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¥ #4970263121 :MAJOR INDUSTRIAL ENGINEERING
KEY WORD: DEFECT REDUCTION / PLASTIC PACKAGING / QUALITY IMPROVEMENT/
DESIGN OF EXPERIMENT
JUTATIP THAPRASOP : DEFECT REDUCTION IN PLASTIC PACKAGING
FACTORY. THESIS ADVISOR : NATCHA THAWESAENGSAKULTHAL Ph.D., 198 PP

This research was carried out in a flexible packaging manufacturer which produces various
plastic packaging and sanitary bag. The preliminary survey indicated that the printing process, named
the gravure printing process, had the most impact to company product quality. The main problem of
gravure printing process was its high percentage of defect up to 25-45 percent.

The purpose of this study is to find the root causes of the quality problem in plastic
packaging printing process and develop a quality improvement approach for defect reduction by using
quality techniques including graph, scatter diagram, cause-and-effect diagram, parcto diagram, affinity
diagram, tree diagram, design of experiment, and control chart. During this study, a quality
improvement team has been set and work closely with this quality improvement project.

The methodology was composed of five phase. Phase I, Quality problem definition, which
indicated that the quality problem focused in this thesis was the overlapping printing problem (coded
AQ18). Code A018 was a problem of a sanitary bag product produced of white PE plastic film of 0.04
millimeters thickness from printing machine coded PR10. Phase II, Root causes identification,
revealed root causes of (1} improper temperature level on heaters of the print unit, (2) the improper
web tension, (3) the lack of adequate training for operators, and (4) the lack of preventive
maintenance. Phase III, Problem-solving generation was composed of two alternatives were the design
of experiment on three factors (temperature on print ‘unit no.7 and 8, and web tension) and
development of work instruction. Results from the design of experiment indicated that the appropriate
levels of these three factors were the 50°C temperature level on both print unit no.7 and &, and the 15
N/mm. of web tension. Phase IV, Selection of altemative application was the implementation of action
plan generated from previous phase. Phase V, Evaluated results from the implementation, which found
that the percentage of average overlapping printing defect and average total defect decreased 14.94

and 12.71 percent respectively, and the average printing time decreased 8.87 minutes per roll.
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M3190 2.8 iasestionaninilFlunszuaunsudilamia1e o (Hagemeyer and Gershenson, 2006)

Problem solving programs C&E Check Histogram Control Plan Pareto Scatter Process flow Design of
diagram or sheet diagram diagram diagram/ Process experiment
matrix map
The improvement process X X X

Business process improvement X X X X
Quality improvement X X X X X X X
Process improvement X X X X X X
X X X X

Quality improvement through defect prevention

€L
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Quality tool Categorizations Inputs to tool Tool work Outputs of tool
Type of tool Skill of user What is needed Quality tools What the tool Tool function Tool Physical
for tool use needed prior to works with classification outcome
using this tool
C&E diagram Analytical Novice Process Process map Ideas Generates/groups/imp  Document Matrix
knowledge lements
Check sheet Analytical Novice Data collection None Numbers Counts Tool Matrix
Histogram Statistical Novice Data collection Control charts Numbers Counts/measures Tool Diagram
Control plan Clerical Intermediate Process C&E Ideas Generates/groups/imp  Document Matrix
knowledge diagram/process lements
map
Pareto diagram  Analytical Novice Data collection Check sheet Numbers Counts Tool Diagram
Scatter diagram  Statistical Intermediate Data collection None Numbers Counts/measures Tool Diagram
Process flow Analytical Novice Process None Ideas Generates/groups/dec ~ Tool Diagram
diagram knowledge ides/implements
DOE Statistical Advanced Data Multivariate Numbers Measures Technique Matrix
collection/numeri  analysis/C&E
cal analysis diagram

SL
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2) ﬂﬁtlﬁlﬂ@‘lfi”lﬂmﬂ”lw (Quality problem solving)
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Break through
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Setting the process in motion

'

Structure
of teams

Manitoring and control
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Interface with
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Keeping the process alive
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continuous

Improvemeant
Teams

Generation of
new topics sphitting
and continuation
of current topics

suggestion flow

|

Additional
training
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StdOrder RunOrder Templ Temp2 Tension

3 1 50 70 15
21 % 50 50 20
5 3 50 50 20
4 4 70 70 15
1 5 50 50 15
23 6 50 70 20
17 7 50 50 15
10 8 70 50 15
8 9 70 70 20
11 10 50 70 15
7 11 50 70 20
15 12 50 70 20
18 13 70 50 15
16 14 70 70 20
22 15 70 50 20
19 16 50 70 15
6 17 70 50 20
12 18 70 70 15
9 19 50 50 15
20 20 70 70 15
24 21 70 70 20
13 22 50 50 20
14 23 70 50 20

2 24 70 50 15
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14 23 70 50 20 13

2 24 70 50 15 9
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Residuals Versus the Fitted Values
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1 4
A1519% 5.6 ﬂﬁﬂizﬁﬂﬂ!ﬂ”lNaﬂiz‘V]ULLﬂ%ﬁNﬂi%ﬁ‘ﬂﬁﬂl@\iﬂﬁﬂﬂﬂﬂﬂﬁj’miﬂiuﬂiu MINITAB

Estimated Effects and Coefficients for Defect (coded units)

Term Effect Coef SE Coef T P
Constant 11.8750 0.3511 33.82 0.000
Templ 2.4167 1.2083 0.3511 3.44 0.003
Temp2 3.5833 1.7917 0.3511 5.10 0.000
Tension 2.7500 1.3750 0.3511 3.92 0.001
Templ*Temp2 -1.7500  -0.8750 0.3511 -2.49 0.024
Templ*Tension 0.7500 0.3750 0.3511 1.07 0.301
Temp2*Tension 0.5833 0.2917 0.3511 0.83 0.418
Temp1*Temp2*Tension 0.5833 0.2917 0.3511 0.83 0.418

M1 5.7 MIaaTIzEaNuulslsIuveInIanaanedle 115unsy MINITAB

Analysis of Variance for Defect (coded units)

Source DF Seq SS AdjSS  AdjMS F P
Main Effects 3 157.458  157.458  52.486 17.74 0.000
2-Way Interactions 3 23.792 23.792 7.931 2.68 0.082
3-Way Interactions 1 2.042 2.042 2.042 0.69 0.418
Residual Error 16 47.333 47.333 2.958
Pure Error 16 47.333 47.333 2.958
Total 23 230.625
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Normal Probability Plot of the Standardized Effects
(response is Defect, Alpha = .05)
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Interaction Plot (data means) for Defect
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Y = 11.8750 + 1.2083(-1) + 1.7917(-1) + 1.3750(-1) — 0.8750(-1)(-1)
=6.625
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StdOrder RunOrder  Templ Temp2 Tension Defect Fitted Residual
Value
3 1 50 70 15 11 12.3333  -1.33333
21 2 50 50 20 8 9.0000  -1.00000
5 3 50 50 20 10 9.0000 1.00000
4 4 70 70 15 13 11.6667  1.33333
1 5 50 50 15 9 7.0000 2.00000
23 6 50 70 20 15 14.3333  0.66667
17 7 50 50 15 7 7.0000  -0.00000
10 8 70 50 15 11 11.0000  0.00000
8 9 70 70 20 18 16.3333  1.66667
11 10 50 70 15 13 12.3333  0.66667
7 11 50 70 20 16 14.3333  1.66667
15 12 50 70 20 12 14.3333  -2.33333
18 13 70 50 15 13 11.0000  2.00000
16 14 70 70 20 17 16.3333  0.66667
22 15 70 50 20 12 13.3333  -1.33333
19 16 50 70 15 13 12.3333  0.66667
6 17 70 50 20 15 13.3333  1.66667
12 18 70 70 15 12 11.6667  0.33333
9 19 50 50 15 5 7.0000  -2.00000
20 20 70 70 15 10 11.6667  -1.66667
24 21 70 70 20 14 16.3333  -2.33333
13 22 50 50 20 9 9.0000 0.00000
14 23 70 50 20 13 13.3333  -0.33333
2 24 70 50 15 9 11.0000  -2.00000
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M0 7.2 manviziluazay P = (k— 1/2)/n x 100 tagmaivanfig (Residual)

1138313 Normal probability plot

Order (k) Px = (k—1/2)/nx 100 Residual
1 2.0833 -2.33333
2 6.2500 -2.33333
3 10.4167 -2.00000
4 14.5833 -2.00000
5 18.7500 -1.66667
6 22.9167 -1.33333
7 27.0833 -1.33333
8 31.2500 -1.00000
9 35.4167 -0.33333
10 39.5833 0.00000
11 43.7500 0.00000
12 47.9167 0.00000
13 52.0833 0.33333
14 56.2500 0.66667
15 60.4167 0.66667
16 64.5833 0.66667
17 68.7500 0.66667
18 72.9167 1.00000
19 77.0833 1.33333
20 81.2500 1.66667
21 85.4167 1.66667
22 89.5833 1.66667
23 93.7500 2.00000
24 97.9167 2.00000
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