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Toward Innovation
in Manufacturing

We innovate and advance our manufacturing
technologies and create new value by deploying
them to Toshiba products and services not only
to support the Toshiba Group today but also

to open its way to the future.
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Yasuhiro Akiyama

Enhancement of the Toshiba Group's manufacturing capabilities
with innovative manufacturing technologies

# Mission of the Corporate Manufacturing Engineering Center to support manufacturing

For over 50 years, the Corporate Manufacturing Engineering Center has been engaged in the
research and development of technologies, methods, mechanisms, and systems that enable the
Toshiba Group to produce and deliver high-quality products and services at low cost and high
efficiency. We will continue to research and develop fundamental manufacturing technologies that
serve as a basis for different manufacturing processes and deliver them with appropriate
customization according to the individual products and services.

#® Business processes re-engineering and manufacturing/service operations re-engineering
We have recently strengthened our efforts for promoting business processes re-engineering and
manufacturing/service operations re-engineering by leveraging digital manufacturing technologies.
We are optimizing the entire value chain, from sales and product planning to maintenance, by
digitizing events and phenomena related to manufacturing and services, collecting and analyzing
digital data in real time, and feeding the results back to the field workers. We create new value by
fully unlocking the power of data.

# Toward sustainable value creation
To make both people and our planet sustainable, we are committed to developing innovative
manufacturing technologies that contribute to a carbon neutral society, circular economy and other
environmental initiatives.



Featured Measure

Digital manufacturing technologies

Digital manufacturing technologies control and optimize manufacturing by digitizing events and phenomena
related to manufacturing and services and collecting and analyzing digital data in real time.

They analyze such data in cyber (virtual) space and feed the results back to the events and phenomena in physical
(real) space for optimization. We achieve leading-edge manufacturing and services by employing and mastering
loT*1 /loP*2 and Al technologies, which are undergoing rapid innovation.

X . *1 loT: Internet of Things
Ja—/NNILES. %2 loP: Internet of People
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Business processes re-engineering

By deploying digital manufacturing technologies throughout the entire value chain, from sales to installation and
maintenance, we promote the transformation of our business processes. In addition to optimizing each business
process individually, we also optimize the entire value chain by connecting the processes to achieve an
environment where we can create products and services more efficiently and effectively.

Sales processes Design processes [ Procurement processes

+Visualize operation information  -Modular designs <Analyze costs +Use IE improvement tools
+Build process models +Build design rules «Evaluate and educate suppliers  <Create production plans
-Automate quotations +Automate designs -Systematize +Build production lines

Production planning processes

Organizing and systematizing conceptual knowledge ~ Technologies for linking information
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Smart manufacturing

Based on the insights we have accumulated from our manufacturing sites, we deploy various new technologies,
such as Al image inspection, sensing/measuring technologies, production simulation, and conveying/intelligent
robots, to visualize production results and the status of manufacturing line operations while achieving automation
and manpower reductions. We use these smart factory technologies to achieve loT/loP-based operations and
maintenance (O&M) to enable the centralized control of operations while offering services, such as remote
operation assistance and automatic inspections by robots. We promote smart manufacturing, which helps the
transformation into smart factories, while optimizing O&M.

Collecting

data ® Field measurement technologies

Digitizing

VRO

@ Voice assistance tool

@ Factory RPA*2 manipulating control technology
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system technology

We research and develop practical methodology and
information system technology to make effective use of
business knowledge and information. Appling the results to
business systems, we contribute to improving the
productivity of the entire business. We are also working on
development of technologies necessary for business
transformation by DE*!/ DX*? and creating new businesses.

*1 DE: Digital Evolution
*2 DX:Digital Transformation

Knowledge and information
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Technologies for translating phenomena into information

We research and develop methodologies
and methods related to idea processes and
business processes based on systems
engineering, business process management,
development methodologies, and more.

We are also focusing practical data models
and quantification algorithms based on
initiatives such as MBSE, BPMN, and MBD.
These technologies are used to convert
phenomena into explicit knowledge.
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Digitization of idea processes and modeling

Technologies for extracting feature quantities from data
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By using mathematical analysis technology
and Al, we are researching and developing
algorithms for extracting features from
formalized information, technologies for

searching similar events, and technologies
for speeding up execution within a realistic
time frame. Our research covers a wide
range of data, including time series data,
text, images, and 3D data.
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Feature extraction from data

Technologies for linking information

We are developing technologies to link a wide
range of information and data produced in
various ways across the engineering chain,
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encompassing all stages from design, BEER

development, procurement, and production
through to logistics, maintenance, and sales in
order to realize multi-faceted analysis and visual
representations.

We are also working on development of systems
and solutions such as configurators to flexibly
and quickly implement customer requests .
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Production system

~6,

Y engineering technology

To improve global manufacturing capabilities, we are developing
tools and methods based on industrial engineering (IE) and
enhancing production control systems and manufacturing
simulators.

Enhancement of on-site management capabilities

We are engaged in problem-solving initiatives through
locally-based activities, from production bases to product
installation and maintenance at field sites, based on
industrial engineering (IE).

We are also engaged in the technological development and
implementation of tools and methods that utilize the
application of Al and loT for problem-solving.
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Expanding of IE application areas

Strengthening of production control

We are engaged in the advancement of production planning
and on-site construction planning through ICT/loT-based
production control systems, and development of algorithms
for improving efficiency of production control work through
Al and other technology.

= EERTV2=5 gD BEENTH
Cyber RS TFSIHE
e I
ISR EE| BIET
5 - ikt - BERALOD . 4 SHERO
TR - TS RILE Phy5|cal 71— BNy %I

Layout design and process design

Utilizing virtual 3D digital models of
production lines, we are engaged in the
short-term startup of high-efficiency
production lines through simultaneous

optimization of layout design and process  ® EgEl 2
Tl miEnr—si |

WET—2E

design.

We are also engaged in the development
of rapid 3D modeling of existing building
interiors using 3D scanners and the
development of parameter-searching
methods that combine optimization
methods and production simulation.

Optimizing improvement activities
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Production simulation operation process
and PDCA acceleration issues
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Mechatronics technology
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Materialize the Toshiba Group's strategic products and new
products by utilizing mechatronics technologies so that they
can be deployed globally. Leveraging Al*}, 10T*, simulations,
and other leading-edge technologies, we are working
consistently on different processes, from the upstream to the
downstream of manufacturing, that are necessary for -
products, including prototyping, developing manufacturing {
verification equipment, manufacturing equipment, and
building production lines.

&8 SRS - BH

*1 Al Artificial Intelligence
*2 loT : Internet of Things

T mman

Development of advanced elemental technology

We are developing advanced fundamental technologies for
automation and manpower reductions by leveraging the
latest mechatronics technologies. They include the
promotion of DE/DX** and CN/CE*?in our manufacturing
sites by combining simulation-based mechanism design
technologies, Al-based high-speed ML 0ps*3
and high-precision facility control
technologies, and loT technologies for
digitizing information obtained from
manufacturing floors.
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*1 DE/DX : Digital Evolution / Digital Transformation HELHEEA SIEPLC BT . hxﬁ’&ﬁﬁb\f'giﬁt%ﬂﬁm

%2 CN/CE : Carbon Neutrality / Circular Economy
*3 ML Ops : Machine learning operations Al-based facility control technologies loT technologies for digitizing manufacturing information

Development of manufacturing lines and equipment

We provide automation solutions related to
transportation, machining, assembly, inspection, and
other processes in factories. Around our core
mechatronics technologies, we are developing new
differentiating manufacturing facilities by leveraging
3D-CAD and simulation technologies as well as the

: - . o
latest Al and IoT technologies. We integrate optimum “:m SERRES T
manufacturing lines by matching the production e T e
capacity, cost, and quality of manufacturing facilities T .

with business and product requirements.
Development of optimum manufacturing lines and machines for various business units

Manufacturing of machinery, parts, and dies

We materialize manufacturing machinery, parts, and
dies that are designed using the process and
mechatronics technologies of the Corporate
Manufacturing Engineering Center, with its experience
in machining, assembly, and wiring skills, and we deliver
them to the Toshiba Group's domestic and overseas
manufacturing
sites.

SEREERG F—N—V 2REF

Factories and warehouses have increased demand for
automation because of the worsening labor shortages,
which are caused by declines in the working population.
Furthermore, types of work are becoming more and more
diverse, requiring robots that can not only repeat routine —_—y
tasks but also work autonomously by understanding where
they are working and what they should do. i
We develop these new intelligent robots, which help
automate non-routine operations.

Core technologies for intelligent robots

B DR |

Just as people "look," "think," and "move" when it

doing something, we need technologies to
enable robots to recognize, plan, and control
things as core technologies for these intelligent
robots.

In addition, we are developing safety and
platform (PF) technologies. By integrating these

v IEFEIBEFETE
v FESESDETE
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fundamental technologies, we aim to further /E%?:S:j .
enhance the sophistication of robots. pen Source vORy k&
Software);&F ADTE

Connecting to cyber-physical systems (CPS)
In addition to making individual robots more Cyber FHEE (ERP . WMS* x) ' |
intelligent and sophisticated, utilizing robots as R \1/ /T\ wBEE L, ms':E\;]v;erreirffssﬁgﬁiimi:s'snygstem
edge computing terminals for a cyber-physical 2178 (WES* MES *?¢)
system (CPS) enables us to create new value that o fRE \1/ ,T\ JHRRIE 41 WES : Warchouse Execution System

. . . A E - Manufacturing Execution System
would be unachievable with robots alone. This TuUE (%l]adtl:lrr‘\‘/h A w2)

means, we can provide them as automation

solutions to a wide range of customers.
Physical

Intelligent robots working in the edge layer of a cyber-physical system

Building and utilizing a robot platform

We are building a Toshiba robot platform utilizing wFZOKRyE MeefeOrRy +
open-source software called Robot Operating T3 T3—L
System (ROS). By adding fundamental — &
technologies that we have developed to this . =
platform, we can efficiently develop different

TR
intelligent robots, accelerating their deployment mM.

to Toshiba's business areas. | O"v0S(ROSH) |

HRER
*1 ROS : Robot Operating System

Building and using a Toshiba robot platform with a mixture of proprietary
and open technologies
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Mechanical design and

Optical applications and 7%%
manufacturing technology

visual inspection technology

We use optical technology for R&D of new products.
We do research and development of advanced sensing

We are developing structural design technologies considering
manufacturability and innovative manufacturing technologies
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to enhance design flexibility, both of which are being applied
to advanced products.

We are also conducting R&D in various design and
manufacturing technologies, including numerical analysis,
reliability, 3D printing, high-precision machining, and mold
and die technologies.

Mechanical design technology

To achieve optimum product structures and manufacturing
processes, we develop leading-edge simulation
technologies for structure, thermofluids, vibration/noise,
and other characteristics and topology optimization
technologies for optimizing the shapes of structures.

For railroad vehicles air-conditioning units, we have
achieved a design that provides sufficient flow rate despite
many restrictions, including the fan size, fan speed, and the
cross-sectional area of the flow path.

For topology optimization, we have achieved a 40% lighter
design while maintaining robot arm strength, and we
manufactured actual products with a metal 3D printer.

Product reliability technology

We develop long-term reliability evaluation technologies
for fatigue, creep, and other symptoms to extend
product life and prevent failures and faults while
reducing costs and environmental impacts.

When using any new materials, we collect data using a
fatigue-testing machine to improve the accuracy of life
prediction simulations.

TOBHIBA SCiB

piied

Fluid analysis
of railroad car
air-conditioning
units

Structure topology
optimization

Additive manufacturing optimized geometry achieving
40% weight reduction

Fatigue test
and fatigue
life prediction

technology and laser processing technology to add value
to products, and automatic visual inspection technology to
guarantee product quality.

Laser processing

We develop laser-machining technologies
that are critical to product manufacturing,
such as welding, fine machining, and
additive manufacturing, using optical
design, symptom analysis, and thermal fluid
analysis. We are also working on
technologies that use Al to automatically
control machining processes.

k1 ARMARISRBEXERAFTE R BERAID T 2RI R VB
B=RITER S AT LEAMRIICEB DT,

Sensing technology

Using signal and data processing
technologies, we develop sensing
technologies for abnormality detection,
such as sound source visualization using a
microphone array sensor and gas analysis
using an odor sensor.

We are also engaged in developing a

MIE
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In the case of an SCiB™ module, we have developed a & quantum cascade laser, which is effective &
technology for fixing the module for a long time with Prediction of ; Frre for sensing gas in a rem,ote S
plastic ribs without using adhesives while taking into fixing ;"t:f"gth (R S o §8 )
account the fatigue life of the plastic. for SCiB™cell  amey " 1 i i9A
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Component manufacturing process technology

Machining, molding, and measurement &
technologies are essential for the manufacturing ﬂfx
of high-precision parts, whether they are large
components for energy or infrastructure systems

or the parts for small data devices. We also use
contactless 3D measurement technologies for

large structure assembly processes.

In addition, we develop loT-based quality

monitoring and automatic control technologies to

&R

%#—E> 3D measurement _ REE
technology s
for large structure

o

]

KRR S5EloT

Injection molding
technology and

Visualization of sound sources
using a microphone array sensor

Gas concentration analysis
using odor sensor data

Inspection and Image processing technology

We are developing automatic inspection
technology that enables more stable visual
inspection of products and abnormality
detection of equipment than human
operator.

We are also developing technologies to
make their installation and operation at

Bk AR

FF:04X4mm

Remote gas sensing technology
using Quantum Cascade Laser

s el ol prts ,
' : . High-precision machined monitoring/automatic s . . . .
bioplastic materials. or molded parts control THH Al image inspection algorithm
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¥ technology

We are committed to the R&D of processing, reaction control,

and analysis technologies, aiming to improve production

Material and device process
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efficiency and develop new technologies for nanoscale to ol S G Ai gy i g §g§£ D e
. . Iﬂf‘ = ) >
meter-sized structures, devices, and systems, based on the Sonan B~

understanding of mechanisms.

Process, analysis and simulation

We are promoting the R&D of various processes,
materials, analysis, and simulation technologies,
in order to early mass production and productivity
improvement of products such as manufacture
energy, infrastructure, and electronic systems and
devices. Our R&D efforts also include unique
process technologies such as for the fabrication of
multifunctional nanofiber films and their
application to products and digitization of
manufacturing processes.
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Multifunctional nanofiber membrane

formed by electrospinning Microfabrication by atomic layer etching
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Simulation of drying phenomena Surface preparation by development chemical

New devices and process applications

We design and prototype experimental equipment based
on many technologies and insights, including those
related to coating, vacuums, and chemical processes and
fluid control. We also perform analyses and evaluations by
applying the latest measurement and simulation
technologies to improve performance and reduce costs.
We are also engaged in the research and development of
technologies that contribute to the streamlining and
optimization of design and development by using
informatics technologies that are supported by
information science, such as statistics and machine
learning.

In addition, we are promoting the launch of new products
through concept presentations of new devices, creating
basic designs, and giving demonstrations of prototypes.

Eco-friendly technologies

We are working on the research and development of
eco-friendly technologies, where coating, chemical,
and other process-related technologies are converted
or replaced after considering environmental mitigation
measures. We are engaged in research on reducing CO2
emissions and are promoting recycling with the aim of
achieving carbon neutral (CN) and circular economy
(CE) societies.
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Material mixing and
particle dispersion technologies

3D-oriented collagen nanofiber sheets
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Characteristics prediction
with machine learning

Wy

Simulation and measurement of
power semiconductor device characteristics
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Considering CN/CE-friendly
manufacturing processes

Considering the addition of CO2 absorption
capabilities using a functional membrane

Electronic device packaging
technology

The Toshiba Group is developing a wide variety of electronic
equipment, including social infrastructure components and
storage devices. Every electronic device contains a circuit
board. To ensure that the required product performance is
obtained at the appropriate cost, we are developing printed
circuit board technologies that are directly associated with
product development by integrating CAD/CAE simulation
technologies and evaluation technologies for leading-edge
electronic components and developing printed wiring boards
and technologies for surface-mount processes and
physicochemical analysis.

Printed circuit board design technology

To streamline design tasks for printed circuit
boards, we are developing proprietary review
tools that feature a CAD data viewer and various
check functions. These tools are now widely used

:
H

for product development in different divisions of L7 e
the Toshiba Group. In order to further streamline A 4
design tasks and improve product quality, we are )b B I I )

using CAE to improve the precision of virtual
design technologies and Al to innovate design
methods.

Review tool for visualizing

rROS-EFIL
setting data (Toshiba) A

Automatic generation of
signal analysis models
from layout drawings (Toshiba)

Surface-mount processes technology

Assembling electronic components is getting more
difficult as higher density and thinner packages are
required. Therefore, we are developing surface-mount

Development of SMT*!

mounting technologies technologies

Printed circuit board

life prediction technology
(CAE and Toshiba tool)

Development of component

processes technologies so we can apply themto products  sisessim S NESAR. SENER.
precisely and at low cost. We develop component IZA TSRS HAEMR(IRIZN—FR) EE &,
technologies for selecting and evaluating next-generation =~ ®2#51>

packages and printed wiring boards, and we also develop
mounting technologies by finding the optimum
manufacturing conditions using our own SMT mounting
lines while deploying developed technologies for the
manufacture of Toshiba products. In addition, we are also
engaged in quality and efficiency improvements by
implementing smarter processes that use assembling
equipment and inspection data.

RESTY

*1 SMT : Surface Mount Technology

Mounted circuit board evaluation technology

Electronic components mounted on printed wiring

Physicochemical
boards may be damaged due to thermal or

analysis

Development & 5

of electronic

vibration effects as they are used for a long time. component -
Tored h lity risk devel d technologies BRI
o reduce such quality risks, we develop products M E
using electronic component analysis, reliability BT SERERS
FERIRERER

evaluations, and physicochemical analysis
technologies. To promote further sustainable
product development, we need to develop
technologies for extending the life of circuit
boards or reusing them while developing
low-carbon materials. We are now working on the
creation of more sophisticated evaluation and
analysis technologies to meet these requirements.

A—%—-7b 7"le~ﬁ3ﬁ$ﬁ0)xﬁ§ﬁ§

Electronic component

analysis technology
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S FHE (HALT*L)

*1 HALT : Highly Accelerated Limit Test
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Electronics parts assembly
technology

We are endeavoring to enhance the performance and reduce
the cost of products and systems while developing production
engineering technologies

for new products for Toshiba’s core businesses, including

electronic devices, social infrastructure systems, and energy
systems by leveraging silicon
processing, bonding, and adhesion techniques.

Design for assembly, visualization and simulation technologies

- . . . . . M Digital image correlation method
We are building simulation technologies that visualize & &

actual phenomena and provide predictions, from the
manufacturing of a product all the way to its reliability in
actual use. Featured technologies include a digital image
correlation method, which visualizes distortions in a
contactless manner and which is already being applied to
product development. We are also committed to
front-loading product development by using advanced
design and analysis technologies to achieve high
performance and quality at the design stage.

B  aE#

EThrough-simulation technology
BB
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Bonding, adhesion and assembly technologies

By identifying sintering, hardening, and other thermal WMaster curve technology

symptoms and modeling their reaction to optimize heat iy r o
treatment processes, we contribute to improving product #| MSC ﬂ jL
functions and performance while reducing energy E -/ I

consumption. Specifically, by combining a master curve that HALIBSRAF S —— B
formalizes reactions with thermal fluid analysis, we visualize
concerns about heat treatment processes during production
and deploy optimized processing conditions. We are also
utilizing loT to enhance joining and assembly processes and
make factories smarter. In this segment, we are developing a
technology for sensing the states of machined points and
analyzing the results with Al to detect any failures.

BManufacturing loT with machined points sensed

Tt RYF s LA REBA

Innovative wet process and Si fabrication technologies

We enhance wet technologies using electrochemistry, such
as plating and etching, and we apply them to wafer
processing to promote the creation of new devices and
improve productivity. In addition, we are engaged in
detailed analysis of the interfacial reaction to achieve prom— S, FoT T
sophisticated processes and the prediction of reactions. BEnhanced wet processes
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@ Control technology

We aim to contribute to Toshiba Group's power

electronics products, such as social infrastructure and
electronic devices. In order to achieve carbon neutrality

and a circular economy, we utilize our design,

manufacturing, and evaluation technologies to optimize

the entire system of power electronics products.

As fundamental technologies, we are engaged in research
and development of motor/magnetic application
technology, motor/power conversion control technology,

and EMC/circuit technology.

Motor design

By designing a magnetic circuit that utilizes
magnetic field analysis, thermal analysis, and
structural analysis, we develop
high-performance motors that achieve both

high efficiency and miniaturization to meet the

concerns about the supply of motor materials

due to the rapid increase in demand, in order to

achieve carbon neutrality. Based on our
extensive knowledge, we are also developing
manufacturing technology that realizes early

implementation and high efficiency of motors.

Motor control

To add greater value to products, we develop
new circuits, control software, and control
algorithms to improve the performance
(including higher efficiency and smaller sizes)

of motor drive and power conversion systems

while also reducing their costs. We use
model-based development (MBD),
hardware-in-the-loop simulations (HILS), and
other techniques to shorten development
time.

Motor drive system

Electromagnetic compatibility design

As demand for power electronics products is
increasing to meet the carbon neutral goals,
we need to prevent returning to a previous
development stage that was caused by an

electromagnetic noise issue. Therefore, we are

developing electromagnetic noise
measurement technologies that can identify
the root cause of noise generation and

propagation and circuit/electromagnetic field

simulation technologies so that we can predict
electromagnetic noise and plan a suppression
method during the design phase.
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Circuit and control software
development

-

Control algorithm
development
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Environments and Initiatives for Promoting Research and Development

Research environments

Offices and laboratories
Various working environments and experiment facilities provided for different research targets and purposes.

O

ALY

Other facilities

Libraries, electronic libraries supporting online searches,
and plenty of communication spaces.

View from the workplace
You have an unbroken view of Tokyo Bay and can also see
the Yokohama Landmark Tower.

Opportunities for free discussions that nurture both people and technologies

Future idea discussion meeting for young employees
Workshop-style discussion meetings are held regularly,
where young employees join to create the seeds of advanced technology ideas.

Research review day and various report sessions
There are regular in-house events in the form of lectures and panels,
where attendants can suggest research themes or introduce their conference presentations.

The Essence of Toshiba

Basic Commitment of
the Toshiba Group

Our Purpose

We are Toshiba. We have an unwavering drive

to make and do things that lead to a better world.
Committed to People,
Committed to the Future. A planet that’s safer and cleaner.
A society that’s both sustainable and dynamic.
At Toshiba, we commit to raising Alife as comfortable as it is exciting.
the quality of life for people around
the world, ensuring progress that is

in harmony with our planet.

That’s the future we believe in.
We see its possibilities, and work every day to

By combining the power of invention with
our expertise and desire for a better world,
we imagine things that have never been -
and make them a reality.

That is our potential. Working together,

we inspire a belief in each other and

our customers that no challenge is too great, and
there’s no promise we can’t fulfill.

We turn on the promise of a new day.

deliver answers that will bring on a brilliant new day.

Our Values

Do the right thing

We act with integrity, honesty and
openness, doing what’s right—
not what’s easy.

Look for a better way

We continually strive to find new and
better ways, embracing change
as a means for progress.

Always consider the impact

We think about how what we do
will change the world for the better,
both today and for generations to come.

Create together

We collaborate with each other and
our customers, so that we can grow
together.

1994FHOEER ML Z—2F
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