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ABSTRACT

The objective of this study was to reduce waste in the aluminum glass frame manufacturing process.
aluminum pole types formed in the process of cutting aluminum workpieces. punching aluminum workpieces
and notch aluminum workpieces from CNC machines using quality control tools (QC Tool) to find the cause
and to improve the quality in the production process February 2021 to March 2021, from the data collection
of waste generated in all 3 production processes for the period from November 2020 to January 2021. It
was found that there were 5,061 pieces of aluminum glass frame manufacturing waste, or an average of
4.4% per month which is worth 3,036,600 baht per month There is a problem with cutting the workpiece
in the distance and degree. The hole distance does not match the center as specified and notching the
workpiece that is deeper than the model This study therefore proposed a predictive maintenance system
Preventive maintenance and jig fixture design to reduce waste in the existing production process.

The improvement effect can reduce the incidence of aluminum column type waste caused by
non-degree cutting. Drilling the workpiece out of the center and notching the workpiece that is deeper than
the specified from an average of 4.4% per month, down to 1.7%, down to 61.36% and based on the amount
of waste reduced from 5,061 pieces, reduced to 1,111 pieces, can reduce 3,950 pieces There is an average
cost savings of 2,370,000 baht (1 piece, average 5 Kg) in the past 2 months If the amount of annual loss is

calculated, it is 14,220,000 baht per year.

Keyword: Waste Reduction, CNC Machines, Aluminum Processes, Predictive Maintenance, Preventive Maintenance
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Abstract

The purposes of this thesis were: (1) to study the optimum ratio between cotton dust,
charcoal and coconut shell charcoal powder for forming into briquettes. (2) to study the type of starch
which is suitable as a binder for forming briquettes between tapioca starch and rice starch. (3) for a
comparative study physical property, and fuel properties of briquettes from cotton dust and coconut shell
charcoal. (4) to compare the cost of producing fuel briquettes from cotton dust and coconut shell charcoal.
The research methodology were as follows: (1) Determination of properties of coconut shell charcoal with
cotton dust. (2) Optimal quantification of binders used in briquette forming. (3) Study of physical properties
and fuel properties of briquettes from cotton dust and coconut shell charcoal. (4) Study of production cost

per unit.

The results of this research were as follows: (1) Coconut Shell Charcoal and cotton dust when
taken for moisture content, sulfur content and heat value, it was found that both raw materials were
suitable for making briquette fuels. (2) It was found that the optimum amount of binder to be used in
making briquettes of both tapioca starch and rice starch were at 18 percent. All ratios tested could be
molded into briquettes. But the best forming ratio is at the 90:10:18 and 70:30:18 ratios of the two binders.
(3) Using tapioca starch and rice flour as binders will produce fuel briquettes with no different in physical
properties and fuel properties It was found that the briquettes of both types of connectors that met the
Community Product Standards were the ratios of 30:70:18, 90:10:18 and 0:100:18. (4) The study of
production costs revealed that the cost of production would increase with the ratio of coconut shell

charcoal and briquettes using rice starch as a binder, cost a litter more than tapioca starch.
Keywords: briquettes, coconut shell, cotton dust
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AsAATIZIRNIaIUNIUYaBETNTtaUaetlsTuiuaae35 FHWA (1999)

Bearing Capacity Analysis of Rock-Socketed Pile using FHWA (1999) Method
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unAnge
unanuiidnauenisiaszinduunmuresanduriaUaneileluiiudie?s FHWA (1999) lnglidoya
nMsazd1savelgiianssy wdurdadiuswinuananudsaviuainduiuseuiandudinuudrium

a a

LIWFIANIUMIEITHAE NN DSLUULREITUAUNSAIUIAE T LA LY wazlssduanadruansndsluiunansan
anvfiavesiiu mnudunadedeiu (A1 RQD) szauAuKe AuaudRiaiuLssdn waziawnUsedeves
AounImandy lumshnseilaidenadunizvuaduriiaudnans 0.80 wns nlassnsnddudwminvaysnd
AsnaaauidaunmIuvasaduluauudunsdinyl W euIHan1IAIUIAASLUNNIUYB AT UL IATIEN

= a o I Yo 1 v Y oa o A
Wisuiisuiunanisnaaeuiadulagldd@ndiumuvasndednsdingnssvswaumalng aduf 6 we. 2527 wuindl

Awaenndesiuluotned
AdAey: Masunniy, dudareilsluiiu, veaeuandy

ABSTRACT
Bearing capacity of rock-socketed pile was analyzed using FHWA (1999) method. The method relies
on geotechnical investigation data. The bearing capacity is generally generated from skin friction in the
upper part where the shaft is in contact with soil and the lower part where the shaft embedded in the rock
socket. The friction at the soil-shaft interface was calculated by conventional static method. The capacity
from the rock socket including friction and tip resistance was calculated by considering type of rock, RQD
value, degree of weathering, and compressive strengths of rock and concrete. A bored pile with a diameter

of 0.80 m. from a site that pile load test result reported was selected as case study. Comparison between
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the calculated result and the test result, with reference to the Ministerial Regulation (Ministry of Interior)

no.6 B.E. 2527, appeared in very good agreement.

Keywords: bearing capacity, rock-socketed pile, pile load test

1. unih

frduunmuvesandueliavasildluiuduidssudhminadufiordoussiunnuaseduilduiu
duniuasusidlannfidudasouianduiinnduiivluiuwasdnuoglutufufuuurestuiiu svesildue
fulneiluasdanUssnalddosnin 1.5 8 3 whwesuanihdaadutuegfunmamifvosiiunasidauunmy
voaaduiifoins JeqtuiiFiiasesiiBsafin (Static Method Analysis) frunaandesanaianzdisauaznaaey
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Waﬁ'%iaﬁuﬁmﬁnuiﬁqﬂ‘umﬂ%muLLé’a Lmmnfmﬁfﬂminﬂ%‘ﬂi@izﬁwaqiﬂﬁwmaLaﬁL%u (Xu, Dai, Gong,
Zhang, Haque, & Gamage, 2021) Iu%mgﬁﬂ’l‘iﬁ’nﬁﬂg}”mﬁgﬁﬂﬂLLiJLﬁEJGWHuLLazﬁ‘Ua’I‘EJLﬁ'lL‘ﬁlJﬁﬁu’Jm‘i’JlJﬁ’uLﬂu
frduunmulsydeiauasmeuriedndiuanuaeadelidubminusnivenls fnafuisiteuuasions
msrmwnlidenliidudiuaunnn (Rowe, RK. & Armitage, H.H., 1987), (Zhang, 1997), (Kim, Kwon, Han, & Yoo,
2019) flesangmsuayiBnisiunausunnduiilduiuivainuasuasieiuduinafivesiwuiduar
Foulviuannmussiogisiuduifeades Suhlinadwiannisdunuessiaiimlenmaunndafuldun
(dteu BuAS, 2559)

Federal Highway Administration vasansgeuininse FHWA lansunsaiianiseenuuuiazneadig
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vaa o
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nmleseiiaunnuvesandusinUaeildluiiuvensdifinuluunenuil
2. ngUsaeAvaInsidey
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1) gjmﬂ’ﬂﬂﬁw%’uuﬁwLmLﬁammuﬂszé’aﬁauLa’lLs‘fJﬂusﬁ'umw (Maximum Shaft Friction

Resistance in Sand) %38 fmax(s) AW04AN
fmaX(S) = lgpavg (1)

de B AN Kgtand

o

AUUTTANDLSIAUAUTG

N
YN

) Aoyudunniuszninsnauninduiuseulandy (Ussana 0.75 wihwesd @ yudeaniu
VD)
Pavg Fovhsussnaulsyavsrandeiinsnastnnueniadulutunse
2) qmﬁm%’wu’ammLﬁammuﬂizé’asauLmvﬁﬁlu%uﬁu (Maximum Shaft Friction Resistance in Rock)

W30 fmax(r) AN (O’Niel & Reese, 1999)

fmax(R) = 0.65F, [qu/Pa]O'5 2)

=
Lo
=De
©
Lo
=93

Ay 0.65P,[f)/P,]1%°

e P, ARANAUUTIEINIA (101 kPa)

(Y]

Gy Aermassauszabunuiielvesiiu (Uniaxial Compressive Strength) fiheiliu kPa

b
°

(YY) o

fi Aermasdauszdevesneuningunsinsyueniieny 28 Ju vy kPa

3) gnsdmsumsnssunmulsEasvesiufivatsiady (Maximum End Bearing in Rock) %38 gy

Y

ey kPa) inrsananaridedauszdounuiennse q, waziUasidudanudeilissvesiegnafiulugluuy
98971 RQD (Rock Quality Designation) gnsuualu 3 n3el (O’Niel & Reese, 1999)

N3N 1 fAufiaAn RQD Wiy 100 warszezilalidosndn 1.5 wihweswuaduriaudnatady
Imax = 2-5qy (3)

n36i7 2 Audidn RQD s¥ning 70 fia 100 dseelisailoUnatiniedinoudiveguuinuuazan q, hitey

A71 0.5 MPa (gjmﬁi%’wma MPa)

Gmax = 4.83q;°" @)

N3N 3 FudiseslimoilotdIuIuNIN WrazkuIYRULANATY N1sUsElvan nTasRInNa I Tavinla

MEN1SYANAFRY HaslansansINiy vlinfiu Anuyis uazauliseiies

Gmax = [8°° + (ms®® +5)%%]q,, (5)
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198A1 S Wae M MPINAIN 1 hara5199n 2

1Y ° o

asaft 1 dydnuaivdafiudnsuldlunissd 2 (O'Niel & Reese, 1999)

Rock Type Description
A carbonate rock with well-developed crystal cleavage (e.g., dolomite, limestone, marble)
B mudstone, siltstone, shale, slate
C sandstone, quartzite
D fine-grained igneous rocks (andesite, dolerite, diabase, rhyolite)
E coarse-grained igneous rocks and metamorphic rocks (amphibole, gabbro, gneiss, granite,
quartz-diorite)

M13197 2 AN S war M IMUNMINAMNINLATYTAYLU (O’Niel & Reese, 1999)

Quality of Rock Mass by S m based on rock type
Joint Description and Spacing A B C D E
Excellent: Intact (closed); spacing > 3 m 1 7 10 15 17 25
Very Good: Interlocking; spacing of 1 to -3 m 0.1 35 5 7.5 8.5 12.5
Good: Slightly weathered; spacing of 1 to 3 0.04 0.7 1 1.5 1.7 2.5
Fair: Moderately weathered; spacing of 0.3 to 1 10-4 0.14 0.2 0.3 0.34 0.5

4. FFenlumY
Fsdnwuvaiy 2 dau duusndunsihdeyanannsdimnassnnaoutuiuniinseilagligns

inanfiuandliluiten 3 Welsudmaunmuvesandy dudsilivsznouse auaudRruidmesd
waziiu auanTRIBInunwYesiiu (RQD viiafiu a1t wazauliseiiles) dnfideadunnimanismaaey
sdssuimdnanfuniessivioudouturaisiunal laglddndueutasadowintu 2.5 whdmiunaan
nsfanmay 2 Wirdmiunensmeaeuluauny (nnsgvssmalneaduil 6 we 2527 sanaiuailu weu.
AIUALDIAT NA.2522)

nsfnunildnsddnvianfuazauiaduriiguinais 0.80 was mue1 19 wes Tassnseadnauiuuss
mausnAssEivlsiui mMmmeanea3s Smiatayd kamanizdsaduiulisieiennvauaizdin 2

viau (UsenupauauUsswelve) 311n, 2563) louandlilunnsed 3

A15199 3 NALIITENTIVTUAY

~ SPT whedwiin
ANNAN - . q.
YN VIR AU (MPa) y
a
() N Ncor (kN/m?)
0184990 518U uns18daiuUIunanafanuy (SM) 33 24 21
9.0 99 16.5 518U uNT18wdLun (SM) >50 50 21
16.5 614 21.0 | fiuunsindm gisUunats (RQD = 50%) a4 21
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P29auanis 9 westiunsevunneudsiinn N wihdu 33 FeinsuSunian N 628 Neog 91U 15 + 0.5(N-
15) ¥11% Neon SRWVINAY 24 dmsudasiidanndn 9 was A1 N 49131 50 11039 Neog S350 TaelduSuud
WEA Neop Wuaadursn @ Tneldnsmlugudl 2 dmsudregnsiuldifiuiegrand e RQD (3Uil 1)
wazilunnaeuidsdaunuieldriadewintu 44 Mpa

A1 B lumis19it 4 Auaaldaingnsludiesuisvesaunisiil Amdasussnasiuuszansnaiade
Pyyg Tutismnudn 9 winsuagdng 9 s 16.5 lumsivindu 49.5 kPa wag 140.3 kPa anuanfy (ﬁwumwizé’uﬁﬂaq

ARAY) Unassafunuattuaunisil sglaamnisnsudsaniulsedsnaly

UM 1 fregefiuannmauiangdig

U

731 UsTnueasauUsewmalng) $1ie (2563)

Very loose -
/Loose
|'y Medium Dense |Vefy dense
140 0 _
130 / 10 :g:
N f :
110 AN / 30 %
- I / 8
=100 N 40 5
o X o F
= i N 3
s B0 f{ N 60 s
5 Nﬁ‘/Nq E
:5'5 70 / \ 702
= ! a
5 60 / 80
3 /7
3 50 1
& /
§ 40 p
1]
s ’/
20 /'_-7/
10 |—zZ
-

0
28 30 32 34 36 32 40 42 44 46
Angle of internal friction, ¢ (degrees)

JUT 2 Auduiussenine N uaze @

ﬁu']: Peck, Hanson, & Thornburn (1974)
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o

A1519% 4 AW asiuNsIAsIEEnaLdsanulutuns e

ANUAN ' P
N | | 6| K B ’ y avg
€0) s (kN/m?) (kN/m?) (kPa)
49.5
0-9.0 24 34 26 0.7 0.33 21 11
(11x9/2)
140.3
9.0-165 | 50 41 31 0.7 0.42 21 11
(11x9) +11 x (16.5-9)/2

5. Wan13IveLaranUIeNan1sIvY
Han1sAnaAmgLsadeanulsrddeaunisil TutuAunsiensaosdsldan fihaxs) wiiu
16.5 kPa uay 58.4 kPa mnudau wasillenaieiiuiidudaseuandy (A) 2291 uaz 18.85 m? aglafduden

MmMuUsedy 374 kN wag 1,101 kN aud v Aavuasiuisasstiadumdadeaniulseds 1,475 kN

o w

ANSAUINAIaLAsANIUUSEaelURUA8EUN15712 1neLdanlgnnae9nUseaaundmaun3AadaInAINIad

a1 ' = '

dnUszdeunuiietvasiiuliangenitnounin Jeldan f7 wiriu 24 MPa seezildluduiiu 2.4 was Aruien
fmax(m)l¥ 1,012 kPa quusheituiihdudaseuianduliideusadeanuluduiiuiiiy 6,104 kN
nsmuaduunmuiivaeaduluiudenldaunisiis WeswinA1 RQD seweg ANy

wiglulassmsiiardindnariwugdlldluaunisin3 wazaun1sng Weiarsanseaunisyie Iadneglunmnin

Y

SEAU “Fair” aunns1eil wasiuunstndeeglungy “E” aunnsei2 iildamnsfiwes “s” uag “m” wiriu

v

0.0001 kA% 0.5 AIUAIAU WNUAINITITLADININUATUANNITNS 3210 Gray AU 4.17 MPa Li0A MG

Y
NuAntdaady (A) 0.503 m? HadnsAswsaunmuUsedsivatewandy 2,094 kN (Ussanas 213 fu) 1ilasiu
LIIFNUNUNINUAINTUNTE (1,475 KN) 91T (6,104 + 2,094) 1Hurrdasunniudsedavaaanduiniu

9,673 kN (Uszunnd 967 i) wamiﬁﬂmmaﬁqﬂiﬂumiwﬁ 5

v
U a

A1519% 5 NANNSANUIUNANSIR UM UIUTURUNS B waTTUTAY

ANAN [ max(s) Ui due Aasden Qmax Wudithda | usewunmy
(m) W50 saulddy A | muuszde (kPa) Wl A, | Uszdedivane
fmax(r) (m?) (kN) (m?) wda (kN)
(kPa)
084990 16.5 2291 374
9.0 919 16.5 58.4 18.85 1,101
Rock Socket 1,012 6.03 6,104 4,166 0.503 2,094

Tuduvesnmsnageuaduluauy Wunsvageuiivuiauazanueidertutuiildssnismuin a1
nagourhiiIsimingdn (Static Load Test) Mihwiinussnngagelunisaaeuiifiu 765 fu (Ul 3) nans
maammL‘ﬁmﬁﬁmﬁﬂmaauqaqm (Max Load Test) 765 fiu ’"imhmmgmﬁagqqﬂLﬁamﬁmfmﬁﬂmaauﬁﬂ% 24
%’ﬂm (Total Settlement at Max Load) & 10.59 w4 LLazLﬁaaawfﬂwﬁﬂmaauaaﬂﬁy’wm i’mmqurﬂmai

(Permanent Settlement) 1@ 5.43 1.
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JUN 3 MavegeunsTuIminvedEdy Nun: UitnuaauwauUszndalne) 9fn (2564)

muingnsznsauialneatuil 6 we.2527 szylude 21 Ilildmdwunnuresandulidiiudns

[

fateludl (1) AdwunmuvesanfuiiduinanmamegeunmausivesiulFldhduunmuldlifuiesasao
vosmiinusTngsga (2) ddswunmusesanduiildannismeaeulildmsuunmuldliiiudosas 50 vesin
NUIIYNEER %Lﬁudwam'ﬁmaammLﬁﬁm?ﬁaﬂswﬂadﬂﬁhmiw;méfﬁﬁﬁmﬁﬂqnqﬂi’miﬁ 10.59 w131, 8984%19970
\naush 25 1. BguIN WiknIsngaiaasld 5.43 uu AdlndTadadnd 6 . Rellmnldinasidinimmgndai
5mﬁfﬂqqqﬂLﬂmsﬁ'ﬁluq‘ﬁ'ﬁﬂﬁaﬁaﬁumwﬁﬂﬁmmlﬂu 191 American Society of Civil Engineers (1997) %58 ASCE
wurth 3.81+0/100 (O fuhedy wu) eraldtmingsangannnitil egslsiiniu fedeyaynioysnuldine
ﬁﬁ%ﬁﬂUiinﬂQﬂ?jﬂ 765 duthilndidesrmmduunmulssdsneldvininasivesngnssnsisd fafu ddwunmu
fvenlidemsAnaindosas 50 vos 765 Fudawindu 383 du maflsuiurnainnsAi 967 Fuuazldaosas
40 azléiAn 387 fu wan1sTeuifisuseninadiildannnisdiuaniieds FHWA (1999) furanisvaaeutandsily
aulaeinsanlddndiunnulasndunungnsensiinuaenAaoIFiuLIN

oghalsfinn arfduunmunuiiseslivesaduduasfesmsvaeuanuanniniuidssavomign
indufiinainidsdavesrsuninde insaildmasdavesaeuniniivenliie 60 nn/au? (ngnsgnssumalng
atufl 6 na.2527) thinguituiiviindnagldmdawunmuileenliszan 300 du (andududeenuuuiuthmin
usInd 300 d) lunsdiiuaiussiunufusasiuiivasaiduganiniou 30 Weddud dufunisiimue
svezilslufiuegnaten 3 wihwenduriugudnarorafunseysnddeuivlunioly Taslamzededslufiuii

AN ME mszaneainanduriaiisnamasnnduiaananuniinevaulelaneaduluiiutiues

6. @juna

[

MTlATEAMaLUAuresadviaUareldluduiumeds FHWA (1999) Judnmadenuilsannvane

¥
&

ad ¥ o aal d =l o IR = a a i o v w = @ o

T defvesitnsiiAegasildlunisanalidudon In1siansanvlia A1 ROD MAdR Tiufiaseduaugiaves
#u nadnsannsinsziandurdaUaneildutuiu wduesduiugudnacuwn 0.80 . 811 19 w. dwey
lutunsng 16.5 u. uaziszegilaluiiudssunm 2.5 1. armduunmuiigedliainnisAiuiniial 387 du fiaiy

Y o < a o Y o ) | I o )
danAapInNINAUA1IIINNISNAdaULE LN luaTNT 383 du tngldandndiuanuUasndy 2.5 Wuay 2 Wnd1nsu
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o o =

NaINNISAURBaTHaNAdaUluaul Auaeu wanand WethuUSguiisuiunnsIInnANNaINIsas UL TN

o a

YoIntinadumeidveinaunInfisosas 25 vaeiddnusydsnaunsavsaliiiu 60 nn/wu? (300 ) uan

v
o a

Wudenduuiliduavyi s osilsluduiueaasldnunin 3 wihdilduls

7. daiausuuz

othalsfin safiuandduumenuiifunsuSeudeuiuadudiosuior TumaudoR sanmseman
onafanuaaiaedeuanainadeuluauuls :ndadennuulsusuvesguandinuludunaandusiui
neaeufuauanTRfimumomauaty venani Mdmunnuvenanduaidluaunuiinaaeulddduiudade

o o A

drAgydutu aunnlunisieaiiuandy nswsendurguioumaeunin auinuwiuglunsinan1sngas
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8% ad al

sEniansvageu Tuswipsinndduiudeyanaaeuanininnlulsdiedudunadnsanin s iseisiladule
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8. fAnAnssuUsENA

Aleuvouvaunm ANNIARNA uand wasuSevuaauau (Uszndlng) $1in Wuedrsgaluanuensei

7 <

Joyadisratuiuwaznanisnageuiaduiisliidulsslesinaimniswaznisinnininausluumaiui

9. 1@NEIIBNBY

nQNsENTNatudl 6 wa. 2527 senauanulunszvdygRaiuaneins w.e. 2522 @Uufitay) w.e. 2527,
(2527, 11 manAx). S19AIYUNIN. LaxT 101 AouTl 143, nih 10-29.

U3tMLAaLaUWszmelng) S (2563). TeUEdITIIAnTuALTATIsAeas U FUUTITLenesER UL
Lufgadamamaimineay 36 Jwinvays-daminssees.

vsenumauau(Usuindalng) $1m (2564). s189unIvnEeUNTULTInTeLadiaylngisnsatnddns (Static
Pile Load Test) lasenisneasiausuusemausnsnassiunlduii 9.9aU3 2.5v809 1w

do1u Buds (2559). Adifutntnvenanduriiavatedduiuluenioine. s1guIdeaduanysal.
159115338 UsLnMIvUseanutiuelanluganyuszuta QuUssanaurumv) Yseindauussanas w.e.
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wagHaaINNsUsEuUsEANEamMnUI (3) Tumanisnensainlivinniswaunieneinsalusununissudadeya
Suwesidedmsulumanuu n, 2n, 3n, 4n, uaz 5n fiAuadesesazauianainduysalvesnisneinsaliu 3.59,
3

01, 4.02, 4.08 way 5.95 mud1au lnen1sneinsalvealunanuy 2n Wulimanliaedsdssazmnuianais

€
o
°
D.

ABSTRACT

The objectives of this study were: (1) to study the forecasting model of Internet traffic volume
using neural network techniques, (2) to develop the forecasting model for Internet traffic using neural
network techniques, and (3) to evaluate an effectiveness of forecasting models by neural network
techniques.

The researcher used the 12 data sets of National Telecom Public Company Limited between
Januarys to December 2021 and divided each data set into 2 sets. The first set is for learning forecast
models and the second set is for testing predictive models with a ratio of 70 to 30. The input node (n) for
a backward propagation neural network has 5 nodes and the output has 1 node and the neural network
uses the Levenberg-Marquardt algorithm to train the network for tuning weights, bias values, and the
number of nodes in different hidden layers to design a neural network that makes the lowest of the Mean
Absolute Percentage Error (MAPE).

The results showed that (1) the forecasting model was a multi-layer perceptron neural network
technique suitability for forecasting Internet traffic and (2) the model was developed using the technique
of the Levenberg-Marquardt algorithm to find the optimum number of nodes in the hidden layer equal to
2 times of input data and the result of the performance evaluation found that (3) the forecasting model
has been developed to forecast Internet traffic for 1n, 2n, 3n, 4n and 5n models have the MAPE are 3.59,
3.01, 4.02, 4.08, and 5.95 respectively which the 2n model was the model that gives the lowest value of
MAPE.

Keywords: Predictive models, Neural networks, Performance measurement, Mean Absolute Percentage

Error.
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a = 1N
w = dhuidndseam
f = fHenduaelou
p = dunm

b = luda

3.5 Wangun1sanelau (Transfer Functions)

v

Handunisanelounldlunisvihauasinseglusvwuudaduriolidadu madenldileidunisdneleuay

YY)

Juegivdnyurvesssuunillusuldonu fridunisaielouszldlunisiuunisnevauesswededns luliseu

a

lnsn1ssusindeyaitewdrduimidnlulassiedsvamituilandunisaieleudasldrinevausaoding

v

dnsuiiseuneglutuinertuaglafendunisaneleuimilouiy Feflandunisarelounwmilounuinainvane

B

<) v o oo

sUkvukarBunfdenldnuunn liun Heddu Sigmoid function Fuluilsidundsuuvunifidnvazmiioudugui

od (S)

1
f(x)= (2)
( ) l+e™
1.0
/S;’gmoid
1
_,/ e
0 X

3U17i 2 Handuaneleau (Transfer Functions)

3.6 nMsiFeuidmsulaseineuszamnivisy
Lavenberg — Marquardt (LM) {unszuiudildlunisiseuivsenszuiunisnisiinaeululasieyszam
Wenlaenisvhaudnduszdesddeyaiivsenaudedoyadiuivaiungu fe 1) Jeyadmiunisiseud (Training)

2) Yoyadmiunisnsivaeu (Validation) uag 3) Yeyadmiunaaeu (Testing) lngauusiugivesnslddanasiy

v
1Y

Lavenberg - Marquardt 3¥dusgiuasnmuasteyanduvesteyanlddmiunisnsisaeudannngudeyadmiu

nsasvdeuisuuuunmileuiunguieyadmiunaaeuazrinbilinaiinuuiudunnuaziiaumangauiuan

Y

v 2 v = a Pz = o2 Jo < = vl < i A ao
VaHANBUNNAU %ﬂﬂﬂiLiaugaaﬂaimeUU LM u&NLUuﬂi%U'JUﬂWiLiEJUE UATIUIINLITUINLAILANAILUBDUITUIU

duwUsteayaundmseduiulnuatugowsu (Hidden layer) MunTuvseiiludiwiunin (sadu lansiawn waz

8903 Usenuual, 2563)
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oo 1 \bA
Input 1 X1 W
— Y 5| outout
Input 2 X2 w flb+wixy+ WoXo, ...t Wi X,) utpu
Input 3 X3 W
: y
Input n Xn

wi(1,1 W2(1,1)
ni(1) alh) = n?(1) a’(1)
x(1) ¥ £ e ) >
b(1) bX(1)
1 1
n'(2) a'(2) n2(2) 3
x(2) z f z PR
lb1(2) l b%2)
' 1
51 2 3(s3)
nl(ql) al(sl) n? (s as
X 2 f—* z >
1
WIS ) ()
1 1 1
UM 4 lassngUssanniieuiuuvangdu
PAan: Hagan and Menhaj, 1994
A15199 1 UITENNYIVD
wadadSns/sansnuily ASIANE/UTERNS AN
oIy 3 % L g | £ b .
u £ s ER= @ & 5 2 L L
= | E | &% (s |iyit | =] 2] 28
€ £ = g §
oty FusTy wazAme, 2560 N4 v v v
WeR yeyson uazns i wawdeu, 2560 N J
1908 Wiudrns was undna nAdn, 2560 | v v
Y . o o a PR,
93 ytes wazeued Jadieila, 2560 v .
gl lvgauns waznd FoRuandy, 2560 v
ASouen Uwa’iej'ﬂé aAtuv Junsal, 2563 V4 V4 v
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A15199 1 I8N0 (M)

walinisnns/eansnuily AMSINNE/UTERNS AN
3 5
4 wns . = .| 8 |8
Yoy H z Ty | E | 5] ¥ wo| owo |y 5
3 5 - 2| e g 5¢g o o w w g
z £ g 3 S| 2 = < < 2 <
g S S 3 = T8¢ o > O
g z El = ® e
= = . H g
2 s g
=l (2]
N3N ANAY wazaues Uadinila, 2561 V4 v v
3195 Al uag gnatl vieunan, 2562 v v

4. F/ENLUNITIY
4.1. Anwuann1¥ineu
4.1.1 lass9neUszamiisunvudsdygraludramin (feedforward artificial neural network

3o Forward Propagation) \lulassnedssamifieniivssneusnetusing q Ineduusnazidududeyaind (input

layer) wazdugavineidutunadns (output layer) dauseninatudoyaindrfutunadnionafivieldfitugou

v
Ve £ o = £%

(hidden layen sgneluiladaudungnisiseusiildlunisaeulassieyszamiion Inensdeusesynineduves

lasengUssamiisuwuudsdaaaludramtasimaraiminduduien wasdyarauindidanazgndaluniu

L Ad 7] Y

frmnsvesgnasiiinsitdnfienisnisiedeuiiduuumasviewdeunludimii Inslassneiinisdeuseriu
aeauysal Tufe Mnusnnlrualudunivuaweusdeiunnlvuaiuduiallaufsiunadnslagldiinsdoundu

4.1.2 las99n8UssaMifiguluuLnsgounau (Backward Propagation) Usznausigduiiiseai

v
I YU a

Sossianu lawn Judunn (Input layer) Gugeu (Hidden layer) wazduaiding (Output Layer) lnsusiastuazas

daaludamn 9 SsouinluddumsidenseszninedsealidiianunsaufualdSendaui 41 ardaaiomin
(Weight) uazArluwed (Bias) iuludsmsnumesileddu (Transfer Function) Ineiflediogauidundadudunn 7
d1urudeya R Yoya Network %ﬁﬁaaﬂa'ﬁ'L%wv‘iﬁmi@mﬂ"lﬁgmﬁmmLwiazm%ayjaLLé”JﬁWLLﬁiaxﬁaiauﬁgﬂ@mm
swfunaniUisuflouantmanedisinun San1sUsuaeasiminesldnsiinaeusie Levenbere Marquardt
Algorithm

4.2 nM35usIndayadimiuauie

Uszrns Ysunaunssu - defeyadumesilavesumivends

nauIeEe USinanssu - dedoyaiiieunnsiay w.a. 2564 89 ieusunay w.e. 2564 \Wuszeziian 1Y
YDIAUGUINITTINIY 10 WA hazuaeBumesiin 3 uis

4.3 Myianuazandaya

n19iANUare1nteya (Data Cleaning) Lf’Jumiﬁ’muﬁLﬁ&J’;ﬁ'umsmwaauLLazLL?ﬂmﬁﬁaga Lﬁ@lﬁ%@;&a
ogluguuuuiigndeuazaysal Imsﬁy’umauﬁuaamiﬁﬁmmasmmﬂﬁagaﬁuL*flu%umaw,mﬁﬁwﬁ’zymaamil,m%‘awﬁaaﬂa

o
[ YY)

Feindeyaliiinnugnsewiteldauysal e1adwmalvidmeurseteasuilaliaunsainluldusylovila dedulunis

v v %

iAnuazeiadoyatuisfesnsisdeuinideianaineslsfatuiudeyatie wwu Insdmaudoyaiidndou

v o

(Duplicate data) Yayalsinsariu (incorrectly data) Yeyainanasie (Expired data) iinnsgayvnevestayaunsdiu
(Missing value) fidndayaniiinnuiinunivieuandidluaindeyalungu (Outliers) Wusiu a1ntuvinisuiuuss

1%

Joyalnga1aldnmaunuiisaeeilal vienisauteyailignieavaitueenty (nsdnd nws, 2564)
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4.4 nMsnalunangInsalaeIslassingussamiisy
nstaluaadldlunaneinsal wndutunounisthdeyannussmnsuasnduiosnsitléivdenlivinag
ahalusalaglfidonldisnsanslumanvuiinmsiinasulnethdeyalusfniiiiunvinissiusiuuas davsaams
vosteyaiielidmiunisainslumameitlassineussamidion Tnsazvinnisudsteyasoniduassdau Tnoteya
dnusnazfumslidmiiilinaeulinautadu 80 Wefidud Teyaduiiaesazidunislidmsunmsvaasuluma
I@‘Ej@f\]’]ﬂﬁ?ﬁiﬁﬁ]’lﬂmii'mﬂ"]ﬂﬁzaw%ﬂ’]wmﬂﬂ’l'ﬁﬂmiﬂmﬂlﬂLagﬂﬂiﬁuﬁﬂwaﬂﬂﬂﬂﬁﬂéjﬂﬁm (Mean Squared Error :
MSE) LLaxﬂ'wLaéwaﬁaaaxmmﬂmwmmé’mymﬁ (Mean Absolute Percentage Error : MAPE) ‘171"9?’1‘17‘1‘@@ Tnefiansan
nlyusidutugeu (Hidden Layer) lngriwuadu 0.5n, 1n, 2n, 3n, 4n uag 5n Fan %Lmufé’wmuﬁa;ﬂamaq%u
111191 (Input Layer)
4.5 nauaidnuszansnmlumaneginsal
et TausAvs amanlanan1snennsainad st ldRE s uaume MSE way A1 MAPE Seazme
m’mmmmLﬂﬁauﬁﬁ?wﬁqﬂumﬁmmmgﬂé’faamaqiuLmamiwmﬂiaﬁaﬁqmﬁ’lmuﬁﬁ
4.5.1 ﬁ’]ﬂa'm!,ﬂﬁlauﬁ']é'ﬂaauaﬁlﬁl (Mean Square Error; MSE)
Apaandeuiddenaisfie AladeveimMaideIveiAATINARIALARDUIINNNTNEINTAIDS
ALAUYI MSE tufife nsldnnsendidiaesiierlvirnanunainndeuainnisneinsaifiinaunatsifuuinuas

aa

FULUUVRINTAIUINIANFURUS A UNENAIIN19@dAdUS (NFUNS NN (2561) 19U ASAIUIUAIAIIY

[

wlsUsu Tuvzandasvas MSE Arslunsdifiripaiapdouainnisneinsaidaiuin wedniseniidsaaadnluaidl

Q
v

ARINaaANINNTULATENINSOREARSbeRIENNTT (3)

2
MSE:Z—M\';F" (3)

a

4.5.2 ﬂ"]L‘tJa%LsfiuﬁﬂmﬂLﬂgauﬁuu‘,mjma&l (Mean Absolute Percentage Error; MAPE)

Aesiusinanindeuduysailads AeAduysalvernainindouainnisneinsaldagaiues
MAPE Afelaigniufurnvassuysidosnisasnennsal uslinsuanseenunluguvesriediduideiresionisdla
YBIYARAES 9 (NFUN3 My (2561) Mogaidu nen MAPE fiawiniu 5 Wedldud fesidnlalalusiuiidnan
pmawrdeuIINMsNEnsaltuliewiniurils wWelianunsafirusyiueaiugraindr MAPE 16 Tsinsiaun

seaulunsiaialdlunisinnuA1ves MAPE sesaluil

MAPE = Z—M - ||:{||><100

Tag?

Ft nuede AweInsallusani 1

v
= ' =

P80 AP NRTUITIIUYIEN t

N wmneds Suuteya
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5. NaN15IRLUATaAUTIINANTIY

foyanmsamsailunalunisweinsaiufinumslidoudumesideiimnzaulaouansiniadovesiosay
mmﬁmwmﬂﬁ'mgizﬁ (Mean Absolute Percentage Error, MAPE) Y84A1115 Download whay Upload SUEN@‘L!E](
117U 10 Wit uaxdn 3 quans sausifeuunTAy fa Sunnew 2564 Feyadoyaiitnanlddmiumetaulinad
dnwanudoyasynsuiaiuazlddanesiiu Lavenberg-Marquardt (trainlm) lunisilnaeulaseineuszaniiien
Tngldrmunaeituteusdsdmunguives Sualilum aulnduwd wazamy (2561) Manensaiviunanilva
denaiuilasldlasedisszanmiion uay giiu lveaunns vi definandu. (2560) nswensalseduiilag
quﬁwaaﬂmﬂﬂhwizamLﬁwﬁwﬁi’fa;ﬂaﬂ%mmﬁfmumau:uwiwam WRF-ECHAM5 21nn15Anelungufaenan?
wuhmsimusaisestudeu (Hidden Layer) asshnisfmuaanyiniy 0.5n, 1n uaz 2n e n uuiUsteya
ihidh Fadimadnslunawennsaiilagunaannmeaesldseluil

miﬁmumLaLEJa%%usdaummgUqu 0.5n, 1n, 2n, 3n, 4n, 5n 15ie n Ao ai’m’au%a;gjaﬁwﬁﬁjwﬂé’dw luna
0.5n 18 5-3-1 §1 5 wnudaudeyathidn 3 wuduudeyaimwestutou way 1 wudnudeyanadns luea
1n 18y 5-5-1 &1 5 wnudwaudeyatindn 5 unudwiuteyaiaweidudeu way 1 unudnutoyanadns g
2n 1 5-10-1 @4 5 wnudwaudeyaindi 10 unusoudeyaiawestutou war 1 wiuduaudoyanadng luina
3n 10U 5-15-1 @4 5 wnudwaudeyetidn 15 unusnudeyaiaweitutou way 1 wusuiutoyanadng Tuaa
an 1 5-20-1 34 5 wudwaudeyaiidi 20 unusoudeyaiaweitutou way 1 wusuuteyanadng Tuae
5n 18U 5-25-1 8 5 unuswrudeyaundi 25 unusiuudoyaaesdudou uay 1 unudwaudoyanadng

naansTlgannsialumanensalagulanssieluil

AN5197 2 ANUTEANSAN (A1 MAPE) annlutnanensaiusunadumasiinuidn

INPUT (Download Data Transfer)
amw?i Model 0.5n Model 1n Model 2n Model 3n Model 4n Model 5n
MAPE i R MAPE A R MAPE A R MAPE i R MAPE A1 R MAPE A1 R

@usj“'l a1 0.5081 0.48596 0.2668 0.60984 0.3296 0.6929 1.2400 0.1176 0.5052 0.63985 1.0991 0.4093
ﬂué“'l EjI‘U‘if\'EJ 3.0036 0.93902 1.8780 0.22331 4.5794 0.68633 1.8445 0.87605 2.0610 0.93623 10.5191 0.21771
Quﬂ("l UATAITIA 4.8364 0.99438 8.7700 0.9211 1.4968 0.98351 1.5042 0.88877 0.0182 0.99925 7.8023 0.9838
ﬂuﬂﬂ qmiﬁ’wﬁ 0.9597 0.88022 2.2906 0.24686 1.3693 0.72674 4.0290 0.13444 1.3584 0.37262 4.2744 0.35306
Quﬂ("l quaiwmmﬁ 1.3721 0.3299 1.7245 0.468 1.1628 0.68812 1.2467 0.52687 2.3894 0.3276 4.1941 0.15915
@usj“'l UATUIEN 6.2321 0.42214 6.3301 0.0464 2.8658 0.79476 3.5057 0.73383 6.1636 0.43405 7.8819 0.61164
ﬂué“'l LW‘UW% 1.2079 0.37983 0.8248 0.72259 1.7597 0.61281 1.0054 0.76727 1.7537 0.71342 3.6185 0.08779
@usj“'l fi‘fw/\u% 1.4003 0.27149 1.3905 0.79271 0.8521 0.81596 1.2705 0.069213 4.1815 0.4415 4.5837 0.08461
ﬂuﬂﬂ 11.5042 0.56624 7.9908 0.8458 8.2212 0.77443 5.1140 0.60894 6.1361 0.71199 7.7924 0.12791
UATATTIINTIY

ﬂuﬂﬂ Yran 5.6441 0.99626 5.0781 0.9985 1.4215 0.99976 6.1369 0.99576 3.0195 0.94925 9.6721 0.98212
ﬁ!uaﬂﬂﬂé’ﬂ?‘i 11.9835 0.92264 4.9497 0.98312 5.1377 0.9716 6.5881 0.99461 2.2454 0.97468 6.1184 0.97624
&qummﬁﬁwuz 4.6844 0.89597 1.5839 0.90619 3.2139 0.98811 5.5786 0.74558 7.7503 0.93618 11.3021 0.88779
ﬁumamﬁm%ﬂ 5.0367 0.85595 8.8434 0.8988 53292 0.81518 7.6870 0.90643 7.6870 0.90643 5.5136 0.80692
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AN5197 3 ANUTEANS AN (A1 MAPE) annlumangnsalusunadumasitnuiaan

Aol OUTPUT (Upload Data Transfer)
Model 0.5n Model 1n Model 2n Model 3n Model 4n Model 5n
MAPE AR MAPE AR MAPE AR MAPE AR MAPE f R MAPE AR

ﬂu?ﬂ'ﬂ a1 3.0209 0.2716 2.3293 0.17676 6.3325 0.77375 7.5225 0.64234 7.0050 0.72376 8.2667 0.51141
@uij"l qI“UVTEJ 0.7519 0.73434 1.1053 0.69401 0.5963 0.79195 1.3369 0.41081 2.4297 0.29722 2.0251 0.09782
ﬂu?ﬂ'ﬂ UATEITIA 3.8319 0.10694 5.1607 0.92303 0.0030 0.97322 7.9945 0.97793 4.2718 0.99277 12.1977 0.95933
Fjuﬂ("l qmﬁwi 0.8893 0.1835 0.7996 0.54517 0.6102 0.69589 1.0535 0.21295 2.2007 0.08796 24797 0.21595
qué'ﬂ auaswswi 1.2748 0.44487 0.9510 0.41673 0.6014 0.6543 0.9122 0.31011 1.7301 0.25542 2.6765 0.22143
Fjuﬂ("l UATUIEN 5.3445 0.083778 5.2404 0.24015 4.3126 0.50048 5.7416 0.24095 4.9240 0.24439 8.2059 0.4187
@uij"l LW“UW% 0.8243 0.51994 0.8013 0.7406 0.9530 0.64238 2.0702 0.12501 1.1476 0.03207 2.4168 0.13586
ﬂu?ﬂ'ﬂ 5‘14‘*/\‘ﬁ 0.8236 0.35392 0.8788 0.5209 0.5640 0.67647 1.4875 0.10097 3.1278 0.21382 27624 0.10509
@uij"l 8.5885 0.88652 0.2579 0.11982 5.9441 0.9981 7.3850 0.28262 9.8646 0.99145 9.3334 0.21251
UATATEIINTIY

Fjuﬂ("l gzan 0.3333 0.99988 7.8314 0.92419 0.4744 0.99488 2.4575 0.99969 3.9409 0.9999 4.3700 0.98153
wgumwﬁnﬁ 7.9402 0.97807 5.9389 0.98016 8.9210 0.99027 6.3067 0.93714 8.4663 0.9624 4.6628 0.97044
*qumw,ﬁﬁwux 8.6622 0.81949 2.7483 0.96308 8.6622 0.81949 7.5213 0.9758 3.7647 0.96778 6.2261 0.96685
ﬁgumﬂmﬂm%ﬂ 6.4986 0.50139 7.4409 0.57113 2.4986 0.79136 6.1016 0.87235 8.0057 0.67108 4.6577 0.70691

6. @3UNANTIVY
nsimwleanensaldmsulinanisivdsdeyadumesiinlagldinaialasaieyssamiiisumes
WiunseunatedunuuLnsaunduiduguuuuimanzauduiunsnensaivinnansivdideyadumesidalaedu
s lieanusliuureImngunsivuaaestugeuiminvaulaylidanasiiu Lavenberg - Marquardt
< -:4 ° ° s % o XA - ° o
JunszuiunislumsiSeuileenisimvuediuinvesawestuteutudsil Ae 0.5n, 1n, 2nidle n unudtwiudeya
Wt (g lveaunis wagnd deiiuandu, 2560) wastiuduutugawdu 3n, 4n wag 5n InenisinUseansaw
31NN1TANTNANRRIAIURANAIAENIIAIERS (MSE) UazAladevesiesavauinnanduysel (MAPE) Gus

Yo Aulndund wazaue, 2561) kan1939enudn n1smavedlumanananainlumanlavinniswaunauty

a a

au1safiasanlaaindt MAPE Tagvinn1siiansansaniuadnsna R (Regression) damindandlnanilslnefia

=1

MAPE filsaganunsageusuladmsuanideitudesdialuszaulisini 90 % suiiivualiluauusignu

TUAane NI alUS U UMBSLINT 9L 14as 190N LAY BInUNANITIE WU TunanensaluSuie

caa i

duwmesilnviduazuiesndiulvnglinansifelumanisnensaidanumansauuazeglunasiauufigiu
ﬂau%JUIﬂsﬂmLﬂamiwmﬂiaiﬁlﬁﬁﬂmiﬁwmLﬁawmmaﬁﬂ%mmmﬁudﬁayja@uma%tﬁmﬁm%’u‘lumau:uu 1n, 2n,
3n, 4n, WAL 5n ﬁﬂ"lLQ?%EJ%’@&Jazmmﬁmwamé’uyﬁiﬁmmmﬁwmﬂifﬁl,flu 3.59, 3.01, 4.02, 4.08 Lag 5.95 AUAIAU
falunauuy 2n Wuliaiflidiedsiosazanuinnainduysoisiian Tnenan1iteiliiauaenadestuauide
vosgiu lvwauns wagnd dofwandu fu Swithun aulndund wesauzilduuudiasdasaisussamiielog

° ¢y | = q v a a =
ﬂqiﬂqﬂuﬂLaLaaiéﬁusﬂauﬁlu%?Q 0.5n - 2n %QIVWﬁUS%aWﬁﬂ’]WGU@\ﬂNL@]aWLVIlI’]gﬁlI
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Model 0.5n Model 1n Model 2n Model 3n Model 4n Model 5n
A0y MAPE MAPE MAPE MAPE MAPE MAPE
vudr | vieen | ede vud | vioen | wde | vudh | vieen | whe | vwdh | vwen | wde | vwdh | ween | wie g1 | w1een iy
ﬁ]u&j"l a9 0.5081 3.0209 1.7645 0.2668 | 2.3293 | 1.2981 | 0.3296 | 6.3325 | 3.3311 1.24 7.5225 | 4.3813 | 0.5052 7.005 3.7551 1.0991 8.2667 4.6829
@‘LJEJ“"I Eji“UﬁEJ 3.0036 0.7519 1.8778 1.878 1.1053 | 1.4917 | 4.5794 | 0.5963 | 2.5879 | 1.8445 | 1.3369 | 1.5907 2.061 2.4297 | 2.2454 | 10.5191 2.0251 6.2721
ﬁ]u’&j“’l 4.8364 3.8319 4.3342 8.77 5.1607 | 6.9654 | 1.4968 0.003 0.7499 | 1.5042 | 7.9945 | 4.7494 | 0.0182 | 4.2718 | 2.1450 7.8023 12.1977 | 10.0000
UATAITIA
Qué“’l iﬂq@iﬁ?ﬁ 0.9597 0.8893 0.9245 2.2906 | 0.7996 | 1.5451 | 1.3693 | 0.6102 | 0.9898 4.029 1.0535 | 2.5413 | 1.3584 | 2.2007 | 1.7796 4.2744 2.4797 33771
ﬂu&j“’l 1.3721 1.2748 1.3235 1.7245 0.951 1.3378 | 1.1628 | 0.6014 | 0.8821 1.2467 | 09122 | 1.0795 | 2.3894 | 1.7301 | 2.0598 4.1941 2.6765 3.4353
QUATIYEY
ﬂu&j“’l UATUIYAN 6.2321 5.3445 5.7883 6.3301 | 5.2404 | 5.7853 | 2.8658 | 4.3126 | 3.5892 | 3.5057 | 5.7416 | 4.6237 | 6.1636 4.924 5.5438 7.8819 8.2059 8.0439
ﬂu&i“’l L‘W‘USU‘%‘ 1.2079 0.8243 1.0161 0.8248 | 0.8013 | 0.8131 | 1.7597 0.953 1.3564 | 1.0054 | 2.0702 | 1.5378 | 1.7537 | 1.1476 | 1.4507 36185 2.4168 3.0177
Q‘UET“’I wLWI‘Uq%‘ 1.4003 0.8236 1.1120 1.3905 | 0.8788 | 1.1347 | 0.8521 0.564 0.7081 1.2705 | 1.4875 | 1.3790 | 4.1815 | 3.1278 | 3.6547 45837 2.7624 3.6731
@u&j“’l 11.5042 | 85885 | 10.0464 | 7.9908 | 0.2579 | 4.1244 | 8.2212 | 59441 | 7.0827 5.114 7.385 6.2495 | 6.1361 | 9.8646 | 8.0004 7.7924 9.3334 8.5629
UASASEITUIY
@u&j“’l gran 5.6441 0.3333 2.9887 5.0781 | 7.8314 | 6.4548 | 1.4215 | 0.4744 | 0.9480 | 6.1369 | 2.4575 | 4.2972 | 3.0195 | 3.9409 | 3.4802 9.6721 4.37 7.0211
“Qllﬁ’l&lﬁﬁﬂal 11.9835 | 7.9402 9.9619 49497 | 59389 | 5.4443 | 51377 8.921 7.0294 | 65881 | 6.3067 | 6.4474 | 2.2454 | 8.4663 | 5.3559 6.1184 4.6628 5.3906
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ABSTRACT

This research is proposed to inventory management in case study of a company that installs fire
suppression systems in buildings. From the stock count at the end of June 2021, it has been found that the
company had 240 items of inventory, with a total value of approximately 680,626 Baht. The problem of
inventory value is higher than demand by about 71% and also physical problems it is found that the
condition of the inventory is not categorized, making the placement of the products is not the exact
placement, which is not conducive to vision and then make it is difficult to find products and repeated
purchases occur frequently. Therefore, the ABC Analysis theory is applied to categorize inventory by product
value condition. Thus, they can be able to define product category A with total 24 products, category B
product with 79 items, and category C with 137 products. And applying product group A is with the highest
product value. Let's analyze and solve problems by forecasting the demand of products per month,
determination of minimum, maximum, and procurement cycle times and suitable purchasing quantity
including the analysis of non-circulating items. By creating a formula is for calculating with Microsoft Excel.
The results of a study in product group A is found a number of non-circulating products of 8 items, which
applies the strategy to allows the sales department to offer these items to customers in order to drain the
products. And products that must be purchased to suit the quantity of demand of 22 items. In addition,
new warehouse design principles have been applied for making the product tidy. Then products are stored
in categories, the storage area is clearly divided, and assign staff aisle to make it easy and quick to check
the stock available in the warehouse including convenient picking (Picking). Therefore, after the operation

of inventory costs can be reduced by 184,227 Baht or an average reduction of 27%.
Keywords: Inventory Management, Fire Suppression Systems, ABC Analysis, Cost Reduction
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Abstract

The purposes of this research were: (1) to study the propriate ratio of copra meal and coffee
grounds to form fuel briquettes. (2) to study the propriate starch type to use as binder material to form
fuel briguettes from copra meal and coffee grounds between tapioca starch and rice flour. (3) to study the
physical properties, fuel properties and the unit of cost of production for fuel briquette.

The research methods are: (1) test the physical properties of coffee grounds and copra meal. (2)
form the fuel briquette using tapioca starch and rice flour for binder. (3) test the physical properties of the
fuel briquette with tapioca starch and rice flour as binder. (4) test the fuel properties of the fuel briquette
with tapioca starch and rice flour are binder. (5) study the unit cost of production of the fuel briquette.

The results of this research were as follow: (1) The fuel briquette is between coffee grounds and
copra meal which tapioca starch and rice flour as binder the ratio at 2.5:7.5:2.6, 5:5:2.6, 7.5:2.5:2.6 and
10:0:2.6 can form in good shape but the ratio at 0:10:2.6 was not. (2) the fuel briquette with the highest
thermal efficiency was 5,524 kilocalories per kilogram at ratio 2.5:7.5:2.6 with rice flour as the binder. (3)
when increasing the ratio of copra meal the unit cost of production is increased from 4.08 Baht/piece to

6.33 Baht/piece

Keywords: Fuel briquettes, Copra meal, Coffee grounds, Tapioca starch, Rice flour
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