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## 6270087521 : MAJOR INDUSTRIAL ENGINEERING
KEYWORD: factor time reduction Half-Factorial Design
Nattapon Boonruksa : Reducing drying time for label printing . Advisor: Prof. Somkiat

Tangjitsitcharoen, Ph.D.

Factory to reduce the production time of label printing in order to respond the needs
of customers. This research collecting data for the duration of work at every step. The most time
consuming process in production is waiting for label printing to dry, which took 72 hrs. out of
the total production time of 159.5 hrs., or 45% of the production time. A team of 6 people was
set up to brainstorm and determine the factors. Factors: Man, Machine, Method, Material, and
Environment. Team gets 15 factors by Fish bone diagrams.15 Factors were evaluated on the
Cause & Effect Matrix .Used the Pareto diagram to find 6 factors: 1.Pigment volume in the
ink.2.Coating volume 3.Ink Volume 4. Room temperature 5. Drying additive volume for ink 6.
Drying additive volume for coating. The Design of experiment (DOE) was carried out to
determine the factors affecting the drying time by choosing a half-factorial experiment. The
number of experiment was 2"'=32 experiments. Found that the factors affecting to the drying
of the labels were 1) Coating volume 2) Drying additive volume for ink 3) Drying additive
volume for coating. Three factors above were taken into the experimental design again to
determine the optimal level of factors that make label dry quickly without quality problems. The
result of optimization is Coating volume of 20 %, Drying additive volume for ink is 3 %, and
Drying additive volume for coating is 3 %. Additionally, ensure the result of optimal factor level
by testing with 5 sample.The average drying time was 31 hrs. from 72 hrs. drying time, decrease

of 41 hrs. or 56%

Field of Study: Industrial Engineering Student's Signature .........c.cceeeevereennne.

Academic Year: 2021 Advisor's Signature .........ccceeeeveeveennnnns
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Smearing test

Time
<
N
¥
doya
AN nn
NAADY 21w
MUAN
i | na1se
0 1 2 3 4 5 6 7 8 @ W
FTua | $lua | dalua | $alue | $aTue | daTue | $alus | $2Tue | $aTue | adin NINuA
1
2
3
4
AN
=
NAA04
fin
Dezign Table (randomized)
Fom A B C D E F G
E; i S oEEt oo RS
o R waw £ fm
X o= = A% F P g
g g T g o
5 - - - - - - -
6 - 4+ + = = =
7 % % = 4 = = =
8 + - + = = + =
9 4+ + + - + = =
L = & oF F & 3% =
P12 mp An - ap 4n s
12 - - 4+ - + + +
13 & = 5 F 8 25 =
14 - + - 4+ + - +
15 + - + + - - +
16 + - - - + - +

AN 3.10 0819 Design matrix
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Fractional Factorial Design

Factors: € Base Design: 6, 32
Runs: 32 Replicates: 1
Blocks: 1 Center pts (total): 0

Design Generators: F = ABCDE

Defining Relation: I = ABCDEF

Resolution:
Fraction:

VI
172

Alias Structure
I + ABCDEF
A + BCDEF
B + ACDEF
C 4+ ABDEF
D 4+ ABCEF
E + ABCDF
F + ABCDE
AB + CDEF
AC + BDEF
AD + BCEF
AE + BCDF
AF + BCDE
BC + ADEF
BD + ACEF
BE + ACDF
BF + ACDE
CD + ABEF
CE + ABDF
CF + ABDE
DE + ABCF
DF + ABCE
EF + ABCD
ABC + DEF
ABD + CEF
ABE + CDF
ABF + CDE
ACD + BEF
ACE + BDF
ACF + BDE
ADE + BCF

MW 4.2 5198210890 DNLUVVD4 1154ATY Minitab



Design Table (randomized)

o
m
|
e |

I+ 4+ 1 + 4+

o= = 1 =
i

I+ 4+ 4+ 1 + 1 + M
Lo+ 4+ + 1 + 1

WW‘-]#\U‘#-WMI-'E

I
I+ + + 1

-

I+ + 4+ + | + |
o4+ 4+ 1 4+ 1+ |
I+ + + |

I+ |+ + + 1

R R R I O I I

| 4+ 4+ 4+ 4+ + 4+ + |
I+ + 1

1
|
4+
I 4= 4= 4 4 4+ I
1

b
H
I+ | o+ + + 1
e

I+ + + 1
I

I o = 1
4

+ 1+ 1
+ 04+ 1

+ L+ 4+ + 1+

Lo+ 4+ 1 4+ 1 4+ + |

[ [ i
I+t |+ | o+ 4+

1
+
1

= . LA v da
NN 4.3 MIPONUUY ( Design Matrix ) (W01 11/39891

o

ARG RPN PERMLETRN

88



&9

M3 4.4 LAAINIFUYANIINAADY (Randomization)
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30 5 1 1 1 -1 1 1 1 1
17 6 1 1 -1 -1 -1 -1 1 1
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Time
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#2lua | d2lue | dalue | dalue | dalue | dalue | dalue | dalue | dalue | ()
1 x x x x x v 60
2 v 47
3 x x x x x v 61
4 x x x x x v 70
5 x x x x v 50
6 x x x x x x v 62
7 x x x x x x x v 72
8 x x x x x 58
9 x x x x v 48
10 x x x x x v 60
1 x x x x x x v 68
12 x x x x x x v 62
13 x x x x x x v 61
14 x x x x v 45
15 x x x x x 57
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20 X X X 44
21 x x v 30
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32 x x x v 44
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Versus Fits
(response is Drying time)
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Analysis of Variance

Source DF Adj SS Ady MS F-Value P-Value
Model 21 4622.41 220.11 37.59 0.000
Linear € 4541.%4 756.99 128.2¢ 0.000
[ B 1 1444.53 1444.53 24€.66  0.000 |
C 1 0.78 0.78 0.13 0.723
D 1 5.28 5.28 0.90 0.365
E 1 1815.03 1815.03 309.93 0.000
F 1 1262.53 1262.53 215.59 0.000
A 1 13.78 13.78 2.35 0.15¢
2-Way Interaction 15 £0.47 5.3¢ 0.92 0.575
BAC 1 0.03 0.03 0.01 0.943
B*D 1 0.78 0.78 0.13 0.723
|B*E 1 52.53 52.53 8.97 0.013
BAF 1 2.53 2.53 0.43 0.52¢
B*A 1 1.53 1.53 0.2¢ 0.620
C*D 1 1.53 1.53 0.26 0.€20
Cr'E 1 1.53 1.53 0.26 0.€20
C*F 1 3.78 3.78 0.€5 0.440
C*A 1 1.53 1.53 0.26 0.620
D*E 1 0.03 0.03 0.01 0.943
DAF 1 0.78 0.78 0.13 0.723
D*A 1 0.78 0.78 0.13 0.723
EAF 1 1.53 1.53 0.2¢ 0.€20
E*A 1 11.28 11.28 1.93 0.185
F\a 1 0.28 0.28 0.05 0.831
Error 10 8.5¢ 5.8¢
Total 31 4680.97
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