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PREFACE
According to the statistics on the volume of the trade, Korea ranked 10th in the world.
Korea’s rapid economic rise is often referred to as “the miracle on the Han river.” Many
visitors to my research institute are very curious to know how this miracle was achieved
over the last half century. I think the major success was due to the target-oriented economic
planning of the late President Park Chung Hee, who really created a blueprint for national
industrialization starting in 1962.
The first big decision of his economic planning team was to build POSCO, the steel mill at
Pohang in 1965. In 1966, he decided to build up the second research institute, Korea
Institute of Science and Technology (KIST), in Hongneung with the help of the then
President of the U.S., L.B. Johnson, similar to the Battelle Research Institute in Columbus,
Ohio. In 1971, the graduate school of the Korea Advanced Institute of Science (now the
Korea Advanced Institute of Science and Technology) was launched in Hongneung next to
KIST to produce research scientists and engineers for revamping domestic industry. The
whole series of investment plans was very daunting because the gross national income per
capita was less than 100 US$ in the early 60s.
As part of such economic plans, the industrial complex for mechanical engineering was
introduced in the Changwon area, where the Korea Institute of Machinery and Materials
(KIMM) was established in 1976 to inspect the materials, machine parts, and products. In
1992, KIMM moved to the Daedeok Science town, where around 20,000 research scientists
are working at the 30 national research institutes, 2 national universities, and countless
technology-based corporations and startups. The total number of companies in the Daedeok
Valley reached 1300 as of 2012, and their sales volume was around 13B US$.
Recently, Korea’s research and socio-economic environment has become more challenging
because of the rapid growth of private research institutes and international competition. In
order to cope with such challenges, R&D strategy needs to be changed to improve the
research throughput and technology transfer to industry, especially to the small- and midsized companies. In addition, KIMM should encourage research scientists to form more
spin-off companies and engage in more domestic and international collaborations because
the world market is becoming more dynamic and global.
Thus, a plan was made to hold the International Forum Korea on Advances in Mechanical
Engineering (IFAME), hosted by the Korea Institute of Machinery and Materials (KIMM) in
Daejeon, Korea, on October 24, 2014. With 237 participants, the Forum had fruitful
presentations and discussions by renowned speakers from industry, academia, and research
institutions around the world on new initiatives, plans of action, and the best practices
concerning spearheading technological advances in the field of mechanical engineering, in
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particular, for next-generation manufacturing technologies including bio nanotechnology,
energy, and the environment, as well as the roles and perspectives of public research
institutions.
In this Forum, we sought promising future technologies in mechanical engineering and
measures to strengthen national competitiveness. In the “Next-generation Manufacturing
Technologies” session, Professor and Director Taylan Altan of the Engineering Research
Center for Net Shape Manufacturing at the Ohio State University, Vice President Guenther
Klopsch of Siemens Ltd. Seoul, Vice President Sangwhui Cho of Hyundai-Rotem Company,
Managing Director Stephen Roth of Bayerisches Laserzentrum GmbH, and Distinguished
Professor Luke P. Lee of UC Berkeley presented on next-generation metal forming, laser
processing along with Industrie 4.0, modular manufacturing, and development of molecular
diagnostic systems, respectively. They shared the view that manufacturing technologies will
evolve in ways that ensure the following outcomes: improvements in both productivity and
precision, energy saving, enhanced lifecycles of products, flexible production, and reduced
costs. We also explored bio-inspired medical technology, which requires not only basic
science but also an understanding of various areas in mechanical engineering such as
nanoscale manufacturing processes, optics, and microfluidics.
In “Energy and the Environment” session, Senior Executive Vice President Kenji Ando of
Mitsubishi Hitachi Power Systems (MHPS) introduced endeavors in gas turbine
development and current research activities of MHPS. The President Jong-Soo Woo of the
Research Institute of Industrial Science & Technology (RIST) presented on energy
efficiency improvement and emission reduction. We learned that MHPS’s gas turbine
technology is a result of the Japanese government’s mid/long-term R&D support as well as
the company’s effort. We also explored the R&D activities of RIST, which have focused on
areas including energy efficiency improvement, carbon capture and utilization, smart grid,
clean coal, and fuel cells.
In Session 3, the roles and perspectives of public research institutions with respect to the
current global environments were discussed. Engineering Director David Korsmeyer of
NASA Ames Research Center introduced Ames’s efforts in improving research output
through modular design in spacecraft. Furthermore, Ames is investing in promoting
manufacturing competitiveness and commercializing its technologies, leading to job creation.
I reaffirmed that government research institutes in Korea should contribute to the creative
economy by improving research productivity and developing key technologies. KIMM’s
new visions and management strategies were introduced to accommodate changes in the
research environment and national R&D governance system.
With this kind of new effort, I would like to rebrand KIMM as the center for Knowledge,
Innovation, Motivation, and Marketability to make the institution more sustainable for the
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future.
I thank all the speakers and participants from around the world who contributed to
embarking on this journey to explore the future of mechanical engineering. I would like to
express my deep gratitude to all the members of steering and organizing committees for
helping make this Forum a success. I am confident that the next IFAME, which will take
place in 2015, will be even more exciting and stimulating. I am looking forward to seeing
you all together next year.

Yong-Taek Im
President
Korea Institute of Machinery and Materials
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발표 국문 요약문 (Presentation Abstracts in Korean)

세션 1 : 차세대 제조 기술
<차세대 제조업에서의 금속 성형의 역할>, 타일란 알탄
※ 발표 전문은 23 쪽을 참고

미국

오하이오주립대

준정형가공연구센터

소장인

타일란

알탄

명예교수는

차세대 제조업에서의 금속 성형의 역할에 대해 설명하며 점성력을 이용한 벌지
시험(Viscous Pressure Bulge Test)과 이를 통한 재료의 특성 분석, 마찰과
윤활 특성 파악을 위한 컵 드로잉 테스트(Cup Draw Test), 서보 프레스(servo
press)의 특성, 서보 유압 쿠션(Servo-Hydraulic Cushion)의 특성 등을
소개한다. 알탄 교수는 초고장력 강판(advanced high strength steel; AHSS),
알루미늄 합금(Al alloys) 및 이들 소재 성형을 위한 서보 프레스 개발 및
응용이 제조업의 향후 해결과제 또는 연구 방향이라고 강조한다.
<제조업의 미래>, 귄터 클롭쉬

※ 발표 전문은 41 쪽을 참고

지멘스코리아 귄터 클롭쉬 총괄대표는 최근 외환 경제 위기 이후 중요성이
부각되고 있는 제조업의 미래와 제조업 강화를 위한 세계 주요 국가들의 정책적
노력에 대해 논한다. 또한 클롭쉬 대표는 전주기 개발과 생산 프로세스에
사이버 설계 시스템(cyber-physical system) 개념을 도입한 독일의 제조업
정책인 Industrie 4.0 을 설명하면서 Industrie 4.0 에 부응하기 위해 지멘스가
약 10 년간 기울인 디지털 매뉴팩처링 관련 R&D 노력을 소개한다.
<철도차량의 모듈기반 설계 및 제조>, 조상휘

※ 발표 전문은 51 쪽을 참고

현대로템 조상휘 기술연구소장은 세계 철도 시장의 확대에 따라 다양한 혁신을
추구하고 있는 현대로템의 생산 전략을 설명한다. 세계 시장 성장 둔화와
노동비용 증가, 단기 공급 대응 능력 요구, 고객 수요의 다양화 및 전문화 요구
등에 대응하기 위해 생산기술 혁신이 필요한 상황 속에서 현대로템은 모듈화
생산 시스템을 통해 생산성 향상, 파트너십 확대, 글로벌화 도모, 원가 절감
등의 혁신을 달성할 수 있었다고 밝힌다.
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<레이저 가공의 새로운 트렌드>, 스테판 로쓰

※ 발표 전문은 57 쪽을 참고

독일 바이에른 레이저센터 스테판 로쓰 상무이사는 레이저 가공의 새로운
트렌드를 설명하며 이를 통해 창출 가능한 다양한 이익에 대해 소개하고 있다.
로쓰 상무이사는 고부가가치 제조업에 광범위하게 적용되는 레이저 가공은
유연성, 자동화 등의 측면에서 각광받고 있으며 빔 직경(beam diameter)의
소형화가 레이저 소스 개발 트렌드의 핵심으로 자리하고 있다고 말한다. 또한
그는 레이저 가공은 앞으로 재료 활용의 효율성, 에너지 효율성, 공정 효율성,
고정밀성 및 적층 가공성의 관점에서 발전해야 한다고 주장한다.
<혁신적인 글로벌 보건의료를 위한 바이오-나노 과학>, 루크 리
※ 발표 전문은 69 쪽을 참고

미국

캘리포니아주립

버클리대

루크

리

교수가

혁신적

보건의료를

위한

바이오나노광학을 주제로 이야기한다. 하나의 진단 플랫폼 상에서 다양한
생물학적 시료의 특성을 분석하여 의학적 상태를 사전에 진단하는 ‘통합적
분자 진단 시스템(iMDx)’의 개발에 주력하는 루크 리 교수는 혈액 분리를
통해 생물학적 시료를 진단할 수 있는 iMDx 개발을 위해서는 기초과학뿐만
아니라 나노, 모바일 IT, 광학, 미세유체역학 등 다양한 지식이 필요하다고
강조하고 있다.

세션 2 : 에너지와 환경
<미래 발전산업의 과제>, 겐지 안도

※ 발표 전문은 93 쪽을 참고

미츠비시 히타치 파워시스템즈 겐지 안도 부사장은 미래 발전 산업의 과제를
설명하면서 가스터빈 사업에 주력하고 있는 거대 에너지 기업 미츠비시 히타치
파워시스템즈를 소개한다. 미츠비시 히타치 파워시스템즈의 가스터빈 분야 기술
경쟁력은 정부의 R&D 투자 및 자사의 노력과 함께 실증 시험 전용 설비
구축의 결과이며, 이미 소형에서 초대형에 이르는 제품 라인업 구축에
성공하였다. 미츠비시 히타치 파워시스템즈는 최근 후쿠시마 원자력 발전소
사고로 인해 석탄가스화복합화력(integrated gasification of combined cycle;
IGCC) 기술 개발을 본격 추진하고 있으며, 일본 주고쿠 전력과 개발된 기술의
실증을 추진 중이다.
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<에너지 및 환경 기술 개발의 전망>, 우종수

※ 발표 전문은 105 쪽을 참고

포항산업과학연구원 우종수 원장은 에너지 및 환경 분야의 당면 과제는 인구
증가로 인한 에너지 소비 증가, 지구 온난화 및 경제난 해결에 필요한 안정된
전력 공급이라고 강조한다. 이에 에너지 효율 향상과 신재생에너지원 확대가
중요한 역할을 하게 됨에 따라 포항산업과학연구원이 에너지 효율 향상,
이산화탄소 포집‧활용, 스마트 그리드, 청정 석탄, 연료 전지 등의 기술 개발을
위해 기울이고 있는 노력을 소개한다.

세션 3 : 정부 출연(연)의 역할과 전망
<NASA 에임스연구소의 주요 R&D 성과와 과제>, 데이비드 코즈마이어
※ 발표 전문은 127 쪽을 참고

미항공우주국(NASA)
에임즈연구소
데이비드
코즈마이어
기술국장은
정부출연연구기관으로서의 에임즈연구소의 역할, 기능, 운영 방침 등을 소개한다.
에임즈연구소는 2.5 억 달러 이하의 소형 인공위성 및 달탐사선 개발에
주력하고 있으며 비용 절감을 위해 모듈라 설계 방식을 채택하고 있다. 또한
소형인공위성(nanosat) 프로젝트를 통해 우주의 다양한 중력과 강한 자외선이
생물체 성장과 유전자 발현 및 기능 형성에 미치는 영향을 연구하고 있다. 또한,
최근에는 R&D 예산의 일부를 제조업 경쟁력 강화에 투자하고 있으며 이의
상업적 활용에도 많은 관심을 기울이고 있다고 밝힌다.
<한국기계연구원의 도전과 혁신>, 임용택

※ 발표 전문은 139 쪽을 참고

한국기계연구원 임용택 원장은 대한민국이 무역 대국으로 성장하였고 제조업과
R&D 투자에 기반한 경제 발전을 달성하였으나 70%를 상회하는 민간 R&D
투자 비중과 출산율 저하에 따른 생산 인구 감소 추세를 고려했을 때
출연(연)의 임무와 역할을 다시 설정해야 한다고 말한다. 그는 새로운 출연(연)
거버넌스 출범, 국가 R&D 사업 투자의 효율적 집행 등을 강조하며 변화하는
외부 환경에 따라 한국기계연구원이 새로 정립한 비전, 경영목표 및 추진전략
체계를 소개한다. 또한 부유식 복합 화력 발전, 초고속 자기부상열차 및 의료용
로봇 기술 개발 등과 같은 중장기 기술 개발의 필요성을 강조한다.
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OPENING REMARKS
Yong-Taek Im, Chair of IFAME and President, Korea Institute of Machinery and
Materials
Good morning, ladies and gentlemen. I am Yong-Taek Im, President of the Korea Institute
of Machinery and Materials (KIMM).
I would like to take this opportunity to welcome everyone who is with us today at the first
International Forum Korea on Advances in Mechanical Engineering. I thank you all for
kindly accepting my invitation and attending this event to share your expertise and insights.
My special thanks go to Dr. Taylan Altan, Dr. David Korsmeyer, Dr. Luke P. Lee, Dr.
Stephan Roth, Mr. Kenji Ando, Mr. Guenther Klopsch, Dr. Sangwhui Cho, and Dr. JongSoo Woo for your precious contributions to the Forum. I also extend my sincerest gratitude
to all the participants from Korea and overseas for honoring today’s special occasion on this
beautiful autumn day.
We considered carefully before deciding the themes of the three sessions as “Nextgeneration Manufacturing Technologies,” “Energy and the Environment,” and “Roles and
Perspectives of Public Research Institutions.” To revive the competitiveness of the U.S.
manufacturing industry, the Obama administration has been promoting a policy focusing on
R&DB efforts in state-of-the-art manufacturing technologies. To this end, the U.S.
government is investing in emerging digital manufacturing technologies and encouraging
public-private partnerships to support small- and mid-sized enterprises. Against this
backdrop, I believe it is imperative for Korea and other nations to share their visions
regarding the efforts that we must make to invigorate our manufacturing industries and what
sectors within the industries have promising potential. Some predict that unconventional
energies such as shale gas will reduce production costs and consequently revive the industry.
While anticipating an industrial renaissance created through the convergence of the
unconventional and the conventional, I hope public research institutes in the developed
nations will offer valuable insights that can be applied to research institutes in Korea.
This is the first international event since my inauguration as President of KIMM, and the
largest since the foundation of the Institute. This, I am sure, is also the only occasion where
the future of mechanical engineering can be discussed from the perspectives of encouraging
not only global creative economy but also job creation.
I hope this occasion will be a precious asset to every participant here today.

１１

I am also confident that your attendance and contributions today will lay a solid foundation
for this forum’s future in the years to come.
Once again, I would like to extend a very warm welcome to you all.
Thank you very much.
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CONGRATULATORY REMARKS
Sun-taik Kwon, Mayor, Daejeon Metropolitan City, Korea
Good morning, I am Sun-taik Kwon, Mayor of Daejeon Metropolitan City. As the mayor of
a scientific stronghold in Korea, it is indeed my pleasure to attend the 2014 International
Forum Korea on Advances in Mechanical Engineering with renowned scholars from around
the world in mechanical engineering.
I am also honored to meet and communicate with world-class specialists in the field at this
forum. I hope this occasion will serve as a venue to broaden our knowledge and perspectives
through lectures to be delivered by distinguished speakers.
I hope every participant here today will enjoy the forum, with in-depth discussions on
manufacturing technologies representing mechanical engineering, energy, and the
environment for our future society, as well as on the missions of government-funded
research institutes.
Established in Daejeon in the 1970s, the Korea Institute of Machinery and Materials and
other government-funded research institutes in the Daedeok research complex have
dedicated efforts to a wide range of research and development projects for nearly four
decades.
I express my sincere gratitude for their contribution to the development of our city to
become an acclaimed powerhouse of science and technology in the nation.
I believe communication and mutual understanding are the most important elements in
ensuring the continued cooperation and prosperity of Daejeon and the Daedeok science and
technology complex.
I wish today’s forum will provide an opportunity for local businesses and research institutes
to interact with each other and strengthen mutual exchange, and to solidify our city’s identity
as a science and technology hub.
Once again, I extend my congratulations on the opening of this forum today, and I hope
mechanical engineering will become a field of new pioneers in this ever-changing era, based
on communication and mutual understanding among industries, academic fields, and other
related organizations. As Mayor of Daejeon, I pledge to provide full cooperation in the
course.
Thank you.
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CONGRATULATORY REMARKS
Sang Min Lee, Member of the National Assembly of Korea
I would like to extend my welcome and congratulations upon the opening of the 2014
International Forum Korea on Advances in Mechanical Engineering.
This Daedeok research complex in Daejeon Metropolitan City is a highly distinguished
place that accommodates a number of research institutes in all fields of science and
technology, from basic science to application technology.
This forum is a welcome event for a city that is proud to be the national hub for research
convergence, and I hope all participating researchers will engage in vigorous discussions.
In the coming era, technologies are expected to evolve from mass production to
customization. Therefore, everything required by end users must be factored in during each
stage of production, including processing, distribution, and services.
Technology that works not for its own sake, but for all of humanity -- This, I believe, is one
of the directions we should pursue in the years to come.
At the same time, we have to foresee several decades ahead, predict how our society will
change, and develop major technologies to prepare ourselves for future challenges. Living
environments change; technologies progress. In a society like this, I believe that the
researchers who are gathered here today will have to raise questions and topics to shift the
current paradigm to that of a first-mover.
I hope all participants in this forum will freely exchange their ideas and opinions to discover
core elements to lead R&D in mechanical engineering in the future and identify what roles
mechanical engineering will play within our respective societies.
Developing sustainable technologies and conducting groundbreaking research require an
environment with guaranteed autonomy in research. As a member of the National Assembly,
I promise to continue my efforts to ensure an environment where all scientists and engineers
can focus on research and development benefitting our society.
Once again, I applaud today’s forum on mechanical engineering and hope you all spend
meaningful time here.
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CONGRATULATORY REMARKS
Suk-Joon Lee, Vice Minister, Ministry of Science, ICT and Future Planning, Korea
I am honored to be here today to celebrate the 2014 International Forum Korea on Advances
in Mechanical Engineering, organized by the Korea Institute of Machinery and Materials.
The Daedeok research complex of Daejeon Metropolitan City proudly serves as Korea’s hub
for science and technology to advance convergent research efforts. Therefore, it is
particularly meaningful to gather here to discuss the future of mechanical engineering, the
foundation of all industries, and seek directions for public research institutions together with
world-renowned scholars in the field. This event also coincides with the Korean
government’s endeavors to reinforce the “control tower” function of Korea’s creative
economy.
At this juncture of great transformation in these ever-changing times, we need to take a step
ahead in adjusting ourselves to the new era of a creative economy.
We are witnessing how a high level of creativity and abundant ideas are invigorating global
industries.
In addition, the boundaries between different technological areas are disappearing as fields
converge.
Korea is maintaining its global leadership in a number of areas including smartphones, LCD
televisions, semiconductors, shipbuilding, and automobile industries, based on its solid
reputation as a powerhouse of science and technology.
Despite an unfavorable economic environment, discourses revolving around creation and
convergence, as well as on societies and technologies that promote well-being, are adding a
diversity of new sectors in the science and technology scene in Korea.
I hope this forum will serve as a venue where all participants actively share diverse and
creative ideas regarding mechanical engineering of the future.
Again, I would like to applaud today’s forum and hope you all have a meaningful time.
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CONGRATULATORY REMARKS
Joon Yang Chung, President, National Academy of Engineering of Korea
Good morning, ladies and gentlemen. I am honored to extend my congratulations on the
opening of the 2014 International Forum Korea on Advances in Mechanical Engineering. I
would like to congratulate this very meaningful forum for opening a new chapter in the field
of advanced R&D.
As we all know, the advancement of industrial technology depends on the ceaseless pursuit
of innovation built upon fundamental capabilities. However, we also have to go beyond that
and consider the environment, daring to invest in sustainable development. We also have to
pour our efforts into fostering shared growth between large corporations and small and
medium enterprises through collaboration and cooperation. This is the only way that the
labor of today in industrial development can create happiness for the generations of
tomorrow.
I believe each and every individual gathered at this forum shares passion for the future of
mechanical engineering. This is the true objective of this forum. Experts in the mechanical
engineering field from industry, academia, and research institutes will discuss such pertinent
topics as the current status of manufacturing, energy and the environment, and the roles and
perspectives of public research institutions. From our discussions, we will map out a path for
the future of manufacturing technology from the standpoint of innovation and overcoming
challenges.
I cannot stress enough the importance of this forum and believe that it has to be sustained
into the future to deal with various social issues and advance national happiness.
I extend my sincerest wishes for the success of this forum and truly hope it will be a
productive and enjoyable day for all.
Thank you.

１６

CONGRATULATORY REMARKS
Sang Kee Suh, Member of the National Assembly of Korea
Good morning, I am Sang Kee Suh, a member of the National Assembly of Korea. First of
all, let me offer my sincere congratulations on the opening of the 2014 International Forum
Korea on Advances in Mechanical Engineering.
I regret that I am not able to attend the forum in person due to the schedule of the National
Assembly’s annual audit, but I am pleased to express my congratulations through video on
this meaningful occasion.
Mechanical engineering serves as a strong foundation for all industries and has a special
strength in that it can be applied to all industries.
Nevertheless, it is a shame that the importance of mechanical engineering is not as widely
recognized as that of IT, communications, and so on.
I hope that 2014 IFAME will be a good starting point in promoting the significance of
mechanical engineering and that it will be a place for networking and exchanging ideas and
opinions.
This forum is all the more meaningful to me as I served as the president of the Korea
Institute of Machinery and Materials in the 1990s, with many great engineers to develop
KIMM into a truly advanced and competitive research institute. The forum brings back good
memories from those days.
I wish you all every success in what you do. As a member of the National Assembly, I will
do my best to support all scientists and engineers.
Once again, congratulations on launching the IFAME, and I wish everyone happiness and
good health. I look forward to seeing your persistent efforts for the development of
mechanical engineering. I believe the participants here can make the world a better place. I
wish you good luck.
Thank you.
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CONGRATULATORY REMARKS
Byung Joo Min, Member of the National Assembly of Korea
Good morning, I am Byung Joo Min, Head of the Yuseong District Chapter of the Saenuri
Party.
First of all, I would like to express my regret for extending my congratulations through this
video message. I am very sorry that my schedule at the National Assembly does not allow
me to join the Forum.
I am very pleased to express my congratulations for opening of the “2014 International
Forum Korea on Advances in Mechanical Engineering,” promoting new directions and
innovations in mechanical engineering.
Global industry makes every effort to address increasing demands to shift the R&D
paradigm from a fast follower to a first mover.
In the face of this pressure, the 2014 International Forum Korea on Advances in Mechanical
Engineering holds great significance in its leading efforts to explore the issues of future
mechanical engineering and to realize a creative economy through continuing innovation.
I anticipate that the distinguished scholars and industry experts in mechanical engineering
around the world will have very informative and productive discussions at today’s forum.
As a member of the National Assembly, I also will do my utmost for the development of
mechanical engineering and will spare no effort to make every possible policy work for this
development.
Thank you.
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CONGRATULATORY REMARKS
Sang Chun Lee, Chairman, National Research Council of Science and Technology
Good morning, I am Sang Chun Lee, Chairman of National Research Council of Science
and Technology.
I am very pleased to extend my congratulations for the “2014 International Forum Korea on
Advances in Mechanical Engineering.” I would also like to express my gratitude to all the
guests here, both from Korea and from abroad, for taking the time to participate in this
forum.
Mechanical engineering has contributed to driving the growth of industrialization of Korea
as a strong foundation of the manufacturing industry.
Mechanical engineering has also emerged as an instrumental part of our lives in addressing
social problems and promoting the welfare of citizens, from the construction of public
infrastructure to the application of disaster response technology.
I believe that this forum will serve as an opportunity to examine the future direction of
mechanical engineering by analyzing the current status of the technologies required for
every sector of our society.
As Chairman of the National Research Council of Science and Technology, I really hope this
forum will bring an opportunity to redefine the role and responsibility of government-funded
research institutes, by reflecting the ideal direction of government R&D projects and the
roles of individual researchers.
Once again, congratulations for launching the 2014 International Forum Korea on Advances
in Mechanical Engineering.
Thank you.
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Session 1: Next-generation Manufacturing Technologies

THE ROLE OF METAL FORMING
IN NEXT-GENERATION MANUFACTURING

Taylan Altan, Emeritus Professor and Director, Engineering Research Center for Net
Shape Manufacturing, the Ohio State University, USA

Thank you very much, Mr. Chairman. I am very honored and happy to be here. I am also
very humbled among all the distinguished guests.
I have been working for more than 40 years in metal forming and manufacturing. You can
see my websites here. If you would like to have more information about this topic, you can
always go there. We have all the information.
I am a very practical person. I work a lot with industry, as seen in this figure. Just to give
you an idea, these are the industries that support my research. As a result, a lot of what I do
is relatively practical. However, being practical does not mean you do not have to think
about the future. I will try to discuss some of the new things that are happening in my field,
especially in the next three to five years, or maybe ten years. After that, I really do not know
how things are going to develop.

２３

What I would like to talk a little bit about is materials. As many of you may know, materials
are changing. When materials change, the characterization of materials also changes. As we
have more complex materials, e.g., advanced high-strength steels (AHSS), transformationinduced plasticity (TRIP) steels, they require much more precise characterization. Friction
and lubrication in manufacturing as well as in metal forming are very important. As you all
know, there is process simulation which I will talk a little bit about. The new development in
my field is servo drive presses, which I believe are also being introduced in Korea as well.
There is also hot stamping, which is already well-known. The future of these technologies is
very important for the industry.
This is a viscous pressure bulge (VPB) test in more detail. I just want to show you that this
is an interesting observation. I believe when most mechanical engineers talk about material
characterization, they think about the tensile test. The tensile test is uniaxial; it has limited
strength. When we work with new materials, we use what we call a bulge test. As you see
here, you have a tooling where you can measure with a laser the height of the bulge. You can
also measure the pressure, from which you can obtain the direct stress-strain diagram of the
material. That is much more accurate and useful for simulation.
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You see here the red lines. These are from the bulge test. The black lines are from the tensile
test. The tensile test stops at strains over 0.15 ~ 0.16 because the tensile specimen cracks.
The reason I am showing this is that, all industries around the world use the tensile test as
material characterization, which is OK at the beginning. However, as the materials become
more complex, we have to use more sophisticated testing methods.
This shows you the example of how the crack, i.e., part fracture, opens at the apex. That is
because there is no friction between the sheet metal and the material.
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I will show you this. This was done by POSCO, which is, in my opinion, one of the topnotch steel companies in the world, and I am delighted that I have been working with them
for the last 15 years. So, you can see here the test results from the tensile test and bulge test
and how they may differ. Since bulge test is biaxial, that is more useful, in my opinion, for
the application in the practical world for determining the material characterization because,
in actual stamping, the deformation is biaxial.
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Lubrication is another issue. We developed various tests to evaluate the friction and found
out something. This is a so-called cup draw test, where we start with a blank and, for a given
blank holder pressure and lubrication, we measure how much the blank pulls in. When we
draw the cup always to the same height, we can evaluate and compare lubricants. Now you
might think this is not a big deal, but if you are an automobile company or steel supplier and
you have to make parts from new alloys that you have not formed before, lubrication is a
very important issue.
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This is the slide that shows the temperatures that are generated. In this case, this is a
relatively low-level AHSS, i.e., 600 MPa tensile strength, dual-phase alloy. Of course, as
you know, steels are 980 ~ 1200 MPa, and what this slide is supposed to show is that, in the
deformation, the temperature increases. When most people today make computer
simulations of stamping operations, they do not worry about the temperature. However,
temperature is extremely important. As the strength of the materials goes up, then the
temperature becomes more important. Why does the strength of the material that we use go
up continuously? That is because we want to save weight. The question is, “What do you do
about it?” One thing you do about it is to use high-strength and low-weight materials. The
other is, of course, using aluminum.
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Now, many of you may be familiar with this and some of you may not be. Servo drive
presses came to the industry 10 years ago, but we do not know how to use them properly yet,
I think. Most people use servo presses as a mechanical press just to increase productivity.
However, just to give you an idea, companies like BMW, Honda, Chrysler, etc. already have
decided, and I am sure Hyundai in Korea is also thinking along those lines, that the new
press lines are going to be servo press lines because they increase productivity and offer the
possibility of changing the speed-stroke characteristics. The blue one is a mechanical press,
and the red one in the figure is a servo press. You can change the speed at the forming stage,
you can have dwell, and you can even go back and forth, as you can see here, which is socalled re-striking. By the way, I have taken this picture from Komatsu, who is one of the
leaders in this field.

２９

This is a schematic of an Aida press, 2,500 ton, and several of these presses are installed
around the world. There are two of them in North America by Honda. The results are
summarized here. Here you have improved formability, and improved productivity. This is
the most important thing. Energy-saving is also extremely important in Europe, Korea and
Japan. However, unfortunately, in the US, it is important of course, but we do not emphasize
it as much as you do, partly because energy is relatively inexpensive there. That is the reality.
But energy issue is important. These presses are now becoming the standard presses in
forming.
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The question is, “What is happening in the future, how we can obtain from FE simulation
and optimize results of what we obtain?” Then, we can just integrate that into the operation
of the servo press, which gives us a lot of flexibility. This is the output of this kind of
integration. The development is being done at this point by Honda. We can obtain the output
in the optimum conditions of strength and thickness. The idea is to get the optimized speed
profile directly to the press so that the press would be running to give you the optimum
conditions. They do not sound like very heavy research issues, but if you are in the industry
and have to compete in the world, you really have to worry about these things.
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Here, you see the advantage you can obtain. These are actual parts in the mechanical press
that you can obtain in some cases. This is the whole side panel of a car. You have cracks in
several locations for the case of a mechanical press, and if it uses a servo press and the
optimum forming conditions, you can eliminate the cracks. That is, of course, a tremendous
amount of savings in material, effort, and cost.
Obviously, Japanese manufacturers are not the only one. This is the Schuler press, and there
are several of them, e.g., BMW and Volkswagen. All the automobile manufacturers are using
this line.
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This is an interesting design of a hydraulic cushion, which saves energy. As you see here, it
uses several servo presses, servo drives, schematically. Then, you see the die and the
hydraulic cushion underneath. This hydraulic pressure that is exerted with the cushion is
used, through the hydraulic motors, to generate electricity, which is then reused to run the
machine. As a result, 70% of cushion energy is saved. This is very interesting – at least in
my opinion – one of the first designs in the press technology. Hydraulic cushions are used
and will be used in the future because they have several applications and capabilities. One of
them is so-called pre-acceleration. That is to say, you move the cushion before you hit the
parts. As a result, you reduce vibration and the adverse effects of the deformation. You can
change the pressure in the cushion, and this improves your flexibility to control the blank
holder force and pressure. As a result, you can control the metal flow better. The cushion can
also control the reverse and does not kick out the part immediately.
Here, you see again the cushion design very schematically. Here is the pressure. This
pressure drives hydraulic motors that generate power.
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We are conducting tests. How can we use the servo press to improve the formability of parts
made from AHSS? This is a very important issue for the press builder as well as for the
press user. And we work with industry. This is a die designed and manufactured by the
company Shiloh. These are inserts that we can change from different materials and different
coatings and so on.
One issue is springback. How can we predict springback in forming AHSS? What can we do
in the press kinematics to be able to reduce springback? You see examples such as shrink
flanging, bending, U-flanging, and of course, deep drawing. The die in the previous slide is
designed to conduct all these tests as well as the simulations.
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So, you can see an example in these tests we conducted. This is a relatively simple die, but,
still, we can form DP 980, which is a relatively high strength material. We can also predict
how the flange pulls in so that we can evaluate simulations.
We also work with servo presses to deform aluminum. Honda is interested in that, which is
no secret. The forming of an aluminum is an important issue because it is cost-effective,
relatively speaking. You also want to save weight.
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Again, simulation helps us. One of the issues that we have to be careful of both in aluminum
as well as in AHSS is that we have to estimate temperature. This is a relatively new
approach, I believe, where we can calculate the temperature during the deformation in
stamping. In the past, we neglected temperatures. We always assumed room temperature.
Well, that is not the case, especially with materials that have high strength. Temperatures can
be very high, and, therefore, they affect lubrication. They affect the properties of the
materials and forces, so we have to know more about the temperature increases.
These are examples for DP 980. As you see, you can have temperatures up to about 200ºC.
200ºC can change the properties of the material, but, also, more importantly, change the
behavior of the lubricants.
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This illustrates very briefly the speed versus stroke of a servo press for different velocity
settings. The issue here is how we can modify the velocity during the deformation because
that velocity may affect the formability and the performance of the lubrication. We are doing
research in this area and are hoping that we can come up with some ideas on optimum
operations for the press so that you can have, for a given material and thickness, the best,
optimum conditions. Similarly, you do the same thing with the blank holder pressure here.
This is, in the vertical direction, the blank holder force and how it changes in stroke. By
changing this, you can improve the formability of the material.
Here are some actual samples. Unfortunately, as many of my results are confidential, I
cannot show them to you, but, at least, you have the general idea.
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Hot stamping is well-known. This is the famous “Banana Curve” that shows you the
properties of the material and total elongation. Here, it is the tensile strength. The idea is that
you heat the material to austenizing temperature and quench it very quickly. This is the
manganese-boron alloyed steel and you obtain up to 1,600 MPa strength. This is well-known.
In fact, it is used very well also in Korea and Japan. It was developed initially in Europe, but
everybody is using it now. It is a big technology, but it requires a lot of investment. The idea
is, “What are we researching, and what are the alternatives for this technology? Can we do
this cheaper and better?”
We can also calculate the cooling of the dies because the dies must be chilled to be able to
quench the material during the deformation very quickly so that we can obtain high strength
as well as reduced springback. However, since it is not a cheap process, people who make
new investments are worried whether they should build a hot stamping line or build a servo
press line.
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FE simulation has been developed so that we can even optimize the process nowadays. This
is also used for production design, actually. Deep colors have different properties so that
they are quenched in different ways, so you have a hardened zone and a softer zone, which
makes assembly easier.
Let me go to the summary of this whole activity. First, I talked about challenges in forming
AHSS. That is a very important issue, in my opinion, and it is going to be like that for the
next five years, at least, or maybe more. Since they have low formability and high
probability of fracture, we have to design techniques to increase the formability. Of course,
the steel companies work very hard to develop materials that are high-strength and highformability. However, it is also expensive because of alloying elements. The big problem in
the industry is that mechanical properties vary from batch to batch.
Most of my colleagues are not aware of this, but industry deals with this all the time. What
do we have to do to differentiate the properties of the materials from coil to coil? The
interface pressures and temperatures require that we pay attention to lubrication. Tool wear
is, of course, increasing; we have to use better tool materials and coatings. Finally,
springback is a very important issue because we have to control the dimensions of the parts
we make.
People have been working on springback for years. It is a very difficult issue to solve
because material properties are very important as well as the shape of the part. Aluminum
alloys have different challenges. As you know, in the aerospace industry, the aluminum
alloys of 2,000 and 7,000 series are extensively used. The question is whether they can be
used also in the automotive industry. They are lighter in weight, but they are expensive and
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difficult to form. Therefore, we have to do a lot of research with these alloys to apply them
to mass production. The use of servo presses right now is only for increasing productivity
because they can go fast, slow down, and then go fast. You can have it large, e.g., 2,500,
3,000 ton presses, and there is an increase in productivity by 50 ~ 60%. The question is if we
can also increase formability so that we can form the materials better. As you see, there are a
number of challenges in using servo presses as well.
I believe that is all I have. I have a little commercial here. I have summarized all this work
on sheet metal forming in a book with my colleagues. If any of you are specifically
interested in metal forming or stamping, this is my contact information. You can send me an
e-mail, and I will be happy to send you some more information if you need it. Thank you
very much for listening to my story.
Thank you.
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THE FUTURE OF MANUFACTURING
Guenther Klopsch, Head, Digital Factory Division and Process Industries & Drives
Division, Siemens Ltd. Seoul, Korea
Distinguished guests and the organizers, thank you for giving me the chance to talk here
about what our ideas are for the future of manufacturing. You may have heard that, in many
countries, the governments have been strengthening ideas: in Korea, for example, it is
creative economy; in Germany, it is called Industrie 4.0, which means Industry 4.0; and in
America, they call it the Internet of Things (IoT). Secondly, I want to thank Professor Altan.
Some of your examples are equipped with our machines, products, and systems.
You can see that Siemens definitely has quite a long history in the industry automation field.
Now, coming to my topic which is future of manufacturing, before I start to talk about what
our ideas are about that, I would like to talk a little about challenges which are in front of the
manufacturing industry.

First of all, let’s look at the global changes. Look at the importance of manufacturing in the
various countries all over the world. If you look at the left-hand side of the slide, you can see
the ranking of the different nations over the last 30 years. If you look a little bit more in
detail, you can see that there are many changes. There are many countries, for example, like
China, getting more and more important over the years. Other countries, especially, some
European countries, I would like to take a great example there. They are getting less
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important in the manufacturing ranking all over the world. Then, let’s have a look at the
right-hand side of the slide. There you can see the manufacturing share of the total GDP of a
country. If you look there, you can see that, for example, in China, the manufacturing stands
for 33 percent of the total GDP, and in South Korea, ranking number two in this chart, 28
percent, i.e., the same importance of manufacturing in South Korea, China, Indonesia, Japan,
and Germany. Then, some others are coming. If you look at the importance of
manufacturing, for example, in countries like Great Britain, France, Canada, and the US, the
importance is only about 10 ~ 13 percent nowadays. Exactly this picture has given many
governments all around the world the idea to strengthen the competitiveness of their
manufacturing again.
Again, I have three examples. I have talked about Industrie 4.0 already, the German idea of
the future of manufacturing, but as well, the second initiative the German government took
is the smart services world, where we are talking about not only the manufacturing itself, but
the whole lifecycle of a product. In the US, we know that the new initiative for the national
network for manufacturing innovation and the research center “Digital Manufacturing and
Design Innovation” also started there in order to make sure that these are so-called “reindustrialization” starting in the US, strengthening again the manufacturing there. Even in
China, the government is now strengthening the integration of IT into the industrial
processes. China, as well, is making a lot of efforts in creating more energy efficiency. In all
of these, the initiative is finally to strengthen the manufacturing industry in the country.
What does it mean for a single company? At the end, for a single company, it means to get
more competitiveness in the global arena. In a European or Asian perspective, Germany,
Japan, and Korea, for example, we know that our energy prices are much higher than, like
Professor Altan as well mentioned, for example, in the US. This competitiveness has to be

４２

gained again if you want to be successful in the world. There are three key elements to do
that – the first one is to increase efficiency.
I took one example of energy saving out of our own factories. Maybe you’ve heard of it.
This is the picture of our quite famous Amberg factory, where we introduced most of our
ideas of the future of manufacturing. The latest initiative we took there was installing energy
analysis out of the energy-saving systems. There are two examples. One is the energy
consumption at the machine level during Christmas time, i.e., one week. By using this
technology, we could reduce, in this factory, the energy consumption by 200,000 kWh
during one week only through utilizing this energy analysis and, finally, develop energysaving programs. We can also save 100,000 liters of liquid nitrogen per year out of that.
Finally, it comes up with the quality of 12 DPM (defects per minute), which is a quality of
99.9988%. This high quality is one result of the integration of software and hardware in that
factory.
The next topic is to shorten time-to-markets. Look especially at consumer goods, and let’s
talk about televisions. Every year in the famous fairs in the world for that kind of product,
they show new products. The innovation circle in this product is getting faster and faster.
Even worse, from a production point of view, the products get more and more functionalities.
It means they get more and more complex. This means, finally, that for production, you
create much larger databases.
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Take the camera, for example. Ten years back, one camera created a database of roughly 1.8
terabytes. Nowadays, it is roughly 300 terabytes, i.e., 150 times larger compared with ten
years before. If you look at the speed, i.e., how fast the databases all over the world are
increasing with the usage of, for example, smartphones and the Internet, you have to have in
mind that up to the year 2000, from the beginning, the world generated 2 exabytes of new
information. This speed is increasing much faster nowadays, day by day, through the usage
of, for example, the Internet, the extensive usage of PCs, smartphones, and cloud computing.
Coming back to competitiveness, if you want to be competitive in the future, you have to
enhance your flexibility. I want to use one example to show you why this is so important. I
have chosen a car model as one example, which is probably one of the most sold
automobiles in the world, i.e., Volkswagen Golf. We could speak easily about mass
production in this arena. I think nobody in this room would say “No, this is not mass
production.” This is definitely mass production. Please have a look at the order book of this
car. If I want to buy a Volkswagen Golf, nowadays I can choose from 11 different types of
engines, e.g., diesel, normal gas, hybrids, and e-motors. They have three gear types you can
choose from, two body panels, and four different chassis. Even the combination of tire rim,
you can choose 10 of them, and 45 colors, and so on and so on. Finally, the question is if we
have the heated seats or not. If you add all these options up, you come to several trillion
possible configurations in this car. Then, we cannot talk about mass production anymore.
This is an individualized mass production. You have to remember that whenever I order one
of these cars, for example, black, with a black interior, with a specific tire, with a specific
rim, of course, with a heated system, with automatic gear, the data, out of the shop where I
buy that, has to flow finally to the factory where it will be produced, whether this factory is
in the US, in Germany, or wherever. At the time when my black chassis is running around
the assembly line, the right tire has to be there. The robot has to understand how to fix these
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tires on my car. At the end of the day, I want to have exactly the same car which I have
ordered delivered. It was just a simple example to make you understand how much data has
to be served all around that process from my order to the delivery.
Now, I would like to come to my main topic, the way to Industrie 4.0. Let’s have a look very
quickly at the history of manufacturing. We know that, at the end of the 18th century, we
started with the so-called First Industrial Revolution when we introduced mechanical
production plants, where we used water and steam power to start with the First Industrial
Revolution in manufacturing. At the end of the 19th century, I am very happy to say that, at
that time, Siemens was already in that game. We introduced the mass production by dividing
the labor using electrical energy. The first example was the conveyor belts in a
slaughterhouse house in Cincinnati. Maybe more famous is the automation in the
manufacturing of Henry Ford in America as well. The Third Industrial Revolution popped
up in the 1970s when we introduced so-called Programmable Logic Controllers (PLCs). At
that time, for the first time, electronics and IT came into the manufacturing arena. Now, we
are on the way to Industrie 4.0, to the Fourth Industrial Revolution, which will take some
time. However, we are on the way.
What does it finally mean? It finally means that we are combining the virtual world using
software in the design of a product in production planning. Here, the real world means
production itself, where we have to do the production engineering and the production at
execution. If you bring this combination between the software (the IT world) and the
hardware world together, this is what we are talking about when we talk about future of
manufacturing, e.g., Industrie 4.0, IoT, or whatsoever.
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This is the picture to show you where we are. You can see if you start on the left-hand side
of the slide again, a product always starts with the design and the development. There, you
are using software products, i.e., software tools. You are already creating data. Actually, you
are already using market data and bring it into the product design. The next step in the
product lifecycle is the production planning. Once you know how your product should look,
you start with the planning of the production. What do I need to produce this exact product?
Once you know that one, the next step is production engineering. Once you know how you
want to produce that product, you have to do the engineering for your machines. You have to
tell the program controller, i.e., the automation system, what it has to do. You have to tell the
robot what it has to do in each step. This is the production engineering, and finally, the
production runs. The nice thing is in this picture is that you now understand that using one
single database in all the products’ lifecycle here is very important. The communication in
the various steps here gets more and more important. We have shown here the software
products that we have at Siemens. We use this slide especially to show that we are quite far
already. However, if you think about the future of manufacturing, there are still some things
to do in order to complete the whole picture.
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To make it a little bit different, if you look at the production lifecycle, you always talk about
various steps starting with the product design. For example, if you are using our software
product, then, next, you can design your product. What is even more important is that you
can even, already at that phase, simulate how the product will work. Let’s talk about one
simple example which everybody understands, maybe. If you think about a windmill, you
may know that, when the windmill is generating power, it always makes some noise. In
order to optimize their noise, they can already simulate at the product design stage and
change the design of the plate a little bit in order to get less noise out of the product at the
end of the day. After that, the data out of that software tool is automatically, with the
common database, transferred to the next step of the production planning at Teamcenter, for
example. You are then planning your production. Even before you have touched the first
product, you can already simulate the production itself. You can check whether, if I put some
steel at the beginning, at the end a car is falling out. Even more importantly, you can always
check whether the capacity that you have been planning can be reached or not without doing
anything.
The next step, then, is transferring the data out of here into the engineering software. It
engineers the production, which means you are going from the virtual world into the real
world. Then, you go to the program of the automation system where you tell the conveyor
when it should start and when it should stop and how long or when you tell the robot what it
has to do. The next step is product execution. It goes to the firmware of the product of the
hardware into the firmware of the automation system. The automation system itself knows,
then, when it has to start with the center and when to stop. Finally, you will create some
centers in your production area that are analyzing your energy consumption, telling you
exactly, during a lunchtime break, for example, that you do not need to run that machine,
how to go in a safe way down, and, just before the break ends, how to bring it up to speed
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again. So, this is the whole lifecycle, and this has to be done when we are talking about
manufacturing of the future.
Just to summarize where we are, I have been talking about the product lifecycle
management. I have been talking about what certain governments have been doing in order
to strengthen their manufacturing in industry again, starting with creative economy here in
Korea down to Industrie 4.0 or, in China, the IT revolution. The idea behind that is
automation becomes more and more complex, and we should strengthen the competitiveness
of the industry in the global environment. Secondly, when we are talking about smart
factories, digital enterprises, their categories are coming from yesterday, when all the steps
in a product lifecycle management from product design down to production have been done
seriously. First of all, we have to finish your design; once you finish your design, you start
with the production planning; once you finish the production planning, you do your
production engineering; once you finish production engineering, finally, you start with the
production. The process in total is like that. Now, we are trying to do it in more of a serial
manner, starting already with the production engineering even when the design is not
finished yet. Of course, it means certain risk for a company, if you are designing a new car
and you start with your production planning already and the design is changed, you may
have to change your production planning. The idea is to put in a more overlapping time
periods. The benefit out of this is, if you do it in a series, you can reduce the time to market
from the first idea about the product to the production, and this is what we are talking about.
Competitiveness by shortened time to market includes improving the productivity,
improving the efficiency, and getting more competitiveness out of that.
We know now what has to be done in order to come to the next step. First of all, what are the
key elements of the idea of the future of manufacturing? First, it is the production network.
We have to have a flexible chain through all the various parts of a factory. Think about the
situation where I have ordered my Volkswagen Golf four weeks ago. The production is
already prepared, not started, and I change my mind, saying, “Oh, sorry. I do not want to
have a black one. I want to have a red one.” This information has to go finally into the place
where they color my car. This is the meaning of the flexible value chain, which has to be
built in all around the factory. The next one that I have been talking about is the fusion of the
virtual world and the real world. We have to integrate product design and production
engineering in order to shorten time to market because the first one who is at the market gets
the most money out of the product. The second one is already one of the losers. This is the
meaning for shortening time to market. Finally, this will be the final step there: the so-called
cyber physical systems where we are not talking anymore about the production of a car in
the same way, always starting with their chassis, starting with the body, combining, and
finally, bringing it to someone for the final check. The production has to be much more
flexible in the future, thinking about which part of my factory is less in workload and which
one is overloaded so that I can change my production capacity.
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In a nutshell, coming from local controls nowadays, we have to go to dynamic networks of
local controls. Coming from run-time communication and real-time communication,
nowadays, we have to extend that. Think about the number of data created in a single
product. We have to extend communication possibilities, and we have to standardize them.
We are using nowadays so-called copies of products and production, and we have to come to
digital models all over the factory over all the various processes and all the various functions
in the processes. We are using nowadays so-called manufacturing and execution systems
(MES). We have to optimize our processes through more dynamic networks. We are starting
to have these industrial security concepts. We have very safe internal software. However,
only by using the Internet, problems can appear already. So, industrial security will be very
important in the future so that we are thinking about how we can do self-configuring
security concepts, not only for global and general purposes, but also for temporary
requirements. Finally, we have to think about the people, execution, and decision-making.
This is nowadays the main topic of humans. In the future, it has to be the decision-making.
Look for strong partnerships, strengthen R&D, and, finally, do not forget your people and
train your employees. These are the main topics on the way to Industrie 4.0 from my point
of view. I hope I could bring some ideas within the last 30 minutes over to you.
Thank you.
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MODULE-BASED DESIGN & MANUFACTURING IN ROLLING
STOCK
Sangwhui Cho, Vice President, Hyundai-Rotem Company, Korea
Good morning, ladies and gentlemen. Thank you, Dr. Lee, for introducing me. I am very
grateful to KIMM and President Im for inviting Hyundai-Rotem to present our production
method. So, this is the 2014 International Forum on Advances in Mechanical Engineering. I
am also a mechanical engineer, and as a mechanical engineer, I am very pleased to discuss
future technologies from the mechanical side in Korea. As you see in the banner in each side
of the front stage, we have pictures of the Maglev. I think that is a very good example of
R&D cooperation between industry and a research institute. Hyundai-Rotem and KIMM
have a long history of cooperation in this kind of development. For the Maglev, we
cooperated with KIMM, and, finally, we manufactured this car and are going to
commercialize it at Incheon International Airport soon. I am very proud of this cooperation
and thankful to KIMM and President Im.
I am going to introduce how we make trains in Korea. The topic “Modular-based design and
manufacturing in rolling stock” is not fancy nowadays, but that is how we succeed in our
business. I am sure many of you are familiar with taking trains but not many of you are
familiar with the word “rolling stock.” A rolling stock means a kind of a vehicle operating
on a rail, but nowadays, it has an expanded definition; even though Maglev does not have
wheels, it is called a rolling stock. From now on, I will not use the word “train.” Instead, I
will use “rolling stock.”
For half of the section, I will introduce what the rolling stock business situation is in the
world and in Korea. Then, I will talk about what the modular concept is in Hyundai-Rotem.
Hyundai-Rotem belongs to Hyundai Motor Group. Hyundai Motor Group has 47 members.
We have some sister companies. They are actually bigger than us, including Hyundai Motor,
KIA Motors, Mobis, Hyundai Steel Company, Hyundai Construction, etc. Hyundai-Rotem is
a member of the heavy industry area in Hyundai Motor Group. We had 3.3 billion turnover
last year, and we have more than 4,000 employees. Our business has three major
distinguished divisions. One is railway, which I will explain later. Another is defense where
we make some military tanks. The last one is the plant and machinery division, where we
produce facilities to assemble automobiles and provide steel-making facilities.
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I will explain a little bit more specifically Hyundai-Rotem’s products in the rolling stock
area. We have high-speed train products, e.g., KTX-Sancheon and –Honam. Also, our major
product is electric multiple units. Some metro cars and commuter cars are equipped with an
electric motor. We have already delivered some driverless vehicles in Korea, Brazil, Canada,
and other countries. We also make locomotives, including diesel locomotives, diesel electric
locomotives, and diesel hydro-electric locomotives. We have lots of experience in this area.
Another one is diesel multiple units. We use these cars on unelectrified rails. We use diesel
engines for coaches. We have already provided several passenger coaches like double-deck
coaches in LA and Boston. The last product area is light rail vehicles including the maglev
and trams. We already have good experience in the maglev system, which we delivered at
Incheon International Airport. We also have a wireless hybrid low floor tram, which we
delivered in the Turkish city of Izmir.
We started manufacturing in 1965. Thus far, we have produced almost 40,000 cars and
exported them to more than 40 countries. I will tell you a little bit more about Rotem. Rotem
Headquarters is in Seoul, and we have a Changwon plant, a Dangjin Plant, and an R&D
center very near Seoul. We also have overseas assembly facilities. They are called Eurotem
in Turkey, and Rotem USA in Philadelphia. Turkey, America, India, and Brazil are our major
overseas markets. In India, we have partner companies for assembly, and, in Brazil, we are
going to make our own factory next year.
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With this basic information on Rotem, I will introduce the worldwide market. 2014 statistics
say the railway market, including infrastructure, operation, maintenance, system technology,
and rolling stock, is equivalent to 126 billion euros. Vehicles, i.e., the rolling stock itself,
represent 33% of this volume. However, we think about who the manufacturers are in the
world. Before 2000, there were three major players in European countries and Canada, but
nowadays, major manufacturers are in north China and south China. They get almost 30%
turnover from the worldwide market. This kind of volume does not dramatically increase.
They increase by as much as an interest rate. However, in China, in 2000, their market was
saturated, but, at that time, they had huge capacity. Nowadays, they want to come out
because there is some surplus manufacturing capacity. Even in this situation, Rotem has the
tenth position in the world with 2.4% sales volume. Some people think this is very good, but
we still want to jump up and make some more increase in the market. However, our market
size is almost the same every year, which is also true for manufacturing capacity and surplus.
I think people just think about that as a kind of a crisis for manufacturers. Because of this,
we think about lots of ways to survive and to enlarge our market. What is the reason? What
is the way?
I simply explain what the situation is. First of all, as I told you, it is “not large scale” and
“surplus of manufacturer’s capacity” and “customer size.” This kind of business is always
financially supported by the government. The government asks an operator like Korean
Railway or Deutsch Bahn, “Why spend money outside? You should spend money inside.” It
means you should assemble or buy items in your country. America and Brazilian regulations,
for example, say 60% of the materials should be bought in their country. It means an
increase in localization in every country, even in Korea. Regarding lifecycle cost, most of
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the operators want us to save maintenance cost and operation cost. They always ask us, at
the bidding stage, about the lifecycle. This is a mass transportation system. Because of that,
they want a higher level of safety, higher level of availability, good maintenance, and
reliability. Those are RAMS (reliability, availability, maintenance, and safety) targets. Then,
when it comes to resources, we think about the manufacturing side. There is an increase in
labor cost, not only in Korea, but everywhere. As there is a surplus of manufacturing
capacity; other manufacturers want to come to Korea, America, and everywhere. Customers
want a short delivery time. There are also needs for global manufacturing plants. Many
manufacturers have global manufacturing sites like Rotem. Lastly, there is no killer
technology. In China, companies like Bombardier, Alstom, Siemens, and even HyundaiRotem can produce high-speed trains. There is no killer technology to make us go to the top
position nowadays. Because of that, we need to overcome this situation and expand our
market.
We should think about new products, how we can save manufacturing cost, and how we can
create new markets. We do it everywhere, but, today, I will explain and show what we do
now on the manufacturing side. The tasks are productivity improvement, competitive cost,
and local manufacturing.
As I listened to previous speakers, we are the user of the metal forming, ideas of the
complex products, and automation. This is the real situation. We think about lots of things.
First of all, we want modular manufacturing, platform-based design, and new technology.
We do everything like that. However, today, we talk about modular manufacturing. The
worldwide trend is that rolling stock manufacturers use platform-based designs, especially in
European countries. They make the same platform for trains from low-speed to high-speed.
They have brand names. In Japan, there are more functionalized modular concepts. However,
in the Korean case, we try more production-wise modular concepts. In the beginning of the
manufacturing in Rotem, we assembled everything, more than 20,000 parts. It means very
low productivity. Then, we thought about making modular, functional items like the seat,
heater, cab desk kit, even luggage racks, and draft screens. That is what we did in the 1990s.
After that, we tried a system-level module. It means that a cab is kind of a system: function
plus operation. The toilet and power pack are also a kind of a system.
As you know, we make more modules outside. That means more materials, and material
costs increased. However, with a reduced number of parts, we save lots of money inside.
That is, even though we spend lots of money outside, we save lots of money in-house. That
is why we try this kind of system-based module. Nowadays, in 2010, we are still fighting
about this concept. Now, we make a module system plus chassis. It is very simple. They are
the cab, roof, and the side of the frame with six elements. Just six elements make a vehicle.
However, it is not easy. Sometimes, it is impossible. We realized some of the parts in metro
cars, but they are not perfect. However, we try. There is a way to innovate our production
line. Because of that, we always try this kind of complex module.
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This is an example of how we can make a module: a driver’s cab; ceiling components
including some insulation, air products, interior panel, grilles, etc.; ceiling cable trays; and
electric wiring connection, which is also a module system we have. Usually, the air brake
system is installed in the under frame. We have equipment, air piping, and electric wires
working together. In the end cubicle, we also have a module.
I can show the under frame module as an example. This is how we install it. Usually, we do
not have this kind of module. Every worker sees the upside and assembles. But nowadays, it
is just a module and assembly. It is very easy. However, we cannot make it automated. This
is the 3D simulation model. We already have a 3D design using, e.g., CATIA version 5,
which is very good for us. We can change the module area, automatically changing in the
body side. There is so much data we need, as Mr. Klopsch said. I introduced our own way.
As you see, this kind of module is very big, so we need very specific logistics problems. It is
not only one company or one supplier that makes this kind of module. There are a series of
suppliers. They get together and make the module. There are very long supply chains. It is
not an easy method to implement. There are conventional things, but we should think about
how to integrate them. We need standardization of interface, and we also control the
tolerance and stock of materials. We do not need a new concept. Every automobile company
says “just in time.” However, we need the concept “just in sequence,” because we also
produce in a series production. Because of that, in every station, we need materials. We
cannot have materials that we cannot produce. We have concepts like “direct in sequence”
and “just in sequence,” which are beyond “just in time.”
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Everybody knows some advantages, I think. Customers - we can make that module that is
easy for maintenance. If there is something wrong, they just take out the module and change
it. Availability is good. Car builders - there are so many advantages, e.g., shorter lead time. I
will explain this one. We have lots of facilities overseas. Our policy is to design in Korea
and manufacture outside. How can we easily manufacture outside? Making some module
brings the very difficult task of handling and controlling a global plant outside. That is why
flexible manufacturing is important. Thus, our production line should be more flexible. It is
the same with suppliers. They have very flexible capacity, and they also deliver equipment,
not piece by piece, but in package form, which is a very good way for a better logistics.
Suppliers also increase their business chance. That is the situation in Korea nowadays. Very
small- and medium-sized companies cannot overcome the situation because of the high
technology and the low labor costs of China. However, with this concept, we can make a
good chance for our medium-sized companies. It means win-win technology for customers,
car builders and suppliers.
I will summarize my talk. Modular manufacturing, as I told you, increases our productivity
and allows us to have a good partnership with customers. We cannot survive in the domestic
market. We have to go outside, as we already have examples in our plants in Turkey, North
America, etc. We should globalize the production of rolling stocks. Modular manufacturing
is not only the way to survive or overcome the situation, but also our new manufacturing
paradigm.
Thank you very much.
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NEW TRENDS IN LASER MATERIAL PROCESSING
Stephan Roth, Managing Director, Bayerisches Laserzentrum, Germany
Thank you very much, Mr. Chairman, for the kind introduction. Thank you very much to the
organizers of this forum for inviting me to give a presentation. I will talk about new trends
in laser material processing. I will not talk too much about technical details, but I will try to
give you an idea of what is becoming possible because of new developments in the field of
laser sources of the tool, the usage of materials, and new processes. I want to show you what
is necessary to benefit from these new possibilities and why research and development
(R&D) is a very important part in the successful usage of these new possibilities. The
Bayerisches Laserzentrum (BLZ) was founded 20 years ago for the transfer of knowledge
and the experience gained by R&D into industrial applications. It was R&D work done by
the center itself but also done at the University of Erlangen, i.e., the cooperation of a
privately owned nonprofit research company with a university, which is very important. The
goal of the center is to inspire the companies for new products and new processes, as well as
to generate experts in laser material processing.
Today, we are mainly working for the automotive industry, electronics production, and
mechanical engineering. In this slide, you can see key technologies we are doing R&D on
currently, mainly the joining, welding, soldering, brazing of metals, plastics, and glass, and
then working on the laser cutting of different materials. What is becoming more and more
important is the two topics below. One is precision manufacturing because of availability of
new tools that can be also used for industrial applications. The other is additive
manufacturing, which is a hot topic at the moment. All these topics are accompanied by
process analysis because getting an understanding of the interaction between the tool and the
laser beam together with the material of the work piece is very important.
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When we ask ourselves if we should use laser technology in production, there are some
advantages that have been well known for a couple of decades. A laser is always used if you
need high flexibility and small and various sizes of the work piece. Another advantage is
that we have a tool that is not in contact with the work piece, so there is no wear; thus, you
can have long working distance. This non-contact treatment leads to another advantage,
namely, the high precision you can gain. It only depends on the type and size of the tool
used for this. And of course you can easily integrate this technology into the process chain. I
think most of your companies are using this laser marking. I am not talking about laser
marking today, but it is a good example of the integration of the process into process chains.
Just to give you an overview of what was possible so far by using laser technologies in the
next two slides, it is the joining of different metal parts for the aerospace industry,
production technology, and automotive industry. By using a laser you can change the
properties of the surface of the work piece. One example is hardening a tool in the
automotive industry. Or you can even drill the filter paper of cigarettes by using laser
technology. The advantage is high speed of the treatment and non-contact between the tool
and material.
There was one example to change the properties of the treated surface when you cut thin
metal parts or sheets. Normally, you don’t want to change the material properties. You can
see one example from medical technology, which is the cutting of stems, or cutting some
parts for precision industries, especially, in Switzerland. There, by the treatment, you don’t
want to change the properties of the metal parts. Also, in electronics production, you can
treat plastics for airtight housings. Or you can again join some electronic connections. There
are still a lot of applications and solutions available. So what are the key factors for the
future?
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In particular, manufacturers of laser sources are constantly working on generating or
producing better sources. What does “better” mean? Better laser sources are, firstly, to reach
higher power because power means speed in production. There are high-power sources
available for longer time already, but the problem is they are not good enough because the
beam quality gets worse, which means your tool size is getting larger. Therefore, you have
more influence on the work piece, and the precision is going down. So, what they want to do
is to reach higher power and higher processing speed together with small tool size and,
therefore, gain better precision. These new tools are used in the future with different
motivations. We have already heard something about efficiency. Efficiency, of course, is also
a key trend for laser technology in different areas. We already heard about one of these areas
where we want to get better efficiency. Another very important part is different materials.
We have already heard about high-strength steels by Professor Altan, which I will address
later on, and the higher efficiency of the whole process by automation but also by
parallelization. Other trends are smaller tools and higher precision, and laser technology is
increasingly used in additive manufacturing. It has already been used for a couple of years,
but I think now is the right time to increase these applications.
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I will start with material efficiency and will just give you some examples of what has turned
R&D into application at the moment on laser technology to give you some ideas about what
is possible. The tailored parts or tailored blanks using laser sources used here have already
been known for years. However, it is combining sheets with different thicknesses and is
getting more and more to combine different materials. Aluminum alloys, for example, are
used in order to have the right material with the right thickness at the right place inside a car,
for example. By doing this, you can save weight and expensive materials when you produce
parts. Having tools available with a small tool size makes it possible to influence the parts.
Even the properties of the materials are reduced. With this, you have no bad influence on the
following processing steps; for example, if you have forming afterwards, you have a very
small heat-affected zone and that offers extra advantage.
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Something similar, but not to reduce weight but to save costly materials, is achieved if you
join different materials, for example, white goods, not to avoid corrosion but to have it on
the right place. Again, we can have the parts with good corrosion resistance at the right place
combined with less expensive materials, so that we can, for example, substitute some alloy
elements like nickel that are increasing the costs for this. This is an example of reducing
costly materials by using different materials, making it possible to join these materials by
laser technology, which was not possible so far.
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Coming back to the high-strength steels, it is another possibility. Just to have the same
performance of a part, for example, in the car body, and to have good strength for crash
cases, you can have lower sheet thickness of these metals by combing or joining them with
laser technology. Again, you have a very small heat-affected zone. You can even adjust the
hardness by controlling the process parameters on the joining zone so that you have no
influence later on. A welding seam is not a weak point in your car body.
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Just to give you some examples of these kinds of welding seams, you see a very smooth
surface and a very small heat-affected zone because the tool is not too large and there is not
too much energy going into the surrounding materials. This also makes new strategies for
welding possible by using filler materials or even by adapting the temperature you want to
reach in order to get the hardness inside the seam to the same level as in the surrounding
sheets.
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What I am telling you on the metals is similar for plastics. Light-weight construction is a
very important part, especially for the automotive industry, and reducing the weight of
metals is one solution. However, if we think of a totally new mobility, I think reducing the
weight of metal parts will not be sufficient. You have to make it possible to use the plastic
inside a car body or other parts to reduce the weight of mobile cars and other rolling stocks
in the future. With this technology, you have to make it possible to combine metals with
plastics or different plastic parts. Laser technology is a suitable solution for this. There can
be some pre-treatment necessary to have a rougher surface of the metal, but by laser
technology, it is possible to join metals and plastics, also with good quality.
The new welding strategy that I am always talking about is moving this small tool of the
laser beam. Here is an example of a car. These kinds of beam oscillation are used to get
better results, so we have laser sources enabling a very small tool size and, of course, new
system technology fast scanning to provide the possibility of moving the beam very fast.
With this, you can make the process more stable and robust for variations of the patch,
properties of the steels, or the materials used. By employing this, you can get better
properties. This is also used for the Golf Model 7 for the roof.
Coming to the energy efficiency, the new laser sources have two directions. One, of course,
is to increase the wall block efficiency of the sources. A laser is well known for heating the
surrounding area and destroying energy because the conversion from electricity to optical
power is relatively low. The manufacturers are constantly working to increase this. Another
important point is to get a better efficiency of the radiation. You generate it, and you put it
into the process to get better results out of this. One very important example for this is the
treatment of copper. If you treat copper with a laser, there is high reflection for the infrared
radiation normally used, so you are losing energy out of the process. By using a shorter
wavelength, a green wavelength, and the visible range of the spectrum, we can put more
energy into the process and can get better results. As you can see on the right side, using the
green radiation of the weld seams is much better than using infrared radiation. There are also
some solutions combining infrared and green radiations. The green radiation is a door
opener for the process and will get some more energy inside the infrared because the wall
block efficiency of these green lasers at the moment is relatively low. However, I think
manufacturers will be able to increase this in the future and the sources are not as powerful
as infrared sources today. But this will also change in the future.
Coming to process efficiency, there are two main topics. One is the automation. It is already
available for laser sources. But to have these new sources with good beam quality, you can
enlarge the distance between the source and the work piece and, by doing this, you can have
large facilities and a higher degree of automation. However, this also makes it necessary to
have cracking systems to make sure that the results are the same during the whole process,
i.e., no variations from patch to patch or from part to part.
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If the power your source is offering is sufficient, you can also make some parallelization of
the process, not only generating one structure but also generating more by beam splitting. So
you just have optical elements, just divide the beam into several beams and reach the same
result for every beam. If the distance and the number of your beams are fixed, you can use
optical elements. By using the optical elements, you can also make some corrections to
avoid failures. If you want to have more flexibility in the distance of the beam and in the
number of beams, you need some more complicated optical elements.
Another trend is higher precision. One development responsible for this is the so-called
ultra-short pulsed (USP) lasers. What does it mean to have USP lasers? This means that the
pulse duration is so short that you change the mechanism of interaction between the beam
and the work piece. By doing this, you can avoid too much heat being put inside the work
piece. It is, together with plasma, going out of the process again, and, by this, you can have
smaller structure sizes, even smaller than the tool size. It also makes it possible to treat
difficult materials, i.e., ones in the form of optical, transparent, very dissimilar material
mixes, or even temperature-sensitive materials.
The lasers were used in micro-processing in the past. However, this was always the problem:
the size of the beam was too large and the processing time was too long, so the output was
too low. However, by using these USP lasers, this is changing, totally. The first industrial
result was the drilling of the fuel injection nozzle by Bosch in Germany. There are many
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other applications occurring at the moment, and I think this will be the future of precision
manufacturing by using laser technology with these USP lasers. If I was asked three years
ago, I would not have been so sure about this. But now, the sources are available for
industrial use, and that’s the main thing. We have the processes and knowledge developed
for years by many researchers all the around the world. Now the sources are available to
bring this technology into production.
Some other examples of structuring metal forming tools include small structures inside
lubricants and the treatment of difficult materials, in this case, hard materials such as
diamonds and ceramics. By using these tools, it is possible to treat these hard materials.
Coming to the last trend, it is additive manufacturing. Everybody is talking about additive
manufacturing, which is good for us production engineers. The estimations, I think, were the
same 20 years ago, but now, the technology is prepared for industrial use, and I will tell you
why. When you look at additive manufacturing so far, it is well known for prototypes for
some medical products, inserts, implants, etc. However, it is now coming to the real world.
The first parts will be aircraft parts in the near future, which will be produced by additive
manufacturing by laser beam melting. Now we are prepared for this because it was
developed in the end of the 90’s already, and it was used for some functional prototypes,
metal powder, layer, etc., using the laser. But the challenges for materials available were no
wide range and the process stability was too low. Today, we are able to treat different
materials by modified powder systems. We can combine materials and can even make an
alloy during the process. That is possible for metals, and the process is getting more and
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more stable. We have monitoring systems available. So we can increase productivity,
accuracy, and process stability. Additive manufacturing using laser technology is prepared to
become a serial production technology.
What is the role for all these trends of R&D institutions and companies in this development
in the future? Just to give you an example from the BLZ, these institutions and companies
offer flexibility, knowledge, and experience, and they can be a platform for interdisciplinary
work. That is most important. The production is becoming more and more complex due to
the process, materials, and tools. Therefore, knowledge and experience are becoming more
and more important. You should not use R&D institutions as suppliers of solutions only. If
you really want to change, if you really want to shorten your process of production and
development time, you need knowledge and experience. R&D partners are the chance for
the industry to gain this knowledge and experience, and you have to support them. It is a
chance to get knowledge and experts who can handle problems within your companies, and
that is one of the key factors to shorten the time from the idea to the product. We did this for
two examples in the past, and I just wanted to show you what was possible. Here, in the
brazing process for the automotive industry, you can reduce and can make the process
simpler, can make it more stable, and make it cheaper. For the plastic welding, etc., the
process is getting more stable and more flexible. The properties of the work pieces and the
parts you produce are getting better. This is only possible by real cooperation and
willingness to learn from R&D partners. That is my main message to you. Strengthen R&D
partners and cooperation with real active support.
Thank you very much for your attention.
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MANUFACTURING SOLUTIONS FOR DIGITAL HEALTHCARE
WITH BIGHEART*
*Bionanoscience for Innovative Global Healthcare Research & Technology
Luke Lee, Professor, Bioengineering, Electrical Engineering & Computer Science, and
Biophysics, UC Berkeley, USA
It is my honor and joy to share what I have been doing at Berkeley after many years in
industry. I worked in the industry called TRW, as well as a small startup company called
Conductors. Therefore, I have a quite different experience compared to typical academic
professors. Today, I would like to show you the importance of manufacturing solutions for
digital healthcare with BIGHEART. It is bionanoscience for innovative global healthcare
research & technology. This is greetings from our department. I named our group as
BIOPOET: Bio-inspired Photonics Optofluidics Electronics Technology & science. As you
can see, due to my industrial and academic experience, I am trying to integrate all science
and technology for the purpose of global health.
Before we start, I would like to introduce to you one of my favorite poems, “Auguries of
Innocence.” How many of you know this poem? I guess it is very difficult to see because I
intentionally wrote it in small letters. I would like to highlight a few lines by William Blake.
He even predicted in the 19th century the importance of the industrial revolution, the danger
as well as blessing. What we need to learn from this lesson is very important, as engineers
and scientists. If we ignore the importance of the industry as well as manufacturing, we
might destroy our prosperity. That is how he predicted, even in the 19th century, when he
was looking at England.
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This is a really important lesson for my students, current engineers, and scientists in the US
as well as other countries because we have to learn how to see the world in a grain of sand.
Inside a grain, there is a beautiful crystal structure. We have to learn from it “a heaven in a
wild flower.” How does a flower generate patterns? While we are fabricating nano-, micro-,
or millimeter-structures, we have to learn how nature can create this multi-scale dimensions
by patterning from gene coding. I like the third line: “Hold infinity in the palm of your hand.”
Currently, many students in engineering or science try to avoid the “hand.” It is very
important to think about using our hands. It is our hand that innovates science as well as
engineering. We can have infinite number of inventions as well as innovations in science
and technology. “Eternity in an hour” -- we think that we enjoy prosperity forever, but, as
you know from the lesson of England, even though the Industrial Revolution was initiated in
England, think about the situation in England or even in America. We have to watch out with
our behavior. We have limited time. We have to balance things in basic science as well as
real manufacturing science.
After I introduce the motivation, I will talk about innovative manufacturing for personalized
medicine while introducing how we create integrated molecular diagnostic systems (iMDx),
integrative microphysiological analysis platforms (iMAPs), as well as quantum nanoscopes.
It is not just for science. We have to create new technology to create new science. If time
permits, I will talk about creativity in precision manufacturing and healthcare, especially
integrative arts, culture, technology, and science (iACTS). We have to act on it. Otherwise, if
you sit there and rely on banking industry, our country can collapse. If time permits, I will
talk about integrative translational engineering, arts, medicine, and science (iTEAMS) as
well.
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If you look at the Dow Jones Industrial Index in this slide, the x-axis is the year and the yaxis is this index. Until 1945 from the early 1900’s, nothing happened because of the World
Wars I and II. Suddenly, there is an increase in the Dow Jones industrial index which was
created on Wall Street. You can see that, from 1945 to 1965, they enjoyed large-scale
application in industry. Nothing happened from 1965 to 1980. Many people were skeptical
that there was no way to recover the economy. However, during this period, some people
invented CMOS, transistors, etc. It looks ugly, but this is the initiation of transistors as well
as CMOS, and many new micro-electronic fundamentals were discovered. You have to
remember that, during this discovery, there was the transistor. This was done by engineers,
but they got the Nobel Prize in Physics. Remember, the engineers got a Physics Nobel Prize,
even for this integrated transistor. Then, from 1980 to 2000, because of this fundamental
period of micro-technology, we enjoyed applications of micro-technology for 20 years. This
is the history from which we have to learn a lesson.
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From 2000, people wondered, “What is next?” This is my own interpretation. You do not
have to believe me. But I have been focusing on bionanotechnology fundamentals from
2000. You might say, “Look, you have only two more years to go.” However, due to the
history of 20 years of application and 15 years of a fundamental period, I can predict that we
might have a bionanotechnology application from 2015 to 2035, for developing new
personalized medicine, preventive medicine, and precision medicine. We will have different
gadgets that you cannot even expect. After 2035, I might die. So it is up to the new
generation. You have to prepare for it. There is a dark period; however, do not worry. There
are things on which we have to make fundamental research and of which we have to think
about for future application.
Within that motivation, we can think about having personalized medicine by using patient
samples or blood and having this nice system at home so that it can accumulate a kinetic
model of our cellular or metabolic activities. All this information at home is very weak, so
we can have a nice way of handling large experimental data at home. At the end, by
integrating all different disciplines, e.g., optics, IT, NT, BT, physics, and chemistry, we can
think about generating creative disruption using this kind of integrated iMDx for future new
medicine. We developed this prototype. However, why is there no industry? The problem is
that there is no mass production of this multi-scale system integration from nano-, micro- to
the millimeter-scale. Why? There is no industry because people are afraid to create this kind
of industry. However, without industry, it is impossible to make new medicine. We really
need innovative precision manufacturing for multi-scale system integration for personalized
medicine.
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In my view, the role of precision manufacturing is not only creating jobs but also
establishing healthy economy as well as a healthy mind. Without the job, without using our
hands, if you try to just do everything with only software, there is a limitation. Then, you
create new science. For example, this year’s Nobel Prize in Chemistry is a microscope. It is
an engineering job. Actually, the person who got the prize helped his father’s manufacturing
facilities. In Physics, it was LED. If you look at these wonderful Japanese electrical
engineers who got the Nobel Prize in Physics, they really spent time for doing engineering,
perfect engineering. Without precision engineering, there is no new science. You need to use
new tools to make new science. If you use old tools, you cannot make new science. It
becomes the best defense mechanism against global economic power. You have to remember
manufacturing will help us.
I will talk about our example of iMDx first. In order to make additive manufacturing for
personalized medicine, you have to think about how to make biological application specific
integrated circuits (BASICs), which allow us to integrate many different samples as well as
cell cultures and detection all together. So, BASIC for quantitative biomedicine (QB) is
creating new science, i.e., QB on a chip for digital healthcare systems. You have to
remember if we can measure biological science quantitatively, it is not a science. That is
why there is a lot of temptation to fabricate the data by fabricating the pictures because they
couldn’t make quantitative measurement. So, it is important to think about design. But our
philosophy is “Simplicity is the ultimate sophistication.” If you follow the design rule for
electrode and high- and low-fluidic resistance, you can add all different components of
different functions of the sample prep, detection, capturing cells, and so on. These are some
examples. Due to the time, I will highlight only a few examples. We developed a new way
of capturing a single cell as well as studying ion channels and then moving solution using
light and so on.
I would like to introduce to you the integrated iMDs for global health. When I say global
health, I do not mean only the third world, but also developed countries in Europe or
America. The emphasis is “sample-to-answer” at low cost. For example, in global health,
HIV, TB, etc. are a serious problem, but in San Francisco, we have the same problem.
Whether you are in a developing or developed country, we have to address this global
healthcare problem. This simultaneous detection of DNAs, RNAs, and proteins can be done
by dropping the blood. Is it possible to create a chip that processes everything including
separation, detection, and amplification? I would like to show you an example. It is very
important to make iMDx with an ASSURED condition, which is affordable, sensitive,
specific, user-friendly, robust/rapid, equipment-free, and deliverable. How can we
accomplish this in a university lab? Even if we create innovative creative design, it is
impossible to make this ASSURED iMDx in a university. We can demonstrate this, but we
cannot mass-produce millions of chips like this. Why do we need millions of chips? It is
because we have to test clinically over and over until we have assured data. Otherwise, it is a
useless platform.

７３

So, we made this device. I would like to show you the importance of this integration. First, it
is a self-powered integrated microfluidic blood analysis system (SIMBAS). The whole idea
is “no external pump.” You draw out the blood. By knowing this porosity of the polymer, we
can design the chip that can pull out the blood in separate plasma. You can see that the blood
is dropped, and then there is a trench where the cell is basically separated. Then, plasma is
extracted in two minutes. You can do fast blood separation and do protein and DNA analysis
downstream.
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Here, it is showing that we can do a self-digitization of blood separation. This design allows
very fast self-digitation of plasma, but we have to remember that, before we fabricate, we
also immobilize the region in this well. We can have thousands of wells for many different
probes to detect different cancers. So you can detect many different diseases at once using
this kind of self-digitization chip because everything is integrated in this well. We can
amplify the signal of nucleic acid. So, by knowing this possibility of integration, we can see
also the detection of the PCR on the chip right away in 30 minutes. We are now pushing this
30 minutes to 30 seconds. So, we can make a 2-minute separation and 30-second DNA
detection.
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We also integrate this system using a new detection system so that we can drop this blood,
and this is disposable. This reader has a GPS module so you can have all this information
wherever you are. Then we are making a smartphone iMDx to make a nice web application
so that we can transmit this information to a needed place.
The next one is integrative microphysiological analysis platforms (iMAPs). This is for using
the patient-specific induced pluripotent stem cells (iPSCs). We have been developing this
dynamic cell culture as well as liver-on-a-chip and now a Harvard group is following this
lung-on-a-chip. The history of the organ-on-a-chip allows us to create this nice movement in
the US for the organ-on-a-chip. I have to go back to the history of the cell culture. Professor
Koch did a wonderful job using this Petri dish. His assistant invented this Petri dish. We
have been using Petri dishes for many years, and then he got the Nobel Prize for his
accomplishment in bacteriology. In real life, our tissue in the body is not steady. Our body is
in dynamic condition, so we have to think about how to create new dynamics of cell culture.
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This is a real tissue sample. There are circulatory flows. In between circulatory flows, there
is an interstitial flow. We have to think about all dynamic flows and make a physiologically
relevant micro-environment to culture the cell. Then we can recapitulate the physiology. By
designing these different flow rates for the different organs, we can create this nice organon-a-chip or dynamic cell culture chip so that we can have different injections of nutrient
gradience and as well as flow of the nutrients so that you can combine quantitative cell
biology.
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You can see that each cell generates different dynamic cell growth culture depending on the
flow rate.
You have to think about that this cell has the same conditions except one variable. One looks
like a tumor, and one looks normal. The only difference here is the flow rate. It is showing
the importance of the flow rate. If you do not control the flow rate, if you culture it in a
steady condition, you do not have any idea of how a tumor cell can be created even though it
is an identical cell. It is very important to have precision engineering, even for stem cell
biology. Otherwise, how dare we claim that, using a Petri dish, we can use cell to make a
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nerve cell, endothelial cell, cardiac cell, etc.? The reason why there are temptations to
fabricate the picture is because they probably saw but couldn’t repeat the experiment. They
could not measure quantitative data. Why? It is because they did not have a tool. It is time to
listen. Engineers can provide precision biological tools instead of using a 100-year-old Petri
dish for steady cell cultures. It is time to change dynamic cell cultures for real physiological
conditions.
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This is an example of a physiologically-inspired artificial liver. People thought that it was
impossible to culture the primer cell, but by knowing the basic physiology, there is a
convective flow as well as diffusive flow. By knowing this, you can mimic this architecture
of the liver and then fabricate this device using micro fabrication by controlling the flow rate,
etc. You can make this simple fluidic circuit model and control the flow rate.
You can see how this primer cell can be maintained for many days without dying away. This
is the first demonstration of the primer cell culture for a long-term cell culture in dynamic
condition.
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Now we are expanding this to make an integrated micro-physiological analysis platform
using iPS to make hepatocyte and cardiomyocyte so that we can study patient-specific drug
discovery and drug analysis tests. Then, we expand this to many different organs so that we
can fabricate this fluidic chip that allows to capture this differentiation as well as
maintaining different organ functions and to analyze all different activities of human
metabolic activity for drug discovery and toxicology studies.
Creative precision manufacturing can create precision medicine. It is very important. If we
want to create precision medicine with old tools, it is too late. We will waste a lot of research
funding. So it is important to have large-scale multi-scale convergence of BT, NT, and IT. It
is because we have to integrate protein patterning, fluid dynamics, optical detection, as well
as optical amplification or chemical amplification, and so on. With this kind of integrated
system, we can contribute to medical innovation for different diagnostics for different
diseases. You can check down to nucleic acid detection.
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For the remaining time, I would like to highlight nanoscale additive precision manufacturing
for nanosatellites. This is nothing but a nanoscale integrated system for optics. This is a
plasmonic structure. Inside is a magnetic particle and on the outside, you can add a gene so
that it can explore a living cell as a cellular galaxy exploration. My question is, “Can we
capture e-motions in living cells?” When I say e-motion, it means electronic motion. Is there
any tool to capture e-motion in a living cell? We do not have any tool to capture e-motion or
transfer information in a living cell. Why, then, do we need to understand this electronic
transfer information? It is to monitor and regulate cellular signaling pathways as well as to
understand electronic transfer mechanisms of enzymes or proteins as well as nucleic acids.
So I would like to make an analogy. I was in TRW, and I was involved with satellite
integration. This is all meter-scale or centimeter-scale, but you have to think about this
galaxy. People thought that the galaxy was something like a nuclear plant from the USSR.
We have to think about making new observations in a cell. Instead of fear or bias, we have to
explore a cellular galaxy with new platforms.
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This is a nanoscale satellite. This is a crescent shape. You can generate different colors. It
also provides fingerprint information as well as an optical antenna so that you can target a
specific cell and sense the molecule within the cell or within the membrane area.
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This is one example of bio-inspired nanocoral with a half-sized nanostructure for sensing.
The other side is for cellular targeting so that we can target a specific receptor molecule. If
there is a cancer cell, we can use this system to target the cancer cell and gene delivery for
treatment. You can think about manufacturing this kind of structure and then the targeting of
a specific cancer. But the principle for this antenna uses a surface plasmon polariton. By
knowing this boundary between the metal and dielectric layers, we can generate coherent
charge oscillation when you shine the light. We can use this system as a new optical antenna
system. Another advantage is that, even though you shine the near-IR, even if this plasmonic
satellite is ten nanometers, you can focus by resonating the electron. This is the advantage of
this kind of structure.
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We can insert the system inside the cell and call from the outside. By shining a specific
wavelength, you can liberate the attached genes or peptide from outside the cell. This is the
true “cell” phone because you can communicate with this antenna, which is inside the cell
from the outside.
We can create new viruses and good viruses for the same purpose, and then we can see this
function for targeting, sensing, imaging, and drug delivery. The advantage is, again, optical
enhancement through this plasmonic structure, and then we can get different specific optical
resonant peaks.
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I would like to highlight the advantage of this optical antenna. You can attach it and then
shine the specific wavelength to turn it on and off at different times so that you can make
genetic pulses. This is the first demonstration of gene circuits in a living cell. Why is it
important? This is very important for gene therapy. Instead of using toxic chemicals, we can
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regulate gene circuits for NF-κB for biological circuits.
We can also use this plasmonic structure nanosatellite as a sensor of an optical spectroscope
sensor. If we have a protein around this antenna, we can capture this identical absorption
peak, as you can see here in quantized resonant quenching dips. So why do we want to do
this? It is because, for example, regarding Alzheimer disease, people argue that it is due to
the problem of electron transfer (ET). Is it true? How do you know whether it is an ET
problem of mitochondria or not? So, we have to study quantum biophotonic ET (QuBE) in
living cells. There is no tool, so we have to deliver inside the cell and challenge whether it is
important to study QuBE. QuBE, or not QuBE, that is the question. Otherwise, we do not
have the exact observation. Nobody has really observed true ET in living cells. This is the
hypothesis learned in the textbook, but there is no one who has observed it directly.
So we can deliver inside the Alzheimer disease cell and see whether we can capture this
optical information through the ET.
Without poking with a wire, we cannot get this spectroscopic information from the outside
because this optical antenna transmits this information to the outside so that we can get an
idea of whether it is reduction of oxidation or you get the idea through the ET information.
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I hope I gave you an idea of importance of the nanoscale satellite manufacturing for
capturing new information that we do not see, not only outside of the world using satellites,
but also inside our cells all the way down to the ET level in cells.
In a few minutes I would like to highlight iACTS. It is for stewardship, sustainability, and
social responsibility by creating convergence. By looking at art, we might say “How does it
relate to technology?” If you look at Bio-active matter for an air detoxification wall, you can
make a new wall that allows detoxicating all the air in many different countries. We can
come up with a new way of making air detoxification using creative art as well as this new
wall.
For obstacles of creativity, we have to remember that there is a huge political and
educational boundary. We learn a lesson from Demian by Herman Hesse: “The bird
struggles out of the egg. The egg is the world. Whoever wants to be born must destroy a
world.” We have to remove the boundaries to make creativity.
Here are my conclusions. Integrated molecular diagnostic systems (iMDx), integrative
microphysiological analysis platforms (iMAP), and nanoscale satellites are developed for
precision personalized medicine. Precision manufacturing for new medicine will create a
healthy economy and new sciences. Creative convergence of integrative art, culture,
technology, and science (iACTS) can generate a healing ecosystem. Innovative scale-up
manufacturing through the convergence of life science, engineering, and medicine is the
solution for global healthcare and healthy economy.
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I would like to finish my presentation with one quotation by Goethe.
Knowing is not enough;
We must apply.
Willing is not enough;
We must do.
In the realm of ideas
Everything depends on enthusiasm…
In the real world
All rests on perseverance.
Johann Wolfgang von Goethe
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Session 2: Energy and the Environment

The Challenge for Future Power Generation

Kenji Ando, Senior Executive Vice President, Mitsubishi Hitachi Power Systems, Ltd.,
Japan

Dr. Yong-Taek Im, thank you very much for your arrangement of such a wonderful session
today. I would like to introduce what company we are. I will mainly focus on gas turbine
technology. Thirty minutes will be given to me, so please stay calm and listen to my
presentation. Thank you.
Today, I will firstly talk about what the most required energy is these days and what kind of
energy is environmentally safe. Secondly, I will explain how Mitsubishi Hitachi Power
Systems was established. Thirdly, I will focus on the high efficiency of gas turbines and
integrated gasification of combined cycle (IGCC), which is the most advanced technology in
the world. Lastly, I will talk about air quality control systems.
Here, we can see the power generation ratio change from 2008 to 2013 in Japan. At this
moment in Japan, we completely shut down all of the nuclear plant stations. As you can see
here, blue color is liquefied natural gas (LNG) and red color is coal. Nowadays, LNG
consumption is jumping up.
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This slide shows energy cost for power generation in Japan. The highest energy cost for
power generation in Japan is ¥7.7 trillion, and it is gradually increasing. Mostly, we
consume natural gas in order to supply electricity power in Japan.
This slide shows a forecast of LNG prices. Here, we see the LNG prices of the United States,
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Europe, and Japan. The Japanese natural gas price is 17 US dollars per MBtu. We have to
import 100% of our LNG from overseas. Even in the States, because of some kind of fee for
developing shale gas, such cost will slowly increase. Also, in Japan, lots of fuel cost will
keep going up. So, what should we do? One typical thing to solve this problem is to develop
environment-friendly and higher energy efficiency gas turbine systems.
Mitsubishi Hitachi Power Systems (MHPS) was established last February by Mitsubishi and
Hitachi. The majority of the capital is taken by Mitsubishi. Only 35% of the capital is taken
by Hitachi. However, both companies have the same policy: develop environment-friendly
systems for the future.
Let me introduce our company’s head office and factories. Our head office is located in
Yokohama, just across Tokyo. We have several factories and facilities in Hitachi, Takasago,
Yokohama, Kure, and Nagasaki. We are dedicated to large-scale gas turbine facilities in
Takasago. In Hitachi, they put more focus on smaller gas turbines. Both facilities are
dedicated to gas turbine development and manufacturing.
Also, we have several subsidiary companies in the world. We have companies in the States,
Europe, and Korea. Korea’s electricity demand is jumping up. Our company is providing
several gas turbines to Korea and Korean customers. However, we have to compete with our
two major competitors, GE and Siemens. One typical subsidiary company, MHPS Americas,
is located in Orlando, Florida, USA. MHPS Europe is located is Duisburg, Germany. The
biggest subsidiary office in East Asia is located in Korea.
We mainly produce gas turbines, steam turbine generators, and combined cycles.

９５

Our company’s vision is maximizing the potential ability of Mitsubishi and Hitachi. Our
business scale is $12 billion in 2014. However, by 2020, we expect to reach $20 billion.
Here, we have a history of the gas turbine development of our company. We commenced
manufacturing and producing gas turbines in 1960s. At first, our teacher was the States.
However, gradually, our technology has grown up. Even though gas turbines were not the
key business for us, we developed gas turbines by ourselves. Then, combined cycles were
developed. Combined cycle means the exhaust energy of gas turbines to be utilized for
steam generation. Steam turbines and gas turbines both produce electricity. That means those
are high efficiency power plants. The gas turbine business will smoothly increase, not only
in Japan, but also in the worldwide business in Korea, in Asia, in the States, and in Europe.
In the future, more of such kinds of high efficiency power plants will be installed, so we
have to develop much more. At the moment, the latest version of gas turbine development is
type J. A temperature just out of the combustor is 1600ºC. Our goal in the future is reaching
1700ºC and increasing energy efficiency. We have to develop much higher efficiency gas
turbines.
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This slide shows our gas turbine line up. From small ones to big ones, we have a wide
ranging line up for providing gas turbines to worldwide customers. Specifically, the small
ones are made by Hitachi, and the big gas turbines are made by Mitsubishi. So, depending
on the customers’ needs, we can provide any size of gas turbine.
Here, we can see the latest worldwide production quantity. These days, higher efficiency gas
turbines are very popular for the purpose of environment-friendly strategies.
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We have already provided such kind of gas turbines to Korean customers. We have to make
our best effort to contribute to the Korean customers for huge business development.
The J series gas turbine is the very latest version. The concepts of a gas turbine’s compressor,
combustor, and turbine mechanism are almost the same as those of a jet engine. All the
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power of the compressor, combustor, and turbine is produced in the turbine state. At the
compressor state, only consuming occurs. Sixty percent out of 100% power is to be
consumed in the compressor state. It means gas turbine efficiency is 40%. So, we have to
minimize loss of thermal efficiency.
Nowadays, the temperature efficiency of our combined cycle is more than 61%. At the
moment, our goal of thermal efficiency of a combined cycle is 63%. On this slide, we can
see a lineup of electricity power output. The biggest output is shown in the mixture of a gas
turbine and steam turbine. This big scale combined cycle output is almost 700MW.
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We have three key features in our gas turbine business. Those are high temperature material,
high cooling performance, and advanced TBC. These are important for the future
development of gas turbine technology. Such kind of development is already carried out at
GE and Siemens. Every gas turbine manufacture is focusing on these developments of
technologies.
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I would like to introduce one of the facilities in Japan. The Takasago facility is dedicated to
gas turbine manufacturing. At these facilities, there are an R&D center, huge manufacturing
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works and a verification system. Before developing new gas turbine production, we put the
new gas turbine into some kind of system. Then, we operate it, for the time being, for 3
months, 6 months, and 1 year in order to check the efficiency and reliability of the parts.
Takasago is a newly developed gas turbine center. This R&D center and shops develop new
gas turbines. This R&D center, 45 shops, and verification areas are on one site, and that is
the strength of our business.
IGCC means integrated gasification of combined cycle. Coal is to be changed to gas. In
Korea, the same development is going on. In Japan, as you can see here, we have a 250MW
IGCC plant that is smoothly running right now. We have to use the coal and change it to gas.
That is a key point.
The point is, as I told you, in Japan, we have to import 100% of our natural gas from
overseas by $17 per MBtu. It is very expensive. We lose much money for power generation
now. So, we like to utilize coal. Why? Coal is very cheap. So, Japan likes to utilize coal.
Then, how can we utilize coal? That is a key point. For the next step, we would like to
develop high efficiency gas turbines. Next, we like to utilize coal, especially in an
environment-friendly way. How? We developed such kind of system, IGCC. IGCC energy
efficiency is higher than normal super critical steam turbine power plants. And also, we can
produced pavement materials or concrete aggregate from the residue of combustibles. That
means IGCC is an advantageous one.
As you can see here, another IGCC plant is now under construction.
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One big 500MW unit is to be installed in Nosan, Tokyo. The Japanese government has
already decided to install two 500MW IGCC power plants in the Nosan area of Tokyo. By
2020, these IGCC power plants will be in service. MHPS established one company. Through
this new established company, we can provide environment-friendly equipment widely. For
example, we can provide gas desulfurization systems, selective catalytic reduction (SCR), or
flue gas desulfurization (FGD) to anywhere. The point is that our different experience in
providing supply systems is well-known. We have provided several kinds of FGD and SCR
to Korean customers. Nowadays, in order to provide the better environment strategy, we
have already developed a high efficiency particulate matter (PM) removal system. Due to
customers’ needs, we added FGD supplement to the existing power plants. We can provide
such kind of additional FGD or SCR for environment-friendly strategy without any
problems.
Here is one example. This experience shows how we added FGD to the existing power plant
in Poland. If, in Korea, any customers will be interested in such a kind of additional
supplement of new FGD to the existing power plant, you can contact us at any time.
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Here is one example of sea water FGD for an Asian market. Anyway, at last, I can say in
Korea, in Asia, in Europe, and in the States, the customers will need something in order to
improve their environmental issue for the future strategy.
Mitsubishi Hitachi Power Systems would like to know customers’ needs and customers’
opinions. So, if you need to get further explanation of our strategy, please let us know. I will
visit your office. Thank you very much.
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Perspectives on the Development of Energy &
Environmental Technology

Jong-Soo Woo, President, Research Institute of Industrial Science and Technology,
Pohang, Korea

Thank you very much, Chairman. Good morning, ladies and gentlemen. As introduced, my
name is Jong-Soo Woo. I am the president of Research Institute of industrial Science and
Technology, called RIST, an affiliated research organization of POSCO, which is the largest
integrated steel company in Korea, having produced about 37 million tons of crude steel,
last year. First of all, I would like to congratulate this successful hosting of the 2014
International Forum Korea on Advances in Mechanical Engineering. Personally, it is my
great honor to have a chance to talk in front of the distinguished experts and guests working
in the field of mechanical engineering. I remember it was sometime in April or May this
year when Dr. Im, the host of this forum and the president of KIMM, asked me for a talk on
this occasion and also told me that any subject would be okay as long as that was related to
energy. Although, energy is one of the major research areas of RIST, his offer was kind of
trouble to me because it had been a really short period of time since I moved to RIST from
POSCO, and most of my career with POSCO is about steel. Therefore, I did not think that I
could give a talk as an expert. Instead, I decided to talk what I have learned on research
activities at RIST concerning energy and environment. In this regard, today, I would like to
introduce the technologies RIST has been trying to develop in the field of energy and
environment. Before that, I would like to mention global issues on energy and environment
as a background of such technology development.
Let me start with global issues on energy and environment. With increase in population and
economic growth, the need for food, water, and energy has increased inevitably and
explosively. As a result, we have come to the state where we have to worry about the mega
problems of resource depletion and environmental pollution on a global scale. Due to the
concern on what the mega problems will bring to a vanishing future, the UN has addressed
sustainable development as the underlying principle of economic growth. The core concept
of this sustainable development is that the development should be environmentally bearable,
economically viable, and socially equitable at the same time.
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I would like to mention world energy demand and CO2 emissions with this slide. In the
world energy consumption, CO2 emissions have doubled in the past 40 years. The energy
consumption has increased from 220 to 500EJ, and the CO2 emissions have increased from
14 to 30GT. One thing we can notice in this graph is that the growth of energy consumption
outside the OECD has been very remarkable since 2000. As a consequence non-OECD
countries began to release more CO2 than OECD countries since 2005. The growth rate in
energy consumption and CO2 emissions in non-OECD countries is very steep, while the rate
is flattened in OECD countries.
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This slide shows the history of the world energy supply by fuel. For the past four decades,
what we can notice in this slide is that the consumption of fossil fuel has increased steadily
and the contribution of each fuel has changed considerably. The amount of oil has not
changed very much. On the other hand, the supply of all other fuels is found to have
increased remarkably. As a result, the share of oil has decreased from 46 to 32% while the
portion of coal has increased from 25 to 29%, natural gas from 16 to 21%, and nuclear from
1 to 5%. However, the portion of hydro and biofuels seems to remain constant. The portion
of renewable energy such as geothermal, solar, and wind has increased from 0.1 to 1%
during the same period.
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Now, let us look at the energy forecast of 2030 in this slide. Most of the energy consumption
growth will come from non-OECD countries. Their energy consumption in 2030 is expected
to increase by about 60% as compared to that of 2011. And this number will account for 65%
of the total world consumption. In the second graph, you can see that the energy use for
power generation will grow faster and industry and the transformation sector are following
suit. I think this means that the main driver of the world energy consumption is the
population growth in non-OECD countries and their quest for a better standard of living.
However, this simple fact brings us direct consequence to the environment. Based on the
forecast shown at the third graph, the consumption of fossil fuels will be ever-increasing and
will become a never-ending story, despite of so much effort to reduce it.
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This graph shows the painful consequence from ever-increasing fossil fuel consumption I
mentioned just before. According to the graph, the greenhouse gas emission keeps
increasing in spite of all those reduction efforts. Most emission growth is in CO2 from the
fossil fuel combustion and industrial processes, which account for 65% of the total
greenhouse gas emissions followed by methane, forestry and other land use, nitro oxygen,
and Freon gases.
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Here are the famous climate change scenarios prepared by International Energy Agency
(IEA) in 2012. The report, Energy Technology Perspectives (ETP) 2012 suggests three
possible energy futures to 2050, a 6ºC scenario, a 4ºC scenario, and a 2ºC scenario. The 6ºC
scenario assumes that the world continues down the path it is now heading. The 4ºC scenario
reflects the stated intentions by the countries to cut emissions and boost energy efficiency.
And finally the 2ºC scenario offers a vision of a sustainable energy system of the future.
There must be many in the audience who already know the scenarios very well. I would like
to mention a little bit more on the 2ºC scenario. The ETP 2012 2ºC scenario explores the
technology options needed to realize a sustainable future, based on greater energy efficiency
and more balanced energy systems, featuring renewable energy sources and lower emissions.
The 2ºC scenario tries to identify possible technology innovations and political options that
ensure an 80% chance of limiting the long-term global temperature rise to 2ºC.
In terms of CO2 emissions, the message from the ETP 2012 is clear. To have a chance to
limit the global temperature increase to within 2ºC, the world needs to cut its CO2 emissions
by 50% from today’s level by 2050. It should be brought down to roughly 15 GT from
today’s over 31 GT. Based on the graph in this slide until 2050, we need to fill the gap
between 24 to 42 GT of CO2 emissions by means of various clean technologies.
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The ETP 2012 suggests that in the 2ºC scenario, energy efficiency should make the largest
reduction in the global greenhouse gas emissions. However, relying on energy efficiency is
not enough. And we need to combine with other technologies to meet long-term targets.
According to this slide, between the 6ºC scenario and 2ºC scenario until 2050, energy
efficiency accounts for 38% of the cumulative emission reductions, renewables for 30%, and
carbon capture and storage (CCS) for 15%, with the balance filled by nuclear energy and
fuel switching.
It is difficult to overstate the importance of energy efficiency, which is nearly always costeffective in the long run. It helps not only cut harmful emissions but also enhances energy
security. As most of the industries are stationary resources of greenhouse gas emissions, a
significant potential for the enhancement of energy efficiency exists in the industrial sectors.
And this needs to be pursued through technological innovations.
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In the 2ºC scenario, the power generation sector will take over 15% of the total primary
energy consumption, which means that electricity dominates the whole energy system.
Therefore, low carbon electricity is believed to be at the core of a sustainable energy system.
Although it is too challenging to realize the 2ºC scenario, renewal energy sources need to
produce more than half of the world electricity in 2050. Reducing the use of coal and
improving the efficiency of coal fired power generation are considered to be important next
steps. Natural gas and oil will remain important for the global energy system for decades to
come, and CCS is to remain critical in the long term.
As you can see in the slide, the target in the 2ºC scenario is too ambitious to achieve. I do
not think we can reach the target. Today’s energy system paradigm is based on unidirectional delivery of energy. Therefore, in order to meet the target, we need to realize a
sustainable energy system that is multi-directional and integrated even smarter than before.
This sustainable energy system will feature more diverse energy sources and provide a better
balance between the sources than today’s system. Besides that, the new system will be more
integrated, complex, and rely more heavily on distributed power generation. This already
entails increased efficiency, decreased system cost, and less burden to the environment by
incorporating a broader range of technology and fuel.
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Up to now, I have reviewed the global issues, energy and environment, and how to get on
the right path for a sustainable future. The integration of existing key technologies and
continuing innovations will accelerate our efforts to achieve a sustainable future. For
technology innovation, we need to deal with various aspects of energy and environment such
as energy efficiency, CCS, energy storage, renewable energies, smart grids, and so on, as
shown in the slide. The utmost test we are facing right now is how to speed up and integrate
our efforts in order not to hand a devastating future over to the following generations.
From now on, I would like to introduce the R&D activities RIST is carrying out in the field
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of energy and environment. We are dealing with a somewhat broad range of subjects, as
described in this slide. However, by doing so, we think we are also contributing to the global
effort to realize this sustainable future. Today, I will briefly explain some of the
representative R&D projects we are currently performing.
RIST is committed to developing necessary technologies on energy and environment for
POSCO, more specifically for the iron and steel production process. This slide gives a
general overview of the iron and steel making process. The reduction of iron oxygen to
make iron and steel requires a reducing agent that can also produce energy. The iron and
steel making process consumes a huge amount of energy, as shown on this slide. Not only
consuming energy, the world iron and steel industry also generates a fairly large amount of
CO2, corresponding to about 5% of global CO2 emissions. Therefore, the iron and steel
industry concentrates its efforts on reducing energy consumption and CO2 emissions
together. As many R&D programs are on the way globally by various steel companies, RIST
is carrying out research projects on energy saving and carbon capture utilization in
collaboration with POSCO.
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Improving energy efficiency can be considered as the first step for energy saving. Since the
steel industry is operating various kinds of industrial furnaces, energy saving from the
furnace is a crucial research area. This slide shows two R&D projects concerning improving
the energy efficiency. One is an oscillating combustion, and the other is a laser-based
combustion control. The purpose of these projects is to save fuel consumption and to reduce
NOx emissions. The application of this technology is underway in the POSCO steel plant.
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The conversion of waste heat into electricity has been considered to be a promising route for
improving energy efficiency. Especially when the temperature is below 300ºC, there has
been no commercially available technology so far. As shown in this slide, we are working on
two commercialized Kalina cycle systems with higher efficiency and compact design. The
system uses an ammonia/water mixture as a working fluid, which is adequate to recover
low-temperature waste heat. A 600kW-scale pilot plant is under testing at POSCO’s
Gwangyang plant to optimize the design and operating conditions. Application to
geothermal power generation is also scheduled for development as a national project.
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A thermoelectric power generator converts heat into electricity by using the well-known
Seebeck effect. This slide describes the laboratory-scale thermoelectric power stack
developed at RIST. The power density of this stack is found to be well over 20kW for a
cubic metal. A 5kW scale pilot test is underway using the exhaust gas from a furnace in the
POSCO steel plant. We expect that this kind of thermoelectric power generation can be
utilized as distributed waste in a recycling system.
This slide explains the CO2 capturing technology RIST is currently developing for POSCO.
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Among many possible technologies, absorption is regarded as the most technologically
mature and economically feasible. We are developing aqueous ammonia-based CO2
capturing technology. This technology has an advantage in using energy because this
absorbent regeneration temperature is as low as about 80ºC. Therefore, the regeneration
energy can be provided from low-temperature resources of 150ºC. We have built a pilot
plant in POSCO’s Pohang plant and successfully tested it with a production capacity of 10
tons of CO2 per day.
Now I would like to introduce a unique technology utilizing CO 2 to produce a valuable
substance, carbon monoxide, a reducing agent in this case. This technology is very specific
to the steel industry and is considered to be the world’s first CO2 utilization technology of its
kind. In this technology, when CO2 is injected into a coke oven during the coke-making
process, it is converted into carbon monoxide by reacting with carbon that is deposited in the
coke oven wall. By injecting CO2 gases into the coking chamber, carbon monoxide can be
produced through the well-known Boudouard reaction. We are currently building pilot
facilities at POSCO’s Pohang plant and expecting that carbon monoxide in the coke oven
gas will be amplified by 10%.
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This slide shows another example of utilizing carbon dioxide to produce valuable chemical
compounds, dimethyl carbonate (DMC), in this case. In our process, urea and methanol are
combined to produce DMC, where urea is produced by the reaction between carbon dioxide
and ammonia. We have developed necessary technology, such as the catalyst and reactor
design. In the pilot plant, with 30-ton-per-year capacity, continuous operation has been
achieved with 85% DMC yield and 99.9% purity.
A lithium-ion battery is a rechargeable battery, which is a so-called secondary cell based on
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a lithium intercalation reaction. It is known to have much higher energy density and a longer
life cycle compared to the conventional Pb or nickel batteries. RIST is currently developing
a wide range of materials necessary for a Li-ion battery comprising various cathode and
anode materials. This slide introduces two examples of cathode materials containing key
elements such as Li, Ni, Mn, and Co. Quite recently, we have developed a unique cathode
material showing higher capacity and more stable characteristics than existing materials. Its
unique feature is a Ni-rich gradient layer in nickel manganese cobalt oxide (NMC) type
materials.
This slide shows another example of our development, an anode material. We are developing
artificial graphite anodic materials utilizing the coal tar from steel plants as a byproduct,
which exhibit high capacity and long life cycle compared to other graphite-based materials.
Silicon carbon composite is considered to be a candidate for advanced anodic materials as
well. Due to the coal and share structure it has, we expect to control the volume expansion
of silicon to enhance the cyclic life of the materials. We are also working on this material.
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We have developed a system-wide improvement method of energy efficiency focusing more
on industrial plants or building complexes called “smart industry.” In developing this
concept, we adopted the smart grid methodology established for a nationwide power grid. As
you know well, a smart grid or smart industry incorporates every possible primary and
secondary energy source, energy storage, and saving device. The role of a smart grid or
smart industry is to integrate all of these options with a network of sensors and IT
technology. By doing so, the energy efficiency is optimized. RIST has established a new
smart industry concept for industrial processes and demonstrated the technology as an
option in steel work plants.
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Coal is considered to be the most abundant energy resource on earth. Therefore, it is very
important to utilize coal as cleanly as possible for a more sustainable future. As shown in
this slide, there are many clean coal technologies in various kinds of coal conversion
methods such as coal to synthetic natural gas (SNG), coal to various petroleum liquids and
chemicals, and even the utilization of coking coal as a byproduct from the steel plant.
POSCO is now constructing the first SNG plant in Korea, which is in the final stage of
installation. The plant is located close to POSCO’s Gwangyang steel plant and plans to
produce 500,000 ton of SNG synthesis natural gas annually. In relation to the commercial
operation of the SNG plant, RIST has been developing new technologies such as highperformance catalyst and reactors.
Now I would like to move on to our R&D activities for environmental protection. We have
been focusing on the improvement of air and water qualities. The main air pollutants from
the steel work are particulates, NOx, Sox, and odors, not to mention CO2. Quite recently, we
have developed and successfully demonstrated an odor treating technology by removing
hydrogen sulfide with an oxidizing agent. We plan to extend our R&D to the treatment of
five particulates, which is becoming a more serious issue in the industrial sector.
Water recycling has always been an important environmental issue in the industry, just like
other industrial sectors. Recently, we have developed a desalination technology with
improved energy saving and a higher recovery rate. This technology has been applied to the
commercial seawater desalination plant constructed near Gwangyang steel works. Another
successful R&D application is a nitric-acid-free pickling process for stainless steel. We have
developed a new pickling solution containing no nitro acid to make zero emissions of
nitrogen compounds into the air and waste water.
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A typical blast furnace converts around 62 to 65% of the charging materials into iron, and
the remaining 35 to 40% becomes a byproduct, so-called slag, made of complex metal
oxides compounds. Considering POSCO’s steel production in a year, it also produces an
enormous amount of slag every year. In this slide, the typical applications of various slags
from the steel plant are shown: cement, road base, artificial fish-reef, silicate fertilizer, and
so on.
We have developed a new type of cement, called PosMent, containing an increased amount
of slag powder and showing the same quality. The ordinary slag cement in Korea contains
40% slag powder, but PosMent contains up to 70% slag powder. In 2013, 530kT of PosMent
was used in Korea for various applications. Another example of slag utilization is for the
improvement of marine ecology, such as the concept of a sea forest. The slag-based artificial
fishing reefs developed by RIST have been acknowledged by the Korean government.
The fuel cell is a device that produces electricity using the electro-chemical reaction of fuel
gases. Among various kinds of fuel cells, RIST has been focusing on developing highperformance solid oxide fuel cells (SOFCs) since 2001. Due to more than 10 years of R&D,
RIST has accumulated the SOFC technology capability up to building cell stacks, not to
mention cell units and their components. So far, RIST has achieved the world’s top-class cell
unit, whose size is 1,100cm2 and power density is 0.44W/cm2. A stack made of this cell unit
is found to generate over certain kW and its electrical efficiency turned out to be well over
50%. Right now, we are building a 10kW demonstration SOFC system for a building
application, and we intend to commercialize the SOFC system as early as possible.
Now let me conclude my presentation. I really appreciate your kind attention. Thank you
very much.
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Session 3: Roles and Perspectives of Public Research
Institutions

Missions of NASA Ames Research Center

David Korsmeyer, Director of Engineering, NASA Ames Research Center, USA

Thank you, Dr. Im. It was a great pleasure for you to invite NASA Ames. I cannot tell you
what a pleasure it is to be here and to enjoy the interesting talks so far. I have been asked to
talk about the roles and perspectives of public research institutions and how that works. I
would like to give you a little bit of background about NASA Ames, its history, innovation,
and its most current interesting missions.
First, I want to introduce NASA, which is the National Aeronautics and Space
Administration. NASA actually has 10 different NASA centers at 30 sites throughout the
United States. The NASA Ames research center is on the West Coast of the United States.
Many of you are familiar with the Johnson Space Center, where the main mission is
controlled, and Kennedy Space Center, where the launch vehicles blast off into space, and,
of course, NASA Headquarters, which has all the money.
NASA Ames research center is actually part of the original NASA, which was the National
Advisory Council or National Advisory Committee for Aeronautics (NACA) that was
created back in 1915. So, NASA itself is coming up on its 100 anniversary. NASA Ames is
actually the second-oldest NASA center, which was founded in 1939. So, we are 75 years
old this year, and we are enjoying a great anniversary. NASA itself was founded in 1958
after the Sputnik launch and with the invention of advanced rocketry, and its mission has
been to explore aeronautics and space for the United States government.
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You can see a picture overview of NASA Ames here. It is actually one of the smaller NASA
centers, but it is still quite a large institution with 2,500 employees and almost a $900million budget every year. We also have a very large student population that comes every
summer. There are about 900 students. Prof. Im has provided several tens of students to us
over the past years. Our field of expertise is very broad, and I found that synergy between
various disciplines has made NASA Ames an excellent place to work and made our
innovations quite unique for NASA. We focus on particular areas of the sciences, space and
earth science, and the biological sciences. So, even though you think of NASA as a big
hardware and engineering organization, we are getting into very small and biological
engineering systems, which I will talk about a little bit. We are also doing some very
innovative small spacecraft. I will discuss several of those missions later on in my
presentation. And we have a very large exploration technology area focused on advanced
materials for thermal protection, nanotechnology, supercomputing, intelligent, and artificial
intelligence (AI) systems. In our aeronautics and aviation, we focus mostly on the nextgeneration aerospace and air traffic management for the United States. We have well over
4,500 flights in the US every day, and managing all those flights safely is part of our
purview. One of the other issues we are most focused on for the NASA center is on
collaborating with education, international partners, and entrepreneurial companies.
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A good example of that is that NASA Ames has a 70-acre research park that is right off the
main portion of our campus here to the top of the page. We have over 90 different small
university, academic, and industrial partners in our University Research Park. This allows
tremendous vibrant innovation. Many of these are actually associated with startups that have
come out of NASA employees taking their intellectual ideas, going out, and forming a
startup in Silicon Valley and then finding a way to commercialize their technologies.
Some of the unique capabilities that NASA brings to the US federal institutions are a lot of
our facilities. These are facilities that cannot be found anywhere else in the world. We have
the world’s largest wind tunnel with an 80-ft × 120-ft cross-section so large that you can put
a full-size aircraft inside and test it up to 250 mph. We have the full-motion six-story-tall
vertical motion simulator, which allows us to test everything from lunar landing systems and
aircraft to harbor test facilities. We have a developmental system for small spacecraft and
many other systems including our onsite machines and manufacturing facilities for the very
unique system we build.
One of the key areas that we found that keeps us most innovative is adopting new
technologies and new approaches to collaboration that have come along with the change and
increase of information technology. NASA Ames hosts three virtual research institutes, but
people in the institute do not actually live or work at NASA Ames. Instead, we manage the
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central location and provide the IT infrastructure for several institutes that are virtually
connected across the globe and complete with various universities’ participation both in the
US and internationally. We found this to be a tremendously valued and valuable model of
getting large-scale collaboration between researchers and communities that are otherwise
very far apart, and it helped to minimize a lot of the travel cost.
In particular, NASA Ames, in our 75 years of innovation, we found that no idea is a bad idea.
Innovation for innovation actually has turned out to be an incredibly valuable activity for a
federal research institutions to focus on. Back in the 1950s before NASA was formerly
NACA, which was still the Advisory Committee for Aeronautics, we discovered what was
called the blunt body concept, which is why the reentry vehicle that NASA and the other
governments of the world use is actually a small squat flat system. Based on the aeronautics
and compression heating, it turns out to be the best shape to allow us to reenter safely into
the atmosphere. It was developed in several papers in the 1950s but was not implemented
well until the 60s. Similarly, we focused on novel technologies leading to tiltroters and
tiltcraft, as well as very high altitude planes sampling the atmosphere. We have a proud
history of a number of missions back in the 70s. We were the center in charge of the
pioneering 10 or 11 missions. When we moved into the 80s, we became the center of
excellence and high-end computing information systems and human-centered technologies.
Then, later in the 2000s, we started a series of small satellite programs that I am going to
describe to you here in a few minutes.
At NASA Ames, we have several family missions. That is going to be the remainder of the
focus for my talk today. We have large astronomy missions. One is SOFIA, which is with
the German space agency (Deutschen Zentrums für Luft- und Raumfahrt; DLR), which
provides a large telescope on the back of a 747. The second is the Kepler mission, which
was a planet-finding mission.
Kepler was launched in 2009. It was one of the last great observatories that NASA put
together. It stared at 145,000 fixed stars for four years, and over the course of four years, it
found 3,500 planetary candidates. Before Kepler, there were only 10 confirmed planets
outside of the solar system. Now, after four years, looking at basically a post stamp size of
the sky, we found another 3,500 planetary candidates. Each candidate has been validated by
another astronomical observatory. If you take these results and propagate that across the
whole of our Milky Way Galaxy, there are well over 100,000 earth-size planets in a
habitable zone in our galaxy alone. This has huge implications for humanity: what it means
to be only one planet in a very large neighborhood of systems.
SOFIA is another novel interesting technology. As I mentioned, it was developed with the
German space agency that provided an infrared telescope. One of the interesting things
about manufacturing and mechanical engineering with NASA is that we tend not to do the
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same thing twice. We are certainly not doing production manufacturing or production
systems. No one prior to us cut a hole in the back of a 747 and installed a large door that you
open at altitude of 4,000 feet and stuck the telescope out, but we did. And it was tremendous
engineering effort in conjunction with the DLR. This aircraft has become operational and
made a flight all around the world to get very interesting observations of infrared space
technology or space astronomy.
The second area that NASA Ames has been focusing on for the past 10 years or so is small
spacecrafts, which are less than 500 kg or under $250 million. I understand that sounds like
a lot, but if you have seen many of the spacecrafts we have launched, it is as large as the
whole platform I am standing on right now, and the budget was a billion to two billion
dollars. So, when I am talking about 500 kg and $250 million, by NASA’s terminology, that
is small. One of the things we have been able to focus on at Ames is a series of lunar
missions. Back in 2007, we were awarded a mission called LCROSS that went to the moon
and impacted on the Saturn Craters. We just finished the mission called LADEE, and we are
working on a resource prospector mission. We have a series of other missions that are
mostly earth orbiters using a small satellite system.
LCROSS, as I said, was actually a lunar impactor that was launched using the remainder
pieces of another NASA mission. This launch vehicle actually was purchased to launch a
single satellite called the Lunar Reconnaissance Orbiter around the moon, and NASA Ames
proposed an alternate to throwing away or disposing of the remaining components of the
rocket. Instead, we instrumented the upper stage and created another small spacecraft called
the Shepherding Satellite, where we took the large upper stage of the rocket after it has been
used to boost the Lunar Reconnaissance Orbiter to the moon. We retargeted it to land on the
south pole of the moon on a permanently shadowed crater that impacted at about 4 km/sec
through several tons of lunar soil. We were able to validate that there are significant volatiles,
i.e., water ice, carbon dioxide ice, nitrogen, and even sulfur compounds trapped in the
shadow crater of the lunar surface. This was a real innovative find because, up to that date,
many had assumed that the moon was a really dry place. It turned out that it is not so true
after all.
Just this past summer, we launched another mission called the Interface Region Imaging
Spectrograph, which is a small satellite that stares at the chromospheres of the sun. There is
an interesting region where the temperature goes from several tens of thousands of degrees
up to several tens of millions of degrees centigrade over the course of 10,000 miles. We do
not understand why that physics occurs. We do not understand the means of the mechanisms
that make this happen. But it is the whole reason for doing research and understanding this.
And building the system has to do a lot with the magnetic fluxes in the plasma reactions of
the solar atmosphere. This mission was launched in June of 2013 on the Pegasus spacecraft.
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Most recently, we developed the LADEE lunar orbiter system. One of the most novel things
about the LADEE lunar orbiter is that we developed the first modular design that allowed us
to take several different preforms to find structural components and functional components
and put them together in different modular fashions. You can see this is what we call a fourstack. There are four layers. The LADEE system uses what we call the Ames Common Bus
Spacecraft Design, which is a fully composite spacecraft design. This is the first fully
composite spacecraft that NASA has ever flown, and it worked tremendously well. Its job
was basically to explore the dust and atmospheric environment of the moon.
In particular, we were trying to understand how the lunar dust responded to the sun and how
the dust was thrown up into a very high, what we called an exosphere, every time the daynight terminator moved across the surface of the moon. It was launched on September 6th,
2013. It had eight months of operational work in orbit around the moon prior to impacting
on the far side. We did that deliberately as we were flying only 15 km above the moon. We
were very close. At the very end, we got down to 5 km above the moon and actually
impacted a mountain that happened to be 6 km tall.
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The Ames’s common spacecraft bus is a modular component system where each of these is
structurally independent but can be coupled together. We actually developed a lander
concept first in 2007, and when we proposed that to NASA for a mission, they actually came
back and said, “No. We would rather you do a lunar orbiter.” We actually did a three stack,
but because we needed larger fuel tanks, we increased to the final four stacks and the
LADEE spacecraft began.
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The next big mission for us is going to be a mission called the Resource Prospector. In 2009,
building on the information with the LCROSS impact on the south pole of the moon, we
discovered all that water. Now we want to figure it out what we can do with it, how we can
extract it, whether we can get it into a pure form to be valued for NASA or other agencies
for future exploration. The role of this is to land a small rover on the south pole of the moon
near a permanently shadowed crater and traverse to where we would know there would be
some cold traps which would largely hold the water ice. Then, we get an auger here, drill in
and bring up the material, validate its makeup with the new transpectrometer, bring it into an
internal oven on the rover, and bake out oxygen from the lunar regolith, distill out any water
or water ices, and get down to a pure form of water to validate that we can make use of this
in the future. This mission has recently been approved.
I am going to talk next about a form factor for satellites, nanosat. These are not small cells to
explore living systems in the body. However, these are what we call nano, meaning very
small satellites. We use them in terms of units, so one unit of nanosatellite is 10 x 10 x 10
cm3 for about a 4-inch cube. A 3U system is 30 x 10 x 10 cm3. We are flying up to 6U
systems. These are very small, and with the fixed interface, we found that these canisterized
satellites are very innovative because we can use them in the interstitial pieces of launch
vehicles that are deploying other large satellites. So with the leftover room that exists in
every launch vehicle that NASA sends up into space when launching a large satellite, we can
fit many tens of these nanosats. In December of 2013, we launched a single large satellite
and 28 nanosats. Then, in December, a month later, we actually launched a single satellite
and 39 nanosats. So there is a tremendous multiplier effect that can be used by leveraging up
of this form factor for small spacecrafts.
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It turns out the NASA Ames leads NASA within our space agency for making use of these.
We first started flying nanosatellite back in 2006, where we were actually doing gene
expression or space biology missions. It turns out that one of the tricky activities for us is
developing micro fluidic systems that are working in zero G. As we were trying to do so
with cell growth in mediums and also doing ceromotagraph and spector analysis of the cell
growth over a long period of time in space, we developed a series of missions. Recently in
2012, we started deploying this international space station as another potential means to get
them into the space.
We have three themes that we use on our nanosats to investigate, in particular, testing, life,
and space, which are validating and enhancing the already existing international space
station biological testing. We have a number of satellite systems that have been deployed.
O/OREOS was actually deployed in 2010. It has been 4.5 years, and it is still operating
today. We have a number of systems, EcAMSat and BioSentinel, that are going up into
space next year. And then in 2018, the second version of the system called SporeSat, which
is a 3U system, will be deployed off the space station in the fall of 2015. One of the most
interesting ones we are doing is exploring deep space by using this form factor.
So, the next large mission NASA is doing is launching its space launch system, which will
take the manned system vehicles into orbit. As I said, there is always extra room and volume
on a launch vehicle, and we have actually arranged to deploy one of twelve small nanosats
off the first SLS launch. The one that NASA Ames is going to develop is called Biosentinel.
We are actually sending up each to grow over an 18 months period to validate how it
behaves in zero G and with a high radiation environment. So, we want to see how things
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behave outside of the safe, protective environment of the earth.
One of the other themes we are working on for nanosatellites is looking at how to bring
down small NASA from the international space station, including biological payload, medial
issues, and small crystals that are growing up in the station. We have been exploring, in
cooperation with the Japan Aerospace Exploration Agency (JAXA), deploying small
CubeSat off of the international space station. We were the first US CubeSat, right after the
first JAXA’s spacecraft, to be deployed in 2012. Subsequently, we have a small family of
satellites, called TechEdSat, that are understanding how we can use all these form factors to
bring systems down to the earth. We are actually deploying a cell called Exobrake, which is
a large cell that helps slow down the vehicle so it can land at a particular point on the earth.
Here is a great picture of one of my favorites. It shows the TechEdSat that was launched in
2012. It passes in front of one of the space station solar races. So, again if you want to talk
about the value of mechanical engineering, someone had to design these solar races, which
are one quarter of a soccer field in size and are on the international space station and in orbit.
Similarly, we were able to engineer a very small, very inexpensive, and very cheap nanosat
that could also make use of the international space station. We deployed these as well.
The third area that we are exploring is COTS, which are consumer-grader commercial offthe-shelf technologies. One of the quick demonstrations we did was looking at Nexus S
phones. We wanted to validate whether or not the commercial consumer-grade avionics or
electronics could be used for the spacecraft system in a productive fashion. So, we built a
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very small PhoneSat right here. We developed them over a year and got them deployed and
then built several iterations based on that. This validated to us that in some specific areas
consumer-grade technologies, which are very inexpensive but very high reliability and
manufactured at high mass or high numbers, are very useful for small-scale space missions
such that we developed a series of multiple satellite missions called Swarms that we are
going to use that technology on.
The first system is called EDSN, and it is going to be launched in January of 2015. We just
held our final review on it yesterday and validated it to be on a flight already. This is going
to be the first true Swarm in space of eight satellites. By that, instead of the ground talking
to all eight spacecrafts individually and giving the command to control necessary to make
them do what we need to have them do, they are going to talk to one satellite and that one
satellite will talk to the others and then that one satellite will collect all the data and beam it
to the ground. We call that the captain satellite. This captain will rotate amongst all the
different satellites. So, we have shown a dynamic adaptive Swarm system for spacecraft that
is very novel and unique.
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This is a perfect example of very small-scale manufacturing that NASA Ames does: building
up all the components and then doing a very small but intense assembly of a total of 14 of
these systems. You can see 12 of them are here, 8 in the foreground and 4 of the background,
all at the same time, all duplicate, and all highly integrated, and most of the materials and
systems were manufactured specially at NASA Ames.
With that, I want to tell you a little bit of about the other and last piece of innovation that
NASA Ames is proud of, which is working, in particular, with international partners. We
have more. There are actually 16 here, but I found out recently that we have 4 more
mistakenly not listed. International visiting researchers that come and work at NASA Ames
for a year or more are proven to be highly productive and a highly valuable partnership. In
addition, we have now started a technical collaboration on future space missions. Similarly,
with a number of different countries, sometimes they are the same, but sometimes they are
different. We have, for example, many Brazilian researchers visiting us, but we don’t have
any official Brazil missions in the work. You can see that South Korea is proud of entering
both of these lists. We are very proud to be partnering with South Korea and KARI, KIMM,
KAIST, and many other organizations. We are looking for more opportunities to do that.
So, to summarize, NASA Ames is one of the oldest NASA centers at 75 years old. However,
we have a pleasure and benefit of being one of the more innovative NASA centers. Our
mission is to be a research center to push the forefront of technology and engineering
utilization. NASA Ames also is the focus within NASA for partnering international
organizations in space.
I thank you very much for your attention.
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Challenges and Innovation of KIMM
Yong-Taek Im, President, Korea Institution of Machinery and Materials, Daejeon,
Korea
Good afternoon, ladies and gentlemen. I am sure you have been hearing wonderful talks in
various fields of mechanical engineering from the morning until now. What I am going to
share with you today is a general overview on the challenges and innovation of my research
institute, Korea Institute of Machinery and Materials (KIMM).
As you can see here, the trade volume of Korea increased tremendously since the 1960s. For
the last half century, Korea made tremendous economic growth, as shown in this slide,
owing to the target-oriented, planned economic policy of late President Park Chung Hee,
who really made a blueprint of the national industrialization since 1962. From the naked
country, Korea ranked 8th in the world in terms of the trade volume in 2012. Many visitors
from the world are curious about this so-called “Miracle of the Han River.”
The first big decision of his economic planning team was to build the steel mill at Pohang,
POSCO, in 1965. In 1966, late President Park decided to build up the second research
institute in Hongneung, the Korea Institute of Science and Technology (KIST), with the help
of then President L.B. Johnson of the US, similar to the Batelle Research Institute in
Columbus, Ohio in the States. In 1971, the graduate school of the Korea Advanced Institute
of Science (now the Korea Advanced Institute of Science and Technology) was launched in
Hongneung next to KIST to produce research scientists and engineers for revamping Korean
industry. The whole series of investment plans was very daunting at that time because the
gross national income per capita in the 1960s was about $62.
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Right now, the GDP per capita of Korea is around $24,000. Thus, we made tremendous
progress through this industrialization plan.
Although the economic growth was eye-catching for the last three decades, its rate slowed
down since 1997, when the financial crisis occurred in the United States. In order to cope
with such an economic problem, the current government is trying to change the science &
technology development plan from “the fast follower” to “the first mover” model under the
theme of a creative economy plan by fostering industrial innovation with the use of
information and communication technology (ICT) and promoting technology convergence
and integration.
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How could we still boost up the growth rate and get it back on the right track? You can see
that, during the last couple of decades, public research institutes are getting smaller and
smaller compared to the size of the private research institutes in Korea like Samsung
Electronics and POSCO. Now, almost everybody, including some of you, is using Samsung
Electronics cellular phones, I guess. I think that is where we are. In terms of national R&D
investment, it is almost $55 billion in total in 2012. Out of $55 billion, the public R&D
budget is only around $14 million and the private R&D budget is $36 billion, resulting in
most of the innovations in the private sector.
In terms of R&D human resources, however, 401,724 research scientists and engineers were
working for R&D in 2012, which is around a 130-fold increase from 3,072 compared to
1963. Most Ph.Ds and MSs are still working either in the universities or the public research
institutes. Thus, missions and goals of the public research institutes should be redefined and
redirected in order to boost up the economic growth rate for the country under such a new
research environment.
Another big issue is the socio-economic demographic change. Right now, young people do
not want to have babies. I think the birth rate of Korea is one of the lowest in the OECD
countries. Productive workers in their 30s and 40s are in short supply, increasing the labor
cost. We have to think about this problem and overcome it by developing technology like
Industrie 4.0 or IoT, as mentioned by Mr. Klopsch. That is the only way we can survive in
this competitive market. As you can also see here, another problem is that some of these
young people’s parents do not want to send their children to an engineering college anymore.
Many parents want to send their brilliant children to law, business, or medical schools. So,
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all these people entering law or medical schools are possible top candidates to the colleges,
the cream of the crop. The rest are those who we must educate for science and engineering.
That is the challenge.
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The Korean government is trying to change the paradigms of public research institutes. They
are looking into some of other advanced countries’ strategies, e.g., Fraunhofer in Germany
and some research institutes of the United States. According to a recent study by the Center
for American Progress and Heritage Foundation in 2013, the mission and roles of the
government research institutes have shifted to develop a specific capability or meet national
interests for defense, public health, energy, and environment, etc. As a result, they have to
carry out long-term, complex, and multidisciplinary research for leading national science
initiatives that the private sector is unwilling to engage with and universities are often
incapable of undertaking.
Thus, the Korean government decided to merge the Korea Research Councils for
Fundamental Science & Technology and Industrial Science & Technology into the National
Research Council of Science & Technology in July of 2014 under the Ministry of Science,
ICT, and Future Planning. This unified research council governs 25 government research
institutes whose budget was $4,428 M and whose employees totaled 16,457.
Then, the biggest challenge is how to compete with the private research institutes or other
international research institutes, such as Fraunhofer or NASA Ames, with only a small
budget and a handful of human resources, as I mentioned earlier.
Now, I just want to localize my angle to the challenges and innovation of the research
institution, KIMM. Here is an overview of KIMM. In 1976, it was established as the Korea
Test Institute of Machinery and Metals to contribute to the economic growth of the nation by
testing the metals, parts, and products for machinery and materials development. In 1996
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and 1999, it spun off the Korea Aerospace Research Institute and the Korea Research
Institute of Ships & Ocean Engineering, respectively. It still has an affiliated institution, the
Korea Institute of Materials Science (KIMS) as a subsidiary.
KIMM’s total budget is about $150 million. The total employees are about 700, of whom
half are full-time and the other half are part-time. Ph.D holders take up about 60% and the
rest are Bachelors or Masters. We have about 45% government R&D funding and 10%
private sector funding. If you compare it with the Fraunhofer model, the private funding
should be around 40% in addition to the basic funding from the government. We need to
increase the industry funding. However, the problem is that the research power in the private
sector is not behind us anymore. That is another challenge we have to struggle with now.
In the beginning of the establishment of KIMM, its mission was trying to help
industrialization of Korea domestically. Right now, due to economic growth and
globalization of the market, this mission must be changed. As Dr. Friedman mentioned, “The
world is flat.” We must collaborate in the international domain, as pointed out by Director
Korsmeyer. Thus, the new goal of the institution is to become a global research institute in
the field of mechanical engineering by introducing a new governance system to foster
knowledge, innovation, motivation, and marketability, resulting in improving the research
productivity and capability. Because of the shortage of our budget and human resources
compared to other private and international institutes, I ask my staff to collaborate
intellectually and wisely with partners domestically and internationally. That is what we are
trying to do and partly why we are hosting this International Forum today.
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Now, I am going to introduce the research divisions at KIMM. We have five research
divisions: advanced manufacturing systems, nanoconvergence mechanical systems,
environment and energy systems, extreme mechanical systems, and mechanical systems
safety engineering.
The advanced manufacturing systems engineering is one of the oldest and strongest research
areas at KIMM. In this division, we develop ultra-precision machines and systems, laser &
electron beam applications, printed electronics, and robotics and mechatronics. I think this is
part of the field where we can work together with the NASA Ames in the near future.
The next one is nanotechnology, where research on nanomanufacturing technology,
nanomechanics, and biomimetics are carried out. From 2003 to 2012, KIMM carried out the
national frontier project in the nanotechnology area. Thus, the infrastructure to do research
on the application of nanotechnology is excellent. The research scientists in this field are
also from various disciplines of physics, chemistry and biology, electronics, and materials
sciences.
The third area is environment and energy systems engineering. We develop internal
combustion engines, including the LPGi engine, and ecofriendly engineering systems, and
we run tests and inspections on plant safety engineering and nuclear engineering.
The next one is extreme mechanical systems engineering where we handle extremely low
and high pressures or temperatures. We try to develop technologies for extreme
environments. What we are trying to do here is to try to develop a recycling coolant pump
for nuclear applications and also some other hydraulic pumps including design technologies,
etc.
The last one is the mechanical systems safety engineering. We have developed the
fundamentals of a magnetic levitation train that was installed at Incheon International
Airport. We started this research project 25 years ago and transferred the technology to
Hyundai-Rotem. Also, we are developing systems dynamics and working on reliability
issues for naval shipbuilding and wind power systems.
We have three regional R&D centers in Daegu, Busan, and Gimhae. In Daegu, we are trying
to develop medical devices for disabled people including the elderly. Robotics engineers are
working with rehabilitation research scientists and medical doctors in the hospital. In
Gimhae, we are trying to develop testing facilities of valves and parts for LNG applications
under extreme conditions. In Busan, we recently tried to develop laser technology, engine,
and nuclear safety research centers. Busan is close to Changwon and Pohang, where many
machinery plants and shipbuilders are located. So, I think the research centers in this area
will grow in the near future.
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Many people are talking about the importance of the technology transfer from the research
institutes to measure the performance of the research capabilities. Now, I am going to
introduce this aspect. The total amount of technology transfer is not much in terms of
royalties at present, but we are trying to push this further to especially help R&D activities
for the small- and medium-sized enterprises and industries. Through this, we are trying to
create jobs for young people.
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As I mentioned earlier, we had a major accomplishment in terms of the technology transfer
of levitation technology to Hyundai-Rotem, a subsidiary of the Hyundai Motor Group. Now,
we are discussing with Indonesia and Russia, especially with St. Petersburg, Russia for the
possible installation of this new maglev system (namely, EcoBee, developed by KIMM) in
these regions. The city government of St. Petersburg is trying to develop a new commercial
and residential area for the World Cup Soccer Games in 2018. They are trying to build up a
public transportation system to link the current metropolitan subway system with this new
maglev system to provide environment-friendly transportation for the users. Also, in
Indonesia, they are trying to build a new airport, where they are trying to install the maglev
train for a circular line. Right now, Gordon Company on Wall Street, in this photo, is very
much interested in implementing this technology to Montreal in Canada and Austin, Texas in
the US as well. We are very hopeful to export this technology in near future.
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Dr. Young Hoon Song and his colleagues from the Plasma Engineering research team were
working with a small spin-off vacuum company, LOT Vacuum. They started working
together and developed plasma technology that could burn off toxic pollutants from the
semiconductor industry. They transferred the technology to the LOT Vacuum, which is a
small-sized company. Then, Lot Vacuum sold a hundred of these plasma reactors to
Samsung Electronics. Next year, Samsung Electronics is expanding the second line of the
semiconductor factory and its application. This was another great success of technology
transfer from the Institution. I am sure there are many such cases of technology transfer. I
heard about 140 cases per year were assisted and transferred to small- and medium-sized
companies as well as large companies in Korea in various ways. In terms of technology
transfer, KIMM is doing reasonably well.
However, I have some challenges to make KIMM better and more global at the current stage.
The first thing is how we can change its operating system. I have to find out good solutions
for this R&D operation system. I am not sure of the answer at this moment, but we have to
improve the R&D environment through revamping the current operation system. Otherwise,
it is very difficult to survive in the global research market. The second one is globalization.
The reason why I am hosting this International Forum is that I wanted to make some kind of
globalization of my research institute and introduce it to the international domain, i.e.,
introduce what we do and who we are more extensively. That is what I am trying to achieve
through this International Forum. We have very good research scientists, most of whom are
Korean. Still, I think we have to try to recruit international research scientists. Although I am
not sure whether I can do it during my term, it is my goal. It is obvious that we have to work
together with international researchers because we cannot solve everything by ourselves,
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only to cope with the Ebola virus and bird flu problems, etc. In terms of research
productivity, we have almost 6% research output as defined by royalty income divided by
the total of R&D budget invested. Fraunhofer has around 7% research productivity. My goal
is to make par to 7%.
The next one is about technology innovation that KIMM is undertaking. I would like to talk
about EcoBee again. EcoBee runs at 110km/h. Right now, we are trying to develop a rapid
levitation train which runs at around 500km/h. Our research teams are also working on
medical devices and industrial robots to support small- and medium-sized enterprises. We
got around $100 million in June of 2014 for carrying out a national global frontier project
for the next nine years on meta-materials research. Because of the recent discovery of the
shale gas and due to national safety reasons, the idea of a floating power plant is interesting
to pursue as innovation of a new technology. These are the biggest long-term areas of
research thrust of KIMM for the next stage of development in the future.
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As Senior Executive Vice President Ando mentioned about the energy costs in Japan and
Korea, it is extremely important to reduce them in both countries compared to the United
States. Another problem is that we cannot find the right place to put a nuclear power plant in
Korea or Japan because of the Fukushima accident. That is the biggest challenge now in
Korea. If we try to build this power plant on a ship and put this ship in the sea, we do not
have to worry about the land to put this new nuclear power plant on. That might be a good
alternative. Another thing is, because of the usage of shale gas, energy costs will go down.
As Senior Executive Vice President Ando mentioned earlier, if we develop a 1700oC gas
turbine, the cost will go down even further. By utilizing this kind of idea, Korea can even
assist the strong ship building industry and material suppliers like POSCO. Hybridization of
all these technologies together to make this idea more feasible and economical might be
beneficial in solving the sustainability issue of energy for the world. That is what we are
continuously trying to do at KIMM.
I rephrased KIMM as the center for knowledge, innovation, motivation, and marketability
during my tenure. That is my new governance philosophy to share with my staff to make the
institution better for sustainable growth of the nation and the world.
That brings me to the end of my talk. I appreciate your listening. Thank you very much.
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PANEL DISCUSSION
Dr. Yong-Taek Im: This morning, we had beautiful talks on next-generation manufacturing
technologies. In the afternoon, we also heard about energy and environment issues and the
roles and perspectives of government research institutes. If any of you on the floor have
any questions on these issues, please raise your hand and we will welcome your questions
first. Do you have any questions or comments for any of the speakers?
I will first ask a question to all of our speakers. We just talked about several issues on the
advances of mechanical engineering including next-generation manufacturing technologies.
This morning, some of the speakers mentioned a national network for manufacturing
institutes in the States that was announced by President Obama in 2013. They are trying to
build a manufacturing hub in the United States to create new jobs. May I ask Dr. Altan, Dr.
Korsmeyer, and Dr. Lee to comment on this in the order named?
Dr. Taylan Altan: As you all know, there was big publicity in the United States because, in
the United States, the Obama administration realizes that it should reduce the country’s
trade deficit, which is about 500 billion dollars a year. To reduce that, and also to increase
employment, manufacturing is a key issue. Unfortunately, it is my perspective that there is
a big gap in this critical issue, and critical discussion is not stabilized in the United States
right now. The Republicans are very much against whatever Obama proposes, so funding
for these issues or the suggestions is very difficult to obtain. Again, they are establishing
four or five institutes right now for taking funds from the Department of Energy,
Department of Defense, and so on, and maybe some from NASA. I am not sure yet. So I
think something is happening. I think the best part of its initiative, I believe, is that the
universities and the research centers are much more aware of manufacturing as an issue,
and now we have to wait and see how it is going to end up. The big problem, I believe, is
that we do not have many people in universities who understand manufacturing because,
for many years, they did not pay attention to it. So, to bring this up all of a sudden can be
difficult.
Dr. David Korsmeyer: From the NASA perspective, we are aware of the national network
of manufacturing issues and have actually been asked to put in a portion of our funding. It
has not been taken but it has been redirected. So, we have been asked to participate with
other federal research labs, such as those in the DoE and within the DoD, to collaborate
together to find ways to work with regional centers of excellence in manufacturing. One
very good thing that has come out of that is there has been a number of valuable
workshops, at least in the regional sense, in the Southwest of California, where we’ve got
together with the labs and the larger academic institutions and share what we are currently
working on or what are the challenges in manufacturing in mechanical engineering and
materials sciences. I agree with you that this is something that the U.S. had largely stopped
paying a lot of serious attention to. As you know, that has proven to be a problem because
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we feel behind on what a lot of the rest of the world was focusing on, and actually, with
the advance of some of the new additive manufacturing technologies, there is enough
change that we can re-enter. Now, hopefully, it will lower the cost point and gain some of
the valuable synergies from working together. I think KARI, KIMM, and all the other
Korean research institutes have not taken their eyes off of manufacturing to the extent that
the United States did, but I think that is to your advantages. So we are working to catch up
now to where some of you already are.
Dr. Luke P. Lee: I think that it is really a good time to think about this manufacturing effort
in the United States. In a way, it is kind of late, but better than nothing. I am glad that the
Obama administration got good advice and built this up, even educational effort in
manufacturing. As I mentioned, it is too late, but I am hoping that it is a good wake-up call
for American academia to establish this discipline again. I remember my advisor told me
that if you do manufacturing in the university, you become a second-class professor, so I
did not do that. But as I shared with you, I was in industry, but I always worried about the
economy because if we focus on the service economy and try to make money out of the
banking industry or only the software industry, it has limitations. And you create actually a
big hole in the middle class. We are human beings, and we have to work with our hands. If
we forget about producing real products, we are following the wrong model of England.
Guess what happened. Even though England initiated the Industrial Revolution, but what
is made in England that is the best product right now? This is a very critical issue. When I
grew up, I used to see that the best products were made in the USA. If I do not see this,
what is the best product in the United States at this moment? There are good products, yet
we lost a competitive edge. So I hope there are things to follow, things to learn from the
United States, but there are things not to learn. It is very important to follow some good
examples that balance between engineering and pure science in Germany through the Max
Planck Institutes as well as the companion institute, Fraunhofer. They are really
emphasizing on training engineering students to be real engineers. So, if we forget about
this basic component of education to train engineers to be engineers, they become pseudoengineers, and it loses manufacturing capabilities. And if you lose manufacturing
capability, you lose economy. So this is the most important thing that Obama’s
administrative staff recognize. So, I am glad that it started and hopefully we will catch up
soon and make a better correction for this time.
Dr. Yong-Taek Im: I want to say something. This is so wonderful. I wish Obama would hire
you as a consultant. Professor Lee mentioned the balance between theory and practice. He
mentioned Fraunhofer and Max Planck Research Institutes. Do you have any comments on
that, Dr. Roth from Germany?
Dr. Stephan Roth: I think that the model of Fraunhofer is successful. That is why they want
to export it to all over the world. But as we also see, different countries have different
boundaries and thinking. And therefore, there is a limitation from it. But I think the
Fraunhofer can be a good example of cooperation, and, of course, also to foster institutes
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to cooperate. They are forced to make income, they are forced to be in contact with
industry. Of course, you have to take care of my opinion a little bit about the size of the
Fraunhofer institutes because it is the same for all: it becomes larger and larger. You lose
something. You lose flexibility. You lose communication within. And therefore, the
Fraunhofer model has some limitations. Sometimes this can be a real limit for industries to
use because what they want is, of course, knowledge, experience, and systems they want
to pay for. That is very easy and very good. But, of course, what they really need is
flexibility because they have no time. That is the main problem. In Germany, we have so
many funding models, especially for small and medium enterprises to bring them close to
R&D. But all the people have no time to really deal with the problem and to look at what
is going on. They just come, they put their problem to your institute, and then they leave.
After two years, they come back with research projects and look for the solution and the
outcome. And that is not enough. Even if we think Fraunhofer is a good example of
knowledge transfer and cooperation between R&D and industry, thinking about R&D has
to change. Even Germany does. Germany is not ever perfect, and this must be changed.
That is the same all over the world.
Dr. Yong-Taek Im: In Japan, manufacturing is so strong. Senior Executive Vice President
Ando, do you have any comments on this?
Mr. Kenji Ando: Thank you very much. First of all, Japan is not so strong in manufacturing
now, by the way. What Japan should do for the future when we develop and when we
contribute to worldwide development strategy? That is the point. Maybe in Korea,
hundreds of Korean companies will think about something. That is how we do. How can
we contribute to worldwide development? As I told you, as a company, what should we do?
That is the point. So the dedication of the people and the development mentors of
technology or, of course, development for the environmental friendliness are the issues
that we will continue to work on. However, on the other hand, as humankind, we have to
grow our next younger generations. That is the key point. This is not enough to reply to
your question. I do not know what we should do to contribute to the worldwide
development. First, development of hardware at the moment.
Dr. Yong-Taek Im: President Woo, I am sure you have so many experiences in Korean
industry, especially in steel-making, concerning the importance of manufacturing in the
modern economy.
Dr. Jong-Soo Woo: Actually, I got his question before I came here. One of the possible
questions in the panel is “What could be the role of mechanical engineering in addressing
the upcoming problems that humankind is facing?” Actually, I have thought about such
questions before I came here. I have not thought about this question before specifically
about mechanical engineering, but I have thought about the matter in general terms. As I
said in my presentation, I think there are three big challenges that humankind is facing in
the coming decades. One is energy, the other one is water, and the third one could be food.
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So, I think the utmost challenge will be energy, as before. I think one of the roles of
mechanical engineering is that it plays an important role in converting all those energies
into one other. So, it has a role in converting electrical energy into kinetic energy, and it
also has a role in converting resources into electrical energy or other types of energy. So,
in making the sustainable future or in contributing to the distribution of resources, the most
important thing is how to improve efficiency in converting all those kinds of energy. So
the challenge of mechanical engineering or the role of mechanical engineering is how to
improve the efficiency of all those processes converting one energy into another energy or
natural resources into energy. That is my answer.
Dr. Yong-Taek Im: Thank you. The first question that I have raised is President Obama’s
mentioning this plan for NNMI. That was not on my questionnaire. That is the question:
“Why did President Obama bring out this kind of initiative?” President Woo mentioned the
importance of manufacturing, especially. But, anyway, you just answered my question. He
mentioned the importance of the energy issue. I think that is the area of Senior Executive
Vice President Ando. Please share your thoughts on this issue and energy problems that we
are facing.
Mr. Kenji Ando: First of all, on the future of energy issues, all of the countries would have
to investigate it, finally. The first one is the nuclear problem. That is the first issue. The
second one is renewable energy: solar and wind, as I told you. And third is coal and LNG.
That finally means, totally speaking, that the best mixed strategy should be required. That
is my idea: nuclear, renewable, and coal and LNG. That kind of best mix is required. That
is the basic idea. Then, it is how to develop new technology based on this fundamental
idea. That is the key point. So we are struggling now.
Dr. Taylan Altan: If I may, I would like to add a few more comments about the issue. I
think it is good to remember that Obama does not want centers to belong to universities.
He wants them to be run by independent research organizations. That is one point. I
attended many of those meetings, plannings, and so on. The second issue is that he wants
to give funding to support small local colleges, i.e., community colleges, because his
advisors apparently told him that universities do not produce students who can be active in
manufacturing. So, it seems that, in summary, all evidence from Germany and also from
Japan shows that, number one, good research is done in cooperation with industry so that
one knows what real problems are, and number two, we need qualified trained people.
Otherwise, all the research does not happen.
Dr. Yong-Taek Im: Then, naturally that brings the next question: how to improve the
productivity of research. I think that is a kind of a question you just pointed out.
Dr. Taylan Altan: I want to ask you about this because I work with SIMTECH in Singapore.
You may want to work with them because they have this problem all the time. How do you
measure productivity? In my opinion, if you measure just by the royalties divided by the
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input, you are wrong, in my opinion. I think you should increase the amount of industry
contribution to your center. Admittedly, the large companies are not going to come to you
because they have their own. But there are a number of Korean medium-sized companies.
I am sure they need research. Now, you could do many things. For example, you could say,
“Okay, for a given size, you pay 50 cents, and I pay 50 cents. For a larger size, you pay 60
cents, and I pay 40 cents, etc.” So, you can find innovative formulas to encourage small
business to put cash in the research. Even if they put 20 cents on the dollar, that is good.
That shows commitment. We make a mistake in the States, and we have something called
“in-kind”. Companies say, “We put in-kind.” Actually, it is funny because they do not do it.
It is something to consider.
Dr. Yong-Taek Im: Thank you, again. And Dr. Roth? Do you just want to share your
experience regarding improvement of productivity of R&D?
Dr. Stephan Roth: First of all, I would support the suggestions of Prof. Altan. Productivities
in the R&Ds of research institutes are valuable, and his suggestions could be a good
solution for achieving this because this is exactly what we want. We want contribution. We
do not want to get only the problems or the challenges. We want real contributions because
industries must understand that this is a chance for them, not only providing solutions, but,
as manufacturing becomes more and more complex in the future, we need more and more
complex solutions because the challenges are becoming increasingly complex. Therefore,
if you want to keep the development time short, or even shorter in the future, knowledge
and experience must be everywhere, not only at research institutes, but at universities. And
the only way to gain this knowledge is by contributing to people who are experts in
knowledge and experience already. That is what we have to transfer to industry to indicate
that it is a chance to take. Of course, it will cost money. R&D in industry also generates no
direct income. They have the same problem. All is productivity. The R&D of a company
only costs, but it is a chance, because in the future, you will need this. You have to start
earlier. Otherwise, you have the same problem like the U.S. with additive manufacturing;
then, you see, there is a problem. There is a big point that you cannot resolve within a year
just by spending money and just with willingness to build up a new institute.
Dr. Jong-Soo Woo: Can I comment on that a little bit? About ten years ago, I actually
managed product and plant development in POSCO, Pohang. At that time, the productivity
meant how much you can produce for a given time. So if you produce as much as possible
in a given time, you can reduce your cost a lot. This means you can make a lot of money.
So, in the production plant, the product means cost. However, when I return to my research
institute as a researcher, I felt that the same notion is very negative because in the R&D
sector, being productive means, to most people, how much you invest in your R&D
projects, how many R&D projects you are doing based on that money, and how good of a
result you can make out of your research project. This is the R&D productivity that many
people think about. Maybe you can increase the productivity of your R&D based on such
kind of notion. But you cannot get innovation or you cannot get the technology
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development by managing your R&D just with productivity only. When I look at Dr. Im’s
presentation, he defined the productivity as the royalty divided by R&D budget. In a sense,
it is okay. But my opinion is that when you increase the royalty of intellectual property
with your R&D investment, you need to define your R&D projects very well, and you
need to carefully evaluate the result of your R&D projects. I think that is all. If you are
doing well in defining your R&D projects and if you are very good at evaluating R&D
projects, then the productivity will follow. That is my opinion. And another point is
carrying out your R&D projects is not for the customer in some cases. Who are going to
need your R&D projects or the result of your R&D projects? As long as you think about
your customers and who are going to need your project and whom you are really working
for, that will increase your productivity. That is my additional opinion or comment.
Dr. Luke P. Lee: In terms of the productivity, let’s say manufacturing R&D, to me, it is time
to think about how to communicate failures. A lot of scientists and engineers, especially in
Asia, they want to avoid sharing failures because it is a shame to share failures. But we
have to encourage ways of discovering mechanisms of failures in precision engineering or
even in science. It is very critical to communicate and document all the failures. So, it is
time to think about how to “publish to cherish” instead of “publish or perish.” A lot of
people think that manufacturing R&D should not worry about publication, but we have to
also publish the mechanism of failures. If we knew the mechanisms of lots of failures, that
would be a successful case and you can build a foundation of making a robot system. This
is because if you already failed so many times, with your documentation, other people
would not have to repeat it. Otherwise, the next generation would make the same mistakes
because they did not even hear about it and they did not even know about it. So it is time
to publish to share the failure mechanisms in order to make a successful case. And we have
to encourage many young people who make a lot of mistakes instead of awarding only socalled successful cases. In any difficult precision manufacturing engineering, R&D, or
science, if the student never experiences failures, it is questionable whether he or she
really did a real job or not. So we have to encourage all young scientists or engineers to
enjoy the accumulation of the failures and mistakes.
Dr. Stephan Roth: I think that is the perfect thesis for this question and answer: increasing
the productivity of R&D by selling failures. That is what we have to do.
Dr. David Korsmeyer: I tend to very much agree with that. Especially when you are doing
innovation, trying something new for the first time, you are going to find activities you
cannot do. And that does not mean that you actually fail. That is a successful research
outcome. It means you did not know enough, or you needed to take different approach. I
think that is something that needs to be recognized and re-emphasized in the teaching of
engineering communities, that getting it right for the first time means you may have been
too conservative and may have not taken the risks and may have not actually tried hard
enough to do the job in the right way. So, there is a lot that could be learned from pushing
through failures and then taking one step back. But you do not know where the failure is
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until you get there. So there is a lot of benefit out of that. And, then, I want to make one
more comment on the manufacturing ability. As I mentioned, NASA does not make a lot of
the same products, so I would say there is a skilled ability factor of manufacturing
capability that needs to be addressed. It is not just making the most of the product. To
maximize your R&D and get your profitability by having tens of millions of your product,
it is actually manufacturing at the proper scale. If you can make extremely high quality
inexpensively and very quickly, that is equally as valuable as building hundreds of millions
of courses of R&D at a very low cost. And it depends on the actual product that you are
going to create.
Mr. Kenji Ando: To improve R&D business productivity is easy because I am a member of
a private company. First, carefully define the purpose of R&D. Next, as Dr. Im explained
in his presentation, marketability and the market-oriented R&D. Third, speed, that is,
controlling speed and the progress of the R&D at every right interval. That’s all.
Dr. Yong-Taek Im: Well, we just covered some of the issues. And, finally, I think that we
just want to know what the most important issues are that we are facing at in the field of
mechanical engineering. Somebody has mentioned the energy, water, and food. If you
want to share some of your thoughts, that might be interesting.
Dr. Taylan Altan: Of course, I concur with the water, food, and energy. These are wellknown issues that we have to deal with. The question is how you go about dealing it. So, I
would like to address two issues that, at least in the States, are considered worldwide
problems. First, engineering education is a very important issue. In my opinion, although
maybe not too many people would agree with me, what I call Anglo-Saxon navigation that
we have in the States, England, and maybe also in Korea, is not sufficient to generate and
to educate good engineers. The Northern European countries would do the better job
because the training of engineers is project-based. You need to learn fundamentals, and
then you also make the projects successful that implement huge fundamentals together. I
always say to my students, “You guys build GM cars, and the German engineers are going
to build BMW. Which one do you want to buy?” So that is one issue. It is a very important
issue in my opinion. The second issue is publications. All researchers would like to publish.
And I fully concur with you. You also wish to publish your result. It is the cheapest way to
learn from someone else’s mistake. But the publication issue in last 10 years has gone too
far. For example, many universities and research centers measure productivity by
publications, which is nonsense, by citation and so on. One has to keep new roles as a
director of laboratory, and you have to keep a balance. On the one hand, you want to
encourage young people that they have to publish. On the other hand, you do not want
publication to take the role, which should be related to research, and be used for some
companies and industries.
Dr. Stephan Roth: Besides, the cooperation between R&D institutes and industries is a very
important challenge for the future, especially for interdisciplinary cooperation. As
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mentioned earlier, the complexity of the problems increasingly requires that we find
solutions together in a harmonious way giving mutual benefits to every participant for the
R&D projects.
Dr. Luke P. Lee: I guess the most challenging thing to me is whether mechanical
engineering can manufacture multi-scale healthcare monitoring systems or healthcare
systems that allow more efficient treatment of patients using the new multi-disciplinary
concept of an integrated approach. For example, if we need to make an automated biochip
that you drop only on blood, and let this system process everything, it requires the
integrating of protein patterning as well as nuclear asset patterning. And we have to add
the mechanical component, which is mixing the solutions as well as controlling the
volume, etc., the precision control of the authentic solution, as well as amplifying the
biological solution for detection. It also requires optical and electrical detection. So, it
requires the integration of so many different disciplines. Furthermore, the scale varies from
the nanoscale to the micro- and millimeter-scale. So, it is challenging. However, I realize
that it has a lot of reward in return. If we solve the challenging issue of precision
manufacturing that needs to add the value from biological to optical and electrical control,
we can really make an impact on this current society in solving problems of aging in
developed countries as well as problems of the young people in developing countries due
to the infectious diseases. If we do not have this monitoring system, we cannot prevent
infectious diseases or virus can attack even other parts of the world, as you can see now.
So, it is a serious problem. However, if we create a preventive medicine by developing a
monitoring system, we can capture this information down to a molecular level, and we can
definitely contribute as an engineer to make a new preventive medicine, as well as
precision medicine, that provides us better information for improving the quality of daily
life for humankind.
Dr. Yong-Taek Im: Then, let me try to conclude this panel discussion. I really appreciate
your frank opinions and thoughts on several issues discussed so far. Research productivity
is not easy to define as a single line for various cases. All of us came to a conclusion that
collaborations with industries and the international domain should be actively sought and
the mechanisms for failures should not be ignored as well. In addition, precision
engineering is imperative to make a sustainable progress in science. Because of the
interests of the participants in the Forum, it will be continuously organized by KIMM for
the next year.
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CLOSING REMARKS

Yong-Taek Im, Chair of IFAME and President, Korea Institute of Machinery and
Materials, Korea

Ladies and gentlemen, we come to the close of what has been a very productive day. I
believe that the topics we have discussed today gave us both practical and inspiring benefits.
They also gave us a greater insight into building up R&D directions of mechanical
engineering and revamping the missions of public research institutions.
I want to thank all the speakers for their contribution, and the steering and organizing
committees and the rest of the staff for their sincere dedication to planning, coordinating,
and facilitating the Forum. My thanks goes to every single person here, but the most special
acknowledgment goes to Ms. Minjung Kim, who designed all the promotional materials
including booklets, posters, banners, etc. Your deep commitment made this event even more
memorable.
I am already committed to figuring out how I can best keep up the momentum of these
discussions. All the contributors have agreed to hold the next IFAME in Daejeon on
September 17, 2015. Let’s continue this conversation next year in Daejeon!
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KIMM >
１７６

<The Audience>

<The Audience>

１７７

<Coffee Break>

<Press Interview: Dr. David Korsmeyer, Engineering Director, NASA Ames Research
Center>

１７８

<Press Interview: Dr. Yong-Taek Im, President, KIMM>

<Casual Luncheon Meeting>
１７９

<Casual Luncheon Meeting>

<Participants tour the Dae Cheong Ho (Lake)>

１８０

<Participants tour the Dae Cheong Ho (Lake)>

<Participants tour Cheong Nam Dae>

１８１

<Participants tour Cheong Nam Dae>

<Participants tour Cheong Nam Dae>

１８２

<Participants tour Gyeryongsan Pottery Village>

<Participants tour Gyeryongsan Pottery Village>

１８３

<Participants tour Gyeryongsan Pottery Village>

<Participants tour Gyeryongsan Pottery Village>

１８４

