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Abstract

This research aims to study the directional impact of workpiece arrangement on the geometric and
dimensional deviations of the freeform curved surfaces milled by robotic milling on EPS foam material grade
2.0. The experiment utilized an adjustable rotational speed motor, cutter with a 4-tooth end mill, ball head
type, and 10 millimeters of diameter. The cutter was mounted at the end of a 6-axis industrial robotic arm ABB
IRB 6640 model with a maximum reach of 2.55 meters. The two orientations for workpiece placement were
designed, parallel to the X-axis and parallel to the Y-axis, referencing the robot's coordinate base. The direction
of workpiece placement affects the robotic arm's end-effector movement due to the positions generated in
the three-dimensional coordinate system, involving both position and rotation of the axes. The toolpaths for
the robotic arm's end effector were generated using computer-aided programming to facilitate the milling
process. The toolpaths included contouring and pocketing to create a curved freeform surface on the
workpieces. The measurement of the size of the freeform curved surfaces resulting from robotic arm milling
utilized a Coordinate Measuring Machine (CMM) with touch probe diameter 5-millimeter of ball head. The
measured results indicated slight differences in the size of the curved surfaces for the two orientations. The
workpiece placement parallel to the X-axis showed an average deviation of 2.664 millimeters, while the
orientation parallel to the Y-axis showed an average deviation of 2.148 millimeters. Statistical testing at a 95%
confidence level with a p-value > 0.05 suggested that the workpiece placement direction in the robotic arm
milling process not significantly impact the deviation levels of the freeform curved surfaces resulting from the

robotic arm milling process.

Keywords: Robot milling, Foam material, Freeform curved surfaces, Coordinate Measuring Machine (CMM)
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Abstract

The goal of research on the creation of value from agricultural waste to new products is to find
solutions to problems, reduce the amount of waste material left in agriculture, which can improve air quality,
and generate commercial value-added waste. The process of manufacturing particleboards from agricultural
wastes, longan branches and leaves, is to reprocess them to 3 mm in the Sub-chopper and mix 10% isocyanate
glue by weight in the mixing machine. A sample was weighted and placed in a 400 x 600 mm mold by
compressing it with a heat press. A 400 x 600 mm mold was filled with a weighted sample, which was
compressed using a heat press machine set at roughly 30 MPa for ten minutes at 160 °C. Particleboards were
then taken out of the heat press machine. The averages of density, moisture content, and thickness swelling,
according to the study's findings, were 788.53 kg/m3, 8.82%, and 5.58%, respectively. Additionally, the averages
for tension perpendicular to the surface, modulus of elasticity, and flexural strength were 0.42 MPa, 1,763.9
MPa, and 11.12 MPa, respectively. The physical properties of particleboards were found to surpass the Thai
Industrial Standard 876-2547 when compared to the standard, although the mechanical properties did not.
Consequently, although this particleboard was excellent for building homes, it was not suited for creating

furniture, but it was suitable for making home decoration.

Keywords: Agricultural wastes, New products, Value, Longan
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anim

gﬂﬁ 1 ﬁuﬁﬂqﬂé’ﬂauuﬁuﬁﬁﬂamw FJaindunys [1)
2. msaiiuenuide

2.1 JanuagIsnsnaaeu

Tassnsidedagniamdn wednvinuandiniainienin waegnenavessiifiavesaantagmdeldna
nanenaisuifisuiunnsgugaaunssy wen. 876 - 2547 wiutuliSndias Tneflseandon il

1) Japudeldmansinums fe Asdlowks uazludlouis

2) fdsvanu Ais malelglogiun

3) Aauaudivienienn laun A1ANrLILil UUMANTY LAYNITNDIFINILATIAIILN

4) AuandRnena fie ANUAULTIRR NendABAnEY LAATIF LSRRI ARV

2.2 JupauNsanUIsALavasa

a

wisnTanwideldnanisnues Ae Awdile warludlegaduingAundnlunisudningeslivdovuin 3 mm

'
a a

minsesdugasantudaiminingauiiiunisdugesnugnsiimun wavdminnileleleeiun 10% vewimiin

Togavu diesesmaunseuiunaunlaenisaanadiludaeses dawdaseusesiringuinaun1awdunds udald

o a

Tunaifinsivwin 400x600 mm a1 N IngAvldauasudinssntugumenssiulansednd 30 MPa gaumgdl

q

Uszanae 160 °C WJuaan 10 min wdsaniuiheeninaiesdniou axldunulrsfiauesanugnsiinas
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2.3 Funsumsnagey

UnifiAaueiaiildannssatuzuagiiuuin 400x600x10 mm mavaapuiaeguHuUSRRaUeTadimIdy

F208199 NI ALY TNAROUANNIATT TUNAN S s gna N TN 18, 876 — 2547 L3esusutuliiEnaindnsy

[20] loiun

AUENUANINILAN

1) ALY FRTunAdEUTLIN 50x50 mm $1uan 6 U thiunaseufidnisuiesuda Tuvhnsddlld

wafiuueudls 0.1 ¢ wagrnsiarunursaRnaswestunnaey uazfaauneiuaueNLAAN

WU

=

2) Usunamnuiy fetunsaeudwiunisnagouniude 1 1ldnauiueuis 0.1 ¢ uinavestunaaeuey
ou vhnseutunndeulugouiifigumafl (130 + 2) °C wlduansil Aouavestunaaouidiods 2 adfiamheiu 6 hr
Fosldumnasiuiiu 0.1 % veunavesdunaaoy vasantuiuldluedimned Yaosl3lndu deuneaeuiduuia
Yot unAADUMEIEULR IR AT ALY

3) NNSNBITAIMLATILNL FATUNABUILIN 50x50 mm §119U 8 Fu InTuTAImMusumlsiaAy
W waranumuvestunagey nngeudiuaumuAeuLtin LLazLmis'??uwﬂaauiuﬁwazmmﬁqmmﬁ 20 +2°C \ile
wiBunagouAsy 1 hr Suthiunaseuiunduihfiineenlimuadeimng udTsdesligumgives lnendliveu
Fuladunilsoguuusutaniiligaduindostunaaoulidn 1 hr hiunnaeuTuuninaramuausuiadudu
AumuvEvsmAINsWe RN

AnduURM1NG

1) AudunLLssa wazsegdaBangu fnduvagouunm 50x200 mm S 12 Fu vnsiaaumn
waraun N duhmsf st ueseuuLusesfudllsregvinaty 15 whvesaumuszyvestunnaey 1
JaneTunasouiuesnluanyafisesiutieagUszana 25 mm liusinaasignisnanswestunagou Tasfdnsnadia
usanaetatEenaflddusEung sunseiiuneaeuindeditosnin 30 sec uslinnnnin 90 sec (AIEHlY
ANSNAUIEUI 10 mm/min)

2) AnuFuMIULS PR AU FadunadeuvuIn 50x50 mm 71U 8 T AnRanTEesveTy
vegeuiuuAdngldnnduaseiilrusdnssuinatuneaeuiuuuididunnniusdniluiunaaey thiunaaoui
wiouldudailudnedesfasld unadeuneneananiu Feunfvsuenluduldsnsnsiiuusdadeaduliegia
arthiane nanfldRuAsuRunsyiuneaeuenesnaniudoslitiosnin 30 sec uslilinnnin 90 sec (ISl

A5AUTELI 2 mm/min) YANAIIUATUNIULSIAIAIRINAURINTN
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HARNSTINAMNTIY Wan. 876 — 2547 FosuutuliiSauindniu auridbeenuuuilednvhiunuunanfaellnaldu
wwnaaueligury Taefl 2 umnde 1) MrsRiRauesaantanwdelimninnues fo Awile warluglowindy
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A1599 1 W ULTBUA1LRAEYRIA UMUK UNIATFIY

ngAY AMAvLIILRAY (kg/m?) 1As5gU (kg/m?)
Asale warludile 788.53 400 - 900
Tuena 826.7115 400 - 900
Touznsnn 744.841 400 - 900
waenuinn Tuens Touznin 805.97083 400 - 900

A19197 2 LUSEULTIEUANRREYDINITNBIRINUAIIUNUIAUNINTFIU

ngau NsWasFIALAMAMLLRRE (%) AU (%)
Asale warludle 5.580 <12
Tuens 2.363 <12
Tonzgnin 2.735 <12
waenuinn Tuens Touznin 3.638 <12

M19197 3 LUTEULTIEUANRREYDIANLTUAULINTFIY

ngAu Anuiuiads (%) UN5g1U (%)
Asale warludle 8.82 4-13
Tueng 7.27 4-13
Tougnin 11.88 4-13
waenunn Tues Towzndn 10.81 4-13

2) AuANdRANING g ANUATLLIIRR, UaRFAEAVEY UAAMUATULTIRRIRINTURIT Fn191e

A15197 4 LUTEULTIBUANRRETDIAIIUATURSIRAAULINTFIY

gAY Auduusinady (Mpa) 115574 (Mpa)
Asale warludile 11.12 >14
Tuens 13.53 >14
Touznin 21.02 >14
waenunn Tues Towzndn 213 >14
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M19197 5 WiguiiiguAnafevesegdadaveuiuuinggu

ngau uagdadavguiads (Mpa) 4R35 (Mpa)
Al uagludile 1,763.90 >1,800
Tugns 1,659 >1,800
Tougnin 1,070.55 >1,800
wWiennann lugns leugnin 1,277 >1,800

P = = i a o = O v a Y o
M9 6 L‘lJiEJ‘UL‘V]EJ‘UW]LaaEJ“UENﬂ’J’Im’mLLNGNma’mﬂUN’mw}ﬂummj’m

ngAY auduussAsRsanniuiautinades (Mpa) 115574 (Mpa)
Asale warludle 0.420 >0.4
Tuena 0.341 >0.4
Tougnin 0.803 >0.4
wWaenuann Tuens Touznin 0.593 >0.4

4. afUs18Na

NHanIvadouaNTAnIsIEnm uazauTinianavesufiiiavesaanisanle wazludnle Wotuain
Wisuiflsutumsanasgundadsignaivnisy wen. 876-2507 uiuduliiSavindnau wuhilaniEvismeniney
Tusnasgrudmun uazaaantimsnauissenslildoglunasgiufmun aenndesiunaidovesin uavas [3] 39
WanUrsinavesannianmasldmmisinuas fe wWdennun Tuens lengnin uazawifeveuny uazane (5]

Wesnndunsudatrsfiavesaildliasuuseihe anuindu q Wadudily
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wAnfusiguanssu wen. 876-2547 wuBuliSavindninu wuhiiaudimamenweglusnsgufmun
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Abstract

The objective of research of development of teak wood dryer and optimization of drying condition by
mathematical modeling has create and development teak wood dryer. It was for reducing various problems

regarding the quality of teak wood does not affect the environment by designing and creating a combined teak
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wood oven. There are 3 parts to the working system: 1) Structure of the teak oven was designed to receive
light throughout the day with a tunnel shape. There is an exhaust fan working to reduce the temperature in
the oven. 2) Providing heat energy from hot air. It will provide heat energy to the oven. When the oven does
not receive heat from the sun or the temperature is not as specified and 3) the controlling the teak wood oven
system Inside the teak wood oven the temperature and humidity are controlled. It is used in editing the heating
systems of both systems. The mathematical modeling using non-linear regression analysis of a combined oven
for drying teak wood by using the value of the decision coefficient ( R*), the chi-squared ( *), and the lowest
square root of the mean square error (RMSE). It was found that the Diffusion approximation model is suitable
to predict the moisture ratio of teak during drying for drying using a combined drying oven. The decision
coefficient is equal to 0.9853, the chi-squared reduction value, And the square root of the mean square error

is 0.0001 and 0.0112, having the lowest values.

Keywords: Teak wood, Oven, Mathematical model, Non-linear regression equations
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deveamaluladlitudlfineluladidundnmsdidylunsdniunu vmsfnsdeyaidesiunaznnsgiunisould
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TumseuliidgnlilaguamiiTelaganusnsgiundndueianaingsy (Wen. 497-2526) wiwmudenivug
Arudunardnumensldnueendu 3 Ussian

Ussanil 1 anutudosas 8 - 12 AdTulila wu Tdusegliuiugey

Uszand 2 arwdufesay 12 - 16 FATUl waelfinneduq

Uszanil 3 euduliiAudesay 20 TnevtalUlidulivingdldves

2.2 mMawmueauliidn

Dutmuinszuiunmseulddnlaiiussansninuntu Tasindinnsaunuuuudalud® uagniseenuuunis
naasadimnssualy evnoululunsoulsiinfimnya

va o v

1) n1seenuuukazaumaulidnAvuanwInansuuusanssuiunseulsidn d3deuazusenaums

Y Y
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ndnmsinudesueiesiniaauiou (1) vinthitdesanudoudlulsseuls! 2) Tnsvuaveantould g
ALY 6 AU (2 4. x 2 3. x 1.5 41) Tassadramdniifianduman Tanlusdanliduntuasndsalilndnfueiun
uaziiulsseudunsuniniitonnduaudounaztosiu arwiuaniuiu lunseuldfsdesinnsanyiunsvosliid
ydglsseulsl (3) Wlelvanusamuaugamg ldmudidivue Tasaglumeulsl wazansuenlsseulsfziifues
n5193ngamgll (4) uasleumeinsiaianutu (5) feyaiildanmueeasgnadluuszanadsssuuaiuny 0T (6)
dogumniluniseuguiuluinauzszuisornia (7) uasndeanudululsseusaedslidud 8) vhaulasagyiing
duarutulaewuadmen (9) wlulsseuliflidarutunuimuels

2) msmamavesiaiasidnanieu vhnstmuseudesnsnisldaude guvgiluniseu 50-60 asm

waldya USunsieseu 6 aul. lagvinnisidenld Hot Air Generator Model: HA-205 Gailnauauifinun1snei 1

A998 1 AuaNUR Hot Air Generator Model: HA-205

LWGHI F8azden
unasnglul 3 Phase 380 V
maslnilaesiy/ Andalwihvedewmes 5 Kw
JSunsengsdn 3.6-4.4 m*/min
US9PURINA IR 0.6-0.8 kPa
gaunniigeandmiunislderniavyuiou > 220 asmwaTea
NMIAUANUTHINEINA Manual Da
AN NdES >75dB
gunaglildiuedos VCT 4 1 x 3.5 1.2 x 3 4.
Ywidn 28 kg

nuewma: gaumaiinziudsuniasmuieulunisldny

3) wivdeyanseuliidn iemteuluniseulfidniivuizay {Ideinsnudeyaniseulidnlaefisuasidun

Roulaluniseulddn dwnsed 2 Tnedeyainldeziluldlumsfvdoya
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A13190 2 seazBeanisiiuteyaniseuldidn

%iatle neazLden

1. gaumginglumeulilimndy 40 esrivaldea
Yaduiidmanoniseuldl 2. avuisianlunisgeeiniea

3. auTunglumieu i 30 %

y Y o ANUenneulidn 6 aua. 2w x 2 1. x 1.5 1)
Reulvnsould — ey 4.
o Wilifidmifianuiuuazvwinauiinivun

2.3 wuudaessadinmansniseuurilidniivnzay

Wunseenuuulueawuudiasslunisneinsaluszansam lnelduuuirasmendamansmnginssunis
suuiwweslifdn vemarsaunamansmseuwisliidn Tnededidlsidn Alaifidwmd wy e luen wasiisn 1Ju
#u Tne¥ngAvunnlssudeslidnluiiufifantauns Tneviiniseulindsas 65 Tu (fulssov) vnsimuauas
AuALMMNTNIToULRIlT 45 ssmueaidua Tilatuluiesouwislising 300 vhmafudeyatnanututuay
3 A3 191 (9.00 1) 1les (12.00 u) wawiBu (17.00 w) ¥inseuwissuariluliiniesas 10 dtoyauass
nsmimsanAuty Snsniseuuie wazduadndIuTesUTINMANTY (Moisture ratio; MR) [8-9] udaad1ens v
nswsuuasdndiuvesUinumuiulussninmssuuis anduihmsiugaaunamansmsiudeuntaniudy
Tagvihnsiesesiguuuumandinmansuuuieni3da (Empirical Model) TuniseBunemginssunisouuedivanzay
sensndendeyaveinswluniseusiedinisiassiaunisonnsswuuliiiadu (Nonlinear regression) saglusunsy
dnSaguieada Muuudiaemneadamiansves Newton [10], Page [11], Henderson and Pabis [12], Logarithmic
[13], Wang and Sing [14], Two Term [15], Two Term exponential [16] L& ¢ Diffusion Approximation [17] %1
wwuaesiiomnzauign TnsadeiimauszsgndlduvuassmandnmanslugUaunsouuiaoudsda fuandy
31971 3 ielireeSuemsiasuulasuesaaunamanimseuuiaiuszaznalunmseuwislnesinnsiinszsideya

metoannosuuuliifudadunss (Non-Linear Regression)

A1519% 3 LUUTIRBINANAANERNS I UNITOULI

Model name Model expression
Newton MR = exp (=kt)
Page MR = exp (-kt")
Henderson and Pabis MR = a exp (-kt)
Logarithmic MR =a exp (-kt) + ¢
Wang and Sing MR = 1 + at + bt?
Two Term MR = a exp (-k;t) + b exp(-kjt)
Two Term exponential MR = a exp (-kt) + (1-a) exp (-kat)
Diffusion Approximation MR = a exp (-kt) + (1-a) exp (-kbt)

v o

vianuay k Ao dudseAvisnisouwa (Talus?)

EE

« = ' Py '
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Journal of Manufacturing and Management Technology (UMMT) Vol 3, No. 1, 2024 (January - June)




MAINALULAENISHAALAZNITINATS

MMY o -
ooREe R U9 3 auui 1 anviAul - dguigu 2567
NUUYNTAINAINITAVBIENNNTIENINSUNNAIdUUSEANT Nsenaula (Coefficient of Determination;
R) R elaawmas (Chi-square, () uazA1sInfidodvasniunainad ouiiasaodais (Root Mean Square Error,

RMSE) anuaunisi (1) (2) uay (3)

D (©-0xE~D)
R =| ——= (1)

ZN:(Q.—@ZZN:(E,.—F)Z

(%)

(2)
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O PMsINSBULAILIEN

M—M,
Drying Rate=——— (4)
‘
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Snuldfdasendniseu (5)

gnsn1sUnsevaslddn X 100

Fruuldvianun

O dmsnssewmeidnnieg (Specific moisture extraction rate, SMER)

Uhinaesthilsamenntag (Kg)
SMER = — (6)
Usinamdsuldihild (kW —h)

O msduddomdnusine Specific Energy Consumption (SEC)

Uninamsaulilinils (KW —h)
SEC = (7)

Uhinamesiiissmeanian (KG)
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3.2 uwwuaesmnndamansnseuwilsidnfimnzan
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arudutuay 1 adilunan 17.00 u. yniudunan 20 u wuilumssuwidlindigamgiluionneuiaisedi 48.62
03 F1gAogd 37.8 qeanogfl 76.4 anwduduindiade 39.76% Adn 29.44 guan 62.5 gangiinIeuBNA H1gn
27.4 gadn 50.7 AnwFUdLTUS 6357 siam 30.5 gega 91.1 Tasanuduvedliiuduiifosay 23.8973 (g1uusie) way
Aradugareresnisnaassegifenay 8.81 (gruua) iethdeyaniseuuiandunmdndiuvesiinanuiy

(MR) udvasensnvesdnduvesUsunanLusean lusE NN ToURImNgUN 3
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Wang and Sing, Logarithmic, Two—-term, Two-term exponential iLag Diffusion approximation AILAAIIUAITN 4
Feusznoumeadulszansvesuuuitasmndamanin 4 Adudszdnsnisdnaula (&) InefiAegi 0.5241 f

0.9853 Ansanadlaiideaas ( y”) laediA1egn 0.0001 fiv 0.1439 WAz INNIABIYBIANUARIALATBUNG IdD LAY

a1 1

(RMSE) 1oy

°

1 0.0112 §4 0.3793 AIUAINU WUILUUI18890049 Diffusion approximation HAULANNZENAAINIT

va °

TdvinunednsndiuanuduealldnseninanIseukia e ANERE 1S UNITBULAISIEMNDULAINE 9N UAINLSaUTIN Tl

q

Arduuszandnisdnduls R wirdu 0.9853 Fudldnunniigaidleisuiuuuudiassdu 9 wazdanisanaddaiidsaes
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o w a

WAZAIINTIABIYRIAUARIAARBUMAIEBIRAY RMSE Wiy 0.0001 Uax0.0112 fiAdniiga Wielfiguiuwuudnaes
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A15199 4 HadWSTENAURILUUT1889N158U L IENAIULMIDUNEINUANNSDUTIL

Model Model constants R Zz RMSE

Newton k=0.003 0.9279 0.0020 0.0451

Page k=0.042 0.8393 0.1439 0.3793
n=0.510

Henderson and Pabis k=0.002 0.9103 0.0003 0.0178
a=0.837

Wang and Sing a=0.003 0.8517 0.0925 0.3041
b=0.0005

Logarithmic k=0.007 0.5241 0.0071 0.0845
a=0.513
c=0.401

Two-term a=0.251 0.9839 0.0028 0.0531
k0=0.031
b=0.724
k1=0.001

Two-term exponential k=0.019 0.9562 0.0012 0.0347
a=0.129

Diffusion approximation k=0.035 0.9853 0.0001 0.0112
a=0.272
b=0.043

HANSVIUEAIBLUUTIA0IMNAAAEA3URS Diffusion approximation Lgudunanismaaedluniseulddn
MemauANsousIN wanwaguil 4 nudmaveanslduuudassivualdudululumaiieadunanisnaassdmsu
WuneAdnsIdIuANTY FadadbiiiulnausalduuudiassieduisnisiUasulUasnutu iz aULRIAIBLAS 09

auwianausdorrinduvualusdauls wagluguil 5 nudtA1dnsidruautuannsindinnuunngeeIne
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3.3 myinUseandnenauliidn
MsinUsgansamnsldmaundsnuauseustluniseuliddn lnsviinisuseifiunagAruiulssdnsnim
sl 3 au laun dnsinseuuislildn snsinstnsevesliddn uagnsauudomasudnig Specific Energy

Consumption (SEC) @dldnaagunumsnedl 5

A15197 5 N15USEEUUSEENTAINVBIAIBUNS I UAINUSDUT I

A5IAAT na

vhaninlsfiSuduy (k) 299.400
Yminlivgeeu (ko) 250.200
Yuindiszvely (ke) 49.200
AuBUlEEuGY (% w.b.) 30.115
Auuliiaeiie (% w.b) 9.782

Tn#Ald (kwh) 6,978.000

LateuniAs (hr) 440.000
oMTINTVIU (kg water evap./hr.) 0.1118
Sasnssemeths g (kg water evap./kW-h) 0.0070
nsAuddmdnus ey (MJ/kg water evap.) 510.580

dnsn1stnseveslddn (%) 9.23

91NM15197 5 wansUszifiudszanSamaeameundsanuaudeusa Inevinnseulsidnlumeundsny
audeu Tneldlsidnsiuam 65 1du Sdmidndewdiousiu 299.4 Alansu wdanynseuuiaduingn 440 T
dminudseuudaogi 250.2 Alandu vhnstamnuduiEudesas 30.115 Ghuling1uden) wageutundseuudail
9.78 (g uiden) lunseuuidldndsnuuaseniinduazlniiaudae Taeldlwluniseusiuau 6978 e (kwh)
vnsUsziiudnsnsvhuia (OR) Wiy 0.1118 Fdammssameihdumeiiu 0.007 Alansuihiissmededlatnd
s T8mmmsAudomdanusumznindu 510.58 Alaguielansuifissive uasiidnsmadasovedlidnsuoy
6 1w Ancu 9.23% idesnnilumsouwislidnfigumg sl fssmeoenanlifiviuudes Fuildeuduves

Nanduanaabatn [19]

4. dyduazaiusnena
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n1seenwuukaraiiaalidn Inesialdinelunisamusudulias Aldarelunisaniduaudi dnalnns
ouiilddudeuldnude danuudusmwedasaie uagnistrgednwing lnefinsiaussuumsvinueendu 3
AWAD @UN 1 NITINENIUANUSDUINWEIDITNY TATIa519989m10UlLEN sanwUUMiD aN1TaSULEILARADANA
o P ) & & A o ° Al = v Y ' °
Tulnefidnwazduglued Tinaugroiniainuiioangamgiiluieas Ingldndanulnihanledealunisviieu
AUN 2 MTIANHINUAIUSTBUIINGDNLDS L MNEIUANNSBUNTLADU LHBwmaubdlasSunasauAUsauaIN

3

wavorfindvdediguugiiliildmuiidiivua dwd 3 Tumsmuauszvumeulidn melumeulsidnazmunuanmgi
wazauty elilunisiasoszuunisliimnudouresis 2 szuu mamuauszuumeuarlindarilaiinnnlsaea
Snmaviils

nsasuuiasmuadamansluniseulidndewneundanuaiueusu lneviniseulddndiuiu 65
wu lumeulvdanutudinindesas 10 gruden wdwihnsifudeyamaudsundasuduresliidnseuinems
ouwiie udrtihdoyamdamdndiuresuiinanudu (MR) uudradunsnisdsundasdadiuvesiuia
Arnduluszriamsountts Tasvhmsdiemeiguiuunisadamaniuuuiondidda (Empirical Model) Tun1sesuie
waAnssunseuwiaimnzaudiensndendoyaveansmluniseudieisnistiesesiaunisannesuuuliidady

(Nonlinear regression) Ingldenaduyszansnisdnaula (Coefficient of Determination; RY) gegn wazA1n1sanadla

fdsaes (Reduce chi-square, %% ) wazA131NTidBIv0IAIMARIAIAG DURIdaADaA (Root Mean Square Error;
RMSE) fi1figm wuinuuudiaesues Diffusion approximation fianuunzauiiannsaldvhuesasdiuauiuvesls
Fnseminmseuwidldfigadmiuniseuuiafiimeuuiandsnuanuieusau tnefddudszansnsdadula R?
Wi 0.9853 Arnsanaslafidsaes wazA1TINTidesveinuaaInAd auriddedade RMSE wnfu 0.0001 wag
0.0112 fidsilan

mMyinUsEansnnveamaunasnuaNdousinlunseuliidn vinnsusziuarensiniseunielildn windu
0.11 Alandu/alas fensnisinevedliidn 9.23% f8ns1mssymeringsniz (Specific moisture extraction rate)
LAY 0.0070 kg water evap./kW- h wariin1sd Wi sand U unie (Specific energy consumption) 510.580

MJ/ke water evap.
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Abstract

This research aims to reduce work time by designing and creating a drilling guide device and a workpiece
clamping device, which are types of tools used in the industrial sector. Additionally, it involves statistical theory
and Jig Fixture for mass production that meets standards. Before the improvement, the process of clamping
the workpiece involved using an angle vice for clamping and milling the workpiece's angle. The installation of
the device and milling the workpiece's angle took an average of 1-2 hours per piece. By comparing the time
data before and after the creation of the drilling guide and workpiece clamping devices, it was found that the
work time for the 45-degree angle milling process was reduced from an average of 31.01 minutes before the
creation of the devices to an average of 15.77 minutes after their creation. This reduction of 15.45 minutes

represents a 49.80% decrease in time and results in an annual cost savings of 44,976 baht.
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Abstract

This research was to study the feasibility of using the sugarcane bagasse ash to replace clay bricks in
the production of construction bricks using methods and production processes according to the interlocking

block production of the Institute of Science and Technology. The initial ratio of brick production is cement:
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stone dust 1:6 by volume (BAQO). Stone dust was replaced by bagasse ash from 10% (BA10) by volume to 100%
(BA100). Bricks aged for 7 and 28 days will be tested for various properties which compared with the ordinary
construction brick industry standard (TIS. No. 77-2545) and the clay bricks that were available in the market
(BA). The research found that the replacement of stone dust with sugarcane bagasse ash at 10% resulted in the
highest compressive strength of 79.38 ksc. and able to replace stone dust with sugarcane bagasse ash up to
70% (BA70), which made all properties passed TIS standards. The Replacement of stone dust with 70% bagasse
ash (BA70) is the most suitable ratio for brick production because sugarcane bagasse ash can be used the most
and was most cost-effective. The appropriate ratio is Portland cement to stone dust to sugarcane bagasse ash
1:1.8:4.2 by volume, but in actual use, the ratio should be 1:2:4 for ease of use, which slightly increased the
overall properties of bricks. The weight of brick walls that replaced stone dust with 70% sugarcane bagasse ash
(BAT0) was similar to clay brick walls that are available in the market (BA) due to its similar density. Therefore,
the production of BA70 bricks was the use of waste from the factory to create benefits, which was to produce
construction bricks instead of clay bricks and was plastered on both sides. This was similar to the Secure Landfill

of Stabilized and/or Solidified Wastes principle.

Keywords: Sugarcane bagasse ash, Stone dust, Clay bricks, Interlocking block
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Abstract

This paper presents an analysis of the surface morphology, and the constituent parameters of the
Bearing Area Curve (BAC), which include reduced peak height (Rpk), core roughness depth (Rk), reduced valley
depth (Rvk), material ratio at the peak zone (Mr1), and material ratio at the valley zone (Mr2), in conjunction

with the arithmetic mean deviation (Ra). The study focuses on SKD61 tool steel, hardened to a hardness range
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of 52-55 HRC using vacuum hardening, and processed through a lapping process with four different alumina
abrasive sizes: 0.05, 0.30, 1.00, and 3.00 micrometers, under oil-based diamond lapping lubricant conditions.
The BAC analysis was employed to guide the selection of optimal surface characteristics for improved wear
resistance. The analysis results revealed that SKD61 tool steel lapped with a 0.30 micrometer alumina abrasive
size exhibited a short run—in period and a large contact area (high Rk), which reduces the load per unit area,

leading to enhanced wear resistance.

Keywords: Bearing area curve, Lapping process, Surface roughness, Wear behavior
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Abstract

This work focuses on a study of the surface roughness affecting the tribological properties of
polyoxymethylene parts processed by machining, for application in the production of mechanical components

in the food processing and bakery industries. The specimens were measured for surface roughness, analysis of
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turning surface, and wear test by block-on-ring tester under dry. The results showed that the optimal face
turning parameters are at a feed rate of 0.08 mm/rev, cutting speed of 255 m/min, depth of cut 0.4 mm, and
the lowest surface roughness value, when increasing the feed rate, it is found that turning surface on the
specimens similar to cycloid pattern. In addition, the surface roughness of the specimens has a significant effect
on the contact surface, influencing the friction accumulated on the contact surface causing the
polyoxymethylene to stretch and polymers to transfer film on the steel surfaces. However, incrementing the

applied load values increases the weight loss and the wear rate.

Keywords: Facing, Polyoxymethylene, Surface Roughness, Wear rest
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Conditions Values Units
Cutting speed (v,): 195, 255 m/min
Feed rate (F,): 0.08, 0.16, 0.25 mm/rev
Depth of cut (D,): 0.4 mm
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Abstract

The aim of this research is to identify the root causes of damage and potential solutions for the screw
conveyor in the petrochemical industry's polymer wet cake handling process. The study employs metallurgical
and finite element methods. SUS304 (JIS)-grade stainless steel makes up the screw conveyor. The hardness
testing and chemical evaluation revealed that the material's value aligns with the prescribed standard. The

screw conveyor, which consists of a 318.5 mm diameter tube, 17.4 mm thick, and two pieces of 6000 mm
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length, sustained damage to its shaft. The screw conveyor, when coupled with a sleeve, achieves a total length
of 12000 mm. An analysis using the finite element method revealed that the connection point area experienced
the highest stress due to the material undergoing turning processes for press fitting with the sleeve. The analysis
results are consistent with the detection of cracks in the material in that area. A single screw shaft reduces the

maximum stress applied to the connection area by more than 619%.

Keywords: Fatigue, Screw Conveyor, Wet Cake, Petrochemical

1. unih

uwiasIngAvRwudmivgaamnssudlnsiaiuanuasasusenoulslnsaiveuiivseneudsernouves
msveusarlalasiou leun Vesiden Fssmdaudasssuniuazasulingdon nansasiwaseld (By-product) v8sns
nandlnsideuldunaisiadviowmdduel lnsanisTagwedwes 1wu wadiefidu (Polyethylene, PE) 1usiu [1]
nsguUNsWan PE LTunszuIunswanuUURBLE g (Continuous Flow Production) finnsldangddsa (Screw
Conveyor) wilevugnenzneudenwediues (Polymer Wet Cake) winsgminansldnuangdndesldsuanudeme A
Fududosmyaaemsndniodoutngs

angddsadugunsniisnadmivaudiefanlnsanznsldnuiievudiofanuiunasna (Bulk Materials)
Tnevhaluangandesasiitudiuusznoudae wan luang wiudau 9adu fauwu wagsns [2-5] MIoonuuUkarai
angddesindudesfinsansuiwesdutssneuuasmathluldnuiduegiulfifiensandosfagussianla aul
veedanuTuinuiaviacig 9 gnduundszianienliniuuinsgiuves Conveyor Equipment Manufacturers
Association %138 CEMA [3]

dmsulangdmvesnuided dun angadsafievudienzneulonvesneduesvia PE vaaaniu
Uszneunsnuanudemeidusesinuinaaad sudeveanan ilvdemyaaenisudniodentisaduszes
natuu danldanega LLazLﬁaﬁmﬁwﬂ%ﬁwuﬂmmLﬁﬂsfﬁfuﬁu'%nmﬁmwiuﬁu AndgyniaananInisaaiy
Uszneumsdesnsrunmannnanudemevesangandes ielfidudeyalunistesdunaznisinlufiansaniile
ponuuvyaansddeliivszans ammsldnunasiongldouiuiu §ustanidymnimeaasniswialag
nseiuiuluewanld Jammdnvesnisldansddeadiovudiotan laun nsiianisdnwuse (Wear) msiansou
(Corrosion) wazlaglanizn1siinAuan (Fatigue) ﬁ’u%udamgmaﬂgé”lLﬁaaﬁ%mixez% 9 [4-7] Badubaymmandivila
angadeadengainnisldau

arwdn Ao amudevmefifniutuidevesiandominmasumaradu (Cyclic Load) agnsdaiiles ilaiilatan
§$uniszaduetissieidounnneszyinliinlansisuinses$1d (Crack Initiation) Fsilvuiadn mindandldsuase
siarlos see¥maziinisvenesluides 9 (Crack Growth) Usingmsalisnaiaiinainanauiuunsgageninaanasuuss
AsINBTaN (Yield Strength) uazdsnalviinn1sidizuams (Plastic Deformation) Tufiudtnifenas Taevhluazidy
v3nadfitanuliieiiesuutunu (Discontinuities Zone) Armidsmeazfintudviodiutuegfutiuuaudud

WRYUUUIRIY [8-9]
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ATefiiuniinsiessdanzanuduiieldluniseenuu waziieUszansamansldauldfingly
sufouitlludiowaiud (Finite Element Method, FEM) 3Lﬂ3131}‘iamusmmLﬁuﬁLﬁﬂﬂﬁuﬁU%uaiamaaangﬁwLﬁw,ﬁa
Funszanmslden [10-15] Fefeyaildannsailuiueogmslfnuresansdniedd fufuaniaymussaaiu
U5ENauMITLaEMINUNILITIUNsId §13edshesdnnuimulanineuazseidsuislludisiamudunysegnald

auvgAdsmsLasaenuImanskigmansaifedunssuiunisandeweneulenveeiiuesyiia PE

2. Jaauazdsng

msidunuidoudadu 3 dw ldud 1) msnseaumnudemenesangdides 2) ahauuudiass FEM Lile
THnssimamuduiiinduuuiun taotmundeuluuazveuivnnmssudamunislénuade uas 3) sonuuuynang
sudedlmivazlimssiasinisvhause FEM temayangiianunsadaengnisldals

anganfssvesaniulsznounisianmanndiliadu insa SUS304 aunnsgiu JIS Aamanduiidnuoe
naINYeNIAsgINYLIAEURIUALENA1Y iy 318.5 mm fiATumun 17.4 mm A3U813 6000 mm WY 2
T \Wendortufsain (Sleeve) tolildinuenivesnatangsan Wity 12000 mm

2.1. MINTINAOUANUTLBYRIAN A AEN

nisasaaeuangddsnihlngnisnsaaaeudasansa (Visual Examination, VT) fudnumznnsusniuy
Tnenss mInsaaaouvhiiufuaniulszneumsiitevnaaiiinaudems Wensuuinadiineudemeaziiile

@

Tanvegudwlusunisinanluvhnsasnaeumaivgaumeianidlanine) lngangadeAnyuanadiagun 1
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FUN 2 M3nSEuTunaAaeuAIININaTEng

NMTIATIEIMALNAIlAENTNAROUAINKTY (Hardness) MdruUsgnauniaadl (Chemical Composition)
wazn13nsIvdeUlAsIEsNganIAMENdeIansIAUBIanAsauULUUEDINTIA (Scanning Electron Microscope, SEM)

nsnaaauALudsld Micro Vickers Hardness Tester &% STRUERS $u Duramin-5 d3uUn15n519ey
drnsznaumaaiild Optical Emission Spectroscopy (OES) §%a SPECTROLAB way SEM «Juwed JEOL nsvadey
Hanuaduiunanunasgunmaaeuvetusazianaaey neldanmuindouvusaasuiigumgl 22.7 C
wazAUTLATIEYNAY 49 %RH Uz sRdeURLIuNTg 3 A%y uasshnaAaAsleTenuna

2.2. uuudnaes FEM

MsAATIgh FEM ldwemsiuag MSC/Patran lunsadrauuudians wagld MSC/Nastran ifudaduin esan
Furusivualugiuassussdudoumnyiinisiae (Mesh) wuusaluif@ enveslddoueiand (Element) unifuly
uazthlugmasuniionun lunuisdumsaiauuuuiio (Vanual Meshes) ioufilgmizesUiuanofiumdi

wniiuly Wetiganszezialunsiwin sudiiununmeduualiidndiugusis (Aspect Ratio) Mmungay

Element type: Hex. & Pen.
Element quantity: 16,756
Node quantity: 18,198

Maximum aspectratio: 4.2
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wuudaedliviveiawud 2 4 vlindmasudqasde (Quadrilateral Element 4 Nodes) uaziaialuudyidnnss

dwdouuungane (Hexagonal Element 8 Nodes) ludiuvasnisudafiarudunui wazunaiaiuduaudas

(Coupling) axldialammdiawyiin RB2 (Rigid Body Element) @silosrndase (Degree of Freedom) lunsiadeudi 6

v oy
& v a

fian1e Wusisieveausiuaznsdudn uwuudtaestlfiowmmuinsdudiuig 16756 odud 1ilun 18198 lnun uag
gn3dnaIugUTNEdan 4.2 Wi Teazldeauandluiun 3 wavaudfivesian sUS304 lainnmegeunisisuandly

AN5197 1

M13199 1 audAdanuesaniandes

Material Property Value
Elastic Modulus (MPa) 190000
Poisson Ratio 0.3
Density (kg/m?) 8000
Yield Strength (MPa) 205
Ultimate Tensile Strength (MPa) 572

3. HALAZNISAATIZH
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JUT 4 FAumian1sInANANLIInINLEINARAYIUBITARALINGN

n3UT 4 sunidndiduugudnatsduuen wie OD etanvzdinnuuduadegaiign Ao winiu 285.5 HV

dmsudunidndidurtugudnatsdnulu wie 1D WelanasdAiauudsiesngadanadewiidy 214.9 HV Faen

manandinseglutiinnuudsmiuunigiuvesias SUS304 [16]

M19199 2 dlszneumaaiivesnanan SUS304
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HaNsATIIERUAINUsTNOUNIALATveeTan SUS304 uanwannsei 2 Tnevialumanndlfatuinsniliisnnie
wan fe lasilley uazliniiia lagunsgIuYeIs ARauieaasnINnIgIuegsesay 18.0-20.0 wag 8.0-10.5 MUy
[16] iansivdeuiunadeunaansnAnwinuiniisnglasdeuuassininiianauegSosay 18.32 uay 9.23 audnu
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wuUINIENGUN?
uana (crack origin)
hiean IDatidmsu

Point A: Measure at
ID

() (A)
unAdULATMNIEANIEEEYBINAIENgAIY SEM (n) fie shuntsdneddlun1sin (v) fie shuvtsneriuda

CaN
(=
=b.
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59851MNMAIWEIE 21 W1 kay (A) Ap NINYEI8mILLanen 1 lnTae51INNaveNY 250 Wi
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Abstract

This research was to study the Influences of alumina powder on surface roughness by lapping surface

technique for tool steel material SKD61, factorial experimental design technique. were applied to analyze 4

Journal of Manufacturing and Management Technology (JMMT) Vol 3, No. 1, 2024 (January — June)




Nsanswmalulagnisnaniaznisinng

,\.\. ¥ 7 3 avuid 1 unsrau - dquieu 2567
sizes of alumina lapping powder, namely 0.05, 0.30, 1.00, 3.00 ym and 6 time periods for lapping, namely 30,
60, 90, 120, 150, 180 min, respectively. Specimen surface preparation for experiments the ratio between 400
ml of alumina lapping powder, 400 ml of alumina lapping lubricant and 2 | of clean water was used to adjust
the surface of the experimental specimen with the average surface roughness (Ra).0.1-0.5 um the best results
regarding statistical analysis were found. The size of alumina lapping powder was 0.05 pum, and the finishing
time was 30 min, resulting in the best average roughness (Ra) of 0.0544 pum. (Desirability: D) Regarding statistical

processing, it was found that the value was as high as 87.99%.

Keywords: Alumina powder, Factorial experiment, Lapping process
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a PP | | a o o I v a & 1) a o a a 1)
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YARITABAIU 4 Uszian Ag auIa 0.05, 0.30, 1.00, 3.00 lulasiuns Fraalunszuiumsuiuiiasziden fe 30,
60, 90, 120, 150, waz 180 w1¥ InensUssendlinann1ToenwuLLayATIEN1sNAaaudeEa (Design and Analysis

A o %
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2. sdnuumsadiueu
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wag 180 Ui LﬁlE)VTWﬂ’]iLﬁU‘?Jja;JuammmﬁmuﬁaLa?ﬂlﬂLa‘UﬂiﬁGl (Average Surface Roughness : Ra) N13InAIANNREIU
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dlodlunsmeasnsuiimanuLEUNSNnae L BEaa (Statistical) AaemadianisinsizinIsnnaeds
unnveLsea (Factorial Experiment) IG’IEJﬁ‘U‘LHﬂNQ‘iTﬂE]QﬁU’]ﬁVT’]miﬁﬂw’]ﬁ 4 Uszenw As wvu1a 0.50, 0.30, 1.00, 3.00
Tulasins auaisu YraarlunszuiunisusuRiazBen As 30, 60, 90, 120, 150, kag 180 w1l 1unis1dwasnan

&Rty drunanauauss (Response) dusunsitaseiideanmduaininuneruiaasevadn (Ra) 9090UNUNAEOU

o v w < 1% A A o % = Y =
mmmaqmaﬂﬂmmimua SKD61 ﬂQLLﬁﬂQGUE]N”aT]EJagL@EJWWQLLﬁﬂ\ﬂUGYﬁ'N‘VI 1

Journal of Manufacturing and Management Technology (UMMT) Vol 3, No. 1, 2024 (January - June)




MAINALULAENISHAALAZNITINATS

MMY s d -
ooREe R U9 3 auui 1 ansiAal - dguig 2567

A15199 19eyafAuveUin (Ra) dniunisiinseiideata

YUANRYHUN drgranlunisuiuiinaziden (Lapping Time; min)

(Alumina  Size;

um) 30 60 90 120 150 180
0.05 0.174 0.174 0.290 0.272 0.176 0.223
0.05 0.227 0.227 0.278 0.278 0.193 0.307
0.05 0.187 0.187 0.269 0.276 0.176 0.264
0.05 0.251 0.251 0.321 0.249 0.209 0.234
0.05 0.194 0.194 0.294 0.270 0.173 0.271
0.30 0.204 0.202 0.235 0.223 0.228 0.264
0.30 0.190 0.237 0.173 0.207 0.115 0.204
0.30 0.221 0.194 0.193 0.200 0.213 0.230
0.30 0.176 0.208 0.163 0.211 0.228 0.252
0.30 0.194 0.187 0.203 0.218 0.186 0.200
1.00 0.144 0.129 0.156 0.145 0.184 0.198
1.00 0.168 0.133 0.148 0.146 0.182 0.175
1.00 0.162 0.140 0.154 0.142 0.170 0.133
1.00 0.165 0.161 0.169 0.149 0.208 0.175
1.00 0.161 0.157 0.144 0.167 0.185 0.159
3.00 0.112 0.122 0.118 0.107 0.159 0.169
3.00 0.100 0.139 0.135 0.098 0.165 0.162
3.00 0.103 0.109 0.143 0.135 0.150 0.138
3.00 0.095 0.120 0.142 0.103 0.168 0.142
3.00 0.134 0.119 0.130 0.124 0.177 0.136

NadNEIINNTIATIEnIsAasafausinnal3ea (Factorial Experiment) fauanslumnsieil 2 Fsagnudn wisiimes
yurnnstaogiiug Avualiidu A (Alumina Size ) %a 4 wuaa Ao wu1m 0.50, 0.30, 1.00, 3.00 lulATiuns uas
wmslnestisnatlunsuiuinasden faualidu B (Lapping Time) 7 6 trsatlunisusufiasden fie 30, 60,
90, 120, 150, 180 unfl A w1y fBnSnasenansuaussrANumeUAILRABIAYAdn (Ra) maﬁ?umumaaui’aq

WIENNALASBaie SKD61 valudiuvedninandnvewnasnisniwas (Main Effect) wazdnsnasiudusening

o v A o =

N1518ma5 (Interaction) pegnafitadAAsyAuANULTRIU 95% 1WipaanAl P-Value < A1 OL %138 0.01 < 0.05
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a v s a I3 a = . .
A15197 2 WARNTINNNITAATIENTNAADITILNNNBLTa (Factorial Expenment)

Source DF SS MS F-value p-value
Model 23 0.33656 0.014633 33.58 < 0.001
Linear 8 0.19297 0.024121 55.36 < 0.001
Alumina Powder(A) 3 0.12823 0.042743 98.10 < 0.001
Lapping Time (B) 5 0.06474 0.012948 29.72 < 0.001
2-Way Interactions 15 0.14359 0.009573 21.97 < 0.001
(A) *(B) 15 0.14359 0.009573 21.97 < 0.001
Error 96 0.04183 0.000436 - -

Total 119 0.37839 - -

Waldvin1siiansanisdnsiziainuianain (Residual) H9nLslakansuInsgIuNansenu (Pareto Chart of the
Standardized Effects) wanslimiiua1tads A Ae wadn (Alumina Powder), B Ao 1ia1lun1susuitasiden (Lapping

Time) 3o AB @8 widn (Alumina Powder) 1ia1lun1susuiiaziden (Lapping Time) wuaniutduings fadu Jade

' ' a

719 2 Uaded TnanoA1AlNANURgIURIVDITUINUNE 191NV INN15USURIAZLE 8ATUIU AR8NTEUIUNNSUSURNaYLD e
(Lapping) agilfadAty dawanslugud 5 WevinisiansanainuaiiliunvaaesdseAelusunsy Minitab 11vihnns
AATIPARANAGDI N1IATIVFBUAIINYNABIVBITUKUUNITNAADY FINANITATITFR VAN TOLANILALAEAUNAFIND

JULUUTBIAIEIUANATY (Residuals) Tildanndeyadivhnisnaasssisadulumundnnisiie Ardruandwiealinsuanuas

N

wuuUnAvesAIAmiianaIn 9905wl Versus Fits A519aauAsLUTUTIUAIvRIAIANinnain lneadoyaiifndead

o ¥

AULUsUTIUYRIAANAANA1adsal LAty 91nnsw Versus Order anuludaszsiedu deyadinnugniesuay

{a v o

Fotiels Inedayanidesdidnumuzveanu)iiniuauia dwanduguil 6

Pareto Chart of the Standardized Effects Residual Plots for Ra
(response is Ra, a = 0.05) Normal Probability Plot Versus Fits

Term 1.985 = .

Percent
Residual
g
¢
o
.
-
U 23
e @

Residual

008 005 001 -002 000 002 008 110 2 3 4 o 6 M 80 0 100 10 120
Residual Observation Order

gﬂ‘ﬁ 5 Pareto Chart of the Standardized Effect 3‘1]17‘ 6 N5IAIILIANPNURANAR (Residual)

Standardized Effect
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Wevinsfinnsannsmdvinandnveusaznisines (Main Effect Plot) dauansluguil 7 azuiuladndunsinis

W151d3LmeTvuIARITABG T U (Alumina Size) wagn1s1dnes¥raianlun1susuidaziden (Lapping Time)

'3

Tdvwuiuidue1989 (Reference Line) Tusiiwnuuau (Horizontal Axial) HuvsngaaNdin w1sdwasnd 2 wisiimes

I3

fananil T8visnasenanauaussrANuveNURRGeaTAdin (Ra) vesununaaeuianminndesele SKD61 i

TinadnsNaonadonuiuNaansaINNTIATIZiNSInaeuTmNnel3ua (Factorial Experiment) Adlanslumsned 2

v

wana1ndl BnSwasiudusenintannsimes (interaction Plot) Anandlugufl 8 aziiuladndunsivivesdunsizen

senindadevunanadnegiiun (Alumina Size) wardadedriarlunisusuiitasiden (Lapping Time) kualduiiianig

'
N

Tawmilouiu I8vSnatiuiuszninamnsiines Nszaunutoludieia 95% difoinasg1slidudnAty nueaINd
frSnatiuiusznIemIsdinesn 2 wsdwesainani d8viwadenansuaussrInueIURIRdsavAda (Ra)
YosTuNUNAdeUiannannaaToslle SKD61 Fanlinadnsidenndesiuiunadnsannsiaszinismaasaduin

Mal3ua (Factorial Experiment) fanansluns199 2

Main Effects Plot for Ra Interaction Plot for Ra
Fitted Means Fitted Means
Alumina Powder Lapping Time Alumina Powd * Lapping Time Lapping
022 030 Time
200

900
1200
1500
180.0

L ]
Fkirg

Mean of Ra

g O bd 015 - :
0.16 ~ i:
\\ / 0.10 =
; | |
013 \' * 00 "
0.050 0.300 1.000 3.000
005 0.30 1.00 3.00 30 60 9 120 150 180 Alumina Powd
o a a ) ' a ¢ a a a | ) | a ¢
JUN 7 nIBVIENaNANVDILAATNIINADT JUN 8 NIUAAIDYENATIUAUTEMINNITIADT

Tunmameisnzaufiguesmsnfivosis 2 uuu wsfives Tiun mafwesuunustnogiiul (Alumina Size) uag
msfiwostnailunisuiuinanden (Lapping Time) vdmalinunmittunuTagminndiedosiio skDe1 lny
AAnuveUANRABIaYAdn (Ra) TiflAvsnzaufifian (Minimize) Ssannisfimanzandsna1n Ao vuansdaegiiu
wirdu 0.05 lalasiung uazvasnailunisiuinasden witdu 30 unit azdwalildrmnuveiuiuedsiavad Ra
wiriu 0.0544 lslasiuns uenani Wefansandinufienels (Desirability : D) HenfunnsUsznanaBaan wuii 1

ANgaNGe 87.99% ananslugui 9
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] ig
BUERS e 0.05 20
Low 0.05 20
N
¢ °
Ra *
.
Minimum L ]
y = 0.0544 .
d =0.87987
*
———————— - ——— - ——————————-

JUN 9 nTuansHanTIATIEimelaidy (Response Optimization)

4. afUTEkHa

Nnnamsneaesuin JeduidmasensyurunmsusuinasiBenil 2 Yoy Ae Yasuvesnauaznedn 9asan
Tunsusuiinaziden Ae 30, 60, 90, 120, 150, 180 W1t Inefivuransinegiunfivinnisdnuide 4 Ussian Ao vuin
0.50, 0.30, 1.00, 3.00 lulAsiuns mua1du lunsimesuandfgy dlevhnmdennsiuseuiisuaimume U
(Ra) Yo uULAar AL SlF T unuiidinune Ui (Ra) wzaufignffe Suauiiunssuiunisusuin
aziBuasonstavunn 0.05 lulasiuas dldinalunisdail 30 undi ldAarwaziBensgi 0.0544 lulasiums uazlsim

AMULTDIUN 87.99%

5. #5UNaAN5IY
nsadunisdnvuiertuininanegiiuniinasnerinuneuialagldinadanszuiunsuiuiiasdun
o YR I v A P P o a a | | a a a Py
dwiulanmannanasesile SKD61 ldlunszuiunsUTuRIazBen diumanuveurafeauaiin (Ra) ¥0TUI
AR5 8UNBUYININNSUSURIaLBEA SEAUANUMEIURILRALIAYAMA (Ra) 0.1-0.5 tulasunas 19waAlAn1saenwuunIs
VAARATMHNNDIS YA WUT dan1ETimungaNveInTEUIuMIUSURIasdeadana 1laun sunansdneaiiun wiiu 0.05
Tulasiuns wazdunuiciunseuIumsUSURIazLdenmgnsdnuWIa 0.05 tulasiuns F9kiantun1sdng 30 w1 laed

ANUazBenag 0.0544 lulasiuns wazlariAnugedun 87.99%
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Microscope dwiusifiun1side nasnaun1slilusunsugenduas Minitab sntiesifiunsinssinanisnaass i
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