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Development and Practical Application of Motor Core Design Method Using Topology Optimization
BE S (K SEl R A

Takuya Sanada ~ Tomonori Sasaki ~ Daisuke Okabe
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With the acceleration of electrification due to strengthening environmental regulations, enhancing
motor performance has become an important issue. We have developed a motor core design method
using topology optimization to improve motor performance. This method can derive optimal shapes
from a wide design space by freely changing the material distribution within the design domain, as
well as realize shape generation considering manufacturing constraints. When applied to motors
for compressors and forklifts, reductions in von Mises stress and torque ripple were confirmed,
demonstrating the practical applicability of this method.

Abstract

Keywords: Topology Optimization.Motor Core Design. Optimal Design. Continuous Optimization
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The goal of this project is to automate the layout design of a fuel cell (FC) forklift unit. We have been
working on the automation of pipe routes, which is one of the most time-consuming parts of the design

Keywords: FC Forklift, Layout Design, Optimization, Genetic Algorithm
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A 3D Packing Planning Algorithm That Challenges Traditional Practices in the Logistics Industry
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To quickly identify the best combination of differently shaped items in a packing box, we developed
an algorithm that reduces the complexity of combinations and improves packing accuracy by iteratively
merging multiple items into one unit. When tested at a logistics center, the initial algorithm was
confirmed to cut transportation costs by approximately 500 boxes daily. The latest version is expected
to reduce transportation costs, saving approximately 2,000 boxes per day in simulations.
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Advancing Logistics Efficiency Through Data Utilization:
Semi-Optimal Storage Allocation Using Co-Occurrence Analysis

R EE A At mA AR (PE RE SHE A

Naoki Hattori Kazuya Okamoto Hironobu Okamoto Tatsuto Ito Itsuki Noda
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Abstract We developed a storage allocation optimization method to improve the efficiency of the picking
process in logistics warehouses by minimizing travel distances during item picking. By analyzing historical
order data, our approach identifies groups of frequently co-ordered items and determines a semi-optimal
storage allocation that reduces distances between them. Proof-of-concept testing using a warehouse
model confirmed a reduction in travel distances, highlighting the effectiveness of this method.

Keywords: Combinatorial Optimization, Logistics Warehouse, Storage Allocation, Topic Model,
Metaheuristics
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Optimization Problems in Logistics
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Takuro Kato Naoya Yokomachi
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Abstract Aiming at advanced logistics solutions, TICO-AIST Advanced Logistics Collaborative Research
Laboratory (AL Lab) was established within the National Institute of Advanced Industrial Science
and Technology in 2016. This paper outlines case studies from the AL Lab’s research addressing
optimization problems in logistics. Improving the efficiency of order-picking processes is essential
for enhancing the overall productivity of logistics centers. Critical challenges include computational
complexity in optimization-based task planning and uncertainties in execution. To address these
challenges, key technologies have been developed: 1) two-layer optimization of task assignment and
path planning, 2) intersection collision avoidance control, and 3) congestion mitigation path planning.

Keywords: Path Planning, Task Scheduling, Hierarchical Optimization, Formal Verification, Congestion

Mitigation
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Establishment of Automation and Optimization Technologies for Production Planning
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Abstract

WSS A Y ENRIC EESEOIEEH 2B LT 2LENRBLY —VERHE U AR TR EHE70-059
MHST IV ITUXLDEE BIEETIVOBE. Z U CEILCED 2FRHOEBEH IC DV TRET 2 BEBMETEE
(MIP, Mixed Integer Programming) D#IEE 7*)LICH U, ZiFENEDORBREZEM T B (BRI FILT « |
ZEBA U GHEIIRTHZ63%HIRT % & EBI(C R B X O - EEH - FRBEO3ERZRIFICREL U,

F—U— R IEERE. S BRVBEARIME. ARV —Y 3 VX U —F MHEERE L REBHMEEE

A multi-objective optimization tool was developed to automate the production planning process for
casting lines. This paper reports on the two-year effort, covering the analysis of workflows, the selection
of algorithms, the construction of mathematical models, and the validation results. By incorporating
a “discrete penalty” approach to model the decision-making of experienced planners into a Mixed
Integer Programming (MIP) mathematical model, we achieved a 63% reduction in planning workload
while simultaneously optimizing three metrics: setup change frequency, inventory levels, and overtime
hours.

Keywords: Production Planning, Casting, Die Change Minimization, Operations Research, Combinatorial
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Application of Optimization Techniques to Automate
the Structural Design of Automotive Press Dies
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Aiming for more advanced automation in the design of press dies, machine learning and optimization
techniques were applied. The process incorporates similar model selection from historical design data,
multi-objective optimization for component arrangement, and single-objective optimization for detailed
component design, enabling enhanced efficiency and superior design quality.

Keywords: multi-objective optimization, single-objective optimization, automation, press dies, design
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The Design of the “Autonomous Driving Tow Tractor” Won the Prime

Minister’ s Award.

=2 858

Kenji Kuzuya
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Abstract
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Photo1 FY2025 National Commendation for Invention
Ceremony (From left; Mr.Hiroki Mori, President Ito,
Mr.Tadayuki Yakushi)
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The design of the “Autonomous Driving Tow Tractor” won the Prime Minister’ s Award (Japanese
design No.1700574). The awarded “Autonomous Driving Towing Tractor” enables Level 4 autonomous
driving (full automation under specific conditions). It has been undergoing demonstration testing at
Haneda Airport by Toyota L&F Company since April 2021 and operations began at Haneda Airport in
December 2025. This article introduces the key features of its design.

Keywords: National Commendation for Invention, the Prime Minister’s Award, Capable of Level 4
autonomous driving, Tow Tractor
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First in Japan to Start LV4 Autonomous Operation

HE SA

Shota Tajima

EEE S sATA BEEREN BHE—

Makoto Sato Genta Suzuki Kosuke Kaida Kouji Fujii
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Fumihiro Fukatsu
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We achieved Level 4 autonomous driving for towing tractors, which plays a crucial role in logistics
within restricted areas of airport, and began a acutual operation of fully unmanned transportation
under specific conditions. Stable operation has been made possible through redundancy in self-
localization and obstacle detection systems. Additionally, the centralized management of tasks via the
Fleet Management System (FMS) and seamless coordination between infrastructure and vehicles have
enabled highly efficient operations.

Abstract

Keywords: Towing Tractor, Autonomous Driving, Level 4, Redundancy, Fleet Management System (FMS)
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Development of FC Module for Power Generators
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Our company launched Japan's first FC forklifts in 2016 and began sales of FC modules in 2025.
These modules, derived from fuel cell system for FC forklift, are tailored to support diverse applications.
During development, we addressed key challenges including sub-zero temperature operation, low-

E B
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Abstract
pressure hydrogen supply compatibility, cooling performance, and noise reduction.
Keywords: Fuel cell, FC, FC System, FC Module, Generators
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Fig.1 Comparison of FC system for forklift and FC module
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Development of 3.5-8.0ton High-Performance Electric Counter Balanced
Forklift Truck

S AE B XRTF N E=E RS B— TR EA

Tomomichi Miura  Kumiko Fujioka  Keisuke Kitamura  Koichi Sumigama  Kenji Takemura
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Abstract The market shift to electric forklifts is progressing due to the global trend of carbon neutrality, but
the performance of conventional 3.5-8.0ton electric forklifts did not satisfy the customers using engine
forklifts. This time, based on the technology cultivated up to now, the development was carried out
based on the concept of “high-performance electric forklifts that can be used like engine forklifts”.
Furthermore, the latest functions were incorporated, and the product was differentiated from the
conventional product as an easier to use product.

Keywords: Carbon Neutrality, Forklift, Electric, High-Performance
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Development of 5-in-1 ESU for BEV

EHEE SENSE HEhE 0 SKBE

Shinsuke Tsuda  Takaaki Konoma  Suguru Tanaka  Haruki Tamenaga
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. —1 EEOREBENBPREERICLZEIRILF—EROEFUHN S.BEV(BSBEEE)/HEV(\A T Uy RE)/
PHEV(FS T4 VN4 T Uy RE) REOTBILKEEZLWVWO DN H D, Zitt (S BENEM (CUBEART RS, BEZHER
REZIE SHEDOHRFEZE U CTIERFHENDERZEE LTS,
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Abstract In recent years, the market for BEV, HEV, and PHEV has seen significant growth due to increasing
demands for energy efficiency in response to environmental considerations and rising fuel costs. Our
company aims to contribute to a low-carbon society through the development of products responsible
for voltage conversion functions, which are essential for electric vehicles.

This time, we have developed an integrated power unit (ESU) to support Toyota Motor
Corporation’ s expansion of BEV models. Here, we introduce an overview of this development.

Keywords: Integrated Unit, BEV Dedicated Unit, Onboard Charger, DC-DC Converter
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Improving Operational Efficiency by Introducing a Remote Management

System to loT-Unsupported Facilities
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Tomihei Hamaguchi
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Abstract

T3 ETRFREERER T D VAT LAZRET . OV AT LADEAICKY IV IZFPHEERBDT—9
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We propose a system for remotely managing legacy production equipment that is not loT-compatible,
by utilizing a control package provided by Toshiba Digital Solutions Corporation. The implementation
of this system has successfully reduced the auxiliary workload required for engineers to perform tasks
such as data collection and quality control for production equipment by 89%. By deploying this system
at both domestic and international production sites, not only can on-site workload be minimized, but
lead times for production preparation can be shortened and travel expenses can be reduced as well.

Keywords: Production facilities, Remote administration, Work efficiency
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Improving Foundry Safety through Remote-Controlled Slag Removal
Robotics
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Shigeo Banno

EE BN IR AT BEED W s

Yusuke Kakimi  Tomoyuki Matsuzawa Naokatsu Adachi  Toshiyuki Matsui
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To improve safety in casting operations, a remotely operated slag removal robot was developed.
The system addresses risks from working near high-temperature materials and dependence on skilled
labor. Operability and haptic feedback were evaluated, confirming that expert-level performance can
be reproduced using a dedicated controller. The results indicate potential contributions to safety and
operational standardization. Future work will focus on refining the system and applying it to similar
processes.

Abstract

Keywords: Casting, Remote Operation, High-Temperature Materials, Skilled Worker, Safety
Improvement, Work Standardization
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Utilization of Multibody Dynamics Simulation in Reducing First-Order
Rotational Vibration of Electric Compressors for Car Air Conditioners
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Abstract

BXEEEBEV) [CEEINZA—I7IAVHEBE IV Uy Y EROIRE - BE R CH IV I VARV
H BNV DIRE) - BEERD KD SNTVD AT T BT ZEA U T, ST OYHARRED S @R 1RIREI D
FRERZIVTV Y HERIROY VNS Y AREZRR UBEH# COVWTHRET d. K. RELY —ILZRAL

BESEDMZETV. S DFRTRTPEGLREN T VNS Y ARECRIFTREZNERNICHER U IBHZBNT
Do

F—O—REBEHIVFLvY, R70O-IVK, BER1URIRE), BRI, SS5EH

Electric compressors for automotive air conditioning systems in battery electric vehicles (BEV)
require high levels of vibration and noise reduction due to the absence of traditional sources of
vibration and noise, such as the engine. This report outlines efforts to reduce the unbalance generated
during compressor operation, a major cause of first-order rotational vibration, through multibody
dynamics simulation in the early design stages. Furthermore, the study introduces a case in which
contribution analysis was performed using optimization tools to efficiently assess the impact of various
design parameters and operating conditions on unbalance generation.

Keywords: Electric Compressor, Scroll-Type, First-Order Vibration, Multibody Dynamics Simulation,

Contribution Analysis
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Electrode-Electrolyte Interface Simulation Using the Fugaku Supercomputer
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Abstract

WM LERCHET SBE-BERRATE.
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In lithium-ion batteries, the interface between the electrode and electrolyte greatly affects
performance and lifetime. However, complex phenomena like electric double layers are difficult to
observe directly and hard to reproduce with traditional simulation methods. To address this, we
developed a new simulation technique that can efficiently and accurately predict interface structures.
This paper presents an overview of the interface prediction technology and a case study on its
application to the aluminum dissolution phenomenon.

Keywords: Battery. Electric Double Layer. Interface Simulation, Al Dissolution. the Fugaku Supercomputer
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Transfer Learning Utilizing Real Industrial Vehicle Date Based on Similar
Usage Trends
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Abstract

FRHREICERTREGEREDOTAET VBRI ZEIL U e OBN T 3 MBER T+ —TJ U T ~OBRE T —
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We introduce a technology we have developed for building highly accurate prediction models
applicable to preventive maintenance. Fuel cell forklift operation data varies in usage patterns
depending on the customer, which has posed limitations in improving prediction accuracy using
conventional methods. To address this, we proposed a transfer learning framework that groups
data with similar usage patterns and enables knowledge sharing within each group. As a result, we
confirmed a 16% improvement in prediction accuracy compared to conventional approaches.

Keywords: Transfer Learning, Similarity
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Development of High-productivity Weaving Technology for Preforms of
Heat-resistant Composite Materials

hlEL S5EHE 0 WEE | SHEIENY

Masahiro Nakayama Hiroaki Takashima Aya Maki Yusuke Yoshida
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Abstract This article reports on the development of high-productivity weaving technology for preforms used
in ceramic matrix composites (CMCs) made with SiC fibers. Due to their excellent heat resistance
and lightweight properties, CMCs are expected to be applied to aircraft engine components. In this
development, an automatic monitoring system was designed to detect weaving defects, and a heat-
removable sizing agent was introduced to improve process efficiency. These efforts successfully
improved the weaving rate 4.4 times compared to conventional methods, contributing to the
advancement of high-rate manufacturing technology for CMC components.

Keywords: Composite materials, CMC, SiC fibers, Multilayer textile
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Regulations on Chemical Substances Contained in Products and
Respond to legal requirements
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Abstract
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In recent years, environmental issues have been in the spotlight, and regulations are being
strengthened not only for factory wastewater and air pollution, but also for chemical substances
contained in products. Material Engineering Department grasp the regulations on chemical substances
contained in products in various countries, mainly in Europe and the United States, and spreads
them within the company, while also promoting the collection and management of data on chemical
substances contained in products, thereby supporting each business division in appropriate compliance
with regulations. This article explains the recent trend in strengthening regulations and an overview of
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the management of chemical substances contained in products.
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[
Demonstration of Efficiency Increase of 350 V-to-13.3 V Isolated DC-
DC Converters for Electric Vehicles by Active Gate Driving*'
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Yohei Sukita Katsuhiro Hata Hiroki Kondo Kenichi Watanabe Kenichi Nagayoshi  Makoto Takamiya

*1 IEEE Applied Power Electronics Conference and Exposition (APEC), Atlanta, USA, pp. 2551-2555, March 2025.
*2 WRAZ TERMRD BIRIFBHR *3ZRIFEKRTE T2 BIZWHAR 4 TUIMOZIXBER il

Abstract An active gate driving (AGD) is applied to a power converter product, and the efficiency increase
of the power converter by AGD is demonstrated by measurements under switching noise aligned
condition compared to a conventional gate driving. Specifically, the gate driver for a single Si power
MOSFET comprising a 165 kHz, 350 V-to-13.3 V isolated DC-DC converter product for electric
vehicles was replaced with a developed time-domain stop-and-go active gate driver, and the DC-DC
converter efficiency and the spectrum amplitude at 27 MHz of the power MOSFET drain current of the
conventional single-step gate driving and the proposed AGD are compared in measurements at 1.2
kW (= 13.3V, 90 A) output. The results show that the proposed AGD reduces switching loss by 45%
compared to the conventional single-step gate driving under the drain current spectrum amplitude
alignment condition, resulting in a 10% reduction in total DC-DC converter loss and a 0.9% increase in
DC-DC converter efficiency from 90.3% to 91.2%.

Keywords: Active Gate Drive, Switching Loss, DC-DC Converter, Efficiency
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Research and Development on Performance Improvement of Hydrogen
Engine Systems Based on Industrial Engines
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Kota Tanaka Takeshi Tanaka Hiroshi Yamamoto Mitsuhiro Izumi Norifumi Mizushima ~ Kohei Kuzuoka
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Abstract A hydrogen engine was developed by converting the fuel supply system of a mass-produced LPG
engine to accommodate hydrogen, with the goal of achieving carbon neutrality for industrial engines.
To address the torque reduction resulting from the conversion to a hydrogen engine, turbocharger
was added, along with abnormal combustion suppression technologies and hydrogen concentration
reduction technologies in the crankcase. Minimal system modifications enabled the achievement
of power performance equivalent to the base engine as well as low NOx emissions. Additionally,
combustion optimization demonstrated the capability to achieve both high thermal efficiency and low
NOx emissions simultaneously.

Keywords: Hydrogen Engine, Abnormal Combustion, Abnormal Ignition, Ignition Coil, Crankcase
Ventilation System
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Research on Abnormal Combustion in Hydrogen-Fueled Spark Ignition

Engines

- Construction of a Knocking Prediction Model -

WE EE BEE 0 BEhE

Hiroki Kambe

Ryo Masuda Takeshi Tanaka
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Abstract
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A knocking prediction model for hydrogen combustion was developed. This study focused on the
influence of nitric oxide (NO) concentration on the ignition delay time of hydrogen. It was revealed
that hydrogen exhibits a significantly pronounced effect of NO in reducing the ignition delay time
compared to gasoline fuel. In addition, knocking was evaluated using a threshold based on the
combustion progress determined by the Livengood-Wu integral, and the model successfully reproduced
experimental results. This study highlighted the critical importance of incorporating the influence of NO
concentration into the knocking prediction model for hydrogen combustion engines.

Keywords: Heat engine, Hydrogen, Combustion analysis, Knocking, Ignition delay time

Experimental Study on Hydrogen-Methane Co-Combustion in Small Gas

Engines
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Kenta Tanaka

Toshihiro Tani Takahiro Sako

%1 THE 29th SMALL POWERTRAINS AND ENERGY SYSTEMS TECHNOLOGY CONFERENCE (SETC), Florence, Italy, November 2025 (CTHs
* 2 SEATRAFES  * 3 ABRAR (#F)

Abstract

To adapt internal combustion engines for a carbon-neutral society, the utilization of hydrogen has
garnered attention. Hydrogen, however, has a characteristic of igniting with extremely low energy,
making it prone to abnormal combustion. In this study, we address the specific challenges associated
with hydrogen by mixing methane, which possesses a high heating value and a lower tendency for
abnormal combustion. Through experiments using a naturally aspirated engine, it was confirmed that
this approach not only resolves hydrogen-related issues but also contributes to improvements in power
output, thermal efficiency, and NOx reduction.

Keywords: Hydrogen, Methane, Co-combustion, Spark ignition engine, Alternative fuel
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A Decoupling Multiscale Analysis of Textile Composite Considering
Deformation of Fiber Yarns During Weaving and Molding Processes

wils " mhEA FEE

Takashi Sasagawa Masato Tanaka Tasuku Ito
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Abstract A novel multiscale simulation scheme for textile composites is proposed, which accurately predicts
their mechanical properties. A key aspect of our method is the numerical construction of their
representative volume elements by considering the fiber yarn deformations during weaving and molding
of textile composites. We found that fiber yarn deformations during weaving and molding can be
precisely computed using a novel method for modeling dry yarn mechanical behaviors with beam and
solid elements. We validated our proposed method by comparing its mechanical property predictions
with the experimental results obtained from tensile, compression, and bending tests of carbon fiber
composites. The validation demonstrated that our method can accurately and robustly predict the
mechanical properties of a composite by considering fiber yarn deformations during weaving and
molding.

Keywords: Textile composite, Multiscale simulation, Nonlinear mechanical properties, Beam solid
model
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