886 KKU Res. J. 2014; 19(6)

KKU Res. J. 2014; 19(6): 886-899
http : //resjournal. kku.ac.th

ﬂ'liﬂﬂsll’fNlﬁﬂ%ﬂﬂﬂiiﬂﬁﬂéﬁﬁ’]Elﬂ’]iﬂﬂﬂll‘l]‘l.lﬂ’]iﬂﬂﬂﬂﬂ
Packaging Waste Reduction by Design of Experiments

Isan1@anaana’ uag Wunve muaIung*
Jitralada Lertkittikul' and Nantachai Kantanantha’*

a113IMTIARITININTIY NIATYIIANINTIUGATINAIT ABIL TAINTTUAANT UHTINGIBUAATAIAAT TNGUVALINIVY (Engineering
Management Program, Department of Industrial Engineering, Faculty of Engineering, Kasetsart Univerisity)
ﬂ?ﬂ?T7?ﬂ?ﬂ55ﬂ@Wﬁ77’fﬂ75 ﬂmé‘,’?ﬂ'?ﬂiiﬂﬂ7ﬁ¢l{ HW7§Wﬂ7ﬁﬂ!ﬂHﬁ 5ﬂ7ﬁ'ﬁ75( ?Wﬂ“‘l/ﬁﬂ?\ﬂﬁﬂu (Department of Industrial Engineering,
Faculty of Engineering, Kasetsart University)

*  Correspondent author: nantachai.k@ku.ac.th

>4 L}
unAnda
a o R & o a o a J 1 = [ Jd
vsEnnsdianmduiunisnnaaraealiigess mauas1e0uIIMUANMFNI0VBILTTYAUN
v Hq 9 ) S o £ A a = a4 a g 9
amlunlsussynasaliligeasdaudyianasaasuiludmiuinn sllsunaveudomdsaniusosas
@ o =K o & ¥ o A ' = o Y A a
8.43 veaUIIYNUNIINUA Wduiuasamilidenlinaneanudenievesnssydunaiuluieanlsum
o 7 av A a e o wa <
YDAUFHYDIUIIYN AN NUITBTUIINATAATILHNIZVIUNI AGIINYBINTUITIYUUVTR IudAuazn
¥ Ay ay o @ o o da X A o A '
FIUTWvey Ao a I NuRuginaladmsudwunaurguesilymveudsninevu uazideniladennini
{ @ Y 1 a 3 o a 9 @
wilnaniga 5 v laun stiavesaounszagnyln m3MusnyINTzAEgNYn gaMginien1I 15y
) 4 P ) S q¥ = N g o A
aunen nazszezmanlasuldnsesntony niniulsmsnasesdunneFsaduguuy 2 524U 1o
Aadeniladeniinanemanaveuds namsnaasanuniledelinanemsiaveudonszaniodinny 0.1
' @ Y oy @ { { @ 9 Y a
ua 2 Yadeusniitiies 2 szaumniu Jamszauimunzauigaves 3 Jadegamoarsmsnaseudauvnne
< o ' o o A { 3 o a 9
Goaduguuy 3 szau wamsnaasanunszavvesiladvimunzauigavesina 3 a3 Ao quuginle
4 o a o ;] a4 o s = v A o s A
NINIZAY 170 DIrITAITed HsaauaNnUeNINTZAY 1.2 115 nazszezmsnlaoulansesi 1 dilad iile
° Y v W ' e a a Y @ @ 3 o
szavvesilteainanllylumswaassiwnuszauues 2 fadeusnio asugniln F uazmanusnm
Fg ' a ad ' a { o a v
nszAI¥gnYnaleMsvienaiaanilay wuausaanllsmaveudenasveus I uNaINNANTOEAL
A 9 a o ' oA Y 1A
8.43 1Mdesosaz 1.80 AAluyamveudenanaslszua 9 aumasil

Abstract

The fluorescent lamp manufacturer reports a high number of damaged inner packaging of straight
fluorescent lamp. This accounts for 8.43 percent of total packages. Consequently it is necessary to identify the
factors that cause the inner packaging damage in order to reduce waste. The research begins by analyzing the

overall auto packaging process. Then the fishbone diagram is used to identify the root causes of the problem. It
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is found that there are five possible factors; flute type of corrugated paper, corrugated paper storage method, hot
melt adhesive temperature, hot melt adhesive injection pressure and hot melt adhesive filter replacement interval.
Two-level full factorial experiment is employed to screen the significant factors. The result shows that all factors
affect the occurrence of the waste at significant level of 0.1. Since the first two factors have only two levels, the
most appropriate levels of the last three factors are determined by using three-level full factorial experiment. The
experiment results reveal that the most appropriate levels of those three factors can be achieved by setting hot
melt adhesive temperature at 170 degrees Celsius, hot melt adhesive injection pressure at 1.2 bars and hot melt
adhesive filter replacement interval at one week. When this new condition is implemented by setting corrugated

paper to F flute and corrugated paper storage to plastic wrapping film, the average amount of waste is reduced

from 8.43 percent to 1.80 percent. This saving accounts for nine million baht per year.
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Analysis of Variance for Waste (coded units)

Source DF Seg SS Adj SS Adj MS F P

Main Effects 5 768623 768623 153725 160.65 0.000
Pape 1 3066 3066 3066 3.20 0.080
Plas 1 447728 447728 447728 467.90 0.000
Temp 1 72698 72698 72698 75.97 0.000
Pres 1 36624 36624 36624 38.27 0.000
Filt 1 208506 208506 208506 217.90 0.000

2-Way Interactions 10 59003 59003 5900 6.17 0.000
Pape*Plas 1 1881 1881 1881 1.97 0.167
Pape*Temp 1 777 777 777 0.81 0.372
Pape*Pres 1 356 356 356 0.37 0.545
Pape*Filt 1 1032 1032 1032 1.08 0.304
Plas*Temp 1 2665 2665 26605 2.79 0.102
Plas*Pres 1 2221 2221 2221 2.32 0.134
Plas*Filt 1 41158 41158 41158 43.01 0.000
Temp*Pres 1 172 172 172 0.18 0.673
Temp*Filt 1 8719 8719 8719 9.11 0.004
Pres*Filt 1 21 21 21 0.02 0.882

Residual Error 48 45931 45931 957

Total 63 873558
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Analysis of Variance for Waste, using Adjusted SS for Tests
Source DF Seqg SS Adj SS Adj MS F P
Temp 2 1386.33 1386.33 693.17 8.19 0.001
Pres 2 4998.11 4998.11 2499.06 29.52 0.000
Filt 2 4384.78 4384.78 2192.39 25.90 0.000
Temp*Pres 4 2138.56 2138.56 534.64 6.32 0.001
Temp*Filt 4 309.89 309.89 77.47 0.92 0.466
Pres*Filt 4 297.11 297.11 74.28 0.88 0.487
Error 35 2962.56 2962.56 84.64
Total 53 16477.33
S = 9.20024 R-Sg = 82.02% R-Sqg(adj) = 72.77%
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Method

Null hypothesis
Alternative hypothesis

Significance level Alpha = 0.1
Statistics

Variable N StDev Variance
Waste Before 12 316.577 100220.873
Waste After 12 32.382 1048.606
Ratio of standard deviations = 9.776

Ratio of variances = 95.575

Test and Cl for Two Variances: Waste Before, Waste After

Variance (Waste Before)
Variance (Waste Before)

90% Confidence Intervals
Distribution CI for StDev CI for Variance
of Data Ratio Ratio
Normal (5.824, 16.411) (33.917, 269.325)
Continuous (4.206, 15.337) (17.689, 235.227)
Tests
Test
Method DF1 DF2 Statistic P-Value
F Test (normal) 11 11 95.58 0.000
Levene's Test (any continuous) 1 22 9.83 0.005

/ Variance (Waste After) = 1
/ Variance (Waste After) not = 1
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N Mean StDev SE Mean
Waste Before 12 631 317 91
Waste After 12 143.7 32.4 9.3
Difference = mu (Waste Before) - mu
Estimate for difference: 487.7
90% CI for difference: (322.8, 652.7)
T-Test of difference = 0 (vs not =):
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