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Recently, the downsizing, weight saving and thinning
of products represented by IT equipment and digital
home appliances are advancing, and demand is also
intensifying for smaller, lighter, thinner and more com-
plex injection-molded articles, which are essential for
assembling those products. Injection molding machines
themselves are also required to address these trends.
Our company has responded to such demand by devel-
oping and marketing electrically powered injection mold-
ing machines that achieve high controllability and excel
in terms of stability and reproducibility. However, even
those electrically powered injection molding machines
have not fully met the recent demand for super preci-
sion and stability. For that reason, we are working on
development that meets the demand by applying high-
response servo technology, which attaches consider-
able importance to motion control. This report explains
the effectiveness of adding the high response servo
technology to an injection molding machine, taking an
example of actual injection molding where the technol-
ogy is applied to an injection system.
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Clamp Force Feedback Control Technology for Injection Molding Machine
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To meet the demand for higher accuracy and greater
stability of injection molding machines, we developed a
clamp force detecting system and a clamp force feed-
back control system, and equipped the SE-DU and SE-
HD/HS series with the new systems as standard. We
have developed the following two control methods as
a function to control the clamp force feedback.

0 Clamp force feedback control for use in clamp
force adjustment

0 Clamp force feedback control for use in auto-
mated operation

Formerly, it was difficult to accurately adjust the clamp
force for molds. The use of the new systems allows the
clamp force to be automatically adjusted so that the set
value of the clamp force matches the actually detected
value. In addition, the new systems enable even a mold
thermally expanded due to a temperature rise to be
clamped without an increase in the clamp force, thus
allowing automatic operation to be continued. This
report describes the clamp force detection system and
the clamp force feedback control system.
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Setup display of control in clamp force adjustment

000000 SE220HD

ooooooooooo

gooooo20 o°/90°000

gooooooooOoooooooooooooooboOoo
ooooooooooooooooOoOoooooo

ooooOoOoO0OO0OO0O0OokNOOOOOOOODODO?2150 kN
ooooooooooooooboooooooosOO0OOnon
oboooboooooooooboOobooobooboOooboOooo
od

2000

1500

1000

ODO0D00O0OKNOD

Pl

-

0 500 1000 1500 2000

42}
o
o

000oO0okNOO

—O—DDDDD—I—DDDDb

O OoOooooboobooood

goboooobooooooooomooooooooo
oobooooooooobooooOoboOoOoboooboboOoooo
ooo

0 toobooobooooboobooobooooo

0 ooboooobooobooobooboo

51 O00o0oooooooooobooooboooo
gboooobooboooooobooooboboobooo
gobooboobooobooooooooobooooboooogoon
goooboooboooboooooooobooobooooo

0ooobo0oooD0oooOooooo
Test data of control in clamp force adjustment

oooooooooooooooobooOoooooboobooo
gobooboooboobooobooooobooobooooo
goooboooboobooobooooobooobooooo
goooooo

52 ODO0O0O0OO00O0OO0O0O00O0
gbooboooooboboobooooooobobooobooo

goo

0000000 No.161 2006




- T— v | am | -uew | suer | AEww | arwe

gooooooooobo
Setup display of control in automatic operation

goooooooooooooobooooooooobooo
000000000500 kNO 1000 KNO 1500 kNO 0000 2000 kN
ooooooooboooooooooooooooooboOod
oooooooooooboooooboOoOooooobooOoa
ooooooooooobooooobooOooooobooOon
obooooooobooOoooooocoooooooboboOoo
oooooooooooooooobooa

53 0000OO00ODOOO0OOoooOobDooon
gobooooooooooooobooooOooooboboOoo
oooooom
goooooooooooooooooooooobooo
oooooooooboooooooooooooooboobooo
ooooooooooooooooooOoooooboooo
oooooooooooooooooooooooboobooo
oooooboooobooooooobooboooooooboooo
oooooobooooo
goooooooooooooboooooooooboooo
oooooooooooooooobooo

54 000O0OO00O0DOODOOO
ooooo0OoweokNOOOOOoooooooooooDo
poooooooooOoooooooooooooboobooo
oooo
goboooooooooooooboooooooobooOoo
oooooooobooooooooooobooooboobooo
oo2s000000001500kNOO0O0OOCOOOOOODO
oooooooocoooooooboooOoooooboobooo
oooooooooboooooooooooooooboobooo
oo01s00kNOOOOOOOOOOOOOOOO

o 4ood

0 tooboooboobobooboooobooooobooobooo
gobooobooboobooooooobooobooo

0 tooboooboooboooooboooboooooboooon
goboooboooboooboooooooooboooboooo
goboooboobooobooooooooobooobooo
gooobooobooooooooboo

oooo0 OOOOoOoOoOoOOOoOOocOoOoOoOoOOOon

1600
oooog

1500 < R e
. M
O 1400
P4
X
O
O 1300 >
[}
O
5 1200 ﬂ
O

1100 0oooo

1000 I I I I I I I
0 50 100 150 200 250 300 350 400

oooooo

goooooooboooogoo
Test data of control in automatic operation

0 OO0oOoOoOoooooooboooOoooooboooo
ooooooooo0oOoooooooOooooDooobooo
ooooooooooooooobooooooobood
oooooooooood
goboboooocooooooooboooooooobooOoo
oooooooooooboooooboooOoooooboooo
oooooooooooboooooboooOoooooboooo
ooooooooobooooooooooobooooboobooo
oooooooooobooo

gooooooooooooooooooooooboo
oooooooooooboooooooOoooooboooo
ooooo

gooooo
0 0000.00000000 selb0000.0000000, no.150,
Dec., 2002.

0000000 No.161 2006



gboobooboobobobon

DVDIVideoOOOOOOOOOOOOOOOOO

DVDIVideoU DO D UOODOOOOODOODOONO

Development of Highgspeed DVD[Video Disc Molding Technology

eJOOOOO”
Hideki YOSHIDA

oooooooooooood

00 Molding sub system

OOobvDOOOOOOOOOOOOOODVDIVideo
goo0o0o0ooOo0ooooooocOooooooooOod
ooo0o0o0ooOo0ooooooocOooooooooOod
goboo0oo0ooOoO0ooooooCcOoOooOooooOoOog
ooooooooooooooo

DVDlVideoOOOOOOOOOOOOOOODOOO
goocbooooe mmiOOOCOOO0O0O0O0OOOOO
goooOoOooOoOooOoOoooCcOoOooOoOooOoooOoa
goooOoOooOoOooOooOooCcOoOoOoOOOoOoOoOO
goooOoOoCcOoO0ooOoOoOoOoCcOoOoOoOoOoOoOoOboO
goboocioO0OO0OOOOOOOOOOCOOOOCO
goooOooooooooooo

O00O000O00O0DvVDIVideo20 DOOOOODOO
gooooOoooooooooooooooooobooOoa
goooooooooooon

gbooobooobooooooobvbDbooboooooboogoo

o 0O0Oo0od

gopvbOooooooobvbDoOoooooooooooo
DvDIVideoDOOOOOOOOOOODOOOOOOOOOO
oooooooooooooooooooooooboooo
gboboobooboobooobooooobooobooooo
gboboobooobooooooobooooboooo

OODVDIvVideoDOOOOOOOOOOOOOODOO 1
OO0002000DVDIRO 100004000000000

In recent years, the demand for DVD-Video discs has
been rocketing worldwide in response to the rapid
spread of DVD gaming machines. On the other hand,
the trend toward lower costs and shorter cycles for
productivity improvement is intensifying, due to decreas-
ing product prices and soaring resin prices, and cus-
tomer requirements are becoming more demanding
each year. The DVD-Video disc consists of two sub-
strates, each of thickness of 0.6 mm, which is half that
of the CD. Therefore, the tilt angle of the substrate and
the ability to transfer fine patterns of the stamper sur-
face onto the optical disc are important elements to
achieve the required quality. The following two factors
are involved in shorting the cycle time:

0 Repetitive stability of the molding machine and
its ability to complete measurement within a cool-
ing period of 1.0 second

0 Cooling efficiency and balance on the mirror sur-
face of the mold

This report identifies the problem in 2.0-sec high-speed
DVD-Video disc molding and describes how we have
achieved this high-speed molding technology as an
industry first.
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Recent efforts in plastic injection molding have pro-
duced high value-added moldings, such as thinner
wall optical waveguides and elements, and micropat-
tern molded surfaces. As the capability of mold pro-
cessing machines and the precision of injection molding
processes have improved, molding quality requirements
have become correspondingly more stringent. In the field
of molding development, one of the technical challenges
is how to form a product using the mold provided with a
micropattern on its surface (especially a product with a
high aspect ratio). This report reviews the mold process-
ing technology (LIGA: Lithographie Galvanoformung
Abformung) for high aspect products and the technol-
ogy of high aspect injection molding (AMOTEC: Asahi
Molding Technology with COz2), and also reports on the
experimental results of molding produced by using a
LIGA stamper and AMOTEC injection molding.
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Quantitative Evaluation Method of Molding Deposit through Image Data Processing
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The requirements for injection molding of high perfor-
mance plastic parts with thinner walls, higher heat resis-
tance, and more complicated shapes have become more
demanding. For precision molding, additives in plastic
materials, injection at higher temperatures, and more
complicated dies have been utilized, but the time between
the die maintenances has been shortened due to the
vulnerability of forming molding deposits. Various devices
have been commercialized to reduce the formation of
molding deposits by some manufacturers of injection
molding machines and peripheral equipment. Our com-
pany is also marketing devices such as ALFIN Il and SM
screws. The performance evaluation of the devices can
be made only after a long field operation, and no quanti-
tative evaluation method is available for an in-house test-
ing made in a short period of time. We have developed a
quantitative evaluation method by visualizing the deposits
and comparing their digitized shade of color through
image data processing. This report presents the eval-
uation technology and the result of device evaluation.
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Development of High Performance Full-electric Injection Molding Machine
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High performance full-electric injection molding machine SE75DU

The full-electric SE-D series injection molding machine
developed in 2001 was equipped, in its standard ver-
sion, with direct drive mechanisms to drive all the units,
such as injection, metering, mold clamping and ejection.
The series proved to have superior performance to an
accumulator type hydraulic injection molding machine,
controlled by servo-valves. The application of a high-
output and quick-response low-inertia direct drive
mechanism injection unit and a quick-operating, high
rigidity mold clamping unit was the key to achieving
the performance. The mold clamping unit includes both
toggle and direct pressure type features, thanks to the
introduction of a center-press platen that minimizes
distortion in the central area of a moving platen. The
new SE-DU series was developed by providing a new
servo mechanism for even more precise molding oper-
ations and by upgrading applications for high produc-
tivity, while maintaining the above features of the SE-D
series. This paper reports on the performance and fea-
tures of the SE-DU series, including a servo drive mech-
anism, clamping force feed-back control for center-
press platens, mold protection, plasticization control,
and N9 controller.
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Development of Medium-size Full-electric Injection Molding Machine
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Medium-size full-electric injection molding machine SE220HS

Our company put the SE-S series on the market in
1998. It was primarily designed to manufacture thin-wall
molded items via a rapid cycle of injection molding and
was hence unfavorable for the production of thick-wall
molded items mainly used for automobiles. In 2005, the
newly developed SE-HD and SE-HS series were put on
the market. The SE-HD series was developed for pro-
ducing molded automobile parts and the SE-HS series
for producing thin-wall molded products respectively.
Both the series have incorporated new developments,
such as a double center-press platen mechanism, a
feedback control mechanism including clamping force,
and a high-precision, high-output nozzle touch mech-
anism. These features have been well accepted by users.
This report presents the basic functions and features
of the SE-HD and SE-HS series.
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Surface pressure on mold and transmission of mold clamping force (Conventional type)
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Surface pressure on mold and transmission of mold clamping force (Center press platen)
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Development of Hybrid Injection Molding Machine
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Hybrid injection molding machine PET4000HY

The injection molding machine exclusively for PET
bottle preform production, PET4000HY, has been mar-
keted since 2004 as the successor to the previous model
PET4000, introduced into the market in 1996. The model
PET4000HY, developed based on the hybrid injection
molding machine SE350HY, utilizes components driven
by electric or hydraulic power in order to provide the
functions required for PET bottle preform molding. The
electrically driven devices are adopted for mold open-
ing and closing to reduce the time taken to extract mold-
ed preforms, and for screw plasticizing which helps
reduce power consumption. The injection and ejection
devices are driven by hydraulic power, since they need
a high output. To meet the quality requirements for PET
bottle performing, a SM screw is employed, which is
exclusively designed for the purpose.
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Development of Compact Injection Molding Machine
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Compact injection molding machine SVC50

There is a move to resume domestic manufacturing
among major Japanese companies of electric appli-
ances and automotive parts/components through pro-
moting technological innovation and a self-developed
factory automation system. The plastic molding indus-
try, under pressure to curtail its capital investment, is
requesting a reduction in the costs of injection molding
machines, to minimize the installation space required
for the machines, and the provision of in-line injection
molding machines. Responding to these customer
requirements, we have developed the compact injec-
tion molding machine SVC50, with a machine size of
2000 mm (L) x 1000 mm (W) x 2000 mm (H) by employ-
ing a vertical mold clamping unit with a force of 490 kN
(50 tf) for horizontal injection. The compact machine
features hydrostatic power transmission (HST) for the
injection mechanism and the arrangement of units as
well as the vertical clamping unit. The units have been
arranged to provide sufficient space to install a take-
out robot and a conveyor under a plasticizing unit with-
in the frame of the injection molding machine, which
would otherwise need to be separately installed from
the machine body.
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Thermogravimetric Measurements for Thermal Decomposition Rate of Municipal Solid Waste
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Thermogravimetric data for each component of
Municipal Solid Waste (MSW) were obtained. The cel-
lulose (tea leaf, cotton, paper and wood) and fish
meat decomposed rapidly at the temperature range
of 550-650 K. The yields of residual char were 20-27
wit% for cellulose and 37 wt% for fish meat. For PE,
PP and PS, the loss in weight occurred in the temper-
ature range of 600-750 K with a maximum rate. For
PET and PVC, on the other hand, there exited two dis-
tinct areas of weight loss, which represented a lower
and a higher temperature of decomposition. Thermal
decomposition of samples except PET and PVC com-
pleted below 770 K. The kinetic parameters of thermal
decomposition reaction, pre-exponential factors and
distribution of activation energies were determined by
applying a modified volume reaction model.
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Approximate analysis of samples
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Paper 4.4 85.1 5.0 5.4
Wood 6.9 80.9 11.7 0.6
Fish meat 7.2 735 1.7 16.8
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Tea leaf, cotton, paper, wood and fish meat, and
plastics of PE, PP, PET, PVC and PS in municipal solid
waste were used as specimen for basic pyrolysis study.
The pyrolysis gases generated at 770 K were further
degraded at 1020-1220 K for 5-15 s. With increasing
temperature and space time, the amounts of Hz2, CH4
and the other hydrocarbons with low molecular weight
increased, while the amount of tar (more than seven
of carbon number) adhered on the equipments in the
practical reactor decreased. Comparing the amount of
tar derived during pyrolysis at 770 K with that of degra-
dation at 1220 K for 15 s, the tar content with 0.1-1.0
molar fraction generated form each component in
Municipal Solid Waste (MSW) decreased to that below
0.1.
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Characteristics of Collection and Dislodgment of Adhesive Gaseous Hydrocarbons by Ceramic Filter
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The ceramic filter has been used usually to collect the
solid particles in the high temperature surroundings.
But it is not almost clear if hydrocarbons adhered in
the ceramic filter are dislodged or not by the method
of pressurized air/inert gas injection. The experiments
have been carried on to investigate about the charac-
teristics of collection and dislodgment of adhesive hydro-
carbons in polystyrene-decomposed gas at 510-780
K. The effect of adhesive hydrocarbons weight in the
filter on pressure loss is analyzed, and regeneration
methods by thermal treatment and pressurized inert
gas injection are examined. This investigation tends to
conclude that it is impossible to dislodge the adhered
hydrocarbons in ceramic filter by the method of pres-
surized gas injection, but the thermal treatment above
the temperature of 780 K during more than 7200 s makes
adhesive hydrocarbons dislodge.
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Physical properties of ceramic filters
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The streamlining of the construction process is an
imminent problem in the shipbuilding industry. From
that point of view, some companies have started to
introduce production optimizing approach like Toyota
Production System. However, as for the production
scheduling, the dependency level on the undocument-
ed human experiences remain still very high. It has
been due to the difficulties stemming from the com-
plexity of human decision processes. In this paper, we
propose to formulate the concerned problem with
Weighted Constraint Satisfaction Problem approach.
With the approach especially adapted to the bottle-
neck processes, we have confirmed the improvement
of the existing scheduling processes.
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