






























































































































































































































































































































































































































































Chapter VI
Advanced Manufacturing
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Figure 8-12 Composition of Regional Distribution and Purpose of Global Industrial Robots in 2019

In terms of application industries, industrial robots are mostly used in the automobile and
electrical and electronic equipment manufacturing industries. The automobile industry remains

the primary application industry but its proportion has shown a decreasing trend year by year

since 2014 ( Figure 8-13).

Figure 8-13 Composition of Application Areas of Global Industrial Robots in 2019

From the perspective of industry competition patterns, most of the famous brands in the
global industrial robot industry are from Japan, and the robots of FANUC occupy the largest

proportion in the industry. The industrial robot industry is developing well in countries where

manufacturing is developed (Table 8-3).

Table 8-3 Competition of the Global Industrial Robot Industry in 2020

Brand Country of Origin Proportion
Fanuc Japan 17.30%
ABB Switzerland 15.70%
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Continued

Brand Country of Origin Proportion
Yaskawa Japan 12.90%
KUKA Germany 12. 10%
EPSON Japan 0.079
Kawasaki Japan 4.70%
NACHI Japan 0.035
YAMAHA Japan 3.20%

ii. Overview of Innovations in the Industrial Robot Industry

In terms of the number of patent applications, there has been a steady rise in the number
of patent applications in the global industrial robot industry since 2010, and the industry’s
intellectual property landscape has started to exert power. By August 2021, the number of
patent applications of the overall industrial robot industry exceeded 460, 000, and the total
market value of patents amounted to tens of billions of dollars, indicating that the industrial

robot industry continues to inject energy ( Figure 8-14, Figure 8-15).
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Figure 8-14 Number of Patent Applications and Licensing of the Global Industrial
Robot Industry in 2010-2021
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Figure 8-15 Total Market Value and Distribution of Patent Value of the Global
Industrial Robot Industry by August 2021

From the perspective of patent types, there are now 331, 855 patents for invention
worldwide, accounting for the largest number of patent applications in the global industrial
robot industry at 65. 88% . Utility-model patents and design patents come second ( Figure 8-
16). The large proportion of patents for invention has illustrated two things: a) Innovations
in industrial robotics are emerging rapidly; and b) there is still considerable room for

innovation in the application and appearance of industrial robots.

Design patent, 5450, 1.08% Others, 10.60%
Republic of Korea,
3.36% ;
Germany,L;‘ China,
3.92% 48.84%
Utility models,
166410, Japan,
33.04% 12.81%
\Invention,
331855,
0,
65:8804 US, 20.21% /
Figure 8-16 Patent Types of the Global Figure 8-17 Distribution of Technology Source
Industrial Robot Industry by August 2021 Countries of the Global Industrial Robot

Industry by August 2021

According to the distribution of technology source countries ( Figure 8-17 ), China is
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now the largest source of technology of the global industrial robot industry, the number of
patent applications in China accounts for 48. 84% of the total number. The second is the US,
accounting for 20.21% . Japan and the Republic of Korea rank third and fourth,
respectively.

In terms of patent applicants, FANUC Corporation is in a slightly dominant position. It
has the largest number of patent applications, followed by Applied Materials, Inc.

In terms of popular technical words, the top 10 popular technical words in the global
industrial robot industry are robot, mounting rack, high precision, conveying equipment,
production equipment, unmanned aerial vehicle, transmission mechanism, detection
equipment, welding device and computer ( Figure 8-18). Collectively, they indicate the

technical innovation and development direction of the industry.

Figure 8-18 Popular Technical Words of the Global Industrial Robot Industry in 2021

iii. Important Innovation Progress of Industrial Robots

On October 28, 2020, Lenovo Group Limited unveiled an industrial robot named

Morningstar, which is remotely controlled through the 5G network and has an autonomous
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mode and a man-machine cooperation mode. In the autonomous mode, the robot can
accomplish intelligent movements and intelligent mapping; in the man-machine cooperation
mode, the robot can perform the corresponding spraying work through hand teaching.

In the same year, KUKA AG launched the new series of SCARA robots, marking a
breakthrough in the assembly of small and medium-size parts in industrial production, and
these robots had outstanding performances in material handling and inspection tasks. The
range of action of these robots was 700 millimeters and the cycle length was only 0. 36
second.

In 2021, the large space station manipulator with a large load-bearing capacity and wide
range transfer function developed by China assisted astronauts in completing two capsule exit
missions and is a key device of the Chinese space station project. The space manipulator
features many functions, such as the large load-bearing capacity, transferring over a wide
range, crawling on the surface of the space station cabin, low-impact and high-rigidity end
grabbing, visual monitoring and measurement, and supporting the extravehicular activities
of astronauts. Specifically, in the function of supporting the extravehicular activities of
astronauts, the manipulator can take security measures automatically to ensure the safety of
astronauts. Besides, auxiliary facilities for supporting the emergency return of astronauts are
arranged on the manipulator, so that astronauts can perform emergency stop operations on

the manipulator.

iv. Future Development Trend of Industrial Robots

1. Integration

Industrial robots will use a number of functions integrated into one, with focus on its
manufacturing technology precision and other aspects, and with a commitment to
comprehensively enhancing the quality and output of industrial robots and reducing costs.

2. Intelligence

The utilization of the human-computer interaction capability will enable industrial robots to
better meet people’s needs and meet flexible production requirements. Based on the expert

knowledge databases established on Al technology, industrial robots will be required to solve
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problems during industrial production through the simulation of human thinking so as to make
and implement correct decisions automatically without manual intervention, such as
automatic setting and optimization of trajectories and paths.

3. Full Automation

The target of fully automated production will be realized by allocating a variety of
industrial robots and auxiliary automation equipment to the production line and substituting all
artificial posts with industrial robots. Meanwhile, the individual control mode of industrial
robots will be converted into the networked cooperative control mode with the high
intelligence of industrial robots and the innovative optimization of robot control and
communication technology.

4. Greenization

The idea of greenization will be actualized for the production processes, manufacturing
materials and packaging materials of industrial robots. Besides, it is required to add the
processing and recycling functions during work to robot design, in a bid to strictly

implement environmental protection requirements while ensuring active work.

. Development Trend of Advanced Manufacturing

Technologies

Due to the rapid development and wide application of new engineering sciences and
technologies have greatly changed the production mode, production organization structure,
product structure and equipment of modern manufacturing industry, and created a batch of
new manufacturing technologies and models. Modern manufacturing has become a fast-
growing, technology-intensive, knowledge-intensive sector with strong technological
innovation capabilities. In summary, during the second decade of the twenty-first century and
amid the new round of technological revolution and industrial reform, the new development

orientation of the global advanced manufacturing shows the following four trends
i . Flexible Manufacturing

As can be seen from the strategic planning of developed countries for developing advanced
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manufacturing, the concept and added value of manufacturing continue to transfer from
hardware to software, services, solutions and other intangible assets. Compared with
conventional manufacturing, today’s manufacturing is where software brings functionality to
hardware, controls hardware and exerts great influence on hardware. Meanwhile, unlike
previous hardware commodities, there is a rapid increase in commodity-dependent services
or demands for commodity-based solutions in the current manufacturing. The so-called
flexible manufacturing is meant to increase the added value of commodities and expand more
and more diversified services and solutions. The built-in software, incidental services, or
solutions are often flexible and intangible in contrast to hardware. In flexible manufacturing,
“hardware” production is no longer considered manufacturing, but instead, it is believed
that “software” plays a leading role in manufacturing, and commodity-generated services or
solutions tremendously affect the value of manufacturing. As a result, the conventional
“hardware” mindset needs to be abandoned in future manufacturing, which should be
developed from the perspectives of software and value-added services. In recent years,
developed countries have continuously defined product functionality and performance with
software and enhanced attention to software-led innovations. These practices shifted the
source of value for manufacturing products from hardware to software and thus raised the
entry threshold for the manufacturing industry. One typical representative case is electronic
products, most of which are preinstalled with operating systems and embedded with various
software functions. More application software ( App) can be installed in many electronic
products via the Internet. At present, even in conventional manufacturing areas such as the
automobile industry, the concept that “software determined product value” can be constantly
felt. To achieve low-fuel consumption automobile driving, the software is used to
synergistically control the technical modularization of various hardware in automobile parts,
and the quality of software execution directly affects automobile fuel consumption.
Furthermore, self-driving automobiles cannot function without software.

American enterprises are the most obvious in the trend to flexible manufacturing. GE and
IBM began to focus on the function of software very early on. After getting rid of the mindset
of manufacturing and being committed to software input, GE has become a data analysis

software company. IBM thinks more ahead and believes that the era of managing massive
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data is coming, so it attaches great importance to its mathematical analytical capabilities.
Companies in Europe also realized very early that software was the source of global
competitiveness in future manufacturing. In the framework program of the European Union,
the budgeted investment for the basic research project on embedded software ( ARTEMIS)
was as high as EUR 2.7 billion. Large enterprises such as Siemens and Bosch have also
transformed into IT enterprises. Services and solutions. An important development trend of
manufacturing in developed countries is placing a high value on after-sales services,
customer services and coping with solutions. In the future, under the business model of
solving problems for customers, enterprises not only sell hardware but also obtain more
added value through after-sales services such as maintenance of the sold hardware products
and the provision of many subsequent services. The understanding of services and solutions is
already very common in the US, Germany and the UK. Large American enterprises tend to
standardize services and solutions in the industry and promote it to emerging market

¢

countries. However, what Germany and the UK often do is to make “ servitization in

manufacturing” a success through consulting of sales.
ii. From “Physical” to “Information”

With the development of packaging and digitization, the transfer of parts production and
processing technology to emerging market countries is accelerating, accompanied by the
problem that it is difficult to maintain the profits of parts. In developed countries, more
attention is paid to packaging by assembling parts, modularizing some functions and
systematizing others in an attempt to increase the added value. Modularization is the assembly
of standardized components to design products, which can quickly respond to diversified
market needs and meet differentiated consumer demands. However, modularization is just a
function of products. In the future, the manufacturing industry will pay more attention to
systematization on the basis of modularization and packaging and expanding new applications
and services. If systematization becomes the dominant, more added value with the
“information” function will be acquired than parts in the “physical” sense. On the contrary,
without ownership of systems, no matter how good the quality and function of the developed

parts, they can hardly dominate the market price.
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American enterprises have been acquiring added value in the upstream parts of value
chains such as R&D and design, which is an embodiment of the system-oriented thinking
mode. To obtain added value, all enterprises located upstream of value chains control the
market in a system-oriented manner. Systems are the core technology of GE, which
transformed into an energy systems company in the 1980s and has applied the successful
experience accumulated during those days to medical services and other fields vigorously
promoted by it. The core of Germany’s strategy is cyber-physical systems (CPS). Siemens,
Bosch and other large-sized enterprises have already acquired a high understanding of
systematization. In particular, Bosch launched the packaging system based on the
international standard AUTOSAR ( Automotive Open Systems Architecture) and is now

energetically tapping India, China and other emerging markets.
iii. From “Group” to “Individuals”

Subsequent to the transfer of mass production manufacturing production bases to marketts
in developing countries by developed countries, the multi-type and small-batch
manufacturing focusing on customization will be better developed. The future orientation of
manufacturing will be customization based on individual requirements and the formation of
the “mass customization” trend. Meanwhile, consumers will also be able to put their needs
into production. Owing to the technological innovation brought by the popularization of
digitization represented by 3-D printing and information technology, the barriers to
manufacturing will be minimized and it will be easy for individuals without factories or
production equipment to participate in manufacturing. This means some unexpected
enterprises or individuals will get involved in manufacturing and might bring dramatic
changes to the business mode.

Amid the cultural background of the US, personality overrides organization. The
“personalization” trend in manufacturing is reflected in the return of manufacturing to the
US. In some cities, some small-scale handmaking manufacturing industries that focus on
making production engineering efficient and professional through information technology
begin to emerge. They provide flexible customized services based on consumer needs and rely

on superior design to form differentiated competition with mass production.
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iv. Networked Manufacturing

At present, many products have access to the Internet, and society is becoming
increasingly networked. The same is true for smartphones and “information appliances”. As
automobiles embrace the era of self-driving, automobiles in the future might be just a
network terminal. The significance of continuously networked products is as important as
systematization. “ Networked manufacturing” means dominance over the network.
Enterprises that take the lead in dominating the network will obtain long-term benefits as
forerunners.

With the popularization of information technology, the Internet and E-commerce, there
have been some changes in the new requirements of market competition in manufacturing.
Firstly, manufacturing enterprises are required to continuously acquire information based on
networks and promptly respond to market demands. Secondly, they are required to make
rational utilization of various resources by integration and sharing. With networked
manufacturing, efforts can be made to rapidly allocate manufacturing resources through fast
reorganization of manufacturing enterprises and dynamic coordination to respond quickly to
market changes. In addition to product quality improvement, there are many other
advantages, such as reducing the time required for putting products on the market,
increasing the market share, sharing infrastructure construction costs and equipment
investment costs and lowering operational risks. In the future, factories will develop toward
networked factories. Consequently, more new business opportunities will be explored by
collecting and analyzing the various information in production workshops, giving feedback
to consumers and analyzing information collected from factories as big data. The processing
of massive data collected by hardware from workshops will also determine the value of
services and solutions to a large extent.

Home to IT giants such as Google and IBM and numerous IT enterprises, the US is very
active in big data applications and attaches great importance to generating new value for
society. Google has continuously acquired manufacturing enterprises in the hope of gaining
dominance. Meanwhile, GE, as a representative of large-scale American manufacturing

enterprises, has also embarked on strengthening data analysis and software development,
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collecting and analyzing data from workshops, offering solutions and exploring new business

opportunities. In Germany, factory intellectualization is regarded as a national policy, under

which the capabilities of factories are brought into full play through information technology.
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