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The new Harrier, in its fourth generation, is now in production at Toyota Mortor Corporation Takaoka
plant and has been launched for the domestic and North American markets. Continuing with the third
generation, we have been contracted to develop the upper body.

We have carried out measures to achieve the high requirements by Toyota Motor Corporation.
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Development of Auto Doffing System for Roving Frame

=8 A—

Taichi Mineno
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Abstract Our FL200 type high speed roving frame has been highly evaluated in the market for many years
because of its operability and reliability such as 4-axis servo drive and optimum condition self-learning
function. In recent years, the rising labor costs in emerging countries, which are the main markets, have
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Keywords: Roving Frame, doffer
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increased the demand for simultaneous doffers that can save labor.
By improving the conventional fork type to a built-in type, we have realized the space saving and
open space of the device, shortening the doffing time, and making the device easier for customers to
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Fig.1 Built-in doffer
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Fig.2 Independently type doffer
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COEECER

BEEETE 8FBC15U Electric Counter Balanced Forklift - TMH's 1st Full
Model Development
TMHUIDZIVETFIVF TV IRFE ST +—27 Y 7 F8FBC15UMDRIHE

in 3 *1
_‘Ea Fad Jeffrey Fritsch
255 A—

* 1 Toyota Material Handling

Abstract The 8FBC15U Electric Counterbalance Forklift has been developed by TMH (Toyota Material
Handling, Inc.) over the period from 2016-2020. This is a new model of the 7-series Toyota 1.5-1.8
Ton Electric 4 Wheel Forklift which was introduced into North America in 2001. Additionally, this
development is the first full model change development for TMH in Columbus, IN. The team grew in
knowledge, skill, and development experience through this project with hard work of the team and the
guidance of TICO members as well.
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Keywords: 4 Wheel Forklift, AC Motor, Performance, Regenerative Braking
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1 Background and Introduction 2 Features and Benefit
The 7-series Toyota 1.5-1.8 Ton Electric 4 1) Competition Leading Performance

Wheel Forklift was introduced in 2001. It A. Improved runtime using new AC motors,

54 EREBEBRER No71

featured an AC motor drive and Toyota's
original SAS system (System of Active
Stability). Since the introduction, over 19 years
ago, the desire is for the next generation model
to exceed the competitor’s forklifts.

Main Goals:

1) Competition Leading Performance Max Travel Speed ; E‘::le;\,'fol\é\:ldel
2) Enhanced Workability and Ergonomics & Main Competitor

20 18.5 185 185 185
3) Ease of Maintenance i

16.0 154

16

14

12

10

km/hr 36V, No Load 36V, Full Load

Figure 1 Design Image

new motor drivers, and enhanced regenerative
braking.

B. Competition leading performance of travel
and lift performance of 36V/48V in High
Performance mode by utilizing the new AC

motors and new motor drivers.

Figure 2 Travel Speed Comparison

Lift Performance Current Model
680 # New Model

700 540 m Main Competitor

600

500 448 104
400 330
300

200
mm/sec 36V, No Load 36V, Full Load

560

Figure 3 Lifting Speed Comparison
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2) Enhanced Workability and Ergonomics

A. Enhanced Upward/Downward Visibility:
Upward Visibility - Changed front cross bar in
head guard from vertical to angled, in order to
reduce obstruction from 4.9°to 1.7°.

Downward Visibility - Moved display from
steering column to instrument panel (dash);

enhanced fork tip visibility.

L]

278

49— 1.7°
3 7-series
8FBC15U
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.".-."-.
II s

_I'|

l||'
" |
o
m

b
= | .
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= — e e —— ¥ R
[-130mm — +190mm |

Figure 4 Visibility Enhancements - Side View

B. Operator Compartment:

Floor length - Increased by 2bmm.

Cabin Room - Seat travel increased 32mm, and
hood to instrument panel distance increased
which increases the clearance to calf.

Cup Holder - Enhanced durability by integrating
into instrument panel (dash).

3) Ease of Maintenance

Maintenance free AC pump motor has been
adopted and the brush wearing for DC motor
has been abolished.

Figure 5 AC Pump Motor Layout

EHEBEHER No

3 Structure - Detailed Design

1) Adopt new motor drivers, new duct, and fan

layout to keep max temperature rise within

limits.

Figure 6 New Motor Drivers and Duct Layout

2) New drive motor, gear, housing of drive unit,
and frame developed to meet the increased

strength needed due to increased acceleration.

New AC Motor

N 2) Gear width
increased

1) Gear Material
Strength Increase 2) Gear width
increased
Gear Ratio

(Same as 7-series)

Figure 7 New Motor, Gear, and Drive Unit

3) New control system features

A) Turning Speed Control with Load and Height
Sensing

This feature can control the speed when turning

by sensing the lift height and load.

8FBC15U Electric Counter Balanced Forklift - TMH's 1st Full Model Development

+ | The vehicle speed decreases depending on load
&
No load-Low/High lift
= -"‘1.
£
gl
()
()
o
(%]
% Maximum load-Low lift
._GE)
> Maximum load-High lift

Turning radius Large
Figure 8 Turning Speed Control theory diagram

B) Control on Ramp

This model has a newly adopted (similar to
other 8-series) control on ramp function that
limits the truck downward speed below the
“rollback speed” when the accelerator pedal is
released while climbing a ramp.

C) Key - lift interlock

This feature is carried over from the previous
model, but is integrated into the new control
valve. The mast cannot be lowered with the key

switch off.

4 Team Background

Around 2012, a few members from the Custom

Design group moved into a new group to form
NPD (New Product Development). From 2012
to 2016, the group continued to grow and first
developed Raymond models of the Columbus
built Toyota Electric 3 and 4 wheel Sit Down
Trucks, as well as a new 2-Speed Transmission,
along with TICO, for IC 3.5-8T Pneumatic
trucks in North America. The Testing team also
grew and expanded the testing facilities as the
evaluation requirements increased. During the
fall of 2017, the team designed, built, and tested
a hand-built proof of concept truck with the new

performance.

Figure 9 Team with the Hand-Built Truck

By the end of the product planning period of
the project, the team had grown to about three
times as many members before, including
Testing. 4 Engineers then moved from
Takahama to Columbus for the duration of the
project as specialists in each design field, and

also teachers of the Toyota Design Process.

5 Project Execution and Lessons Learned

During the prototype design period, the main
focus was design, documentation, and learning
the Toyota Design Process. Documents such as
the CDCP (Component Design Concept Paper),
and F&R (Function and Reliability) Check-
sheet were keys to both learning and developing
the new model. After releasing the prototype
drawings in August of 2018, several prototype
trucks were built in October 2018 with the
support of all departments.

The Motor driver and performance tuning
proved difficult to perform in the winter months
due to difficulties keeping a constant motor
temperature above 10T, due to cold winter
temperatures. Since TMH's ramps and travel
speed areas are outdoor, we identified a need to
improve our process or facilities in the future.
After Truck Tuning, the prototype testing was
completed using the several prototype trucks
by many members in the Testing Group. Some
major challenges took place and were overcome.
Front Axle and Frame stress required many
strength countermeasures using CAE. During
sensory evaluations, features such as ramp
roll back and brake pedal feeling took many
adjustments. Once the challenges were overcome,

during the mass production preparation period,
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all departments executed their respective

activities to prepare for production.

6 Conclusions

The team is confident that this product we

have worked so hard to create will be accepted
by our customers. Looking back, the most
rewarding part was being able to achieve our
goals of enhancing our development skills, and
enhancing our communication with suppliers on
newly developed local parts. The team shares
fond memories of all of the effort, teamwork and
communication required to develop, validate and
prepare production for an entire forklift. The
immense amount of learning while executing
the project has proven to be both valuable to
the team, and also to the future quality of our
products we can develop in the future. We feel
that the quality of forklift we will be launching
is a truly high quality and durable product,
which is a testament to the hard work of our
Engineers and all teams supporting the launch
in Columbus, as well as the support, guidance,
and teachings from TMHG.

Figure 10 Developed Product
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1.5kW AC Inverter is receiving a lot of attention as an emergency power supply at the time of a
disaster. The AC Inverter converts DC voltage of HV or EV high voltage battery to AC voltage. The AC
Inverter can work various household appliances with large power consumption such as microwave
ovens, to be used inside/outside of the vehicle. To be installed to small sized electric vehicle, We
developed new, small size, low profile 1.5kW AC Inverter.

Keywords: Small size, Low profile
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Fig.2 Circuit block diagram
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Fig.5 Air cooling method of developed product
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In order to contribute an improvement of fuel efficiency for eco-friendly vehicles, next generation DC-
DC convertor has been developed. The development concept is set to "down-sizing", "lightweight", "low:
loss", and DC-DC converter for the new Yaris HV has achieved improvement compared to conventional
DC/DC convertor. In this article describes the outline of this development.
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Abstract

appeal of PHV vehicles.
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The development issues for the boost converter for RAV4 PHV were high heat dissipation,
miniaturization, and high reliability. As a solution, we have established new elemental technologies
such as high heat dissipation forged pin fins, friction stir welding, and gel sealing to realize a compact,
high-quality boost converter. We were able to make a significant contribution to improving the product

Keywords: Boost Converter, Forging Pin Fin, Friction Stir Welding (FSW), Gel Sealing
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Development of On-Board Battery Charger for the RAV4 PHV & Lexus UX300e, C-HR EV
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Abstract In addition to the PHV, the EVs will be launched newly and be expanded as an eco-friendly car by
Toyota Motor Corporation. We developed the new on board charger double output power comparing
to the current model for the EVs and PHVs. The following is the introduction of overview.

Keywords: RAV4 PHV, Lexus UX300e, C-HR EV, On-board charger, Downsizing, Hi-Power, Water-cooling,
Air-Cooling
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Abstract

after treatment system is accelerating.

using 1D simulation.

Keywords: Model based development, 1D simulation, V-process, Man-hour reduction
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In recent years, exhaust gas regulations have been tightened not only for on-road engines but also for
off-road engines. Especially in Europe, the particle number regulation on diesel engines was imposed.
Due to this regulation, the use of catalytic converter such as DPF is necessary and the complexity of

In this paper, we report a model based development in which an optimal DPF system is selected by
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Prediction of Tool Life in Ferrous Metal Processing

2@ BN NKE "

Hayato Kubo Tadashi Yagi

* 1 EREEARD ERRETYI—

- . — loTHEAMDFERICHV. BENESNICNITRICS I 2 NEERE TR & U T IITIRS P IEIEREDOT -9 Z

TREVWSFEZRFAEUCDTHST 3.

BISUTHEREHET 5 EVSHENLFY DDHB. UNULBHS. ZNSORIST—5 DELIF . RERERICIE
BEELT 2D FRIFNE KHEREER ICKVEVWSHBZRBIATWVS.Z I T oTHEbiid U E TR L. [FR
REEEDYIMBEEZBEET S| VWS 7 FO—F THRRZRY . SER VBZHESE 2 L TAESFGOFHZ

F—U— R EIHNTI. DEEEFA. CNN. 5. BIREEHE

Abstract With the development of 10T technology, a technique of determining the tool life by acquiring data
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such as machining vibration and tool wear is becoming popular as a cutting tool exchange method in
an automated machining process. However, these methods have a problem that their data changes
become apparent after an abnormality occurs but they are too small as a sign. Therefore, instead of
using loT technology, we tried to solve it by an approach of “automating the judgment criteria of skilled
workers”, and this time, we developed a method to predict the cutting tool life by judging chips.

Keywords: Cutting, Cutting tool life prediction, CNN, Object detection, Image recognition
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Automated control Tugger for Specific customer & Dieless drawing method
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Shigeki Aoyama  Hiromitsu Kuroda  Kikuo Kobayashi  Hironori Mizoguchi Daisuke Yamauchi  Kazushige Kato ~ Tadayuki Yakushi
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Abstract In comparison with the conventional "TUGNOVA with remote-control system”, we have newly

control Tugger.
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Photo1 TUGNOVA with remote-control system
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developed the Automated control Tugger for specific customer that greatly expanded automated
functions while following driving performance during Ride-on as well as switching operation between
Ride-on / Automated control. In this development, we achieved excellent safety and ease of use for
both Ride-on / Automated control. We have developed and introduced a new processing method of
Dieless drawing that enables molding durable thick iron plate without using press die. As a result, we
have also realized a functional design that benefits cost, durability and ease of use with an Automated

Keywords: Tugger, Autonomous, Dieless, Tool mark, Springback

SODRAETIF ERODI T/ /INUEDI/LHR
(I U BNEEFOETHRE OB A/ HAYE
ABRAZHEEL DD BEbEEZ KIBICTRRS
BIcEENEEGRY H—=FRRERLUE (BE2),

llll_::-_u,I T EN T T
W ZO1SNERN

EH2 BEh&ERy f—
Photo2 Automated control Tugger

2 RmD¥R

2.1 BENEEREDTER

SEIDRFXTIF BCL<OBEHRICTERL
ErEVWTWA 9T/ NUEIVAFREN SDRE
VRENTIRER &K D ([CFEAICIFREREER. R
FICERUEHRE T — I8 > TETI DS
1 R ZERER R E LT,

RERDY T /INJEIAREG Y EDVEER

\EAETEUEIVRELCKDEY FET ICK
—SE2XDI—AUNETTERN >N BE
FHEFINFETOUEIVEEGHEEICINZ. B8
{E#EES U TU T DS DDBEENLREZ B8 U Tz
(R o CNUCTKW JERTERD S IcEM T I —
ABREPSIRFERNTBEE R o1,

=1 BEbikaE—%
Table1 List of automated control functions

B bkt ki)
D ERESATE99FEFED I—ANO.DRENH TIRE
(R D/ & ) SE) /S REar
J—ARTEBEZIHNE B/HI—AD
(—EBETDH) TEERHTTRE
P— $hoesss, $hoesss,
1| BBL ( N\ ( N\
T Cwrsey ) | \BE| Cmmsey ) JER
J—2ZNo.1 J—2ANo.1
EEs ] [EEsy ]
EI—ZNo.Z j:ZNo.Z
2 ;:EE%%‘E" Iy F It TT—ZNO. DISTHEE

3| 2T h | HuyR5 5 I—ZNO P REREETA TR

4| EITEE FEITRIE EDORFIDY J'[CTSEREDETREIEZ O
YIS R HEAE oIge

ETRE LORFIDY J(C T3 1B EDREY T
IRAIEEELIE R HTTRE

mE LY I _
S|z el

YR tAE
BEMEY
fEEY YRR

2.2 BNER2HEDOEHR

fEEY U DORBRAEEYIB A EICK Y BE
ROBLIRI—A LA 7~ (RUVEBEE PR T
BEZBET DBABE) [CRBICHBTEE. 5
([CEEYET(ICIFPLAMT TG LI E—TF «
L= —ZAF v FZFB U, CNUTK WU RERD
ARV IN—D SR/ N N—~DEEL
OJREE TR DT,

FIAEPRVBE ZEITT 5 &S WES|
B[ (EES P OEOEHEFT D2t BEDE
HE(CEMOBAEASED TIV—54 N Z1Z%E
iU (BED) . EBICIERELERA v F (I
ULPIEICEEEB U EmEICLA 7D Uz,
*1 PLAUY T #—< > ZALAN)Ld)
PLIZFEEEFRIEISO13849-1THE S NIcRKFR=
Tz W) DBk Rl S 3R 7 R T . PLAIE B kR Al i
BER107LLE 10 KiEAERY

2.3 ELPITETDER
NESEHOLPTE
BEER COVWT. BEERERFVHNICIEERE

BHERZOIT BRI H—&5 1 VAR X

CEIHCTEDNEKREREELED.TI T
RFID*27Z AW CERDIREMNEZ BE CIEE L.
EEEHRICHRFRELMOREMUEANRIFZA
BE Ul T AT —REY vFNRIVEEE L
(EE3) . EENS - EHFIBZXRRI DI EICK
WEBREROEIBERZSIE. CNSICEKY &
IR CTOEBEIBZ/EE Ui,

*2  RFID(radio frequency identifier)
IDIERZIBDIAATERFI TH 5 B PERR
EZFAWVTOR BB DEIRBEIC K o TRz
ST T DM

2) AP E UWVERIEM

BRE/N\ RILICNAEY T 1) T N THEEFD/INE
N RILZERRA (BEY) . SSICEANEBAYEB A
[CEURRAT 77U VITVRAT AE U TEREHER
THEDOEWVWRT7ZNA DA VAR ERBIT D&
[CRIBIENZRBU. 7R —Y DEHZEH
Uiz,

BE3 h5—R&I v F/INxIL
Photo3 Color liquid crystal touch panel

RN RV

BE4 &g\ RV
Photo4 Steering wheel

FIo ERE-RAE I w MEEMRETSICEE L.
d-v MEUEBEEEGR Y NO—>%Z8EmK s

EHEPEHKZER No

71



92

DRTFT—AEBC TV /VT MMTINH D T E TR
RTF—B ZRE, CNICKIES | BEZER]T
BEDBEFEN S DENR A EDEZRER U
(BE7),

2.4 BEETY 1—-ILDILE(E
BIDT#—0 U 7T bOWBEEY 21— )L 7ZERAE

U . @B ZEY T /NI U7%[E EUE*3. &

e BREEICKN 7 I —ERERDA

FUENEEL.IIVIA LDEMBICHOIRNR

WADBo

3 BHHBRY A IIVICKDIFRAEEHT DE
EREBICKIERBRD

25 FH1Y
NFHLraVETH

BN/ BEAYEBZ IR RZED UL BEBE T4t
EMERUSED. NIITSVRICEBLVLT
PR V2 A=E A0

2) EEN T Y1

CVHEOROCELEMZ T+ )V A, O—
F—FHlSlEERICKD/N\EY ME L EEX
R—ABR.EHIFEELT DT EICKDERDY
DEBENIARRERER. U —EZAEANDREEBRED
BEENT A VICKVBATHREATHEVLT
WFHA U ZER U (BES),

BHS #EENT T V6l
Photo5 Functional design

3)TSYRFHAY

NIYEESBMT S ROLBBOT YA VER
ZRAWVWS LTI PIU—THA Y ETE-I
(BE6)  NS—BERIF.TSYRAS—THY.
THEATEIUDT U= 0F VI EALVEE
UL ARV—INDBRAZDEEICTLU—ZRAND

EHEBEHER No

CETREWN 4 XZ KR T DHENEERE U
(BE7). 70V hoTHELEREILUAT D
UTEIERFRS > 05 7« w I 0 BBt Z RO
SIHB2Y v —TIER ST DT & THRING D i
HERR UL (BES),

4) FHA Tk

DERBOSHERERRICH L. SEERER(E
E0 S #8/ VRV IFEZA A, #RE&EIF T 1 U
) TEZERB Ule. TNIT K BN A
EBETEACETCERVLEEBHREZEGN U E
ERERIRAI AN —ICBWVWTEI A R— IR K./
TUT—RICEVWT. HHEEDEY DT ZZEEL
DDA VT I U= hFEINEBEVEREYERIRL
1o

PEDKSIC.BEHDE Y &R E
UTEBBEIN T AN — MR T o U &EFHE LT L e
EE20195ET Y RFF A VERSEITSH
ENTER(BE2),

EH6 MIYEFXEROLBT Y VER
Photo6 Toyota Brand icon

BE7 B&FY1Y
Photo7 Coloring design

3 91/ LARVIE

3.1 TZo#iE

FA VR F BTRY & S [CRIBSROD
BEEFF TR MBREETT 5T —I ML h
SHREN M IEEBEORICMIREE Y
T,y Mg DI RILI D —ERE TR M
FLETHIREBECHEUNTS (1), Z08

EZ#gRT T ETHIET 2 TIET. A=V T

IS TATH D MRD T U RTAEEDE

REWVZE TECICR T,

(AUw )
- FRTUVRERZFERE IR Y RO
TENTIREIR 28D D ERTE T U TRIBRIRE
i haNE]f2

(FAUw )

cHBATILIA L5/ RV

-HEIEZBUETTCRET Dz EERIC
KDRHNGY—T (V=LY =) " RE (B
B58) U. BENFICHEZRIFTT (H LIF1EE
WinE)

WEROTURATEEDHEZER2ITRT .

$HSK mFEIE J—JRILS
& a T T 1
ot A&
{'-E} JBE (EiER)

'{ﬁ}ﬂ
Rz ED @Rk DA

R1 51 VATERE
Fig.1 Image of dieless method

BEH8 Y—)L¥—7J
Photo8 Tool mark

HEBEO BEEEI H—&I 1 VAR ITE

K2 TURATEGERTE) £91 VATEDHR
Table2 Comparison of press method and dieless method

O: B A3 (100%~120%) O:BZEY (100%)
A EEETES (80%~100%) X :BEEAELTES (B0%LT)
BIEMERTUARZ1ELIEEE
FUATE (GEF) AT (SE)
= BENRCELLDE| SEBRICELE TE
KBV TR HE 54 UL
SRS ER - !
ERAE
SEAEAA—
3 . !;:i-
SR fRmETE (m?) 445 40
FRIGEEY A X (mm) | 1270x1380%x750 1040%x840%380
SR EESE (D)
(A— R ERS) 6 0.3
S U;;ifiﬁ%"ﬁ% UZIN Uz o
W 2 @m0 (RA ZMER) W79~ fE)
E|COBIEE /8D 0.03 0.006 0
REHEE [um]
wias . _ 80~100
g;&lgﬂ’f‘;g) ~8 (—v—om) |*
7")/7/\J7s
1 5 X
(u-ﬂﬂ.agm,%)
BE5/{E 155
c (*ﬂ%ﬁ&iﬁﬁ#}%ﬁiﬁ) 1 0.2 o
+3
BBEAE[5/80 3 1 900 N
D gﬁu—w»r/_\ 1 03 o

FAVRTAERG REEY A TILY A LICEEE
52, U U FURTIAE KR U, A RWIRE
ERVEREY — RY A LN TR EBRDEENTIBE
RIcH DERBEICH U TIFAENNBRLETCH S,
WO T AKRETIEI A VAT EZHRAT S &
Ul

3.2 SimBHEDRE
IA U ZATERBBIA. I DA TETH S
M SODNREBERTH2D/Vy T U T— R EHF
AR AN —ENER LR D EEREA (2. LITA
V—=2&ETB)THY . . THA VERKLE<HZE
DEWVERGRTH D1z,
ERBEEBESB DD ERKBHT A
VIBRDEREN SSE* A4S ICSE L. REFIRZ
DLRANE ZDRR. TH 1 VEH-RETEH
ZinE S DMIRNICTER e FHEmZRIE LT,
UL UBR U TV REICEY 2 TEDRED —
B5E ) RO LA TIFRIG TERWVIED F27F
THERARDPNEEL S . SERDEKREIES
CRERBRZRIICRT .
*4  SE (Simultaneous Engineering)
RETERFEND S FIDA Y N—DERZEHLE L
FEtREZ D WU HIFTO TGS

EHEPEHKZER No

93



94

=
.—1
=1 Tk i
Ny7U7—F SEEREAIRN —
X2 41 LR TENREE
Fig.2 Works made in dieless drawing method
3 BREERE EHFEER
Table3 Required quality and trial result
me |BE|  mw HEER
1EH :
HNBEAY—2% 80~100um
2 | BRI REER | YoII—INRL FRE-O |
Nwy| H8 | EEEE T L1205/
JT 10umTF) -RE1-Q
T—R
<I5% | FESIEE 100% )
e | @EiEn:s1 o |100% o
<E [ BESHEE 100% |90%
1B | (EEHER:21 20 | (NG:2 »f) {SHENI LEO X
BERFE AUV NvI8'D |
= v A=W (+80m m)
BB fiapy | e o i
0y 3] = IRIE]
AN= g | 6 50mmy  |+80.5mm %ﬁmusogng x
®3 EiEs

IR (0~+3.0mm)

RN \—

X3 EEFEFH AN — & ES— D@k T
Fig.3 Gap between front cover and pillar

Ny TUT—=RTEY—ILY—TH80~100
umERLS (BEI) M EFIEZEIC1209 /M DBF
BRREER . ZDIeH RET-O.1-O(F
3)ZFERT BIDIC Y —ILN—D &R T TE
FFEICE AT,

80 ~ 100um > 10um
€3] (B4)

BEEI NyFUT—ROY—ILY—7T
Photo8 Tool mark of batteryhood

EEERIAIA/N—TIF A b U A%(C80mm
BHOALU VTN IO FEE (K4) U HERBE.
BAITREEBICNGERY  BEXEELRET
BIEDICIFABEMEZEIC1507/KOF™MHNNE S
Role.Z M. 5FE2-1D. 2-Q (R3) ZHRT
BIEHICHBANILBDR TV I Ny IE%
2mmBL N SHDHI T 2 AR ICE A,

EHEBEHER No

SEIRU LEIC
AUV TN IRE

\’>
‘! RIERAR
‘ h’ 3 "fBOmm
_____

X4 EGFEFIAN—DZA TV ITNY T
Fig.4 Springback of front cover

3.3 FEEBRIBHMOKRL b
1)FE1 V—IL¥—TJ VRATEIBFIBL X TE]

ERTECH HEERErZEmETIETHU
HTHET D HRERICY—ILY—THHE
493 (FR4_FME) HERGECHELEDERZ
ZB U A EEERCD NEERREZBED %
BRIFBONBH e ZF I CHRBELZ R "AE T
BEBULYTTHREESICRRE DL DT ENT
ENFY—ILN—IERLERDTIF EEZ 1
(FA_HFEIEL RXTE) . EHRMIC(E. TR

SBECBUDITTHERE DL ABDHER
BT 2 ECHIMZERERSE. &RIEERZEDLD
CEICHEW Uz TNICK U REHEE3~8 ume
B M EFURERIBCE,

R4 V—IVR—TUVRATERBEIEVZATE)
Table4 New processing method to reduce tool mark
RIE. R LEUALE
(TERTIE) FLE)
A

5% 2] A R

="

A-ABfE
OCERZ R T TRARNRES

!

Q2HEMFIAT QTFABICHENIT

2y BRIBUEES
ONEDBEMFIET
. A AR

HEH,mM I
BRITE

@R TEURT

FAKRIS
3 ?’%ﬁﬁ 3

A-AHFE

(iﬁ#ﬁf‘?)
1 O,umL,{'F

X (80~100um) O (3~8um)

2)5RE2 2V VTN JEI DA (EEE TE]

EERfERAI N /N —(FHEE T EDRIENRE L T
WB e FEEDOHNE b ATIETEOMmMHOD
AUV TNy I W FEE UTe (RE_EE) o (ERD
KIERIFMNE b U ATIZRTICEIETIEZEN L.
MEICK ) RET DEBILIZEREL. ATV
TN I 7ZIIH L T Wz (RE_ZMLIE TIEEN) -
BERELTBIMREEY —RY A LDEN (+1
H) &35 6 ZBALIE D A D TARFEICE WA
FEEDKRDICTTIERICHBNILZT D E
BEBIGODERINATU TNy IV FEET
2. T CIRRERICHRZREGESE. WIET 2
FXADEEAINSBERUMINE BEIN
JBADERTE ALY TN IPEITES
DTEF"EER 2 (RE_EFAMFETE) - € DIER.
AUV ITNY IBFEREELBATDIENTE
fo. Z D EEAIN S U3 21557, E1H. 13
EDINTA—YI—ZHREILT D ET . TEBE.
ENIRBECDICEKRBEZRET 2RMFHZ
YL CEfC. CNUCKBIIED R 72 &R U IRE
BRI E Y — RS A LfahE. RIEIEL A ZRIRT
oy fal

RS 27U VT Ny IR & (EERFE L)
Table5 New processing method to reduce springback

bSES
HAF ALETIEEN | REMEIA
((ERITH) FIE)

1172
(REFY) —
I
2T#e -
RFUvT =L ez

ITRIR WREREL.
EA&VUmF
3T (’/\
BHERU L) =]
BR NI
RFUvo
BfE:2.0mm |REAA E4R)
DA x(80mm) | OQ.0mm) | ©(1.5mm)

DI EDERYBHICKY)  GEICEYT 2 TIADR
BERCE ZORR. TYA IV M e
BT DRDEENTTREE IR DT,

BHERZOIS BEhEEGI H—&5 1 VAR X

3.4 SEDFE

SEOHF LERELCKY . THAIVEF b
ZHEUTRZERIET D ENTEIN.ZD
—F  EERE TAORREICK Y R TENEN
[T & CEREEEFEIRERE<BZ>TWVD,
SETERBROBRDILADCH. T A UM
EITRROMERBOEME TEENZED TVE
EWEEZX TV S,

4 FLH

SOREEUCESEGRY A—F. J+—TJ U7
NDEFEMZEA L DD RLIERNTEER
BEEEZEE#HIT DI EICKY . LHRETDH
B Z—XICBMA T D EEBICAFRRICKD
THEARICSV T RIBEDOEPE A -EIHMEIC
B CERRBICHLEFDRIENTE

KR A EREONERERRICHWNTIE. BEHE
BRI GI=H) DB DAL > . SET A
LR TEZHRAU M LEAZRFE TS LT,
%&Eﬁé(:%%i?ﬁﬁﬁ’]ﬁ?ﬁ% VEDERIE TR
Bl SRV ERBICHLT. THAVE
Jﬁ-%ﬁﬁ'l‘i%ﬂiiﬁfgﬁ%ﬁaﬁ%b\tié EER
TWB T ATERBIRD L A BEHN S5 DB
TR B OJEER o6 BAEBRDE R DI AN E
FCED,

REICSOOBECHIC  SKRRH - TR—
RZWCREER LA DBERESRAIC RS
R AVl O

EHEPEHRZER No

95



96

| ESErray |
) f'\ m ﬁ
'l..""..l' - L

ALl A EEB Ti*}ﬁ't /M?F B /%D 7—@

ENEA O

_.lﬁ h-.-l:"h-ﬂ'_.h-.

WP RS DOEk A& ZEEm B

'Fﬁﬂ%@?"‘f&&f‘ﬁl%%@ub\ [AROY I b

RRICILART 2EHEMFZCEDE PRV Y 12— a3 UNBERELAZR S D & LTVDH, HEER
hogT/NUEIVARBEOSHKEELDCBELEZVEE SADRAENRY —UE Ul

FFEDIF FE5EE U TCRODEERERREMZIER 0T (C. BENEGICREGEMEN E I B/ @
B BEFDOHF THEADT X MZRYIRU EI7Z(EUAATVEE Uz, CNICK Y BEHRITIHE
BVRIF2EMA TEILERLTVET,

SHREEMEZ-ADEFWEF vV ALER AE—RRZED > THERICEM CE 2 BB LRSS D
FFEICERI SN ERNET,

>

'Faﬂﬁ-fw’f*‘f&t HREOBWVWIERE]

DERBEOR VB RZE U ATECTRIET 5 & FATVRBDREN SRRt BEMIES R U
EREMMN 1 OFIEEICIR Y T T 2D DBHBADR Y BROIRAFRFDRETH ) NWEILTRIR
UtWEZBRATOWE U, ST A VAR TEZRVWCH DEOREFEICIWET Z LICKY  ZDREZ
FERCEILEZEZACVE T SADPRIFSHETY A UATECTEE UCE@OT THONR BN THEE LS
BHICEKRBENE L BED DO WIAHTIFRLBEEHF NG & Ufch' EEERZ B L CH DAZHILT
BTENTEIAVRATEACHIDHREZLIFD LD TEX UL SHRDIVERBORBRREIC O UOE
TERMULTVEZVLWEZRITVET,

EHEBEHER No

2| | 8 B

BRZFE AV ENSFAUCELIIREI+—IVIT MDY—-RI 1 LiEHE
Lead-Time Reduction of Special-Design Forklift Trucks by Order-
Winning Prediction Using Machine Learning
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Hiroshi Komurasaki Ryoji Suzuki  Toshihide Tsukahara
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Abstract Customer-specific forklift trucks (special-design forklift trucks) are designed each time after receiving
an order, so the lead time from order receipt to shipment is longer than with standard trucks. If
the customer's desired delivery date cannot be met due to the extended lead time, there is a high
possibility of losing an order. Using the method of machine learning at the stage of inquiries, the
inquiries that are highly likely to lead to the orders are extracted by order-winning prediction, and we
design the special-design trucks of those in order to shorten the lead time. This report describes the
system that lead-time reduction is realized.

Keywords: Special-Design Forklift Truck, Lead Time, Machine Learning, Prediction, Decision Tree
Analysis
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Suppression of Chatter Vibration Using Process Damping Tool in Turning
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Abstract Chatter vibration in cutting is caused by vibration of tool and workpiece due to various factors. As

developed tool.
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a result, a chatter mark appears on the machined surface, which promotes deterioration of finished
surface and tool damage. There are various countermeasures against the chatter vibration problem,
but at the actual machining site, the factor analysis is difficult, and the present situation is that it is
improved by trial and error. In this time, we analyzed the cause of chatter from the machined surface
in the turning of compressor parts, and developed a tool that utilizes the phenomenon called process
damping. In this report, we explain the analysis method and introduce the improvement case by the

Keywords: Cutting, Chatter vibration, Chatter mark, Process damping
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Development of Tool Life Management System for Die Machining
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Abstract The housing parts for compressor are made by die-cast. Obu plant makes the die for die-cast in
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house. In current situation, we must achieve the proper die-manufacturing style for many kind and
small amount production volume, and make die life time longer. In die machining process, the new
die material for long die life time makes die machining harder. As a result, it causes the increasing of
the kinds of tools and decreasing the tool life time. In this report, we introduce the tool management
system by identifying and tracing each tool.

Keywords: Die-casting, Die-machining, Tool Life, 2D-code, Barcode reader ,Laser marker, Reuse
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The Patented Invention of “Drafting Device in Spinning Machine”
Won the Prize of the Minister of Economy, Trade and Industry
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Tatsuya Yamamoto
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Abstract Patented invention "Drafting device in spinning machine" won the Prize of the Minister of Economy,
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Trade and Industry. The awarded patent "Drafting device in spinning machine" (Japanese Patent
No.6156503) is a basic patent for MOSAIC YARN device used in the RX series of ring spinning machine
sold by the Textile Machinery Division. The contents of the patented invention are introduced.

Keywords: Prize of the Minister of Economy, Trade and Industry, ring spinning machine, MOSAIC YARN
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The Patented Invention of “Profile Reed for Air Jet Loom” Won the Aichi Invention Award

S

Yasuhiro Yoshikawa
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Abstract Patented invention "Profile reed for air jet loom" won the Aichi Invention Award (Japanese Patent

invention are introduced.
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No. 5573629). The awarded patent “Japanese Patent No. 5573629" is a basic patent for e-REED used
in the JAT series of air jet loom sold by the Textile Machinery Division. The contents of the patented

Keywords: Aichi Invention Award, Air Jet Loom, e-REED
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The Efforts of Energy Conservation in Automobile Paint Furnace Process

1
LI 1B5%
Shinsuke Ezaki
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Abstract Succeeded Yearly 391tons of CO, Reduction by efforts of heat loss reduction thorough energy

conservation, in furnace process of automobile body electrodeposition. Acclaim to their efforts, it could
earn the award as the Grand Prize of “Minister Prize of Economic, Industrial category” first prize in TICO
from “Energy Conservation Award 2019, section of energy conservation case” hosted by ECCJ(Energy
Conservation Center, Japan), General Incorporated Association.

Keywords: Automobile, furnace, heat-loss, uniform
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Steady State Characteristics Analysis of Induction Motor with Broken
Rotor Bars
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Abstract In this paper, we analyze a skewed squirrel-cage induction motor with broken bars using the 3-D
parallel finite element method and investigate the influence of the broken bars on the characteristics
as steady state. As a result, the steady torque, the current value and the loss, when the rotor bar is
broken, are numerically clarified.

Keywords: Induction Motor, broken bars, 3-D parallel finite element method
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Plasma
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Abstract Low-temperature plasma ignition has been proposed as a new ignition method for gas engines, which
has improved wear resistance of the spark plug with low energy release and combustion enhancement.
In this study, structure of ignitor and power supply performance with steep voltage rising are examined
to investigate the effects on combustion performance for extending lean combustion limit using a gas
heat pump engine. As a result, by adopting a 4-electrode spark plug, the lean combustion limit was
expanded compared to the conventional spark ignition method. Steep dV/dt also realized small cycle-
to-cycle variation, shorter combustion period and improvement of indicated thermal efficiency.

Keywords: Spark ignition engine, Natural gas, Low temperature plasma, Thermal efficiency, NOx
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Verification of Pulse Pattern to Minimize Harmonic Iron Loss and
Harmonic Copper Loss for High Speed IPMSM
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Abstract Recently, PWM pattern to reduce motor losses have been studied for the purpose of improvement
efficiency for motor drive systems. So far, harmonic copper loss is reduced by optimal PWM pattern
applying copper loss evaluation function considering non-sinusoidal electromotive force. On the other
hand, evaluation function of harmonic iron loss focused on magnetic flux density amplitude with
inductance have been proposed. Evaluation value of harmonic iron loss have strongly correlate with
iron loss in experimental value. This paper presents the verification of pulse pattern to minimize motor
loss with evaluation function applying weighting factor.

Keywords: Motor loss, Optimum pluses pattern, Particle Swarm Optimization, High speed IPMSM
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