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New Traigo80 2.0-3.5 ton Electric Counterbalance Forklift
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The New 3.3L V6 Diesel Engine Development
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Tomoyuki Asano  Masaaki Okamura Takeshi Hatakeyama Yoshiyuki Murai  Toshihiro Yamamichi Tomohito Ozeki  Takeshi Yamaguchi
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Abstract As fuel economy regulations are tightened around the world, a new 3.3L V6 diesel engine has been
developed in line with the renewal of the new LAND CRUISER. Inheriting the off-road performance
required for the LAND CRUISER, while downsizing, by adopting a new technology for the turbocharger
system, both low fuel consumption and high power output have been achieved at a high level. In
addition, it also achieves high-quality quietness suitable for a premium SUV. Exhaust emissions
performance has also improved significantly, and it was introduced in Japan for the first time in 14 years.
The purpose of this paper is to explain about new diesel engine and the main technologies.

Keywords : Heat engine, Compression ignition engine, Fuel economy, Performance
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1VD-FTV (Current)

Fuel 225%
Emission 256%

F33A-FTV(New)

NOx Emission Target(mg/km)

Fuel Economy Target(L/100km)
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Fig.2 New LAND CRUISER Fuel Economy & Emission Target
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Table.1 Engine specification

Engine Current(1VD-FTV) New (F33A-FTV)
ok Angildeg] v8 /90 V6 /90
Displacement[ml] 4461 3345

Bore x Stroke[mm] $86X96 -~
Compression ratio 16.8 15.4

Max. torque[Nm/rpm] 650/1600-2800 700/1600-2600
Max. power[kW/rpm] 200/3600 227/4000
Exhaust Regulations Euro5 Euro6,JP18
Fuel Injection System | Piezo(Max.200MPa) | Solenoid (Max.270MPa)
Turbocharger Twin VNT 2Way twin VNT
EGR System HP cooled EGR Steplass control
After Treatment DOC+DPF DOC+SCR-DPF+SCR
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Friction
Parts reduction
Effect
Piston- A7.3%
Connecting Rod
Valve train N4.6%
Total A13%

Engine speed = 1600[rpm]
15.0/0 New

Current

Expand
high efficiency area

iWLTC frequency

0 100 200 300 400
Engine torque[Nm]
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Fig.3 Brake thermal efficiency effect due to downsizing

Brake thermal efficiency[%]
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Fig.4 Comparison of piston design
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New
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@ 2000rpm

Friction loss [Nm]
Friction loss [Nm]
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Fig.5 Comparison of friction losses
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Fig.6 Cooling loss reduction effect
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Fig.7 BSFC Map and fuel consumption improvement
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U TEGR (Exhaust Gas Recirculation)7—3>1
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Fig.8 EGR System
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Engine speed=1600[rpm],BMEP=0.22[MPa]
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Fig.9 Comparison of gas temperature and EGR ratio
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Fig.10 SCR-DPF System
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Exhaust Manifold Integrated Head
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Upper water jacket
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Fig.12 Exhaust manifold integrated head and hot inside
layout
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Improvement of Simulation Method for Thermal Fatigue by Digital Image Correlation

1 *1 1 *1
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Abstract
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Fig.1 Conventional Development Process
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SROCAEF A TIIMMEEF DO FHREERRNEHE TH oz, A Tld. 7V ILERIERSE U TFDIC: Digital Image
Correlation) ZERUCAESREEC &> T FlBED LICRUBARRRBERE T 2.
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The brand new V6 diesel engine (F33A-FTV) adopted the hot inside layout that installed the exhaust
system between V banks for increase efficiency of the exhaust energy. However, that is difficult to
predict heat fatigue bresistance by the conventional CAE method between V banks under the
complicated stress. The purpose of this paper is to explain the method of the improved prediction CAE
verification using DIC (Digital Image Correlation).

Keywords : CAE, Digital Image Correlation, Hot Inside Layout, Thermal Fatigue
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Development of Induction Hardening Method for Split-Pin Crankshaft
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Tsukasa Asano

*1 TVUVERER LERIMTER

Eg 5 BAF3.3L VEI6RE T — IV I VY UF33A-FTVOEEBB TH BT 5T Vv I NG RAER IS TIFEEY (X
HEAN) £185. ATV MEVIZRZERAL TV %, COFRISH U ERDBANTEZERA T 2 L EVEDBRIEIEE
BANREREBREROAIULN CTERVEVWSTRBEIREL . AR TR CORBEZREIT YOI IVICRNZER
ZEAEICT BEVSH TEICKUBBRUICICHIRET Do

F—O—R: ZTFUYEY BRBRAN

Abstract The crankshaft of new V6 type engine has split shape Pin which is first case for passenger car in Japan.
It is difficult to apply conventional induction hardening method to split shape Pin due to the problem that
both prevention of melting Pin and securing hardening depth are not achieved at the same time. In this
article, it is shown that the difficulty is resolved by opposite direction of current in the coils of induction
hardening.

Keywords : split shape Pin, induction hardening
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Abstract

—INYZa—bhSILORRICAIT THAIRRICH 2 EHEMZICH VT HEESEDFLEHYbrid Electric
Vehlcle (LUTFHEV) EZZX 5NTN%.Z T INFE TOREAEEN S BNi Metal Hydride (NiMH) EitalCEB L.
REFAEESASEME U TR (SHAN) B2 N R—SBBEZERAT 5 T EICK > THERENIMHEE I
MULEIRFEZT V- R—9 B ECF v LY I Ulco N R—SEBEIC K U BBRRED DR IR FHEZ
VNI MET BT ETENELDEIVEEHT BT ENTREER D T BBEERBELNLL YV FIVBBEICTRS
Tz EHRIEHI OIS K  KBRZ—KITRE 2726 FEREINIMHE M T3 U A28 2RI U e AR TlE. 2D
NA R—SENIMHE I DOBIE & BRI 7Z . BRFEDED FZRZX THENTY 3.

F—0— 1 EHE Bt /A K— 5. B

In the electric vehicle market, which is expanding toward the realization of carbon neutrality, hybrid
electric vehicle (HEV) is considered to be the center of the electric vehicle market for the time being.
We focused on Ni Metal Hydride (NiMH), which has a proven track record in use and developed the
world's first bipolar NiMH battery (according to our own research) as a drive-use automotive battery,
breaking through the output. The bipolar structure reduces the number of parts, and the compact body
size allows more cells to be installed. In addition, the large current-carrying area and simple structure of
the bipolar NiMH battery results in low internal resistance, allowing a large current to flow all at once,
doubling the output ratio compared to conventional NiMH batteries. This paper presents an overview
of this bipolar battery and its elemental technologies, along with the development process.

Keywords: Electric vehicles, Batteries, Bipolar, High power
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We have developed a next-generation DC-DC converter with the concepts of “Larger current” and
“Smaller” in order to contribute to the increase in power consumption accompanying the progress of
computerization and electrification. In addition, adding the “Pre-charge function” normally installed on
the vehicle to the DC-DC converter contributes to system cost reduction. In this article describes the
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Development of Integrated Unit with 6.6kW On-board Charger and

DC-DC Converter for bZ4X
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Abstract
introduce an overview.
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ERDHEV (Hybrid Electric Vehicle) .PHEV
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Toyota Motor Corporation announced the electric vehicle bZ4X that uses the BEV (Battery Electric
Vehicle)-dedicated platform as an environmentally friendly vehicle. This time, we have developed a
downsizing and lightweight unit for bZ4X that integrates on-board charger with DC-DC converter, so

Keywords: bZ4X, integrated unit, BEV-dedicated unit, on-board charger, downsizing, lightweight
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Development of Electrical Compressor ESH Series
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The ESH series electrical compressor was developed to meet diverse needs associated with the
spread of electric vehicles, and has been installed in Toyota's bZ4X since 2022. The ESH Series plays
an important role not only in vehicle interior air conditioning, but also in thermal management to cool
automotive electronic equipment such as batteries, which are prone to high temperatures. This article
introduces the product outline of the ESH series.

Abstract

Keywords: Scroll Type Compressor, Battery Cooling, Heat Pump, EMC
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Development of the Second Generation Fuel Cell System for Forklift
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We started the sale of the Fuel Cell forklift (FC forklift) in November, 2016 for the first time in Japan.
We developed the second generation FC system which planned stack life improvement and large cost
price reduction in future to do contribution for the hydrogen society realization more. We are going to
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Abstract
put it on 1.8 tons FC forklift of L/O in 2022.
Keywords: FC, Hydrogen, FC forklift
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New Traigo80 2.0-3.5 ton Electric Counterbalance Forklift
FRFH T +—IJ VU 7 FTraigo80(2.0-3.5 b ) DEIFE

*1

Francesco Mastroianni

%1 Toyota Material Handling Manufacturing Italy S.P.A.

Abstract

vibration', and "High ergonomics".

WCET

e dT&ZTRElIC LT,

1 Background and introduction

The 8-series Toyota 2.0-3.5 ton Electric
CounterBalance forklift was launched in 2013

and it was the first step to increase our share
in this growing segment. The 80V is growing
faster and is becoming a more dominating
factor seeing a shift from IC CB to EL CB over
the years linked to environmental benefits for
customer (No NOx, PM) and society (CO,)
due to more stringent emissions regulations on
IC CB, specifically diesel. In addition, this new
generation looks to support product appeal with
improved appearance, ergonomics and features

to exceed the competitor s forklifts.

Key points
1) Competition leading performance
(1) Noise
(2) Vibration
(3)Energy consumption
(4) Productivity

EHNEHBEER No73

The New Traigo80 (2.0-3.5 ton) is 9th generation 80V EL CB (Electric CounterBalance forklift)
developed by TMHMI (Toyota Material Handling Manufacturing Italy S.p.A.) from 2018 to 2021.

The Counterbalance Forklift 2.0-3.5 ton is one of the largest market in EU, however, in the past, the
largest part of the trucks within this range were IC CB (Internal Combustion CounterBalance forklift),
due to the required performance in terms of Power, Durability and Operating Time.

On the other hand, under the influence of always higher and higher environmental demands, the
increasing customers' request is to shift from IC CB to EL CB.

New Traigo80 is enabling users to switch to EL CB instead of using trucks with IC CB by having
"Higher power", "Higher durability" and "Long operating time" than conventional to improve productivity
and provide a comfortable working environment to the operator by achieving "Low noise", "Low

Keywords: Electric Forklift, Ergonomics, Display, Armrest, Lithium-ion battery

$124Traigo80(2.0-3.5 b 2) [F20185FH 5202 1FICHIF TTMHMI (Toyota Material Handling Manufacturing
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Ua—LAY—202.0-3.5 b VETERS SN B MR (B MR- BEESE) ([C& W TV I VEDOFY T 7RENR

— A CTHODTDRBICHT ZEODEFY 2R . BBEROD IV I VENSEHENY T FIIREDRFOTE

T3 FBTraigo80IFHEsRE & W HA- WA K - BBREZSHEERZSH 5 LHICRES - BIRE-SLWTILT/
SORMZERT D IET.HERICEBIENDY T OB ZRMT D EHICARD —F —NRERMERRIZZ1E

F-O-—REBEHIF—TJUITMNINIT/ZITRFARATUL . P—LUVAMUFOLLAVEM

2) Wide list of Options
(1) Color touch display
(2) Low hydraulic noise system
(3) Lithium-ion battery
(4) Lever and joystick

Figure 1 New Traigo80 Appearance

2 Features and Benefit

1) Competition leading performance
(1) Noise

Lowest noise values towards the driver achieved

thanks to the fully Floating Cabin and new low

noise pump with helical gear.



An extensive range of cabin options provides
weather protection, increasing comfort and
enhanced safety making it easier to take on long

shifts both inside the warehouse and in the yard.

Figure 2 Floating Cabin

Figure 3 Low noise pump

Noise level at operator’s ear (dB(A))
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Figure 4 Noise level comparison

(2) Vibration
Thanks to the new fully Floating Cabin and
suspension system design, the vibrations
transferred to the driver are minimized,

reaching lowest values in the market.

Vibration at seat according to EN 13059 (m/s2)

0.6
0.57 0.57

05 0.51_ 05 0.49

0.4 ko I I

Current CompetltorCompetltor Competltor New
model ‘A" c” Traigo80

Figure 5 Seat Vibration level comparison

(3)Energy consumption
Lowest energy consumption mainly due to a
new generation pump motor with permanent
magnetics (IPM motor).
With IPM motor the number of lift is higher in the

same time and more with one battery charging.

New Traigo80 2.0-3.5 ton Electric Counterbalance

. Energy consumption based on VDI (kWh/h)

7.0
7.0

6.5
. 6.0 59

55 I .
5.0

Current CompetltorCompetltorCompetltor New
model A Traigo80

Figure 6 Energy consumption comparison

(4) Productivity
'Easy battery exchange and charging'
The new standard open chassis design which
is open on side and bottom of the frame allows
easy and quick lateral battery exchange by
using another forklift.
Additionally there is an easy access to battery

for maintenance.

as

Figure 7 Open Frame for easy battery exchange

Also available: Lithium-ion Batteries made in-
house (420 Ah and 630 Ah). With an integrated
charging plug it is possible to charge the truck in
a fast and safe way without opening the side panel.
This charging plug is called "Kobra plug" and it

is in common with WH (Warehouse forklift).

Figure 8 Lithium-lon Battery (Made in TMHMI)
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Kobra plug

Figure 9 Easy charging with Kobra plug

3 Detailed design - New Armrest

The new Armrest is the prominent innovative
feature of the New Traigo80 interior. From
the beginning a big focus was placed on user-
centric design, usability, and ergonomics. The
design was ideated from the very start by using
VR technology and corroborated during the
development with advanced ergonomics studies

following the expertise of Dresden University.

mind. 180mm

&y

10°
Figure 10 Ergonomic study on the armrest position

The New Armrest was designed to offer a
common family feeling with the WH (Warehouse
forklift) style which was designed by TMHMS
(Sweden), achieved by sharing colors,
symbols and design elements such as the mini

levers. Furthermore, the graphic layout and

EHEBE#ER No73

functionality of the Touch Screen user interface
has a common theme and shared assets, giving a
similar look and feel to the CB and WH screens.

This armrest will be implemented to other CB.

Figure 11 Family design with WH

The Armrest is available in multiple
configurations with two different types of
Display (Touch screen and standard) with mini

levers, multi-functional joystick and mini joystick

Figure 12 Mini Lever



New Traigo80 2.0-3.5 ton Electric Counterbalance Forklift

Figure 16 Standard multi-functional display (3.5 inch)

Figure 13 Multi-functional Joystick

\

Figure 14 Mini Joystick Figure 17 Patent of hand control device vibration

A patent granted for the function that the hand
control device vibrates as an alert when the
clamp interlock is released. Four other patents

are pending.

The multi-functional touchscreen provides easy

4 iF DESIGN AWARD 2022

The standard multi-functional display provides The design was highly rated and won the iF
more traditional interaction. DESIGN AWARD. The iF DESIGN AWARD
is one of the most prestigious design awards

interaction between truck and driver.

worldwide. It is organized by the Hannover,
Germany-based iF International Forum Design
GmbH, a design organization with the longest
history in the world, founded in 1953.

In 2022, more than 10,000 entries were received
from 57 countries and regions. New Traigo80
was award after rigorous judging by an expert

jury.

Figure 15 Multi-functional touch screen display (7 inch)
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Figure 19 New Traigo80 Appearance

HMAuthorll

| Francesco I\/\astrpianni
Figure 18 iF DESIGN AWARD 2022 TMHE CB R&D Director

5 Conclusions

The sales result 6 months after commercial
lunch was 150% exceeded target sales volume.
The range 2.0-3.5 ton is going to become more
and more one critical segment in the market.
The applications are several and severe. The
new family trucks will be a big step forward to
increase market share.
Improving Ergonomics has become every day
more important. The human interface is critical
also for the newest request from the new
generations

® Touch screen display

® High performance radio

® USB charging ports
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Development of Turbocharger for Commercial Vehicles
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Yoshio Taneda
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Abstract

peculiar to commercial vehicles.
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Fig.1 Turbocharger Business Plan (at the time of 2017)
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We developed new turbocharger for new customers. It is the development of a turbocharger for
commercial vehicles, not for conventional automobiles. For commercial vehicles, not only turbo
performance but also reliability is important, and it was developed in consideration of the usage

Keywords: Turbocharger for Commercial Vehicles, Performance, Exhaust Brake, Blade Reliability

IVIVHAKDI—RTA X (ZEK[E) R
F.5OEEHI—RYU—-XOMY A T —
MTHD.

Impeller Size émm  38~43 45~51 54~61 62~70

Air Flow g/sec ~120 100~200 160~250 200~350
Engine Power kw 90~170 |140~210]170~300
y R
[ J
[ ] [ ]

O 2ED. O:SORR

B3 9—RSAVFvS
Fig.3 Turbocharger Lineup

2015F C2EELEMB 4 X9 —HRD
CT8DVZER—X [, MaEPEREEE W e HEF
BEE (KR S DEKRZmE I 2 K DFFZ K
Ufe(®4) BHREICSVWTHREIFEERIEH
THW ZODEKICHUTHROSNER ZFHF
Uice

SODNREFETEETHD. BAHBRFEDFENN
HlICHUTEFREZU VT L EBERFEDIVE
PREREUI,

1DEF T U—F/8 DD ICHR T LU —FhH
RETNTHU HK T U—FHEBICBVTY —
MDA (5 —E Al DEREBRRD R ~ L X1
IINDHITTH Do

2DOHIFEDEHEHEERTH 2. BNHIBT S
CEETABRICRD D HFERICEFERDLZEEH
EHERUICERET FHMIB T IE LY D T & TERETD
ENS UL ZEERIT D ETH D,

EHNEHBEER No73

77



3 FHEANS

1) 9—KEE
NR—Z(CHLT2D2DAVES N ERET DK
SCEPITZE ./ XV (VN) ZRFE L. 9 -
VUNDI VTR AT ND IV T HIEEE
HICEDE THRFET LT

R EE] SR
[ aEvy T 7 [RITT Y VYRS ORE| O SRt
BER @ RIETHRERE
L] G B
[ElEES52E10) @ mAELIEE/ X

® ASAMTUYT%EIE
® Y—ILUVIMEFEED L

- Bb
TS @ v—ILgsERRAL
[EoANE ® BERIGE(L

X4 9—RaIVEFH
Fig.4 Turbocharger Concept

SRt (BRI L—F

®5 5 —RHIER
Fig.5 Turbocharger Cross Section

NOACTI VI VICHEEFHIND Y —RIE. (L@
BW\WCHH Y —RBFERLTWVD.ZDfh I
JUREO IR MERDESHICIV LU vHAO
EEZLELTEDLDERG . ZNICEDE
FEERE L. Y —EYN\DI VT EBEEER (T
([ LTU TEINZEDRIMET v & Ul MK
I—EVANOEI—RRAT—CIVIVICHRS
NV SoiEy—E AODHDIZH/N\ND
IV IR EIFTERE AN Uz,

M6 9—EYNDIVT
Fig.6 Turbine Housing

EHEBE#ER No73

2) I%gE

MEEE CERINTWVD Z &I EESY —R
SUMBEOLESEDCETHD LI VRE
B LICY—RTERT B/eICF T —RpERZG
FSE IVIVDOORZEEIT DI ETH D,
IVIVF—IZAFUBRBICESEDKE
WA > hEBEREUTERTE L. HBERICE
FUr.

~LZ(Nm)

IIVOER M (rpm)

X7 4aeEER
Fig.7 Performance Control Points

E—RETCTCOREFTSEDRKEVERZE T
AN=U. BHRDNA CHEESERI RS
EhE U T (EEIEE D2 E CHEE I NETH
2., ZDIeHICBADIXILF—oFmICEBE LT,
MERRBICH U CTREIRILF—Dm DB ZR
FU bt by NI (K8) EEFEDRERZZ
AUz,

ity FLAIL
.
ﬁ |
_l< |
0B
H
D
Y
T\
A W:RYFI—I7—9(n160)
AURTHER
IRILF—HT
B8 MELE

Fig.8 Efficiency Comparison

3) EREFEOERE

MK T LU—FHE
BSIU—FE I Y0 T7UTY 3 v EEN
SETCIVI YT U—FZEBETDDDTH D,
SOFy—hBRICEBHEINZ/NILTH G B
[T U—FEFHFITIEINILTZER U D ETES
ZEEOTIUIYa v BIISE . EAERE
DIBETH Do



BRI —+

I—RHRIV—F

B9 HR L —+
Fig.9 Exhaust Brake

NILTZBERU I 9 —EVRIDEN LR
RENDEN L SPRDBET v THURETH D,

VN
w 1.9
g {D_ \ Y _I_j1.9f§
N
5 P \\ 1
N
éaﬁﬁgﬁ"i' BT T L —F{EBES
Ne(rpm)

10 BT L —F1EBIEF
Fig.10 Exhaust Brake Activated

@Eg2DEFTE/ X)LV (VN). AT A KRT
UV TTH2.9—MIFHaARADIRILF—IC
KO TERENT B BT HRIE TV I DEERIREE
TZEET 2.,TZ / X)U(VN) FHREITER
FTBDLDICHEBHERTHIN—VDAEEZEEL
TI—MHI IR TEDLDICT DHEET
Hdo

- = Iy
" :‘ % -.k’\—y
-9 2 b
BT gzt
EAUA =

BI11 a2/ XU (VN)
Fig.11 Variable Nozzle

FEFIBREDC K W R— 2 hYiRED UIBEDES (CEEFED
FHET D,

EREERDICD TR — DR 7 v FICK 1B
BESEERRE. IV YU YT ER=Y T — A
DEBEEERDREZ LTz,

No2

FL=h SERIETE —,
R—y N=Y q=yy—*
BES T,
No1 ~—>,
-k 7—1I

12 aZ/ XU (VN) [Ch B fEE
Fig.12 Load on Variable Nozzle

HEIRILF—
(=E77bwED)

BREEEECIFHFRT U —FEB DM
Y —INTDEBERT — 5 ZIREFHHIC TEUS - @i
URX bURZEREICBEBL AR—XYI—REUAND

BHREMITY—RF v+ —I v —DEFE

BEDERDRAY 2 Z & CRREEZER U
SR LT,

I BERAAHTELOTIXMERICHD
ZVaEeY el

M RN £ Liza 2/ X)L (VN) TlEEER
TU—F 0y —m5Hl. 2NN DFHE CHER
Rz CEI,

© 26% 5] 19%

= B

H W

}@ @ N
tits—m SO fity—R 5@

®13 EE. GHEEE

Fig.13 Surface Pressure, Impact Load

AT AMRT UV TEY — RO B DT E =
2T 2WRTH D MZEBIFT —/VERICE ST
BN HEHFBRTHDIATANAT—EDLID
MRICKHEDRATHRIFI 2. KT L—F
ERIS(ICIFI—EVRlE DY Uy B RIDEE
WARELIGEY AT A MMIENAEL1ED,

B

E8 BT L —Fbs

®14 A5 NMIE
Fig.14 Thrust Load

2S5 A MEE (N)

KT —FRBOEEICT R D2 (. EEE
BIERERE UK S (CIRBEFHiER Z 4T U, 188
OEEER & T—/AREREHC KW AT R NF
EREAERUI,

ATZAMTZYUVTHEKICHER T LU—FD
S —msHi. ZNUADFHETHARESGTWVNT &
TSR CET,

252K
n3= NBIEASERERE (D)
A5 AN
RFUVT FRSE(>aREE7 YT (@)

E15 RSAKFUVTERSAMAS—
Fig.15 Thrust Bearing and Thrust Color

EHEBE#EER No73

79



80

35% 1 .7ﬁ%¢ @

318

A5 ZMEE (MPa)

aEsEN)

B%
ek SO sty —iK ek SO ftsty—w
H16 HECEEETE
Fig.16 Surface Pressure and Load Capacity

BOFRBRWREBE—REARSDET AT
RHWE (LCF) &9 —EVDaY A JIVESHEE
(HCF) T% %,

A URILCFIFIERFAHEFATEKZEE C
T TRY—EVHCFRMDZE R /7. HFERN
B2,

Y —EVHCFIN—V&RDI T —TICKD
FEHRENY —EVEBOBEEBENHIRL TEC S
BHEE— R THD,

®17 /XD —7
Fig.17 Nozzle Wake

9 —EVHCFZOE T =8 (CIFLLTD2DhH
A2 NTHD,

- BOBBEZEREICATNZN

- FIRNAFEAE U THIRIE LR W /IERET

BEEATIEEREICEIREEEIFI AN
Ve 22X TOEBEBEICH U TlE HIREFED AN
T5A4 T UTPUNICIERDEREZE LU TE R,

ISR E [MPa]

S
=
i
ot
S
\;J |

177 (RIS

~

HREFFII0 I [MPa]

318 HCF{SFEMHERDE R 75 (1K)
Fig.18 Concept of HCF Reliabilit (Conventional)

L LSO EONTPYDNSYFZSHTE
DHTHEVEEENEREIN TS RETTFE (=

EHNEHBEER No73

EK) FE2REBENMNSYFZEZERELTHE
FEICASTBRVWC ETH D,

)
=} S
= o — sHREES
% i _)-\;5_”5‘3")\ I
Bl —>| [ [ERIBBET-VVRE
L 1 i 1 J
| mrwmz || G-Etwicssmsnts

I —IREEH(rpm) ENSYFIICLBOEH LR
B19 HCFSREMEDZE R 75 (Sm)
Fig.19 Concept of HCF Reliability (this time)

BEGBEZ LF2IHICIFRINET Y THARET
HBMERNE LWV D Z(22) DHEREDMIL® dh
ZIRIH ERODRC/NTDODRET v FICHA T
BREPT « ROBAIEDSHTHAELI.

ENEE BEHORAE

WEFYT A

NTHE
7y

L ——

wEpAEE 0 O
(BRI

20 BHEMIL

Fig.20 Eigenvalue Correspondence

BEREIENGER—V EDRBERT1ETDE
T.OI—7JICKBDEBEANDNIRZ 1OEx(C DX 10
[CT D,

Fle T A RTBBIFBZZZDIEHERLVE
< UTe,

2R
% — i
IN |
POECT]
|
E—RY

21 BEEEFTER
Fig.21 Eigenvalue Analysis Result

EH{E[Hz]

CAE (Computer Aided Engineering) [C& W
INSDOXRCEHRERD L =R TE ERICH
WCHEREICH U TCREBDHDIERCTH Do



BHREMITY—RF v+ —I v —DEFE

_ ms= i

Y = [1) B EHE () i— LY
E 30 /\:}:‘y % [2]FEV_TC_Scatterbands_Update_210322

&> =
o :
= = —~ - i

LFROEREY o HREIEREL EE=EZENE
S —REEEE (krpm) FARER
X22 EEERAER
Fig.22 Eigenvalue Measurement Results L
=
-

4FLH B @Ik

SOOREFRZE L THHYIDEmASEGIT Y —R
PR L. 5% B UK SBBVEEENERTIN
TEEORFEDODR—XET D,

Fle. bIYBHE (b)) LSO EEGE T THESD
FHEZADEND—DOH DN 2D T . SHDS
Z(CUrzby,

'Fﬁl%d)ﬁ‘éﬁt FAREEBEDZEW

BRSO I EREENEELEFBN TV BEIEOIFORRUNILTHR TED EEX TV,

ERICFHAFREZBO D & BEMERZRE T S cHICEEBERORAEDLEREOEDEH >1h BHE
FEDERZHBET DIEHICIFEXR ST RHEEERN G FEFREH LB O CLER o1

ERAREZEL TV ZNZNOEBICOVWTCHEBEE (F) OZEX S ZER I B H(c. I
=Y 3 VEBICEVBRZE—DI DR UGN SRR L. EENEDNIEE UER THABH R
BEEHRTE SBREFITBEREMNETEIICH > TEERRBRNITEL,

FFEDED T HRED b 35 EEE (KF) AT £ (FEED. b IYBEE ) @IFTIEF T I VRFEDS
TY—MHAFEOEMEUTMEZ LT HEDT TH B, TNICH U TIHD I Y I VBFETDY —R(EH D
BESTHSNICBD -EEDHDEDTED D TDIcHMIMEIT CHRHET DHFIF IERK D EHEDTL
F—INTRI— T DUNENH D,

EHEEFMEREER No.73 81



132 fii 85 B

Technical Review

P83 I7IryMitEAERMR DRI RREMREICE T 25HEER l

P88 T#—JUTJRRDAVN\—RADBIREREY — VT
P94 7UEZFEHHET BRIERNTI VI DInE) i
P99 AlZEAURmFHREREZ(EFRIENDEENE

P105 fERZEBZ DIV AT LOBEFEEZ DA



EIE0n
I7 Y1y MEBAEIEO & CRRELEICE Y 2SS

Characteristic Weft Insertion Indicators of Profile Reed on Air Jet Loom

W E—

Yoichi Makino
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The profile reed is an important equipment in the energy-saving performance and operational stability
of air-jet looms. Our “e-REED” have been accepted by many customers in the world since 201 1. Profile
reeds are manufactured by specialized manufacturers. Profile reeds work well in combination with
sub-nozzle air. So the experience and insight of not only the reed manufacturer, but also the weaving
machine manufacturer's skilled workers are also important. In this report, we report the characteristic
indicator about weft insertion performance in profile reeds by visualizing the senses of our skilled
persons.

Abstract

Keywords: Air Jet Loom, Weft Insertion, Reed, Air Flow Velocity Distribution
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Developing Tool to Select Wire Colors of Wiring Harnesses Used in Forklift
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Abstract

Bl (BRESF) PRACERI G > TIBSBVEWVWSEHLI G  BIREOEB(ICL DML ZHELTND. UL E
BREERTI BEOBHIERICRO>TH  BREDEE/REICE O TULE > TVZ.SOREROREH 57
ZEMEADOEERZ —TTE L. Fc LEEDRFTEH ZEBY)ICIME L CREATREZEREDHEX TZEBRTY
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The electrical standard EN1175 revised in 2020 requires that there must not be wires with the same
identification (wire color, etc.) even though they have different electrical signals in the same connector.
Therefore, we are planning to change the color of the electric wire. However, the requirements for
selecting the wire color are complicated, and it is difficult to change the wire color. We will report on
the development of a tool to reduce the work load that unifies the circuit information of the entire
vehicle consisting of multiple drawings and automatically determines the available color of the wire
complying with above regulation.

Keywords: Forklift, Wiring Harness, Automation, Improvement of Design Efficiency
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Cold-start of Ammonia-fueled Spark Ignition Engine
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Abstract

Ammonia is attracting attention as an alternative fuel that emits no CO, to prevent global warming.
The ammonia engine has been developed that can be used with mono-ammonia fuel. The engine
system was prepared that is co-fired ammonia with hydrogen reformed partially from ammonia,
because ammonia has poor combustibility. The issue is to emit unburned ammonia at cold-start,
because hydrogen production by catalytic reaction does not occur. Unburned ammonia emission
could be controlled during cold-start of the engine system by optimizing early warm-up conditions for a
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reformer, and investigating applicable conditions for aftertreatment catalysts.

Keywords: Ammonia fuel, Cold start, Reforming hydrogen, Ammonia emission
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Automation of Good Condition Search and Change Point Detection by Utilizing Al
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F—7— R:DX.Al, Autoencoder.K-means++. ZEEE

As part of the company-wide DX promotion activities, a big data analysis was conducted for the die
casting process in FY2020 to identify production conditions with a high percentage of good products
and to develop a system to monitor production under those conditions to verify the effectiveness of
data-based work methods. As a result, the good product rate was improved and the effectiveness
of the system was confirmed, so the company considered adapting the system to other plants and
processes, but the system had the problem of requiring analysis work for each adaptation. This time,
we developed a model that automatically searches for conditions that have a high good product rate
by using Al technology, thereby reducing the man-hours required for adaptation and improving the
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deployability.
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Development of Work Posture Analysis System and Its Application

xr—tt B mE ) EE

Kazutoki Otake  Takahide Hayakawa Jumpei Samukawa
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In our manufacturing process, we are working on process evaluation and improvement based on
internal standards to create a workplace where even older workers (members over 50 years old) can
continue to work. To this end, we have developed a system that can automatically evaluate work load
of posture with high precision by extracting a worker's two-dimensional skeleton from work video and
further converting it to three dimensions. This system reduces the man-hours required for evaluation by
about 85% compared to the conventional manual evaluation by visual inspection, and has achieved a
significant improvement in efficiency.

This article introduces the contents of the newly developed work posture analysis system and its
application examples.

Abstract

Keywords: Work Posture, Three Dimensionalization, Process Kaizen, Reduction of Man-hours
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The 3TE25 Autonomous Driving specification (hereinafter referred to as "this model"), which has
been tested at Haneda Airport since April 2021, received the Best 100 in the Good Design Awards for
2021. This paper describes the design of this model and the Good Design Award.
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Abstract
Keywords: Autonomous Driving, Towing tractor, Design
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The Patented Invention of “A Back Pressure Adjustment Mechanism of a Scroll Type Compressor”
Won the Grand Prize in Aichi Prefecture Commendation for Invention at the Aichi Invention Award
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The patented invention of “A Back Pressure Adjustment Mechanism Of A Scroll Type Compressor”
(Japanese Patent No. 5201113) won the grand prize in Aichi prefecture commendation for invention
at the Aichi invention award. 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 technology of
the invention is used in all of our electric compressors. The contents of the patented invention are
introduced.

Abstract

Keywords: Aichi Invention Award, Back Pressure Adjustment, Electric Compressor
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Study on Titanium Aluminide Turbine Wheel Blade Machining for
Turbochargers by Electrochemical Machining (ECM)
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A turbocharger is the device of a car that is used to add extra air into the combustion chambers of
an engine. Recently, researches have been conducted on the use of TiAl materials in turbine wheels to
replace traditional Ni-based alloys. Since TiAl material has good heat resistance and is lightweight, it is
effective in reducing the moment of inertia of the turbine wheel.

However, the TiAl material has a problem that it has high viscosity when it is melted and that it is
not suitable for precision casting. Even when the thickness of the turbine wheel blades is increased to
about 1 mm, the molten TiAl does not always flow to the tip of the mold, and the problem of chipped
tip often occurs.

In this study, authors investigated the method of manufacturing blades with thickness of more than 1
mm by precision casting in a yield of almost 100%. and then machining them into thin shape of about
half thickness by electrochemical machining (ECM).

In ECM, it is well known that the flow of the electrolyte affects the machined shape. It was difficult to
finish the blade in the desired shape at first and unmachined area remained. Then authors examined
the flow of electrolyte using computational fluid dynamics (CFD) analysis and tried to make it
appropriate. As a result, a technology was established to machine turbine wheel blades that meet the
requirements for shape accuracy and surface roughness in a short time of about 100 seconds.

Keywords: TiAl, Turbocharger, Turbine Wheel, Blade, Electrochemical Machining
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Fabrication of an Organic-inorganic Hybrid Film with a Gradient
Structure by Radical-anionic UV Curing
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Abstract It is necessary to apply a hard coat to the surface of the plastic glazing made of polycarbonate as
a base material in order to protect it from ultraviolet rays, scratches, and the like. In this paper, we
worked on the formation of a gradient structure with an inorganic component on the surface and an
organic component on the base material side in order to achieve both surface hardness and substrate
adhesion. By adjusting the surface free energy difference between the organic component and the
inorganic component and the evaporation rate of the solvent, an organic-inorganic hybrid film with a
gradient structure was produced by radical-anionic UV curing.

Keywords: hard-coat, radical-anion, organic-inorganic hybrid film
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