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ABSTRACT

Rice is the main agricultural product of Thailand that has been produced for
distributing in various formats. A 5-kilogram bag of rice is hugely popular in the consumer
market, which is worth up to 20,000 million baht. Many manufacturers increased production to
meet customer needs. However, the quality of the packaging is a major obstacle to productivity. It
is found that defects of two types of rice bags, a thick bag with 110 +12 pm and a slim bag with
90 +20 pm are a torn seal, non bonding seal, and folded seal. This totally causes 80.26 percent of
waste. The problem is, therefore solved by studying the production line and then writing in a
cause and effect diagram to find out causes. F88/F88M -06 standard test method for seal strength
of flexible barrier materials or ASTM is also used instead of the testing by human that cannot
provide accurate value or standard value. In addition to factor screening by brainstorming, it
shows that factors affecting the seal strength are the thickness of bags, heating time, and pressing
time with blowing cold air. The experimental design is a 3° full factorial design and repeated
three times for each level. The findings reveal interaction of thickness with heating time,
thickness with pressing time and blowing cold air, heating time with pressing time and blowing
cold air, and all three main factors significantly affect to the seal strength at the level of 0.05
(x= 0.05). The appropriate parameters are set to test to confirm that there is no waste. The

average seal strength at four testing points is 9.53, 9.11, 4.22, and 3.62 kgf/25.4 mm. width.

Keywords : Design of Experiment, Parameter Setting, Seal Strength
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(a) The response surface
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(b) The contour plot

Figure 5-5 Response surface and contour plot for the model § = 35.5 + 10.5x,
+ 5.5%.
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(Montgomery, 2008)
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(b) The contour plot

Figure 5-6 Response surface and contour plot for the model § = 35.5 +
10.5x, + 5.5x, + 8x;x,.
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AMNOVA: Seal Strength versus Thickness, Heat Time, Press Time

Factor Type Lewels Values

Thickness fixed 3 120, 122, 125
Heat Time fixed 3 0.6, 0.7, 0.8
Press Time £ixed 3 0.4, 0.5, 0.6

Analvsis of Variance for Seal Strength

Jource DF ) Ma F
Thicknesz 2 1.0032Z3 0,501l62 2.25 0
Heat Time 2 0.28904 0,14452 3.53 0
Prezss Time & 0.20919 0,10459 2,55 0
Thicknezz*Heat Time 4 0.345%95 0.13724 J.35 0
Thickness*Press Time 4 0,58029 0.14507 3.54 0
Heat Time*Press Time 4 0,18231 0.04055 0.9% 0
Thicknesz*Heat Time*Presz Time g 0.68957 0.05370 Z2.04 0
Error 54 2.21073 0.04094

Total 80 5.67334

S o= 0.202335 B-5q = 61.03% F-Sglad)y) = 42.27%
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Interaction Plot for Seal Strength
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Factor Tvype Lewels Values

Thicknesz fixed 3 120, 122, 125
Heat Time fixed 3 0.55, 0.65, 0.75
Presz Time fixed 3 0.4, 0.5, 0.6

dnalysis of Wariance for 3eal Strength

ANDOVA: Seal Strength versus Thickness, Heat Time, Press Time
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Source DF a5 M3 F P
Thickneaa 2 0.48687 0.24343 3,79 0.029
Heat Tine 2 0.92930 0.46408 7,24 0,002
Preaz Time 2 0.30121 0.15060 2.34 0.106
Thickness*Heat Time 4 0,540983 0.13524 2,11 0,093
Thicknessz*Preszs Tine 4 0.44666 0.11166 1.74 0.155
Heat Time*Press Tine 4 0,15939 0.03985 0,62 0.650
Thicknesz*Heat Time¥Press Time & 0.41310 0.05164 0.80 O0.602
Error 54 3.46307 0.004d22
Total 30 &.74562
o= 0,253423 RB-5q = 453.59% F-3qiladj) = 23.83%
Aa 4 k)
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ANOVA: Seal Strength versus Thickness, Heat Time, Press Time

Factor Type Lewels Values

Thickness fixed 3 100, 105, 110
Heat Time fixed 3 0.35, 0.45, 0.55
Press Time f£ixed 3 0.45, 0.55, 0.65

Atalvysis of VWariance for Seal Strength

Source DF 33 M3 F P
Thickness 2 4,5618 2.2809 4,15 0.000
Heat Time 2 0.3725 0.1862 4,42 0.017
Prezs Time 2 0.2261 0,1130 Z2.658 0,077
Thickness*Heat Time 4 25,9421 6.4855 153.%96 0,000
Thickness*Press Time 4 0.8258 0.2064 4.90 0,002
Heat Time*Prezs Time g 0.7&l9 0,1%05 4,52 0,003
Thickness¥Heat Time¥Press Time 3 1.1764  0.1470 3.49 0,003
Error 54 Z2.2747  0.0421

Total S0 36,1412

% = 0.205243 B-S5gq = 93.71% PR-Sg(adj) = 90.68%
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Interaction Plot for Seal Strength
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ANOVA: Seal Strength versus Thickness, Heat Time, Press Time

Factor Type Lewels Walues

Thickness fixed 3 100, 105, 110
Heat Time fixed 3 0,32, 0.42, 0.52
Press Time fixed 3 0.67, 0.87, 0.99

Analysis of Wariance for 5Seal 3trength

Source DF 35 Juks F P
Thickness 2 10.457:22 5.22861 946.Z1 0.000
Heat Time 2 9.953c0  4,97680 91.58 0.000
Press Time 2 0.06557 0.03293 0.61 0.549
Thickness*Heat Time 4 3.91353 0,978358 18.00 0.000
Thickness*Press Tine 4 0.24558 0.0613%8 1.13 0.352
Heat Time*Press Tine 4 0.17341 0,04485 0.83 0.515
Thickness*Heat Time%*Fress Tine g 0.453225 0.060Z28 1.11 0.372
Error L 2.93467  0,05435

Total g0 256.23:zZ13

3 = 0.2331z22 RE-5q = §89.01% E-5q(adj) = g4.60%
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Dunnett's comparisons with a control

Family error rate = 0.05
Individual error rate = 0.0271

Critical walue = 2,25
Control = lewel (0.42) of Heat Time
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M990 15 NaNMINATBUMANNUTINTIVDITOLN N (agiiv)

‘Vﬁhﬂ: kgf/25.4 mm. width

Run 291N (ﬂmﬁ;a) 99HIN (f’\'uqa) 9IUN (1J1ﬂqa) 99UN (f’\'uqa)
Rep#1 Rep#2 Rep#1 Rep#2 Rep#1 Rep#2 Rep#1 Rep#2
1 8.37 8.27 7.50 8.09 3.69 4.21 4.99 4.57
2 7.76 8.68 7.83 7.46 4.28 4.66 4.00 4.16
3 8.01 8.15 8.13 6.90 3.89 3.38 4.19 431
4 8.66 8.49 8.81 8.11 4.37 3.54 4.88 4.27
5 8.13 8.17 8.31 8.43 3.79 3.62 4.67 436
6 8.07 8.61 8.46 7.58 3.25 4.20 4.49 4.89
7 7.81 8.19 8.26 7.59 2.54 4.21 3.75 4.34
8 8.20 8.33 6.76 8.46 4.40 3.71 4.54 4.23
9 7.75 8.13 8.52 8.18 3.69 4.15 4.81 3.89
10 8.51 8.49 7.96 7.49 4.35 433 4.61 3.80
11 8.29 7.03 6.04 7.07 3.95 3.58 3.94 4.84
12 8.38 7.57 5.97 4.23 3.94 3.96 3.57 3.80
13 8.60 6.69 7.12 5.61 4.11 3.83 3.83 3.91
14 8.16 7.23 6.59 5.04 3.75 3.77 3.80 4.26
15 8.28 6.84 7.20 6.72 4.51 3.74 3.98 4.56
16 8.35 7.45 6.93 7.23 4.06 3.92 3.61 4.44
17 8.32 6.80 6.70 7.73 3.97 4.17 4.62 3.77
18 8.53 7.98 6.51 6.65 3.69 4.06 4.57 4.46
19 8.00 7.21 6.64 8.19 4.01 3.94 3.90 436
20 8.12 6.66 5.67 8.04 4.51 4.27 3.71 4.53
21 6.40 8.28 5.18 4.04 3.76 3.77 4.20 4.47
22 7.54 8.54 7.10 3.30 3.98 3.57 4.08 3.98
23 6.96 8.78 6.26 2.36 4.09 3.42 4.32 3.50
24 8.13 8.76 5.81 4.71 4.16 3.84 4.39 3.85
25 8.49 8.45 7.07 6.73 3.82 3.68 4.11 3.58
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M3199 15 (Av)

‘Vﬁhﬂ: kgf/25.4 mm. width

Run gari (thnge 941N (f’\'uqa) 9v1 (hnga) 99119 (f’\'uqa)

Rep#1 Rep#2 | Rep#l Rep#2 | Rep#l Rep#2 | Rep#l Rep#2

26 6.38 8.91 5.88 5.11 4.07 3.79 4.22 4.11
27 8.19 8.91 5.94 5.30 4.15 3.90 4.32 3.62
28 7.98 8.97 6.13 5.63 3.98 4.04 3.96 4.17
29 7.44 8.81 6.48 2.18 3.95 3.38 4.22 433

30 6.39 7.94 6.72 4.10 4.32 4.12 4.07 4.65
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e 16 wamimaaudmamwﬁmswaaieﬂwﬁﬂqwm (hnaaav) — 1J1ﬂ€;lx‘i

'Viiz'!'v)ﬂ: kgf/25.4 mm. width

sHa tade Seal Strength (Top)
YANAADI AN UI f’h!’Jﬁ1ﬂ’J13~l%i’)u ﬁi1!?ﬁ1ﬂﬂ?’i€f\‘i
Seal #ad (sec) | wWiomihaw 1 2 3
(sec)
1 110+12 0.6 0.4 9.18 9.25 9.40
2 0.5 8.73 8.85 9.23
3 0.6 9.19 8.94 8.90
4 0.7 0.4 9.17 9.08 8.81
5 0.50 9.60 9.15 9.29
6 0.6 9.09 9.08 9.23
7 0.8 0.4 9.36 9.24 9.27
8 0.5 9.35 9.01 9.25
9 0.6 8.79 8.99 8.74
10 110+15 0.6 0.4 8.97 9.00 9.32
11 0.5 8.82 8.91 9.23
12 0.6 8.79 8.88 8.89
13 0.7 0.4 9.10 8.80 8.71
14 0.5 8.90 8.78 8.93
15 0.6 8.66 9.07 9.23
16 0.8 0.4 9.24 9.51 9.08
17 0.5 9.07 9.00 9.46
18 0.6 9.45 9.25 9.59




M3199 16 (Av)
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‘I’ﬁhﬂ: kgf/25.4 mm. width

sHa tade Seal Strength (Top)
YANAADI AN UI f’h!’Jﬁ1ﬂ’J13~l%i’)u ﬁi1!?ﬁ1ﬂﬂ?’i€f\‘i
Seal #ad (sec) | wWiomihaw 1 2 3
(sec)

19 110+10 0.6 0.4 9.06 9.42 9.15
20 0.5 9.07 9.01 9.51
21 0.6 9.54 9.15 9.49
22 0.7 0.4 9.13 9.60 9.62
23 0.5 8.89 8.96 9.40
24 0.6 9.57 9.33 9.70
25 0.8 0.4 9.54 9.68 9.28
26 0.5 9.04 9.10 9.12
27 0.6 9.06 9.69 9.53
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e 17 Nﬂﬂ1§‘¥lﬂﬁf’)ﬂf°’hﬂ’n?~l!ﬂi‘i!!§\‘ﬁlﬂ\‘iif’)ﬂwﬁﬂq\‘iﬂu1 (hnaaav) — ﬁuﬁ;lx‘i

‘I’ﬁhﬂ: kgf/25.4 mm. width

SHa AN Seal Strength (Bottom)
YANAAY | ANNHM | MOIAANNZU | AIMINAKIN
Seal 11111 (sec) w3emihau 1 2 3
(sec)
1 110+12 0.55 0.4 876 | 888 | 8.82
2 0.5 897 | 891 | 891
3 0.6 879 | 831 | 853
4 0.65 0.4 853 | 9.09 | 9.09
5 0.5 889 | 934 | 9.00
6 0.6 882 | 942 | 857
7 0.75 0.4 847 | 9.18 | 892
8 0.5 9.21 898 | 9.03
9 0.6 854 | 892 | 8.86
10 110+15 0.55 0.4 819 | 932 | 820
11 0.5 877 | 9.03 | 8.64
12 0.6 819 | 857 | 851
13 0.65 0.4 881 | 932 | 896
14 0.5 932 | 923 | 892
15 0.6 9.02 | 856 | 891
16 0.75 0.4 9.08 | 9.19 | 9.04
17 0.5 894 | 945 | 9.04
18 0.6 9.05 | 9.11 | 897




M3199 17 (Av)
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‘I’ﬁhﬂ: kgf/25.4 mm. width

SHa AN Seal Strength (Bottom)
YANAAY | ANNHM | MOIAANNZU | AIMINAKIN
Seal 11111 (sec) w3emihau 1 2 3
(sec)
19 110+10 0.55 0.4 9.07 | 858 | 8.69
20 0.5 9.04 9.04 9.16
21 0.6 9.26 8.78 9.50
22 0.65 0.4 9.19 8.83 9.30
23 0.5 9.09 8.95 9.30
24 0.6 9.14 9.09 8.85
25 0.75 0.4 9.20 9.29 9.04
26 0.5 8.98 8.85 8.73
27 0.6 9.00 9.18 9.32
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e 18 Nﬂﬂ1§‘¥lﬂﬁf’)ﬂﬁ1ﬂ’ﬂ?~l!ﬂi‘i!!ix‘ﬁlﬂQif’)ﬂNﬁﬂQx‘ﬁJN (haaog) — ‘l.hﬂi(]\‘i

‘I’ﬁhﬂ: kgf/25.4 mm. width

sHa tade Seal Strength (Top)
YANAADI AN UI f’h!’Jﬁ1ﬂ’J13~l%i’)u ﬁi1!?ﬁ1ﬂﬂ?’i€f\‘i
Seal #ad (sec) | wWiomihaw 1 2 3
(sec)
1 90+10 0.35 0.45 1.88 1.91 1.87
2 0.55 1.58 2.11 2.64
3 0.65 2.29 2.07 1.84
4 0.45 0.45 3.75 3.73 3.84
5 0.55 3.51 3.61 3.77
6 0.65 4.73 4.62 4.95
7 0.55 0.45 3.83 3.57 3.19
8 0.55 3.22 3.25 3.50
9 0.65 3.25 3.41 3.57
10 90+15 0.35 0.45 4.15 3.86 3.63
11 0.55 3.95 427 3.90
12 0.65 4.04 3.97 3.92
13 0.45 0.45 3.23 3.6 3.38
14 0.55 3.39 3.33 3.44
15 0.65 3.55 3.66 3.68
16 0.55 0.45 3.53 3.04 3.38
17 0.55 3.78 3.66 3.36
18 0.65 3.73 3.02 3.56
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‘I’ﬁhﬂ: kgf/25.4 mm. width

sHa tade Seal Strength (Top)
YANAADI AN UI f’h!’Jﬁ1ﬂ’J13~l%i’)u ﬁi1!?ﬁ1ﬂﬂ?’i€f\‘i
Seal #ad (sec) | wWiomihaw 1 2 3
(sec)

19 90+20 0.35 0.45 4.18 4.37 4.36
20 0.55 427 4.20 4.19
21 0.65 4.05 4.05 4.40
22 0.45 0.45 3.26 3.16 2.94
23 0.55 3.06 3.39 3.28
24 0.65 2.94 3.18 2.95
25 0.55 0.45 3.47 3.42 3.71
26 0.55 3.96 3.78 4.04
27 0.65 3.39 3.94 3.57
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e 19 wamsmaauﬁmammﬁmswaasaawﬁﬂqama (haaog) — f’\'uqa

'Viiz'!'v)ﬂ: kgf/25.4 mm. width

SHa AN Seal Strength (Bottom)
YANAAY | ANNHM | MOIAANNZU | AIMINAKIN
Seal 11111 (sec) w3emihau 1 2 3
(sec)
1 90+10 0.32 0.67 218 | 214 | 197
2 0.87 196 | 216 | 2.03
3 0.99 1.84 | 1.86 | 2.05
4 0.42 0.67 361 | 266 | 3.49
5 0.87 354 | 323 | 338
6 0.99 3.64 | 347 | 343
7 0.52 0.67 290 | 340 | 293
8 0.87 3.94 | 295 | 296
9 0.99 3.94 | 337 | 287
10 90+15 0.32 0.67 289 | 294 | 2.90
11 0.87 3.07 | 311 | 3.3
12 0.99 3.00 | 298 | 3.07
13 0.42 0.67 376 | 381 | 3.85
14 0.87 370 | 351 | 3.73
15 0.99 377 | 3.64 | 3.60
16 0.52 0.67 389 | 3.61 | 3.58
17 0.87 398 | 391 | 3.93
18 0.99 407 | 349 | 3.90
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M3199 19 (Av)

‘I’ﬁhﬂ: kgf/25.4 mm. width

SHa AN Seal Strength (Bottom)
YANAAY | ANNHM | MOIAANNZU | AIMINAKIN
Seal 11111 (sec) w3emihau 1 2 3
(sec)
19 90+20 0.32 0.67 381 | 376 | 3.89
20 0.87 3.64 3.71 3.55
21 0.99 3.28 3.48 3.40
22 0.42 0.67 3.43 3.56 3.88
23 0.87 3.89 3.92 3.90
24 0.99 3.60 3.64 3.81
25 0.52 0.67 443 391 3.55
26 0.87 3.85 3.75 3.83
27 0.99 3.76 3.72 3.86
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Normal Probability Plot
(response is Seal Strength)
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Residual

Versus Order
(response is Seal Strength)
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Versus Order
(response is Seal Strength)
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Versus Order
(response is Seal Strength)
2_
1_
E M
3 o A R pepfey
. o W
[}
(4
_1_
_2_ T T T T T T T T T
1 10 20 30 40 50 60 70 80
Observation Order

Mwisenoau 74 n51MN13NTZ18YDI Residual (NBUAD Observation Order V8999113 (11099)

Versus Order
(response is Seal Strength)
0.8
®
0.6 o
p
0.4
]
= ? i\ 2 11
la 0-0 U v
()]
|y
[ ]
-0.4+ s b‘u'
p
-0.6
-0.8- T T T T T T T T T
1 10 20 30 40 50 60 70 80
Observation Order

aisznou 75 n51MN1IN5291004 Residual 1ROV Observation Order Y999911 (F199)



> a ISl d‘ 1 1
4. Nﬁfni"ﬂﬂﬁfi)‘lJﬂ1ﬂ’J]?JNﬂ‘Wﬁ1ﬂ3~lﬂ1ﬂ’313~l!!ﬂ§ﬂi’3ﬂﬂ\1ﬂ!m’l’!Nﬂi]ﬂf’n

107

Residual

Versus Fits
(response is Seal Strength)
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Ftted Value

Versus Fits
(response is Seal Strength)
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Residuals Versus Press Time
(response is Seal Strength)
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Residuals Versus Thickness
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Residuals Versus Heat Time
(response is Seal Strength)
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Residuals Versus Thickness
(response is Seal Strength)
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Residuals Versus Press Time
(response is Seal Strength)
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Residuals Versus Thickness
(response is Seal Strength)
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Residuals Versus Heat Time
(response is Seal Strength)
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Residuals Versus Thickness
(response is Seal Strength)
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