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## 5271411521 : MAJOR INDUSTRIAL ENGINEERING
KEYWORDS: CAUSE AND EFFECT DIAGRAM / CAUSE AND EFFECT MATRIX /
DESIGN OF EXPERIMENT

JUTAMASS RATTANAKUL: DEFECT REDUCTION IN PACKING PROCESS
OF SUSHI FROZEN SHRIMP. ADVISOR: ASST.PROF.MANOP REODECHA,
Ph.D., 116 pp.

The objective of this thesis is to reduce the defects in the packaging process
of sushi frozen shrimps with laminated bags. A Pareto analysis on the nature of
defects revealed that there were six types of defects on the bags that were
significant, namely: wrong information, presence of unwanted shrimp crust, missing
information, sagging, uneven seals, and misplaced seals. The causes of these
defects were identified by brainstorming of experienced and concerned people with
the use of cause and effect diagrams. Cause and effect matrices were then used to
prioritize the potential causes and found that there were five major factors which may
reduce defects if their appropriate operating parameters were used. The appropriate
operating parameters of the five factors were then determined with a design of
experiment with 2° factorials. They were then used as standards and included in the
newly developed work procedure for operators. Operators were trained and
controlled to follow the new work procedure. In the first four months of the
introduction of process improvements, the defects of the laminated bags in the sushi

frozen shrimp packages reduced from 3.19% to 0.01%.

Department : _Industrial Engineering Student’s Signature

Advisor's Signature
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10 100 3 100 100

antladenlenIn1sAneIiandes 5 tade dalewn

1) flada A A8 A1 Vac 184ATe9 Vacuum Packaging

A1 Vac ndfeaiiulldinaligaacndumniiiegadals wsilunsdidn vac 60

b

o XK

wniiulddsnalinnasadumg liiAngudafiduneaiy feludtduacldninuasnd

a

A

wnnzanlunimaaaslnan1uualdn 2 326 Aa

a o . a

- A1Vac N45 N (RaRFusiadlssani 1, 2)  war 9.0 Auh

(mﬁmﬁm%ﬁﬂ?:mwﬁ' 3) nvua b ()
. A1Vac #155 A (wamﬁmeﬁﬁﬂixmmﬁ1 . 2) WAy 10.0 Aud
(mﬁmﬁm%ﬁﬂ?:mwﬁ' 3) s il (+)
2){lad B Aa AN Seal JaqLAPRS Vacuum Packaging

4 a

A1 Seal Mtlaeiulidenalvigedalifiadume Wiiegudald warlunsiidn Seal



a

a | U = 1l [~1 v a al ¥ = o o ?:/ v o
HenuniiulildanalisesdaliFauuaznadume lifagudslfdwneiu - Aaiugade
= ¥ o 1 -e:ll o 9/::4‘ o A
adlgnnmueAnuunzanlun1maaes  lnan uualdn 2 sy Ae

- A1 Seal 1 1.23w % Avualidu (o)
- A1 Seal N 2.23W N Auua L (+)
3){lada C AB A" Cool 184LA38Y Vacuum Packaging

An Cool ilunstiheniafiudnllunssununismdsaaniiinistageFavias

1
al 1

v d! = 1 a al o o Q/dl o A
wdn  dellnaseTnusesdanguduiu Inafuualin 2 sxiu Ae
- A1 Cool 15539 Avualidlu ()
- A1 Cool 1 6.53%  nvualifdu (+)
4)flade D B AINENITBNOIAIHLLA
AYNENITDNNIANHIUA NNAFaN13Ta289LATas Vacuum Packaging Tazaziia
ANenTeenludiunasdsanldniaachilugauds Iaanuualdn 2 seau Ae
, 7\ @ . Y o
- ANAINENNTBNDIANHIA W1 2 cm mua i ()
' a A ° v
- ANAINENRTRNNIANHIE 713 cm  Anmua il (+)
5) {ladel E An AYTNUUNU BN ANHLUS
ANTHAUNTBNOIANHIUA ANAFBNTATDILATDY Vacuum Packaging NIAINYUWN
1aefinmiinllanadenalisiodlden Seal Ngeau welisasdazauain wilunig

o o dl dlaz a ] 1 a A a = 1
ﬂ@‘]_lﬂu‘i’lﬂ'J’]NVu’]“ll‘ﬂ\‘IQ\‘lVluﬂﬂLﬂuiﬂﬂ’]@@@ﬂN@[ﬂ‘ﬂﬁ‘ﬂﬂsﬁ@‘ﬂfﬁ’ﬂqqLﬂﬂﬂ’]ﬁ‘ﬂ’]ﬁLL@&'ﬁﬁ‘ﬂﬁlsﬁ@iN
2

o

= o & R o . A 2
ey ATIURIAUUAAT 2 FEAL AB
1 a -QII y o V|
- ANAYINMAUILRINAHWA N1 85 micron  nvuA LU ()
- ANARINULNTBNGNATHIUNE 7 95 micron  Anuua LT (+)
WNeanuUUNMAseuuLUNNeFaaLUY 2° wudnlivieune 32 n1Inaaes 1

Taennimeaaslagldanuausnetinenimasesas 100 99 LTUAIUIUYITIUNA 3,200 9
FAN1IMAREY  FawiNN1IMAAeITIaNA 3 Ussinnnandet Ae wandusigTlszinni 1,2

dl 4 | ¥ a ! dll [ % o a = [
waz 3 uaziialinimeaeadulinialfaunigiunisguiiesdnaaingiaes awianig

AUINANALNOUNAITBINITNARDY AIUAAIAIFNTINT 4.3



59

AT 4.3 vTauFAAaN TIEULAZA1AUNNINAADS

NI1TNANRY ’é"lﬁﬂﬂ"liﬂﬂ@’ﬂﬂ N1TNA[RBY ﬁ']ﬁﬂﬂ'\%“l’lﬂﬂ’ﬂsi
1 18 17 17
2 8 18 32
3 24 19 4
4 12 20 11
5 3 21 23
6 16 22 7
7 22 23 29
8 30 24 15
9 6 25 27
10 28 26 2
11 14 27 31
12 25 28 19
13 1 29 21
14 20 30 9
15 10 31 13
16 26 32 5
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N3N 4.4 NNINARBINDUNAAZIUIBINIAY

NSNAADY ilaqg

A B C D E
1 - - - - -
2 + - - - -
3 - + - - -
4 + + - - -
5 - - + - -
6 + - + - -
7 - + + - -
8 + + + - -
9 - / - + -
10 + / - + -
11 - + - + -
12 + + e + -
13 - - + + -
14 + = + + -
15 - + + + -
16 + + + + -
17 . - - - +
18 + - - - +
19 - + - - +
20 + + - - +
21 - - + - +
22 + - + - +
23 - + + - +
24 + + + - +
25 - i ] N N
26 + - - + +
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FINTNT 4.4 NNINARBINDUNIATUIUDLAE (5ia)
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N3 ladt Snundndiuraade
NARD A B C D E ()

27 - + - + + 27

28 + + - + + 0
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31 - + + + + 22

32 + + + + + 0
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Normal Plot of the Standardized Effects
(response is diaunwsayg, Alpha = 0.05)
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Pareto Chart of the Standardized Effects
(response is diaunwsav, Alpha = 0.05, only 30 largest effects shown)
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o

R399 4.6 N19ALATIZEANN L TUsuTesTade N NaRefa LR UAWeY (Taunnde)

Factorial Fit: 2iaunwsas versus A, B, C, D, E  waasinaiadilsziani 1
Estimated Effects and Coefficients for deunwses (coded units)
Term Effect Coef SE Coef T P
Constant 15.953 0.3289 48.51 0.000
A -7.844 -3.922 0.3289 -11.93 0.000
B -16.656 —-8.328 0.3289 -25.32 0.000
C 0.094 0.047 0.3289 0.14 0.888
D -0.906 -0.453 0.3289 -1.38 0.178
E 0.031 0.016 0.3289 0.05 0.962
A*B -5.156 -2.578 0.3289 -7.84 0.000
D*E 1.969 0.984 0.3289 2.99 0.005
B*D*E -1.719 -0.859 0.3289 -2.61 0.014
A*B*C*D 2.219 1.109 0.3289 3.37 0.002
S = 2.63095 PRESS = 886
R-Sq = 96.58% R-Sg(pred) = 86.31% R-Sg(adj) = 93.26%
Analysis of Variance for dsunwies (coded units)
Source DF Seq SS Adj SS Adj MS F P
Main Effects 5 5436.58 5436.58 1087.32 157.08 0.000
2-Way Interactions 10 596.91 596.91 59.69 8.62 0.000
3-Way Interactions 10 107.66 107.66 10.77 1.56 0.166
4-Way Interactions 5 106.70 106.70 21.34 3.08 0.022
5-Way Interactions 1 3.52 3.52 3.52 0.51 0.481
Residual Error 32 221.50 221.50 6.92

Pure Error 32 221.50 221.50 6.92
Total 63 6472.86
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A + 5.5 + 5.5 + 55
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C + 6.5 = 5.5 + 6.5
D - 2.0 + 3.0 + 3.0
E + 95 + 95 + 95
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fladeffiaenisdnen Aa a1uoudndouaeadeilosann gevaan  sesdangla
~ P ,
Buu  uazsesdangalinsmnszes
1) N19ATIZUANNLLTUIIU (Analysis of Variance)
ANLEUNNINAARILULENANAFEALLY 2° Wud1 WindL 32 NTNAaed

N19NAARIaE 100 lu 'ZQ’]N’]?ﬂZQ@‘]JLLNuﬂ’]?V]ﬂ@@\?LL@&NZ\]ﬂ’]?VIﬂ@@\‘i udnlAfan319n 4.8

tzll ¥ ! t:ll % o o a o A .e:ll
A1TNN 4.8 %@UﬂW?@QVﬂﬁ’Q’]ﬂﬂ’]?VIﬂ@ﬂ\? mmummmwmﬂizmw 2

N3 ilaql dnurndndiureaide
NAAAY A B C D E ()
1 _ - d . - 62
2 + - - - - 35
3 - A - - - 22
4 + + L 3 - 2
5 - 4 + - - 57
6 + - + - - 63
7 - + o - - 26
8 + + + - - 3
9 - ~ = + - 45
10 + - - + - 50
11 3 + - + - 28
12 + + - + - 0
13 - - + + - 58
14 + - + + - 53
15 - + + + - 23
16 + + + + - 0
17 - - - - + 56
18 + - - - + 40
19 - + - - + 20
20 + + - - + 1
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Normal Plot of the Standardized Effects
(response is daunwsav, Alpha = 0.05)
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Pareto Chart of the Standardized Effects
(response is Ziaunwsayv, Alpha = 0.05, only 30 largest effects shown)
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AN 4.7 uaz 4.8 awnsnaglledn i A, B, C, AB, AD, BC, ABD

[ [ % ' o

WAz ABCD  dunaedwidpdrAtysedoudsnauaues fe  deunndasuesgeaniiug

o

1
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° a ~ a = a A ,
ANUAUNILAY WesaIneuadn  sesdangeldiFey  way sesdangelinsanusas
- N e 4 oA 4
Warsaunlaannqan Tl Fesaguudunsslunni 4.7 visetladandenansenuigagnisiiu
a " Y o d o : .
1NNAVDILAULUIFTTUNING 4.8 LAZIHANANTUNAINAI9199 4.9 W1 Tlade A B, C,
AB . AD , BC , ABD WAz ABCD  dumansznuadeiliadnAnysasautlsnauauas
daunwgad NanTeuNaInAn P-Value 994iladel A, B, C, AB, AD, BC, ABD uaz ABCD

o o

HentiaandnseAutiud1Any oL = 0.05 Nnea

A13797 4.9 n19AATEdANklssuaestiadeniuafasqulsnaudues (faunndaa)

Factorial Fit: 2iaunwsa versus A, B, C, D, E waasinieiajdlszinanit 2

Estimated Effects and Coefficients for deunuies (coded units)

Term Effect Coef SE Coef T P
Constant 16.14 0.3850 41.93 0.000
A -7.03 -3.52 0.3850 -9.13 0.000
B -20.72 -10.36 0.3850 -26.91 0.000
C 2.22 1.11 0.3850 2.88 0.007
D -0.09 -0.05 0.3850 -0.12 0.904
E -0.66 -0.33 0.3850 -0.85 0.400
A*B -3.66 -1.83 0.3850 -4.75 0.000
A*D 1.59 0.80 0.3850 2.07 0.047
B*C -2.53 -1 0N2E 0.3850 -3.29 0.002
A*B*D -1.78 -0.89 0.3850 -2.31 _0.027
A*B*C*D 1.66 0.83 0.3850 2.15 0.039
S = 3.07967 PRESS = 1214

R-Sq = 96.51% R-Sg(pred) = 86.03% R-Sg(adj) = 93.13%

Analysis of Variance for deunwses (coded units)

Source DF Seq SS Adj SS Adj MS F P
Main Effects 5 7745.08 7745.08 1549.02 163.32 0.000
2-Way Interactions 10 393.91 393.91 39.39 4.15 0.001
3-Way Interactions 10 124.16 124.16 12.42 1.31 0.267
4-Way Interactions 5 87.58 87.58 17.52 1.85 0.132
5-Way Interactions 1 37.52 37.52 37.52 3.96 0.055
Residual Error 32 303.50 303.50 9.48

Pure Error 32 303.50 303.50 9.48
Total 63 8691.73
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Interaction Plot for 2iaunwsav
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Cube Plot (data means) for 2iaunwsav
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Pareto Chart of the Standardized Effects
(response is diaunwsay, Alpha = 0.05)
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A1379% 4.12 A3AzdANLLsuresilade Rl nafasaulsneLdued (Taunnsad)

Factorial Fit: 2iaunwsas versus A, B, C, D, E waafiauviadilszinnit 3
Estimated Effects and Coefficients for deunwses (coded units)
Term Effect Coef SE Coef T P
Constant 19.14 0.5248 36.47 0.000
A -22.41 -11.20 0.5248 -21.35 0.000
B -12.22 -6.11 0.5248 -11.64 0.000
C 0.22 0.11 0.5248 0.21 0.836
D 0.72 0.36 0.5248 0.68 0.496
E 2.91 1.45 0.5248 2.77 0.008
A*B 2.34 1.17 0.5248 2.23 0.030
A*C 2.53 1.27 0.5248 2.41 0.019
A*B*C -2.47 -1.23 0.5248 -2.35 0.022
[A*B*C*D -2.53 -1.27 0.5248 -2.41 0.019
S = 4.19814 PRESS = 1336.84
R-Sgq = 92.01% R-Sqg(pred) = 88.77% R-Sg(adj) = 90.68%
Analysis of Variance for dsunwses (coded units)
Source DF Seq SS Adj SS Adj MS F P
Main Effects 5 10565.6 10565.6 2113.12 119.90 0.000
2-Way Interactions 2 190.4 190.4 95.20 5.40 0.007
3-Way Interactions 1 97.5 97.5 97.52 5.53 0.022
4-Way Interactions 1 102.5 102.5 102.52 5.82 0.019
Residual Error 54 951.7 951.7 17.62

Lack of Fit 22 525.2 525.2 23.87 1.79 0.065

Pure Error 32 426.5 426.5 13.33
Total 63 11907.7
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Main Effects Plot for 2iaunwsav
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Cube Plot (data means) for 2iaunwsav
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