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UNANED

o

NIT T g Uszasdiienensalaiauagssialunisndeeiuglumdnvaamies FCD 400 Tngldignisiiuiy
v < s ¢ . a ) v
AEVAUIRIENITORNKUUNIINARRMUUTRNG-LUAL (Box-Behnken Design) Tneiitadulunsnaassusznaudie
ANUsIseu Snsideu anudnlunisdn wagdefiayniin 91nnisnaaeanuinladendniiinanerininuesuseiia Ae
Ausaseu Sedayniln Snsrdeu uazanudnlunisdn lneArnnuvgussindivunlivvzanauiiolidndouninudnly
ndinanas waziiuAEIse waysalayniin Wgelu an1isfivanzausorninueguseidy fe ANUEITOU 1,700
1 a o a a 1 = £ a a v a IS a a Y o1
sausewdl 8ns1deu 0.04 fafunsdesou Anwdntunisdn 0.1 Jafiuns uazsaliayniia 1.2 fadwas szladrany
Y3usERINA 0.2589 Tulaswms wazannisnderitughuiiogdnuuznsdnusevesdaiin wuirasiinisdnusenuy
wanvinivanemudn Llesannnisidenduagn1snsswnniuduu
Adfgy wdnuaewden ANl IEnsiiuRaneuaues MsesnLuunIsAastuUTend-LuiuAl
Abstract
The research aims to study the surface roughness prediction in tuming of ductile cast iron using response surface
methodology with experiment design of Box-Behnken design. Factors used in the experiment include speed, feed rate,
depth of cut, and corner radius using ductile cast iron FCD 400. From the experiment, factors affecting the surface roughness

are speed, comner radius, feed rate, and depth of cut. The surface roughness tended to decrease when the feed rate and

depth of cut were decreased and increasing the speed corner radius up. The optimal conditions on the surface roughness

doi: 10.14456/rmutlengj.2021.6 U9 6 auuil 2 nsngIA - su1AN 2564
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were the speed of 1,700 rpm, feed rate of 0.04 mm/rev, depth of cut 0.1 mm, and corner radius of 1.2 mm. These

conditions resulted in the surface roughness of 0.2589 um.  From boring tumning to study the wear characteristics of the

insert, it was found that the fracture wears at the cutting edge due to the fraction and impact on the workpiece.

Keywords: Ductile Cast Iron, Surface Roughness, Response Surface Methodology, Box-Behnken Design

1. unid

wanudeiniies (Ductile lron) SFeidendu
NAUULUU L9U tranuaensilidnau (Spheroidal
Graphite Iron Nodular Cast Iron) AmaudALAY
Snwairvesnslidfinnudnegluideveandn azeglu
anwaznau (Nodule or Spheroid) dauuansaluain

< A =

anwanslidvesnanndeding Feeglugureuau

v 1Y

8713 (Lamellar Flakes) fenndnuazaeins iidiidu

q

sunawvhlindnelindinuantfmderiuusanssunnls
Anundnudedin defveuvdnvaewmies dewisuiu
wiEnnaerffesrlidveuinasifaluidesannumun
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2.1 nguineIve

v
aa A

35 WU NanaU(Response Surface Methodology,

RSM) 1JUn1592U50L0135NeAdAA1d@nSLaLaDf
flunisadrswuudiastuaznisimszidaynilng
finameuiiaulatuegfunanstiate unzifnguszasdi
AwmAnfiRfianvesnanauinisoenuuuisdend-
wuiuLAY [6-9] Adnwauziiouazridu Orthogonal
F1UIUNITNAAaBILAaY Combination vinlud1uqu
adefiiafu Tnetanizqa Centerpoints 1ofifadl
A Resolution Wity IV Favildanunsafnwinansenu
\FaLdu (Linear Effects) nansgynululdadunidsass
(Quadratic Effects) Laz8unIn3gInIananIznusm
2 Y9¥8 (2-Factor Interactions) Wain1580nWUUN"T
nnasuuistend ke avisiuaundelunis
npassianassanielidunuiignnindeifisuiunis
9OALUUNITNABBILUUYUIZaNNaTS (Central
Composite Design; CCD)  [9-10]
2.2 35075A TIN5
2.2.1 in3osilouazeunsallunisnnass

1) 1A304N&4 Harrison $u M 300 fiAau15250

@AY 2,500 seudaull dmsndeugean 1

394
fiad

AfLAIABTOU NARLUUSEINASINGY

2) Yagrunuillilunismnaes fe dnvdowien
FCD 400 flvwmidusugudnats 35 Taduns auend
100 fladuns AruasTAlaemlunuLssisldgegn 400 T
fudannsaliadiuns Jens1n1sinsa 12% aunsatiily
YUule auanAuLAsEaAnsayuRIudsld nusanis
AnnseldfanunsniluftusulFannsnsunsenssunn
167 drunauiiiuosidudinsuou Ussuna 3.581% waz
faflonminaneg 1wy uuniiFon wardaneu 1udy

3) \iafiandeadruvdaaislud 8o Tungaloy
gida CCMT09T304- PM, CCMTO9T308-PM W@ g
CCMTO09T312-PM 1050 T9115 daunau Astudiafiou

Ffe Ao TICN + ALO, nanluussinegu

4) #rufiande 8%e Tuncaloy ¥ilm CC**09T3**
\n3A A16Q-SCLCR/L09-D180 vunAlduruAUENand 16
fladums mue1 180 Tadums nanlulszmadu

5) 1A3eainAINLFYsE B Mitutoyo Ju SJ-210
waRlulsEnAdu
2.2.2 MI00NkUUNITNAAST

miAdeidunsussgndldisiuRananouauadiae
Tdunun1snaassdan-1usiuiau (Box — Behnken
Design) [6-10] Yadedildlunisesnwuunisnaaes
Usznouie A11uL5950U (Speed) dns1Uou (Feed

o P

Rate) A11uantuA19AA (Depth of Cut) WAL IALAYNUA
(Corner Radius) [2-5, 9-14] HaMBUEUBY AB A1AIIY
¥33¢H7 (Surface Roughness; Ra) nMsnivundielady
dmsumsneasetiu ldRasananUssansnmaeada
fin mimamﬂﬁmﬁwﬂwﬁmmﬁaaéfu Lazdainnn
YeaAdesdnsianunsausuddldase Tnofvundauusi
ANIENARDANYTVIERY 4 U9de uiazUadeasdl 3
SEU wanInNseil 1 Sanglunseans 27 @z
warilinisingn 3 ads LﬁaaﬂmmLLUsUsmﬂuaqsﬁagaﬁ’]
W%;‘JjaﬁmwmhL%aﬁaum?}ﬂﬁu ntunaAy
9995287 TiATeRnan1sadfdaeisnishiuia
NaneUduBd (Response Surface Methodology; RSM)
Tagllusunsu Minitab Ju 17 sedvveusayJadedily
TUNNTOONLUUNNTVIAGEY WAAITIN1S1T 1

AN5197 1 MsinuaA1dadednsunIsnaass

Factor Low (-1) | Medium (0) | High (1)
Speed (rpm) 800 1,200 1,700
Feed Rate (mm/rev) 0.04 0.06 0.08
Depth of Cut (mm) 0.1 0.2 0.3
Corner Radius (mm) 0.4 0.8 1.2

2.2.3 JuUpaunIsIeasd

1) FoLnSuuTuuannanuied FCD 400 U9

v
4 a

RIUAUENA19TUIIY 35 NadtlnT YUIALEUNIY
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2) didusuiidandonlfunsinisndsaiugluny
anmemsnasaiugluiidimue $1uu 27 anne e
yhnanAeninuglumaenTuaIY FaLLABITENT LY

3) farAruusERatus $1um 3 90 lasusia
0 ﬁ]w‘hﬂﬁmu%umuﬂixmm 120 841 AUNUTINDY
#1991NUa183UTUUENTA 10 Safluns wdatm
FUNALRAE YA IIYTYTERY
2.2.4 N13595I90UAIINGNADIVEIFULUUNITAAD

desuiunsvaassmuiieanuuuly azthieyas
auvgusERansaaeuiewindeyafiivintuudeya
Afaunwndela Tnsflaudndusesfiganuaula
vaadoya 3 Usznisdennudulnfivesdoya Ay
wiesnmusstoya wasanududasyvesdoya
2.2.5 MIAATILVIAIUUUITUTIU (ANOVA)

T4lusunsy Minitab gu 17 Tun1s3tasigninig

Y

naaouiofinnsundsiateiifinadefulsnovausdag
Agfiarsundn P-Value wWisuifisufudt  uinan
P-Value fintiosnin o wansindladedifiansanduiing
ABA1AUYIYTERT IngazAnun O iy 0.05 lag
fsaniamswandn (Main Effect) tadurirdsans uas
Ufduiusseninatlady (interaction Effect) Infinasan
ANUUTUsERIvTe L
2.2.6 MyuATIzinIsanas (Regression Analysis)
nMiAsIinIsanaeeLilefnuANdRuS oI
AuvgUssRafufwUsdase Ae AnuEaseu snlou
Aanuantunsdn wazsaliyuila lnelddoyaainnis
naaeaednuitladefinininaziinadeninuugusein
unsgvinisanneslagldlusunsy Minitab Ju 17
2.2.7 msmannzimnzaulunsndeniglu
Ainsgsimaniisivanzanlunisnasaiiuglu
wianuaewiled FCD 400 agld Response Optimizeriu
nsfuaiionmadns lnsagidonsziurestaded
danasiornANYYsER (Ra) TlAntoeiian
2.2.8 msvmasiodudiusa
nsnaaesiilunsnedeuaiuutiug vosauns
annoy lagnsduan1ignisnasadiugiu 911U 10

AN1IENISNAADY WAIUINANLAAINAITNYINTAIUN

Wisuifieuaass (db) Aildannnisvaass uazuiam
Wesiduduesniunainiadouduysaliade (Mean
Absolute Percentage Error; MAPE) Tngdinuasnaula
Ao Aaradouvasnsnensalliiiiu 5 Wedldud
2.2.9 mafnymganssunsanuseveudnin
Fupouiifunandsausluiiofnumginssunis
Fnusovendniln Ingldanziimunzanlunisnaass
mniuodiniiludesendosanssmididnaseuuy

d@0939n519 (SEM)

3. NaN15BUAzaNUTY
3.1 HANITVNARDY UAYNITUATIZINITNAGDN
n3iteiuszndldnisesnuuunimaassiuy
Jond-luuau ffuusdaseildlunisosnuuunis
naaps Usznaume anwuisiseu dasdeu szeslleudn
uazSailaynia lnuAHAREUALDY AD ANAINNYTVTEHY
3.1.1 N139TITOUANININYEITYA
NNANIVIAABIEINTIANIIATIEY LlonTIadey
Ifeyafinunmudelyl nevluaznsivasunuantd
voedaya 3 Usznismeiu Aenisneasuninuduuni
vastaya (Normality Test) NMsnadeuaLTiadiysnw
maﬁayja (Variance Stability Test) wagn15nadauaIy

Judaszvesdoya (Independent Test) uanedaguil 1

Residual Plots for Ra

Normal Probability Plot Versus Fits
Ed
o7 am| e * "
% v . * *
= 005
£ ] . * .
e T o . L
i i . .
005 o - .
© 0050, L4 .
. -
k) ans o (13 [T 1] 3 1) 15 10
Residual Fitted Value
Histogram Versus Order
8
100501
ge z s
E.d 2 00
= -E -00es.

d I

06 -0 -0 00 0@ O Qe 2 46 & 0 1214 1% B 202 AD
Residual Observation Order

JUN 1 MInTIREeUAMNINTBYAANYIUTERD

9n3U7 1 @unmsveaeuanuiluunfivesdoyas
fasananueunm 2 Uszian toud 1) aananesdu

wuuUnA 138 Normal Probability Plot agtiiuinaiy
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a a o ) %
2158153 sIUAIENT un1Ineraenalulagsivaeaaaruur e
widsdidnwaznissesdnduiuidunss wazliden M13799 2 HANITHATIENAIUHUTUTIUTBIAIAIY
Anun@AnTuluununin uag 2) Salawnsu (Histogram) Y§TERIBINANERWile FCD 400
Tngdunnsusnsesdalawnsuiauuing dauasuladn Analysis of Variance for Ra
Foyalunmsneassiinisuanuasuuuuni source | P\ ASS | AdMS | Fvalue | P
value

INUUATIVADUAMULADYITAINVDIAULUTUTIU

Regression 14 1.54190 | 0.110136 43.25 0.000

TagTHWNUAINNITASTLINYALAYLUNFDUULNUN TN

Linear 4 | 127335 | 0318338 | 12500 | 0.000

Snwaznsnszanefidudasy lifuwili wazldanunsa Speed L | 067687 | 0676875 | 26578 | 0.000
Amnsalguuuuld dinnsnsedanseanediawindont Feed Rate 1 | 022495 | 0.224954 | 8833 | 0.000
s0U 9 mqusﬁﬁwh q fu wansldiiudafeyadiau Depthof Cut | 1 | 0.12813 | 0.128133 | 5031 | 0.000
@ ComerRadius | 1 | 0.24339 | 0.243390 | 95.57 | 0.000

LEDYININYBIAILLUSUS I ASIvERUANULTUDESY

Square 4 0.20822 | 0.052056 20.44 0.000
Speed*Spee 1 0.05885 | 0.058847 23.11 0.000

vaatoya lagldununiniuanianuduiusseninad

LWAWLNADRBDANAUNITNAABY TINUINANAYNADLINTT q
nsgdnnszanglisuuuy lfianuduiusiuaidunis Feed*Feed 1 | 003771 | 0037707 | 1481 0.002
N lunnlturson U Raunsaa1Ansal Depth*Depth | 1 | 0.03850 | 0.038496 | 1512 | 0.002

lowansbiiuddoyaiinnududasyvesdeya CorneriCom | 1| 001648 | 0016477 | 647 | 0.026

er

HaI1NNSUsEIUAMaNTRATY 3 Usenisvesteya

, 2-Way 6 | 006032 | 0010054 | 3.95 0.021

apUlfideyafiamameiiivuaziiniodo Speed*feed | 1 | 001210 | 0.012100 | 4.75 0.050

3.1.2 MINATILVIAULUTUTINYOIAINIINYTYTE Speed®Dept | 1 | 0.00748 | 0.007482 | 294 0112
INNANITATIVADUAIIUYNABIVBIFULUUNIT h

naaes wulrdeyailaiinulndede Jnidoyananis SpeedCome | 1 | 000001 | 0000012 | 0.00 | 0946

r

PANVFVIERINIMINTIATIERANUUTUTINVRS
Feed *Depth | 1 | 000319 | 0003192 | 125 | 0285

Yaduiiiednwrinddadeladrsniinansznuneniny Feed *Comer | 1 0.03725 0.37249 14.63 0.002

yusEiiveamdnuaeinies FCD 400 Fauansnanis Depth*Comer | 1 | 000029 | 0000289 | 011 | 0742
asrgiauLlsUsIumelusunsy Minitab §u 17 Error 12 | 0.03056 | 0.002547
LRI IANS199 2 Lackof-Fit | 10 | 0.02887 | 0002887 | 341 | 0248
Pure Error 2 0.00169 | 0.000846
Total 26 | 157246
S = 00504653 R-Sq = 98.06% R-Sqfad)) = 95.79% RSq(pred) =
89.18%

v

NANIN 2 WU A R-Square SiAinu 98.06
Wesidud sflmnumungindininuguseidiavina
nadunisvnaesasis 98.06 Wesidud dudn 1.94
Wesiuidunasnantadefliléfinisauay wanai
N130DNLUUNIINAABIUNHDY wasdaumuzay
uananiien Lack of Fit fin P-Value wihifu 0.248
nngANUNANNTanneYdMSUAIALYTERAITAY
wngauegsitediny wasdenunsalasginelunie

A5 BASIEHANULUTUTIU
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AULUAFIUNITNAGDY yosladumnudaseuiuarudnlunisdn auiiseu
Ho : Yadelumsndenimslulsiiinadoninuugusein fusmiaynile sns1deuruanudniunisdnuazaiudn

winuaawmilen FCD 400 Tunsinduiediaynialifinaseninuagassiumanvde
H, : Yadelumsndeniusluiinadennuvgusein wiflen FCD 400

Wwidnvaamnie: FCD 400

n5iasenladeiidinanen1nuvgYsei ¥inns Main Effects Plot for Ra
Data Means
JATILRNTEAUAINLLT BT 95 LUasSITuA wSaNsEsiu a— Fesd e Depth o it Corver i
JudAny 0.05 Tneuain1sandula Asd P-Value dA1 12

o

Woendn 0.05 U ias H, Bavunefiataduny o dnass i

AuUgYsERvesmanuaelnies FCD 400 ="
a ¢ 9 v aa ' a as
1) nslaszvitadenan Alinadanduviusein f
= = ' @ o8
widnuaewiles FCD 400 91nA151991 2 wudndade

a7
A A 200 1200 1700 el 006 008 a1 0z a3 o4 o8 1.2

AU559U S5ty anudnlunisdn warsadlaunie

U

Fafldn P-Value Younin 0.05 fetiy asuldirdase JUN 2 MIUBguLUAIANNTTYTERRAINNTIUR UTEAY

a

ANUL550U drs1deu syezdaudn wazsadaunina fk vestladendn

)]

o

Y
RomuvYsEManuaewmile FCD 400 agdiduddey

Interaction Plot for Ra

F9@9AAA0INUNUITEVRY JUa wazsiua [11] Lay Fitted Means

Feed
Rate

Beauchamp, VY. et.al [12]

0.06
— - o8

2) myiengladeindsaes Ninarennuivse

Speed DegthofCut Feed Rate - Depthof Cut Depth

of Cut
o1

Ranuasmied FCD 400 91nm15199 2 wudndade

Mean of Ra

[

fdsapaestlateanusisou dnsdeu mnudnlunis

Speed - Comerradiu Feed Rate - Cornermadius Depth of Cut = Cornerradius ComerRadiu:

A0 uaymadagnila edldn P-Value toendn 0.05 sy N

&

ayllanladeidsaesesladumnuiiseu dasdou —

~ , - Speed FeedRate Depth of Cut

svurUoudn uazdalaynia duasonuviUTe = ——
4 Come e o JUN 3 UNAUNUSUIAINVIVIZRD
wiinudewniled FCD 400 agneditiydnfny

o

3) N19IATILRTUNIATET NUNARBAIINVTVILHT

« A 2 D WaNTUINANTENUVRIUITLNANTILDNENAR DAY
WIANYEBLNTNE FCD 400 91nAN5199 2 NUI19UASASEN

. g e . o o o~ V3UIERINNGUN 2 waznn3eil 2 wud Yadenaniidawa
sgndnanuiIseuiusnsdeunasdnsidouduiall

< a1

5 . Lz Y, AoANTTVITRIUMANVaRITeY FCD 400 fio AwL57
unin Fadld1 P-Value Wosnin 0.05 dsuuazuladn

! 3

FUNTNTLITENINAIULSITUNUERT1UDU Wardnsn

o oom m A - .. ANSITEUT NI lauAUE5aU 910 800 WU
Youtuaflayniln dunasernuagvssiavinvdeinien

sou gn510eu Arwdntunisde wasiaiiayniia lne

D ome o e r o 1,700 souspun?l dealiiAiAinuasvseiivsiiuualiy
FCD 400 ageildedfny 31nA15197 2 wag3u 3 Wile

- o em . - . - anad d@usnsouiwnlaidafiugnsitou a0 0.04
NINSUNBUATN381VBITTEAINULSITEUAUAINNANTY

vUu 0.08 fiadwnssiosou dwmalifA1nnuivszigeg

= @

nsdn Anasiseuiusadaynia dnsrdeuduaiudn C . A
. - e o uoa e an iR duanudntunisdaduiiuilduindiaiiuniig
lunsdn wagadudnlunisdndusasiayniia ddn . 3 ) R
, o . anlun1sdnain 0.1 10w 0.3 fadiuns danaliaAinln
P-Value 111n11 0.05 wagnudnduveansivvuiuiu o o } .
A cwuiy o Y v e o o s Y3UTERLTINTY aenAdDIiuNUITYVRT WAST uay
wazdlwwildulidndu dedu agdladndadedunsisen
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AsUsenn [13] dnfedaynilaifistuain 0.4 18u 1.2
fadluns denaliAimnugusziaanas Tsaenndesiu
N ANUVTVIERT [14] wazflaufunnuseuLiuiy
gns1lauanat waranudnlumsdnanad uazmilayniin
ity shliauvgssiveandnuaemilos FCD 400
ANaIeIY
3.1.3 MTAATILYNITAND0EYEIAINYTYTEA
Wunisimsiginisannes (Regression Analysis)
VDIANINVFVIERIVBUNANVERITE FCD 400 fudade
Tunisveaes lawn annwsaseu dasadeu mudnlu
n3ia wagsmdayniin Tagldlusunsy Minitab u 17 B
aunsndiasiginisanneeldaunisdnasawuuLiugy
(Full Model) Tugunuuann1sindsdes (Quadratic)
\losannannisanaesdiliainnisiasieg Saiade
SunsA3E (2-Way Interaction) fiusznaulusieilady

Anusaseuiiuaudnlunisdn aruisaseudusaiiayn

o

fusaflaunile lddinanamnuvsvseRIVDUNENNED

U q

Witley FCD 400 399110155 US8U I8 UaunNISanaagwuy

1Y aa '

LﬁugﬂLLazaumimaaaLLwamgﬂﬁﬁmaumﬂimnmw
Yadeiilidmasgrefidodfyenn flannenisvaaes
AaMI1UL5759U 1,200 sausaud ons1dau 0.04
fadmssoun? Auanlun1sdn 0.3 Nadluns waysedl
ynia 0.8 Naduns M5 3 WU dunTsanaes

'
a =

wuvansutu ddralnuranainfiainit wazilan

a1 '

Predicted R Square dA1g3n7

U

nswensaiftlaan
aun1sudiuguuuy fefu Sadenldaunisonnssuuuan
U lun1snennsainuesvssinveuvannaemies
FCD 400 feamnnsii 1

R, = 0.9617 -0.2375 (Speed) +0.1369 (Feed Rate)
+0.1033 (Depth of Cut) -0.1424 (Corner Radius)
+0.1050 (Speed?) -0.0841 (Feed Rate?) -0.0850 (Depth

of Cut?) -0.0556 (Corner Radius*)+0.0550 (Speed*Feed

0 dnsdaunuanuaniun1sin wagANuanNtuNITEHnA Rate) -0.0965(Feed Rate*Corner Radius) (1)

MIRT 3 naneInsalvesEiMsiugUUSeudisuiuaunisangUvasnssuiunsnasainglundnnaemilen FCD 400

Model Predicted (m) | Actual ()m) % Error R-Sq% R-Sq(pred)%
Full Model 0.731 0.790 7.47 98.06 89.18
Ra
Reduced Model 0.759 0.790 3.92 97.36 93.69

Surface Plot of Ra vs Feed Rate, Speed

125 Hold Values

Depth of Cut 0.2

A
\‘
4
CornerRadius 0.8
W -
"

Ra 1.00
075

0.50 0.06

Feed Rate

900
1200 4509 0.04

Speed 1800

JUT 4 wunmituiranauaussszniteusiseuiudnsdeu
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12
10

|
08

o
06

075 400

CornerRadius

Surface Plot of Ra vs Feed Rate, CornerRadius

L ‘
0.50 g -

— 004

‘ | Hold Values
Speed 1200
. Depth of Cut 0.2
700

8

e
Cos Feed Rate

JUT 5 ununmiiuiinaneuauessyniednsleuiuiaiaynia

Depth Corner
030 120
g nam
0.10 040

Optimal High 159935
O LI0 oy N7
Predict Low 8000
Ra
Minimum
¥ = 02589
d = 1.0000

N e

JUN 6 annziimunzauvesdadelunisndaniiuglumannaesmiles FCD 400

3.1.4 msasiuimevaes
IINAUNITOANBLVDIANANUYTUTERIUNTEUIUNT
nasndruslumadnunaemies FCD 400 aunsaiiun
a%fmmumwﬁuﬁwamauauaa (Response Surface
Plot) ttensesinansznuresiladohimiidssasony
Y3usziiveumdnvasiuiles FCD 400 Tasldlusunsu
Minitab 31 17 Tunisa¥efiufiananauauss n1s
AATIZARANTENUTESUARSEITENINIAULEITOURY
Snsndlou Tuguit 4 nuidldanuisisoudintu Sns
douanas awhliimnusvseiadias lunmsnduiud
T¥andasevanas sasdoudiniu asvilfanny
mq%zﬁ’sga"ﬁu 98190 Ty Ay wWarN15ILATIEN

]

HaNIENUYeIUANIENTEninednsdeuiuimiiaynia

Tugu#n 5 wuddnlddnsdeuanas Sallaynidaiiinauy

wilianuvsvsERas Tumenduiuanldsnsdeu

[ P

Wingu Seflayniinanas vilinuUTUIERgITY

a o o

pg9litudALy

o

3.1.5 MIMAIEIN LTI ISTUVOIAINIIUYFYTLA
MaATgmansivinzadlunngandiug

lumdnuasiuilen FCD 400 #ae Response Optimizer

- 1Y)

LUsuNsY Minitab §u 17 N153LATIERNOMTEAUYD
Hadefidawaliidnnuesusein (Ra) fertiesiign 21n
U 6 wudnAraufianelalnesinvesanioed
wzay daviifu 1.00 Feeglusziuarudimela

aaan wavdanziimuzadlunssuiunsnduvinude

'
o o

wiled FCD 400 Ndanaliimiainuvguseianiian As

q

a a

ASITeU 1,700 sounauyl ons1Ueou 0.04 fadiuns

a P

Aowdl AuanTun1sdn 0.1 adiuns uazsataynd
1.2 fafiuns lnedlA1A1093UsEHUNNTY 0.2589
lulasiuns Gefldrauvgussindiia wuunisda
azlBundifimnnaguszialugig 0.1 - 1.0 lulasiuns
3.2 msvaasailedudina
nsnaaosiidunismaasdifiedusunaiiniiy
wiugraunisannesluneinsalninugussia oy

mnsguaniiznisnasalnuluniuveuaiiniivun
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~
Dl

$1uau 10 annagnisnaass udtnaildainns
wynsaluUTeuLfisuaata (do fildainnismaass
LagfTuAF1ANLAAIPAAB LTINS NTRITIE BN
Lol 5 Wesidud TngrmnuvguseinveeA1aseiy
Amensaliiiunliuansdsguil 7 naannismaaes
wuln Alesifudvesrnumannadouduysaliadves
auMIANLIFYIERINRY 3.72 Wedliud Fatfounin
munaandouiiimualy uazAogluinasineensu
3.3 anvalgnsanuseveudingn (Tool Wear)
nMsATIEEngAnssunisanusevolinilalnens
ndsairuslumdnudeimnis FCDA00 fian1aznsnda
Usznounie muis93eu 1,700 seusaui snsidou
0.04 fiadwasaou?l Auantun1sin 0.1 Tadwnas
wazadaynie 1.2 Tadwns Taalunisaiiuglu 205
w1 nduiudaiialddesiendosqanssad
dlanmsaunuUdeInsn (Scanning Electron

Microscopy; SEM) wuidiniinagilidnwauznsanused

'
=

Uaneiln (Nose Wear) uanssiaguil 8 (n) uag (v) \in

INASUAFTEWINIUANYANFANUTUINUN A8 LD DU
‘ﬂ' % S g o v U G = CY
Wedadeuluuiu o Ju agilvaudanievalsfinge
WIANISHANTN ANWULANAAANIUNLANNISENWTENTI
Ju waztedarninannisidendseninglaenu
FUNUNNFIIINITHARDY FIn15annsavesvaleay
FinTANANUAMNINAIUYTYTEHIVDITUIUUAL YU

RITUN UMY S oUUA balELEND

4. unagy
N13ANYINITNYINTAAIAINVTVTERIUAITNES

a¥ruslumdnudewniion FCD 400 Tne33nnsiuiia

NARBUAUDY WarwnAnssuNsAnusveAIadiiadn

ausaagunanIsnaaedlinadl

|
=

0.8

0.6

Ra

0.4

0-2@
o |l

T T |

e

L

1 3 4 6 8 9 10

N}
¢
~

[d Ra Cal. (Ft) 0.259|1.008| 0.932|0.749|0.980 | 0.848 | 1.106 | 1.015| 0.728 | 0.533

[A Actual Ra (dt) | 0.272|1.036|0.974|0.733 | 0.991 | 0.896 | 1.128| 1.038| 0.695 | 0.578

JUN 7 MsiSeuLiguAIANuTuSERn

' -
\\

) Aa9veneR 100 x () AMFave189 200 x

'
a

U7 8 dnwaznisdnusevedaie

1) Yedendniifinadedininuvivsziaves
winvdewilen FCD 400 wnfign Ao Aruidasou Tng
fifn F-Value snfigaiileifisuiu sesasn A Sadayn
fin gn57dou uavanudniunisdn lneduuiliniinig
T¥anusiseugs snsndousi wazanudnlunissinei
Sataynings dnavinlAmanuvgusERIana

2) 91nn1snnaesldannisonnesiinans
AnuduiuSIEnineduysdase Ao AuEIseU 809
Uou anudnlunisdn wazsaliayniia dudsaude A1
AUVTVTERT WU danuduiuslusdwuuaunis
fidsaes (Quadratic Model) uaziduaunisanaesuy
angU alsiAn A Predicted R Square 93.69 Wasldus
LazannsnaassiiodudunalIouifisudiiliann
aUN130n0EAUAITINI399 NN TR WUTN AN
Wesidudvesnnunainindeuduysaliadevosaunis

L% § @ (3 1
AUVIVISHI NINU 3.72 WashPUn LanIINdIuITe

nensalAfdalidinisneasslaagnauiugn
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3)  pamsiesiansfivnzauvelasedia
nareAIALYTssRalunsnasuanuaamies FCD
400 W31 @nziinzay Ao AINUSITEU 1,700
saUMDUNY 8ns1UaU 0.04 TadluATADTOU WazAII
anlun1sdin 0.1 fadiuns wazsallauniia 1.2 Tadiuns
Faflannzdinan dwalidadeesidnwaznisinnse
fivanafin (Nose Wear) LAnainn1stndsznitedans
AufAfUT LU &sindeu Sinsdnusovesaneay
ﬁ’mquwaﬁ’uqmﬂ’lwc&n’mm?mzﬁwan%umuuawumm

YBIVUNURANANN hIBVUA AL LELD

5. inAnssuUsznA
nuidelilasuyuatduayuainavdseausela

1IN aemAlLlagvHIRaAI vy Usyanl 2562
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Abstract

The aim of this article is to experimentally investigate the forming and properties of the geo- polymer material
by using powder coating sludge and Indian kaolin. The powder coating sludge is a waste from powder coating
production process and it was XRF tested to find ingredients of element. The mixture ratios of Indian kaolin
and powder coating sludge were 66.7:33.3, 60:40, and 55:45, respectively. The concentrations of sodium
hydroxide solution were 5, 10, and 15 mol/ L, respectively and concentrations of sodium hydroxide to
concentration of sodium silicate solution were 1:1.64, 1:2.46, and 1:3.28, respectively. Specimens were formed
according to each mixture and concentration. Then, some properties such as compressive strength, coefficient
of thermal conductivity, and water absorbing were standardized tested. It was found that the mixture ratios of
Indian kaolin and powder coating sludge of 66.70:33.30, concentration of sodium hydroxide solution of 10
mol/ L and concentration of sodium hydroxide to concentration of sodium silicate solution of 1:2.46 was the
highest compressive strength as 4.07 MPa. Because the proportion of Indian kaolin was directly varied the
ingredient of silica and alumina therefore the high proportion of Indian kaolin caused the higsh compressive
strength. Moreover, the coefficient of thermal conductivity of the highest compressive strength was 0.0892 W/
(mek). In addition, the lowest of water absorbing was 24.20 %. Finally, the results illustrated that powder
coating sludge can replace other engineering materials especially construction and insulation materials because
of its high compressive strength and low coefficient of thermal conductivity.

Keywords: Powder Coating Sludge, XRF, Geo-polymer, Indian Kaolin, Compressive Strength
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Abstract

The purposes of this research were 1) to develop the fiber optic communication performance training kit, 2) to
find the efficiency of the fiber optic communication performance training kit, and 3) to compare the post-
learning achievement between the experimental group and the control group in computer networking system

subject (Subject Code 3105-9004) in High Vocational Certificate, Office of the Vocational Education Commission.
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The sample groups consisted of 35 students in the 1st year from the branch of Electronics at Phrae Technical
College who enrolled in computer networking system subject for the academic year 2019. They were divided
into 2 groups by simple random method which consisted of the experimental group of 14 students and the
control group of 21 students. The instruments used for data collection were: 1) the evaluation form for the
fiber optic communication performance training kit; 2) the learning achievement test. The statistics used to
analyze the data were mean and standard deviation. The hypothesis was tested with t-test dependent and t-
test independent statistics. The results of the research were as follows: 1) the development of the fiber optic
communication performance training kit was in the highest levels. The average value was 4.68, 2) the developed
fiber optic communication performance training kit was efficient at 82.07 / 80.71 which was according to the
provided criteria, and 3) the post-learning achievement of the experimental group was significantly higher than
the control group at 0.05.

Keywords: Performance Training set, Fiber Optic, Communication Work
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Abstract
In the past, the location routing problems of Para-rubber was not properly studied for solutions. As a result,

the rubber seller has to cover the transportation cost. In this research, a mathematics model is applied to
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develop an algorithm for solving the problem which aims to reduce transportation cost while considering the
economic worth. Results show that deploying a total of 10 depots which consists of 3 small-capacity depots,
5 middle-capacity depots and 2 unlimited-capacity depots can reduce the transportation cost from 354,335.22
baht/day down to 203,171 baht/day or 42.7 percentage. In conclusion, the mathematics model and cost-saving

algorithm are proven to be an attractive solution to the location routing problem.

Keywords: Location Allocation Problem, Vehicle Routing Problem, Mathematical Model
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Abstract

This research aimed to evaluate the performance of aluminum casting furnace using coke and diesel fuel. The
melting and casting of aluminum for engineering logo were tested by the lost foam method. The cylindrical
roll steel furnace was constructed from mild steel. There was a slot for supplying air ducts and diesel fuel. The
inner wall of the furnace was made from fire-resistant brick and plastered with fire-resistant cement for heat
insulation. Another part was the base of the air blower fan and the diesel tank. The air blower fan was

connected to the air ducts and diesel fuel. The mechanism of the furnace started with the formation of coke
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fuel to ignite around the inside of combustion chamber, drop the diesel oil into the air hose with an air blower

fan and carry the oil into the combustion chamber of the furnace to produce heat and melt aluminum. The

result of the aluminum casting test with weighs of 6 kg, the air blower fan speed of 3.50 m/s, oil flow rate of

21 min/liter, coke of 3.30 kg and diesel fuel of 2 liter showed that the furnace made the temperature of liquid

aluminum up to 678 degrees Celsius with 110 minutes which was the minimum time compared to the test

results at other wind speeds and the furnace has thermal efficiency equal to 5.61 percent.

Keywords: Furnace, Aluminum, Coke, Diesel fuel
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Development of PET Bottle Purchasing Machine using Load Cell and Image
Processing with LINE Notify

Insas Fouurn’ 1 gela! Yandey aindu’ Uiy Jozaadiaal eyva viesides’

uar vinydy BoTsunal”

' nanTiMmNIsuABNTIMeT AMEIAINTITUAERS Ui FumAlUlag YRR

128 auwmem duneiiles Jwiagedlval 50300

Grisorn Reunkaw', Rawat Aoutamo, Wattanachai Srikrin', Pratch Piyawongwisal’, Anuchon

Homsiang' and Kwanchai Eurviriyanukul!”

! Department of Computer Engineering, Faculty of Engineering, Rajamangala University of Technology Lanna
128 Huay Kaew Road, Muang, Chiang Mai, Thailand, 50300

‘Hiuliageuunay: kwanchai@rmutlac.th waslnsdni 08-3762-5128

Received: 16 June 2020, Revised: 17 February 2021, Accepted: 30 June 2021

undnge

Nt UsrasdifieimuneTesiunuudmivivtonamaainlasnluif@ 3 auin uazudafounanisineuru
Tawflufinhe Tnefiduneuntsrauie vngldnussuulinegldaumnneudesatnsaudninugresamsogyitoain
Fof vdsndugldouaunsoneenninadudesivnn ssuvasamaaouihmniiutneglutasiitmunnielside
Fuwostaimiin warldnmanndeafionsaduinduravielifieaninenssuniniousiiedn MobileNet-SsD
ynidudswantasuszuuazdsld weslwewes vhnsmyuiilendngiuseslunisaudauianyaesiui widudun
sruvIgINsTaTuInvesIadisnisetudAunsrestan eldadiminfuruiniauuda seuuazins
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afsnsruaunsnngeu 30 ﬂ%&ﬁmﬁhmmgﬂﬁauﬁu 87 wWasidud drwlunismaaeunisufiasisudaniaoy 3
Jssnvildun nswaty vie3d uazuvianm S1uau 30 edsssuvannsavauldgndesimanndu 100 wWeddus
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Abstract

The objective of this research is to develop a prototype machine for purchasing empty plastic bottles of 3 sizes
for recycling with notification via LINE Notify. At the initial use, the user must create an account. The user can
then sign in and insert empty bottles into the front slot. When a bottle is inserted, the system checks whether
the weight is within the specified range by using a weighing sensor. In addition, a camera is used to capture the
object’ s image and the system determines whether or not it is a bottle using MobileNet-SSD object detector.

If not, a servo motor immediately turned over the tray to return that object. Otherwise, the system proceeds
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to measure the size of the bottle by its width. The weight and size of the bottle are then compared to the pre-
defined standard values. A 600 ml bottle should weigh between 60-70 unit (which is read by the HX711
amplifier module) and have a width of 171-184 pixels. A 750 ml bottle should weigh between 85-90 units and
have a width of 186-219 pixels and a 1500ml bottle should weigh between 120-150 units and have a width of
226-299 pixels. If the conditions are met, the bottle will be accepted, otherwise it was returned by rotating the
tray holding the bottle with a servo motor. After accepting the bottle, the system will update the bottle
number, make a payment to the account, as well as send a message to the user through LINE Notify. The
experiment results showed that the proposed system was able to accept bottles 26 times out of the 30 tests
(an accuracy of about 87 percent). In addition, three different types of erroneous objects were tested for
rejection including paper, a PVC pipe and a glue stick for 30 times. The system was able to correctly reject such

objects with 100 percent accuracy.

Keywords: Automatic Bottle Purchasing Machine, Weight Sensor (Load Cell), Image processing, MobileNets, LINE

Notify, Raspberry Pi
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Usgnousnoud tneUszgndldunugiiau-1a3esdng (Man-Machine Chart) lun1s3insevinisu ey saudannsly
welAnsReEay (SW1H) JwiunanMsanANNgyan (ECRS) Wieldudlatymdndiunainisyauvesmiinaui
foadlaifisuiunaing (die Time) fiAntu MRIINTUTUUTINTYINIL @131508a911UNENNUAN 3 AU LrdBkiies
1 AU pg5auLIa1n11391197U (Cycle Time) §3a3LiLAu Aa 120 Junisiety Uszansammsiauvemidnay ihvdes
qv 58.33 wé’aﬁﬂmiﬂ%’Uﬂﬁﬂizf?m%mwmiﬁwmﬁuaﬂwﬁmwmﬁwﬁmﬂu%aaz 100 @1U1FOAAAUNUATUAILTI VDY
WINMUARINFY 54,000 UmsiBlADURBNENNTYINNTU anaunds 18,000 Unsaisieusiangn1siney

fdndny MsUFuUssUsEavEam unugiinu-aTesdins watiansdasan wanMsanANUgEaUaT a1

Abstract

This research presents the improvement of employees’ efficiency in the automobile part of glass windshield
sealer station, a case study of an automotive assembly plant. A combination of the techniques of Man-Machine
Chart, 5W1H, and ECRS (Eliminate, Combine, Rearrange, and Simplify) was applied to analyze and to solve the
problem of employees’ inadequate performance time comparing to the idle time. The study has resulted in
reducing the number of employees from 3 to 1 and can maintain cycle time rate at 120 seconds per item. The
work performance has been improved from 58.33 percent to 100 percent. In addition, the results show that
the labor costs have been reduced from 54,000 baht/month/shift to 18,000 baht/month/shift.

Keywords: Performance Improvement, Man-Machine Chart, 5W1H, ECRS, Idle Time
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