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Casting is one of the most
widely applicable processing
technologies in the production
of metal products. From
the perspective of making
complex product shapes
and reducing costs, the
manufacture of sand molds
using 3D printers is attracting
attention.

Providing Easy Access to a 3D Experience

The Latest
Technology

IN DEPTH

CUBE (Shibuya Ward, Tokyo), a 3D printer showroom opened
by iGUAZU Corporation, displays 3D printers and offers
a scanning service using a body scanner. In addition, K’s
Design Lab, which operates the showroom together with
iGUAZU, organizes workshops that provide the opportunity
to actually use a 3D printer. Visitors are required to make
reservations in advance.
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Printer showroom CUBE
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ecause of their strong impact,
3D printers have quickly
gained widespread attention.
3D printing is based on 3D additive
manufacturing technology, which
produces three-dimensional objects
by gradually adding layers of materials
such as resins or metals to solid layers
printed below.
What changes will the introduction
of 3D printers bring? How will this
technology evolve in the future? We
will explore this question in detail in
the following pages, but one thing to
note for now is that this technology
could change the way things are
manufactured around the world.
Looking at global trends, Western
countries have already established 3D
additive manufacturing technology that
uses metals. In these countries, 3D
printing is transitioning from hobbyist
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The Potential of 3D PRINTING

The processing of resins
u s i n g s t e re o l i t h o g r a p h y i s
widely used for prototyping.
It is best suited not only for
checking design accuracy
but also for realizing “internal
visualization” and conducting
“assembly testing.”

applications, such as the production
of figurines, to manufacturing precision
industrial products. In Japan as well,
moves to keep up with this trend,
by developing high-performance,
industrial-use 3D printers are increasing.
A new public-private project has been
launched, with a view to developing
3D printing machines that can process
metals into various objects.
From the automobile and medical
equipment to the aerospace industries,
the fields where 3D printers are used
and where their further evolution is
being promoted are steadily spreading.
We will take a look at both the wonders
of 3D printing ― next-generation
manufacturing technique that will
act as a new driving force of Japan’s
manufacturing superiority ― and some
obstacles to its dissemination.

Metal powder 3D printers
are commonly used to make
custom-made products. Such
printers can manufacture
final products with superior
strength, tenacity and heat
resistance. Research is
underway to use metal powder
3D printers for medium volume
production in addition to lowvolume production.

Creating “Things
that are Impossible
to Make”

T

he fact is, a large number of excellent
metals with a variety properties have
been developed; however, only a handful
have been commercialized. Even though
the development of new materials may have
been successful in terms of research, it
has been difficult to establish a processing
technique that turns new materials into
commercial products because of their
diverse properties ― in some cases the
materials are too hard, in others too brittle,
for example.
3D additive manufacturing technology
removes such constraints on processing.
The range of fields where metal materials can
be used is expected to broaden dramatically,
and we also have high expectations for
3D printers as a development tool for
composite materials. Whereas conventional
manufacturing produces “things that are
possible to be made,” 3D printer-based
manufacturing creates “things that are
impossible to make,” so to speak.
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Application Areas
Shifting from R&D to
Production

From left: Makoto Arai, Board Member
and General Manager of the Sales
Department; Toshihiro Yoshida,
Manager of Sales Department; Tsuneo
Murakami, President. Mr. Arai and
Mr. Yoshida are holding a prototype
automotive lamp manufactured through
stereolithography.

The first step is
preparing 3D data.

First, draft a 3D model based on
CAD design data and CT and MRI
measurement data. The quality of the
manufactured object depends on the
precision of the data.
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Specifying layers to be built
one on top of the other.

Creating layers one by
one with a 3D printer

Now the manufacturing process begins.
When the laser is applied to the surface
of the photocuring resin based on crosssectional data, only the areas exposed to
the laser are solidified.
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NRM-6000

Post-manufacturing
treatment

When all the layers have been built, the
manufactured object is extracted and
post-manufacturing treatment applied,
thereby completing the 3D model. It
should be noted that the printer type and
printing process to be used differently
depending on the type of material the
object is composed of, for example,
metal powder or sand.

“T

hat was the largest crowd of visitors that we
had ever seen. I was surprised at the high level
of attention we received.” The 23rd Design
Engineering and Manufacturing Solutions Expo was held in
June (Tokyo Big Sight). To Makoto Arai, General Manager of
the Sales Department at CMET Inc., which displayed its own

3D prototyping
of an engine
block
Development of this
technology was prompted
by the needs of customers
who wanted to evaluate
liquid flows inside an engine
block.
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The next step is compiling crosssection data by slicing the 3D model.
The thickness of the layers to be built is
specified. The thinner the layer, the more
precise the manufactured model.

Next-generation
stereolithography machine
RAPID MEISTER
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(using resin materials)
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CMET Inc.
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Manufacturing Process using a 3D Printer

3D printers, among other products, the visitors’enthusiasm
indicated the great potential of 3D printers.
As a pioneer of stereolithography, CMET has a quartercentury-history of developing stereolithography machines.
As it has participated in the Design Engineering and
Manufacturing Solutions Expo as an exhibitor since this
event was first held, the company has directly witnessed the
changes occurring in the environment surrounding 3D additive
manufacturing technology. “Previously, few customers had
3D CAD equipment. In those days, we compiled CAD data
based on blueprints borrowed from customers,” President
Tsuneo Murakami of CMET recalled. CMET is proud of having
developed technology and built the market together with its
customers, which include core industries such as automakers
and electric and precision machinery makers.
CMET excels in the field of rapid prototyping (RP).
Manufacturers conduct various tests on new products,
beginning with the design and development stages.
Prototypes that are close to the “real products” but which
are transparent have been widely used, with significant
benefits. The ability to thoroughly inspect models, including
their insides, rather than merely looking at the outer surface,
enables the detection of defects that might be overlooked
with the examination of blueprints alone, leading to the
development of products that have higher standards of

precision and quality.
CMET’s stereolithography machines manufacture 3D objects
by processing resins which are exposed to ultraviolet laser
beams. Thin-sliced layers of resins created on the basis of 3D
CAD data are solidified by laser and are stacked one on top
of the other. The thickness of each layer is 0.05 to 0.1 mm,
assuring a high level of precision. Moreover, the resin’s high
degree of transparency “provides an easy look at fluid and
gas flows inside the manufactured object. If this visualization
model and computer simulation are used in combination, it
will become possible to both increase the speed and reduce
the cost of development.” (General Manager Arai)

Pursuing Original and Ingenious Solutions
Previously, the production of a prototype required a mold.
However, if a 3D printer is used, it is possible to manufacture
a prototype without using a mold. The lead time is reduced
from weeks to days. Some types of objects “are automatically
manufactured overnight if the machine operation is set in the
evening.” (General Manager Arai)
In addition, the range of applications has broadened and
diversified in the past couple of years. The keyword is rapid
manufacturing (RM). “Until now, 3D printers have been used
mainly to manufacture prototypes at the development stage.

However, the application is shifting to product manufacturing.
In other words, 3D printers are being used for the mass
production of products. This could dramatically change
manufacturing methodologies.” (President Murakami)
CMET started working on RM around one year ago. The
company is beginning to provide new solutions to the
production process of precision mold products. Moreover,
CMET is actively conducting future-oriented activities. For
example, the company is involved in the development of a
new 3D printer that manufactures sand molds for a METI
project to develop ultra-precision 3D manufacturing systems
technology.
“Japanese companies have a culture that encourages highlevel cooperation and original and ingenuous solutions. Our
hope is not only to strengthen Japan’s manufacturing industry
with “Made in Japan” technology, but also to provide a source
of pride for people involved in manufacturing.” (General
Manager Arai).
3D printers are beginning to give Japan a new edge in leading
the world in manufacturing.
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Comparison of Workflows of Conventional Molding and
3D Additive Manufacturing
By simplifying processes, Koiwai Co. has dramatically reduced lead times,
for example, from three weeks to three days. 3D additive manufacturing has
also eliminated the need for separating and assembling molds. By blending
skilled engineers’ “basic design capability” and young engineers’ “digital
literacy” (the capability to use computers and other digital equipment),
Koiwai is tackling the challenge of creating unique molds.

Toward Expansion Across
National Borders by
Integrating the power of
youth and new molding
Technology

METI Journal

Manufacturing of a
mold core

Can be
replaced by a
3D printer

Additive manufacturing
of a sand mold and a
mold core

Assembly of
the mold core
President Toyomi Koiwai and
Morea Koiwai of the Planning
Office standing in front of an inkjet
machine. The inkjet machine is used
in combination with a laser additive
manufacturing machine.
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Basic design

Separation of the mold and
extraction of the model

S-MAX
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Basic design

Insertion of a model and
manufacturing of a sand mold

Additive manufacturing sand
casting machine

T

3D additive
manufacturing

Manufacturing of a
model

Koiwai Co., Ltd.

he table is similar in size to a tatami mat, sufficiently
large for a person to lie down on. “We can manufacture
a life-size sand model if you like,” says Morea Koiwai of
Koiwai Co., Ltd., smiling. “A scanner which converts objects
into 3D data is available in the office.” Koiwai Co. is tackling
various challenges and bringing about various changes as
a pioneer of additive manufacturing sand casting, a type of
manufacturing technology, and molds through methods using
lasers and ink-jetting.
Seven years ago, Koiwai Co. took its first step forward in
Germany. The company mainly manufactures prototype
molds on behalf of automakers. As the shapes of engines
and other components have become increasingly complex,
the company’s officials came to the conclusion that “additive
manufacturing is the only option” and visited a German
company with a world-class 3D printer technology. “For
six months, we traveled between Japan and Germany
and conducted a series of reviews. After introducing the
technology, we grew confident that we would be able to move
forward. At that time, there were only a handful of Japanese
companies that had introduced sand casting machines.
There was general surprise at the fact that a small company
like Koiwai Co. had introduced a state-of-the art machine
that only major research institutions would usually possess.”
(President Toyomi Koiwai)

Conventional
processing
technology

Second Chapter in Realizing the Dream
A sand mold is a sand-made frame used to manufacture
mold parts. Sand molds have been widely used since ancient
times. The manufacture of sand molds itself requires a frame.
However, an additive manufacturing sand casting machine
can directly manufacture a sand mold, thereby reducing the
lead time and making it possible to manufacture a complexshape integral mold product with high precision. “For
example, with regard to a motor casing used in an electric
vehicle, we must take countermeasures against excessive
heating. For that purpose, creating coolant passageways
around the motor with very precise positioning is one solution.
However, this is very difficult to achieve unless we use additive
manufacturing, which enables integral molding,” President
Koiwai explains.
The introduction of 3D printers has brought several benefits to
Koiwai Co. “Regarding product design and development, the
range of fields in which customers need this technology has
widened.” In addition, by creating an advanced workplace
environment… “We are now able to recruit new graduates
every year, as we have succeeded in improving the image
of molding companies, which were previously regarded as
‘difficult-looking’ workplaces,” President Koiwai said.
“We have been trying to realize our dream. I was amazed by a
magazine article about 3D additive manufacturing technology
that I read some time ago, and we have come to dream of

developing a similar technology. Our company’s ideal is to
preserve and develop molding technology. To achieve this
ideal, both veteran and young workers have been pursuing
that dream together.”
Koiwai Co. is now starting to tackle the new challenge of
establishing a metal powder 3D additive manufacturing
technology. This is an “ultimate” manufacturing technology
that does not use sand molds. This technology manufactures
metal parts by applying electron beams to metal powder.
“With this technology, we can manufacture things that have
never been manufactured before. If this technology takes root
among manufacturers, I am sure that new ideas premised on
3D printing will arise. I also hope to see new people with such
ideas.” (President Koiwai)
Like CMET Inc., which was featured earlier, Koiwai Co. is
participating in the METI project to develop ultra-precision 3D
manufacturing system technology. The company is presenting
various proposals with end-users in mind and is cooperating
in review work to resolve problems. Last year, Koiwai Co.
began prototype development with overseas companies,
including a major automaker in India. Koiwai Co. is
demonstrating a strong willingness to expand its business on
a global scale, with a view to becoming the No. 1 company in
the field of additive manufacturing in the Asia-Pacific region.
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Assembly of
the sand mold
Injection of
molten metal

Injection of molten
metal

Destruction of the sand
mold and mold core

Destruction of the sand
mold and mold core

The colors of the inner and
outer areas are different
because two different
manufacturing methods,
ink-jetting and laser
sintering, were used. These
two methods may be used
in combination to meet user
needs.

A sand mold for
an automotive
part

Co., Ltd.
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Advantages of 3D Additive Manufacturing Technology

This is a Good
Chance to Establish
Technological
Superiority over the
U.S. and Europe

Heat- and abrasion-resistant
ceramic material

W

e hope that we have given you a glimpse into
the wonders of 3D printers, such as their ability
to create what would be difficult or impossible

Copper alloys
with high
thermal
conductivity
and low
thermal
expansion

to manufacture with conventional technologies. However,
3D printing is still in the development stage, so there are still
subjects that must be resolved. Let us take another look at
its potential and the challenges we face. Toshimitsu Okane at

1

AIST, which plays a central role in the Development of Ultraprecision 3D Manufacturing System Technology Project,
explains as follows.

Toshimitsu Okane

Speed and price bottlenecks are impeding the dissemination

Leader, Metal Processing Group
Advanced Manufacturing Research
Institute
National Institute of Advanced
Industrial Science and Technology

of 3D printers. The market for industrial-use 3D printers is
currently dominated by foreign-made machines, and it is not
unusual for a 3D printer to be priced as high as 100 million

Types of 3D printers and
Additive method

Laser/electron beam

Ink jet

Stereolithography
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Enabling Various Kinds
of Small Quantitiy
Production

Enabling
Combinations of Different
Materials

With 3D additive manufacturing technology, it
is easy to manufacture parts that are difficult
to process with cutting tools and to use hard
materials that are normally difficult to process.
A 3D printer makes it possible to manufacture
one integral object where two or more separate
parts would previously have been necessary.

As the use of metal powders as starting
materials makes it possible to manufacture
products without metal or sand molds, 3D
additive manufacturing will contribute to
significant cost reduction. Moreover, it is
adaptable to the ultimate various kinds of small
quantity production, such as manufacturing
one unit each of ten types of products.

As powder is processed into a stack of
layers, it is possible to have different kinds
of metals harmoniously co-exist in a product.
This advantage may lead to the development
of new metal alloys with unconventional
characteristics.

yen/unit. Despite the high price, there are many cases in
which it is difficult to recognize the clear benefits of 3D printing
over conventional manufacturing technologies in terms of

brought together. That thought led us to start this project.

“It occurred to us that it may be possible to develop a

Under AIST’s leadership, 3D printer makers and automakers

low-cost 3D printer with sufficient performance to satisfy

are conducting a joint study. We are working to develop

In recent years, rapid progress is being made in the

manufacturers if technological potaintialities in Japan are

equipment that can manufacture high-precision sand

development of technology to directly manufacture products

molds more efficiently. Our goal is to increase the speed of

by melting and solidifying metal powder instead of using

manufacturing sand molds with a 3D printer 10-fold and to

molds. “With this method, we can create mesh patterns

reduce costs over the next five years. The increased speed

and hollow structures that would have been difficult to

would be equivalent to monthly production of around 3,000

manufacture through machining. We aim to gradually advance

automotive parts. Future tasks include applying 3D printing to

our research and develop technology to use combinations of

various metal materials, such as heat-resistant titanium. If that

various metals. Japan excels in the field of processing that

is achieved, it will become possible to manufacture aircraft

requires such meticulousness. There is a good chance that

parts.”

Japanese technology will surpass Western equivalents.”

However, improving performance alone is not enough. Dr.

Finally, Dr. Okane gives the following message:

Okane cites another key point - how to blend the skills of

“I am sure that 3D printers will spur more lateral thinking.

Japanese technicians and skilled workers with 3D printing.

There have been countless cases in which wonderful ideas

“Even if a high-precision sand mold is manufactured with a 3D

withered in the absence of the technology to put them into

printer, it is impossible to manufacture a high-quality product

practice. I hope that this new method of manufacturing

without adequate knowhow of, for example, from which angle

unencumbered by conventional constraints will be widely

and at what speed molten metal should be poured. Japanese

disseminated.”

Materials (current)

Features

Metal materials

Currently, titanium alloys and nickel alloys
are used to manufacture mold products. In
the future, applications for new materials
such as ceramics will enter the limelight.

Sand mold/nylon
resins

Photocuring
resins

Bringing New Ideas to Manufacturing

productivity and the quality of finished products.

features by type

Industrial
use

High-density energy beam

2

Enabling Manufacturing
of Products of Any
Shape

Increasing Manufacturing Speed 10-Fold

After working for Nikon Corp. and the
University of Tokyo, Dr. Okane joined
the National Institute of Advanced
Industrial Science and Technology
(AIST) in 2002. He is engaged in the
development of molding technology
and application technology for 3D
additive manufacturing.

Research
stage

Used to manufacture sand molds and nylon
resin products. The aim is to increase
manufacturing speeds and realize multilayering while improving the heat resistance
of molds.

Using a photocuring resin to build layers.
The development of new resins combining
t r a n s p a r e n cy, h e a t r e s i s t a n c e a n d
toughness is underway.

molding technology is among the best in the world. If we
successfully integrate the expertise of skilled casters and 3D
printing technology into manufacturing processes, I am sure

Hobbyist
use
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Fused deposition modeling

The Potential of 3D PRINTING

Thermoplastic
resins

The simplest 3D additive manufacturing
technology, using a thermoplastic resin,
which softens when heat is applied.

that we will be able to make the most of Japanese strengths
in manufacturing.”
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Science and Technology

METI Journal

08

Reference Data
In terms of production of metal powder additive manufacturing machines, Germany and other European companies have dominant market
shares. Meanwhile, the U.S. has the largest share in terms of the number of such machines introduced. Metal powder additive manufacturing
machines are widely used in high-end fields such as aircraft manufacturing. Japan has a 10% share in terms of machine introduction. In
Japan, metal powder additive manufacturing machines are mainly used for prototyping.

Share in terms of production of metal powder additive
manufacturing machines

Share in terms of the number of metal powder additive
manufacturing machines introduced

SLM Solutions（Germany）1%

ReaLiser

（Germany）

Taiwan 2%

Renishaw（UK）1%

7%

South Korea 2%

Others

Phoenix
Systems

15%

（France）

U.S.

EOS

12%

38%

（Germany）

MTT
Technologies

41%

（Germany）

12%

Spain

2%

Canada 2%

Arcam

France 3%

（Sweden）

Concept
Laser

12%

Italy

4%

UK

4%

China
9%

（Germany）

17%

Germany
9%

Japan
10%

Source: Wohlers Report 2012

Production Process of Metal Products
3D additive manufacturing technology is expected to take root as an option. For example, existing manufacturing technologies will continue
to be applied to products that can be made using them, while 3D additive manufacturing will be used to manufacture what until now has been
impossible to manufacture.

Suited for mass production
(existing manufacturing methods)

Metal pressing

Suited for various kinds of small
quantity production
New

3D additive manufacturing

Forging
Molding
Die casting
Powder metallurgy

09

METI Journal

The Potential of 3D PRINTING

METI Journal

10

