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Abstract

A next-generation plug-in hybrid system has been developed for the new Prius PHV. The objective of
this development was to maximize the performance of the Toyota Hybrid System Il (THS Il) developed
for the new fourth generation Prius hybrid vehicle (HV), while achieving even better dynamic
performance in electric vehicle (EV) mode. These objectives were accomplished by the adoption
of new components and systems, as well as refinements to existing HV components. This article
describes the development of this new plug-in hybrid system, as well as its components and systems.
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Automotive Electric Power Generating System Using Solar Modules
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Abstract

The use of solar and other clean energy technologies is spreading as part of measures to help
address global warming. As part of this trend, the automotive industry is researching and developing
drive systems using electrical energy in hybrid, electric, and fuel cell vehicles to help reduce
greenhouse gas emissions. Solar cells are regarded as a promising way of improving the environmental
performance of these types of vehicles. However, the potential effectiveness of this approach was
unknown since no previous research had measured the power generation performance of automotive
solar cells. This article measured the power generation performance of a test vehicle installed with
sixteen solar modules on the hood, roof, rear hatchback, and both sides. Over one-hundred days from
July 1 to January 31, this vehicle generated a daily average of 2.09 kWh between the hours of 08:00
and 17:00.
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Development of Lightweight Automotive Solar Module
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Abstract

Solar modules can be installed on vehicles to enable the use of solar energy as a power source to
help reduce CO, emissions. However, the weight of these modules must be reduced so that the
surface area can be increased to obtain sufficient energy to drive the vehicle. Although one effective
measure to reduce solar module weight is to replace the heavy surface glass with plastic, this
presents various technical issues related to thermal deformation, as well as load, impact, and weather
resistance. This article describes the development of a solar modute with excellent impact and

thermal resistance, and the equivalent weight to a conventional steel roof.
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KISEMIEEE (Solar Hybrid Vehicle) d
CO, HEhBl T e 45T
Analysis of Solar Hybrid Vehicle Potential Considering CO, Emissions
AF FIE T HE™ £k 2o

Kazutaka Kimura Yuki Kudo Akinori Sato

)

=N

Ci3=
AbEhZEHECER U

(

SEDA U hEEELTDI LI,
FIREBOIWVEMICHD LERSBVITE, 2) MBICLIIRRENRBD LN SEHH#TH oI
FREITEE, (1) AV9—Fv b EZI—R/EICKSD 5000 5EOEGREL (2) ZTOEMMODMEH
FADRRT—5 E=BHED BB ZITD LT, BAEATOXREEMERER (Solar Hybrid
Vehicle) ZEAUBEDOAY v NEE{bZEE M. BRFIDIER, 1,000W ERSHNHOKGEMIES
WL B II5E, RAEZMHD 30% DK (CO, HIF) BIFMRNH2ZEHHESMER L.

Abstract

There are two difficulties in measuring the benefits of installing solar modules on vehicles: (1)
vehicles travel under various conditions of sunlight exposure that may not be suitable for solar energy
generation and (2) weather conditions and sunlight exposure conditions differ in each region. This
article quantifies the merits of adopting solar hybrid vehicles in Japan through an analysis combining
(1) internet polling of the daily usage conditions of 5,000 vehicles and (2) meteorological data of the
locations in which those vehicles were used. The results of this analysis concluded that solar hybrid
vehicles have the potential to reduce fuel consumption (i.e., CO, emissions) by 30% if all vehicles were
installed with solar modules with a rated output of 1,000 W.

F—J— R XEEt REWNE, ZEERSE, Solar Hybrid Vehicle

(1) E8EIBETDI-HEICH

EMEEICLDET) E W< DOHDIFER @-@
PRESNTLEHODEEBDOLALTE, <3
IO PHV ICBVWTHEBEINTLSMIE, FEEAL

1 [FE®HIC

ORI BEENB TOTR)LF—HEE O

DENS FUHBENEB{ENERDOHE AN, BEE
2R TEF, RENIGOHRSZEUBEHZEED TV
%. EETIE, NATUw B (Hybrid Electric
Vehicle: HV &187), MBI EMmE (Fuel Cell
Vehicle: FCV &1 9), BRKBEEE (Electric
Vehicle: EV &B8Y), PSTA4VNATUw K&
(Plug-in Hybrid Vehicle : PHV &I89) ZE(FE U
% < DEERIGEDORFENSH TIHRSNTULIDIK
RTHD. —H, BEOFLNCEEBITDE, B
ZIREE, BHOHTE, CO, HEHELRDE Y E
HFDBERBNEE UTRBAZGFUHETDELED
BET RILF—FEMEDHOSNTVBIRRTHSD. U
MU, EELBICBFIRBIRILF—INE K&

RRAIE T Y- REIRH
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TONTVIEWKRTHS.
AEEBOESHFMBERHOITHON TV WVIERS
D—2&UT, NEEEBRTHDIANGZEMZEBE(ICHE
HIDEILKD I =AUy hBXIUHERHA
Uw MHEBIETETVRBVNT ENEZ S5ND.
KIS, MEICKUBEHRBENERD L, B&K
U, BEENBETDHBICHEFEREDLWVGHT
[CLHDEFESBENTED, KBS MEFHIFOIRFR
BELTENICEBRDDIZREELTHY, &
REUVTLEEAD Y MO TNETEELINTIR
MoHDEEZIONDS.

ZIT, KARTIE, (1) A1V b E
ZY—HEICKD 5,000 BOEMIREE (FRoibi,
BEETCOE - BRERESKUHAETED T —
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9) & (2) FIECEmOREEOR[RT —9 &
EHFEDEBNZITD LT, BARERICKE
EitigEEm (Solar Hybrid Vehicle) ZEA L
EBED AU w bOEEL, BROARBEHDESF]
BOERN O DEMERTRICDOVTERIT D&
ZENETS.

Solar Hybrid Vehicle [CDWT, E5fCREF|
O HFE IR F—EHETIL, NvTUBE
EERBUCBLYIRIVF—INZEEETIL, BKLU
FEEFIVERWVWTKDIETRTOEAENAZE
MEEHEICB RO S ICEEGDREAELATDIX
JLE—HIEE (DFE Y well to wheel CO, HEHHI
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Development of Multi Stage Hybrid System that Balances Emotive and Powerful Performance

Appropriate for a Premium Class Vehicle with Excellent Fuel Economy
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Abstract

This article describes the newly developed Multi Stage Hybrid System installed in the new Lexus
LC500h coupe. This new system dramatically enhances the performance of the Toyota Hybrid
System II (THS I} and achieves an excellent balance between fuel efficiency and powerful dynamic
performance suitable for a flagship Lexus coupe. Impressive standing start acceleration was achieved
by combining a multi-stage shift device with the THS Il to greatly expand the utilization range of engine
power, resulting in substantially enhanced fun-to-drive performance. At the same time, the developed
system achieves excellent fuel economy by increasing the usage frequency of high-efficiency engine
operating regions. This article outlines the performance of the Multi Stage Hybrid System and the new
technologies that were developed to realize this performance.
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Research into Automated Driving System on Highway
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Abstract

Original equipment manufacturers (OEMs), suppliers, and IT companies are actively researching and
developing automated driving systems. In 2015, Toyota Motor Corporation announced the Mobility
Teammate Concept as its approach to automated driving technologies, and publically demonstrated
the Highway Teammate system as its first result. The Highway Teammate system is capable of carrying
out the fundamental cognition/decision/action aspects of the driving process. This article describes an
outline of the technology used in this system.
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Development of THUMS Version 4 Child Models
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6mE, 10 MROAKBSEFBICIEE U THUMS (Total Human Model for Safety)

BRUTCEEREZRILUE. 6 RRETIVZRAVWTEONSTEDOEREN ZRE, BERFFOFHIN
B5E%Z THUMS Version 4 FHHFESEHETIL T, BHAETIL) LWL, 6RIETE, M8
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Abstract

Total Human Model for Safety (THUMS) Version 4 child models have been developed that simulate
the detailed anatomical structures of 3-year old (3YO), 6-year old (6YO), and 10-year old (10YO)
children. In each model, the geometries of the skeleton, brain, and internal organs were precisely
represented based on data from high-resolution computed tomography (CT) scans. The material
properties of each part of the body were defined considering the aging effect described in the
literature. Subsequently, the completed child models were validated by comparing the mechanical
responses and whole-body kinematics of the models with the results of physical tests performed using
post mortem human subjects (PMHS) and volunteers. Vehicle-to-pedestrian collision simulations were
conducted and the impact kinematics and predicted injuries of the 6YO model were compared with
those of the THUMS Version 4 average-size adult male model. The results showed that & 6YO child
was at risk of greater rib, brain, and liver strain than an adult. These child models have the potential to
help analyze the effects of differences in physique and age on injuries in car accidents.
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Development of Technology for Engine Starting Vibration and Response
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Abstract

Stop and start (S&S) systems are being adopted on a growing number of vehicles to help improve fuel
economy. These systems require the development of technology capable of reducing engine starting
vibration while also ensuring starting response and startability. This article identifies the vibration
generation mechanism when the engine starts, and describes the vibration damping effectiveness of a
newly developed high rotation speed engine starter and the optimization of firing at first combustion

(actual compression ratic and combustion timing) under real-world conditions.
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Aerodynamics Design Optimization Using Adjoint Method
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Abstract

Lightweight and low-drag forms of transportation have been proposed to help resolve difficult long-
term environmental and energy-related issues. However, these weight and drag characteristics are
likely to reduce crosswind stability, which is an important aspect of vehicle performance. One factor
causing lower crosswind stability is the reciprocity between straight-line drag and aerodynamic yaw
moment when the vehicle turns in a crosswind. To help resolve this issue, vehicle designs capable
of maintaining low drag while reducing the effects of crosswind disturbances were studied using the
adjoint method. This article describes the application of the adjoint method to analyze the sensitivity
of surface design elements and to propose an aerodynamics optimization process based on composite
sensitivity analysis of multiple characteristics. Finally, this article demonstrates the results of exterior
design optimization that improves conflicting aerodynamic characteristics (i.e., low drag and crosswind
stability) beyond the current trend line.
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Topic Estimation Technique for Dialogue Robot Using Neural-Network-Based Machine Learning
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Abstract

This study is developing an estimation technique capable of recognizing topics from user utterances.
This technique can be applied to a robot dialogue system as a measure to help prevent the onset
of dementia. Conventional techniques are capable of learning network models between topics and
words from real conversation training data. However, if the amount of training data is low, the topic
estimation performance of the conventional method becomes degraded. To help resolve this issue,
this article proposes a novel solution using machine learning based on a neural network.
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Toyota’s Contribution to SAE TIR J2954
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Power Transfer for Light Duty Plug in Electric vehicles and Alignment Methodology ® TIR
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Abstract

User-friendly charging is indispensable for promoting plug-in and electric vehicles, and wireless
power transfer (WPT) is regarded as an effective way of accomplishing this aim. Wider acceptance
of WPT technologies depends on measures to ensure safety and interoperability between chargers
and vehicles. In May 2016, a technical information report (TIR) called Wireless Power Transfer for
Light-Duty Plug-in/Electric Vehicles and Alignment Methodology (SAE TIR J2954) was approved by the
Society of Automotive Engineers (SAE) in the U.S., after discussions that started in 2010. A key feature
of this TIR related to interoperability is an agreement regarding proposed master coil methodology.
This article describes the progress leading up to the approval of the TIR and its underlying concepts.
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Establishment of Efficient Energy Supply Method by Compact Distributed System in Engine Plant
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Abstract

A highly efficient model energy supply system has been constructed for global engine plants with
the capacity to carry out all steps of the engine production process, from casting, machining, and
assembly. In a conventional engine plant, steam and air are supplied from a central power facility.
However, this is a wasteful method that causes high supply loss and requires the continuous supply of
energy even during non-production time. Furthermore, the steam provided by this method has poor
controllability and the air has high energy conversion loss from electricity. Therefore, the production
engineering divisions have been working with the manufacturing divisions to promote production
processes that do not require steam or air. Furthermore, compact distributed air supply systems have
been introduced for equipment without a viable alternative technology, helping to reduce annual CO,

emissions by 4,500 tons compared to 2013.
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Development of Paint Booth with New Paint Mist Collection Method
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Abstract

Vehicle bodies, bumpers, and other parts (referred to collectively as “work”™ ) are painted in chambers
called paint booths. In a paint booth, air is blown in a downward direction to collect paint mist that
is not coated onto the work at openings at the floor of the booth. This paint mist is then mixed
with water and passed through to a scrubber at high-speed. This is an important process to help
ensure paint quality. However, a conventional paint mist collection system requires bulky equipment
and consumes large amounts of energy due to the high pressure loss. This article describes the
development of an innovative paint mist collection method based on compact and low-pressure
equipment using centrifugal force. After verifying its effectiveness through fluid simulations and scale

models, this new method has since been adopted on production lines.
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Abstract

Three of the key objectives of Toyota's development philosophy of building ever-better cars are
to enhance fuel economy and collision safety performance, and to increase the rigidity of vehicle
bodies. To help accomplish these objectives, high-pressure aluminum die cast strut towers have been
developed to simultaneously reduce weight and increase rigidity. Heat treatment is a necessary part
of the strut tower production process to achieve the required mechanical properties. However, non-
uniform cooling during the quenching step can cause shrinkage differences that result in significant
distortions and poor dimensional accuracy. This article identifies the key phenomena at the
cooling interface for ensuring mechanical properties and dimensional accuracy, and describes the
establishment of dimensional control technology during quenching through the development of original

point-cooling and computer-aided engineering (CAE) techniques.
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Visualization of Liquid Water inside Electrodes of Operating Fuel Cell Using Synchrotron X-Ray

Radiography and Development of Simulation Technique
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Takahisa Suzuki Satoshi Yamaguchi  Ryosuke Hori
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Abstract

Designing fuel cells (FCs) with a high power density is important for encouraging the wider
acceptance of fuel cell vehicles (FCVs). A key challenge is draining liquid water that inhibits
electrochemical reactions and causes oxygen transport loss in the FC. However, although it is known
that the gas diffusion layer (GDL) drains liquid water through the catalyst layer to the channel, the
liquid water behavior inside the GDL is not fully understood due to the size of its micro pores and
the sealed state of the FC. To identify the relationship between power generation performance and
liquid water, this research developed a liquid water visualization technique with high space and time
resolution using synchrotron X-ray (SPring-8) radiography, as well as a simulation technique capable
of predicting power generation performance using computational fluid dynamics (CFD). These
technigues were combined to identify the relationship between power generation performance and
the distribution of liquid water, helping to narrow down the key physical properties of the gas diffusion
layer that affect these characteristics.
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