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Not Only as a Businessman, but as a Citizen 

technological innovation. 
History provides us with any number of cases 
where technological progress has opened the door to 
a brighter future. 
As someone who works in the field of technologi-
cal development at Toyota, and also as one of those 
responsible for dealing with environmental prob-
lems, I can say with confidence that Toyota intends 
to do its share as a company to respond effectively 
to these challenges. The specific environmental ef-
forts we are making are described in the papers pre-
sented in this issue, which I commend to your atten-
tion. 
But I feel that effort is demanded of me as an indi-
vidual as well. 
Earlier, I mentioned that the CO2 problem is 
deeply rooted in our civilization. This deeply rooted 
problem is something that I must address construc-
tively, not only as a businessman, but as a citizen 
living on planet Earth. 
In his preface to the previous issue, Mr. Saito dis-
cussed the Environmental Household Account 
Booklet. I, too, feel it is necessary for me as a citi-
zen to speak and act responsibly with regard to the 
environment, not only by using my car in a way that 
is not wasteful, but also by urging my neighbors to 
make their own modest efforts in the same direction. 

⑲うTOYOTA
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are taken into account. However, reports have also noted that 

in a country such as Germany, where a high proportion of elec-

tricity is thermally generated in coal-fired plants, power gener-

ation itself produces large amounts of CO2, and once factors 

such as losses during battery charging are taken into account, 

no significant effect on CO2 reduction can be anticipated-<6>. 

2.3 Comparing Fuel Economy and CO2 Emissions of 

Different Power Trains 

The previous section described some power trains that are 

effective for improving fuel economy and reducing CO2 emis-

sions. The effects of using these power trains are shown in 

Figs. 9 to 11. The driving mode was assumed to be the 10-15 

mode, and the effects of vehicle weight were taken into consid-

eration. Also, the ability of the hybrid vehicle, the electric ve-

hicle, and the fuel cell electric vehicle to recover energy 

through regenerative braking has been factored into the calcula-

tions. The calculation of CO2 emissions for the electric vehicle 

is based on the proportional mix of power generation systems 

in Japan. 

Fig. 9 shows the energy consumption (fuel economy) of var-

ious vehicles in comparison with a gasoline-powered automo-

bile running on a stoichiometric air-fuel ratio. Converting fuel 

consumption into energy, it can be seen that the electric vehicle 

consumes only one-fourth as much energy as a gasoline-pow-

ered vehicle and that the vehicle itself is highly efficient. The 

hybrid vehicle is also a highly efficient system, consuming only 

half the gasoline of the conventional gasoline-powered vehicle. 

Fig. 10 also compares energy consumption (fuel economy) 

with that of a gasoline-powered automobile with a stoichiomet-

ric air-fuel ratio, but here the total energy, including the manu-

facture and transport of fuels, has been included. The electric 
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Fig. 9 Comparison of Energy Consumption in Vehicles 

10 

vehicle's advantage diminishes to the point where it is more or 

less the same as that of the hybrid vehicle. This is because the 

efficiency of electrical power generation is low, outputting as 

electricity only 35% to 40% of the energy contained in fuel re-

sources such as petroleum and natural gas. By contrast, even 

considering the losses incurred in the course of drilling for oil, 

refining it into gasoline, and transporting the gasoline by tank 

truck, a gasoline-powered vehicle is able to use about 85% of 

the energy contained in the original crude oil. 

In discussing the problem of energy and resources, it is im-

portant to consider not only simple vehicle efficiency, but also 

how the energy contained in resources can be used without 

waste. 

Fig. 11 compares the CO2 emissions of various vehicles with 

those of a gasoline-powered automobile with a stoichiometric 

air-fuel ratio, including the CO2 emitted in the manufacture and 

transport of resources. Using the D-4 gasoline engine or the DI 

diesel engine brings a reduction in CO2 emissions that is pro-

portionate to the reduction in energy consumption. In much the 

same way, the hybrid vehicle can cut CO2 emissions in half. 

Because all of these systems can use the existing fuel-supply in-

frastructure, the fuel economy improvement technologies for 

the gasoline and diesel systems, as well as the hybrid vehicle 

technology, can be expected to gain public acceptance rapidly. 

The natural gas vehicle shows almost no reduction in energy 

consumption (improvement in fuel economy), but because nat-

ural gas generates little CO2 when it is burned, the vehicle 

achieves better than a 20% reduction in CO2 emissions. 

However, in order for the technology to gain wide acceptance, 

the means of storing natural gas on board the vehicle must be 

improved and made less expensive. A natural gas-supply infra-

structure must also be established. 
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Fig. 10 Comparison of Energy Consumption Including 

Manufacture and Transport of Fuels 
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Prevention of Global Warming -COz Reduction-

Fuel Efficiency Improvement of Gasoline 

Engine Vehicle 

Nobutaka Morimitsu* 

Abstract 

Improvement of fuel efficiency is one of the most important subjects for the automobile. The efficiency of 

the gasoline engine has been improved in recent decades, and is still being improved. In this paper, the 

process of energy conversion in the automotive power train and related new technologies are described. 

The important viewpoint for further improvement is cooperation with the drive train system. 

Keywords: gasoline engine, fuel efficiency, theoretical thermal efficiency, indicated. thermal efficiency, brake 

thermal efficiency 

1. Introduction 

In recent years, responses to global environmental issues 

have been strongly demanded, and improving the fuel efficien-

cy of automobiles (reducing the volume of CO2 emissions) has 

become an important issue. Fuel-saving technologies such as 

lean burn, gasoline direct injection, and variable valve timing 

have been reported in this journal. This paper approaches the 

issue of fuel efficiency from a slightly different viewpoint, the 

process of energy consumption in automobile operation. 

Fuel efficiency is an indicator of exactly how much fuel is 

required to make an automobile go, or of how far an automo-

bile can go on a given amount of fuel. In looking closely at 

just what that involves, it is useful to trace through the process-

es by which the fuel's chemical energy is converted into me-

chanical energy, transmitted, and used to make the vehicle go. 

Fig. 1 shows the typical efficiency of each of these processes 

for a typical vehicle in the Japanese fuel economy test proce-

dure (10・15 mode). 

The theme of this issue, fuel economy improvement, is first 

a matter of decreasing the work required, next a question of im-

proving the efficiency of each process, and finally, reducing as 

much as possible the attendant waste in energy consumption. 

(1) The starting point is the chemical energy of the fuel. The 

engine burns it in the cylinder and converts it into the pres-

sure of the combustion gas. The higher the compression 

ratio and the specific heat ratio of the combustion gas, the 

higher is the theoretical thermal efficiency. 

(2) The combustion pressure is borne by the piston and con-

verted into mechanical energy. The less heat is radiated 

from the cylinder wall on the expansion stroke, the better 

the efficiency, and it is preferable that combustion be com-

pletely finished in the shortest possible time after top dead 

center. Also, pumping loss occurs as a result of the differ-

ence between the pressure at which the exhaust gas is ex-

pelled on the exhaust stroke and the pressure at which the 

air-fuel mixture is drawn in on the intake stroke. 

The efficiency of the gas pressure work relative to the 

chemical energy of the fuel in one round of the combustion 

cycle is the indicated thermal efficiency. 

(3) In the course of transmitting to the output shaft the force 

borne by the piston, losses occur due to the sliding friction 

of parts and the friction of the rotating shaft bearing, as 

well as in the auxiliary drive for devices such as the valve 

train and the oil pump. These are mechanical losses, and 

the efficiency of these parts is mechanical efficiency. 

Multiplying the indicated thermal efficiency by the me-

chanical efficiency gives the ratio of the effective shaft out-

put to the chemical energy of the fuel, which is to say, the 

brake thermal efficiency. 

The brake thermal efficiency changes according to the 

engine operating range. When one thinks of improving the 

fuel efficiency of a vehicle, one must either improve the 

brake thermal efficiency of the engine operating range used 

during driving or use an engine operating range in which 

the brake thermal efficiency is better. 

(4) Energy consumption during idling and deceleration also af-

fects fuel efficiency. 
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Prevention of Global Wanning -CO2 Reduction-

Development of Fuel Economy SW-20 

Gasoline Engine Oil 

Kenyu Akiyama* 
Hiromi Kawai** 

Shinichi Sugiyama*** 

Abstract 

A 5W-20 gasoline engine oil which improves vehicle fuel efficiency by more than 1.5% relative to a conven-

tional 5W-30 gasoline engine oil was newly developed. Its hight fuel economy performance lasts 10,000 km. 

The viscosity was optimized to satisfy both the fuel economy and antiwear performances. Thiadiazole was 

used to retain the initial fuel economy performance provided by MoDTC. 

Keywords: engine oil, fuel economy improvement, 5W-20, friction modifier, gasoline engine, tribology 

1. Introduction 2. Selection of Viscosity Setting and Friction Modifiers 

From the standpoint of preventing global warming and pro-

tecting resources, the improvement of automobile fuel efficien-

cy is an important issue. Fuel economy gasoline engine oils 

have been mentioned as one means of improving vehicle fuel 

efficiency. The usual techniques for improving the fuel effi-

ciency of engine oil are to lower the viscosity and to reduce 

friction by the addition of friction modifiers. The cost per unit 

of fuel efficiency improvement is significantly lower for fuel 

economy engine oil than for improved engine design. The use 

of fuel economy engine oil for factory fill is rapidly becoming 

the standard practice worldwide. Low-viscosity SW-30 oil is 

becoming popular for factory fill use. Also, the amount of SW-

30 oil consumed in the market is increasing, as opposed to 

lOW-30 oil. 

However, the advantages of further viscosity reduction are 

unclear, with respect to both the fuel efficiency improvement 

effect and functional problems such as increased piston ring 

wear and oil consumption. To address this issue, fuel econo-

my, wear, and oil consumption have been evaluated for all the 

various low-viscosity oils in modern engines. The purpose is 

to seek an optimum viscosity level that can improve fuel effi-

ciency without increasing wear and oil consumption. Also, ad-

ditives have been studied and selected for their friction-reduc-

ing effects and material compatibility. By setting the optimum 

viscosity level, and by combining organo-molybdenum com-

pounds with sulfur compounds, a SW-20 engine oil was devel-

oped that gave 1.5% better fuel efficiency than conventional 

SW-30 oil. The improved fuel efficiency lasted for 10,000 km. 

2.1 Determination of Optimum Viscosity 

The relationship of viscosity to fuel efficiency, engine wear, 

and oil consumption was investigated, and the optimum value 

was sought. 

2.1.1 Relationship of Viscosity and Fuel Efficiency 

Fig. 1 shows the relationship between high-temperature, 

high-shear (HTHS) viscosity and fuel economy improvement 

in a vehicle with a 2.2-liter engine. 

It is known that lowering HTHS viscosity from 3.3 mPa・s to 

2.6 mPa•s improves vehicle fuel efficiency, but that at 2.4 
mPa・s fuel efficiency drops<1>. The reason for this is thought to 

be that the oil film breaks down on the frictional surfaces of the 

engine. 
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Prevention of Global Warming -CO2 Reduction-

Contributions of Automatic Transmission to 

Fuel Economy 
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Abstract 

In recent years, technologies for reducing fuel consumption are becoming more important than ever, due to 

the heightened global interest in protecting the environment. In line with this trend, various improvements 

are also being made to enhance the transmission efficiency of automatic transmissions. 

As a result of research into power loss in the automatic transmission, it has been found that the torque con-

verter incurs the largest loss. This paper mainly shows new technologies for the torque converter. The first 

is torque converter lock-up clutch slip control. This system engages the lock-up clutch by applying a steady 

slip speed to prevent the torque fluctuation of the engine from being transmitted to the drive train while en-

hancing the transmission efficiency of the torque converter. The second technology is a new design proce-

dure for the flow passage using computational fluid dynamics. Three-dimensional incompressible turbulent 

flow within a flow passage is numerically analyzed. 

These new technologies are now contributing to large-scale fuel economy. 

Keywords: automatic transmission, slip control, torque converter performance, fuel economy improvement 

1. Introduction 2. Lock-up Clutch Slip Control 

In recent years, against a backdrop of problems such as the 

depletion of fossil fuels and public pressure to preserve the 

global environment, the development of clean and efficient 

products and, in the automobile industry in particular, the im-

provement of vehicle fuel economy have become the most 

pressing issues. 
Th . e mstallat10n rate of automatic transm1ss1ons (A Ts) in pas-

senger cars now exceeds 80%. Improving the fuel economy of 

AT vehicles (Fig. 1) has thus far been accomplished by means 

of multi-speed transmissions, electronic control, lock-up sys-

tems, and so on. But the fuel economy of AT vehicles general-

ly remains 10% to 15% worse than that of man叫 transmission

vehicles, so fuel economy improvement is rapidly becoming 

more important. The authors used loss analysis to discover the 

causes of the AT's inferior fuel economy. Fig. 2 shows an ex-

ample analysis of the causes of loss when a conventio叫 AT

vehicle accelerates gradually to 60 km/h. The results indicate 

that reducing loss in the torque converter (Fig. 3) is the most 

important issue. 

This paper describes efforts to improve the fuel economy of 

AT vehicles, focusing on lock-up clutch slip control and the de-

signing of the flow path by means of numerical analysis on a 

supercomputer as technologies for reducing loss in the torque 

converter. 

A feeling of smooth acceleration and smooth shifting are 

often cited as features of AT vehicles. These advantages are 

gained by transmitting power via the torque converter, but their 

realization is premised on a proportionate loss of power. The 

lock-up clutch slip control system<1> was developed for the pur-

pose of greatly enhancing power transmission efficiency while 

maintaining the characteristic advantages of the torque convert-

er. 
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Fig. 1 Mode Fuel Economy for AT Vehicle 

* Drive Train Engineering Div. Fig. 2 Causes of AT Loss 
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Contributions of Automatic Transmission to Fuel Economy 

in proportion to the electrical current, and for purposes of this 

system, the design of the magnetic path in the electromagnetic 

portion was optimized to provide a high level of response. 

Sensor signals ECU Hydraulic control circuit 

Fig. 6 Slip Control System 

Lock-up clutch 

Fig. 7 Hydraulic Control Circuit 

習

息
゜゚
昔
j:'.: 

Idle 

゜

Linear solenoid 
valve 

Fig. 8 shows the implementation region of the slip control 

function. Control has been extended to the vehicle speed range 

in which the conventional lock-up system could not be utilized 

(such as the normal range for city driving). Slip control is im-

plemented even while the idle switch is on. Because slip con-

trol raises the engine speed in this case, the fuel cutoff time 

during vehicle deceleration is extended and the amount of fuel 

consumed can be reduced. 

2.3 Slip Control Support Technology 

2.3.1 Feedback Control System 

The feedback control system is the heart of the slip control 

system. It must ensure the kind of responsiveness that can 

cope with sudden changes in the driving conditions, and at the 

same time, guarantee robust stability to handle factors whose 

values are dispersed over a wide range and to cope with the 

aging that the system incurs over time. 

The feedback controller we designed to meet these require-

ments is the first mass-produced component in the world to 

make use of the H00 (H-Infinity) control theory(2). The H00 

control theory introduces the concept of loop shaping in the 

frequency domain into a part of the design theory of the control 

system, thereby making possible a detailed design that employs 

the H00 norm (the maximum value of the frequency response 

gain) as a measure of system performance. 

To clarify the performance, the Hoo controller should be 

compared to a PID controller (the conventional technology) 

with the same response. The method is to examine the step re-

sponse of the two controllers when the condition of the control 

object varies. 

Fig. 9 shows the results of a step response simulation (based 

on the time series model) when the DC gain is intentionally 

doubled on the assumption that the stationary friction coeffi-

cient changes. 

Fig. 10 shows the results after a durability test, when the 

A TF and friction materials are deteriorated. It can be said that 

a high level of reliability is obtained with the H00 controller. 
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ed by an experimental approach. All of these measurements 

contributed to making the design support system more practical. 

3.3 Torque Converter Performance Improvement 

As shown in Fig. 16, the performance of the torque convert-

er has been improved with respect to the following points: 

(I) Torque converter transmission efficiency (11) was improved 

by smoothing the internal flow to suppress the power loss 

incurred due to slippage. 

(2) The torque capacity coefficient (c) is suppressed when the 

speed ratio is zero, in order to reduce the drag torque when 

the vehicle is stopped. 

(3) Torque converter slippage is reduced when the vehicle is 

cruising to increase the use of the high-efficiency range. 

Suppression of slippage is achieved by raising the torque 

capacity coefficient at high speed ratios. 

(4) A torque ratio (t) is ensured that is appropriate for the ve-

hicle's standing start performance requirements. 
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Fig. 16 Torque Converter Performance Improvement 

4. Conclusion 

A fuel economy improvement of about 10% in the 10• 15 

mode is expected from the technology described in this paper. 

(Fig. 17) The AT fuel economy improvement technology has 

already been implemented in major vehicle families and is 

highly regarded. Extension of its use to other vehicle families 

(Simulation of V6-3L vehiclel 

Conventional 
specification 

Improved 
specification 

,
 
．．．．
 

i¥
ム
i +9.5% ， 

10 • 15 mode fuel economy (km/II 

Fig. 17 10• 15 Mode Fuel Economy Improvement 

is planned for the future, because it is a key technology making 

a major contribution to fuel economy improvement. 
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Prevention of Global Warming -CO2 Reduction-

Development of D-4 Engine 

Abstract 

Zenichiro Mashiki* 

Souichi Matsushita** 

Takeshi Gouno* 

A new direct-injection gasoline engine (the Toyota D-4) has been developed which makes ultra-lean burn 

(stratified-charge combustion) possible by direct fuel injection into the cylinder with much lower throttle and 

cooling losses. It features new technologies such as a piston with a concave cavity, a high-pressure fuel in-

jection system, and a swirl intake port to produce an optimum swirl in the cylinder by means of a variable 

swirl-control valve. A seamless output torque transition between the stratified-charge and homogeneous-

charge ranges is achieved by using a semi-stratified-charge range. NOx emissions are reduced by using an 

electrically controlled EGR system and a NOx storage-reduction catalyst. Several controls are achieved by 

using an electronic throttle control system. 

It has been confirmed that a vehicle with this system successfully improves fuel economy while satisfying 

emission requirements. 

Keywords: direct fuel injection into the cylinder, stratified-charge combustion, swirl, fuel pressure, high-pres-

sure fuel injection valve, electronically controlled throttle valve 

1. Introduction 

In recent years, public attention has been focused on global 

environmental problems. For automobiles, great importance 

has been attached to the reduction of CO2 emissions, which is 

to say, the reduction of fuel consumption, due to global warm-

ing and the depletion of natural resources. 

Lean burn technology is an effective measure for reducing 

fuel consumption in gasoline engines, and it has been commer-

cialized by virtually all automobile makers. Research has also 

been reported on stratified-charge combustion by means of di-

rect fuel injection into the cylinder as a measure for further fuel 

economy improvement. 

The direct-injection, stratified-charge engine has been stud-

ied for many years and offers the following advantages: 

(1) Pumping losses and cooling losses are low. 

(2) Anti-knock characteristics are good and charging efficiency 

is high, due to the lower temperature of the charge air. 

(3) Response is good. 

However, the technology presents the following problems that 

make its commercialization difficult: 

(1) It is difficult to perform stratified-charge combustion across 

the entire range of operating conditions. 

(2) Smoke tends to be generated in the high-load range. 

(3) NOx emissions are high. 

(4) Deposits tend to accumulate on the injection nozzle, mak-

ing it difficult to ensure a stable spray. 

To solve these problems, the D-4 engine uses stratified, 

semi-stratified, or homogeneous combustion, depending on the 

* Engine Engineering Div. I 
** Engine Engineering Div. II 

TOYOTA Technical Review Vol. 47 No. 2 Apr. 1998 

operating range. This paper describes the combustion charac-

teristics and combustion control. 

Table 1 D-4 Main Specifications 

Displacement 1998 (cc) 

Bore x stroke 86X86 (mm) 

Number of cylinders In-line, 4 cylinders 

Number of intake/exhaust valves 4 

Compression ratio 10.0 

Combustion chamber Pent roof (concave piston) 

Intake ports Helical & straight 

Fuel supply Direct injection into cylinder 

Fuel pressure 8.0-13.0 (MPa) 

Fuel Regular gasoline 

2. System Overview 

Table 1 shows the main specifications for the D-4 engine, 

and Fig. 1 shows the main structure. The structure consists of 

three primary components, as described below. 

(1) Piston with large cavity 

In stratified-charge combustion, fuel is injected under high 

pressure during the compression stroke and enters the piston 

cavity. The swirl and the spray penetration cause the fuel to 

flow along the side walls of the cavity toward the spark plug. 

In the process, the fuel absorbs heat from the piston and the 

surrounding air, causing it to evaporate and form a combustible 

air-fuel mixture. When most of the mixture has passed the 

spark plug, ignition occurs. The shape of the cavity is intended 

to allow rapid expansion of the fuel that has passed the spark 

plug, thereby suppressing the formation of smoke. 
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Development of D-4 Engine 

control valve (E-SCV), which maintains the optimum swirl 

strength for the combustion conditions. The swirl strength 

when the SCV is completely closed is approximately 2.1, and 

lean combustion is achieved by closing the SCV during homo-

geneous combustion. 

3. D-4 Engine Combustion Concept 

Fig. 6 shows the different combustion modes in relation to 

the range of engine operation. Stratified combustion is used up 

to the medium-speed, medium-load range. Homogeneous com-

bustion is implemented in the high-speed, high-load range by 

injecting fuel on the suction stroke. The homogeneous com-

bustion range is further divided into two ranges, one for lean 

combustion and another for combustion using the same stoi-

chiometric air-fuel ratio as the conventional engine, as well as 

an even richer mixture. In the boundary area between the strat-

ified and homogeneous ranges, fuel is injected twice, once on 

the suction stroke and again on the compression stroke. Fig. 7 

shows the pattern of fuel injection control. By optimizing the 

combustion mode according to the load and engine speed, the 

system maximizes fuel economy and ensures continuity of en-

gine torque. 

Engine speed (r/min) 

Fig. 6 Combustion Modes and Operating Ranges 

360°BTDC TDC 
' '  
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4. Combustion Characteristics 

4.1 Light Load (Stratified Combustion) 

Fig. 8 shows the relationship between the lean combustion 

limit and NOx. Engine operation is stable even when the throt-

tle is wide open. In stratified combustion, even if the total air-

fuel ratio is lean, the ratio in the vicinity of the spark plug is 

rich, so NOx reaches its peak at a leaner air-fuel ratio than it 

does in normal homogeneous combustion. NOx is reduced by 

gradually increasing EGR, until with EGR at 35%, NOx is re-

duced by 90%. 
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Fig. 8 Relationship of EGR and NOx (1200 r/m, 12 
mm3/st) 

4.2 Medium Load (Semi-stratified Combustion) 

Injection on 
suction stroke 

Fig. 9 shows the combustion characteristics when fuel is in-

jected on the compression stroke, on the suction stroke, and on 

both the compression and suction strokes. If too much fuel is 

used in stratified combustion, an excessively rich air-fuel mix-

ture will exist in the vicinity of the spark plug, even if the 

throttle is wide open, and smoke will be generated. On the 

other hand, if fuel is injected on the suction stroke for homoge-

neous combustion, but at the throttle angle required by strati-

fied combustion, the resulting excess air will cause misfiring. 

This difference in the throttle angle is the cause of torque dis-

continuity between compression stroke injection and suction 

stroke injection. But if a semi-stratified mixture is created by 

dividing fuel injection between the compression and suction 

strokes, the transition to homogeneous combustion can be 

made without generating smoke. 

Fig. 7 Fuel Injection Control 
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5. 

5.1 

D-4 Engine Control 

Fig. 10 is a structural diagram of the control system. A 

number of special controls have been implemented in order to 

maximize the advantages of the D-4 engine. The sections 

below describe some representative examples. 

Control of Basic Injected Fuel Quantity 

゜
100 200 300 400 500 600 700 800 

BMEP (KPa) 

A stratified combustion engine uses a large amount of air 

even in the light load range, and the specific volume of charge 

air does not change much when the load changes. It is there-

fore difficult to judge changes in load from the specific volume 

of charge air. For that reason, in the light and medium load 

ranges, the D-4 engine determines the amount of injected fuel 

based on the accelerator angle and engine speed. In the high 

load range and for cold starting, the engine computes the vol-

ume of charge air from the intake manifold vacuum, and deter-

mines the amount of fuel on that basis, in the same manner as a 

conventional engine. 

Fig. 9 Combustion Characteristics under Medium Load 

4.3 High Load (Homogeneous Combustion) 

Homogeneous combustion is achieved in the high load range 

by injecting fuel on the suction stroke. As explained previous-

ly, homogeneous combustion is divided into three ranges: lean 

combustion, combustion with a stoichiometric air-fuel ratio, 

and combustion with a rich air-fuel ratio. 

5.2 Single-valve Electronic Throttle Control 

In theory, an engine with stratified combustion can operate 

without a throttle valve, but in fact, a throttle valve is required, 

primarily for the following reasons: 

(1) Because a large volume of EGR gas is introduced in order 

to reduce NOx, a vacuum must be generated to some ex-

tent. 

High-pressure fuel pump 
I 

Pressure regulator 

for low pressures 

Engine computer 

応 Accelerator
Vacuum sensor 

応 Brake

Fig. 10 System Diagram 
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６０

　　　　　

８０ １００

Ｄｉｓｃｈａｒｇｅｄｅｎｅｒｇｙ（Ａｈ）

Ｆｉｇ．３

　

ＢａｔｔｅｒｙｏｕｔｐｕｔＣｈａｒａｃｔｅｒｉｓｔｉｃｓ

３．２

　

ＰｏｖｖｅｒＴｒａｉｎ

Ｔａｂｌｅ２

　

ＣｏｍｐａｒｉｓｏｎｏｆＢａｔｔｅｒｙＴｙｐｅｓ

Ｓｅａｌｅｄｌｅａｄ Ｎｉｃｋｅ１‐ｃａｄｍｉｕｍ Ｎｉｃｋｅｌ．ｍｅｔａｌｈｙｄｒｉｄｅ Ｌｉｔｈｉｕｍ

Ｅｎｅｒｇｙｄｅｎｓｉｔｙ △ Ｏ Ｏ ◎

Ｐｏｗｅｒｄｅｎｓｉｔｙ ◎ ◎ ◎ ◎

Ｌｉｆｅ △ Ｏ ◎ Ｏ

Ｓａｆｅｔｙ Ｏ Ｏ ◎ △

Ｃｏｓｔ Ｏ △ △ △

（ＢｙＴｏｙｏｔａＭｏｔｏｒＣｏｒｐｏｒａｔｉｏｎ）

　

ＴｈｅＲＡＶ４ＥＶｉｓｔｈｅｗｏｒｌｄ‐ｓｆｉｒｓｔｍａｓｓ‐ｐｒｏｄｕｃｅｄｖｅｈｉｃｌｅｔｏｕｓｅａ

ｐｅｒｍａｎｅｎｔｍａｇｎｅｔｓｙｎｃｈｒｏｎｏｕｓｍｏｔｏｒ，ｗｈｉｃｈｉｓｍｏｒｅｅｆｆｉｃｉｅｎｔ，
ｌｉｇｈｔｅｒ，ａｎｄｓｍａｌｌｅｒｔｈａｎｔｈｅＤＣａｎｄＡＣ ｍｏｔｏｒｓｈｅｒｅｔｏｆｏｒｅｕｓｅｄｉｎ

ＥＶＳ．（Ｐｈｏｔｏ，２）

　

Ａｒａｒｅｅａｒｔｈｍｅｔａｌｍａｇｎｅｔ（ｎｅｏｄｙｍｉｕｍ‐ｉｒｏｎ‐ｂｏｒｏｎｔｙｐｅ）ｗｉｔｈｈｉｇｈ

ｍａｇｎｅｔｉｃｄｅｎｓｉｔｙｉｓｕｓｅｄｆｏｒｔｈｅｒｏｔｏｒ． Ｔｈｅｍａｇｎｅｔｉｃｃｉｒｃｕｉｔｉｓｄｅ‐

ｓｉｇｎｅｄｔｏｅｎｈａｎｃｅｈｅａｔｒｅｓｌｓｔａｎｃｅａｎｄｄｕｒａｂｉｌｉｔｙ，ａｎｄｃｏｍｂｉｎｅｓｓｍａｌｌ

ｓｌｚｅｗｉｔｈｈｉｇｈｏｕｔｐｕｔ．Ｖ′ｉｔｈｃｏｎｖｅｎｔｉｏｎａｌｍｏｔｏｒｓｏｆｔｈｉｓｔｙｐｅ，ｔｈｅｖｏｌｔ‐

ａｇｅｇｅｎｅｒａｔｅｄｂｙｔｈｅｒｏｔｏｒｍａｇｎｅｔ（ｂａｃｋｅｌｅｃｔｒｏｍｏｔｉｖｅｆｏｒｃｅ）ｉｎｃｒｅａｓ‐

ｅｓｌｎｐｒｏｐｏｒｔｌｏｎｔｏｔｈｅｍｏｔｏｒｓｐｅｅｄ，ｍａｋｉｎｇｉｔｄｉｆｆｉｃｕｌｔｔｏｅｘｔｅｎｄｔｈｅ

ｓｐｅｅｄｒａｎｇｅ． Ｈｏｗｅｖｅｒ，ａｄｖａｎｃｅｓｉｎｃｏｎｔｒｏｌｔｅｃｈｎｏｌｏｇｙｉｎｒｅｃｅｎｔｙｅａｒｓ

ｈａｖｅｍａｄｅｉｔｐｏｓｓｉｂｌｅｔｏｕｓｅｆｉｅｌｄｗｅａｋｅｎｉｎｇｃｏｎｔｒｏｌｔｏｒｅｄｕｃｅｔｈｅ

ｂａｃｋｅｌｅｃｔｒｏｍｏｔｉｖｅｆｏｒｃｅｂｙａｄｖａｎｃｉｎｇｔｈｅｃｕｒｒｅｎｔｐｈａｓｅ，ｔｈｕｓａｃｈｉｅｖ－

ｉｎｇｈｉｇｈｅｒｍｏｔｏｒｓｐｅｅｄｓ．

　

いノｉｔｈｔｈｅＥＶ ｍｏｔｏｒ，ｔｏｒｑｕｅａｒｉｓｅｓａｔａｌｏｗｅｒｍｏｔｏｒｓｐｅｅｄｔｈａｎｗｉｔｈ

ｔｈｅＩＣＥ． Ｆｏｒｔｈａｔｒｅａｓｏｎ，ｔｈｅＥＶｔｒａｎｓａｘｌｅｆｕｎｃｔｉｏｎｓｗｅｌｌｗｉｔｈｏｎｌｙ

ｓｉｎｇｌｅ－ｓｐｅｅｄｒｅｄｕｃｔｉｏｎ． Ａ１ｓｏ，ｔｈｅＲＡＶ４ＥＶ
．ｓｔｒａｎｓａｘｌｅｕｓｅｓａｐｌａｎｅ－

３８
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ｔａｒｙｇｅａｒｗｉｔｈａｓｔｅｐｐｅｄｐｉｎｉｏｎｇｅａｒｔｈａｔｒｏｔａｔｅｓｏｎｔｈｅｓａｍｅｓｈａｆｔａｓ

ｔｈｅｍｏｔｏｒ，ｍａｋｉｎｇｉｔｓｍａｌｌｅｒ，ｌｉｇｈｔｅｒ，ａｎｄｍｏｒｅｅｆｆｉｃｉｅｎｔｔｈａｎｔｈｅｃｏｎ－

ｖｅｎｔｉｏｎａｌｎ・ｕｌｔｉ‐ｓｈａｆｔｔｒａｎｓａｘｌｅ．ｌｎＦｉｇ．４，ｔｈｅｄｒｉｖｅｆｏｒｃｅｇｅｎｅｒａｔｅｄｂｙ

ｔｈｅｒｏｔｏｒｉｓｔｒａｎｓｎｌｉｔｔｅｄｂｙｔｈｅｓｔｅｐｐｅｄｐｉｎｉｏｎｇｅａｒｖｉａｔｈｅｒｏｔｏｒ
’ｓｃｅｎｔｒａｌ

ｓｈａｆｔ，ｔｈｅｎｔｒａｎｓｍｉｔｔｅｄｖｉａｔｈｅｄｉｆｆｅｒｅｎｔｉａｌｔｏｔｈｅｌｅｆｔａｎｄｒｉｇｈｔｗｈｅｅｌｓ．

　

Ｆｉｇ．５ｓｈｏｗｓｔｈｅｍｏｔｏｒ’ｓｐｅｒｆｏｒｍａｎｃｅｃｕｒｖｅ． Ｔｈｅｒａｎｇｅｏｆｍｏｔｏｒ

ｏｐｅｒａｔｉｏｎｖａｒｉｅｓａｃｃｏｒｄｉｎｇｔｏｔｈｅｔｙｐｅｏｆｄｒｉｖｉｎｇ，ｂｕｔｔｈｅｍｏｔｏｒｓｈｏｗｓ

ａｍｐｌｅｐｅｒｆｏｒｍａｎｃｅｉｎａｌｌｏｐｅｒａｔｉｎｇｒａｎｇｅｓ．
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Ｔｈｅｐａｒｔｓｌｉｓｔｅｄｂｅｌｏｗｈａｖｅｂｅｅｎｉｎｃｏｒｐｏｒａｔｅｄｉｎｔｏａｓｉｎｇｌｅｃａｓｅｉｎ

ｏｒｄｅｒｔｏｅｆｆｅｃｔｉｖｅｌｙｒｅｄｕｃｅｅｌｅｃｔｒｉｃａｌｌｙｒａｄｉａｔｅｄｎｏｉｓｅａｎｄｔｏｅｎｓｕｒｅ

ｓａｆｅｔｙｗｉｔｈｒｅｓｐｅｃｔｔｏｈｉｇｈｖｏｌｔａｇｅｓ．（Ｐｈｏｔｏ．３，Ｆｉｇ．６）
ｒ） ＥＶｃｏｍｐｕｔｅｒ：
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ＣｏｎｖｅｒｔｓＤＣｐｏｗｅｒｆｒｏｍｔｈｅｂａｔｔｅｒｉｅｓｔｏ３‐ｐｈａｓｅＡＣａｎｄｓｕｐｐｌｉｅｓ

　

ｉｔｔｏｔｈｅｍｏｔｏｒ．

４） ｏｎ‐ｂｏａｒｄｃｈａｒｇｅｒ：Ｓｅｅｓｅｃｔｉｏｎ３．７．
５） ＤＣ－ＤＣｃｏｎｖｅｒｔｅｒ：

　

Ｃｏｎｖｅｒｔｓｖｏｌｔａｇｅ（２８８Ｖ）ｆｒｏｍｔｈｅｍａｉｎｂａｔｔｅｒｉｅｓｔｏｖｏｌｔａｇｅ（１２Ｖ）

　　　

ｆｏｒａｕｘｉｌｉａｒｙｓｙｓｔｅｎ［ｌｏｐｅｒａｔｌｏｎ．
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3.4 Regenerative Braking System but on level ground for example, it reaches 25% (Fig. 9), increasing 

the vehicle's range to the same extent. 

Regenerative braking is a system for using energy effectively that is 

unique to electric and hybrid vehicles. It is not found in ICE vehicles. 

When the vehicle decelerates, the system operates the motor as a gen-

erator to convert the kinetic energy of the vehicle's motion into electri-

cal energy, which it then stores in the batteries at the same time that it 

generates braking force. (Fig. 7) 

The system is particularly useful for extending the distance the EV 

can travel on a single charge. The braking system of the RAV 4 EV is 

configured as shown in Fig. 8. When the driver steps on the brake 

pedal, the system detects the hydraulic pressure in the master cylinder 

and uses the motor to generate a braking force proportionate to the 

pressure. When the pressure in the master cylinder rises above a fixed 

value, proportionate hydraulic pressure is supplied to the front and 

rear wheel cylinders, ensuring adequate braking force. 

The energy recovery rate varies according to the driving conditions, 

Motor Rolling Air 
inverter Gear resistance resistance 
loss loss loss loss 

Motor Gear Roi.ling Air_ 
inverter loss resistance resistance 
loss loss loss 

Fig. 7 EV Energy Flow 
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Fig. 9 Examples of Actual Energy Recovery 

3.5 Low Rolling Resistance Tires 

Special low rolling resistance tires were developed to lower the ve-

hicle's running resistance and reduce its energy consumption during 

driving. The rolling resistance of the tires is approximately 35% less 

than that of conventional tires, extending the range per charge by ap-

proximately 7%. 

3.6 Energy-saving Items 

As an energy source, the EV's batteries provide only one-hundredth 

as much energy as gasoline per unit of weight or volume, so reducing 

the amount of energy consumed for purposes other than driving is a 

major issue for EVs. Accordingly, the RAV4 EV has been equipped 

with the following energy-saving features: 

I) Heat-pump air conditioner 

The vehicle uses a heat-pump air conditioner of the same type used 

for home air conditioning. (Fig. 10) 

Heat pump system 

F「ashai,
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Ventilation system 

Fig. 10 Heat Pump Air Conditioning System 

Fig. 8 Regenerative Braking System 
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Ｅ１ｅｃｔｒｉｃＶｅｈｉｃｌｅ１ＩＲＡＶ４ＥＶＩＩ

　

Ｔｈｅｅｌｅｃｔｒｉｃｍｏｔｏｒｄｒｉｖｅｓａｃｏｍｐｒｅｓｓｏｒｔｏｃｉｒｃｕｌａｔｅｃｏｏｌａｎｔｂｅｔｗｅｅｎ

ｔｈｅｐａｓｓｅｎｇｅｒｃａｂｉｎａｎｄａｃｏｎｄｅｎｓｅｒ，ｔｈｕｓｔｒａｎｓｆｅｒｒｉｎｇｔｈｅｒｍａｌｅｎｅｒｇｙ

ｆｒｏｍｔｈｅｃａｂｉｎｔｏｔｈｅａｔｍｏｓｐｈｅｒｅ． 乳／ｈｅｎｔｈｅｈｅａｔｍｏｄｅｏｎｔｈｅｉｎｓｔｒｕ‐

ｍｅｎｔｐａｎｅｌｉｓｓｗｉｔｃｈｅｄｆｒｏｍｃｏｏｌｉｎｇｔｏｈｅａｔｉｎｇ，ｉｔｓｗｉｔｃｈｅｓａｖａｌｖｅｉｎ

ｔｈｅｃｏｏｌａｎｔｃｉｒｃｕｌａｔｉｏｎｓｙｓｔｅｍｔｏｒｅｖｅｒｓｅｔｈｅｃｏｏｌａｎｔｆｌｏｗ，ｔｈｅｒｅｂｙ

ｔｕｒｎｉｎｇｔｈｅａｉｒｃｏｎｄｉｔｉｏｎｅｒｉｎｔｏａｈｅａｔｅｒ．

　

ＴｈｅＲＡＶ４ＥＶｕｓｅｓａｇａｓｉｎｊｅｃｔｉｏｎｓｙｓｔｅｍｔｈａｔｃｉｒｃｕｌａｔｅｓｔｈｅ

ｃｏｏｌａｎｔｉｎｔｗｏｓｔａｇｅｓｔｏｉｎｃｒｅａｓｅｅｆｆｉｃｉｅｎｃｙ． Ｔｈｅｖｅｎｔｉｌａｔｉｏｎｓｙｓｔｅｍ

ｆｅａｔｕｒｅｓａｔｗｏ‐ｌｅｖｅｌｆｌｏｗｔｈａｔｕｓｅｓｔｈｅｃａｂｉｎａｉｒｅｆｆｅｃｔｉｖｅｌｙｔｏｒｅｄｕｃｅ

ｖｅｎｔｉｌａｔｉｏｎｌｏｓｓ． Ｔｈｅｓｅａｎｄｏｔｈｅｒｆｅａｔｕｒｅｓｐｒｏｖｉｄｅｐｅｒｆｏｒｍａｎｃｅｃｏｍ‐

ｐａｒａｂｌｅｔｏｔｈａｔｏｆａｎＩＣＥｖｅｈｉｃｌｅ
’ｓｓｙｓｔｅｍ，ｅｖｅｎｗｈｅｎｔｈｅｏｕｔｓｉｄｅａｉｒ

ｔｅｍｐｅｒａｔｕｒｅｉｓｌｏｗ，（Ｆｉｇ，１１）Ｔｈｅｓｙｓｔｅｍａｌｓｏｕｓｅｓｔｈｅｅｎｖｉｒｏｎｍｅル

ｔａｌｌｙｆｒｉｅｎｄｌｙ，ｎｏｎ－ＣＦＣｃｏｏｌａｎｔＨＦＣ１３４ａ．

２） Ｐｒｅ‐ｈｅａｔｉｎｇ／ｐｒｅ‐ｃｏｏｌｉｎｇｓｙｓｔｅｍ

　

Ｓｅｔｔｉｎｇｔｈｅｐｒｅ‐ｈｅａｔｉｎｇ／ｐｒｅ－ｃｏｏｌｉｎｇｓｔａｒｔｔｉｍｅｏｎｔｈｅｃｈａｒｇｉｎｇｃｏｎ‐

ｔｒｏｌｐａｎｅｌｃａｕｓｅｓｔｈｅｓｙｓｔｅｍｔｏａｕｔｏｍａｔｉｃａｌｌｙｏｐｅｒａｔｅｔｈｅａｉｒｃｏｎｄｉｔｉｏｎ‐

ｅｒｉｎｅｉｔｈｅｒｔｈｅｈｅａｔｉｎｇｏｒｃｏｏｌｉｎｇｍｏｄｅｏｎｈｏｕｓｅｈｏｌｄｐｏｗｅｒ．

３） Ｕ１ｔｒａｖｉｏｌｅｔ－ｉｍｐｅｒｍｅａｂｌｅ，ｈｉｇｈｌｙｈｅａｔ‐ａｂｓｏｒｂｅｎｔｇｌａｓｓ

Ｃｈａｒｇｉｎｇｔｉｍｅ
Ｎｏｒｍａ１ｃｈａｒｇｉｎｇ ６．５ｈｏｕｒｓ（ＳＯＣ２０ ｏｏも）

Ｆａｓｔｃｈａｒｇｉｎｇ
Ｍａｘｉｍｕｍ３０ｍｉｎｕｔｅｓ
（ａｐｐｒｏｘ．１／３ｃｈａｒｇｅｄ）

Ｆｉｇ．１２

　

ＣｈａｒｇｉｎｇＳｙｓｔｅｍ

０

　　　　　　　　

１０

　　　　　　　　

２０

　　　　　　　　

３０

　　　　　　　　

４０

Ｔｉｍｅ｛ｍｉｎｕｔｅｓ）

Ｆｉｇ．１Ｉ

　

ＨｅａｔｅｒＰｅｒｆｏｒｍａｎｃｅＣｏｍｐａｒｉｓｏｎ

３．７

　

ＣｈａｒｇｉｎｇＳｙｓｔｅｍ

　

ＴｈｅＲＡＶ４ＥＶ１ｓｈｉｇｈ‐ｅｆｆｉｃｉｅｎｃｙｏｎ‐ｂｏａｒｄｃｈａｒｇｅｒａｎｄｏｎｅ‐ｔｏｕｃｈ

ｃｈａｒｇｉｎｇｃｏｎｎｅｃｔｏｒｍａｋｅｉｔｅａｓｙｔｏｒｅｃｈａｒｇｅｔｈｅｂａｔｔｅｒｉｅｓｆｒｏｍａｎｏｒｄｉ‐

ｎａｒｙｈｏｕｓｅｈｏｌｄｐｏｗｅｒｓｕｐｐｌｙ．（Ｆｉ９．１２）Ｔｈｅｓｙｓｔｅｍｎｏｒｍａｌｌｙｕｓｅｓａ

ｓｉｎｇｌｅ‐ｐｈａｓｅ，２００‐２４０Ｖ／３０Ａｐｏｗｅｒｓｕｐｐｌｙａｎｄｒｅｑｕｉｒｅｓａｐｐｒｏｘｌｍａｔｅｌｙ

ｓｉｘ‐ａｎｄ－ａ‐ｈａｌｆｈｏｕｒｓｔｏｃｈａｒｇｅ．ｌｎＪａｐａｎ，ｈｏｗｅｖｅｒ，ｔｈｅｇｏｖｅｒｎｍｅｎｔｉｓ

ａｌｓｏｐｒｏｍｏｔｉｎｇｔｈｅｅｓｔａｂｌｉｓｈｍｅｎｔｏｆ“ｅｃｏ‐ｓｔａｔｉｏｎｓ”ｆｏｒｆａｓｔｃｈａｒｇｉｎｇ

（Ｐｈｏｔｏ．４），ｗｈｅｒｅａｎＥＶｃａｎｂｅｏｎｅ‐ｔｈｉｒｄｃｈａｒｇｅｄｉｎｔｈｉｒｔｙｍｉｎｕｔｅｓ．

３．８ ＳａｆｅｔｙＳｙｓｔｅｍ

　

ＢｅｃａｕｓｅｔｈｅＥＶｕｓｅｓｈｉｇｈｖｏｌｔａｇｅａｎｄｄｒａｗｓａｌａｒｇｅｃｕｒｒｅｎｔ，ｅｌｅｃ－

ｔｒｉｃａｌｓａｆｅｔｙｗａｓｇｌｖｅｎｐａｒｔｉｃｕｌａｒｃｏｎｓｉｄｅｒａｔｉｏｎ．

　　

ｏｆｃｏｕｒｓｅ，ｎｏｈｉｇｈ‐ｖｏｌｔａｇｅｐａｒｔｓａｒｅｉｎｓｔａｌｌｅｄｉｎｔｈｅｐａｓｓｅｎｇｅｒ

ｃａｂｉｎ，ａｎｄｃａｒｅｈａｓｂｅｅｎｔａｋｅｎｔｏｉｓｏｌａｔｅｔｈｅｈｉｇｈ－ｖｏｌｔａｇｅｓｙｓｔｅｍｆｒｏｍ

雛寄贈。ｒ
ｗｅｒ

　　　　

雷騒ぎ標的；ｎｇ

　　　　　　

盲３５ｔＣｈａｒｇすｎｇ

署誹電磁
：

　　　　　　

Ｎｏｒｍａ１ｃｈａｒｇｉｎｇ１ｉｄ

Ｐｏｗｅｒｃｏｎｔｒｏｌｕｎｉｔ

　　　　　

＋

　　　　　　　　　　

＋

　　　　　　　　　　
　　　　　 　

　

　 　
　 　

　　　　　

ｒ「－上でキーふまず～｝

Ｐｈｏｔｏ．４

　

Ｅｃｏ‐ｓｔａｔｉｏｎｉｎＵｓｅ

ｔｈｅｖｅｈｉｃｌｅｂｏｄｙａｎｄｔｏｅｎｓｕｒｅｔｈａｔｈｉｇｈ‐ｖｏｌｔａｇｅｔｅｒｍｉｎａｌｓａｒｅｎｏｔｅｘ－

ｐｏｓｅｄ． Ｔｈｅｓｙｓｔｅｍｉｓａｌｓｏｄｅｓｉｇｎｅｄｔｏｃｕｔｏｆｆｐｏｗｅｒｗｈｅｎｔｈｅｋｅｙｉｓ

ｔｕｒｎｅｄｏｆｆａｎｄｔｏｄｅｔｅｃｔａｎｙｅｌｅｃｔｒｉｃａｌｌｅａｋａｇｅ．Ｄｅｖｉｃｅｓｈａｖｅａｌｓｏｂｅｅｎ

ｌｎｃｏｒｐｏｒａｔｅｄｔｏｃｕｔｏｆｆｔｈｅｐｏｗｅｒｓｕｐｐｌｙａｕｔｏｍａｔｉｃａｌｌｙｉｎｔｈｅｅｖｅｎｔｏｆ

ａｎａｃｃｉｄｅｎｔ，ａｓｗｅｌｌａｓｔｏｃｕｔｏｆｆｈｉｇｈｖｏｌｔａｇｅｗｈｅｎｔｈｅｖｅｈｉｃｌｅｉｓ

ｂｅｉｎｇｓｅｒｖｉｃｅｄ． Ｍ［ｏｒｅｏｖｅｒ，ｉｔｈａｓｂｅｅｎｃｏｎｆｉｒｍｅｄｔｈａｔｔｈｅｂａｔｔｅｒｉｅｓａｎｄ

ｔｈｅｅｌｅｃｔｒｉｃａｌｓｙｓｔｅｍａｒｅａｓｗａｔｅｒ ｅｓｌｓｔａｎｔａｓｔｈｏｓｅｏｆａｃｏｎｖｅｎｔｉｏｎａｌ

ｇａｓｏｌｉｎｅ‐ｐｏｗｅｒｅｄｖｅｈｉｃｌｅ．

４．Ｅｖａ１ｕａｔｉｏｎ

　

ｌｎｏｒｄｅｒｆｏｒｔｈｅＥＶｔｏｂｅｉｎｔｒｏｄｕｃｅｄｉｎｔｏｔｈｅｍａｒｋｅｔａｓａｐｒａｃｔｉｃａｌ

ｖｅｈｉｃｌｅ，ｉｔｍｕｓｔｂｅｅｖａｌｕａｔｅｄｂｏｔｈｉｎｃｏｍｐａｒｌｓｏｎｗｉｔｈｇａｓｏｌｉｎｅ‐ｐｏｗ‐

ｅｒｅｄｖｅｈｉｃｌｅｓａｎｄｉｎｔｅｒｍｓｏｆｉｔｓｕｎｉｑｕｅｆｅａｔｕｒｅｓ． Ｔｈｅｐａｒｔｉｃｕｌａｒｌｙｉｍ‐

ｐｏｒｔａｎｔｆｅａｔｕｒｅｓａｒｅｌｉｓｔｅｄｂｅｌｏｗ．

１） Ｔｈｅａｐｐｒｏｐｒｉａｔｅｎｅｓｓｏｆｔｈｅｃｒｕｌｓｌｎｇｒａｎｇｅａｎｄｐｏｗｅｒｐｅｒｆｏｒｍａｎｃｅ

　

ｔｏｔｈｅａｃｔｕａｌｍａｒｋｅｔ

２） Ｅｆｆｅｃｔｏｆｃｈａｒｇｉｎｇｍｅｔｈｏｄｏｎｂａｔｔｅｒｙｐｅｒｆｏｒｍａｎｃｅａｎｄｌｉｆｅ

３） Ｅｆｆｅｃｔｓｏｆｄｒｉｖｉｎｇｏｎｔｈｅｂａｔｔｅｒｉｅｓａｎｄｐｏｗｅｒｔｒａｉｎｉｎｔｈｅａｃｔｕａｌ

ｍａｒｋｅｔ

ＴｏＹｏＴＡ 雲ｅｃｈｎｉｃａＩＲｅｖｉｅｗ Ｖｏｌ．４７Ｎｏ．２Ａｐｒ．１９９８ ４１



４） Ｃｏｍｐａｔｉｂｉｌｉｔｙｗｉｔｈｔｈｅｕｓｅｅｎｖｉｒｏｎｍｅｎｔ（ｃｌｉｍａｔｅ，ｒｏａｄｃｏｎｄｉｔｉｏｎｓ，

　

ｇｅｏｇｒａｐｈｙ）

５） ＲｅｌｉａｂｉｌｉｔｙａｎｄｓａｆｅｔｙｏｆｔｈｅＥＶｓｙｓｔｅｍ

　

Ｒａｐｉｄａｄｖａｎｃｅｓｉｎｅｖａｌｕａｔｉｏｎ ｍｅｔｈｏｄｓａｎｄｅｑｕｌｐｍｅｎｔｌｎｒｅｃｅｎｔ

ｙｅａｒｓｈａｖｅｍａｄｅｉｔｐｏｓｓｉｂｌｅｔｏｃａｒｒｙｏｕｔｅｖａｌｕａｔｉｏｎｂｙｍｅａｎｓｏｆｉｎ－

ｈｏｕｓｅｂｅｎｃｈｔｅｓｔｓａｎｄｒｏａｄｔｅｓｔｓｗｉｔｈａｃｔｕａｌｖｅｈｉｃｌｅｓｏｎｃｅｅｖａｌｕａｔｉｏｎ

ｓｔａｎｄａｒｄｓａｒｅｄｅｔｅｒｍｉｎｅｄ， Ｔｈｅｐｒｏｂｌｅｍｉｓｈｏｗｔｏｔａｋｅｉｎｔｏａｃｃｏｕｎｔ

ｔｈｅｖａｒｌｏｕｓｗａｙｓｉｎｗｈｉｃｈｔｈｅｖｅｈｉｃｌｅｍａｙｂｅｕｓｅｄｆｏｒｗｈｉｃｈｅｖａｌｕａ‐

ｔｌｏｎｓｔａｎｄａｒｄｓｃａｎｎｏｔｂｅｄｅｔｅｒｍｉｎｅｄ，Ｆｏｒｅｘａｍｐｌｅ，ｃｈａｒｇｉｎｇｉｓｄｉｆｆｅｒ－

ｅｌｌｔｆｏｒｅｖｅｒｙｐｅｒｓｏｎｄｏｉｎｇｉｔｅｖｅｒｙｔｉｍｅｉｔｉｓｄｏｎｅ，ｓｏｌｔｃａｎｎｏｔｂｅ

ｅｖａｌｕａｔｅｄｃｏｍｐｌｅｔｅｌｙｂｙｑｕａｎｔｉｔａｔｉｖｅｍｅａｎｓａｌｏｎｅ． Ｔｏａｃｃｕｎ・ｕｌａｔｅ

ｍｏｒｅｃｏｎｌｐｌｅｔｅｅｖａｌｕａｔｉｏｎｄａｔａ，ＴｏｙｏｔａｈａｓｕｓｅｄｔｈｅＲＡＶ４ＥＶｔｏｐａｒ－

ｔｌｃｌｐａｔｅｉｎｔｈｅｆｉｒｓｔＳｃａｎｄｉｎａｖｉａｎＥＶ ＲａｌｌｙａｎｄｔｈｅｔｈｉｒｄＮ１ｏｎｔｅＣａｒｌｏ

ＥＶＲａｌｌｙ，ａｎｄｈａｓｐｒｏｖｉｄｅｄｔｅｎｖｅｈｉｃｌｅｓｅａｃｈｔｏＪａｐａｎａｎｄｔｈｅＵｎｉｔｅｄ

Ｓｔａｔｅｓｔｏｂｅｕｓｅｄａｓｍｏｎｌｔｏｒｖｅｈｉｃｌｅｓｂｙｇｏｖｅｒｎｍｅｎｔａｇｅｎｃｌｅｓａｎｄ

ｅｌｅｃｔｒｉｃａｌｐｏｗｅｒｃｏｍｐａｎｉｅｓ， Ｍａｒｋｅｔｅｖａｌｕａｔｉｏｎｄａｔａｈａｓａｌｓｏｂｅｅｎｃｏｌ－

ｌｅｃｔｅｄｆｏｒｏｎｅ‐ｈｕｎｄｒｅｄＴｏｗｎＡｃｅＥＶＳ，ａｓｗｅｌｌａｓｆｏｒｔｈｅ ｄｏｏｒ

ＲＡＶ４ＥＶ，ａｎｄｔｈｅｒｅｓｕｌｔｓａｒｅｒｅｆｌｅｃｔｅｄｉｎｔｈｅｎｅｗ５‐ｄｏｏｒｎｌｏｄｅＬ

５．Ｃｏｎｃｌｕｓｉｏｎ

　

ＴｈｅＥＶｈａｓｒｅａｃｈｅｄｔｈｅｐｏｉｎｔｗｈｅｒｅｉｔｓｐｅｒｆｏｒｍａｎｃｅｌｓｃｏｍｐａｒａｂｌｅ

ｔｏｔｈａｔｏｆａｇａｓｏｌｉｎｅ‐ｐｏｗｅｒｅｄｖｅｈｉｃｌｅｉｆｉｔｉｓｕｓｅｄｆｏｒｌｉｍｉｔｅｄｐｕｒｐｏｓｅｓ

ａｎｄｗｉｔｈｉｎｌｉｍｉｔｅｄｃｉｒｃｕｍｓｔａｎｃｅｓ． Ａｎｄｏｆｃｏｕｒｓｅ，ｉｔｈａｓｔｈｅａｐｐｅａｌｉｎｇ

ｆｅａｔｕｒｅｓｏｆｚｅｒｏｅｍｉｓｓｉｏｎｓａｎｄｌｏｗｎｏｉｓｅ． Ｔｈｅｐｅｒｆｏｒｍａｎｃｅａｎｄｃｏｎ‐

ｖｅｎｉｅｎｃｅｏｆｔｈｅ５‐ｄｏｏｒｍｏｄｅＩＲＡＶ４ＥＶｈａｖｅｗｏｎｉｔｖｅｒｙｈｉｇｈｐｒａｌｓｅ

ｆｒｏｍｇｏｖｅｒｎｍｅｎｔａｇｅｎｃｉｅｓａｎｄｂｕｓｉｎｅｓｓｅｓｓｌｎｃｅｉｔｓｉｎｔｒｏｄｕｃｔｉｏｎｉｎ

ｏｃｔｏｂｅｒ．

　

Ｗ／ｈｅｎｏｎｅｐｏｎｄｅｒｓｔｈｅｄｉｒｅｃｔｉｏｎｉｎｗｈｉｃｈｔｈｅＥＶ ｗｉｌｌｄｅｖｅｌｏｐｉｎ

ｔｈｅｆｕｔｕｒｅ，ｅｖｅｎｃｏｎｓｉｄｅｒｉｎｇｔｈｅ ｄｏｏｒｍｏｄｅＩＲＡＶ４ＥＶ，ｔｈｒｅｅｍａＪｏｒ

ｐｒｏｂｌｅｎｌｓｒｅｍａｌｎ：

１） Ｔｈｅｐｒｉｃｅｉｓｈｉｇｈ．
２） Ｔｈｅｅｘｐｅｎｓｉｖｅｂａｔｔｅｒｉｅｓｍｕｓｔｂｅｒｅｐｌａｃｅｄｄｕｒｉｎｇｔｈｅｌｉｆｅｏｆｔｈｅｖｅ‐

　

ｈｉｃｌｅ，

３） Ａｒｅｃｈａｒｇｉｎｇｉｎｆｒａｓｔｒｕｃｔｕｒｅｈａｓｎｏｔｂｅｅｎｅｓｔａｂｌｉｓｈｅｄ．

　

Ａｓｔｈｅｅｎｇｉｎｅｅｒｓｗｈｏｄｅｖｅｌｏｐｅｄｔｈｅｖｅｈｉｃｌｅ，ｗｅａｒｅｎａｔｕｒａｌｌｙｓｔｒｌｖ‐

ｉｎｇｔｏｓｏｌｖｅｔｈｅｓｅｐｒｏｂｌｅｍｓｏｕｒｓｅｌｖｅｓａｎｄｔｏｆｕｒｔｈｅｒｉｍｐｒｏｖｅｔｈｅｖｅｈｉ‐

ｃｌｅｒｓｐｅｒｆｏｒｍａｎｃｅ，ｂｕｔｔｈｅｒｅａｒｅａｌｓｏｓｔｒｏｎｇｄｅｍａｎｄｓｆｏｒａ４００－ｋｉｌｏｍｅ－

ｔｅｒｃｒｕｌｓｉｎｇｒａｎｇｅａｎｄｂｅｔｔｅｒｐｏｗｅｒｐｅｒｆｏｒｎｌａｎｃｅ． Ｔｈｅｓｅｇｏａｌｓａｒｅ

ｔｅｃｈｎｏｌｏｇｉｃａｌｌｙｆｅａｓｉｂｌｅ，ｂｕｔａｓｔｈｅｙｗｏｕｌｄｒｅｑｕｉｒｅｅｖｅｎｌａｒｇｅｒ‐ｃａｐａｃｌ－

ｔｙｃｈａｒｇｉｎｇｅｑｕｉｐｍｅｎｔａｎｄｒａｉｓｅｔｈｅｃｏｓｔｅｖｅｎｍｏｒｅ，ｔｈｅｙａｒｅｎｏｔ

ｔｈｏｕｇｈｔｔｏｂｅｒｅａｌｉｓｔｉｃ．

　

ｌｎｏｒｄｅｒｔｏｇａｉｎｗｉｄｅｓｐｒｅａｄｐｕｂｌｉｃａｃｃｅｐｔａｎｃｅｆｏｒＥＶｓｉｎｔｈｅｆｕｔｕｒｅ，

ｗｅｄｅｖｅｌｏｐｍｅｎｔｅｎｇｌｎｅｅｒｓｍｕｓｔｇｏｂａｃｋｔｏｓｑｕａｒｅｏｎｅｔｏｃｏｎｃｅｉｖｅｏｆ

ａｎＥＶｔｈａｔｗｉｌｌｍａｋｅｍｏｒｅｐｅｏｐｌｅｆｅｅｌｔｈａｔｉｔｓｃｏｍｂｉｎａｔｉｏｎｏｆｐｅｒｆｏｒ‐

ｍａｎｃｅａｎｄｐｒｉｃｅｍａｋｅｓｉｔｗｏｒｔｈｔｒｙｉｎｇ，ａｖｅｈｉｃｌｅｔｈａｔｃａｎｂｅｕｓｅｄｉｎ

ｍｏｒｅｄｉｆｆｅｒｅｎｔｐｌａｃｅｓａｎｄｍｏｒｅｄｉｆｆｅｒｅｎｔｗａｙｓ． 帆／ｅａｌｓｏｗａｎｔｔｏｈａｖｅ

ｕｓｅｒｓｕｎｄｅｒｓｔａｎｄｍｏｒｅｄｅｅｐｌｙｔｈｅｅｎｖｌｒｏｎｍｅｎｔａｌｃｏｎｓｉｄｅｒａｔｉｏｎｓ． Ｖｖｅ

ｐａｒｔｉｃｕｌａｒｌｙｗａｎｔｔｏｐｒｏｖｉｄｅａｗｉｄｅｒｒａｎｇｅｏｆｅｘｐｅｒｉｅｎｃｅｓｔｏｔｈｅ

ｙｏｕｎｇｅｒｇｅｎｅｒａｔｌｏｎｔｈａｔｗｉｌｌｂｅｃｏｍｅｔｈｅｆｕｔｕｒｅｌｅａｄｅｒｓｏｆｓｏｃｉｅｔｙ，ａｎｄ

ｔｏｈａｖｅｔｈｅｍｆｅｅｌｎ・ｏｒｅｆａｍｉｌｉａｒｗｉｔｈｔｈｅＥＶ．

圏 Ａｕｔｈｏｒｓ

Ｍ，ＫＩＮＯＳＨＩＴＡ

４２

Ｓ．Ｋ－ＭＵＲＡ



ＰＩＦｅｖｅｎｄｏｎｏｆＧ１ｏｂ副 ｗａｒ血ｉｎｇ‐ＣαＲｄｕｃｄｏｎ‐

ｌｎｔｒｏｄｕｃｔｉｏｎｏｆＥＶ Ｃｏｍｍｕｔｅｒ
１１
ｅ‐ｃｏ ｍ

１Ｉ Ｍ［ａｋｏｔｏＹａ１ｍａｄａ＊

ＫｅｉｊｉＫｏｇａｋｉ＊

Ｔｏｓｈｉｙｕｋｉｓｅｋｉｌｎｏｒｉ＊＊

Ｔｅｔｓｕｈｉｒｏｌｓｈｉｋａｗａ＊＊

Ａｂｓｔｒａｃｔ

ＴｈｅｈｉｓｔｏｒｙｏｆＥＶ ｄｅｖｅｌｏｐｍｅｎｔｉｓａｌｍｏｓｔｏｎｅｃｅｎｔｕｒｙｌｏｎｇ， ＴｈｅｐｅｒｆｏｒｍａｎｃｅｏｆｔｈｅＥＶｈａｓｂｅｅｎｉｍｐｒｏｖｅｄ

ｒｅｍａｒｋａｂｌｙｉｎｒｅｃｅｎｔｙｅａｒｓ，ｔｈａｎｋｓｔｏａｄｖａｎｃｅｍｅｎｔｓｉｎｔｈｅｂａｔｔｅｒｙａｎｄｐｏｗｅｒｅｌｅｃｔｒｏｎｉｃｓｆｉｅ１ｄｓ． Ｈｏｗｅｖｅｒ，
ｗｉｔｈｒｅｇａｒｄｔｏｉｔｓｐｒａｃｔｉｃａｌｐｅｒｆｏｒｍａｎｃｅａｓａｖｅｈｉｃｌｅ，ｍａｎｙｐｒｏｂｌｅｍｓｓｔｉｌ１ｒｅｍａｉｎ，ｉｎｔｈｅｃｒｕｌｓｌｎｇｒａｎｇｅａｎｄ

ｃｏｓｔ′ｆｏｒｅｘａｍｐｌｅ．
ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，ｓｏｃｉａｌｐｒｏｂ１ｅｍｓｗｉｔｈｔｈｅｅｎｖｉｒｏｎｍｅｎｔａｎｄｔｒａｆｆｉｃ，ｅｓｐｅｃｉａｌｌｙｉｎｕｒｂａｎａｒｅａｓ，ｈａｖｅｂｅｅｎ

ｂｒｏｕｇｈｔｔｏｔｈｅｆｏｒｅ，ｒｅｑｕ－ｒ１ｎｇｒｅｍｅｄｉａｌａｃｔｉｏｎ．ＴｈｉｓｐａｐｅｒｉｎｔｒｏｄｕｃｅｓａｖｅｒｙｓｍａｌＩＥＶｃｏｍｍｕｔｅｒａｓａｎｕｒｂａｎ

ｆｏｒｍｏｆｐｅｒｓｏｎａｌｍｏｂｉｌｉｔｙｂａｓｅｄｏｎｔｈｅｍｏｓｔａｄｖａｎｃｅｄＥＶｔｅｃｈｎｏｌｏｇｉｅｓ．

にｅｙｗｏｒｄｓ′

　

ｅ′ｅｃｒｒ′ｃｖｅｈ′ｃ′ｅ ｃｏｍｍｕｔｅ ｎ′Ｃｋｅ′－ｍｅｒａ′わｙｄｒ′ｄｅｂａｒｔｅｒ％ Ｐｅｒｍａｎｅｎｒｍａｇｎｅｔｓｙｎｃ力ｒｏｎｏｕｓｍｏｔｏｒ

ｌ．ｌｎｔｒｏｄｕｃｔｉｏｎ

　

ｌｎｔｈｅＴｏｙｏｔａＡｕｔｏｍｏｂｉｌｅＭｕｓｅｕｍ，ａｎｅｌｅｃｔｒｉｃｖｅｈｉｃｌｅ（ＥＶ）

ｎａｍｅｄｔｈｅＢａｋｅｒＥ１ｅｃｔｒｉｃ，ｗｈｉｃｈ ｗａｓｕｓｅｄｉｎＡｍｅｒｉｃａ

　

ｌｏｏ

ｙｅａｒｓａｇｏ，ｉｓｏｎｄｉｓｐｌａｙ，ｌｔｗａｓａｂｌｅｔｏｒｕｎａｔ４０ｋロンｈｏｎａｌ‐
ｈｐｍｏｔｏｒ．（Ｐｈｏｔｏ．１） Ｔｈｕｓ，ａｔｔｈｅｄａｗｎｏｆｔｈｅａｕｔｏｍｏｂｉｌｅ

ａｇｅ，ｔｈｅＥＶ ｗａｓｔｈｅｅｑｕａｌｏｆｔｈｅｉｎｔｅｒｎａｌ‐ｃｏｍｂｕｓｔｉｏｎｖｅｈｉｃｌｅ，
ｂｕｔｔｈｅｒｅａｆｔｅｒｉｔｆｅｌｌｂｅｈｉｎｄｔｈｅｄｒａｍａｔｉｃａｄｖａｎｃｅｓｍａｄｅｂｙｔｈｅ

ｉｎｔｅｒｎａｌ‐ｃｏｍｂｕｓｔｉｏｎｅｎｇｉｎｅ（ＩＣＥ），ａｎｄｆｏｒａｌｍｏｓｔａｃｅｎｔｕｒｙｉｔ

ｈａｓｆａｉｌｅｄｔｏｇａｉｎｗｉｄｅａｃｃｅｐｔａｎｃｅ． Ｔｈｅｒｅｇｕｌａｔｉｏｎｏｆｅｘｈａｕｓｔ

ｅｍｉｓｓｉｏｎｓｉｎｔｈｅｌ９６０ｓａｎｄｔｈｅｏｉｌｃｒｉｓｉｓｏｆｔｈｅｌ９７０ｓｃｒｅａｔｅｄ

ｅｘｐｅｃｔａｔｉｏｎｓｆｏｒｔｈｅｓｐｒｅａｄｏｆＥＶｓ，ｂｕｔｔｈｅｄｅｖｅｌｏｐｍｅｎｔｏｆｂａｔ‐

ｔｅｒｙｔｅｃｈｎｏｌｏｇｙｄｉｄｎｏｔｋｅｅｐｐａｃｅ，ａｎｄｕｎｔｉｌｒｅｃｅｎｔｌｙ，ｔｈｅＥＶ

ｈａｄｎｏｔｇａｉｎｅｄｐｏｐｕｌａｒｉｔｙ，

　

Ｔｈｅｄｅｖｅｌｏｐｍｅｎｔｏｆｂａｔｔｅｒｙｔｅｃｈｎｏｌｏｇｙ，ｗｈｉｃｈｈｏｌｄｓｔｈｅｋｅｙ
ｔｏｓｕｃｃｅｓｓｆｏｒＥＶｓ，ｈａｓｍａｄｅｇｒｅａｔａｄｖａｎｃｅｓｉｎｒｅｃｅｎｔｙｅａｒｓ，
ｓｐｕｒｒｅｄｂｙｇｒｏｗｉｎｇｃｏｎｃｅｒｎｏｖｅｒｅｎｖｉｒｏｎｍｅｎｔａｌｐｒｏｂｌｅｍｓ．
Ｎ１ａｒｋｅｄｉｍｐｒｏｖｅｍｅｎｔｉｎｔｈｅｐｅｒｆｏｒｍａｎｃｅｏｆｎｉｃｋｅｌ‐ｍｅｔａｌｈｙ‐

ｄｒｉｄｅ（Ｎｉ－ＭＨ）ｂａｔｔｅｒｉｅｓ，ｔｏｇｅｔｈｅｒｗｉｔｈｔｈｅｄｅｖｅｌｏｐｍｅｎｔｏｆ

ｐｒａｃｔｉｃａｌｃｏｎｔｒｏｌｔｅｃｈｎｏｌｏｇｙ，ｈａｓｂｒｏｕｇｈｔｂａｔｔｅｒｙｔｅｃｈｎｏｌｏｇｙａｓ

ｓｕｃｈａｌｍｏｓｔｔｏｔｈｅｐｏｉｎｔｗｈｅｒｅｉｔｃａｎｂｅｐｕｔｔｏｐｒａｃｔｉｃａｌｕｓｅ．
Ｈｏｗｅｖｅｒ，ｗｈｅｎｔｈｅｃｏｓワｐｅｒｆｏｒｍａｎｃｅｒｅｑｕｉｒｅｍｅｎｔｓｆｏｒａｎａｕｔｏ‐

ｍｏｂｉｌｅａｒｅｃｏｎｓｉｄｅｒｅｄ，ｔｈｅｄｉｓｐａｒｉｔｙｒｅｍａｉｎｓａｓｌａｒｇｅａｓｅｖｅｒ，ｓｏ

ｔｈａｔｈｉｇｈｃｏｓｔｉｓｓｔｉｌｌａｎｏｂｓｔａｃｌｅｔｏｕｓｉｎｇｌａｒｇｅｎｕｍｂｅｒｓｏｆｂａｔ‐

ｔｅｒｉｅｓｉｎａｖｅｈｉｃｌｅ．

　

Ｔｈｅｒｅｆｏｒｅ，ｒａｔｈｅｒｔｈａｎｊｕｓｔｐｕｒｓｕｉｎｇｐｅｒｆｏｒｍａｎｃｅｔｈａｔｃａｎ

ｒｉｖａｌｔｈａｔｏｆａｎＩＣＥ，ＴｏｙｏｔａｌｏｏｋｅｄｆｏｒａｓｈｏｒｔｅｒｒｏｕｔｅｔｏＥＶ

ａｃｃｅｐｔａｎｃｅｂｙｃｈａｎｇｉｎｇｔｈｅｂａｓｉｃｃｏｎｃｅｐｔｔｏｔｈａｔｏｆａｎｕｌｔｒａ‐

ｓｍａｌＩＥＶｃｏｍｍｕｔｅｒｄｅｓｉｇｎｅｄｆｏｒｓｈｏｒｔ‐ｄｉｓｔａｎｃｅｔｒａｖｅｌｉｎｕｒｂａｎ

ａｒｅａｓ．

　

Ｔｈｉｓｐａｐｅｒｄｅｓｃｒｉｂｅｓａｎｅｎｔｉｒｅｌｙｎｅｗｖｅｈｉｃｌｅ，ｔｈｅ
”ｅ‐ｃｏｍ”，ａｎ

ｕｌｔｒａ‐ｓｍａｌＩＥＶｆｏｒｕｒｂａｎｄｒｉｖｉｎｇ．

＊ＶｅｈｉｃｌｅＤｅｖｅｌｏｐｍｅｎｔＣｅｎｔｅｒｌｌｌ
＊＊Ｅ１ｅｃｔｒｉｃ＆ＨｙｂｒｉｄＶｅｈｉｃｌｅＥｎｇｉｎｅｅｒｉｎｇＤｉｖ．

Ｐｈｏｔｏ，Ｉ ＢａｋｅｒＥ１ｅｃｔｒｉｃ

２． Ｖｅｈｉｃ１ｅｏｖｅｒｖーｅｗ

① Ｂａｓｉｃｃｏｎｃｅｐｔ

　

Ｔｈｅｇｏａｌｏｆｅ‐ｃｏｍ ｄｅｖｅｌｏｐｍｅｎｔｗａｓｔｈｅｃｒｅａｔｉｏｎｏｆａｎｅｗ

ｋｉｎｄｏｆｐｅｒｓｏｎａｌｍｏｂｉｌｉｔｙｆｏｒｔｈｅ２１ｓｔｃｅｎｔｕｒｙ，ａｐｒａｃｔｉｃａＩＥＶ

ｄｅｓｉｇｎｅｄｗｉｔｈｉｔｓａｃｔｕａｌｍｏｄｅｏｆｕｓａｇｅｉｎｍｉｎｄ．

　

Ｔｈｅｓｐｅｃｉｆｉｃｉｍａｇｅｏｆｔｈｅｅ‐ｃｏｍ ｕｓｅｒｗａｓｏｆｓｏｍｅｏｎｅｄｒｉ‐

ｖｉｎｇｓｈｏｒｔｄｉｓｔａｎｃｅｓｉｎｌａｒｇｅｃｌｔｌｅｓａｎｄｓｕｒｒｏｕｎｄｉｎｇａｒｅａｓ，
ｓｏｍｅｏｎｅｗｈｏｃｏｕｌｄｔａｋｅｒｅａｌａｄｖａｎｔａｇｅｏｆｔｈｅＥＶ．ｓｓｔｒｅｎｇｔｈｓ．

　

Ｔｈｅｅ‐ｃｏｍ ｗａｓｃｏｎｃｅｉｖｅｄｗｉｔｈｔｈｅｆｏｌｌｏｗｉｎｇｕｓｅｓｉｎｍｉｎｄ：

・

　

Ａｓｅｃｏｎｄｏｒｔｈｉｒｄｃａｒｆｏｒｍｕｌｔｉ‐ｃａｒｆａｍｉｌｉｅｓｌｉｖｉｎｇｉｎｕｒｂａｎ

　　

ａｒｅａｓａｎｄｎｅａｒｂｙｓｕｂｕｒｂｓ

・

　

Ａｓｈｏｒｔ‐ｄｉｓｔａｎｃｅｖｅｈｉｃｌｅｆｏｒｂｕｓｉｎｅｓｓｅｓａｎｄｇｏｖｅｒｎｍｅｎｔ

　　

ａｇｅｎｃｌｅｓ

・

　

Ａｄｅｌｉｖｅｒｙｖｅｈｉｃｌｅｆｏｒｓｅｒｖｉｃｅｂｕｓｉｎｅｓｓｅｓ（ｎｏｗｅｒｓｈｏｐｓ，ｄｒｙ

　

ｃｌｅａｎｅｒｓ，ｅａｒｌｙ‐ｍｏｒｎｉｎｇ／ｌａｔｅ‐ｎｉｇｈｔｄｅｌｉｖｅｒｙｓｅｒｖｉｃｅｓ）

・

　

Ａｒｅｎｔａｌｃａｒｆｏｒｕｓｅｌｎｔｏｕｒｉｓｔａｒｅａｓ，ａｔｔｒａｉｎｓｔａｔｉｏｎｓ，ｅｔｃ．

② Ｍａｉｎｓｐｅｃｉｆｉｃａｔｉｏｎｓａｎｄｐｅｒｆｏｒｍａｎｃｅ

　

Ｔａｂ－ｅｌｓｈｏｗｓｔｈｅｍａｌｎｅ－ｃｏｍｓｐｅｃｉｆｉｃａｔｉｏｎｓ， Ｔｈｅｖｅｈｉｃｌｅｓ

ｓｉｚｅ ｗａｓｍａｄｅｔｈｅｓｍａｌｌｅｓｔｔｈａｔｗｏｕｌｄｓｔｉｌｌａｌｌｏｗｆｏｒｃｏｎｖｅ‐

ＴｏＹｏＴＡ 貢ｅｃｈｎｉｃａＩＲｅｖｉｅｗ Ｖｏｌ．４７Ｎｏ．２Ａｐｒ．１９９８ ４３



nient, comfonable, and safe short・distance tl'avelin urban

areas

The cabin size enS山'es ample space for two adults. The

motor and po、ver control unit al'e in fl'ont, and the crash stroke

is sU仟icient to ensure safety in the event of a c011ision. The
batteries al'e insta11ed under the aoor t0 10wer the center of

gravity and to pl'ovide more usable interior space. A large lug・

gage space is provided in the l'ear for use in shopping or busi・
ness en'ands.

Vehicle length ・ vehicle width ・ vehicle hei9ht

Complete vehicle curb mass

Seating capacitY

Maximum speed

Maximum range per charge

Drive sYstem

Table l Main e・com specifications

On the asS山11Ption that the vehicle would be used in urban

areas, priority was given to user convenience in the setting of

Performance characteristics, the goal beins to make the car

easy and fun to drive. The maximum range per charge was

made large enouoh for 血e distances users would travel on a

daily basis. Battery charging requires only the normal house・

hold po、ver of loo volts and can be done at any time as easily

as operating a home appliance.圦lhen high・speed recharging is

necessary, the batteries can handle 200・volt power for shon pe-

riods of time, and if recharging is done a、vay from the home or

Company, the cruising range can be extended.

(mm)

{kg}

{pe内ons}

化m/h}

(km)

ensured cooling perfonnance and smart・10oking recharging

Socket、 and the back・up lamps with theil' graphical use of

the Toyota gynlb01.

2780 1475

790

100 ("10 ・ 15 mode in Japan)

Front・wheel drive

1605

2

100

3. Design

Extehor

The exterior has been designed so that when the e-com is

Seen on the street, even from a distance,jt wi11 make people

Want to ride in it, even if they do not know it is the e・com

Itis a cute, enjoyable, friendly look.(photoS 2,3)

The body design theme is an oval shape that emphasizes

Compactness and consistency d' form. The headlamps, rear

Combination lamps, side t山'n signa11amps, door mirrors,

and door handles share a common oval shape, but with a

Strons appeal of individuality and enjoyment. Although

the body is ultra・smaⅡ, the t、VO・tone c010r scheme of the

Cabin and underbody running around the entire vehicle

gives the car as a whole an image of large・model protection

and a feeling of strength and peace of mind

The functional aspects of the vehicle have also been subtly

enhanced by design, such as the sporty front gri11 With its

.

.

Photo.2 e・com Exterior Design

.

2 Interior

Although the e・com has the minimum interior space of a

t、UO・seater, its seating comfort and the ease of getting in

and out are sufficient for its use in daily personal mobility

Every detail of the friendly interior creates a sense of per・

Sonalspace.(photoS 4,5)

The instrument panelis shaped like a table, with an open

feel. The unique, disc・shaped centralinstrument cluster

Can incorporate a naviBation display and features simple

and easy・to・read digital meters

The passenger seat folds forward to expand the lugoage

Compartment, making the largest possible utH北y space,

Suitable for a variety of uses and capable of accommodat・

ing even long items.

The seat height (the hip pointiS 650 mm above the ground)

is set to make it easy to get in and out. The semi・bench

Seat cushion is designed to produce a feeling of roominess

and ease, and the stylish seat back is shaped to make it easy

to reach back into the lug8age compartment

.

Photo.3 e・com Exterior Design

.

.

.
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verted to DC by the inverter and stored in the battery. 

The THS transmission, consisting of the power split device, the 

motor, the generator, and reduction gears, is compact enough for use 

in a passenger car. 

2.2 Measures to Improve Fuel Economy 

2.2.1 Highly Efficient Engine 

A highly efficient 1.5-liter engine was developed as the primary 

power source. It employs the Atkinson cycle (see the following 

paper) to dramatically lower the losses on both intake and exhaust, as 

well as to reduce the friction loss. 

Photo. 1 THS Power Train 
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This figure compares the net efficiency of the THS vehicle with that of a con-
ventional vehicle under city driving conditions. As the engine operates in a 
highly energy-efficient range, it achieves a dramatic 80% improvement over 
the conventional vehicle. 

Fig. 2 Improved Engine Efficiency and Operating Range 

2.2.2 Improved Engine Operating Range 

The system controls the division of power between the engine and 

motor according to the driving conditions in such a way that the en-

gine operates as much as possible in the high-torque range, where fuel 

economy is good. The system also reduces fuel consumption by 

maintaining a controlled operating range and a constant engine speed 

to improve fuel efficiency. 

Energy 
regeneration 

Conventional 
THS vehicle vehicle 

-----. ----0 

Fuel 
energy 

Vehicle 
driving 
energy ----50 

旦
0-ー 1----100 

Differential Transmission Engine 
This figure uses energy flow patterns to show how THS improves efficiency. 
THS has twice the fuel economy of a conventional vehicle, i.e., it increases 
fuel economy 100%. Engine efficiency, including the motor drive flow, im-
proves 80%, while energy regeneration raises efficiency 20% 

Fig. 3 Energy Generation and Expenditure 

Vehicle driving 
energy 

2.2.3 Engine Shut-off System 

When the vehicle is stopped or decelerating at low speed, the en-

gine automatically shuts off to reduce energy loss and stop the genera-

tion of exhaust emissions. 

2.2.4 Recovery and Reuse of Braking Energy 

By operating the motor as a generator during braking, the system 

converts the kinetic energy normally lost during braking into electrici-

ty and stores it in the battery. (This is known as regenerative braking.) 

2.3 Achieving Smooth Acceleration and Deceleration 

The system maximizes the efficiency of the engine by controlling 

the drive power of the engine and motor through the newly developed 

power split device. Because the THS transmission has a continuously 

variable speed function and the electric motor assists the engine, the 

vehicle achieves smooth acceleration and deceleration with excellent 

response. 

During initial acceleration in particular, the system achieves smooth 

acceleration by taking advantage of the motor's characteristics of low 

speed and high torque. And in periods of maximum acceleration with 

the accelerator pedal fully depressed, the motor draws on electricity 

from the battery to add its drive power to the engine output, ensuring 

high acceleration performance. 

The system's operating conditions are described in the following 

sections. 

2.3.1 Initial Acceleration and Light Load 

In the operating range where engine efficiency is poor, such as in 

accelerating from a standing start, driving at extremely low speeds, or 

descending a gentle slope, the system cuts off fuel to the engine and 

runs on the motor. (A) 

48 



ＡＤｅｖｅｌｏｐｍｅｎｔｏｆＴｏｙｏｔａＨｙｂｒｉｄＳｙｓｔｅｍ

ｌｎｉｔｉａｌａｃｃｅ－ｅｒａｔｉｏｎ１ｉｇｈｔｌｏａｄ
２．３．２

　

ＮｏｎｒｌａＩＤｒｉｖｉｎｇ

　

Ｔｈｅｅｎｇｉｎｅｓｔａｒｔｓｉｎｒｅｓｐｏｎｓｅｔｏｔｈｅａｃｃｅｌｅｒａｔｏｒａｎｇｌｅ，ａｎｄｔｈｅｅｎ‐

ｇｌｎｅｐｏｗｅｒｌｓｓｅｐａｒａｔｅｄｉｎｔｏｔｗｏｐａｔｈｓｂｙｔｈｅｐｏｗｅｒｓｐｌｉｔｄｅｖｉｃｅ，ｗｉｔｈ

ｏｎｅｐａｔｈｄｉｒｅｃｔｌｙｄｒｉｖｉｎｇｔｈｅｗｈｅｅｌｓ．（Ｂ）

　

Ｔｈｅｏｔｈｅｒｐａｔｈｄｒｉｖｅｓｔｈｅｇｅｎｅｒａｔｏｒｔｏｐｒｏｄｕｃｅｅｌｅｃｔｒｉｃｉｔｙｆｏｒｔｈｅ

ｍｏｔｏｒ，ｗｈｉｃｈａｓｓｉｓｔｓｔｈｅｅｎｇｉｎｅ
ｒｓｄｒｉｖｅｐｏｗｅｒ．（Ｃ）

２．３．３

　

Ｆｕｌｌ‐ｔｈｒｏｔｔｌｅＡｃｃｅ－ｅｒａｔｉｏｎ

　

Ｄｕｒｉｎｇｆｕｌｌ‐ｔｈｒｏｔｔｌｅａｃｃｅｌｅｒａｔｉｏｎ，ｐｏｗｅｒｌｓｓｕｐｐｌｉｅｄｆｒｏｍｔｈｅｂａｔｔｅｒｙ

ａｓｗｅｌｌ，ａｄｄｉｎｇｔｏｔｈｅｄｒｉｖｅｐｏｗｅｒ．（～

２．３．４

　

ＤｅｃｅｌｅｒａｔｉｏｎａｎｄＢｒａｋｉｎｇ

　

Ｄｕｒｉｎｇｄｅｃｅｌｅｒａｔｉｏｎａｎｄｂｒａｋｉｎｇ，ｔｈｅｗｈｅｅｌｓｄｒｉｖｅｔｈｅｍｏｔｏｒ，ｗｈｉｃｈ

ｔｈｅｎａｃｔｓａｓａｇｅｎｅｒａｔｏｒｔｏｒｅｇｅｎｅｒａｔｅｅｌｅｃｔｒｉｃｉｔｙ． Ｔｈｅｒｅｃｏｖｅｒｅｄｅｎｅｒ‐

ｇｙｌｓｓｔｏｒｅｄｉｎｔｈｅｂａｔｔｅｒｙ．（Ａ）

２．３．５ ＢａｔｔｅｒｙＲｅｃｈａｒｇｉｎｇ

　　

Ｔｈｅｂａｔｔｅｒｙｌｓｒｅｇｕｌａｔｅｄｔｏｎｌａｉｎｔａｉｎａｃｏｎｓｔａｎｔｃｈａｒｇｅ． Ｖｖｈｅｎｔｈｅ

ｂａｔｔｅｒｙｇｅｔｓｌｏｗ，ｔｈｅｓｙｓｔｅｍｒｕｎｓｔｈｅｇｅｎｅｒａｔｏｒｔｏｓｔａｒｔＴｅｃｈａｒｇｉｎｇ．（Ｄ）

２．３．６ Ｓｔｏｐｐｅｄ

Ｔｈｅｅｎｇｌｎｅａｕｔｏｎｌａｔｉｃａｌｌｙｓｈｕｔｓｏｆｆｗｈｅｎｔｈｅｖｅｈｉｃｌｅｉｓｓｔｏｐｐｅｄ，

２，４ＴＨＳＴｒａｎｓｌｍｌｓｓｌｏｎ

　

ＴｈｅＴＨｓｔｒａｎｓｍｉｓｓｉｏｎｃｏｎｓｉｓｔｓｏｆｔｈｅｐｏｗｅｒｓｐｌｉｔｄｅｖｉｃｅ，ｔｈｅｇｅｎｅｒ－

ａｔｏｒ，ｔｈｅｍｏｔｏｒ，ａｎｄｔｈｅｒｅｄｕｃｔｉｏｎｇｅａｒｓ．Ｔｈｅｐｏｗｅｒｆｒｏｍｔｈｅｅｎｇｉｎｅｉｓ

ｄｉｖｉｄｅｄｉｎｔｏｔｗｏｐａｒｔｓｂｙｔｈｅｐｏｗｅｒｓｐｌｉｔｄｅｖｉｃｅ，ｗｉｔｈｏｎｅｐａｒｔｇｏｉｎｇ

ｄｉｒｅｃｔｌｙｔｏｔｈｅｍｏｔｏｒａｎｄｔｈｅｗｈｅｅｌｓ，ｗｈｉｌｅｔｈｅｏｔｈｅｒｉｓｃｏｎｎｅｃｔｅｄｔｏ

ｔｈｅｇｅｎｅｒａｔｏｒ．ｌｎｏｔｈｅｒｗｏｒｄｓ，ｅｎｇｉｎｅｐｏｗｅｒｉｓｔｒａｎｓｍｉｔｔｅｄｂｙｔｗｏ

ｐａｔｈｓ，ｏｎｅｍｅｃｈａｎｉｃａｌａｎｄｔｈｅｏｔｈｅｒｅｌｅｃｔｒｉｃａｌ．

　

Ｔｈｅｔｒａｎｓｍｉｓｓｉｏｎｆｕｎｃｔｉｏｎｓｌｉｋｅａｎｅｌｅｃｔｒｏｎｉｃａｌｌｙｃｏｎｔｒｏｌｌｅｄｃｏｎｔｉｎｕｏｕｓ‐

ｌｙｖａｒｉａｂｌｅｔｒａｎｓｍｌｓｓｌｏｎ，ａｃｃｅｌｅｒａｔｉｎｇａｎｄｄｅｃｅｌｅｒａｔｉｎｇｔｈｅｖｅｈｉｃｌｅｂｙｃｏｎ‐

ｔｉｎｕｏｕｓｌｙｓｈｉｆｔｉｎｇｔｈｅｓｐｅｅｄｓｏｆｔｈｅｅｎｇｉｎｅ，ｔｈｅｇｅｎｅｒａｔｏｒ，ａｎｄｔｈｅｎ・ｏｔｏｒ，

２，４．Ｉ

　

ＰｏｗｅｒＳｐ１ｉｔＤｅｖｉｃｅ

　

Ｔｈｅｐｏｗｅｒｓｐｌｉｔｄｅｖｉｃｅｕｓｅｓａｐｌａｎｅｔａｒｙｇｅａｒ． Ｔｈｅｒｏｔａｔｉｎｇｓｈａｆｔｏｆ

ｔｈｅｃａｒｒｉｅｒｉｓｃｏｎｎｅｃｔｅｄｔｏｔｈｅｅｎｇｉｎｅ，ａｎｄｐｏｗｅｒｉｓｔｒａｎｓｍｉｔｔｅｄｖｉａ

ｐｌｎｌｏｎｇｅａｒｓｔｏｔｈｅｏｕｔｅｒｒｉｎｇｇｅａｒａｎｄｔｈｅｉｎｎｅｒｓｕｎｇｅａｒ．Ｔｈｅｓｈａｆｔｏｆ

ｔｈｅｒｉｎｇｇｅａｒｉｓｃｏｎｎｅｃｔｅｄｄｉｒｅｃｔｌｙｔｏｔｈｅｍｏｔｏｒａｎｄｔｒａｎｓｍｉｔｓｄｒｉｖｅ

ｐｏｗｅｒｔｏｔｈｅｗｈｅｅｌｓ． Ｔｈｅｓｈａｆｔｏｆｔｈｅｓｕｎｇｅａｒｉｓｃｏｎｎｅｃｔｅｄｔｏｔｈｅ

ｇｅｎｅｒａｔｏｒ．

Ｂａｔｔｅｒｙｒｅｃｌｌａｒｇｉｎｇ

Ｆｉｇ．４

　

Ｓｙｓｔｅｍ ｏｐｅｒａｔｉｎｇＣｏｎｄｉｔｉｏｎｓ

ＴｏＹｏＴＡ雲ｅｃｈｎｉｃａＩＲｅｖｉｅｗ Ｖｏｌ．４７Ｎｏ．２ＡＰｒ．１９９８ ４９

Ｎｏｒｍａｌｄｒｉｖｉｎｇ

Ｆｕ－１‐ｔｈｒｏｔｔｌｅａｃｃｅｌｅｒａｔｉｏｎ

Ｄｅｃｅｌｅｒａｔｉｏｎ．ｂｒａｋｉｎｇ



2.4.2 Engine, Generator, and Motor Operations 

The operations of the engine, generator, and motor under different 

driving conditions are shown in the power interaction diagram (Fig. 

6) and Table 1. 

R: Ring gear 
(motor• output shaft) 

C: Planetary carrier 
(engine) 

Planetary gear 

Fig. 5 Power Split Device 

Generator speed 

＇ 

▲
 

saseaJ~U! U
O
J
l
e
J
a
U
a
8
 

Engine speed Motor speed 

＇ ＇ ＇ ＇ ＇ ＇ 

This regenerative braking system is particularly advantageous in 

city driving, with its pattern of repeated acceleration and deceleration, 

because the energy-recovery effect is especially high. 

When the driver applies the brakes, the hydraulic and regenerative 

braking systems are coordinated, with priority given to regenerative 

braking in order to recover more energy. 

2.6 System Components 

2.6.1 Battery 

The sealed nickel-metal hydride battery technology developed for 

electric vehicles is renowned for its superior power density, light 

weight, and long life. The high-performance THS battery, newly de-

veloped to match the hybrid system's characteristics, represents a fur-

ther advance in this technology, greatly increasing the output per unit 

Fig. 7 Regenerative Braking System 

A power interaction diagram is used to illustrate the revolutions of the plan-
etary gear shafts. The diagram shows that the revolution speeds of the var-
ious gears, shown on the vertical axes, are connected in an absolutely linear 
relationship. 

Fig. 6 P I ower nteract1on Diagram 

2.5 Regenerative Braking System 

When the vehicle decelerates, either by engine braking or by appli-

cation of the brakes, the system uses the motor as a generator to con-

vert the kinetic energy of the moving vehicle into electrical energy, 

which it then stores in the battery. 

Table 1 Operating Conditions 

Photo. 2 Battery 

Point on diagram Driving condition Generator Engine Motor 

A Stopped Stopped Stopped Stopped 

B Initial EV acceleration • Rotaptees d as engine remains Stopped • Sd t;:i1vre ts movinog noly n motor 
stop r e power 

C Acc~leration when • Acts as engine starter • SOtuatr1 ts • Acceleierd ateb s on electricity 
engine starts • Generates electricity • put suppl y generator 

D Normal driving • Low generation • Output as required • Drive power assist 

E Acceleration • High generation • Output as required (high) • Drive power assist (high) 
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2. 7 .3 Engine and Motor Drive Power Control Power performance 

The power performance of the THS vehicle is the sum total of the 

engine's direct drive power and the drive power of the motor, which 

comes simultaneously from electricity generated by the generator 

using the engine's power, and from electricity supplied by the battery. 

The drive power configuration is such that the lower the vehicle 

speed, the more motor drive is used. With the power split device 

functioning like a continuously variable transmission, the vehicle 

achieves smoother acceleration and deceleration performance than a 

vehicle with a conventional engine. 

3. THS Vehicle Performance 

3.1 Fuel Economy 

In in-house driving tests in the 10• 15 mode, the THS vehicle 

achieved approximately twice the fuel economy of a vehicle with a 

conventional engine and automatic transmission, or 28 km/liter. 

3.2 Exhaust Emissions 

The THS vehicle emits only half as much CO2 as a gasoline engine 

vehicle, and its emissions of carbon monoxide, hydrocarbons, and ni-

trogen oxides have been reduced to approximately one-tenth of their 

regulation standard levels. 

3.3 Acceleration 

The passing acceleration of the THS vehicle matches or exceeds 

that of a vehicle with a conventional engine and automatic transmis-

sion, and its acceleration is smoother, without any kick-down. 

Fuel economy 110• 15 mode) 

THS vehicle 冬IIIlil!i・ lf i~:~?Y•E1.ii! ぇ：：tl!I! 誓ぇ： 必

1.5-liter Corolla with 
automatic transmission 

O 10 20 30 (km/ti 

Fig. 11 10• 15 Mode Fuel Economy 

Emissions (10• 15 mode/In-house test) 
Exhaust emissions 

Regulation 
standards (g/km) 

2.1 

Passing acceleration 
(20→ 50km/h) 

Passing acceleration 
(40→ 70km/h) 

Fig. 13 Passing Acceleration Performance 

4. Conclusion 

In January of 1997, Toyota announced the promotion of the 

"Toyota Eco-Project". Among the goals of the project, particularly 

with respect to reducing CO2 emissions to prevent global warming, is 

the development of a hybrid vehicle with twice the fuel economy of 

conventional vehicles. The authors firmly believe that the completion 

of the Toyota Hybrid System is a major contribution toward the 

achievement of this objective. 

This paper has been based upon information released to the press in 

the spring of 1997. 
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ｔｈｅｌ．５－ｌｉｔｅｒｈｉｇｈ‐ｅｘｐａｎｓｌｏｎ－ｒａｔｌｏｅｎｇｉｎｅａｎｄｓｏｍｅｃｏｎｓｉｄｅｒａｔｉｏｎｓｃｏｎ‐
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Ｅｆｆｉｃｉｅｎｃｙ

　

Ｆｉｇ．１３ｓｈｏｗｓｔｈｅｒｅｌａｔｉｏｎｓｈｉｐｏｆｉｇｎｉｔｉｏｎｔｉｎｌｉｎｇｔｏｔｏｒｑｕｅａｎｄｔｏ

ｂｒａｋｅｓｐｅｃｉｆｉｃｆｕｅｌｃｏｉｌｓｕｍｐｔｉｏｉ・（ＢＳＦＣ）． Ｅｘｐａｎｓｉｏｎｒａｔｉｏｓｏｆ１３：１，
１４：１，ａｎｄ１５：ｌｗｅｒｅｃｏｎ・ｐａｒｅｄ，ａｎｄｉｔｃａｎｂｅｓｅｅｎｔｈａｔａｓｔｈｅｅｘｐａｎ－

ｓｉｏｎｒａｔｉｏｉｉｌｃｒｅａｓｅ ｔｈｅｔｒａｃｅｋｎｏｃｋｉｇｎｉｔｉｏｎｔｉｍｉｎｇｉｓｄｅｌａｙｅｄ． Ｗｉｔｈａ

１５：ｌｅｘｐａｎｓｌｏｉ・ｒａｔｉｏ，ｔｈｅｅｆｆｉｃｉｅｎｃｙｉｎｌｐｒｏｖｅｓａｔｔｈｅｐｏｉｉｌｔｏｆｎ・ｉｎｉｍｕｍ

ｓｐａｒｋａｄｖａｎｃｅｆｏｒｂｅｓｔｔｏｒｑｕｅ（ＭＢＴ），ｂｕｔｔｈｅｅｘｐａｎｓｉｏｎｒａｔｉｏｉｓｒｅ‐

ｓｔｒｉｃｔｅｄｂｙｔｈｅｋｎｏｃｋｉｎｇｔｈａｔｏｃｃｕｒｓｄｕｅｔｏｔｈｅｈｉｇｈｅｆｆｅｃｔｉｖｅｃｏｍｐｒｅｓ‐
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ｅｉｌｇｉｎｅｏｕｔｐｕｔ． Ａ１４：ｌｅｘｐａｎｓｌｏｎｒａｔｉｏｓｈｏｗｅｄｔｈｅｂｅｓｔｒｅｓｕｌｔｓｏｖｅｒ

ｔｈｅｅｎｔｉｒｅｏｕｔｐｕｔｒａｎｇｅ， Ｕ１ｔｉｍａｔｅｌｙ，ａｉｌｅｘｐａｎｓｉｏｎｒａｔｉｏｏｆ１３．５：ｌｗａｓ

ｃｈｏｓｅｎ，ｔａｋｉｎｇｉｎｔｏａｃｃｏｕｎｔｓｕｃｈｆａｃｔｏｒｓａｓｔｈｅａｌｌｏｗａｂｌｅｖａｒｌａｔｌｏｎｌｎ
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Ｆｕｌｌ‐ｌｏａｄｔｏｒｑｕｅｗａｓａｄｊｕｓｔｅｄｕｓｉｎｇＶＶＴ‐ｉ． Ｔｈｅｒｅｓｕｌｔｓａｒｅｓｈｏｗｎ

ｉｎＦｉｇ．１５． Ａｎｉｍｐｒｏｖｅｍｅｎｔｉｎｔｏｒｑｕｅｏｆｌｏ％ｏｒｍｏｒｅｗａｓｍａｄｅｐｏｓ‐

ｓｉｂｌｅｂｙａｄｖａｎｃｉｎｇｔｈｅｉｎｔａｋｅｖａｌｖｅｃｌｏｓｉｎｇｂｙ

　

ｌｏｏ．ｌｎＴＨＳ，ｔｈｅｅｎ‐
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５，３ ＦｒｉｃｔｉｏｎＬｏｓｓ
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ｒｅｄｕｃｅｆｒｉｃｔｉｏｎｌｏｓｓ． ＴｈｅｍｅａｓｕｒｅｄｒｅｓｕｌｔｓａｒｅｓｈｏｗｎｉｎＦｉｇ，１６．ｌｔ

ｃａｎｂｅｓｅｅｎｔｈａｔｔｈｅｆｒｉｃｔｉｏｎｌｏｓｓｆｏｒｔｈｅｈｉｇｈ‐ｅｘｐａｎｓｉｏｎ‐ｒａｔｉｏｅｎｇｉｎｅｉｓ
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（１）Ｂｙｕｓｉｎｇｔｈｅｓｕｐｐｌｅｍｅｎｔａｒｙｄｒｉｖｅｐｏｗｅｒｏｆｔｈｅｅｌｅｃｔｒｉｃｍｏｔｏｒ，ｔｈｅ

　

ｓｙｓｔｅｍｅｌｉｍｉｎａｔｅｓｔｈｅｌｉｇｈｔ‐ｌｏａｄｒａｎｇｅ，ｗｈｅｒｅｃｏｎｃｅｎｔｒａｔｉｏｎｓｏｆ
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ｌｎｅｎｇｉｎｅｌｏａｄｓｏｔｈａｔｔｈｅａｉｒ‐ｆｕｅｌｒａｔｉｏｃａｌｌｂｅｓｔａｂｉｌｉｚｅｄｅａｓｉｌｙ．
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（１）Ｂｅｃａｕｓｅｔｈｅｅｎｇｉｎｅｉｓｕｓｅｄｉｎｔｈｅｈｉｇｈ‐ｅｆｆｉｃｉｅｎｃｙｒａｎｇｅ，ｔｈｅｅ

　

ｈａｕｓｔｔｅｍｐｅｒａｔｕｒｅｓａｒｅｌｏｗｅｒｔｈａｎｆｏｒａｃｏｎｖｅｎｔｉｏｎａｌｖｅｈｉｃｌｅ．

（２）Ｔｈｅｒｅｉｓｃｏｎｃｅｒｎｔｈａｔｔｈｅｍｏｒｅｔｈｅｅｎｇｌｎｅｌｓｓｔｏｐｐｅｄａｎｄｒｅｓｔａｒｔｅｄ，

　　

ｔｈｅｍｏｒｅｕｎｂｕｒｎｅｄｆｕｅｌｗｉｌｌｅｎｔｅｒｔｈｅｅｘｈａｕｓｔｓｙｓｔｅｍａｎｄｔｈｅｍｏｒｅ

　

ｔｈｅｃａｔａｌｙｓｔｂｅｄｔｅｍｐｅｒａｔｕｒｅｗｉｌｌｄｒｏｐ，

　

Ｆｉｇ，１７ｓｈｏｗｓｔｈｅｅｘｈａｕｓｔｔｅｍｐｅｒａｔｕｒｅｄｉｓｔｒｉｂｕｔｉｏｎｆｏｒｔｈｅｈｉｇｈ‐ｅｘ‐

ｐａｎｓｌｏｎ－ｒａｔｉｏｅｎｇｉｎｅ． Ａ１ｔｈｏｕｇｈｔｈｅｅｘｈａｕｓｔｔｅｎ・ｐｅｒａｔｕｒｅｓａｒｅｌｏｗｅｒ

ｔｈａｎｆｏｒａｃｏｎｖｅｎｔｉｏｎａｌｅｎｇｌｎｅ，ａｍｌｎｌｍｕｍｔｅｎｌｐｅｒａｔｕｒｅｏｆ４００
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ｅｎｓｕｒｅｄｆｏｒｔｈｅｅｎｇｉｎｅｏｐｅｒａｔｉｎｇｒａｎｇｅｓｈｏｗｎｉｎｔｈｅｄｉａｇｒａｍ． Ｔｈｉｓｉｓ

ａｔｅｍｐｅｒａｔｕｒｅｔｈａｔｃａｎｎｌａｉｎｔａｉｎｔｈｅｃａｔａｌｙｓｔｉｎａｎａｃｔｉｖａｔｅｄｓｔａｔｅ，

　

Ｆｉｇ．１８ｓｈｏｗｓｔｈｅｃｈａｎｇｅｉｎｔｈｅｃａｔａｌｙｓｔｂｅｄｔｅｍｐｅｒａｔｕｒｅａｆｔｅｒｔｈｅ

ｖｅｈｉｃｌｅｓｔｏｐｓ，ｌｎａｃｏｎｖｅｎｔｉｏｎａｌｖｅｈｉｃｌｅ，ｗｈｅｒｅｔｈｅｅｎｇｉｎｅｃｏｎｔｉｎｕｅｓ

ｔｏｉｄｌｅ，ｔｈｅｃａｔａｌｙｓｔｂｅｄｔｅｎ・ｐｅｒａｔｕｒｅｓｌｏｗｌｙｄｒｏｐｓ．ＢｕｔｉｎｔｈｅＴＨｓｖｅ‐

ｈｉｃｌｅ，ｔｈｅｉｎｆｌｕｘｏｆｌｏｗ－ｔｅｍｐｅｒａｔｕｒｅｅｘｈａｕｓｔｇａｓｅｓｃａｎｂｅａｖｏｉｄｅｄｂｙ
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with fuel. With the alloy method, unlike the other storage 

method, a small tank volume is acceptable, so Toyota chose a 

hydrogen-absorbing alloy tank characterized by its ability to be 

easily refilled by cooling. 

Also, a new alloy was developed that can absorb twice as 

much hydrogen as conventional alloys. This makes it possible 

to ensure a cruising range of 250 km on a single hydrogen refill 

using three tanks of the type shown in Photo. 3 (700 * 450 * 
170 mm, 100 kg). 

Photo. 3 Hydrogen-absorbing Alloy Tank 

5. Fuel Cell System 

The fuel cell system shown in Fig. 5 uses the fuel cell and 

hydrogen-absorbing alloy tank described above. The system 

configuration is divided roughly into a fuel supply system, an 

air supply system, and a cooling system. 

The fuel supply system humidifies the hydrogen from the 

tank (in order to maintain the wetness of the proton exchange 

membrane) and supplies it to the fuel cell. The pressure is ad-

justed so that new hydrogen is supplied to replace that con-

sumed by the fuel cell. Any hydrogen not consumed by the 

fuel cell is recirculated and reused to improve the fuel economy 

even further. 

The air supply system humidifies the air and supplies it to 

the fuel cell by means of a compressed air cylinder or a com-

pressor. 

In the cooling system, the cooling plates in the fuel cell stack 

collect the heat that is produced by the fuel cells as they gener-

ate electricity, and an external heat exchanger is used to release 

the collected heat. The system improves its efficiency by 

drawing from the collected heat the amount of heat required to 

release hydrogen from the hydrogen-absorbing alloy tank and 

to humidify both the hydrogen and the air. 

6. FCEV system 

The FCEV system combines the polymer electrolyte mem-

brane fuel cell system described above with an electric vehicle 

system using both fuel cells and an auxiliary battery as power 

sources in a parallel configuration. (Fig. 6) 

The auxiliary battery is included to take advantage of regen-

erative braking, by which 10 -30% of the energy expended in 

normal running is recovered and stored in the battery for reuse. 

This improves efficiency and fuel economy even more. 

The concept is that output from the auxiliary battery can be 

added to the output of the fuel cell during periods of high-load 

operation, making it possible to design the fuel cell with lower 

output. Thus a maximum speed of 100 km/h or more can be 

ensured, as can sufficient acceleration for urban driving, using 

a fuel cell with 20 kw output. 

On the other hand, the fuel cell is designed so that during pe-

riods of low-load operation such as cruising, its output can be 

used to recharge the battery, thus compensating for the energy 

〔
□

ロ
Power control unit 

口
口
〗
三ニ―

← 
Vehicle signals 
(accelerator, etc.) 

Water pump 

Fig. 5 Polymer Electrolyte Membrane Fuel Cell System Fig. 6 FCEV System Diagram 
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h'om the research and development stage to the pl'oduct devel・

Opment stage, and nun〕erous issues must be addressed before it
Can be conunercialized

Amono tl〕e issues for tlw fuel ce11itself are to ilnprove its

OUゆUt density (make it sma11er and lighter). Nduce its cost,

Confinn its reliability in the on・board environme川, and contr01

the moist1Ⅱ'e levels of lhe hydrogen gas and air
The next set of issues concen〕s tl〕e source of fuel. The

FCEv described in this paper uses hydrooen h'om hydrooen・

absorbing a110y tanks, but while that has dw advantaoes of zero

elnissions and hioh efficiency, the oudook for the establish・

ment of a hydlogen refueling infrastruct山'e is not bright

Thel'efore, the refonning of hydrogen from hydrocarbon・based

fuels is considered the mah)stl'eam techn010oy for the time

being. The important issues in that case become the choice of

fuel and the development of a reformer

Xvith respect to contr01, the criticalissue is tl〕e Nsponse of

the fuelsupply system. Here the key is just how quickly the

System can supply gaseous fuelto the fuel ce11in response to

Sudden chanoes in load. particularly where reformed gas is

Used, the control system is more complex, so d〕e buHding of a

Compact and responsive controlsystem becomes necessary
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Prevention of Global Warming -COz Reduction-

CO2 Reduction Activities in TMC Production 

Process 

Hidehiro Ono* 

Wataru Sato* 

Tomoki Nakagaki** 

Takeo Sakai*** 

Abstract 

Activities to reduce energy consumption have been energetically promoted in Toyota's production processes 

for more than 25 years for purposes of saving energy and reducing cost. In recent years, the need to pre-

serve the environment by alleviating global warming has increased the importance of CO2 reduction (energy 

saving), resulting in further acceleration of activities with self-imposed targets. 

This paper introduces some examples of recent CO2 reduction activities and describes the common, compa-

ny-wide improvement theme of reducing compressed air consumption as an excellent example of steady im-

provement activities in Toyota plants. 

Keywords: energy, CO2 reduction activities, global warming 

1. Introduction 

In order to reduce CO2 emissions, considered a major factor 

in global warming, as a way to preserve the Earth's environ-

ment, Toyota Motor Corporation is actively promoting activi-

ties to reduce energy consumption, the main source of CO2 

emissions. This paper describes some of those activities. 

2. Background 

Concerning the global warming that is said to accompany the 

emission of CO2 and other gases, it has been forecast in the 

Second Assessment Report of the Intergovernmental Panel on 

Climate Change (IPCC) that one hundred years from now, the 

average air temperature may have risen by about 2°C and sea 

levels may have risen approximately fifty centimeters. 

Because it is feared that these changes would adversely affect 

terrestrial ecosystems, a rapid worldwide response to the issue 

is expected. 

In December of last year, the Third Conference of Parties of 

the United Nations Framework Convention on Climate Change 

(COP3) was held in Kyoto. In response to the global warming 

problem, the developed nations established CO2 reduction tar-

gets for the year 2000 and beyond. It is thought that these tar-

gets will henceforth further accelerate CO2 reduction activities 

in these countries and contribute to the expansion of critical ac-

tivities worldwide. 

In Japan, energy consumption has been on a consistently up-

ward trend in recent years due to the recovering economy, the 

progress of computerization, and changes in lifestyle. These 

* Plant Engineering Div. 
** Tahara Plant Administration Div. 
*** Motomachi Plant Administration Div. 

TOYOTA Technical Review Vol. 47 No. 2 Apr. 1998 

circumstances make it difficult to attain the CO2 reduction tar-

gets for the year 2000 to which the Japanese government has 

committed itself in the international arena. In order to exert the 

maximum effort to make progress in saving energy, the gov-

crnment revised the Law concerning the Rational Use of 

Energy and announced a stronger policy in Febru紅yof 1997. It 

is in the context of these changes that Toyota is seeking to stimu-

late increased energy conservation eff01is in its plants. (Table 1) 

Table 1 Main Policies 

Industrial divisions I• Implement targets for each plant (Improve energy 
efficiency at least 1% every year.) 

• Provide stronger leadership to plants consuming 
much energy, based on Rational Use of Energy 
Law. 

3. Toyota's Efforts 

3.1 Toyota's Response 

Toyota regards its response to environmental problems as a 

critical issue. In 1992, the company established the Toyota 

Earth Charter, and in 1993, announced the Toyota 

Environmental Action Plan, which was updated in 1996. 

Autonomous efforts are now being expanded to the entire cor-

poration in an effort to achieve more demanding targets. 

One activity currently being promoted in the production 

process in an effort to deal with global warming has set itself 

the extremely ambitious goal of stabilizing both the total emis-

sions of CO2 and the emissions per hundred-million yen in 

sales at their 1990 levels by the end of the year 2000. 
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3.2 Recent Activities 

In-house activities have also become more energetic over the 

years, improving the environmental awareness of individual 

employees. Countermeasures have been implemented in a 

planned manner in both technical development and equipment 

design, and their effects have been steadily accumulating. 
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Energy Conservation Results 

As of 1996, as Fig. 3 shows, the amount of energy used was 

below its peak, and the energy use per hundred-million yen in 

sales was also steadily improving. 
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Table 2 Comparison 

1990 Peak 1996 

Energy use 

uaA・1! E
O
O
L
K
豆

100 108 102 

Basic units 100 107 96 

4. Examples of Reduced Energy Consumption 

At the 1996 National Energy Conservation Conference spon-

sored by the Energy Conservation Center, Toyota employees 

made five presentations on energy conservation activities. Two 

presentations that were particularly well-received concerned ef-

forts to reduce the consumption of compressed air at Toyota 

plants. 

The plants'main uses for compressed air are for air blowers 

to remove dust and moisture and for air cylinders and air mo-

tors to operate equipment and tools. In almost all cases, the 

compressed air is generated by compressors, and the electricity 

consumed in running them accounts for roughly 10% of the 

company's total electricity consumption. (Fig. 4) 

This paper describes two examples of energy conservation 

activities: ① the Tahara Plant's improvements in the generation 

and delivery of compressed air, and② the Motomachi Plant's 

improvements in the equipment that consumes the compressed 

air. 

The activities described below are now being implemented 

comprehensively at both plants. 

4.1 

4.1.1 

Heavy oil 
17% 

Compressor 
electricity 
9% 

Gas 
9% 

Other 
2% 

Electricity 
64% 

Fig. 4 Energy Use in 1995 

Fig. 5 Factors in Air Energy Loss 

Tahara Plant 

Theme: Compressed air energy-saving measures 

Content and Effects of Measures 

Table 3 Effects of Measures (MWH/year) 

Measure Action Effect 

1 Reduce consumption dur- Reduce air leakage 2,830 
ing operation 

Correct supply pressure 1,410 

2 Reduce consumption when Change Monday morning start 280 
not in operation time 

3 Improve compressor effi- Lower compressor generation 140 
c1ency pressure 

Control number of compressors 140 

4 Other Reduce consumption in transport 40 
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It can be seen that if the compressor's generated pressure 

drops from① to②, the shaft power, i.e., the amount of elec-

tricity consumed, also drops from① to② • The set pressures 
of the high-pressure and low-pressure systems were therefore 

lowered as shown in Table 5, making it possible to save 990 

MWH of energy per year. 

Table 5 Compressor Generation Pressure (kPa) 

High-pressure system Low-pressure system 

Before improvement 838 519 

After improvement 809 431 

(4) Control of the number of compressors 

In the past, the starting and stopping of compressors, and the 

choice of which ones to run, was determined manually by the 

operators. As shown in Fig. 10, this made it difficult to know 

how many compressors were actually required during periods 

when the load changed rapidly, such as between shifts. 

Also, because frequent starting and stopping of the compres-

sors would adversely affect electrical equipment, more com-

pressors than necessary were being operated. When a com-

pressor exceeds its set pressure, it operates without a load, but 

even then it consumes about 300 kilowatts of electricity per 

hour, a considerable waste. Therefore, in conjunction with the 

updating of the Toyota Energy Control System (TECS), a sys-

tem to control the number of low-pressure compressors was 

implemented as a first step. This resulted in an energy savings 

of 140 MWH per year. 
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4.2 Motomachi Plant 

4.2.1 Establishment of Air Blower Theory 
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Theme: Saving energy by making air blowers more efficient 

Although air blowers are used daily in many locations in the 

production process, in many cases they are used instinctively, 

without a clear theoretical understanding of their specifications, 

resulting in much wasted energy. Therefore, a first step was to 

investigate the optimum conditions for air blower operation. 

It is the nature of air blowers that the force of the air is pro-

portional to the pressure at the blower outlet. Because it is dif-

ficult on the shop floor to control the blower force by measur-

ing the pressure at the nozzle tip, the conventional approach 

has been to control the source air pressure. The investigation 

of existing equipment therefore focused on the actual air pres-

sure at the nozzle tip versus the source air pressure. As Fi~. 
13 shows, approximately 80% of the equipment showed an air 

pressure ratio (nozzle pressure/source pressure) below 70%. 

Two factors are thought to lie behind the pressure loss de-

scribed above. 
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Fig. 13 Comparison of Equipment and Pressure 

① The effective sectional area of some of the piping used up-

stream is small. 

② Because of the large number of nozzles, the total effective 
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Surface interpolated from the 
combination condition 

Offset base surface 

Fig. 3 Constraint Conditions of Global Modification 

the following equation which uses the boundary edges and their 

cross-boundary derivatives of the surfaces to be combined as 

its constraint conditions: 

OS'(u,v)=OS(u,v)+(OG'(u,v)-OG(u,v)) 

Where: 

OG(u,v) and OG'(u,v) represent the Gordon surfaces inter-

polated from only the boundary edges and their cross deriva-

tives of OS(u,v) and those of OS'(u,v) respectively. 

The global modification is applied to correct cracks and mis-

alignment between the constant/variable offset surfaces. 

However, once combined surfaces become cracked again as be-

come cracked as shown in Fig. 4(a) unless the global modifi-

cation is made in an appropriate sequence. To prevent this, a 

deformation sequence has to be established in advance so that 

a condition that the surfaces to be combined never be de-

formed again may be satisfied as illustrated in Fig. 4(b). This 

is the meaning of the recognition of the sequence of a global 

modification. 

→ 

3.5 Calculation of Surface Intersection of Offset Base 

Surface 

An AF combination boundary edge is formed through the 

processing described in the preceding item 3.4. In the case of 

an offset surface where a mixture of AF combination and con-

vex/concave combination is present, it occurs that the surface 

intersection cannot be obtained from a generally used calcula-

tion of surface intersection or, even if the edge is obtained, it 

has subtle dislocation from the AF boundary edge, which may 

fail the boundary loop of a component surface from being 

closed. This is because the AF combination portion is in the 

overlapping state and the calculation of surface intersection be-

comes unstable in the vicinity of this singular point. 

This problem is solved by a pincer movement calculation of 

surface intersection. This method obtains a component point 

OP on the intersection of the offset surfaces of OSo and 0S1 

from the surface normals No and N1 at a component point P on 

the intersection of the source surfaces of So and S1 shown in 

Fig. 5 applying a pincer movement calculation iteratively. 

This is a robust calculation method of surface intersection 

proper to the offsetting. 

3.6 Boundary Path Recognition of the Offset Surfaces 

Topological relation of the AF combined section of the off-

set surface remains basically unchanged from the source sur-

face (with minor dislocation being absorbed, however). 

Conversely, topological relation of the convex/concave combi-

nations change and it is difficult for us to foresee the topologi-

cal relation after the change. 

In the first place, a primary loop is formed on the own sur-

Re-cracking 

→ 

(a) Example of inappropriate sequence of global modification 

→ → 

(b) Example of appropriate sequence of global modification 

Fig. 4 Difference in the State of Combination by the Sequence of Global Modification 
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（２）Ｊ．Ｒｏｓｓｉｇｎａｃ，Ａ，Ｒｅｑｕｉｃｈａ： ｏｆｆｓｅｔｔｉｎｇｏｐｅｒａｔｉｏｎｓｉｎｓｏｌｉｄ

　

ｍｏｄｅｌｉｎｇ．ＣｏｍＰｕｔｅｒＡｉｄｅｄＧｅｏｍｅｔｒｉｃＤｅｓｉｇｎ，ＶＯ１，３，Ｎｏ．

　

２，Ｐ．１２９‐１４８（１９８６）
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Ｈ，ＫＡＷＡＢＡＴＡ
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Ｆｉｇ．７
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ＦｒｏｎｔＢｕｍｐｅｒ

５． Ｃｏｎｃｌｕｓｉｏｎｓ

　

Ｗノｅｈａｖｅｄｅｖｉｓｅｄａｎｏｖｅｒａｌｌｏｆｆｓｅｔａｌｇｏｒｉｔｈｍ ｏｆｃｏｍｐｏｓｉｔｅ

ｓｕｌｆａｃｅｓａｎｄｓｔａｒｔｅｄａＰＰ１ｙｉｎｇｉｔｆｏｒｐｒａｃｔｉｃａｌｕｓｅ， 帆／ｅａｒｅｃｏｎｆｉ－
ｄｅｎｔｔｈａｔｔｈｅａｌｇｏｒｉｔｈｍｃｏｎｔｒｉｂｕｔｅｓｍｕｃｈｔｏｔｈｅｒｅｄｕｃｔｉｏｎｏｆｔｈｅ

ｓｕｒｆａｃｅｍｏｄｅｌｉｎｇｍａｎ‐ｈｏｕｒｓａｎｄｔｈｅｌｅａｄｔｉｍｅ，ｗｈｉｃｈｗｅｒｅｔｈｅ
ｉｎｉｔｉａｌｔａｒｇｅｔｆｏｒｏｕｒｓｔｕｄｉｅｓ，

Ｈ．ＭＯＲＩＳＡＫＩ
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ＫｅｎｊｉＷａｔａｎａｂｅ＊

ＴｅｔｓｕｊｉＡｓａｈｉ＊

Ｍｉｎｏｒｕｌｗａｍｕｒｏ＊

Ｋｕｎｉｈｉｋｏｓａｔｏｕ＊
ｒｒｓｕｔｏｍｕＨｉｙｏｓｈｉ＊＊

ＳｈｉｇｅｏＫｉｋｏｒｉ＊＊

Ａｂｓｔｒａｃｔ

Ｔｈｅ４‐ｌｉｔｅｒ，Ｖ‐ｔｙｐｅ，８‐ｃｙｌｉｎｄｅｒｅｎｇｉｎｅｉｎｓｔａｌ－ｅｄｏｎｔｈｅｎｅｗ ＣＥＬＳＩＯＲａｎｄＣＲＯＶＶＮｒｅ－ｅａｓｅｄｉｎＪｕ１ｙｌ９９７ｉｓａｎ

ｉｍｐｒｏｖｅｄｖｅｒｓｉｏｎｏｆｔｈｅｒｅｎｏｖｖｎｅｄＩＵＺ－ＦＥｅｎｇｉｎｅ ｍｏｕｎｔｅｄｏｎｈｉｇｈｌｕｘｕｒｙｖｅｈｉｃｌｅｓ． Ｍａｎｙｎｅｖｖｆｅａｔｕｒｅｓｉｎ－

ｃｌｕｄｉｎｇ１ｎｔｅ１１１ｇｅｎｔＶａｒｉａｂｌｅＶａ１ｖｅＴｉｍｉｎｇ（ＶＶＴ－ｉ｝ｓｙｓｔｅｍ，ｓｌａｎｔｓｑｕｉｓｈｃｏｍｂｕｓｔｉｏｎｃｈａｍｂｅｒ，Ａｃｏｕｓｔｉｃ

Ｃｏｎｔｒｏ１ｌｅｄｌｎｄｕｃｔｉｏｎＳｙｓｔｅｍ｛ＡＣ１Ｓ｝，ａｉトａｓｓｉｓｔｅｄｆｕｅｌｉｎｊｅｃｔｏｒ，ｌｎｔｅ１ｌｉｇｅｎｔＥ１ｅｃｔｒｏｎｉｃＴｈｒｏｔｔｌｅＣｏｎｔｒｏＩＳｙｓｔｅｍ

｛ＥＴＣＳ－ｉ｝ｗｅｒｅａｄｏｐｔｅｄ． ＴｈｒｏｕｇｈｔｈｅｓｅｆｅａｔｕｒｅｓｔｈｉｓｎｅｗＩＵＺ－ＦＥｈａｓａｃｈｉｅｖｅｄｏｖｅｒｗｈｅｌｍｉｎｇａｃｃｅｌｅｒａｔｉｏｎ

ａｎｄｓｍｏｏｔｈｎｅｓｓ，ａｎｄｙｅｔｈｉｇｈｅｓｔ１ｅｖｅｌｏｆｆｕｅｌｃｏｎｓｕｍｐｔｉｏｎａｎｄｑｕｉｅｔｎｅｓｓａｍｏｎｇｔｈｅｓａｍｅｄｉｓｐｌａｃｅｍｅｎｔｅｎ－

ｇｉｎｅｓ．Ｔｈｉｓｐａｐｅｒｒｅｐｏｒｔｓｏｎｔｈｅｎｅｗ１ｙｄｅｖｅｌｏｐｅｄＩＵＺ－ＦＥｅｎｇｉｎｅ．

Ｋｅｙｗｏｒｄｓ′

　

～Ｐｅ ８－ｃｙ／′ｎｄｅｒｅｎｇ′ｎｅ ＶＶアーＬｓ′ａｎｒｓｑｕ′ｓｈＣｏｍｂｕｓｒ′ｏｎｃわａｍｂｅ ＡＣ／ｓ ａかａｓｓ′ｓｒｅｄｆｕｅ′中ノｅｅ
ｒｏ Ｅ′ｅｃｒｒｏｎ′ＣＴｈｒｏｒｒ／ｅｃｏｎｒｒｏ／ｓｙｓｔｅｍ

ｌ，ｌｎｔｒｏｄｕｃｔｉｏｎ

　

ｌｎｒｅｃｅｎｔｙｅａｒｓ，ｇｒａｐｐｌｉｎｇｗｉｔｈｔｈｅｐｒｅｖｅｎｔｉｏｎｏｆｇｌｏｂａｌ

ｗａｒｍｉｎｇｔｈｒｏｕｇｈｅｎｅｒｇｙ‐ｓａｖｉｎｇａｎｄｔｈｅｒｅｄｕｃｔｉｏｎｏｆＣ０２ｅｍｉｓ－

ｓｉｏｎｈａｓｂｅｃｏｍｅｏｎｅｏｆｔｈｅｍｏｓｔｌｍｐｏｒｔａｎｔｓｏｃｉａｌｃｈａｌｌｅｎｇｅｓａｓ

ｐａｒｔｏｆｇｌｏｂａｌｅｎｖｉｒｏｎｍｅｎｔａｌｍｅａｓｕｒｅ．ｌｍｐｒｏｖｅｄｆｕｅｌｅｃｏｎｏｍｙ
ｉｓｒｅｌａｔｅｄｔｏｔｈｉｓｃｈａｌｌｅｎｇｅｏｎｔｈｅｐａｒｔｏｆｖｅｈｉｃｌｅｓ．

　

ＡｔＴＯＹＯＴＡ，ｗｅａｒｅｇｒａｐｐｌｅｄｗｉｔｈｖａｒｉｏｕｓｅｎｖｌｒｏｎｍｅｎｔａｌ

ｐｒｏｔｅｃｔｌｏｎａｃｔｌｖｌｔｌｅｓｕｎｄｅｒｔｈｅｇｅｎｅｒａｌｎａｍｅｏｆ”Ｅｃｏ－Ｐｒ叫ｅｃｔ．
”

ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，ａｃｈｉｅｖｉｎｇｓｍｏｏｔｈａｃｃｅｌｅｒａｔｉｏｎａｎｄｑｕｉｅｔｎｅｓｓ

ａｐｐｒｏｐｒｉａｔｅｆｏｒｌｕｘｕｒｙｖｅｈｉｃｌｅｓｉｓｔｈｅｕｎｉｖｅｒｓａｌｔｈｅｍｅｆｏｒｔｈｅ
ｄｅｖｅｌｏｐｍｅｎｔｏｆｅｎｇｉｎｅｓｆｒｏｍｔｈｅｖｉｅｗｐｏｉｎｔｏｆｕｓｅｒｎｅｅｄｓ． Ｔｏ

ｍｅｅｔｔｈｅｓｅｒｅｑｕｉｒｅｍｅｎｔｓ，ｗｅｈａｖｅｓｈａｒｐｌｙｉｍｐｒｏｖｅｄｔｈｅｂａｓｉｃ

ｐｅ１ｆｏｒｍａｎｃｅｏｆＩＵＺ‐ＦＥｅｎｇｉｎｅｒｅｎｏｗｎｅｄｆｏｒｉｔｓｈｉｇｈｔｏｔａｌｐｅｒ‐

ｆｏｒｍａｎｃｅｂｙｇｉｖｉｎｇｍａｊｏｒｉｍｐｒｏｖｅｍｅｎｔｔｏａｌｍｏｓｔｅｖｅｒｙｃｏｍ‐

ｐｏｎｅｎｔｉｎｃｌｕｄｉｎｇｌｎｔｅｌｌｉｇｅｎｔＶａｒｉａｂｌｅＶａｌｖｅＴｉｍｉｎｇ（ＶＶＴ－ｉ）

ｓｙｓｔｅｍ，ｓｌａｎｔｓｑｕｉｓｈｃｏｍｂｕｓｔｉｏｎｃｈａｍｂｅｒ，ＡｃｏｕｓｔｉｃＣｏｎｔｒｏｌｌｅｄ

ｌｎｄｕｃｔｉｏｎ

　

Ｓｙｓｔｅｍ（ＡＣＩＳ），ｌｎｔｅｌｌｉｇｅｎｔＥ１ｅｃｔｒｏｎｉｃＴｈｒｏｔｔｌｅ
ＣｏｎｔｒｏＩＳｙｓｔｅｍ（ＥＴＣＳ‐ｉ）ａｎｄｍａｎｙｏｔｈｅｒｌａｔｅｓｔｔｅｃｈｎｏｌｏｇｉｅｓ．
Ｂｙｉｎｓｔａｌｌｉｎｇｔｈｉｓｎｅｗ ｅｎｇｉｎｅ ｏｎｔｈｅｎｅｗ ＣＥＬＳＩＯＲａｎｄ

ＣＲＯＷＮ，ｗｅｈａｖｅａｃｈｉｅｖｅｄｔｈｅｈｉｇｈｅｓｔｌｅｖｅｌｏｆｆｕｅｌｃｏｎｓｕｍｐ‐

ｔｉｏｎａｍｏｎｇｔｈｅｓａｍｅｄｉｓｐｌａｃｅｍｅｎｔｅｎｇｉｎｅｓ，ｓｉｍｕｌｔａｎｅｏｕｓｌｙ

ａｃｈｉｅｖｉｎｇｔｈｅｄｒｉｖｉｎｇｐｅｒｆｏｒｍａｎｃｅａｎｄｑｕｉｅｔｎｅｓｓａｐｐｒｏｐｒｌａｔｅ

ｆｏｒｔｈｅｌｕｘｕｒｙｖｅｈｉｃｌｅｓ．Ｔｈｉｓｐａｐｅｒｒｅｐｏｒｔｓｏｎｔｈｅｄｅｔａｉｌｓｏｆｉｍ‐

ｐｒｏｖｅｍｅｎｔｓａｎｄｔｈｅｏｕｔｌｉｎｅｏｆｍａｊｏｒｔｅｃｈｎｏｌｏｇｉｅｓａｄｏｐｔｅｄｔｏ

ｔｈｉｓｅｎｇｌｎｅ．

Ｖｅｈｉｃｌｅｗｅｉｇｈｔ｛ｋｇ｝

Ｆｉｇ．Ｉ

　

Ｖｅｈｉｃ－ｅＶＶｅｉｇｈｔａｎｄＥｎｇｉｎｅＤｉｓｐｌａｃｅｍｅｎｔ美ＰｏｗｅｒＴｒ溢ーＩＥｎｇｉｎｅｅｒｉｎｇＤｉｖ．１
英美ＥｎｇｉｎｅＥｎｇｉｎｅｅｒｉｌｌｇＤ１Ｖ．・ ａｍｏｎｇＣｏｍｐｅｔｉｔｉｖｅＶｅｈｉｃｌｅｓ

２．Ｓｅ－ｅｃｔｉｏｎｏｆＤｉｓｐｌａｃｅｍｅｎｔ

　

Ｔｈｅｗｏｒｌｄ１ｓ ｍａｉｎｓｔｒｅａｎｌｏｆｄｉｓｐｌａｃｅｍｅｎｔｆｏｒａＶ‐ｔｙｐｅ，８‐

ｃｙｌｉｎｄｅｒｅｎｇｉｎｅｉｎｓｔａｌｌｅｄｏｎａｌｕｘｕｒｙｖｅｈｉｃｌｅｉｓ４．ｏｔｏ４，５１ｉｔｅｒ，
ａｎｄｉｔｔｅｎｄｓｔｏｂｅｅｘｐａｎｄｅｄ． Ｔｈｉｓｂｕｔｉｎｄｉｃａｔｅｓｃｅｒｔａｌｎｎｌａｎｕ‐

ｆａｃｔｕｒｅｒｓ’ｉｎｔｅｎｔｉｏｎｔｏａｃｈｉｅｖｅａｇｒｅａｔｅｒｏｕｔｐｕｔｐｅｒｆｏｒｎｌａｎｃｅｒｅ‐

ｑｕ・ｒｅｍｅｎｔｗｉｔｈａｎｅｘｐａｎｄｅｄｅｎｇｉｎｅｄｉｓｐｌａｃｅｍｅｎｔ． ｏｎｔｈｅｃｏｎ‐

ｔｒａｒｙ，ｔｈｉｓｌｅａｄｓｔｏｔｈｅｄｅｔｅｒｉｏｒａｔｉｏｎｏｆｆｕｅｌｅｃｏｎｏｍｙｄｕｅｔｏａｎ
ｉｎｃｒｅａｓｅｄｆｒｉｃｔｉｏｎｌｏｓｓ． Ｕｐｏｎｍａｋｉｎｇｔｈｅｐｒｅｓｅｎｔｌｍｐｒｏｖｅｎｌｅｎｔ

ｏｆｔｈｅｎｅｗＩＵＺ‐ＦＥｅｎｇｉｎｅ，ｔｈｅｍａｉｎｏｂｊｅｃｔｉｖｅｉｓｐｌａｃｅｄｏｎｔｈｅ

ｉｎｌｐｒｏｖｅｄｆｕｅｌｃｏｎｓｕｍｐｔｉｏｎｗｈｉｌｅｋｅｅｐｉｎｇｔｈｅｅｎｇｉｎｅｄｉｓｐｌａｃｅ‐

ｍｅｎｔａｔｔｈｅｌｏｗｌｉｍｉｔａｎｌｏｎｇｔｈｅｃｏｎｌｐｅｔｌｔｌｖｅｖｅｈｉｃｌｅｓ． ｏｕｒ

ｃｏｎｃｅｐｔｉｓｂａｓｅｄｏｎａｃｈｉｅｖｉｎｇｔｏｒｑｕｅｉｎ・ｐｒｏｖｅｍｅｎｔｆｏｒｒｅａｌｉｚｉｎｇ
ｔｈｅｄｒｉｖｉｎｇｗｉｔｈａｍｐｌｅａｌｌｏｗａｎｃｅｆｏｒｐｏｗｅｒｔｈｒｏｕｇｈａｄｒａｓｔｉｃ
ｉｍｐｒｏｖｅｍｅｎｔｏｆｂａｓｉｃｐｅｒｆｏｒｍａｎｃｅ．
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ＴｏＹｏＴＡ 盲ｅｃｈｎｉｃａＩＲｅｖｉｅｗ Ｖｏ１，４７Ｎｏ．２ＡＰｒ．１９９８ ８５



３． ＤｅｓｉｇｎＣｏｎｃｅｐｔ

　

Ｔｈｅｐｒｅｓｅｎｔｄｅｖｅｌｏｐｍｅｎｔｉｓｂａｓｅｄｏｎｔｈｅｆｏｌｌｏｗｉｎｇｔｈｒｅｅ

ｍ町ｏｒｐｏｌｎｔｓ：

（１）Ｌｅａｄｉｎｇｌｏｗｆｕｅｌｃｏｎｓｕｍｐｔｉｏｎ

　

Ｔｏｒｅａｌｉｚｅａｎｅｐｏｃｈ‐ｍａｋｉｎｇｌｏｗ ｆｕｅｌｃｏｎｓｕｍｐｔｉｏｎｔｏｐ
ａｍｏｎｇｔｈｅｓａｍｅｃｌａｓｓｅｎｇｌｎｅｓｗｉｔｈａｍａｘｉｍｕｍｃｏｎｓｉｄｅｒａｔｉｏｎ

ｇｉｖｅｎｔｏｔｈｅｅｎｖｉｒｏｎｍｅｎｔｐｒｏｔｅｃｔｌｏｎａｎｄｆｕｅｌｅｃｏｎｏｍｙ．
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③ A structure is adopted to ensure the driving under an 

abnormal condition by operating the emergency drive 

lever. 

Throttle return spring 

Reduction gear 

Fig. 13 Structural Drawing of the Throttle Body 

(2) Integrated control of the power train system (EFI, ECT, 

ETCS) 

Overwhelming acceleration and smooth driving have been 

realized by establishing coordination with EFI and ECT and 

controlling the throttle valve so as to attain an optimal drive 

force that meets all types of driving condition on the basis of 

the reflection of driver's accelerator pedal operation. 

(3) Vehicle stability 

① Snow mode control (Fig. 14) 

Throttle valve reaction to the accelerator pedal opera-

tion is changed from normal mode. Better accelerator 

controllability on a slippery road is realized to better 

avoid the tires from slipping. 

Pressed snow road 1st gear take-off acceleration (TRC OFF) 

Non-snow mode 
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Fig. 14 Effect of Snow Mode Control 

5.3 Maintenance of the Top Level Quietness in the 

World 

5.3.1 Reduction of Power Plant Vibration 

To realize both the increased power and quietness for the 

new vehicle, a weak point of twisted structure is improved by 

analyzing the vibration mode of the power plant (Fig. 15). 

Accordingly, we have realized a power plant of high rigidity 

having a high weight efficiency. The improved aluminum oil 

pan (Fig. 16) is an example of high rigidity. 

Fig. 17 shows a comparison of the engine mount vibration 

level. 

Fig. 15 Power Plant Vibration Mode 

.. 
Arrows: Denote reinforced 
il sections 

Fig. 16 High Rigidity Oil Pan Contour 

5.3.2 Thorough Elimination of Noises 

It is necessary to pay attention to low-level noise as the en-

gine noise becomes lower. Thorough noise detection is made 

for the engine of the highest class and various measures are 

taken as outlined by Table 4 to provide the high class vehicle 

with quality appropriate to it. 

② Coordinated Control with VSC 

Engine power is fine-controlled in coordination with 

the VSC system to realize the better vehicle stability. 
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Fig. 17 Comparison of the Mount Vibration Level 

Table 4 Noise Reduction Measures 

Item I Reduction method 

Cam bearing hammering I• Aluminum timing belt cover 
. Selective matching of cam cap 

Valve system noise 

Fuel system noise 

. Optimization of cam profile 

. Barrel-type valve lifter 

. Increased surface rigidity of cylinder head 

. Increased rigidity of deliverv_ pipe 

. Improved acoustic absorption performance 
of large designed cover 

■ Authors 
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6. Conclusion 

We have reported on the outline of BEAMS IUZ-FE engine 

installed on new CELSIOR and CROWN. 

We believe that we have succeeded in presenting an answer 

for the engine mounted on high luxury vehicles. We have 

achieved overwhelming power allowance, smooth acceleration 

and appropriate quietness while giving full consideration to 

preventing the global warming through resource-saving and 

CO2 emission reduction. We are confident that the result of our 

development will meet the full satisfaction of the customers. 

Before closing, we wish to express their appreciation to indi-

viduals within and without this company for valuable assis-

tance m developmg and manufactunng this engine. 

11111 Referencess 

(1) H. Kawamura, Nakakubo, Asahi, Endou, Kawai, Okumura: 

Development of New IGZ-FE Engine, TOYOTA 

Technical Review, Vol.47, No.l, P.10-17 (1997) 

(2) Yoshito Moriya, Saitou, Kawatake, Yoshioka: VVT-i 

System, TOYOTA Technical Review, Vol.47, No.l, P.48-

53 (1997) 

TOYOTA Technical Review Vol. 47 No. 2 Apr. 1998 91 



Technical Paper 

A Development of Easy-Column Shift Yoshitaka Sato* 

Harumi Minoshima* 

Minoru Makiguchi** 

Abstract 

By the recent trends of MPV (Multi-Purpose Vehicle) increase and AT (Automatic Transmission) increase, ve-

hicles which have mounted column AT shift levers are increasing as transmission operation. To be more fa-

miliar with column AT shift levers for passenger car users on the development of Town-Ace Noah and Lite-

Ace Noah, we have developed Easy-Column Shift which can be operated as passenger car feeling. 

Keywords: shift lever, operability, MPV, AT, weight reduction, cost 

1. Introduction 

In recent years, the ratio of AT (Automatic Transmission) 

vehicles is increasing. Particularly, the vehicles that adopt the 

column type AT shift lever are increasing among the so-called 

RV (Recreational Vehicle) and MPV (Multi-Purpose Vehicle). 

The reason for this trend is that since the column type AT 

shift lever is installed to the front seat steering column different 

from the normal floor AT shift lever, more room space is avail-

able for the ease of walk-through. Moreover, with the expand-

ing markets for MPV and RV, production of the column AT 

shift lever itself is rapidly increasing (Fig. 1). On the other 

hand, the expansion of the MPV and RV market is supported 

by those users who have switched from the passenger vehicles. 

Generally speaking, passenger cars are mainly installed with 

the floor type AT shift levers. Therefore, passenger car users 

are not familiar with the column AT shift lever. In this connec-

tion, it has been urgently required to develop a column type AT 

shift lever that can be easily handled by the passenger car users 

(Fig. 2). 

In the development of Town-Ace Noah and Lite-Ace Noah, 

one of the important items of the vehicle concept is to "appeal 

on the driving feeling as if a passenger car" along which our 

development has been promoted. This paper reports on Easy-

Column Shift that we have developed under the above concept. 

2. Outline of Column AT Shift (Fig. 3) 

Column AT shift lever refers to a shift lever installed on to 

the steering column for the ease of so-called walk-through (a 

function to allow a passenger to access to the rear seat through 

the front driver's and passenger's seats) developed along with 

the expansion of room space in a vehicle. The shift lever on 

the steering column is connected to the lever on the AT via a 

push-pull cable (or link) to shift the transmission appropriately 

* Chassis Engineering Div. III 
** Vehicle Evaluation & Engineering Div. III 
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to each position (P, R, N, D, 2, L). 
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Fig. 1 Comparison of Total Production, Total 

Number of AT Vehicle, and Total Number of 

Column AT Vehicle for Each Year with the 

Total Toyota Vehicle Production for'85 

2.1 Operating Direction of Conventional Type Column 

AT Shift 

It is general for a conventional type column AT shift lever to 

be operated in the direction of the circumference of the steering 

wheel for shifting and in the direction toward the driver for se-

lection (Fig. 4). (One lever is operated in two different direc-

t10ns.) 



A Development of Easy-Column Shift 

AT lever 

(1) Floor AT shift (2) Column AT shift 

Fig. 2 AT Shift Types 

Fig. 3 Outline of Column AT Shift 

Fig. 4 Conventional Type Column AT Shift 

2.2 Objective of Easy-Column Shift 

Under one of the vehicle concepts for Noah that reads to 

"appeal on passenger-car-like operability", we have studied a 

system that operates the same way as the floor AT shift lever; 

in other words a system to push button to make selection and 

move the lever in the longitudinal direction of the vehicle to 

make shift (Fig. 5), and our objective is to realize this system 

installed on the column. 

¥
2
 ̀D 

p
 

Fig. 5 Easy-Column Shift 

3. Structure and Operation of Easy-Column Shift 

3.1 Outline 

We have settled on a select button type shift knob that well 

resembles the floor AT knob. It is connected to the main body 

via the shift lever pipe and supported to ensure that the shifting 

direction is longitudinal. 

The main body is mounted on the lower surface of the steer-

ing column. We have adopted mechanical type shift lock and 

key interlock devices. 

Actually, shift lock cable is arranged from the main body to 

the brake pedal to effect the shift locking. Iくeyinterlocking is 

effected with the link system. Fig. 6 shows the section of the 

overall shift lever and Fig. 7 principal components. 
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Abstract 

The new concept catalyst for diesel engine has been developed. When the exhaust temperature is low, SOF 

and HC are temporarily absorbed by the absorbent within the catalyst and are oxidized as the temperature 

rises. The process of this development has manifested the following: 

1) The coating material is important factor to govern the oxidation activity. 2) SOF is reduced by the coating 

material in low temperature less than 200°C. 3) The coating material, which has low S02 adsorbing rate, 

suppresses the sulfate formation at high temperatures. 

Keywords: catalyst, diesel engine, oxidation, HC, particulate 

1. Introduction 

Recently the diesel engine has drawn particular attention 

from the viewpoint of global warming prevention because of its 

low CO2 emission. Conversely, diesel engines emit a large 

amount of particulate matters (hereinafter referred to as "PM") 

consisting of Soot, Sulfate, SOF (Soluble Organic Fraction) 

and NOx. Hence, the development of measures to reduce emis-

sion has been centered on improvement of combustion and 

EGR. Increasing the amount of EGR with decreasing NOx in-

creases the amount of PM, HC and CO, thus, attempts at emis-

sion reduction by improving engines have an innate limit. In 

order to achieve still cleaner exhaust gas from diesel engines in 

the future, it is essential to provide them with exhaust cleaning 

catalysts. To achieve a clean diesel engine, however, a number 

of problems must be solved. For instance, diesel engines do 

not emit exhaust gas hot enough to activate catalysts; the cata-

lysts deteriorate relatively quickly since the high proportion of 

sulfur (S) contained in the fuel gives rise to sulfur oxides, 

which attack the catalysts; and the atmosphere in which diesel 

engines are operated contain oxygen in excess of the amount 

necessary for fuel combustion, which makes it impossible to 

maintain NOx reduction. Thus the emergence of new tech-

niques has been awaited. We, at Toyota Motor Corporation, 

have developed a new diesel catalyst embodying a new concept 

that can reduce SOF and HC emission at low exhaust tempera-

ture, while improving the durability of the catalyst. This new 

concept diesel catalyst will be installed on our new models, 

marketed this summer, ahead of other auto makers. Vehicles 

with this catalyst are expected to meet the domestic long-term 

regulations, and the catalyst is scheduled to be applied to prod-

ucts bound for Europe as well. 

* Material Engineering Div. I 
** Cataler Industrial Co., Ltd. 
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2. Development Tasks 

Table 1 lists tasks to be achieved in the present develop-

ment of the subject diesel catalyst. Reactions in tasks① and 

② in the Table 1 are oxidizing reactions considered to occur 

on the catalyst noble metal. 

Loading a large amount of noble metal in order to improve 

catalyst low-temperature activity is good for task① • However, 
this is detrimental to task② since heavy loading of noble 

metal, giving rise to sulfuric acid mist and a sulfate in reactions 

indicated by equations (1) and (2), increases the amount of PM 

in exhaust gas. This poses a difficult problem, namely expand-

ing the temperature range where the catalyst can be most effec-

tive while meeting two contrary requirements: to promote the 

oxidization of HC and SOF and at the same time to inhibit sul-

fate formation. 

s + 02→ S02 .............................................................. (1) 
S02 + 1/202 + H心→ H2S04 ..................................... (2) 

Task③ is to develop or find a new coating material that 

does not decrease the specific surface area as a result of reac-

tion with the sulfate formed when S02 in exhaust gas is oxi-

dized. Of particular consideration for tasks② and③ is the 

lessening of S02 adsorption to the coating material so as to pre-

vent the sulfate from occurring. In tasks④ and⑤ the chief 

Table 1 Characteristics of Diesel Exhaust Gas and 

Development Subject 

Characteristics Development subject 

1) Low exhaust gas temper-① Development of HC and SOF oxidation 
ature catalyst at less than 200°c 

2) Excessive surplus oxygen ② Sanud pplorev ssion of the SO, oxidation activity 
content in diesel exhaust w sulfate formation 
gas ③ Deverloiapl ment of sulfate tolerance coating 

mate i 

3) Presence of excess oxy- ④ Development of NO, reduction catalyst in 
gen excess oxygen 

4) Small amount of HC and ⑤ Development of cataNlyOs, t effectively apply-
co ing adsorbed HC to reduction 
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model, we can explain a series of paint film changes as shown 

in Figs. 5 and 7. 

Fig. 9 shows the paint film and water molecule model we 

considered to construct the above-mentioned model in the level 

of molecule (this model represents the above-mentioned as-

sumptions② and③ themselves). The paint film has a 3-di-

mensional network structure of molecular chain. The network 

does not have neat regularity and may form irregularly sized 

voids. Hydrophilic part A represents a large sized void in and 

out of which go a number of water molecular groups (clusters). 

Hydrophilic part B represents a smaller void in and out of 

which go a small number of water molecular groups (dimer, 

trimer, etc.) induced by hydrophilic group in the structure. A 

Number of days elapsed 

Fig. 7 Relationship between the Number of Days for 

Immersion and Drying and Surface Roughness Rz 

ー
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Discussion 

Paint Film Change Model 

Fig. 8 shows the model presentation of the above-mentioned 

test results. The modeling was preconditioned on the following 

three points: 

① Changes generated during the immersion and drying 

processes consist of macro physical change and surface wavi-

ness change. ② Since changes in the surface waviness are de-

tected in the AFM images, we thought that the ease of filtration 

of water to the paint film differs by the section, that is the paint 

film consists of hydrophilic and hydrophobic parts. ③ Fig. 5 

and 7 show that the paint film size (length) changes rapidly 

within several hours while the surface roughness changes slow-

ly, taking several days. Thus we thought that there are two 

types of hydrophilic part; one is hydrophilic part A which has 

a large size and allows free filtration/exit of water. The other is 

hydrophilic part B to which water can filtrate with difficulties. 

Precondition① is a fact while② and③ are assumptions all 

based on the test results. 

In the first stage of immersion, the water molecules first in-

filtrate into the hydrophilic part A. During this process, the 

paint film expands macroscopically. Later the hydrophilic part 

A reaches saturation. In the second stage, the water molecules 

infiltrate the hydrophilic part B as well, causing changes to the 

surface waviness. 

On the other hand, during the drying process, the water mol-

ecules desorb themselves from the hydrophilic part A and the 

paint film contracts macroscopically. In the second stage, the 

water molecules desorb themselves from the hydrophilic part 

B, causing the surface waviness to become smaller. Using this 
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Fig. 8 Paint Film Change Model 
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Fig. 9 Paint Film and Water Molecule Model 
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hydrophobic part represents the alkyl and hydrophobic group in 

the molecular chain. If this model is compared to a piece of 

sponge, a pore of sponge represents the hydrophilic part A, the 

smaller pore in the sponge fiber does the hydrophilic part B, 

and the fiber itself representing hydrophobic part. By incorpo-

rating this to the model in Fig. 8, effect of water on the paint 

film can be explained on the molecular level. In this connec← 

tion, validity of this paint film and water model can be verified 

as follows. 

6.2 Validation of Paint Film and Water Molecular Model 

6.2.1 Analysis of State on Water Molecule 

Fig. 10 shows the result of IR analysis of water content in 

the paint film. According to this result and the view of 

Takaoka et al (3), water exists in the paint film as the dimer and 

trimer water molecules and as the cluster water of a larger mol-

ecular weight. From this, we can explain that water molecules 

infiltrate the hydrophilic part A in the form of clusters and the 

hydrophilic part B, dimer or trimer. 

a~ueqrnsqv' 

4000 3000 

Wave number (cm-1) 
Assignment of absorption band 

Absorption Assignment 
band 

One water 
① Monomer molecule 

Two water 
② Dimer molecules 

' Three water ③ Trimer molecules 
Four and over of 

④ Cluster water molecules 

Fig. 10 IR Spectrum in the Paint Film 

6.2.2 Analysis of Molecular Structure of Paint Film 

Fig. 11 shows the paint film cross-linking structure assumed 

from the monomer composition of the paint and a cross-link to 

cross-link mean molecular weight (=500) obtained with visco-

elasticity measurement and Bauer's model <4l_ Fig. 12 shows 

the steric cross-linking structure obtained with the simulation 

of the molecular operation on the basis of the above structure. 

A void of a size that allows simultaneous infiltration of several 

water molecules is present in this steric cross-linking structure, 

and the width of molecular chain and cross-link intervals were 

1 to 2 nm. The width and intervals of waviness as detected in 

the AFM image (Fig. 6) are several tens of nanometer, howev-

er. Therefore this waviness does not match with individual 

molecular chains. 

And thus the waviness is supposed to have been configured 

with a number of network of molecular chains. To verify this, 

we observed the film surface with the AFM at a higher magni-

fication (3 1nillion times). Fig. 13 shows the result of this ob-

servation. Network-like waviness of a much finer nm size is 

detected in this AFM image. The intervals of the waviness are 

about 1 111111, which matches the assumed cross-link intervals of 

the paint film molecules. In other words, we judge that the 

molecular cross-linking structure was observed as the network 

三言口」>、(介===ど゜~""""''""'
Cross-linking~in: H N'j, CHl~ 沼OCH3

日↑ ~ 註：~--·'"'()'"二 1t-
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Fig. 11 Molecular Structure of Paint Film 
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Fig. 12 Paint Film Steric Cross-linking Structure 
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Topics 

Development of Improved Appearance Acid-rein Resistant Metallic Paint 

Mikio Asai* Akihiro Watanabe* Hitoshi Kato** 

Susumu Umemura* Masataka Muramatsu* 

1. Introduction 

We have developed and applied acid-rain resistant paint to part of 

vehicles to prevent paint film damages caused by acid-rain to the vehi-

cles in the market. Problem is pointed out, however, that the paint has 

a narrow workability range to realize good appearance. To solve this 

problem, we have analyzed the resin characteristics and behavior of 

viscosity, etc. of the paint and checked the mechanism. On the basis 

of the analytical results, we have developed a new metallic paint hav-

ing improved appearance equivalent to that of conventional paint with 

acid-rain resistance. 

2. Outline 

Comparison of acid-rain resistant paint with conventional paint on 

the resin composition reveals that the acid-resistant paint is designed 

with a larger amount of functional group to provide the paint with acid 

resistance. We assumed that because of this difference in the amount 

of functional group, the base coat and clear coat mix with each other 

more easily and the solvent transfer from the clear layer to the base 

layer become remarkable, causing difference in the appearance. To 

reduce the mixture level, it is effective to decrease the amount of func-

tional group contained in the clear paint. A simple decrease, however, 

is expected to cause the drop of acid-rain resistance and other perfor-

mance. Consequently, we have decided to blend a new special resin 

component as shown in Fig. 1. 

As the result, we could obtain~SP (Solubility Parameter), the 

index of the mixture level, almost equivalent to that of the convention-

al paint as shown in Fig. 2. This led to a sharp reduction of mixture 

level and an expanded workability range was achieved. 

As the result of measuring the 3-dimensional roughness of the film 

of the developed paint, we have verified that the surface of this paint 

has an appearance comparable with that of the conventional paint. 

(Fig. 3) 

1 

!os¥ -
"0 _/  

Conventional Acid-rain Developed 
paint resistant paint paint 

Fig. 2 Mixture Level with Respective Paint Systems 

(Comparison of LiSP Values) 

①
 

②
 

① : Conventional paint 

② : Acid-rain resistant paint 
③ : Developed paint 

Fig. 3 Paint Film Surface Roughness (Vertical 

sprayed Surface) 

3. Conclusion 

(I) We estimated the appearance formation mechanism with the acid-

rain resistant paint and clarified the relationship with the paint 

characteristics. 

(2) Accordingly, we have developed an epoch-making metallic paint 

realizing both the acid-rain resistance and the improved appear-

ance. 

■ Reference 

• Charles M. Hansen, K. Skaarup: Journal of Paint Technology, Vol. 

No. 511, P.511-514 (1967) 

Reduction of the amount of functional group 

< New acrylic resin > < New special component > 

Low molecular weight 

Fig. 1 Introduction of New Resin Component 

* Material Engineering Div. II 
** Surface Finishing Engineering Div. 
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Mechanical and Thermal Properties of Si3N4 with Oriented Microstructure 

Hidemitsu Sakamoto* 

1. Introduction 

Si3N4 material has been adopted for the reciprocating engines. It is 

now desired that the material manifests compatibility of high fracture 

strength and toughness, and high thermal conductivity to meet its new 

application to a sliding component, porous material, heat sink material 

and so on. In the present study, we have newly synthesized P-Si3N4 

rod-like powders and attempted to create an Si3N4 sintered body with 

an anisotropic structure where the elongated grains are highly oriented 

to an axial direction. We have examined possible compatibility of 

high fracture strength and toughness as well as high thermal conduc-

tivity by introducing anisotropy to the structure. 

2. Outline 

The homogeneous rod-like powders with high aspect ratio were 

synthesized through heat-treatment of Si3N4 powder with Y203 addi-

tive. In the present study, the extrusion as the forming method was 

applied to make orientate those synthesized rod-like powders. 

Forming of rod-like particles alone failed to successfully orient them 

as the aggregated particles were extruded without orientation. To 

solve the problem, the spherical a-Si3N4 powders with lubricating 

effect were added for the purpose of dispersing rod-like powders. The 

results showed that the agregation of rod-like powders were relieved, 

resulting in a sintered body with high degree of orientation to an axial 

direction. Photo. 1 shows the SEM photographs for the sintered 

body with oriented microstructure. 

2.5μ, m 
"''"'"''"'""''"' 

. - ―-Surface perpendicular to the 
direction of extrusion 

2.5μ,,m 
図l —

Surface parallel to the direction 
of extrusion 

Photo. 1 SEM Photographs for Sintered Body with 

Oriented Microstructure 

Fig. 1 shows the relation between the sintering temperature and 

fracture strength, and Kie of the oriented sintered body. A maximum 

strength of 1310 MPa was observed in rein-forced direction with elon-

gated grains. Particularly we observed a Kie of approximately 13 

MPa畑 whichis equivalent to two times that of conventional Si3N4. 

We have thus obtained an Si3N4 material having both a high degree 

of fracture strength and toughness. A large difference was observed 

with both the strength and Kie depending on the direction of applied 

stress, this indicating their apparent anisotropy. 
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Fig. 1 Change in Fracture Strength and Kie According 

to Sintering Temperature 

Fig. 2 shows the relationship between the degree of orientation and 

thermal conductivity of an oriented sintered body. The thermal con-

ductivity in the direction parallel to the elongated grains shows a value 

approximately three times that of the conventional Si3N4. 

A maximum thermal conductivity of 145 W/mk was observed by sin-

tering with further heat treatment. 
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3. Conclusion 

Sintered Si3N4 having controlled orientation of elongated grains 

has both a high fracture strength (1310 MPa) and a high fracture 

toughness (12.7 MPa畑）• Since it shows a high thermal conductivity 
(145 W/mk) comparable with metal, it is a potential material for new 

applications. 

* Material Engineering Div. III 
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ＡｐｒｉＩ
Ｅｎ・ｉｓｓｉｏｎＣｏｎｔｒｏｌｌｅｄＥｎｇｉｎｅ

　

Ｔｈｅｓｏｃｉｅｔｙ。ｆＡｕｔｏｍｏｔｉｖｅＥｎｇｉｎｅｅｒｓｏｆＪａｐａｎ，ｌｎｃ・
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ＤｅｖｅｌｏｐｍｅｎｔｏｆＤｉｒｅｃｔｌｎｊｅｃｔｉｏｎ

ＧａｓｏｌｉｎｅＥｎｇｉｎｅ（ＴＯＹＯＴＡＤ‐４）

ＳｏｕｉｃｈｉＭａーｓｕｓｈｉｔａ

Ｍｉｃｈｉｋａｔｓｕｓａｔｏ

ＴａｋｅｓｈｉＧｏｕｌｌｏ

Ｄａｉｓａｋｕｓａｗａｄａ

Ａｋｉｎｏｒｉｓａｉｔｏ

ＥｎｇｉｎｅＥｎｇｉｎｅｅｒｉｎｇＤｉｖ．Ｉ
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ＥｎｇｉｎｅＥｎｇｉｎｅｅｒｉｎｇＤｉｖ．１１Ｉ

ＴｏｙｏｔａＣｅｎｔｒａＩＲｅｓ＆Ｄｅｖｅｌ Ｌａｂｓ．，ｌｎｃ．

ＡｐｒｉＩ

　　　　

Ｐ．１２６

５２ｔｈＲｕｂｂｅｒＴｅｃｈｎｏｌｏｇｙ
ｌｍｐｒｏｖｅｍｅｎｔＡｗａｒｄ

　

ＴｈｅＳｏｃｉｅｔｙｏｆＲｕｂｂｅｒｌｎｄｕｓｔ，ｊａｐａｎ
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ＹｏｓｈｉｒｏＨａｙａｓｈｉ ＦｏｕｎｄｒｙＤｉｖ．，ＭｙｏｃｈｉＰ１ａｎｔ

ＴｏｙｏｄａＡｗａｒｄ

　　　　　　　　　

ＴｅｃｈｎｏｌｏｇｙｆｏｒＡ１ｕｍｉｎｕｎ・Ｓｕｓｐｅｎｓｌｏｎ

　　

ＹａｓｕａｋｉＨａｄａｔｓｕｋｉ

　　　

ＡｄｍｉｎｉｓｔｒａｔｉｏｎＤｉｖ，，ＨｏｎｓｈａＰ１ａｎｔ
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ＣｕｒｖｉｌｉｎｅａｒｌｎｔｅｒｐｏｌａｔｉｏｎｆｏｒＨｉｇｈ…

ｓｐｅｅｄ，Ｈｉｇｈ‐ＡｃｃｕｒａｃｙＭａｃｈｉｎｉｎｇｏｆ

Ｄｉｅｓ

ＹｏｓｈｉｋｉＭｕｔａ

ＭｉｔｓｕｒｕＫｕｂｏｔａ

ＨａｒｕｈｉｓａＨｉｇａｓａｙａｎｎａ

ＭａｓａｔａｋｅＨｉ

　

ａｓｈｉ
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Ｍ

（ＧーｏｂａｌｗａｒｍｉｎｇＣａｔｅｇｏｒｙ）

　　　　　　　　　　　　　　　　　　　　

Ｒｅｓｅａｒｃｈ＆ＤｅｖｅｌｏｐｍｅｎｔＧｒｏｕｐ
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ＴｈｉｓＮｏ，２ｉｓｓｕｅｏｆＴＯＹＯＴＡＴｅｃｈｎｉｃａＩＲｅｖｉｅｗＶｏｌ．４７ｉｓｂｅｉｎｇｐｕｂ‐

ｌｉｓｈｅｄｉｎｔｈｅｗｉｎｔｅｒｗｈｅｎｔｈｅｅｖｅｎｉｎｇｂｒｅｅｚｅｂｌｏｗｓｖｅｒｙｃｏｌｄ．
Ｎ１ａｎｙｏｆｏｕｒｒｅａｄｅｒｓｍａｙｗｏｎｄｅｒｗｈａｔｔｈｅＴＯＹＯＴＡＥＣＯＰＲＯＪＥＣＴ

ｗｈｉｃｈｈａｓｂｅｅｎｐｏｓｉｔｉｖｅｌｙｐｒｏｍｏｔｅｄａｔＴｏｙｏｔａｓｉｎｃｅｅａｒｌｙｌ９９８ｉｓａｌｌ

ａｂｏｕｔ，
Ｗ／ｅｗｏｕｌｄｂｅｈａｐｐｙｉｆｙｏｕｗｏｕｌｄｉｎｃｌｕｄｅ

“ＰｒｅｖｅｎｔｉｏｎｏｆＧ１ｏｂａｌ

頓′ａｒｍｉｎｇ‐Ｃ０２Ｒｅｄｕｃｔｉｏｎノ’ｆｅａｔｕｒｅｄｉｎｔｈｉｓＴＴＲｉｓｓｕｅａｓａｐａｒｔｏｆｔｈｅ

ＴＯＹＯＴＡＥＣＯＰＲＯＪＥＣＴ．

Ｔｅｃｈｎｏｌｏｇｉｃａｌａｄｖａｎｃｅｍｅｎｔｈａｓｂｅｅｎａｃｃｅｌｅｒａｔｅｄｙｅａｒｂｙｙｅａｒ，ａｎｄ

ｖｅｈｉｃｌｅｓｗｈｉｃｈｗｅｒｅｏｎｃｅｄｒｅａｍｓａｒｅｎｏｗａｒｅａｌｉｔｙ．ｌｎｏｕｒｄａｉｌｙｊｏｂｓ，
ｄｅｓｋ－ｔｏｐｐｅｒｓｏｎａｌｃｏｍｐｕｔｅｒｓｈａｖｅｂｅｅｎｕｓｅｄｓｉｎｃｅｔｈｅｌａｔｅａｕｔｕｍｎｏｆ

ｌ９９６，Ｅ１ｅｃｔｒｏｎｉｃｍａｉｌｈａｓｂｅｃｏｍｅｔｈｅｃｏｍｍｕｎｉｃａｔｉｏｎｎｌｅａｎｓｆｏｒｅｘ－

ｃｈａｎｇｉｎｇｍｅｅｔｌｎｇａｇｅｎｄａｓｗｉｔｈｐｅｏｐｌｅｏｕｔｓｉｄｅｔｈｅｃｏｍｐａｎｙｕｓｉｎｇｔｈｅ

ｅ－ｍａｉｌａｄｄｒｅｓｓｅｓｗｒｌｔｔｅｎｏｎｎａｎｌｅｃａｒｄｓｓｏｏｆｔｅｎｔｈａｔｔｈｅｙａｒｅｆｅｌｔｔｏｂｅ

ｍｏｒｅｃｌｏｓｅｒｔｈａｎｐｅｏｐｌｅｉｎｔｈｅｃｏｍｐａｎｙ．ｌｔｗｉｌｌｎｏｔｂｅｌｏｎｇｂｅｆｏｒｅｔｈｅ

ＴＴＲｉｓｐｕｂｌｉｓｈｅｄｅｌｅｃｔｒｏｎｉｃａｌｌｙｗｉｔｈｏｕｔａｎｙｃｏｐｙｒｉｇｈｔｏｒｄｕｐｌｉｃａｔｉｏｎ

ｐｒｏｂｌｅｍｓ，

　　　　　　　　　　　　　　　　　　　　　　　

（Ａｋｕｔｓｕ）

ＳｉｘｍｏｎｔｈｓｈａｖｅｐａｓｓｅｄｓｉｎｃｅｌｗａｓｕｎｅｘｐｅｃｔｅｄｌｙａｓｓｉｇｎｅｄｔｏｔｈｅＥｃｏ

ｐｒｏｊｅｃｔａｓａｍｅｍｂｅｒｆｏｒｔｅｃｈｎｏｌｏｇｉｃａｌｄｅｖｅｌｏｐｍｅｎｔ．Ｔｈｒｏｕｇｈｔｈｉｓｉｓｓｕｅ，
ｌｈａｖｅｒｅｎｅｗｅｄｎｌｙａｗａｒｅｎｅｓｓｏｆｔｈｅｑｕｉｃｋｐｒｏｇｒｅｓｓｉｎｔｅｃｈｎｏｌｏｇｉｃａｌ

ｄｅｖｅｌｏｐｍｅｎｔｔｈａｔｉｓｔａｋｉｎｇｐｌａｃｅｉｎｍａｎｙｄｉｖｅｒｓｅｆｉｅｌｄｓｃｏｎｃｅｒｎｌｎｇｅｎ‐

ｖｌｒｏｎｎｌｅｎｔａｌｐｒｏｔｅｃｔｉｏｎａｎｄｃｏｎｓｅｒｖａｔｉｏｎ．
ｌｈａｖｅｂｅｅｎｖｅｒｙｓｔｉｍｕｌａｔｅｄｂｙｔｈｅａｃｔｉｖｉｔｉｅｓｏｆｒｉｖａｌｅｎｇｉｎｅｅｒｓ，ｃａｕｓ‐

ｉｎｇｍｅｔｏｒｅｎｅｗ ｍｙｅｎｔｈｕｓｉａｓｍｉｎｏｒｄｅｒｔｏｄｉｓｐｌａｙｍｙｆｕｌｌｐｏｔｅｎｔｉａｌ．

　　　　　　　　　　　　　　　　　　　　　　　　

（Ｋａｎａｍｏｒｉ）

Ｅｎｖｉｒｏｎｍｅｎｔａｌｉｓｓｕｅｓａｒｅｂｅｉｎｇｄｉｓｃｕｓｓｅｄａｌｍｏｓｔｅｖｅｒｙｄａｙｉｎｔｈｅ

ｐｒｅｓｓａｓｗｅａｐｐｒｏａｃｈｔｈｅｅｎｄｏｆｔｈｅ２０ｔｈｃｅｎｔｕｒｙ，Ａ１ｔｈｏｕｇｈｗｅｈａｖｅ
ｂｅｅｎｍａｋｉｎｇｅｆｆｏｒｔｓｔｏｅｎｓｕｒｅｍｏｒｅｅｆｆｉｃｉｅｎｔｕｓｅｏｆｐｒｅｃｉｏｕｓｇｌｏｂａｌｒｅ－

ｓｏｕｒｃｅｓ，ｖａｒｉｏｕｓｋｉｎｄｓｏｆｗａｓｔｅｒｅｓｕｌｔｆｒｏｍｔｈｅｉｒｃｏｎｓｕｍｐｔｉｏｎ．Ｃｏｍｉｎｇ

ｕｐｗｉｔｈｗａｙｓｔｏｒｅｓｔｏｒｅｎａｔｕｒｅｉｓｔｈｅｇｏａｌｏｆａｌｍｏｓｔｅｖｅｒｙｉｎｄｕｓｔｒｉａｌ

ｆｉｅｌｄ．Ｇｒｅａｔａｄｖａｎｃｅｍｅｎｔｓａｒｅｅｘｐｅｃｔｅｄｉｎｔｈｉｓｒｅｇａｒｄｔｈｒｏｕｇｈｔｈｅａｐｐｌｉ－

ｃａｔｌｏｎｏｆｈｕｍａｎｗｉｓｄｏｍ．
ｌｎｔｈｅａｕｔｏｍｏｔｉｖｅｆｉｅｌｄ，ｔｈｅｓｅｓａｍｅｅｆｆｏｒｔｓａｒｅｂｅｉｎｇｍａｄｅｅｖｅｒｙｄａｙ
ａｎｄｔｈｅｉｍａｇｅｏｆｖｅｈｉｃｌｅｓｆｏｒｔｈｅ２１ｓｔｃｅｎｔｕｒｙｉｓａｂｏｕｔｔｏｂｅｆｏｒｍｅｄ．

（Ｆｕｊｉｔａ）

１９９８

ＥｄｉｔｏｒｉａＩＳｔａ甘

ＥｉｓａｋｕＡｋｕｔｓｕ ＦｕｔｕｒｅｐｒｏｊｅｃｔＤｉｖ．Ｉ

Ｙ０ｓｈｉｈａｒｕＫａｎａｍｏｒｉ

　　　　

ＶｅｈｉｃｌｅＥｎｇｉｎｅｅｒｉｎｇＤｉｖ．

ＮｏｒｉｈｉｒｏＳｕｚｕｋｉ

　　　　　　　

ＥｎｇｉｎｅＥｎｇｉｎｅｅｒｉｎｇＤｉｖ，

ＨｉｒｏａｌｄＴａｎａｋａ

　　　　　　　

ＣｈａｓｓｉｓＳｙｓｔｅｍＤｅｖｅｌｏｐｍｅｎｔＤｉｖ，

ＴｅｔｓｕｏＭ［ｏｒｉｔａ
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