mongkut’s University of Technology North Bangkok with a standardized
system for managing participant lists and event registrations, effectively reducing errors and
operational time. Following its implementation and a user satisfaction evaluation, the results
indicated that overall satisfaction was at the highest level, with an average score of 4.61. Specifically,
the average satisfaction scores were 4.94 for executives, 4.36 for lecturers, and 4.66 for staff. When
categorized by user group, individuals acting as both project organizers and attendees reported
satisfaction at the highest level, with an average score of 4.50. Similarly, users who were solely

attendees also indicated the highest level of overall satisfaction, with an average score of 4.67.

Keywords: Online Registration, Human Resource Development, Web Application, Database,
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ABSTRACT

The purpose of this study is to reduce the number of defective nonconforming four-way
electric motor-adjustable automotive seat-slide rails with an average bearing stopper hole depth
below 1.40 millimeters. This problem arises from the parameter settings of the bearing stopper
hole drilling machine based on operator experience. The related parameters include drilling depth,
air pressure, and steel-plate thickness. To address this problem, this study employed Three-level
factorial design of experiments to identify the optimal conditions for the drilling process. The results
indicated that the appropriate parameter settings consist of drilling depth of 3.00 millimeters,
an air pressure of 160.00 bar, and a steel-plate thickness of 5.00 millimeters. After implementing
these parameter settings in the actual production process, the average bearing stopper hole depth
of the automotive seat-slide rails reached 1.81 millimeters, which is statistically significantly higher
than the specification of 1.40 millimeters and remains below the upper threshold of 1.90 millimeters.
As a result, the case study achieved a 92% reduction in the number of four-way electric motor-
adjustable seat-slide rails with bearing stopper hole depths below the specification, compared
to the nonconforming rate prior to the process improvement. The benefits of this study enhance
product quality and improve production process consistency to supporting sustainable

manufacturing performance in the automotive industry.

Keywords: Three-level factorial design of experiments, Seat-slide rail, Reduction of nonconforming

product, Production process improvement.
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3. MYUATEAUNNTEMDTURINITNAGEY R3D4FHEARaUgNTU s Twesiieate Laun
FTYTNITIT WHAUAL UAZYUIAUNLAANTOIFILLITNN Lansfem1399 3 wazliswasidanaall
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A ~y v o a a & ° |y Y a A
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WnAafAVIAaeUgINIIAINg R W3er P-Value mniseautitdndsy asUfiasauuigiumian (Chutima, 2002)

NANISNAAILAZIANTA
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WAL BNINATINVBINISITADIANE ) WUIBVENANSN AD SYETNITANE LIPUAL LAZIUNALHUMAN
sesg1uLAifun A1 P-Value wiriu 0.00 Gsfidntesndt 0.05 Feagulédnfe 3 mfwesiinade
AIANUENTRIIUYANTUNTY BNBNATINTENING 2 Mdiwes boud srensianesuiulssiuay
328N TWAVTUIAUNUIENTOIFIULIAL ussiuausuiuszesnIs1e urazeilen P-value
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M99 4 NSTIATILIBNSNANEN WAL DNTNATIL

UnaIANNALLUS DF Adj SS Adj MS F-Value P-Value
ndwanan A 2 4.86 2.43 26903.25 0.00
dvswandn B 2 0.05 0.03 290.91 0.00
dvdwanan C 2 0.70 0.35 3850.68 0.00
dvdwatin 2 Wiimes A x B il 0.05 0.01 139.70 0.00
Bvduwasiy 2 Wi fiwes Ax C 4 0.76 0.19 2111.45 0.00
BNsWasTW 2 W151dwes B x C i 0.05 0.01 131.16 0.00
dvdwasan 3 W1lmes Ax B x C 8 0.22 0.03 299.27 0.00
puAaIALAAeY (Error) 108 0.01 0.00

W53 (Total) 134 6.70
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ABSTRACT

The purpose of this study is to reduce the total number of vacuum bags with surface
defects exceeding specification limits by applying the design of experiment. The problem arose
from inappropriate parameter settings of the film-blowing machine used in the production of
vacuum plastic bags. The relevant parameters include the feed rate, the melt temperature at
the film-forming die, and the melt temperatures of three extrusion screws. The study used 2
factorial experiment design to identify the optimal parameters of the film-blowing machine. The
results revealed that all the parameters exhibited main and interaction effects on surface defects
of the product. The optimal parameter settings were determined as follows: a feed rate of 485
kg/h, melt temperature at the film-forming die of 205°C, and screw melt temperatures of 185°C,
200°C, and 195°C, respectively. When these optimal conditions were implemented in the actual
production, the nonconforming products with surface defects exceeding specification limits
decreased by 11.04% compared with the pre-improvement process. The findings confirm that the
systematic application of factorial experimental design can effectively enhance product quality
and improve process consistency in the vacuum plastic packaging industry, thereby supporting

sustainable quality improvement in manufacturing operations.

Keywords: Factorial experimental design, Defect, Process improvement, Vacuum bag
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dnowasam 3 W1sdmes Ax B x E 1 0.60 0.60 459 0.03
dvdwasin 3 W1lmes Ax D x E 1 5.55 5.55 42.40 0.00
Byduwasiy 3 W1 fiweas A x C x D 1 1.98 1.98 15.13 0.00
dvdwasan 3 W1iwmes Ax C x E 1 2.97 2.97 22.69 0.00
dvdwasan 4 W1imes AxBx Cx D 1 2.97 2.97 22.69 0.00
vdwasiy 4 nsimes AxBx Cx E 1 4.16 4.16 31.78 0.00
dvdSwasan 4 W1iwes AxBx D x E 1 1.56 1.56 11.92 0.00
dndnasIu 4 W151dwes Ax Cx D x E 1 3.54 3.54 27.05 0.00
MdNaTIN 5 W15Tmes AxBxCx D xE 1 2.86 2.86 21.87 0.00
AvAAAAeY (Error) 12800  17.30 0.14
Ha3u (Total) 159.00 207.11
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