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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

Hybrid-electric road vehicle (HEV) design has huge flexibility (in applied components or in operational
manners). HEV can be roughly classified by following three characteristics (see also Table 1):

a) external charge capability: externally chargeable/non-externally chargeable;

b) rlechargeable energy storage system (RESS): battery/capacitor;
c) driver-selected operating modes: if HEV has no driver-selected operating mode, it has only HEV mode; if

HEV has driver-selected operating mode, it has three possibilities [i.e. HEV mode; internal combustion
g¢ngine vehicle (ICEV) mode and electric vehicle (EV) mode].

Table 1 — Classification of HEV

External charge Operating mode

HEV operating mode

Externally chargeable ICEV op€rating mode

EVioperating mode

HEV operating mode

Non-externally chargeable ICEV operating mode

EV operating mode

For hybrid-electric vehicles with internal ¢embustion engines (ICE), exhaust emissions and fuel Iconsumption
meagurements are principally the same.as for ICEV. The measured exhaust emissions and fuel gonsumption,
howgver, cannot be assumed to bewthe correct ones because the battery state of charge (SOC)|of the RESS
at the end of the test cycle is not-necessarily the same as that at the beginning of the test cycle. [In addition, it
is nof always possible for the S8O€ of the RESS at the end of test cycle to be equal to that at the|beginning of
test dycle (see Figure 1).

In this case illustrated”in Figure 1, a correction needs to be introduced as described in this|International
Stanglard. The linearcorrection method, as described in Annex D, represents the current state of the art.

© 1SO 2007 — All rights reserved \4
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Figure 1 — Status of energy storage system before and after test

condition before test
condition after test

case 1: driven partly by fuel, partly by battery

case 2: driven only by fuel
case 3: driven only by fuel, additional fuel used to charge battery
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Hybrid-electric road vehicles — Exhaust emissions and fuel
consumption measurements — Non-externally chargeable
vehicles

1

This

vehic

(SOC

This

of the total energy consumption by the vehicle over the test cycle.

This

draw|propulsion energy from the following sources of energy:

Consumable fuels covered by this International Standard are limited to petroleum-based liqu
gasoline and diesel fuel).

2

The

refergnces, only theedition cited applies. For undated references, the latest edition of th
docupent (including any amendments) applies.

ISO

3

$cope

nternational Standard establishes a uniform chassis dynamometer test procedure, for hybrid

nternational Standard applies to HEV with ICE of which the rominal energy of the RESS is

nternational Standard applies to non-externally chargeable vehicles without an operating m

¢onsumable fuel, and

lectric motor system.

Normative references

following referenced documents are indispensable for the application of this documen

105215¢all parts), Road vehicles — Road load

Lelectric road

les (HEV) with internal combustion engines (ICE) classified as passenger carsland light duity trucks, as
defined in each regional annex. This International Standard proposes ways'of correcting tk
emisgions and fuel consumption of HEV, in order to obtain the correct values. when the battery st
) of the rechargeable energy storage system (RESS) does not remain‘the same between the beginning
and the end of test cycle.

e measured
pte of charge

at least 2 %

bde switch to

n energy storage battery/capacitor systém’that is rechargeable only by an on-board enginpe-generator/

d fuels (e.g.

t. For dated
b referenced

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

31

battery state of charge
battery SOC
residual capacity of battery available to be discharged, normally expressed as a percentage of full charge

3.2

charge balance of battery
change of charge in battery during test period, normally expressed in Ah
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3.3

driver selected operating mode
vehicle propulsion operating mode that the driver can select through on-board switches or other means

3.4

electric vehicle operating mode
EV operating mode
mode of a HEV in which only the RESS is used for vehicle propulsion and possibly auxiliary systems

energy balance of battery

1od b

on of

3.5

charge bala
NOTE TH
3.6
externally ¢
plug-in HEV]
HEV with RH
3.7

hybrid elect
HEV

vehicle using

NOTE IC

3.8

hybrid-elect
HEV operati
mode of a H
propulsion
NOTE TH

3.9

noaminal valtaanna marmaallhy Avracon din \A/
T

hattar oarliial (WA 122N n
CC O oty TTortrpP et oyt oo v onag e o raity CAPTCSSTCU T v vt

is definition is an approximation of the actual energy balance used for practical purpose.

nargeable HEV

SS that is intended to be recharged for normal operation from an external electric energy so

Fic vehicle
both a RESS and a fuelled power source for vehicle propulsion

E or fuel cell systems are typical types of fuelled propulsion power sources.

ric vehicle operating mode

hg mode
EV with ICE in which both RESS and ICE are used simultaneously or sequentially for vehicle

e ICE may also charge the RESS during propulsion or standstill.

internal combustion engine vehicle operating mode

ICEV operat
mode of a H
braking is ex

ng mode
EV with ICE in whieh_only the ICE is used for vehicle propulsion, and in which regene
Cluded

3.10
non-extern

ly chargeable HEV

non plug-in [HEV
HEV with RESS that is not intended to be recharged for normal operation from an external electric e

source

Lrce

Fative

hergy

NOTE

vehicle propulsion.

3.1

rechargeable energy storage system

RESS

system that stores energy for delivery of electric energy and which is rechargeable

EXAMPLES

Batteries or capacitors.

The RESS may be externally charged for infrequent conditioning of the RESS, or other purposes unrelated to

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=fa5a91954db5c0c7bb97aa7006c05006

ISO 23274:2007(E)

3.12

regenerative braking

partial recovery of the energy normally dissipated in friction braking, which is returned as electric energy to a
RESS

4 Test conditions and instrumentation
4.1 Test conditions

4.1.1—General

Adequate test site capabilities for safe venting and cooling of batteries, protection from™expqsure to high
voltage, or any other necessary safety precaution shall be provided during testing. The conditjons in 4.1.2,
4.1.3|and 4.1.4 shall also apply to all tests specified, unless specified differently in Annexes A, B ¢r C.

4.1.2] Ambient temperature

Testq shall be conducted at ambient temperature of 25 + 5 °C.
4.1.3| Vehicle conditions

4.1.31 Vehicle stabilization

Prior|to testing, the test vehicle shall be stabilized, incldding accumulation of vehicle mileage either to a
manufacturer-determined distance, or to above 3 000 km~and less than 15 000 km.

4.1.3[2 Vehicle appendages

Vehigles shall be tested with normal appendages (mirrors, bumpers, etc.). Certain items on the dynamometer
(e.g. hub caps) may be removed for safety;.where necessary.

4.1.3|3 Vehicle test mass

The Vehicle test mass shall be\sélected in accordance with Annexes A, B, or C.

413|4 Tyres
The tyres recommended by the vehicle manufacturer shall be used.

41.3|41 <Fyre pressure

The Vehicle tyres shall be inflated to the pressure specified by the vehicle manufacturer in accordance with the

I s 1 I HGA | FIRY I oo 4. 4 o s 4
teSt IMTUSTIT (IFaURN Ul UlTasoTis UyTidalTiUTTITLTT J WITITTT 1T 1yITo dit® al dlTTUICTIU ICTTTPTT alurc.

41.3.4.2 Tyre conditioning

The tyres shall be conditioned as recommended by the vehicle manufacturer. See Annexes A, B or C for
additional requirements for particular regions.

41.3.5 Lubricants

The vehicle lubricants normally specified by the manufacturer shall be used.

© 1SO 2007 — All rights reserved 3
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4.1.3.6 Gear shifting
If the vehicle is fitted with a manually shifted gear box, gear shifting positions correspond to the test procedure

mentioned in Annexes A, B and C. However, the shift positions may have been selected and determined
previously in accordance with the vehicle characteristics.

41.3.7 Regenerative braking

If the vehicle has regenerative braking, the regenerative braking system shall be enabled for all dynamometer
testing.

If the vehicle[is Tesied on a single-roll dynamometer and 1S equipped with systems such as an antilock briaking
system (AB$) or a traction control system (TCS), these systems may inadvertently interpret cthe|non-
movement of the set of wheels that are off the dynamometer as a malfunctioning system. If so, medifications
to the these [systems shall be made to achieve normal operation of the remaining vehicle systems, including
the regenerative braking system.

41.3.8 RESS stabilization
The RESS shall be stabilized with the vehicle as defined in 4.1.3.1, or by equivalent\conditioning.
41.4 Chassis dynamometer conditions

4.1.41 General

HEV should |generally be tested on a single-roll chassis dynamometer. HEV with four-wheel drive shall be
tested by mqdifying the drive train of the vehicle. When the vehicle is modified, the details shall be explpined
in the test report.

Double roll dynamometer testing may be performed whieh a modification for single roll dynamometer testing is
not possible for a specific four-wheel driven HEV.

4.1.4.2 Dynamometer calibration

The dynamometer shall be calibrated ifi accordance with the specifications indicated in the service mpnual
provided by the dynamometer manufacturers.

41.4.3 Dynamometer warm-up

The dynamofneter shall be warmed up sufficiently prior to testing.

41.44 Determining’the dynamometer load coefficient

The determi atlon of veh|cle road load and the reproduct|on on a chassis dynamometer shaII confO'm to
ISO 10521. ¥ i
brake pedal is not depressed shaII have regeneratwe brakmg disabled durlng the deceleration port|on of
coast-down testing on both the test track and dynamometer.

4.2 Test instrumentation

Test instrumentation shall have accuracy levels as shown in Table 2, unless specified differently in Annexes A,
B, or C.

4 © 1SO 2007 — All rights reserved
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Table 2 — Accuracy of measurement test instrumentation

5.1

The
Euro

below.

5.2

5.21

Vehig
proce

If ne
differ

5.2.2

The

5.2.3

Item Unit Accuracy

Time S +0,1s

Distance m +0,1 %
Temperature °C +1°C
Speed km/h +1%

Mass kg +0,5%

Quantity of electricity Ah +0,9%

Capacitor voltage \ + 0,5 % of nominal
voltage
Rotating speed r/min + 0,5 % of maximum
rotating speed

Fxhaust emissions and fuel consumption tests

General

hppropriate procedure for a particular region shall be selected from Annexes A, B and (
pe and North America respectively. Details and common~procedures for each test mode &

Test procedure for HEV operating mode

Vehicle preconditioning

le preconditioning shall be carried,out in accordance with the corresponding annex of
dure, if necessary.

cessary, the RESS SOC-may be pre-adjusted by charging or discharging, to obtain su
ence in RESS between.the‘beginning and the end of test.

Vehicle soak

ehicle shall be soaked in accordance with the appropriate regional procedure in Annexes A,

Vehicle movement to the test room

The

ehicle shall be moved into test room by pushing or towing (never by driving). The test ve

C, for Japan,
re described

regional test

table energy

set o

n the chassis dynamometer atter the chassis dynamometer has warmed up Just before

vehicle shall be kept in a cold condition after soak.

5.24

Measurement over scheduled driving test

BorC.
hicle shall be
he test. The

One cycle of the scheduled driving test shall be conducted. Driving distance, energy difference in RESS,
consumed fuel and exhaust emissions shall be measured. The conditions of the vehicle during the scheduled
driving test shall follow the appropriate regional test procedure in Annexes A, B or C.

©I1SO
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5.3 Correction of the test results

5.3.1

General

Correct fuel consumption and exhaust emission shall be obtained from measured exhaust emissions and
energy difference of RESS, through the procedure described below. Measurement shall follow the appropriate

regional test

method shown in Annexes A, B or C.

5.3.2 Allowable limit for RESS energy change

The allowabl

e limit for RESS energy change is defined as follows:

| AERgs

where
AEREss

EcF

Energy chan

5 |<0,01XECF

is the energy change in RESS over the test cycle;
is the energy of consumed fuel over the test cycle.

pe in RESS and maximum allowable energy change in RESS arésspecified in Annex E.

5.3.3 Correction procedure by correction coefficient

The vehicle
exhaust emi

Imanufacturer shall deliver the correction coefficient t0 calculate the fuel consumption an
ssion at AEgegg = 0. The correction coefficient can be obtained in accordance with Ann

When the mgasured value is independent of AEgggg, @ corregtion is not required.

6 Calcul

Resultant e
individually if

The basic re

Exhaust

Fuel con

ations and expressions

haust emission and fuel consumption in each scheduled driving test shall be calc
accordance with each regional requirement in Annexes A, B or C.

sult shall be calculated and expressed as follows.

(weighed mass emission, in grams)

Emission (g/km
(g/km) (driven distance, in km)

(measured fuel, in litres)

sumption-(I/Km)

(driven distance, in km)

To adapt reg

(1)

d the
ex D.

lated

()

@)
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Annex A
(informative)

Test procedure in Japan

A.1 General principles

A.1.1 General comments on regional information

This gnnex contains regional information, which supplements the provisions of this International Jtandard.

A.1.2 General considerations

This lannex describes the typical procedures and related conditions used ih~Japan to measurg the exhaust
emisgions and fuel consumption of the passenger cars and light duty“trucks, as defined [in Japanese
regulptions.

A.2 |Accuracy of measurement

A.2.1 The accuracy of determining of road load shall conferm to ISO 10521.

A.2.2 The repeatable test result of calibration gas-in exhaust emission sampling and analyfical systems
shall pe kept within + 1 %.

A.2.3 The accuracy of constant volume sampling (CVS) equipment shall be kept within £ 2 %.

A.3 (Driving procedure

A.3.1 General

The gear manipulation in“each operational condition, specified in Tables A.1 and A.2, shall e performed
smoqthly and quickly, in"accordance with A.3.2 to A.3.4.

A.3.2 Motorivehicles with manual transmission

A.3.21 The idling operation refers to a condition in which the accelerator pedal is not depregsed, with the
transmission gear in neutral.

A.3.2.2 The transmission gear shall be shifted to the low gear positions (or other gear in instances where
the “low” gear position should read otherwise in Tables A.1 and A.2) 5 s before the idling operation mode is
switched to the acceleration mode.

A.3.2.3 For deceleration, the clutch shall be disengaged at a speed of 10 km/h during the deceleration
from 20 km/h to 0 km/h; at a speed of 20 km/h during the deceleration from 40 km/h to 0 km/h (as specified in
Tables A.1 and A.2). In the same way, the clutch shall be disengaged at a speed of 30 km/h during the
deceleration from 70 km/h to 0 km/h (as specified in Table A.2).

A3.24 In A.3.2.3 above, if the engine speed is under the engine idling speed, the clutch shall be
disengaged.

© 1SO 2007 — All rights reserved 7
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In the case of vehicles with a 6-speed transmission that cannot be driven properly by operating

the shift schedule specified in Table A.2, the driving may be carried out in accordance with the 5-speed

transmission

A.3.2.6

shift schedule.

If the speed of the engine of the test vehicle exceeds the speed at which the engine delivers its

maximum output during the operation of the test vehicle, the gear position that is one step higher than the
original gear may be used. In this case, the vehicle speed at which the gearshift takes place shall be the
vehicle speed corresponding to the engine speed at which the engine delivers its maximum output.

A.3.3 Motor vehicle with automatic transmission

The selector

A.3.4 Motd

The gear chad
transmission

A.4 Vehic

The test veh
or mass of
Paragraph 1
No. 67 of 19§

A.5 Tyre ¢

Tyres shall i
100 km (62 n

position shall remain in drive position. No further manipulation shall be made.

r vehicle with other transmission

nges shall be made considering the running characteristics of the tested motoryvehicle with
than those in A.3.1 and A.3.2.

le test mass

cle shall have a mass obtained when two persons (assuming<{hat the mass of a person is 5
110 kg are loaded on the test vehicle under the “unloaded state” [specified in Item
of Article 1 of the Safety Regulations for Road Vehicles: (Ministry of Transportation Ordin
51)].

tonditioning

niles) and have at least 50 % of the ariginal usable tread depth remaining.

A.6 Dynamometer inertia setting

The equivalgnt inertia mass set for the-chassis dynamometer shall be the standard value of equivalent i

mass corres

However, if t
equivalent in

onding to the vehicle test mass as specified in Table A.3.

he specified equivalent inertia mass is not available on the chassis dynamometer being use
brtia mass within™+ 10 % of the specified standard value may be used.

other

5 kg)
3) of
ance

e conditioned as recommended by the Vehicle manufacturer, have accumulated a minimyim of

hertia

1, the

© 1SO 2007 — All rights reserved
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Table A.1 — Operation conditions, vehicle speed, acceleration/deceleration of 10-mode operation

Vehicle [Duration of|Cumulative Acceleration
. speed | operation time Standard gear positions @ or
Mode | Operation time deceleration
no. conditions
km/h s s 3-speed (3+ODb)-speed 4-speed 5-speed (m/sz)
transmission| transmission | transmission | transmission
1 Idling 20 20 — — — — —
2 . . . . (0-15) Low | (0-15) Low
Acceleration 0-20 7 27 (0-20) Low | (0-20) Low (15-20) 2nd | (15-20) 2nd 0,78
3 [[|Constant speed 20 15 42 2nd 2nd 2nd 2nd —
4 Deceleration 20-0 7 49 2nd 2nd 2nd 2nd 0,78
5 Idling 16 65 — — — — —
6 . . (0-15) Lows [\ (0-15) Low
Acceleration | 0-40 14 79 ((200 _2‘?3)"2"[‘1"& ((200 _2‘?3)"2"[‘1"& (15-30) 2nd | (15-30) 2nd 0,78
(30—-40)/3rd | (30—40) 3rd
7 ||Constant speed 40 15 94 Top 3rd Top 4th —
8 Deceleration 40-20 10 104 Top 3rd Top 4th 0,59
9 ||Constant speed 20 2 106 Top—2nd 3rd—2nd Top-3rd 4th-3rd —
10 Acceleration 20-40 12 118 2nd 2nd 3rd 3rd 0,49
11 40-20 10 128 Top 3rd Top 4th 0,59
Deceleration
20-0 7 135 Top 3rd Top 4th 0,78

@  Hgures in brackets () represent vehicle speeds for the respective gear positions.

b Querdrive.
Y
40 -
30 k
20 1
10 |
0 .
2027 4249 65 79 94406 118 128 \ X
104 135
Key
X time, s
Y velocity, km/h

Figure A.1 — 10-mode operation, vehicle speed versus time

© 1SO 2007 — All rights reserved
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Table A.2 — Operation conditions, vehicle speed, acceleration/deceleration of 15-mode operation

Duration Acceleration
Vehicle of Cumulative i a
. . Standard gear positions or
speed |operation time .
Mode | Operation time deceleration
no. | conditions b
) (3+ODP)- ) ) y
km/h s S 3 sp_eeq speed 4 sp_eeq 5 sp_eeq 6 sp_eeq m/s2
transmission t .. __|transmission|transmission|transmission
ransmission
1 Idling 65 65 — — — — —
(0-20) Low | (0—20) Low [ (0—15) Low | (0-15) Low | (0-15) Low
2 Acceleration 050 18 83 (’)n_/m) 2nd (’)!‘\ An) 2nd (11-'\ QR) 2nd (1R QR) 2nd (11-'\ QR) 2nd 077
(40-50) Top| (40-50) 3rd | (35-50) 3rd | (35-50) 3rd | (35-50) 3rd
3 | Conspnt | 5 12 95 Top 3rd Top ath ath -
speqd
4 Decelenation| 50—40 4 99 Top 3rd Top 4th 4th 0,6p
5 | Consnt |44 4 103 Top 3rd 3 3rd 3rd _
speqd
. . rd (40-50)3rd
6 |Accelerption| 40-60 16 119 Top 3rd 3 3rd (50-60)4th 0,3p
7 | Conspnt | 44 10 129 Top 3rd Top 4th 5th -
speqd
8 |Accelerption| 60-70 11 140 Top 3rd Tep 4th 5th 0,2p
o | Conspnt |4 10 150 To oD To To To -
spedd p p p p
10 |Decelerption| 70-50 10 160 Top oD Top Top Top 0,5p
Constant
11 50 4 164 Top 3rd Top 4th 5th —
speqd
12 | Accelerption| 50-70 22 186 Top 3rd Top 4th 5th 0,2p
Constant
13 spedd 70 5 191 Top oD Top Top Top —
70-30 20 211 Top oD Top Top Top 0,5p
14 |Deceleration
30-0 10 221 — — — — — 0,88
15 Idling 10 231 — — — — — —
@  Figures in brackets () represent vehicle speeds for the respective gear positions.
b Overdrive.

10 © ISO 2007 — All rights reserved
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30

20

10

Key
X time, s

<
<

65 83 95[103 119129 140 150 |164 191 211221231 X

99

blocity, km/h

Figure A.2 — 15-mode operation, vehicle speed versus time

Table A.3 — Standard value of equivalent inertia mass versus test vehicle massg

160 186

Test vehicle mass

Standard value of equivalent inertia mass

kg kg

to 562 500

563.to 687 625

688 to 812 750

813 to 937 875
938to 1125 1000
1126 to 1375 1250
1376to 1625 1500
1626 to 1875 1750
1876102125 2000
21261t0 2375 2250
2376102625 2500
262610 2875 2750
2 876 to 3 250 3 000

Continues in increments of 500 kg

Continues in increments of 500 kg

© 1SO 2007 — All rights reserved
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A.7 Test procedure

A.7.1 Preconditioning the vehicle for PCT-HEV

The test vehicle shall be placed on the chassis dynamometer and warmed up for about 20 min continuously
with a constant speed of 60 + 2 km/h. The vehicle shall then further be warmed up with 15-mode operation,
shown in Table A.2.

A.7.2 Operating cycle

After the preconditioning, the operating cycle shall start with the idling operation for 24 s, then the 10-mode

operation, sfiown in Table A.T, shall be repeated three fimes conseculively, and the 75 mode oper

shown in Tal

Sampling the
conclusion o

A.7.3 Tole

With regard
range of + 2
operations ¢
Figure A.3.

If the time of
shift and tran

For those motor vehicles that cannot reach the acceleration specified in Tables A.1 and A.2 with full op

of the thrott
fully-opened

le A.2, shall be performed once.

the final idling period in the 15-mode operation.

ance of vehicle speed and time

o the tolerable ranges of the vehicle speed and time, the test vehicle shall be operated wi
km/h of the specified speed and within a range of + 1 s of the spec¢ified time, throughout 3
pecified in Tables A.1 and A.2. The ranges of tolerable are/shown in the area mark

the testing deviates from the tolerance, but the deviationdime is less than 1 s at the time of
sition of operation mode, the test result is acceptable.

e valve, the aforesaid requirement cannot apply and the acceleration value obtained
throttle valve shall be used.

2 3

12 km/h

htion,

exhaust gases shall begin before or at the initiation of the idling operation for 24.s, and end on

hin a
Il the
ed in

gear

ening
from

Key
1 upper tolerance line
2 reference mode
3 lower tolerance line
4 reference point
Figure A.3 — Tolerance of vehicle speed and time in 10-15 driving mode
12 © ISO 2007 — All rights reserved
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A.8 Calculation

A.8.1 Exhaust emissions

A.8.1.1 Sampling

The entire exhaust gas emitted from the tail pipe of the test vehicle shall be brought into the CVS system and
the necessary amount of emissions shall be sampled in a bag for the analysis (approximately 50 | to 100 ).

Moreover, for vehicles with a diesel engine, the exhaust gas for HC analysis shall be sampled at the place
where_the _exhaust gas and-the dilution air are mixed Qllffir‘innﬂy and ||nifnrm|y Eor the C\/S ystem with a

heat pxchanger, the gas sample shall be collected from the upstream side of the heat exchanger.

A.8.1.2 Analysing

The gampled gas shall be examined using the analyzers specified in Table A.4-fot-the respegtive exhaust
emisgion components specified in the same table. Each emission mass shall be ‘calculated using|the formulas
givenin A.8.1.3.

Table A.4 — Analyser of exhaust emission components

Exhaust emission components Analyzer
CO, CO, Nondispersive infrared analyzer (NDIR)
HC (gasoline engine vehicle) Hydrogen flame ionization detector (FID)
HC (diesel engine vehicle) Heating type hydrogen flame ionization detector (HFID)
NOy Chemiluminescence detector (CLD)

A.8.1.3 Calculation method of emissionh.mass of each component

A.8.1.3.1 General

The €O emission mass, mcgq, in g’km, is calculated as follows:

1co = Vmix X Pcopikco x107° (A1)
wherg

mix  is<the“diluted exhaust gas volume per km running under standard conditions, in I/km;

Aco is the density of the emission, in g/l;

kco s the concentration of the emission, in ppm.

The HC emission mass, myc, in g/km, is calculated as follows:

mic = Vimix X PH ¥ ke x107° (A2)
where
Prc 18 the density of the emission, in g/l;

kyc is the concentration of the emission, in ppm.

© IS0 2007 — Al rights reserved 13
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The NOy emission mass, mygy, in g/km, is calculated as follows:

MNOX =

where

_6
Vinix X PNOX X knox X K x10

Pnox IS the density of the emission, in g/l;

knox  is the concentration of the emission, in ppm;

g

J

Ky

The CO, em

mco2 =
where

Pco2

kcoz
A8.1.3.2 ¢

The CO dens

A.8.1.3.3 (

The CO con
CO concentr

the humidity correction coefricient.

ssion mass, mcqj, in g/km, is calculated as follows:

2
Vinix X Pco2 Xkco2 %10

is the density of the emission, in g/l;
is the concentration of the emission, in ppm.

CO density, p-o

ity, pco. is the CO mass, in g/l, at the standard condition, 1,17 g/I.

LO concentration, i

centration, k-, in ppm, corresponds (o the CO concentration of diluted exhaust gas miny
htion in dilution air, calculated as follows:

(A.3)

(A.4)

s the

(A.5)

kco = kco,e —kco.d 1—Dif]
where

kcoe |is the CO concentration of diluted exhaust gas, in ppm;

kcoq |is the CO-concentration in dilution air, in ppm;

D is‘the dilution rate (recommended to be W 8 by water condensation in CVS system, etc.)
NOTE Dy is calculated using the formulae given in A.8.1.3.9.

A.8.1.3.4 HC density, p ¢

The HC density, pc; is the density of HC in exhaust sample gas.

This refers to HC mass, in g/, under standard conditions, as calculated below:

1,

008 Ryc ox +12,01 273

PHC =

14

X
22,4 293

(A.6)
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where
Rycex s the carbon to hydrogen atom ratio of HC in exhaust gas, as follows:
— gasoline: 1,85;

— diesel: 1,90.

A.8.1.3.5 HC concentration, &

The HC concentration, k¢, in ppm, corresponds to the HC concentration of diluted exhaust gas minus the HC
concgntration in dilution air, expressed by equivalent carbon concentration, in ppmC, as calculdted below. It
corresponds to three times of propane gas.

‘HC = kHe,e —KHe d (A.7)

1=
Dy

wher

W

Fice  Is the HC concentration of diluted exhaust gas, in ppmC;
Fuc.d is the HC concentration in dilution air, in ppmC.

In thg¢ case of gasoline engine vehicles, the diluted exhaust gas in the bag shall be calculated psing an FID
analyzer. In the case of diesel engine vehicles, the diluted éxhaust gas taken from an exclusivgé sample line
shall be calculated using an HFID analyzer and the following,formula:

le
C
0 HC,dt

=9 A8
HC.e fo—0 (A-8)

wherge

t
/;)eCHC,d, is the cumulative.value of the HFID analyzer record during the test (¢, —0), in ppmC.

A.8.1.3.6 NOy density;onox

The INOy density, pgox; is the NOx mass in g/l at the standard condition, 1,91 g/l.

A.8.1.3.7 NGOy concentration, kyox

The INOg.concentration, kyox, in ppm, corresponds to the NOy concentration of diluted exhaust gdas minus the
NOy [concentration in dilution air, calculated as follows:

knox = kNox,e — kNOX.d

]
1_D_f] (A.9)

where
knoxe is the NOy concentration of diluted exhaust gas, in ppm;
knoxg IS the NOx concentration in dilution air, in ppm;
D is the dilution rate (recommended to be > 8 by water condensation in CVS system, etc.)

NOTE Dx is calculated using the formulae given in A.8.1.3.9.

© 1SO 2007 — All rights reserved 15
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A.8.1.3.8 COZ density, IDCOZ

The CO, density, pc,, is the CO, mass in g/l at the standard condition, 1,83 g/l.

A.8.1.3.9 CO, concentration, k-,

The CO, concentration, kcq,, in %, corresponds to the CO, concentration percentage of diluted exhaust gas
minus the CO, concentration percentage in dilution air, calculated as follows:

)
kcoz2 =kcop.e —kcoa d {1—7 (A.10)
U M)
where
kcoze | is the percentage of CO, concentration of diluted exhaust gas, in %;
kcozg | is the percentage of CO, concentration of dilution air, in %;
D is the dilution rate (recommended to be W 8 by water condensation in CVS system, |etc.),
calculated as follows:
— in the case of gasoline engine vehicles:
Ds = 13,4 — (n.11)
kcoz,e +(kce +kcoe)x10
— in the case of diesel engine vehicles:
Ds = 13,3 ~ (n.12)
kcoz.e + (khc.e +kco %10
A.8.1.3.10 Diluted exhaust gas volume;.Ji;,.
Vimix 18 the diluted exhaust gas volume’per km running under standard conditions, in I/km, calculated using
either metho@ a) or method b) below.
a) Inthe cgse of positive disptacement pump (PDP) type CVS systems:
Vmix:1‘?1><Ve><N><i><1 (A.13)
Tp
Ky = 2ps —2.892 (A.14)
101,3
where

K, corresponds to the atmospheric absolute temperature, in degrees Kelvin (K), divided by the

atm

ospheric pressure under standard conditions, in K/kPa;

Ve is the total volume, in I, of diluted exhaust gas pumped by the positive displacement pump per
revolution (I/revolution); this value varies according to the pressure difference before and after the

pos

itive displacement pump;

N is the total number of revolutions of the positive displacement pump during the diluted exhaust gas
sampling;

16
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is the absolute pressure, in kPa, of diluted exhaust gas at the positive displacement pump inlet; the
amount is derived as atmospheric pressure minus pressure depression of mixture gas entering the

positive displacement pump;

is the average temperature, in degrees Kelvin (K), of diluted exhaust gas at the positive displacement

pump inlet;

is the running distance, in km; in the case of 10 to 15 mode operation, L = 4,165 km.

b) In the case of critical flow venturi (CFV) type CVS systems:

4

Vimix = Vs X— (A.15)
L
wherg
‘s is the diluted exhaust gas volume, in litres per test, under standard conditions; calculated as follows:
e Py(1)
Vs :Kzf v 4 (A.16)
0 JIv(@®
wherg
K, is the venturi calibration coefficient, calculated as follows:
V7o
K3 = Qcql % (A17)
B
wherg
D, is the gas flow, in I/s, under standard conditions (a value that is converted from measurgd flow using
a laminar flow meter etc.), calculated as follows:
PC
Ocal = K4 x Q¢ —= (A.18)
TC
K= 293 =2/892 (A.19)
101,3
wherge
K, A _corresponds to the atmospheric temperature, in K/kPa, under standard conditions;
. IS the measured gas flow, in 17s;
T, isthe measured atmospheric temperature, in degrees Kelvin (K);
P, isthe measured atmospheric pressure, in kPa;
To is the temperature at the venturi inlet, in degrees Kelvin (K);
Py isthe pressure at the venturi inlet, in kPaj;
te is the cumulative time per test, in s (in principle, #, is actual cumulative time; however, if the time is
required, that time is #,, e.g. in the case of 10 to 15 mode operation, ¢, = 660 s);
© 1SO 2007 — All rights reserved 17
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Py(t) is the pressure, in kPa, of diluted exhaust gas at the venturi inlet;

2007(E)

T/(t) is the temperature, in degrees Kelvin (K), of diluted exhaust gas at the venturi inlet;

t is the time, in s;
L is the running distance, in km; in the case of 10 to 15 mode operation, L = 4,165 km.
A.8.2 Fuel consumption, F

Fuel consumption, F,

below, using

, in km/l, shall be calculated using the carbon balance method by means of the formula

In the case of gasoline engine vehicles:

Fo =

649

the mass of exhaust gas derived in D.2.1.4.2.

Oa

129 % mco + 0,866 x mpyc + 0,273 x mco?2

and in the case of diesel engine vehicles:

o 718
€ 0,#29%mgeg +0,862x myc +0,273xmegy
where
mco  ig the CO emission mass, in g/km;
myc  ig the HC emission mass, in g/lkm;
mcoo i the CO, emission mass, in g/km.

(.20)

®.21)

18
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Annex B
(informative)

Test procedure in Europe

General principles

B.1.]

This gnnex contains regional information, which supplements the provisions of this International S

B.1.2 General considerations

The fest procedure specified in this annex is based on UNECE Regulation No.101, as amended

to hy
Claug
shall
UNE

The
cons
chan
by th

The

General comments on regional information

brid electric vehicles, and on UNECE Regulation No. 83. In UNECE Regulation No. 1
e 5, HEV, non-externally chargeable vehicles with HEV mode only(are dealt with, but the m
be done as for ICE vehicles, as specified in UNECE Regulation No. 101, Annex 6, with

CE Regulation No. 83, Annex 4.1

measurements of the exhaust emissions (CO, NOy, HC particulates) and of CO, emiss
imption are performed by applying the Type | test in UNECE Regulation No. 83. According
je of the RESS during the test, the values measureéed are corrected using a correction facto
b vehicle manufacturer.

jescription given in the following clauses contain only the essentials to understand the pr

tandard.

to be applied
1, Annex 8,
pasurements
reference to

ion and fuel
o the energy
" as provided

bcedure. For

furthgr details, see the relevant clauses of the two UNECE Regulations, to which reference is madle in the text.

B.2

Base|
deten
charg
3 50(

B.3

B.3.]

Rationale
d on the legal requirements in Europe, this annex specifies the measurement proced
mination of the exhaustand the carbon dioxide emission and the fuel consumption of HEV n

eable and with HEX¥-mode only of categories M1 and N1 with a maximum permissible {
kg (in accordance-with ISO 1176). As fuels for the ICE only, gasoline and diesel fuel are co

Test equipment

Chassis

ures for the
on-externally
otal mass of
sidered.

Features, accuracy, load and inertia setting, calibration and other steps to prepare the chassis dynamometer
to be used are specified in UNECE Regulation No. 83, Annex 4, 4.1, 5.1 and 5.2, and in UNECE Regulation

1) T

he following documents of both Regulations have been considered in this annex:

— UNECE Regulation No. 101: Trans/WP.29/GRPE/2004/2, 30 October 2003 (as amended not yet in force)

— UNECE Regulation No. 83: E/ECE/324 Rev.1/Add.82/Rev.2 E/ECE/Trans/505, 30 October 2001 (in force)

Upon further amendments of UNECE Regulation No. 101 and UNECE Regulation No. 83, this International Standard,
especially this annex, will need to be reviewed.

©I1SO
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No. 83, Annex 4, Appendixes 2 and 3. The adjustment of the inertia simulators to the vehicle's translatory
inertias shall be in accordance with Table B.1 (as specified in UNECE Regulation No. 83, Annex 4, 5.1).

Table B.1 — Equivalent inertia of dynamometer related to the reference mass of the vehicle

Reference mass of the vehicle Equivalent inertia
Mg I
kg kg

meer < 480 455

480 < mo < 540 510
540 < m; < 595 570
595 < m ¢ < 650 625
650 < m o <710 680
710 < m o < 765 740
765 < m < 850 800
850 < m ¢ < 965 910
965 < m o < 1080 1020
1080 <m <1190 1130
1190 <m o < 1305 1250
1305 <m < 1420 1 360
1420 <m <1530 1470
1530 <m < 1640 1590
1640 <m <1760 1700
1760 <m <1870 1810
1870 <m < 1980 1930
1980 < mg; < 2 100 2040
2100 < m 27210 2150
2210 < i p< 2 380 2270
2 380 <m s <2610 2270
2610 < m g 2270

B.3.2 Exhaust gas sampling system
The system that shall be used is the constant volume sampler (CVS) system. Details of the system, as well as

for calibration and accuracy, are given in UNECE Regulation No. 83, Annex 4, 4.2 and 4.4, and in UNECE
Regulation No. 83, Annex 4, Appendix 5.

B.3.3 Analytical equipment
Emitted gases shall be analysed with the following instruments:

— non dispersive infra-red (NDIR) absorption type analysers for CO and CO, determination;
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— for HC determination flame ionisation (FID) type analysers for spark ignition engines and heated flame

ionisation (HFID) type analysers for compression ignition engines;

— chemical luminescent (CLA) or non dispersive ultraviolet resonance absorption (NDUVR) analysers for

NOy determination.

Particulates shall be gravimetrically determined from the particulates collected with two series mo

unted filters.

Details on applying, calibration and accuracy requirements are specified in UNECE Regulation No. 83,

Annex 4, 4.3 and 4.5 (for gases used for calibration), and in UNECE Regulation No. 83, Annex 4,

Appendix 6.

B.4 |Test vehicle

B.4.1 General

The test vehicle shall be in running order, as determined by the manufacturer) with all the e
provifled as standard.

B.4.2 Test mass

The mass of the vehicle under test (referred to as “reference mass’/in UNECE Regulation No.
be the “unloaded mass” plus a uniform figure of 100 kg. The “unloaded mass” (see UNECE RegJ
2.2.1) is the mass of the vehicle in running order, without load-and persons, but with the fuel tank

B.4.3 Tyres

The fests shall be performed with all tyres in respect to their width provided as standard b
manufacturer. Alternatively, the prescription of UNECE Regulation No. 83, Annex 4, Appendix 3,
appligd, i.e. only the widest of the standard widths or the widest minus one (in the case of mo
standard widths) shall be chosen.

The fyre pressure shall be in accordance with the vehicle manufacturer's specification, but may
by upg to 50 % when the test is dohe on a two roller dynamometer (see UNECE Regulation No.
5.3.2

B.4.4 Test fuels

Details on the tesh fuels (called “reference fuels” in UNECE Regulation No. 83) are giver
Regulation No. 83,“Annexes 10 and 10a.

B.4.5 Test cycle

uipment, as

B3, 2.2) shall
lation No. 83,
90 % full.

the vehicle
1.1.2 may be
re than three

be increased
83, Annex 4,

in UNECE

The festcycle specified for the Type | test (verifying exhaust emissions, see also B.5.2) is descr

bed in detail

in UNECE Regulation No. 83, Annex 4, Appendix 1, including allowable tolerances.

The test cycle is made up of one Part One (urban) cycle consisting of four elementary urban cycles, and one

Part Two (extra urban) cycle, as roughly illustrated in Figure B.1 and described in Table B.2.
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Figure B.1 — Test cycle

Table B:2—<= General information on test cycle

Characteristic Urban cycle Extra urban cycle
Average speed 19 km/h 62.6 km/h
Max. speed 50 km/h 120 km/h

Hffective running time 4 times 195 s =780 s (13 min) 400 s (6 min, 40 s)
'heorétieal distance 4 times 1,013 km = 4,052 km 6,955 km

B.5 Test procedure

B.5.1 Preconditioning of vehicle

Besides the vehicle stabilization over at least 3 000 km (see 4.1.3.1), UNECE Regulation No. 101, Annex 8,
5.2, requires two consecutive full test cycles (see B.4) as preconditioning. At the manufacturer's request, one
Part One and two Part Two cycles may be applied for positive ignition engines.

NOTE In UNECE Regulation No. 83, Annex 4, 5.3.1, three consecutive extra urban cycles are specified for the
particulate determination of compression ignition engines.
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B.5.2 Conditioning of the vehicle
After preconditioning in accordance with B.5.1, the vehicles shall be kept in a room with a relative constant

temperature between 20 °C and 30 °C for at least 6 h, until the engine oil and coolant temperatures are within
+ 2 °C of the room temperature. (For details, see UNECE Regulation No. 83, Annex 4, 5.3.)

B.5.3 Performance of the test
B.5.3.1

General

One complete test cycle shall be run in accordance with B.4.5, with the test equipment as in B.3 and the test

vehid
shall
UNE

B.5.3

The
12,2

For d

B.5.3

The
activ
cycle

NOTH
many|

€ as In B.4, after the preconditioning and conditioning as In B.5.T and B.5.2Z, and the require
be met during the test. General descriptions of the test, including the number of tests,
CE Regulation No. 83, 5.3.

.2 Special conditions

emperature shall be between 20 °C and 30 °C and the absolute humidity between 5,5 g
b H,O/kg dry air. (For details, see UNECE Regulation No. 83, Annex 4,6.1)1.)

.3 Performing the different steps of the test cycle
st shall be performed in accordance with the prescriptions of the vehicle manufacturer, sta
tion of the propulsion system and followed by the procedure to meet the allowed toleranc

The detailed prescriptions for the Type | test in;UNECE Regulation No. 83, Annex 4, might not b
cases to HEV non-externally chargeable and withinNHEV mode only, e.g. if the vehicle starts driving

etails on air blown over the vehicle under test, see UNECE Regulation No. 83, Annex 4, 6.13.

ments below
are given in

H,O/kg and

rting with the
ps of the test

e applicable in
only using the

electr|c propulsion motor and switches to the ICE at a-certain speed.

B.5.3.4 Sampling and analysis

for the urban
ampling and
the exhaust

As fo
and
analy
emis

r ICE vehicles, the CO, emission and the fuel consumption shall be determined separately
the extra urban cycles (see UNECE Regulation No. 101, Annex 5, 5.1.1). Therefore, s
sis shall be performed separately, although this is not required for the determination of]
sions (CO, HC, NOy and particulates), in accordance with UNECE Regulation No. 83.

Details on sampling and analysis are given in UNECE Regulation No. 83, Annex 4, 7.1 and 7.2.

B.6 [Calculation of the exhaust emission and fuel consumption

B.6.1 Exhaust gas, CO, and particulate emission

The mass-and-volume-caleulation-efthe-emitted-peliutants-and-theircorrectonte-standard-eonditlons (273,2 K

and 101,33 kPa) and the determination of the no-humidity-correction-factor for NOy shall be performed in
accordance with UNECE Regulation No. 83, Annex 4, Clause 8, and UNECE Regulation No. 83, Annex 4,
Appendix 8.

The results shall be expressed in g/km

B.6.2 Fuel consumption

The calculation of the fuel consumption shall be done as specified in UNECE Regulation No. 101, Annex 6,
1.4. If the fuels used differ from the reference fuels to which the formulae refer, correction factors may be
applied (see also UNECE Regulation No. 101, Annex 6, 1.4).

The result shall be expressed in 1/100 km.
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B.6.3 Correction procedure in relation to the energy change in the RESS during the test

If the energy content of the RESS during the test has been changed (due to participating in the propulsion of
the vehicle, or to being charged during regenerative braking or by energy from the ICE), a correction of the

results obtained in B.6.1 (in relation to CO, emission) and B.6.2 is necessary.

However, in accordance with UNECE Regulation No. 101, Annex 8, 5.3.2, a correction is unnecessary, if

— it can be proved that there is no relation between the energy change of the RESS and the consum
or

ption,

— the energy content of the RESS has increased during the test, or

— adecregse of the energy content of the RESS is smaller than 1 % of the total energy consuniption @
the test {over one test cycle).

UNECE Regplation No. 101, Annex 8, Appendix 2, explains how the energy change can be’détermined.

The correctign shall be done using correction factors (for CO, emission and for fuel.corsumption) provid
the vehicle manufacturer.

For the detefmination of the correction factors (for the urban and extra urban test cycle separately) an
correction prpcedures, 5.3.3 provides the necessary prescriptions.

uring

bd by

d the
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Annex C
(informative)

Test procedure in North America

General principles

C.1.1
This
C.1.:
This

embr
fuel

General comments on regional information

Bnnex contains regional information, which supplements the provisions of this International S

P General considerations

annex describes the test procedure recommended for use in the United,States and other ¢
ace the use of SAE (Society of Automotive Engineers) methods, far measuring exhaust e
economy of hybrid-electric vehicles. Specifically, SAE J1711:1999, is the governing do

citatipns throughout this annex refer to this issue.2)

C.2

This

are d
emis
highv
drivin
corre
depe
cons
can b

C3

C.3.7

The f
only
SAE

Rationale

hnnex specifies the uniform chassis dynamometer, test procedures for hybrid-electric vehicle
esigned to be driven on public roads. Instructions are given for measuring and calculating
sions and fuel economy of HEV driven on the urban dynamometer driving schedule (UD
ay fuel economy driving schedule (HFEDS), as well as exhaust emissions determined frq
g schedule (US06) and the SCO03 driving schedule (SC03). Other methods may be used p
sponding factors are appropriately.modified. Selection of the emission constituents to be
hdent upon the objectives of the testéer. This annex deals only with HEV that use gasoline or
imable fuel, and which have a.rechargeable energy storage system (RESS) consisting of
e recharged only by an on-yvehicle device, whereas SAE J1711 covers a broader scope of H

Test general information

Driving schedules

our driving-schedules, two for determining exhaust emissions and fuel economy, and two fo
pxhaust-emissions, are generally as defined in the Code of Federal Regulations, specifically
U171:1999, 3.5, delineates specific references to CFR Title 40 for these schedules and r
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SAE J1711 was developed by a task force established by the Light Duty Vehicle Performance and Economy

Measurement Standards Committee of SAE. The task force included experts from vehicle manufacturers, national
laboratories, and various interested parties. Representatives from the US Environmental Protection Agency and the
California Air Resources Board participated informally. The document was released as a Recommended Practice to
recognize that it is an early attempt to standardize HEV testing and, as such, as HEV technology and associated testing
technology evolve, significant refinements to the document may occur.
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C.3.2 Battery state of charge

When the partial-charge test method is used (see C.4), SAE J1711:1999, 3.7, specifies that the change in the
RESS stored electrical energy over the test cycle be limited to + 1 % of the total fuel energy consumed over
the same cycle, as expressed by the equation presented below.

AE, <1% (C.1)
E¢
where
AE, is fhe change in the RESS stored electrical energy

E; s [he total fuel energy

For the case|of an HEV equipped with a battery RESS, the following general equations are' used for elegtrical
and fuel engrgy respectively, when calculating the maximum and minimum allowed final battery stgte of
charge (SO() using the detailed equations found in SAE J1711:1999, 3.7.1.

AEg = (Ah,final - Ah,initial)x Vsystem (C.2)
Et = INHY X Migel (C.3)
where

Apfinal | is the stored battery ampere-hours for the stated condition at the end;

Ay initial | i the stored battery ampere-hours for the stated condition at the start;

Vsystem | is the battery d.c. nominal system voltage;
JNHV is the net heating value (per consumable fuel analysis), in J/kg;
Miyel is the total mass of fuel gensumed over test phase, in kg.

C.4 Test fequirements
C.4.1 Vehigle condition

C.41.1 General

P H t H 't' H £ 4 ' ol ol H 4l 'y '+ +lo i it P | £: ' £ 4l bial | " b
rior 1o Iniatoen-ortestmganaaurmgtnetesStng; tne-overarrconattonanaconnguraton-ortne-ventcre—sn e

as delineated in the paragraphs that follow SAE J1711:1999, 4.1.1, all of which are represented below.

C.41.2 Vehicle stabilisation
Prior to testing, the test vehicle shall be stabilized as specified in CFR Title 40, Part 86.098-26, which includes

vehicle mileage accumulation either to a manufacturer-determined distance or to 4 000 miles, over the
durability driving schedule (defined in CFR Title 40, Part 86, Appendix IV).

C.4.1.3 Vehicle appendages

Vehicles shall be tested with normal appendages (mirrors, bumpers, etc.). Certain items (e.g. hub caps) may
be removed where necessary for safety on the dynamometer.

26 © ISO 2007 — All rights reserved


https://standardsiso.com/api/?name=fa5a91954db5c0c7bb97aa7006c05006

ISO 23274:2007(E)

C.4.1.4 Vehicle test weight

The vehicle shall be tested at the weight as specified in CFR Title 40, Part 86, which includes definitions for
loaded vehicle weight [curb weight plus 136,1 kg (300 Ib)] and adjusted loaded vehicle weight (curb weight
plus one-half vehicle payload).

C.41.5 Tyres

The manufacturer's recommended tyres shall be used. For dynamometer testing, tyre pressures should be set
at the beginning of the test at the pressure used to establish the dynamometer road-load coefficients
(see C.4.3) and shall not exceed levels necessary for safe operation. Tyres shall be conditioned as
recorfimended by the vehicle manufacturer, have accumulated a minimum of 100 km (62 miles) and have at
least|50 % of the original usable tread depth remaining.

C.4.1.6 Lubricants

The yehicle lubricants normally specified by the manufacturer shall be used.

C.4.1.7 Gear shifting

During testing, the vehicle's transmission shall be operated as specified’in CFR Title 40, Part 86.128, which
includles the requirement to follow the in-use shifting patterns for manual-transmission vehicles.

C.4.1.8 Regenerative braking

If the|vehicle has regenerative braking, the regenerative braking system shall be enabled for all gynamometer
testing. An accurate way to account for the effect of regenerative braking is to test the vehicle on|a four-wheel
drive| electric dynamometer. If the vehicle is tested“on a two-wheel dynamometer, and is efjuipped with
systgms, e.g. an antilock braking system (ABS)\or a traction control system (TCS), these gystems may
inadvertently interpret the non-movement of_the set of wheels that are off the dynamagmeter as a
malfynctioning system. If so, modifications telthese systems shall be made to achieve normal opgration of the
remajning vehicle systems, including the_regenerative braking system.

C.4.1.9 Vehicle preparation

The (ehicle shall be prepared) for testing as specified in CFR Title 40, Part 86-131-00, which includes
provigions for the installation ‘of fittings for draining fuel and a throttle position sensing signal to control
dynamometer dynamic ineftia weight adjustments, when applicable.

C.4.2 Rechargeable energy storage system (RESS) condition

The |battery ~100 % state of charge condition shall be established using the vehicle mpnufacturer’s
recornmended charging procedure and equipment. The battery RESS stabilization shall follow the prescription
in SAE-J1711:1999, 4.1.2.1. RESS state of charge considerations are given in SAE J1711:1999, 4.1.2.2 and
4.1.2 i is di i : i cle test, the
energy storage capability of the RESS may be verified against the vehicle manufacturer’'s rating using a
current discharge method or a method supplied by the manufacturer.

C.4.3 Dynamometer condition

All factors concerning the dynamometer, specifically its capability requirements, configuration, calibration,
warm-up and settings, are presented in the sub-paragraphs to SAE J1711:1999, 4.1.3, which give reference
to the applicable requirements as contained in CFR Title 40, Part 86. The determination of the dynamometer
load coefficients shall be as specified in SAE J2263 and SAE J2264, with provisions specified in SAE J1711
for vehicles equipped with regenerative braking systems that are actuated only by the brake pedal, as well as
for vehicles equipped with regenerative braking systems that are activated at least in part when the brake
pedal is not depressed.
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C.4.4 Instrumentation

As presented in SAE J1711:1999, 4.2, the equipment referenced in CFR Title 40, Part 86.106 (including
exhaust emissions sampling and analysis systems) is required for emissions measurements, where applicable.
All instrumentation shall be NIST (National Institute of Standards and Technology) traceable. Instrument
accuracy shall be as specified in CFR Title 40, Part 86, as applicable. The accuracy of instruments for coast
down measurements shall be as specified in SAE J2263 and SAE J2264, as applicable.

C.5 Types of tests

As indicated
detailed in th
and the othe
these tests d
The PCT ha
modes. The
modes. The

— partial ¢
— full char
— partialc

— full char

in SAE J1711:1999, 4.3, there are two basic kinds of exhaust emissions and fuel economy
at document. One kind of test begins with a partially charged RESS (a “partial-charge test!,
- kind of test begins with a fully charged RESS (a “full charge test”, FCT). There arervariatia
epending on which mode of operation is being tested and which driving scheduletis.being
5 a variation for HEV operating modes and another variation for conventional-vehicle ope
FCT has a variation for HEV operating modes and another variation for electfig Vehicle ope
ollowing four tests are described in greater detail in SAE J1711:1999, 4.3.1 t04.3.4:

harge test for HEV operating modes (PCT-HEV);
je test for HEV operating modes (FCT-HEV);
narge test for conventional vehicle operating modes (PCT<CV);

he test for electric vehicle operating modes (FCT-EV):

C.6 Testing the vehicle

The exhaust
For the purp
capable” is ¢

emissions and fuel economy tests that.are required for an HEV depend upon its classific
bses of this annex, only the HEV with’a battery RESS and classified as “not off-vehicle-c
pnsidered (see test matrix in Table.C.1).

Table C.1 — Test matrix for HEV “not off-vehicle-charge capable”

Drjver-selected operating modes Required test procedures
1. HEN operating modes Perform each driving schedule procedure of the PCT-HEV
: perating (see SAE J1711:1999, 4.3.1) in each HEV operating mode.
2 cVloperating modes Perform each driving schedule procedure of the PCT-CV
- wVjoperating (see SAE J1711:1999, 4.3.3) in each CV operating mode.
3. EV|operating modes Do not perform any tests in EV operating modes.

tests
PCT),
ns of
iIsed.
ating
ating

ation.
harge

The PCT-HEV test measures the exhaust emissions and fuel economy of the HEV over driving cycles in the
HEV operating mode, whereas the PCT-CV test only records measurements for the HEV being operated in
the CV operating mode.
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Calculation of exhaust emission and fuel consumption

A series of exhaust emissions and fuel economy calculations is necessary to account for cold start and hot

start

test phases, off-vehicle-charge equivalent fuel economy (when applicable), the effect of the driver's

charging habits and the usage of driver-selected operating modes. The driving schedules available for
developing exhaust emissions data are:

— UDDS (urban dynamometer driving schedule), which represents vehicle city driving;

— HFEDS (highway fuel economy driving schedule), which represents vehicle highway driving;

S06, which represents vehicles driving at high speeds and accelerations;

C03, which represents vehicle operation with air conditioning.

UDD$ exhaust emission calculation methods (as derived from CFR Title 40, Part 86;Appendix 1) are detailed

inS

HFEI

USO06

SCO03

ubD
SAE

The

assumptions used and graphical representations.

E J1711:1999, 5.1.
DS exhaust calculations (CFR Title 40, Part 600, Appendix 1) are detailed\in SAE J1711:199p, 5.2.

exhaust emissions calculations (CFR Title 40, Part 86, Appendix 1) are found in SAE J1711:1999, 5.3.
exhaust emissions (CFR Title 40, Part 86) are detailed in SAE.J1711:1999, 5.4.

S fuel economy calculations are in SAE J1711:1999, 5:5,>and HFEDS fuel economy calculations are in
1711:1999, 5.6.

slides in SAE J1711:1999, Appendix C, provide additional information on calculations, including
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Annex D
(normative)

Linear correction method using a correction coefficient

D.1 Scope

This annex
AEggss =0,
ICEV.

D.2 Linear regression method

D.2.1 Met

D.2.1.1 General

The measur¢ment of all exhaust gas components and the fuel consumption by the carbon balance mgq
I the carbon compound (CO, HC and CO,) of exhaust‘gas shall be made with the follpwing

correction fol
procedure.

D.2.1.2 Data acquisition for correction coefficient

The exhausf gas test of the mode concerned shallbe repeated several times to determine the ex
emission corfection coefficient defined in D.2.1.4.1Fhe battery charging level and charge balance shol
in the normgl range specified by the vehicle manufacture. However, if it can be confirmed that the b

charging lev
specified by

An example

D.2.1.3 Regords

The charging level and the)charge balance of the battery at the time of the exhaust gas sampling of the

system are
exceed the r

D.2.1.4 Colrrections

using the values of exhaust emission measured in accordance with the procedure establish

nod for correcting the exhaust emission and fuel consumption

bl and charge balance exert no influence on the exhaust emission amount in the normal
he vehicle manufacturer due tg.the charge balance of battery, no correction shall be made.

bf the procedure to obtain the correction coefficient is described in Annex F.

easured fram'time to time. In the event that the battery charging level and charge balance 2
nges determined by the vehicle manufacturer, re-examination shall be conducted.

escribes the calculation procedure to determine the exhaust emission and fuel consumptfn at

d for

thod,

haust
Id be
bttery
ange

CVvs
bove

D.2.1.41 Exhaust emission correction coefficient, K¢,

The exhaust emission correction coefficient, Kg,, in g/km Ah or g/test Ah, for all exhaust emission
components of CO, HC, NOy and CO, for each mode and fuel consumption test shall be calculated
individually, using the following formula:

K _nXZCIEWI_ZCIXZEWI
Ew —
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nx > c?-(>.C)?

(E.1)
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