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FOREWORD
The National Science Foundation (NSF) has been involved in funding technology assessments comparing the
United States and foreign countries since 1983. A sizable proportion of this activity has been in the Japanese
Technology Evaluation Center (JTEC) and World Technology Evaluation Center (WTEC) programs. NSF has
supported more than 40 JTEC and WTEC studies over a wide range of technical topics. Both programs are now
subsumed under the single name, WTEC, although the JTEC name still appears in some reports that cover only
Japan.
As U.S. scientific and technological leadership is challenged in areas of previous dominance such as aeronautics,
space, and nuclear power, many governmental and private organizations seek to set policies that will help
maintain U.S. strengths. To do this effectively requires an understanding of the relative position of the United
States and other countries. The purpose of the WTEC program is to assess research and development efforts in
other countries in specific areas of technology, to compare these efforts and their results to U.S. research in the
same areas, and to identify opportunities for international collaboration in precompetitive research.
Many U.S. organizations support substantial data gathering and analysis efforts directed at nations such as Japan.
But often the results of these studies are not widely available. At the same time, government and privately
sponsored studies that are in the public domain tend to be "input" studies; that is, they provide enumeration of
inputs to the research and development process, such as monetary expenditures, personnel data, and facilities, but
do not provide an assessment of the quality or quantity of the outputs obtained.
Studies of the outputs of the research and development process are more difficult to perform because they require
a subjective analysis performed by individuals who are experts in the relevant technical fields. The NSF staff
includes professionals with expertise in a wide range of disciplines. These individuals provide the technical
expertise needed to assemble panels of experts who can perform competent, unbiased, technical reviews of
research and development activities.
Specific technologies, such as telecommunications, biotechnology, microelectromechanical systems, and
advanced materials, are selected for study by government agencies that have an interest in obtaining the results of
an assessment and are able to contribute to its funding. A typical assessment is sponsored by two to four
agencies. In the first few years of the program, most of the studies focused on Japan, reflecting concern over
Japan’s growing economic prowess.
Beginning in 1990, we began to broaden the geographic focus of the studies. As interest in the European
Community (now the European Union) grew, we added Europe as an area of study. With the breakup of the
former Soviet Union, we began organizing visits to previously restricted research sites opening up there. These
most recent WTEC studies have focused on identifying opportunities for cooperation with researchers and
institutes in Russia, the Ukraine, and Belarus, rather than on assessing them from a competitive viewpoint. Most
recently, studies have begun to focus also on emerging technological powers in Asia.
In the past several years, we also have begun to substantially expand our efforts to disseminate information.
Attendance at WTEC workshops (in which panels present preliminary findings) has increased, especially
industry participation. Representatives of U.S. industry now routinely number 50% or more of the total
attendance, with a broad cross-section of government and academic representatives making up the remainder.
Publications by JTEC and WTEC panel members based on our studies have increased, as have the number of
presentations by panelists at professional society meetings.
The WTEC program will continue to evolve in response to changing conditions in the years to come. We are
now implementing initiatives aimed at the following objectives:
•

Disseminating the results of WTEC studies via the Internet. Fourteen of the most recent WTEC final reports
are now available on the World Wide Web (http://itri.loyola.edu) or via anonymous FTP
(ftp.wtec.loyola.edu/pub/). Viewgraphs from several recent workshops are also on the Web server.
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•

Expanding opportunities for the larger science and technology community to help define and organize
studies

•

Increasing industry sponsorship of JTEC and WTEC studies

The latter two objectives are now being served under the recently inaugurated WTEC Community-Initiated
State-of-the-Art Reviews (CISAR) initiative. CISAR provides an opportunity for the U.S. R&D community to
suggest and carry out studies that might not otherwise be funded solely at the initiative of the government. For
example, WTEC has formed partnerships with university/industry teams, with partial funding from industry, to
carry out three CISAR studies, covering the Korean semiconductor industry, electronics final assembly
technologies in Pacific Rim countries, and civil infrastructure technologies in Pacific Rim countries, respectively.
Several other topics are under consideration. Further information on the CISAR initiative is available on the
WTEC WWW server (http://itri.loyola.edu/cisar.htm) or by contacting the WTEC office.
In the end, all government-funded programs must answer the question, How has this investment benefited the
nation? A few of the benefits of the WTEC program follow:
•

JTEC studies have contributed significantly to U.S. benchmarking of the growing prowess of Japan’s
technological enterprise. Some have estimated that JTEC has been responsible for over half the major
Japanese technology benchmarking studies conducted in the United States in the past decade. JTEC reports
have also been widely cited in various competitiveness studies.

•

These studies have provided important input to policy makers in federal mission agencies. JTEC and
WTEC panel chairs have given special briefings to senior officials of the Department of Energy and
Commerce, to the National Aeronautics and Space Administration (NASA) administrator, and to the
President’s science advisor. Two recent studies on electronic packaging and related electronics
manufacturing issues have had a particularly significant impact in this regard. The 1995 JTEC report on
electronic manufacturing and packaging in Japan was cited by Secretary of Defense William Perry and
Commerce Secretary Ronald Brown in their joint announcement of a $30-40 million government initiative
to improve U.S. competitiveness in electronic packaging. The President’s Office of Science and Technology
Policy and two senior officials at the Department of Commerce have received briefings on a follow-on
WTEC study covering electronic manufacturing in other Pacific Rim countries.

•

Studies have been of keen interest to U.S. industry, providing managers with a sense of the competitive
environment internationally. The director for external technology at a major U.S. high-technology firm
recently reported to us that that he always looks for a relevant WTEC report first when beginning to
investigate a technology for his company, because these reports provide a comprehensive understanding that
includes R&D, process technology, and some information on commercial developments. The list of
corporate users of the WTEC World Wide Web server includes virtually all of the nation’s high-technology
sector.

Not the least important is the educational benefit of the studies. Since 1983 over 200 scientists and engineers
from all walks of life have participated as panelists in the studies. As a result of their experiences, many have
changed their viewpoints on the significance and originality of foreign research. Some have also developed
lasting relationships and ongoing exchanges of information with their foreign hosts as a result of their
participation in these studies.
As we seek to refine the WTEC program in the coming years, improving the methodology and enhancing the
impact, program organizers and participants will continue to operate from the same basic premise that has been
behind the program from its inception: the United States can benefit from a better understanding of cutting-edge
research that is being conducted outside its borders. Improved awareness of international developments can
significantly enhance the scope and effectiveness of international collaboration and thus benefit all of the United
States’ international partners in collaborative research and development efforts.
Paul J. Herer
National Science Foundation
Arlington, VA
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EXECUTIVE SUMMARY

BACKGROUND
Technological innovations have affected the foundry industry in major ways in recent years and will continue
to do so. These innovations are enabling technologically sophisticated foundries to prosper in Japan, Europe,
and the United States, while commodity foundries are being forced to move to areas where labor costs are
lower. To examine how these currents of technical innovation and economic change have been playing out in
Japan and Europe and what these changes augur for the industry — particularly U.S. industry — the National
Science Foundation (NSF) and the Department of Energy (DOE) provided funding for WTEC experts to take
a systematic, on-site look at the foundry business — and in particular its R&D side — in Japan and Europe.
The panel began the study with a week-long trip to Japan during early January 1996. In March 1996, three
panelists visited additional sites in Europe. Altogether, the panel visited with researchers, management, and
officials at 22 different facilities. The following are some of the panel’s most important findings.

FINDINGS
In broad overview, the United States leads Europe in manufacturing but lags behind Japan. The United States
leads Japan in engineering but lags behind Europe. Overall, the United States compares favorably with both.
In all three — Japan, Europe, and the United States — critically important innovations in the foundry industry
have occurred in both incremental technologies and in leapfrog technologies. Government has been most
effective when it has focused on leapfrog technologies, providing the incentives and safety nets that
encourage foundries and researchers to accept higher risks.
The panel’s overall comparisons of the status and trends in advanced casting technologies and applications in
the United States compared to that in Japan and Europe are shown in Table E.1. Other findings are as
follows:
•

Japan leads in some technological areas (squeeze casting, metal mold casting, foundry ceramics,
and energy conservation). The United States leads in other areas — computer applications, lost
foam casting, investment casting, and semisolid forming.
Government support of foundry R&D in Japan is primarily directed toward new processes and new
materials. Research institutes and some universities are performing leading studies in these areas. The
emphasis of industrial R&D, on the other hand, is primarily on cost reduction through incremental
improvements.

•

Japanese foundries strive for a deeper fundamental process understanding than the United States
and use that understanding to focus their process controls.
In spite of the recent business recession, the best-practice foundries maintain strong R&D activities, and
because of these activities, off-shore foundries (such as those being built in the United States) will be
strong competitors of local American foundries. The foundries will bring Japanese process technology
but not necessarily automation.

•

Japanese processes are often slower but more robust than those in the United States. Japanese
companies invest more in worker education and training than do their U.S. counterparts.
With respect to safety, the Japanese place more emphasis on training than on safety equipment. A high
level of worker pride is evident throughout the industry, but it is difficult in Japan, as in the United
States, to attract top talent to the foundry industry because of its “3K” reputation (the three Ks translate
into English as “hard,” “dirty,” and “dangerous”).
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Table E.1
Comparisons Between the United States, Japan, and Europe in
Advanced Casting R&D and Manufacturing
TECHNOLOGY

United
States

Japan

Europe

Mexico*

Melting & Handling
Alloys, Materials
- rapid solidification (glassy)
- metal matrix composites
Metal Mold Casting
- gravity
- pressure die casting
- semisolid molding
- squeeze casting
Investment Casting
Specialized Sand Casting
Environmental & Energy Issues
Advanced Manufacturing/
Process Development
Advanced Product Development
Computer Design, Modeling, and
Simulation
Casting Equipment & Process
Industry

XX

XXX⇑

X

X

XX

XXX⇑
XXX⇑

XX
XX⇑

-

XX⇑
XX
XXX
XXX⇑
XX
XXXX⇑
XXX⇑
XX

XX
XXXX
XX
XXXX
XX
XX

XXX
XXX
XXX⇑
XX
XXX

XXX⇑

XXXX⇑
XX

XXXX⇑
XXX
XXXX

X
XX
XX
X
X
X

XX
XXXX⇑

XX
X

XX
XXX⇑

X
X

XXX

XXX⇑

XXX⇑

X

Key:
The number of X’s indicates relative strength.
⇑ denotes new developments and initiatives pointing to strength in the future.
* ratings on Mexico based on Paul Mikkola’s 1996 visits to Mexican foundries and related facilities
(not formally a part of this study).
•

In Japan, there is a high level of university/government/industry interaction in R&D planning and
prioritization.
There is also interaction in project allocation to reduce duplication. However, facilities for foundryrelated research and education in universities lag behind those in the United States.

•

Recent foundry technological developments in Europe are significant.
These include advanced permanent molding, flexible machines for metal mold casting, improved
molding and solidification practices for sand casting, and rapid prototyping. Computer modeling and
simulation in Europe is strong, and advanced casting processes are rapidly being adopted. These include
lost foam castings in volume production, advanced semipermanent mold casting, and semisolid casting
(SSM).

The following are additional observations by the panel:
In both Japan and Europe there is no extensive infrastructure for clean molten metal processing within metal
casting operations. Casting operations in Japan do not use filtration, degassing, and other conventional
molten metal processing technologies as a norm. However, both Japan and Europe have focused and
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continue to focus and direct substantial resources on research and development in electromagnetic treatment
of molten metal as a technology to refine the melt as well as to manipulate solid-liquid interface conditions
during solidification. The United States leads in the application of molten metal processing technologies,
whereas Japan and Europe are more advanced in electromagnetics for molten metal processing
In the United States, an extended network of die manufacturers exists in the private sector to service and
supply the die casting industry. In Japan, the die casters produce their own dies, and thus manufacturing is
kept within a given “house.” This allows the Japanese die casters to maintain close control of their
proprietary designs; however, the rapid prototyping activities that one observes in both Europe and the United
States far exceed current Japanese technology. Both the United States and Europe have an extensive
secondary aluminum production industry, whereas Japan lags behind in this arena.
Japanese universities and research institutes are leading long-term R&D thrusts for the development of new
materials casting technologies, with significant efforts being undertaken in amorphous metals, in intermetallics,
in the application of magnetohydrodynamics to continuous casting of steel, and in energy efficient furnace
technology. Industrial R&D is focused more on process improvements than on new product technologies, but
significant efforts in new cast materials include cast metal matrix composites, materials substitutions for thinner
wall products, and advanced ceramic products for foundry industry applications.
Die casting and its modern offshoots (e.g., squeeze casting, semisolid forming) are the preferred processes for
thin section, near-net-shape light alloy components in the United States, Japan, and Europe. Lost foam
casting effectively competes for some of this market in the United States and Europe. Semisolid forming is
viewed by many in Europe and in Japan as the process of choice for higher integrity metal molded
components.
Europe and, to a lesser extent, Japan continue to look at new casting applications replacing forgings,
stamping, and conversion of ferrous to nonferrous castings. The high cost of capital limits the number of
process/product joint developments, semisolid forming for automotive applications being an exception.
Ferrous casting developments have occurred in the area of investment cast components from golf clubs to
rocker arms. Titanium and its alloys, as well as glassy metals, are material developments looking for markets.
Titanium alloys have found some growth in the golf club market.
In the areas of special sand casting techniques, computer simulation of solidification, and the general level of
metalcasting research activity in universities, Japan lags behind the United States and Europe. One important
exception should be mentioned: thin section ferrous castings for weight reduction in the automotive market.
The emphasis we saw in this area indicates that further developments may be expected.
The Japanese pride themselves on the quality of their products, yet cost pressures dominate management
concerns. From a technology standpoint, the Japanese aim at continuous improvement. They are constantly
seeking to lower costs while maintaining quality.
In assessing the state of Japanese foundry manufacturing compared to that in the United States, there are a
number of significant points of interest:
•

Since less current investment in foundry capacity is being made in Japan, there is limited opportunity to
install newer technology. However continuous improvement concepts continue to serve Japan well.

•

At the time of this panel’s visit to Japan, cost reduction was a paramount consideration for many of the
casting operations visited. This was due in part to the high value of the yen at that time.

•

Processes in Japan are generally more robust than in the United States. The Japanese are willing to
sacrifice speed for consistency and predictability of the product. Tooling is treated with great respect.
There is intense measurement of tooling and less inspection of the parts.
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•

In managing the process, the Japanese tend to control fewer variables and concentrate only on those
parameters that they have confirmed to be important in influencing the end result.

•

A problem solving philosophy is consistently applied in Japan, and there are diligent efforts to find the
root causes.

•

The extent of automation in Japanese casting operations is equivalent to that in the United States. A
unanimous dedication to training is evident, and it is a key element in supporting Japan's continuous
improvement ethic.

Japanese foundries face many of the same problems as American foundries in the area of recruiting foundry
workers and engineers. However, they emphasize training and maintaining the skills of their workers in an
effort to retain those workers, much more so than in U.S. foundries. Government workplace safety and health
regulations are not as rigorous in Japan as in the United States. Environmental consciousness is high in
Japan.
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CHAPTER 1

INTRODUCTION
Merton Flemings

BACKGROUND
This report presents the results and conclusions from a study of the Japanese foundry industry conducted by a
WTEC study team in January 1996. Results of that study were supplemented by additional visits later in the
spring to foundries and foundry laboratories in Europe.
During its week in Japan, subgroups of the team visited 22 facilities. Included in these were four metal mold
foundries, five iron and steel (sand mold) foundries, four investment casting foundries, four industrial research
laboratories, four universities, and one government office. Seven facilities including sand foundries, metal mold
foundries, and a foundry research center were later visited in Europe.
Panelists included two from industry, Paul Mikkola and Dennis Bertram; one from a national Laboratory, Wayne
Hayden; and three from the university sector, Merton Flemings, Diran Apelian, and Thomas Piwonka. The
sponsors of this study are: Paul Herer and Bruce Kramer of the National Science Foundation (NSF); Walter
Warnick, Bob Rosenthal and Larry James of the Department of Energy (DOE); and Phyllis Genther-Yoshida and
Patricia O'Neill-Brown of the Department of Commerce. The programmatic sponsor was William Obenchain of
the DOE Casting Program. Some of the results presented here have been previously presented in summary form
at a meeting in Washington on Feb. 27, 1996, and at the American Foundrymen’s Society meeting in
Philadelphia on April 23, 1996. Since then some information has been updated through a review of the draft
report by panelists, WTEC staff, and site visit hosts.
In terms of tonnage, Japanese foundry production, at about 7 million tons per year, is about half U.S. production1.
The split of that tonnage among various metals is closely comparable to the split in the United States, the most
important difference being that a substantially higher percentage of aluminum is cast in Japan (13% of the total in
Japan but only 9% in the United States). In other respects the industry in Japan is similar to that in the United
States. As in the United States, most foundries are small (under 100 people). The number of foundries and
employment in the industry have shrunk over the last decade, while overall production has been relatively
constant. In Japan, production of nodular iron, aluminum die castings, and investment castings has increased

1

The American Foundrymen's Society reports total Japanese casting production for 1995 as 6.98 million metric tons, up
from a 1994 total of 6.74 million tons in 1994. This compares with U.S. production of 13.27 million tons in 1994 and 14.43
million tons in 1995 (Modern Casting, December 1995, 25 and December 1996, 31).
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significantly over the last 20 years. It should be noted, however, that investment castings remain a very small
portion of the total in Japan.
Past technological exchanges with Japan have been beneficial to the industries of both countries. Innovations
from Japan that have been or are being adopted in this country include squeeze casting, metal mold
counter-gravity casting, and advanced ceramics for casting processes. Innovations from the United States include
computer design and modeling, counter gravity sand and investment casting, semisolid forming, and lost foam
casting. In other advanced areas, including “glassy” metals, innovations on both sides of the Pacific are leading
the way to new advanced cast materials and processes that show potential.
In its visit to Japan, the WTEC study team focused on foundry innovations, on the emphases of foundry-related
R&D and facility investment, on foundry production practices, and on foundry-related education. The team's
visits in Europe were fewer but were helpful in placing the Japanese visits in context and in enabling the team to
formulate opinions as to the strengths and weaknesses of U.S. industry with respect to both Japan and Europe.
The team returned with much respect for the accomplishments in both Japan and Europe and with a new
understanding of the relative strengths of the U.S. foundry industry, as is reflected in the chapters of this report.
It is hoped that this report will be of use to those in industry, government, and universities who are concerned
with foundry practice and foundry technology. Conclusions of the team carry implications for the future for
companies, policymakers, and researchers.

CONTENTS OF THE REPORT
In Chapter 2, Melting and Handling, Diran Apelian discusses what he considers the most critical components in
the overall metal casting operation: the melting of the metal and the process of liquid metal handling. By
comparing and contrasting industrial practices, as well as research and development activities observed during
site visits in both Japan and Europe, Prof. Apelian has reached many interesting conclusions. In addition, in this
chapter he relates his observations of Japanese and European activities to those found in the United States.
Japanese R&D on New Cast Alloys and Materials, Chapter 3 written by H.W. Hayden, reports findings on active
R&D efforts in the Japanese casting companies directed to the development of new cast alloys and materials, new
ceramic and cermet materials for application by the foundry industry, and major new process/product
developments such as amorphous metals and magnetohydrodynamic (MHD) effects on the continuous casting of
steel rolling ingots. This chapter also presents initiatives being undertaken by the Ministry of International Trade
and Industry (MITI) and R&D on new materials and process/product technologies that were discussed in visits to
Japanese universities, research institutes, and industry. In the many industrial visits, the WTEC team observed a
range of approaches to R&D. Some of the organizations were entirely involved in production. Others were
involved in both process and new product programs.
The next chapter, Metal Mold Casting by Diran Apelian, discusses casting technologies in which the mold cavity
is made of a metallic material. In order to establish a context for this discussion, he first makes several
observations regarding metal mold castings in the United States. He then proceeds to give detailed observations
of these technologies as found in Japan and Europe during the panel’s site visits.
The fifth chapter, Japanese and European New Cast Product Development by Paul H. Mikkola, reports findings
on new cast products being developed in both Japan and Europe. Product development in both of these areas is
driven by the casters' motivation to increase their business or to add to the value chain for the companies
involved. In no case did we find governmental assistance to companies in the area of process development or in
new cast materials and alloys.
Sand casting historically has been the most popular casting method, producing by far the greatest tonnage of
castings used in any country. In the United States, the application of new sand casting processes has occurred at
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steady rates. In Chapter 6, Specialized Sand Casting Technologies, Thomas S. Piwonka assesses the current state
of innovation in the field of sand casting in Japan and Europe. In addition, he gives an analysis of the U.S.
standing in this field compared to Japan and Europe.
In Chapter 7, Current Investment Casting Technology, Thomas S. Piwonka looks at the U.S. precision
investment casting industry, which developed during the Second World War. He goes on to examine the
Japanese investment casting industry, which began after World War II and then developed initially at a slow
pace. He goes into detail regarding two foundries visited by the panel, the Nakatsugawa plant of Daido Precision
Parts and the Yamagata Seimitsu Chuzo foundry built by CADIC Corp.
Advances in Manufacturing and Processing, Chapter 8 by Dennis Bertram, assesses the state of manufacturing in
Japan: how the Japanese use foundry processes, specialized equipment, alloys, human resources, and the
collective knowledge of the R&D people to fulfill the casting needs of the customer.
In the last chapter, Employment, Environment and Energy Issues, by Thomas S. Piwonka, the issues of
employment, the environment, and energy — important to all manufacturing enterprises — are scrutinized as
they concern the casting industries of Japan and Europe. These issues underlie much of the competitiveness of
any nation’s foundry industry, so it is instructive to see how the Japanese and European foundry industries cope
with them.
Appendices to this report include biographies of the WTEC panelists (Appendix A), site reports for each of the
visits the team made in Japan and Europe (Appendices B and C, respectively), and a glossary of terminology
used throughout the report (Appendix D).
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CHAPTER 2

MELTING AND HANDLING
Diran Apelian

INTRODUCTION
Melting the metal and handling liquid metal are two of the most critical components in the overall metal
casting operation. The manner in which the metal is melted, the way the metal is transferred into the casting
cavity, and the whole liquid metal handling process have a significant impact on productivity, on the cost of
operations, and certainly on the quality of the resultant cast component. In this case the old adage “garbage in
— garbage out” is certainly applicable.
Processing the metal in its molten state is the activity wherein the most gains can be achieved. Molten metal
processing is an opportunity for refining and quality enhancement. For example, processes such as alloying,
degassing, filtration, fluxing, and grain refinement and modification in aluminum are usually carried out in the
liquid metal prior to casting. The mass transfer rates and the kinetics are such that these reactions are carried
out much more effectively in the melt.
In the United States there is extensive awareness and recognition of the importance of molten metal
processing throughout the foundry industry. It is well understood that the highest quality can be obtained in
the molten state. The level of hydrogen can be reduced and liquid and solid inclusions can be removed and
controlled, thus improving the quality of the overall casting. There are active developments in refining
technologies in North America; in particular, degassing processes have been developed and have evolved
during the last decade whereby we have several corporations commercially supplying degassing equipment.
The practice of degassing the melt prior to casting is carried out as a norm throughout the industry. Filtration
and the removal of inclusions is another molten metal processing technology that has evolved over the last
decade or so in the United States, and today we find that most foundries and metal casting operations filter the
metal to remove inclusions prior to casting. In addition, there is active development of measurement devices
and equipment to monitor the quality of molten metal. The concept, of course, is that to control quality one
needs to measure it. To establish context, we find that in the United States there are developments and
commercial instrumentation to measure hydrogen content of the melt; inclusions present in the melt are
monitored through LIMCA and other tests such as the PODFA and LAIS. The LIMCA is based on a coulter
counter technique whereas the PODFA and the LAIS are based on a metallographic technique.
These technologies are not laboratory curiosities, but rather are used through the metal casting industry to
assure that the melt being cast is of the highest quality. During the last decade, we have also witnessed the
development and commercial utilization of thermal analysis equipment (i.e., AludeltaTM sold by MPT
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products in Exton, Pa., which has enabled aluminum foundries to monitor the level of modification and grain
refinement).

MELTING AND HANDLING — INDUSTRIAL PRACTICE
The industrial practices observed are described specific to the sites visited. The Japanese sites precede the
European ones.
Japan
The Japanese sites visited pertaining to melting and handling are Daiki Aluminum, Ryobi, Ahresty Corp.,
Toyota Motor Corp., Kubota Corp., and Kyocera. These are briefly described below, followed by overall
impressions.
Daiki Aluminum
Daiki Aluminum is the largest and oldest supplier of secondary aluminum in Japan. At about 160,000 tons
per year, it serves the die casting industry, the casting industry, and other related secondary aluminum users.
Daiki operates four plants in Japan and has headquarters and laboratory facilities in Osaka. The raw material
— the aluminum — is melted in open well furnaces although rotary and induction furnaces are also used.
Major R&D efforts are aimed at reducing costs and investigating defects in castings. Hard spots and inferior
machinability are the leading matters of concern. It is interesting to note that the delivery of molten metal to
various casters is not practiced in Japan as it is in the United States. Each casting operation melts its own
metal. The WTEC team learned that environmental laws in Japan prohibit carrying molten metal over public
highways.
Ryobi
The Ryobi group is a conglomerate of 40 companies that form the backbone of Ryobi Ltd. The Shizuoka
operation, which the WTEC team visited, got started in 1962 and is intensely invested in die casting. In
1984, a joint venture with Ford Motor Co. was formed with the objective of producing transmission cases.
Four 3,500 ton machines were used for this activity. Production for Ford is now being done in the United
States in a 100% Ryobi-owned plant. The 3500 ton machines at the Shizuoka plant now are used to supply
domestic customers.
At Ryobi, there is no extensive molten metal treatment. The melt is neither routinely degassed nor filtered via
ceramic foams or rigid media. Fishnet type “filters” are used during ladle filling to remove dross prior to
filling the die cavity. No grain refining or modification of the aluminum melt is carried out. Furthermore, no
quality measurements of the molten metal, such as hydrogen level and inclusion content, are carried out on a
routine basis. Similarly, no thermal analysis of the aluminum is carried out on a routine basis to monitor
quality.
Ahresty Corp.
Ahresty Corp. is an integrated die casting company. Its principal products are aluminum die castings,
secondary aluminum, ingot, free access floors, garden tools, and peripheral equipment for die casting
machines. Ahresty operates six casting plants, five sites for die manufacturing and a secondary aluminum
operation.
Ahresty has developed processes to improve the quality of high pressure die castings through rapid melting
furnace technology, automated aluminum scrap sorting, and enhanced molten metal handling. At Ahresty,
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molten metal is transferred to each die casting machine. Subsequent to casting, an automatic extractor places
the castings into a trim press to remove the flash.
Ahresty uses CT scanners to measure interior casting dimensions, and infrared temperature sensing devices
are used to monitor die temperature. Critical process parameters are measured and stored; the data are
analyzed for quality assurance purposes.
Toyota Motor Corp.
Toyota operates both iron and aluminum casting operations. It operates both sand cast and die cast shops to
produce parts for its auto manufacturing. Cast components are used for chassis, power train, and body
applications.
Many advances in both product and process have resulted from Toyota’s commitment to foundry engineering.
Some of the most recent are the TDP aluminum cylinder block production, Toyota’s new differential pressure
casting process, aluminum suspension members produced by low pressure die casting, aluminum wheels
produced by high pressure casting, automatic core transfer and setting, automatic core delivering, and
automatic coating of investment casting molds.
Toyota Motor Corp. has an advanced materials handling system in place. Secondary aluminum is melted in a
rapid manner and delivered to each casting unit. It is interesting to note that zinc is removed from auto body
scrap prior to melting.
Toyota practices advanced molten metal processing technologies; in particular, inclusions are removed prior
to casting. Electromagnetic and centrifugal forces are applied to the melt to separate the inclusions out before
transferring the melt to the mold.
Kubota Corp.
Kubota is a major corporation committed to materials, and it continues to invest in materials research and
development. The main sectors of the corporation are in agriculture, water supply, housing, and the
environment. It is interesting to note that Kubota Corp. has made a commitment to the development of
materials for the metal casting industry and specifically as a resource for enabling technologies for the
foundry industry.
Kubota has a very intense development and presence in the use of ceramics for advanced die casting
processes. Kubota's ceramics have higher strengths and toughness as well as higher corrosion resistance
against molten aluminum compared with the traditional ceramic refractories used in the industry. Maximum
dimensions of Kubota ceramics for the die casting industry are a length of 50 in, a diameter of 20 in, and a
thickness of 2 in. Kubota is working with end users and customers in producing state-of-the-art ceramics for
the die casting industry, and has a very good array of such products. Kubota is a key player in the
development of enabling technologies for the metal casting industry in Japan, as well as globally. It is
producing Si3N4 material and composite material (titanium matrix containing ceramic particulates) for die
casting applications. These include transfer ladles for Ube squeeze casting systems, transfer tubes for
Toshiba electromagnetic pump systems, riser stalks for low pressure die casting, heater element tubes for
holding furnaces, thermocouple protection tubes, nozzles, and a variety of other applications. The titanium
composites are used as short sleeves for high pressure aluminum die casting, for both horizontal and vertical
machines. These composite ceramics have very high insulation properties as well as high corrosion resistance
to molten aluminum.
Kubota also produces porous metals. These are produced via powder metallurgy — a special sintering
process unlike traditional sintering processes. The porosity is controlled within the range of 15-30%. The
size of the pores and their distribution are independently controlled to between a 20-100 µm diameter. It is
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clear that Kubota also controls the size of the initial powders, the raw material used in the development of
porous metals. The porous metals are made out of H13 steel as well as AISI 1304, and have applications in
aluminum die casting and plastic injection molding. These porous metals also have potential applications as
die materials and core boxes; this is a major enabling technology for the metal casting industry.
Regarding metal handling, Kubota is producing skid buttons (which are used in the steel industry to support
reheated slabs). These buttons are produced by Kubota from chromium matrix alloy using hot isostatic
pressing (HIP), and are four times more wear resistant than those made of cobalt matrix heat resistant steel
material. This new material is anti-oxidizing and can be utilized for temperatures in the vicinity of 1350oC.
The melting point is 1250oC for conventional buttons. Kubota is supplying skid buttons to most of the major
steel producers of Japan, having manufactured over 4,000 pieces since 1988.
Kyocera Corp.
Kyocera is a well established powerhouse in the field of ceramics. Kyocera ceramics are used in a variety of
applications in the chemical industry, in the semiconductor industry, and in wire drawing equipment,
automation components, communications, engine components, etc. Like Kubota Corp., Kyocera Corp. has
made a commitment to the metal casting industry in that it is producing advanced ceramics for die casting
manufacturing applications. These are thought of as enabling technologies for the foundry industry. The fine
ceramics division has advanced facilities with cold isostatic pressing (CIP) for making Si3N4 components, for
slip casting, and for state-of-the-art grinding and machining operations. Kyocera’s Si3N4 is based on its own
proprietary technology. The stalk tubes produced by the Kyocera materials have demonstrated a 2 year life
during industrial applications.
Kyocera’s products for metal casting applications include ladles, die cast sleeves, stalks, thermocouple
protection tubes, submersible heater protection tubes, heater tubes, degassing pipes and rotors, fixtures for
wetting processes, pumps, etc.
In the past, Kyocera has worked with Toshiba to develop a die casting hot chamber machine, and has
manufactured ceramic components that are used in the hot chamber casting machine.
Overall Impressions
•

An infrastructure for clean molten metal processing was not observed in Japan. Specifically, most
casting operations do not use extensive filtration, degassing, thermal analysis, and other “conventional”
molten metal processing technologies.

•

No extensive secondary aluminum production industry exists in Japan. Metal casters carry out their own
“melting” in-house. Stack melting furnaces are used in Japan.

•

Die casters in Japan produce their own dies. This is quite different from the situation in North America.
As a consequence, there is a dearth of independent Japanese die manufacturers in the private sector. As a
result, each die caster maintains very good control of their own proprietary die designs.

•

Die maintenance facilities are first-rate. Both Ryobi and Ahresty Corp. have an extensive infrastructure
in-house for die maintenance and excellent inventory control of their dies. The design/tooling,
print/vendor process chain is shorter in Japan, and there is more proprietary design protection.

•

Toyota Motor Corp. has innovative molten metal refining technologies via centrifugal and
electromagnetic separation. In general, Japanese know-how on electromagnetics and the application of
magnetohydrodynamics (MHD) to refine molten metal is quite advanced.

Europe
The European sites this panel visited pertaining to melting and handling are BMW, Buhler, and Pechiney
Aluminum. These are described below, followed by overall impressions.
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BMW Foundry Division
The BMW aluminum casting operation is located in Landshut, Germany. It is the largest low-pressure,
semipermanent mold aluminum foundry in the world. This is are a captive shop, currently manufacturing
parts only for BMW, but plant managers are interested in expanding their casting sales. This modern
aluminum manufacturing plant employs high pressure die cast, gravity, and low pressure permanent molding,
sand casting, and a lost foam development cell. The site is a multilevel foundry with varied operations on
each level. All equipment is monitored by a computer information system that reports both inventory control
and manufacturing process data.
The process begins by either melting aluminum or purchasing liquid aluminum from the secondary industry.
Unlike Japan, molten aluminum is transported by trucks in high temperature ladles over highways for as far as
200 miles. The aluminum is held in gas-heated furnaces until needed at the casting machines, at which time
the fork trucks transfer it via ladles.
Casting production of transmission cases, motorcycle cylinder blocks, and oil pans is done on high pressure
die cast machines. More complex cylinder heads and engine blocks are made using the low pressure,
semipermanent mold process. The molten metal is degassed prior to casting; however, no extensive quality
measurement devices are utilized.
Buhler Ltd.
Buhler is a worldwide engineering group active in the design and construction of plants and equipment with
headquarters in Switzerland. Buhler has a very strong expertise in die design and manufacture and is one of
the leading producers of die casting machines. Buhler’s modular design and flexibility of apparatus allow
control of the pressure and velocity profiles during operations.
Buhler has made a major investment in semisolid processing of materials by producing a new die casting
machine — the SC model — wherein semisolid billets are placed into the die. With respect to molten metal
handling, Buhler’s approach completely changes the paradigm in that there is no liquid metal handling.
Buhler heats slugs cut from rheocast billets via induction, and subsequently these heated billets are transferred
into the cavity and injected. Under pressure or shear, the heated rheocast slug flows into the cavity. This is
an exciting new development offering most interesting cast properties.
Pechiney Aluminum
Pechiney, a large private corporation in France, has corporate axes in the packaging industry and in metal
production — including magnesium, aluminum, and other refractory materials. Pechiney is one of the few, if
not the only, primary producer of aluminum that is also heavily committed and involved with secondary
aluminum production. This may be a resource for the metal casting industry in that there exists a great deal of
technology derived from primary production of aluminum that can be used in secondary production of
aluminum and subsequently in metal casting.
Pechiney’s group in melting and solidification research is very strong in personnel, equipment, and
intellectual property. The staff is very much involved in recycling and thus has developed a great deal of
expertise and proprietary information in melting, removal of secondary phases (inclusions), degassing of
molten aluminum, fluxing, etc. Moreover since they are integrated in the corporation with an end product
such as the packaging industry, they can assess the performance of the metal they produce in the marketplace.
For example, the refining techniques used during casting and the resultant performance in the beverage can
industry can be measured under one umbrella at Pechiney.
There is a great deal of effort at Pechiney in semisolid processing, specifically in the production of
thixotropic materials. The R&D program is now at the commercial stage, exemplified by the production of
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thixotropic billets as well as the development of the thixoforming processes. The product name of the
thixotropic billet they produce is ALTHIX; these are now being produced commercially on an industrial scale
and distributed in North America by Oremet. Their products — A356 and A357 — are currently available in
3 in diameter billets. Larger diameters are also being developed. The corporate philosophy is that Pechiney
Aluminum will supply billets to independent companies and will provide technical assistance to its clients.
The goal is to contribute to the development of thixocast parts, especially for the automotive industry.
Overall Impressions
In comparison to Japan, there is more of an infrastructure for the secondary aluminum industry in Europe.
The various casting houses and casting operations do not rely on melting their own aluminum and their own
metal but rather purchase it from the secondary aluminum industry. In most instances, a combination of both
in-house melting and purchase of secondary aluminum takes place. In Europe there is a greater consciousness
of the quality of the molten metal and implementation of molten metal processing technologies such as
degassing and filtering than in Japan. However, neither Japan nor Europe is using measurement devices to
control the quality of the molten metal as fully and extensively as is the case in the United States.

RESEARCH AND DEVELOPMENT ACTIVITIES
In addition to the industrial sites, R&D work pertaining to melting and handling is ongoing in both Japan and
Europe at central facilities and/or university laboratories. These are reviewed in this section.
Japan
Nagoya University
At Nagoya University, Professor Asai’s electromagnetic fields laboratory is a major resource for the metal
casting industry in Japan. His work is well supported by the Ministry of Education (Monbusho), as well as
the Japanese Ministry of International Trade and Industry (MITI). Much research on electromagnetic fields
and their use for the handling of molten metal is ongoing. The well-equipped laboratory at Nagoya has
current projects on the following:
•

crucible melting for titanium aluminides

•

soft contacting solidification

•

synchronizing imposition of a magnetic field with mold oscillation during continuous casting of steel

•

inclusion removing from liquid metals by the imposition of Lorentz forces on the melt

•

moving primary silicon in hypereutectic aluminum silicon alloys

•

applying magnetization force to nonmetallic components

An example of electromagnetic applications in the metal casting industry is at Nippon Steel, which currently
is experimenting with continuous casting of clad stainless steel over a carbon steel core. The process
produces a fine definition and bonding between the two materials and thereby allows rolling to a much
thinner gauge. The fine definition between the similar materials is produced by a magnetic field that keeps
the two liquids separated (suppressing convection) in the caster’s mold.
Separation of nonmetallic inclusions is difficult to achieve by flotation or gravity where the density of the
inclusion is close to the density of the clean metal. A theoretical analysis indicates that a direct magnetic field
magnifies the difference between metallic and nonmetallic particles and aids separation. Laboratory
experiments conducted by Prof. Asai’s group confirm the ability to reduce the silicon and iron content of
molten aluminum. This technology when commercialized could make widespread use of contaminated
aluminum scrap feasible for critical casting applications.
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Funding from the Japanese government is significant since some of Prof. Asai’s work could easily produce
important energy saving for the country. This is an example of Japan focusing its research and development
yen on specific problem-solving situations. Other benefits from these research projects will be in the
improved filtration and refinement of nonferrous alloys.
NEDO
The New Energy and Industrial Technology Development Organization (NEDO) focuses on recycling
aluminum. Recycling is a very effective means of reducing the load on the global environment and improving
the efficient use of energy. Since 1990, NEDO has initiated a global environment industrial technology
development program with financial support from MITI. This project, which started in 1993, supports the
needed R&D and technology to promote nonferrous metal material recycling based on alternative energy
sources.
NEDO oversees the overall project through the Japan Research and Development Center for Metals
(JRDCM), which focuses on aluminum, and the Center for Eco-Mining (CEM), which focuses on base metal
and rare metals. With respect to aluminum, the cooperative study partners with JRDCM are Kobe Steel Ltd.,
Sky Aluminum Co., Nippon Light Metal Co., Furukawa Electric Co., Showa Aluminum Corp., Sumitomo
Light Metal Industries, and Mitsubishi Aluminum Co. Universities affiliated with JRDCM are the Tokyo
Institute of Technology and the Technological University of Nagaoka. The research projects address
advanced melting technologies, advanced purification technologies, liquid phase purification, gaseous phase
purification, half-molten state purification, molten scrap cleaning, and supporting technologies such as dross
recovery and the effective use of dross.
Europe
CTIF
The Centre Technique des Industries de la Fonderie (CTIF) is a research institution devoted to serving the
French foundry industry, which is an over Fr 30 billion/annum industry employing 50,000 people. There are
160 professional and nonprofessional employees at CTIF, most of them located in the main central facility in
Sevres. A small staff is employed at CTIF satellite branches throughout France at Tours, Charleville, SaintDizier, and Lyon. Funding for CTIF comes totally from the industrial sector; it receives no government
funds. CTIF’s budget is about Fr 75 million/year (roughly $15 million). Two-thirds of this comes from
membership fees, and the other third from services rendered, i.e., from consultation and specific customtailored projects. The membership fees are dictated by a syndicate of metal casters in France, and the fee
structure at present is 0.31% of company sales. Foundries with fewer than 10 employees do not pay a fee.
The syndicate sets the fee structure and mandates that the industry support CTIF for a five-year period. The
syndicate evaluates this mandate every five years based on its evaluation of CTIF’s performance.
CTIF’s research agenda is very much decided through a committee structure. Technology transfer and
dissemination of information is very important for CTIF.
Though the research programs carried out at CTIF are quite extensive, many of the issues it is working on
relate to molten metal processing and metal handling. For example, CTIF has developed an apparatus —
called Qualiflash — that tests the inclusion quantity in an aluminum bath. This is a simple “go, no-go” test,
which uses a small quantity of metal. Sample cleanliness is estimated on-line by the use of a specially
designed ingot mold that measures the quantity of metal that passes through a filter. CTIF also has developed
the ANAPROD software to analyze the causes of downtime in die casting machines. It is a Windows-based
system that allows corrective measure and predictive maintenance planning and provides the statistics for
each machine, each part or die, and each worker.
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CTIF is a model for industrial sector funding of a national resource base for the development of needed
technologies to support the metal casting industry. It carries out precompetitive research for the benefit of the
whole industry.
Madylam Laboratories
The Madylam Laboratories facility is located in the southern part of France, not far from Grenoble. These
laboratories are dedicated to the modeling, simulation, and experimentation of electromagnetic technology.
They are jointly funded by industry and the French government. The annual budget is Fr 25 million, of which
Fr 15 million comes from the industrial sector and Fr 10 million from the French government. Graduate
students from various universities carry out their research at Madylam Laboratories, and there is a close
interaction between the academic sector and the researchers at Madylam. Madylam researchers are working
on electromagnetic valves for ceramic-free metal casting. Clean metal processing is an important agenda at
Madylam. Future activities will be addressing issues arising from recycling. There are 15 scientists and 10
engineers/technicians working at the laboratory. Madylam is a good example of how all three parties — the
academic sector, the industrial sector, and the government — come together and fund a focused research
activity for the advancement of the manufacturing sector. The activities are narrowly focused on
electromagnetics and their use in the metal processing industry.

CONCLUSIONS
Molten metal processing and metal handling are important steps in the overall metal casting operations visited
by the WTEC team. In comparison to the United States, neither Japan nor Europe — though less so in Japan
— has an extensive infrastructure for clean molten metal processing within metal casting operations.
Specifically, the casting operations in Japan do not use filtration, degassing, or other conventional molten
metal processing technologies as a norm. However, both Japan and Europe have focused and continue to
focus and direct much of their resources toward research and development in electromagnetic treatment of
molten metal as a technology to refine the melt as well as to manipulate the solid-liquid interface conditions
during solidification. The United States leads in the application of molten metal processing technologies.
Japan and Europe are more advanced in electromagnetics for molten metal processing. The NEDO work in
Japan is quite impressive regarding recycling activities and may have long-term benefits for the reduction of
energy consumption and for the production of enhanced aluminum recycled products.
In the United States, an extended network of die manufacturers exists in the private sector to service and
supply the die casting industry. In Japan, die casters produce their own dies, and thus manufacturing is kept
within a given “house.” This allows Japanese die casters to maintain good control of their proprietary
designs; however, the rapid prototyping activities that one observes in both Europe and the United States
were not as evident in Japan. Both the United States and Europe have extensive secondary aluminum
production industries, whereas Japan lags behind in this area.
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CHAPTER 3

JAPANESE RESEARCH AND DEVELOPMENT ON
NEW CAST ALLOYS AND MATERIALS
H. Wayne Hayden

INTRODUCTION
This chapter reports findings on active R&D efforts in the Japanese casting industry directed at the development of
new cast alloys and materials, new ceramic and cermet materials for application by the foundry industry, and major
new process/product development activities such as amorphous metals and magnetohydrodynamic (MHD) effects in
the continuous casting of steel rolling ingots.
The chapter is presented in terms of initiatives being undertaken by the Ministry of International Trade and Industry
(MITI) and R&D on new materials and process/product technologies that were discussed in visits to Japanese
universities, research institutes, and industry. In the many industrial visits, there was a range of approaches to R&D.
Some organizations were entirely involved in production. Others were involved in R&D efforts aimed at process
improvements — especially cost reduction. Others were involved in both process and new product programs. It is
the latter group that are included in this chapter.

MINISTRY OF INTERNATIONAL TRADE AND INDUSTRY
MITI has traditionally played a significant role in formulating trade and technology policy in Japan. Through
government laboratories and contracts with industrial associations and individual companies, MITI has provided
direct and indirect support for applications-oriented R&D in Japan.
The entire WTEC team met with Mr. Masanori Hirota, deputy director of the Machine Parts and Industries Division.
This division has responsibilities for a broad spectrum of industries and technologies of which casting is a small
portion. Mr. Hirota described two specific R&D projects sponsored by his division, one aimed at the development
of “super metals” and the other on industrial furnace technology. Both are being managed by the New Energy
Development Organization (NEDO), a quasi-governmental organization that carries out a number of other MITI
programs. NEDO assembles project teams from industry and universities. Actual research takes place in industry or
university labs as appropriate to the project.
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Super Metals Project
This new program is aimed at developing metal materials with controlled microstructures at the molecular level. The
objective is to develop materials that are both stronger and lighter than currently available. The fiscal year (FY)
1995 (ending March 31, 1996) budget for the project was ¥35 million — $350,000 at ¥100/$ (MITI 1995). FY
1996 funding was expected at roughly the same level. Future year funding is subject to negotiations on a year-toyear basis with the Ministry of Finance (MOF), depending on the outcome of the early phase. The effort focuses on
intermetallic compounds and on amorphous materials. The program is being carried out at the National Industrial
Research Institute of Nagoya, a site which was not visited by the WTEC team.
Industrial Furnace Project
This project is aimed at developing improved industrial furnaces that could be used for heating, melting, and thermal
processing of materials. The goals are reduced emissions and a 30% reduction in energy consumption compared to
current furnaces used for these processes. The effort is directed at furnaces fueled with heavy oil. Mr. Hirota
indicated that the FY 1995 budget was ¥1.3 billion (~$13 million). Subject to negotiation with MOF, FY 1996
funding was expected to continue at the same level. The FY 1997 budget is ¥1.8 billion (NSF/Tokyo 1997). The
project is expected to continue through FY 1999.
Soft Contact Steel Casting
The WTEC team learned of another major program sponsored by MITI through the Japanese Research and
Development Center for Metals (JRDCM) that is being conducted at the University of Nagoya. The program is
directed at the use of MHD for casting continuous ingots of steel using a soft contact steel casting process. The
program, which started in FY 1995, has a budget of $24 million over six years. Six Japanese steel companies and
Asea Brown Bovari (ABB) are involved in the effort. A French company may also join the program. The JRDCM
is headquartered in Tokyo and is an association of Japanese metal companies cooperating on precompetitive R&D.
Its director is a former vice president of Nippon Steel.

UNIVERSITIES
Tokyo University
Much of the casting research at the University of Tokyo deals with fundamental issues related to continuous casting
of steel and aluminum, thin-wall castings, and directional solidification. Extensive studies of the deformation
behavior of steel (Nakagawa et al. 1995), stainless steel (Mizukami et al. 1995), and aluminum (Suvanchai, Ikane,
and Umeda 1995; Nakagawa et al. 1995b) during solidification have been carried out to define the causes of internal
cracking during solidification and the possible means of avoiding such problems in production operations. Although
the major emphasis appeared to be process technology, several new cast products were also discussed.
A low density aluminum curtain wall composite material was produced through suction casting a mixture of molten
aluminum with hollow SiO2 spheres. The spheres were produced from volcanic sands, which are otherwise a waste
material.
As in the United States, Japan also has growing quantities of radiologically contaminated scrap metal (RSM). In an
attempt to develop controlled reuse opportunities for such scrap, a process is being developed for the production of
nodular iron containers from RSM. The process leads to production of a cylinder without the use of a core through
vertical centrifugal casting (Kim et al. 1994). If rotation is stopped at a critical time, the remaining unsolidified
metal will drop to form a cast bottom for the cylinder. Fig. 3.1 shows a schematic of the process. Cylinders having a
height of 300 mm and outer diameters ranging from 176 mm to 190 mm have been produced from a 196 mm
diameter steel mold. Variations in diameter result from different thicknesses of mold coating, which is one of the
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critical parameters for the process. Similar results have also been demonstrated for producing cylinders from
aluminum alloy AC4C (6.7% Si, 0.4% Fe, 0.15% Cu, 0.06% Mn, 0.35% Mg, 0.06% Zn, bal. Al) (Murata et al. n.d.).

Fig. 3.1. Principle of manufacturing a container by centrifugal casting.

A research program on white cast iron for rolls is centered on materials containing 17% Cr, 5% W, 1.4% Si, and
2.5% C.
Work on directional solidification processes includes studies of unidirectionally solidified W-Cr cast irons to apply
phase selection criteria to elucidate the sequence of solidification of the various carbide forms (M3C versus M7C3)
(Liu et al. 1995). Theoretical studies of directional solidification of peritectic alloys indicate that phase selection
criteria can be applied to project competitive growth processes of stable and metastable phases during solidification.
Potential peritectic systems range from carbon and Cr-Ni steels, copper alloys, rare earth permanent magnet
materials, and high TC superconductors (Umeda, Okane, and Kurz n.d.).
Tohoku University, Division of Foundry Engineering
The bulk of the research effort at the Tohoku University Division of Foundry Engineering relates more to casting
process technology than to the development of new cast materials. Several ongoing efforts are directed toward the
goal of improved thin-wall castings. These include studies of the fluidity of eutectic and hypereutectic Al-Si alloys
(Funakuba, Anzai, and Niyama n.d.), and studies of the deformation of the shell formed at initial melt/chill contact
for Fe-C alloys (Dong, Niyama, and Anzai 1995) and low-melting materials (Bi, Sn, Pb, Sn-Pb) (Dong, Niyama, and
Anzai 1994).
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A new process for casting titanium alloys called ADCAST has resulted from studies of the fluidity, shrinkage, and
mold reaction of titanium alloys in precision casting. The graduate student carrying out this research is the son of the
owner of the company funding the research.
Nagoya University
Much of the research effort discussed at Nagoya University is related to the long-term research interests of Prof. Asai
in the application of electromagnetic fields to the processing of materials. Some of the new areas of application
included the following applications.
Soft Contact Steel Casting
The steel industry program at Nagoya University is funded by Nippon Steel, Kobe Steel, Sumitomo, NKK,
Kawasaki, Daido, Nissin Steel Co., Mitsubishi Steel Co., and Mitsubishi Heavy Industries in conjunction with
JRDCM. The goal is to develop a process in which steel plate can be rolled immediately after continuous casting
without the need for intermediate cooling, scarfing, and reheating. This requires the production of a high quality
surface in the as-cast slab so that scarfing prior to rolling can be eliminated. The improvement of the cast surface is
achieved by soft contact solidification whereby the slab barely touches the surface of the casting mold.
Consequently, oscillation marks are eliminated. The key to the process is synchronous imposition of a magnetic
field during mold oscillation. The process may parallel methods used in the aluminum industry for electromagnetic
casting of direct chill ingots for sheet production. The use of magnetic fields as a “bottle” for constraining the
molten metal permits solidification to occur with no physical mold/metal contact. This, in turn, leads to the
formation of very smooth surfaces capable of being hot worked without surface conditioning. Significant work will
still be required before the soft contact process can be commercialized. If fully implemented, application of the
process by the Japanese steel industry could result in a 0.2% reduction of Japan’s total energy consumption. Such
potential provides more than adequate incentive for MITI and the companies involved in the program.
Levitation Melting
Levitation melting is being developed as a method to eliminate contact between the material being melted and the
crucible. Major emphasis is on reactive materials such as TiAl in which contact and chemical reaction with ceramic
crucible materials pose serious problems. The process can be carried out in a vacuum or in special atmospheres,
which also contribute to the ability to produce castings of high purity. By controlling the electromagnetic forces, it is
possible to control levitation and the physical shape of the melt without producing turbulence within the hot liquid.
Although emphasis is currently on high temperature melting materials where suitably nonreactive crucibles are not
available, it may also have application in high volume production for single-shot melting in die casting.
Inclusion Separation
Separation of inclusions is difficult to achieve with flotation or gravity when the density of the inclusion is close to
that of the metal. Theoretical analysis indicates that a direct magnetic field magnifies the difference between
metallic and nonmetallic particles and aids separation. Lab experiments confirm the ability to reduce the silicon and
iron content of molten aluminum. Prof. Asai holds a patent on this process, which could be of great commercial
interest for the processing of contaminated aluminum scrap metal.
Clad Steel Products
Prof. Asai described work at Nippon Steel on continuous simultaneous casting of a stainless steel cladding over a
carbon steel core. The process produces a fine definition and bonding of the two alloys and thereby allows rolling to
thin gauges. The fine definition is produced through the use of a magnetic field that keeps the two liquids separated
in the caster’s nozzle through suppression of convection. More expensive conventional methods for producing clad
steel products involve either hot roll bonding of sheets or plasma spraying of the cladding.
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RESEARCH INSTITUTES
Tohoku University, Institute of Materials Science
The Tohoku University Institute of Materials Science occupies facilities at the old campus in the central part of the
city of Sendai, which are separate from those of the College of Engineering. The institute is housed in a multistory
facility of recent construction. The WTEC team visited Prof. Inoue, who was cited as the second most-quoted
worker in the field of materials science by a recent study reported in Science magazine. The same study ranked
Tohoku University as the sixth most-quoted institution in materials science (after Oak Ridge National Laboratory).
Prof. Inoue’s major efforts are devoted to the study of amorphous metallic materials (Inoue 1995; Inoue n.d.; Inoue
et al. n.d.).
Prof. Inoue has a staff of about 30 research associates. His efforts are supported by Japanese industry and the
Japanese government (primarily the Ministry of Education, Culture and Science as well as other ministries). The
ratio of government to private funding has been in the range of 4:1 to 3:1. The level of industrial funding has been
fairly constant and depends on the number of industrial workers on Prof. Inoue's staff at any time. He has a budget
of ¥30 million to support operating and overhead costs for his operations, which is equivalent to a cost of ¥1 million
for supporting each associate. These costs do not include the salaries of his associates.
In the several research laboratories under Prof. Inoue’s direction, there was a complete range of processing, testing,
and analytical equipment to support his studies on amorphous metallic materials. Professor Inoue presented a
comprehensive review of the history of the efforts of his group on amorphous and nanocrystalline metallic materials.
In addition to interest in these materials in the amorphous state, there is also interest in them as precursors of
nanocrystalline materials. The new materials are being developed for their unique properties including the
following:
•

Mechanical properties: high strength, high toughness

•

Physical properties: soft magnetic properties (Fe- & Co-based alloys), soft superconducting behavior (Mo- and
Nb-based alloys), high magnetostriction

•

Chemical properties: corrosion resistance, catalytic activity

Over the period Prof. Inoue and his colleagues have progressed in understanding the proper compositions to the
point that bulk amorphous materials can be produced using conventional casting procedures. Whereas, conventional
glassy materials are produced at cooling rates of from 102 to 100 oK/sec, the earlier amorphous metal compositions
required cooling rates of from 106 to 104 oK/sec. The cooling rates for some of the newer compositions are now
similar to those of conventional glassy materials. The goal has been the development of compositions which
simultaneously exhibit:
1.
2.
3.

A large difference between the crystallization temperature (Tx) and glass forming temperatures (Tg),
∆Tx=(Tx-Tg)
A high reduced glass forming temperature (Tg/Tm)
Low cooling rates

To achieve these conditions, Prof. Inoue’s group has developed three rules for metallic glass forming:
1.
2.
3.

Use multicomponent systems containing three or more elements
There should be significantly different atomic size ratios, >12%
The mixtures should have large negative heats of mixing

Glass formation is encouraged when several phases are formed during normal crystallization as crystallization is
suppressed by the long-range rearrangements required for the formation of the several phases. A high liquid-solid
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surface energy becomes a barrier to crystallization. Prof. Inoue indicated that both nucleation and growth of the
crystalline phases should be difficult for good amorphous metal systems.
Figure 3.2 presents experimental results for numerous alloy systems showing variations in critical cooling rates
versus reduced glass forming temperatures. Figure 3.3 presents results for the same systems showing cooling rate
versus ∆Tx. Figure 3.4 shows atomic radii of the constituent atoms for new Mg-, Ti-, and Al-based amorphous
alloys. Figure 3.5 presents a summary of the reasons for the achievement of glass forming tendencies.

Fig. 3.2.

Relation between the minimum critical cooling rate for glass formation (Rc) and
reduced glass transition temperature.

Through their many studies, Prof. Inoue’s group has demonstrated solidification of amorphous metal materials using
the following procedures:
1.
2.
3.
4.
5.
6.

Water quenching a melt in a quartz tube
Casting in a copper mold
High pressure die casting
Arc melting in a water-cooled crucible
Unidirectional solidification
Suction casting

Consolidation of powdered amorphous metals has been demonstrated by both hot pressing and warm extrusion.

H. Wayne Hayden

Fig. 3.3. Relation between Rc and the temperature interval of the supercooled liquid region ∆Tx.

Fig. 3.4. Atomic radii of the constituent elements for new ternary amorphous alloys.
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Fig. 3.5. Summary of the reasons for the achievement of large glass forming ability for ternary alloy systems.

The use of a wedge-shaped copper mold has been most helpful in determining critical cooling rates for amorphous
structure formation as well as for predicting interface velocities versus cooling rates for unidirectional solidification.
By water quenching a melt in a quartz glass tube, amorphous structures in a Zr-Al-Ni-Cu alloy have been produced
with a diameter of 16 mm. Using a unidirectional zone melting method, samples of a Zr-Al-Ni-Cu-Pd alloy have
been produced with a thickness of 10 mm, a width of 12 mm, and a length of 300 mm.
Mechanical studies of amorphous metal systems have shown them to exhibit Newtonian viscous behavior (stress
proportional to strain rate) with no indications of work hardening. Tensile elongations up to 15,000% have been
demonstrated when such materials are deformed in the supercooled liquid region. Nanocrystalline structures can be
formed when amorphous metals are heated to temperatures at which crystallization can occur. The extremely fine
structures so produced demonstrate quasi-viscous superplastic behavior (stress proportional to the square root of
strain rate). With such ultra-fine structures superplastic behavior can be obtained at strain rates as high as 1
reciprocal second.
For the various amorphous metal compositions that are under investigation, potential applications include the
following: electro-processes, small mechanical parts, magnetic applications, and biomedical applications based on
high corrosion resistance, particularly with no grain boundaries.
For example, studies of high strength aluminum alloys are being carried out for YKK (zipper manufacturer).
Amorphous structures have been produced by melt spinning in numerous systems including the following:
-

Al-La
Al-early transition metal
Al-Ca-Mg
Al-Ca-late transition metal
Al-Si-transition metal
Al-Misch metal-Ni

-

Al-Ca
Al-late transition metal
Al-Ca-Zn
Al-B-transition metal
Al-Ge-transition metal
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Recent research has shown that very high strengths can be obtained by production of Al-based materials with a
mixed amorphous +fcc Al structure. Such structures can be produced by controlled cooling conditions in which the
equilibrium intermetallic phase formation is avoided, but a metastable +fcc Al phase can be nucleated. Similar
studies with an Fe-Nd-B alloy have demonstrated the formation of a mixed triplex nanostructure consisting of +bcc
Fe, tetragonal Fe14Nd2B, and remaining amorphous phases. The triplex nanostructure is a magnetically hard material
while the totally amorphous structure has soft magnetic behavior.
National Industrial Research Institute of Nagoya
The WTEC team did not visit the National Industrial Research Institute of Nagoya. The institute is jointly sponsored
by the Agency of Industrial Science and Technology and MITI. We learned that this center will be responsible for
the super metals program on intermetallics and amorphous metals. During the trip we learned that the center is also
involved in a program of reactive synthesis and melting of intermetallics through chemical reaction and subsequent
pouring with vacuum assist.
Recent publications by members of the center indicate extensive ongoing efforts in the following areas:
•

Melting and casting of Ti-Al intermetallic compounds using a cold crucible levitation melting process followed
by investment casting (Kobayashi, Nishio, and Miwa 1994)

•

Semisolid forming of partially remelted magnesium alloys (Miwa et al. 1995; Miwa, Kobayashi, and Nishio
1994)

•

New casting methods for preparation of SiC whisker reinforced Al alloy composites called compocasting

INDUSTRIAL R&D
Ryobi
Ryobi is very active in the development of die cast aluminum composites for wear applications. Although these
materials are of great interest, there are several negative features: high production costs, machinability, recycling,
and high materials cost (e.g., carbon fibers). Composites have interesting and appropriate uses in applications where
creep strength and heat resistance are critical. Ryobi managers expressed the belief that automotive engineers will
specify that cylinder liners be produced from composite materials in the future. Brake components are another
possible application. They have developed the RX 1000 metal matrix composite materials for die casting
operations, which are described in Table 3.1.
Ryobi’s managers take the view that squeeze casting may be better than die casting for higher performance
components, even though squeeze casting is more expensive. At present Ryobi is producing wheels, cross members,
and certain components for high performance cars like the Mazda RX7 by squeeze casting.
Kubota
Kubota Corp.’s New Materials Group currently has two major initiatives: process technologies and materials
technologies. The process technologies deal with hot isostatic pressing (HIP) and cold isostatic pressing (CIP). The
materials technologies deal with issues like corrosion resistance, heat resistance needs, and creation of new
businesses. The R&D group is integrated with manufacturing, marketing, sales, and business development.
Kubota has excellent capabilities in HIP, CIP, and sintering. Its HIP machine used for silicon nitride production is
one of the largest of its kind in the world. The largest HIP product they have produced is a ceramic component 500
mm in diameter and having a wall thickness of 50 mm. Kubota claims this product is the largest of its kind ever
produced in the world.
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Table 3.1
Properties of Ryobi RX 1000 Metal Matrix Composites
Properties

RX 1000

JIS
AC8A(T6)

390R
JIS ADC14

380
JIS ADC10

20oC

30

34.9

28.8

32.6

250°C

20

19

20

15

20

25.7

24.6

17.6

20oC

4.0%

1.5%

1%

2.0%

250°C

7.0%

1.5%

5.0%

(HRB)

58

66

80

48

(HV)

104

118

154

90

Impact Strength
(J/m2)

2.40

0.1

0.39

0.95

Elastic Modulus
(kgf/mm2)

8100

7450

8920

7240

Thermal Expansion
Coefficient
(20~200oC)(deg-1)

21.7x10-6

20x10-6

18.5x10-6

21x10-6

Specific Gravity

2.73

2.72

2.73

2.71

Tensile
Strength
kgf/mm2

Alloy

Yield Strength
(kgf/mm2)
Elongation

Hardness

Kubota is producing composite rolls for hot rolling mills by HIPing. These are composed of consolidated high
speed steel powder for the outer layer and a steel having high toughness, such as AISI 4140, for the inner layer. The
outer layer material and the inner layer material — the composite sleeve — is shaped by HIPing. Subsequently, the
sleeve is shrink-fitted onto the shaft, which is made of AISI 4140. The material has a homogeneous microstructure
with very finely dispersed carbides. The life of the composite was claimed to be between five and seven times
longer than that of a traditional roll.
Kubota manufactures cylinders for extrusion machinery that are produced from rapidly solidified powders, which are
then bonded using HIP. These have enhanced corrosion and impact resistance for plastic extrusion machinery.
Kubota is using a HIPed chromium matrix alloy to produce skid buttons that are used by the steel industry to support
reheated slabs. The new skid buttons are said to have four times more wear resistant than those of heat resistant
steel. This new alloy is anti-oxidizing and can be utilized at temperatures in the vicinity of 1350°C. Kubota is
supplying skid buttons to most of the major steel producers of Japan, having manufactured over 4,000 pieces since
1988.
Kubota has made a very intense effort in the development of ceramics for advanced die casting processes. Its
ceramics are claimed to have higher strength, toughness, and corrosion resistance against molten aluminum
compared to traditional ceramics used in the industry. Maximum dimensions of the Kubota ceramics for the die
casting industry are 50 inches long, 20 inches in diameter, and 2 inches thick. Kubota engineers work very closely
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with end users and customers in producing state-of-the-art ceramics for the die casting industry. They produce two
kinds of materials for such applications: KN, a silicon nitride product, and MC, a composite material consisting of a
titanium matrix containing ceramic particulates distributed throughout the matrix. Applications of the KN material
in die casting include transfer ladles for Ube squeeze casting systems, transfer tubes for Toshiba electromagnetic
pump systems, riser stalks for low pressure die casting, heater element tubes for holding furnaces, thermocouple
protection tubes, nozzles, and a variety of other applications. Ceramic composites of the MC material are used as
shot sleeves for high pressure aluminum die casting for both horizontal and vertical machines. The composites have
very high insulation properties to die sleeves as well as high corrosion resistance to molten aluminum. The physical
properties of the Kubota KN and MC materials for the foundry industry are presented in Table 3.2.
Table 3.2
Properties of Kubota Ceramic Products
for the Foundry Industry
KN
Materials

KN-101

MC
MC-222

Competition
MC-220

SKD-61
(H-13)

Features

Corrosion
Resistance

Wear
Resistance

Toughness

--

Shot Sleeve

Die Sleeve

--

3.2

5.2

5.1

7.8

3.0

7.5

7.5

10.7

17(0.04)

13(0.03)

9(0.02)

34(0.08)

Wear Resistance
Application

Riser Stalk
Heater Element
Protection Tube
Thermocouple
Protection Tube

Density (g/cc)
-6

P

Thermal Expansion (x10 / C)

R

Thermal Conductivity (W/mK(cal/cm sec C))
2

O

Bending Strength/R.T. (MPa(kgf/mm ))

780(80)

1130(115)

1470(150)

-

P

Tensile Strength/R.T. (MPa(kgf/mm2))

-

690(70)

940(96)

1180(120)

E

Elongation/R.T. (%)

-

0.4

1.0

10

R

Young's Modulus/R.T. (GPa(x104kgf/mm2))

290(3.0)

130(1.3)

130(1.3)

-

T

Bending Strength/High Temp.
(MPa(kgf/mm2))

760(78)

-

-

-

I

Tensile Strength/High Temp (MPa(kgf/mm2))

-

150(15)

120(12)

70(7)

E

Elongation/High Temp (%)

-

20

40

110

S

Hardness

HrA 90 (HrC 76)

HrC 40

HrC 37

HrC 45

Wear Resistance

-

0.04

0.15

1

Corrosion Resistance Against Molten Al

-

0.25

0.25

1
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Kubota is also producing porous metal parts for use by the foundry industry. These are powder metallurgy products
that are sintered to have controlled porosity in the range of 15-30%. The size of the pores and their distribution are
independently controlled to a diameter of between 20 and 100 µm. These products have low thermal conductivity
and high strength. Kubota has produced porous parts from H13 and AISI 1304 powders for applications in
aluminum die casting and plastic injection molding. The products also have potential applications as die materials
and core boxes. There may also be applications as filtration devices.
Kyocera
Kyocera is a well-established company in the field of ceramics. It has been active in the development of advanced
ceramic products for use by the foundry industry. Its fine ceramic division produces a wide variety of materials: high
purity alumina; silicon nitride (high reliability); silicon carbide (high wear, used in applications such as mechanical
seals); zirconia (scissors, knives, watchbands); aluminum nitride (for high thermal conductivity applications);
corderite; titania; and cermets. Kyocera’s silicon nitride is based on proprietary technology. Silicon nitride stalk
tubes developed for the low pressure permanent mold sector have demonstrated a 2 year life under proper
conditions.
The products available from Kyocera at present for metal casting applications include ladles, die cast sleeves, stalks,
thermocouple protection tubes, heater tubes, degassing pipes and rotors, fixtures for wetting processes, and pumps.
Kyocera produces two types of silicon nitride for use with molten aluminum. Table 3.3 presents typical properties of
the Kyocera ceramics available to the foundry industry. Similarly desirable property levels cannot be achieved using
ductile iron.
Asama Giken
Asama Giken appears to be more active in the area of development than research. It is funding research at a local
university to investigate uses for spent sand with no positive results thus far. Asama Giken engineers use the
Komatsu finite element program SOLDIA to simulate solidification in order to optimize mold and gating designs.
The software includes capabilities for heat and fluid flow, calculation of cooling rates, and application of the Niyama
criteria for shrinkage. The program is run on a Sun workstation, and about 24 hours of running time are needed for
each simulation run. In orders from Honda, all design data for exhaust manifolds are received in digital form on
diskettes with no drawings.
A major development effort relates to the production of thin wall exhaust manifolds for Honda. Asama Giken has
been successful in reducing the manifold thicknesses from 6 mm to 3 mm. However, the newest target is 2 mm. At
this thickness Asama Giken engineers feel they have a practical limit of 4% Si in their ductile iron product using
their present gravity methods. They indicated that about 5% Si would be needed to achieve property targets. As a
result they indicated that the thinner manifold would have to be cast stainless steel because of improved thermal
fatigue and oxidation and corrosion resistance, with serious competition from stamped 13% Cr steel.

SUMMARY
On the basis of the observations of the WTEC team, it appears that Japanese universities and research institutes are
leading long-term R&D thrusts for the development of new materials casting technologies. Significant efforts
include amorphous metals, intermetallics, application of MHD in the continuous casting of steel, and energy efficient
furnace technology. Industrial R&D seems focused more on process improvements than on new product
technologies, but significant efforts in new cast materials included cast metal matrix composites, materials
substitutions for thinner thin wall products, and advanced ceramic products for foundry industry applications.
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Table 3.3
Typical Properties of Kyocera Ceramics
for the Foundry Industry
Item/Material

Silicon
Nitride
Si3N4

Cast Iron

Old Ceramics

Kyocera No.

SN-220

SN-235P

Fe

SiC-Si3N4-SiO3

Bulk Density

3.2

3.25

7.2~7.8

2.65~2.75

Porosity

%

0

0

0~1

7~12

RT

2

kg/mm

70

100

20

5

1000oC

kg/mm2

60

85

<10

5

Hv

kg/mm2

1420

1420

350

-

5.7

6.7

-

2~4

Flexural Strength

Hardness
Fracture Toughness

K1C

MPa

m

Young's Modulus

kg/mm2

30,000

30,600

10,000

-

Poisson's Ratio

-

0.28

0.28

-

-

Coefficient of Linear
Thermal Expansion
(40~800oC)

x10-6/oC

3.2

3.0

16.0

4.7

Thermal Conductivity (RT)

W/m·K

17

31

54

16

Specific Heat (RT)

J / g·K

0.67

0.66

0.13

-

C

550

>750

-

-

Σ·cm

>1014

>1014

>10-6

10

o

Heat Shock Resistance ()T)
Volume Resistivity

.
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CHAPTER 4

METAL MOLD CASTING
Diran Apelian

INTRODUCTION
Metal mold casting refers to all casting technologies in which the mold cavity is made of a metallic material.
This is in contrast to other casting technologies, such as sand casting, investment casting, and others, where
the mold is made of nonmetallic materials. Metal mold casting is the predominant way to manufacture shape
castings. Specifically, about 90% of all aluminum castings produced are die cast — including gravity fed,
low pressure, and high pressure die castings.
Metal mold casting technologies are classified as gravity, pressure, squeeze, and specialized processes.
Examples of gravity metal mold casting processes are semipermanent mold and permanent mold
technologies. Pressure die casting processes have a variety of regimes — high pressure, medium pressure,
and low pressure. In the high pressure process, the liquid metal is fed into the die cavity and fills it very
quickly (fast fill). Low pressure castings are carried out either in semipermanent molds or permanent molds.
Medium pressure metal mold castings lie between these two ranges. The relation between the casting
pressure and the velocity of the metal at the gate is given by Fig. 4.1, where gate velocity is given in
meters/second and is plotted against casting pressure given in bars. One will note that gravity die castings are
carried out at both low casting pressures and low gate velocities, whereas medium pressure die castings are
carried out at gate velocities between 1-5 m/sec, and high pressure die castings are carried out between 40-70
m/sec. Squeeze casting, on the other hand, is a hybrid: the cavity is filled very slowly (slow fill), and after the
cavity is filled, the metal is solidified under high pressure, on the order of 100 bars and above. Specialized
processes refer to the most recent metal mold casting technology, semisolid processing. Here the paradigm is
totally changed: instead of “pouring” liquid metal into the die cavity, a slug of reheated rheocast billet is
emplaced in the die cavity, and when the ram is injected, the thixotropic medium flows and fills the mold.
Semisolid processing has many advantages because there is no handling of liquid metal and because the flow
of the metal into the die cavity is more akin to Bingham flow rather than to Newtonian flow. Figure 4.2 is a
schematic of the opportunities in the semisolid processing market made by comparing this new unexploited
market to castings and forgings. The numbers shown in Fig. 4.2 refer to annual U.S. sales for castings and
forgings. Note that the viscosity of the starting materials increases from liquid at 10-3 to semisolids at 102 all
the way to solid materials at 108.
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Fig. 4.1. Casting processes (Buhler).

Annual U.S. Sales
$34 B
$20 B
Unexploited
Market

Castings
10 -3

Semi-Solids
10 2

Forging
10 8

Increasing viscosity
Pa-s
Fig. 4.2. Schematic of the opportunities for the semisolid processing market.
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METAL MOLD CASTING — UNITED STATES
In order to establish a context, the following observations are made regarding metal mold casting in the
United States:
•

The highest growth of all the various metal mold casting technologies in the United States is in the high
pressure, fast fill die casting industry because of the resultant productivity, net shape, and excellent
dimensional tolerance achieved

•

Significant growth is seen in the application of low pressure, semipermanent mold (SPM) casting
technology to the automotive industry because of the resultant cast part quality, effective cost, and metal
yield

•

High pressure, fast fill metal mold casting technology is moving toward thinner walls requiring even
faster fill and hotter die temperatures

•

Permanent mold (PM) and SPM casting technologies are used for improved properties over die casting

•

The high pressure, slow fill squeeze cast process has better dimensional tolerance and productivity when
compared to SPM or PM, but the capital cost involved is very high and may be viewed as a barrier to
entry

•

Product developments and production capacity in semisolid casting — specialized processes — are now
available

•

High growth is observed in high pressure, fast fill magnesium parts

•

Both semisolid casting and the high pressure, slow fill squeeze cast process at present lack design and
process standards

•

Price competition among all metal mold casters in the United States limits capital and development
resources

METAL MOLD CASTING — JAPAN
Toyota Motor Corp.
The JTEC/WTEC team visited two plants of the Toyota Motor Corp. — the Tahara plant and the Myochi
plant. The former is a state-of-the-art aluminum casting plant that produces automotive engine blocks and
heads using metal mold processes; the latter, the Myochi plant, has three different casting plants: two produce
iron castings and the third plant produces aluminum. The Myochi plant produces cylinder blocks, differential
carriers, cylinder heads, and cross members. The cylinder heads and cross members are made from
aluminum. Nonetheless, ductile iron is the largest production at the site.
Die casting is the preferred metal mold technology used by Toyota for auto chassis, powertrain, and body
component applications. Aluminum suspension members are manufactured via low pressure die casting while
aluminum wheels are manufactured using high pressure squeeze casting. As discussed in Chapter 2, all the
dies used at Toyota are made in-house with an extensive infrastructure for die maintenance and inventory
control.
Hitachi Metals
Hitachi Metals has made a strong commitment to and shown an interest in R&D in metal mold casting
technologies. Some of the achievements during the last seven years include the practical application of super
heat-resistant steel (NSHR-F) for high-power engine exhaust components, the establishment of flash-free
casting technology, the development of “HIPAC11” for premium quality aluminum alloy castings, the
development of a computer-aided solidification simulation system (SCAST), the development of the practical
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use of new cast steel exhaust parts for clean auto engines, and the development and practical use of new
pressure reduced atmosphere casting (HMRAC) using sand molds.
Die cast and permanent mold casting technologies are used for aluminum. There is a very strong automotive
focus at Hitachi for specific applications such as intake manifolds, engine blocks, and chassis components.
The development of a flash-free casting technology has been quite a benefit for the metal mold casting
process.
Ahresty Tochigi
Ahresty is significantly involved in high pressure die casting. Ahresty operates mostly in the cell
configuration. Castings are moved from die cast machines of varied size by overhead-mounted robots or
extractors. These control the complete cycle from casting design via computer work station to die
construction on site. Dimensional tolerancing of castings is done via coordinate measurement machines with
computer-aided tomography used to measure internal wall thickness.
Many advances in high pressure die casting are already developed at Ahresty:
•

CAD systems for die design

•

CT scanners to measure interior casting dimensions

•

Infrared temperature sensors to monitor die temperature

•

PASOP technology, which reduces the cooling rate of the metal in the shot sleeve giving rise to improved
properties

•

PAC-powder lubrication technique to improve the soundness of heavy section thickness castings

•

Sand cores used in selected high pressure die castings

•

Ube gas free (GF) system used to reduce entrained air in die cast parts

•

Pore free (PF) system used where the mold is filled with oxygen prior to filling

•

Jet cooling system for core pin cooling

Ahresty is a leader in the application of technology to high pressure metal mold casting operations. However,
its business has been reduced as a result of the decrease in automotive production in Japan.
Ryobi
Ryobi has a major involvement in high pressure die casting. For example, at the Shizuoka plant alone there
are 35 die casting machines, four of which are 3,500 ton machines. Seventy-two percent of the high pressure
die castings produced by Ryobi are for automotive applications. Altogether 88% of all the Shizuoka plant’s
products are used in the transportation industry.
Like other metal die casters, Ryobi produces all of its dies in-house and maintains them rigorously. Ryobi’s
management believes that squeeze casting may be better than conventional die casting for high performance
components. However, squeeze casting is more expensive. At present, wheels, cross members, and certain
components for high performance cars like the Mazda RX7 are being produced by squeeze casting. There are
no specific weight reduction goals in Japan like the Corporate Average Fuel Economy (CAFE) regulations in
the United States. Ryobi has not embraced squeeze casting as a whole; however, Tokyo Light Alloy, a
company associated with Ryobi, has two 1600 ton medium pressure squeeze casting machines made by
Toshiba. In addition, a smaller squeeze casting machine is being used to produce automotive components at
Ryobi's Mitsugi plant.
Ryobi uses slower shot speed, which enhances laminar flow and also helps with heat treatment and defect
reduction. This increases the propensity of cast components to be heat treated for structural applications. All
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die temperatures are monitored through infrared measurements to maintain good process control of the
operation. RIC cores are being used at Ryobi operations; these are sand cores that have a special resin
coating, which prevents the liquid metal from impregnating the core.
Kubota and Kyocera
As previously discussed in Chapter 2, both of these corporations have made a commitment to the metal
casting industry and in particular to develop ceramic materials as enabling technologies for the die casting
industry. They produce advanced silicon nitride materials for specific die casting applications such as ladles,
stalks, and die cast sleeves. Kyocera has a working relationship with Toshiba Metals; their joint activity is in
the area of hot chamber die casting machines.
Kubota, in addition to producing silicon nitride materials, commercially produces a titanium matrix
composite with applications for transfer ladles. Kubota has a relationship with Ube Corp., a producer of die
casting machines, in the field of squeeze casting. Kubota is also working with Toshiba developing advanced
transfer tubes.
Most interesting for the die casting industry are the porous metals that Kubota produces. This is a significant
enabling technology for metal mold casting with potential use as die materials and core boxes. This
technology may lend itself to the removal of entrained air as well as for venting purposes.
Overall Impressions
It is quite clear that the growth of squeeze casting has slowed in Japan; however, it has not stopped. The
interest is very much present, and attempts to optimize the process are being made. The cost of the process is
a barrier for its expansion. There are two major machine manufacturers of squeeze casting systems in Japan
— Ube and Toshiba.
Metal mold casting is the process of choice in Japan for aluminum. There is very limited activity in sand
casting, ceramic mold casting, or lost foam.
The market growth in Japan is limited and is not expanding as in other parts of the globe. The automotive
business is moving from Japan to off-shore locations such as the United States and China. Japanese foundries
being established in the United States will be competing seriously with U.S. foundries.

METAL MOLD CASTING — EUROPE
BMW Foundry Division
As discussed in Chapter 2, the BMW aluminum casting operation is located in Landshut, Germany, about 50
miles northwest of Munich. The plant uses high pressure die casting, gravity and low pressure permanent
mold casting, sand casting, and a lost foam development cell. The site is a foundry with varied operations on
each level. Casting production of transmission cases, motorcycle cylinder blocks, and oil pans is done on
high pressure die cast machines. More complex cylinder heads and engine blocks are made using the low
pressure semipermanent mold process. Cores for this process are transported by a driverless transport system.
Cores are made in both shell and cold box processes, and all sand is recycled via thermal recycled units.
Sixty-five percent of production at Landshut is via the low pressure, semipermanent mold technique.
BMW is a leading aluminum caster in the world. Its experience and success in low pressure casting
techniques have been a model for the industry. The casting plant is spacious, with technology applied to
reduce the labor content of product. No complete machining of castings is done at the foundry, nor is there
any secondary melting other than that of sprues and gates.
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The metal yield of the low pressure operation is outstanding, in the range of 93%, but the 6 min cycle time is
somewhat long. BMW does use advanced technologies such as rapid prototyping, computer simulation, and
intelligent processing technologies to increase the speed to market and to measure and reduce process
variation.
Teksid
The Aluminum Division of the Teksid Group (part of the Fiat Group) is the company’s highest growth area,
with a recent increase in worldwide production capacity. The Carmagnola foundry produces 30,000 tons/year
of semipermanent mold castings, 25,000 tons of high pressure die castings, and 700 tons of lost foam. The
lost foam operation is expanding, and to make room for this expansion, a portion of the high pressure die
casting is being transferred to Teksid's casting plant in Poland.
Teksid is committed to make the operation at Carmagnola the showplace of high aluminum production
technology.
One of the major new areas of process and product development at Teksid is in magnesium castings. Cross
members for automotive applications are a major interest. Weight reduction in this particular example is 55%
compared to steel fabrication. As with many major casters in the world, Teksid continues to look at cost as
the major challenge. Teksid has announced that it will build a new foundry in Mexico to supply the U.S. auto
industry. It has also signed agreements to begin manufacturing in China and India.

CONCLUSIONS
It is quite clear from all of the WTEC panel's discussions and visits that metal mold casting, in particular high
pressure die casting, is the process of choice for shape castings for automotive applications.
Squeeze casting is of interest for high performance components; however, the cost of squeeze casting is an
impediment.
Semisolid processing has tremendous potential in that energy savings and enhanced properties and
performance of cast components are obtained. Much development work is needed.
It is quite clear that die casting is the preferred route in Japan. In Europe there are other developments in
such technologies as lost foam.
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CHAPTER 5

JAPANESE AND EUROPEAN
NEW CAST PRODUCT DEVELOPMENT
Paul H. Mikkola

INTRODUCTION
This chapter reports findings on new cast products being developed in Japan and in Europe. Product
development in both of these areas is driven by the casting companies wanting to increase their business level or
add to the value chain for the companies involved. In no cases did the WTEC team find that governmental
assistance was involved in new product development. Most governmental assistance was in the area of process
development or new cast materials and alloys. These subjects are covered in other chapters.

JAPAN
One of the most recent developments in Japan has been the manufacture of titanium alloy golf heads using
investment casting techniques.
This development is rather rare because over 70% of the metal cast in Japan is produced for the automotive
industry. Also the investment casting area has had the greatest number of new products. Since the automotive
industry in Japan is highly driven by cost, many product applications add value to the automotive producer.
Some examples of new products are a 390 aluminum alloy closed deck block produced by Toyota (see Fig. 5.1).
This product required development of a new casting process to produce it in a metal mold with sand cores.
Toyota refers to this process as a differential pressure casting process. The casting is characterized by its many
cast-in features that are too complex for typical high pressure die cast, semipermanent mold, or sand casting
techniques. This engine powers the Lexus car.
Another significant product development in Japan has been the aluminum cast auto wheel. Both Ube Industries
and Toyota produce these wheels using a high pressure casting technique they call squeeze casting (see Fig. 5.2).
In this technique 356 aluminum alloy wheels are produced in metal molds under high pressure. The aluminum is
placed into a shot sleeve, which fills the metal mold at a relatively slow rate when compared to high pressure die
casting. This technique of casting is also used to produce various chassis components such as control arms,
steering knuckles, brake components, and suspension modules. The number of new products produced using
squeeze casting still remains small when compared to high pressure die casting in Japan. The major potential
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Fig. 5.1. Toyota V-8 cast aluminum 390 alloy engine block (Toyota).

remains in moving from nodular iron components to aluminum to save weight. Cost pressures, however,
continue to be the prime driver, and the shift to aluminum has slowed greatly.
Products from magnesium materials were discussed at nearly all locations. Prototype products were shown or
mentioned, but no new products were shown to our team. Again, cost was the primary reason that magnesium
was not being developed further into new cast products. Some examples of cast magnesium products from high
pressure die casting are VCR cases, travel cases, and computers.

Fig. 5.2. Aluminum squeeze cast wheel (Toyota).
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As mentioned earlier, investment casting of golf heads remains a growth industry, but the sales volume is very
small compared to high production automotive products. This industry does produce many high value products
in Japan and is looking to expand into the automotive market by manufacturing rocker arms (see Fig. 5.3). The
industry currently is aerospace-, defense-, and machine tool-based (see Fig. 5.4).
A recent product development by Hitachi Metals is a cast stainless steel exhaust manifold using a vacuum-assist
gravity pouring technique.

Fig. 5.3. Varied investment auto and sport casting components (NPC).

Fig. 5.4. Investment cast aerospace and defense components (NPC).
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EUROPE
The casting industry in Europe is more aggressive than the Japanese casting industry in developing new
components and using either proven or new processes. Many of the applications of new products to process are
covered in both the sand cast and metal mold sections of this report. Generally, all new product development has
been in light metals.
Production of semisolid castings was observed under development at Pechiney and in production at Buhler. An
example of a prototype is shown in Fig. 5.5. The potential for using this process to make parts is just beginning
to develop. It is currently limited to aluminum alloys with potential for other light metals and ferrous products.

Fig. 5.5. Thixoforming: bicycle pedals (Pechiney-CRV).

Figure 5.6 shows a newly developed die cast automotive cross member. The original part had been a steel
stamping weldment made up of 12 pieces welded together. The magnesium die casting on the bottom of Fig. 5.6
is one half the weight of the steel stamping at the same cost as the steel. As the automotive industry continues to
be required to make reductions in mass, more such innovations in product design will develop. Another example
of replacing steel stamping for weight savings is a three-piece seat frame shown in Fig. 5.7.

SUMMARY
Europe and, to a lesser extent, Japan continue to look at new casting applications to replace forgings and
stampings. Conversion from ferrous to nonferrous castings also is of interest. High capital investment
requirements limit the number of process/product joint developments, semisolid forming being the exception.
Automotive applications in both Europe and Japan have attracted the greatest interest. The only ferrous casting
developments the WTEC team saw on its visits in Japan and Europe were in the area of investment cast
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components from golf clubs to rocker arms. The makers of titanium and its alloys, as well as glassy metals, are
looking for products to apply their material developments in progress. Titanium alloys have found some growth
in the golf club market.

Fig. 5.6. An example of a cross member for an automotive application (Teksid).

Fig. 5.7. A cast auto seat (Teksid).
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Figures 5.8 to 5.17 show varied casting applications in Japan. Figures 5.18 to 5.23 illustrate the type of high
quality casting being done in Europe.

Fig. 5.8. Japanese die cast panels (Ahresty).

Fig. 5.9. Japanese die cast aluminum products (Ahresty).
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Fig. 5.10. Japanese die cast auto products (Ahresty).
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Fig. 5.11. Japanese ceramic mold process (NPC).

Fig. 5.12. Varied Japanese cast parts (a) (Hitachi Metals Ltd.).
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Fig. 5.13. Varied Japanese cast parts (b) (Hitachi Metals Ltd.).

HIPBASE and HISPLIT joints for steel frame structure buildings are produced by
Hitachi Metals and marketed by Hitachi Metals Techno Ltd. For building frames
themselves, JIS SN materials were newly recognized as weld crack resistant grades.
In response, there were calls for development of materials for frame parts that conform
with the same specifications. The two companies succeeded in the development of
new materials needed and obtained approval for the materials from the Minister of
Construction.

Fig. 5.14. HIBASE and HISPLIT joints (Hitachi Metals Ltd.).
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Fig. 5.15. Japanese cast wheels (Hitachi Metals Ltd.).

Fig. 5.16. Japanese cast auto parts (Hitachi Metals Ltd.).
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Titanium aluminide (TiAl) alloys are expected to replace nickel-based alloys in such
applications as turbine blades because they are approximately 50% lighter while
sharing similar head resistance and strength characteristics at temperatures up to
750°C. However, pure TiAl alloys are brittle at room temperature and difficult to cast.
To solve this problem, we [IHI] developed a stable TiAl intermetallic compound and
devised new casting and head treatment processes. As a result, we have successfully
fabricated jet engine turbine blades for low-pressure turbines that will perform reliably
and reduce fuel consumption. Following the conclusion of a 200-hour applied test of
durability in a large GE jet engine, we are a step closer to the commercialization of this
promising technology.

Fig. 5.17. Titanium aluminide intermetallic compounds (IHI Co., Ltd.).

Fig. 5.18. European die cast gear box (Teksid).
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Fig. 5.19. European high pressure die cast parts (Teksid).
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Fig. 5.20. Lost foam cast parts (Teksid).

Fig. 5.21. European gravity semipermanent mold auto parts (Teksid).
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Fig. 5.22. European aerospace castings (investment cast) (Teksid).

Fig. 5.23. European biomedical investment castings (Teksid).
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CHAPTER 6

SPECIALIZED SAND CASTING
Thomas S. Piwonka

INTRODUCTION
Sand casting has historically been the most popular casting method, producing by far the greatest tonnage of
castings used in any country. Today, however, with the widespread conversion of automotive components from
ferrous metals to aluminum, sand casting’s position as the dominant molding method is threatened. The process
presently produces effluents that are considered to be toxic, it is sometimes difficult to control, and it lacks the
dimensional accuracy that casting buyers often want. However, as it is usually the least expensive way of making
a component, its inherent cost advantage over other methods continues to make it an attractive molding method.
In fact, the innovations in sand casting over the last three decades (lost foam, V-process, and improved resin
binders) indicate the resiliency of the process.
In the United States, the application of new sand casting processes has occurred at a steady rate. Comparatively
new casting processes such as the V-process and the CLAS process are in production for a variety of products.
In addition, the United States has a very strong research program in lost foam casting, sponsored by nearly 50
firms. Implementation of the findings from this project has been widespread in the industry, and lost foam
foundries have been successful in applying the method to a variety of cast components. American foundries
clearly lead Japanese and European foundries in lost foam technology and production.
American foundries have also actively implemented solidification modeling in designing gating and risering
systems and in analyzing casting defects. This implementation includes many smaller foundries as well as large
foundry organizations. The United States has active research programs, both privately and publicly funded, to
extend the capabilities of models, including modeling of microstructure development, residual stress and casting
distortion, interfacial heat transfer and gap formation, and surface reactions between cast metals and their molds.
In addition, models of core injection and curing are actively being developed in the United States.
The U.S. foundry industry also actively supports university-based foundry research. Beginning with the
Metalcasting Competitiveness Research Act of 1991 (PL101-425), foundries have matched Department of
Energy federal dollars in a program specifically aimed at university/industry cooperative research efforts. These
efforts on a variety of topics have been bolstered by funding from other agencies. Much of the funding requires
establishment of consortia, an activity that often involves professional societies such as the American
Foundrymen’s Society, the Steel Founders Society of America, the Non-Ferrous Founders Society, and the North
American Die Casting Association. Today these groups make up the Cast Metals Coalition, which coordinates
industry research needs.

48

6. Specialized Sand Casting Technology

Many of the improvements in sand casting, such as the V-process, were originated in Japan or Europe, so it was
of particular interest for this study to assess the current state of innovation in this field in Japan and Europe. In
addition, the WTEC team wished to determine the status of solidification simulation and rapid prototyping in the
Japanese and European foundry industries and to assess the role that university research plays in metalcasting
innovation in Japan and Europe.

SAND CASTING TECHNOLOGY
Most of the Japanese sand casting technology we saw has been disclosed outside Japan. In general, Japanese
foundries use good foundry practice typical of American foundries. Much of the emphasis in Japanese foundry
process development is in the area of automation with an emphasis on the use of pick-and-place robots to replace
workers and to obtain more reproducible processes. Robotic core package assembly, robotic mold spraying, and
robotic lost foam pattern assembly have been implemented in a number of plants.
Morikawa Lost Foam Process
Morikawa, a sand foundry and major supplier to Honda, developed its variation on the lost foam process and put
it into production in October 1985. The WTEC team's hosts at Morikawa noted that pulling a vacuum on the
sand as the casting was poured and solidified helped to make the mold more rigid, but the complexity of fitting
each mold with a vacuum hook-up and the energy costs involved posed a problem. Their solution was to burn
the vapors of the evaporating pattern above the mold, thereby drawing the gases up out of the mold and creating a
partial vacuum in the mold.
This process, implemented and licensed to several other foundries in Japan, is available to foundries in other
countries. While it clearly is effective in combusting pattern vapors (there is no lingering styrene odor, as in
some lost foam operations), the use of a vacuum has not been universally embraced as being absolutely necessary
for successful lost foam casting. In addition, because the amount of vacuum which can be pulled in this manner
is limited to about one meter, the casting clusters are shallow. This limits the number of castings that can be
poured at one time.
Morikawa cooperated with and strongly encouraged Mitsubishi Yuka Badische, a Japanese joint venture of
Mitsubishi Chemical of Japan and Badische of Germany, in the development of a lost foam pattern material,
Clearpor. This material burns more cleanly, thus decreasing the environmental load from the process and
reducing lustrous carbon defects that otherwise may occur in the lost foam process. Morikawa’s analysis of the
requirements of lost foam has attracted interest in the United States, but no foundry has licensed this technology.
Morikawa has also developed automated pattern assembly techniques which reduce manpower in the cluster
build operation. Castings produced by their process include bearing caps, automotive and fork lift truck
differential gear cases, Diesel engine turbocharger center housings, Diesel truck engine exhaust manifolds,
electric motor stators weighing up to 13.6 kg, and large diameter pipe fittings weighing up to 42 kg.
It is reported that 100 foundries in Japan are interested in the lost foam process and that 40 are in production with
it today. Principal markets for lost foam castings in Japan are automotive, engine and powertrain, and water
distribution and treatment systems.
CADIC Convert Mold Process
This process converts resin-bonded cores to silicate-bonded cores suitable for use in preheated molds, thus
introducing the possibility of using sand cores and molds at elevated temperatures, as in the pouring of thin
section castings where mold preheat is required to impart the requisite fluidity to the metal. In the convert mold
process, conventional resin-bonded molds and cores are immersed in a sodium silicate solution, which is allowed
to fully penetrate the sand body. Then the mold is fired at an elevated temperature, burning out the resin and
setting the silicate bond. The core or mold can be poured immediately, at elevated temperatures. This allows the

Thomas S. Piwonka

49

pouring of ferrous alloys in thin sections or under conditions where the cooling rate can be slowed to improve
casting characteristics. The sand cores can be removed from the castings without problem.
This process has not been fully characterized, so its limitations are not known. A preliminary assessment
suggests that the potential for manufacture of thin section iron and steel castings may be limited because of
inherent problems in attaining the required dimensional accuracy from resin-bonded sand. The sodium silicate
solution will be sold commercially worldwide, so foundries interested in evaluating the process should be able to
do so. Both monolithic and shell sand molds can be treated by this process.
Hitachi HMRAC Process
This process involves the application of a vacuum during pouring to produce thin section (2.5 - 3.0 mm thick)
ferrous castings. Castings are gravity poured while the vacuum is applied through the bottom of the flask. Then
pressure is applied to aid feeding. Only Hitachi currently uses this process in production.
Hitachi engineers also have been developing methods of casting thin wall cast iron. They have developed a
method of making castings with walls as thin as 2.5 mm without carbide formation. One of the major problems
they encountered was with dimensional control of the castings; these they approached by using shell cores in a
permanent mold and adjusting the position of the cores by set screws.
Other Sand Casting Advances
Kubota Porous Core Box
Kubota has developed a porous core box material using powder metallurgy techniques. The material has a
controlled porosity, which can be varied from 15% to 30%. This suggests that it would be useful for introducing
catalyst gas and purge air into core boxes, thus eliminating the problem of gas and purge vent location. However,
there is no data about whether cured resin builds up in the pores, blocking them. This is a new development, and
further study is needed.
Kubota Lost Pattern Material
Kubota has also introduced the use of naphthalene as a pattern material for lost pattern processes. Naphthalene
can be easily formed by injection molding and should burn out cleanly. However, it is a polycyclic aromatic (a
double benzene ring), which in the United States is on the EPA list of industrial substances that must be
controlled, and it is doubtful whether U.S. foundries would be interested in using it for this reason. There is also
an odor problem.
Toyota Differential Pressure Process
This process, currently applied to permanent mold castings, is also applicable to sand castings. Toyota also pulls
a vacuum on its core boxes when making the lacy cores required in cylinder heads. The core room on this
production line makes use of automated guided vehicles to transport the cores to the molding line. Robots load
and unload the cores so that breakage due to human clumsiness is avoided.
Komatsu Automated Jolt-Squeeze Machine
This machine is of interest because it runs a circulating pattern loop that can cycle four patterns at once.
European Advances in Sand Casting
European foundries appear to be more willing to risk breakthrough technologies in developing new sand casting
techniques than Japanese or U.S. foundries. One example is the VAW Alucast plant in Dillingen, Saar. This
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plant, which produces aluminum automotive engine parts (blocks and heads), is designed to operate in a
completely automated mode. The molds are made of core “packages,” which are built up of resin-bonded cores,
injected, and assembled automatically (in the case of heads) and semiautomatically (in the case of blocks). These
packages progress to a pouring station where they are automatically poured. The castings and core packages then
move on a cooling line until they have cooled below the solidus temperature.
At this point they move into a heat treat furnace, saving the cost of reheating the castings. Some of the heat for
the furnace is provided by the burning resins. As the resins are combusted, the sand falls to a conveyor that cools
it and carries it back to the core making stations. The castings are air quenched when they exit the furnace; then a
robot picks each one up, manipulates it so that the sand remaining in it is poured out, and places it on a shipping
pallet.
Another concept is under development by Disa, which recently merged with Georg Fischer. This concept is
aimed at the aluminum casting market and is based on recent work by the University of Birmingham, which
showed that controlled filling of the mold from the bottom eliminated the formation of oxide folds in the casting,
which are responsible for most casting failures. The method uses the Disa vertical parting line flaskless mold and
introduces the metal from below using an electromagnetic pump. Pressure may then be applied to the risers to
increase their efficiency. A further enhancement appears to be possible by using magnetite ore instead of silica
sand; significant refinement of dendrite arm spacing is reported. The equipment has not yet been offered for sale
commercially; if it becomes a commercial success, it could challenge permanent and semipermanent molding of
automotive components.
Europe is behind the United States in lost foam technology, although there have been a number of research
projects in the area, particularly in France. Pechiney has developed a lost foam technique that carries out the
solidification of lost foam castings under a controlled atmosphere and a pressure differential. However, the
persistence of folds in the casting, which cannot be detected by nondestructive testing, has prevented its market
penetration.
In summary, Japanese foundries have made some significant contributions to foundry process technology in the
years since World War II. However, they appear to be lagging behind Europe in the development of innovative
casting techniques today. In contrast, Europe appears to continue to lead in the development of advanced sand
casting systems.

SOLIDIFICATION MODELING AND RAPID PROTOTYPING
The use of solidification simulation is widely practiced in American foundries of all sizes. A recent study
indicated that approximately 30% of U.S. foundries use solidification software, and all of the automotive
foundries use it (Jensen, Beckermann, and Fisher 1996). Perhaps half of the castings poured in the United States
today are poured in foundries that make use of solidification simulation programs. There are over a dozen
commercially available simulation programs in the United States today. Two Japanese universities (Tohoku and
Osaka) are among the world leaders in the research into these models so it is logical to expect that Japanese
foundries would also be among the leaders in implementing this technology. However, Japanese foundries
appear to be behind U.S. practice in the application of solidification simulation programs to casting production.
Of the 1500 foundries in Japan, only about 150 use solidification software to design casting gating systems.
As in other countries, the Japanese have chosen to develop their own models rather than purchase models
commercially available in the West (although some large foundries have purchased European and U.S. models, it
appears that they are used primarily for benchmarking). There are three Japanese models in use in that country;
none are marketed in the United States.
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Komatsu “SOLDIA” Model
This finite difference model has been licensed to about 100 foundries in Japan. It has the capability to make fluid
flow, heat flow, and cooling rate calculations and Niyama criterion maps. Those who use the model are quite
satisfied with it, but its actual extent of use is not known. (Personnel at one Komatsu foundry reported that they
did not use it to perform fluid flow or cooling rate calculations while a foundry at another company reported
using it successfully for those applications.) One automobile company transfers data files electronically to its
foundries, which are expected to use them in this program; at least one supplier foundry does so although another
does not.
There is no English language version of the program, and it has not been discussed in international conferences
on solidification simulation. (There have been seven such conferences in the last 16 years.)
Hitachi “S-Cast” Program
This was one of the earliest programs developed in Japan. It is FDM-based and has been used for both metal and
sand molds. It uses the same mesh to do metal flow, solidification, and structural analysis in terms of stress,
deformation, and estimated life. However, there has been no report on its use or improvements for a decade, and
its current utility is unknown. There is no English language version available.
“JS-CAST”
One of the reasons that few Japanese foundries use solidification simulation programs is their expense. The
average cost of these programs in Japan is about ¥100 million, two to three times their cost in the United States.
A recent survey of Japanese foundrymen indicated that they would be willing to pay ¥30 million for a
solidification simulation program. Komatsu and Osaka University are developing such a model, called “JSCAST,” which is a modification of SOLDIA. This work is supported by MITI's Small and Medium Enterprise
Agency. (Of the 1500 foundries in Japan, 98% are classified as “small” or “medium” enterprises, meaning that
they employ fewer than 300 or have a capitalization of less than ¥1 billion.)
JS-CAST is finite-difference based, has an open architecture, will accept CAD files, and has been designed with
ease of use in the small foundry in mind. It can run on work stations or PCs using a keyboard or mouse. It is
available to Japanese foundries for the target cost of ¥30 million. One limitation is that it does not yet calculate
radiation view factors so it is not suitable for use in investment foundries.
Tohoku University’s “STEFAN” Model
This model is under development by Prof. Niyama, co-developer of S-Cast when he was at Hitachi. The program
does fluid flow and heat flow quite impressively. No micromodeling or distortion code is included, and no use is
made of expert systems to shorten development time. The screen prompts are in English. The program has not
been benchmarked against foreign commercial codes. Prof. Niyama has demonstrated this model at a number of
conferences.
The model is under development at Tohoku University, with funding from a consortium of 30 foundries, half of
them die casters. The graduate students who work on the model are Japanese, Chinese, Korean and Thai, which
is why the prompts are in English. (Asian regional technical meetings often are carried on in English as a way to
avoid the problem of deciding which Asian language should dominate the proceedings.) Only consortium
members had access to the model at the time of the WTEC visit, and there were no plans to commercialize it.
Other Uses of Modeling in Japan
Honda has used the Western code “Flow 3D” to model filling in die casting dies with success. Researchers at
Nagoya University, who are active in the development of methods of using electromagnetic fields to remove
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inclusions from molten metal, have also developed models to help them in this research. Toyota also has
investigated the use of models for its foundry.
Morikawa representatives stated that they do not use models today for the Morikawa lost foam process because
no current model adequately models this process. WTEC's hosts at Daido Precision Parts indicated that they do
not use modeling because the fluid flow capabilities of current models are not sufficient to permit them to predict
flow in the thin sections of the turbocharger wheels they make. One small foundry reported that it does not use
models because of the expense of hiring an engineer to run the models, as well as the expense of purchasing the
software and hardware required.
Although Japanese researchers are in the forefront of development of solidification models, application in their
foundry industry lags behind that in the United States. Many Japanese foundrymen consider models to be too
expensive and believe that it would be difficult to hire engineers to run the models. Models are in use in large
foundries but in few of the smaller ones. There is little interest in models that can predict microstructure or
casting distortion, and we saw no evidence of the use of expert systems to aid the foundry engineer or of models
of core injection or curing (which are under development in the United States).
Observations on Modeling in Europe
Solidification simulation is highly developed in Europe. Models have been developed in England, France,
Switzerland, Germany, and the Scandinavian countries; one German model (Magmasoft™) is commercially
available worldwide and is highly regarded by many foundries. A second European model “SIMULOR,”
developed by Pechiney, is also in use in Europe, and some copies have been sold in the United States.
SIMULOR is noted for its ease of use. Both Magmasoft and SIMULOR predict mold filling and solidification
patterns for castings.
European university researchers are actively involved in the field. Their progress in modeling is similar to that of
the United States; however, there appears to be more interest and work in the area of residual stress prediction in
castings in Europe at the present time.

METALCASTING RESEARCH IN JAPAN AND EUROPE
There are some similarities among, as well as differences between, metalcasting research in Japan, Europe, and
the United States. In all countries there is a reliance on foundry suppliers to develop new methods. University
research depends on individual professors forming consortia, which then may or may not receive supplemental
funding from various government agencies.
Metalcasting Research in Japan
Most metalcasting research in Japan is carried out by large corporations, which tend to keep the results to
themselves. University research plays a much different role in Japan than it does in the United States.
Professors’ salaries are paid by the Ministry of Education, and graduate students are expected to pay their own
tuition and rely on their families for support. As a result, professors have students to work on their research
problems, even if there is no support from industry or the government. One industry host mentioned difficulties
in funding university research. However, many companies now are finding ways to increase the amount of
support they give universities.1

1

Editor's note: Information supplied to WTEC by the Japan Society for the Promotion of Science and by the Ministry of
Education (Monbusho) just prior to publication of this report indicates that industry funding for academic research in Japan
is growing steadily. This may take the form of joint industry/university research, university-based research conducted under
contract from companies, grants and endowments, etc.
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At some of the small foundries the WTEC team visited, the hosts expressed the view that the Ministry of
International Trade and Industry (MITI) has little interest in the foundry industry (even though at least two of the
advanced process developments we saw were said to have been partially supported by grants from MITI to the
company) because metalcasting is perceived to be a low-tech manufacturing process, which is not under
competitive threats from overseas. However, large corporations were more likely to take the view that MITI
could support their research. It was clear that although the Japanese government is willing to fund research in
areas that may bring breakthroughs (e.g., supermetals or a more efficient melting method), it is not supporting
research on day-to-day problems or incremental improvements in the foundry industry. As in the United States,
these types of projects are frequently done by vendors to the casting industry or in the laboratories of large
corporations with foundries. As noted above, one source of funding that has been used in Japan is MITI’s
Agency for Small and Medium Enterprises.
The university professor who wishes to pursue a course of research is often better off forming a consortium of
companies to underwrite his research since there is no limit on the amount of funding that may be contributed by
each consortium member. Professors learn of industry interest in topics the same way they do in the United
States: by attending meetings of the Japanese Foundry Engineering Society. Japan alone among the
industrialized countries has committed to a substantial increase in overall research funding. It is not clear,
however, how much of this increase will find its way into foundry research. The government does give
equipment grants to professors whose work is promising.
Metalcasting Research in Europe
European metalcasting research follows different models, depending on the country. It is not possible to
generalize, and the WTEC team visited only one national research center. In addition, some projects are carried
out under the umbrella of the European Economic Union, a trend which is accelerating.
In France, the primary source of foundry research is Centre Technique des Industries de la Fonderie (CTIF) in
Sévres (see site report, Appendix C, p. 141). This institute has an annual budget of Fr 75 million (about $15
million) to serve a foundry industry with annual sales of Fr 30 billion ($6 billion). The funding comes from the
French foundry industry (no government funds) and is determined by the Syndicat Général Fonderie Fondation
(SGFF). The fee structure is 0.31% of foundry sales. SGFF mandates that CTIF be supported for five year
periods and evaluates their performance at five year intervals. Foundries employing fewer than 10 employees do
not pay a fee. CTIF employs 160 professionals and technicians and operates four satellite branches. In addition
to carrying out research projects, CTIF also consults with foundries and conducts seminars; one-third of its
budget is derived from consulting and from projects tailored for industry.
CTIF research is decided through a committee structure. There are six technical committees representing various
sectors of the industry; each committee is made up of 10 foundrymen. These committees meet several times each
year to set the research agenda.
Technology transfer and dissemination of information is also important at CTIF. Information is disseminated
primarily through written reports although special focus meetings and seminars are held throughout the year.
CTIF also trains foundrymen through standard courses (such as ISO 9000) and special courses tailored for a
specific company. They are now experimenting with distance learning in order to serve foundrymen throughout
Europe. They maintain a library of 200,000 items as a resource for industry.
Current research items at CTIF include the following areas:
•

metallurgy of casting alloys

•

foundry processes, such as sand, lost foam, die casting, investment casting, core making, and melting

•

solidification modeling

•

environmental issues — air and water cleanliness, waste treatment of sand, dust, etc.
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•

thin wall casting

•

TQM implementation projects

SUMMARY
The general opinion is that in the areas of special sand casting techniques, computer simulation of solidification,
and the general level of metalcasting research activity in universities, Japan lags behind the United States and
Europe. One important exception should be mentioned: the Japanese are clearly very interested in the problem of
thin section ferrous castings (they have completed the conversion from ferrous castings to aluminum in their
automobiles and must get weight savings out of ferrous materials). The repeated emphasis we saw in this area
indicates that developments may be expected here.
The United States and Europe appear to be approximately equal in their modeling capabilities. However,
European modelers also appear to have a higher interest than U.S. modelers in the area of casting distortion and
residual stresses.

REFERENCE
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CHAPTER 7

JAPANESE INVESTMENT CASTING TECHNOLOGY
Thomas S. Piwonka

INTRODUCTION
The American precision investment casting industry was developed during World War II and grew steadily
during the decades that followed. Today growth of the industry, while continuing, is unsteady with some years
better than others. Much of the original business was in the aerospace and electronics markets; today the U.S.
industry is generally divided into aerospace and commercial areas for purposes of reporting. Two U.S.
investment casting firms are among the 10 largest foundry organizations in the country.
American investment casters have spurred technical innovations in foundry technology. Techniques such as
single crystal casting, reactive metal casting, and applications of solidification modeling to casting processing
were pioneered by U.S. investment casters. Partly as a result of this worldwide leadership, many large Japanese
companies entered into licensing agreements or joint ventures with U.S. investment foundries to acquire
American technology in the 1970s and 1980s. Many of these agreements have lapsed today, and the Japanese
investment foundries that used the agreements are on their own.
Today there is a viable investment casting industry in Japan, which mirrors the operational philosophy of other
Japanese foundries. WTEC's visits to Japanese investment foundries provided insight into the industry in Japan.

INVESTMENT CASTING SALES AND MARKETS
Japan had no investment casting industry until after World War II. The industry grew slowly, partially because
Japan had no defense industry that could sustain investment casting markets or technological development.
Much Japanese investment casting knowledge was acquired as a result of joint ventures or licensing agreements
with Western investment foundries. The Japanese investment casting market grew through the 1970s and 1980s,
but in the 1990s suffered a downturn, which was only reversed in 1995. Sales figures from the Ministry of
International Trade and Industry (MITI) are shown in Fig. 7.1.
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Fig. 7.1. Sales of investment castings, in million yen/month, by year. 1995 figures are estimates (Ozawa
1996). (Figures supplied by Daido Precision Parts Ltd. from a Japanese government report.)

Stainless steel dominates the metals poured in the Japanese investment casting market as shown in Fig. 7.2, which
includes data only through 1994. However, in 1995, titanium golf club heads were introduced and accounted for
15% of the market. Sales by market are shown in Fig. 7.3.

Fig. 7.2. Sales (million yen/month) by metal cast. (Figures
supplied by Daido Precision Parts Ltd. from a
Japanese government report.)

Fig. 7.3. Sales (million yen/month) by end market. (Figures
supplied by Daido Precision Parts Ltd. from a
Japanese government report.)

In Japan the defense and aerospace market is only a fraction of that of the American investment casting market.
Many of the Japanese foundries that supply the aerospace industry have now diversified into other markets. The
electronics industry has been a good customer with parts being supplied to makers of printers and other computer
peripherals. Japanese automotive companies use more investment castings than American auto companies, and
one of the growth areas in Japanese investment foundries is seen to be in products such as rocker arms and
chassis components. Another growth area is in building and construction hardware.
Fig. 7.4 shows employment in the industry, which has remained in proportion to the sales figures. Wages in
Japan are generally higher for foundry workers than in other countries (approximately $36,000 annually)
although they are low compared with other Japanese metalworking trades. This has given Japanese investment
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casters a problem: it is difficult to attract skilled workers, yet the foundries must maintain costs that are in line
with overseas investment foundries with which they compete.

Fig. 7.4. Employment in the Japanese investment casting industry. (Figures supplied by Daido Precision Parts
Ltd. from a Japanese government report.)

FOUNDRY TECHNOLOGY OBSERVED
Daido Precision Parts
Two of the foundries visited merit special attention. The first is the Daido Precision Parts (DPP) plant in
Nakatsugawa, one hour northeast of Nagoya. This plant is four years old and is, without question, the most
highly automated investment casting plant in the world. It cost ¥4.5 billion ($43 million). The plant was built as
part of a local government plan to create jobs for the local economy to retain young people in the area. It
employs 100 people (80 hourly and 20 engineering and supervisory), and the average age of plant employees is
25 years. The plant occupies 8,000 m2 in the Daido complex in an industrial park. The plant is built on two
floors: wax injection, assembly, finishing, and inspection are on the second floor while shelling, dewax, and
pouring are on the first floor.
The plant produces 40,000 automotive turbocharger wheels each month, as well as printer balls and industrial
castings. Most castings are small (less than 1/2 pound) and are cast in stainless steel and heat resisting alloys. A
typical part is shown in Fig. 7.5.
The wax room, shown in Fig. 7.5, is almost completely automated. Patterns are injected, lifted from the wax die
by a robot, and held while the gate is heated. Meanwhile another robot heats a section of the downpole, and the
first robot places the pattern on the tree. This operation is carried out at the injection press: there is no separate
assembly area. Finished assembled trees are placed on a conveyor that carries them down to the first floor and
the shelling operation. Dies are delivered to wax presses using automatic guided vehicles. Most of the presses
and assembly stations operate unattended. Operators are used only on those parts that are difficult to produce
and during the period when injection procedures are being established.
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Fig. 7.5. Dip line at Daido Precision Parts (left), wax room (upper right), and a typical part (lower right).

Shelling is done on two automated dip lines, shown in Fig. 7.5. The binder is colloidal silicate, and three hours
are allotted for drying between dips. A total of 72 hours is required to produce the mold.
The plant has an exclusive license for the CLA/CLV process in Japan. This operation is also highly automated,
with elaborate controls and display screens that show the status of the mold fill operation. Finishing and
inspection are similar to American methods.
Although the plant is highly automated, DPP does not use solidification simulation to gate and riser its castings,
because, in the opinion of WTEC's hosts, there are no simulation programs today that accurately predict metal
flow in the thin sections of their turbocharger wheels. They also do not use rapid prototyping because the resins
available in the past could not replicate the thin sections of the turbocharger wheels. (It should be noted that
there was very little use of solidification modeling or of rapid prototyping in Japan in any of the foundries
visited.) Only 10% of its turbocharger dimensional data is received by DPP in digitized form.
No control charts were visible (in fact, we saw no control charts in any of the foundries visited). However, scrap
data was scrupulously recorded and entered into a computerized database for engineering analysis.
Yamagata Seimitsu Chuzo
This foundry was built by CADIC Corp. to demonstrate its casting technology and train licensees of the CADIC
process. Today it is the fifteenth largest investment foundry in Japan. Based on technology originally developed
in East Germany, the CADIC process and has been refined in Japan with additional patents. The object of the
process is to lower the cost of investment casting to the point where it becomes economically attractive to the
automotive industry. It has been licensed to 10 Japanese foundries and some overseas foundries, but not all of
the licenses are still in effect (the process was initially offered for license in the mid-1980s). There are a number
of innovations that make the process interesting. The plant employs 60 people; its product is primarily industrial
poured-in stainless steel. It is located in Nagai, on northern Honshu island.
As at the Daido plant, clusters are assembled at the wax press, using press operators as assemblers. The dip line
features an ingenious automation design, which does not rely on computer controls or robots, shown in Fig. 7.6.
Continuous throughput is emphasized wherever possible.
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Fig. 7.6. Dip line at Yamagata Seimitsu Chuzo.

A feature of the CADIC process is the use of sharply notched in-gates on its castings, as shown in Fig. 7.7.
These in-gates fracture during the ceramic knock-off operation, and the castings drop to the bottom of the knockout booth. No cutoff is necessary. Sound castings are produced by the use of strong radial thermal gradients,
brought about by air or water spray on the castings after they are poured.

Fig. 7.7. Cluster design at Yamagata Seimitsu Chuzo.
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The CADIC process was developed with the specific intent of targeting the automotive industry. A great deal of
thought was given to the type of parts that would be needed by this industry and what the cost barriers were to
making them. This approach to strategically planning the process development was very impressive.
Nippon Precision Casting Company
The foundry WTEC visited (there are two locations) was similar to most American investment foundries and was
not considered to offer any new technologies. However, Nippon Precision Casting is the only foundry — of any
type — in Japan currently constructing a new plant. One of the older plants will be closed when the new one is
opened.

DEVELOPMENT PROGRAMS IN INVESTMENT CASTING
A number of development programs were discussed during the WTEC team's visits although few details were
given.
Titanium Casting
A program at Tohoku University is investigating titanium alloy casting using a calcia crucible. To prevent the
crucible from decomposing during melting, pressure in the melting chamber is raised; and when the metal is
poured, the pressure is lowered to avoid contaminating the metal.
Directional Solidification and Single Crystal Casting
A program at Tokyo University is investigating methods of making these products.
Nonconventional Pattern Materials
Kubota uses naphthalene as a pattern material for a lost pattern process that makes larger castings. Naphthalene
is easily formed by injection molding and should burn out cleanly without forming toxic residues. However,
naphthalene itself is classified as a hazardous air pollutant by the EPA and would not be permitted in U.S.
foundries unless methods of removing it from the atmosphere were also implemented. There is another problem:
odor —naphthalene is commonly sold in the United States as moth balls.

OBSERVATIONS ON MANAGEMENT ISSUES
Process Control
No control charts were posted in work areas (melt furnaces, dip lines, wax machines) in any of the foundries
visited. In analyzing this, it was concluded that the absence of control charts might be due to two possible
reasons: (1) the control charts have been so successful in improving quality that they are no longer needed and/or
(2) the Japanese, having learned which variables are truly important to control, have designed easy control of the
important few variables into the process and ignore the others. These two reasons are, of course, related: if the
use of control charts clearly shows what needs to be controlled, then the process can be designed so that control
of those variables is built in, eliminating the need for control charts. Similarly, if control charts show that
controlling a particular variable has no effect on the quality of the final product, then it is no longer necessary to
be concerned with that variable.
It is interesting to note that at two of the foundries, the patterns are attached to the downpole at the wax press
instead of going to a separate operation. Even though one of the foundries was highly automated, it suggests that
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this approach to reducing labor costs and improving quality is consistent with the Japanese philosophy of
continuous improvement.
Environmental Regulations and Management Response
WTEC's hosts at all of the Japanese foundries this panel visited emphasized their efforts to improve the
environment. This message was set forth in brochures, in descriptions of research efforts, and in implementation
of environmental enhancements, which were made to comply with the regulations and often were made even
without regulations. There seems to be a cooperative relationship between foundry management and the
government on environmental regulations. Japanese foundries honestly expect to be good corporate citizens in
the area of environmental compliance and accept the cost as a cost of doing business.
Japanese foundries emphasize waste stream minimization and recycling. As a result, there is little waste to treat
or dispose of. Landfill disposal regulations vary by prefecture in Japan, and foundries report that they have no
difficulty with spent shell disposal: it is hauled away by their waste disposal contractors at no cost penalty. One
foundry sells its spent shell material to a local pottery industry for recycling. It appears that for some time
landfill will be cheaper than general recycling of shell materials. Foundry managers indicated that environmental
laws are becoming tighter and more of a nuisance, but none indicated that they considered them to be a burden.
Japanese investment foundries do not have high quality domestic supplies of raw materials, even though a
number of foundries have internal engineering programs to try to develop local materials to their processes.
Therefore recycling of refractories and metal is particularly important to maintaining cost control of their
operations.
Worker Recruitment and Retention
The foundry industry in Japan has difficulty attracting workers, as discussed in a previous section. Because of
the difficulty of recruiting workers, Japanese foundries emphasize training and retention of the workers they
employ. Most foundries require their employees at all levels to undergo two weeks of training annually to
maintain and sharpen skills. This emphasis on worker training has the advantage (in addition to skill
development) of instilling pride in the workers about the company, its processes, and its products. In every
foundry visited it was obvious that the employees were anxious to do their best and were proud of the company
they worked for.
Energy Issues
Energy costs in Japan are three times what they are in the United States. For this reason, there is much emphasis
on energy conservation. Heat from solidifying castings is captured and used for space heating. Hot or warm
water is not discharged into cold water until the excess heat is reclaimed. Of the few research projects we
learned about that are sponsored by the government, one is dedicated (at a budget of $18 million in FY 1997) to
the development of a more efficient melting furnace. The foundry division of one large corporation told us that
corporate funds are always available for energy saving projects.
Other Observations
Japanese investment foundries make little use of solidification simulation. There are at present three Japanese
solidification simulation programs in use in Japan; none are available outside the country, and, indeed, only one
has ever been mentioned at international meetings on solidification simulation. One of the reasons for the lag in
the use of these programs may be difficulties in programming in Japanese; one of the codes (under development
at Tohoku University) is written in English. Some Japanese foundry engineers estimate that they are 10 to 15
years behind the United States and Europe in the use and development of foundry codes.
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Rapid prototyping also is rarely used in Japanese investment foundries. One company visited (INCS, Inc.)
indicated that it did 60% of the independent rapid prototyping work in the country: three employees were in
evidence on the day of the WTEC visit. Again, this can most probably be traced to the lag in the application of
computer models in Japan. [See JTEC/WTEC Panel Report on Rapid Prototyping in Europe and Japan, Vol. II
p. 69 for more details on INCS.]
Many of the research needs of the Japanese investment casting industry today are concerned with recycling. Inplant wax recycling, in-plant alloy recycling, and in-plant shell material recycling were all cited as important
issues. The Japanese would also like an improved pattern wax, as well as methods for improving dimensional
tolerances. Finally, hosts at one foundry indicated that they would like to have a way to pour amorphous metals
(a material which is being aggressively developed by Japanese university researchers) even though there does not
appear to be a current market.

CONCLUSIONS
The Japanese pride themselves on the quality of their products and are convinced that they produce higher quality
castings than the United States or Europe. While they concede that they lag behind Europe and the United States
in solidification simulation and computer applications and in aerospace casting technology, they are clearly far
ahead in the application of robots.
The Japanese investment casting industry appears to be stable and, like the industry in the United States, has
maintained its stability by finding new markets as old ones fade. Today the Japanese are experiencing major
growth in titanium golf club heads, and they are aggressively seeking automotive applications. Cost pressures
dominate management concerns.
From a technology standpoint, the Japanese approach is that of continuous improvement. They are constantly
seeking to lower costs (even by just a little) while maintaining the quality of their products. They prefer this
approach to the application of new advanced engineering concepts but continue to be aware of what the rest of
the industry is doing in the area of advanced technology.
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CHAPTER 8

ADVANCES IN MANUFACTURING AND PROCESSING
Dennis Bertram

INTRODUCTION
Previous chapters have discussed the casting industry in Japan in terms of the numerous processes employed
to make the end product — a casting — and the various alloys used both presently and under development for
future application. New products and materials being brought to market plus research activity have been
covered.
This chapter assesses the state of manufacturing in Japan: how the Japanese use the foundry processes, the
specialized equipment, the alloys, the human resources, and the collective knowledge of the R&D people to
fulfill the casting needs of the customer.
The chapter concentrates on the advancements being made on the factory floor. What is being demonstrated
today and what is likely to happen in the future? What have been and will be the inducements and constraints
to advancement of the manufacturing art? And of course, how does it relate to current conditions and rate of
change in the United States?
Most importantly, how can the U.S. foundry industry benefit from a better understanding of Japan’s situation
and progress?
This topic is covered by first describing the business climate and how it affects manufacturing progress,
followed by a discussion of Japanese process control philosophy. Automation and the reasons for it are
explored next. Human resources, their recruitment and training and influence on manufacturing success are
also discussed. The chapter concludes with an assessment the future prospects for advancements. The
current state of manufacturing in the United States is the frame of reference throughout the chapter.

BUSINESS CLIMATE AND EFFECT ON MANUFACTURING ADVANCES
Manufacturing is a commercial venture, and the business climate certainly shapes the extent of advancements
in manufacturing processes. Although research and development may place a technology on the shelf, there
must be an economic impetus to convert it to production reality.
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In general, the business climate in Japan has not been good. During 1995, vehicle production in Japan fell
3.4% to just under 10.2 million units. It was the fifth straight year of lower production at home. Exports of
the big five automakers also dropped 15% to about 3.8 million units. The fact that the auto industry
consumes approximately 80% of Japanese casting output helps explain the current low level of casting
capacity utilization. At the time of the WTEC visit Japanese foundries were running at between 60% and
75% of rated output.
As in the United States, particularly in difficult times, the original equipment manufacturer turns to his
supplier for cost reductions. Many of the firms visited in this study characterized “unreasonable price
reduction” demands as being the norm rather than the exception.
Japan's casting industry report a nearly 100% growth of aluminum usage was between 1985 and 1990. It was
during this period that Japan voluntarily converted to lightweight engines, well before the United States.
They consider their conversion to lightweight materials essentially complete and are no longer willing to pay
a premium for weight reduction. Hence, little additional aluminum foundry capacity is being added, and there
is less opportunity to install innovative technology concurrent with the new capacity. Therefore current
progress in Japan is limited to their more traditional internally driven continuous improvement process.
Conversely, the U.S. casting industry still is riding a wave of conversions from iron and steel to aluminum,
mainly driven by projected future CAFE (Corporate Average Fuel Economy) requirements by the
government. These conversions have necessitated that new capacity be built and have created an opportunity
to test new processes for light metal applications.
The ferrous sector of the Japanese industry is also suffering mainly from under-utilization of existing capacity
and the realization that unused capacity will probably not be needed in the future since high labor and energy
costs will drive more automotive assembly operations offshore. The trend is to transfer technology and
produce vehicles in the served market locations and lower cost countries. The domestic casting producers are
expected to follow the offshore migration of their customers.
Japan will however utilize its existing capacity to produce different products; a number of these thrusts are
discussed in Chapter 5 of this report. Japan will continue to be competitive, and the United States has much
to learn from the Japanese approach.

PROCESS CONTROL PHILOSOPHY
Japan’s processes appear to be generally slower and more robust than the same operations in the United
States. This is true all over Japan and even in Japanese manufacturing operations that have been opened in
the United States and Canada. The Japanese are willing to sacrifice the economy of faster cycle times for
reliability and repeatability.
The Japanese tend to study and thoroughly understand not only what is going on within their processes but
also the external factors that affect them. They are slow to specify new substitute materials or process
supplies in the interest of economy. They use the fish bone diagram effectively and determine the root causes
of unwanted variation.
The following serves as an example of how the Japanese look at their processes. Engineers at one aluminum
foundry, using many of the same molds, recognized that consistency of the mold coating was a key variable in
producing castings with consistent microstructure properties and was a major factor influencing directional
solidification. They also determined that there was little consistency between operators in the artful
application of the refractory coatings.

Dennis Bertram

65

They concluded that coatings begin to wear in certain areas during the second shift of operation. Again rather
than allow individual operators to touch up the worn spots, they specify complete reconditioning of the mold
after two shifts.
This mold reconditioning operation is now being mechanized, with considerable difficulty, to ensure that all
coating applications are identical. This deliberately structured approach requires more tooling, makes quick
die changing essential, and represents a sizable investment for consistency. They are convinced it will be
worth the price.
Certain aspects of liquid metal preparation have also been automated to ensure that each ladle going into a die
cast machine is skimmed in the same manner. In another case, the entire degassing, filtering, and skimming
operations were completely automated and engineered as a continuous process to avoid the interruptions
prevalent in batch processing.
It is the norm for the Japanese to have a very detailed understanding of variation in casting operations with
close attention to fewer variables than in U.S. operations. An example is tighter control of tramp elements in
the raw melt materials and narrower ranges of moisture control in green sand systems.
Tooling is checked more often for dimensions with fewer dimensional checks on the end product. In general
there is less leak testing of die cast automotive blocks and heads because the processes are more effective.
Many of the processes the WTEC panelists observed had been established for a few years and have been the
subject of continuous improvement. In most instances, there were no control charts being used, possibly
because long term process control had already been demonstrated.
Noncontact die temperature measurement devices were in use to overcome the inherent error and poor
reliability of hard thermocouples.
In problem solving the panel saw examples of the Japanese attacking the root cause. As an example of the
depth of understanding of costs, Hitachi Metal Ltd. has developed a flash free process to reduce the need for
labor to remove fins and flash from castings. In general, Japanese foundries do very little repair and finishing
work on a casting by controlling the process during molding, pouring, and core making. If finishing is
required, robots are often used to avoid the difficult jobs.
Although computer integration of manufacturing processes was not observed as the norm in Japan, one
application, again at Hitachi Metals Ltd., is notable. That company has installed a facility to produce 85,000
wheels each month in a variety of 16 wheel styles and sizes. This highly automated production line consists
of seven special low pressure casting machines, continuous heat treat furnaces, four machining lines, and a
painting facility followed by a single final inspection station. The whole line is controlled by computers. The
one piece flow with this control has reduced lead time from 120 hours to 24 hours.
Two visits to ceramic producers indicate that they are hard at work looking for products that will help
foundries improve process control. A few examples are as follows:
•

Ceramic lined shot sleeves to prevent tin-canning and to extend intervals between changing sleeves

•

Porous die steels that have the potential to totally vent core boxes

•

Ceramic pumps that provide a means to deliver metal to a cold chamber die cast machine without
exposure to air and resultant oxide formation

Accuracy of measurement of process variables is seen as important in Japan. There is extensive data
gathering but not nearly as much closed loop control as in the United States. U.S. engineers have a tendency
to want to establish controls on everything that they can measure. The Japanese tend to establish controls on
what they truly understand to be necessary.
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In Japan technologies for maximizing the use of natural resources while being friendly to the environment are
a priority. Without exception, this is a common goal of all casting operations without pressure from the
government.

AUTOMATION
The extent of automation in Japanese die casting plants is comparable to that in the United States. Cellular
concepts predominate. Robots are used to remove gatings and to spray the die with release agents. Parts are
generally placed directly into vertical stroke trim presses. In some cases another robot that removes a large
casting from the trim press also articulates the casting in front of a stationary grinder to remove additional
flash and then palletizes the part.
Ferrous operations are generally less automated than in the United States. Iron pouring was manual.
Automation was observed more at the larger foundries and those owned by original equipment manufacturers.
One steel foundry, owned by a heavy equipment manufacturer, plans to automate its high labor finishing
operations.
A new investment casting plant the WTEC team visited was highly automated in order to get lowest variable
cost for thin wall stainless steel turbocharger castings.

HUMAN RESOURCES
Human resources are certainly a key to advancing the art of manufacturing, and people constraints are
becoming a problem for Japanese metal casters. Most of this panel's Japanese hosts report that it is difficult
to hire college talent because the best graduates go to larger companies and then generally to nonfoundry
jobs.
Since the Japanese recognize and value the contribution of engineers (Toyota has one engineer per five
production workers), the hiring difficulty severely constrains their chosen method for making improvements.
It is also difficult to get young production workers to enter the casting field, although hiring has not been a
recent priority because of the current low volume.
The difficulty in recruitment has resulted in more emphasis on training and development. Representatives of
one gray iron plant stated that since recruitment was nearly impossible, all of their emphasis was on training.
They consider their only avenue to continuous improvement and maintaining their ISO9000 certification to be
training and improving the existing work force.
The firms WTEC visited were quite unanimous in the endorsement of training. All considered it a high
priority. One firm presented a matrix that listed all levels from president to the lowest ranking job. It
detailed prescribed training for each job ranging from leadership, management, planning, technical, and
engineering topics to finally job safety and work instructions.
Other examples of commitment to training are the nearly two weeks of training that are scheduled each year
for everyone at Komatsu. New hires at Ryobi are trained for three months before they work alone.
Technical people are generally encouraged to join and participate in professional societies. As a result, there
is probably more sharing of technical advances between companies in Japan than is the case in the United
States.
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FUTURE PROSPECTS
The WTEC panelists believe that the Japanese foundry industry will be most influenced by the movement of
automotive assembly offshore. Cost of real estate, labor, and energy will dictate that new assembly capacity
be installed offshore, closer to the emerging vehicle markets. The Japanese supplier base will follow rather
than export parts for the same reasons.
Recent announcements include a new midwest U.S. ductile foundry for Hitachi and Asama Giken. Toyota is
expanding the Bodine operation in the St. Louis area to support engine builds at Georgetown, KY.
This panel's Japanese hosts indicate that they will transplant proven existing technology and generally use
Japanese manufactured equipment. They will use less automation in the United States since labor costs do
not warrant the added investment. They are quick to point out, however, that if automation contributes to
improved process control and robustness, it will be employed.
Additional Japanese foundries are expected to relocate to the United States and to emerging automotive
market locations. They will continue to be strong competitors in their new locations.
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CHAPTER 9

EMPLOYMENT, ENVIRONMENT AND ENERGY ISSUES
Thomas S. Piwonka

INTRODUCTION
The issues of employment, the environment, and energy are important to all manufacturing enterprises. The
U.S. foundry industry has experienced challenges in attracting talented employees, in becoming more energy
efficient, and in dealing with environmental regulations. These issues underlie much of the competitiveness
of any nation’s foundry industry, so it is instructive to see how the Japanese and European foundry industries
cope with them.
In the United States, the foundry industry is particularly concerned with environmental regulations, as U.S.
regulations are among the most stringent in the world and are enforced vigorously. Today nearly 10% of U.S.
foundry annual revenues are devoted to complying with environmental regulations. American foundries are
especially concerned with the challenge posed by the Clean Air Act Amendments of 1990, which have the
potential to substantially disrupt current foundry practice. Other concerns are the disposal of solid waste
(spent sand, grinding dust, slag, baghouse dust, and refractories) and clean water issues. Overzealous
environmental regulations and enforcement are seen by U.S. foundries, especially the smaller firms, as a
major problem in maintaining international competitiveness.
Energy usage in U.S. foundries has been a major concern since the first oil shock over two decades ago.
While energy concerns have faded to some extent, the cost of energy in the foundry industry continues to be
significant, and the U.S. Department of Energy has identified metal casting as one of the seven most energyintensive industries in the country. Energy conservation methods are therefore of great interest to American
metal casters.
The ability to find qualified employees, both hourly workers and engineers, is also a concern of U.S. metal
casters. The problem is particularly acute for small foundries located in rural areas, where many graduate
engineers would prefer not to locate. Trained and capable hourly workers are also a problem to recruit and
retain, as the reputation of foundry work does not appeal to many.

9. Employment, Environment and Energy Issues

70
EMPLOYMENT

Hourly and Production Workers
The ability to attract production workers to the foundry industry in Japan appears to vary with the size of the
company. In Japan, foundry work is known as “3 K” — “kitsui” (hard work), “kitanai” (dirty), and “kurai”
(dark). Thus it is not attractive to most workers or technical people. Large corporations have an apparent
advantage as their prestige allows them to hire workers or engineers and then assign them to their foundry
operations. Small independent foundries, however, must compete for workers with the corporations and are
at a disadvantage. A number of the foundries the WTEC team visited are located in rural areas, and, in at
least one case, this was deliberately done in order to provide employment for the local area.
Foundry workers in Japan are paid less than workers in other metalworking fields, as Fig. 9.1 indicates. It
compares average wages (yen/month) for steel foundries, electrical machinery, nonferrous metals, metal
fabrication, and basic steel industries since 1990. It is clear that foundries are not attractive places to work
from a compensation standpoint.
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Figure 9.1. Salary chart for workers in Japan’s metalworking industries.

It should be noted that one iron foundry reported that the average wage for its workers, including benefits,
was approximately ¥600,000 monthly. Foundry wages were reported to be escalating at the rate of about 3%
annually until the recent recession. Since then wages have leveled off.
The unattractiveness of the foundry industry is reflected in the fact that the workforce in the foundries the
WTEC team toured appears to be aging. One exception is the Daido Precision Parts investment foundry,
which is a new, very modern plant built in a rural area. The average age of workers in that plant is 25 years.
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Although foundry wages are relatively low by Japanese standards, they are high by international standards
(especially based on the exchange rate of about ¥105 = $1 that pertained at the time of this WTEC panel’s
visit). This, coupled with difficulties in hiring, is responsible for the considerable amount of automation that
is present in Japanese foundries. Many operations normally done manually in other countries are carried out
by pick-and-place robots in Japanese foundries. Representatives of one Japanese company, which is planning
to build a foundry in the United States to supply its largest customer (an automobile manufacturer), told the
WTEC team that they do not intend to automate the American plant to the degree that their Japanese plant is
automated because American wage rates and employment ages are substantially lower than Japanese.
The difficulty in attracting workers to the foundry industry is one of the reasons that the Japanese emphasize
extensive worker training. Most companies require their employees to participate in two weeks of training
each year. New hires often spend as much as one month (in one case, it was three months) being trained
before they are put to work. Indeed, in many foundries, it appears that training and retention of skilled
employees is more important than their recruitment.
One large foundry organization indicated that part of the problem is the Japanese system of training skilled
workers, which is similar to that in the United States (i.e., workers are expected to train themselves). This
company would prefer to have the German system, with master craftsmen training apprentices. However,
they see this as a cultural problem that probably cannot be changed. The difficulty in finding skilled workers
is considered to be a barrier to the expansion of the Japanese foundry industry, although the industry will
maintain its global market share by building plants in foreign countries where its major Japanese customers
locate plants.
Reports from Denmark and France show that European foundries experience similar problems in attracting
young engineers and hourly workers. Except in the case where a new plant is established in an area that has
high unemployment, recruitment of foundry workers is difficult. Some observers have speculated that
foundry production will move from western Europe to eastern Europe for this reason, although no major trend
has so far been noted.
Technical Employees (Engineers)
The Japanese foundry industry is similar to that of the United States in that 80% of the foundries are small
(fewer than 100 employees). Small foundries find it particularly difficult to hire talented technical people
from recent engineering graduates. The graduates would most prefer to work for the large steel companies,
then the automotive companies, then aluminum companies, then other manufacturing companies: They will
consider positions in the foundry industry, finally, only if there are no other jobs available. For all practical
purposes, then, small foundries rarely hire graduates immediately from college and must staff their technical
departments by hiring engineers away from large companies.
Although technical training is available at many technical schools and universities in Japan, foundry training
is rare. There is only one school (Tohoku University in Sendai) that has a specifically named “foundry
engineering department” although Tokyo University, Kyushu University, and Osaka University have
specialists and strong programs in the area. Foundry professors in Japan agree, however, that it is very
difficult to recruit students to major in the subject. Thus, in the Japanese foundry industry, as in the U.S.
industry, many engineers have received their primary training in another field. The lack of engineers
specifically trained in foundry engineering is considered to be a problem in Japan and a barrier to further
growth of the industry.
In Europe, engineering is longer seen to be the desirable profession it once was. High unemployment of
newly graduated engineers has discouraged other young people from studying engineering, and the opinion
was expressed in European foundries WTEC visited that the best and brightest people avoid engineering and
the foundry industry to study other subjects, especially finance and management. Although there are a
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number of world-famous foundry departments at European universities, government support for engineering
faculties is falling in many countries.

ENVIRONMENT
Concern for the environment is a high-profile issue in Japanese industry. All of the foundries visited
emphasized their commitment to cleaning up the environment. Compared to 10 or 20 years ago, substantial
progress has been made in cleaning up the Japanese environment.
The approach to environmental compliance in Japan appears to be very different from that seen in the United
States. Japanese foundries seem to accept compliance as a responsibility as a good corporate citizen and
good neighbor. The relationship between foundries and the government on the issue of environmental
regulations is one of cooperation, and the companies appear to be genuinely enthusiastic about improving the
environment.
It is difficult to compare environmental regulations between Japan and the United States. In many areas
regulations are similar. Mutual cooperation between government and industry to achieve a cleaner
environment appears to be the rule. However, other areas appear to be less stringently regulated. Two
examples illustrate this: no foundry reported having any difficulty in disposing of spent foundry sand or
investment casting mold material, and one foundry is using naphthalene as a lost pattern material.
Naphthalene, a polycyclic aromatic compound, is one of the substances that must be controlled under the
Clean Air Act Amendments of 1990, and its use in a U.S. foundry would not be considered.
Nevertheless, Japanese foundries do have to respond to Japanese environmental legislation requirements,
which have grown steadily since the late 1940s. Regulations may be initiated by the national government, the
prefectural government, or the local civic authorities. (The latter are particularly zealous about odors, and
Japan has a number of laws regulating odor generation.) Environmental laws, therefore, vary by prefecture as
they vary by state in the United States. This is one of the reasons that sand disposal is not yet a problem:
there are still prefectures willing to accept spent foundry sand in landfills. The Japanese tend to emphasize
waste stream reduction — designing the process to produce the minimum in waste materials — over
amelioration and treatment. This is undoubtedly partially due to the high cost of energy in Japan and to the
reluctance to use it in an application when better design would eliminate the need for it.
The Japanese have also been aggressive at reclaiming and reusing foundry sand beneficially. So far the
foundry sand reuse has focused on selling fines and grinding dust to the cement industry. A number of
foundries sponsor research in universities to find new uses for spent foundry sand; so far these programs have
not been successful. Because foundry sand is much more expensive in Japan than in the United States, the
emphasis is on recycling and reclaiming it until it is no longer usable. Tipping fees are similar for foundry
sand in Japan and the United States although there are enough places that accept sand without invoking the
fees (and little enough sand being disposed of) that fees are not considered a problem. One interesting aspect
of the Japanese foundry industry is that many foundries contract their core making to sub-contractors. These
core makers then buy back much of the foundry sand that is generated in the foundries, reclaim it, and use it
for cores.
The WTEC team found that small foundries in Japan were unhappy with the proliferation of environmental
regulations, although they were working hard to meet them. Large foundry organizations were responding by
actively implementing technology to improve the environment. One large corporation had projects actively
under investigation in four fields: working environment, waste stream reduction, recycling, and greenhouse
effect reduction.
The working environment projects focused on dust reduction and protection, heat reclamation and worker
protection, noise reduction and protection, and the development of a low-odor resin for core making. This
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company’s focus on the workplace environment is notable because it is clear that there is no Japanese
counterpart of OSHA. The foundries WTEC visited were notably less protective of their workers than
American foundries would be. For instance, few of the Japanese foundries visited required safety glasses
although most required helmets. It appears that Japanese foundries prefer to train their workers in safe
working practices rather than dress them in layers of protective clothing.
No mention was made in any of the visits, either in Europe or in Japan, of development programs for
nonpolluting core binders although such programs are actively being pursued in the United States (Biederman
et al. 1996).
Hosts at most of the ferrous foundries visited expressed concern about the reduction of slag. One ferrous
foundry also puts its melt scrap through a dezincification process before melting to avoid zinc fume
production during melting. Most foundries also have programs to reclaim heat given up in the foundry
process.
At present, Japanese foundrymen consider environmental regulations to be a bother but not a problem. They
do not foresee the necessity of moving their plants from Japan to other sites in Asia to avoid compliance
problems with environmental regulations and do not anticipate that these regulations will be become
restrictive in the future. Most of the Japanese foundries visited were cleaner than comparable U.S. foundries,
with a much greater emphasis on housekeeping. This reflected not only a concern for the environment but
also a concern over worker retention.
European foundries are carrying out research to reduce pollution and environmental impact. Environmental
regulations and concerns vary by country. The impression in Europe is that progress in the environmental
area is steady and that no breakthroughs are expected.

ENERGY
Energy costs in Japan are roughly three times greater than in the United States. Thus there is an economic
incentive to conserve energy. The national government has made it clear that it is willing to fund projects
aimed at reducing energy utilization.
The need to conserve energy in Japan is evident in the implementation of technologies that eliminate
operations such as knock-out and gate removal and in research projects to develop novel heat treatment and
surface treatments that conserve energy. There is a major program ($18 million in FY '97) sponsored by the
government to develop more efficient melting methods. Offsetting some of the energy conservation efforts is
the wide use of robots in Japanese casting operations where they would not be used in the United States, even
though U.S. energy costs are lower.

SUMMARY
In summary, Japanese foundries face many of the same problems as American foundries in the area of
recruiting foundry workers and engineers. However, they emphasize training and maintaining the skills of
their workers in an effort to retain those workers, much more than is the case at typical U.S. foundries.
Workplace safety and health regulations are not as demanding in Japan as in the United States. However,
environmental consciousness is high.
Finally, the high cost of energy in Japan has forced an emphasis on energy conservation. However, few
innovative energy saving foundry processing techniques were noted that would indicate any significant
Japanese lead over the United States in this area.
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Name:

Merton C. Flemings (Panel Chair)

Affiliation:

Professor, Massachusetts Institute of Technology

Address:

Dept. of Materials Science & Engineering
Bldg 8-407, MIT, Cambridge, MA 02139

Dr. Flemings is Toyota Professor of Materials Processing in the Department of Materials Science and
Engineering at the Massachusetts Institute of Technology. His main research areas are solidification
processing and foundry technology. He is a member of the National Academy of Engineering and an
honorary member of the Japan Foundrymen’s Society, the Japan Iron and Steel Institute, and the Japan
Society for Metals. He has published widely in the field, including the books Foundry Engineering (John
Wiley) and Solidification Processing (McGraw Hill).

Name:

Diran Apelian

Affiliation:

Director, Metals Processing Institute, Worcester Polytechnic Institute

Address:

Worcester Polytechnic Institute
100 Institute Road, Worcester, MA 01609

Dr. Apelian is Howmet Professor of Engineering at Worcester Polytechnic Institute (WPI) and director of
WPI’s Metals Processing Institute. He recently completed a six year tour of duty as provost of WPI. He
received his B.S. degree in metallurgical engineering from Drexel University and his Sc.D. in materials
science and engineering from MIT. He worked at Bethlehem Steel’s Homer Research Laboratories before
joining Drexel University’s faculty in 1976. At Drexel he held various positions, including professor, head of
the Department of Materials Engineering, associate dean of the College of Engineering, and vice-provost. He
joined WPI in 1990 where he oversees the metal processing activities, including three consortia in aluminum
casting, powder metallurgy, and semisolid metal processing. He is credited with pioneering work in various
areas of solidification processing, including molten metal processing and filtration of metals, aluminum
foundry engineering, plasma deposition, and most recently, spray casting/forming. Dr. Apelian is the
recipient of many distinguished honors and awards, has over 250 publications to his credit, and serves on
several technical and corporate boards.
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Dennis A. Bertram

Affiliation:

Senior Vice President, Amcast Automotive

Address:

300 Galleria Office Center, Suite 208
Southfield, MI 48034

Mr. Bertram is senior vice president of operations for Amcast Automotive headquartered in Southfield, MI.
The group has annual sales of $160 million and is part of Amcast Industrial Corp., headquartered in Dayton,
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Ohio. He is responsible for all manufacturing operations of Amcast Automotive. He has been with Amcast
Automotive for 17 years and has held various positions from manufacturing engineering to general
management. His prior experience was with the central foundry division of General Motors (now
Powertrain), where his responsibilities included plant engineering, production, and maintenance. He has a
B.S. (Mechanical Engineering) from the General Motors Institute in Flint, Mich.
Amcast Automotive is a major supplier of performance critical aluminum components for braking,
suspension, steering, and driveline systems including wheels. Many components are supplied fully machined
and assembly plant ready. Amcast is a leader in automotive conversions to lightweight materials. It employs
a number of casting processes to meet the exact needs of these highly engineered applications.
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Dr. H. Wayne Hayden

Affiliation:

Manager, Engineering Materials Section
Metals and Ceramic Division, Oak Ridge National Laboratory

Address:

Lockheed Martin Energy Research Corporation
P.O. Box 2008, 4500-S
Oak Ridge, TN 37831-6152

Dr. Hayden is the manager of the Engineering Materials Section of the Metals and Ceramics Division of Oak
Ridge National Laboratory. He is administratively responsible for research groups involved in melting and
casting, deformation processing, joining, mechanical properties, fracture mechanics, corrosion, and
computational modeling. He has numerous publications in the areas of materials processing, powder
metallurgy, alloy development, superplasticity, deformation, and fracture and stress corrosion cracking. He is
a co-author of a widely used metallurgical textbook that has been translated into several languages including
Japanese. He holds numerous U.S. and foreign patents, covering wrought ferrite/austenite stainless steels,
superplastic nickel-based alloys, aluminum processing, hydrometallurgical processing of copper ores,
production of metallic uranium, and the copper-cored composite materials presently used for U.S. coinage.
He graduated from MIT with B.S., M.S., and Sc.D. degrees in metallurgy. He was a co-recipient of the ASM
Marcus A. Grossman Young Author Award and was awarded the “Inventor of the Year” award in 1993 by the
International Hall of Fame in recognition for his work in the field of metallurgy.
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Paul H. Mikkola

Affiliation:

Director, General Motors Powertrain Casting Operation

Address:

77 West Center Street, Saginaw, MI 48605

Mr. Mikkola, technical director of advanced casting development at General Motors Corp., directs casting
development activities in four U.S. locations. He has worked in varied capacities for General Motors in
manufacturing, engineering, and research during his 28 year career, which included an assignment at Hughes
Aircraft in California. He is a fellow of ASM International and a member of the American Foundrymen’s
Society, the Foundry Educational Foundation, the North American Die Casting Association, and the Society
of Automotive Engineers. He serves on engineering advisory committees at both Michigan Technological
University and the University of Virginia. A past president of the Saginaw Country Club and ASM
International, Saginaw Valley Chapter, he is currently vice president of the Foundry Education Foundation.
He has published a number of papers on metal casting and materials during his career and holds three patents.
He graduated from Michigan Tech (B.S.) and the University of Wisconsin (M.S.) and received an honorary
Doctorate of Engineering from Michigan Tech in 1989.
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Affiliation:

Director, Metal Casting Technology Center, University of Alabama
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Metal Casting Technology Center
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P.O. Box 87201
Tuscaloosa, AL 35487-0201
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Before joining the University of Alabama, Dr. Piwonka spent 25 years in the casting industry at General
Motors Corp., Kelsey-Hayes Co., and TRW Inc. in positions ranging from production engineer to research
manager. He is a graduate of Case-Western Reserve University and received his doctorate from the
Massachusetts Institute of Technology. Dr. Piwonka is a member of the American Foundrymen’s Society
where he serves on five technical committees, The Minerals, Metals and Materials Society, ASM
International (member of the Advisory Technical Awareness Council and on the editorial committee for
Advanced Materials and Processes), and the Electric Power Research Institute Foundry Advisory Council.
He is a key reader for Metallurgical and Materials Transactions. He was general chairman of the Sixth
International Conference on Modeling of Casting, Welding, and Advanced Solidification Processes. He has
authored more than 60 technical papers and has seven patents.
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Site:

Ahresty Corporation (Tochigi Plant)
4060 Otsu, Mibu-Machi
Shimotsugagun
Tochigi 321 02, Japan

Date Visited:

January 9, 1996

WTEC Attendees:

P.H. Mikkola (report author), M.C. Flemings, C. Uyehara,
F. Hazama (interpreter)

Hosts:

Shinsuke Nanko, President
Suguru Takeda, Manager, Technical Engineering Dept.

BACKGROUND
Ahresty Corp. is an integrated die casting company. Before 1988 the name was Fuso Light Alloy Co. The
name “Ahresty” is the symbol of the direction the company wants to follow — rigorous pursuit of the
integration of “Research, Service, and Technology.” Its principal products are aluminum die castings,
secondary aluminum ingot, free access floors, garden tools, and peripheral equipment for die casting
machines. The company operates six casting plants, five sites for die manufacturing and a secondary
aluminum operation.
Ahresty has a die casting operation in Wilmington, Ohio, which supplies products to Ford, GM, Honda of
America, Aisin USA, Nissan Mexicana, plus others. All of its U.S.- produced parts are for the automotive
industry.

RESEARCH AND DEVELOPMENT ACTIVITIES
Ahresty research activities are related to the die cast process and to products that can be manufactured using
aluminum. At the various die cast sites Ahresty has evaluated various technological advances in high
pressure die cast systems. It has developed processes that improve the quality of high pressure die casting.
None of this is basic research, but application of technology to the manufacturing operation. Examples are
rapid melting furnace technology, automated aluminum scrap sorting, launder molten metal handling, CAD
systems for die design, CT scanners to measure interior casting dimensions, and infrared temperature sensing
devices.
Ahresty applies the technology required to assure that customer requirements are met. It employs a
technology called PASOP which reduces the solidification of molten metal in shot sleeves, increasing the
tensile strength and elongation of die cast parts. The PAC technique uses a powder lubrication to improve
soundness of heavy section castings.
Ahresty uses sand cores in selected applications in its high pressure die cast operations to cast in features not
possible with metal cores. The Ube gas free (GF) system is used on most machines to reduce the amount of
entrained air in the die cast products. APE pins are used as required to assure soundness of isolated heavy
section castings. Timing to activate these pins is determined by experience and casting solidification
simulation.
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To achieve heat treatable high pressure die casting, Ahresty uses a technique called pore free (PF). The PF
system fills the mold with oxygen before pouring in molten aluminum. The oxygen then reacts with the
incoming molten aluminum, forming solid aluminum oxide. This reaction results in a vacuum in the die
casting and reduces the gas entrained in the castings. The result is a casting that can be heat treated or welded
without blisters.
Another technique developed by Ahresty R&D and installed in manufacturing is a jet cooling system for core
pins. This eliminates costly downtime caused by core pin breakage and die polishing.
Ahresty does offer its advanced engineering services to other companies in the form of casting analysis and
simulation techniques for die design.

MANUFACTURING
Ahresty operates mostly in the cell configuration. The castings are moved from die cast machines of varied
size with overhead or floor mounted robots or extractors. These control the complete cycle, from casting
design via computer work station to die construction on site. Coordinate measurement machines with
computer-aided tomography (CAT) are used to measure internal wall thickness calculate the dimensional
tolerancing of castings.
Molten metal is transferred to each die cast machine with either metal launder systems or ladles. After
castings are made, an automatic extractor places it into a trim press to remove flash. Some parts are given
added machining prior to shipment. Ahresty has the world’s largest die cast machine — a 4000 ton Ube
machine at the Tochigi plant. A very large oil pan made from this machine was shown in the casting display
area. Ahresty’s major products use the JIS-ADC12 (AA-384.0) alloy.
The Tochigi plant produces engine blocks with cast-in-place iron liners. Liners are not heated and are cast
both by using mandrels in the liners and by placing liners into the die onto locators in the die. The process
engineering appeared to be well thought out. There were no statistical process control (SPC) charts at
machines, but there were job instructions on how jobs were to be performed and checked for quality.
The plant lighting, workspace, and housekeeping were all well above average for a casting operation.

SUMMARY
Ahresty is a leader in the application of technology to high pressure metal mold casting operations. Its
business has been reduced as a result of the increase in automotive production outside Japan. As a result it
has located plants in the United States to manufacture castings. Company managers also are looking to new
markets to sell die castings, floor panels and escalator steps being two examples. They continue also to work
on several applications of technology to improve high pressure die cast operations. These innovative
approaches are used where they make sense to improve the operation. The company won the Deming award
in 1989.

REFERENCES
We’re Ahresty: Research, Service, Technology. Brochure.
Ahresty R&D Corporation. Brochure.
Ahresty. History and sales volumes brochure.
Corporate Outline Ahresty Tochigi. Brochure.
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Ahresty of America Corp. Copy of equipment, sales, and customers information.
Corporate Outline. Ahresty Corp. Brochure.
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Site:

Asama Giken Company Ltd.
450 Mimitori, Komoro City
Nagano 384, Japan

Date Visited:

January 12, 1996

WTEC Attendees:

H.W. Hayden (report author), T.S. Piwonka

Hosts:

Dr. Sukehisa Niwa, Senior Managing Director
Tel: (81) 0267-228111; Fax: (81) 0267-228223
Kazumichi Miyamoto, Second Plant Manager and Chief
Engineer, Tel: (81) 0267-228118
Hikuyusi Uchimi, Engineer, Tel: (81) 0267-228118
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BACKGROUND
The Asama Giken Co. Ltd. is a member of the Honda family of companies. It operates two plants in Komoro
City, Japan. The older “main” plant was started in 1973 and has a nominal capacity of 4,500 tons/month.
The newer Misato factory, which we visited, was started in 1988 and has a nominal capacity of 2,000
tons/month. In 1996 Asama Giken opened a new plant, P.T. Asama Indonesia Manufacturing in Carawan,
Indonesia, with a capacity of 400 tons/month. The company presently is considering locating a plant in the
United States, either in Indiana or Michigan, with a projected start up in 1997. Asama Giken is a producer of
nodular iron products primarily for the automotive industry. These include brake drums, brake disks, exhaust
manifolds, knuckle arms, caliper bodies, brackets, cylinder sleeves, and universal flywheels.

RESEARCH AND DEVELOPMENT ACTIVITIES
Asama Giken appears to be active in the application of the Komatsu fine element program, “SOLDIA,” for
simulation of solidification for the optimization of mold and gating designs. The software includes
capabilities for heat and fluid flow, calculation of cooling rates, and applications of the Niyama criteria for
shrinkage. The program is run on a Sun workstation and about 24 hours of running time are needed for each
simulation run. In orders from Honda, all design data for exhaust manifolds are received in digital form on
diskettes with drawings.
A major development effort relates to the production of thin-walled exhaust manifolds for Honda. Asama
Giken has been successful in reducing the manifold thicknesses from 6 mm to 3 mm. However, the newest
target is 2 mm. At this thickness company engineers cannot achieve the desired property levels using ductile
iron. They feel they have a practical limit of 4% Si in their ductile iron product using their present gravity
methods. They indicated that about 5% Si would be needed to achieve property targets. As a result they
indicated that the thinner manifold would have to be cast stainless steel because of improved thermal fatigue,
oxidation, and corrosion resistance, with serious competition from stamped 13% Cr steel.

PRODUCTION APPLICATIONS
The new Asama Giken plant was designed for production levels of 2,000 tons/month. It was producing about
1,500 tons/month of nodular iron products at the time of the WTEC visit. It employs about 80 people in
operations with two production shifts and one maintenance shift.
The plant has an automated sand preparation system which automatically controls additions of silica sand,
binders, and water. Mixing is done in a Eireich high intensity muller. No seacoal or other carbonaceous
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materials are added to the sand, although a cushioning agent (unspecified) is used. Automatic systems are
used for the measurement of moisture, permeability, compressive strength, and compactability. The system
calculates changes in the sand mixture when required.
Mold making can be done on three lines. There are both jolt and squeeze and blow and squeeze machines.
WTEC team members observed operations of the Sinto Sietsu impact cope and drag machine (900 mm x 900
mm x 200 mm x 200 mm) capable of producing 200 molds/hour. We were told that pattern changes can be
made in less than one minute. There is also a Disa line, which we did not observe in operation.
Melting is carried out in a 24 ton cupola furnace with transfer to an induction-powered holding furnace. An
automated transfer vehicle is used to move metal from the holding furnace to the mold station. The Fischer
method for nodularization with pure magnesium metal is used along with inoculation in the molds. The
layout of the melting area appears very efficient. The spectrograph is located close to the furnace. A threedimensional computer controlled system is used for the storage of intermediate products.
Inspection procedures included x-ray testing for shrinkage cavities and cracks, ultrasonic testing for shrinkage
cavities, and magnetic testing for cracks. The production of high quality products was emphasized strongly
throughout the operation.
Asama sells the fines from its waste sand to the cement industry. The bulk of the sand is recycled through
sale to a resin-bonded core supplier to Asama’s own operations. The remaining 10% to 20% is disposed of in
landfills at a cost of ¥7,000 to ¥10,000/ton. Cupola slag is sold to the cement industry.
Asama Giken plans to begin foundry operations in the United States in 1997 at a site in either Indiana or
Michigan. Honda U.S. and Canada will be the principal customer for the plant with a projected capacity of
700 tons/month. An investment of $30 million is anticipated. The company plans to build the cleanest
foundry in the United States. Because of the lower costs of labor and energy in the United States, the new
plant will not be as automated as the Misato plant: electricity costs in Japan are roughly three times those in
the United States.
Asama Giken representatives indicated that the labor cost including all benefits for their foundry workers is
about ¥600,000/month (about $72,000/year at an annual exchange rate of ¥100/dollar). Over the past 10
years labor rates have increased about 40% at an annual rate of 3% to 5%/year. Recently, wage increases
have been lower due to the Japanese recession. They suggested their labor rates are higher than in most of the
Japanese foundry industry.
Asama Giken does not project conversion from nodular iron to cast aluminum as its future competitive threat
from automotive down-weighting. Honda, its major customer, has virtually completed conversion from steel
to aluminum. Instead, major competition will come from stamped stainless steel components which will
permit decreased weight, albeit at higher costs.

REFERENCE
Asama Giken brochure.
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Site:

CADIC Corporation
713 West Kanagawa Science Park
3-2-1 Sakado Takatsu-ku
Kawasaki 213, Japan
Tel: (81) 044-8192374; Fax: (81) 044-8192375

Date Visited:

January 8, 1996

WTEC Attendees:

B. Bertram (report author), D. Apelian, G. Holdridge, T.S. Piwonka

Hosts:

Nobuyoshi Sasaki, President/CEO CADIC
Yoshikazu Hashimoto, Technical Director
Li Weimin, Chief Engineer
Akira Tamura, Staff Officer, R&D, Kawasaki Heavy Industry
Shinjiro Yamada, President, INCS Inc.
Takao Ikeda, Senior Engineer
Michiyo Kuwabara, Engineer
Akio Baba, Senior Executive Director, Kanagawa Science Park
Shu Shimizu, General Manager
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BACKGROUND
CADIC Corporation, along with over 50 other smaller companies, is housed in Kanagawa Science Park
(KSP). This ten-year-old facility, capitalized at ¥4.5 billion, was created by the Kawagawa Prefecture,
Kawasaki City, Japan Development Bank, and now about 42 private companies, to foster new technological
businesses in the area. It is well equipped with common facilities such labs, conference facilities, shops, and
a hotel.
CADIC supplies technology and systems to produce lower-cost, higher-volume investment castings. The
“CADIC system” is aimed at serving the needs of the auto industry by providing thin wall, lighter weight,
ferrous castings that compete directly with aluminum conversions to achieve automotive fuel economy goals.
INCS Inc. is also housed in KSP. It is the largest independent supplier of stereo lithography modeling
services in Japan. The five machines it had at the time of this WTEC visit represented 60% of the installed
capacity in Japan. INCS is also the exclusive supplier of three-dimensional systems equipment in Japan. 3-D
Systems, a California company, produces stereo lithography equipment and has a dominant role in the U.S.
market. [See JTEC/WTEC Panel Report on Rapid Prototyping in Europe and Japan, Vol. II, Site Reports,
for more details on INCS.]

CURRENT MANUFACTURING PRACTICES
The CADIC system is currently used in manufacture of valve bodies at the Yamagata Seimitsu Chuzo Co.,
producing about 40 MT/month. Refer to the January 10, 1996 site report (p. 131) for additional information.
CADIC system was evaluated by Ford in a pilot facility supplied by CADIC for producing hollow,
lightweight cast-steel cam shafts for its 1.9 liter engine. These shafts were found to be non-competitive with
powder metal by about $1/unit.
A major U.S. automotive supplier is investigating using the process for thin wall stainless steel exhaust
manifolds. A trial system has not yet been purchased.
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RESEARCH AND DEVELOPMENT ACTIVITIES
CADIC Corp. representatives discussed three processes during the meeting:
•

The CADIC system mold is poured at 1000ºC. Small in-gates are a feature of the process and are made
possible by directional cooling of the casting area by water spray to promote directional solidification
while the sprue is kept hot. At the process’ inception in 1986, the goal was investment cast steel at $2/lb.
vs. $5 - $7/lb., then the current price in the United States. In general, the CADIC system represents a
highly automated form of investment casting. The CADIC system is a refinement of technology
originally developed in East Germany. CADIC Corp. now has a worldwide license (exclusive rights) and
has additional patents of its own.

•

CADIC has also developed a “Convert Mold Process” which takes a conventional resin- bonded shell
mold and, using a chemical, converts it to a ceramic bond that gains strength at high temperatures.
Converted shells can then be poured at 1000ºC to allow 2 mm walls to be successfully cast.
The convert process is used for both molds and cores. Stainless steel exhaust manifolds are being made
by this process, at a process cost of $2/lb. CADIC is interested in selling the binder; there is no licensing
fee for the technology. At present there are agreements with Silbond in the United States and Schulz in
Germany. Investment manifolds 3 mm thick have been made by the convert process.

•

The Incremental Melting and Solidification (IMS) process is just being developed in the lab. For a
casting shape that is essentially a column, the process has the ability to vary the alloy throughout the part.
Melting is done in the mold via a high frequency induction coil surrounding the mold. As the mold is
lowered out of the coil, it solidifies. More material is added in the form of grit to fill the mold and
maintain a continuous casting process. Changing the composition of the powder produces the layered
alloy effect. Once developed it has potential for multiple properties within the same casting.

KSP and Japan’s Ministry of International Trade and Industry (MITI) are supporting this project. The Metal
Casting Technology Center of the University of Alabama and Kawasaki Heavy Industries also are
cooperating.

SUMMARY
CADIC’s primary focus is to reduce the cost of the investment casting process and commercialize variations
of the process so that it becomes economical for automotive applications.
These processes have the potential for casting much thinner walls than any process in production today.
Molding systems that can hold the tolerances required for thin-wall part designs are an enabling technology
yet to be developed.

REFERENCES
Sasaki, N. 1996. “The Development of a Process for Manufacturing Casting Molds for Thin Wall Cast
Steel: Using Convert Mold Process.” BCIRA International Conference April 1-3, York, England.
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Site:

Daido Precision Parts Co. Ltd.
1642-144, Nasubigawa
Nakatsugawa City
Gifu 509, Japan

Date Visited:

January 11, 1996

WTEC Attendees:

T.S. Piwonka (report author), H.W. Hayden

Hosts:

T. Saito, General Manager, Precision Castings Division
T. So, Director, Tsukiji Plant
K. Tsushima, General Manager, Daido Precision Parts Co. Ltd.
J. Doinouchi, Manager, Marketing, Precision Casting Division
K. Kondo, Senior Staff, Contract Sect., Tech. Planning Admin. Dept.
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BACKGROUND
Background on Daido Steel can be found in the brochures distributed at the meeting. Our hosts represented
the steel casting division and the precision casting plant.
Daido Precision Parts Co. Ltd. occupies a recently built plant (1992). The plant, which cost ¥4.5 billion,
employs 100 people — 20 in technical and administrative positions and 80 production employees. The
Nakatsugawa City plant occupies 8000 m2 of productive floor space on two levels. The plant was located
there with the help of local authorities, who wished to persuade local young people to remain in
Nakatsugawa, which is one hour by rail from Nagoya. The average age of the employees in the plant is 25
years. Annual sales are about ¥2.4 billion. Auto parts (mostly turbocharger wheels, of which 40,000 are
shipped each month) make up 25% of the volume of the plant, electrical parts 20%, and the remainder are
industrial products. Most parts are quite small and could fit into a 5 cm cube.
The steel foundry in Tsukiji has 300 employees, whose average age is 44. They use green sand and the Vprocess (V-process castings are used for railroad frogs) and have a centrifugal foundry for such products as
hearth rollers. Induction and AOD melting are carried out.
Daido prepared extensive answers to the questions WTEC submitted to them, as well as extensive data on
steel casting production in Japan. These are included in the references and will not be discussed at length in
this report.

RESEARCH AND DEVELOPMENT
Research and development projects within the Daido foundries are initiated by individual engineers. The
general manager decides whether it is worthwhile to pursue the project. If the project cannot be done in the
casting plant, they may ask Daido R&D labs to carry it out. If so, the plant is charged ¥2 million/month for
the use of a Daido researcher. Alternatively, they may choose to go outside to a professor at a university,
which costs significantly less.
Daido representatives stated that most casting R&D is done within the research laboratories of large
corporations. Daido spends 1.3% of its sales (presently about ¥270 billion total annually) on research and
development. For instance, one project at Daido R&D is the evaluation of commercial solidification
simulation programs. MITI gathers extensive statistics about the foundry industry, and this information is
useful to the ministry in determining which foundry projects to pursue. MITI selects projects for partial
funding influenced by the recommendations of the Steel Casting and Forgings Association of Japan. MITI is
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not considered to be very aggressive in supporting the foundry industry because the industry is not now
perceived to be threatened by foreign competition. However, Daido representatives believe that if they were
to ask MITI for help in developing a process or product, they would get it.

PRODUCTION APPLICATIONS
Daido Precision Products Co. Ltd. is clearly the most completely automated investment foundry in the world.
Daido is the only Japanese licensee of the CLA and CLV process of Hitchener Corp., and this plant is
dedicated entirely to that process. The wax room and finishing and inspection are located on the second
floor, while dipping, de-waxing, pouring, ceramic removal, de-gating, and heat treating are on the first floor.
The product is alloy steel and superalloy castings. The plant operates a five day week, with two shifts in
cluster build (wax injection through de-waxing) and pouring and one shift in cleaning and inspection.
Daido operates its own tool and die shop, which is fully equipped with automated machine tools, and has a
computerized die storage facility. Daido managers are particularly proud of their ability to find young people
who are willing to learn die making.
Patterns are automatically injected and ejected from the pattern die. As soon as they are ejected, a pick-andplace robot carries them to a fixture where the wax gating is automatically cut off. Then another robot picks
up the pattern, heats the gate area, and places it on the downsprue at a position which has just been heated by
another robot. The downsprue indexes for the next pattern. Finished clusters are moved by conveyor to the
two automated dip lines. Injection dies are moved by guided vehicles to the injection presses for installation.
Three hours of drying are required between dips as a fast drying binder is not used. A nine dip mold is built,
using aqueous colloidal silica as a binder. Present drying time (including final dry) is about 70 hours per
mold; the goal us to reduce that to 36 hours. There was no evidence during the WTEC visit of slurry control
charts at the dip line, although information on slurry control may have been kept in another area of the plant.
Pouring is by the CLA or CLV process and is highly automated, with a computer-controlled melt station with
graphics, which show the progress of the metal as it fills the mold. Because CLA/CLV castings do not
require cut-off, gates are removed by grinding at automated stations.
Dimensional data for about 10% of turbocharger castings production is transmitted in digitized form, as is
data for about 1% of the rest of the products. Daido offers to digitize customer data for its customers. Daido
engineers do not presently use any of the available solidification software programs because they do not
believe that any accurately represent fluid flow or are able to predict final casting dimensions. It is clear that
they are particularly concerned with the dimensional accuracy of their parts; dimensional accuracy is as
important as or perhaps more important than casting integrity.
In the past Daido has attempted to use rapid prototyping but found that it was very expensive, and not useful
because the resins used in rapid prototyping were unable to replicate the thin cross-sections of Daido’s
castings. Daido may be willing to try rapid prototyping again now that the costs have decreased (now
estimated to be about ¥30 to ¥40 million/part) and new resins have been developed
Daido has had no problem disposing of spent shell material, most of which goes to the building industry
(cement plants) and the Nagoya pottery industry. Although the company previously had to pay to have it
removed, it is now taken away free. The Tsukiji plant recycles 95% of its sand. The remainder, most of
which is chromite sand, is disposed of for its chrome value.

REFERENCES
Answers to “Discussion Issues for ITRI.” Daido Steel, January 11, 1996.

Appendix B. Japanese Site Reports

Data (“Deta”). Daido Steel, January, 1996.
Specialty Steel Technology. Daido Steel brochure.
Steel Castings Division - Meeting a Wide Range of Needs. Daido Steel brochure.
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Site:

Daiki Aluminum Industry
R&D Department
3-46 Minami-Kyohoji
Yao-shi Osaka 581, Japan

Date Visited:

January 12, 1996

WTEC Attendees:

P.H. Mikkola (report author), M.C. Flemings, C. Uyehara

Hosts:

Ryutaro Yamamoto, Managing Director
Takao Susuki, General Manager, R&D Department
Osamu Yamashita, Assistant General Manager, R&D Department

BACKGROUND
Daiki Aluminum Industry is the largest and oldest supplier of secondary aluminum in Japan. Producing about
160,000 tons per year, this company serves the die casting industry, the casting industry, and other related
aluminum secondary users. It operates four plants in Japan and has headquarters and laboratory facilities in
Osaka. Daiki also has subsidiary companies in the United States, Malaysia, and Japan.

RESEARCH AND DEVELOPMENT
Daiki Aluminum does not do basic research but does monitor technology in the area of secondary aluminum
and alloys. It is a full-service supplier to its customers by providing technical services to help them achieve
quality and production requirements. Their major efforts with customers are to reduce costs and investigate
defects in castings.
Daiki uses its technical staff and on-site equipment at its labs to do customer service. When customers
request work, Daiki uses a work sheet for investigating this information, plus casting samples are sent to
Daiki R&D for investigation. The technical staff then prepares a technical report that is returned to the
customer; staff members also solve problems on site. The technical service group handles about 200 requests
per year. Hard spots, inferior machinability, and castability were the leading matters of concern in 1994 and
1995.

MANUFACTURING
The WTEC team did not tour the manufacturing plants, of which there are four in varied locations around
Japan. These plants use varied techniques of melting secondary aluminum: open well furnaces melt the
major volume, but rotary and induction furnaces are also used.

SUMMARY
Daiki Aluminum Industry and its managers are spokesmen in the area of secondary aluminum in Japan. They
have signed a technical services agreement with Alchem in the United States for which Daiki will supply the
technical know-how. Secondary aluminum is the major source of metal for the casting industry in both the
United States and Japan. The company is working to assure technology is applied to the recycling industry
and to preserve the global environment and resources.
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REFERENCES
Present and Future of Secondary Aluminum From a Technological View Point. Reprint.
Profile of DAIKI Aluminum Industry. Brochure.
A View of Aluminum Recycling Trends in Production Techniques in Japan. Reprint.
Yamamoto, R. October 1991. International Conference on Recent Advances in Science and Engineering of
Light Metals. The Japan Institute of Light Metals, Daiki Aluminum Industry Co., Osaka, Japan.
Yamamoto, R. May 1995. International Symposium at San Francisco by Metals Week.
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Site:

Hitachi Metals R&D Lab
11, Kinugaoka, Mohka
Tochigi-ken 321-43, Japan

Date Visited:

January 9, 1996

WTEC Attendees:

P.H. Mikkola & M.C. Flemings (report authors), C. Uyehara

Hosts:

Masami Hatta, Senior Executive Managing Director, General Manager,
Corporation Production Engineering Center
Yasuoki Ishihara, General Manager, Casting Technology Research Lab
Senri Okada, Director, Senior Consultant, Hitachi Metals Technox Ltd.
Norio Takahashi, Deputy General Manager, Casting Technology
Research Lab
Ryoichi Shibata, Chief Researcher, Casting Technology Research Lab
Kojo Katsuhiko, Chief Researcher, Casting Technology Research Lab
Kouki Otsuka, Senior Researcher, Casting Technology Research Lab
Kimio Kubo, Senior Researcher, Casting Technology Research Lab

BACKGROUND
Founded in 1910, Hitachi Metals Ltd. has been active in manufacturing products for the materials industry.
Sales were approximately $4.8 billion in 1995; about 21% ($1 billion) was in sales of cast products to the
automotive industry and another 13% for piping components, including castings sales of $600 million. Cast
iron and steel rolls were about 8% of sales, or $400 million, resulting in a total cast and cast component
business of $2 billion in 1995. Other operations include the production of specialty steels, machine and
building frames, and plants and equipment.
The goal at Hitachi Metals is to have a market presence in the areas where it manufactures at least 30% of the
volume. The five areas of the Hitachi Metal business, each with its domestic market share, are high-grade
tool steels, 44%; magnets, 18%; pipe fittings, 45%; cast iron rolls, 34%; and ductile iron castings, 34%.
Hitachi Metals sells the major percentage of its casting to the automotive industry, with piping components
being the second highest.
Hitachi Metals has operations many other countries, the largest of which is in the United States. A new
ductile iron foundry is being planned for the eastern United States.
The Casting Technology Research Laboratory was established in September 1988. The lab does work in
materials development, process technology, casting performance evaluation, and application of computer
aided engineering by means of simulation. This laboratory is widely known for its major contributions in the
past and its excellent present quality. Hitachi Metals spends approximately 3% of its sales on R&D.

RESEARCH AND DEVELOPMENT
The Casting Technology Research Laboratory supports the integration of technology into Hitachi Metals’
casting operations. It is one of five research labs in the company. The others are Special Steel, Magnetic and
Electronic Materials, Production Systems, Die Materials, and Pipe Components. There are 61 people
working on casting R&D, about half of whom are professionals. The tour showed a well-equipped lab that
ranged from metallurgical analysis to mechanical test equipment. About half the space was for product
development and testing, and the rest was for material property behavior and testing.
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There is strong interest in product direction and materials used for the automotive industry. The focus is
automotive; trends in the fabrication of intake manifolds, exhaust manifolds, engine blocks, and chassis
components are of strong interest.
Some of the achievements of the research lab during the last seven years are: (1) the practical application of
super heat-resistant steel “NSHR-F” for high power engine exhaust components, (2) establishment of flashfree casting technology, (3) development of “HIPAC-11” for premium quality aluminum alloy castings, (4)
development of computer-aided solidification simulation system “S-CAST,” (5) development and practical
use of “new cast steel” exhaust parts for clean automobile engines, and (6) development and practical use of
new pressure-reduced atmosphere casting “HMRAC” using sand molds.

MANUFACTURING TECHNOLOGIES
The casting operations are part of the automotive components division, with casting plants at Kyushu, Mohka,
and Kumagaya. Ductile and gray iron castings are produced at the Kyushu and Mohka works. The aluminum
castings are made at the Kumagaya, Mohka, and Kyushu works. Production of aluminum wheels was started
in the United States at AAP St. Marys Corp. in 1987. The company operates die cast and permanent molds
for aluminum. Hitachi Metals has a long history of malleable iron production and remains Japan’s largest
producer of pipe fittings. Ductile iron castings are produced for differential cases, steering housings, exhaust
manifolds, lower control arms, crankshafts, and calipers.
Hitachi’s Wakamatsu works produces cast iron and cast steel rolls for steel mills and rolls for non-ferrous
metals. This plant produces the “H-Alloy” bimetallic cylinders for the metal process industry. Hitachi
Metals also has manufacturing in other material technologies such as powder metals, extrusion molding, and
various sputtering target products.

ANSWERS TO WTEC QUESTIONNAIRE
Our Hitachi hosts answered our specific questions in detail. Some of their answers are summarized as
follows:
Important aluminum casting processes for the future will be die casting processes including vacuum assist
processes, core applications, and semisolid forming. Metal matrix composites will have application in the
fields of heat resistance, wear resistance, low thermal expansion, and high thermal conductivity. Casting
buyers expect drastic cost reductions (in the range of 30-50%) and often show a lack of adequate knowledge
about castings. CAD/CAM and other computer applications will be of increasing importance in the foundry
industry. It is difficult to attract talented people to the metal casting industry. This will pose a major problem
for the industry in the future.
Other major barriers to be overcome include the shrinking market and cost reduction issues. Most R&D is
done in industry. Recycling is of increasing importance both to protect the environment and for economic
reasons.

SUMMARY
With the automotive business moving from Japan to offshore locations, Hitachi Metals has continued to
develop new products. Some of these new products are HIBASE and HISPLIT joints for steel frame
buildings, magnetic attachments for dentures, high performance composite sliders for use as magnetic heads,
mass flow controllers, advanced polyethylene pipe, bolted bonnet-type bellow pipe valves, and a new hot
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water heating system for bath water. Harmony with the environment continues to be a great focus, as does
relations with employees.

REFERENCES
Annual Report 1995. Hitachi Metals Ltd. Brochure.
A Guide to Hitachi Metals. Brochure.
The Highest Production Technology of Malleable Cast Iron at Kuwabe Works, Hitachi Metals Ltd. Brochure
reprinted from Inagaki, M. & Senri Okada. September 1990. The Japan Foundrymen’s Society
Transactions. Vol. 9.
Latest Topics on the Foundry Production Systems in Japan. Brochure reprinted from Okada, S. June 1994.
International GIFA Congress on Metal Casting 1994 at the New Production System Workshop.
Germany.
Sales brochures: pictures of production and process flow in two different product areas, both in Japanese.
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Site:

IHI R&D
Materials Technology Department
Tokyo Technical Center
3-1-15 Toyosu, Kotoku
Tokyo 135, Japan
Tel: (81) 03-35343393; Fax: (81) 03-35343388

Date Visited

January 9, 1996

WTEC Attendees:

M.C. Flemings (report author), P.H. Mikkola, C. Uyehara

Hosts:

Dr. Shigemitu Kihara, Materials Technology Department
Dr. Masaki Kitagawa, Manager, Administration Department
Hiroki Yoshizawa, Manager, Materials Technology Department
Nobuhiko Yunoki, Materials Technology Department
Shigeyuki Sato, Materials Technology Department
Yasunori Kuroki, Materials Technology Department
Dr. Tohru Tanaka, Chief Research Engineer
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BACKGROUND
Ishikawajima-Harima Heavy Industries (IHI) is a major conglomerate with sales of approximately $11 billion
per year. Areas of activity include jet engines, large LNG tanks, nuclear pressure vessels, fluidized bed
equipment, tunnel drilling equipment, automobile warehousing, and large rotating machinery. In the foundry
and solidification area, IHI is developing a twin roll, thin strip, continuous caster and titanium aluminide
intermetallic turbine blades.

RESEARCH
IHI research activities are carried out by 300 researchers and about 150 technicians. Research areas include
low pressure infiltration of metal matrix composites, low pressure castings, directional solidification, and
titanium aluminide.
IHI Research Institute has a large, well-equipped laboratory for foundry research. In addition to analytical
facilities, the WTEC team saw furnaces for low pressure infiltration of metal- matrix composite castings, low
pressure casting, directional solidification, and titanium aluminide casting.

MANUFACTURING TECHNOLOGY
Specifically in the casting field IHI has a subsidiary company for investment casting that produces jet engine
blades and veins and components for nuclear and thermal power plants. This company is now broadening its
activities into areas of medical parts and titanium golf clubs. Sales of this company are approximately $60
million per year. In addition to this company, Ishikawajima Mass-Produced Machinery Co. Ltd. produces
aluminum investment castings for impellers and superchargers. Other activities in the foundry field include a
joint venture in the United States for turbochargers and a joint venture in Italy for turbochargers.
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REFERENCES
Development. IHI profile.
IHI 1995 Annual Report.
Research and Development. IHI profile.
This is IHI. IHI profile.
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Site:

Komatsu Ltd.
1-3, Shimotago
Himi-City,
Toyama 935, Japan

Date Visited:

January 12, 1996

WTEC Attendees:

D. Bertram (report author), D. Apelian, G. Holdridge

Hosts:

Akira Fujii, Deputy General Manager, Foundry Division
Masashi Osada, Project Manager, Foundry Technology Group 2
Tomomichi Kato, Manager, Administrative Section, Planning
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BACKGROUND
The Komatsu-Himi operation has sales of $130 million is the largest part of the ¥23 billion Foundry Division.
Komatsu in total is a ¥900 billion public company employing with 20,000 people in five sectors:
construction, components, industrial machinery, electronics, and software. The foundry division is part of the
construction sector and operates at four locations in Japan and one each in Brazil and Indonesia.
The first Himi plant was established in 1952 and the second one in 1972 for the purposes of supplying both
iron and steel castings for Komatsu’s construction equipment. The two plants in Himi cover 54,000 m2,
employ 485 people, and produce 5000 tons of castings per month.

CURRENT MANUFACTURING PRACTICE
Arc furnaces are the primary method of melting. A 14 ton furnace is used for steel and an 8 ton unit for gray
iron. Some melting and alloy adjustment is done in coreless induction furnaces. A traditional overhead
bridge crane delivers the metal. No special metal treatment is done. Ceramic filters are used in gray iron
runner systems whereas no suitable filters have been found for steel. Komatsu has not identified a qualitative
method to measure metal cleanliness.
The molding equipment is very modern and carries the Komatsu name plate. The equipment has a completely
automated jolt squeeze unit with a circulating pattern loop that can cycle four different patterns. The mold
dimensions are as follows:
Steel foundry
Gray iron plant 1
Gray iron plant 2

1500 mm x 1800 mm x 450 mm
900 mm x 600 mm x 350 mm (Valve bodies)
1100 mm x 1100 mm x 400 mm (Cases)

Komatsu managers see automation as being the most significant development in their plant in the next five
years. Concerning computers, they feel that information exchange is progressing well and that engineers and
managers now have better access to data which allows more analysis. They see little change at the work
station however as a result of this activity. The whole plant is on a LAN and information can be accessed
from any location.
Komatsu has a very intensive training plan for each person, plant manager through lowest level. It outlines
training on topics ranging from leadership, management, special and general technical subjects to safety and
machine operation. Everyone gets almost two weeks of training per year.
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RESEARCH AND DEVELOPMENT ACTIVITIES
Komatsu has developed a solidification modeling program, SOLDIA, which it has sold to 100 Japanese
foundries. The program is three-dimensional and runs on a Sun Microsystems computer. The system is used
at Himi to check the first design of a gating system and then relocate risers as required. The benefits include
shorter lead times and fewer inspection requirements. This program does not do fluid flow analysis nor is it
used for microstructure control. An English interface version is not currently available.
Komatsu Corp. has a manufacturing engineering center located in Osaka with 90 associates doing
manufacturing engineering research, and an R&D center in Tokyo with a staff of 200 for fundamental
research. Approximately half these people are technical.
The engineering center interfaces regularly with the plant, having two formal meetings per year. They
cooperatively establish the annual development theme. The corporate organization funds this activity and
does not tax the plant.
Mr. Sada regards the Material Process Technical Center located near the Tokyo Tower as a primary source of
information for foundry engineers. The Japan Foundry and Engineering Association holds regular meetings
on specific subjects. These meetings provide a forum for getting to know engineers in other companies and
to share information.
Komatsu funds university research projects. Foundry automation is one current subject.

SUMMARY
Komatsu is a good captive producer of steel and iron castings for the construction equipment industry. It is
using its internally developed software to improve products and reduce cost. The engineers at Himi interface
well with corporate counterparts to affect planned improvements.
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Site:

Kubota Corporation
Hirakata Plant
1-1 Nakamiya Oike 1-chome
Hirakata
Osaka 573, Japan

Date Visited:

January 10, 1996

WTEC Attendees:

D. Apelian (report author), D. Bertram, G. Holdridge

Hosts:

Akira Morishima, General Manager, Hirakata Plant
Ryutaro Motoki, Manager, New Materials Development & Technology Dept.
Hiroshi Yamaguchi, New Materials Development & Technology Dept.
Kazuyuki Inui, Section Manager, New Materials Development & Tech. Dept.
Jiro Tsuchida, Section Manager, New Materials Development & Tech. Dept.
Takahiro Kaba, Section Mgr., New Materials Development & Tech. Dept.
Jun Funakoshi, Metallurgist, New Materials Development & Tech. Dept.
Hideo Fujita, Metallurgist, New Materials Development & Tech. Dept.
Masayuki Teraoka, Section Manager, Steel Castings Manufacturing Dept.

BACKGROUND
Kubota Corp. is a publicly held corporation. Its corporate motto for the 21st century is “technology for
preserving the earth.” As a corporation, Kubota views environmental issues as being very important for the
future, and has shaped its corporate strategy to address many environmental concerns. In fact, its corporate
philosophy is articulated in another slogan: “Love the Earth More.” The various enterprises of the Kubota
Corp. are related to soil, water, food, and other vital needs of society, and are connected with key
technologies and products that support the foundations of modern human life. The management at Kubota
firmly believes that materials is a basic industry, and the company is continuing to invest in materials research
and development because of the potential for growing new business. Kubota has a 106-year-old history with
the casting industry. The main sectors of the corporation are in agriculture, water supply, pumps, housing,
and the environment. Specifically, the divisions are farm and industrial machinery, pipe and fluid systems,
the environmental control plant, housing materials and utilities, and new materials. Kubota Corp. has a total
of 16,000 employees and $7.8 billion of sales per year (1995 figures). The head offices are in Osaka and
Tokyo. There are 20 plants throughout Japan as well as in overseas offices. The farm and industrial
machinery division contributes 45% of the sales whereas the pipe and fluid systems division (including
ductile iron pipes, pumps, etc.) accounts for 30% of sales.
The Hirakata plant, which the WTEC team visited, is one of the major plants of Kubota Corp. It is housed on
300,000 m2. It is the largest Kubota plant, and is responsible for generating $1 billion in sales per year. The
Hirakata plant is responsible for about 13% of the sales of the corporation. There are 1,550 employees, and
the main products of the plant are pumps, valves, construction machinery, and steel castings for the
construction, chemical, nuclear, and steel industries. The Hirakata plant is a first-class operation and is ISO
9001-qualified for the manufacture of pumps and valves and ISO 9002-qualified for steel castings.
Construction machinery is in the process of applying for ISO 9001. The plant is impressive in size and scale.
The organization we witnessed, the New Materials Department, is enviable, and the presentations were well
rehearsed and organized. A special booklet with all of the handouts was prepared for each of the WTEC team
members. The managers are very hospitable, and they are very interested in exploring cooperative
relationships with U.S. corporations and technologists.
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RESEARCH AND DEVELOPMENT
Mr. Motoki, who is the head of the New Materials Department, indicated that there are 30 employees in the
department. They have two major initiatives within the materials group: process technologies and materials
technologies. The process technologies deal with hot isostatic pressing (HIP) and cold isostatic pressing
(CIP). The materials technologies deal with issues such as corrosion resistance, heat resistance, and creating
new businesses. A very important point which should be noted is that the new materials group is not solely an
R&D department; it also is involved in the manufacturing side of the business as well as marketing, sales, and
business development. In other words, the whole group is an integrated unit creating the business, addressing
the needs of the customers, and directing technology to those needs. This is perhaps embodied in the name of
the department — i.e., development and technology versus research and development.
With respect to Kubota as a whole, the New Materials Department is a small group. 1995 sales for the new
materials group were $8 million (vs. $7.8 billion for the entire company). The Materials Development Group
has a target of $80 million in sales to be reached by 2000. The presentation Kubota staff made to the WTEC
team and the subsequent discussions focused on the materials development and steel casting departments.
What follows are some of the salient points of Kubota’s developments in new materials:
•

Kubota has excellent capabilities in HIP along with CIP and sintering. Kubota’s HIP machine, used for
processing a variety of particulate materials, is one of the largest of its kind in the world. HIP
technologies enable one to produce non-equilibrium alloys and high melting temperature alloys as well as
various materials for the production of composites, including clad products. CIP is used for the
production of silicon nitride ceramic components. The biggest HIP product Kubota has produced is a
ceramic component having a 500 mm diameter and 50 mm thick walls, the largest ever produced in the
world. Clearly, Kubota has the ability to produce large components as well as having a unique
technology for joining ceramics with other components. High melting point materials manufactured
include chromium matrix metallic alloys, zirconium, and titanium. With respect to HIP, Kubota
engineers see future growth in providing HIP service to customers, but they see greater opportunities in
selling systems to customers and letting the customers themselves do the pressing. This strategy is
different from many of the U.S. HIP operations such as IMT in Andover, Massachusetts, where in
addition to selling systems, they provide HIP service for their customers as an outsourcing vendor.

•

Kubota is producing composite rolls for hot rolling mills by HIP. These are made of consolidated high
speed steel powder for the outer layer and a steel having high toughness such as AISI 4140 for the inner
layer. The outer layer material and the inner layer material — the composite sleeve — is shaped by HIP.
Subsequently, the sleeve is shrunk-fit onto the shaft, which is made of AISI 4140. The material has a
homogeneous microstructure with very finely dispersed carbides. The lives of the composite rolls are 57 times longer than those of traditional cast iron. Kubota does not have any atomization facilities so it
does not make its own powders but rather relies on suppliers for the initial raw material. The HIP
conditions for these composite rolls are a temperature range 1273°K-1473°K, a pressing time of 2-4
hours, and an applied pressure of 120 MPa.

•

Kubota-manufactured cylinders for extrusion machinery, which have been produced by rapidly solidified
powders that have been bonded using HIP, yield enhanced corrosion and impact resistance for plastic
extrusion machinery. These cylinders have given rise to increased production efficiencies in the
engineering plastics market.

•

Using a HIP chromium matrix alloy, Kubota produces skid buttons used in the steel industry to support
re-heated slabs. The new skid buttons are four times more wear-resistant than those made of cobaltmatrix heat-resistant steel. The new alloy is anti-oxidizing and can be utilized for temperatures in the
vicinity of 1350ºC. The melting point is 1250ºC for conventional buttons. Kubota is supplying skid
buttons to most of the major steel producers of Japan, having manufactured over 4,000 pieces since
1988.

•

Sputtering targets are also produced by HIP for hard disk media and for liquid crystal panels. These
targets are produced as a source for sputtering and vapor deposition in the manufacture of thin films.
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HIP can be used to make superior, dense materials of high melting point alloys, enabling production of
non-equilibrium alloys which could not otherwise be cast.
•

Kubota has a very intense development program and presence in the use of ceramics for advanced die
casting processes. Its ceramics have higher strengths and toughness as well as higher corrosion
resistance against molten aluminum when compared with the traditional ceramic refractories used in the
industry. Maximum dimensions of Kubota ceramics for the die casting industry are 50” in length, 20” in
diameter, and 2” thick. The company has a very good array of products, and is working with end users
and customers to produce state-of-the-art ceramics for the die casting industry. Kubota is a key player in
the development of enabling technologies for the die casting industry. There are two kinds of materials
for these applications, KN and MC. The former is a silicon nitride material, and the latter is a composite
material of titanium matrix containing ceramic particulates distributed throughout the matrix.
Applications of these materials in die casting include transfer ladles for Ube squeeze casting systems,
transfer tubes for Toshiba electro-magnetic pump systems, riser stalks for low pressure die casting, heater
element tubes for holding furnaces, thermocouple protection tubes, nozzles and a variety of other
applications. MC ceramic composites are used as shot sleeves for high pressure aluminum die casting,
for both horizontal and vertical machines. These composite ceramics have very high insulation
properties as well as high corrosion resistance to molten aluminum. See Table 3.2 (p. 23) for further
information on these materials.

•

Kubota is also producing porous metals via powder metallurgy, a special sintering process. The porosity
is controlled within a range of 15-30%. The size of the pores and their distribution are independently
controlled, between 20-100 µm in diameter. The size of the initial powders, the raw material that is used
in the development of porous metals, also is controlled. Kubota has made porous metals out of H13 steel
as well AISI 1304. In addition to iron base materials, porous metals are also manufactured from Ni-, Cr-,
and Co-based alloys. The resulting products have low thermal conductivity and high strength. These
have applications in aluminum die casting and plastic injection molding. The porous metals Kubota
makes also have potential applications as die materials and core boxes. Furthermore, porous metals can
be used as filtration devices in certain applications. In brief, these porous metals are unique products with
many interesting applications not yet fully realized. This is a major enabling technology which the
casting industry needs to be aware of .

Steel Casting Plant
The WTEC team also visited Kubota’s steel casting operations at Hirakata. Mr. Teraoka was the guide and
host. There are four foundries, three dedicated iron foundries and one steel. These produce about 4,000
metric tons of cast products/month; and over 90% of the steel output is centrifugally cast. Kubota uses
horizontal centrifugal casters, maximum length of the sand mold being 15 m and casting weight being 60
tons. The smallest centrifugally cast material this plant can make is a minimum bore diameter of 50 mm.
Centrifugal casting is done either using metal molds or sand molds. Most of the centrifugal castings are
produced in a metal mold although a few are made with sand molds. The Hirakata plant also produces static
castings for a variety of industrial fields, petrochemical, oil and gas, steel, civil engineering, and electric
power plants. One of the shops the WTEC team toured was labeled “Nuclear Shop.” It has evidently been
specially qualified to produce tubular products for critical nuclear power plant applications. We saw
complete assemblies (e.g., pump housings, pipe assemblies with bolt flanges) being welded together from cast
parts. The mold technologies which are used are furan resin molding, alkali phenol, metal molding, lost
pattern molding, and vacuum molding. The lost pattern mold is a Kubota proprietary process where
naphthalene is used as a pattern to make the shell. The process is being used to manufacture turbine blades.
The operation was quite impressive: WTEC team members witnessed gigantic pieces being cast for paper
mills and for the construction industry. One of our hosts noted that orders from the construction industry had
risen in the past year partly as a result of reconstruction work from the Kobe earthquake.
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Site:

Kyocera Corporation
Kokubu Plant
1-1, Yamashita Cho, Kokubu
Kagoshima 899-43, Japan

Date Visited:

January 11, 1996

WTEC Attendees:

D. Apelian (report author), D. Bertram, G. Holdridge

Hosts:

Mataro Miyazaki, Marketing Promotion, International Sales Division,
Fine Ceramics Corp.
Yuzo Iwami, Section Manager, Structural Ceramics Engineering Dept.
Yuji Ogawa, Structural Ceramics Division
Tsugio Kagohara, Manager, Structural Ceramics Division
Michiaki Nishimura, Manager, Department of Analysis Technology

BACKGROUND
Kyocera is a well-established powerhouse in the field of ceramics. It has 150 marketing bases/offices
worldwide. Kyocera ceramics are used in a variety of applications such as the chemical industry,
semiconductor industry, in wire drawing equipment, automation components, communications, and engine
components among others. Specifically, Kyocera supplies and makes products for the following specific
applications:
•

Ecosys, containing an environmentally sound amorphous silicon drum for copying machine purposes, a
system not containing cartridges

•

Thin films and surface mount components

•

Ceramic packages for high performance integrated circuits and multi-layer multiple chip modules

•

A variety of consumer products like scissors, pens, knives, Contax cameras, etc.

•

Bioceram dental implants

•

Solar cells for photovoltaic applications

•

A host of products for the communications industry such as the ceramic inserts used in cellular
telephones

Kyocera has a corporate philosophy with a focus on the environment. It operates under the motto “Living
Together With Society — Earth — Nature.” In terms of future trends, the company is concentrating on signal
processing technologies for data compression. Kyocera’s total sales are around $6 billion (for year ending
March 1995); 1996 sales were expected to reach nearly $9 billion. The Fine Ceramics Division experienced
a 20% growth in 1995 and now accounts for approximately 9% of total corporate sales. Industrial ceramics
constitute 5% of the sales of the Fine Ceramics Division. The biggest user is the communications industry;
the second largest segment of the business is packaging for the electronics industry.

RESEARCH & DEVELOPMENT
The team visited Kyocera’s R&D building within the Kagoshima Kokubu plant. This facility has a vast array
of equipment including all-computerized X-ray diffraction units, several scanning electron microscopes,
transmission microscopes, and auger microscopes, which together constitute a complete department of
chemical analysis. There is also a very good staff.
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In addition to the analytical facilities, the R&D department has a staff of six dedicated to simulation and
modeling under the direction of Dr. Nishimura. Kyocera has on site the equivalent of a Cray II
supercomputer, the Hitachi “Hitac 53600” vector processor. Kyocera researchers use commercially available
software as well as write their own. Their preference is to write their own because they have greater control
of the outcome. Over 80% of software for FEA fluid flow and beat flow analysis has been written in house.
The WTEC team saw examples of potential applications being analyzed for engine valves, turbocharger
impellers, and jet engine blocks. Current focus of this group is improved cooling for high powered integrated
circuits.
The WTEC team also toured the fabrication facilities of the Fine Ceramics Division and observed a first-rate
operation with cold isostatic pressing for making the silicon nitride components, slip casting, and state-of-theart grinding and machining operations. Kyocera has special polishing capabilities down to 2 Å accuracy. It
can make special needs parts and has in place ISO 9000. The fine ceramics are manufactured in three distinct
plants, one in Kagoshima/Sendai, the Kokubu plant we visited in Kagoshima, and another plant outside
Kyoto. The Kokubu plant is responsible for $1.2-$1.5 billion/year in sales, which is 25% of total corporate
sales. There are about 4,000 people working at the Kokubu site, both in the plant and at the R&D building.
The Fine Ceramics Division produces a wide variety of materials: high purity alumina, high reliability silicon
nitride (Si3N4), high wear silicon carbide (used in applications such as mechanical seals), zirconia (used for
scissors, knives, and watchbands), aluminum nitride for high thermal conductivity applications, cordierite,
titania, and cermets. The Si3N4 produced by Kyocera is based on its own proprietary technology, whereas
Si3N4 produced by its competitors likely is based on the SIALON patent of Lucas Corp. of England. Kyocera
supplies the metal casting industry with enabling technologies for die casting and other solidification
processes. The Si3N4 stalk tubes developed for the low pressure permanent mold sector have demonstrated a
two year life under proper conditions.
Kyocera has excellent technology and know-how which, coupled with appropriate dialog with the metal
casting industry, can yield enabling technologies for the industry. This is a potential win-win situation for
both Kyocera and the casting industry.
The products available from Kyocera at present for metal casting applications are ladles, die-cast sleeves,
stalks, thermocouple protection tubes, submersible heater protection tubes, heater tubes, degassing pipes and
rotors, fixtures for wetting processes, and pumps.
Kyocera produces two types of Si3N4 for molten aluminum, “SN-220” and “SN-235P.” Table 3.3 (p. 25)
gives the appropriate data for these two silicon nitride materials. Kyocera “SN-220” is similar to “SIALON,”
whereas the “SN-235P” meets or beats “SIALON” in all respects, in addition to being more stable. The
performance of “SN-220” versus other products is also given in the table and one can see its superior
properties. Our hosts pointed out that Kyocera ceramic components are in production for automotive engine
parts and are used in applications such as degassers, rotors, and molten metal feedparts.
Seven years ago, Kyocera worked with Toshiba to develop a die casting hot chamber machine and
manufactured the ceramic components used in the machine. This prototype machine has produced up to
200,000 shots with Kyocera’s ceramic components. A commercial machine has not yet been built because of
problems in the “shot sleeve” area of the machine and because of current low demand for new high pressure
die cast capacity in Japan. Table Kyocera.1 and figure Kyocera.1 provide further information on the hot
chamber test results. The data given is several years old, and the machine was not commercialized due to
slow demand for advanced equipment in the Japanese auto industry. Moreover, certain problems such as
leakage at the die end of the machine are not yet solved. Kyocera is now working with an unnamed die caster
to resolve these issues. Kyocera views the U.S. as the market where there is enough potential for growth to
support development of this concept.
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Kyocera engineers are very interested in developing a dialog with metal casters so that they can produce
components needed for the industry.

Table Kyocera.1
Results Of Hot Chamber Test
Items
Cycle Time
Yield
Productivity of Good Parts
Cost of Injection Area
Cost of Tooling
Total Cost of Consumables
Energy Cost
Rupture Strength of Test Piece
Standard Deviation of Strength
* ¥ = Japanese Yen

Conventional
Cold Chamber
22 sec
92%
151 pieces/hr
¥2/shot*
¥42/shot
¥44/shot
1600 kcl/kg
25.81 kg/mm2 (avg.)
1.982 kg/mm2

Fig. Kyocera.1. Hot Chamber Test.

Hot Chamber
18 sec
95%
190 pieces/hr
¥21/shot
¥21/shot
¥42/shot
1078 kcl/cg
26.05 kg/mm2 .(avg.)
0.836 kg/m2
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Site:

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

Date Visited:

January 8, 1996

WTEC Attendees:

G. Holdridge (report author), D. Apelian, D. Bertram, H.W. Hayden,
M.C. Flemings, P.H. Mikkola, T.S. Piwonka, C. Uyehara,
M. Nozaki (interpreter)

Host:

Masanori Hirota, Deputy Director, Machine Parts & Industries Division
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BACKGROUND
The Ministry of International Trade and Industry (MITI) has traditionally played a significant role in
formulating trade and technology policy in Japan. Both through government laboratories (e.g., the ElectroTechnical and Mechanical Engineering Laboratories in Tsukuba) and contracts with industry associations and
individual companies, MITI has provided both direct and indirect support for applications-oriented research
and development in Japan. MITI programs such as the Very Large Scale Integration (VLSI) Project of the
1970s have been credited with helping establish Japan as a world superpower in key high technology
industries. This WTEC panel visited MITI to learn about its current role in promoting the development of
Japanese casting technology and industry.

CASTING-RELATED ACTIVITIES
Mr. Hirota described a number of activities of the Machine Parts and Industries Division that are directed
towards this industry. The division has a small staff, a total of nine professionals, including the division
director and three deputy directors. This staff has responsibility for a broad spectrum of industries and
technologies, within which casting is only a small portion. Mr. Hirota indicated that MITI’s casting-related
activities fall into three categories: cooperation with industry associations, two specific R&D initiatives, and
indirect support for modernization efforts of the pig iron casting industry. In addition, the division conducts
public relations activities to increase public awareness of the importance of its areas of responsibility. For
example, November 1995 was declared “material processing month.” Special activities during that month
included a symposium on materials processing.
Industry Associations
Within the jurisdiction of the Machine Parts and Industries Division, MITI is working with approximately 50
industry and technology associations. Two of these are in the casting field.
Mr. Hirota provided us with a one page handout describing two relevant industry associations: the Japanese
Association of Casting Technology (JACT) and the Steel Casting and Forgings Association of Japan
(JSCFA). MITI provides direct funding to neither of these organizations but “backs them up” them by
conducting public relations to promote their activities. Mr. Hirota emphasized that there is no governmentwide policy in Japan coordinating industrial or technology development in casting and that the industry
associations he described are entirely private.
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JACT
JACT was founded in 1992 with the objectives of coordinating technology development activities within the
large, diverse Japanese casting industry and gathering and disseminating information on technology
developments. These functions are carried out largely through conferences. JACT also awards citations and
cash prizes for the development of especially promising new ideas. It currently has 434 member companies;
another 36 are supporting members. These member companies include casting machine manufacturers,
materials suppliers, and mold manufacturers. The chairman of JACT at the time of the WTEC visit was the
chief executive officer of Kin Mon Manufacturing.
JSCFA
This association was formed in 1972 from the union of two previous organizations (for casting and forging,
respectively), both of which dated to 1947. It plays roles in promoting intra-industry discussion of
management and business issues as well as technology. It gathers and publishes statistics on the industry and
conducts surveys, particularly with reference to environmental issues. It currently has 62 regular members
and 38 supporting members. Mr. Hirota stated that membership in JSCFA is strictly voluntary and that only
companies that agree with its philosophy are members; this statement could be taken to imply that a
significant number of Japanese casting companies do not belong.
Mr. Hirota indicated that, for both associations, regular members contribute more money and staff time than
do supporting members and consequently have a stronger voice in policymaking within these organizations.
JACT is focused on technology information gathering and dissemination, whereas JSCFA has broader
interests in management and labor issues as well as technology. For example, JSCFA conducts surveys on
issues facing the industry (e.g., environmental problems) and gathers and disseminates production and
employment statistics.
Other Relevant Organizations
In addition to the two organizations described in the handout, Mr. Hirota mentioned one other important
organization working in the casting field in Japan: the Materials Process Technology Center. Known in
Japanese as the Sokeizai Center, this is one of several zaidanhojin or private, independent organizations
operating under a government charter to dispense R&D funding and information and coordinate precompetitive R&D within industry. The Sokeizai Center’s scope is larger than casting only, including forging
and molding as well. During subsequent site visits, the WTEC team’s hosts in both industry and academia
mentioned the Sokeizai Center frequently as a key organization for networking and information exchange
within the casting community in Japan.
Mr. Hirota and the other hosts also described other relevant organizations during this visit to Japan. These
include the Japan Cast Iron Foundry Association, the Japan Research and Development Center for Metals
(see the Nagoya University site report), and the Nagoya Supermetal Center.
R&D Programs
Mr. Hirota described two specific R&D projects currently underway: one aimed at the development of “super
metals” and the other on industrial furnace technology. Both are being managed by the New Energy
Development Organization (NEDO), a quasi-governmental organization that carries out a number of other
MITI programs. NEDO in turn assembles a project team from industry and universities. Actual research
takes place in industry or university labs, as appropriate to the project.
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Super Metal Project
This is a new program aimed at the development of metal materials with controlled microstructure at the
molecular level. Its objective is the development of materials that are both stronger and lighter than currently
possible. According to the 1995 MITI/ISTF brochure, the fiscal year (FY) 1995 budget (ending March 31,
1996) for this project is ¥35 million ($350,000 at the ¥100/$ exchange rate that was typical at the time of this
WTEC visit). FY 1996 funding has been reported as ¥34 million (GMD Tokyo: http://www.gmd.de/Japan/).
Future year funding is subject to negotiation on a year-to-year basis with the Ministry of Finance (MOF),
depending on the outcome of this early phase. Mr. Hirota indicated that this program does not involve the
development of metal composites or rapid solidification (glassy) metals.
Industrial Furnace Project
This program is aimed at the development of a new type of industrial furnace that could be used for heating,
melting, and thermal processing of materials. The goals are 30% reduction in energy consumption, as well as
reduced emissions, compared to current furnaces used for these purposes. The FY 1995 budget was ¥1.3
billion (about $13 million). FY 1996 funding was expected to continue at roughly the same level. [In fact,
NSF/Tokyo reported to WTEC staff recently that the FY 1997 budget for this was raised to ¥1.8 billion.] The
project is expected to continue through FY 1999. The fuel for this new furnace will be heavy oil.
Mr. Hirota indicated that there are no other casting-related R&D projects funded out of his division currently.
A project that was aimed at developing technology to address labor problems in the casting industry was
completed two years ago. During subsequent site visits, the WTEC team learned of a completed MITI
project to develop a hot chamber die casting machine with ceramic inserts (see Kyocera site report, p. 101)
and another apparently MITI-coordinated project on MHD for steel casting (see Nagoya University site
report, p. 110) – most likely funded out of a different division of MITI.
Pig Iron Project
Mr. Hirota made passing mention of a five year project now underway to encourage the modernization of and
improve the business structure of the pig iron industry in Japan. MITI contributes no funds to this project,
providing only anti-trust clearance for small firms in the industry to collaborate. When asked why MITI is
focusing on the modernization of the pig iron industry when demand in key high technology industries is
moving towards lighter metals, Mr. Hirota replied that cost is the priority in applications such as manhole
covers, and thus heavy metals are more suitable. There may also be a concern with the trend in some
Japanese companies to move foundry operations overseas to cut costs.
Industry R&D Salaries in MITI-Funded Projects
The WTEC team asked Mr. Hirota if industry or the government is responsible for paying the salaries of
industry researchers working on MITI-funded R&D projects. He answered that in principle MITI pays these
salaries. In practice, however, government funding often proves insufficient, in which case companies pay
the difference. This answer only serves to underscore the difficulties in comparing U.S. and Japanese
government R&D funding levels.

SUMMARY
It was clear from this visit, as well as subsequent visits the WTEC team made at Japanese companies, that
MITI plays a relatively modest role in the development of Japanese casting technology and industry. Mr.
Hirota made very clear his position that neither MITI nor any other Japanese government agency is engaged
in determining the future course of the Japanese casting industry. Budgetary constraints from the MOF,
especially during the current recession in Japan, may be playing a role in limiting MITI’s ability to fund new
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R&D projects. During the week of the WTEC visit The Japan Times (Jan. 14, 1996, p. 1, col. 8) reported
that total government revenue for FY 1996 was expected to be ¥51.35 trillion, a decline 4.4 percent from FY
1995. The historical peak was ¥60.11 trillion in FY 1990.
However, this and other MITI divisions do fund some important R&D at the cutting edge of casting and other
materials technologies, and MITI does exercise some influence in industry. It is also too early to gauge the
impact on MITI’s programs of major increases in Japanese government R&D funding proposed for FY 1996.

Appendix B. Japanese Site Reports

Site:

Morikawa Industries Corporation
150, Imojiya
Koshoku City
Nagano 387, Japan

Date Visited:

January 12, 1996

WTEC Attendees:

T.S. Piwonka (report author), H.W. Hayden

Hosts:

K. Ohta, General Manager
K. Yamazaki, General Manager
H. Kubota, Executive Director
T. Koshi, Director
T. Sunohara, Section Manager, R&D, Casting
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BACKGROUND
Morikawa Industries is a 50-year-old enterprise, which is now partially (less than 10%) owned by the Honda
group. Morikawa has been a principal supplier of machined gray and ductile iron castings to Honda for more
than 25 years. It operates an alloy iron and ductile foundry, employing 350 and occupying a 30,000 m2 plant.
The plant uses cope and drag and Disa green sand molding, shell mold and lost foam casting, and induction
melting. The primary customer is Honda, and typical products are bearing caps, differential gear cases,
exhaust manifolds, and cylinder sleeves. The plant has a 1,500 ton/month capacity and was operating at a
level of 1,350 tons/month at the time of the WTEC visit. Morikawa has a U.S. subsidiary, American
Morikawa, available to offer licenses for its patented lost foam process to U.S. companies.

RESEARCH AND DEVELOPMENT ACTIVITIES
The WTEC team did not see or discuss current R&D activities in casting, other than a passing mention by the
hosts that they are looking at rapid prototyping. Morikawa did install a new Disa molding machine during
August 1996 for which automatic pouring was planned.

PRODUCTION APPLICATIONS
The focus of the visit was the “Dream” process, which is the Morikawa variation on the lost foam process. In
the “Dream” process, the vapors from the burning pattern material are burned off above the mold, using gas
burners. The advantage of this process is that the burning effluent draws a vacuum on the mold, eliminating
the need for a vacuum to be pulled on the mold mechanically, as is done in some “conventional” lost foam
operations. One possible disadvantage is that the vacuum which can be pulled on the mold by this method is
limited to about 35 inches, which means that only short clusters can be used. While this process minimizes
the amount of sand that must be placed in the flask, it also limits the number of castings which can be poured
on a single cluster. (The clusters the WTEC team saw had only one layer of castings; most conventional lost
foam clusters in the United States will have two or three layers of castings.) The process has been licensed to
four other Japanese foundries.
The pattern material is "Clearpor," a tri-polymer consisting principally of methyl metacrylate (MMA) —
75%, and polystyrene (EPS) — 25%, with a small amount of alpha methyl styrene. Clearpor was developed,
at the behest of and with strong encouragement from Morikawa, by the Research Division of Mitsubishi Yuka
Badische, a Japanese joint venture of Mitsubishi Chemical of Japan and Badische of Germany. Morikawa
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collaborated in this effort by making trial castings using various phases of the pattern material during its
development.
Patterns are injected, assembled into clusters, and coated in a separate plant located about three miles from
the foundry. Patterns are injected in machines using horizontal parting planes, and sprue components are
injected in machines using vertical parting planes. The patterns drop softly into a water tray upon ejection
from the pattern dies. After a two hour drying period, the patterns are assembled, using people and pick-andplace robots. Gluing is done automatically. Robots assemble the clusters, and the clusters are coated in tanks
in which the coating slurry rises automatically over the patterns. Coated clusters are shipped to the foundry
for pouring.
The Morikawa lost foam process uses a square flask. A layer of silica sand (Japanese specification JIS 6) is
vibrated into the flask, the cluster is placed on it, and the flask is filled while it is vibrated to achieve
compaction. Castings are poured manually. At shakeout the clusters are placed in a fixture and castings are
removed from the downsprue by hydraulic rams.
Morikawa does not use any solidification simulation software, because company engineers do not know of
any program which can handle lost foam. Morikawa management considers it too expensive presently to set
up its own rapid prototyping facility.
None of the molding and pouring lines in Morikawa used automatic pouring at the time of the WTEC visit,
although Morikawa representatives mentioned that they planned to install automatic pouring on the Disa line
in 1996. They reported pouring exhaust manifolds with 3 mm walls on their cope and drag line.
Some spent sand (particularly fines) is sold to the cement industry. Sand disposition costs are approximately
¥7000-8000 per ton. WTEC’s hosts pointed out that one of the advantages of lost foam is that it generates
only 20% of the spent sand that green sand molding does. They mentioned that sand disposal in Japan is
becoming more difficult each year.
Morikawa reported that although 100 foundries in Japan are currently experimenting with lost foam, only 20
are in production. The largest tonnage of lost foam castings in Japan is for water and drainage hardware
castings.

REFERENCE
Morikawa brochure.
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Site:

Nagoya University
Furo-Cho, Chikusa-ku
Nagoya 464-01, Japan

Date Visited:

January 10, 1996

WTEC Attendees:

D. Bertram (report author), D. Apelian, G. Holdridge

Host:

Prof. Shigeo Asai, Department of Materials Processing Engineering
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BACKGROUND
Professor Asai’s work focuses on the application of electromagnetic fields to the processing of materials. He
reviewed the basic ideas of some his research projects during our visit. His work is well supported by the
Ministry of Education (Monbusho), as well as the MITI.
The Department of Materials Processing Engineering has 16 professors, approximately 50-60 graduate
students, and approximately 100 undergraduates per year. Prof. Asai has three assistant professors and an
assistant working full time on research. He personally spends 80% of his time on research.

CURRENT MANUFACTURING PRACTICES
Although not developed by Prof. Asai, Nippon Steel is currently experimenting with continuous casting clad
stainless steel over a carbon steel core. The process produces a fine definition and bonding between the two
materials and thereby allows rolling to a much thinner gauge. The fine definition is produced by a magnetic
field that keeps the two liquids separated (suppressing convection) in the caster’s mold. Conventional
methods of producing clad material produce a bond by hot rolling sheets together or expensive plasma
spraying. Prof. Asai showed the WTEC team a 170 mm x 800 mm sample/test piece made by Nippon Steel.

RESEARCH AND DEVELOPMENT ACTIVITIES
Prof. Asai indicated that funding for researchers’ salaries is generally not included in Monbusho research
project budgets. Researcher salaries are also not reported in Monbusho aggregate research funding reports.
The “regular” Monbusho research allocation for Asai’s group at Nagoya is about ¥5-6 million/year. This
allocation supports research conducted by Prof. Asai and four other people. The 12 month salaries for those
five people combined add up to another approximately ¥5 million/year. Based on the above figure, this
means that Monbusho reports his research at ¥5-6 million/year, whereas the real cost is probably much
higher. Prof. Asai teaches 2 classes each week; his other four people don’t teach at all (though they may help
him occasionally with his classes).
Prof. Asai recently received a $200,000 increment for his research projects from Monbusho. This covers two
years.
In addition to the above, Prof. Asai receives approximately ¥5 million/year from industry for R&D support.
Last year’s economic stimulus package from MITI included $100 million for R&D -- about 100 projects at $1
million each. Prof. Asai did not receive funding under that initiative.
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MITI has provided funding for a “soft contact steel casting project” utilizing magneto-hydrodynamics (MHD)
for steel casting. The budget is $24 million over six years, beginning in FY 1995. This project budget is
allocated among nine Japanese steel companies. This relates directly to Asai’s work in use of electromagnetic
force for metals processing. The project is being managed for MITI by the Japanese Research and
Development Center for Metals (JRCM), which is in Tokyo. The JRCM is an association of Japanese metal
companies cooperating on pre-competitive R&D. The director of JRCM at the time of the WTEC visit was a
former VP of Nippon Steel.
Prof. Asai sits on an advisory committee appointed by the International Superconducting Technology Center
(ISTEC) to evaluate possible applications of very large size, very strong field supermagnets. (ISTEC is
funded by MITI.) Presumably a new MITI R&D program may stem from this at a later date.
Professor Asai discussed a number of his current projects — cold-crucible melting (for TiAl), soft-contacting
solidification, synchronizing imposition of a magnetic field with mold oscillation, inclusion removal from
liquid metals, the movement of primary silicon in hypereutectic Al-Si alloys, and the application of
magnetization force for non-metallic components
The following is a discussion of these projects. Because of project inter-relations this narrative of Prof.
Asai’s discussion cuts across a number of the specific topics listed previously.
1.

2.

3.

A project involving soft contact solidification through the use of magnetic fields with oscillating molds is
a major undertaking. This steel industry program is funded by Nippon Steel, Kobe Steel, Sumitomo,
NKK, Kawasaki, Daido, Nissin Steel Co., Mitsubishi Steel Co., and Mitsubishi Heavy Industries in
conjunction with JRCM. The project is significant in that if it is fully implemented it could reduce
Japan’s total energy consumption by 0.2%. MITI alone is committing $24 million over a six year period.
The concept is to roll steel plate while it is still hot after casting. The simultaneous application of a
magnetic field synchronized with mold oscillation is designed to improve the surface of the slab and thus
eliminating the need for scarfing and reheating prior to rolling.
The improved surface is achieved by soft contact solidification, which means that the slab barely touches
the surface of the casting mold and consequently oscillation marks are eliminated and subsequent
scarfing in the cold condition is not required. Synchronous imposition of a magnetic field during the
negative strip of the mold oscillation is being considered. Considerable work is still required to
commercialize this technology.
Application of controlled electromagnetic forces makes this process possible. The high level of research
activity and funding for this study will certainly increase the knowledge base in general, and there will be
fallout to the benefit of other metallurgical processes.
Levitation melting (cold crucible melting) is being developed to eliminate contact between the material
being melted and the crucible. This non-contact approach improves the potential for high purity since
the process can be done in vacuum or a special atmosphere. Features being developed include control of
the electromagnetic forces such that levitation and shape control of the “melt” is achieved without
producing turbulence within the hot liquid. TiAl compounds and alloys are the current subject materials.
Although the emphasis is currently on high temperature melting where a suitable non-reactive crucible is
currently not available, this may well have application in high volume production for single-shot melting
applications in die casting.
Separation of nonmetallic inclusions is difficult by flotation or gravity where the density of the inclusion
is close to the density of the clean metal. A theoretical analysis indicates that a direct magnetic field
magnifies the difference between metallic and nonmetallic particles and aids in separation. Lab
experiments also demonstrate the process’ ability to reduce the silicon and iron content of molten
aluminum. Prof. Asai holds a patent on this process.

Additional details on these concepts are provided in a number of published technical papers. (See references
below.)
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This technology when commercialized could make widespread use of contaminated aluminum scrap feasible
for critical casting applications.

SUMMARY
Funding from the Japanese government is significant since some of Asai’s work could well produce
significant energy saving for the country. This is an example of Japan focusing its research and development
funding on specific problem-solving situations.
Other benefits from these research projects will be in the improved filtration and refinement of non-ferrous
alloys.
Although research funding is significant, improvements to the physical plant at Nagoya University also might
help attract much needed additional scientific talent to metal casting research.
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Site:

Nippon Precision Casting Corporation
Head Office
5-11-17 Minami-Yawata
Ichikawa City,
Chiba-Pref. 272, Japan

Date Visited:

January 10, 1996

WTEC Attendees:

P.H. Mikkola (report author), M.C. Flemings. C. Uyehara

Hosts:

Yoshiaki Kamino, President
Ikuo Aoki, Managing Director
Mitsuo Narusawa, General Manager, Sakura Plant
Osamu Shibata, Director, Ichikawa Production Division
Hiroshi Yasuda, Assistant Manager, Technical Development Team

BACKGROUND
Nippon Precision Casting Corp. (NPC) is an investment casting operation. Its first plant opened in 1939; lost
wax production started in 1955. Its market is primarily in Japan with future growth targeted in other areas.
NPC operates two plants, one at Ichikawa and a second at Sakura. It is building a new plant and will move
the Ichikawa production to the new location. The company uses both the lost wax and “Ceramo” ceramic
mold process. It has two overseas operations, one in Taiwan with 120 people and the other in Singapore with
60 people. Total employment in Japan is 310. This employment total was not expected to change with the
start-up of the new foundry in July 1996.

RESEARCH AND DEVELOPMENT
NPC is a production casting operation with very little R&D. It does have a strong technical department,
which services both customers and the company’s own manufacturing plants.

MANUFACTURING
The major operation is lost wax investment casting at both production plants. Products are primarily ferrous
castings with some production in copper base, aluminum and magnesium metals. Turbine blades are the
highest volume product with volumes ranging from 600,000 to 1 million/year. Approximately 100 different
parts are made.
NPC managers see new business for investment castings in the area of automotive rocker arms. Currently they
sell turbocharger wheels to the automotive industry. They believe the automotive industry worldwide offers
potential growth for investment castings.
NPC’s production layout is very similar to those found in the United States. Each operation is located in a
building or section of the plant, and product flow follows the process. All waxes are made in one area, then
flow to assembly, then to coating, drying, dewaxing, pouring, machining, cleaning, heat treatment, inspection,
and finally shipping. This product flow was very different from the cell type operations at the metal mold
casting plants. The plants often were a series of different buildings with courtyards between the buildings.
All NPC’s equipment looked in good order, and the plants were very orderly, clean, and spacious.
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All melting is done with gravity pour induction furnaces. Automation is not widely used, but is applied where
operations are either too hot or heavy for employees. Cost continues to be an important consideration in all
operations.

SUMMARY
NPC has been a leader in the application of CAD/CAM to the investment casting industry. Planning and
construction of the new foundry shows confidence in the growth of this industry.

REFERENCES
Ceramo Cast Process. Nippon Precision Casting Corp. Brochure (in Japanese).
Investment Castings. Nippon Precision Casting Corp. Brochure (in Japanese).
NPC 1995: History and Data. Nippon Precision Casting Corp. Brochure (in Japanese).
Precision Castings for Space and Aircraft. Nippon Precision Casting Corp. Brochure.
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Site:

Osaka University
Dept. of Materials Science and Processing
Yamadoaki 2-1
Suita-shi 565, Japan
Tel: (06) 879-7473; Fax: (06) 879-7474

Date Visited:

January 12, 1996

WTEC Attendees:

M.C. Flemings (report author), P.H. Mikkola, C. Uyehara

Hosts

Dr. Itsuo Ohnaka, Professor, Dept. of Materials Science & Processing
Dr. Yasuda, Associate Professor (joined us for lunch only)

BACKGROUND
Prof. Ohnaka is a leading foundry professor in Japan from the standpoint of intellectual and organizational
leadership. He is currently the chairman of the Kansai Chapter of the Japan Foundry Engineering Society
(JFES) and is a leading player in a number of international organizations relating to foundry and more
broadly to materials science and to university management and organization. He is currently playing a major
role in the reorganization of Osaka University.

RESEARCH
Prof. Ohnaka confirmed and elaborated on a number of items discussed by Prof. Umeda and reported in the
University of Tokyo trip report. JFES comprises some 3,300 members with only four or five staff members.
The research committees of JFES are, for the most part, informational gathering committees with funding for
some small activities (on the order of $10,000/year each). In addition there are foundry research activities in
universities, notably at Osaka University, the University of Tokyo, Tohoku University, and Nagoya
University.
A limited amount of research is conducted in government laboratories. The major center is the National
Industrial Research Institute of Nagoya with foundry engineering activities led by Dr. Kondo. Notable areas
of research, being carried out under the title “supermetals,” include work on amorphous metals and
intermetallic compounds. Research is underway on reactive synthesis — rapid melting through chemical
reaction and subsequent pouring with vacuum assist.
Prof. Ohnaka commented that support for foundry research is generally not looked upon favorably by
government agencies. This attitude, combined with a general decrease in laboratory teaching in universities is
resulting in decreasing contact between students and foundry and foundry-related activities.
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Site:

Ryobi Shizuoka Plant
5215-1 Kanbara-cho, Ihara-gun
Shizuoka-ken 421-32, Japan

Date Visited:

January 9, 1996

WTEC Attendees:

D. Apelian (report author), D. Bertram, G. Holdridge

Hosts:

Shizuoka Plant
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Shoji Osawa, Plant Manager, Die Casting Division
Tatsuyoshi Mochizuki, Manager Die Casting, Die Casting Division
R&D Division
5-2-8 Toshima, Kita-ku
Tokyo 114, Japan
Tsutomu Kakuma, General Manager, R&D Division, Die Casting Division
Tsutomu Mori, Adviser, R&D Division, Die Casting Division
Naomi Nishi, Manager, R&D Division, Die Casting Division
Hiroyuki Omura, Group Leader, R&D Division, Die Casting Division

BACKGROUND
The Ryobi Group is a conglomerate of 40 companies which forms the backbone of Ryobi Ltd. Ryobi Ltd. is
built upon advanced technological capabilities, innovative product development, and progressive marketing.
It also has plants at Hiroshima, Mirasaka, Mitsugi, Saitama, Hyogo, Shelbyville, Indiana, in the United States
and Co. Antrin in the United Kingdom. Much of the R&D takes place at the Hiroshima plant and the Tokyo
R&D office with some limited R&D at the other plants.
The Shizuoka operation began in 1962 and is intensely invested in die casting. In 1984, a joint venture with
Ford Motor Co. was formed with the goal of producing transmission cases. Four 3,500 ton machines were
used for this. Production for Ford is now being done in the United States in a 100% Ryobi-owned plant. The
3500-ton machines at Shizuoka have been diverted to domestic products.
The Hiroshima plant produces 2,100 metric tons of aluminum per year. The Shizuoka plant produces 2,600
metric tons of aluminum, and the Mirasaka plant produces 2,400 tons of aluminum per year. The Mitsugi
plant produces 190 tons of aluminum and 80 tons of zinc. Plastic injection throughout all of the Ryobi die
casting plants is about 200 metric tons per year. Overall, Ryobi produces 7,290 metric tons of aluminum, 80
tons of zinc, and 200 tons of plastic each year.
The Shizuoka plant has 35 die casting machines with the following breakdown — four 3,500-ton, one 3,300ton, one 2,250-ton, five 1,650-ton, one 1,250-ton, two 1,200-ton, one 1,000- ton, ten 800-ton, two 650-ton,
seven 500-ton, and one 350-ton machines. Of the products made by the Ryobi die casting operations, 72.3%
of die castings are used in four-wheel automotive applications and 8% in two-wheel (motorcycle)
applications. Clearly a majority of these products go into the transportation sector. At the Shizuoka plant,
70.7% of the output is for the four-wheel automotive industry, while 16.9% goes into two-wheel applications.
In other words, nearly 88% of all the Shizuoka plant’s products are used in the automotive industry.
Regarding the dies that are manufactured, 10% of all of Ryobi’s dies are made at the Shizuoka plant. The
remaining dies (90%) are manufactured at the Hiroshima plant.
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The Shizuoka plant employs 327 people — 40 engineers, 200 factory workers, 8 managers, and 79 clerical
workers.
During the plant tour the WTEC team saw die manufacturing and die refinishing shops, the metal melting
operation, die casting machines, inspection, and shipping. The operations in that organization were
impressive, particularly the cleanliness of the plants. It is most inspiring to see a die casting operation that
looks so organized and so clean. The manufacturing infrastructure is very strong.

RESEARCH AND DEVELOPMENT
Most of the composites that are die cast are being used for wear applications, but the cost of production,
particularly machinability as well as the recycling and raw material costs (e.g., carbon fiber), are major
barriers. Composites also have interesting and appropriate uses in applications where creep strength and heat
resistant concerns are critical. Ryobi managers believe that cylinder liners will be specified to be produced
from composite materials by automotive engineers of the future. Brake components are another possible
application. They have developed the RX1000 composite metal matrix material for die casting operations
(see Table 3.1, p. 22).
They foresee little change in the alloy chemistry field. Ryobi’s W2 alloy, which has higher strength and
ductility than the conventional alloy (i.e., 380), seems to be well received.
Ryobi representatives expressed the view that squeeze casting may be better than conventional die casting for
higher performance components. However, the squeeze casting process is more expensive. At present,
wheels, cross members, and certain components for high performance cars like the Mazda RX7 are being
produced by squeeze casting. There are no specific weight reduction goals in Japan (such as CAFE in the
United States), and thus WTEC’s Ryobi hosts could not comment on targets for weight reduction. They
indicated that many of their customers are no longer as willing to pay for reduced weight as they were a few
years ago. Ryobi has not embraced squeeze casting as a whole; however, a Ryobi-associated company
(Tokyo Light Alloy) has two 1600-ton squeeze casting machines made by Toshiba. These are mediumpressure casting machines. In addition, there is a smaller squeeze casting machine at the Mitsugi plant.
Ryobi is not pursuing semisolid materials processing technology in an aggressive way; however, Ryobi
engineers are studying it. When asked whether the automotive sector is pushing to use semisolid processing,
they said no, citing cost as a barrier.
At Ryobi’s Shizuoka plant, the molten metal is neither degassed nor filtered, however the sleeve-filling
decanter did have a fiberglass fishnet filter, which mitigated the surface dross getting into the shot sleeve.
Ryobi does not do grain refinement nor does it modify the melt prior to casting. Phosphorous is added to
aluminum 390 alloys.
Ryobi is beginning to employ on-line control and intelligent processing within the plant. Plant managers are
monitoring speed and all the details of the process and computerizing these data. These are used to monitor
defects. The temperature of the die is also being monitored. When using a slow shot speed which produces a
more laminar flow, they find that the castings thereafter are easier to heat treat and are free of holes and
defects. An expert system (ES) was in use to monitor die temperatures for the Ford transmission case line.
However, the ES system is not in use at the new U.S. plant.
The WTEC team viewed a video in which RIC cores were shown being used in the operations. (RIC cores
are sand cores that have a special resin coating, which prevents the liquid metal from impregnating into the
core.) RNC is Ryobi’s version of squeeze casting. Computer-aided Engineering (CAE) is being used
throughout Ryobi. The company also is utilizing the SOLDIA modeling software developed by Komatsu to
simulate solidification as well as to predict shrinkage formation.
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Twenty percent (by weight) of all of Ryobi’s aluminum die casting products were being exported to Ford
Motor Co at the time of the WTEC visit.
Ryobi employees receive extensive training and education. When new people are hired, they are assigned to
all of the sections of the plant for one month. During the next two months, they are trained in the particular
section they are assigned to. Once they are established in the plant, they participate in a continuous learning
program.
Environmental issues are certainly of concern. Oil mist is definitely an issue; however, it was pointed out that
noise is a greater environmental issue than oil mist.
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Site:

Tohoku University
Division of Foundry Engineering
980-77 Sendai, Japan

Date Visited:

January 9, 1996

WTEC Attendees:

T.S. Piwonka (report author), H.W. Hayden

Hosts:

Dr. Eisuke Niyama, Professor
Dr. Koichi Anzai, Associate Professor

BACKGROUND
Tohoku University was founded in 1907 as one of seven imperial universities in Japan. Today it has an
enrollment of 3000 students and graduates 1000 each year. In the college of engineering there are 1000
undergraduate students and 600 graduate students annually. The college has 17 departments, with 170 full
professors, 19 of whom are in materials-related departments. The college operates on the “small chair
system,” which means that a laboratory operates with one full professor, one associate professor, and one or
two research associates, and occasionally a post-doctoral student. Half the graduate students are foreign
(mostly Chinese, Korean, and Thai). The university is having difficulty attracting students to study in
materials engineering courses, as few Japanese are interested in the subject.
Tohoku has the only laboratory specifically designated for “Foundry Engineering” in any national university
in Japan and is highly regarded by the foundry industry. At present there are eight undergraduates, seven
masters degree students, four Ph.D. students, and one “research student.” There are also four visiting
researchers (three from China) and two technicians. The foundry laboratory is an adequate older lab, which
contains, in addition to normal foundry equipment, a water analog die casting machine, and a vacuumpressure titanium furnace (with which a student whose father owns a titanium foundry is working).
Graduate students are not paid by research projects but are normally supported by their parents (which is one
reason that they leave the university earlier than the faculty would like). The professor too is paid entirely
from university funds. The WTEC team learned during another visit that industrial support for R&D at
universities may have been limited or restricted at one time. This probably is no longer be the case, since
Prof. Niyama reported considerable industry support for his research. Prof. Niyama’s laboratory has a fixed
budget of ¥4 million from the university and raises about ¥13 million from research projects. This money
goes for travel, materials, and equipment, and is spread among the projects (even though it may have been
raised primarily for a specific project).

RESEARCH AND DEVELOPMENT ACTIVITIES
Professor Niyama’s lab has a research policy that includes the following:
•

subjects must be of common interest to the casting industry

•

multi-client projects are preferred to assure close ties with industry

•

solidification processing technology is emphasized

•

metallurgical discipline is combined with mechanics and computer

•

projects use computer simulation of the casting process

•

shaped castings are emphasized over continuous casting

•

thin section casting research is a priority
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In the future he hopes to continue his ties to industry, increase international cooperation, and widen the
application of simulation techniques to other fields.
The highlight of Prof. Niyama’s research at present is a solidification simulation package, called STEFAN.
This is a three-dimensional heat and fluid flow package (FDM-based), which features simple treatment of
complicated shapes, quick and reliable calculation of flow with free surfaces, and flexible choices of
hardware. The software is not sold, but distribution is limited to the sponsors of the project, which are 30
companies (a majority of which are die casters). Development began four years ago. The source code is
open to allow changes and additions. Yonsei University (Korea) and Tsinghua University (China) are also
cooperating on development of the code, by sending visiting scholars to Tohoku. STEFAN has not yet been
benchmarked against the popular western solidification simulation codes Procast © and Magmasoft©.
STEFAN at present does not include any modeling of microstructure or use of expert systems to simplify
analysis. The program was demonstrated for us and is quite capable of providing good simulation of fluid
flow during mold filling and solidification.
Another area of research is focused on thin-section castings. One of the projects under this area is the fluidity
of alloys. Present work is looking at solidification structure zones formed during flow in cast iron and
hypereutectic Al-Si. One of the findings so far is that hypereutectic Al-Si (16.8% Si) is more fluid than
eutectic Al-Si. Prof. Niyama also has measured substantial supercooling (200ºC) in the tip of fluidity streams
if the metal is kept clean. Another project is an investigation of the casting surface, using the “droplet
method,” in which a large drop of molten metal is dropped on a chilled surface, and the shape of the resulting
pancake determined. Initial results show that the surfaces of drops of pure metals in contact with the chilled
surface are convex, while alloys solidify with either a convex or a concave surface. Another method is to
study the formation of wrinkles on the surface of metal solidified on a chill which is dipped into molten metal.
Other current projects include water modeling of die and permanent mold filling to optimize gate design,
studies of the mechanism of segregation in aluminum squeeze casting, and the fluidity, shrinkage and mold
reaction of titanium alloys in precision casting. Three projects are focused specifically on cast iron. One
deals with the mechanism of shrinkage formation in cast iron, particularly the effect of the semisolid skeleton
on shrinkage, following Lesoult’s methodology, in order to cut down computational time. A second is
comparing “successive austempering” vs. “direct austempering” of ductile iron, and a third is investigating
nodularization of ductile iron by the inmold process, looking at reaction chamber design and inoculant
composition.
Prof. Niyama indicated that progress should be expected in all areas of casting technology. He does not
foresee wholesale replacement of ferrous castings in automotive applications by non-ferrous castings. He
suggested consulting the Japan Foundry Engineering Society journal in December of each year to learn what
Japanese foundrymen are most interested in. The December issue is a special issue focusing on one subject
of interest to the industry. Past issues have had the following topics:
December 1991: Deformation of Castings
December 1992: Weight Reduction of Castings
December 1993: Non-Destructive Inspection Technology
December 1994: New Pressure Die Casting Technology for Aluminum Alloys
December 1995: Thin-Section Casting Technology.
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Site:

Tohoku University
Institute for Material Research
Katahiro 2-1-1, Aoba-ku
Sendai 980-77, Japan

Date Visited:

January 9, 1996

WTEC Attendees:

H.W. Hayden (report author), T.S. Piwonka

Host:

Dr. Akihisa Inoue, Professor
Tel: (81) 022-2152110; Fax: (81) 022-2152111

BACKGROUND
The Tohoku University Institute of Materials Science occupies facilities at the old campus in the central part
of the city of Sendai that are separate from those of the College of Engineering. The institute is housed in a
multi-story facility of recent construction. The WTEC team visited Professor Inoue, who was cited as the
second most-quoted worker in the field of materials science by a recent study in Science magazine. The same
study ranked Tohoku University as the sixth most-quoted institution in materials science (after Oak Ridge
National Laboratory). Professor Inoue’s major efforts are devoted to the study of amorphous metallic
materials.
Professor Inoue has a staff of about 30 research associates. His efforts are supported by Japanese industry
and the Japanese government (primarily the Ministry of Education, Culture and Science, as well as other
ministries). The ratio of government to private funding has been in the range of 4:1 to 3:1. The level of
industrial funding has been fairly constant and depends on the number of industrial workers on Prof. Inoue’s
staff at any time. He has a budget of ¥30 million to support operating and overhead costs for his operations,
which is equivalent to a cost of ¥1 million for supporting the direct costs, e.g. equipment, associated with the
research of each associate. These costs do not include the salaries of his associates.
In the several research laboratories under Professor Inoue’s direction, there is a complete range of processing,
testing, and analytical equipment to support his studies on amorphous metallic materials.

RESEARCH AND DEVELOPMENT
Professor Inoue presented a comprehensive review of the history of the efforts of his group on amorphous and
nano-crystalline metallic materials. Amorphous metallic materials are of great interest for their unique
properties including the following:
•

Mechanical properties: high strength, high toughness

•

Physical properties: soft magnetic properties (Fe- and Co-base alloys), soft superconducting behavior
(Mo- and Nb-base alloys), and high magnetostriction

•

Chemical properties: corrosion resistance

Over the period this group has progressed in understanding of the proper compositions to the point that bulk
amorphous materials can be produced using conventional casting procedures. Whereas conventional glassy
materials are produced at cooling rates of from 10 2 to 100 °K/Sec, the earlier amorphous metal compositions
required cooling rates from 106 to 104 °K/Sec. The cooling rates for some of the newer compositions are now
similar to those of conventional glassy materials. The goal has been the development of compositions in
which there can be a large difference between the crystallization and glass forming temperatures at low
cooling rates.
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As a result of these studies, Professor Inoue’s group has developed three rules for metallic glass forming:
1.
2.
3.

Use multi-component systems containing three or more elements
There should be significantly different atomic size ratios, >12%
The mixtures should have large negative heats of mixing

Glass formation is encouraged when several phases are formed during normal crystallization as crystallization
is suppressed by the long-range rearrangments required for the formation of the several phases. A high
liquid-solid surface energy becomes a barrier to crystallization. Professor Inoue indicated that both
nucleation and growth of the crystalline phases should be difficult for good amorphous metal systems.
Through many studies, Professor Inoue’s group has demonstrated solidification of amorphous metal materials
using the following procedures:
1.
2.
3.
4.
5.
6.

Water quenching a melt in a quartz tube
Casting in a copper mold
High pressure die casting
Arc melting in a water-cooled crucible
Uni-directional solidification
Suction casting

Consolidation of powdered amorphous metals has been demonstrated by both hot pressing and warm
extrusion.
The use of a wedge-shaped copper mold has been most useful for the determination of critical cooling rates
for amorphous structure formation as well as for the prediction of interface velocities versus cooling rates for
unidirectional solidification.
Mechanical studies on amorphous metal systems have shown them to exhibit Newtonian viscous behavior
(stress being proportional to strain-rate) with no indication of work hardening. Nano-crystalline structures
can be formed when amorphous metals are heated to temperatures at which crystallization can occur. The
extremely fine structures so produced demonstrate high-temperature quasi-viscous superplastic behavior
(stress being proportional to the square root of strain rate). With such ultra-fine structures superplastic
behavior can be obtained at strain rates as high as 1 reciprocal second.
For the various amorphous metal compositions which are under investigation, potential applications include
bio-medical applications based on high corrosion resistance, particularly with no grain boundaries; electroprocesses; small mechanical parts; and magnetic applications.
As an example, studies of high strength aluminum alloys are being carried out for YKK (a zipper
manufacturer). Amorphous structures have been produced by melt spinning in numerous systems including
Al-La, Al-Ca, Al-early transition metal, Al-late transition metal, Al-Ca-Mg, Al-Ca-Zn, Al-Ca-late transition
metal, Al-B-transition metal, Al-Si-transition metal, Al-Ge-transition metal, and Al-Misch metal-Ni.
Recent research has shown that very high strengths can be obtained by production of Al based materials with
a mixed amorphous +fcc Al structure. Such structures can be produced by controlled cooling conditions in
which the equilibrium intermetallic phase formation is avoided, but a metal stable +fcc Al phase can be
nucleated. Similar studies with an Fe-Misch metal-B alloy have shown that the formation of a mixed
amorphous +fcc Fe structure leads to a hard magnetic material while the totally amorphous structure has soft
magnetic behavior.
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Inoue, Akihisa. 1995. “High Strength Bulk Amorphous Alloys with Low Critical Cooling Rates
(Overview),” Materials Transactions, JIM, Vol. 36, No. 7, July, pp. 866-875.
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Site:

Toshiba Corporation, Mie Works
2121 NA Asahi-Cho
Mie-Gun
Mie Prefecture 512, Japan

Date Visited:

January 9. 1996

WTEC Attendees:

D. Bertram (report author), D. Apelian, G. Holdridge

Hosts:

Masaharu Tamiya, Manager of Manufacturing Engineering Staff
Yoshiatsu Sato, Senior Manager, Casting Department
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BACKGROUND
Toshiba’s reported FY 1994 sales were ¥4.8 trillion, also reported as $54 billion. This is a multi-national
company with 190,000 employees. Business segments include communications, consumer electronics and
appliances, power systems, industrial equipment, and electronics.
The Mie Works is a gray iron foundry producing motor frames for Toshiba’s wide range of industrial motor
sizes. It also produces air conditioning compressor castings and large electric motor aluminum rotor castings
with a low pressure process. It is the only gray iron foundry operated by Toshiba.
Nearly 90% of production is for Toshiba products, with the remaining 10% sold directly to outside customers
(mostly automotive air conditioner compressor parts). Approximately 70% of the internal volume is for
motors and 20% for home air conditioning compressors.
At the time of the WTEC visit, this plant was producing 900 tons of small motor parts and 450 tons of
compressor components for air conditioners each month.
The Mie plant was established in 1938, employs about 2,200 people, and has about 187,000 m2 of floor area.

CURRENT MANUFACTURING PRACTICES
Melting is by cupola and coreless electric furnaces. Mold lines are automated cope and drag machines.
Pouring is manual.
Mie management is planning to implement a plant-wide local area network (LAN). It will facilitate on-line
control.
Training is a key manufacturing focus and is considered more important than recruitment efforts. Continuous
retraining is considered extremely important in maintaining Mie’s two-year-old International Standards
Organization (ISO) 9000 certification.
Toshiba Corp. has a goal of reducing its waste stream by 50% and doubling its energy efficiencies in five
years. The Mie plant has already reduced its waste stream by over 50% (from 350 tons/month to 100
tons/month) and has a target of cutting it by another 50 tons/month.
The allowance for capital spending is ¥150 million, 30% of which is earmarked for environmental protection.
More money is available for justified energy reduction projects.
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Toshiba does not degas the melt unless required for a special product. In that case, magnesium is used for
degassing.
Emphasis from the parent company is on cost reduction rather than on improving the product since Toshiba
already has very high efficiency motors. One Toshiba innovation yields higher efficiency motors by casting
cooling fins on rotors between magnets and by combining motors and inverters in same unit.
In the future, Toshiba managers see evaporative casting technology as potentially a low cost process for
motor frame castings.
The managers of the Mie works do not consider aluminum frames a threat to gray iron.

RESEARCH AND DEVELOPMENT ACTIVITIES
The foundry has little involvement with frame design unless some final product modifications are suggested
to enhance the moldability or lower the production cost.
Research and Development efforts are mainly with analysis of process flow in cooperation with Prof. Niyama
at Tohoku University well as with Prof. Ohnaka at Osaka University. A current in-house R&D project
involves a nickel alloy gray iron having a lower coefficient of thermal conductivity and expansion (1/5 the
conductivity of normal gray iron). The Mie staff is now looking for a product application.

SUMMARY
The products of the Mie works are under extreme pricing pressure. Emphasis at the plant level is on reducing
energy consumption and environmental costs.
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Toyota Motor Corporation
Tahara Plant
3-1 Midorigahama Tahara
Atsumi-gun
Aichi 441-34, Japan
Head Office
1, Toyota-cho, Toyota,
Aichi 471-71, Japan
Myochi Plant
1, Nishiyama, Myochi
Miyoshi, Nishikamo-gun
Aichi 470-02, Japan

Date Visited:

January 11, 1996

WTEC Attendees:

P.H. Mikkola (report author), M.C. Flemings, C. Uyehara

Hosts:

Organizer
Tetsuya Suganuma, Project General Mgr., Technical Admin. Division
Guest Accompaniment
Dr. Kiyoshi Funatani, retired Toyota,
Associate Director, Nihon Parkerizing
Tahara Plant
Hiromitsu Hayashida, General Manager, Tahara Plant, Admin. Division
Shinobu Sasaki, Deputy General Mgr., Tahara Plant, Machining Division
Tadashi Fujimoto, Project Manager, Engineering Services,
Tahara Plant, Machining Division
Syunichi Fujio, General Manager, Aluminum Casting,
Engineering Foundry Division
Head Office
Akiyoshi Morita, Director, Member of the Board, Materials R&D
Yasuhito Yamauchi, Director, Member of the Board, Production
Engineering Division and General Manager, Myochi Plant
Dr. Yukio Ohtsuka, Project General Manager, Foundry
Engineering Division
Shigeki Sugimoto, General Manager, Metallic Material Department,
Materials R&D Division
Masami Suzuki, Manager, Development Department No. 2, Foundry
Engineering Group, Production Engineering Development Division
Myochi Plant
Masakatsu Yamato, General Manager, Administrative Division
Yoshiro Hayashi, General Manager, Foundry Division
Akira Fujii, General Manager, Manufacturing Engineering Department
Makoto Waniguchi, Assist. Mgr., Production, Engineering Service Dept.
Etsushi Hayashi, Manager, Iron Casting, Engineering Department,
Foundry Engineering Division
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Other Participants:

Dr. Itaru Niimi, Honorary Professor, Toyota Technological Institute
Hiroyuki Syamoto, Assistant Manager, Metallic Materials Group,
Materials R&D, Division III

BACKGROUND
Toyota operates both iron and aluminum casting operations. It operates both sand cast and die cast
operations to produce parts for its auto manufacturing. Cast components are for chassis, powertrain, and
body. The focus of Toyota’s casting operation is to meet the challenges for casting technology of the 21st
century. Toyota has three principles for corporate activities: (1) taking advantage of high value-added casting
products, (2) developing a production preparation system readily responsive to market needs, and (3)
developing a casting technology good for human and global environment.
Toyota does apply technology to all aspects of its operations. Continued improvement is the general theme,
but the company has started innovative processes, such as the new differential pressure casting process to
manufacture V-8 engine blocks.

RESEARCH AND DEVELOPMENT
Major casting technology development is handled by the Foundry Engineering Division which is outside the
production group but works very closely with the plants. This group plays the following roles: process
planning, facility and mold design, facilities and molds purchase, process tryout, technical development,
prototype part casting and related plant support. In addition there are two groups that support the Foundry
Engineering Division, the Machinery Group and its affiliates, which are involved with facilities preparation
and mold manufacturing. There is no question that the customer for the Foundry Engineering Division is the
production group, made up of casting, machining, painting and assembly. The Foundry Engineering Division
has 546 employees working in seven departments or areas:
1.
2.
3.
4.
5.
6.
7.

Assistant to the general manager: handles general administration
Engineering Administration: handles technical planning, technical control, development and prototype
design
Iron Casting Department: handles facilities planning for iron production
Aluminum Casting Department: handles facilities planning for aluminum production
Die Casting Department: handles facilities planning for die casting which includes gravity, low pressure,
and high pressure systems
Prototype Casting Section: handles manufacturing of wood patterns and prototype casting parts
manufacturing
Experiment Duties Section: handles experiments and analysis of production and process tryout

Many advances in both product and process have resulted from the work at Toyota Foundry Engineering.
Some of the most recent are the total differential pressure (TDP) aluminum cylinder block production (using
Toyota’s new differential pressure casting process), production of aluminum suspension members by low
pressure die casting and aluminum wheels by high pressure casting, automatic core transfer and setting,
automatic core delivery, plus automatic coating of investment casting molds.
The Toyota casting group has the latest tools to do casting solidification and fill analysis. It also uses CT and
X-ray to inspect for internal casting defects. Coordinate measurement (CMM) machines are used to measure
product dimensions.
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The effort Toyota is making to help preserve the global environment is a model for the industry. Toyota is
particularly careful in four areas:
1.
2.
3.
4.

Friendly working environment (dust protection, heat protection, and noise protection)
Quantitative control (low odor resins, reduced production of mold releasing agents and slag)
Recycling (re-use of dust, recycling of waste sand, expansion of return scrap, dezincification of shredded
steel)
Prevention of greenhouse effect (energy-saving production processes, alternative fuels)

MANUFACTURING
Tahara Plant
The Tahara plant complex is located on recovered land on Mikawa Bay. The entire complex is on 925 acres
with 213 acres in buildings. The site contains two casting shops in addition to machining, body, and
assembly shops. On the same site are a test course, a shipping dock, and a recreation area.
The casting plant is a state-of-the-art aluminum casting plant that produces engine blocks and heads using
metal mold processes. The plant uses shell core, fast aluminum secondary melting, molten metal conditioning
and handling, metal pouring using low pressure plus vacuum where required, and casting cleaning and
processing. This highly productive plant is very clean with good lighting and quiet, dust-free work
environments. Most applications of automation are designed to reduce labor requirements and improve
working conditions. The plant even uses a robot to coat molds for low pressure die casting. Light currents
are used to keep employees out of the way of moving equipment. Dies for the casting plant are made at the
Teiho plant.
Computers are used at various locations in the plant, but the entire design cycle using computers had not been
implemented at the time of the WTEC visit.
Myochi Plant
The Myochi plant was completed in June 1973. It employs 1900 people with floor space of 197,000 m2. It
operates on a two-shift, three operating crew concept to manufacture both iron and aluminum castings. The
site has three different casting plants: two produce iron castings, and plant number three produces aluminum.
Products of the casting complex are cylinder blocks, differential carriers, cylinder heads, and cross members.
The cylinder heads and cross members are made from aluminum. Ductile iron is the largest production at the
site. Both cupola and induction furnaces are used to melt iron, and the Georg Fischer treatment technique is
used to produce ductile iron. A large percent of the ductile iron is heat treated. The green sand ductile iron
mold line indexes at a rate of 140 molds/hour.

SUMMARY
Toyota continues to have a strong commitment to metals and metal casting. It does much process
development and implementation of technology to improve cost and quality. The company is a world leader
in the area of reducing pollution from casting operations. Toyota removes zinc from automobile body scrap
prior to melting and also reduces noise in the casting environment. The plants have outstanding lighting, and
the company continues to work to reduce gas, dust, and odor in its plants. All sand is reconditioned and
recycled into either green sand molds or shell cores.
In all cases casting plants are located next door to machining operations, but some parts are shipped by truck
to other locations to be machined. The outside and yard areas of the casting plants are very orderly and clean.
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Okada, Y., Y. Takeuchi, and S. Fjio. 1994. “Development of Methods for Removal of Zinc from
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Site:

University of Tokyo
Dept. of Metallurgy
7-3-1 Hongo, Bunkyoku
Tokyo 113, Japan

Date Visited:

January 8, 1996

WTEC Attendees:

M.C. Flemings (report author), W. Hayden, P.H. Mikkola, C. Uyehara

Host:

Dr. Taketeru Umeda, Professor, Department of Metallurgy
Prof. Nobuo Sano, Professor, University of Tokyo
Prof. T. Fuwa, Professor Emeritus, Tohoku University,
Senior Advisor Emeritus, Nippon Steel Corp.
Tel: (81) 03-38122111; Fax: (81) 03-58022912
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BACKGROUND
The University of Tokyo is the leading Japanese university. It shares national pre-eminence in metallurgy
and materials with Tohoku University. Professor Umeda is a leader in the field of foundry and solidification
fundamentals. Other national foundry leaders are Prof. Ohnaka of Osaka University, Prof. Niyama of Tohoku
University, and Prof. Asai of Nagoya University. The prominence of these individuals is well illustrated by
the fact that Prof. Ohnaka is currently chairman of the Kansai Chapter of the Japan Foundry Engineering
Society, Prof. Umeda heads its research committee, and Prof. Niyama heads the modeling subcommittee.
Prof. Asai is a leader in applications of electromagnetism to metal processing.
Prof. Sano is the leading steelmaking professor in Japan, a role formerly held by Prof. Fuwa, who retired
some years ago from Tohoku University to become senior advisor of Nippon Steel Corp.

RESEARCH AND EDUCATION
Metallurgy is no longer a popular field of study in Japan. Within metallurgy, foundry is one of the less
popular areas. Research funding in foundry technology is difficult to obtain, and when obtained it is best
disguised under terms such as “supermetals.” At the University of Tokyo last year only 15% of the graduates
joined the steel industry. Five to 10% joined ceramic companies, 10% went to machine companies, and 20%
to electronic companies.
Japanese academic societies relating to casting are as follows:
1.
2.
3.
4.

Iron and Steel Institute of Japan (ingot casting, continuous casting)
Japan Institute of Metals (solidification fundamentals)
Japan Foundry Engineering Society (shaped castings)
Japanese Light Metals Association (melting, solidification, ingots, shaped castings)

The Japanese Foundry Engineering Society has 15 research committees concerned with various aspects of
foundry technology.
Support for foundry and solidification research in Japan comes from several sources. These include the Japan
Society for Promotion of Science (JSPS), the Materials Process Technology Center (MPTC), and the Science
and Technology Agency.
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The JSPS has two committees relating to casting. The steelmaking committee (No. 19) deals with
solidification processing. The casting committee (No. 24) deals with cast irons, molding, aluminum bronze,
and near net shaping of large castings. JSPS currently is supporting research in thin-wall castings, nucleation
control of cast irons, and aluminum casting including semisolid casting.
The MPTC deals with shaped castings and is concerned with education, training, statistics, and technology
transfer. It is providing support in areas including solidification analysis, robotics, environmental control,
and recycling.
Prof. Umeda provided the WTEC team with details of several of his own widely recognized research
activities in areas including deformation behavior during solidification, phase selection in peritectic
solidification and initial solidification of stainless steels. He also outlined work on thin-wall castings and
directional solidification. Data he presented showed that the United States leads Japan in single crystal
production for aircraft, but that Japan leads in single crystal production for power generation, e.g., for
production of large blades 400 mm long.

SUMMARY
We were provided with detailed historical statistics for the Japan foundry industry for the years up to 1994.
In overall summary, the Japanese foundry industry produces castings at about the rate of 7 million tons/year,
or about half the U.S. production. Foundry production reached a peak of about 8 million tons in 1990 before
declining to its current level. The decline in production since 1990 has been primarily in gray iron, malleable
iron, and steel sand castings. Production of nodular iron sand castings and of aluminum die castings has been
essentially flat over this recent period.
By weight, the percent of total tonnage of each metal poured is about the same as in the United States, except
the percentage of aluminum cast in Japan is somewhat higher and the percentage of ductile iron somewhat
less. Major segments of Japanese production are gray iron (50%), ductile iron (26%), and aluminum (13%).

REFERENCES
Annual Statistics of Materials Process Industries, Japan, 1993. The Materials Process Technology Center,
Dec. 1994.
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Site:

Yamagata Seimitsu Chuzo Co., Ltd.
768-2 Narita Hachiman
Nagai City
Yamagata 993, Japan

Date Visited:

January 10, 1996

WTEC Attendees:

T.S. Piwonka (report author), H.W. Hayden

Hosts:

Nobuyoshi Sasaki, Chairman of the Board
Susumu Baba, President
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BACKGROUND
Yamagata Seimitsu Chuzo Ltd. (YSC) is the production foundry established by Mr. Sasaki, who is also
president of CADIC Corp., which the WTEC team visited as well. The foundry uses the CADIC investment
casting process and was originally established to train licensees in that process. It has since become a
production foundry, which is today the 12th largest investment foundry in Japan according to sales dollars. It
ships 15% by weight of all investment castings made in Japan.

RESEARCH AND DEVELOPMENT ACTIVITIES
Research and Development activities are carried out by CADIC Corp. This foundry is still a training site for
CADIC investment casting licensees and could be used as a site to train foundries that use the CADIC
Convert Mold process, which grew out of the investment casting process. CADIC does not plan to license
that process but merely to sell the silicate solution.

PRODUCTION APPLICATIONS
The CADIC system is described in a publication (Sasaki 1994), which was presented at the 27th ISATA
Conference and was distributed at the WTEC visit to CADIC. It was developed in 1986, based on technology
originally acquired from East Germany in 1981. It has been licensed to ten companies subsequently, although
a number of those licenses have expired.
At the present time the technology is driven by the material requirements for hotter, more efficient automobile
engines and lighter cars. These requirements, in the opinion of Mr. Sasaki, mean that conventional cast iron
will be too heavy and will lack the necessary properties to meet the requirements of modern automobiles.
Instead, cast iron components must be replaced by alloy and stainless steel. The idea behind the CADIC
investment casting system is to bring the cost of investment casting down to a level that is competitive with
other manufacturing methods, so that it is attractive to the automotive industry. He sees exhaust manifolds,
camshafts, and brake and steering components as potential products.
Mr. Sasaki estimates that the average cost of conventional investment castings in Japan is around ¥5000/kg,
whereas in the United States the costs are perhaps ten times lower. The difference in cost is due to higher
labor and material costs and energy costs that are three times as high in Japan as in the United States.
The plant has 60 employees and operates one shift, except in dipping, where two shifts are necessary.
Patterns are automatically injected and are attached to the downsprue as fast as they are removed from the
pattern die (the wax press operator also trees up the patterns on the sprue). The downsprue is a hollow steel
tube, which has been dipped in wax. An automated dip line, of very simple but clever design, is used to dip
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and sand the clusters. Silica sand is used as the stucco; it is obtained locally and is inexpensive. Clusters are
autoclave de-waxed and poured manually. Induction melting is used.
The most interesting aspect of the CADIC system is that the castings are fed through extremely small gates.
This allows the castings to drop off the downsprue when the ceramic is removed using conventional knockout (vibrating hammer) techniques and eliminates the need for separate casting cut-off operations. In spite of
the small gates, sound castings are possible because the arrangement of castings on the cluster is such that
there is a strong thermal gradient established from the outer surface of the casting to the surface near the
sprue, which encourages progressive solidification and eliminates shrink. This gradient can be enhanced by
spraying water on the exterior of the cluster during casting solidification.
YSC does not use solidification simulation programs to gate castings and also does not use any rapid
prototyping technology because the present cost is prohibitive. WTEC team members saw no control charts
posted in the dipping area. The team was shown YSC’s quality engineering and inspection area and saw that
scrap causes were carefully noted and entered into a computer.
YSC recovers heat given up during solidification and uses it for space heating. It has built a special duct that
surrounds the solidifying castings and captures the heat. Used ceramic is disposed of by giving it to a rubbish
collector. Since disposal of molding material as landfill in Japan is regulated by individual prefectures, the
rubbish dealer is today still able to find a nearby prefecture to which to haul the refractory. At the present
time it is far more expensive to attempt to reclaim the material than to dispose of it.
As a small independent foundry, YSC representatives indicated that they found it very difficult to hire
qualified engineers, particularly out of college. While part of the problem is their location (they are in a small
town far away from large cities) and part of the problem is that foundries are not generally considered to be
desirable places to work, in Japan the best graduates go to large corporations. If the corporation has a
foundry, these graduates may be assigned to it, but small independent foundries find it nearly impossible to
recruit engineers.
They also indicated that they believed that MITI was not especially interested in the foundry industry and that
one reason that foundry research in Japan is limited is that Japan has no defense industry. Another concern
about MITI was that MITI managers change so often that is not possible to educate them properly about the
foundry industry in time for them to take action that would help the industry.
YSC managers foresee that foundries will increasingly move from Japan to sites in Southeast Asia, following
their major customers who are moving to take advantage of lower land and labor costs and local content laws.
They do not foresee that Japanese environmental regulations will force foundries to move from Japan.

REFERENCE
N. Sasaki. 1994. “CADIC System: Using Precision Casting Techniques to Produce Thin-Wall Cast-Steel
Parts to Reduce Automobile Weight,” paper 94NM073, Proceedings of the Dedicated Conference on
New and Alternative Materials for the Transportation Industries, 27th ISATA, Aachen, Germany,
November, p. 237.
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Site:

BMW Foundry Division
BMW AG
Ohmstrasse 2
84030 Landshut, Germany

Date Visited:

April 4, 1996

WTEC Attendees:

P.H. Mikkola (report author), D. Apelian, M.C. Flemings

Hosts:

Reinhard Woltmann, General Manager
Dr.-Ing Achim Keidies
Uwe Michallik
S. Jagodzinski

Others:

C. McCurdy, B. Smith, General Motors

BACKGROUND
The BMW aluminum casting operation is located in Landshut, Germany, about 50 miles northwest of
Munich. This relatively new casting complex was started in 1986; operations began in 1991 when the casting
operation moved from Munich. It is the largest low pressure, semi-permanent mold aluminum foundry in the
world. This is a captive shop, currently manufacturing only parts for BMW, but Landshut managers are
interested in expanding their casting sales.

MANUFACTURING
This modern aluminum manufacturing plant employs high pressure die cast, gravity, and low pressure
permanent molding, sand casting, and a lost foam development cell. The site is a multi-level foundry with
varied operations on each level. All equipment is monitored by a computer information system that reports
both inventory control and manufacturing process data.
The process begins by either melting aluminum or purchasing liquid aluminum from the secondary industry.
Molten aluminum is transported by trucks in high temperature ladles from as far away as 200 miles. The
aluminum is held in gas-heated furnaces until needed at the casting machines, at which time fork trucks
transfer it via ladles.
Casting production of transmission cases, motorcycle cylinder blocks, and oil pans is done on high pressure
die cast machines. More complex cylinder heads and engine blocks are done using the low pressure semipermanent mold process. Cores for this process are transported by a driverless transport system. Cores are
made in both shell and cold box processes, and all sand is recycled via thermal recycle units. Green sand
castings are used for low volume (V-12) blocks and heads and intake manifolds. This area is also used to
make prototype and pre-production parts. (Sixty-five percent of production is from the low pressure semipermanent mold technique. These machines have a high degree of automation and are operated in the cell
concept. The quality of the products looks excellent.)
A recent effort has been an advanced development of lost foam for cylinder head applications. BMW has
installed a state-of-the-art lost foam development facility. It also has hired talent in the area of mechanical
engineering and material science to advance this technology. BMW will be a major player in this technology
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in future years. It is currently installing a high volume production line purchased from the United States for
production of an L-6 cylinder head. The value added to this cylinder head using lost foam was to reduce its
mass by 3 kg and to cast a number of features into the cylinder head, impossible by other techniques. BMW
has discovered that this casting technology, relatively innovative as compared to other techniques, requires
both technical and operator skills higher than the more mature sand and metal mold casting processes. The
company is using its prototype operation to train the labor force and make advanced products for testing.

SUMMARY
BMW is a leading aluminum caster in the world. Its experience and success in low pressure casting
techniques have been a model to the industry. The casting plant is spacious, with technology applied to
reduce the labor content of product. The tools to assure good metallurgical and dimensional quality of the
castings are also there. Some value added machining is done where it creates value. No complete machining
of castings is done at the foundry nor is there any secondary melting other than of sprue and gates.
The metal yield of the low pressure operation is outstanding (in the 93% range), but the 6 min. cycle time is
somewhat long. As with all castings plants WTEC visited, the internal air quality could be improved. In
keeping with the tradition of German craftsmanship, many signs of complex high quality products
manufactured with sophisticated equipment were evident. Pride in the operation and the final products was
evident throughout the workforce. Everyone was willing to show and explain how his machine or operation
worked.
As with other European operations, WTEC’s BMW hosts expressed the view that the metal casting industry
was not attracting the best and brightest students. They believe that the fields of business and law attract the
best, with engineering well down the list. Only steel mills and mining rate below foundries as good places to
work. Colleges teaching foundry engineering have a difficult job attracting enough students to keep their
classes full. There is also a major unemployment problem in the entire manufacturing sector. Eastern
European countries are getting much of the high labor content manufacturing such as foundries as a result of
their lower labor costs.
BMW casting operations do not use university research to a great degree. A couple of examples were cited
but in general development work is done internal to the organization. BMW does, however, play an
important role in the culture of Landshut as it attempts to harmonize society and industry in the area.
BMW does use advanced technologies such as rapid prototyping, computer simulation, and CMM technology
to increase the speed to market and to measure and reduce process variation.

REFERENCE
BMW AG Landshut Factory. Brochure.
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Site:

Buhler Ltd.
CG-9240 Uzwill
Switzerland

Date Visited

April 3, 1996

WTEC Attendees:

D. Apelian (report author), M.C. Flemings, P.H. Mikkola

Hosts:

Stefan Fritsche
Andre Notter
Ruedi Beck
Sebastian Hirschberg
Leo Iten
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BACKGROUND
Buhler is a worldwide engineering group active in the design and construction of plants and equipment with
headquarters in Switzerland. It has vast technological expertise and engineering know-how in plant
engineering, with capabilities covering key technologies for major production processes including food as
well as metal – ranging from chocolate manufacture to die casting. Buhler was established in 1860, and the
company has been owned by the Buhler family since its inception. It started out as an iron foundry and soon
shifted its main activity to the design and construction of flour mills. Today, Buhler supplies systems and
plant equipment for a variety of industries including pasta manufacture, grain milling, animal feed, waste
processing, bulk handling, and high pressure die casting. It can be seen that Buhler has a presence in a
variety of process technologies.
The Buhler group has 6,000-7,000 employees worldwide. Annual sales are on the order of 1.2 billion Swiss
Francs. The food industry makes up about 70% of sales, die casting about 12% (including the die casting
foundry in Winken), and non-food businesses provide the rest.

RESEARCH AND TECHNOLOGY
The WTEC team visited the headquarters in Uzwil and, in particular, visited the group responsible for the die
casting sector. Buhler is a well-known die casting equipment manufacturer. It has a long tradition and a
strong reputation in high quality equipment. Buhler has several strengths and assets:
•

Application of process controls to die casting equipment allowing flexibility and manipulation by the
user to affect end product quality

•

Strong expertise in die design and manufacture

•

Modular design and flexibility of apparatus allowing control of the pressure or velocity profiles

Figure 4.1 (p. 28) from Buhler portrays gate velocity as a function of casting pressure, wherein various die
casting technologies are displayed. Specifically, one can see gravity die casting and low pressure die casting
at the bottom left hand corner at lower gate velocities and lower gate casting pressures whereas squeeze
casting and semisolid casting (SSM) require higher casting pressures but not significantly higher gate
velocities. Buhler has a very good understanding and a corporate philosophy of having a holistic view of the
industry, providing equipment to the industry that enables flexibility in the application of gate velocity and
casting pressure. In other words, Buhler equipment removes many of the constraints on the user in that a
variety of technologies can be applied.
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Buhler’s “SC” series of machines sets it apart from the rest of the die casting equipment manufacturers. The
SC machines feature real-time, closed-loop control systems that reflect many years of Buhler experience.
Through this technology, Buhler enables the die caster to successfully heighten the level of quality with the
use of properly located valves on the discharge side of the cylinders, in conjunction with control of the
injection curves. The process can thus be adapted to match the part to be cast according to the exact setup
requirements. In 1989 at the Gifa Show, Buhler introduced the first real-time, closed-loop controlled
machine. In 1996, Buhler introduced a second generation of SC machines incorporating real-time closedloop controls.
The SC series includes three different models: SCD, SCF, and SCN (Fig. Buhler.1). The SCD has a smallshot cylinder for high dynamics, and the machine operates at high-shot velocities. It provides pressure
intensity for high final compression, and it is suitable for a wide range of components requiring high integrity
die casting. The SCF (F standing for flexible) uses a large shot cylinder for high filling forces. This machine
is suitable for flexible applications up to and including squeeze and SSM casting, especially for parts with
special requirements. SCN (N stands for Newtech) has a large shot cylinder for high filling forces and a
pressure intensifier for high final compression. This machine is aimed at the most exacting new applications
of semisolid metal casting and squeeze casting.
Moreover, upgrading of SCF to SCN is possible because of the modular design of the Buhler machines. The
pressure intensifier can be retrofitted depending on the need. The flexibility provided by SC technology can
be seen in Table Buhler.1 where SC characteristics and casting technologies are outlined. For example, the
table shows applications of SC technology in squeeze casting as well as for thin, large area castings. The
details of the SC series and the range of locking forces, as well as the velocity curves, are shown in Figures
Buhler.2, Buhler.3, and Buhler.4. At the shot end the distribution of the velocity in the shot sleeve can be
seen for SCD as well as SCF. It is quite apparent that the Buhler machines provide a tremendous amount of
flexibility and operational maneuverability for the die caster, up to and including high integrity castings.

Table Buhler.1
SC Technology
SC-Characteristics

-Flexibility
Filling/Velocity
Phases
-Flexibility
Freezing/Pressure
Phase
-High Shot Capacity
-Compensation for
Metering
Fluctuations
-Minimum Flash

Casting Technology
Thixo
Casting

Squeeze
Casting

Thin,
large area
Casting

Sand Core
Die Casting

Composites

Magnesium
Die Casting

z

z

z

z

z

z

z

z

z

z

z

z

z

z

z

z
z

z

z

z

z

z

z

z
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Fig. Buhler.1. SC technologies.
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SC-II
- Problem-free adaptation to existing
productions
- Highest velocity, e.g. for magnesium
- Full variability of the shot curve and digital
real- time closed-loop control
- With small cylinder and intensifier

Fig. Buhler.2. Details of the SC series (SCD).

SC-II
- Extremely high filling pressures
- Immediate build-up of the final pressure
without intensifier
- Simple injection unit
The flexible machine for a wide application
spectrum, real-time closed-loop controlled

Fig. Buhler.3. Details of the SC series (SCF).
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SC-II
- Complete range from 2600 kN to 8400 kN locking force
- Three process-specific shot ends available for each locking force size
- Minimized spare parts stock and quick mastering of machine due to
consistent standardization
Complete, process-oriented series, real-time closed-loop controlled

Fig. Buhler.4. Details of the SC series (machine concept).
The WTEC team members spent quite a bit of time discussing die design with the Buhler hosts. They have
much expertise in the intricacies of die design. The WTEC team then visited their pilot plant where squeeze
casting as well as semisolid casting of aluminum was taking place and semisolid processing was
demonstrated. The manufacture of automotive components via SSM was in pilot production. All in all it was
a most impressive operation.
It is clear that Buhler has a lead position in the die casting industry because of its ability to provide modular
design, process control, real-time closed loop control, and insight into the casting technologies of the future.
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Site:

CTIF
44, Avenue de la division Leclerc
F92318 Sevres Cedex, France

Date Visited:

April 5, 1996

WTEC Attendees:

D. Apelian (report author), M.C. Flemings, P.H. Mikkola

Hosts:

Jean-Louis Fouret, Director of Technology
Alain Reynaud
Patrick Hairy
Jean-Marcel Masson
Michel Stucky

BACKGROUND
The Centre Technique des Industries de la Fonderie (CTIF) is a research institution designated to serve the
French foundry industry, which is an over Fr 30 billion industry employing 50,000 people. There are 160
professional and non-professional employees at CTIF, most of them located at the main central facility in
Sevres. There is a small staff at the CTIF satellite branches at Charleville, Tours, Saint-Dizier, and LyonVilleurbanne. The funding for CTIF comes totally from the industrial sector: it receives no government
funds. CTIF’s annual budget is about Fr 75 million (about $15 million). Two-thirds of this comes from
membership fees while the other third comes from services rendered — i.e., consultation and specific custom
tailored projects. The membership fees are dictated by the Syndicat General des Fondeurs de France (SGFF);
the fee structure was 0.31% of company sales at the time of the WTEC visit. SGFF sets the fee structure and
mandates that the industry support CTIF for a five-year period. SGFF evaluates this mandate every five years
based on its evaluation of CTIF’s performance. Foundries with fewer than 10 employees do not pay a fee.
CTIF’s research agenda is decided through a committee structure. There are six technical committees
representing various sectors of the industry, each made up of 10 foundrymen. These committees meet several
times per year and, through dialogue and discussion, the research agenda of CTIF is set.
Technology transfer and dissemination of information is a very important agenda for CTIF. Reports are
written and become one of the main vehicles for information dissemination. Also, special focus meetings as
well as special seminars are held throughout the year. Training is another important agenda item for CTIF.
In addition to generic courses such as on ISO 9000, CTIF also offers custom-tailored courses for the
industrial sector. Some recent examples of such courses are high pressure die casting technology and quality
enhancement in die castings. CTIF also is embarking on distance learning to reach out to the foundry
industry not only in France but also elsewhere in Europe. CTIF has an excellent library collection of 200,000
foundry items, a great resource for the industry.
Regarding the foundry industry in France, CTIF personnel indicated that they were also having difficulties in
recruiting good people. As in other parts of Europe (and in Japan), some of the best students are pursuing
interests in management and finance rather than in technical fields such as foundry technology.

RESEARCH AGENDA
CTIF’s research agenda covers a wide spectrum of foundry related issues:
•

metallurgy of cast irons, steels, light alloys and copper based alloys
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•

foundry processes including sand processes, lost foam, die casting, investment, core processes, and
cupola and induction melting

•

solidification modeling

•

environmental issues — air and water cleanliness and waste treatment of sand, dust, slags, etc.

•

TQM implementation methods, ISO 9000 certification

•

household heating and kitchen stove inspection standardization

Specific to metal-mold processes, there are numerous projects related to die casting:
•

DIADEM expert system for diagnosis of defects. This knowledge based system has three main
functions: diagnosis of defects, determining the most probable cause, and proposing a remedy.

•

QUALIFLASH apparatus for testing the inclusion quantity in an aluminum bath. This is used as a go nogo test; it is a simple test and uses a small quantity of metal. Sample cleanliness is estimated on-line by
the use of a specially designed ingot mold that measures the quantity of metal which passed through a
filter.

•

ANAPROD software to analyze causes of downtime in die casting machines. It is a Windows-based
system and provides corrective measures, predictive maintenance planning, and statistics for each
machine, each part or die, and each worker.

•

SYSTAPRE and ANGLE software to calculate gating of die casting dies. The program aids the design
and calculation of die gating systems for dies. Optimum die filling conditions are provided and the
program calculates all dimensions of tangential, fan, and main runners.

Other key developments at CTIF are green technologies (environmental issues) and standardization for
molded alloys and cast products.
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Site:

Georg Fischer Disa A/S
17, Herley Houedgade
DK-2730 Helev
Denmark

Date Visited:

March 31, 1996

WTEC Attendees:

P.H. Mikkola (report author)

Hosts:

Peter D. Sorensen, President
Dr. Preben N. Hansen, General Manager

Other:

B. Smith, General Motors

BACKGROUND
Georg Fischer Disa A/S is a joint venture group that is both part of the A.P. Moller Group and of Georg
Fischer GF of Switzerland. Georg Fischer Disa in total employs 1,473 people, 530 in Denmark. The
manufacturing facility visited is located just outside of Copenhagen, Denmark. Georg Fischer Disa has sales
of about $250 million. Its operations are divided into five business units: (1) Foundry Planning —
Schaffhausen, Switzerland; (2) Foundry Machines — Denmark and Michigan; (3) Foundry Plant Engineering
— Schaffhausen and India; (4) Shotblast Machines — Karlsoube, Germany, and Oklahoma; and (5)
International Sales and Service — Chicago, Paris, Germany, the United Kingdom, and Japan. Georg Fischer
Disa employs about 1500 people worldwide. About 76% of total sales are in Europe and 15% in the United
States. Disa, which owns half of Georg Fischer Disa, is a member of A.P. Moller, which is the largest
shipping company in Denmark. Its cargo line is Maersk.
The company Disa is well known for its disamatic, high production rate, flaskless molding machines. There
are 1138 Disa molding lines of varied sizes in operation worldwide. This makes Disa the largest green-sand
molding machine supplier in the world. It combined with the George Fischer group to form Georg Fischer
Disa in November 1995.
A recent effort has been in development of a green sand technology to produce consistent quality aluminum
castings.

MANUFACTURING
The Georg Fischer Disa manufacturing area is dedicated to manufacturing molding and related equipment for
the casting industry. In Denmark it manufactures flaskless molding machines of varied sizes. The major use
of these molding machines is to produce iron castings by this vertical flaskless technique. The molding
machines operate up to 400 molds/hour. The focus has been to minimize production costs, to extend uptime,
and to improve quality and customer operations. At the time of the WTEC visit there were 1,138 Disa
molding lines in production worldwide, accounting for 42% of all green sand iron castings poured in the
United States. This figure was only 0.6% for aluminum.
Disa operates a 40,000 m2 plant to manufacture and assemble machines in Denmark. All equipment is “hot”
cycled prior to shipment. The manufacturing plant includes two full sand systems and an advanced process
development and research area.
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ADVANCED DEVELOPMENT AND RESEARCH
Disa has a well-equipped process development lab working on methods for production of quality aluminum
castings. The lab has two molding machines, varied pouring techniques, and process monitoring equipment.
This lab creates the type of environment that would attract engineers interested in advanced process
development. The knowledge of the personnel on aluminum metallurgy and process requirements was
impressive for an equipment manufacturing company.
Disa’s green-sand development work is concentrated in the area of vertical flaskless operations. The
company has developed a gravity pour pressure assist feeding system to assure quality and improve yield of
sand castings. The technique applies a relatively low pressure (0.1 to 0.3 bars) on the top of the riser shortly
after castings are poured. This technique has proven to feed castings soundly while improving yield. This
concept is shown in Fig. Disa.1.
Disa also has developed a process for mold filling using an electromagnetic pump. This technique assures
that high quality oxide-free molten metal is used to fill mold cavities. This concept is shown in Fig. Disa.2.
In both pressure feeding and electromagnetic filling, computer simulations are used to predict results, and
extensive experimentation validates the concept.

Fig. Disa.1. Gravity-pour pressure-assist feeding systems.
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Fig. Disa.2. Concept of mold filling using an electromagnetic pump.

Disa is working on a third concept to enhance the cooling of aluminum by development of a magnetite
molding sand. The cooling power approaches that of zircon sand, which is greater than that of silica. The
molding media is crushed magnetite ore, bentonite, and water. The sand can be recycled, and after
breakdown it can be used as iron ore in steelmaking.
The dendrite arm spacing (DAS) for Na-modified melt treatments is in the range of 38 µm for the
magnetite/clay cast products. A complete overview of comparisons is in Table Disa.1.

Table Disa.1
Comparison of Cooling Power of Various Mold Materials*
Casting Process

Mold Material

Melt Treatment

DAS [µm]

ts [sec]

Gravity die

Steel

Na-modified

36

47

Magnetite/CO2

Na-modified

47

104

Silica/CO2

Na-modified

56

175

Zircon/CO2

Na-modified

43

80

Silica/clay

Na-modified

44

85

Magnetite/clay

Na-modified

38

55

Core

DISAMATIC

* Calculated solidification times using measured DAS values (DAS is an average of 5 readings). All tests taken
from 36 mm diameter test cylinders, cut 22 mm from cold end (opposite feeder).
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SUMMARY
Georg Fischer Disa, in understanding the movement of the casting market from iron to light metals, has spent
considerable resources to develop a high production molding technique for aluminum. The technique has yet
to be proven in high production but appears to be a technically sound approach to overcoming the perceived
weakness of sand-molded aluminum. With its sound engineering approaches, those application problems
occurring during the installation and evaluation of this technique will get the attention of the company.
Overall, Disa should be commended for working in this area of perceived high technical risk.
As with other WTEC hosts, Disa representatives expressed concern that engineering is no longer as desirable
a profession as it has been in the past. The casting engineering education system in Europe includes a B.S.
degree in engineering, followed by two years of special studies in castings to achieve a masters degree. The
current trend is to reduce the work experience during the education process. Disa views this trend as a
negative.
As the casting industry expands, Disa managers see India and China as high growth areas. They believe India
has the advantage because of its improved management techniques.
The interaction of universities with business to do research is not well defined in Denmark or Europe in
general. Very little company-sponsored work is done at universities. In addition, recent high unemployment
among graduating engineers has resulted in fewer students selecting engineering careers, with the fine arts
getting a greater percentage of students. The vision of the casting industry as one of poor working
environments, hard work, long hours, and relatively low pay results in the best and brightest students going
elsewhere.

REFERENCES
A.P. Moller. Brochure.
Disa Georg Fischer GF: Your Global Partner. Brochure.
“Disamatic Aluminum Project.” January 1996. (copy of slide presentation.)

146

Appendix C. European Site Reports

Site:

Pechiney Aluminum, CRV
BP 27, 38340 Voreppe
France

Date Visited:

April 2, 1996

WTEC Attendees:

D. Apelian (report author), M.C. Flemings, P.H. Mikkola

Hosts:

Jean-Francois Wadier
William Loue
Jean Charbonnier

BACKGROUND
Pechiney, a large private corporation in France (formerly a major national corporation that was recently
privatized) has corporate axes in the packaging industry and metal production — magnesium, aluminum, and
other refractory materials. Its annual sales are on the order of $8-9 billion/year. CRV is a major Pechiney
laboratory located in Voreppe, a suburb of Grenoble. CRV is the major research center for all the Pechiney
corporations including the packaging operations in North America. Over 400 professional and nonprofession staff work at CRV, covering a very broad spectrum of research activities from artificial
intelligence and process control to metal forming and polymer technologies. The annual budget for CRV is
$50 million, and the research laboratory space at Voreppe is around 400,000 ft2. The WTEC team visited the
solidification and forming processes sector, which is under the direction of Dr. Wadier. Figure CRV.1 gives
background on the organization of the solidification forming sector, which covers melting and casting, cast
alloys and foundry, and metal forming. The assets of the organization are given in Figure CRV.2, which
shows that the sector has a variety of facilities available for R&D purposes, covering everything from liquid
metal to the end product.
CRV is a major player in establishing ties and collaborative efforts with various groups around the globe. As
shown in Figure CRV.3, by 1994 CRV had 50 ongoing activities within public research universities and
laboratories in France. In addition to the French liaisons, CRV has strong ties with centers outside France as
well as outside Europe. CRV is also engaged in a variety of European projects such as the Eureka and the
Brite-Euram projects in packaging as well as aeronautical and automotive transportation applications. It also
has a major investment in educating the future leaders of CRV by supporting post-doctoral appointments at
20 universities around the world. These are students who, in lieu of military service, spend a year and a half
at a research laboratory overseas obtaining training for future research positions back in France.

RESEARCH AND DEVELOPMENT
Pechiney’s group in melting and solidification research is very strong in personnel, equipment and intellectual
property. It also is uniquely positioned in that Pechiney is one of the few aluminum producers in the world
that is in both the primary aluminum production business and secondary aluminum production. The company
is very much involved in recycling and thus has developed a great deal of expertise and proprietary
information in melting, removal of secondary phases (inclusions), degassing of molten aluminum, flexing, etc.
Moreover, since the casting operation is integrated into a corporation with an end product such as packaging,
the performance of the metal produced can be assessed in the marketplace. For example, the refining
techniques used during casting and the resultant performance in the beverage can industry can be measured
under one umbrella at Pechiney.
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SOLIDIFICATION AND FORMING PROCESSES SECTOR
Vocation
To study the casting and forming process for aluminum alloys,
to give technical assistance to production plants and to
bring processes on stream.
•
•

Melting and Casting
Liquid metal treatment and solidification
Casting of plates and billets, continuous casting, industrial
casthouse, ladle treatment, filtration

•

Cast Alloys and Foundry
Casting of aluminum parts (pressure die casting, permanent mold
casting, sand casting, squeeze casting, lost foam)

•

Metallurgy of cast alloys

•

Process of optimization (thixoforming, Alpress, Simulor)

•

Metal Forming
Rolling, extrusion, wiredrawing, deep drawing and ironing

•

Simulation of rheological phenomena

•

Metal forming processes and lubrication

•

Workshop for rolling, extrusion, deep drawing and ironing

Fig. CRV.1. Organization of CRV.

Casthouse
Molding
shop
Drawing and
ironing line
Production
Can end line
Extrusion
presses
Rolling mills

Fig. CRV.2. CRV’s assets.
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COLLABORATION WITH PUBLIC RESEARCH
•

In France: 50 ongoing actions (Universities, CNRS or other public laboratories, CEA, etc.)

•

In Europe, outside of France: 10 ongoing actions

•

Outside Europe: 10 ongoing actions (mainly in USA and Canada)

EUROPEAN PROJECTS
•

1 EUREAK: PACK.EE — “packaging, recycling, environment”

•

3 ARITE-EURAM projects — 2 “new materials for aeronautical and automotive transportation,” 1
“materials and processing modelling”

•

1 SCIENCE project — “measurement and testing methods”

TRAINING
•

20 post-graduates in external laboratories (CSN and theses).

Fig. CRV.3. CRV and the international scientific community (as of 1994).

Much effort is spent on semisolid processing, specifically on thixocasting. The R&D program is devoted to
the production of thixotropic billets as well as to the development of the thixoforming processes. The product
name of the thixotropic billets is ALTHIX; these are now being produced commercially on an industrial
scale. Currently available products are A356 and A357 in 3” diameter billets. Larger diameters are also
being developed. The corporate philosophy is that Pechiney will supply aluminum billets to independent
companies and will provide technical assistance to its clients. The emphasis is to contribute to the
development of thixocast parts, especially for the automotive industry. Potential applications for thixocast
components are parts needing high compactness such as brake master cylinders, ABS components, and fuel
rails as well as parts needing good mechanical properties such as engine supports, suspension parts, and
wheels. A schematic diagram of the billet casting process used by Pechiney is shown in Figure CRV.4. It can
be seen that the approach is to circulate the fragmented dendrites in the hot top of the continuous casting
apparatus. The hot top, the inductors, and the water chamber needed to control the cooling rates and to
fragment the dendrites through electromagnetic steering can be noted on the schematic diagram.
The solidification group at Pechiney has also devoted considerable effort to the lost foam process, and has
developed a process technology for carrying out the solidification of evaporative pattern casting (EPC) under
controlled atmosphere and under a pressure differential. The apparatus is quite substantial, and the group has
a great deal of expertise in defect prevention and control of such defects during EPC. The laboratories and
the cast shop facilities are most impressive, with state of the art equipment and very qualified personnel.
Pechiney has made a significant commitment to the development of solidification modeling to predict casting
quality. The model it has developed and is commercially supplying is called SIMULOR, an integrated model
which addresses the liquid from filling the cavity to final solidification, yielding an integral simulation model.
SIMULOR integrates easily into any process from initial design to manufacture and provides integral
visualization of mold behavior at the pre-design stage. With SIMULOR it is possible to predict the integral
behavior of a mold to a high degree of accuracy before the mold has been designed. Even though the
calculations and the background are highly complex, SIMULOR is extremely easy to use. User friendliness
and interactivity are the main features of its language, and many foundries in Europe and some in the United
States are using this solidification modeling software.
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Fig. CRV.4. Billet casting: ALTHIXTM EM-stirred DC casting.

Trends observed and discussed during the WTEC team’s visit are summarized below:
•

For aluminum, 80% of the castings are used for automotive applications

•

Pechiney anticipates new parts for aluminum brakes

•

For the specific application of wheels, in Europe 25% of the wheels produced are aluminum; this figure
is 40% in the United States

•

All cylinder heads and pistons in Europe are made of aluminum

•

50% of engine blocks made in Europe are aluminum

•

In Europe about 62% of aluminum casting is done via high pressure die casting; 27% is done via sand
casting

The French have excellent expertise in semipermanent mold technology and do not excel in die casting
technology, whereas this is the reverse for the Italians. In contrast to Japan, many parts made in Japan via
squeeze casting are made by permanent mold in France. Lost foam technology is not penetrating in France.
The problem of folds and the difficulty of not being able to detect via x-rays are major obstacles.
In 1995 Pechiney produced 70,000 tons of primary and 50,000 tons of secondary aluminum (compared to
100,000 tons of casting produced at GM in 1995). As indicated earlier, a major asset of Pechiney is its
expertise in secondary aluminum production.
The R&D facilities at Pechiney are quite impressive, and it is a major research laboratory in metal casting in
France.
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Site:

Teksid
Aluminum Foundry Division
1022 Carmagnola
Turin, Italy

Date Visited:

March 29, 1996

WTEC Attendees:

P.H. Mikkola (report author)

Hosts:

Piero Maritano, C.E.O.
Sergio Gallo, Honorary Chairman
Massimo Fracchia, President - Teksid Inc.
Riccardo Tarantini, Vice President and General Manager
Paolo Barban, Vice President Engineering
Luigi Giachino, Senior Sales Engineer
Giampiero Capello, Lost Foam Plant Manager
Marcello Badiali, Lost Foam Engineering Manager

Others:

D. Flatt, B. Smith, General Motors

BACKGROUND
The Teksid group is one of the largest metallurgical component casters in the world. Its casting plants are
located in Italy, Poland, Brazil, Mexico, and the United States. The cast products are focused on the auto
industry although the company does produce aerospace, biomedical, defense, and special alloy castings.
Teksid is the world’s largest manufacturer of automotive cylinder heads, casting seven million aluminum
cylinder heads each year. Varied casting techniques are employed: semipermanent mold (gravity), high
pressure die cast, sand cast, and lost foam processes. The company is a leader in both process and product
advance development. Most recent efforts have been in the areas of lost foam, magnesium and SiC(p)
reinforced aluminum metal matrix composite (MMC) cast products. The majority of the research and
advanced development has been conducted in Turin, Italy.
Teksid is part of the Fiat group, which in January 1978, combined its Iron Foundry Division, Aluminum
Foundry, and Steel Components into a separate company. Fiat had been in the casting business since 1917.

MANUFACTURING
The Iron Foundry Division manufactures gray and nodular iron castings with two plants near Turin, Italy, a
plant in FMB Betim, Brazil, and one in Skoczow, Poland. These operations have 70 years of experience
producing gray iron cylinder blocks, cylinder heads, camshafts, disk brake rotors, brake drums, and parts for
the refrigeration industry. Nodular iron is produced for crankshafts, connecting rods, camshafts, steering
knuckles, suspension arms, and varied brake parts. The production volumes of the iron casting plants are
180,000 tons/year in Carmagnola, 245,000 tons/year in Crescentino, and 120,000 tons/year in Betim, Brazil.
Developments in the iron plants are focused on process improvements to reduce labor content as well as on
variation reduction and on quality improvements. High pressure sand molding with in-line controls are
poured with automatic pouring equipment; both horizontal and vertical high speed molding lines are used.
Robots are used to handle larger cores for dipping assemblies, and core setting is done with fixtured
equipment to assure dimensions. There is significant application of automation to casting processing and
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inspection, which includes in-line dimensional checking and spheroization checks on nodular iron parts. A
smaller operation manufactures lost foam iron castings in both nodular and gray iron.
Computers are used during the design cycle, and varied product component tests are conducted. These
include fatigue, strain analysis, and FEA, plus computer simulation of metal solidification.
The equipment was well maintained in the plants the WTEC team visited in Italy. The plants are spacious,
applying state-of-the-industry automation to assure competitive cost relative to the United States, Europe, and
Japan. As with many iron-sand foundries worldwide, the working environment at Teksid continues to need
attention. The workplace is in good order with process flow and inventories at effective levels. It is also
apparent that attention to detail and training are a priority of management.
The Aluminum Division is the company’s highest growth area, with recent capacity increases in varied areas
of the world. The Carmagnola foundry produces 30,000 tons/year of semipermanent mold castings, 25,000
tons of high pressure die castings, and 700 tons of lost foam. This operation is expanding its lost foam
operation, from approximately 30 boxes/hour on one molding line to a total of 140 boxes/hour on three
molding lines, with the installation of two lines with capacity of 55 boxes/hour. Much of the equipment is
being manufactured in Italy. Teksid has made extensive use of U.S. technologies to help develop its lost
foam process. To make room for the expansion of lost foam operations, a portion of the high pressure die
casting is being transferred to the casting plant in Poland.
Teksid is committed to make this operation at Carmagnola a showplace of technology for high volume
production of aluminum. The work pace of the employees and the spacious high bays make for an impressive
operation. The lost foam operation is focused on value-added features for the customer such as cast in water
and oil lines, light weight features, and zero draft. Teksid currently is manufacturing intake manifolds and a
complex overhead cam carrier. The future programs include blocks and heads for the automotive industry.

RESEARCH AND DEVELOPMENT
Teksid continues to be active in advance product and process development. WTEC’s hosts did not review
any basic research work, and it is assumed that this is an area in which they are not active. The majority of
work is in process development, using varied cast products to showcase the technology.
One of the major new areas of process and product development is in magnesium castings. An example of a
cross member for an automotive application is shown in Fig. 5.6 (p. 37). This component is 50% lighter than
a comparable steel fabrication, a features a reduced part count (from a 12-piece weldment to a one-piece
casting) at the same cost. Figure 5.7 (p. 37) shows a cast auto seat whereby a 55-piece fabrication is made
with three castings in Mg. There may be other product developments that were not shown to the WTEC team
because of customer-supplier relationships.
In the area of process development, most new processes are developed to reduce the labor process variation
and the environmentally difficult jobs of casting operations. These include robot casting degating, auto
pouring, robotized palletizing, CAD/CAM interfacing to assure reduced dimensional variation, robotized
casting defining, and automatic pouring.
Technical training for the work force continues as a priority for Teksid’s operation. The facility WTEC
visited had a clean, well-designed training center for employees.
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SUMMARY
As with many major casters in the world, Teksid continues to look at cost as the major challenge. As we have
seen elsewhere, the higher labor content operations are being relocated into countries with lower labor costs.
Teksid, unlike many companies, continues to apply technology where required to continue to improve its
value to its customers. It manufactures most of its tools and dies and therefore controls the entire value
systems from part to casting via tool design, part testing, computer applications for process simulation, tool
design and dimensional control. Teksid’s ISO 9000 certification effort will continue its trend toward process
variation reduction, work force training, and better understanding of casting technology.
Teksid managers view attracting new, young talent to the industry as a major problem. Casting technology is
not an area of choice of young people entering engineering education. In fact, engineering is not even
preferred by the best and brightest students in Italy. The work in the casting industry is considered too hard,
too dirty, and too low technology to attract today’s students. This applies to manufacturing in general with
casting near the bottom of the list of selections.
Teksid does the majority of its research and development within its company. Teksid uses university research
to better understand metallurgical technology related to specific issues raised in product and process
development, but consultants with knowledge in relevant areas are also used from around the world. Teksid’s
technology staff is sound and has leadership with a good vision of future casting requirements.
Teksid has recently announced the building of a new foundry in Mexico for supplying the U.S. auto industry.
It also has signed agreements to begin manufacturing in China and India.

REFERENCES
Iron Foundries. Teksid brochure.
Getti Speciali. Allutek, gruppo Teksid brochure.
Leading Specialists in Aluminum Quality Castings. Alutek, gruppo Teksid brochure.
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Site:

VAW alucast GmbH
Industriepark Staustufe
D-66746
P.O. Box 1367
Dillingen (Saar), Germany
Tel.: 6831-906-155; Fax: 6831-906-139

Date Visited:

September 20, 1995

WTEC Attendees:

T. Piwonka (report author)

Hosts:

Dr. Azita Khalili, Technical Director

BACKGROUND
VAW alucast GmbH is a greenfield foundry that began production for the first time in early 1995. It is
dedicated to the production of aluminum alloy cylinder blocks and heads for Ford. The foundry is a
subsidiary of VAW, a large German metal conglomerate that specializes in aluminum. Capacity is rated at
two blocks or two heads every 45 seconds, with manpower at less than 65 workers per shift (many of whom
are maintenance crew, since the plant is highly automated). At full production, this plant appears to be able to
out-perform die casting plants that have a higher capital investment.

PROCESSING DETAILS
The plant has an in-line layout as shown in Fig. VAW.1.

make cores

pour

heat treat

shakeout and
cut-off

rough
machine

ship

Fig. VAW.1. Plant in-line layout.

Molds are made of silica sand, bonded by phenolic urethane, and assembled in “core packages.” No green
sand is used. The head core package consists of eight layers of cores, which are assembled by robots. For the
blocks, the base and crankshaft cores, as well as the oil galleries, are set by hand; all other cores are set by
robots. When the core packages are assembled, they move on to the pouring station.
VAW uses the Georg Fischer “Contact Pouring” method, in which a bottom-pour ladle contacts the top of the
mold and a stopper rod is raised, releasing metal into the sprue. In the VAW gating system, the metal drops
to a bottom runner, which then feeds upward through gates and risers. Electric and gas furnaces are used and
the metal is Sr modified. When the mold is full, the core package is rotated so that the risers are on top. A
filter is placed in the runner system.

154

Appendix C. European Site Reports

When the castings have solidified but not cooled to room temperature, the entire mold is moved into the heat
treat furnace. Here the temperature of the furnace burns off the resin binder (which provides half the heat
generated to run the furnace) and while the castings are being heat treated, the sand falls off onto a conveyor
belt which runs to a cooler so that the sand can be reused. At shake-out, a robot grabs each casting and
manipulates it so that the remaining sand falls out of the internal passages. The castings then progress to gate
and riser cut-off and rough machining before being palletized for shipping. All machining chips are recycled
within the plant. Solidification modeling has been used to gate the castings. There is interest in investigating
the mold-blowing mechanism.
Note that this plant was in the start-up stage at the time of the WTEC visit and that production details may
well have changed within the following year. VAW has plans to open a new foundry in Mexico to serve the
North American market.
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AAP St. Marys Corp.
ADCAST
Aludelta™
APE pins
ANAPROD

ANGLE
AOD
austempering

CADIC convert mold

captive producer
cermets
chill surface
cold isostatic pressing
(CIP)
CLA and CLV

Clearpor

CMM machines
DIADEM
The Dream Process

A U.S. operation of Hitachi Metals that produces wheels, located in Wisconsin.
A new process for casting titanium alloys developed at Tohoku University.
Thermal analysis equipment sold by MPT products; used to monitor the level of
grain refinement.
Corepins that extend into the casting during solidification: they help to eliminate
solidification shrinkage.
Software program developed by CTIF to analyze the downtime causes in die
casting machines. It is a Windows-based system and allows corrective measure,
predictive maintenance planning and provides the statistics for each machine, each
part, or die, and each worker.
Software developed by CTIF to calculate gating of die cast dies.
A steel refining treatment used to control the carbon content of the steel.
A heat treatment given ferrous alloys, such as steel and ductile iron, which refines
their structure and imparts excellent mechanical properties. It permits ductile iron
castings to be made with mechanical properties comparable to that of steel.
A process that converts resin-bonded cores to silicate-bonded cores suitable for
use in preheated molds. In the convert mold process, conventional resin-bonded
molds and cores are immersed in a sodium silicate solution, which is allowed to
fully penetrate the sand body. Then the mold is fired at an elevated temperature,
burning out the resin and setting the silicate bond. The core or mold can be
poured immediately, at elevated temperatures. This allows the pouring of ferrous
alloys in thin sections or under conditions where the cooling rate can be slowed to
improve casting characteristics.
A production operation for which the product is used within the company rather
than for outside sales.
Ceramic/metal materials.
A mold or mold surface having a very high heat transfer capability, such as a
water-cooled metal plate.
A process using high hydrostatic pressure to compress powders into parts at
approx. room temperature (used by Kyocera, for example, for making Si3N4
components).
Counter gravity mold filling processes in which the metal is introduced into the
sand mold from a bath beneath the mold, instead of being poured into the mold
from above. The processes significantly reduce oxide inclusion formation,
decrease finishing costs, and decrease the amount of gates and sprues that must be
remelted. The A designates air melt, and the V designates vacuum melt.
A lost foam pattern material developed by Mitsubishi Yuka Badische, a Japanese
joint venture of Mitsubishi Chemical of Japan and Badische of Germany and used
extensively by Morikawa.
Coordinate measurement machines.
An expert system developed by CTIF for the diagnosis of defects.
A name which Morikawa gives to a variation on the lost foam process, in which
vapors from the decomposing foam are burned off above the mold. This serves
the dual purpose of combusting the vapors, and it also draws a vacuum on the
mold, increasing its integrity during pouring.
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Eutectic Al-Si

+fcc Fe structure
FDM
Georg Fischer treatment
H-Alloy
HIBASE
HISPLIT
HIPAC-11
HMRAC

hot isostatic pressing
(HIP)
Hypereutectic Al-Si
KN

LAIS
LIMCA
Magmasoft™
magnetostriction
MC
MHD
Misch metal

NSHR-F steel
PASOP
PODFA
Qualiflash
RIC
RX 1000
SCAST
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The aluminum-rich alloy of silicon in aluminum which solidifies in the eutectic
structure (about 11.6% Si). The eutectic structure is a unique metallurgical
structure in which two phases are intimately intermingled.
Face-centered cubic crystal structural forms of iron.
Finite difference model, a numerical method of determining numerical answers to
problems defined by differential equations.
A method of adding pure magnesium to molten iron in a reaction chamber to
produce nodular iron.
A trade name for the composite casting of two different alloys.
A trade name for cast product to support buildings.
A trade name for a cast product to join beams in the construction of buildings.
A casting technique developed by Hitachi Metals that uses high pressure to avoid
creating fins at parting lines.
A casting technique developed by Hitachi Metals that uses pressure below
atmosphere to enhance casting thin sections of both steel and iron. The reduced
pressure (vacuum) is applied during the gravity pouring process.
Process using high hydrostatic pressure and high temperature to compress fine
particles into coherent parts (used by Kubota, for example, to produce skid buttons
from a chromium matrix alloy); also used to densify castings.
An aluminum-rich alloy of silicon in aluminum which has a silicon content higher
than 11.6%.
A silicon nitride ceramic developed by Kubota Corp. used to make transfer ladles,
transfer tubes, riser stalks, heater element tubes, thermocouple protection tubes, and
nozzles.
A test used to monitor inclusions in the melt; based on a metallographic technique.
A test used to monitor inclusions in the melt; based on a coulter counter technique.
A German solidification simulation model which predicts mold filling and
solidification patterns for casting.
The dependence of the state of strain (dimensions) of a ferromagnetic sample on
the direction and extent of its magnetization.
A composite material developed by Kubota Corp. consisting of a titanium matrix
containing ceramic particulates distributed throughout the matrix.
Magnetohydrodynamics, a process which uses magnets to affect the flow of
liquids, particularly water and metal.
An alloy consisting of a crude mixture of cerium, lanathanum, and other rare-earth
metals obtained by electrolysis of the mixed chlorides of the metals dissolved in
fused sodium chloride: used in making aluminum alloys, in some steels and irons,
and in coating the cathodes of glow-type voltage regulator tubes.
A stainless steel alloy for auto exhaust systems.
Reaction process to remove air used by Ahresty Corp.
A test used to monitor inclusions in the melt; based on a metallographic technique.
An apparatus designed by CTIF to test the inclusion quantity in an aluminum bath.
Sand cores with a special resin coating that prevents liquid metal from impregnating
into the core.
Ryobi’s name for its metal matrix composite materials used in die casting.
A computer-aided engineering software program developed by Hitachi Metals that
determines the solidification time and direction in casting.
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A solidification simulation model that predicts mold filling and solidification
patterns for castings – developed by Pechiney.
soft contact solidification A continuous sheet casting process whereby the solidifying metal barely makes
contact with the surfaces of the casting nozzle, thereby yielding an as-cast surface
of sufficient quality to eliminate scarfing prior to rolling. The use of magnetic
fields to constrain molten metal permits solidification to occur with no physical
mold/metal contact.
source code
The term given to the computer code in which a program is written, including the
original instruction commands. This code is normally not visible to the user of the
program.
SYSTAPRE
A software program developed by CTIF to calculate gating of die casting dies.
TDP
Total differential pressure (as in TDP aluminum cylinder block, Toyota).
thixocasting
Semi-solid forming of a pre-solidified non-dendritic billet (e.g., made by Alumax,
Pechiney, and others.)
V-process
A molding process, developed in Japan, in which the mold is formed by stretching
a sheet of mylar plastic over a heated metal pattern so that it conforms to the shape
of the pattern. A box of loose sand is placed over the pattern, and a vacuum is
applied to the sand, which then conforms to the shape of the mylar film. Thus
supported, the sand-backed film is removed from the pattern and is used as one
part of mold. When the metal is poured, the vacuum is released, and the loose
sand falls away from the casting.
Flow 3D
A commercial solidification software code available in the United States and
Europe.
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