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%1 SEM:Scanning Electron Microscope
%2 EPMA:Electron Probe Micro Analyzer
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Fig.2 Torque transmission using solidified oil
at roller-contacts of traction drive.

7 %3 DRBFM:Design Review Based on Failure Mode
*4 CN:Carbon Neutral
%5 LCA:Life Cycle Assessment
*6 FCEV:Fuel Cell Electric Vehicle
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Development of the New Air Jet Loom JAT910
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Daisuke Yagi
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Abstract
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The Air Jet Loom “JAT Series” is the best-selling air jet loom and is used by customers all over the
world. The new model JAT910 was mainly focused on reducing air and power consumption, automatic
adjustment support using a new sensor, and improvement of the factory management system. We are
convinced that JAT910 will surely prove its excellence and earn good reputation among customers

worldwide.
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Development of Automated Guided Forklift with Cold Storage &
Refrigeration Specifications
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Toru Ogawa  Makoto Hayakawa Yasushi Kuriyama  Shigeki Aoyama
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Abstract In comparison with the conventional "Rinova AGF", we have newly developed technology to solve
problem of condensation, mist and low-temperature while following safety during automated control,
ease of use as well as switching operation between Ride-on / Automated control. We have developed
Automated Guided Forklift with cold storage & refrigeration specifications for specific customer that
can travel between -25C freezer and +10°C refrigerator, and operating for 60 minutes in -25°C freezer.
This has made it possible to reduce the physical strain of the operators due to long working hours in
low-temperature environment.

Keywords: Freezer, Automated Guided Forklift, condensation, mist, low-temperature
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Aiming to achieve carbon neutrality, we have developed forklifts equipped with Li-ion batteries (4
major models) so that we can propose new solutions that can solve customers' problems and issues
related to forklift trucks. This article introduces a large-capacity Li-ion battery exclusively for forklift
trucks, which is installed in the truck under development and is linked with vehicle communication to
ensure usability similar to that of the lead battery.

Keywords: Forklift, Li-ion Battery, Electric Forklift, Decarbonation
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Li-ion Battery Development for Forklift Trucks in North America
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Matt Wavrek
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Rapid growth in multiple material handling sectors has driven needs in the industry for more
powerful, effective equipment. That growth drove a need for improved, more capable power sources.
In response to the need for increased power and data enabled devices, Raymond developed the
Energy Essentials line including Lithium batteries (LIB). In addition, business operations began needing
more storage space to cope with growing product variability. The LIB removed the need for large
battery rooms and regular battery maintenance. This returned floor space to operations and required
less intervention from personnel, who could now return battery maintenance time to value added
activities. Developing a telematics enabled, NMC (Nickel Manganese Cobalt) chemistry power source
maximized battery capacity and performance of our lift trucks. The battery's long cycle life, with stable
performance, ensures a good investment for our customers. Market acceptance has gone well, and
adoption continues to increase year over year.

Abstract

Keywords: Lithium ion Battery, NMC, Cycle life, UL certification
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as part of the process and improvements in

1 Introduction/Background

The material handling industry continues to seek
energy power sources, capability of providing
increased performance and superior uptime.
Lithium-ion batteries (LIB) continue to expand
the horizons of vehicle performance and rapid
charging capability. The concept of charging at
point of use and high C-rate” charging was now
possible. Customers began to demand maximum
performance and quick return on investment.

1) C-rate:It is a measure of the rate at which a battery is
discharged relative to its maximum capacity. A 1C rate
means that the discharge current will discharge the entire
battery in 1 hour. For a battery with a capacity of 100 Amp-
hrs, this equates to a discharge current of 100 Amps.

Raymond developed the Energy Essentials
battery to address these customer needs and
application requirements. Through this premium
LIB offering, some customers, because of their
application / lift truck usage, have been able to
reduce battery counts on site and achieve more
throughput with a single battery. When it is
possible to deploy a single battery solution, per

truck, the need for battery changing is removed,

operational efficiency and floor space utilization

can be realized [Figure 1].

Raymond has now released multiple UL
Listed battery voltage offerings to support
the class I-IIT model lineup. Telematics and
integrated data support, with the PSI? battery
communication option, now enable improved
fleet optimization and real time battery data
reporting. Additional, complimentary product
offerings are being developed now to support the
Energy Storage Solutions needs of the future.

2) PSI:Power Source Integrated. It enables data liberation
for both lithium and hydrogen fuel cells, reporting 12
unique performance metrics through the iWAREHOUSE

GATEWAY™.
Hl:r L

Figure 1 LIB family from Energy Essentials
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2 Features and Benefits of Product

The Raymond LIB offerings are technology

rich and have industry leading features. UL
compliance, reliability, and durability were
designed in. The battery requires limited
maintenance over its lifetime - no daily watering
and emits no harmful vapors or gases during

normal operation.

Projects to release 24V and 36V battery
offerings have been completed. 48V batteries
will be launched by time of this article's release.
Premium cycle life and energy density were top
priorities and resulted in the decision to utilize
NMC chemistry and these features on this

critical path.

2.1 High cycle life

The special ceramic separator technology
used allows the battery to be used in wider
temperature ranges and helps to maximize
the cell's potential. Figure 2 shows the ceramic
separator's results during characterization

testing for heat.

Conventional

.

Raymond
=3

(1) Before test

Raymond Conventional

—

(2) After test (15min at 130°C)
Figure 2 Ceramic separator

EHEBEEER Nov4

NMC chemistry was selected for its energy
density. Due to the proprietary cell chemistry,
special ceramic separator, and customized
Battery Management System (BMS), the
Energy Essentials battery delivers industry
leading cycle life. Figure 3 shows Lab testing
results that demonstrated cycle life in excess of
5000 cycles. This means much higher cycle life
performance than current competitor levels of
up to 3000 cycles. This allows Raymond to offer
a product with industry leading performance

and value.

11000

ty
o
o
o
o

9000
8000
7000
6000
5000
4000 <
3000 —_——— e ===
2000
1000
0

Raymond LIB

Competitor LIB

ey
-
L —

Full cycles to 80% of original capaci

20 25 30 35 40 45
Ambient Temperature (C)

Figure 3 Characteristics of cycle life
Cycle life testing is based on controlled
laboratory conditions and shows equivalent life
expected. ELV is the industry leader.

2.2 UL certification

Energy Essentials batteries are inherently
designed to UL2580 to ensure compliance and

strong performance.

Should battery customization be required,
or even the need for an alternate battery be
pursued, Raymond supports requests through
our third-party EPS approval process. Customer

first, always.

3 Conclusions

The results of years of development and

testing, offerings under the Energy Essentials
distributed by Raymond brand are now available
across the full product line with UL2580 listings
[Figure 1]. These batteries have already been
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delivering strong performance in applications and
adoption continues to increase, year over year.
Sales trends show accelerating sales and more
customer interest in LIB. Raymond is delivering
industry leading total cost of ownership with
these batteries [Figure 4, Tablel].

Overall customer adoption continues to grow.
During this development, we created a joint
working group to provide more high efficiency
products to meet customer satisfaction as one
TMHNA. A development cadence is In process
for next generation batteries, with even more

improved performance.

$20

32 months longer life
at the same cost

@2
I

Competitor LIB

Cumulative Cost of Ownership
% 2

$0
0 12 24 36 48 60 72

Months in Service

Figure 4 Total cost ownership

Table1 Comparison of useful life and cost

Competitor| Raymond | Difference
Operation shift 2 2 -
Days/Year Usage 365 365 -
Design cycle life 3000 5000 +2000
Useful Life Mo 50 82 +32
$/Mo Operation |  $366 $198 -$168

HAuthorll

Matt Wavrek
Product Development Engineering
The Raymond Corporation
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Development of ES80 Electric Compressor for Heat Pump Air
Conditioning Systems in Electric Buses
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Abstract

FENOV L v UES80IF BEINZADE — MRy FERICHEHIN TS EAELI TR NATB CTHER
EEATEY EBBNRAAFICHEH IV Ly YORENEE > TVR.BHNAAFICELBEHIV LY
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The Electric Compressor ES80 is installed in the heat pump air conditioning systems of electric buses.
Electrification is progressing not only in passenger cars but also in the bus market, increasing the
demand for electric compressors for electric buses. There is a need for electric compressors suitable
for electric buses. We have developed the ES80 compressor by applying the technology used for
passenger cars, which is capable of handling high capacity, high voltage, and compact and lightweight
design. Here, we introduce an overview of this product.
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T Intermetallic-reinforced Novel Aluminum
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Abstract

creep properties at high-temperature.
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Aluminum alloys have low specific gravity and excellent recyclability. Recently, it is necessary to
improve mechanical properties furthermore, i.e. better heat resistant, for expanding applicability to
various products. We focused on Al-Mg-Zn alloys that have heat stable precipitates of T intermetallic
phase, and picked out alloy compositions by calculations of equilibrium phase diagram. Trial products
of these alloys have made it obvious that T intermetallic phase induces fine microstructures and good

Keywords: Aluminum alloys, Precipitation, Microstructure, Intermetallic, Creep property
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Wins JEC COMPOSITES INNOVATION AWARDS for CFRP Recycling

Technology and Recycling System

1 —_— *1 *1
FHZ= SlxE EEEE 67 b
Ryo Harada Genki Yoshikawa Hiromasa Tomioka  Hiroki Ishimoto
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SO BER U REHHRIE TS 2 F v I (IR .CFRP) D U &« J )Ll d &K UES%= Bis I S1EHNCFRPER Y
27 I\H'JEC COMPOSITES INNOVATION AWARDS (Circularity & RecyclingBiP9) 253 & U fc. 48 Cld il -

TICO won the award at the JEC COMPOSITES INNOVATION AWARDS (Circularity & Recycling category)
for its carbon fiber reinforced plastics (CFRP) recycling technology and the comprehensive CFRP recycling
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Abstract
system that we aim to build.
Keywords: Carbon Fiber Reinforced Plastics, Recycling, Spinning
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Improvement of Air Conditioning Management within the Factory
Through the implementation of Static-free Space

I W

Seiji Kurisu
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Abstract

Japan) in 2022.

The Anjo factory. engaged in the production of electronic components for automotive use,
successfully improved the air conditioning management by implementing static-free space, resulting in
a 40% reduction in the factory's LNG usage. This initiative was awarded the highest honor, the Minister
of Economy in the “Energy Conservation Grand Prize” organized by ECCJ (Energy Conservation Center,

Keywords: Electronic components, ESD (Electrostatic Discharge), Factory air conditioning, LNG
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Development of Low Noise Scroll Compressor for Electric Vehicles
Based On New Scroll Wrap Profile Desigh Technology
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Takumi Maeda  Takuro Yamashita
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Abstract
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The new scroll shape used in the ESH series of electric compressors for car air conditioners won
the Japan Society of Mechanical Engineers Medals for New Technology 2022 and the Society of
Automotive Engineers of Japan Award 2023 (The Technological Development Award). This paper
describes each award and the new scroll.

Keywords: Electric compressor, scroll, low noise
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The Patented Invention of “A Back Pressure Adjustment Mechanism of a Scroll Type
Compressor” Won the Invention Award in the National Commendation for Invention

SiE BT

Makiko Imafuku
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BHEHAZY VTIVBIEECEHEENICRELL T S LT ERMEOA LEBEIR MEDEILZRRUILBD T,
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The patented invention of “A Back Pressure Adjustment Mechanism Of A Scroll Type Compressor”
(Japanese Patent No. 5201113) won the invention award in National commendation for invention.
Prior to the commendation, the invention won the award of President of Institute of Invention and
Innovation in local commendation for invention of Chubu. The invention realizes both improvement
of compression efficiency and cost reduction by automatically and autonomously optimizing the
back pressure of the movable scroll, which is indispensable for compression operation, with a simple
structure. The technique of the invention is used in all of our electric compressors. The contents of the
patented invention are introduced.

Abstract

Keywords: National Commendation for Invention, Back Pressure Adjustment, Electric Compressor
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The Patented Invention of "Two-Stage Premixed Ignition Combustion” Won the Grand
Prize in Aichi Prefecture Commendation for Invention at the Aichi Invention Award

INEETE HEA

Masato Ogasawara

* 1 ZBVEFEEER

.1 RSFERAICRBENFTRERER] (57550623405 " EHMRPREICTENRPXREZZE U e ARHA L.
F4—BILIVIVICBIFBRERIEICET 2 DD TH > C.ARERFR 2RELT 2T & T IR MOIENZD
HUOOEHRNGEER I U — Y ZRBULICHO T ARPOEMIE 2021 FICHFTSINIHBENII - SV RIIL—
HY—300A7 « —EBILIT VIV (F33AFTV) [CEAIN TV D SHEFRADABICOVTENTY 3.

F—U— R EHFRARE. TR, _REN

The patented invention of "Two-Stage Premixed Ignition Combustion" (Japanese Patent No.
5062340) won the grand prize in Aichi prefecture commendation for invention at the Aichi invention
award. The invention relates to combustion control in a diesel engine. By optimizing the heat release
rate waveform, it is possible to achieve revolutionary clean exhaust gas while suppressing cost
increases. The technology of the invention is used in the diesel engine (F33A-FTV) for the new Toyota
Land Cruiser 300 released in 2021. The content of the patented invention are introduced.

Abstract

Keywords: Aichi Invention Award, Premixed Ignition Combustion, Two-Stage Ignition
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Consideration of Axial Effects and Rotor Temperature in Circuit Models
of Induction Machines

A= i EE SHBE S ER EEeT

Kenji Hiramoto Hideo Nakai Yoshiki lwai Tomoyasu Furukawa Norimoto Minoshima
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Abstract The circuit model is a simple model that can be used for motor control and other applications.
Here, we derive circuit model parameters that can take into account the rotor skew, bar temperature,
and current distribution in the bar of an induction machine. The proposed method is characterized
by the fact that the parameters can be determined only by 2D magnetic field analyses, even for axial
structural changes such as skew, and can flexibly respond to design changes. The high accuracy of the
model was confirmed from analysis results using the circuit model with the proposed parameters and
the measurement data of a test machine.

Keywords: Induction machine, circuit model, magnetic field analysis, parameters
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Potential of Oxymethylene Dimethyl Ether for a Diesel Engine Improving
Emission and Combustion Characteristics
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Hidemasa Kosaka  Takayuki Fuyuto  Yoshifumi Wakisaka Reiko Ueda Kazuaki Nishikawa  Tsutomu Kawae
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Abstract Oxymethylene dimethyl ether (OME) produced from renewable energy is a promising fuel for
reducing Well-to-Wheel CO, emissions and other pollutants. Especially the Soot-NOx trade-off of diesel
combustion dramatically improved by using OME. Recent investigations revealed that the chemical
structure of OME without C-C bond reduced soot production. In the present paper, we examined
the use of OME;; in a single-cylinder diesel engine and proved improved combustion and emission
characteristics. Simulation results indicate that the lower flame temperature and lower equivalence
ratio due to higher oxygen content realized improved Soot-NOx trade-off.

Keywords: Heat engine, Oxymethylene dimethyl ether, Compression ignition combustion, Emissions
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Potential of a Dual-fuel Engine Using Carbon Neutral Fuel Ignited with
Diesel Pilot (First Report)

—Exploring the Ultimate Performances of Thermal Efficiency and Engine-
out NOx in a Diesel-hydrogen Dual Fuel Engine by Using 3D-CFD—

fE R EE S

Kazuhisa Inagaki
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Abstract
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Potential of a dual-fuel engine of hydrogen ignited using diesel pilot was explored at a high load of
1.2MPa in IMEP by 3D-CFD. The CFD results have shown that ignition timing of hydrogen can be well
controlled by optimizing the injection timing and quantity of diesel pilot, and mild burn with low NOx
can be obtained by large amount of EGR gas. In the case of the homogenous distribution of hydrogen,
that was conducted by early injection of hydrogen, the indicated thermal efficiency can reach 48.5%,
that is the same level with a diesel engine. At the same time, engine-out NOx can be drastically
reduced to 50ppm (1/4 level of diesel) even at high load of 1.2MPa (IMEP) with a high ratio of EGR
gas. Furthermore, hydrogen diffusive combustion conducted by the late injection (around TDC) of
hydrogen with diesel pilot was explored by 3D-CFD. It has been indicated that thermal efficiency of
the diffusive combustion, that is free from preignition, can be pushed to around 55% by increasing
compression ratio.

Keywords: Heat engine, Compression ignition engine, Performance/fuel economy, Emissions gas
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Measurement of Surface Pressure Field of Turbocharger Impeller Using
Pressure and Temperature Sensitive Paints

B =

Takenori Furuya

A ot

Yuya Matsuoka

" mHBE SHBEA WA SLE @HEIESL

Takumi Nakai Masato Imai Tomohiro Kakimoto Masaharu Kameda

" mmAoeT M EE EE xS

Kazuya Machida ~ Masaaki Matsuda Yoshio Taneda

*1 BREBIARY *2 TVY VB

Z B

Abstract

I—RFy—I v IVIVIHETNZEIOEEREZBINSE I RETH 2. EMBERLIEEL » I
ETBHICF. A YRSBAENSTZBEICHE T B EHNEETHD,

RREZAL (PSP) (AR YDREENSD T ZIFBFAAE S BIcdDAFE LYY —TH L 5 —REMADEAIX 1990
FHLDSHREINTVD, UH U BESEBREN OEOED Y —NF v — I v YRS DEAIIRIERETH B

KARTIEEREZEDSH BHPSPICH U BURZEHR (TSP) ZHH U AIER M ZHFE U e BXREOE VSRR S
XSZEAVNT. &A1 YRSEDPSPETSPEREICIRF UGEERIEZ AN cHEZEA Ulc. BRI AHRICED
HEICREEGLIcbDZRV.

EABOEHITEN182krpm. 1 Y NSKEEEN 100CERB R 2RE TREZENM L. FERE U TCFD#ET & —
IR EREDBVEASTIES NI

F—D—R:I—RFv—Iv. A URS . EERH

The turbocharger is an effective device in internal combustion engines that increases the mass flow
of air supplied to the engine. It is crucial to design appropriate impeller surface pressure distribution for
the improvement of compression efficiency and wide flow range.

Pressure-sensitive paint (PSP) is an optical sensor for non-contact measurement of the surface
pressure profile of the object. The application of PSP to turbomachinery has been investigated
continuously since the 1990s, but the turbocharger impeller is still a difficult target.

In this study, a PSP measurement technique using Temperature-sensitive Paint (TSP) to compensate
the temperature effect on PSP signals was developed. The technique was the lifetime-based method
using a high-speed camera with a very short exposure, taking pictures PSP and TSP painted blades
alternately and the appropriate paint formulation.

Measurement was conducted at 182krpm, which was close to the rated speed. The impeller surface
temperature exceeds 100°C at that rotational speed. As a result, the PSP signals provide reliable
surface pressure distributions consistent with CFD analysis.

Keywords: Turbocharger, impeller, pressure-sensitive paint
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Ammonia Mono-fueled Engine System (First Report) —System Feasibility —
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Abstract Ammonia is attracting attention as a decarbonized fuel due to no CO, emission, easily liquefaction
and relatively high efficiency for storage and transport. The reciprocating engine with an on-board
reforming system to extract highly combustible hydrogen from a part of ammonia has been developed,
because ammonia has poor combustibility. Feasibility of the ammonia mono-fueled engine was studied
for cold-start, securing of operational range and emission control.

Keywords: Ammonia, Spark ignition engine, Alternative fuel, Fuel reforming
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Abstract An industrial reciprocating engine was added the developed on-board reforming system, because
ammonia has poor combustibility. Usual operating range of the engine system was kept by co-firing
hydrogen reformed partially from ammonia. The developed engine system was modified to be mounted
on a towing tractor and a power generator as demonstration machines. The evaluation results indicate
that the engine can be used equivalently as existing internal combustion engines using fossil fuels.

Keywords: Ammonia, Mono-fuel, Fuel reforming, Power performance, Exhaust emissions
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Ammonia Mono-fueled Engine System (Third Report) —Cold Start Performance—
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Abstract This study demonstrates the cold start performance of ammonia mono-fueled engine system. The
system was composed with a commercial four-cylinder spark ignition engine and a developed on-
board ammonia reformer by means of autothermal reforming. A TWC (Three-Way Catalyst) and a
SCR (Selective Catalytic Reduction) catalyst were also adapted the system for exhaust aftertreatment.
The engine achieved a starting operation in 3 seconds while the reformer provided stable hydrogen
fraction within several seconds. Zero ammonia emissions and pretty low NOx and N,O emissions were
obtained during cold start operation by controlling the excess air ratio of mixture step by step.

Keywords: Ammonia, Spark ignition engine, Cold start, Fuel reforming, Exhaust emissions

EHEBEEER Nov4

95




132 ¥

[k 2 CBZIV I EEFTLCHINESTETVE T,

HOPTIFFEIOF DA )V ARRRIAK P IIORR LR EXFRRRIRE
ZEPETUCVE T . CNTH U ELDEENND—RY Za—h3)LPT X
TAFTEUT A TIIIAEBREZB T SKREFBREIMEIHICHZFNTL
9,

RS TIE CDRIBFFADEAEICFRITT UL T WO DR BMER
O RIR [ BT ZRE VR U VY IO T 77 ML RN EFEE NS
FRICOODTHUBEDIZ A LB CVEF T BOARSET—FWVIEE,
LBHOEMNZERUCVEITETEENTT,

SHRDHAANDRIEmDEIMIBHRZFTEDE SAICHBIIT LSRR
BEEO—BERDLS. BOEVFE DKUICBH TENIET,

R&(C, FEMZZIRRFARE JAXA) FRZEUD. THFRWVIEVCHE
BEPREZEDESAICEBBBB/IIDN SDRSHHZRLHITET,

KERBH S (R&ADHIEER)

RE
wREZEE
FH 5 (MEILRFHV/IVZ-) BE FE (RAERE SR ZEED)
tEi = (BEEEED) S KEB (ITFVS JUHEEER)
J0RE XBL (T /EBEEE) =2 H=F (ZIAEIESD)
P &5 (TLINOZIXEEEL) AR = (AR I—)
FHEE (VLT BEER) (ZNE [ (FTATI =PI TEIT—)

SHE @R 53 no.74

2023F11ARAT
(B fmitTEnE)
T HRIStt SHEEE
T448-8671 ZEHENETHEMEI2T B1851th
TEL 0566-22-2511 ({{%R)
BTN —%1E
ENRIAT  #Stt 7AOvbh




ﬂ. HINot EHEENEIR

TOYOTA

\ EYOR
‘é% a1~ VEGETABLE
wieos  FSC® C004803 ©IL INK






