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CO2 Emission from Automobiles

HDV Regulation was introduced in 2006

Regulation had already been

introduced since 1999

COCO22 Emissions from Heavy-Duty  Emissions from Heavy-Duty VVehiclesehicles
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The world’s first Fuel Economy Target Standard Values for

Heavy-Duty Vehicles (diesel vehicles that weigh more than 3.5

ton), based on “Top-Runner Program”, promulgated in 2006.

Manufacturers are required to improve Fuel Economy of

Heavy-Duty Vehicles until target year 2015.

<Background>

About 25% of CO2 from Automobiles were emitted from Heavy-

Duty Vehicles.

! “CO2 Reduction = Fuel Economy Improvement” are needed.

Appropriate Measurement Method of Fuel Economy for Heavy-Duty

Vehicles was developed.

Fuel Economy Standard for Fuel Economy Standard for HHDVDVss
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Top-Runner

"!#positive factors

$"#negative factors

Fuel-Economy

(km/L)

Weight (kg)

Target Standard Values based on Top-Runner Program

   Based on the fuel economy of the most fuel efficient

vehicle which is on sale (Energy Conservation Law)

Positive Factors: Technological Improvement

Negative Factors: Exhaust Emission Regulations, etc.

                           (trade-off relation with fuel economy)

*Vehicles are divided into some categories by Vehicle Weight

which strongly influence their fuel economy

vehicles now

vehicles future

standardsstandards

Top-Runner Standard for Fuel EconomyTop-Runner Standard for Fuel Economy
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HDVsHDVs Fuel Efficiency Standard Fuel Efficiency Standard

Urban Driving Mode = JE05 Mode (Emission Test Mode)

Interurban Driving Mode
= 80km/h Constant Speed Mode with Road Gradient

“Heavy Vehicle Mode”
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Evaluation of Fuel Efficiency by Simulation Method
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Simulation Method OverviewSimulation Method Overview

Driving mode

Conversion program
•Determine gear-shift positions.

•Calculate engine speed and torque.

=
Urban driving mode

Interurban driving mode

Engine Operating Mode

Vehicle

specifications

Fuel efficiency

map

Engine speed (rpm)
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*Before simulation, perform

 operation tests to create a

 fuel efficiency map

E
n
g
in

e

to
rq

u
e

E
n
g
in

e

s
p
e
e
d

Time (s)

Fuel consumption

Fuel efficiency

Computing
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Phase of

conversion

Speed vs. time

Engine speed /

torque vs. time

Phase of

calculation

of fuel

efficiency

Source: Japan Automobile Research Institute:

              Survey Report on Evaluation Methods

              for Heavy Vehicles, March 2003
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Simulation Method Simulation Method FlowFlowchart and Equationchart and Equation

Urban Driving Mode

JE05 mode

Engine

Operating

Mode

Eu: Fuel

Efficiency

Interurban Driving Mode

80km/h constant speed

mode with gradient

Combined

Engine

Operating

Mode

Eh: Fuel

Efficiency

E: Fuel

Efficiency

E=1 / (!u / Eu + !h / Eh)

E:  Heavy vehicle mode fuel efficiency (km/L)

Eu: Urban driving mode fuel efficiency (km/L)

Eh: Interurban driving mode fuel efficiency (km/L)

!u: Proportion of urban driving mode

!h: Proportion of interurban driving mode
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Driving Distance Proportion by Driving ModeDriving Distance Proportion by Driving Mode

E=1 / (!u / Eu + !h / Eh)
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Characteristics of Simulation MethodCharacteristics of Simulation Method

“Simulation Method”

= Actual Engine Measurement Test by Driving Mode

• Based on real vehicle and engine specifications

Engine speed (rpm)
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o
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)

Fuel consumption map Engine related parameters

Drivetrain related parameters

• The method is an extension of the emission test.

! Low cost and good test efficiency

! Problems of reproducibility of driving resistance
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OtherOther  NotNotes 1es 1

2. Vehicles equipped with a post treatment device

    with forced regeneration control

1. AT and AMT Vehicles

a). AT vehicle (equipped with torque converter)

Urban drive mode: Eu x 0.91

Interurban drive mode: Eh x 0.96

b). AMT (automated manual transmission) vehicle

Same as the ordinary MT vehicle

Vehicles equipped with a post treatment device such as continuous

regenerative DPF (diesel particle filter) have a different engine control

that cannot be covered by the normal operation fuel efficiency map.

Calculate the ratio in fuel efficiency between vehicles

with and without the forced regeneration control
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OtherOther  NotNotes 2es 2

3. Accuracy of the Simulation Method

• A fuel efficiency estimated by using “fuel efficiency map”

  based on the simulation method

• A fuel efficiency obtained by the vehicle-based actual measurement

vs.

The error by the simulation to the actual measurement

= Limited to about 0.4% irrespective of the types of HDVs
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• Fuel Efficiency Test
%&simple method: Simulation Method

%&dynamo test with only engine: without electric system

• Emission Test

" The E/D system composed is complex

" 4-wheel drive vehicles, in-wheel motor#need of multiple E/D

• System Bench Method for Hybrid Vehicles

• Development of Hardware-In-the-Loop Simulator

  (HILS) Test Method

Introduction Background of HILS Test MethodIntroduction Background of HILS Test Method
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HEV model Main parameters
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Fuel Economy Test: Simulation Method

Vehicle Specification
Vehicle weight, Driving Resistance,

Full load engine torque, Motor

characteristics, Battery

characteristics, etc.

Urban Driving Mode

Interurban Driving Mode

Engine Operating Mode

1st Step

Hybrid ECU

Simulated driving

by HILS Program

to determine

Engine Torque &

Engine Speed,

to check HEV model

Input

Connect

2nd Step
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Test Procedure Outline for Hybrid Test Procedure Outline for Hybrid HDVsHDVs
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Fuel consumption & exhaust emission test method for HD-HEVs using HILS

system, National Car Environments Notice No. 281, March 2007

FFlowchartlowchart of  of HHILSILS Test Method Test Method

Start

OK

NGVerification of the HILS 

system by SILS

Test of HEV components

!MG (Torque, Power consumption)

!Engine (Torque, Fuel consumption)

!RESS

Internal resistance, Open circuit voltage

Exhaust emission test

Adjustment of PID 

constants of driver model

Initial SOC adjustment

Confirmation of 
parameters

HILS driving test

Confirmation of !SOC

Calculation of fuel economy

OK

NG

NG

OK

OK

NG

NG

Reentry of data

Verification of the

HILS system by comparison with
actual measurement

Confirmation of following

error to reference speed

Confirmation of following

error to reference speed

End

Investigation 

of the causes

OK

Change back to type approval parameters

Investigation of the causes

Input of validation parameters

Confirmation of approval object 

Confirmation of HEV model data

Input of type approval parameters

Satisfy guidelines?

Yes

No

Positive Work

of Engine

Fuel Efficiency

Verification by …
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SummarySummary

1. Fuel Economy Target Standard Values for Heavy- Duty

Vehicles were set in Japan for the first time in the world.

2. Simulation Method is an extension of the emission test,

    so that the cost of the fuel efficiency test is low and its

    test efficiency is good.

3. The New Fuel Economy Test Method for Hybrid HDVs

    that combined HILS and Simulation Method has been

    developed.
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Thank You for Your Attention

Susumu SATO

e-mail: su-sato@ntsel.go.jp
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