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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

U.S. Manufacturing Innovation:
Policy & Progress

Liu Runsheng
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1 . The Case For Manufacturing Policy —

O Manufacturing: playing an outsized role in U.S. innovation economy

» Economic strength(spillover benefits; larger multiplier effect than
any other major economic activity );

> National security

» High-quality jobs (paid on average about 21% more than average
hourly compensation in private-sector service industries)

» Source of exports( 86% of all U.S. goods exports and 60% of U.S.
total exports)

> Key source of technological innovation(70% of all private-sector
R&D spending, over 90% of patents issued )

& e
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Figure 1: Manufacturing Share of U.S. Total (percent)
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1 . The Case For Manufacturing Policy —

O Challenge: US losing leadership in Advanced Products

v Nation' s trade balance for advanced technology products
has deteriorated precipitously over the past decade
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1 . The Case For Manufacturing Policy —

O Products invented here, made elsewhere

® A gap between R&D activities and the deployment of technological
innovations in domestic production of goods

@ Acceleration of the technology lifecycle: gaining market share in the
commercialization phase is becoming more important.

US s envy of the world in, Private sector adept at
invention and innovation commercialization:

Gap in Manufacturing Innovation

Government & Private Sector
Universities GAP
—

Investment

Basic research / manuf. processes / mass production

1 2 3 4 5 6 7 8 8
“Technology Readiness Level” or “TRL”
_—dﬂ
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

1 . The Case For Manufacturing Policy —

O Manufacturing capability gaps affects U.S. national security as well
as the national economy (Defense Production Act Committee )

v' aircraft landing gear

large rotor disks for turbines
nuclear power components
aircraft fuselages

network routing and switching
optical data transport

advanced power electronics

R S N W % %

low cost composites

ﬂ,*@ﬂ%ﬁ?ﬁféﬁﬁﬁﬁﬁﬁ

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

1 . The Case For Manufacturing Policy —

O Paradigm shifts in advanced manufacturing (Presidential Adviser
Gene Sperling)

v Shift from “industrial policy” model to an “innovation
spillover” model ( Location Spillovers , Proximity of
Production and Design , industrial commons )

v Shift froma “large factory” paradigm( “silent factories”
with few manufacturing jobs ) to a “supply-chain”
paradigm (the manufacturing and services jobs across

integrated supply chains)

CRDS-FY2015-WR-02 EARFEREARZEIREEE ARERERE Y —
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Figure 2: U.S, Manufacturing Supported Jobs (millions, 2010)

Total Services and Manufacturing
manufacturing other jobs
related linked to
manufacturing

Source: McKinsey Global Instirute, Mamyfacturing the Funae, 2013

Service-type Assembly jobs
jobsin
manufacturing

N
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Overall costs drive manufacturers’

location choices

\ The competitiveness of U.S. manufacturing for investment

i R

____—s.i‘
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Closing the Cost Gap: U.S. Manufacturing costs are almost as
low as China’ s (June 26, 2015, Fortune)

v the average cost to manufacture goods in the US. is now only
5% higher than in China and is actually 10% to 20% lower than
in major European economies ( BCG ).

v" Even more striking: by 2018 it will be 2% to 3% cheaper to
make stuff here than in China (BCG).

v That’ s a very big deal

% “ﬂ
| Ae  ———

dg oOE R RS B BT

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

MANUFACTURING COST INDEX
O Deep skills and high productivity of L .
workforce W )

@ more than 30 percent more
productive than Germany' s and

LABOR
SHARE

nearly twice as productive as South (Ew
® Rising wages in China Enaw ik ua owa
O Abundant low-cost energy resources

® Fracking has helped dramatically drive S G P e ted St et Ko, g
down the price of oil and gas. 2

® U.S. industrial electricity prices are "
30% to 50% lower than those of other o

major exporters (BCG)

:
| e e e e

= Sauroe: MKinsey Glabal Ientitute
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O Recognition of the "hidden costs” of long supply chains,
Including logistics uncertainty and IP-risk ( Survey by Morgan
Stanley ):

v" more than 50 percent manufacturing executives listed
supply-chain shortening as a top reason for why they chose
to bring new production back to the US.

v more than 30 percent identified IP protection.

ﬂ,*@ﬂ%ﬁ#féﬁﬁﬁﬁﬁﬁ

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

O Sizeable markets: unparalleled access to the largest consumer market in
the world and rapid access to global markets

O Innovative edge in key and platform technologies with broad
commercial impacts

@ bio-based and bio-engineered products
additive manufacturing processes
advanced materials

robotics

digital manufacturing

v The U.S. produces 80% of the world’ s software, leads in
"big data” analytics and sensors, and contains the majority
of the world’ s supercomputing

CRDS-FY2015-WR-02 EARFEREARZEIREEE ARERERE Y —
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]

O Revival of domestic manufacturing: a key

plank of middle class jobs, innovation, and A NATIONAL STRATEGIC
PLAN FOR ADVANCED
competitiveness agenda e S

¥ A Framework for Revitalizing American
Manufacturing(2009)

v" A National Strategic Plan for Advanced
Manufacturing(2012)

@

FEMNEEREBRARMR

Tl INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

]

O Principles

® Respond to a range of market failures
» Federal investments in basic research

» Coordinated public-private co-investments in worker skills,
precompetitive technologies, and shared infrastructure

® Take a cohesive approach to research, development, and
deployment

® Strengthen the industrial commons

® Optimize federal investments
» whole-of-government innovation policy
» Public-private Partnership Approach

__m“ﬁ_
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]

O Objectives

v Accelerate investment by small and medium-sized manufacturing
enterprises

v Expand the number of skilled workers and make the training
system more responsive to the demand

v Create and support public-private partnerships

v Optimize and coordinate federal investment by taking a portfolio
perspective across agencies

v Increase national investments in advanced manufacturing R&D

dg thOE R RSB R

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

4 . Policy Measures
—

O Strengthen coordination and partnership

i,

- e
| [ Executive Office of the President ] & L
| Dl

Advanced Manufacturing Advanced Manufacturing
Partnership ~ National Program Office
| (AMP/PCAST) (housed at DOC - NIST)

B e
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4 . Policy Measures
| ]

® The Advanced Manufacturing Partnership(AMP)
» PCAST Body, reports to the President, Staffed by AMNPO

#> Private-Public Partnership: working better, together to create
transformational technologies and build new products and

industries
» Inaugural AMP :
v~ Issued 16 recommendations across innovation, talent, and
business climate.
¥ Spurred critical national initiatives, including coordinated "whole
of government" approach and NNMI
» AMP 2.0 Steering Committee (Launched on Sept 30, 2013)
¥ 19 Leaders from Industry, Academia and Labor

& -
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

REPORT TO THE PRESIDENT ON
ENSURING AMERICAN
LEADERSHIP IN ADVANCED
MANUFACTURING REPORT TO THE PRESIDENT ON
CAPTURING DOMESTIC
COMPETITIVE ADVANTAGE IN
ADVANCED MANUFACTURING

REPORT TO THE PRESIDENT
ACCELERATING U.5. ADVANCED

Executive Office of the President

President's Council of Advisors

on Sclence and Technology Executive Offics of the President MANUFACTURING
President’s Coundil of Advisars on
Scienee and Technology

o ’
o A Executive Office of the President
it B President’s Council of Advisors on
&
o

‘- 3
- > i Science and Technology |
i toh 1 |
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O Spurinnovation through Next Generation Technologies
® |[ncrease Federal Investment in Advanced Manufacturing R&D

» Federal investment in manufacturing R&D has been increased by
35% from $1.4B in 2011 to $1.9B in 2014

@ Invest in U.S. leadership in Key Technologies: CPS ( cyber-physical
system ) ,materials, robotics, nanotechnology and other platform
technologies with broad benefits; bio-based products, clean energy,
advanced vehicles

» Materials Genome Initiative: investment increased to $150 million
» National Robotics Initiative

» National Nanotechnology [nitiative

2 .
‘l?,‘PEIH?ﬁ*féEﬁH‘EFE
A TI INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

@ Create a Nationwide Network for Manufacturing Innovation

#» Purpose: to serve as a regional hub bridging the gap between
applied research and product development, helping strengthen the
industrial commons of a region.

» In 2013 and 2014 State of the Union Addresses, the President
called for the creation of a Nationwide Network for Manufacturing
Innovation (NNMI) of up to 15 institutes.

» NNMI Vision: 45 institutes Over 10 years.
» Design Document: NNMI Preliminary Design Document

» Authorization: the President signed the Revitalize American
Manufacturing AND INNOVATION ACT into law on December 16,
2014.

CRDS-FY2015-WR-02 EARFEREARZEIREEE ARERERE Y —
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Figure 1 Motional Federal funding profile for an IMI
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O Strengthen technology diffusion & Manufacturing Communities

® FAxpand and Intensify the Manufacturing Extension
Partnership (MEP)

® Provide Tax Credit

» Tax credit for investment in qualified property used in a
qualifying advanced energy manufacturing project

» Tax credit for the production of advanced technology
vehicles

» Manufacturing Communities Tax Credit

@ /mplement the Investing in Manufacturing Communities
Partnership.

» an initiative to coordinate economic development
resources across the Federal government to support local
strategies to build the capabilities needed to compete for
manufacturing location

» $1.3 billion for 12 communities developed winning strategies

In 2014
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Place-based Playboak

¥
Interest in Your Strategy
\ \

Ultimate Goal: Implement your sustainable strategy to become
\ a globally competititive community with a rising, thriving middle class.

i Investing in Manufacturing Communities Partnership (IMCP)

‘i‘g thOE R RSB R

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

4 . Policy Measures
| ]

O Provide workers with the opportunity to obtain the skills necessary to
be highly productive

® Invest in Community Colleges : nearly $1 billion to upgrade our
community colleges to train workers for advanced manufacturing jobs

® Invest in high-quality job training : $100 million American
apprenticeship grants competition.

@ Provide training and mentoring to entrepreneurs : The Small Business
Administration serves about 1.5 million entrepreneurs and small
business owners each year.

@ Under the Manufacturing Universities Act of 2015, 25 qualified
institutions would receive grants of $5 million per for four years

i -
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4 . Policy Measures
—

O Promote Manufacturing Entrepreneurship

» Hosted first-ever White House Maker Faire

» More than 90 mayors and local leaders have committed to
increase access to manufacturing spaces and equipment in
their communities

» Streamlining access to over $5 billion worth of advanced
equipment in over 700 R&D facilities available to entrepreneurs.

% “ﬂ
| Ae  ———

2 .
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4 . Policy Measures
—

O Ensure Market Access

@ Open markets abroad by addressing high tariffs and various non-
tariff barriers (Trans-Pacific Partnership, and Trans-Atlantic Trade
and Investment Partnership )

® [nforce trade agreements (USTR, Department of Commerce,
Interagency Trade Enforcement Center)

® Encourage trade financing (Export-Import Bank)

® Promote exports through trade specialists ( Commercial Service at
the Department of Commerce , Small Business Administration)

@ Support small business investment in emerging markets and the
developing world (Overseas Private Investment Corporation)

% ‘“
| Ae  ———
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Tl INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

4 . Policy Measures
—

O Improve the General Business Climate

@ Call for Tax reform: Replace tax breaks for overseas investment
with tax cuts for businesses creating jobs in America.

® | aunch energy and climate plan: Invest in energy efficiency to
lower costs for manufacturers

® Actively promote investment and insourcing in the U.S.

» Launched SelectUSA, First Ever Federal Investment
Promotion Capability

» Use the Bully Pulpit to Encourage Insourcing

@ Communicate the value of careers in manufacturing to
| America's youth

% “ﬂ
| Ae  ———

dg oOE R RS B BT

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

4 . Progress

| |

O U.S. Manufacturing Resurgence

® Manufacturing output has increased 30% since the end of the
recession

® The United States has directly added 700,000 manufacturing jobs
since Feb. 2010, the fastest rate in nearly two decades

® The United States is once again the leading destination for business
investment (AT Kearney’'s 2013 FDI Confidence Index)

® The United States' competitiveness in manufacturing is luring
production back. (BCG)

% ‘“
| Ae  ———
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Manufacturers Considering Moving from China to the United States
(Percent, >$ 1 billion in revenues)

54

Feb. 2012 Sept. 2013

| Source: The Boston Consulting Group

B -

‘i‘g thOE R RSB R

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

[

O A New wave of manufacturing innovation and entrepreneurship in U.S.

® FExisting manufacturers have accelerated investment in R&D

» U.S. manufacturing R&D, as a percent of overall sales, has
intensified, growing from 8% to nearly 11% since 2003.

» Manufacturing R&D investment in the U.S. is now at an all-time
high at 75% of total U.S. private sector R&D.
® Entrepreneurs are starting new manufacturing firms at fastest rate in
two decades

» The growth rate of new manufacturing firms is at its fastest rate
since 1993

» The number of manufacturing establishments is growing for the
first time since 1999

| » Rapid prototyping networks are providing platforms for new

i- E entrepreneurship
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Manufacturing Innovation in USA

2015/8/24

Takehito HIGUCHI and Junko OKAYAMA
Center for R&D Strategy, Japan Science and Technology Agency

OS0) RS RE

Japan Science and Technology Agency
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Outline

1. Background

2. President Obama’ s Initiative on

Manufacturing Innovation

3. Activity of the Private Enterprise

— The case of GE “Industrial Internet”

4. Discussions

Japan Science and Technology Agency @ ;!'il _ﬁﬁ Lt 2

1. Background

Japan Science and Technology Agency @ ;5‘4
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Globalization of the Manufacturing Industry

* Center of global production system is shifting to emerging country.
Especially, the rise of China is remarkable.

Fig: Output of Manufacturing Industries in Major Countries [UN]

2.5
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Year
Japan Science and Technology Agency es/[ g%ﬁ £7 a4

The Situation of US Manufacturing

* The share of manufacturing is 11.7% of GDP, approx. 60% of

export and employ 1.15 million labor of USA.
* The importance of manufacturing industry is recognized as;

— a key plank of the middle class jobs, innovation, and

competitiveness
— critical to future high—wage jobs

— important for national security.

Japan Science and Technology Agency @ ﬁﬁp ﬁﬁ | S
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The Importance of Manufacturing Technology

* US is loosing leadership in the field of manufacturing.

— Loosing competitiveness not only in the low—tech industry but also in the high—-tech
industries.

— Other countries are heavily investing in R&D for advanced manufacturing

oo miion uso)  Fig: Trade Balance of Advanced ManufacturingProducts [US Census Bureau]
40
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Japan Science and Technology Agency @ 5

Basic Principal of US Innovation Policy

* Private enterprise is the base of innovation activity.

« US government’ s role should be targeted on environment
setting and should not intervene the activity of private

enterprise.

Japan Science and Technology Agency @ g#ﬁﬁﬁﬁ”ﬂ 7
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2. President Obama’ s Initiative on
Manufacturing Innovation

Japan Science and Technology Agency @ g%ﬁﬁﬁﬁﬂ 8

Strategy of White House on Manufacturing Innovation

» Shift from “Off-shoring” to “Re-shoring”.

“The loss of companies that can make things will end up in the loss of research
that can invent them "(Suzanne Bergeret al, MIT)

Make the US more cost competitive for production (Tax reform, Harness energy
resources etc.)
Spur innovation through Next Generation Technologies (Create a network of

advanced manufacturing innovation institutes, Increase R&D investment etc. )

Strengthen skills, communities, and supply chains to attract investment

* Open access to markets

s Promoting investment and insourcing in the U.S.
Japan Science and Technology Agency @ggﬁﬁ £7 ]

" et
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Outline of National Network for Manu. Innv.

*  What is NNMI?: National Network for Manufacturing Innovation (NNMI) is a
private—public partnership program aimed at commercializing and
manufacturing US developedtechnologies focusing on 45 advanced
manufacturing technologies.

* Establishment of IMIs: In order to promote each technologies (3D printer,
etc.), Institutes for Manufacturing Innovation (IMIs) are serially established.

* Operation by multiple agencies: Selection of IMIs are managed by National
Program Office (AMNPO) hosted at NIST in collaboration with DOC, DOD,
DOE, NASA, NSF, ED

Japan Science and Technalogy Agency @ ﬁ&mﬁﬁ 4 10

Outline of Institute for Manufacturing Innv.

* IMlIs are industry—academia consortia which serve as a regional manufacturing

innovation hub.

* Each IMIs has a unique research concentration (3Dprinter, power electronics,

and etc.) and aiming to create all US network by allocating research funds.

¢ Supported by approx. 50%—50% matching fund between government and

industry.

Japan Science and Technalogy Agency @ g%ﬁﬁﬁﬁﬂ 11
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Established IMIs

Announ | Place Industry Members
cement |

IMI Name
Y

DOD National Additive Manufacturing 2012.8 Ohio Lockheed Martin. GE, etc
Innovation Institute (NAMII)
“America Makes”

DOE Next Generation Power 2014.1 North ABB. APEI, Delphi, Toshiba
Electronics National Carolina international, etc
Manufacturing Innovation
Institute “Power America”

DOD Lightweight and Modern Metals 2014.2 Detroit, Boeing, GE. etc
Innovation Institutes Michigan

DOD Digital Manufacturingand 2014.2 Chicago, 3D systems, Boeing,
Design Innovation Illinois Caterpillar, GE, P&G, etc

DOE Institute for Advanced 2015.1 Tennessee Boeing, DowChemical,
Composites Manufacturing DuPont, Ford, Honda, GE,
Innovation Lockheed Martin, etc

DOD Integrated Photonics Institute for 2015.7 New York
Manufacturing Innovation
Japan 5cience and Technelogy Agency @" ﬂ@ﬁ@jﬁggm 12

3. Activity of the Private Enterprise
- The case of GE “Industrial Internet”

Japan Science and Technalogy Agency @ HFfmERRE 13
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What is Industrial Internet?

* Waves of Innovation and Change
* The First Wave: The Industrial Revolution
¢ The Second Wave: The Internet Revolution

* The Third Wave: The Industrial Internet

* The Industrial Internet Revolution
¢ Utilization of internet-based technologies across the industry.

* Deep merge of the digital systems (intelligent devices, intelligent systems, and
intelligent decision system) and the physical world (machines, facilities, fleets

and etc) with connectivity.

* GE simulates that the potential of the economic impact of industrial internet

could be up to 32.3trillion USD, 46% of the global GDP. P
Japan Science and Technology Agency @E‘fnﬁﬁ_ﬁg”“ 14

Establishment of Industrial Internet Consortium

* Founded by AT&T, CISCO, GE, Intel and IBM in March 2014

* Objective: to bring together the organizations and technologies
necessary to accelerate growth of the Industrial Internet by

identifying, assembling and promoting best practices.

* Goal
— Drive innovation through the creation of new industry use cases and test beds
for real—world applications
— Define and develop the reference architecture and frameworks
— Influence the global development standards process for internet and industrial
systems etc.

Japan Science and Technalogy Agency @ ﬁ&mﬁﬁ | 15

" et
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Case Study: AirAsia

* Air Asia have more than 160 aircrafts, operating in excess of 340,000 flights per

year, serving a network of 100 destinationsin 22 countries.

¢« GE implemented precision navigation services, flight data analytics, and fuel

management services to AirAsia.

¢ GE's data—driven services and proprietary technologies are being harnessed to
identify ways to reduce operating costs, increase aircraft utilization and achieve

significant savings throughout the AirAsia network.

* By introducing GE' s system, AirAsia saved 10M USD of fuel cost in 2014.

Japan Science and Technalogy Agency @ ﬁﬁp ﬁﬁﬁﬁﬂ 16

i tareia e

4. Discussions

= Downstream market of manufacturing industries are expanding to

“Product Service System”. Utilization of the internet is further

expanding the business potential.

» US government’ s support to NNMI seems to be targeted on
promotion of core technology which is carefully explained that it is
needed for environment setting for the US industry.

*« The demarcation line between government and industry seems to be

quite different form Germany, Japan and China. How should we

recognize the difference between US and other major countries?

Japan Science and Technology Agency LJSZI? g#ﬁﬁﬁ e 17

i tareia e
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2.3.2 =HAF (CRDS)

a.) BERANZA lndustry4.0]
LT OERHIIESW T, AR ST,

24.08.2015

Securing the future of German manufacturing industry

The Forth Industrial Revolution

INDUSTRIE 4.0

Tomoko SAWADA

(05 RS ERE

Japan Science and Technology Agency
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B Index

1. What is “Industrie 4.0”

2. Industrie 4.0 in

Germany

3. Challenges to Industrie 4.0

Japan Science and Technology Agency

1. What is “Industrie 4.0”

Japan Science and Technology Agency
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B The Forth Industrial Revolution (y)

| The four stages of
the Industrial Revolution R =
g = £y

4. industrial revolution
hased on Cyber-Physical

First programmable logic
controller(PLC),

Modicon 084

1968

$88

First production line,
Cincinnati slaughterhouses
1870

2. industrial revolution
follows introduction of
electrically-powered mass

First mechanical loom production based on the
1784 divisien of labour

complexity pp

1. industrial revolution
follows introduction of
water- and steam-powered
mechanical manufacturing
facilities

End of 18th century Start of 20th century Start of 1970s Today
Source: Recommendations forimplementing the strategicinitiative INDUSTRIE 4.0

Japan Science and Technology Agency 3

Bl Aims of Industrie 4.0
Dual-Strategy

Industrie 4.0’s dual strategy will allow Germany to develop its
position as a leading supplier and also become the leading market
for Industrie 4.0 solutions.

1. Leading supplier strategy

German equipment suppliers provide manufacturing industry
with world-leading technological solutions.

2. Leading market strategy
The strength of Germany’s manufacturing industry is due to a
balanced structure comprising a large number of SMEs and a
smaller number of large-scale undertakings.

The goal is 1o teach people the principles of a new, holistic organizational model
and ensure that systems are described transparently so that employees are
confident in what they are doing.

Japan Science and Technology Agency 4
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B Industrie 4.0 Factories in Network

Management and Production &
F'Iannnlng Marketing
Enginearing and Sales
KPI
Producf.‘lnn u % l '
Marketing
Engmeermg and Sale Suppliers and Factory 3
Subcontractors Smart
- W E
0 o T
FaCtOfy 2 ' Production ®
Markeisng
External Designer Cusromeys Englneerms and Sales
=i .
Factory 1
2
Source: Recommendations forimplementing the strategicinitiative INDUSTRIE 4.0
Japan Science and Technology Agency 5

B Supporting custom manufacturing

o The dynamic value chains of Industrie 4.0 enable customer- and
product-specific coordination of design, configuration, ordering,
planning, production and logistics at reduced costs.

Japan Science and Technology Agency
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B Additional growth by industry 4.0

Gross value added in 2013 in selected industries in Germany (€ bn)
e
40,1 74,0 76,8 403 (188 937 343:3 e

Gross value added in 2025 selected industries in Germany (€ bn)

{‘%} total
52,1 88,8 99,8 52,4 21,3 107,7 422,

Agriculture 7_" T
and Foresty ——
Source: FraunhoferAQ/BITKOM

MM chemicals <= Cars-and % Machinery ~oj Elechical 45
— semi-railers ~ Equipment

Impact of 14.0 to the German manufacturing industry (in 5-10years)

- Cost savings of 90 to 150 billion euros/year

*Expand sales of 20 to 40 billion euros/year

=390,000 people increase the number of employees in the manufacturing industry

(6%plus to 2013) Source: Boston Consulting Group April 10. 2015

Japan Science and Technology Agency 7

2. Industrie 4.0 in Germany

Japan Science and Technology Agency g
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M Industrie 4.0 Platform

From April 2015

Management: Minister of EMBF and BMWi
Leadership: Representatives of Industrie, Laborunion and Academia

Implementation and decision-making Governance Activities in Market
related to technical problems
= Strategy group —————— =
Steering committee Industry Consortium
q * Undersecretary of BMBF, BMWI Market Demonstration
* Managementbyentrepreneurs withthe
participation BMWiand BMBF = Representatives of Steering committes Definition of use cases
* Managementof workinggroupsand : .
b 8 i ¥ Bgraupsa * Representatives of chancellery, BMI

Intl. Standardization

* Representatives of Bundeslénder
ering grbups » Representatives of VDMA, ZVEL, BITCOM Consortium, Standardization
* Representatives of labor union {1GM) DKE{German Commission for Electrical,

* Representatives of ac i ia-chGJ Electronic & Information Technologies
= | of DIN and VDE)

+ Reference architecture, Standardization

= R&D, Innovation

* Security

» Regulatory framework

* Vocational Training, Jobs
« Others Science Advisory meeting

Secretariat: BMBF. BMWI, BITKOM. Fraunhofer. IG Matall. \I'DMA. ZVEI

Japan Science and Technology Agency 9

B Reference Architecture Model 14.0

® Industrie4.0 platform has announced a strategy e S

for implementation.

m identified 17 innovation themes of the challenge

and presented each of the milestones.

B recommended to build a reference architecture model (RAMI4.0).
> Horizontal integration through value networks
> End-to-end digital integration of engineering across the entire value chain

> Vertical integration and networked manufacturing systems

m strengthening the security research of production and office area.

Japan Science and Technology Agency 10
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M Industrie 4.0 Reference architecture model

fe Cyug ... Y 61512
e & vl o) G

Source: Umsetzungsstrategie Industris 4.0

Japan Science and Technology Agency 11

M Industrie 4.0 supporting SMEs

Percentage of SMEs occupied in total exports

Japan Science and Technology Agency 12

Source: METI White Paper on Infernational Econormy and Trade 2012
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61

M Survey on Industrie 4.0 trends

‘ What are the greatest challenges connected with implementing Industrie 4.07? ‘

standaraizacon I
i | i \

Process/work organization 129

Product availability

New business models

Security know-how protection
Lack of specialist staff

Research

Trainingand CPD |

Regulatory framework

0 20 40 60 8 100 120 140 160

278 companies took part in the survey, mainly from the machinery and plant manufacturing industry. 205 of the campanies
that took part had fewerthan 500 employees.

Japan Science and Technology Agency Source: Recommendations forimplementing the strategicinitiative INDUSTRIE 4.0 13

3. Challenges to Industrie 4.0

Japan Science and Technology Agency 14
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Japan Science and Technology Agency

M Vertical Integration
» Integration of Main System (Management) & FA (Production)

Headquarters

sales order management

@

production management

<+

manufacturing execution system

-

Factories

Business Competitiveness :

“Technical capabilities” to "Ability to respond to market needs”
Connecting directly production site and market by digitization >>>individualized production

Source:” Industry 4.0's aim andthe current state of Japan® by METI, December2014

Japan Science and Technology Agency 15

M Horizontal Integration

» Integrated engineering by data standardization

product

production : sales
: " production :
design planning maintenance
Digital Manufacturing Production monitoring Data analysis
(3D-CAD/CAM/CAE) control (SCADA) | services

By digitizing to maintenance from design, consistent simulation
becomes possible, to prevent rework, to shorten the lead time

Source:” Industry 4.0's aim andthe current state of Japan® by METI, December2014

16
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M Production Optimization

ERP (Enterprise Resource Planning) ‘

salesorder
l management
PLM(Product Lifecycle Management)

product production production sales
design planning management maintenance

manufacturing
execution system

-apparatus control

Source:” Industry 4.0's aim andthe current state of Japan® by METI, December2014

Japan Science and Technology Agency 17

Danke Schon

Japan Science and Technology Agency 18

CRDS-FY2015-WR-02 EARFEREARZEIREEE ARERERE Y —

63



D—HvayTRESE

¢4 JST/CRDS - PERPRHE SR LE TRIEKEER O ERARERE

b.) BELE
B 24 RO 9#E (Industrie 4.0 Platform) O TIIEFE R —(K & 2o T
HONEMO I HTEN, FLLHBHLTHEZZY, ()

M2 HEHED T T v b7 — MIEBEHIEA (BMBF) & #3115 —4 (BMWIi)
DAEFETHE L, TNENORENERZEDTCND, EOATT Y7 as
T4 DEEROREL ., BEARNET EEEORIK, T LT D007 T
STMASTWVD, FAYANZZIONT U RAERFEIZL TS, RAYAILE
INA =TT AT ERWSTNDLONEMNTEH, 2THEREELTWD EWN)
BEZWDIEHSTL D, Bxlx (FAYNZHLT) BHROANBADLZ LT, AL
— RPEL RO TRV EM L, 2RI LT (RAVNE) 22
HEE L TWSOREERTHY, AT TV 7 a3T74 FOU—F 77 )L—
TONEARR e, LA B LTV D E W B E L, (EH)

B AFEOR, FEE RV IEREL TR L7z, CICIXE DML LT &b
LT, BIRELAFERE (ERAEDPR) XM haERT2L 2ATHD,
EEMOBMELEL . £IKT6004 THoT, TOHFIIEAELD T L—T1,
Ao>TWN5, 543D CeBIT (t—t v M) &ML T, (F)

B BRI P53 (A5 4 R12, 13) OT7 47— ML T, 2914 K183 D—%& |-
OEURE(Y, (Standardization) Z7R B EE L H - TWBEDN, oI THKE
RPEICHELE 9L LTWAHDD,  (FK)

B BT AU C 2D Cidaunan, /e LTE, 22 MHRBASET
H5H, BIAIEX AL Bl C LW OMME RRDEENEALTLLET D, 2TOHK
MIZarEa—F =B AoTN5ET5H, LNLEOHRE, A—h—7»2E) &
B L2 D7 N TH T CITIFAEETE R, Zhve, artr baon<KE
JTTEDL910T5, 777&TBT a—RALMEENRTNS, OS OT v
TRl BRA I A NBPNLOT, 1 BOT v 7T —FTTELLDI
BHEHUNMEEICE oI A MEHIRIZ 22 D, ()

B ERD P53 (AT A K 12, 18) O LE T oo THy, [H/pEICE
STORETHDLENI ZLTHMLIZ, (RT7A R 13D LD 2FAD)
Tt AOA—IF A — a3 (Process/work organization) & I3fif % E
LTWD0h,  (#h)
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EE . FAYOERHCIEZ, V=0 A —HFAEB—=TarrEqERTCBY ., TIHOME
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2.4 £y 3rv3 (AR, FEOHEEIZOWNT) A HKELETzO—
2.4.1 FEFEZEMH (RILXH)

a.) RRAET TBROHREHKICDOULT]
LUFOEBHZEESWT, SRR S,

Japan’s Manufacturing Policy
Recent trends / IND4.0 and loT issues

Aug. 24 , 2015
JST/ISTIC Work Shop

Prof. Hideo Setoya

Graduate School of Information Sciences, Tohoku University
(Former CED, Manufacturing Science and Technology Center)

IST/ISTIC Workshop 2015
Mfg Policy JAPAN
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Contents

* Current Status of Japanese Manufacturing

* Government Policy on Manufacturing/ Monodzukuri Industry

e Activities of Private Firms
* IND4.0 / Internet of Things

* Robot Revolution Realization Council / Robot Revolution

Initiative(RRI)
* Industrial Value chain Initiative (IVI)
* Future Trend

JST/ISTIC Workshop 2015

¥T(industry) ¥T(total)

12u

20

00
HERI (G0
[&HA |
LGk LY
: [ —mmi |
| g0 | mmma
townEe
[Hes ]

- B0

Y m=zeua
2L -

Lo [ FmER
W

Source: Cabinet Office :National Account Statistics

Mfg Policy JAPAN

Manufacturing GDP by industry

Mfg. total

Food

Transport Mach.
Other Mach.
Elec.Mach.

Other Mfg.
Chemical

Iron & Steel

0il & Coal Products
Metal Products
Cement & Glass
Pulp & Paper

Non ferrous metal
Textile

JST/ISTIC Workshop 2015

Mfg Policy JAPAN

CRDS-FY2015-WR-02

EIMFERARE AR RITREEE MRRAREREZ 5 —

67



-9 avTREE
g JST/CRDS - PERPRHE SR E TRIEKEERTOMERREERRK]

Current Account balance and Trade

~+ Balance
s|r Current Account Balance Trade Balance
25
¥T
20 40 : o
2 e ]
et
]
RS
IS AENE
- rpieH
e
e 1)
2000 05 10 1" 12 13 14 é -t B EE
()
- MCZFROE . R-RAARY Y -CAR ] sol 206 o8 10 i 12 13 o
- BT -+ BROE
Source: Monodzukuri White paper 2015
JST/ISTIC Workshop 2015

(Original Data Ministry of Finance and Bank of Japan) _
Mfg Policy JAPAN

Small and Medium Enterprises

4-49 169521 87.9% 2211 29.8% 12.1%
50-299 20400 10.6% 2197 29.6% 64 22.1%
300-999 2368 1.2% 1196 16.1% 52 18.2%
1000- 601 0.3% 1821 24.5% 138 47.6%
Total 192840 100.0% 7425 100.0% 289 100.0%

Source: Census of Manufacturers 2012 (Ministry of Economy, Trade and Industry)

JST/ISTIC Workshop 2015
Mfg Policy JAPAN
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Status of introduction of IT by size of company and mode of use of technology

(2007 and 2012)
39.6) 483
Establishment of
730 cormpany websts |so+
853 ED
a9 128
Product sales,
0 receipt of orders, etc. i
278 via company website 30
58 76
[ Micro businesses (n=673) Sale of products in [ Micro businesses (n=826)
] Medium enterprises (n=1,990) 74 "';:"‘9‘ T;:: 86 [ Medium enterprises (n=1,303)
[ Large enterprises (n=713) $5 21.9 [JLarge enterprises (n=294)

160 80 60 40 20 1]

Source: Mitsubishi UFJ Research & Consulting,
Co., Ltd., Questionnaire Survey on IT Use
(November 2007). commissioned by the
SME Agency.

in question.
2. The number of ¢

100
(%)

o 20 40 60 80
2012

Source: Mitsubishi UFJ Research & Consulting,
Co., Ltd., Questionnaire Survey on IT Use
(Juiy 2012), commissioned by the SME
Agency.

1. Figures for each mode of use of IT show the percentages of companies responding that they used IT for the purposs

ing {the par

Source: Small and Medium Enterprises White paper 2015

* R & D Support

used in cal

g the rate} differs for sach item.

JST/ISTIC Workshop 2015
Mfg Policy JAPAN

Government Policy on Monodzukuri Industry

Mainly in the high technology area: bio, nano-tech, energy, robots

Basic Research : MEXT -> JSPS, JST -> Universities, Research Institutes
Applied / Practical Research : METI -> NEDO, AIST -> Private Firms
Recent programs: SIP, ImPACT led by Council for Science, Technology and

Innovation

* Promotion to New Industry Area
Industrial Vision/ Technology Road Maps

Direct Investment: Innovation Network Corporation of Japan (INCJ)

* SME Promotion measures
R&D, Manpower,loans etc

JST/ISTIC Workshop 2015
Mfg Policy JAPAN
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SIP cross-Ministerial Strategic Innovation Promotion

Program

* Research items are strategically necessary to future society and
important to Japan’s economic and industrial competitiveness

* Research items and Program Directors are selected by CSTI
* Cross ministerial and interdisciplinary activity

* R & D from the basic research to practical research viewing
industrialization

* FY2014-2018 budget ¥50B/y
* 10 research items were selected in 2014

JST/ISTIC Workshop 2015
Mfg Policy JAPAN

SIP Research Theme and Program Directors
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CRDS-FY2015-WR-02

EIMFERARE AR RITREEE MRRAREREZ 5 —



D—HvayTRESE
JST/CRDS * FEHMZHEMIEEMEATEE MR RERMTOMERARRE]

SIP Research Theme and Program

Directors
Revolutional Burning Technology Dr. M. Sugiyama Toyota
Revolutional Structure Material Prof. T Kishi NIMS
Next Gen. Marine Resources Survey Technology Prof. T.Urabe Tokyo Univ.
m:;;:rr:z;c:ﬁélzenewal and Management Technology for Brof ¥ Euiing Tokgollniv
Next Gen.Technology for Agriculture and Fishery Prof. K.Nishio Hosei Univ.
Next Gen.Power Electronics Dr. T. Omori Mitsubishi Electric
Energy Carrier (hydrogen Society) Dr. S.Muraki Tokoy Gas
Connected and Automated Drivimg System Dr. HWatanabe Toyota
Disaster Prevention technology fore Regilient Society | Prof.H.nakajima Kyoto Univ.
Revolutional Design and Production Technology Dr. N. Sasaki Hitachi

ImPACT

program

* High Risk / High Impact R&D Challenge

will create disruptive innovation

will be the action model for industrial and
* 2014-2018 ¥55B Fund operated by JST

JST/ISTIC Workshop 2015
Mfg Policy JAPAN

Impulsing PAraradigm Change
through disruptive Technplogies

social innovation

* Strong leadership of Program Managers (PM)
* PMs and their research subjects were on public offering

* 12 PMs were selected

JST/ISTIC Workshop 2015
Mfg Policy JAPAN
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ImPACT Program Managers

* Kohzo ITO (Tokyo Univ) * Reiko FUJITA (Toshiba)
Realizing an Ultra-Thin and Flexible Tough Reduction and Resource Recycle of High Level
Polymer Radioactive Wastes with Nuclear

* Keisuke GODA (Tokyo Univ) Tehsmutatcn
Turning Serendipity into Planned Happenstance * Reiko MIYATA (Nagoya Univ)

* Yuji SANO (Toshiba) Ultra high-speed multiplexed sensing system

beyond evelution for detection of extremely

Ubiquitous Power Laser for Achieving a Safe, small amounts of substances

Secure and Longevity Society

» Masashi SAHASHI (Tohoku Univ) ’ Talkayui', YAGI (fafjc?”}t et
Achieving ultimate Green IT Devices with lon, NROVAtIVEVIsUailzaLIOR LCCRNOIDEYTO lead.xg
usage tirﬁes without charging g creation of a new growth industry

* Yoshiyuki SANKAI (Tsukuba Univ) * Yoshinori YAMAKAWA (NTT Data )
Innovative Cybernic System for a ZERO Intensive Actualize Energetic Life by Creating Brain
Nursing-care Society Information Industries

* Takane SUZUKI (Kojima Press Industry) * Yoshihisa Yamamoto (NIl)

Super High-Function Structural Proteins to Advanced Information Society Infrastructure
Transform the Basic Materials Industry Linking Quantum Artificial Brains in Quantum

* Satoshi Tadokoro (Tohoku Univ) Network

Tough Robotics Challenge (TRC) JST/ISTIC Workshop 2015

Mfg Policy JAPAN

Influence of IND4.0 and loT

* Pessimistic View

* Japan is far behind in IT solution business compred with US and German
companies. We will reduce shares in manufacturing.

* New Standards always come from EU such as ISO9000, 14000. Eventually we
will have to apply the standards and pay for certification.

* We will not construct new plants in forign countries unless we will bound by
IND4.0 standards.

* Optimistic View
* Japan led the manufacturing by our own methods (Kaize, Toyota Production
Method, Taguchi method etc.) and they are also used abroad. Essentially
IND4.0 is IT version of them. We can easily catch up.
* Introduction of IT in manufacturing process is widely used in Japan. The point

is its intra plant or company system. We could expand them to wider business
area.

JST/ISTIC Workshop 2015
Mfg Policy JAPAN
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Mitsubishi Electric’s Total Solution of Production

System
NIAMxM

P BRI —tas
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http://www. mdis.co .jp/solutions/diamxm/ Logistics Op.timization MES Solutions Asset Man.agement
Solutions e e Solutions
—

Komatsu machine management system
KOMTRAX Plus

PdeUCt

Machine information Desi 9 P

via Internet
Support ‘
Parts Supply & Maintenance !
based on R&M contract Manufacturlng
Il KOMTRAX Plus
l X e

Communication Support
Satellite & Center

¢ M d PC Download ’ —
On-Boad system u B
Common in all machines Gathering -
mm:e health Strage for Repair Data
ata

JST/ISTIC Workshop 2015
Mfg Policy JAPAN

| Component |...
Supplier

http://www.komatsu.com/Companyinfo/profile/product_supports/
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DMG-MORI MORI-NET

MORI NET Global Edition is a support
service using communication terminals and
the internet. Mori Seiki can keep an eye on
all your machines, simply by connecting all
your machines to our network.

http://en.dmgmori.com/products/software/mori-net#intro
=4 B / / / JST/ISTIC Workshop 2015
Mfg Policy JAPAN

New Robot Strategy

established by the Robot Revolution Realization Council

authorized by the Headquarters of Japan’s Economic Revitalization

Overview — Background and attitude about “Robot Revolution”

Japan as "a Robotics erpower”

® The world biggest number of shipments and operating units of industrial robot in the world

Japan is "an issue advanced country” for such as low birth rate and longevity, aging
infrastructure, which is expected to utilize robot technology.

Europe and the United States are catching up with the new production systems with digital
and network technology as a key to advancement. China and devel oul are also
accelerating investment to robots. (Chinese robot introduction amount outnumber Japan.)

» Lead the world by Intensive utilize of robot in data-driven era.

What is Robot Revolution?

| 1. Dramatic changes in robot (“autonomy’,

“being information terminal”, “networking")
Even car, consumer electronics, mobile
ne and h by it

2. Utllizing robet in various fields from
manufacturing to dally life

|

3. Through the resolution of social issues and
‘strengthening of intenational
competitiveness, realizing a society in

____which the robot creates new value. |

JST/ISTIC Workshop 2015

http://www.meti.go.jp/ Mfg Policy JAPAN
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Robot Revolution Initiative

Action plan - Cross-cutting issue (1) the foundation of “Robot Revoluticn Initiative” -

Based on the results of "the robot revolution realization council”, establish a promoting organization that
involves the industry, acedemia, and government to realize robot revolution in actual fields. Considering
discussion on Al and |oT in Industrial Competitiveness Council and the Council for Science, Technology and

1
T

1
—-'-""-1{ Robot Revolution Initiative = =
| I Established: May 15, 2015
External | | Other
Organizatons | ) ; I Countiies | 226 Charter Members
— | Matching 2203 to needs. sharing and diffiising best practices, driving internztional | . .
7 coumilion | srolects, wilizing national inatitutes, wsz of Obs, imemational standordization Chair: Mr. Tadashi Okamura
\ Joulcatstal iy secarity issuss and etc 1 :
N fegtitten s | - I Secretariat: the Japan
il A <Expeciad stucture> Ak Machinery Federation
/ \ 4
Y Management Committen \TY http:www.jmfrri_gr.j
coonpration {key stakehaldors) 'e"'f.!; P J grjp
X =
-~ Coundil fo° ! ~ industrial
Yok, | Member I interme:
\ secrnobogyand. | | - Maior Induswial assordarion [Robor, pans, users (automabile, sgricultirs, | I\ Comsortiv
= | el ival/uu sing tare, fnfiastictune, sle )i | Uit States)
| - University, research institutes (NLUO, Als1, NI, ete) 1 -
| Cooperation organization in local arca ]
(i —— 1 =
‘. AT : vae1 Reformation of Manufacturing Business through loT :I.f t;cduilrpdl(‘
\ Carmany}
ey wez Utilization of robots |
SSSRERIES | I
| w1 Innovation ]
| ) I
- Sy ——— i

JST/ISTIC Workshop 2015

http://www. meti.go.jp/ Mfg Policy JAPAN

RRI'WG1
Reformation of Manufacturing Business through loT

* Objects

(1) Information sharing of the situation of reformation of manufacturing through the
use of loT

(2) Creating deal policy for the reformation of manufacturing

* Actions
(1)
(2)
(3)
(4)

Research of model cases of new manufacturing business
Investigation of business models which will be the basis of standardization
Research of the merits of loT use

Establish deal policy for the negotiations with Germany, US and other international
bodies

* Menbers are the members of Rll, governmental agencies and secretariat

JST/ISTIC Workshop 2015
Mfg Policy JAPAN
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Industrial Value Chain Initiative

* Established through the activity of Japan Society of Mechanical Engineers
“Tsunagaru-Kojo” or Connectable Factories Study Group

* Led by Prof. Nishioka of the Hosei Univ.

* Create “soft” standards for various aspects of manufacturing industry
through the fusion of IT and monodzukuri technology

* Use reference model as a tool for connecting intra and inter companies/
activities

e Started June 18 with 70 members.
manufacturing 40 +16SMEs IT 6+8SMEs
* 20 +WGs are organized to create “soft” standard or reference models

JST/ISTIC Workshop 2015
Mfg Policy JAPAN

Standard Specification vs Reference
Models

iﬂiﬂ:ﬁl ahtd Operation/Activities must be
i adjusted to Standard Connecting

5 Spec.
LATLB Need big change for opeation
Simple standard.

$W(*J77Lux)

Connection Spec will be adjusted
by using different reference

Pﬁa&*ﬁ’é‘“hf!% e
models
p_— 5 Need small change for operation
VAT LA VATLB Multiple reference models..

&ﬁfiﬁ

JST/ISTIC Workshop 2015
Mfg Policy JAPAN
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What will happen next ?

* Necessity of the use of IT in manufacturing and business is widely
rcognized.

* Companies are now developing and improving their own system and
seeking of cooperating with their suppliers and customers.

* Rl

| with the support of METI, will develop their position toword

introduction of IND4.0 to international standards.

* [VI will create reference models in various aspects of manufacturing
and business fields.

* International cooperation will be necessary.

JST/ISTIC Workshop 2015
Mfg Policy JAPAN
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2.4.2 FEHR (MIT)

a.) REAR IpPESEE 2025
UTFOEEHIESWT, SN ST,

—

CAICT

E BT

Made in China 2025: Background,
Goal and Policy

Xin Yongfei
China Academy of Information and Communication
Technols ;
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Historical background

I1 Development goal

[T | | Breakthrough in policy

Basic Judgment 1: China’s economic
development accesses to the new normal.

2015 Central Economic Working Conference

*  “Understanding, adapting to and leading
the new normal are the great logic of Chma’s
economic development at present and n the
future.”

China’s economic is evalving into the stage of much higher form, more
complex division and more reasonable structure.

Shift of Pattern Structural Dynamic
growth transition optimization conversion
: Stock adjustment &
High speed Intensive incremélnt growth Innovation driving

1

High-middle Extensi Capacity expansion
d ensive p of}érggv]w)'th

spee

Factor driving

3
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Basic Judgment 2: Key bottleneck of pattern transition and
structural adjustment lies in manufacturing industry.

We have an over-reliance on foreign-made product, but the manufacturing
industry 1s an mdustry with extensive development by investment driving,
having high pollution and high energy consumption, producing low-end
and low added value, and lacking of core technology. Therefore, once the
manufacturing matters are solved, pattern transition and structural
adjustment of China can be expected soon.

@ Lag in core @ A comparatively
technology weak quality basis
() Unreasonable @ An extensive
industrial structure development pattern

4

Basic Judgment 3: China’s manufacturing industry
is facing the historical opportunities of a new leap.

Opportunities come from the new science & technology revolution faced by
global manufacturing industry.

» Trans-boundary integration and mmovation of new generation mformation
technology with advanced manufacturing, new material and new energy, etc;

»Extensive use of mobile intemnet, cloud computing, big data and intermnet of
things in each manufacturing field and manufacturing chain promotes the new
production modes of intelligent manufacturing and large-scale personalized
customization, reconstructs the production, technology and application system
of manufacturing industry, and meanwhile, greatly accelerates the global flow
and optimized configuration of production elements.

»World is in the historical trend of new science & technology revolution that

initiates the new industry transformation, so China’s manufacturing industry is
likely to change the current development in a short time.

CRDS-FY2015-WR-02 EARFEREARZEIREEE ARERERE Y —
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Basic Judgment 4: China’s manufacturing industry has
the realistic basis of transformation and upgrading.

China has the most complete and most advanced manufacture system with both
scale and product exportation ranking the world’s first and internet industry
ranking the second only to America. With the dual advantages of promoting and
developing manufacturing industry and internet, China is likely to seize the

opportunity 1n a new round of mdustry transformation and to achieve the goal of

becoming a economic great power.

> = e P
o - ,

N

(20.8%,‘ (722 ) | 220 |
A LU

/

Global proportion of 7 of the 22 industnal Production of more
value added divisions rank the than 220 industrial
manufacturing industry of first products ranks the first
2014
Broad Predomina Complete i . Completed Open mark Relatively
domestic nt resources ndustrial sy infrastructural et circurnst low produat
market endowrment stern facilities ances ion elements

Basic Judgment 5:Advanced manufacturing
industry becomes the new focus of the world

With remodeling of international industrial division system,
manufacturing industry has become the “commanding height™ of global
economic competition. Various countries take manufacturing industry
mnovation as the core power of driving economic development and
transformation as well as promoting the development of advanced
manufacturing industry to a national level.

In developed countries, it 1s pushed by the government and responded by
the industry to lead a trans-boundary integration between intemet and
manufacturing industry and to scramble for the “commanding height” of
new science & technology revolution.

Developing countries are also carrying on industry transfer and
developing manufacturing industry to promote industrialization process.

CRDS-FY2015-WR-02 EARFEREARZEIREEE ARERERE Y —
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I Historical background

Development goal

[IT | | Breakthrough in policy

]
o
Three-step strategy builds a powerful
manufacturing country
Achieve the strategic goal of powerful manufacturing country by “Three step "
China
founded
for 100
vears
Consolidate the status of
great manufacturing
country
Nanufactaring imdustey Comprehensive strength
‘ By 2025 reaches an intermediate Fata e po.werl'ul
level of powerful manufacturing country
Rank in the powerful manufactming country n the world
manufacturing country in the world
9
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Micro performance of “Strength” in four aspects

1. Innovation capability, 2. Quality benefit, 3. Integration of
informatization and industrialization , 4. Green development

Category Index 2013 2015 2020 2025
Propottion of internal R&D expenditures in main i
operating revenue of scale above manufacturing 088 0835 136 las
Innovation ndustry i)
abili
o d HMumber of valid patent in main operating revenue of 0% 044 070 110
scale shove manufactiring mdustry® (pes)
Competiltru'eness index of manufacturing industry’s 2t 255 245 555
quality
" . Inoreased by 2% than Inereased by 4% than
Quaitybenefit Increased value-added ratin of manufacturing industry - 15 s
Bbout 73 (amnual Abowt 65 (anmual
i;nu:flh (;f) overall produstivity of mamificturing Sk i e 135 el i i 1
B fie-yrear) frve-yrear)
Integration  of Broadband penstrationrate’ (¥ 37 30 0 &2
informatization 7 :
T Penetration rate of digital R&D and design toal* () 52 5% 72 24
industrialization Mumerical control of critical process? (%) 27 33 50 64
Decrease of energy conswraption in mdustrial added Reduced by 18% than Reduced by 34% than
value of scale above mannfacturng industry 2015 2015
Decrease of COp emission in unit industnal added Reduced by 229 than Reduced by 40% than
Green alue 2015 015
development Decrease of water consumption i usit industrial Redured by 23% than Reduced by 1% than
added valug 1] 015 015
Comprehenstve utilization ratio of industrial solid o 65 ?3 7
wastes ()

Specific performance of “Strength” in five aspects (1)

(industrial technology research center)

Similar to National Network of Manufacturing
Innovation, we will focus on important
common demands and shape a series of
manufacturing industry innovation centers
(industrial technology research center) .

— 1. Construction of manufacturing industry innovation centre

Number of manufacturing industry
innovation center

0
40 4
15
21
0 - T
2020 2025

2020
Operating costs of l
demonsiration pilot project i
Product production cycle l 30%
Defect rate ', 30%

— 2. Intelligent level of key fields in manufacturing_ industry

2028
5020

50%

50%

CRDS-FY2015-WR-02
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Specific performance of “Strength” in five aspects (1)

—— J. Significant enhancement of basic industrial capacity

¥ Self-guarantee capacity of kernel basic parts and key basic material reaches 40% by 2020
and reaches 70% by 2025.

» Advanced manufacturing process of kernel basic parts (components) and key basic material
in key industry are promoted for application by 2015 and built into an excellent basic service
system of industrial technology.

— 4. Green manufacturing

#Establish a thousand green demonstration plants and a hundred green demonstration
gardens by 2020; resource consumption of heavy and chemical industries appears turning
points with major pollutant discharge of key industries reduced by 20%.

»Green development and unit consumption of main products in manufacturing industry
reach world advanced level by 2025.

—— 5. High-end equipment innovation

¥#Realize the independent development and application of key fields by 2020, including big
airplane, aero-engine and high-end CNC machine, etc.

¥ Ability to provide the basic auxiliary items of high-end equipment with proprietary
intellectual property rights is significantly enhanced by 2025, and equipment of main fields
reaches world advanced level.

Nine strategic tasks and key points

1. Innovation the first

2. Integration the emphasis
3. Basis as the root
4. Quality priority y a8

/ Promote

5. Green as the key } Y internationali

zation level

6. To layout new field

Service-
oriented
manufacturing

7. Transformation of

) manufacturing

traditional industries

8. Development of short
Deeply integrated informatization
and industrialization
Structural adjustment in Breakthrough in key
manufacturing industry field

board in service

9. Promotion of

international level

13
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Advanced intelligent manufacturing is an
important part of strategic focus

Deeply integrated informatization and industrialization is the mainline of “Made in China 2025 and intelligent
manufacturing is the main direction of this integration. We focus on developing intelligent equipment and
intelligent product, promoting the intelligentialize of production process, cultivating new production mode and

of intelligent manufacturing

Compile the development planmng of mtelligent
manufacturing

Setthe techmcal standard of mtelligent marufacturing
Establich the mdustry aliance of ntelligent
marnfacturing

Establish and wnprove a comprehensive system such as
ittelligent manufacturing securty.

Develop intelligent manufacturing

equipment and product
¥ The mtelligent equipment of high-end  CIC
machne, robot and addiive manufacturing
equipment with depth perception, mtelligent
decision and automatic performance;
¥ Machinery, awviation, ship, automobile, light industry,
textile, food, electron and other key felds;

¥ Intelligent means of transportation, mtelligent
engineering tmachinery, service robet, intelligent

Build mtelligent plant and digital workshop i pilot area;

Accelerate the mtelligent control of enterprize
production and management,

Push on the supervision system construction of
mtelligent detection i key mdustry.

household electrical appliance and other mtelligent

\pro ducts /

Deepen the application of internet in

manufacturing industry

Establish the roadmap for integrative development of
mternet and manufacturing mndustry;

Encourage and promote the new mternet-based
mamfacturing mode;

Establish an epen mdustrial ecology system;
Accelerate the demonstration actimties of related pilot
area

\ 14

I Historical background

II Development goal

[IT | Breakthrough in policy

15
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Breakthrough in policy of five aspects

e Made in China 20235 continues the existing policy measures of making large
manufacturing industry to stronger, but it also has new breakthrough, where the
support system is put forward in the eight aspects of institutional mechanism reform,
construction of fair market, financial support, fiscal taxation policy making, talent
cultivation, medium small and micro-sized enterprise service, open-door to the
outside world and organization & implementation.

2 s . Medium, small Open-door to
LTI Flsc‘a] testion Ts_l]jm_t and micro-sized the outside
support support culiivation enterprise world

» Improvement of » Innovation of » Systemized + Financing * Promote the
traditional financial talent service; level of open
investiment and support mode; cultivation;  Tnnovative up;
financing » Effective e The three types service. » Investment of
support; reduction of of technical support service

» Inmovation of enterprise tax talent, in foreign
financial service burden. managerial country.
form. talent and

skilled talent.

(I) Financial support policy

The mnovation point mcludes pilot project for mtegration of mdustry and
finance, risk compensation mechanism and new financing service system.

»Integration of industry and finance ig one of the important ways to develop and grow
stronger for large-scale manufacturing enterprises in the world. Made in China 2025
clearly puts forward to support the development of new innowvative pilot project by
manufacturing enterprise group of key field and to accelerate manufactunng’s
transformation and upgrading by financial lease.

¥ Rigk compensation mechanism is mentioned in different parts involving technological
innovation and development in new field, which will be a integrated policy system with
combination of central and local policy. Here highlights the combination with insurance
policies that explore and develop the insurance products and services suitable for
development of manufacturing industries and particularly emphasize the guaranty
insurance of credit and credit insurance.

»New financing service system is intended to highlight the new commercial activities of
internet and finance field, but finally is concentrated to the sentence of “Lead financing
institution to bring forth the product and business consistent with characteristics of

manufacturing enterprises”.
17
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88

(II) Fiscal taxation supportive policy

Fiscal taxation policy is most difficult to break through because financial fund
space is very limited and taxation policy is restricted by Tax Law. Each part of
the entire fiscal taxation policy is complete and correct, while the working space
lies on concrete mmplementatiorn.

#Support direction: intelligent manufacturing, “four-basis™ development and high-end
equipment;

®Support pattern: transformation from “compensation of construction” to
“compensation of operation™,

# Innovation model: public private partnership (PPP) is adopted to lead social capital to
participate in major project construction, technological transformation and key
infrastructure construction of manufacturing industry.

#Carry out the taxation policy in favor of manufacturing transition and upgrading,
promote the reform in value-added tax and improve the calculation and review method
of R&D expenditure so as to effectively reduce tax burden of mamnufacturing enterprise.

138

(III) Talent policy

Identify the three talent systems’ classification of business administration talents,
professional and techmcal talents as well as skilled talents.

#Training objective of business administration talents is entrepreneur and senior
management personnel, which will be achieved by means of quality-improvement project
and “Yin He Training Project” for small and medinm-sized enterprise.

»Training objective of professional and technical talents is engineer, which will be
achieved by means of knowledge update project and a plan for traimng outstanding
engineers of advanced manufacturing.

»Training objective of gkilled talents is high-skilled industrial workers and technicians,
which will be achieved by intensified vocational education and skill training so as to lead
the transformation of regular colleges & universities to professional & techmical
ingtitutions of higher education, to build a series of training bases and to develop the
modern pilot demonstration of apprenticeship system .

»#Establish a talent incentive mechanism; perfect the system and mechanism for talent
flow and talent utilization.

19
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(IV) Policy for medium small and micro-sized enterprises

Except for implementation of existing tax policy and policy for use of special
fund, the proposed measures focus on financing problem and innovation
problem.

#Alleviating of financing problems: speed up the establishment of development fund for
small and medivm-sized enterprizes by levering social capital with financial fund; support
the establishment of financing institutions (e.g. small and medium-sized banks) by private
capital according to law; encourage commercial banks to strengthen the construction of
gpecialized financial gervice ingtitutions for small and micro enterprises as well as
financing guarantee system and credit system.

#Strengthening of innovative service for enterprise: establish and improve the venture
base for small and medium-sized enterprises; lead various venture capital funds to invest
in small and micro enterprises; encourage umiversity, scientific research nstitution and
engineening center to open the experimental (test) faciliies and share them with small and
medium-sized enterprises.

»#Strengthen the construction of public service system and improve the public service

platform & network for medium small and micro-sized enterprises.
20

(V) Opening-door policy

In a globalization era of the future, we will keep to international development,
provide a more transparent and tolerant cooperation environment, promote the
level of open up and actively participate m the layout adjustment of global
manufacturing industry.

»Set up the administrative mechamism of pre-establishment national treatment plus
negative list for foreign investment, carry out the management mode of “registration first
and approval supplemented” and build a stable, transparent and predictable business
environment .

»Further relax the control over market entry and drive the transformation of foreign
investment utihzation from introduction of technology, capital and equipment to joint-
ventured and cooperative development, outbound merge & acquisition and introduction of
leading personnel.

»Explore the utilization of industry fund, state-owned capital gaing and other channels to
gupport the equipment (e.g. for high-speed rail, electron, automobile and engineering
construction, etc) and preponderant productivity to go abroad for overseas investment and

merger.
21
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Organization and implementation guarantee

»Establish a leading group for the upgrading of the country's manufacturing
sector with office setting up in the Ministry of Industry and Information; establish

a advisory committee for the upgrading of the country's manufacturing strategy.

»Establish a supervision & mspection and third-party evaluation mechanism for
implementation of Made in China 2025 to improve the statistical monitoring,
performance appraisal, dynamic regulation and supervision & assessment

mechanism.

»Establish a medium-term assessment mechanism for Made in China 2025 and

make necessary adjustment to target tasks timely.

22
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2.5.1 &EEB#*# (CRDS)

a.) RRNE MBYAN\—HRIEHHHDI< Y]
LUFOEBHZEESWT, SRR S,

ISTIC/CRDS Work Shop

Digital Manufacturing Platform
in coming era of Super Cyber Society

Yosuke Takashima
Japan Science and Technology Agency
Center for Research and Development Strategy
System, Information Science and Technology Unit
Aug. 24, 2015
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1.Super Cyber Society

2.Manufacturing Paradigm Shift by ICT Advancement

3.Digital Manufacturing Platform in the era of coming
Super Cyber Society

IT Trends

# Initiatives to make Impact on societies -
Qlndustrie4.0 - -
*CPS/loT technologies will be applied to the society H E
OHorizon2020 i3

i oty
*"Excellent Science” , "Industrial Leadership” and E

“Societal Challenges”

¥ Wide spread of IT devices and services Simart Service Welt scatech
ODevices
*smart phones: 2.5 B terminalsin 2017
*M2M communication: 50 B devices in 2020

((g))

Oservices
*Internet: 2.9 B peoplein 2014, 5.5 B in 20105
*SNSusers: 1.8Bin2014,2.3Bin 2017 =
re-commerce: $1.5T in 2014 e

50B devices in 2020(Ericsson)

) T
SR 3
P

@ Technology advancement
Qadvancement of data processing and communication technologies
*New technologies such as Deep Learning . @G
*Communicationtechnologiessuch as LTE, Bluetoothand more

= o Bluetooth® Smart Module
*Devices are getting cheaper, smaller and low power

(Murats}
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Super Cyber Society

Enhancement of Cyber world and convergence with Physical world

N
\Y

Cyber/).‘

Physical
Physical world is augmented Physical and Cyber worldsare  Physical and Cyber world will be
by cyber information. seamlessly connected by loT.  converged to Super Cyber Society

Industrial structure change in Super Cyber Society

*  From fixed relations to elastic network

* Business process outsourcing of non-core business components and business
platform formation

* From periodic process to on-demand process

Borderless
\Mﬂket ﬂ

. NW | »
Enterprise / , \ R ™

- I" :faﬁgm;’ l" ’aeIV::"\

Individual Market Consumer

Affiliated Companies

/7 7 N Enterprise
B2B Enterprise

Vertical Type Layered Type Network Type
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Paradigm Shift in Monozukuri by ICT Advancement (1/2)

» Monozukuri=Mono(#)+Tsukuri(i&)
= Products and Manufacturing

Products are changing in accordance with ICT advancement

“Products”,

in original means

Hardware

Software
Technology

“Products” with software “Products” connected to Networks

Hardware

Software

Network @ @@

Technology
Hardware Hardware
Software Software

Software Controlled Connected Each Other

Paradigm Shift in Monozukuri by ICT Advancement (2/2)

» Monozukuri=Mono(#)+Tsukuri(i&)
= Products and Manufacturing

Manufacturing Process is also changing with ICT advancement

1. Model Based Development
* Many of processing phases are computerized
Simulation, design, prototyping, verification and so on
Importance of Software
* Software plays important roles of products
* Concurrent engineering of software and hardware is necessary
3. Networked manufacturing
* Manufacturing is not closed in one company
*  Product design should be OPEN

2.
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Digital Manufacturing Platform(1/2)

* Dynamic ecosystemon supply side
* Continuous interaction on demand side
* Value creation on both sides

Value Co-creation

sojeg

wiope|d 201AIaS

sOUBURIUIEA

Evaluation

Producer bt Consumer

uopjesdg

Dynamic Ecosystem Eva!uatlon ContinuousInteraction

BouBUBUIRIA

Conventional Linear 8 N A Bavelopri L\ A
. pm
Manufacturing Process _nesearch p  Planning j  Design ent , Produce y Sales )

Digital Manufacturing Platform(2/2)

New manufacturing business by coordination of 3 platforms: Suppliers’
PF, Service platform for consumers, connecting PF for suppliers and
consumers

1. Dynamic manufacturing eco-system

2. Productlife-cycle management and customer service

3. Co-creatingvalue by collaboration between suppliers and consumers

Fundamental technologies

* Information gathering, processing, storing and analysis technologies such as 10T, Big data, Al
and so on.

¢ 3D-CAD/scanner/printer, robotics, sensor NW
* Realtime information processingtechnologies(DataBase, processing, network and so on)
Enabling technologies

* Integration of design and production process: Delight design, model base design, OT/IT
integration, Data integration, security, realtime information processing for flexible
manufacturing, Robotics

* Coordination with customers: Big data gathering and analysis, Ul design, end user security

* Cocreating new value: Dynamic configuration of value chains, Synchronization and
coordination of information flow and logistics, value distribution, IPR management, product
liability
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2.5.2 Z=ZEZE (ISTIC)

a.) RFXANZE MbE CNC TIE##BEHTIIZDLNT]
IFOEEHIFESWT, AN E T,
°T¢Eﬂ¥ﬁ#ﬁﬂﬁﬁﬁ

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

General Development of Intelligent

CNC Machine Technology

Institute of Scientific and Technical Information of China
Aug 24, 2015

N .
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‘i‘g thOE R RSB R

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

General development of intelligent CNC
machine technology

» Definition and key technology
» General development of overseas technology

» Development status of Chinese technology

Patent analysis on intelligent CNC machine

technology
» Patent analysis of worldwide

» Patent analysis of Chinese market

‘i‘g thOE R RSB R

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

General development of intelligent CNC machine technology

Definition: intelligent CNC machine is a type of machine tool that can
automatically sense and monitor manufacturing process, make analysis and
use intelligent technology for regulation & maintenance according to the
result so as to realize the optimization and improvement of machining
efficiency and quality and reduction of floss.

» Intelligent error compensationtechnology;

# Intelligent technology for automatic vibration
suppression;

# Intelligent driving technology;

Key :> » Intelligent technology of tool monitoring;

technology » Intelligent anti-interference function;

) » Automatic programming function;

» Intelligent maintenance & monitoring function;

» Intelligent operation and telecommunication
technology.

:
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

General development of intelligent CNC machine technology

General development of
overseas technology

1996 — AMT technology roadmap

_ First piece checking (FPC)
2000 Seminar (NIST - NSF)

2002~ Tntelligent machine seminar (NIST- NSF) (il

Investigation of intelligent technology
2003 ~  conducted by Techsolve company
1 2003~ Foundation of Clean Manufacturing
F Technology Institute (CMTI)

Release “Research agenda for
2004 . intelligent machine™
Initiation of SMPI procram
Investment in SMPI
2006 program by Army R&D

4
Frglasering Center GRDEC) ‘“
i — e e

FEMNEEREBRARMR

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

General development of intelligent CNC machine tec

General development Chinese technology

(@D Related programmes and measures

2009 — Major science & technology projects of “High-end CNC machine and basic
manufacturing equipment”
2010 — The Decision on Speeding up the Cultivation and Development of Strategic
Emerging Industries
2012 — Development Planning for the 12" Five-year National Strategic Emerging
Industries
2012 — The 12* Five-year Development Planning for High-end Equipment
Manufacturing Industries
2012 — Action Plan for Innovation Project of “CNC Generation I’ Equipment
i 2012 —“Special project for development of intelligent manufacturing equipment »
- 2015 - Outline of China’s Manufacturing Development (2015-2025)
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FEMEREREERRMR

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

General development of inte]]igent7CNC machine technology

General development of Chinese technology

@) R&D progress for key technology of key enterprise — Shenyang
Machine Tool Co., Ltd

ISRHF—ITEHENF~REEGABNEEERGR

'*ﬁ _I Bl

_ a
= =y

IZnmS . MenTEen " G, z '.'I S

i5 full intelligent
\ machine operating

S N p—
B |

FEMEREREERRMR

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

General development of inte]]igent7CNC machine technology

General development of Chinese technology

@ R&D progress for key technology of key enterprise —Dalian

Guangyang Science & Technology Engineering
GONA
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

General development of intelligent CNC machine technology

General development of Chinese technology

@ R&D progress for key technology of key enterprise —Dalian
Machine Tool Group

dg thOE R RSB R

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

General development of intelligent CNC machine

technology
General development of Chinese technology

@) R&D progress for key technology of key enterprise ~-Wuhan
Huazhon_g_ Numerical Control Co., Ltd

Huazhong 8-type full-digital bus-
type CNC system
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T[C INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Patent analysis on intelligent CNd machine technology —

Global

Patent application of each year

(sod)quajed jo aquiny
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patentsearch deadline: 2014.7.19(similarly hereinafter)

1/ hEREEREET R

T[C INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

. 10-

Patent analysis on intelligent CNC machine technology —

Global

Top 10 countries, regions or organizations of preferred patent application

Number of 3 ;
| runmame | e | proportion 08
771

CN

o 0 9 & th B W e =

[y
<

Jp
DE
Us
KR
™
EP
RU
CA
FR

China 475
Japan 364 224
Germany 158 9.7
UsA 117 7.2
Korea 114 7.0
Taiwan, China 69 4.2
EPO 39 2.4
Russia 28 1.7
Canada 8 04
France 5 0.3

| -
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Patent analysis on intelligent CNC machine technology —
Global

Patent application of the top 20 IPC subclasses

B23

B238 218
164

D240 — 4
GOIE j—7

GOIM jmmm35

—

0 100 20 aan ann 00 600 700 800
Number of patent application (pcs)

dg thOE R RSB R

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Patent analysis on intelligent CNC machine technology —
Global

Patent application of global enterprise

Ranking Company name No. of Patent (pcs)
1 OKUMA CORP 53
2 FANUC LTD 43
3 SIEMENS AG 34
4 BOSCH GMBH ROBERT 33
5 MITSUBISHI ELECTRIC CORP 33
6 DOOSAN INFRACORE COLTD 25
7 KOYO SEIKO COLTD 21
8 BROTHER IND COLTD 18
9 MORI SEIKI SEISAKUSHO KK 18
|, 10 MURATA MACHINERY LTD 16
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FEMEREREERRMR

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Patent analysis on intelligent CNC machine technology —

Global

Distribution of core technology field for the top 10 enterprises

s 1 I = GOSB-019/408
) ® GOSB-019/18

. = §23Q-017/00
15 = 5230-015/00
— =B8230-015/18
% = B823Q-015/007
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'] .-/'75139-0151'18
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R 0@ ?f- & Q;Q- ({}wlr iy
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FP ,29@ =

FEMEREREERRMR

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Characterized by compensated
control device. such as the
compensation for clearance,
overregulation, tool deviation.
tool wear, temperature, errorof
machine construction, load and
inertance.

Numerical control

Indicating or measuring device
on machine tool

Automatic control and
adjustmentoffeed movement,
cutting speed or positionoftool
| orworkpiece

Compensation for deflection of
tool caused by temperature or
stress

Operation of the toolactingona
workpiece

14-

Patent analysis on intelligent CNC machine technology —

Patent application of colleges & universities and scientific research institutions

Global
[ “World | No.of )
le: Chineser G P o E?gﬂ
: g o)
1 Xi’an Jiaotong University 10 18
11
2 Shanghai Jiaotong University 11 17
3 Chongging University 13 14 12
4 Tianjin University 16 12 13
5 Zhejiang University 18 11 14
Taiwan Industrial 15
. Technology ResearchInstitute 2l 0
16
2 ShanghaiTech University 23 10 17
Huazhong University of
& Science and Technology 2 e 18
Taiwan Ling Tung
= University 23 2 19
o Beijing University of 44 4
Aeronautics and Astronautics 20

World No.of
g (pes)
Shenyang institute of computing g "
technology. CAS
Tsinghua University 40 6
Harbin Institute of Technology 49 5
Nanjing University of
Aeronautics and Astronautics al 5
Ningbo University 52 5
Shandong University 53 5
Shenyang Ligong University 54 5
KoreaInstitute of Machinery )
and Materials o3 4
Changwon National University - 4
(Korea)
Chung Ynan Christian
University & 4 I
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T[C INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Patent analysis on intelligent CNC machine technology —

China

Patent application of each year
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Patent analysis on intelligent CNC machine technology —

China

Patent application in IPC subclass

GO5B
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Patent analysis on intelligent CNC machine technology —
China

Patent application of enterprises, colleges & universities and
scientific research institutions

No. of Ra No. of
Ran . o e
ki Company name patent nki Organization name paten
2 DCS ng t(pcs

1  Dalian Guangyang Group 10 1 Xi’an Jiaotong University 18
5 Shanghal Blectric-Gioup g 2 Shanghai Jiaotong University 17
- ] Chongqing University 14
Shen: High-accura
YirgHigh 2k g 4 Tianjin University 12
CNC Technology Co., Ltd .
: - 5 Zhejiang University 11
Jiangsu Gaojing - University of Shanghai for Science and 10
4 Mechanical & Electrical 7 Te‘c!mology _
Huazhong University of Science and
Equipment Co., Ltd 7 _ " Technology 9
= Beijing University of Aeronautics and
| 5 Mitsubishi motor 7 8 Astronautics ) 7
Ik : Shenyang institute of computing
‘ 9 technology 6
10 Tsinghua University 6 l

dg thOE R RSB R

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Conclusion

@ Patent application of intelligent CNC machine has a
steady growth worldwide, in which China, Japan,
Germany and USA are the main researching and
producing countries.

»Since 2005, the patent of intelligent CNC machine technology has
had an average annual growth rate of 10.8% in the world and shown a
steady growth; over that period, China has had a growth rate of 36%
that is far higher than the average world level. Number of patent

application and priority application of China and Japan accounts for
62.2% and 69.9% of the world respectively, nearly 60-70 percents.
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Conclusion

@ Intelligent CNC machine has a wide field of
application.

#1t is mainly used in the 8 fields as follows: electric power engineering,
computation and control, engineering-general, instrument, measurement
and testing, communication, electronic components, machinery as well
as semiconductors and electronic circuits, among which it is mostly used
in computation and control accounting for 37.6% of the top 20 DC
subclasses, and then is the engineering-general and electric power
engineering respectively accounting for 25.8% and 22.1% of the top 20
DC subclasses.

2 .
‘l?,‘PEIH?ﬁX%EﬁH‘EFE
TI INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Conclusion

(@ Technical fields of intelligent CNC machine at home and
abroad have various emphasis and different characteristics.

»Main direction of Chinese enterprise R&D is machine’s program
control system and then the basic equipment and parts of machines,
seldom mvolving tool control.

#Japan is similar to China, mamly involving machine tool elements or
accessories and program control system.

»Germany has a wider application fields, mainly involving machine
tool elements or accessories and program control system, then the general
safety device of machines.

»USA mainly focuses on control and regulating system as well as digital
computing or data processing equipment/method appropriate for special
application.

21
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Conclusion

@ Japan takes a leading position in practical use of
intelligent CNC machine technology.

»Among the top 10 enterprises of patent application in intelligent
CNC machine field, there are 7 Japanese enterprises with number of
patent accounting for 68.7%.

#» Chinese patent are mostly applied by colleges & universities.
Among the top 20 colleges & universities and scientific research
institutions of patent application, there are 15 located in mainland
China (14 are colleges & universities). Though the number of patents
is far more than that of Japan, our industrialization is far behind Japan
and Germany.
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Conclusion

® Chinese market of intelligent CNC machine is
highly valued by foreign enterprises.

#The CNC machine manufacturers of developed countries such as
Japanese okuma, Faunc and Siemens are all active in patent
application in China and express a faitly strong sense of patent
portfolio.

#Application of China patent family in the USA, Japan, Germany
and other countries account for only 2.1%, 1.8% and 1.3%
respectively, which means patent application is mainly conducted in
domestic.
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