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PART I: EUROPEAN SITE REPORTS

Site:

Bayerisches Laserzentrum (BLZ)
(Bavarian Laser Center)
Schallershoferstr. 108a
91056 Erlangen, Germany

Date Visited:

27 October 1995
(Note: This visit was only ~1.5 hours, due to travel constraints)

JTEC/WTEC Attendees: L. Weiss (report author), A. Lightman, F. Prinz
Hosts:

Dr.-Ing. Dipl.-Phys. Hutfless
(representing Prof. Dr.-Ing. Dr. h.c. M. Geiger)
Ing. Arjan Coremans
Dipl.-Phys. Michael Kauf

BACKGROUND
The Bayerisches Laserzentrum (BLZ) was established in January 1994 and is managed by
Dr. Geiger of the University of Erlangen-Nuremberg and by Dr. Hoffmann. BLZ is
supported by the Circle of Friends for the Extension of Laser Technology at the FriedrichAlexander University in Erlangen-Nuremberg, the Chamber of Commerce of Nuremberg,
and the Chamber of Commerce of Bavaria. The 1995 gross revenue for BLZ was
DM 6 million, of which DM 3 million was contributed by the state and federal
governments. (Government financing is given solely on a project-by-project basis, and all
research institutions, whether industrial, governmental, or university, may apply for
government funds.) BLZ’s mandate is the transfer of university research to industry,
especially to small- to medium-sized companies, in the area of laser-based manufacturing.
BLZ develops prototypes of new laser technologies, manufacturing systems, and diagnostic
tools, and it carries out feasibility studies. The BLZ has a staff of 70 people (30 scientists
and 5 foreign guests). It has 20 laser systems (including CO2, Nd:YAG, excimer, and
copper vapor lasers) with powers from 20 W to 18 kW.

RAPID PROTOTYPING AT THE BLZ
While BLZ conducts research across a broad range of laser manufacturing technologies,
there are three areas of particular interest to this study: laser ablation, laser sintering, and
lamination of laser-cut materials. There is also related work in other methodologies such
as laser bending that facilitate rapid product development.
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Laser Sintering
BLZ is working with EOS to make process improvements for the EOS laser sintering
machine; in particular, for direct metal sintering using the Electrolux bronze-nickel alloy.
One of the BLZ contributions is the development and refinement of a dual-beam, which
has a central beam for sintering and a surrounding field for preheating, to reduce residual
stress. BLZ researchers will apply a 750 W CO2 laser with the core (sinter) beam having
between 0 and 20% of the energy. The primary application areas are making injection
mold tooling and for EDM electrodes. BLZ representatives showed the JTEC/WTEC team
several tooling artifacts, such as a mold for a Phillip’s electric shaver, including complexshaped internal cooling channels. These tools have not yet been fully tested or used in any
production. The lifetime of these tools is expected to be ~500 shots; however, researchers
had achieved at the time 47 shots and noted that the mold showed some failure. BLZ’s
performance claims for EOS with this material are tolerances of ±0.15 mm (in overall
dimensions of about 150 mm) and hardness of 150 HV when the material is infiltrated with
a solder alloy, of 30 HV when uninfiltrated. The raw sintered material has mechanical
attributes about equivalent to magnesium, and the infiltrated material has attributes about
equivalent to aluminum.
Laser Ablation
In contrast to material deposition methodologies, laser ablation is a material removal
process. It can be used to sink cavities into metal or ceramic stock in a downward, layerby-layer fashion. The Lasercav® was originally developed by Maho.1 A high-power laser
and oxygen source are simultaneously pointed to the surface to be cut and guided along a
cutting path. The heated metal oxidizes, and oxidized chips break away due to thermal
stresses in the oxide fragments. The Lasercav® at BLZ is manufactured by LCTec, which
split off from Deckel Maho Company and holds the Lasercav® patents. BLZ is
cooperating with LCTec for further development.
The current system combines a 5-axis CNC horizontal milling machine base and a 750 W
CO2 laser. Parts are mounted on the machining table and are moved relative to the fixed
laser beam. The system costs about $500,000. The achievable accuracy is 0.05 mm with
corresponding material removal rate for finishing of 5 mm3/min., surface roughness of
about 10 µm, and minimum tooling radius of 0.1 mm. The overall machining time can be
reduced by first roughing out material using the laser in a melting mode, where a removal
rate of about 1,000 mm3/min. is possible
The primary applications at BLZ are cutting cavities in tools and texturing tooling surfaces.
The JTEC/WTEC team saw examples of machined steel dies and leather-textured patterns;
1

Note from Michael Kauf of BLZ: “Lasercav® is a trademark of LCTec for all material removal
technologies carried out by the laser. Today we talk about ‘controlled laser ablation’ and distinguish between
three different processes: ablation by melting, sublimation, or oxidation, especially ‘chip removal,’ meaning
the reactive ablation of ferrous materials.”
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their quality was excellent. The surfaces can be glass-beaded to remove oxide; otherwise,
no additional processing is required. BLZ is currently working on an improvement of the
machining accuracy and processing speed.
An optical method for measuring cutting depth, based on locating the IR emission of the
workpiece surface, is used to control the laser in a closed-loop fashion. The system is
programmed from STL files (3D CAD) or grayshade pictures (surface patterns). Laser
ablation appears to be a powerful method for building and texturing tools with fine detail
and small features.
Lamination
The team observed some limited work going on in lamination whereby individual crosssections of a part are first cut to shape with laser cutting and then bolted together to form a
tool insert. The outer surface of each cross-section is cut in a 3D fashion. This is a crude
technology (dating from the mid 1970s or earlier), but it has advantages for fast evaluation.
The laser-cut sheet provides core and cavity at the same time.
Laser Bending
This is a process that bends sheet metal by laser-induced thermal stresses. No mechanical
tooling or custom fixturing is required. Very large structures are possible, and part
properties are similar to those parts built with conventional bending; no springback occurs.
Sheet metal with thickness from 0.1-5.0 mm can be formed with an accuracy of
0.2 degrees.
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Site:

Cubital GmbH
Ringstrasse 132
55543 Bad Kreuznach, Germany

Date Visited:

25 October 1995

JTEC/WTEC Attendees: C. Atwood (report author), R. Aubin, P. Fussell
Hosts:

Avi Dali, Managing Director, Cubital GmbH
Tel: (0671) 61071; Fax: (0671) 69028
Also in attendance for 30 minutes was a representative from
Schneider Prototyping GmbH, a service bureau located in the
same industrial facility as Cubital:
Dr. Henri-Jacques Topf, Managing Director
Schneider Prototyping GmbH
55543 Bad Kreuznach, Germany
Tel: 06 71-888770; Fax: 06 71-67789
A brief summary of the JTEC/WTEC team’s visit with Dr. Topf
follows the Cubital report.

HISTORICAL PERSPECTIVE
The Cubital site in Bad Kreuznach is dedicated to marketing, sales, and service to all of
Europe. Cubital is a spin-off company from Scitex Corporation and began operation in
1987. Commercial sales began in the fourth quarter of 1991. It currently has facilities in
Raanana, Israel (company headquarters and R&D activities), in Germany, and in the United
States. In addition, it has representatives and agents in East Asia. Cubital has 38
employees worldwide. To date, Cubital has sold a total of 26 machines. Its customers are
from automotive, aerospace, consumer products, and medical industries, as well as
engineering firms, academic institutions, and other research institutions. Seventy percent
of users of the solid ground curing (SGC) machines are rapid prototyping service bureaus.
Cubital’s goal is to establish a leading position as a production machine developer within
the rapid prototyping (RP) industry.
METHODOLOGY
Cubital’s SGC system is an additive process that uses ultraviolet (UV) light to selectively
cure thin layers of liquid monomer. The SGC machine is considered a production process
by its manufacturer and by RP users because it has the processing capacity for high
throughput. This is accomplished by nesting many parts throughout the entire build
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envelope and hardening the entire layer in one go, using a photomasking technique. The
SGC process consists of the five sequential steps listed below:
Step 1
After using Cubital’s Data Front End (DFE) software to preprocess and slice the 3D CAD
model into individual layers, an image of each layer is produced on an electrostatically
charged erasable glass plate using Cubital’s proprietary ionographic printing techniques.
The image, serving as a photo-mask, is positioned over a thin layer (typically 0.004-0.008
in. thick) of liquid photopolymer (resin). The resin is then selectively solidified by a
powerful UV light through the mask, creating that layer of the model.
Step 2
After the layer is cured, all unsolidified resin is collected for recycling, leaving the
hardened areas intact.
The cured layer is passed beneath a strong linear UV lamp to cure the layer to final
strength.
Step 3
Melted wax is then spread into the newly created cavities. The wax is cooled and hardened
to provide continuous, solid support for the model as it is fabricated.
Step 4
The layer is then milled to a smooth, accurate, even surface.
Step 5
A new layer of photopolymer is spread on the milled surface, a new mask is generated on
the cleaned glass plate, and the process is repeated until the build is complete. After the
build is finished, the wax is removed, and the parts are ready for use or additional postprocessing, if necessary.
Cubital manufactures and sells two solid ground curing machines. The Solider 4600 is an
entry level machine; two have been sold. The capacity of the 4600 machine is 35 cm x 35
cm x 35 cm (14 in. x 14 in. x 14 in.). It can build parts at a rate of 550 cm3/hr at 120
sec/layer regardless of part geometry or number of parts being built. The Solider 5600 has a
larger build volume of 50 cm x 35 cm x 50 cm (20 in. x 14 in. x 20 in.) and builds parts
twice as fast as the 4600.
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NEEDS, GOALS, OBJECTIVES, AND PLANS
Cubital has achieved its objective of building a machine that is fully automated and
reliable. The Solider machines are considered to be technologically mature and Cubital is
now concentrating on marketing the existing platforms. The company’s strategy is to
market the devices for use as production machines. In addition, Cubital is looking for new
and unique applications for its processes and is seeking teaming relationships with
chemical and resin companies to develop new materials. Cubital received initial funding
support for R&D activities from the Chief Scientist’s Office of the Israeli government.
Cubital has filed between 20 and 30 patents, some of which are being evaluated for other
applications.
MATERIALS
Cubital currently offers two types of materials for use in its Solider machines. The primary
material is photopolymer resin, and the secondary material is wax. The photopolymer
materials are G5601 and XA7501. These are conventional materials used to make plastic
models. Research efforts are focused on developing an epoxy resin to compete with
3D Systems’ epoxy resin and on developing a new methodology for making wax patterns
for investment casting. This includes developing a new wax material that is suitable for
use in the lost wax process of investment casting. This wax is different from the wax that
is used as a support material in the SGC process.
APPLICATIONS
The Cubital SGC process fabricates complex plastic models used for design validation and
as functional models. New applications are in various stages of development.
Casting
Cubital is currently working to develop a method for fabricating wax patterns for
investment casting. This includes capturing the wax pattern in a thin polymer coating, then
removing the polymer coating from around the wax pattern. This process is in the early
stages of development. Small, simple patterns were shown to the team.
Tooling
Tooling was mentioned as a focus of R&D at Cubital. Development of epoxy resin is
evidence of this effort.
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Medical
There were no examples of medical applications cited, although the systems can read and
build parts from data received from various CT and MRI equipment.

CAD STANDARDS, INFRASTRUCTURE, AND PART SHAPE ACQUISITIONS
Cubital has developed a proprietary software package called the Solider Data Front End
(DFE). This software has editing and file manipulation capabilities that prepare adequate
STL files for processing on any RP system. Features include cutting, patching, facet
trimming, scaling, and file preview.

SITE REPORT:

SCHNEIDER PROTOTYPING

Included in the site visit with Cubital was a 30-minute visit with Dr. Henri-Jacques Topf,
Managing Director of Schneider Prototyping.
Schneider is the largest rapid prototyping service bureau in Germany. It began operation in
1992 and has experienced rapid growth, consistent with the growth that leading U.S.
service bureaus have experienced in the past few years. Schneider has 30 employees
representing a diversity of skills. The market it serves is limited to Europe and Israel.
Schneider is located in the same industrial complex as Cubital and operates a Cubital
Solider 5600 machine. In an effort to meet customer needs, Schneider has added a variety
of other manufacturing processes to its facility. In addition to the Solider 5600, it offers
CNC machining, vacuum molding, silicon molds, and other processes.
Near-term plans are to add capabilities for fabricating tooling for injection molds, spray
metal tooling, and cast tooling. The goal is to produce 100-500 production quality parts
with a 3- to 4-week turnaround time. Schneider managers are currently investigating the
possibility of adding another RP process to its capabilities. Dr. Topf stated that reducing
the cost of materials would help Schneider’s competitiveness.
Approximately 60% of the company’s customers are from the automotive industry, 25%
are from consumer products industries, and the rest are from electronics and other
industries. Metal parts produced from investment casting RP patterns account for 15-20%
of the work of Schneider Prototyping.
A request by the JTEC/WTEC panel to tour Schneider’s work facility was denied.
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Site:

Daimler Benz
Sindelfingen Rapid Prototyping Laboratory
Mercedes-Benz AG, Werk 59
71059 Sindelfingen, Germany

Date Visited:

26 October 1995

JTEC/WTEC Attendees: F. Prinz (report author)
Hosts:

Uli Narger
Neil Vail
Ralf Heller, Dipl. Ing., CAD/CAM Applications
Tel: (7031) 903059; FAX: (7031) 904042

BACKGROUND
The Daimler Benz (DB) automotive division (Mercedes Benz, MB) has 3 laboratories (2 at
Untertürkheim and 1 at Sindelfingen). All labs serve as service centers for MB product
development. In particular, they focus on tasks that cannot be done by outside RP service
centers on a routine basis. The laboratory in Sindelfingen has one SLA 250 and one CMET station and is in the process of acquiring a DTM laser sintering station. MB
managers consider the automotive industry in Germany to be the leading user community
for RP, followed by the appliance industry. They consider that the majority of innovative
ideas in RP are still coming out of the United States rather than Europe or Japan.

MATERIALS
MB is most interested in epoxy-based resins. MB researchers have reported satisfactory
results with Ciba resins with regard to accuracy, distortion, and mechanical properties. The
JTEC/WTEC team’s hosts noted that ABS-like materials would be very desirable. They
also noted that to the best of their knowledge, no one in Europe was then capable of
building functional metal parts or functional metal tooling directly with RP processing.
Based on the experience of MB researchers, the quality of RP parts comes at the expense of
the time spent to make them. They envision that better times could be achieved if a better
recoating system were available.
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MACHINE PERFORMANCE, POST PROCESSING
MB researchers routinely achieve 200 µm RMS accuracy in the XY directions, 250 µm in
the Z direction. An accuracy of 70 µm RMS would be satisfactory for their needs. MB
focuses R&D efforts on the process, not on the post process.

MODELING AND STANDARDS
MB researchers have spent significant efforts to help develop CAD support tools for errorfree STL model generation. SYRKO, the DB in-house CAD tool, is fully compatible with
the STL or CLI format. (STL is preferred at DB.)
DB is one of the leaders in Europe with respect to research in reverse engineering.
Programs are underway to automatically acquire outside and inside surface shapes. At the
time of the JTEC/WTEC visit, the DB research focused on geometry only. Future efforts
might include material data as well.

EDUCATION
MB participates in a range of educational activities to promote the use of RP inside and
outside of MB. Many outside activities are done in coordination with VDI (the equivalent
of Japan’s small and medium-sized enterprises group, SME). NC Gesellschaft is
considered another key promoter for RP technology in Germany.

R&D INFRASTRUCTURE
MB is in an RP development partnership with BMW, Rover, Fiat, EOS, and Deskarts.
This group receives funding from the EU under the BRITE EuRAM umbrella to develop
RP methods for making parts directly from the “technical material,” which means material
for the target application, such as tool steel. Total funding is ECU 2 million (about
DM 4 million). The main foci of this development effort are injection molding and deep
drawing.

TOOLING
Tooling is considered the most important application area for use of RP technologies.
MB participated in a study where an injection molding tool was fabricated directly from an
a 3 mm thick SLA shell, which was later back-filled with a mix of aluminum shots and
epoxy resin. This tool lasted for about 200 injection-molded parts.
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Site:

EOS GmbH
(Electro Optical Systems)
Zeiss Gruppe
Pasinger Str. 2
82152 Planegg
Munich, Germany

Date Visited:

25 October 1995

JTEC/WTEC Attendees: L. Weiss (report author), A. Lightman, F. Prinz
Hosts:

Dr.-Ing. Mike Shellabear
Dr. Hans Langer

BACKGROUND
EOS (Electro Optical Systems) was started by Dr. Hans Langer in 1989, and he received
financing to initiate production in 1990. He had worked previously for General Scanning
(as European manager), where he became acquainted with 3D Systems’ stereolithography
(SLA) machine as well as the other material scanning systems. Langer secured bank and
venture capital funding to start EOS contingent upon an order from BMW for the
STEREOS machine. BMW ordered the first machine with conditional acceptance: the
performance had to at least match 3D Systems’ SLA, and the build speed had to be
considerably faster. Langer stated that the delivered machine exceeded BMW’s
specification, and since then, BMW has ordered four more machines. EOS achieved
profitability in its second year of business.
EOS currently employs over 80 employees. Its headquarters and R&D facility are both in
Planegg. Production is at the Zeiss facility in Jena, and there is another subsidiary in Lyon,
France. Total sales as of June 1996 amounted to more than 100 units, with more than 50%
occurring in the preceding 12 months. Recent sales had been split approximately equally
between stereolithography and sintering systems. EOS currently holds a substantial share
of the European RP market and seeks to expand its share. Several sites now have multiple
EOS machines, including BMW (5), Grunewald (4), Bertrandt (3), Hoffman (2), Electrolux
(2), and Bubeck (3). Carl Zeiss recently purchased the majority stock position. Its
executives saw a strong tie to the company’s 3D CMM business, in pattern making and
quality verification, and they are attempting to create jobs in East Germany. They foresee a
potential customer base within the current ~4,000 CMM sites.
Prior to beginning production, Dr. Langer conducted an extensive patent search and found
a French PhD thesis with extensive work in layered manufacturing in photopolymers. He
also mentioned the work from Japan.
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The company is strongly driven by its customer base — BMW, Daimler-Benz, and Fiat —
which companies asked EOS to join them in an EC project. EOS has patented new
technologies for recoating and exposure in both photopolymers and powders. EOS
executives have made a conscious decision to focus EOS market offerings in the high-end
products. They are not currently developing desktop convenience modelers; they are
developing machine tools with production capability.

CURRENT SYSTEMS
STEREOS Machines
The EOS STEREOS line includes three models: 250, 400, and 600. The model number
indicates the critical vat dimension, in mm. The smaller machine uses the HeCd laser, and
the larger machines use argon and solid-state lasers. The STEREOS MAX 600 was
redesigned in 1995 for better mechanical rigidity and process reliability, incorporating a
cast C-frame that holds the optics and recoating system. Several innovations had been
incorporated, including a detachable wiper arm and a roll-out vat that permit rapid material
changeover. EOS implemented as an option a diode-pumped frequency-tripled pulsed
solid-state laser, which is specified as providing 250 mW UV at the laser head, 10-30,000
pps, with an anticipated lifetime of 10,000 hours and a wall-plug efficiency of
approximately 0.1% (as compared with 0.001% for an argon laser). Current systems build
with layers as thin as 0.1 mm, and some customers build at 0.05 mm. EOS cooperates with
a number of material manufacturers and offers resins from DuPont and Allied Signal for
STEREOS machines. DuPont’s recent introduction of its epoxy resin SOMOS 6100 has
provided EOS with an alternative to Ciba-Geigy epoxy resin. Published accuracy figures
for the SLA User Group test part, using Allied Signal Exactomer resin, yielded
ε90 = 0.056 mm (0.0022 in.).
The STEREOS MAX 600 uses a non-dipping recoat system: the recoater uses a metered
pump to draw up resin and then disperses the resin through a slit nozzle. This provides
single-pass smooth coating over any geometry layer built. Exposure of the new layer starts
immediately after the recoater finishes its pass.
Sintering Machines
EOS produces three categories of sintering machines: EOSINT P for laser-sintering of
plastics, EOSINT M for laser-sintering of metal, and EOSINT S for laser-sintering of
foundry sand. The sintering systems use CO2 lasers with 50-250 W power. The systems
are optimized for the material. Radiation heaters are used to heat the powder bed when
preheating is needed. The powders are joined by a variety of mechanisms: material
melting, surface bonding, sintering aids, and polymer coatings. Materials include
polyamides (nylon), polystyrene, a proprietary metal from Electrolux, and a polymercoated sand. EOSINT P works with thermoplastic materials and is focused on investment
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casting patterns (polystyrene) and model making (polyamides). EOSINT M performs
direct sintering of metal (without polymer binder), suitable for tools for plastic molding.
EOSINT S was officially introduced in September 1995 but has been in use at pilot
customer sites since June 1995. Eight machines were already in use at customer sites as of
June 1996. EOSINT S uses a coated sand that solidifies under laser exposure to build
molds and cores for direct use in the conventional sand-casting process, including for
production manufacturing of limited-quantity specialty items. This method has been
patented by EOS.
Polystyrene material overcomes the considerable difficulty European casters encountered
trying to use epoxy models. Processing polystyrene closely resembles processing
investment casting wax: the polystyrene model can be infiltrated with liquid wax and then
surface-finished the same way as traditional wax models. Typical layer thickness is 0.10.2 mm.
The Electrolux material has no net volume change during the laser sintering process.
Therefore, sintering can be performed in a room-temperature environment under standard
atmosphere. Laser sintering yields approximately 70% density. It is a multicomponent
material that during the process forms an alloy that has a lower density, so it expands at the
same time as the material shrinks due to the melting. The net result is dimensional
stability, effectively eliminating the curl issue. Post infiltration has an impact on final
accuracy, which is typically limited to system accuracy — about 0.1 mm. The University
of Texas has published results of experiments using a similar material, but Electrolux
patented this material in 1989, and EOS has the exclusive worldwide license. Some
customers have used the porous part in low-pressure injection molding where the porosity
does not prohibit molding. Infiltration materials include hardenable epoxy resins and lowmelting-temperature metals such as Sn and PbSn.
In its plastic sintering process, EOS builds a box surrounding the part. Later, when this is
removed from the build chamber, the box holds the part in an insulating layer of powder,
and thermal cooling can proceed in a room environment. Using its own technology, EOS
speeds up the turnaround time for use of the machine. Parts can be removed in a “hot”
system, greatly reducing the cool-down, heat-up cycle time.
Powder spreading is performed through a slot nozzle the leading and trailing edges of
which are contoured to supply the desired force vector as the head is vibrated from side to
side. This allows researchers to use a wide variety of powders. The combination of EOS
technologies enhances their dimensional capability, the walled volume allowing higher
builds and the material processing permitting greater surface area (340 mm x 340 mm x
590 mm for the P350 model, and 720 mm x 380 mm x 380 mm for the EOSINT S 700).
EOS differentiates between model-making and mold-making applications, respectively, for
plastic or metal end-parts, and it offers machines specially developed and optimized for
these applications, as shown in Table EOS.1.
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EOS participates in BRITE EuRAM and EARP programs.
EOS got a third-party software company to create a direct interface from CATIA, which
evolved into the common layer interface (CLI) output. Using this direct layer interface can
be considerably faster than using the STL interface. It is also used by companies such as
Materialise that are writing medical interfaces.

Table EOS.1
EOS Model Making and Mold Making Applications
Machine
STEREOS
EOSINT P
EOSINT M
EOSINT S

Models
Plastic Parts Metal Parts
++
++
o
o

Molds
Plastic Parts Metal Parts

+
++
o
o

o
o
++
o

o
o
o
++

↑

(investment casting
patterns)

++ Main application
+ Also recommended
o Either not direct (via process chains) or not suitable

The JTEC/WTEC team’s hosts noted that medical applications appear interesting and a
growth area but are not considered to be a machine sales driver. EOS management will
watch carefully but does not think this area will expand until insurance companies cover
the costs of building the models.
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Site:

Fockele und Schwarze
Alter Kirchweg 34
W-33178 Borchen-Alfen, Germany

Date Visited:

25 October 1995

JTEC/WTEC Attendees: J. Beaman (report author), R. Brown, B. Kramer
Hosts:

Dieter Schwarze, Principal
Matthias Fockele, Principal

BACKGROUND
Fockele und Schwarze was founded in late 1991 by two solid state physics PhD graduates
from the University of Paderborn, Matthias Fockele and Dieter Schwarze. They obtained
DM 180,000 in financing from a required (Westphalia) government program, DM 210,000
in bank loans, and DM 60,000 from personal investment. This DM 450,000 seed money
allowed them to construct an experimental system, which was operational in June 1992.
The company consists of the two principals, one full-time employee, and a part-time
software person. It is located in Dr. Fockele’s home.
In 1992, Fockele and Schwarze began commercial operations by selling parts as a service
bureau. Their commercial plan is to sell machines to industry. They sold their first
machine to the Fraunhofer IPA in 1994 and their second machine to the University of
Magdeburg also in 1994. Both of these buyers are research organizations, which will use
the machines for studies in rapid tooling, machine optimization, etc. At the time of the
JTEC/WTEC team’s visit, the company had recently received an order from an industrial
company.

RESEARCH AND DEVELOPMENT ACTIVITIES
Laser Research (Machine Design & Methodology)
Fockele and Schwarze are experimenting with a 2 W Nd:YAG solid-state laser supplied by
Coherent Atlas. This laser provides 1.06 mm wavelength, which is then frequency-tripled.
Pumping for the laser is provided by two laser diodes. This laser has a number of potential
advantages over the existing Ar ion laser:
•

lower power consumption — 200 W versus 20 kW input power

•

much smaller size

•

much longer life — 10,000 hours, estimated
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lower maintenance costs — diode arrays, the primary source of degradation, are
relatively inexpensive to replace, ~ DM 5,000/diode

Software (CAD)
One of the unique capabilities of this company is its software, which is based on HPGL
graphics language in conjunction with a ProEngineer solid modeler. A typical software
sequence of events to produce a part would entail five steps:
1. create ProEngineer solid model (or modify from IGES file)
2. slice ProEngineer solid model into HPGL formatted layers
3. sort HPGL data for connectivity and identify inner and outer regions
4. generate support structure both inside and outside of part contours (part skin) using
Materialise CONTOOLS
5. generate scan style by sorting scan regions by geometric position
During the procedure, the skin contours are scanned last, and support structure regions can
be scanned in an interlaced fashion to reduce stress and curl. The line-scanning technique
differs greatly from those of other companies. Fockele and Schwarze have found cure
procedures that significantly reduce curl and simultaneously give full control of cure depth
and line width at any point on the surface.
The advantage of the Fockele and Schwarze direct slicing approach over standard STL
methods lies in its ability to incorporate true geometric representation (not linear
tessellation) with smaller files. Another advantage to this approach is its ability to have
greater software control of the process. This would be invaluable in an R&D environment.
The system also appears to require far fewer parameters than a 3D machine to control the
process.
Machine Research (Machine Design)
Electrostatic (dynamic) recoating
This company has invented an electrostatic (dynamic) recoating blade and curved blade
shape. The electrostatic blade moves 1 mm above the surface of the bath and attracts the
photopolymer up to the blade and spreads it over a layer without any necessity for “deep
dip.” This system works best with the Allied Signal Exactomer low-viscosity resin.
Capacitive level sensing
A capacitive level-sensing device provides more accurate and robust detection of the
photopolymer liquid level in the vat. This noncontact sensor is positioned approximately
4 mm above the bath and has an accuracy of ~ 5 µm.
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Piston-driven vat

The Fockele and Schwarze machine has a photopolymer vat that is driven from the bottom
by a lead screw and a stepper motor. The advantages of this approach are the ease of
changing resin (by changing out the entire vat) and the elimination of liquid level changes
due to elevator support dripping into the bath. The machine also has a simple mechanical
rod fixed to the platform to compensate for height changes due to volume reduction by
platform down-movement.

SUMMARY OF DISCUSSION
Dieter Schwarze and Matthias Fockele were very open about their system and shared many
technical issues with the JTEC/WTEC team. One issue that they repeatedly brought up
was that of the photopolymer resin. Their greatest success has been with the Allied Signal
Exactomer resin, which has a low viscosity, but customers complain about the “sticky” feel
to the parts made from this material. They found the DuPont resin too susceptible to
humidity (hydroscopic). For business reasons, they have not been able to test any of the
Ciba-Geigy resins. They gave the team a thorough hands-on review of their machine,
including the results of their experiments with the Nd:YAG solid-state laser. They
successfully incorporated this laser into their system in the short period of ~ 1½ weeks.
The machine’s technical specifications include the following:
•

vat size, 400 mm x 400 mm x 300 mm

•

Cambridge Technology scanners (they coat the mirrors to increase reflectivity to 99%)

•

spot size, 0.2 mm

After Fockele and Schwarze gave the team a detailed review of their software, there was a
short discussion of the company’s strengths, which lie in its technical development of SLA
technology. They see four important future SLA issues:
1. production of stereolithography machines with Nd:YAG lasers
2. development of materials for ease of use and functionality
3. fabrication of small (micro) intricate parts
4. reduction of price to encourage midsize German companies to invest in the technology
In closing, they mentioned a technical development that initially they found interesting.
This was a polygon mirror scanning system for high speeds. On closer analysis, they found
the technology lacking due its inability to compensate for internal stresses. They also
mentioned work by J. J. Clair in France in 1993 on a two-laser system that is similar to the
work by Swainson in the United States. They believe this work has been discontinued.
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Overall Assessment: Fockele and Schwarze are good developers of SLA technology but
have limited marketing resources.
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Site:

Fraunhofer Institute for Chemical Technology (ICT)
Joseph von Fraunhofer Strasse 7
D–76327 Pfinztal (Berghausen), Germany

Date Visited:

27 October 1995

JTEC/WTEC Attendees: P. Fussell (report author), C. Atwood, R. Aubin
Hosts:

Dr.-Ing. Peter Elsner, Deputy Director
Tel: (721) 4640401; Fax: (721) 4640111
Dipl.-Ing. Dietmar Völkle, Polymer Technology
Tel: (721) 4640 410; Fax: (721) 4640111; dv@ict.fhg.de
Lothar Merz, Supercritical Fluid Extraction
Tel: (721) 4640647; Fax: (721) 4640111

BACKGROUND ON THE FRAUNHOFER RAPID PROTOTYPING NETWORK
There are currently 46 Fraunhofer Institutes (FhGs) in Germany employing a total of 8,000
people. In addition, there are 3 Fraunhofer Resource Centers (not Fraunhofer Institutes per
se) in the United States, headquartered in Ann Arbor, and there are several others
worldwide. All the Fraunhofer Institutes are independent with a common administration in
Munich. The Fraunhofer Institutes derive approximately 20-30% of their annual budgets
from the German federal government through the Fraunhofer Society, 40-50% from
industry, and 30% from other government sources. The institutes are enjoined from
directly competing with industry; rather, they are intended to assist in the development and
transfer of technology to industry. (They are interested, in fact, in working with U.S.
industry as partial fulfillment of their charter.) There are three integrated Fraunhofer
programs that involve several of the institutes: rapid prototyping, environment, and energy.
Seven of the 46 FhGs have allied themselves in a Strategic Alliance for Rapid Prototyping:
the Institute for Chemical Technology (ICT) in Berghausen, the Institute for Applied
Materials Research (IFAM) in Bremen, the IGD in Darmstadt, the ILT in Aachen, the
Institute for Manufacturing Engineering and Automation (IPA) in Stuttgart, the IPK in
Berlin, and the Institute for Production Technology (IPT) in Aachen.
The Fraunhofer RP network is currently funded entirely by the government. Preceded by a
half-year case study, it is a 3-year effort to develop software and prototype processes and
then sell them back to industry to achieve industry funding equal to 1.5 times the
government funding level. (There is a schedule for performance, and penalties apply if the
milestones are not met.) This alliance has received DM 5 million from the Fraunhofer
Society as start-up funds. The network started operation in September 1994 and was
expected to spend two years to start up and align its efforts. The group meets at least once
every three months. There is also industrial interaction and guidance and the expectation
that industrial contracts greater than DM 5 million will be signed by September 1997.
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At the time of the JTEC/WTEC team’s visits, there were 3 joint projects on-going in the
Fraunhofer Rapid Prototyping Network:
•

product definition, which involves reverse engineering, CT, etc.; participants include
IPA (lead) and IGD

•

information processing, which is based on STEP; participants are IPK (lead), IPA, and
IGD

•

rapid metal prototyping, investigating both lasers and powders for laser welding and
sintering processes; participants include ILT (lead), IFAM, ICT, and IPT

The JTEC/WTEC team visited four of the Fraunhofer Institutes in the Rapid Prototyping
Network: the Institutes for Chemical Technology, Applied Materials Research,
Manufacturing Engineering and Automation, and Production Technology.

BACKGROUND ON THE ICT
The Fraunhofer Institute for Chemical Technology (ICT) was created in 1959 to provide
research and expertise to the German military for chemically based explosives (“highly
energetic materials”). With the end of the Cold War, the mission for this group was
expanded to include industry-related problems while maintaining a core expertise for the
military mission. The intent is to balance 50/50 the funding for the military work and the
commercial work. Total personnel number about 280 workers, about 120 of whom are
scientists, and 29 have PhDs. ICT has a budget of about DM 30.3 million.
Prof. Dr.-Ing. P. Eyerer is the head of the institute. He is also the director of the Institute
for Polymer Testing and Polymer Science (IKP) at the University of Stuttgart. The
Fraunhofer ICT is in close association with the IKP, especially in projects related to
polymer engineering and rapid prototyping. This institute is divided into five areas:
Energetic Materials, Energetic Systems, Applied Electrochemical Systems, Environmental
Engineering, and Polymer Technology. Dr. Schmitt oversees the Energetic Materials and
Energetic Systems groups, and Dr. Elsner oversees the Applied Electrochemical Systems,
Environmental Engineering, and Polymer Technology groups.
ICT has expertise in the subject areas of measurement, new battery technology,
environmental technology (such as using supercritical water as a means to decompose
hazardous chemicals), and conductive polymers. ICT plans to leverage its previous work
in extruding and processing of highly loaded (~90 wgt %) polymers to commercial
applications. It also plans to integrate expertise from several areas and to combine
processes in order to create unique products and processes. The institute also seeks to
avoid labor-intensive solutions, preferring automated approaches to assure work will stay
on German soil.
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Because different polymers are available in Europe than in the United States and are
generally more costly, ICT is studying ways of using, for example, polycarbonate rather
than polystyrene, and is looking for other cheaper polymer and polymer processing
solutions to engineering problems.

NEEDS, GOALS, OBJECTIVES, AND PLANS
The main focus of the Polymer Technology group is tooling, with the following goals:
•

develop new methods of rapid tooling for prototyping applications

•

improve tooling performance by improving surface conditions, particularly by using ion
implantation as a surface treatment that does not introduce coating/substrate discontinuity

•

develop new sintering materials, specifically, reduce shrinkage in making the tooling by
greatly reducing the amount of binder necessary to 1–2 wgt % of the mix

•

investigate methods to extract binder by alluviation from a green part using
supercritical fluids with high diffusivity prior to sintering

•

investigate applications such as microwave sintering of polymeric materials like
polyethylene

The overarching goal is to produce the right material for the application and the process
used to make the tool; the group does not concentrate on a particular fabrication method,
but rather expends effort on the material-process interaction.
ICT’s goal for stereolithography-related work, using the SLA 500 device, is to optimize the
use of the machine for tooling technology, and specifically for prototype tooling. The goal
for sintering-related work is to make the best material.
While the prototype applications are interesting, the longer-term focus is on tooling for
complicated small parts. ICT researchers believe that such tooling cannot be made quickly
using conventional methods: they compare making complex small parts to a watchmaker’s
craft as opposed to that of a traditional machinist. They believe that tooling for complicated
large parts will be made using subtractive methods such as ECM, EDM, or milling.
In the area of ceramic systems, ICT researchers speculate that medical applications are the
only profitable areas for high technology. The first application will be fabrication of teeth.

EQUIPMENT AND FACILITIES
The institute has an SLA 500, an EOSINT P 350, and an experimental sintering device
using a YAG laser for high-power experimental work. The SLA 500 was installed in 1994
and had been used about 1,350 hours over the course of a year. It is filled with CibaTool
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5180. Institute staff control the humidity as well as the temperature of the device. The
SLA operation had apparently been successful in the sense that ICT was providing parts to
industry as needed (the large working volume of the SLA 500 is appealing for some of
industry’s problems). The team saw a display of well-made and well-processed SLA parts.
The EOSINT P 350 has a working volume of 350 mm x 350 mm x 600 mm. This EOSINT
device was only used for sintering polystyrene material at the time of the JTEC/WTEC
visit. The device has some of the additions needed for polyamide materials, but ICT
researchers have not been successful with other materials. They believe they can operate
the EOSINT device to produce polystyrene (PS) parts that are 90% dense. They have
enclosed the EOSINT device in a room on the shop floor to help control odor and dust.
The high-power sintering machine uses a Nd:YAG laser with 100 W at the powder bed.
The focus point is inside of a commercial oven for environmental temperature control. The
experiments ICT had most recently conducted at the time of the team’s visit were based on
using PS-coated iron particles.
ICT was performing coating experiments using a commercial fluidized bed coating device
obtained from the pharmaceutical industry.
ICT’s injection molder is an Arburg 270M, suitable for metal injection molding and
ceramic injection molding, as well as for conventional plastic injection molding.

MATERIALS
Materials work is the center of this institute’s efforts. ICT researchers are working on
applying as thin a coating as possible to metal or ceramic powders, and using this system as
feedstock for laser sintering devices. They are now developing parameters with a
polyethylene glycol coating. It is easy to apply and photograph so they can quickly
understand the effects of parameter changes. Their model metal is 45 – 90 µm vanadium
steel. The polystyrene coating is the system they have the most immediate experience with.
They hope to develop a system where they are not only able to provide a very thin coating
on the particles, but perhaps also to provide a controlled texture to the coating. Apparently
one goal is to use the texturing to minimize the amount of coating needed for creating
green parts. One area of interest is inorganic coatings: they would like to add a coating of
carbon to iron particles — after sintering they hope to show a steel structure with near full
density. Their coating goals are about 1 wgt %.
The steel alloys of long-term interest are those of the current tooling industry: H13, P20
types. They wish to focus on materials they can harden, polish, and weld.
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The team’s hosts briefly discussed their understanding of the glass-filled photopolymer
work done at Stuttgart. They understood from that effort that viscosity, density, and
segregation issues make this approach quite problematic, especially with a recoating
method (doctor blade) similar to that of the stereolithography system.
One technique ICT researchers are pursuing is the use of nanoparticles of either a single
composition or a mixture, and agglomerating them to form the material needed for sintering.
Another route is to produce reactive systems, silicate systems in particular, that will require
no organic binder, thus avoiding the problems of gas production and carbon black
contamination during sintering. They are also interested in making particles of altered
morphology in the 5-360 µm range, working with spheroidal slurry systems in the above
range, and trying to maximize density with bimodal and trimodal mixtures. They hope to
reach 90% dense, yet flowable, powder systems.
Finally ICT researchers are looking at novel particle production techniques, including
thermal spray processes, fluidized bed techniques, and crystallization methods. They are
also beginning to study the possibility of placing hollow sphere particles into a liquid
system, and particularly of adding the particles to the polymer during the gelation phase —
that is, shoot the particles into the material during gelation.
APPLICATIONS
The applications of primary interest at ICT are those of sintering. One route under
investigation is using a sinter device to create the green part, using supercritical fluids to
remove a portion of the binder, and then post sintering to achieve the desired strength and
density.
The supercritical fluid approach is now commonly used in industrial practice (to
decaffeinate coffee and tea, for example). The notion of ICT researchers is to partially
debind the laser-sintered green part and then complete the final sintering. In an interesting
variation, they also believe that it would be possible to add a second material to the porous
structure by running the supercritical system in reverse. Their current experimental
equipment will remove about 75% of the binder from a 4 mm x 5 mm x 60 mm part (fairly
porous to start) in one hour. There are researchers studying and using this technology in
the United States at Modell and the University of California at Berkeley.
The basic sequence is as follows:
•

Start with a solvent fluid that is subcooled and pure.

•

Increase the pressure of the solvent, still subcooled and still pure.

•

Increase the temperature of the solvent so it becomes supercritical. The extract goes
into solution in the supercritical solvent; at this stage the supercritical solvent can be
used to partially debind a green part.
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Decrease the temperature and/or the pressure so the solvent becomes a two-phase
partially saturated solvent. The extract stays in solution in the solvent liquid, while the
solvent gas can be recycled and reused.

The choice of solvents is highly dependent on the required chemistry. ICT does not have a
“general” solvent and does not expect to have one.
In SLA direct tooling, ICT researchers have experimented with making an SLA-plastic
injection molding tool (that is, the tool is made directly in SLR 5180 epoxy material).
They showed the JTEC/WTEC team their first experiment, a wall outlet 2 in. by 2 in. with
wall thicknesses of 0.125 inches. The 5180 epoxy tool had made about 200 parts (we saw
parts #117 and #150) in polystyrene and ASA (acrylnitryl styrene acrylic copolymer). The
tool had been used to make 100 of each material. The operating parameters were
ASA: Material at 240°C, 1000 bar, 40 sec cycle time
PS:
Material at 210°C, 900 bar, 40 sec cycle time
Researchers had run the ASA material in a series of 20 parts, then cooled the die, then
40 parts, then cooled the die, then 20 parts.
The SLA part is assembled into a typical metal mold base. The sprue is fed through the
cavity half (the nozzle fits against the metal base), and the ejectors are in the core half. The
tool was still in one piece, although chipping and surface defects were visible in both the
tool and the parts.
ICT’s next step in this area is to build a tool with a core pull or slide. The initial idea was
to make the slide of steel, but the researchers now believe that a 5180 slide may behave
adequately. For reactive polymer systems, the team’s hosts observed that copper will
frequently have a very detrimental affect on the reaction system. As a consequence, ICT
staff were not interested in using the copper-infiltrated tooling now becoming available for
RIM, etc., tooling.

MISCELLANEOUS OBSERVATIONS
The Polymer Technology group at ICT is interested in working on high-speed machining.
Its researchers are experimenting with ion-implanted hardened tooling, altering the tooling
geometry (changing the angle of the cutting face), and using atomized mist coolant sprays.
The hosts noted that the coolant flow rates were greatly reduced from traditional
machining, but they didn’t describe no-coolant experiments. They are attempting to turn
hard materials (hardened tool steels), and they are investigating the use of 30 nm diameter
nanocrystalline diamond-coated tooling (spherical diamond particles).
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Site:

Fraunhofer Institute for Applied Materials Research (IFAM)
Lesumer Heerstrasse 36
D-28717 Bremen, Germany
Tel: (421) 6383211; Fax: (421) 6383190

Date Visited:

26 October 1995

JTEC/WTEC Attendees: B. Kramer (report author), J. Beaman, R. Brown
Hosts:

Dr. Frank Petzoldt, Director, Powder Technology Department
Dr. Theo Pintat, Director, Rapid Prototyping Group
Matthias Greul, Rapid Prototyping Group
Michael Greulich, Rapid Prototyping Group

BACKGROUND
(See the ICT site report, p. 18, for a brief general introduction to the Fraunhofer Institutes
and the Fraunhofer Rapid Prototyping Network.)
The Fraunhofer Institute for Applied Materials Research (IFAM) employs 220 people at
three locations (two near Bremen and one in Dresden). The IFAM has extensive research
programs in near net shape processes, particularly powder processing, and in adhesive
bonding. The goal of the programs is the optimization of parts design and manufacturing
processes.
Researchers at the IFAM started developing plans for a rapid prototyping research program
in 1991. In 1992, they bought a fused deposition modeling (FDM) unit from Stratasys and
began a research and development program aimed at perfecting methods for producing
technical prototypes and preproduction parts by rapid prototyping techniques.
IFAM has a mission to serve industry worldwide. In rapid prototyping, this mission
extends to developing application-oriented solutions to industry problems, systems
integration for industry, and education and training of industry personnel.

RESEARCH AND DEVELOPMENT ACTIVITIES
IFAM is currently working on four rapid prototyping processes:
1. Stereolithography (SLA) research is conducted with an EOS STEREOS Desktop
machine. The SLA process was selected because it is believed to give the best surface
finish of all RP processes. Allied Signal’s Exactomer resin is used.
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2. Fused Deposition Modeling (FDM) research is conducted using a STRATASYS 3D

Modeler system. At the time of the JTEC/WTEC team’s visit, the unit had been
operated for two years without a failure. The team’s hosts indicated that the machine is
very busy, particularly on application-oriented industry development projects.
Research includes development of techniques to create FDM substrates for
electroforming injection molding inserts. The substrates are coated with carbon to
provide conductivity, and the electroformed nickel layers are approximately 3 mm
thick. Electroforming is preferred to plasma spray deposition of metal, since the
electrodeposition process is a low-temperature, low-stress process that does not damage
the substrate pattern.
3. Direct metal sintering research is conducted using an EOSINT M 160 machine. The

unit has a 100 W CO2 laser and a 160 mm3 build volume, and it requires no powder
heating and no inert gas environment. Current research concentrates on Electrolux
bronze powder. A test part produced by the process showed good edge definition.
The metal prototypes are infiltrated with PbAg2Sn2 alloy with a melting point of 315oC,
which increases part strength by approximately 30%. Polymer injection molds made
from infiltrated metal prototypes have been used to injection-mold ABS and glassfilled nylon, with a mold life in excess of 300 parts. Development is underway to find
infiltrants that are lead-free.
4. Development of the Multiphase Jet Solidification (MJS) process has proceeded at
IFAM in cooperation with the Fraunhofer IPA in Stuttgart. The MJS process is similar
to the FDM process: a wax loaded with approximately 50 volume percent metal
powder is extruded through a nozzle to build up the part contour. The system has been
used to produce parts from silicon carbide, titanium, 316L stainless steel, alumina and
bronze powder. It is said to be applicable to any material that can be successfully
shaped by metal injection molding. The long experience of IFAM in powder
processing and metal injection molding is exploited in the subsequent dewaxing and
sintering steps. The nozzle in use during the JTEC/WTEC team’s visit was at least 1.0
mm in diameter and produced parts with significant scalloping.
In cooperation with Deutsche Telekom, IFAM has is an interesting program underway to
implement teleprototyping via communications networks. It is an element of the joint
Fraunhofer Rapid Prototyping Network project. The current demonstration is for the rapid
prototyping of custom medical implants. It links an implant manufacturer, an investment
casting company, a medical clinic, and IFAM. It is a demonstration project only, but it has
shown the feasibility of producing a custom investment cast implant in two weeks.
IFAM also has good facilities for reverse engineering using 3D digitizing to create solid
models, and world-class facilities for materials characterization. The JTEC/WTEC team
also saw rapid prototypes that had been used to visualize part designs optimized for stress
using “biological algorithms.”
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SUMMARY OF DISCUSSION
The research group at IFAM displays an interesting mixture of expertise in materials and
process development that can be applied to rapid prototyping. IFAM’s emphasis is on the
development, in cooperation with industry, of processes that can be used by industry.

RESOURCES
EARP. 1995. “Prototype moulds by using FDM and electroplating.” European Action on
Rapid Prototyping (EARP) Newsletter (special ed.: RPT for casting and tooling), no. 6
(July).
Fraunhofer Gesellschaft. 1995. Rapid Prototyping: Rapid Prototyping Network.
Fraunhofer IFAM. N.d. Metal Powder Technology.
Fraunhofer IFAM. N.d. From Powder to Components; Powder Metallurgy; Powder
Technology. (IFAM brochure).
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Site:

Fraunhofer Institute for Manufacturing Engineering and
Automation (IPA)
Nobelstrasse 12
D-70569 Stuttgart, Germany

Date Visited:

26 October 1995
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JTEC/WTEC Attendees: L. Weiss, A. Lightman (report co-authors)
Hosts:

Dr.-Ing. Wilhelm F. X. Steger
Dipl.-Ing. Thomas Haller
Dipl.-Phys. Martin Geiger

BACKGROUND
(See the ICT site report, p. 18, for a brief general introduction to the Fraunhofer Institutes
and the Fraunhofer Rapid Prototyping Network.)
The Fraunhofer Institute for Manufacturing Engineering and Automation (FhG-IPA or
simply, IPA) has an R&D staff of 250 and a budget of DM 50 million per year. The IPA’s
Rapid Product Development Group, which started in 1988-89, is part of the Department of
Information Processing. The department has a staff of 35 (70% from FhG and 30% from
the University of Stuttgart). The RPD group has a technical staff of 6 and an annual budget
of DM 5.5 million. IPA is one of the seven Fraunhofer institutes that participate in the
Fraunhofer Strategic Alliance in Rapid Prototyping. Work related to RP Network projects
represents 20% of the IPA’s rapid prototyping efforts.

THE RAPID PRODUCT DEVELOPMENT GROUP
IPA’s Rapid Product Development Group is conducting research and development in three
areas pertinent to this JTEC/WTEC study: reverse engineering, generative manufacturing
and conversion technologies, and information and organization.
Reverse Engineering
This effort involves first scanning surfaces (e.g., clay models, existing parts, etc.) with
high-speed, commercially available, optical and tactile digitizing apparatus. Software
tools, which IPA staff have developed, are used to support digitizing and to mathematically
describe the shapes. These interactive software tools, which are implemented in CATIA,
perform several functions, such as surface segmentation for curve fitting. The resulting
models can then be used as input to both virtual prototyping environments (which is being
done in another group at IPA) and physical prototyping apparatus.
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To drive the physical prototyping apparatus, the Rapid Product Development staff have
done extensive work developing corrective slicing strategies that help account for process
limitations (such as overcuring in stereolithography) and post-processing requirements
(such as sanding and assembly). Rules for defining layer boundaries in relationship to the
3D CAD model (i.e., the location of the stair-step relative to the actual part boundary)
determine whether each layer boundary region is located outside or inside the original 3D
CAD model or “best-fit.” Since these corrections must be made after slicing, they cannot
be done after storing the slice information in a standard published format such as CLI or
SLC; by then, the necessary information is lost. The “LEAF” format (Layer Exchange
ASCII Format) permits corrections to be applied after slicing. IPA intends to
commercialize its slicing software, which was developed with André Dolenc (Helsinki)
and follows generalization efforts from SLI and CLI. It provides both border and process
information, including the direction of surface normals. Use of the software will provide
the experience needed to guide the development of a de facto standard for layer
manufacturing. It could help to determine the application protocol (AP) for rapid
prototyping that will be part of STEP. The format and results will be published.
Generative Manufacturing and Conversion Technologies
Multiphase jet solidification (MJS)
MJS is an extrusion-based process, similar to Fused Deposition Modeling methodology,
which is being jointly developed by IPA (software) and IFAM (materials). There are
currently three machines, one each at IPA and IFAM, and one sold by an industrial partner
(Logeto GmbH) to an institute. MJS extrudes metal or ceramic slurries using metal
injection molding technology. The slurry is contained in a heated vessel and pumped
through an attached nozzle with a screw-activated plunger. The feedstock cannot be
reloaded without stopping, so build volume is limited. Typical powder sizes are ~50 µm in
diameter with a plastic or wax binder. The resulting green preforms are about 30-33%
dense (volume) and very homogeneous. Final sintered parts are claimed to be ~99% dense.
The developers assume isotropic shrinkage (“better than metal injection molding”) of
20-40%. Parts have been made with stainless steel, titanium, and alumina, and
examinations have been conducted with other materials. IPA is looking at infiltration with
copper.
Models that the JTEC/WTEC team saw had fairly rough surface appearances. The process
appears to require significant work to improve overall accuracy and surface quality. IPA is
upgrading the software, and IFAM is upgrading the hardware with the goal of
commercializing the next-generation system (discussions are being conducted with Fockele
and Schwarze and there are contacts with other partners as well). IPA has a German patent
for MJS and is applying for a U.S. patent. Since the basic methodology of depositing 3D
shapes by extrusion, in layers, is considered public domain, the patent pertains to the
feedstock composition, the heated material supply (up to 200oC to liquefy the binder and
obtain the desired viscosity), and the extrusion nozzle.
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Stereolithography
IPA has the first Fockele and Schwarze (F&S) machine. The institute is working with F&S
to modify the machine for greater commercial acceptance. (See also the F&S site report,
pp. 14-16.) IPA staff believe that this machine has many advantages, such as its ease of
reconfigurability, and they are investigating implementation of the diode-pumped
frequency-tripled Nd laser in place of the argon laser they currently use. Interchangeable
vats allow for quick changeover of resins and for testing of small quantities of
experimental material.
Coating technologies
IPA’s work in coating technologies includes developing, testing, and installing processes to
apply metallic coatings to stereolithography parts for applications like tooling and EMI
shielding. Coating processes include physical vapor deposition (PVD), electroplating, and
electroless plating. Coatings are applied to help parts withstand the harsh environments of
follow-on processes, and coatings can also fill in the part’s stair-casing to provide a
smoother border.
IPA is also starting a project with the University of Stuttgart on process simulation
(applicable to all processes) to help select process parameters. The goal is to develop a VR
presentation showing the material buildup and the associated stresses (augmented reality),
dimensional errors, material strengths, etc. One objective is to be able to display to
engineers the results of their selection of geometry, process, etc., and to provide an
environment in which they can get rapid feedback on the impact of modifications. Another
aspect will be product evaluation by the design team within this virtual environment. The
project is currently in the conceptualization phase. This special project is funded by the
government through the university. There are other groups at the IPA that provide highspeed computer capability for process simulation.
Information and Organization
Of particular interest is IPA’s use of Quality Function Deployment (QFD) methodology to
help select the best rapid prototyping technology for fabricating a part, given a set of design
features. There is a system selector based on similar methods from BIBA (Bremen) and a
materials selector from IKP. IPA is looking to integrate these selectors because the global
processing has many steps, and evaluation becomes complex. The institute is also
investigating the potential for doing rapid prototyping via the Internet. To this end, IPA
researchers are studying STEP and LAN and WAN requirements. There is an interest in
business product and process reengineering, in particular to determine if new technologies
are needed for competitive advantage and, if so, how should the business be restructured to
apply the new technology to maximum advantage. They are also looking at implementing
EDI to form manufacturing alliances. They are studying networks (ISDN) and
communication protocols such as Euro File Transfer Protocol (EFTP) for arbitrary partners
and ODETTE File Transfer Protocol (OFTP) for the automotive industry and suppliers.
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Site:

Fraunhofer Institut Für Produktiontechnologie (IPT)
Steinbachstrasse 17
D-52074 Aachen, Germany

Date Visited:

17 October 1995

JTEC/WTEC Attendees: R. Brown (report author), J. Beaman, B. Kramer
Hosts:

Stefan Nöken, Dipl. Ing., Process Technologies Department
Ivo Celi, Dipl. Ing., Process Technologies Department

BACKGROUND
(See the ICT site report, p. 18 for a brief general introduction to the Fraunhofer Institutes
and the Fraunhofer Rapid Prototyping Network.)
The Fraunhofer Institut für Produktiontechnologie (IPT) was established in 1980 in
proximity to the RWTH Technical Institute of Aachen and located next to the WZL
(Machine Tool Institute). The four professors of WZL are also in charge of the four major
departments of IPT:
•

Process Technology Department - Prof. Klocke
High Speed Machining
Precision Machining
Laser Beam and Waterjet Processing
Rapid Prototyping

•

Production Machine Tools Department - Prof. Weck
Precision Machine Tools

•

Metrology and Quality Department - Prof. Pfeiffer
Optoelectronics
Quality (ISO 9000)

•

Planning and Organization Department - Prof. Eversheim

The activities of the RP program are cross-functional to all IPT departments. Unlike most
of the other Fraunhofer Institutes, the 62 members of IPT’s professional staff are expected
to remain there for only five years while they obtain their Dr.-Ing. degrees. This staff is
supported by 176 students and 38 nontechnical assistants and technicians. Sources of
revenue are 45% industrial contract, 25% base funding, and 30% public funding (the EC
and the German government).
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IPT operates a large open bay machine tool laboratory and is constructing 1,500 square
meters of additional laboratory space to increase the size of its laboratory by 50%.
Equipment and software within the RP group include the following:
CAD

CATIA
EUCLID (FIDES)
ProEngineer

RP Machines

EOS STEREOS 600 (stereolithography)
EOSINT P 350 (laser sintering)
EOSCAN 100 (digitizer)
Experimental SLS
Experimental Laser Generation Process

RP was started as a new initiative at IPT in 1992. IPT led the coordination of the seven
Fraunhofer Institutes involved in RP. The IPT RP group’s mission includes the following
functions:
•

data preprocessing

•

prototyping using stereolithography and SLS

•

demonstrating the processes to industry

•

process analysis and optimization

•

casting and tooling (with other institutes)

•

processes development for direct manufacturing of metal parts

•

planning and integration of RP for industrial customers

The group operates the commercial RP equipment in its laboratory primarily to fulfill its
role of introducing RP processes and capabilities to industry. It does not compete with
service bureaus.

RESEARCH AND DEVELOPMENT ACTIVITIES
IPT engineers have developed two experimental RP machines. One machine is an
experimental SLS-type unit designed for direct metal sintering. It is equipped with a 300
W Nd:YAG laser that normally operates in the 200 W range. The beam is moved with a
scanner mirror system from above the work chamber to provide a ~100 mm diameter work
area that can be shrouded with a protective gas. The system is not designed to hold an
atmosphere in the work chamber. This unit is used for direct sintering of uncoated powder
metals, including bronze (Electrolux material) aluminum, copper, and 316L stainless steel.
With this unit researchers have achieved up to 90% theoretical density. In addition, they
have experimented with ceramics.
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The second experimental system, laser-generated RP, is designed to melt metal powder as
it drops from a coaxial laser/distribution cone. Other concentric cones within the probe
deliver shroud gas and fluids for cooling. Researchers use either a 900 W CO2 laser or a
1,000 W Nd:YAG laser. Full-density parts are claimed to be produced with this unit.
Within the work chamber is a 2½-D milling cutter to finish the walls of the metal part and
improve tolerances. The Laser-Generated RP unit was to be shown at the EUROMOLD
Exhibition in Frankfurt, Germany, in December 1995. The IPT hosts showed us both thinwall and solid parts made of steel from this experimental unit. IPT plans to commercially
develop this system with a die casting machine tool company over the next several years.
With significant funding from the commercial partner, the chances of commercializing this
technique appear promising.

GENERAL DISCUSSIONS
IPT representatives indicated that RP is not as popular in Germany as it is in the United
States, for several reasons:
•

German industry tends to be much more conservative than U.S. industry when
embracing new technologies.

•

There are many very good mold makers and toolmakers in Germany who will work
over weekends and nights to supply tooling and prototypes in a timely manner at
reasonable prices.

•

Solid modeling CAD systems are not as common in Germany as in the United States.

•

Internet connections are still relatively expensive in Germany compared to the United
States, although prices are beginning to come down.

•

German companies will often send CAD data files to the United States for fabrication
of RP parts, as U.S. service bureaus are less expensive and have better quality (due to
the new RP materials they use) than do service bureaus in Europe. They may only lose
a day or two by ordering RP parts from the United States. This is beginning to
stimulate price competition from the service bureaus in Europe.

•

Many companies want metal parts made from RP models. Most investment casting
foundries in Europe cannot supply castings as quickly as U.S. foundries.

When asked what German companies would like improved in RP, the team’s hosts
indicated the following:
•

Better physical properties in RP models — ideally, full-strength metal and plastic
components.

•

Lower-priced RP equipment.
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•

Greater accuracy. However, when the designers were asked what accuracy they
needed, they were unsure; as a result, current tolerances may be sufficient.

•

Better surface finishes.

•

Improved prices and ease of use of 3D CAD systems.

Overall, IPT staff feel that RP will not displace all applications of rapid prototyping using
conventional techniques. Conventional machining processes have made rapid strides in the
past five years and will continue to do so. RP will find its place among competing
techniques, but will not displace all other construction techniques.

SUMMARY
IPT staff have extensive knowledge and capabilities in tooling, conventional laser and
ultrasonic machining, and advanced grinding techniques. They are developing knowledge
and experience in RP, and have great potential to develop new RP processes that overcome
many of the current limitations.
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Site:

Institute for Polymer Testing and Polymer Science (IKP)
University of Stuttgart
Pfaffenwaldring 32
D-70569 Stuttgart (Vaihingen), Germany
and
Nebenstelle
Boblinger Str. 78 E
D-70199 Stuttgart, Germany

Date Visited:

26 October 1995

JTEC/WTEC Attendees: A. Lightman (report author), F. Prinz, L. Weiss
Hosts:

Dipl.-Ing. Hans-Christian Ludwig, Head, Engineering Dept.
Dipl.-Ing. Bernd Keller
Dipl.-Ing. Bernd Wiedemann

BACKGROUND
The Institute for Polymer Testing and Polymer Science (IKP) at the University of Stuttgart
was founded in 1963 by Prof. Dr.-Ing. S. Wintergerst. There is a staff of 62, organized into
5 departments: engineering; life-cycle engineering; polymer and environmental analysis;
polymer physics and plastography; and nondestructive testing. There are ~200 students.
The annual budget is DM 6.5 million (~$4.7 million), of which DM 1.0-1.5 million is
provided by the state of Baden-Wurttemberg. IKP information is available on the World
Wide Web (http://www.uni-stuttgart.de/UNIuser/ikp/ikp.html).
Prof. Dr. -Ing. P. Eyerer, Director of IKP since 1979, has since 1994 also been director of
the Fraunhofer Institute of Chemical Technology (ICT) located in Pfinztal (near
Karlsruhe). Besides other joint projects related to polymer engineering, there is a strong
link between the two institutes in special areas such as rapid prototyping, tooling, and life
cycle assessment. The two institutes complement each other’s work, as IKP performs
fundamental research and ICT performs applied research.
IKP started its RP activities in 1991 with high-power laser (Nd, CO2) metal melting. The
process is similar to that at Los Alamos National Laboratory (circa 1970s). The IKP
process is focused on laser cladding - laser surface treatment. IKP researchers used it for
building material from single lines but found the process too restrictive. Under the
circumstances, a 5-axis system is needed for complex geometries, and the system becomes
quite expensive. The Fraunhofer IPT in Aachen is implementing such a system, but IKP
management questioned whether this could ever become commercial, and IKP went on to
laser sintering. (Sulzer Innotech of Switzerland has been doing laser welding buildup since
the early 1970s using a 3-axis system and cobalt- or nickel-based material for blades.)
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IKP has considerable strength in polymer characterization and testing, with extensive
laboratory work focused on microscopic analysis (both surface and subsurface) and
chemical and physical analysis. This strength has naturally led the institute to materials
research for stereolithography (SL) and to plastics for sintering. IKP has both types of
systems in operation in research programs. The stereolithography machine is an EOS
Desktop model, and the sinterstation is a noncommercial unit.
Before beginning its program, IKP surveyed industry to determine the desires for material
properties, long-term stability of the materials, high productivity versus high accuracy
material (i.e., faster build with lower accuracy versus slower build time with higher
accuracy), and applications focus. The JTEC/WTEC team’s hosts at IKP would not
discuss the results of the survey other than to say that the results are guiding the institute’s
efforts and that industry currently considers tooling to be the most important application.
RAPID PROTOTYPING RESEARCH
The IKP programs have focused on materials development and characterization. IKP
researchers helped EOS to develop a polystyrene composition having suitable flow
properties (lubrication without agglomeration) and material conversion properties upon
exposure by the laser. They have also performed extensive characterization of the
photopolymers used in SL. IKP has developed an extensive RP material properties
bibliography that is currently proprietary. This is part of a software package called “Rapid
Prototyping Selector” developed at the Bremer Institut für Betriebstechnik und angewandte
Arbeitswissenschaft (BIBA) within a common European project. The operator specifies
the desired material properties (material type, formation process, etc.), and the program
shows how to achieve these properties either in a single step (if there is a suitable RP
process available) or as a series of processing steps of an RP chain (e.g., create RP mold
master, cast tool, inject). This acts as an expert system, relieving the operator of having to
possess an intimate knowledge of all the optional processes.
At the time of the team’s visit, IKP’s SL system was conducting shrinkage and strain
measurements in standard photopolymers using a balance beam rigged with both a
displacement transducer and a strain sensor (similar to the apparatus at the University of
Dayton). The researchers drew a 10 mm strand from a fixed post to the microbalance.
Exposure was performed either slowly to get the required single-strand exposure with the
appropriate cure depth, or quickly by making fast, multiple passes to build up the same
exposure. They were studying SL5170, Somos 6100 epoxy materials, and newly
developed acrylate resins. Results indicated the time delay until shrinkage began, the
development of shrinkage, and finally the eventual relaxation as the material swelled (the
exposure only yields partial polymerization). They are performing tests on a variety of
materials. Eschl presented papers at the Dayton RP conference in 1995 and at the
Nottingham conference in 1996. Further investigations on photopolymers are being carried
out on the final properties of these materials with respect to process parameters, suitability
for investment casting, and morphology of photopolymer parts.
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Both IKP and ICT have significant funding from the EC for rapid tooling and other state
and industry collaborations. There are 10 projects with average funding of DM 0.5 million.
These include: BRITE EuRAM Automobil; BRITE EuRAM Laser Sintering; BMFT
Material Development — Photopolymers; state-supported tooling application software; a
special RP research project; and several industrial collaboration projects. ICT purchased its
EOSINT P system and an SLA 500 as an entrée into collaborative research on sintering
materials. IKP representatives stated they would not purchase equipment if IKP could not
get an associated project to help pay for some of the cost.
IKP and Mercedes-Benz (MB) made the SL mold faces for an injection mold used by MB.
The faces were held in a standard steel frame and reinforced with Al shot and epoxy. The
mold was used for ~120 shots using several materials, including ABS and 30% glass-fiberreinforced nylon. The mold is showing deterioration. Mold flash issues were not discussed.
IKP has a program to evaluate the capability of each RP technology for every tool
production process and the resulting part production system. One goal of this program is to
develop a software package in which the user specifies the material, surface finish,
strength, etc., of the end part, and the software will guide the user by selecting the
processing sequence needed to produce the part and the RP process required to fabricate
tools that meet the production specifications. IKP is also working on a proprietary postcuring system for SL and on new hatching strategies for sintering and SL.
OTHER
IKP representatives mentioned the University of Munich’s development of a process
similar to one developed at MIT. In this process, an ink jet head disperses photopolymer
into a powder bed. The photopolymer acts as a binder. A UV lamp polymerizes the
material, thereby defining the geometry. The powder form can then be burnt out and sintered.
IKP participates in a special research project involving 13 institutes, including BWI,
Daimler Benz, IMA, FhG-IAO, FhG-IPA, and the Institute for Laser Technology (IFSW) in
Stuttgart, to address how development and testing of innovative products will be
manifested in practice. The participants intend to demonstrate that RP technologies can be
integrated into the innovative structure of a development team for improved cooperation
and communication. Later, they intend to broaden the scope to geographically dispersed
firms and eventually to place the project within the “Global Engineering” concept under
development. Prof. Dr.-Ing. H.J. Bullinger of FhG-IAO chairs this project.
Used at the IFSW are a nozzle and high-power lasers in a lathe system. Researchers use an
additive process for nickel- and cobalt-based materials. They use a 2 kW Nd:YAG laser
for both laser cladding and laser ablation to form shapes with both additive and subtractive
processes, useful for cylindrical patterns. Objects of interest include valves for
high-performance engines. IKP has also done ceramic (monolithic material) ablation using
an excimer laser to form a trapezoidal screw (a time-consuming fabrication process).

JTEC/WTEC Panel on Rapid Prototyping in Europe and Japan

Site:

37

Katholieke Universiteit Leuven (KU Leuven)
(Catholic University of Leuven)
Division of Machine Design, Production & Automation
(PMA)
Celestijnenlaan 300
3001 Heverlee, Belgium
Tel: (016) 322480; Fax: (016) 322987
Materialise N.V.
Kapeldreef 60
3001 Heverlee, Belgium
Tel: (016) 298363; Fax: (016) 298319

Date Visited:

23 October 1995

JTEC/WTEC Attendees: B. Kramer (report author)
Hosts:

Professor Jean-Pierre Kruth, Chairman, PMA
Dr. Jan Detand, Senior Research Associate, PMA
Dr. Bart van der Schueren, Manager of Prototyping, Materialise

BACKGROUND
The Catholic University of Leuven’s Division of Machine Design, Production, and
Automation (PMA) is the largest of four divisions in the university’s Department of
Mechanical Engineering. PMA has 110 full time employees, including 7 faculty, 7
research managers, 72 research engineers, 10 technicians, and 5 administrative staff.
Approximately 150 fourth- and fifth-year students conduct design projects and thesis work
in the PMA. The laboratory is well-equipped, with a broad range of conventional and NC
machine tools, many robots of various types, an assembly cell, and a filament winding
machine. The available equipment for rapid prototyping includes a 3D Systems SLA unit,
a university-built SLA machine, and an experimental unit for direct selective laser sintering
of metallic powders.
PMA is conducting a broad range of manufacturing-related research. The division is
distinguished by a desire to conduct research of practical importance in the context of a
strong fundamental perspective on manufacturing issues. In keeping with this philosophy,
rapid prototyping research is being conducted in tandem with a major effort to integrate
design, process planning, and 5-axis milling to develop systems to produce fast-turnaround
tooling by the milling process. A recently completed project sponsored by industry
exploited PMA strengths in reverse engineering, SLA, EDM, 5-axis machining, and
concurrent engineering: the division developed production prototypes of a line of 7
different die-cast lighting fixtures, with delivery of cast parts in two months from the time
of delivery of a wooden model of the designer’s concept.
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Materialise N.V. is a 5-year-old spin-off company, founded to commercialize the rapid
prototyping research of PMA. The company generates cash flow as a service bureau,
employs 20 people, and is located at a technology incubator in a separate facility within
easy walking distance of the PMA laboratories. Materialise has a 3D Systems SLA
machine, a developmental SLA system of PMA design, and extensive facilities for
replication of SLA models by vacuum molding polyurethanes in silicone rubber molds,
spin molding of zinc die casting alloys in vulcanized rubber molds, and investment casting
of high-temperature alloys in plaster molds. Materialise also has an extensive program to
develop software tools for SLA: its MAGICS software for visualization, manipulation,
support generation, and quality control of models in the STL format, and its CONTOUR
TOOLS software for the production of SLA models directly from 3D CAD files. These are
apparently receiving broad acceptance among European rapid prototyping users.
Materialise is forming a new division in the United States in partnership with Laserform, a
service bureau in the Detroit area that has represented its software in the United States.
Similarly, Materialise has obtained the right to represent Sanders’ plotter-based rapid
prototyping machines in Europe.

RESEARCH AND DEVELOPMENT ACTIVITIES
Research and development activities relevant to rapid prototyping include projects related
to stereolithography, selective laser sintering of metals, and rapid production of polymer
injection molds and metal casting dies by 5-axis NC machining.
Stereolithography
PMA is a resin test site for SLA resins developed by DuPont and Zeneca (a division of
ICI). The greatest perceived need relative to resin is for resins with higher strengths
comparable, for example, to thermoplastic ABS resins. Epoxy resins are clearly superior in
this regard to acrylates, with Allied Signal and DuPont in strong competition to develop
improved epoxy resins for SLA. Development is rapid, with frequent lead changes. The
best available epoxies have processing speeds and build accuracies comparable to
acrylates, and have low shrinkage. Further improvements are needed (and anticipated) in
all of these properties, as are improved heat resistance (currently limited to 150oC),
flexibility, and toughness. Patented software to produce complex, lattice-like support
structures for SLA models has been developed by PMA and commercialized by Materialise
N.V. Their support geometry requires only 10% of the resin volume per unit support
volume of conventional structures and therefore requires only 10% of the build time to
produce.
Significant efforts are underway to model and characterize critical aspects of the SLA
process to reduce variability. Inadvertent or unavoidable exposure to ambient light causes
changes in cure characteristics as the resin ages, making the accurate setting of laser power
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and scan speed difficult. Therefore, a simple, 2-5 minute test pattern has been developed to
characterize the aging of resin systems over time. It has also been found that the thickness
of liquid resin spread over each point in a model depends sensitively on the detailed local
topography of the already-built model, and that the thickness variation can be reduced by
careful adjustment of the resin-spreading speed. The PMA/Materialise SLA machine
attempts to increase laser on-time by providing two separate resin vats in the build zone.
The pattern can be written in one vat while the resin is being spread in the other, providing
a 50-100% increase in laser duty cycle.
Work is also underway to incorporate reinforcing fibers in SLA parts. Research was
initiated four years ago with woven glass mats, which were transparent to the laser energy
and could be laid into the uncured resin during the build. The project was dormant for
some time but has recently been reactivated. Surprisingly, the samples shown did not seem
to display any ill effects from resin wicking by the mats. However, they were of very
simple geometries.
A particular strength of Materialise N.V. is the development of techniques for producing
SLA models from CAT and NMR scans for medical applications. The work is partially
funded by the BRITE-EuRAM PHIDIAS project in cooperation with Zeneca, Siemens
Medical Systems, and PMA. Materialise researchers have developed excellent software,
Mimics, for interpolating data from medical scanners. They showed the JTEC/WTEC
team a medical model that employed a special resin that could be colored by varying the
curing conditions in selective volumes to highlight, for example, diseased tissues.
Selective Laser Sintering of Metals
PMA has built a prototype SLS machine for the direct sintering of metal powders. The unit
uses a 500 W Nd:YAG laser with a fiberoptic head, an XY stage for beam scanning, and a
5 mbar vacuum environment in the powder chamber. The machine had been operational
for only two months at the time of the team’s visit, with the research effort concentrated on
steel/copper powders. Early samples showed good bonding within the layers but some
problems with delamination between layers.
It was suggested that significant
improvements could be obtained through adjustment of the sintering parameters.
Five-Axis NC Milling
The NC milling efforts are extensive and tightly integrated with the overall program to
develop software for concurrent design and manufacturing. The research effort is partially
supported by the ESPRIT COMPLAN and BRITE-EuRAM KERNAL II projects and spans
the spectrum from reverse engineering to computer-aided process planning, NC code
generation, and hard milling of die steel (up to R 54). A particular feature is a postprocessor that develops true 5-axis NC programs for specially designed toroidal milling
cutters. The resulting tool path minimizes scalloping in the mold surface, greatly reducing
the need for mold polishing compared with similar surfaces produced by ball milling.
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Sample parts that the team examined showed impressive results, but they involved modest
curvatures. No full molds were observed.

SUMMARY OF DISCUSSION
The research group at PMA is large, and is directed at critical problems of manufacturing
productivity; rapid prototyping is viewed as one technology that may provide needed
solutions. The work in rapid prototyping is well conceived, and there is excellent
cooperation between the PMA researchers and Materialise N.V., with Materialise
providing the opportunity to test new research results and identify new problems for
researchers to address.

REFERENCES
Katholieke Universiteit Leuven. 1994. Annual Report of the Mechanical Engineering
Department.
Katholieke Universiteit Leuven. 1995. KU Leuven Newsletter (June).
Materialise N.V. n.d. Rapid Prototyping Software Tools.
_____. Medical Models.
_____. Mimics.
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Site:

Laser 3D
6, Allée Pelletier-Doisy
F. 54603 Villers-Les-Nancy, France
Tel: (33) 83614476; Fax: (33) 83440482

Date Visited:

26 October 1995
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JTEC/WTEC Attendees: R. Aubin , C. Atwood, P. Fussell
Hosts:

Mr. André-Luc Allanic, Software Manager
Mr. Claude Médard, Managing Director
Mr. François Nonennmacher, Industrial Applications
Mr. Philippe Schaeffer, Process Manager
Also in attendance was a representative from Dassault Aviation
(Dassault is involved in a joint venture with Laser 3D in the
field of investment castings and tooling):
Mr. Georges Taillandier, Rapid Prototyping Manager
Dassault Aviation2
1, Avenue du Parc
95100 Argenteuil, France
Tel: (33) 134118224; Fax: (33) 134118611

GENERAL ASSESSMENT
Laser 3D is a good developer of stereolithography technology with an evidently unique and
significant recoating approach allowing the use of highly viscous materials. Interesting
parts were presented. Parts were shown and data presented indicating 25 micron layer
thicknesses. Laser 3D has strong technical partners in France, but limited marketing
resources outside France. Shortly prior to publication of this report, the Laser 3D hosts
reported that they had just been allowed a U.S. patent (July 17, 1996). Other patents are
pending in the United States and in the EEC.

Note: The JTEC/WTEC delegation visited Laser 3D as indicated above. Laser 3D hosts
and JTEC/WTEC panelists were not able to arrive at a detailed site report that was
mutually agreeable. Contact information for the Laser 3D hosts is provided above so that
the reader may reach them directly for further information on Laser 3D.
2

Mr. Taillandier is also president of the Association Française de Protypage Rapide (French Association of
Rapid Prototyping or AFPR). Because of the close working relationship between Laser 3D and Dassault, this
visit focused on Laser 3D but highlighted perspectives relevant to Dassault and AFPR within the context of Laser
3D’s activities.
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PART II: JAPANESE SITE REPORTS

Sites:

CMET, Inc. and Asahi Denka
CMET, Inc.
7F Kamata Tsukimura Bldg.
15-8 5–chome, Kamata, Oota-ku
Tokyo 144, Japan
Tel: (03) 37396611; Fax: (03) 37396680
Asahi Denka Kogyo K.K.
4–1, Higashi-ogu 8-chome
Arakawa-Ku
Tokyo 116, Japan
Tel: (03) 38922111; Fax: (03) 38193243

Date Visited:

11 December 1995

JTEC/WTEC Attendees: Paul Fussell (report author), K. Narayanan
Hosts:

Hidetaka Narukawa, President, CMET (also, Chairman, JARI)
Tel: (03) 37395155 (JARI); Fax: (03) 37395297 (JARI)
Seiji Hayano, Deputy General Manager, Development and
Planning Department, CMET (also, Secretary General, JARI)
Tel: (03) 37395155 (JARI); Fax: (03) 37395297 (JARI)
Dr. Satoyuki Chikaoka, Chief, Photochemical Materials Group,
Asahi Denka
Dr. Kazuo Ohkawa, Manager, Photochemical Materials Group,
Asahi Denka

HISTORICAL PERSPECTIVE
CMET was founded in 1988, principally by Mitsubishi, building upon the developments of
Dr. Yoji Marutani (of Osaka Sangyo University) in liquid photopolymer rapid prototyping.
Hidetaka Narukawa joined CMET in 1990, and CMET was incorporated on 2 November
1990.
Dr. Marutani commented to the JTEC/WTEC team that he still provides some limited
consulting to CMET, but primarily on philosophical rather than specific machine design
issues. This is consistent with the team’s observation of Dr. Marutani’s lab and research
interests. CMET is currently owned by several companies:
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Mitsubishi
Asahi Denka
NTT/Data Communications
Various machinery manufacturers
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54%
20%
20%
6% (including Toyo Denko Saso, and Y.A.C.)

The owners each contribute to CMET. For example, Asahi Denka provides all of the resin,
and NTT provides software expertise.
CMET representatives provided the team with a copy of the May 1995 Rank Prize
(London) for optoelectronics, which was jointly given to Hideo Kodama and to Charles
Hull (Kodama received £15,000, and Hull received £10,000).
As of September 1995, CMET had sold 70 machines in Asia. This compares to about 30
sold by Sony/D-MEC, 20-25 by 3D Systems, 10-15 by Teijin Seiki, and 24 by Denken.
CMET’s sales rate is shown below:
1988

89

90

91

92

93

94

95 (June)

2

8

4

14

7

10

9

13

The Japanese market for rapid prototyping devices has apparently been as follows:
1992

93

94

95

18

22

54

29

METHODOLOGY
CMET uses technology that is similar to other liquid photopolymer systems.
company’s engineering appeared to be at Japan’s typically high level of excellence.

The

CMET’s original work was an XY plotter mechanism with the laser light being delivered
to the working head by fiberoptic cable. Professor Nakagawa still has and operates one of
these devices in his lab at Tokyo University. In some versions of this device, CMET
engineers were able to vary the spot size of the beam from 0.1 mm to 2 mm. The
SOUP 850P (P for plotter) has a working volume of 850 mm x 600 mm x 500 mm and is
still used by the sand casting industry to make master models for green sand pattern boxes.
There are both HeCd and Ar-ion (ArI) versions of this device.
The galvanometer-based devices (the SOUP 400G and SOUP 600G) are newer designs,
again using either HeCd or ArI lasers.
One of the newest machines is the SOUP 250GH, which has the ability to vary the spot
size (perhaps through a zoom lens arrangement). CMET researchers have also developed
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the SOUP 1000GA, currently only for the Japanese market (one of the dimensions in this
device is 1,000 mm). The team’s hosts indicated they were working on a SOUP 6000GA
device. They also indicated they were able to control the shape of the spot at the liquid
surface as they traversed the area of the vat. (This was perhaps accomplished by the use of
a flat field lens in the optic path.)
CMET researchers indicated they had a recoating mechanism that was more sophisticated
than just a doctor blade; however, they had only partially solved the trapped volume
problem. They understood that trapped volumes are difficult because of resin flow under
the recoater as it traverses the trapped area. The recoater did not appear to have any
auxiliary hoses, tubes, or other active means of providing resin to the device.
The liquid level of the vat is maintained by placing a machined weir at the front of the vat;
liquid simply flows over the weir into a channel surrounding the vat.
The CMET representatives felt their scale factors for building parts were very small, but
the JTEC/WTEC team was unable to understand how they applied either scale factors or
beam (line) compensation factors.

NEEDS, GOALS, OBJECTIVES, AND PLANS
CMET was unwilling to provide dimensional information taken from a North American
3D Users Group test part (the part originally designed by Ed Gargiulo of DuPont). CMET
managers felt the Japanese customer had little interest in this part, and they preferred to
compete with other equipment manufacturers by building geometries provided by the
customer. (This was consistent with views expressed by other vendors as well.)
CMET management understands that software is critical to the company’s success. It
currently has an internal version of the software used to prepare and control builds that will
automatically add support structures, but customers seem to be required to manually design
the supports. The team’s hosts appeared to be aware of, but uninterested in, automatic
support generators such as Magics or Bridgeworks. In part, this might be due to the fact
that Bridgeworks is distributed in Japan by INCS, Inc., a competitor. The STL file repair
approach is topology-based, but the team was unable to understand what problems it is able
to repair.
CMET’s principal competitor is the small Japanese prototype shop. There are
approximately 3,000 pattern makers able to convert a relatively complex part drawing into
an accurate part in a three-day turnaround; CMET could only be competitive with these
shops if the original design had been done in a solid modeler (a seat of Pro/E costs about
$40,000) and had relatively complex surfaces.
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CMET had little interest in other technologies for making plastic parts: liquid
photopolymer-based systems were, in the opinions of the CMET representatives, as poor in
terms of accuracy as the Japanese market would tolerate, and all other methods were
poorer. The improved material properties of, say, a nylon-like material held no appeal:
they firmly believed the Japanese user of these technologies demanded very high
accuracies and would permit nothing less than this high accuracy in their shops.
CMET representatives also felt that the Japanese market requires mass production
orientation, and that this implies that methods used to fabricate metal must mold quickly
and accurately. Thus, CNC milling is the other principal competitor of their business.
They also observed that the Japanese engineer is generally able to mentally visualize a part,
and therefore does not need as many visualization or review parts to be made in rapid
prototyping as does the North American engineer.
The Japanese medical market has found rapid prototyping to be too expensive. (One skull
model was priced at about $2,000.) Doctors have little motivation to explore the
technology, either for evaluation of a patient or as a means toward a cure.

EQUIPMENT AND FACILITIES
The facility that the JTEC/WTEC team visited had three machines in place: one was an
older demonstration machine, one was used to develop customer benchmarks with
customer data, and the third was used to test new hardware and software.

MATERIALS
Asahi Denka has provided epoxy-based resin systems from about 1990. The team was not
able to discover from Asahi Denka how these resins differ from the current systems
available in Europe and North America.
There are three primary and one experimental argon-ion-based resins: HS671, HS672, and
HS673 are the primary resins, and HSX–A–4 is the experimental resin. All of these are
low-viscosity materials, relatively strong, with a basically brittle nature (1-4% elongation at
failure). The Asahi resins use all three argon-ion wavelengths of 333, 351, and 364 nm.
The HeCd resins include HS660, HS661, HS662, HS663, and HS666. HS662 is castable
in a thin-shell method. It has an Ecrit of 3 and a Dp of 100-120 µm.
CMET was unwilling to provide either liquid or cured samples of these materials.
CMET recommends running the resin at 40°C during build (the build chamber is heated to
this extent).
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CMET representatives expressed little interest in glass-filled resins: their objection was
that cycle time to build a part is much longer with the glass-filled material.

APPLICATIONS
The team saw a casting part, a model of a shoe sole, at the CMET facility. CMET is able
to build shell parts (perhaps similar to 3D Systems’ QuickCast parts) with an internal
T-shaped support. The support is regularly placed:
TTTT
TTTT
The CMET representatives commented that investment casting requires special knowledge,
but surprisingly, they did not know specifics of how these parts were cast: they felt such
knowledge is best held by the casters.

MISCELLANEOUS OBSERVATIONS
The team explored the CMET representatives’ opinions of the 3D Systems patent
application (JP 3–9660 [B2] opposition document) that is about to be issued as a Japanese
patent. They observed that there were four “rounds” to a patent application process and
that the 3D patent was just exiting round two (successfully coming out of opposition).
They professed to be aware of the patent situation, but did not feel the current situation
would affect their business. They said that if the 3D patent passed round four, they would
have to cross-license with 3D Systems; and they felt this would be a “hard negotiation.”
Team members asked why, in the opinion of our hosts, other large Japanese companies had
rejected the panel’s request to visit and discuss rapid prototyping. They believe that,
fundamentally, Japanese companies are concerned about giving information and receiving
little in return. They mentioned that Toshiba has an internal show, and that it would not be
useful for the team to see Matsushita. CMET representatives, in particular, expressed little
interest in exporting to the U.S. market, for patent reasons (although they indicated that
they have an exclusivity agreement for distributing the Asahi Denka resin and their policy
is to not sell the resin in markets other than those they are selling in), and therefore they
were not disposed to provide too much information about their rapid prototyping
technology.
Mr. Narukawa, Mr. Hayano, Dr. Chikaoka, and Dr. Ohkawa were extremely hospitable
hosts and gave us considerable insight into elements of Japanese culture and the Japanese
business environment.
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Site:

D-MEC, Ltd.
Design Model Engineering Center
25 Miyukigaoka, Tsukuba City
Ibaraki 305, Japan

Date Visited:

11 December 1995
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JTEC/WTEC Attendees: R. Brown (report author), J. Beaman
Hosts:

Eijiro Tagami, Managing Director, D-MEC
Dr. Takashi Ukachi, Manager, JSR
Tsuyoshi Watanabe, Tsukuba Research Lab, JSR
Junichi Kuzusako, Assistant Manager, Precision Process
Systems Dept., Production Technology Div., Sony Corp.

OVERVIEW
D-MEC was established in February 1990 by Japan Synthetic Rubber Co., Ltd. (JSR), the
largest rubber company in Japan and the fourth largest in the world. In UV curable resins,
JSR with Japan Fine Coatings (JFC) has had a 14-year standing alliance with DSM Resins
in Chicago through a joint venture company. Sony is also closely allied with D-MEC’s
activities. Its operations are located in Tokyo within its Precision Process Systems
Department.
D-MEC’s product line includes three models of stereolithography units. The equipment
and software are supplied by Sony Corporation and the resins are supplied by JSR.
Located in JSR’s special resin development facility in Tsukuba City, D-MEC has a staff of
10 and is a 100%-owned subsidiary of JSR.
All three models of D-MEC’s
stereolithography units were operating in this facility at the time of the JTEC/WTEC
team’s visit.

METHODOLOGY (COMMERCIALIZATION)
In the Sony/JSR alliance, Sony is responsible for software development and for design and
construction of the hardware; JSR is responsible for resin development; and D-MEC is
responsible for process development and system integration. In addition, D-MEC
maintains a networking business system that has 7 D-MEC stereolithography centers in
Japan and 11 industrial members. D-MEC’s plans are to increase the number of centers to
10. D-MEC also operates a CAE analytical service center, but this is small and not a
significant portion of its business.
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NEEDS, OBJECTIVES, PLANS
D-MEC has plans to further develop hardware, software, and resins. Sony could not
divulge its plans for hardware improvement, other than it intends to develop a completely
new machine, capable of higher speeds and precision. Lowering cost is also an objective,
based on customer feedback.
Sony recognizes that Japanese designers have been slow to embrace 3D solid modeling and
is developing proprietary design software to make it easier for designers to migrate from
2D systems. It is also developing software to make it easier to work with 3D CAD surface
modeling systems. As an example, it has automatic thickness-adjustment software that
will generate stereolithography surface models from 2½D CAD files.
JSR is focused on developing resins that can produce (1) greater dimensional accuracy and
strength, (2) less 30-day warpage, and (3) filled resins for mold applications. The team
asked our hosts what customer needs are being fulfilled by their stereolithography
machines. They indicated that some companies acquired units to become familiar with the
technology rather than to solve immediate problems; however, when D-MEC demonstrated
the plastic injection molding of parts from stereolithography glass-filled molds, customers
became much more serious about using stereolithography, as they recognized the potential
of being able to quickly mold 100 or more parts in a common plastic such as ABS.
MATERIALS
Plastics
Part of JSR’s development program is devoted to formulating resins with greater product
accuracy and mechanical properties, lower 1-day and 30-day warpage, and lower price
These are also MITI’s objectives for funding the development of a new resin.
A portion of JSR’s resin development work is supported by MITI through the Center for
Plastic Materials. JSR is the only company developing UV-curable resins under an
¥800 million 4-year MITI program. The target properties MITI set for a new resin
developed under this program were formulated in 1993 and are stated in Table D-MEC.1.
JSR’s current degree of success in meeting these targets is also indicated in the same table,
identified as the “present level” column.
D-MEC’s standard resins are polyurethane acrylates. The company offers at least six
grades for different model-building applications and stereolithography units, as listed in
Table D-MEC.2. Resin SCR 510 was specifically developed for use with the D-MEC
high-definition SCR 1000HD stereolithography unit. The properties of these resins are
compared in Table D-MEC.3 with JSR’s new resin (SCR 600) developed under the MITIsponsored program. Dimensional accuracy as a function of 0-, 7- and 30-day
measurements after building are given in Figure D-MEC.1.
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Table D-MEC.1.
Performance Target Values for SL Resins
Items

Target Values

Present level

Accuracy
Model 1
Model 2

less than 0.05 mm
less than 0.1 mm

0.1 mm
0.2 mm

One month later
Model 1
Model 2

less than 0.5 mm
less than 1.0 mm

1.0 mm
2.0 mm

Mechanical properties
Bending modulus
Isod impact strength

IGPa
10 kgcm/cm

0.5 ~ 2 GPa
2 ~ 3 kgcm/cm

Applicable light source

Ar, HeCd, or Kr laser

Ar, HeCd, or Kr laser

Safety
Irritation level to skin

nonpoisonous
pH < 2

pH < 2

Price
Ar laser
HeCd laser

¥15,000/kg
¥20,000/kg

¥15,000 - 30,000
¥20,000 - 30,000

Table D-MEC.2
D-MEC’s Standard SCR Resins
100

200

300

400

500

310

Std.
Viscosity (cps @ 25OC)

400

190

330

850

850

1700

Modulus (kg/mm2)

100

140

140

150

160

120

Tensile Strength (kg/mm2)

3.2

6.0

3.0

3.8

6.0

4.0

5

15

45

15

10

30

115

119

115

116

115

92

(kg-cm/cm)

2

3

3

2

2

15

(kg-cm/cm)

17

15

19

16

18

47

54

50

46

65

75

43

95

93

85

130

140

110

Elongation (%)

(OC)
(OC)
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Table D-MEC.3
Properties of D-MEC Resins Compared to JSR’s SCR 600 Resin
SCR 600
JSR
2

SCR
400D

SOMOS SOMOS
3100
5100

SL
5170

ABS

3200

510

1500

8800

180
(@ 30oC)

110

135

98

104

117

160~190

Tensile strength (kg/mm )

3.3

4.3

4

2.7

—

4~6

Elongation (%)

60

23

9

19

7~19

15~60

( C)
Bend modulus, no cure (kg/mm2)

93

130

—

—

—

—

39

35

—

—

31

—

Bend modulus, cured (kg/mm2)

123

230

130

115

—

200~270

(kgcm / cm2)
(kgcm / cm2)
O
(HDT) ( C)
Shrinkage (%)

12

2

3

1.6

—

5~20

40

16

—

—

30~80

—

44

65

43

—

—

77~80

5.6

6.9

6.2

3.2

—

—

3.2

9.6

—

—

13.5

—

158

231

—

—

122

—

O

cps @ 25 C

Modulus (kg/mm2)
2

O

Izod impact

(mJ / cm2)

µm
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JSR is developing epoxy-based UV-curable resins to reduce warpage. These are not yet
being offered commercially. JSR is also developing a glass-filled (70% glass beads)
acrylate resin (no urethane) for use in building prototype molds for vacuum and injection
molding applications. A glass-filled resin mold was on display that can make up to 180
ABS parts by injection molding before heat distortion becomes unacceptable. Several
examples of silicone rubber molds were also shown that were made using a
stereolithography master.
Metals
Developing metal parts is a consideration. On display were examples of a cast iron engine
intake manifold or exhaust headers made by investment casting from a stereolithography
master.
Ceramics
D-MEC does not appear to have an active program in building ceramic parts.

APPLICATIONS
Castings
As described above, the team’s hosts showed us examples of a large engine part made by
investment casting.
Tooling
See discussion above on glass-filled molds.
Medical
On display were examples of human skulls produced from medical tomography data. The
team’s hosts felt this will be a growing area, as the government health care agency is
funding development work in this field for use in hospital applications. Toshiba medical
imaging equipment is the standard in Japan. Data output is in an HPGL format that is
compatible with D-MEC’s translation software. They thought cost will be an issue in
practical medical applications.

MACHINE DESIGN
The Sony machine can be described as a conventional stereolithography unit design. Its
features include the following:
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•

32-bit workstation

•

high-speed light modulator for high-speed raster scanning

•

either a HeCd or argon laser (larger models use argon lasers)

•

galvanometer with high sweep speed for both raster and vector scan

•

high-frequency induction-heated resin bath to maintain constant temperature

•

proprietary software for use with surface models

•

a high-definition unit (SCR 1000HD) that can adjust spot size by moving the laser
optics and height of the resin tank (with a separate elevator) to produce a beam with a
diameter from 0.05 to 3.0 mm

Descriptions of the three stereolithography units D-MEC offers may be found in the Sony
brochure Solid Creator: Three Dimensional Solid Model Creator. Data on statistical
accuracy is given above in Figure D-MEC.1.
D-MEC performs raster scanning by interleaf scanning in the horizontal direction and in
the next layer alternate interleaf scanning in the vertical direction. No special stitch pattern
raster scanning such as in StarWeave™ is used.

CAD STANDARDS, INFRASTRUCTURE AND PART SHAPE ACQUISITION
Sony offers software that will automatically translate 3D surface models to its machine
format. The program will automatically repair small cracks and allow manual repair of
larger ones. Sony’s exchange software interfaces with DESIGNBASE, FRESDAM (Sony
CAD), CATIA (surface, solid) CADDS (CV), Intergraph, and Caelum. In addition, Sony
offers STL, IGES, and HPGL translators. The Sony brochure Solid Creator depicts their
compatibility with other CAD software in graphic form.

REFERENCES
Sony Corporation. n.d. Solid Creator: Three Dimensional Solid Model Creator.
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Site:

Denken Engineering Company, Ltd.
Technology and Information Systems Development Division
2-1-40 Sikiden-cho
Oita 879, Japan

Date Visited:

12 December 1995

JTEC/WTEC Attendees: A. Lightman (report author), D. Shelton, L. Weiss
Hosts:

Syoji Hiura, Sales and Planning Department, Technology and
Information Systems Development Div., Denken Engineering
Hiroshi Kibe, Denken Engineering
Toshiyuki Akamine, Autostrade Company, Inc.

INTRODUCTION
The RP concept was formulated circa 1985 by Akamine (Autostrade) in his desire to have
3D models of CAD designs he was creating. Akamine is a software engineer, and
Autostrade does CAD design for clients. He approached the local prefecture for
development guidance and assistance, and he was put in contact with Denken Engineering.
Denken was founded in 1976, and its first products supported the local steel industries in
the areas of automation, hardware and software, robotics, and mechatronics. It has
expanded into LSI fabrication and testing. The Solid Laser Plotter (SLP) series of resinbased rapid prototyping machines is a joint effort of Denken Engineering and Autostrade
Co., Ltd., assisted by Nippon Kayaku with resin development and by Shimadzu with laser
development. Current size is 300 employees, ¥3 billion per year. Autostrade is a 5-person
shop, and the SLP work is a joint effort with a staff of 5-6. Denken financed the SLP
product development from internal R&D funds. It filed its initial patent application in
1990, and it was anticipated to become profitable starting in 1996.
Denken participates in Professor Nakagawa’s (University of Tokyo) program to coordinate
vendors. Vendors and academics relevant to the topic areas meet monthly for each of these
subjects: materials, interfacing, standards, and promotion (one meeting per topic area).
Expenses are covered by MITI.

PROCESS OVERVIEW
The SLP series is based on laser photolithography. It bears strong resemblance to the
Mitsui Zosen COLAMM system, where the model is built inverted, attached to a platform
that rises as each successive layer is attached to the bottom-most face. The liquid resin
layer is deposited on a specially prepared plate that is transparent to the laser. The platform
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and previously built structure are lowered into the resin, leaving between the part and the
plate a liquid film that has the correct thickness for the next layer. The new layer is
“written” from beneath the plate, using conventional photoexposure, moving the exposing
beam via an XY plotter assembly. After the layer is written, the new structure is raised,
separating the layer from the plate, and the process is repeated until all layers are
fabricated. The final assembly is removed from the support plate, and postcure, if needed,
is performed. The part can be finished as required for the end application.

NEEDS, GOALS, OBJECTIVES
Goals
Denken’s main goal is to provide inexpensive desktop modeling systems for both network
and personal use.
Objectives
Denken’s current priorities are (1) reduce cost, (2) heighten resolution, (3) increase
accuracy, and (4) improve reliability.
Improved reliability is ranked only fourth at this time because of the high reliability already
achieved. Denken representatives also acknowledge that their capability still lags behind
U.S. standards.
Future Goals
Future goals include engineering models (the SLP-5000 addresses this need) and a
microfabricator.

MATERIALS
Denken currently uses one photoacrylate. It has restrictions as a result of the exposure
wavelength (680 nm). Denken’s new Nd:YAG SHG (second harmonic generation) laser
(946 nm fundamental, 473 nm SHG) will permit alternative materials and Denken
representatives indicated that they are looking to use an epoxy. They have a very small
research staff and they have not performed extensive literature searches. (They were quite
interested to learn of the DeSoto resins formulated for Quadrax, which also operates in the
visible range. They said they will make contact with those firms to obtain more
information.) Their current resin is a two-part system, mixed at time of use.
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APPLICATIONS
The current SLP is directed to the modeling environment. Engineering applications are a
future goal. Most SLP installations are in design or academic environments. The Ministry
of Education subsidizes academic purchases up to 50%.

MACHINE DESIGN
Denken has produced three machines: SLP-3000 (discontinued), SLP-4000 (current
model), and SLP-5000 (first delivery was scheduled for 2/96). Sales at the time of the
team’s visit were 3, 24, and 1, respectively, for the 3 machines. Anticipated sales for
calendar 1996 were 50 units total.
The SLP-3000 was discontinued because of its size and weight; it did not fit the desktop
office environment concept for the personal modeler. The newer models are closer to the
desired size. (It should be noted that this system is based on photopolymerization of a
liquid resin. Use of this material in an office environment may present a health risk.)
Denken claims that the technology factor limiting overall performance is the interaction of
the laser with the photopolymer.
Build Chamber
The part is built attached to an elevator that rises from the exposure window (build is
inverted compared to the common stereolithography systems). The liquid polymer is
exposed from beneath by laser illumination through a specially prepared window. The
window is held in a frame that acts as a spillover gate to define the film thickness on the
window (0.2 mm). Resin is pumped from the surrounding trough onto the window, where
it is evenly spread over the surface by a roller recoater. The excess resin spills over the
gate back into the trough. Sufficient resin is initially loaded into the trough to build the
part. The resin is a two-part formulation, mixed at the time of use.
Once the resin film is prepared, the build elevator is lowered into the liquid film, leaving
the desired next layer thickness (usually 0.1-0.2 mm; experiments have been tried at
0.03 mm). The new layer is polymerized. The elevator then rises to allow a new layer of
liquid to be spread, and the process is repeated until all the layers have been formed. All
the formed material, except for the layer being created, are in air during the build process
rather than in the vat of liquid resin, as in the standard systems.
The window is coated with a proprietary material for easy release of the most recently
formed layer. The window tint appears milky, and there may be some scattering that could
limit the minimum line width. The elevator platen is acrylic, which enhances adhesion. A
support structure is created to provide sufficient bonding to the elevator (so that separation
is at the window when the elevator rises and not within the part) and to support overhangs.
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Part removal is the same as for other systems (cut away the supports). In cases of large
surface contact, layer damage could occur. This may limit the geometries that can be built.
SLP-4000
Laser

680 nm laser diode supplied by Audio Technica (there is a joint
patent for this application). The laser power is 10 mW and the
laser footprint is 0.1 mm in diameter at the part surface. (Diode
lasers are inherently elliptical. Anamorphic optics would have to
be used to form a circular beam. This is common in compact
disk player applications, the source of this laser.)

Work envelope
Cost

150 mm (X) x 150 mm (Y) x 200 mm (Z)
¥4.9 million, machine alone
¥8 million with software and control computer
Annual maintenance with laser replacement

Cost drivers

XY translator is the most expensive subsystem, the laser is the
next most expensive

Mechanical accuracy

X,Y: 0.04 mm, Z: 0.1 mm

Speed

A 3-blade propeller, 25 mm high and 75-100 mm diameter, took
10 hours to build

SLP-5000
Laser
Work envelope
Cost
Rationale

Shimadzu Nd:YAG (946 nm) with SHG (473 nm) 20 mW
220 mm (X) x 200 mm (Y) x 225 mm (Z)
¥15 million, complete
The shorter wavelength allows use of photoinitiator-resin
combinations, which permit more accurate model fabrication,
providing potential to build models for engineering applications.

Cost driver

Laser

CAD
The SLP series can accept CAD data in a variety of formats: SLP, STL, CT, MR, 3D
digitizer data, and FE mesh. Autostrade’s background CAD programming provides
experience for easy modification of data to meet specific customer requirements.
Akamine is considering applying finite element analysis (FEA) to determine optimal
scanning strategies in order to minimize distortion for specific geometries through
modeling the laser-polymer interaction and the resultant stress formation.
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Site:

Hino Motors, Ltd.
3-1-1, Hino-dai, Hino-shi
Tokyo 191, Japan
Tel: (0425) 865911; Fax: (0425) 865013

Date Visited:

13 December 1995

JTEC/WTEC Attendees: J. Beaman (report author), R. Brown
Hosts:

Yoshihide Takenaka, Manager, Engine Research Division,
Technical Research Lab
Hiroki Amano, Manager, Design Division
Akio Kitagawa, Manager, CAE, Engine R&D Division
Takahito Kawahara, Design Department
Hiroshi Terawaki, Casting Division

OVERVIEW
Hino Motors is part of the Toyota group. It develops, manufactures, and markets diesel
trucks and buses. In Japan, Hino has been the market leader in medium- and heavy-duty
diesel trucks for 22 years. Hino also produces, on commission for Toyota Motor
Corporation, Toyota’s Hilux and T100 pickup trucks for export. Hino presently has three
factories, which are located in Hino, Hamura, and Nitta, with approximately 8,000
employees. The main plant at Hino has approximately 4,000 employees.

APPLICATIONS
Hino Motors purchased an SLA 500 from 3D Systems in 1992. This system is used in
engine research and development. Hino also has an SLA 250, which is used in the design
department. Prototypes in engine research and development are used to check interference
and also for short-run functional tests on the intake side of the engine. Prototypes in design
development are used for checking design geometry for items such as an instrument panel
air vent. As an example of time compression, Hino representatives indicated that a wood
model air vent made by hand would take approximately 2 weeks to obtain, while an SLA
model can be obtained in 4 hours.

CAD AND INTERFACES
One technology that Hino managers believe is critical for successful implementation of
rapid prototyping is 3D CAD. They are presently using ProEngineer in their laboratory,
but they are in the process of migrating to SDRC IDEAS. They believe that the learning
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time for IDEAS is shorter than for Pro Engineer and that this system will shorten the time
it takes to produce SLA parts. They also believe that 3D CAD will be in widespread use
within Hino in the next 2-3 years. Checking design interference is one of the main
functions of rapid prototyping at Hino, but it is hoped that 3D solid models will fill this
function.

METALS
Hino researchers are very interested in metal parts and will try QuickCast as soon as their
machine is upgraded to run QuickCast parts. They would also like to use rapid prototyping
patterns for sand castings, but they have some concern about inaccuracies of large parts due
to warpage.

MACHINE DESIGN, ETC.
There are several issues in the process that Hino management would like to see improved:
1. Machine cost.
2. Resin cost. Management is especially concerned about the price of resin because their
parts are so big. Each part consumes a good portion of a $100,000 resin bath.
3. Equipment maintenance cost. Hino pays $30,000 a year for a maintenance contract but
is required to pay for parts. The largest cost is $50,000 for a laser exchange.
4. Accuracy and surface finish of parts. Finishing a part takes approximately the same
time as machine time.
5. RP parts that can withstand testing of the exhaust side of the engine; this requires
stronger parts with high-temperature properties (metal) for engine development.
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Site:

IMS Promotion Center
11th Fl., Akasaka Twintower Bldg.
2-17-22 Akasaka, Minato-ku
Tokyo 107, Japan
Tel: (03) 55620331; Fax: (03) 55620310

Date Visited:

15 December 1995

JTEC/WTEC Attendees: M. Wozny, E. Sachs (report coauthors), C. Atwood, R. Aubin
Hosts:

Yoshitaka Arakawa, Director, R&D Department
E-mail: arakawa@ims.irofa.or.jp
Dr. Takeshi Kurimoto, Senior Chief Researcher
Hideyuki Hayashi, Senior Executive Director
Takayoshi Ozaki, Deputy Director, Industrial Machinery
Division, Machinery & Information Industries Bureau, MITI

BACKGROUND
The Intelligent Manufacturing Systems (IMS) program is based on a theory developed by
University of Tokyo President Yoshikawa, in which a cycle develops as shown in Figure
IMS.1.

Basic R&D

Pre-competitive
technology

Produce
Knowledge

Post-competitive
technology

Competitive
technology

Codify/Systematize
Knowledge

Knowledge Secret

Fig. IMS.1. Theory behind IMS.

The idea behind post-competitive technology is that at some point a technology no longer
plays a role in competitive capability. Further, expertise can be lost over time. Hence, the
idea is to codify knowledge and in the process identify missing elements that can lead to
new basic R&D.
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The IMS program, proposed by Japan in 1989, evolved after much debate into an
international secretariat coordinating the activities of six regional secretariats: Australia,
Canada, the European Community (EC), five European Free-Trade Association (EFTA)
countries, Japan, and the United States.
IMS is a program for international cooperation in advanced manufacturing. It is a catalytic
agent for global cooperation, addressing not only advancement of the state of the art in
manufacturing, but also of existing levels of technology in many companies, including
small to medium enterprises (SMEs). IMS provides a vision and structure for worldwide
sharing of manufacturing technology development, including costs, risks, and benefits, in a
balanced and equitable manner. The 10-year program responds to common problems in
the manufacturing sector of industrialized nations: greater sophistication in manufacturing
operations; improved global environment; enhancement of the discipline of manufacturing;
and an opportunity for organizations of all sizes to respond to the globalization of
manufacturing, thus facilitating the process of standardization.
The guiding principles of IMS are as follows:
•

contributions to, and benefits from, such cooperation are equitable and balanced

•

collaborative projects must have industrial relevance

•

collaborative projects are carried out by interregional, geographically distributed
consortia

•

collaborative projects can occur throughout the full innovation cycle

•

results of collaborative projects are shared through a process of controlled information
diffusion that protects and equitably allocates any intellectual property rights created or
furnished during cooperation

•

IMS project activities under government sponsorship or using government resources
should not involve competitive research and development

THE JAPAN IMS PROMOTION CENTER
Established in April 1990 as an adjunct to the International Robotics and Factory
Automation Center (IROFA), Japan’s IMS Promotion Center promotes the IMS program
by acting as the core organization for cooperation among industry, academia, and
government in the following functions:
•

handling administrative matters for the IMS program and its regional secretariat in Japan

•

coordinating international projects for the IMS program (IMS projects)

•

organizing and overseeing domestic feasibility studies
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•

carrying out studies on trends in advanced technologies on both national and
international scales

•

promoting exchange among interested parties of technical information relevant to the
IMS program, as well as of the results from projects and studies thereof, by sponsoring
such events as symposia, presentations, and conferences

•

enhancing public relations by divulging general information on the IMS program

The Japanese rationale for the program is the following: The sound development of the
manufacturing industry is indispensable to the strengthening of the foundations of
economic growth. The manufacturing industry operates in a global environment, which is
being transformed by rapid and drastic change.
Table IMS.1 summarizes the issues addressed by the IMS program.

Table IMS.1
Common Issues Addressed by the IMS Program
Globalization

The manufacturing industry today locates production in or adjacent to
global markets to protect against fluctuations in exchange rates and to
ameliorate trade imbalances. Differences in technology with respect to
norms, standards, and culture undermine the smooth and successful
execution of globalization and jeopardize the establishment of efficient
production systems.

Shortage of skilled
labor

A viable manufacturing industry requires an adequate supply of excellent
engineers. However, there is an increasing shortage of technicians and a
growing preference among young engineers to pursue careers in other
sectors of the economy. The stature, content, and quality of work must
improve to enhance the attractiveness of a career in manufacturing.

Changing market

Lifestyles are becoming increasingly diversified and sophisticated, and the
pace of change is quickening. The manufacturing industry must accelerate
product development and reduce the time to market by creating production
systems that are sufficiently agile to satisfy such consumer preferences.

Environmental
issues

The mounting ground swell of concern regarding environmental
degradation means that the manufacturing industry must strive to protect
and improve the global environment through the efficient utilization of
resources, by recycling and other measures.

Spiraling cost and
complexity of R&D

Progress in the manufacturing industry will increasingly depend upon
large-scale and complex R&D projects. Such projects are becoming less
viable for single enterprises, and duplication wastes resources.
International collaboration needs to be increased among companies, publicsector research institutions, and academia.
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MEMBERSHIP
The Japan IMS Promotion Center as of July 10, 1995, had 65 industrial core members and
16 industrial support members whose rights are defined in Table IMS.2.

Table IMS.2
IMS Membership Privileges, by Category of Member
Rights \ Membership

Core member

Support member

Academic member

Participate in IMS projects and
domestic feasibility studies

ο

×

ο

Access to reports from projects
and studies

ο

ο

ο

Use IPR emanating from projects
and studies at a cost

ο

◊

◊

Take part in or attend events
sponsored by the IMS Center

ο

ο

ο

ο: Available

◊: Partially available

×: Not available

Core members pay an annual fee of $120,000 (¥12 million) for supporting the operation of
the IMS center and for funding R&D. In addition, there is a fee of $10K for special
programs. MITI matches, one for one, both the R&D and the special program industrial
fee contributions, as Figure IMS.2 shows.

$30K

$90K

Added fee

Industrial Core Member
MITI match

Operation of
IMS Center

R&D

Fig. IMS.2. MITI and industrial contributions to IMS.

Special
Programs
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Small companies pay half the fee charged large companies. Five of the 65 core members
are small companies. The IMS Center’s total annual R&D budget from all sources was
~$20 million (¥2 billion) at the time of the JTEC/WTEC visit.
Takayoshi Ozaki, who is responsible for small business development at MITI and funded
Japan Association of Rapid Prototyping Industries (JARI), also has the responsibility for
IMS.

IMS DOMESTIC PROGRAM
The IMS Domestic Feasibility Study Projects for 1995 are listed below. The goal of these
projects is to prepare for the international IMS projects. The consortia involved in each
project must have at least two core members and one academic member. Only core
members can be prime contractors. Twenty-seven distinct academic members (universities
and government research labs) are involved in these projects.
These projects will continue as long as necessary (say, 3 or 4 years), with an annual review
(submission of a proposal for the next year’s work). The idea is to migrate the domestic
projects into international projects. At this stage, no new domestic projects will be started.
The general theme is that large companies set the vision and the SMEs carry it out.
IMS Domestic Feasibility Study Projects for 1995
9501

Intelligent Modules for Assembly Systems

9502

Intelligent Information Architecture & Processing Technologies for NextGeneration Manufacturing Systems: Autonomous Distributed Manufacturing
Systems and Biological Manufacturing Systems

9503

Resource-Efficient Production
Engineering Methodology

9504

Systematization of Skill-based Knowledge and Development of Next-Generation
Technology for Precision Polishing

9505

Organizational Aspects of Human-Machine Coexisting Systems

9506

Sensor-Fused Intelligent Control Systems for Optimizing Machining Processes

9507

Enterprise Integration for Global Manufacturing Towards the 21st Century

9508

Soil Decontamination Technology

9509

Fundamental Technologies for Integrated CAE Systems for Forming Simulation

9510

Integrated Environment for Evaluation of Manufacturing

9511

Multifunctional Machining System Technology for Agile Manufacturing

9512

New Technologies for Autonomous Machining Cells

Processes

Utilizing

a

Concurrent

Recipe
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9513

Knowledge-Base Kernel and Tool Set for Intelligent Assembly/Disassembly
Systems

9514

Innovative and Intelligent Field Factory

9516

New Technology to Minimize Environmental Hazards from Chemical Metalizing
Processes

9517

Knowledge Systematization: Configuration Systems for Design and Manufacturing

9518

Metamorphic Material Handling Systems

9519

AI - Applied Sensory Inspection Systems

9520

Holonic Manufacturing Systems: System Components of Autonomous Modules
and their Distributed Control

9521

Systematization of Quality Engineering and Development of Software for its
Application

These 20 projects fall into the three non-secret categories of Yoshikawa’s categorization of
the evolution of technical knowledge, shown earlier in Figure IMS.1.
When specific islands of technological knowledge achieve widespread use and are
thoroughly understood, this knowledge should be codified or systematized to reveal
missing elements that can lead to new basic research. There is also a danger that this
knowledge ultimately may be lost. This is especially true at interfaces between disciplines.
At least one domestic IMS project (9517) falls into this category.

INTERNATIONAL IMS PROGRAM
Four of Japan’s domestic projects, representing more than 40% of the ¥2 billion (~$20
million) domestic R&D budget, are now part of international IMS projects endorsed by the
international IMS committee, as shown in Table IMS.3.

Table IMS.3
International IMS Projects
Project Title

Project Number

Funding ($M/year)

Next Generation Manufacturing Systems
(NGMS)

9502

2.2

Globeman 21 (Enterprise integration)

9507

3.1

GNOSIS (Knowledge systemization)

9517

1.6

Holonic Manufacturing Systems

9520

1.9
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Two additional projects have been given domestic approval, the first step toward becoming
international projects.

RAPID PROTOTYPING PROJECTS
None of the domestic projects listed above deal directly with rapid prototyping.
Prof. Nakagawa’s participation in two domestic projects (9504, 9509) deal with other
technical topics. No rapid prototyping companies appear to be involved in the domestic
IMS program, although reference was made to CMET’s involvement in project 9517.
(However, CMET is not listed as a member of IMS.)
On the other hand, an international rapid prototyping project proposal is being jointly
developed by four international regions and will soon be submitted to the international
secretariat for endorsement. This proposal — which builds on the successful rapid
prototyping test case #6 project accomplished during the IMS feasibility study during 1993
— includes the regions of Australia, Canada, the United States, and the European
Community to varying degrees of industrial involvement. Although Japan plans to
participate through Yamata from Japan Honeywell, Japan has not taken a strong position in
this effort thus far.
Ozaki stated that it was very difficult to form programs on rapid prototyping under the
present IMS scheme because of the lack of U.S. funding.

INTELLECTUAL PROPERTY (IP)
The regional members of the international IMS program have developed a Terms of
Reference agreement, which at the time of the JTEC/WTEC visit had been ratified by five
of the six regions. This document includes a generic IP agreement. Each region has
interpreted these IP conditions for its own purposes.
Our discussion focused on the nature of sharing IP, especially the third party license
agreements popular in American universities (see Fig. IMS.3)
The standard IP agreement recognizes both FOREGROUND and BACKGROUND
intellectual property. The following definitions are relevant to this discussion:
PARTNER: Any legal or natural person participating as contracting party to the
COOPERATION AGREEMENT for a given PROJECT.
AFFILIATE: Any legal entity directly or indirectly owned or controlled by, or owning or
controlling, or under the same ownership or control as, any PARTNER. Common
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FOREGROUND IPR
Developed jointly in PROJECT
Share FOREGROUND IPR
PARTNER A

PARTNER B
A University

BACKGROUND IPR
Must give a license with normal commercial
conditions on PARTNER B BACKGROUND IPR

Share
FOREGROUND IPR
Share
PARTNER B
BACKGROUND IPR

AFFILIATE of PARTNER A

Cannot share
FOREGROUND IPR
License
PARTNER B
BACKGROUND IPR

Licensee of BACKGROUND
IPR of PARTNER B
Company not in IMS project

Fig. IMS.3.

Foreground IPR is useful to U.S. universities if they can combine it with
their own Background IPR and license it to third parties.

ownership or control through government does not in itself create AFFILIATE status. The
definition then deals with the various ownership and control ramifications in a situation
where a parent company owns more than 50% of the stock of an affiliate.
FOREGROUND: All information and INTELLECTUAL PROPERTY RIGHTS first
created, conceived, invented, or developed in the course of work in a PROJECT.
BACKGROUND: All information and INTELLECTUAL PROPERTY RIGHTS except
BACKGROUND RIGHTS owned or controlled by a PARTNER or its AFFILIATES and
which are not FOREGROUND.
BACKGROUND RIGHTS: Patents for inventions and design and utility models, and
applications therefore as soon as made public, owned or controlled by a PARTNER or its
AFFILIATES, a license for which is necessary for the work in a PROJECT or for the
commercial exploitation of FOREGROUND, and which are not FOREGROUND.
NON-PROFIT INSTITUTIONS: Any legal entity, either public or private, established or
organized for purposes other than profit-making, which does not itself commercially
exploit FOREGROUND.
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The standard provision allows all PARTNERS and AFFILIATES the use of
FOREGROUND on a royalty free basis. Note that FOREGROUND is owned by the
inventing party. The following significant issue stems from the standard agreement:
1. According to the agreement, PARTNERS and AFFILIATES must grant to other
PARTNERS and their AFFILIATES a license to BACKGROUND RIGHTS on normal
commercial conditions when such license is necessary for the commercial exploitation of
FOREGROUND. (Exceptions must be negotiated in the Cooperative Agreement
governing the Consortium.)
2. FOREGROUND is not automatically extended to third party licensees (non-IMS
companies) of PARTNERS. Thus, if a university participates, its third party licensees are
not guaranteed access to the IP developed by other members of the IMS Consortium.
These and other issues must be addressed by negotiation of the specific Cooperative
Agreement.

MISCELLANEOUS
The Japanese expect that the European Community will ratify and fund the IMS program
via ESPRIT. The Japanese also felt that National Institute of Standards and Technology
(NIST) in the Department of Commerce might ultimately fund the U.S. IMS program. A
long discussion ensued, led by Mike Wozny, on the structure of NIST, showing that such
funding was highly unlikely.
The discussion then focused on the deficit spending bills being floated to support
technology development for ending Japan’s recession. There are major programs for basic
computer science, for CALS (i.e., information technology for the manufacturing industry),
and for the semiconductor industry. Both these programs were funded in 1995 at $100
million by the Japanese government through a bond issue, in addition to a small amount of
funding raised to augment the program on micromachines.
The response to the question, “Why not also support the machine tool industry?” was the
following: The semiconductor industry is moving very rapidly. The next generation is very
important. The goals are clear: move beyond 8 in. wafers to larger wafers and look at
chemichanical polishing and multilayer metalization using chemical vapor deposition. In
machine tools, the next generation is not clear. Lower cost and open systems are certainly
desirable, but it is more difficult to define precompetitive R&D.
Ozaki also mentioned that they have a 10-year, $25 million/year program on
micromachines, and that for 1995, they had added another $10 million to it.
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Site:

INCS, Inc.
D340 R&D KSP
3-2-1 Sakado Takatsu-ku Kawasaki-shi
Kanagawa 213, Japan
Tel: (44) 8192419; Fax: (44) 8192420
E-Mail: Ide01330@niftyserve.or.jp

Date Visited:

12 December 1995
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JTEC/WTEC Attendees: C. Atwood (report author), P. Fussell, E. Sachs, M. Wozny
Hosts:

Shinjiro Yamada, President
Seiki Sato, Executive, Engineering
Takao Ikeda, Senior Engineer, Engineering
Michiyo Kuwabara, Engineering

HISTORICAL PERSPECTIVE
INCS is the oldest and largest service bureau in Japan. It was founded in 1990 by its
president Shinjiro Yamada. In 1990 when INCS opened for business, it had 5 employees.
As of December 1995, it employed 26 people (14 in engineering, 5 in system development,
and 7 in sales and management). INCS’ first rapid prototyping machine (3D Systems
SLA-250) was installed in December 1990. At the time of the JTEC/WTEC visit, it had
3 SLA-250 machines, 2 SLA-500 machines, 6 Silicon Graphics workstations, 2 Sun Spark
workstations, 4 IBM RS6000 systems, and 15 personal computers. In addition, the
company uses CADDS5, CATIA, ProEngineer, Ideas, and Camtool solid modeling
software.
INCS is the sole Japanese distributor of 3D System’s stereolithography machines and Ciba
Tool resins. INCS estimates that it has 60% of the Japanese rapid prototyping market. It
has experienced steady economic growth since its inception. In 1991, gross sales were
¥105 million. In 1995, the forecast was for ¥820 million in total revenue. INCS’ customer
base is diverse: 30% of its work comes from electronics industries, 23% from automotive,
13% from household appliances, 6% from medical, 5% from aerospace, and the remainder
(23%) from other industries. INCS estimates the Japanese service bureau market is
growing 200% per year.

METHODOLOGY
As a traditional service bureau, INCS uses 3D Systems’ stereolithography equipment to
fabricate prototype parts. Stereolithography is the oldest and most mature rapid
prototyping process, commercialized in 1988. With two SLA-500 and three SLA-250
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machines, INCS has significant capacity to manufacture prototype parts. In addition to its
RP capabilities, it offers other engineering services, including CAD Modeling, Numerical
Control (NC) machining, Electrical Discharge Machining (EDM), engineering consulting,
and software development. INCS typically fabricates several parts per build to utilize the
maximum capacity of its machines. Machines are normally operating 24 hours a day, 7
days a week. Due to its heavy workload, INCS added two new stereolithography machines
in September 1995. INCS uses only CibaTool 5170 and 5180 epoxy resins to fabricate
parts and QuickCast™ patterns. It currently fabricates 250 to 300 parts per month. Part
finishing is accomplished using hand sanding and small electronic and pneumatic sanding
and cutting tools.

APPLICATIONS
Design Verification Models
The primary application for INCS’ rapid prototyping processes is the fabrication of design
verification models. This accounts for approximately 56% of its RP work.
Vacuum Casting
The fabrication of patterns for use in the vacuum casting process accounts for 22% of
INCS’ RP work. In the vacuum casting process, a stereolithography pattern is used to
make a silicon rubber or epoxy mold. The mold is then placed in a vacuum chamber, and
the part material is injected into the mold.
Investment Casting
INCS began using QuickCast™ (to make patterns for investment casting) in 1993.
QuickCast™ is a stereolithography build style that fabricates patterns that have three outer
layers and an internal lattice structure for support. The overall density is less than 30%.
When used as a pattern for investment casting, the QuickCast™ pattern facilitates the burnout process by permitting internal expansion, which significantly reduces the stress on the
ceramic mold. Fabricating QuickCast™ patterns accounts for 15% of INCS’ RP work.
There are currently four or five foundries in Japan that are qualified to cast QuickCast™
patterns. It typically takes several tries for a foundry to learn to successfully cast RP
patterns. Investment casting in Japan is a $600 million industry.
Rapid Tooling
Although the rapid tooling application is only a small percentage (7%) of the RP work at
INCS, the metal parts shown to the JTEC/WTEC team were very impressive. INCS
fabricates small, precision QuickCast patterns, then uses the plaster casting process to get
to a net shape precision metal (copper or steel) part. It can fabricate small tooling inserts
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and deliver finished injection molded parts in one week. In 1995, the world tooling market
was $14 billion. Japan’s share of the world tooling market is 48%. The U.S. share is 24%.
Medical
INCS has a software development program that translates medical computed tomography
(CT) scan data into a usable STL computer model. CT scan data is typically spaced 1 mm
apart, and the software INCS is developing interpolates and smoothes the STL computer
model. One application is to fabricate stereolithography models of skulls used in maxial
facial reconstructive surgery. INCS currently has a government-funded project working
with 5 hospitals in Japan to integrate these techniques into the surgical process. The cost
of medical stereolithography models is not covered by insurance in Japan. The cost of one
skull model is approximately ¥500,000.
CAD
See Medical applications and Figures INCS.1 and INCS.2.

MISCELLANEOUS
The primary competition for the rapid prototyping industry in Japan is the machine tool
industry. In many cases, parts can be fabricated faster and with more accuracy using NC
machining centers. Tooling is considered the primary application for rapid prototyping, but
the accuracy and surface finish must improve to be able to compete with NC machining.
Accuracy requirements must be less than .1 mm to satisfy the Japanese tooling market.
Smaller precision tooling accuracy requirements are .02 mm to .03 mm. Mr. Yamada
estimates that only 3% of design engineers in Japan are using CAD solid modeling for new
designs. The cost of rapid prototyping machines is a major factor in increasing sales,
because NC machining centers cost less.

72

Site Reports - Japan

Fig. INCS.1. Supply rate of 3D data.

Fig. INCS.2. Manufacturing time.
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Site:

Japan Aviation Electronics, Ltd. (JAE)
1-1, Musashino 3-chome
Akishima-shi
Tokyo 196, Japan

Date Visited:

14 December 1995
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JTEC/WTEC Attendees: J. Beaman (report author), R. Brown, K. Narayanan
Hosts:

Toshiyuki Nishino, Manager, Manufacturing Engineering Dept.,
Connector Division
Makoto Kawabe, Manager, Development Dept., Connector Div.
George Watanabe, Manager, Manufacturing Engineering Dept.,
JAE Hirosaki
Makoto Yagi, Manager, Engineering Information Dept.,
Connector Division
Toru Fukuchi, Chief Engineer, Tool Department, Precision
Machine Division
Toshifumi Oda, Engineering Information Dept., Connector Div.
Takao Ikeda, Senior Engineering, INCS, Inc.

OVERVIEW
Japan Aviation Electronics (JAE) is a major Japanese electronics company whose products
include electrical connectors, aerospace electronic equipment, and optics-related
equipment. The JTEC/WTEC team visited JAE’s main plant in Akishima, which has
2,400 employees. JAE also has Japanese facilities in Hirosaki, Yamagata, Fuji, and
Shinshu, and overseas facilities in the United States, Hong Kong, Taiwan, and Singapore.

APPLICATIONS
In conjunction with INCS, JAE uses prototyping primarily in its Connectors Division, but
also uses it in other divisions. Traditional methods for obtaining connector prototypes are
very labor intensive, and rapid prototyping offers a great advantage. By special procedures
using thin slices, support knowledge, beam compensation, and shrinkage iterations, JAE
engineers are able to produce connector parts with an accuracy of ±.1 mm. These parts are
used for both functional tests as well as visualization. Their desire is to have parts with an
accuracy of ±.01 mm.
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MATERIALS
JAE uses the Ciba-Geigy acrylate resins. The managers would like to have connector
prototypes in engineering plastics such as PBT, PPS, and LCP. They are interested in
strength, heat endurance, and stiffness.

MODELING AND STANDARDIZATION
JAE is one of the more progressive companies in Japan in the use of 3D CAD. It started
using ProEngineer on a development basis in 1993.

RAPID PROTOTYPING IN PRACTICE
Traditionally, most prototypes are fabricated manually using vacuum casting, milling, and
wire EDM. JAE representatives expressed great interest in advanced tooling using rapid
prototyping, but they doubt that pilot connector molds can be directly fabricated with this
method due to the high precision and small detail required.
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Site:

Kira Corporation
Tomiyoshi Shinden
Kira-cho, Hazu-gun
Aichi 444-05, Japan
Tel: (563) 321161; Fax: (563) 323241

Date Visited:

12 December 1995
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JTEC/WTEC Attendees: R. Aubin (report author), F. Prinz, C. Uyehara
Hosts:

Kenji Otake, President
Eiji Inui, Managing Director

HISTORICAL PERSPECTIVE
Kira is a manufacturing company that was established in 1944. It currently employees 135
people and has annual sales of about $36 million. The company manufactures a variety of
metal working machines, including drill presses; CNC turret drill, mill, and tapping
machines; robot transfer systems; and a rapid prototyping device called the Solid Center.
The Kira Solid Center is a rapid prototyping device intended for office use. It uses a
process called Selective Adhesive and Hot Press Process (SAHP). According to an article
provided to the JTEC/WTEC team by Mr. Inui,
The SAHP process is based on the photocopy process combined with a hot press.
When the inventor of the SAHP process, Noboru Kawaguchi, developed the first
photocopy desk-side printer in 1978, he had an idea for a plain paper photocopy
3D printer. His idea stemmed from a desire to improve upon the conventional
layering and cutting method employed to create 3D maps.
He restarted the development of a fully automated plain paper 3D printer for office
use in 1992 (Inui et al. 1994).

A presentation describing the SAHP process was given at the Fifth International
Conference on Rapid Prototyping in Dayton, Ohio, in June 1994.
A patent has been filed in Japan and is now in the open-for-review stage; it is still pending.
Production and sale of the Solid Center began in September 1994 with the first machine
sold to Tokuda Industries.

METHODOLOGY (COMMERCIALIZATION)
The Selective Adhesive and Hot Press process is intended for operation in an office
environment and is driven directly from a computer file using the standard STL format.
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The SAHP process initially processes 10 sheets of paper to serve as a base for the
subsequent part to be build upon. The following six steps describe the process:
1. Print toner (resin powder) onto plain paper. Toner is applied to the paper in the exact
position indicated by the sectional data. This is done using a typical laser stream
printer and is referred to as the Xerography process.
2. Hot press. The individual sheets of paper begin to create a block as the sheets are
printed and then fed to the table. The table is raised to the hot press each time a new
sheet of paper is fed to the table. The temperature-controlled hot press (175oC), melts
the toner (resin powder), which adheres the sheets together. The hot press also keeps
the top surface flat.
3. Cutting the contour. The paper is cut accurately along the contour of the sectional data,
and parting lines are cut at the same time.
4. Completed block. Printing, hot pressing, and cutting are now complete.
5. Removal. Excess material is easily removed.
6. Completion. The complete three-dimensional form is revealed.
From both technical and financial perspectives, the Kira Corporation seems well poised to
launch and commercialize its SAHP rapid prototyping device. To date, the device is sold
exclusively in the Pacific Rim, with a total of 18 systems sold as of December 1995.
The system has similarities to the U.S.-based Helisys Laminated Object Manufacturing
(LOM) rapid prototyping system. Both systems use paper and adhesive to construct a
laminated object under computer control; however, Table Kira.1 highlights some of the
major differences.

Table Kira.1
Key Differences Between the Helisys LOM and the Kira SAHP processes.
Item

Helisys LOM

Kira SAHP

Paper supply

Paper roll

Plain paper sheets

Adhesive application

Preapplied to roll

Printed selectively via toner

Paper-cutting mechanism

CO2 Laser

Knife via pen plotter

Working environment

Lab or shop floor

Office or lab

Part-building capacity

LOM 1015 13”x10”x14”

KSC-50 15.7”x11”x11.8”

(L,W,H)

LOM 2030 32”x22”x20”
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EQUIPMENT AND FACILITIES
The Kira Solid Center is a well designed and nicely packaged rapid prototyping system
intended to meet the needs of the modeling or design verification application niche.
Because it appears as a larger version of an office copier machine, it would complement
any office environment. Mr. Inui noted that the machine uses 50% off-the-shelf products
and 50% components designed by Kira. It uses standard A3 size copier paper. Table Kira.2
provides additional specifications for the Solid Center.
Table Kira.2
Kira Solid Center Machine Specifications
Machine Specifications
Type

KSC-50

Model Material

Plain Paper

Model Size

400 mm x 280 mm x 300 mm (15.7” x 11.0” x 11.8”)

Resolution

0.025 mm (X,Y), 0.1 mm (Z)(0.001” [X,Y], 004”[Z])

Accuracy

±0.2 mm (±0.008”)

Throughput

1 sheet/min. (Typical)

Power Supply

Voltage 3-phase AC 200V ±10V (50/60 Hz ±1 Hz)

Environment

Temperature

10-30°C

Humidity

35-75% RH

Weight

Approx. 600 kg

Length, Width, Height

2,130 mm (83.9”) x 1,000 mm (39.4”) x 1,400 mm (55.1”)

When asked about customer needs, Mr. Inui responded that accuracy was most important.
He noted that the current accuracy was limited to ±0.1 mm in the X and Y direction, and
±0.3 mm in the Z direction. Swelling of the completed part in the Z direction is due to the
absorption of moisture in the paper. Additionally, he confirmed that Kira management
would like the purchase price of the machine to be below about $50,000 for small parts.
The KSC-50 has a current selling price of about $140,000.
The toner particle size is 100 microns. The rationale for using a printer to deposit the toner
is cost. There are three types of toner deposition:
1. Broad lines about 3/16 in. wide. These are used for the actual border of the part.
2. Thin grid lines about 1/2 in. space apart. These are used for external support (outside
the part boundary).
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3. Thin grid lines about 1/16 in. apart. These are used for internal adhesion.
Mr. Inui confirmed that Kira has no intention to build a larger machine.

MATERIALS
The only material used in the Kira machine is paper. Mr. Inui noted that a plastic/paper
sheet was experimented with, but cost was a limiting factor, and Kira has done no work
with ceramic materials.

APPLICATIONS
Although the primary application intended for the Kira Solid Center is modeling for design
verification, because of “hardened applications,” there is now high interest in vacuum
castings.
Castings
A number of Kira customers are now using Kira models as patterns for the MCP vacuum
casting process to make plastic/resin duplicate parts. Additionally, the use of paper
patterns as a substitute for wood patterns for sand castings is gaining popularity. One
reason for this is the notable decline of skilled craftsman who make the wood patterns. A
number of patterns for castings were on display (Figs. Kira.1-9).
Tooling
One of Kira’s target goals that Mr. Inui noted is the making of molds. Accuracy is the
most critical factor for this application. Paper patterns are being used as master parts for
molds. Inui noted conversion has been accomplished of a master paper part to a silicone
pattern and then to an epoxy material for use in mold making. He also acknowledged that
Kira customers are doing a fair amount of lab testing.
Medical
Mr. Inui said he was not aware of any medical applications.

CAD STANDARDS, INFRASTRUCTURE AND PART SHAPE ACQUISITIONS
The only CAD interface to the Kira Solid Center is through the STL file format.
Additionally, the system can only build separate STL files and cannot merge them into a
one-build assembly.
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MISCELLANEOUS OBSERVATIONS
•

Although the computer generates the slice data relative to the actual part height, the
greatest technical challenge is height control to maintain accuracy in the Z direction. A
2-3% increase in size is attributed to humidity. A 1.5-2% compensation in the Z
direction is necessary.

•

Of the 18 machines sold, Mr. Inui noted that 40% were purchased for service bureaus,
25% for electronic and automotive industries, 25% for universities and local
educational offices (polytech centers, after-school trade and vocational high schools),
and 10% for wood pattern construction.

Fig. Kira.1. The Kira Solid Center KSC-50 with Inui and Prinz.
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Fig. Kira.2. A view inside the machine showing the pen plotter with the cutting knife.

Fig. Kira.3. A view inside the machine showing the hot press in operation.
Note the position of the cutting knife on the right side.
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Fig. Kira.4. A view inside the machine showing operation of cutting knife (out of view due to movement).

Fig. Kira.5. The swivel cutting knife, approximately 5/8 in. diameter, 3 in. long.
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Fig. Kira.6. A sample of models showing shoe forms, animals, etc.

Fig. Kira.7. Sample of models for automotive and electronic applications.
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Fig. Kira.8. A sample pattern to replace a wood pattern.

Fig. Kira.9. A mold for a cellular phone housing.

REFERENCES
Inui, N., S. Morita, K. Sugiyama, and N. Kawaguchi. 1994.
Printer/plotter Process.
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Site:

Kyoden Company, Ltd.
482-1 Mikkamachi, Minowa
Kamiina-gun
Nagano 399-46, Japan

Date Visited:

14 December 1995

JTEC/WTEC Attendees: A. Lightman (report author), P. Fussell, R. D. Shelton, L. Weiss
Hosts:

Osamu Hashimoto, Executive Vice President, Kyoden Group
Akira Enomoto, Asst. Manager, New Business Development
Dept., Showa Mining Co. (a subsidiary of Kyoden)

OVERVIEW
Kyoden is a ¥6 billion per year electronics and printed circuit board (PCB) manufacturer.
It recently purchased the U.S. PCB layout software company PADS Software. It operates
an RP service bureau based on a CMET SOUP 600GA machine. The RP provides models
for product development in which the PCBs can be inserted and dimensions verified. The
company has three workstations with Pro-Engineer for design applications. Currently,
most customers (70%) bring in 2D drawings, which Kyoden converts to 3D (60% in solids
and 40% in surfaced models). Two years ago, 100% of the files Kyoden received were 2D;
company executives anticipate that within five years more than 50% will be 3D, and that
100% of big companies’ files will be 3D.
Kyoden started RP activity in 1992 using a 3D Systems SLA500. The operating expenses
were too high for their customer base, and they switched to the CMET machine in
December 1993. They have 3 technical staff, and their machine runs 40-50% of the
available time. The main factor impacting model cost is the sunk cost (depreciation). The
SLA500 initially cost ¥80 million, and the SOUP machine cost ¥40 million (although the
advertised price was ¥50 million). Also, the service and resin costs for the CMET machine
are 50% of the SLA.
Kyoden now uses the standard CMET process. Parts are annealed at 50oC for 2 hours
following the part cleanup to help relax induced stresses.
NEEDS, GOALS, OBJECTIVES
Kyoden’s principal customers are Toshiba, Sony, and Matsushita (Panasonic) in the
electronics industry. (While Sony is involved in the D-MEC venture and manufactures the
Solid Creation System, or SCS, there are many divisions within Sony that shop separately
for RP service, going to the most favorable supplier.) Kyoden also services automobile
and heavy industries and a few medical companies.
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Kyoden’s principal RP competitors are INCS, D-MEC, and Shonan Design. Company
managers view their real competitor as the traditional model makers whose price and
accuracy are both better, and they view their RP competitive advantage as use of 3D CAD
data. The company may be faster starting from 3D data, but traditional modelers will be
faster starting from 2D data. Kyoden’s customer priorities are ranked (1) price, (2)
accuracy, and (3) delivery time. Competition from traditional modelers restricts the price
that Kyoden can charge for models. Kyoden is looking at the KIRA machine because it is
good for making casting master models and its running costs are lower.

MATERIALS
Kyoden uses Asahi Denka 673 (epoxy).
problems with this material.

The company experiences some distortion

APPLICATIONS
In addition to building engineering models, Kyoden uses RP to create master models for
silicone rubber molds, into which it then casts engineering plastics, as per its needs.

MISCELLANEOUS
Kyoden executives mentioned that the Japanese Rapid Prototyping Industries Association
(JARI) has several subcommittees addressing RP issues. They wanted to organize a service
bureau subcommittee, but they were dissuaded by MITI. They listed the JARI annual
membership costs as ¥100,000 for RP vendors, ¥60,000 for companies, and ¥40,000 for
academics. JARI currently has 69 members.
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Site:

Meiko Company
732, Shimoimai
Futaba-cho, Kitakomagun
Yamanashi 407-01, Japan

Date Visited:

14 December 1995

JTEC/WTEC Attendees: L. Weiss (report author), P. Fussell, A. Lightman, R. D. Shelton
Hosts:

Yosie Ueno, President
Tomio Ueno, Executive Director
Kazuo Yoshida, Gen. Mgr., Systems Applications Business Div.
Koki Hiizumi, Resin Development
Minao Ueno, Industrial Tech. Center of Yamanashi Prefecture
Seiji Shimizu, Industrial Tech. Center of Yamanashi Prefecture

HISTORICAL PERSPECTIVE
There are approximately 1,000 jewelry manufacturers, employing 8,000 people, in the
Yamanashi Prefecture where Meiko is located. However, the number of skilled laborers
who can manually build intricate wax jewelry patterns is declining, and companies are
going overseas for cheaper labor. In response, the Industrial Research Center in the
Yamanashi Prefecture began to develop a machine to automate manufacturing in 1987,
with 50% of the funding from the national government and 50% from the local prefecture.
The first prototype machine was completed in 1991. The Industrial Research Center then
went to Meiko to finance and to manufacture a commercial machine. Meiko is a local
manufacturer of measurement instrumentation (gas analyzers and pressure and temperature
sensors) with 80% of its products OEMed by Fuji Electric Corporation. Meiko was
selected to develop this modeler because of the company’s close relationship to Fuji Electric
(so it is well capitalized) and also because of its internal capability to meet development
needs. Meiko developed the software, resin, and process for jewelry applications. After a
6-month beta program, Meiko incorporated the user feedback and began sales.

OVERVIEW
Meiko manufactures and markets a low-accuracy, photoresin-based rapid prototyping
system optimized for making master patterns for plaster mold castings for jewelry
applications. It also produces and markets a CAD system (JCAD3) focused on the needs
of the jewelry industry. Meiko has sold 10 of its “laser stereolithography” machines since
December 1994 at a price of ¥14.01 million (including software and PC). JCAD3 can be
purchased separately for ¥1.5 million. Since the machine is not affordable by the hundreds
of small jewelry foundries in their prefecture, the company also serves as a service bureau.
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Process
The machine, which goes by the name Meiko, is a photoresin-based system using a HeCd
laser delivered through a fiberoptic manipulated by XY translational stages. The recoating
mechanism is a simple doctor blade device.

NEEDS, GOALS, AND OBJECTIVES
There is a need to automatically build patterns (for making plaster molds) for the jewelry
industry, because of the declining number of skilled workers able to manually build these
intricate wax parts. There is also a need to build patterns less expensively, since jewelry
manufacturers are going overseas for cheaper labor. There is not a need for high accuracy
in this application. Meiko executives believe that their apparatus, intended for jewelry
applications, is affordable only by jewelry foundries with at least ¥1 billion in sales. There
are approximately 10 such companies in the Yamanashi Prefecture, which accounts for a
large proportion of jewelry manufacturing in Japan.
The Meiko executives were not optimistic about future sales, because the jewelry market is
undergoing a contraction. In response, they are looking for new markets. They perceived
medical parts as being potentially interesting. The automotive connector market was also
interesting, but the relatively low accuracy and material property stability of the Meiko
procedure would prevent them from competing.
Since most jewelry foundries cannot afford to purchase the Meiko machine, there is a need
for affordable CAD systems so that the jewelry manufacturers can create CAD models for
service bureaus. The CAD systems must also be easy to use, since the jewelry industry has
little or no experience with such systems.

MATERIALS
The resin is manufactured by Shikoku Kenka Industry and was developed by this company
along with Koki Hiizumi of Meiko. Mr. Hiizumi characterized this material as an
“acrylate-based resin.” This resin does not age well, its dimensional stability is poor, and
its mechanical properties degrade with time. It has a relatively low viscosity (140 cps), to
facilitate recoating. They are also in the process of developing an epoxy-based resin called
UCC1602.

APPLICATIONS
The primary application is for making patterns from which to produce plaster castings for
making jewelry.
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MACHINE DESIGN
As noted above, the Meiko machine is a photoresin-based system using a HeCd laser
(10 mW, 325 nm, .08 mm spot size, manufactured by Ushio) delivered through a fiberoptic
to a focusing lens that is manipulated by a screw-driven XY plotter. The laser costs about
¥2.5 million and is the cost-limiting component in this system. The recoating mechanism
is a simple doctor blade, single-pass configuration. While the low-viscosity resin (140 cps)
eliminates the need for a “deep-dip,” a significant period of time is still required to permit
the resin to level.
The working volume is 160 mm (X) x 120 mm (Y) x 100 mm (Z). Typical layer thickness
are 50 µm with a range of 30-70 µm. The drawing speed is 80 mm/min. A typical ring
pattern, which is built up vertically, takes about 2-2½ hours to build.
Meiko has applied for a number of patents. Meiko executives consider their Z movement
patent as the most important for their technology.

CAD
The Meiko CAD modeling software, JCAD3, was developed by Professor Furukawa at
Yamanashi University. It is a surface modeler based on “S-curves.” As previously noted,
the goal was to create a low-cost, easy-to-use modeler for jewelry design applications. The
JTEC/WTEC team did not have the time to go into the details of this CAD tool; however,
we assume that its use is facilitated by making standard jewelry design features (e.g.,
facets, ring shapes, etc.) easy to add to the design model. The Meiko apparatus can accept
either STL or DXF file formats.
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Site:

Ministry of International Trade and Industry (MITI)
1-3-1 Kasumigaseki, Chiyoda-ku
Tokyo 100, Japan

Date Visited:

December 11, 1995
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JTEC/WTEC Attendees: A. Lightman and J. Beaman (report coauthors), R. Brown
Host:

Masanori Hirota, Deputy Director, Machine Parts and Industries
Division, Tel: (03) 35010764; Fax: (03) 35016624

BACKGROUND
Japan’s Ministry of International Trade and Industry (MITI) supports rapid prototyping
research and development primarily through the Casting and Forging Products Section of
its Machinery and Information Industries Bureau. The Casting and Forging Products
Section works with Japan’s trade organizations in the following industries to improve and
promote their products at home and abroad:
•

materials-related industries (machine parts processing industries): casting, forging, diecast, metal press, and powder metallurgy

•

mold technology-related industries: metal molds (press, plastic, die-cast) and wood
patterns

•

system-related industries: casting machines, press machines, and industrial furnaces

At this time, MITI’s programs to support rapid prototyping appear to be modest. Their
emphasis areas include CAD, data exchange standards, and photopolymer materials. The
infrastructure issues encompass the broad spectrum of rapid product development, but their
materials focus is specific to photopolymer systems. Despite Japan’s focused attention on
photopolymer systems in its rapid prototyping R&D, the JTEC/WTEC panel believes that
the Japanese commitment to excellence, timeliness, low cost, and world leadership in
manufacturing will inevitably draw Japan’s trade organizations and MITI into broader
involvement with rapid prototyping R&D.

OVERVIEW OF MITI RP PROGRAMS
JARI
MITI’s Casting and Forging Products Section presently supports two groups or projects in
rapid prototyping R&D. The first is the Japanese Rapid Prototyping Industries Association
(JARI), which was established in 1994 with the cooperation of MITI. JARI consists of
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approximately 60 members, some private, some public, including RP manufacturers,
vendors, and users; manufacturers of photocuring resins; CAD vendors; software
designers; universities; and research organizations. JARI itself is a private organization,
not a public one. MITI helps this organization by cosponsoring symposia. According to
MITI, JARI has three mandates:
1. Communicate with government authorities; specifically, submit rapid prototypingrelated policy proposals, opinions, and reports.
2. Promote diffusion of rapid prototyping technologies via lectures, exhibits, and
information provision.
3. Promote R&D activities via various study meetings, communication with foreign
organizations, and investigation of foreign trends.
(For an insight into costs of membership in JARI, refer also to the Kyoden site report,
Miscellaneous section, p. 85.)
Rapid Prototyping System-Related Research for SMEs
The second RP effort that MITI’s Casting and Forging Products Section supports is a
research and development effort that is being undertaken by an umbrella organization of
small- and medium-sized enterprises (SMEs). MITI asked this organization for a
development focus, and it designated rapid prototyping. MITI only sends a representative
to this organization.
The SME’s efforts were begun in 1994, and at the time of the JTEC/WTEC visit, MITI was
planning to fund it to 1997 at ¥800 million (~$8 million) total. The purpose of the SME
project is to increase the size, accuracy, and strength/toughness of existing photopolymer
RP systems, aiming at about doubling current performance. This project is being managed
by the half public/half private Materials Process Technical Center of the Small Business
Administration. The center designates the areas for research and supplies the funds to the
companies doing the research.

GENERAL COMMENTS ON RP IN JAPAN
The current Japanese RP focus is on laser-cured resins (photopolymer techniques). There
is no work on direct metal or ceramic processes at this time. There may be some metal
work in the future.
Masanori Hirota noted that rapid prototyping is still in an early stage of development.
Although there are about 200 RP machines in Japan, these are considered prototypes and
are being used to test the technology. They are not capable of operating as machine tools,
nor is MITI pushing for the integration of RP with the machine tool industry.
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MITI funding for the current RP projects mentioned above will end in March 1998, but the
view at MITI appears to be that it may take 7 to 8 years or longer for Japanese industry to
develop truly commercial systems. Once RP is commercial, Hirota noted, there will be
exciting applications, and industrial companies could decide to export at that time. (Hirota
observed that MITI evaluates the impact of a technology by looking at sales and not by
analyzing the technology.)
The expectation at MITI is that RP will have a major impact in the area of molds and metal
die forming. One limiting factor is that in order for rapid prototyping to be successful, it
requires 3D CAD capability, but 3D CAD is not in wide use in Japan at this time.
Although MITI managers would like to see more use of 3D CAD, MITI does not presently
have any direct projects to achieve this.
(Note that Prof. Kimura at Tokyo University seemed to indicate that MITI does sponsor a
consortium, through CALS, to promote 3D modeling. See Tokyo University site report,
p. 119.)

REFERENCES
MITI, Casting and Forging Products Section. 1995. Casting and Forging Products Section:
Summary of Operations / Re: Promotion of Rapid Prototyping Technologies. (Dec. 11).
(Handout given to the JTEC/WTEC panel, in Japanese, translated under contract to
JTEC/WTEC.)
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Site:

Nakamura Pattern Making Company, Ltd.
Gamagori City
Aichi, Japan

Date Visited:

13 December 1995

JTEC/WTEC Attendees: M. Wozny (report author), C. Atwood, E. Sachs,
Mamiko Nozaki, Interpreter
Hosts:

Mikio Nakamura, Vice President

OVERVIEW
Nakamura Pattern Making Company (hereafter, Nakamura) is a user of rapid prototyping
technology, as opposed to being a developer. The company makes wood patterns and core
boxes primarily for sand casting. Founded in 1949 by the senior Mr. Nakamura (father of
the JTEC/WTEC team’s host), the company is a true SME (small to medium enterprise,
usually having fewer than 500 employees) that employs 20 people at two sites. About 80%
of the company’s products are produced for Nakamura’s parent company, Toyoda Machine
Works (hereafter, Toyoda). Team members were very impressed with the modern as well
as extensive capabilities of such a small company.
Our host, Mikio Nakamura, uses rapid prototyping technology to compensate for the
continually decreasing availability of skilled pattern makers. With fewer young people
attracted to skilled craft careers, the average age of his workforce is now 50 years and
aging. Nakamura indicated that he has had an active training program in the past (to train
younger workers), but they were not interested in careers as pattern makers. He also uses
rapid prototyping technology for handling complex and intricate shapes.
By avocation, Mikio Nakamura is a master calligrapher.

ACQUISITION OF RAPID PROTOTYPING TECHNOLOGY
Nakamura introduced computer-based technology (CAD and NC) in 1960, at a time when
manual labor by skilled pattern makers was generally faster and cheaper. CAD usage
developed quickly. NC, originally restricted to patterns with complex shapes, evolved with
experience into a “great technology.” The quality of NC patterns has evolved to the point
where they are superior to that of handmade patterns produced by skilled pattern makers.
Nakamura installed rapid prototyping technology in July 1995 — the Helisys LOM-2030™
(LOM, Laminated Object Manufacturing, is a registered trademark of Helisys). Prior to
making this decision, representatives of Nakamura and Toyoda attended the Society of
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Manufacturing Engineers (SME)-sponsored Rapid Prototyping Conference in Dearborn,
Michigan, and then visited Helisys, Ford, and another user of LOM technology. The
visitors were very impressed (in fact, “shocked”) by the wide range of applications and
ease-of-use of the LOM machine. At the time, Toyoda was establishing an LOM
demonstration center. (At the time of the JTEC/WTEC visit, there were more than 12
LOM machines in Japan.) Toyoda is the Japan partner of Helisys, providing
demonstration, sales, distribution, and technical service.
The Helisys LOM-2030 produced a 30 cm high motor casing in about 48-50 hours. Drying
and all other finishing operations took about one additional day.

WHY CHOOSE LOM TECHNOLOGY?
Nakamura chose LOM technology because it reinforces the company’s deep knowledge
and experience in wood pattern making. The technology fits the application. Nakamura
staff has found LOM easy to operate, requiring minimal training. “NC has more factors to
consider, like jigs and fixtures, and tool path programming.” Nakamura’s workers need
five years of experience before they can use NC productively. LOM is productive “right
from the beginning,” requiring only four months’ experience. Furthermore, the patterns
require minimal post-processing (finishing). Reliability and accuracy are the other major
considerations.
Nakamura shunned other technologies because they were either too expensive, exhibited
too much distortion (difficult to get “even thickness”), or did not enhance the existing
capabilities and experience. At the other end of the spectrum, low-cost technologies were
also judged inadequate, because of the relatively lower quality of the sheet material (paper)
and less accurate cutting. Inexpensive machines that do not increase accuracy simply
transfer the cost from producing the raw part to extensive post-processing.
BENEFITS OF LOM TECHNOLOGY
For common patterns, manual production is generally cheaper and faster. Nakamura uses
LOM when the shape is too complex or the appropriate skill level is unavailable.
Nakamura gains a competitive advantage by combining the strengths of both LOM and NC
technologies: the speed, ease-of-use, and lesser experience requirement of LOM, with the
high accuracy of NC. NC machines operate 16 hours a day, while LOM runs 24 hours a
day, much of that time unattended.
The second factory site (LOM, NC, CAD) supports five workers performing 3D CAD, NC,
LOM, and finishing operations. The site has three NC machines, four CAD stations, and
the LOM machine. The availability of the LOM machine has attracted more customers,
increasing business volume by 50%.
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DESIRED ENHANCEMENTS FOR LOM TECHNOLOGY
Nakamura desires more accuracy from LOM technology. NC milling and grinding easily
achieve accuracies of ±0.1 mm. LOM’s accuracy, “out of the machine,” is about
±0.25 mm. LOM requires much finishing work to achieve accuracies of ±0.1 mm in a
60 cm x 50 cm x 50 cm volume, especially those regions that have contact with the
customer’s component.
Using thinner paper layers does not solve the accuracy problem. The corresponding
increase in build time is much too long for the benefits gained, since the desired accuracy is
still not achieved and the same finishing effort is required.
Care is taken to control errors. Temperature and humidity are controlled, and sealers are
used to minimize the shrinking (or swelling) of the final part.
Due to the stair-stepping effect of the layer-additive LOM process, the highest quality
patterns are still made of wood.

CAD
Nakamura has more than 10 years experience in 3D CAD. This capability evolved
naturally from the staff’s knowledge of wood pattern making. Nakamura has three
different CAD systems: ProEngineer™, a U.S. commercial 3D system; Caelum™,
developed by Toyota Motor Company and used by Toyota and its suppliers; and TAPROS
3000, a part-programming system developed by Toyoda. (ProEngineer is a registered
trademark of Parametric Technologies, Inc.; Caelum is a registered trademark of Toyota
Caelum, Inc.)
Mikio Nakamura estimates that 3D CAD usage in Japan is well behind that in the United
States. In Japan, more than 80% of CAD usage is for two-dimensional drawings, while
less than 20% is for three-dimensional modeling.

SUMMARY
Mikio Nakamura believes strongly that his advantage in achieving full utilization of LOM
is based on a thorough and deep knowledge of wood pattern making. He expected to add
another rapid prototyping machine within the next 12 to 18 months.
We thank Mikio Nakamura and his parents for being gracious hosts. We thank Mikio
Nakamura for sharing his time and knowledge with us freely and openly.
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Site:

Olympus Optical Company, Ltd.
Technology Research Institute
2951 Ishikawa-cho, Hachioji-shi
Tokyo 192, Japan

Date Visited:

13 December 1995
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JTEC/WTEC Attendees: R. Brown (report author), J. Beaman
Hosts:

Kenji Matsuoka, New Product Engineering Department,
Production Engineering Division
Hiroshi Itoh

OVERVIEW
The Olympus Technology Research Institute has two facilities within a few kilometers of
each other. The Ishikawa site supports the camera, microscope, endoscope, information
systems, and laboratory analysis instrument product lines. It has one D-MEC SCS1000HD stereolithography unit (see D-MEC site report, pp. 47 ff.), which is the only unit
in the company. The Rapid Prototyping Stereolithography Service Center operates with a
staff of four. The Center prepares 2D and 3D surface model databases, builds and finishes
stereolithography models, and maintains the equipment (no service contract). They make
extensive use of stereolithography to support new product development.
Olympus Optics purchased a D-MEC unit with a HeCd laser in about 1993. The first year
the unit operated for approximately 500 hours, but in 1994 and 1995, it operated at 2,500
hours per year, which is essentially full utilization for the unit. The company has no
immediate plans to purchase additional units, but is likely to do so in the future.

METHODOLOGY (COMMERCIALIZATION)
The stereolithography service center was justified on the basis it would
•

make better use of 3D CAD

•

be readily applied to optical equipment modeling

•

contribute to faster prototyping.

Many of the products the center produces are for use as functional models in camera and
instrument cases. Nearly 80% of such applications are produced by stereolithography
because of time and cost advantages. There has been no problem in having designers and
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engineers use stereolithography models because of these advantages over traditional
machined models.

NEEDS, OBJECTIVES, PLANS
Most Olympus products require ±0.03 mm tolerances for fully functional products. The
stereolithography equipment can meet ±0.1 mm accuracy in 10 x 10 cm applications, but
the designers would like improved accuracy. The fine-mode operating system that is a
feature of the D-MEC SCS-1000HD is not used, as they do not believe there is significant
accuracy improvement using this mode. These are the four features Olympus engineers
would like to see improved:
•

accuracy (±0.03 mm would be a ideal)

•

resin properties (increased strength)

•

viscosity decreased (which translates into increased build speed)

•

cost of resin reduced (high cost limits the company’s ability to try other resins, because
of the high initial investment in resin to fill a tank)

However, Olympus customers consider increased strength of the resin the primary feature
they would like to see improved.
Distortion over time of stereolithography parts is not a major issue, as camera cases can
often be corrected for distortion by tightening mounting screws. In addition, most
stereolithography models are not used longer than a month.

MATERIALS
Plastics
The center uses D-MEC’s SCR-510, a polyurethane acrylate resin. Skin complaints in the
group are a problem as a result of prolonged use of this material.
Metals
Olympus managers have thought about using metals, as it could be an advantage, but they
do not appear to have an active program to evaluate methods for making metal components
using rapid prototyping techniques.
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Ceramics
There have been no requests for ceramic parts, but there is an electronics division of
Olympus that uses ceramics.

APPLICATIONS
Olympus Optics representatives showed the JTEC/WTEC team several examples of
stereolithography camera cases and optical bar code readers with detailed features. These
were used in functional prototypes. In addition, a number of other functional parts within
the camera were made by this technique. Nearly 80% of such prototypes are now made
using stereolithography due to cost and time advantages. Table Olympus.1 compares
resources used to make a camera case by conventional and RP techniques.

Table Olympus.1
Comparison of Conventional and RP Techniques of Making a Camera Case

Process

Number of
people
required

Days to
prepare N/C
program or
CAD file

Days to
machine or
make
sample

Days to
clean up
sample

Total Days

Conventional
Machining

5

10

4

0

14

Stereolithography

2

7

3

1

11

In addition, fewer skilled people are required for the stereolithography process.
Castings
The team’s hosts at Olympus showed us pictures of zinc alloy parts they had made using a
silicone resin mold from a stereolithography master. This is apparently not a process
commonly used at Olympus.
Tooling
In discussing metal RP applications, Olympus representatives felt it would be an advantage
and something they could use, but they had no experience with direct or indirect metal
processes, other than as described above.
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Medical
Olympus has experienced an increase in requests for endoscope parts but has no requests
for other parts directly connected to medical use.
The first year Olympus implemented stereolithography techniques, these models cost
nearly twice as much as conventionally-made models. With improved practice during the
past two years the company estimates the cost of stereolithography models is now half that
of conventionally-made models. At the time of the JTEC/WTEC visit, approximately 30%
of the products the center was making were for cameras, 25% for information systems
products, 15% for endoscopes, and the remainder for use in clinical analyzer and
microscope applications.

MACHINE DESIGN
See the D-MEC site report, beginning on p. 47.

CAD STANDARDS, INFRASTRUCTURE, AND PART SHAPE ACQUISITION
Staff have evaluated Pro-Engineer and Unigraphics in their service center, but they use
Intergraph 3D surface modeling, even though a major portion of their time is devoted to
preparing CAD databases for making stereolithography models. They see no immediate
need to change, although they indicated that 3D solid modeling databases are much faster
to prepare. They indicated that there were a few 3D solid modeling systems within the
company.
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Omron
Shimo-Kaiinji, Nagokakyo-shi
Kyoto 617, Japan

Date Visited:
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JTEC/WTEC Attendees: K. Narayanan (report author), P. Fussell
Hosts:

Isamu Kita, Manager, Omron System Development Team
Tsutomu Suzuki, Omron
Fujiwara, Omron
Ueno Hiroki, Omron
Seiki Sato, INCS
Takao Ikeda, INCS

VISION
The JTEC/WTEC team was unable to tour the Omron plant, but the team was shown a
video highlighting Omron’s technology and market. The company has the vision of
contributing to an optimized society of the 21st century. Since 1983, Omron continuously
has introduced new products, starting with a photographic X-ray timer, non-proximity
switches, relay, and the very first on-line cash dispenser, to name a few.

MARKET
Omron provides products to public users (ATMs, traffic control systems, point of sales);
office users (work stations, peripherals); and home users (finger-insertion blood pressure
gauges, electronic thermometers).

TECHNOLOGY
1. Core technology: computer, communication, and control; a product example: modem
2. Digital fuzzy logic (“gentle landing” is the Japanese translation)
3. Micromachining: microswitch, 9 mm; static motor, 10 mm; examples, relay,
acceleration sensor, suspension control
4. Optoelectronics: Fresnel lens cutting 0.5 mm; diameter, electron beam 0.1 µm;
examples: CD player, optical card reader
5. Life science: Biosensor; for example, convert chemical reaction to physical reaction by
use of enzymes; examples: on-line food composition test, blood test
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GOALS
Omron’s main goal is to shorten the research period to development with higher-quality
design and products. Omron is implementing concurrent engineering, CAD, FEM,
innovative tool design, and rapid prototyping to achieve this goal. For small complicated
relays, checking 3D design early and prototyping can save more than 50% of time.

PROCESS
3D
PRO/E
Product Design

2D
CAD/CAM
Design & Make Tool

RESIN RP
Omron buys SLA 250 resin from INCS. In response to the question, “Did you investigate
other resins?” Omron representatives replied that they found equivalency among resin
machines in accuracy of parts (relay) as well as price. INCS was chosen for its ability to
provide engineering support. Omron used PRO/E and INCS had the same, which enabled
easy installation and run-off. Management did look at DTM but found it inadequate.

ACCURACY
Less than 50 micron accuracy is needed for small relays, but for items like cash registers,
200 micron accuracy is OK, and SLA delivers 100 microns. Resin parts are built in
0.1-0.15 mm layers, and beam offset is the primary method for fine-tuning.

SOFTWARE
Pro/Engineer is Omron’s software choice. Omron designers now have 3 years of
experience; even so, Omron management sees the company’s greatest limitations to be
their engineers’ limited 3D CAD experience and their need to verify and customize the
software. The company representatives observed that software needs to be easier for
design and tool engineers to use.
RAPID TOOLING
The team’s hosts predicted that in 5 years rapid machining will dominate, while rapid
prototype will incrementally advance and continue to be restricted for design use.
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Site:

Osaka Sangyo University
3–1–1 Naka-kakiuchi, Daitou–shi
Osaka 574, Japan

Date Visited:

13 December 1995

JTEC Attendees:

P. Fussell (report author), K. Narayanan

Host:

Professor Yoji Marutani, Department of Information Systems,
Faculty of Engineering; Tel: (0720) 753001

HISTORICAL PERSPECTIVE
Professor Yoji Marutani is one of the original innovators of liquid phase photocuring rapid
prototyping. His work originated in 1984, resulting in several patent applications. In 1985
he organized a small group of companies, including Minolta, Bridgestone, Shinto, and
others, as a research consortium. He dissolved the consortium in 1987, and in 1988 he
became connected with Mitsubishi. In that same year, the first SOUP machine was
delivered to his laboratory, and the second machine to the company.
Since that time Professor Marutani has done other basic concept work, including an effort
several years ago to use a YAG laser to irradiate a thermally sensitive resin loaded with
C or Al2O3 — the ceramic absorbs the energy, thus locally heating and curing the resin. He
is now working on a cheaper scanning method (discussed below).
Professor Marutani now has 13 undergraduate students and 3 master’s students. Professor
Kamitani, an assistant professor at Osaka Sangyo, is also working with him. One student is
working on the new curing device, while the others work on face recognition, face
movement, word recognition and stereo imaging, and inspection of parts. He has one PhD
student who is working on genetic algorithms for recognition of Japanese characters.

METHODOLOGY
Professor Marutani’s new work is to develop an extremely low-cost device for part
fabrication. His current scheme starts with a slice of a CAD file, which is used to control
switches that permit light to travel along fiberoptic paths to a scan head; the scan head
traverses the vat and cures the sliced cross-section. His current experiments are
preliminary. Schematically the work is as shown in Figure OSU.1.
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Mg–Xe
light source

•
••
••
•

scanning head,
rastering over
vat

individually
switched
fiber
optics
Figure OSU.1. Prof. Marutani’s part-fabrication scheme.

EQUIPMENT AND FACILITIES
Professor Marutani has very basic equipment suitable for the concept study of ideas. This
includes a CO2 laser (Synrad), an XY plotter device (which he principally uses to avoid the
danger of exposing his students to laser radiation), and a set of mercury xenon lamps.

MATERIALS
Professor Marutani has exclusively used Asahi Denka materials. His most recent work has
been with HS673, and his previous thermal work was with KRM-2110, as well as others.

MISCELLANEOUS OBSERVATIONS
Professor Marutani mentioned the support patent held by CMET/Osaka (JP 63–252795,
5 October 1988) as being significant in the Japanese market.
He mentioned that of attendees at symposium meetings, held twice a year, 70% were from
companies, 1 or 2 were from government, and the remainder were from universities.
Professor Marutani also mentioned that there was little university work in other materials,
but that a Professor Osakada of Osaka University was working in metal powders.
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Site:

Shonan Design Company, Ltd.
3-11-10 Hashimotodai, Sagamihara-shi
Kanagawa 229, Japan

Date Visited:

14 December 1995
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JTEC/WTEC Attendees: K. Narayanan (report author), P. Fussell
Hosts:

Yasuhiko Mark Matsuoka, Shonan Design
Taro, Shonan Design
Takakuni Ueno, Teijin Seiki
Seichi Fuchigami, Graphic Products
Takagi, Graphic Products
Jason W. Soo, Fujitsu
Sawa Negishi, Fujitsu

VISION
President Matsuoka defined the vision of the company that he took over from his father 15
years ago: one common 3D data that drives the design as well as tooling and
manufacturing. The barrier to progress he sees is the “section” thinking prevalent in large
companies, where designers accept 3D CAD but tooling engineers use 2D drawings. He
sees the need for companies to concurrently manufacture dies while the prototype is made
with the same 3D data. The company slogan is “Aggressive Advantage.”
Shonan Design has 77 employees with an average age of only 32 years.
SOFTWARE
Shonan Design is fully equipped to handle all types of software in both 2D and 3D:
•

2D CAD
—Micro CADAM OS/2
—Micro CADAM DOS
—Micro CAD EWS

•

2D CAM
—PO M/C-2

•

3D CAD
—Pro/E
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•

3D CAD/CAM
—CATIA (solid, surface)
—Unigraphics
—IDEAS (implement stage)

•

3D CAM
—CAM TOOL
—TOOL-1

The JTEC/WTEC team was given a tour of Shonan’s design labs, which are lined up with
PCs and workstations to handle all types of design needs for about 200 clients. The
breakdown of Shonan’s clients by software is approximately 20% Pro/E, 30% CATIA,
50% 2D CADAM. Only about 5% have 3D CAD/CAM common data. Demos were given
of undercut CAD prediction, CAM tool path generation, and CATIA to SOLIFORM
without STL.

PRODUCTION SYSTEM GOALS
Big Company Model
Molding
↑
Manufacturing Die
↑
Die Design
↑
Engineering→Prototyping
↑
Product Design
Not Concurrent Process

Opportunity
Molding
↑
Manufacturing Die
↑
Die Design←Engineering→Prototyping
↑
Product Design

Concurrent Process

APPLICATIONS
Of Shonan’s customers, 99% are Japanese; 90% of them are electronics companies that
make video cameras, TVs, notebook computers, and portable telephones. The team saw
several prototypes: calculator, portable telephone, TV frame, motor cycle engine, printer
case, and credit card scanner.
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RAPID PROTOTYPE MACHINE
Shonan Design has 3 Soliform-Teijin Seiki machines to make resin-based prototypes. The
machines are located in a special room. The machines have 500 mm x 500 mm x 500 mm
capacity and use AOM lenses for laser scanning. Accuracy is 0.3 mm. For leveling
between layers, a brush is used with low-viscosity resin, and capillary parallel plates for
high-viscosity filled resin are used instead of double dip.

MATERIAL
All 3 machines use resins:
1. TSL 800 Resin is used for the shape verification model; examples the team saw were a
notebook and a motorcycle engine.
2. 2100 Resin is used for vacuum die casting to make prototype samples; examples the
team saw were a TV frame and printer case. Up to 20 parts can be made from one
silicone die.
3. TSL 752 Resin is used for CAM-less injection molds to be used for trial runs with the
customer resins; examples the team saw were tube light connectors and portable
phones.
TSL 752 is the latest product, introduced in about 1993 and commercialized in about 1994.
This is a 50% glass (30 micron) filled acrylate resin with a resultant viscosity of 40,000
cps. HDT is 100°C. To prevent segregation problems the resin must be mixed. No bubble
problems have been encountered in parts. Because of the low thermal conductivity of this
mold compared to the standard metal mold, the cooling cycle in the injection molding is on
the order of 1-2 minutes compared to seconds. While there is research to build in
conductive fillers to take away heat, there is no interest in direct metal molds at this point.
TSL 752 injection molds can make as many as 400 parts, whereas a typical customer needs
maybe 50 parts (to get UL certification, for example). Part size can be 8 in. x 11 in. x 2
mm. There are 2 Okada injection mold machines that are used to test these molds. Some
of the samples the team saw coming out of the injection mold had somewhat of a rough
finish, not the glossy final product finish customers are accustomed to when using the
conventional metal molds.

TOOLING
Shonan Design recognizes that training CAM professionals has its difficulties. This is
where CAM-less molds have an advantage, but they have not caught on yet. Shonan
Design has 7 Fanuc NC machines to accommodate customer needs.
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NEEDS
•

high speed (super express)

•

low cost

•

high accuracy

Shonan’s limiting process steps are 3D data, followed by post processing.
Shonan Design is exceptionally well equipped and is one of the most forward-looking
companies. We thank Matsuoka-san and his team for hosting us so graciously.
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Site:

Teijin Seiki Company, Ltd.
Solid Imaging Department
D4F, KSP, 3-2-1 Sakado
Takatsu-ku, Kawasaki-shi
Kanagawa 213, Japan

Date Visited:

12 December 1995
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JTEC/WTEC Attendees: E. Sachs (report author), C. Atwood, M. Wozny
Hosts:

Katsumasa Nakagawa, Director, Manager, Solid Imaging Dept.
Tsuneo Hagiwara, Manager, Photo Resin Development
Hiroyuki Kawamoto, Manager, Planning Section
Takakuni Ueno, Assistant Manager, Engineering Section

BACKGROUND
Teijin Seiki Company, Ltd., (TS) was founded in 1944. It has 1,745 employees and sales
of ¥62 billion. Its four product lines are (1) textile machinery, (2) aircraft equipment, (3)
hydraulic machines, and (4) new technologies. Its RP effort is under the last category. The
company’s RP work has had the following milestones:
Oct. 1991

licensed Soliform Solid Forming System from DuPont

May 1993

started R&D for applications

June 1993

developed new resin, TSR-730 (filled resin for making tooling – see
below)

Nov. 1993

developed a “short run” injection die system that uses SOMOS 2100 to
create a pattern, then aluminum-filled epoxy to create the cavity from the
SOMOS master

April 1994

developed vacuum casting and injection molding die by soliform directly
using TSR-730 resin for up to 20 pcs of ABS

June 1994

exhibited in “Design Engineering ‘94” and started business

Aug. 1994

developed CATIA interface

Sept. 1994

developed new resin, TSR-750, for injection molding die (inj 50 pcs of ABS)

Oct. 1994

exhibited in “Concurrent Engineering Fair 94” with Shonan Design (a
service bureau that uses 3 TS machines) and Nissei Plastic Industrial (a
manufacturer of injection molding machines)

March 1995

developed new resin, TSR-752, for injection molding die (inj. 200 pcs of
ABS)
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April 1995

exhibited injection molding machines in “Inter Mold 95” with Fujitsu,
Shonan, and Fanuc

Sept 1995

exhibited in “Concurrent Engineering Fair 95”

Sales Performance
1992
1993
1994
1995

1 machine
1 machine
7 machines
20 machines (estimate)

Total

29 machines

Employees
Sales and service
Planning
Engineering/software
Engineering/hardware
Manuf./hardware
Manuf./scanner
Resin R&D
Resin Manuf.

8
3
4
3
8
7
3
2

Total

44 (including some subcontractors)

COMPETITIVE STRATEGY
There are four market segments of relevance to Teijin Seiki, as shown in Table TS.1.
Table TS.1
Markets Targeted by Teijin Seiki
Market
Prototypes
Investment casting
Wooden models
Machined tooling (all types)

# of Japanese
companies in
market

Total Sales
(in ¥ billions)

2,000

50

110

70

3,400

130

13,100

1,850
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The large market for tooling is Teijin Seiki’s motivation for focusing on the development
of tooling resin (see Resin section below).
Of the “big 3” in Japan (CMET, D-MEC and TS) Teijin Seiki representatives believe that
TS has the best resins; that CMET is #1 in hardware; and that D-MEC is #1 in software.
The team asked the Teijin Seiki representatives why there is no Japanese development of
powder and other alternative processes. They replied that companies are interested in high
accuracy, which means liquid systems.

RESIN
Resins are perceived by TS to be a competitive advantage (see Competitive Strategy
section). Table TS.2 shows the various TS resins with physical properties, together with a
column showing comparative properties for ABS.

Table TS.2
Physical Properties of Various Resins
MATERIAL

SOMOS
2100

SOMOS
3100

SOMOS
4100*

TSR
752

TSR
800

Viscosity (cps)

5,300

1,500

4,000

49,000

300

Density

1.16

1.13

0.9

1.8

1.15

Tensile Strength (kg/mm2)

0.73

4

0.5

7.7

6.2

4-6

Elongation at break (%)

46

9

16

1

13

15-60

Tensile modulus (kg/mm2)

3.8

98

11

1413

297

160-290

Flexual strength (kg/mm2)

0.07

5

0.5

9.9

10.3

5-10

Flexual modulus (kg/mm2)

1.6

130

15

1460

289

200-270

Impact (notched)
(kg•cm/cm)

16

3

-

-

2.2

5-20

Hardness (Rockwell)

R86

R112

-

ShreD90

M92

R90-R114

HDT (oC)

-

43

-

100

Shrinkage (%)

3

6.2

-

1.8

5.5

Appearance

Flexible
white

Clear
yellow

Opaque

Opaque
Rigid

Clear
yellow

Feature/usage

Vacuum
casting/
Medical

General
purpose

Lost wax

Direct
injection
molding

General
purpose

* Under field testing

ABS

77-80
-
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Teijin Seiki’s claim to fame is a resin with inorganic filler (TSR-752). This material has
over 50% by volume of inorganic filler and is intended for the direct creation of injection
molding tools (see below). There are 4 or 5 different inorganic filler ingredients. One of
them is a glass. The particle size is about 30 microns with a very tight distribution. There
are no particles larger than 40 microns. Researchers would like finer particles (presumably
to improve the surf finish), however, for a given solids loading, the viscosity goes up very
quickly as particle size decreases, and the resin is already very viscous.
On the other hand, Teijin Seiki uses layers as thin as 50 microns and so must guarantee that
there are no particles larger than 40 microns. The team saw this resin running in one of
Teijin Seiki’s machines. It appeared possible to spread a new layer in approximately 15
sec (see Machine section). There was some bubble formation by the spreader mechanism;
however, these bubbles formed far from the part and perhaps are not a big issue. TSR-752
is UV- and then thermally post-cured (the UV cannot penetrate well due to the filler). The
resin must be stirred periodically (although not during a build) to keep particles suspended.
Teijin Seiki’s TSR-800 resin is intended to provide properties as close as possible to those
of ABS. The goal is to provide resins that achieve properties similar to those of ever more
demanding materials. Managers recognize that ABS is a commodity plastic and that they
will have to graduate to engineering plastics such as Nylon-4,6 and then to super
engineering plastics such as PEEK.
They view the requirements for resins as follows:
•

accuracy in the model

•

enough mechanical properties

•

fast curing speed

•

stable in visible light

•

safe for the human body

TS does not have an epoxy resin at the present time. DuPont has an epoxy resin (6100)
that TS managers hope to use. However, they recognize that it does not have sufficient
performance, being inferior to the CMET epoxy resin.
As noted above, 3 employees are in resin R&D and 2 in resin manufacture. Resin efforts
are also subcontracted to 2 companies. Resin R&D is also supported by DuPont (which is
Teijin Seiki’s resin supplier) and Tokyo Institute of Technology (TIT). TIT is advisor to
TS and in the future they will codevelop a new resin with Professor Endo.
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TOOLING
As noted above, Teijin Seiki’s claim to fame is a filled resin intended to allow the creation
of tooling for injection molding directly by Soliform. The tooling is intended for prototype
applications only.
The JTEC/WTEC team was shown several examples of tools created with TSR-752. One
of the tools was said to be unfinished. This tool exhibited a bump in the top surface of the
part which reappeared consistently on all top surfaces of this part. The team was also
shown several examples of finished tools. In one case, the tool had been coated with a
fluoropolymer (Shonan design developed the coating), which was said to increase the
usable life of the tool.
The team also saw tools that had been finished but not coated. In use, the tools are clamped
to metal backing plates into which cooling lines are built. Ejector pins are machined into
the tooling. The tools showed evidence of degradation, especially in the form of chipped
corners. Most if not all of the molded ABS parts the team saw showed a great deal of
flashing in shut-off areas and at parting planes. There was evidence of short-shotting (or
perhaps trapped air) in some of the molded parts. The molded parts’ surfaces also showed
evidence of roughness that looked as if it were due to tool wear. Parts were injected at a
temperature of 170-180oC, and the tool was maintained at a temperature of 70-80oC.
TS also does vacuum casting using SOMOS 2100 as the tool material. The casting is
performed at an elevated temperature, at which temperature the 2100 resin softens a bit,
aiding in the demolding process (like silicone rubber, but less extreme). The TS
representatives cited an example product made by vacuum casting (a portable telephone
case) where 40 hours is spent on CAD, 14 on Soliform, and 1 hour on cleaning and postcuring, leading to urethane castings in a lot of more than 20 pieces.
The INCS site report (pp. 69-72) contains additional comments on TS tooling efforts.
CASTING
TS uses 4100 resin to create patterns for investment casting. The company obtains funding
from the Organization of Small and Medium Enterprises (SME) for its work on investment
casting.
MEDICAL
TS has made medical models and had some to show the team. This does not represent a
major source of income for TS at the present time.
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ACCURACY

The team’s hosts felt that at the present time, resin accounts for more than 50% of part
variation from intended dimension, software accounts for 30%, and the rest can be
attributed to the machine. They considered machine improvements to be the least
important factor governing accuracy at the present time. See Machine section for more on
accuracy.

MACHINES
The basic architecture of the TS machine stems from DuPont technology. This includes
the following basic features:
•

A laser system that uses scanning galvos and an acousto-optic modulator. The AOM is
used to modulate the on-time of the laser and thereby to allow for the delivery of laser
powder, which is roughly constant along the length of a scanned vector, even as the
beam accelerates and decelerates.

•

A raster motion of the beam over the part, with no vector outline. (The spot size is 150
microns and the raster lines are separated by 50 microns, with a 100 micron overlap.)
TS has made advances in the scanner system, as described below.

•

A recoating system that functions by dipping down into the bath of polymer at the end
of each pass and refilling a container of some type. TS has made advances here, as
described below.

Laser
TS uses an argon laser with 1 W output from Coherent (45 amps). It uses the 365 nm line.
The scanners are of TS design and are manufactured at a TS plant in Gifu, which is 400
miles from the site we visited. The scanners are digital. TS uses purchased servo motors
(motor/encoder package) and mirrors. They are said to be able to scan at speeds of up to
24 m/sec while maintaining maximum errors of 40 microns (simultaneous specs). Note
that their scanning is raster, and that this relieves some aspects of the positioning challenge.
More typical speeds are 15 m/sec. TS makes its own controller. The company does not
have flat field optics. It does distortion correction by calibration and with software.
The JTEC/WTEC team spent considerable time discussing the issue of accuracy of beam
location. What is clear is that the digital resolution (corresponding to one pulse) is
6.25 microns. Further, TS engineers “control to within 12.5 microns.” When asked how
accurately a 10 mm dimension would be scanned, the team’s hosts answered that it would
be ±12.5 microns. In the TS catalog maximum error is specified as ±40 microns, but in
correspondence, Takakuni Ueno specified that this means only digital motor error: “We use
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AOM shatter also for positioning assist, and our real positioning error is according to
digital motor positioning and AOM positioning. When the digital motor is overrun, AOM
shuts the laser beam at a more accurate position, so we can control [to] ±12.5 microns
[when] positioning [the] laser beam.”
The recoating mechanism conceptually
looks like Figure TS.1. A pair of recoater
blades is spaced apart by about 3 cm. In
between is a wire mesh basket. While the
machine is imaging, the recoater assembly
is immersed in the resin and the resin fills
the basket. When a recoat is about to start,
the assembly begins to traverse and rises
up out of the resin (the assembly is lifted
by following a cam in the form of a wedge
shape). The resin drains out of the wire
basket, and the rearmost recoater is the one
that determines the final level.

Basket made of mesh
Doctor blades (2)

Fig. TS.1. Recoating mechanism.

Interestingly, when the tooling resin is run, a wave of material is visible ahead of the first
knife. After the recoat is completed in about 15 sec, the mechanism immerses into the
resin again. When lower-viscosity resins are used, a brush replaces the wire mesh basket.
As the team watched the tooling resin run, the build area was maintained visibly above the
free surface of the resin (perhaps 100-200 microns). This is deliberate. TS researchers
have experimented with above, at, and below the free surface, and the best results depend
on the resin. In any event, this may represent a control issue for TS.
TS managers feel that they must reduce the cost of their machine to 1/3 of current level.
Currently a model 500 costs $500,000. They are interested in other lasers, including HeCd,
CO2, excimer, and others. The laser running cost must be reduced.
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Site:

Tokuda Industries Company, Ltd.
209 Kinzoku-Danchi
Kakamingahara City
Gifu 504, Japan
Tel: (583) 832121; Fax: (583) 838484

Date Visited:

12 December 1995

JTEC/WTEC Attendees: R. Aubin (report author), F. Prinz, C. Uyehara,
Mamiko Nozaki, Interpreter
Hosts:

Shusaku Tokuda, President
Yasuaki Tokuda, Managing Director

HISTORICAL PERSPECTIVE
Tokuda Industries was founded in 1948 as a primary supplier of wood patterns to
Kawasaki Aircraft Company and is now a first-class supplier of master models, patterns,
and molds in wood, fiber-reinforced plastics, and metal. Tokuda acquired a CMET rapid
prototyping machine in 1991, although its first choice was 3D Systems stereolithography
machine. Apparently, there were distance and maintenance issues with 3D Systems that
prompted the CMET choice. In 1994, Tokuda was the first company to acquire the Kira
Solid Center rapid prototyping device.

METHODOLOGY
Shusaku and Yasuaki Tokuda view rapid prototyping to be in competition with CNC
machining for the most part. Because accuracy is the key issue when comparing the two
processes, they see limited application of rapid prototyping. In a case study that they
recently presented in Japan, they concluded that the Kira process was less costly than CNC
machining, but was slower. They cited accuracy problems, especially in the Z direction, in
spite of coating the models with a urethane spray.

EQUIPMENT AND FACILITIES
Tokuda Industries uses its rapid prototyping devices primarily for models and design
verification. The company lets its customers decide which device to use (CMET or Kira)
for prototyping, and most customers are now fully capable of making the decision. To
support the CAD modeling requirements, Tokuda has a variety of systems, including Pro
E, CAELUM, and CAMAX. It also has a wide variety of machines and CNC equipment,
including 5-axis milling.
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MATERIALS
Tokuda uses the materials supplied by CMET and Kira. Shusaku and Yasuaki Tokuda
expressed a need to conduct research with others in the development of improved paper,
perhaps rice paper, in an effort to better control accuracy.

APPLICATIONS
Castings
Use of the Kira process to replace wood patterns was confirmed; however, accuracy and
surface finish are the limiting factors that need to be overcome.
Tooling
Because of accuracy issues, Tokuda offered no examples of tooling applications from RP.
Medical
Shusaku and Yasuaki Tokuda knew of no applications in the medical area.

CAD STANDARDS, INFRASTRUCTURE, AND PART SHAPE ACQUISITIONS
The standard STL file interface is used by both CMET and Kira. The JTEC/WTEC team’s
hosts said that 80% of their customers provide CAD files, but they are 2D. Consequently,
they must be recreated in 3D solids in order to get an STL file.

MISCELLANEOUS OBSERVATIONS
•

Relative to machine design, Yasuaki Tokuda mentioned that the Kira machine runs out
of toner every 500 layers and must consequently be attended.

•

Also, they would like a larger machine for larger part-building requirements.

•

Their largest complaint is insufficient accuracy and need for attended operation.

•

When Yasuaki Tokuda was in the United States visiting a number of rapid prototyping
service bureaus, he was impressed with the “deep understanding and applications” of
rapid prototyping service bureaus and the combined benefits of equipment for different
application niches.

•

The most appealing issue associated with rapid prototyping from Yasuaki Tokuda’s
perspective is its relatively low cost and low risk as compared to CNC machining.
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Fig. Tokuda.1. Ms. Nozaki and the first Kira KSC-50 rapid prototyping machine at Tokuda.

Fig. Tokuda.2. A variety of sample models produced by the Kira machine at Tokuda.

JTEC/WTEC Panel on Rapid Prototyping in Europe and Japan

Site:

Tokyo Metropolitan Institute of Technology
6-6, Asahigaoka, Hino-shi
Tokyo 191, Japan

Date Visited:

15 December 1995
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JTEC/WTEC Attendees: L. Weiss (report author), A. Lightman, R. D. Shelton
Host:

Dr. Shuichi Fukuda, Professor, Department of Management
Engineering

OVERVIEW
Dr. Shuichi Fukuda’s research involves the development of methods that help to capture
customer requirements throughout the entire product development cycle. He is particularly
concerned with 3D shape generation at the earlier stages of design where rough sketches
play an important role and where many trials are required. One aspect of his work that is
of particular interest to this JTEC/WTEC study is research that combines CAD, 3D
modeling, and virtual reality with rapid prototyping in a fashion that allows the user to
“intuitively” manipulate 3D models. Dr. Fukuda has two principal goals:
1. Develop a CAD system that allows a designer (or layman) to create and modify a
topologically complex CAD model more intuitively than with conventional methods at
the earlier stages of design.
2. Develop a system that allows a designer (or layman) to easily modify a design by
manipulating a physical model that is quickly created with rapid prototyping, and then
by feeding this information back to the CAD system using virtual reality (VR) tools.
The CAD system that Dr. Fukuda is developing, called “Section CAD,” represents objects
as a collection of discrete cross-sectional descriptions. The user creates and manipulates
the model using simple 2D operations on selected cross-sections. The system then
propagates these changes to the rest of the model by extrusion and interpolation operations
(i.e., morphing between two sections). The premise is that designers (and lay people) tend
to use 2D sketches when manually creating designs and therefore would find it easier to
use 2D CAD tools. This writer tried to create a complex shape with Section CAD and,
indeed, found it was very easy to use.
Figure TMIT.1 depicts the system for combining CAD and virtual and physical prototyping.
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Designer

CAD
(e.g., “Section CAD”)

Rapid Prototyping
(e.g., SCS-1000 HD)

Visualize with virtual reality
(e.g., Silicon Graphics with heads-up display)

Tactile feedback
(e.g., data glove)

Designer
(manipulates physical object)

Fig. TMIT.1. Schematic for combining rapid prototyping and virtual reality.

This is a very novel application that will, in essence, form a closed-loop system around the
user and the physical modeler. A designer would first create an initial design with a CAD
modeler such as “Section CAD.” A physical model would then be built with a rapid
prototyping technology such the D-MEC/Sony SCS-1000HD photolithography system
(which is available in Dr. Fukuda’s lab). After the prototype is built, the designer could
grasp the physical object and squeeze and pull on it to distort the shape. The small
deflections would be measured (using a data-glove type device) and amplified, and this
information would then be used to modify the CAD model. The designer would visualize
the model changes in realtime using a virtual reality display, driven from an SGI Onyx dual
processor computer with Reality Engine graphics, which would further guide him or her in
modifying the design.
This system is only in the early stages of development, and a complete operational system
is not yet available. Dr. Fukuda expects that a complete demonstration system will be
ready in about two to three years. One of the problems in developing this system is that the
current resin which the researchers are using (SCR-500) is not pliable enough for this
application, and alternative resins will have to be identified.
Government funding for this research is U.S. $1.5 million. Dr. Fukuda currently has six
graduate students working on various aspects of this system.
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Tokyo University
Department of Precision Machinery Engineering
7-3-1 Hongo, Bunkyo-ku
Tokyo 113, Japan

Date Visited:

11 December 1995
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JTEC/WTEC Attendees: F. Prinz (report author), R. Aubin, A. Lightman, M. Wozny,
C. Uyehara
Host:

Professor Kimura, Faculty of Engineering, Department of
Precision Machinery Engineering

BACKGROUND
Professor Kimura is one of the leading researchers and teachers in CAD and manufacturing
in Japan. His research area is not directly related to RP, but he is very familiar with the
opportunities and issues involved.

MANUFACTURING RESEARCH AND EDUCATION
A key problem in introducing RP in Japan on a broad basis is related to the current CAD
infrastructure there. CAD/CAM systems are not as common in Japan as in the United
States. In particular, 3D solid modeling, a prerequisite for RP, is not sufficiently popular.
This problem has been recognized by MITI, and a consortium consisting of users, vendors,
and R&D organizations, has been established to promote 3D modeling. Funding for this
effort is derived from a large government program called CALS (Commerce At Light
Speed). The annual budget of this effort is currently ¥30 billion (about $300 million).
Financing of this initiative was done through the issue of bonds. RP is one project within
the CALS initiative. Professor Kimura’s laboratory receives funding from the same
initiative to fund research in the area of life cycle engineering.
Prof. Kimura mentioned a noticeable change from past practice in research funding.
Traditionally, the Ministry of Education has focused mostly on promoting sciences. In the
future, emphasis will be put on stressing to Japanese universities the importance of
manufacturing. Also, MITI intends to fund manufacturing projects directly at universities.
Japanese government agencies will make efforts to better coordinate funding of
manufacturing projects.
All these steps represent a significant change from past tradition where manufacturing
education was largely in the hands of Japanese industry. Frustrated by not being able to
keep up with changing technologies, Japanese industry has approached universities for help
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in educating the engineering workforce of the future. The engineering curriculum at
Japanese universities has not undergone major changes in about 30 years. In many
instances, industrial representatives have felt, outdated concepts are being taught. The
subject of manufacturing had lost prestige, but that is changing and manufacturing is
“coming back.” R&D budgets in manufacturing will continue to go up. As an example,
Professor Kimura cited the planned establishment of research centers with limited life
times of about five to seven years. Both university and industry will provide human
resources for these centers, and the government will back these efforts financially.

ENTREPRENEURSHIP
Traditionally, entrepreneurship was not encouraged in the Japanese state university system.
Entrepreneurial activities were largely performed at private schools that do not quite have
the same level of prestige as the state schools. Also, small entrepreneurial companies
could not attract the very best engineering graduates, who prefer to work for large and
established organizations. Professor Kimura expressed concern about the fact that many
new inventions are coming from outside Japan. A possible link to the short entrepreneurial
history was inferred.

RAPID PROTOTYPING
With regard to new RP research efforts, Professor Kimura mentioned ongoing efforts in
high-speed cutting. In particular, he mentioned work at Kubota with very high-speed CNC
cutting heads operating at 100,000 rpm. The efficiency is related to cutter diameter and
cutter speed. By increasing the speed and reducing the cutter diameter, efficiency can be
maintained. Now a single cutter can do the entire mold.
Japanese SLA vendors are sensitive to patents issues, particular to U.S. patents filed in this
area. Many supplementary patents for RP methodologies were filed in Japan that are likely
to contribute to improved quality of RP technologies. Progress in using RP parts for
casting applications was mentioned. Applying RP for judging the aesthetics of components
is considered an important direction. The use of RP in medical applications has not really
caught on yet in Japan.
Japan has a long tradition of incrementally improving manufacturing methods and
processes to ultimate perfection and make them usable on the shop floor. A similar
evolution may happen in RP processes.
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ADDITIONAL COMMENTS
•

Prof. Nakagawa is working on an LOM-type machine.

•

RP is heavily used for look and feel — ergonomics, etc.

•

There are several medical efforts, supported by the Ministry of Welfare, focused on
surgical planning. The technology is useful, but the model costs and build time are too
high. (Prof. Chiyokura at Keio University, Prof. Saito at Tokyo University’s Faculty of
Medicine and Medical Electronics, Prof. Kishinami at Hokkaido University, and
several others are pursuing medical applications of RP.)

•

CALS-STEP is a most important component. CALS is interpreted in Japan to mean the
acceleration of business by information networks, not just EDI but also engineering
information, including electronic commerce (overseen by Mr. Ishiguro at MITI, a staff
officer, so he could be very influential).

•

Kimura thinks that Japan will make a major contribution to software for shop floor
control.
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Site:

Tokyo University
Institute of Industrial Science
22-1 Roppongi 7-chome, Minato-ku
Tokyo 106, Japan

Date Visited:

15 December 1995

JTEC/WTEC Attendees: K. Narayanan (report author), P. Fussell
Hosts:

Prof. Takeo Nakagawa, Tokyo University,
Institute of Industrial Science
Prof. Takeshi Kishinami
Hokkaido University
Faculty of Engineering
Div. of Systems and Information Engineering
Kita-ku, Kita-13, Nishi-8
Sapporo 060, Japan
Tel: (11) 7066447; Fax: (11) 7067836
Mr. Hayano, CMET

VISION
Prof. Nakagawa went over this in substantial detail at the afternoon general discussion.
The notes here from the morning one-on-one meeting may repeat that discussion.
Prof. Nakagawa comes into rapid prototyping technology with a prior background in
machining. He has extensive leading-edge research in high-speed machining pushing the
CBN as a tool, and he also invented cast iron grinding wheels for novel electrolytic assist
grinding. Consistent with his expertise, Prof. Nakagawa views future opportunities for
rapid tooling to be in high-speed machining. He sees the difference of market forces
between the U.S. aerospace/defense-driven and Japanese consumer products/mass
production-driven forces leading to Japan needing rapid prototyping to keep up with rapid
model changes in fields such as electronics. He does not see powder technology meeting
the rapid tooling needs of higher than current machining accuracy.

ORGANIZATIONS
There are about 5 Japanese organizations with overlapping interests in rapid prototyping:
1. The Die & Mold Industry Consortium on High-speed Milling, consisting of about 50
members with very little financial support.
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2. The MITI forging association, of which high-speed milling is a subset with about 15
members. One MITI-sponsored subgroup led by Ikegami Die & Mold Makers —
representing about 20 small and medium companies, of whom half are RP makers — is
doing an accuracy and cost analysis.
3. Niigata Prefecture Research supports new high-speed milling such as air bearing.
4. Another competitive association that supports CBN milling.
5. Japan Society for Precision Engineering Association.

MATERIALS
Polymer
A colleague of Prof. Kishinami, Narahara, does resin property characterization. No resin
research is carried out by Prof. Nakagawa.
Metal
Prof. Nakagawa is interested in the area of auto body modeling. Laminated Al sheets
brazed together is a material system that has appeal over zinc alloy because the product is
stronger and lighter. Prof. Nakagawa has research interest in both simulation and modeling
of sheet metal forming. He observed that MIT Prof. David Hardt’s approach is interesting,
and he sees the need to use sheets thicker than 5 mm for economy. He sees the limitations
of the laminated rapid tooling approach being that cuts below 45° are not possible. He sees
wire EDM as useful for blanking but too slow for forming tools. Over all lamination
approaches it has advantages for permitting larger-size work, but it is not suited for sharp
corner details like embossing.
Ceramic
Prof. Nakagawa sees ceramics as a niche market; however, he has brought a materials
scientist into his group to come up with a rapid ceramic shell for a slip casting process. A
traditional plaster mold can make 20 or 30 parts, but accuracy decreases with use. The
competitive rapid rubber molds lack permeability for slip casting. He has developed a
special ceramic, but due to its proprietary nature, he did not want to get into details.

SOFTWARE
Prof. Kishinami’s research interest is primarily in the software area. He is active in ISO
184 automation. He is working with the STEP community on application protocols and
shape models. He is interested in the data format to replace STL, which has many
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problems. Another area of research interest is deformation simulation RP-FEM, for
example, shrinkage.

MACHINES
One of the original SOUP machines is in the lab used for research purposes, and there is a
desktop machine at Rikken, the other campus. Due to U.S. patents there is a reluctance to
do machine research. Prof. Nakagawa nevertheless has some ideas for a new machine, but
he felt it was too early to discuss them; he hoped to present them in 1996.
We wish to thank Professors Nakagawa and Kishinami for their frank discussions and their
generous hospitality.
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Site:

Toyota Motor Corporation
Unit Production Engineering Department
3rd Affairs Bldg., 1 Toyota-cho
Toyota-shi, Aichi 471-71, Japan

Date Visited:

14 December 1995
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JTEC/WTEC Attendees: F. Prinz (report author), R. Aubin, E. Sachs, C. Uyehara
Hosts:

Hiroshi Yano
Hiroshi Satou
Motoaki Ozaki
Akihide Kobayashi
Kazuki Nakajima
Naoki Abe

BACKGROUND
Toyota is the largest automobile manufacturer in Japan, third largest in the world. It
employs 70,000 people. In 1994, Toyota produced over 3.5 million cars, a decline from the
4.2 million cars produced in 1990. Overseas production increased from over six hundred
thousand in 1990 to over one million in 1994.
Toyota has more than 1,300 CAD/CAM systems, mostly 2D units. Portions of its CAD
software are commercial. Toyota also has a significant in-house CAD development effort.
Features such as automatic creation of fillets are standard in the Toyota CAD environment.

RAPID PROTOTYPING AT TOYOTA
Toyota managers have extensively studied commercially available RP processes. They
consider RP to be a potentially important tool to support the design cycle. Several RP
systems were investigated in detail: stereolithography, LOM, and SLS (DTM). Comments,
benchmarks, and criticisms of the first two are summarized below.
Stereolithography
Preprocessing (preparing design data for RP), processing (forming time), and postprocessing (removal of support) takes too long using stereolithography (SLA) systems.
Parts may curl during post-curing; corrections seem possible. Resins are not transparent
enough and their odor is undesirable. SLA parts that could sustain higher temperatures
would be preferred for tests in the engine compartment. The accuracy of SLA parts is
currently insufficient.
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A study of SLA machines was performed by comparing two Japanese and one U.S. vendor.
A 500 mm long beam was built in each machine. The total deflection of the resulting beam
from its nominal shape was taken as quality measure (curl). The beam made in the
machine by the U.S. vendor was off by .3 mm. The Japanese machines produced beams
that showed greater deflections (1.5 mm).
A number of other performance criteria were evaluated. Overall, the U.S. vendor
performed best. In only two categories (service and build time), the U.S. vendor was
considered slightly below Toyota expectations. The rating system had three classifications:
satisfactory, not quite satisfactory, and unsatisfactory. In the accuracy category, the U.S.
vendor showed a satisfactory mark, while the Japanese competitors were ranked not quite
satisfactory. Epoxy resins were used in this study.
LOM
Setup time is too long using laminated object manufacturing (LOM) systems. Lifting the
paper rolls is beyond Toyota standards: no one at Toyota is supposed to carry objects
heavier than 20 kg, and the paper rolls from Helisys weigh 60 kg.
Excavating complex parts from the support structure requires excessive periods of time.
The work of excavating parts from the support varies by size and type of parts (bulky or
hollow): Very complex parts need more than 30 hours, while smaller, simpler parts need
only 1 or 2 hours. Toyota found that the time required for support structure removal of
SLA parts is one-fifth to one-sixth of that for LOM parts. The company is trying to shorten
LOM excavating time in various ways. Concerns were also expressed regarding the waste
of raw material in the form of unused support structures. In comparison, SLA uses less
material for support.
Other drawbacks of LOM versus SLA were mentioned: LOM parts exhibit less strength,
accuracy is comparatively poor, and production rate is only half of what Toyota expects.
For obvious reasons, LOM parts are not transparent, yet transparency is a desirable
attribute of RP parts from Toyota’s perspective.
According to the JTEC/WTEC team’s hosts at Toyota, LOM has an advantage over resin
types in making bulky parts like dies in a shorter operating time.

CASTING
Toyota is at an early stage in evaluating RP for casting applications. Investment casting
and sand casting were mentioned. The size of parts that can be built in a DTM machine
were considered too small. Toyota intends to evaluate QuickCast in the near future.
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COMPARISON OF LOM VERSUS CNC
Toyota benchmarked CNC versus LOM by producing the same geometry with both
techniques. The CNC part was made out of Renwood material. No apparent benefits for
LOM could be identified. In fact, CNC came out ahead of LOM in terms of overall cost.
The cost figure included the programming efforts for CNC machining. It was mentioned
that certain features that are easily possible with the help of LOM may require special skills
when using CNC.

TOYOTA WISH LIST FOR RP
The JTEC/WTEC team’s hosts listed the desirable properties of RP that would allow RP to
make a bigger impact at Toyota: increased accuracy, transparency, elevated temperature
resistance, and birefringence for photoelasticity studies. Functional prototypes were
mentioned as the ultimate goal for RP. An example given was tooling for vacuum forming
for a car seat.
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