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2023 Roundtable Discussion

We invited professors who advise us on our day-to-day operations to view our products at the New Products Open
House Show on May 19. Afterwards, we held a roundtable discussion.
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President Yamaguchi: Thank you
for taking time out of your busy
schedules to join us today. We have
held this roundtable discussion ev-
ery year to coincide with our Open
House Show. Last year, despite the
COVID-19 pandemic, we were able
to hold a physical Open House Show.
However, we still had to limit the
number of visitors considerably, and
there were no visitors from overseas.
This year, in conjunction with the
relaxation in COVID-19's classification from Category 2 to
Category 5, we were able to welcome about three times more
visitors from Japan than last year. We also had visitors from
almost all countries around the world, who were able to see
our latest products and technologies.

We believe that we have made great progress compared to
a year ago, and we hope to receive your frank opinions and
advice at today’s discussion.

President Yamaguchi

General Review of the New Products Open House Show
President Yamaguchi: First, Professor Emeritus Higuchi,
would you start by giving us your general feedback about

the New Products Open House Show?

Professor Emeritus Higuchi: The opportunity to see this

May 15-17,2023 FANUC New Products Open House Show

year's Open House Show gave me
a true feeling that the COVID-19
pandemic was finally over and full
recovery is underway. As usual, I
would like to start by introducing
the awards FANUC has received.

As displayed today, Robot M-10007A
has received three awards, namely
the “Main Prize” of the "2022 Nik-
kan Kogyo Shimbun Best Ten New
Products Award,” the "Nikkei Sangyo
Shimbun Award” of the 2022 Nik-
kei Excellent Products and Services
Award, and the "Best 100 Good Design Award” of the 2022
Good Design Award.

I believe that large robots such as the Robot M-10007A will
experience an increase in the variety of uses in production
as we go forward. Up to now, in order to assemble large
objects, cranes or chain blocks were used to raise or lower
the objects, then assembled while making adjustments. How-
ever, this requires skill, and is dangerous. Contrary to such
conventional methods, as shown in this exhibition, robots
are versatile in how they work, such as grabbing parts and
assembling them from the side. I think the awards were pre-
sented also in recognition that robots will come to be widely
used in such applications.

Also, on the whole, phrases such as "complete renewal of the

none

basic structure," "improvement in basic performance," and

Professor Emeritus
Higuchi



"total renewal," appeared quite frequently especially in the
FA area.

The development of such innovative products probably had
to be started about five years ago. I know that COVID-19 de-
layed many activities, but I think it was a good opportunity
for you to go back to the basics and rethink sufficiently.

Up to now, you have been making improvements on exist-
ing products to gradually increase performance. This time,
I think it was a good approach to go back to the drawing
board and start over. One example of the results of these
efforts is the 10% reduction in energy loss in the new gener-
ation of servos.

I have been involved in various R&D activities related to ac-
tuators, so I understand that development is very advanced
with little room for further advancements. Improving perfor-
mance by 10% is extremely difficult, but you have steadfastly
worked on it and made it happen.

As in previous years, the robots were fun and interesting
to see. Especially the collaborative robots on display were
models with large payloads that work well in collaborative
mode. When collaborative robots were first developed and
put to practical use, I didn't think they would be able to han-
dle such heavy objects. I was also concerned about the risk
of serious accidents that could hurt people. However, to date,
the newspapers have not reported any significant accidents.
I believe collaborative robots being truly safe has been
demonstrated in actual use. In the future, I expect that mod-
els with payloads of 30kg and 50kg will play a very active
role in the field of logistics as well as applications in other
areas.

In any case, I can see the results of your various develop-
ment efforts. There is probably much more that you wanted
to display at this year’s Open House Show but were not quite
ready to reveal yet, so I hope to see the results next year.
Thank you.

President Yamaguchi: Thank you very much, Professor
Emeritus Higuchi, for your very encouraging words.

FA

President Yamaguchi: Let's begin our discussion with FA.
Professor Emeritus Aoyama, could you please share your
comments?

Professor Emeritus Aoyama: Hello, I am Hideki Aoyama.
Thank you very much for inviting me to today’s Open House
Show and roundtable discussion. Every year, I really look
forward to participating in this event to see these new tech-
nologies being introduced.

With regard to FA, the improvement in CPU processing per-
formance, digital twin technology including CNC GUIDE 2,
Al servo tuning (acceleration/deceleration parameter adjust-
ment technology), and technology for integrating robots into

machine tools caught my attention.
The nearly threefold increase in
CPU processing performance has
improved various related processes
or have raised their level. As a rele-
vant technology, cycle time reduc-
tion was introduced, and I was very
interested to find that the increased
CPU processing performance also
improves block processing perfor-
mance. In our research, we calculate
the block processing time of a ma-
chine tool equipped with a FANUC
CNC and create NC programs suitable for that machine tool
for machining curved surfaces. As a specific example, as-
suming that the feed rate is 8 m/min, the fastest speed for
machining curved surfaces can be achieved when the dis-
tance between command points is 0.133 mm. As the point
to point distance of the path is 0.133 mm, the machined
shape deviates only slightly from the requirements, resulting
in high precision machining. Since point-to-point distance
depends on the block processing time, a nearly threefold
improvement in block processing time may reduce the point-
to-point distance in curved surface machining from 0.133 to
around 0.044. Machining that is both fast and highly accu-
rate is an approach that reverses the conventional basic way
of thinking of identifying tool paths, and is remarkable.

At last year’s JIMTOF, FANUC made a high-profile unveiling
of digital twin technology based on CNC GUIDE 2. This at-
tracted the attention of many in the industry. I believe that
it was one form of a demonstration of digital twin technol-
ogy for machine tools. It is inevitable that other companies
will catch up, so I am very optimistic about your further
advancements. The technology to estimate machined surfac-
es based on position data and predicted feed rate obtained
from CNC GUIDE 2, and to correct defects in advance, will be
a very powerful advantage for die and mold manufacturers.
You have built servo models to correctly simulate accelera-
tion and deceleration. If you could take this one step further
and also consider machining loads, estimation of machined
surfaces would become closer to reality.

Al servo tuning is a powerful tool to support machine tool
manufacturers in tuning CNC parameters. In addition, a
study group of the Society of Die/Mold Technology has con-
firmed through experiments that differences in the tuning
of CNC parameters can make a significant difference in the
quality of machined surfaces. Though it is important to op-
timize tuning according to the machine tool’s intended use,
it is difficult for general users to tune CNC parameters. For
example, [ am not sure whether this is an appropriate exam-
ple, but in the case of a car, there are four to five levels of
tuning available for engine power, suspension, the steering
wheel, among others. Would a driver tune these parameters?
Wouldn't it be enough to tune them by simply pushing but-

Professor Emeritus
Aoyama
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CNC Exhibit

tons that are pre-installed in the car, such as for comfortable
mode, normal mode, sports mode, or extreme sports mode?
Likewise with machine tools, it is difficult for general users
to tune a CNC. For example, if there were buttons to select
pre-set tuning such as for machining press molds, design
surfaces, die-casting molds, or functional parts of dies, tun-
ing can be performed automatically with just a push of a
button, thereby being able to machine more suitably for the
intended use. At today's Open House Show, I could see that
the ROBODRILL also had a function for selecting the tuning
mode, such as for higher precision or higher speed. Still, it
is difficult for users to decide whether to use high precision
mode or high speed machining mode in machining.
Regarding machine tools and robots cooperating and col-
laborating to work together, in my opinion, this is an area
that will become increasingly important from now. In this
context, setting up an Ethernet connection between the CNC
and robot and operating the robot with the G-code in the
machine tool is a superb way to achieve ease of use. This
is a very welcome feature for general users. In the times to
come, machine tools will probably be used in combination
with mobile robots, and in that case, I think the use of high-
speed Wi-Fi and/or 5G will be necessary, rather than wired
Ethernet.

Last, but not directly related to today's Open House Show,

a company called Beijing Jingdiao drew a lot of attention at
JIMTOF.

I heard that Beijing Jingdiao, which was originally a CAM
manufacturer, was so enthusiastic about creating NC data
suited to the characteristics of their machine tool that they
manufactured their own machine tool in-house, including a
CNC and machine elements. After understanding all the fea-
tures of the machine tool, they created NC data suited to this
machine tool and succeeded in ultra-high precision surface
machining. FANUC manufactures both CNC and machine
tools, and as I mentioned earlier about generating machining
paths based on block processing time, I believe FANUC can
create NC data that will make maximum use of the charac-
teristics of machine tools. Currently, acceleration/decelera-
tion exist which is believed to cause errors in shape. How-
ever, I feel it would be good to leverage the characteristics
of acceleration/deceleration to be able to machine surfaces
according to the intended curvature.

I may have been too free and varied in what I have said, but
I believe that Japan needs FANUC to continue to grow and to
remain a global leader in the manufacturing industry. I hope
you will continue to do your best going forward. That is all
from me. Thank you very much for having me today.

President Yamaguchi: Thank you very much, Professor



Emeritus Aoyama. General Manager Noda of the FA Business
Division, would you like to respond?

Noda: Thank you for your extensive
remarks and wide range of guid-
ance.

For digital twin technology, when

the so-called “real world” is creat-

ed atop a digital world, that is, the
world of computers, we believe that /
the key lies in the technology to j’
bring the real world and the digital | .
world as close together as possible.
CNC GUIDE 2, which you comment-
ed on, reproduces CNC operations
precisely. Technologies including Surface Estimation that
faithfully reproduces machined surfaces, and the concept
of servo models which reflects the machine’s characteristics
that you have just mentioned, will narrow the gap between
the real world and the digital world, and digital world pro-
cesses will become very useful for optimizing the real world.
Of course, there are difficult issues to be handled such as
tool simulation, but we believe that the value of digital tech-
nology will increase even more with the accumulation of
such technologies.

Regarding technology for connecting robots, as FANUC is a
company that offers both CNCs and robots, we shall strongly
focus on their combined use.

The last point you mentioned is indeed about the entire ma-
chining process. That is, roughly speaking, the processes
starting with programing and ending with machining.

At this Open House Show, we have presented a technology
that enables verification in the digital world. Questions are
posed such as “are the NC programs generated from CAD/
CAM optimal for the machine tool to be used?” “Do they
make sense from an NC perspective?” If any problems are
found, we correct them in the digital world. We feel that FA-
NUC can make a huge contribution to the entire machining
process, and not just limited to machining alone.

Thank you for your comments today which covered a broad
range. I look forward to your continued guidance.

Noda (GM)

President Yamaguchi: Next, Professor Takagi, could you
share your views with us?

Professor Takagi: Thank you so much for inviting me to-
day. The first thing I saw at the Open House Show was a
collaborative robot. I believe I mentioned last year that ro-
bots’ movements were becoming more and more human-like.
This year, it seemed that the robot was screwing parts more
smoothly than a human, and its movements could be said to
be even superior. [ was also amazed by the CRX-257A having
a payload of 30 kg. In addition, in one exhibit, I was able to
experience teaching a collaborative robot by holding its tip

and writing a letter of the alphabet
with it. The robot learned my mo-
tions and subsequently wrote the
exact same letter. Though it was a
bit stiff, and to be honest, rather
difficult, I am sure it will be more
effortless next year.

Another outstanding exhibit was
the Al thermal displacement com- _
pensation function. It impressed |  —
me in being a very cost-effective, Professor Takagi
energy-saving technology. By using

this function, a 50-minute warm-up is not required, ma-
chining precision doesn't decline, and there is no need of
an adjustable temperature room. I am a complete amateur
when it comes to robotics, so consider this to be a novice's
opinion. Then there were also some key words such as be-
ing “predictable” and “preventive maintenance.” I suspect
sensing technology is used in some way, and in this context,
I presume sensor circuits play a vital role. However, so far,
the only sensors FANUC is using are for vision and touch.
Is this correct? Since there are five senses, three others re-
main. To be specific, smell, taste, and hearing. Taste may be
a bit difficult to use, but as for smell, I recently heard that it
is possible to detect abnormalities in the smell of oil and to
link this to failure diagnosis. I think such technology will
become necessary from now on. I specialize in analog cir-
cuits, and such sensing technology is a strong area of analog
circuits. “Digital” is a buzz word in today’s world, and in the
field of integrated circuits, digital circuits have become the
mainstream. However, it was said in the past that anyone
can make digital circuits. This was made possible by using a
hardware description language, but making a digital circuit
with this language resulted in the same circuit being pro-
duced regardless of who made it. In order to differentiate,
the circuit had to be analog. These days, digital circuits are
systems rather than circuits, so the matter is not that simple.
Still, I believe that analog circuits will continue to be useful
for the sake of differentiation.

Another interesting exhibit that I observed today was the
downsizing of hardware housing. I was surprised by the
extremely high density of the printed circuit boards. At the
same time, I thought that there was no room for humans to
make further progress as physical limits have been reached.
This will become a major issue in the future. The same is
true for sensor circuits. When we face physical limits, the
mindset that everyone must have is to change our antennas
that are pointed in a single direction, so that they cover a
wider area completely. In education, there are two types of
learning: self-directed learning for adults and teacher-di-
rected learning for children. In self-directed learning, infor-
mation which is required immediately is learned through
tasks. This is said to motivate learning in adults and provide
a direction to follow. In contrast, teacher-directed learning
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which is mainly for children, focuses on subjects, and stu-
dents learn information that they may use one day. Though
you may already be putting this into practice, I think it will
be difficult to overcome the physical limitations that we may
face in the future if we are not attentive of information that
we may use someday, or more importantly, information that
we do not know when or whether we will use. In order to
change, whether starting with the method or from the ba-
sics, it is important to have a willingness to study, no matter
how vague the objective may be. That's all from me.

President Yamaguchi: Thank you, Professor Takagi. Gener-
al Manager Hada, would you like to respond?

Hada: I am Hada from the CNC —
Hardware Research & Development
Division. I appreciate your presence
and the various suggestions you
have offered. As they were some-
what diverse, please allow me to
respond by summarizing the main
points.

You are currently offering guidance
on collaborative robots, keeping in
mind the physical limitations that
you mentioned. By consulting with
you, there has been a change in perspective which has led to

Hada (GM)

your offering new proposals. We are very grateful for this.
Regarding the hardware housing becoming smaller, which
was discussed in the latter half, as indicated by you, I regret
to admit that my perspective has become narrower. Despite
being electricians, in the future I would like to absorb knowl-
edge from various fields, and not just electricity, in order to
look for solutions. Of course, analog expertise is necessary,
and I hope you will continue to guide us in this area. Thank
you for coming today.

President Yamaguchi: Thank you. Next, Professor Sasaha-
ra, what are your views?

Professor Sasahara: [ am Sasahara from the Tokyo Uni-
versity of Agriculture and Technology. Thank you for giving
me a one-day tour today. I really enjoyed it, and time passed
very quickly.

I would like to talk about a number of topics. The first is the
new CNC system, 5007-A. The speed being 2.7 times faster
is a dramatic change. Also, the new system was innovative
in being designed without being bound by conventional con-
straints. This has made difficult machining such as 5-axis
machining, immensely easier. In the 5-axis machining ex-
hibit, Jog operation rotated the C-axis when the tool was in
contact with the workpiece, and the tool maintained contact
with the machining point as it rotated. I think machining
by visually referencing the machining point, such as in the
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machining of a single unit, will still
be requested. This would be a very
welcome function for such users, as
well as being easy to use.

In terms of speed, the block pro-
cessing time has also been short-
ened, and high-speed CPU seems
to be playing an active role in
contributing to high-speed simul-
taneously processing in a variety of
processes. On the other hand, from
the viewpoint of faster, more precise
machining itself, the use of conventional programs without
modification may hinder the new performance from being
100% utilized. This is in line with what Professor Hideki
Aoyama just said. It would be wonderful if FANUC could
communicate to users and machine tool manufacturers the
best way to use the CNC to bring out the best in the new
performance. Specifically, NC programs should be created by
keeping in mind the minute line segment length determined
by the block processing time and feed rate. Although the line
segment length will be considerably shorter than before, it
can be processed at high speed, leading to higher precision.
The second topic concerns digital twin related develop-
ments. There were various exhibits such as CNC GUIDE and
servo tuning. What appealed to me the most was the ability
to accurately input not only physical characteristics, such

‘ !

Professor Sasahara
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Servo Exhibit

as the machine tool's friction and inertia, but also servo
characteristics, for accurate simulation. For example, if a
machined surface is simulated and slight streaks appear, the
machine tool manufacturer can adjust the servo parameters.
In contrast, users can only modify the NC program as a sole
countermeasure. Although it is not an imminent issue, users
would appreciate some kind of solution to be provided or
developed on the CNC side to handle machining problems.
As another example, the technology to change the spindle
speed when chattering occurs already exists. Still, being
able to change some setting value or parameter to avoid the
problem when a defect occurs in machining would be wel-
come. In such cases, something like an in-process function
for monitoring machining by a machine tool is needed as
well. For example, not only information from temperature
and acceleration sensors, but also information from servos
can be used to identify chattering. I expect technologies that
combine monitoring and adaptive control will emerge in the
future.

Finally, there was one more feature that amazed me. It was
a function that involves the conditions for setting oscillation
cutting and vibration cutting in an NC. To be specific, the
amount of the phase to be shifted for interrupting cutting
so that chips can be shredded could be displayed on screen.
The screen is very easy for the user to understand. "OK" is
shown if chips can be shredded, and "NG" if chips cannot
be shredded. This status is displayed along with the tool's
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trajectory. This is a wonderful technology and user interface
which allow the user to intuitively understand whether the
entered parameters will result in successful machining. That
concludes what I wish to say. Thank you very much.

President Yamaguchi: Professor Sasahara, thank you. Gen-
eral Manager Iwashita, do you have any comments?

Iwashita: I am Iwashita from the
CNC Software Research & Devel-
opment Division. Thank you for
offering many valuable comments
and guidance today. We have been
continuously improving real-world
performance, but recently the real
world has become considerably more
sophisticated and complex, and we
believe it is important to utilize digi-
tal technology in the form of "digital
twin" in order to continue improving
real-world performance.

Since elemental technologies have finally been defined, go-
ing forward, we would like to organize them by categorizing
those for users and those for machine tool manufacturers.
We are eager to receive your continued guidance. Thank you
for participating in this discussion.

lwashita (GM)

President Yamaguchi: Thank you. Next, Professor Matsub-
ara, please let us hear from you.

Professor Matsubara: Thank you for the various explana-
tions. I apologize for always going into detail. In this year’s
Open House Show, you have greatly improved basic perfor-
mance while making coordinate conversion very simple in
multi-axis configurations. From our perspective, this is an
important point. In terms of closing the gap between reality
and what we think in our minds, the offset center point on
an axis will certainly effect motion accuracy. Therefore, it is
significant that you have established a means to identify the
deviation. Of course, measurement technology for this objec-
tive will have to be developed.

Also, adding to the topic on servo, it is great that you have
improved the motor and sensor interface to increase the
speed and the servo loop's gain. The reason why the servo
loop is unstable is because of detection or processing delays,
even though the motor encoder provides feedback on speed.

Since the 1990s, delays have become progressively shorter,
allowing for higher loop gain, and the natural frequencies of
the concerned vibrations have become increasingly higher.
It has gone up again this time, and problems have surfaced
due to new mechanical vibrations, so the analysis of the
mechanical configuration will be necessary. With digital
twin, the frequency response is also acquired by the servo.
Although the frequency response is a nonparametric model,

it can identify the machine configu-
ration parameters, so in the future,
the center of focus will be the spe-
cific physical parameters which may
become problematic on the machine
side. Knowledge of the different
characteristics of various positions
and postures is presumed to create
technologies for differentiating ma-
chine tool manufacturers. The man-
ner in which to neatly organize this
knowledge and reflect it in models
will be key to digital twin technology. CNC knows the ma-
chine position accurately as well as the timeline, so steady
progress can be expected.

Concerning robotics, there was an exhibit of a robot operat-
ed by G-code. As we have been using G-code from the past,
the capability to use G-code will play a major role in elimi-
nating the barrier of programming languages.

With collaborative robots, there are two types of collabora-
tion: human-robot collaboration and machine-robot collabo-
ration. I believe the collaboration between these three - that
is, humans, robots and machines - will be the way forward.
In this sense, the ability to share coordinates is important. In

Professor Matsubara

other words, starting with having a common language and
being able to understand, the next step is to consider how
to share and collaborate in physical space. This is another
point where the gap between reality and what we think in
our minds is narrowing, and I am very excited to see how
things will develop.

That is all from me. Thank you.

President Yamaguchi: Thank you, Professor Matsubara.
General Manager Fukuda, any comments?

Fukuda: I am Fukuda from the Servo
Research & Development Division.
Professor Matsubara, thank you for
presenting your views. This year,
we exhibited the az-D SERVO. This
servo product has been completely
redesigned from the inside out. From
your comments, we are very pleased =

to find that you think highly of our ¢ ¢ "y — i‘_ _—
efforts to steadily improve basic ==

Fukuda (GM)

performance. Since servo products
directly impact a machine’s perfor-
mance, we will continue to steadfastly improve basic perfor-
mance.

In addition, Professor Matsubara remarked that the distance
between robots and CNC has shrunk when talking about ki-
nematics conversion, including CNC, and also when referring
to the real and digital worlds. We are very happy and feel
reassured that our development is recognized as heading in



the right direction.

We believe that there is more to be done, including efforts to
conserve energy. We feel that our direction for the next ten
years or so has been clarified, and we will continue to do our
best. Thank you.

Robot

President Yamaguchi: At this time, let's shift the topic to
robots. We would like to start with Professor Asama. Profes-
sor Asama, please state your views.

Professor Asama: [ am Asama from the University of To-
kyo. Thank you very much for inviting me to FANUC'’s Open
House Show. I am currently the chairperson of IFAC, the In-
ternational Federation of Automatic Control, and the World
Congress of IFAC will be held at PACIFICO Yokohama from
July 9 to 14. FANUC will be supporting us there as well, so
thank you again.

Today, I viewed the Open House Show with great interest.
As expected, the collaborative robots were what impressed
me the most. The first time I saw a collaborative robot, it
was displayed modestly in a remote area of the venue. But
now they have become the stars of the Show, with many se-
ries lined up in the center of the hall. I was particularly im-

pressed by the collaborative robots
with long arms and high payloads.
Second, I had the impression that
service activities using servers, such
as the shift to Digital Transforma-
tion and Al has progressed rapidly.
Third, I feel that the design has
improved. As I slightly mentioned
previously, I think design is very
important. Even in factories, work-
ers are more motivated to work
if well-designed equipment is in-
stalled. In this sense, it is my impression that the design of
robots has greatly improved compared to before, and this
will result in users feeling good when using your robots.
These are the three points that had the greatest impact.

To elaborate a bit more, the collaborative robots have a much
wider range of applications due to their high payload capaci-
ties and longer arms. Although the main applications are as-
sembly, material handling, welding, painting, and transport,
[ was excited to find that robots have expanded into service
areas such as making cakes.

One major point is that each joint is fitted with a force sen-
sor. This enables estimation of the force being applied to the
hand along with what is actually happening at the point of

Professor Asama

Collaborative Robot CRX Exhibit
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contact with the workpiece. I think this positively influences
the expansion of these applications.

Next, regarding teaching, I heard that this function is able
to adapt to various skills. While teaching a robot, the robot
gradually learns the skills of the professional expert and be-
comes capable of replicating these skills. This is quite useful
in extracting various skills and passing them on to the next
generation. It seems as if the collaborative robot is cultivat-
ing new applications.

Moreover, once skills can be extracted, FANUC will not only
be able to sell robots that have been taught, but can also
expand into customizing robots so that users can find new
usages and values to create their own unique robot.

So, for example, if the robot used by Rokusaburo Michiba
(a renowned Japanese chef) masters Rokusaburo Michiba’s
skills, this will probably make the robot itself more valuable
than FANUC regards it to be. I thought that this collaborative
robot could become a medium for accumulating and passing
on such skills.

Second, the use of collaborative robots may have a positive
mental impact on people, such as gaining a sense of satisfac-
tion or accomplishment in their jobs in factories and other
workplaces. There are hopes that the use of collaborative
robots will benefit workers, such as increasing their motiva-
tion.

Third, a display which was discreet, but had high signifi-
cance to me, was the energy conservation and carbon neu-
trality exhibit. In the manufacturing industry of the future,
environmental impact is an inevitable issue that must be ad-
dressed, and new business opportunities should be explored
in this area.

I hope FANUC will continue to promote these activities and
contribute to sustainability. I have said many things, but in
a word, I found the Open House Show to be very impressive.
Thank you very much for today.

President Yamaguchi: Professor Asama, thank you. General
Manager Inaba, do you have any comments?

Inaba: Thank you, Professor Asama. F’Wl L
As you said, this year's Open House

Show focused on collaborative ro-

bots. We exhibited a 50 kg payload

collaborative robot for the first time. -

It was possible to use the mechani- | &
cal unit of CR-357/B without change L "\\ Y B
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Inaba (GM)

and use software to make enhance-
ments. In addition to our tradition
of reliability and conventional func-
tions, we made ease of use appeal-
ing, with focus on the CRX series.
Allow me to narrow down my comments to the ease of use.

One of the highlights was having a robot learn and replicate
the skills of experts, as you noted. As we discussed a bit

at last year’s roundtable discussion, this technology is the
gateway to the transferring of skills... though this expression
may be an exaggeration. Just as a parent teaches a child,
a person teaches a robot step by step. This allows people’s
skills to be digitized via the robot and converted into data
for programs.

We think that the ability to pass on skills through data may
be a clue to solving the social issue of labor shortages. This
makes the data itself valuable, and this value depends on the
skill of the person who is teaching. Certainly, the data on the
motion of arranging food on a plate taught by Rokusaburo
Michiba and the data taught by me will be quite different
in value (laughter). As these technologies develop, I believe
collecting data to trains skills and reproducing the skill with
robots will become a new role for robots.

We will also pay attention to learning generative systems as
a subsequent technology. The ability to use existing training
data to generate new patterns could be applied to achieve
more autonomous motion. I would like to keep in mind that
the type of questions to be input, that Professor Asama re-
ferred to, is also an important technology. It was interesting
to find that in robot education (creation of training data), not
only teaching but also coaching elements are included.

We will strive to make most of our abilities, to contribute to
the realization of a sustainable society, including address-
ing labor shortage problems and environmental issues. The
range of automation and applications is expanding. We
would like to work with our customers not only in supply-
ing robots, but also in facilitating their usage. As society is
changing even faster, it is becoming more important to adopt
an approach with which we can capture customers’ requests
and quickly reflect feedback in the manufacturing site. As
part of this endeavor, we have begun employing a rolling
release model, that is, a concept with which updates of soft-
ware are delivered frequently. This is applied to only a few
models. However, customers are assured that the latest func-
tions are always available, by downloading the latest updates
via the Internet. Also by analyzing data, Zero Down Time is
also able to provide maintenance services to customers in a
timely manner. By utilizing IoT technology, we will keep on
striving to shorten the distance between ourselves and our
customers, and provide prompt service. We would appreciate
if you would keep on offering assistance and guidance.

President Yamaguchi: Next, Professor Sugano, can we hear
from you?

Professor Sugano: I am Sugano from Waseda University.
Thank you for inviting me to participate in this discussion.
Seeing so many robots actually in front of me makes me re-
alize the importance of the real thing, in other words, how
strongly physical existence has an impact.

We have been talking too much about cyberspace lately and
in my opinion, there should be more proper discussions
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Palletizing with CRX

about the physical world. I believe
that in particular, Japan's legacy of
‘making things,” that is generally
represented by the manufacturing
industry, is manifested as actual
objects. In that sense, I was over-
whelmed today.

Excuse me for speaking mostly
about robots, but I was able to re-
confirm the importance of basic
robot performance. Torque control
and force control are the most fun-
damental, but at the same time, I thought that the white
robot which performs much like humans in a certain sense,
could be used in a variety of applications. Today, I have seen
a great number of applications, and I think it is clear that
new applications are being created by users besides within
FANUC, thanks to the white robot's high basic performance.
Of course, for cost reduction, yellow robots are used more
and more, which is natural, but I strongly feel that the white
robots will take center stage in new fields.

Also, regarding teaching mentioned earlier, we can of course
instill skills into white robots by using them, but I think the
key point is how Al will be involved. There is talk of Google
and other companies lining up many robots and conducting
reinforcement learning and deep learning. However, I would
like to promote using Al in the form of people teaching ro-
bots in a leader-follower fashion, and after a few dozen times
of repetition, the skill being learned almost completely. Im-
itation control is one example, but I believe that robots with
high basic performance, especially with respect to force and
torque, are the ones that can be used in such a manner. Al
is becoming prevalent and is being applied in various situ-

Professor Sugano

CRX Screwing Function

ations. I hope you will focus on that part of the business as
well.

The key point will be the handling of data. The topic of logs
was also discussed today. Needless to say, FANUC collects
a wide variety of logs to predict and diagnose machine tool
failures, but it is extremely important to also record robot
motion data. I believe it is necessary for robots to keep on
learning based on collected data.

Data is extremely crucial, but I have heard that it remains
difficult to apply Al to data in the state of logs and complete
the decision making process. However, I would very much
like you to overcome this challenge. Especially the United
States is quite advanced in processing with Al, such as can
be seen with GPT. To be frank, Japan lags far behind and can
no longer catch up. You might be offended to hear this, but
this is a reality that we must face. On the other hand, Japan
is undeniably strong in the field of robots - to be specific,
the physical aspects. It is essential to make good use of Al to
enhance the skills of robots, and I would like to request that
FANUC work on this.

On a personal note, in March I assumed the position of
Chairman of the Robotics Society of Japan. As I mentioned
earlier, | have a sense of crisis that Japan will be extremely
weak in the global market unless progress is made focusing
on the physical aspects of robots to make Japan the most
advanced, such as by connecting Al to robots rather than
concentrating on information science.

This is no longer just a matter limited to the academic world.
We would like to strengthen the cooperation between aca-
demia and actual manufacturers, and also the Japan Robot
Association. We would very much appreciate your coop-
eration in such collaboration. That concludes my remarks.
Thank you.
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President Yamaguchi: Thank you, Professor Sugano, for
your valuable input. General Manager Abe, do you have any
comments?

Abe: Thank you, Professor Sugano.
The key point is the importance of
basic performance, and I believe that
the thorough work done in the me-
chanical unit, sensors, motors and
servos within the mechanical unit
of robots has led to the development |
of the CRX's current functions. It is
very motivating to hear your com-
ments on our achievements.

We will continue to concentrate on
developing basic performance and
handling data, including exploring progress in data using
Al as you have advised. FANUC would also like to actively
participate in the Robotics Society of Japan, and we look for-
ward to your continued support.

President Yamaguchi: Thank you. Next, Professor Okatani,
can we hear from you?

Professor Okatani: I am Okatani from Tohoku University.
I too received a detailed explanation of collaborative robots
and vision applications. I was impressed by the steady prog-
ress that has been made in just one year.

Every year, I take this opportunity to discuss the progress of
Al and its implications, including its applications to robotics.
Last year, as I recall, I talked about the great progress in Al
that manipulates language, and as you know, ChatGPT be-
came a very hot topic in the latter half of the year in a way
that found public acceptance. The use of Al in language is
truly a revolutionary, though disruptive technology.

Perhaps the original creator was also surprised - what I
mean to say is that it was not created intentionally. This
makes it even more astonishing.

I would like to say two things about this technology.

One direction is to apply this kind of language Al to be used
in robots. In general, it is believed that we are entering an
era in which human-machine communication will be done
with words using language models such as ChatGPT.

First, regarding computers, we are no longer in an age in
which Excel users need to use the mouse to click on cells
and write macros. Users should be able to tell the computer
verbally what functions they want and have the computer
create the Excel table as requested. Also, the era of creating
computer programs from scratch has already come to an
end. We are now in an era in which language models can
be used to write codes. For instance, we can use a language
model to make a specific program. Though the result may
not work as is without modification, we can use this as a
template. Also, language models can be utilized for other us-

ages such as testing and debugging.
Therefore, if we consider teaching
as being a kind of program, I think
there is much room for such inter-
vention.

Another is that Al used for language
has made dramatic strides forward
in this manner, and it also must be
noted that voice recognition and
some aspects of image recognition
have also made great progress since
the emergence of deep learning.
However, not everything can be done, and there are still
many things that cannot be accomplished. What separates
what can and cannot be done still depends on whether the
subject is in the digital world or the real world. It ultimately
comes down to how much data is available for learning, as
was already discussed.

Al for language processing has been successful because a
method has been found to learn from the vast amount of text
data on the Internet. However, such data was not originally
prepared with the intention of being used with AL The same
is true for the application of images and speech recognition,
and one of the reasons for their success is that there was
originally an environment in which abundant data was avail-
able.

As is evident from the struggles with autonomous driving,
applying Al to the real world has yet to be successful. One
of the main reasons is that if we start by collecting data, a
sufficient amount would not be collected to the level of being
capable of practical use. The situation can be explained in
this way.

In terms of applying Al to robots, many problems remain to
be solved. As Professor Sugano already mentioned, Japan is
no match for the U.S. However, in terms of applying Al to the
real world, I believe there is still room for Japan to do more,
as it cannot be said that other countries in the world have
been successful. Then there is the importance of data, which
was discussed previously.

Storing a large amount of random data could turn out to be
very important in the future, even if we don't yet know how
it will be useful. I think that it is good to value such a per-
spective. That’s all from me. Thank you.

Professor Okatani

President Yamaguchi: Thank you, Professor Okatani. Gen-
eral Manager Kato, let us hear from you.

Kato: I am Kato from the Robot Software Research & Devel-
opment Division. I would like to thank you for always provid-
ing us with advice. The new functions exhibited at this year's
Open House Show included direct teaching of a collaborative
robot to replicate manual work, high-speed bin picking,
which has been continuously enhanced, and Al-based box
detection, all of which were developed under the guidance of
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the Professors here today. We will
continue to improve robots based on
your feedback, including approach-
es to manual work which you ex-
perienced today, and the feel of the
robot's operation.

What is common in these exhibits is
that robots learn from human know-
how, such as the work itself and
box detection. In the future, rather
than having robots simply imitate
people, as Professor Okatani com-
mented, we would like to make progress in the mechanism
for collecting data and extracting the essence of the data, as
well as lowering the communication hurdle between people
and machines. We will continue to develop robots that can
automate manufacturing facilities more easily, and we look
forward to your guiding us further.

Kato (GM)

President Yamaguchi: Thank you. We still have some time
left. Would anyone like to say anything else about robots?

Abe: I would like to make a comment on data. Related to
data, we have a robot IoT product called “Zero Down Time,”
which at present, collects data from more than 35,000 ro-
bots. As I said during my explanation, data is a treasure, and
we are actually in the midst of working to create various
functions from the gathered data.

There are still doubts as to whether we have reached the
point where this can be called “Al” but all of our R&D staff
are working together to come up with a variety of ideas, and
we would be very grateful if you would continue to offer ad-
vice.

President Yamaguchi: Thank you. Now, going back to FA,
are there any additional comments?

Hada: I would like to make a comment. [ am Hada from the
CNC Hardware Research & Development Division. To be hon-
est, we hardware engineers are in rather a tight spot, but I
think there is still much that can be done with analog tech-
nology, and I am very happy to hear that we can differentiate
ourselves with this technology. We would very much ap-
preciate your cooperation in improving basic performance,
although these will not be evident from outside.

President Yamaguchi: General Manager Iwashita, what are
your views?

Iwashita: Professor Sasahara spoke about the use of sensors
at the end of his comments. We have been using motors as
sensors for torque and vibration in addition to position and
speed in a variety of applications within the scope of motor
control, but we are seeing limitations in observing the state

of the tip of the machine. In the future, I would like to ex-
pand the scope of application by utilizing external sensors.
We welcome your guidance regarding this matter.

President Yamaguchi: General Manager Fukuda, would you
care to say a few words?

Fukuda: I would now like to talk about our energy saving
initiatives. For the az-D SERVO that we just announced, we
did not want to merely make improvements to the motor and
the amplifier. Instead, we wanted to do everything possible,
so we reexamined the design from the beginning. Of course,
materials and devices are getting better and better, but we
also reviewed the basic designs of both motors and ampli-
fiers and were able to reduce losses by about 10%. Since it
is offered as a system, it was vital to conduct a complete re-
view. We hope to continue our development with a focus on
reducing energy consumption. Thank you.

President Yamaguchi: Thank you very much.
ROBOMACHINE

President Yamaguchi: Next, we will move on to ROBOMA-
CHINE. Professor Shamoto, can we start with you?

Professor Shamoto: I am Shamoto from Nagoya Universi-
ty. Thank you for inviting me again this year. I have gained
much knowledge. First, regarding ROBOMACHINE in gener-
al, I continue to be impressed by the steady improvements
in performance. In addition to basic performance, you have
made consistent progress in terms of ease of use.

For example, ROBOCUT has been reviewed from the basics,
and its robustness and precision have improved dramatical-
ly. I presume that although precision has improved multifold,
the cost increase has not been substantial, meaning that the
original excellence in cost performance has become even
better. I consider this to be remarkable.

Second, regarding ROBOCUT, I was very interested in the
automatic wire feeding function, with which the wire is fed
automatically into a hole. I once worked on a project that au-
tomatically guided shredded chips into a pipe, where 100%
of the chips had to be placed in the pipe. It was explained to
me that the automatic wire feeding function has a success
rate that is very close to 100%. What is great about auto-
matic wire feeding is that in case of failure, it can be redone
automatically.

As for ROBODRILL, Z-axis acceleration has risen from 1.5G
to 2.2G, resulting in the improvement in cycle time. This also
represents steady progress.

There were many other improvements, such as increasing
the DDR speed to achieve vertical lathe-like turning and
lengthening the stroke. Energy-saving features have also
become more sophisticated, and by detailed control of pe-
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ripheral devices, energy was addi-
tionally saved by several percent. I
am amazed that you are able to con-
sistently progress step by step every
year.

There are two points worth noting
with respect to functionality. The
first is a function called “Machining
Mode Setting Function 2.” With this,
you seem to be heading in an excel-
lent direction.

Requirements such as improving
machining efficiency, decreasing inner drill rotational direc-
tion errors, and vibration suppression have long existed. To
satisfy such requirements, the machine tool's acceleration/
deceleration parameters must be re-set. Prioritizing any one
of the three will inevitably impair the others, and only a
user with deep knowledge will be able to set the parameters
properly. Making this visible in a radar chart and simpli-
fying the settings is a superb step in the right direction. I
hope you will continue to move forward in this direction and
improve functionality based on users’ feedback. Moreover,
in the future, apart from the qualitative radar chart, I would
advise gradually making efforts to quantify. For example, in-
vestigate the number of microns of the inner drill rotational
error, the level of vibrations, or the machining time reduc-

Professor Shamoto

tion percentage.

The dedicated G-code is another feature that caught my
attention. You explained that these functions were created
from machining technology that was used on-site, and have
developed very useful functions such as Z-axis vibration
suppression and deburring cycles. In my opinion, it would be
a waste to limit their use to ROBODRILL. It would be a good
idea to make these functions generic and expand their im-
plementation to the CNCs of other companies.

It is also my impression that, while various improvements
have been made in functions, measures to enhance machine
tool movements, decrease energy consumption among oth-
ers, have pretty much been exhausted. Of course, it is im-
portant to continue making steady progress, but I feel that
there is less room for improvement in basic performance.
I may have mentioned this last year, and it may be similar
to what Professor Sasahara said earlier about monitoring,
but I feel that at the end of the day, the process will be what
matters. In terms of functions, examples are the SSV (Spin-
dle Speed Variation) chatter vibration suppression function
and shredding chips with low-frequency vibration. If such
features can be used more easily or automatically, process-
es can be improved. For example, chatter suppression may
double machining efficiency, and cut machining time by half.
Such a reduction in machining time is difficult to achieve
with NC acceleration/deceleration settings, and if machining
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time is reduced to that extent, energy consumption will also
be reduced in two-digit percentages. This could have a tre-
mendous impact. Of course, improving the process is quite
demanding, but I encourage you to consider this in parallel.
One last comment. A topic I have long been researching is
mirror cutting. This is the process of machining a surface
to be as beautiful as a mirror. High-precision machine tools
are inevitably connected to increases in costs. However,
suppressing the fine vibrations will be sufficient to simply
improve the surface quality, or reduce only the roughness
of the finished surface, or just make the appearance bet-
ter. This is a small cost increase compared to the cost of
improving precision. I believe this is an area that even a
cost-effective machine such as ROBODRILL can adequately
target. Meanwhile, I think that the peripheral technologies
to achieve such mirror finishing are gradually being devel-
oped and becoming abundant. For example, the same is true
of FANUC NC functions such as Fine Surface Technology. As
for tool technology, research has resulted in being able to
sharpen low-cost diamond-coated tools with high efficiency
using lasers. I expect that tools capable of mirror-finishing
and micromachining at a low cost will become available in
the future. Since such potential is becoming apparent along
with progress in peripheral technologies, I hope you will
consider the feasibility of developing such machines. That's
all from me. Thank you.

President Yamaguchi: Thank you, Professor Shamoto. Gen-
eral Manager Takatsugi, can you respond?

Takatsugi: Thank you for your var-

ied and valuable guidance, Professor
Shamoto. I would like to talk about

what you said, though my wording

may not be well organized.

First, it was a relief to hear that you \
think the current direction of our
approach to ROBOMACHINE is cor-
rect. This is an encouragement to all
of us. It is true that some issues re-
main, but we will work on them one
after another for next year's New
Products Open House Show.

One of your advices that left a deep impression is that if we
delved a little more deeply into the machining process and
made the process clearer, we might be able to find some new
hints.

For example, in the case of ROBODRILL, our knowledge of
tools is still limited, so there is much to be done regarding
the relationship between the workpiece and the machine.
ROBOSHOT has used mold flow analysis software to inte-
grate simulation results, but there is room for further re-
search on how to link the results to actual phenomena and
how to enable ease of use.

Takat;ugi (GM)

The target for ROBOCUT is to reduce machining time and to
make it have sufficient machining capabilities at the level of
being able to machine parts. To do so, we have been made
aware once more that we need to fully clarify the phenom-
ena of the machining process and make breakthroughs. I
would like to go back to the basics and deepen our under-
standing.

Second, I have come to notice the perspective of proposing
ROBOSHOT to customers not just as a single unit, but includ-
ing its surroundings, such as in the form of a cell. [ am very
grateful for your providing me this insight. We look forward
to your continued support.

President Yamaguchi: Thank you. Next, Professor Matsu-
mura, please state your views.

Professor Matsumura: Thank you very much for your in-
vitation. I learn a great deal by participating in your Open
House Show every year.

What impressed me was that this year, FANUC has become
much more user-oriented in development. It is very import-
ant to master the use of machine tools, so I think it is won-
derful that you are working on developing diversely from the
user's point of view.

For FANUC, user-oriented means both development for ma-
chine tool manufacturers and development for end users.
First, in the development of the 500:-A that you introduced
to machine tool manufacturers, everything from the soft-
ware to the peripheral devices was reviewed in order to
make full use of the hardware. This should make it easier for
machine tool manufacturers to develop applications.

Also, your approach to 5-axis machining is excellent, and
[ think this will lead to the further development of digital
twin. In this context, the user interface for development and
web application in particular, as well as remote monitoring
and pre-confirmation of alarms, will contribute to further
practical use. Another interesting feature of 5-axis machin-
ing is the ability to use both automatic mode and manual
operation together. This concept was an eye-opener.

At the same time, I felt much consideration was given to end
users regarding ROBODRILL parameter settings. Many of to-
day's small-and-medium-sized enterprises find it difficult to
change parameter settings on their own. Therefore, I think
the attempt to apply a template for parameters according
to the application is extremely good from the perspective
of mastering the use of machine tools. Also, last year, you
introduced a function for changing parameters according to
the weight of the load on the table. This year, the resolution
has been further increased to allow for detailed parameter
setting, and the fact that this is linked to the machining
mode setting function makes it a technology that reduces
the user’s burden.

The ability to set such parameters may lead to being applied
and developed in machining in which cutting conditions may
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incur damage to the finished surface
- for example, it may become possi-
ble for brittle material to be cut with-
out cracking it. It was also explained
that using the machining mode set-
ting function will have a positive ef-
fect on the finished surface. I believe
that in addition to improvements in
the finished surface, there may be a
difference in tool wear as well. Tool
life is very important to users, and
if it can be extended by parameter
settings, that would be a very attractive feature indeed.

It is interesting to note that ROBODRILL's functions for
adapting to the environment are varied, and include func-
tions such as control of peripheral devices and mist collec-
tors, as well as a sleep mode, which are selectable by the
user. The fact that the user can select functions rather than
simply having functions exist is a user-oriented technology.
Though the machining mode setting function is wonderful,
differentiating between various manufacturers may become
difficult. The ability to fine-tune parameters is attractive, but
I think the challenge will be the manner in which fine-tun-
ing is executed. Since the optimal parameters are dependent
on the tool fitted to the machine and the workpiece material,
further advancements can be expected by making the ma-
chine capable of sensing the tool model and workpiece mate-
rial model.

Finally, in terms of upgrading machining capacity, you have
extended the maximum travel of the Y-axis, increased the
number of tools that can be mounted in order to centralize
the process, and raised acceleration to 2.2G in order to re-
duce machining time. Furthermore, regarding diversification
in machining, there was a turning exhibit with the spindle
attached to the table. I sensed that an evolution was occur-
ring in these efforts to improve ROBODRILL's machining ca-
pabilities.

As a technology for mastering the use of machine tools, I
hope that you will consider not only the hardware, but also
how to make machine models that take the characteristics of
the tools used and the workpiece material into account.

Once again, I would like to thank you for introducing very
valuable development technologies.

That'’s all from me.

Professor Matsumura

President Yamaguchi: Professor Matsumura, thank you for
your valuable guidance. General Manager Tong, anything
from your side?

Tong: Professor Matsumura, thank you. The market we are
now dealing with is changing dramatically. Therefore, we
understand that in order to survive, it is important to be
aware of market trends and to provide what customers need
as quickly as possible.

Also, the addition of a tool model
and a work material model to the
machining mode setting function
that you described is certainly some-
thing that is necessary from the cus-
tomer’s perspective. Please continue
to guide us.

President Yamaguchi: Thank you.
Next, Professor Emeritus Kunieda, —
please share your thoughts with us. Tong (GM)
Professor Emeritus Kunieda: Thank you very much for
inviting me here today. I was able to deepen my knowledge.
Please allow me to express my thoughts on ROBOCUT.

First, I would like to speak about machining accuracy. In
wire EDMs (electric discharge machines), the wire vibrates
and there is a gap between the tool and workpiece. It is a
fantastic accomplishment that you have achieved an accura-
cy of = 1 micron under such circumstances, especially given
that there is a space between the wire guides in the upper /
lower machine heads and the workpiece.

Such accuracy cannot be achieved without considerable in-
genuity. When there is no discharge, the electrostatic force
acting on the wire will cause the wire to be attracted to the
workpiece, while during discharge, bubbles created around
the wire will expand and burst, creating a force in the oppo-
site direction.

Therefore, unless the attracting and repelling electrostatic
forces are balanced, it will not be possible to cut straight. In
spite of this tough situation, you have successfully optimized
this process from rough machining to finishing, ultimately
achieving the proper accuracy. The process of setting the
machining conditions correctly is quite a challenge, especial-
ly the quantification.

There will likely be attempts to use Al and create physical
models to quantify, but using Al alone has limitations. There-
fore, I would like to convince you to use physical models for
quantification.

It is also very important to visualize the movement of the
wire, which vibrates like a caterpillar. For example, direct
observation of the wire movement itself is important, but
how the discharge points are distributed also has high sig-
nificance. The distribution being random is an indication of
the most stable state.

The technology of detecting the discharge location is of es-
sential importance. It was already being studied in Japan 30
years ago. Recently, this technology has finally been put to
practical use abroad by a Swiss manufacturer. It is unfortu-
nate that Japan is lagging behind. As this is a very important
matter, I hope you will work on it.

If we know the location of the discharge point at the mo-
ment of discharge, we can instantly determine whether this
location is good or bad. If the location is bad, the power will
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instantly be stopped. The discharge
point can be controlled in this way. I
would like you to give it a try.
However, since this requires a judg-
ment to be made and the power sup-
ply to be cut off in a single moment,
which may be less than one micro-
second, it will certainly be extreme-
ly back-breaking. Still, I encourage
you to take on the challenge.

As I mention every year, only a small
percentage of the melted debris is
released as machining scrap. This
debris re-solidifies, resulting in extremely low efficiency.

We know that removing just 10% of the debris would in-
crease machining speed by several times, but it is tremen-
dously difficult to come up with a means for doing so. It will
not be easy to control discharge waveforms and voltage
waveforms with a pulse width of 1 microsecond.

Since power electronics has progressed considerably, I en-
courage you to attempt removing debris more efficiently. For
example, by slightly changing the waveform. Thank you.

Professor Emeritus
Kunieda

President Yamaguchi: Thank you, Professor Emeritus
Kunieda. General Manager Fujimoto, do you have any com-

ments?

Fujimoto: I am Fujimoto from the
ROBOCUT Research & Development
Division. I would like to thank Pro-
fessor Emeritus Kunieda for always
offering guidance based on academ-
ic research of discharge phenome-
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Fujimoto (GM)

As Professor Emeritus Kunieda men-
tioned, understanding the attracting
and repelling forces between the
workpiece and wire, detecting the
discharge location, and improving machining efficiency by
removing more amounts of melted debris after discharge
are important development topics that will directly improve
machining accuracy and productivity, as General Manager
Takatsugi mentioned. By understanding the discharge phe-
nomenon, we will continue our efforts to improve perfor-
mance, producing results one by one. Thank you for your
continued guidance and cooperation. We appreciate your
coming today.

President Yamaguchi: Thank you. Next, Professor Kajihara,
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please tell us your views.

Professor Kajihara: I am Kajihara from the University of
Tokyo. Last year, I participated in the roundtable discussion
for the first time, and I am grateful to be invited again this
year.

I would like to speak mainly about ROBOSHOT. When I saw
the Open House Show last year, it was my impression that
the focus was on networking. However, this year, you have
shown many advancements in terms of environmental is-
sues, recycling, reducing electricity consumption, and other
contents that are exactly in line with global trends. Thank
you very much.

My chief comments concern your approach to environmen-
tal issues. First, regarding recycling, I saw a demonstration
of making a lens barrel for a very high-precision component
of a smartphone out of recycled pellets.

Although you humbly stated that "errors occur to a certain
extent," and "finished products are slightly more prone to
error than general materials," I had the impression that the
number of errors was at a level comparable to that of general
materials. I have high expectations for major developments,
and hope that I will see even more in the years to come.

You are also working on regrind. The parts of a joint of the
car you showed this time had a hollow structure. You men-
tioned that regrind is somewhat less stable than recycled
pellets, but I think there will be further developments with
regrind.

In this context, I was told last year, with regard to recycled
material, that the depth of the groove in the screw was in-
creased to stabilize measurement. This year, in addition to
enhancing this method, you have poured various efforts in
the area of mixing regrind to attain greater stability. It was
very interesting to see further progress in this area.

In one such demonstration of recycled material, a detailed
sample of a smartphone lens barrel was made. The mold was
made by a ROBOCUT, and I could see the good synergy of
such technologies within the company.

As for the molding of regrind, there are molds with a hollow
structure where cores are inserted into the mold, and after
injection molding, the core is removed to produce a hollow
item. I heard that the cycle time could be shortened by tak-
ing advantage of FANUC servo control to control such cores.
That is, controlling the movement of cores, such as insertion
for molding, and removal, before closing the mold.

In addition, last year’s servo had two axes, but this year the
number has increased to four. This allows more complex
movements, so much more can be expected. These servos
drive a ROBOSHOT, the molds inside are controlled by your
servos, and items are removed by your collaborative robots,
after which inspection of the finished item is done with your
image processing technology. As this in an all-FANUC sys-
tem, my impression is that users will find it very easy to use.
Also, regarding energy saving, last year you introduced

covers for barrels and announced
an 11% reduction in the heater’s
electricity consumption. This year,
you added another jacket for heat
retention and saved a further 10% of
energy.

Professor Emeritus Higuchi already
mentioned that 10% is a mammoth
value, and it is a great feat to have
achieved this two years in a row.
You have not simply considered
placing a jacket. You have properly
designed it in detail to increase the retention of heat. I saw
this as being a most suitable way to conserve energy.

In addition to such environmental friendliness, it is very con-
venient for users to be able to check the results of simula-
tions on the injection molding machine’s panel and compare
with the results of experiments.

This will not be possible unless the workstation's machine
power is increased. But if it becomes possible to analyze the
results of actual molding in their original state using simula-
tion, and to feed back the data to be useful in the next mold-
ing, this will be the future of digital twin. We may have to
wait for machine power to increase, but I hope to see some-
thing like that in the years to come.

Also, a function that I presume was added this year was the
newly adopted interlock notification function in the panel.
This function manages the machine’s processes in sequenc-
es, detects when an event has not occurred due to an error
in the user’s operation or other causes, guesses the cause,
and provides notification. This is a feature that users will
greatly appreciate.

However, from what I have heard, this function has only
been implemented in ROBOSHOT among ROBOMACHINE
products. Please introduce this function to other machines
as well.

That wraps up my comments, but I would now like to ask a
couple of questions. I would appreciate your answering to
the extent that you can.

First, regarding servo control of molds, last year there were
two axes and this year it has become four, making complex
movements possible. I would like to ask what kind of future
developments you have in mind with respect to mold control
by this servo.

Also, regarding reducing electricity consumption, there has
been considerable progress in the past two years. Do you
feel there is still room for improvement? Electricity costs are
rising worldwide, and I think this is considered to be a criti-
cal problem everywhere, so even a 1% change would make a
big difference.

Lastly, my attention was centered on recycled material this
year. EU has laws and regulations that, for example, require
the use of at least 10% recycled material in packaging. This
means that demands exist and the technology is easily ac-

Professor Kajihara
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cepted. However, since there are no such laws and regula-
tions in Japan, it would be difficult to use recycled material
unless there were some advantages, such as decrease in
cost. I would appreciate your comments on your company’s
motivation for promoting the use of recycled material in Ja-
pan. That is all.

President Yamaguchi: Professor Kajihara, thank you for
your questions. General Manager Uchiyama, would you like
to reply?

Uchiyama: [ am Uchiyama from the ROBOSHOT Research
& Development Division. Professor Kajihara, we are grate-
ful that you have devoted a full day for us. First, regarding
recycled material, we used to think that recycled material
was mostly used to make containers and other daily com-
modities, that is, so-called “general-purpose molded prod-
ucts.” However, by talking with connector manufacturers at
this year's Open House Show, we learned that this industry
has already begun to apply such recycled material to some
of their precision connectors. Since the precision molding
field is our strongest area of expertise, we felt it necessary
to strengthen our activities regarding recycled material in

precision molding. In order to do so,
we will focus on two areas, that is,
function and molding technology.
Second, regarding energy conser-
vation, we have saved a substantial
amount of energy with the heater's
heat insulation jacket. Still there
are many more areas in which heat
insulation performance must be
enhanced, and we would like to
expand the range of our develop-
ments. For electric injection molding
machines, energy saving has progressed by using electricity
in the servo drive, and heaters now account for about 50%
to 60% of total power consumption. Of course, reducing the
energy consumption of servos is important, but for injec-
tion molding machines, making heaters use less energy is
increasingly gaining importance. In that respect, we would
like to make good use of the guidance you have given us in
our future improvement activities.

Finally, regarding using servo-actuated molds, our objectives
are to explore new shapes for molded products using electric
servos. In addition, as electric servo systems consume less
energy, we hope to collaborate with mold makers so that

e
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molds take advantage of the benefits of electric servos. We
will continue to try to make progress steadily in pursuing
environmental friendliness and energy conservation, and
hope you will continue to guide us along the way.

President Yamaguchi: Thank you. This concludes our dis-
cussion on FA, Robot, and ROBOMACHINE.

Summary

President Yamaguchi: To conclude, Professor Shinno, could
you please wrap up this discussion?

Professor Shinno: Thank you for inviting me to participate
in this year's New Products Open House Show and round-
table discussion. It has been a while since I saw your latest
products and leading technology in the field of FA, and I also
enjoyed the free exchange of ideas and opinions. I sincerely
appreciate this valuable opportunity that you have offered.
Today, I had the privilege of touring the Open House Show
and gained a general understanding of the latest develop-
ments in FA and robot technology. As this was a special priv-
ilege, I reflected on how we should approach the social issue
of “the creation of a smart factory” and the challenges we
should solve. This Open House Show can be considered to be
a presentation of “FANUC’s concept of a smart factory and
the advanced system modules that comprise it."

The smart factory as proposed by FANUC can be interpreted
as being “a series of ROBOMACHINEs combined with organ-
ically integrated various software, including those related
to IoT and Al in the form of a factory system, to be used to
optimize production processes, improve productivity and
quality, as well as save energy.”

Servo technology and advanced system modules represent-
ed by each ROBOMACHINE, which took center stage of the
Show, have already been established as products and tech-
nologies with a high degree of perfection, as was explained
with specific examples by the professors in this roundtable
discussion. All of these products constitute a range of prod-
uct series that have been refined over many years of R&D at
FANUC. Therefore, it will not be easy to find new material for
R&D.

Apart from this, there have been various discussions in Ja-
pan and abroad regarding the basic functions that smart
factories should be equipped with. At this time, I would like
to take up this topic by introducing the following five basic
functions that I consider as having high priority as well as
being relevant to the content of the Open House Show.

The first basic function is “Cyber Physical System (CPS)
CPS is a system technology that links physical space (the
real world) with cyberspace (the virtual computer world) to
create new values in manufacturing processes. The synchro-
nization of physical space and cyberspace through IoT and
other means is absolutely necessary for CPS. With CPS, an

”

entire smart factory can be simu-
lated in real time, and information
can be shared efficiently. As a result,
system status monitoring, thermal
displacement suppression and com-
pensation, self-diagnostics, and
self- repair become possible. System
modules for this basic function in-
clude the “FANUC Series 500i-A" and
“Smart Digital Twin Manager,” which
applies digital twin technology to
improve the machining process and
inspection of machining results.

The second basic function is "good use of IoT and AlL" The
use of IoT and AI will elevate the efficient use of devices,
sensors, and control systems in smart factories, so that man-
ufacturing processes will become highly automated. At the
same time, data can be collected and analyzed in real-time.
This will in turn facilitate status monitoring and optimiza-
tion of manufacturing processes, as well as making predic-
tive maintenance, maintenance, quality control, and other
processes possible. System modules for this basic function

Professor Shinno

include "FIELD system" and "Al Servo Monitor in conjunction
with MT-LINK:" for real-time data collection and analysis.
This basic function is expected to be deployed across all sys-
tem modules in the future.

The third basic function is "human-robot collaborative work."
By focusing on the characteristics of humans and collabora-
tive robots, the abilities of humans and collaborative robots
can be mutually complemented to bring about an ideal form
of collaborative work. This will result in making manufactur-
ing processes more advanced, flexible, and optimizable. Sys-
tem modules for this basic function include the “CRX series”
of collaborative robots, which reproduce the skills of experts
through direct teaching.

The fourth basic function is the "digital ecosystem.” By shar-
ing all digital data related to production among systems, it
becomes possible to improve production management, in-
ventory management, and product traceability as well as to
reduce energy consumption. System modules for this basic
function include the "energy-saving new-generation servo
system oi-D series SERVO."

The fifth basic function is "centralization of items and infor-
mation." Such centralization allows production data and ap-
plications to be efficiently processed, stored, and referenced.
In such a manner, remote access and scalability will im-
prove. There are also high hopes that the entire production
system, including the designing of processes and work, can
be significantly transformed. System modules for this basic
function include “FIELD system,” which contributes to mak-
ing manufacturing sites smarter through the use of digital
data,” and the “CNC Series 500i-A, which features sophisti-
cated edge functions.”

I have heard that all components and system modules of
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a smart factory are either already released or soon to be
released to the market as hardware and software products
with a high degree of completeness. I hope that the "prolifer-
ation of smart factories” will accelerate. In order to speed up
awareness and the spread of smart factories among custom-
ers, it would be useful to construct a compact smart factory,
and conduct validation tests. The smart factory should com-
bine and integrate the newly announced products and tech-
nologies with ROBOMACHINEs. The image will be of a com-
prehensive production line that includes raw materials, parts
machining, surface treatment by laser systems, assembly by
collaborative robots, painting, and final product inspection.
As a result, customers' understanding and awareness of
smart factories will increase, which in turn will greatly con-
tribute to the desired goal of strengthening the international
competitiveness of Japan's manufacturing industry.

Finally, on behalf of the professors participating in today's
roundtable discussion, I would like to express my deep grati-
tude to FANUC for your efforts in preparing the Open House
Show and this roundtable discussion. As a FANUC fan, I wish
you continued growth and success. Thank you very much for
today.

President Yamaguchi: Professor Shinno, thank you for
bringing the discussion to a close. Finally, Chairman Inaba
would like to express his gratitude.

Chairman Inaba: Thank you, Pro-
fessor Shinno. I would also like to
thank all the professors who at-
tended today. I truly appreciate the
wide range of guidance and advice
we have received starting with Pro-
fessor Shinno and all other partici-
pants.

First, regarding CNC which is our a\ e
basic product, the 500i-A CNC sys- = - -
tem was displayed. The hardware Chairman Inaba
and software were completely re-

newed. Such a total renewal of a CNC was the first time in 20
years.

Combining it with the ai-D Servo, which was developed to
be paired with the 5007-A, can bring out even better perfor-
mance. We expect that a CNC system that connects machine
tools in machining factories via a network will actually be
developed, which will have the capability of optimizing the
whole and not just partial optimization of individual stand-
alone machines or devices.

One major theme of this year'’s Open House Show is “ease of
use,” a feature praised highly by the professors in attendance
today. We have developed functions that make it easy to dig-
itally adjust, set, simulate, and perform other operations on
an NC. A major advantage of this system is that machine tool
manufacturers and end users can easily make full use of the

machine’s performance.

Thank you also for complimenting the CRX design. As CRX
works in collaboration with humans, if people feel discom-
fort or fear, it will not be possible for them to work together.
First and foremost, we prioritized user-friendliness in the de-
sign. As for NC, Robot, and ROBOMACHINE, we questioned
whether having good performance only, and ignoring mak-
ing the design stylish was acceptable. The answer was that
this wouldn't be feasible as a product. Therefore, we were
very focused and careful in designing, and are grateful for
your compliments.

We are naturally doing our best to reduce energy consump-
tion by engaging in what we are capable of doing, but there
is a long road ahead. We will continue to make steady efforts
to improve energy-saving performance.

Lastly, our approach to smart factories and cloud comput-
ing that Professor Shinno mentioned was right on target. We
will keep on making advancements in both areas. However,
there are many customers who do not want to use cloud, so
the reality is that on-premise systems are also in demand. In
addition, we are not capable of building a cloud computing
infrastructure on our own. That is why we are cooperating
with partners such as Fujitsu Limited and NTT (Nippon
Telegraph and Telephone Corporation). As for on-premise
systems, we are pursuing two strategies. One is loading in-
formation collected onsite to the cloud, and the other is com-
pleting the process within the factory.

Unfortunately, we have not reached the stage in which we
are able to disclose these results to you at present. Still, we
are working hard to develop behind the scenes, and we are
thinking of releasing products to the market one by one as
they are completed.

Currently, the entire company is making every effort to use
digital technology to make the dream of a smart factory
come true. We hope to present our new technologies and
new products at next year'’s Open House Show that are even
more advanced compared to this year, and would like you to
come back to see our progress. We look forward to your con-
tinued guidance.

President Yamaguchi: I would like to express my gratitude
to the professors who visited our Open House Show and
joined us today to offer many hours of guidance. We intend
to develop new products and technologies based on the ad-
vice and direction you have provided. Thank you very much.
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