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ABTRACT

This research aims to design and fabricate a glass bottle crushing machine as well as to
investigate the factors that affect the size of the glass aggregates. An evaluation of machine
operations leads to achievement of the machine efficiency and effectiveness. The machine works
properly and can produce glass aggregates of suitable size targeted for the small recycling center
market.

A 2 factorial design using central composite design is used for data collection and
fitting a second-order response surface model. The percentages of glass aggregates that can pass
through a sieve are the data set used for performing analysis of variance and obtaining the optimal
settings of the affecting factors. The results of this study have shown that the factors affecting the
size of the glass aggregates are speed and bottle-feeding rate. Furthermore, the speed of
approximately 450 rpm and the bottle-feeding rate of 15 bottles per minute are designed as the
optimal settings of the two factors so that the machine can produce glass aggregates of the
appropriate size targeted for the recycling industry with maximum yield averagely.

Keywords : Experimental design, Response surface methodology, Bottle glass crushing machine
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o @ Ao @ & ¢ = € v da
(é:l) LLﬂza@]ﬁ’]ﬂ’]Tﬂa%"ﬂ?(ﬂ (52) mﬂaaﬂ?ﬂ‘lﬂLLﬁ@NLﬂ%LﬂaiLsﬁu(ﬂ"ﬂaﬂ“ﬂu']@LﬂHLLﬂ'J'ﬂll"ﬂu']ﬂ
& ] . ol ' a < 5>
Lﬂﬂﬂ'J”IE@]&LLﬂi\TLL@:E‘T'IQJ']SGEIE]@]N"I%‘lﬂsﬁ\’il%u@]az‘ﬂ%ﬂLN%ﬁﬂaNUL%‘E%ﬁ]zﬁﬂqi‘ﬂ@]ﬂﬂ\‘] 3 TILRSA
v & ' = <A ' ¢ = & v A
QﬂU%"ﬂﬂLﬂuﬂ?L%aﬂ 1A ANLUILTUAY IV IALAHINIADNRA DU R WD (y)

Natural variable Coded variable Observations (%)
Treatment Average
combination  SPeed & Feed rate, &, Sp;f ’ r;:tzeiz 1 2 3 (%)g
(rpm) (bottle/min) '

1 195 8 -1 -1 8640 8560 86.00 86.00
2 410 8 1 -1 8880 8840 89.00 88.73
3 195 16 -1 1 8720 8660 86.96 86.92
4 410 16 1 1 8920 8948 88.88 89.19
5 150 12 -1.414 0 8600 8552 8592 85.81
6 452 12 1.414 0 9000 9040 89.92 90.11
7 300 6 0 -1414 g720 87.00 87.40 87.20
8 300 18 0 1414 8800 87.80 88.28 88.03
9 300 12 0 0 8840 88.16 88.28 88.28
10 300 12 0 0 87.80 88.00 8844 88.08
11 300 12 0 0 8800 8796 87.68 87.88
12 300 12 0 0 8760 88.16 88.36 88.04
13 300 12 0 0 8840 87.64 87.92 87.99

M350 2 MIVNUULFIBNIUNA NEINIUNTNARaULIZaNTNIWIaLseaNnTaaTadinTay

mﬁmswzvﬁ‘mgﬂLm‘umaaaumiﬁmm:auiﬂﬂlﬁmiaaﬂLmuﬁmﬂi:awﬂmammiﬂ%
sandwIsEmILneNRaes 1319 3 LLammﬁme:ﬁmgﬂLLuwamumiﬁmm:au OF
AWIRANTIATIZRLRAINTAIWI LTI A LRI DNATINV DI RIFDILL LN LAY (Sequential or
extra sums of squares) a‘ﬁ%%’ugﬂuumﬁmﬁu (linear) A28@31@n (quadratic) LLazfﬁﬂU’]ﬂﬁ( (cubic)
Tusnrion  anen P-value Afldnttasnin 0.05 (fwuald o = 0.05) EE R TR IR AR
WazAIaaANA AT UMTBaNT UL 18 aIN 1A AMEATARTUNAROUAKEY 8819 bIn
a3 n1Inesay lack-of-fit test amﬂumsﬁuﬁwj']gﬂLmumamﬁ@lmamﬂmﬂugﬂLmuﬁmmmu
lunsdmsafadhiudoys manesey lack-of-fit test auufigiuiy fdHanauawaf
aanay Y, fenlndiAaiudnanauauadais Y LLa@m‘LﬁLﬁuiﬂgﬂLmumaﬂrﬁmmam‘fu
mnﬂugmmm‘%uﬁu (Myers and Montgomery, 2002) W e P-value azfidniasndn 0.05
uetine P-value feu1nnin 0.05 LLamdwgﬂLmumamﬁmmam%ﬁumnﬂugﬂLmu'é"uﬁvl,aisl,ﬁl,%a
W 9NeNT9 3 HaMIItA TR lack-of-fit test ﬁuﬁ'u’hgﬂLmumdﬂrﬁ,@lmam’mamwamﬂu
gﬂLLuuﬁmm:au‘tumiﬁﬂmiﬁwLﬁwﬁ’uﬁagaé’ammvlﬁmnm P-value  {d1u1nnin 0.05
(BNLAa A1 P-value ‘?JadgﬂLLUUQﬂUWﬂﬁﬁﬁmmﬂﬂ’h 0.05 uala'lasunssansuiiiasand
ﬂj'aﬂ’nmaausLuIﬂiLLﬂillLﬁﬂ?ﬁUﬂWSLﬂu@;LLN@LLN{] (aliased) ’lugﬂuuuwmaﬁ%amelﬁtﬁu'ﬁw

MIsanLuuIRlIzauNa19insinn s iR paw aﬁa:ﬁﬂﬁlﬁﬂLmuﬁwaaqg}ﬂmﬁﬂﬁ)
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1%Lﬂ%9\1ﬂﬂﬂ°ﬂ’muﬁ"l

I o o & A ¢aa v o & ' o a
lasnsldaudsdyaneol sUuuumeadiamaainianudunuiszninanausuadnazauysl
gﬂLLumﬂuLﬁﬂﬁo (second-order model) wuualaaN@ngnvinmsaainudays JuULNIg

AMAARASHIINITOLEAI LAAIRNNT

2 2
y:ﬂ0+ﬂlxl+ﬂ2x2+ﬂllxl +ﬂ22X2 +ﬂ12XlX2+g (21)

Response 1 Percent Transform: None
##% WARNING: The Cubic Model is Aliased! ***

Sequential Model Sum of Squares [Type I]

Sum of Mean F p-value

Source Squares df Square Value Prob >F
Mean vs Totall .004E+005 1 1.004E+005
Linear vs Mean 16.13 2 8.07 113.89 <0.0001
2F1 vs Linear 0.054 1 0.054 0.75 0.4091
Quadratic vs 2FI 0.41 2 0.20 5.75 0.0333  Suggested
Cubic vs Quadratic 0.15 2 0.074 3.78 0.1002  Aliased

Residual 0.099 5 0.020

Total 1.004E+005 13 7721.67

"Sequential Model Sum of Squares [Type 1]": Select the highest order polynomial where the additional terms are significant
and the model is not aliased.

Lack of Fit Tests
Sum of Mean F p-value

Source Squares df Square Value Prob>F
Linear 0.62 6 0.10 4.78 0.0760
2FI 0.57 5 0.11 5.23 0.0671
Quadratic 0.16 3 0.054 2.47 0.2017  Suggested
Cubic 0.012 1 0.012 0.54 0.5024  Aliased
Pure Error 0.087 4 0.022

"Lack of Fit Tests": Want the selected model to have insignificant lack-of-fit.

Model Summary Statistics

Std. Adjusted Predicted
Source Dev. R-Squared R-Squared R-Squared PRESS
Linear 0.27 0.9579 0.9495 0.9233 1.29
2FI 0.27 0.9612 0.9482 0.8961 1.75
Quadratic 0.19 0.9853 0.9748 0.9242 1.28  Suggested
Cubic 0.14 0.9941 0.9860 0.9473 0.89  Aliased

"Model Summary Statistics": Focus on the model maximizing the "Adjusted R-Squared™ and the "Predicted R-Squared".

A1519N 3 ﬂ’)i?tﬂ5’).;‘:‘145121731/1,“_]1/‘7/@\7&3\/77’)77"7/,%JJ’).;‘:mUZﬂﬂl"iﬂ’liﬂﬂﬂLLUiIs’h%i/?:‘ﬁ&/ﬂEl’I\?

A13199 4 ugaIN1TItaTzRaNNLYTUTIUERT UM INaga UYL RN TA TN B ILAT

o o a 'y ' '

nMInexay F-test mmugmmumammﬂmﬁ Fo = 93.93 waz P-value #88n31 0.05 LEAIIN
G GET Tl

Ho:ﬂlzﬂzzﬂn:ﬂzz:ﬁuzo (22)

. \ @ = a s 4 = v & . @ & a
LLﬂ:ﬁ?ﬂTlaEJ'IG%E]EJ%%O‘W']T]EJL@]aﬂNLﬂuﬂ%ﬂ §179N 4 E‘T'l&l’]iﬂﬁ?ﬂl%L‘ﬁ%’J']@l’JLL‘]Ji‘Y]GﬁE]G&I

v

nansznulauasideawalasLA?  wananit @1 R, waz adjusted R, ﬁmgaLLazlnﬁLﬁmﬁu%a
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waasldidnigluunalsandniienumuzsuigniinssiiadiiudoys  dawu JUuuung
Al aasNdaNuFNRUSIznIINanauaued (Wafidudrassmaiasuindywalanning
AZUNTILAZAANTARAMIK LA, y) Lazaauls (ANuSITaL, X, kazdaMItlauwia, x,) fe

¥ =88.05+1.38x, +0.32x, —0.07x/ —0.24 x5 —0.12 X,X, (23)

gﬂﬁ 3 LLammsmaaummmmmlum‘smguimuamaaﬂmﬂuﬁuﬁmamuauad 3
fouazidnlnisinsvasfuiananauauwes an3y AAUIINANINARBIR TN TOUN TS
gﬂLmuvmﬂzﬁmmmimmﬁwaaaé’ué’uﬁam Gduuuaaanan) Iiuagsddsnsetunans
3LﬂswzﬁmgﬂLmumamumiﬁmmzaﬂmysl,‘*ﬁmiaaﬂLLU‘.Ud'suﬂizauﬂmmwmiwﬁ3 oF

AN519N 4

ANOVA for Response Surface Quadratic Model
Analysis of variance table [Partial sum of squares - Type III]

Sum of Mean F p-value
Source Squares df Square Value Prob >F
Model 16.59 5 3.32 93.93 <0.0001 significant
A-Speed 15.32 1 15.32 433.74 < 0.0001
B-Feed Rate 0.81 1 0.81 22.87 0.0020
AB 0.054 1 0.054 1.54 0.2544
A2 0.030 1 0.030 0.85 0.3863
B2 0.40 1 0.40 11.26 0.0121
Residual 0.25 7 0.035
Lack of Fit 0.16 3 0.054 247 0.2017 not significant
Pure Error 0.087 4 0.022
Cor Total 16.84 12
Std. Dev. 0.19 R-Squared 0.9853
Mean 87.87 Adj R-Squared 0.9748
CV.% 0.21 Pred R-Squared 0.9242
PRESS 1.28 Adeq Precision 30.926
Final Equation in Terms of Coded Factors:
Percent =
+88.05
+1.38 *A
+0.32 *B
-0.12 *A*B
-0.066 * A2
-0.24 * B2

A1597 4 NMT3ATIEHANUMLTUTIUE R TUNITNARO UL TE AN WUAs YT ANTNATaILASDY
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() (1)
311 4 (n) Audwanauauas 346 (2) 1FulATIT19vaINBAINANa U O

aums (23) sannbhanwieaduzUmadfuazidulaseivesiuinanauauaia

A & 4 o a o & oA ¢ = €
waadluguf 4 nguaziuit anatuvsinnnaziuw gt (ude weiidudvasminaias
v Aa = ' ' va . a X A = A X P
wiffamaiinnizazunssuazaansnasariwlalaniniu) Waanuimeunadulusun
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A17491 5 UEeIHaM I lwINzauNgavadnnuITeuLazdnTINIlanyia an
A1799TIRUINNANTITeU 1.00 wazdasinistlaupaa 0.42 (3NT29 -1 09 +1 vavaauils
o o 6. & A A A o 'Y ¢ = & v Aa = .
dyansal) udfimanzaunganmliladeiidudrasasuiiniawaidinningazunisuag
aanInaaarwldunfiga  auTIsey 1.00 uazdaimatlanwaa 0.42 munsaudasliolu
sUvasdulsaildnnaunms (6) anuduRuiTznitedudidydnsoiuazdiulsaieves

3 A
ANULINIBDUND

N & —(452+150)/2
' (452-150)/2

(24)

At A21139397090270L52300 1.00 fa 452 sausdawifl aAnugunuiienitealulssyans ol
uazdulyIsvasdamMItlansiafe

&, —(18+6)/2
X, =
?  (18-6)/2

(25)

ARk AuU5959098a NI auwIa 0.42 fa 14.52 w3a 15 1adauh
NNANNLTITAY 452 samiamﬁmminﬁwmmmmmmawLﬁiﬂmmmmﬁumu

& 5 = a v o o o oA
ﬂu&lﬂﬂ']\ﬂla\‘iwuLﬂElLLﬂ:ﬂ']'lllLi’ﬁa‘ullﬂ’s']&lﬁllw%ﬁﬂu@dE‘T&Jﬂ']i (19) wHaa

1450 3 = 452d,

26
d, =9.62 (29)

o

A9 LﬁumuﬂuﬁnmwamLdﬂﬁmlﬂﬁﬂum@maaLﬂml,ﬁmmmmﬁaamwammml,a:vlﬁ
ﬂ'%mmmnﬁqﬂimmﬁﬂﬁa 9.62 %7 wazaNIIadIwIMEIIUTI asuAINday ldlauiafey
Wi 89.41 wadidud  adlsfionn mudengewadlildvmaaandwimanduldlden

AN ﬂ’]iLﬂE]ﬂ‘ITE]ﬂ’ﬁl‘]ﬁwLﬂ?luﬁﬂlﬂﬂLﬂﬂdﬂﬂﬂu‘ﬂ’]ﬂ@]’]&ma{l@]ﬂ’]ﬂ

Solutions
Number Speed Feed Rate Percent Desirability
1 1.00 0.42 89.4137 0.839  Selected
2 1.00 041 89.4137 0.839
3 1.00 037 89.4132 0.838
4 1.00 047 89.4131 0.838
5 1.00 0.23 89.4047 0.837
6 1.00 0.73 89.391 0.833
7 1.00 0.79 89.3805 0.831
8 1.00 0.85 89.3703 0.828

8 Solutions found

15197 5 wanﬁmﬂ")ﬁmarl:ayﬁqﬂ
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winlnalszidsudszunm 2548

LONA1TD19D9

WLIA %’nlmuazqf‘ma Nﬁeﬁm. 2547. M32ONLULLAYESI91AZ09LDEVIAUATD. 1B
NULATINMTIINTINAEATI AR MAITIAINTINGATINNNT AUSAAINIINAFAS
VANINLIR VAW,

qmim \ATANYTY. 2546. aqmmﬁnsmmsqﬁmwfﬁm’ﬁlﬂﬂ, [aauvl,aﬁ] [é”mnﬁa 28 L%

2548]1n 19 bdann: www.dft. moc.go.th/eximeentre/technical/pack.htm.
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