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The purpose of this paper is to analyze the problems and the sources of defective products and draw improvement plans
in a small plastic boat manufacturing process using TOC (Theory Of Constraints) and statistical analysis. TOC is a methodology
to present a scheme for optimization of production process by finding the CCR (Capacity Constraints Resource) in the organization
or the all production process through the concentration improvement activity. In this paper, we found and reformed constraints
and bottlenecks in plastic boat manufacturing process in the target company for less defect ratio and production cost by applying
DBR (Drum, Buffer, Rope) scheduling. And we set the threshold values for the critical process variables using statistical analysis.

The result can be summarized as follows. First, CCRs in inventory control, material mix, and oven setting were found and solutions
were suggested by applying DBR method. Second, the logical thinking process was utilized to find core conflict factors and draw
solutions. Third, to specify the solution plan, experiment data were statistically analyzed. Data were collected from the daily journal
addressing the details of 96 products such as temperature, humidity, duration and temperature of heating process, rotation speed,
duration time of cooling, and the temperature of removal process. Basic statistics and logistic regression analysis were conducted
with the defection as the dependent variable. Finally, critical values for major processes were proposed based on the analysis.

This paper has a practical importance in contribution to the quality level of the target company through theoretical approach,
TOC, and statistical analysis. However, limited number of data might depreciate the significance of the analysis and therefore it
will be interesting further research direction to specify the significant manufacturing conditions across different products and processes.

Keywords : TOC, Rotational Molding Process, Logistic Regression, ANOVA

1. M B A Azk 4009 2o ANFoz Agsta ok ey

AIA A

o
BN
2

,T71% 5ol & - 53EW HEEE TS O}j o‘i— Aot 22t By =
St A Ao B 1
Received 11 Feb 2016; Finally Revised 22 March 2016 °f —‘E;HOEEH &7 ”
eceive ebruary ; Finally Revise arc ; BES g e] AEol A47beEe) e
Accepted 23 March 2016 Sk dA el dFl ”EOﬂE F=H
=

¥ Corresponding Author : leedh@hanbat.ac kr (FRP : Flber Reinforced Plastics)¥} &2l




A Study on the Improvement of Plastic Boat Manufacturing Process Using TOC & Statistical Analysis 131

ethylene)S A5=Z AR8-3to] A4
71t}

= N
i)
rlo

ot
oX.
98&'
>,

o
oX
ot
toly
2
oX.
o2t

rlo
ol
i

=
>
e

x,
ol

fin}
=2

Z
2
E oX m%

ol
o,
rlr
ot
N
_!_L/

O,
ol
)

o
fr
ro
Az

ro i

ox,

me 2 R
N
o
of
K
o,
Al
ol
=
il
B
&
Q‘L

M rlo

flo

oo rlr opt
Huﬂom

o,
s &
g

o 2 oto
k)

o
é
rz
(oA E: N

-
=2
X
rlr

ST
oo Mooy

i
off
s

i
1
L
>
b
=
ot
Mo
2
i

o

O 2 T ot
2

&oox

>

o X

O,

£, tob

[m
N
EN
ol
o o o
; o

2. 0|23 Hig
2.1 28 SEAEHE HZESH

a%0F oA AAEE TP AEHEE
E, g4 HES YAS HER FRIN F2
TmegmﬂﬂLmaq:rm+w%Lmﬂ%
A fEege] frEadl wtel dFrEely 2
Eﬂ(PE)Z"E-J AEE o] &3 A Zo] A3} E
AFUA, T2, 8
I e A8 P 7Yl
& BE A&

X
e
o

o x Z
0 e o

e
o NH %O
_YH_Q“H
= =
O Rl oof O N H o2 om D

(

ofy
i L
ol
ol
s
2
2
% Ho
ofo
o R g2

o
-z
Me
o
i =
2
EL
N
§2
rir
o ox
= T (et
j'Q, 1_,> FIO '101’

(2
N
485

tob
2
~
9_9\4..'
=
=)
g
=)
=
=
=
=R
=
=]
"3
rlo
N le
X o
T
=
,“U
v
i
s
N
R

% Zalrelo g 48]

Zwolt), FANY ZAHL <F1gure 1>
=9 Fejell gt S8 &
2

F Aabrbe, 7haAdo] FH3 YU, st ¥ vf
T o AdAA apel WA 54, A ¥4 A
A AR WA Soiel wl$ S se13, 30].

Rotating mold design sign

making of rotating mold

sealing rotating mold

] e i s ] e il it i, ' o

\
/
{ PE raw material formulation

Charging and rotation

heating and rotation

Cooling / Take-out

1
1
1
1
1
1
1
1 I
1
1
1
1
1
|

e

Finished production
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<Table 1> A Kind of Defects in Manufacturing Process

Pr
00esS Defect Defect Cause
Type
Material - Spreading agents ratio below
. Internal .
Mixing defect densit - Surface softener ratio over
Process Y |- Internal reinforcements ratio high
M.ater'lal Shrink - Compounding agents Dosage errors
Injection .
cracks - Compounding agents Flatness error
Process
- Rotational molding Speed error
Inner - Rotational molding angle error
aggregation - Oven heating temperature insufficient
- Cooling temperature imbalance
Rotational - Rotational molding Speed error
Molding Thickness - Rotational molding angle error
Process imbalance - Oven heating temperature insufficient
- Cooling temperature imbalance
. - Mold combination error
External depression, . .
rorection. twisting |~ Rotational molding Speed error
proj ’ € | Rotational molding angle error
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<Figure 4> Improvement of Plastic Boat Manufacturing Process by DBR
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Statistics Value Interpretation
. 0.001 o
Chi-square p-value Under Significant
Hosmer & Lemeshow Test p-value 0.462 Suitable
2 Superior
R’(Nagelkerke way) 0.655 explanatory power
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<Table 3> Logistic Regression Model

Variable B exp(3) Significance

Constant -45.806 1.5%x107°
Cooling Time 0.989 2.69 1.4x1077

Stripping 0366 1.4 3551071
Temperature
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<Table 4> Testing of Logistic Regression Coefficients

Normal/sag (-0 LR BN Classfcaton
Normal 62 6 91.2
Observations Bad 7 21 75.0
all(%) 86.5
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