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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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Hybrid-electric road vehicles — Exhaust emissions and
fuel consumption measurements —

Part 1:
Non-externally chargeable vehicles

Thi
the

Thi

NO1
liqu
othd

Thi

Scope

5 document specifies a chassis dynamometer test procedure to measure the exhaust em
electric energy and fuel consumption for the vehicles.

5 document applies to vehicles with the following characteristics:

applicable driving test (ADT) standard;

the nominal energy of the rechargeable energy storage system (RESS) is at least 2 %
energy consumption over an ADT;

internal combustion engine (ICE) only using liquid fuels (for example, gasoline and dies¢
E In the case of the vehicles with ICE using ether fuel [for example, compressed natura
efied petroleum gas (LPG), hydrogen], this documént can apply except the measurement of con

rwise the measurement method for those usinghe corresponding fuel can apply.

5 document proposes procedures for edrrecting the measured emissions and fuel cons

hybrrid-electric vehicles (HEVs), in orderte obtain the values when the state of charge (SOC)

doe)

It c
extq
sus

2

Thd
con
und

ISO

s not remain the same between thebeginning and the end of an ADT.

hn also be applied to measurement procedures for exhaust emissions and fuel const
ernally chargeable HEVs when a vehicle is not externally charged and operated only in
faining (CS) state, as described in ISO 23274-2.

Normative references

following decuments are referred to in the text in such a way that some or all of th
stitutes requirements of this document. For dated references, only the edition cited g
ated referénces, the latest edition of the referenced document (including any amendmen

10521 (all parts), Road vehicles — Road load

ssions and

vehicles classified as passenger cars or light duty trucks, as defined in the relevapt regional

bf the total

] fuel).

gas (CNG),
sumed fuel;

imption of
bf the RESS

imption of
the charge

Pir content
pplies. For
[s) applies.

ISO/TR 8713, Electrically propelled road vehicles — Vocabulary

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/TR 8713 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/
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31

applicable driving test

ADT

single driving test schedule which is specified for a relevant region

Note 1 to entry: Chassis dynamometer test schedules for a relevant region are the Worldwide Light-duty Test
Cycle (WLTC) or the Urban Dynamometer Driving Schedule (UDDS), for example.

3.2
charge balance of RESS
change of charge in the RESS (3.10) during fuel consumption measurement

Note 1 to er]try: Normally expressed in ampere hours (Ah).

3.3
coulomb dfficiency
Ah efficiency

efficiency ¢f the battery, based on electricity in coulomb for a specified charge/dischrarge procedpre,
expressed py output electricity divided by input electricity

3.4
energy balance of RESS
AERgss
change of RESS (3.10) energy state during an applicable driving test (3.1)

Note 1 to enftry: Normally expressed in watt hours (Wh).

Note 2 to erftry: For practical use, the energy balance of RESS is approximated by multiplying the charge balgince
of RESS (3.2]) in ampere hours (Ah) by the nominal voltage in volts\(V).

3.5
energy effliciency
Wh efficiency

efficiency pf the battery, based on energy for a specified charge/discharge procedure, expressed by
output enefgy divided by input energy

3.6
externally chargeable HEV
HEV (3.7) with a RESS (3.10) that is-intended to be charged from an external electric energy source

Note 1 to enftry: External charge for the purpose of conditioning of the RESS is not included.

Note 2 to enftry: Externally,chargeable HEVs are widely known as plug-in HEVs (PHEVs).

3.7

hybrid-elgctric vehicle

HEV

vehicle with®eth a RESS (3.10) and a fuelled power source for propulsion

EXAMPLE Internal combustion engine or fuel cell systems are typical types of fuelled power sources.
3.8

non-externally chargeable HEV
HEV (3.7) with a RESS (3.10) that is not intended to be charged from an external electric energy source

3.9

rated capacity

supplier’s specification of the total number of ampere hours that can be withdrawn from a fully charged
battery pack or system for a specified set of test conditions such as discharge rate, temperature and
discharge cut-off voltage

2 © IS0 2019 - All rights reserved
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3.10

rechargeable energy storage system

RESS

rechargeable system that stores energy for delivery of electric energy for the electric drive

EXAMPLE Batteries or capacitors.

3.11
regenerative braking
braking with conversion of kinetic energy into electric energy for charging the RESS (3.10)

3.1
state of charge
SO(
avajlable capacity of a RESS (3.10) or RESS subsystem expressed as a percentage ofyratéd capacity (3.9)

4 |[Test conditions and instrumentation
4.1] Test conditions

4.1]1 General

For|test conditions, 4.1.2 to 4.1.4 apply. Otherwise, the test conditions of the relevant regional ADT
stamdards apply.

412 Ambient temperature

Tests shall be conducted at ambient temperatune,of (25 + 5) °C.
4.1{3 Vehicle conditions

4.1{3.1 Vehicle conditioning

Prigr to testing, the test vehiclé&szwith RESS shall be stabilized as specified by the manufactufers, or the
mil¢age shall be accumulated\to above 3 000 km and less than 15 000 km.

4.113.2 Vehicle appéndages

Vehjicles shall be fested with normal appendages (mirrors, bumpers, etc.). When the vehicle is on the
dynamometer,certain items (e.g. hub caps) should be removed for safety reasons, where nedessary.

4.1)3.3 . Vehicle test mass

The vehicle test mass shall be selected in accordance with the relevant regional ADT standafds.

4.1.3.4 Tyres

4.1.3.4.1 General

The correctly rated tyres as recommended by the vehicle manufacturer shall be used.

4.1.3.4.2 Tyre pressure

The vehicle tyres shall be inflated to the pressure specified by the vehicle manufacturer in accordance
with the test chosen (track or chassis dynamometer).

© IS0 2019 - All rights reserved 3
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4.1.3.4.3

Tyre conditioning

The tyres shall be conditioned as recommended by the vehicle manufacturer.

4.1.3.5 Lubricants

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

4.1.3.6 Gear shifting

If the Vehlcln is fitted sazith 2 monna"n shifted n'nav box gnor C]’\IFfIY\ﬂ' nnctfv\nc shall r‘nrrncpnnﬂ 1o

relevant rg
accordancy

4.1.3.7 K

If the veh
dynamoms

If the vehid
braking sy
the non-m
so, these s
remaining

4.1.3.8 K

The RESS s

gional ADT standard. However the shift positions should be selected and determihe
with the vehicle manufacturer’s specification.

egenerative braking

cle has regenerative braking, the regenerative braking system shallrbe’ enabled for
ter testing except where specified in 4.1.4.4 determining the dynamometer load coefficic

le is tested on a single axle dynamometer and is equipped with systems such as an anti
stem (ABS) or a traction control system (TCS), those systems.-tnay inadvertently inter
bvement of the set of wheels that are off the dynamometer’asa malfunctioning syster
ystems shall be temporarily disabled for adjustment to{achieve normal operation of
vehicle systems, including the regenerative braking system.

ESS conditioning

hall be conditioned with the vehicle as specified in 4.1.3.1, or by equivalent conditioning

41.4 Ch

4.1.4.1

The vehicl¢ should generally be tested on a single axle chassis dynamometer. A vehicle with four-w
drive shall be tested by modifying the'drive train of the vehicle. When the vehicle is modified,
details shall be explained in the test réport.

Double axl
dynamomsé

4.1.42 1

The dyna
manual p

;Ivided by the dynamometer manufacturers.

ssis dynamometer conditions

eneral

b chassis dynamonaeter testing should be performed if a modification for single axle chal
ter testing is notpossible for a specific four-wheel drive vehicle.

)ynamometer calibration

ometer-shall be calibrated in accordance with the specifications indicated in the ser

the
1 in

all
Pnt.

ock
pret
h. If
the

neel
the

SSis

ice

4.1.4.3 Dynamometer warm-up

The dynamometer shall be warmed up sufficiently prior to testing.

4.1.4.4 Determining the dynamometer load coefficient

The determination of vehicle road load and the reproduction on a chassis dynamometer shall conform
to the ISO 10521 series Vehicles equipped with regenerative braking systems that are activated at least
in part when the brake pedal is not depressed shall have regenerative braking disabled during the
deceleration portion of coast-down testing on both the test track and dynamometer.

© ISO 2019 - All rights reserved
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Test instrumentation

Test instrumentation shall have accuracy levels as shown in Table 1, unless specified differently by the
relevant regional ADT standards.

Table 1 — Accuracy of measured values

5.1
The

reqpirements, if not described in the relevant regional ADT standards, are described below.

5.2| Test procedure

5.2{1 Vehicle preconditioning

Vehjicle preconditioning shall be carried out in accordance with the relevant regional ADT §
necgssary.

If necessary, the RESS SOCmay be preadjusted by charging or discharging, to obtain a suitg
balance of RESS betweenthe beginning and the end of the test.

5.2{2 Vehicle soak

Theg vehicle shall‘be soaked in accordance with the relevant regional ADT standards.

5.2{3 Vehicle movement to the test room

WhenZthe vehicle is brought into the test room, and moved during the test if necessary,

Item Unit Accuracy
Time S +0,1s
Distance m +0,1 %
Temperature °C +1°C
Speed km/h 1%
Mass kg +0,5%
Current A +0,5 %2
Capacitor voltage \ +0,5%
a Accuracy for measure value: +0,5% full scale deflection or +1% of
reading, whichever is greater.

Measurement of exhaust emissions and fuel consumption

General

ADT procedure shall be selected according to the relevant regional ADT standard;

pus

. Common

tandard, if

ble energy

it shall be

hed or towed (neither driven nor regenerative recharged). The test vehicle shall be set on the chassis

dynamometer after the chassis dynamometer has warmed up just before the test. The vehicle shall not
be activated during soak until right before starting the test.

5.2.4 Measurement over ADT

Energy balance of RESS, consumed fuel and exhaust emissions shall be measured in each ADT. The
conditions of the vehicle during the ADT shall follow the relevant regional ADT standards.

©IS
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5.3 Correction of the test results

5.3.1 General

Measured fuel consumption and exhaust emissions shall be corrected if these test results are influenced
by RESS energy balance during the test. However, the correction is not necessary if the RESS energy
balance satisfies the conditions in 5.3.2. The guidelines for charge balance measurement are described

in Annex D

5.3.2 Allowable range of RESS energy balance

The correc

|AEg

where

AERESS

ECF

Practical methods that apply to battery and capacitor are described imAnnex B.

5.3.3 Co

The vehicl
and the ex
Annex A. V
Annex C fo

6 Calculations and expressions

To calculaf
standards

tion is not necessary if RESS energy balance is within the following range [see Formula

s [<0,01xEp

is the energy change in RESS over the ADT in Wh;

is the energy of consumed fuel over the ADT in Wh.

Frection procedure by correction coefficient

b manufacturer shall deliver the correction coefficient to calculate the fuel consump
haust emission at AEpggg = 0. The correction cgefficient can be obtained in accordance
Vhen the measured value is independent.of \AEpgs, @ correction is not required. See
I theory of the linear regression method (in case of batteries).

e the resultant exhaust emission and fuel consumption for an ADT, the relevant regi
should be taken into consjderation.

]:
(M

fion
vith
hlso

nal
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Annex A
(informative)

Linear correction method using a correction coefficient

A.1 General
J—=enelrat

Thip annex describes the calculation procedure to determine the exhaust emission
consumption at AEgggg = 0.

A.2 Method for correcting the exhaust emissions and fuel consumption
A.2l1 Datarequired for correction coefficient

A.2]1.1 General

The exhaust emissions and fuel consumption test shall be-fepeated several times to det
corfection coefficient defined in A.2.1.2.1. See Figure A.1. Thé AEy¢s shall be measured duri
Thg SOC and AERggs should be in the normal range specified by the vehicle manufacturer.

and fuel

brmine the
hg the test.

© IS0 2019 - All rights reserved
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Key
X1
X2
Y

1
2
3

A.2.

energy
energy
exhaus
data

premed
exhaus
exhaus
measur
C, is th¢
Mg ¢ is ¢
correct
fuel cor
measur
C, is thg
Mgy is f
correct

1.2 C

2
YA /
1 —— 2 ’
oscte 4
-0 ,(/A
5
X1 X2

balance (in Wh), discharge
balance (in Wh), charge
emissions Mg, (in g) or consumed fuel M (in1)

sured data for determination of correction coefficient
emission Ky or consumed fuel Ky
emission

ed value (C, M)
energy balance (in Wh)

xhaust emission (in g)

pd value (Mg ) = Mg s - Kyg x Cg
sumption

ed value (Cg, Mgy)
energy balance (in Wh)

1e]l consumption (in 1)

pd value (M) = Mpo<Kyp * Cs

orréections

Figure A.1 — Example of data collected from ADT

A.2.1.2.1 Exhaust emission and fuel consumption correction coefficient

The exhaust emission correction coefficient, Ky, in g/Wh, for each exhaust emission component in

exhaust gas such as CO, HC, NOy and CO, for an ADT shall be calculated.

The correction coefficients shall be calculated using Formula (A.1):

Kyg =

anCiME'i —ZC,- XZME,i

nx¥C?-(XC,)?

(A.1)

© ISO 2019 - All rights reserved
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where

Mg ; is each exhaust gas component, in grams per test, in an ADT;

C.

. isthe energy balance at the test, in Wh (use the minimum unit);

n is the number of data.

The exhaust emission correction coefficient shall be a four-significant digit figure by rounding the fifth

sigifificant digit figure.
The fuel consumption correction coefficient, Ky, in 1/Wh, for an ADT shall be calculatéd,
The correction coefficients shall be calculated using Formula (A.2):
nxXCMg, —2C XX M.
KMF _ i"Fi i _ F,i (A.2)
nxXCf -(XC;)

whgre

Mg ; is each fuel consumption result in an ADT, in litres pertest;

C; istheenergy balance at the test, in Wh (use the miinimum unit);

n isthe number of data.
The fuel consumption correction coefficient shallbe a four-significant digit figure by roundihg the fifth
significant digit figure.
A.211.2.2 Exhaust emission and fuel consumption at AEppgg = 0, Mg
Thd value of each exhaust emission(Mg., at AEgpgs = 0, is derived from Formula (A.3):

Mg =Mg ¢ — Ky X Cs (A.3)
wheére

Mg  is each exhaust emission in grams per test;

Ky is the'eerrection coefficient defined in A.2.1.2.1;

C, dsthe energy balance of RESS, in Wh (use the minimum unit).
The value of fuel consumption, Mg, at AERgss = 0, is derived from Formula (A.4):

Mge =Mg s — Ky XCg (A-4)
where

M ¢ is fuel consumption in litres per test;

Ky 1s the correction coefficient defined in A.2.1.2.1;

C, isthe energy balance of RESS, in Wh (use the minimum unit).
© IS0 2019 - All rights reserved 9
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Annex B
(informative)

Calculation of allowable range of RESS energy change

B.1 Gengeral
The allowgble energy change in RESS, expressed by Formula (1) in 5.3.2, may be rewritter} as
Formula (B.1), using the net heating value (NHV) of fuel:

| AERgss | <0,01% Jyyy XMg,e /3600 (B-1)
where

AEgRpsd is the energy change in RESS over the ADT, in Wh;

Innv is the net heating value (per consumable fuel analysis),\in)J/kg;

Mgyl is the total mass of fuel consumed over the ADT, in Kg:
For batteries or capacitors, this allowable energy change canbé expressed as shown in Formulae B.p to
and B.5 below.
B.2 Batferies
The energy balance in the battery over the.ADT, AE}, in Wh, can be calculated from the measyred
charge balaince, AQ, and is expressed as follows:

AE, =AQ><VSystem (B.2)
where

AQ is the chargebalance of the battery over the ADT, in Ah;

Vsystem| 1S the powiinal system voltage of battery system, in V.
NOTE ¥systeniileans the same as nominal voltage.
For batteries;the formula above may be rewritten as follows:

xXm 3600
|AQ|SO,01><]NHV fucl / (B.3)
system

B.3 Capacitors
The change of energy stored in the capacitor over the ADT, AE(,, in Wh, is expressed as follows:

A =Sx(v, 2V . 2)/3600 B.4

C _EX( final ~ "initial )/ (B.4)

10 © IS0 2019 - All rights reserved
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where

C is the nominal capacitance of the capacitor, in F;
Vinal  Is the terminal voltage of the capacitor at the end of the test, in V;

Vinitiai 1S the terminal voltage of the capacitor at the beginning of the test, in V.

For capacitors, the formula above may be rewritten as follows:

2 _
Vfinal Vinitial

(B.5)

© IS0 2019 - All rights reserved 11
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Annex C
(informative)

Theory for the linear regression method

This annex shows how the linear regression method can theoretically be applied to the correction

method fo

The consu

and the el

consumed

battery SO[C after the test is equal to the SOC before the test. Assuming that the average efficienc

the ICE po
condition,

ochO

where

a is
is
is
is
is

is

Cco

By applyin

oXYX

where

y s

Uy is

U,

m 1S

erp@ﬂ%ﬂE—\k—' i -
ed energy of HEVs is composed of the fuel energy consumed by the ICE power train sys

pctric energy consumed by electric power train system. It is necessary to estinmate
fuel during the test in zero charge balance condition (AEgpss = 0) in other words that

Yer train system during the test period is equal to that in the estimated zéto'charge bala

hen Formula (C.1) applies.

=(0xE¢ )+(BxKkxE,)

the average efficiency of ICE power train system during.the test period;

the average efficiency of electric power train system during the test period;
the average efficiency of battery system during'the test period;

the consumed energy of fuel during the test period;

the consumed/regenerated energy.ofielectricity during the test period;

the estimated consumed energy of fuel during the test period, in zero charge balance
hdition.

b the additional values listed below, Formula (C.1) can be rewritten to Formula (C.2):

[, =(oxyxU )JRBxKxE,)

the volume energy density of fuel;

fem
the
the
y of
nce

C.1)

C.2)

th®estimated consumed fuel during the test period, in zero charge balance condition;

the consumed fuel during the test period.

By dividing the consumed values from Formula (C.2) by the distance travelled, L, and introducing the
corresponding consumption values listed below, Formula (C.2) can be rewritten as Formula (C.3):

oXYX

12

FCy= (axyxFC_ )+(BxKxxEC,)

(C.3)

© ISO 2019 - All rights reserved
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where
FC, isthe estimated fuel consumption rate in the test period, in zero charge balance condition;

FC

n is the fuel consumption rate during the test period;

EC

o 1s the electric energy consumption rate during the test period;

m signifies "measured".

I~

The{l:efore, the measured fuel consumption rate, in certain charge balance condition,“Ff,, can be

expressed as follows:
Bxx
FC_=FC,—| ——EC C.4
m 0 |:OCXJ/ m ( )

Ele¢tric energy consumption rate, EC,,, can be expressed as follows:

EC EVXA—LQ (C.5)

where

V' isthe system voltage, in V;
AQ is the charge balance of the battery during the test period, in Ah;

L  isthe distance covered in the test period, in km.

Formula (C.4) and Formula (C.5) lead to-following Formula (C.6):

FCm:FCO—KxﬂXKxﬂ (C.6)
Yy o L
Formula (C.6) shows that KCy s the function of charge balance per distance (AQ/L). Refer fo D.3.2 for
further information.

Formula (C.6) also shows that the gradient of this formula is in proportion tof/a, namely fo the ratio
of dlectric and ICE traction system efficiency. It also shows that the y-axis-crossing valug indicates
restiltant fuel eonsumption rate in zero charge balance condition.

In this annexy’the polarity of AQ is set plus when battery energy is increased (charging) in accordance
with battéry manners.

© IS0 2019 - All rights reserved 13
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Annex D
(informative)

Guidelines for charge balance measurement

D.1 General

On the fuel consumption test of HEVs, it is essential to measure the charge balance in the recharge
energy stofage system (RESS) during the test period to compensate for the effect of energy chang
RESS on fupl consumption. This document, which defines a basic fuel consumption test method for j
externally |chargeable HEVs, does not define required accuracy on a current measurement system
defines required accuracy on charge balance as required accuracy for the total cusrent measurenpent
system. Sd, the accuracy of current sensor or current measuring system foreach test should

individuall

Investigati
fact that th
vehicle che
battery cu
discharged
intermitte
special att
accuracy.

In considel
measurem
total accurj

This anne}
accuracy o

D.2 Out]

managed.

hg the required accuracy on a current measuring system is a éomplicated task, due to
e effect of current measurement error on fuel consumption test accuracy depends on K
racteristics and the test cycle. As the charge balance is fiormally obtained by integra

hble
e in
jon-
but

be

the
oth
[ing

Frent (remainder of "accumulated value of charging cufrent” minus "accumulated value of

current") and as the battery current is composed ofiintermittent high charging cury
1t high discharging current and low current with long duration time, it is necessary to
ention to managing the DC stability in the current measurement system to keep requ

ation of these backgrounds, this annex provides detailed guidelines for the charge balg
ent method (including requirement fer(current measuring systems) to fulfil the requ
acy prescribed in this document.

describes procedures on charge balance measurement to ensure necessary and suffic
[ fuel consumption test on HEVs-with batteries, which is conducted based on this documg¢

line of error in HEV-fuel consumption test

As shown in Figure D.1, theteldtionship of fuel consumption and charge balance is estimated by liy

regression
The regres
consumpti

a)

errors

method usingtest results in scheduled driving test, to obtain resultant fuel consumpt
sion line will'be scattered by errors caused by various factors. Factors that affect the
bn test have been classified according to the following three types:

in the;fuel consumption measurement;

ent,

pay
red

nce
red

lent
nt.

ear
ion.
fuel

b) errors

caused by the load simulation on the chassis dynamometer;

<)

errors

in the charge balance measurement.

Whereas the first two types of errors scatter the regression line vertically, the third type of error
scatters the line horizontally as shown in Figure D.1. Thus, the third error indirectly affects resultant
fuel consumption, while the first two errors directly affect fuel consumption.

As mentioned above, when the fuel consumption of HEVs is expressed as a linear formula in the charge
balance of battery (AQ), the gradient of the regression line will be a function of the distance covered
and the average ratio of the electric power train efficiency to the ICE power train efficiency during the
test period. Consequently, the effect of the third type of error on the resultant fuel consumption will
strongly depend on the test vehicle and the test cycle. Thus, the required accuracy for charge balance
measurement will be strongly dependent on the test cycle and the characteristics of test vehicle. So, it
is important to ascertain the required accuracy for the charge balance measurement that will ensure

14 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=d5ab39f0c3fc4821ad920dbb200ab697

IS0 23274-1:2019(E)

the resultant fuel consumption test for a specific test cycle and vehicle meets the required accuracy. In
addition, it is important to define the procedures for measuring current and data processing to ensure
that the final result meets the required accuracy.

Y

A

—h
N

\/

X
Key
X |charge balance of battery per distance (in Ah/km) [or‘energy balance of battery per distance (in Wh/km)]
Y |fuel consumption rate (in 1/km)
1 [|electricity measurement error
2 |fuel measurement error + load simulation‘exror

Figure D.1 — Relationship of three error factors on tests

D.3 Guideline for measurement

D.3[.1 General

Invéstigations epiréquired accuracy for charge balance measurement systems and procedufes to keep
therequired.accuracy are described in the following sub clauses.

D.3|.2 ,Nermalization to reduce the effect of test cycle

FighrezD 2 shows the fuel consumption vs AQ characteristics of a HEV on the market during the
Japanese 10-15 mode and the U.S. urban dynamometer driving schedule (UDDS). The two resultant
regression lines exhibit remarkable differences in their gradients (i.e. the first-order coefficients of
the linear regression lines). This fact makes it difficult to compare test results for the same vehicle in
different test cycles or to check whether the regression line of a new result is reasonable by comparing
it with a standard regression line for another test cycle.
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0,08 [

L] L] L] L] -

-0,6 -0,3 0 0,3 0,6

X  charge palance of battery (in Ah)

Y fuel conjsumption rate (in 1/km)

1  the urbpn dynamometer driving schedule (UDDS)
2 theJapgnese 10-15 mode

Figure D.2 — Fuel consumption rate —AQ characteristics in two test modes
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002 |
0
I ] ] ] | I »
-0,15 0,10 -0,05 0 0,05 ¢10 015 X
Key
X |charge balance of battery per distance (in Ah/km)
Y |fuel consumption rate (in 1/km)
1 |the urban dynamometer driving schedule (UDDS)
2 |theJapanese 10-15 mode

Figure D.3 — Fuel consumption rate — Charge balance per distance characteristic§ in two
mode tests

Figlire D.3 shows the fuel consumptien-versus charge balance per distance characteristics [of the HEV
shon in Figure D.2. The two regression lines show no remarkable differences in their grjadients, so
that it is possible to estimate the validity of a newly obtained result by comparing it to the standard
regression line of another testeycle for the HEV.

In qrder to discuss the aecuracy of the charge balance measurement by referring to the gccuracy of
the|fuel consumption test; the linear regression method should be applied to the fuel consimption as
ction of charge®balance per distance (AQ/L) rather than as a function of the charge balahce (AQ).

ically, it indicates that the fuel consumption is not a function of the charge balance pg¢r distance
[i.e/]charge baldnce in battery (in Ah) / distance travelled (in km)] but rather that it is a fun¢tion of the
enefgy balance per distance [energy change in battery (Wh) / distance travelled (in km)]. But{the energy
effitiency/of the battery (the Wh efficiency) depends on loads and it varies dynamically corfesponding
to thé-charging/discharging current and battery conditions. So, it is difficult to apply intpgration of
the ifyt i e the battery
(SOC)]. On the contrary, the coulomb efficiency of a battery is usually close to unity, making the charge
balance (integrated value of current) a suitable parameter for clarifying the energy level of a battery.

As the purpose of using the linear regression method is to estimate the fuel consumption under the
conditions of no energy change, it is not essential to apply the energy balance or energy as a scale to
confirm no energy change. However, when it comes to the quantity of energy change in the battery
during the test, the charging/discharging energy should be measured by taking into account the
charging/discharging efficiency, or an approximate energy should be calculated as a product of the
"charge balance" and the nominal voltage of battery.
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D.3.3 Guideline to define the accuracy of the current measuring system required by
corresponding test cycle

As mentioned above, the effect of charge balance per distance (i.e. the coefficient of the first-order
term of the linear regression line) on the fuel consumption depends on the characteristics of the HEV,
and is approximately the same level for different test cycles on the same HEV. So, the influence of the
charge balance measurement error on fuel consumption is also dependent on the HEV to be tested. That
is, the allowable error for the charge balance measurement or the required accuracy of the current
measurement system has to be discussed by taking into account the HEV characteristics.

Figure D.4 ofs 3 : ! :
[expressed ratio of measured fuel consumptlon (F meas) to true fuel consumptlon (FCO)] As show in

Figure D.4) the allowable energy change in the battery (AE}) for a fuel consumption error of dess than
k % of the [fuel consumption can be calculated using the relationship between the electric énergy pnd
the consumable fuel energy. But such an energy-based discussion will be problematic, since it requfires
use of an approximation to calculate the energy change in the battery and of a conversion to evalyate
the two energy sources (electric energy and fuel energy) on the same table. So, a discuission based on
energy is not suitable for an actual test, because of its complicated operation and the-uncertainty in/the
operation process.

Y A

+k%

T - \\\\\\\\\\\\\\\\\

A\
N\

 /

X
Key
X  energy ppalance‘of battery, AE, (in Wh)
Y  FCeasf ECy
a  allowabBleAfp{in-¥Wh3
k  allowable fuel consumption rate error (in %)

Figure D.4 — Allowable error in energy balance of battery, AE,

In the meantime, the allowable error in the charge balance per distance, in Ah/km, can be estimated
directly using the information in Figure D.5. Figure D.5 shows the estimated fuel consumption, in 1/
km, for different charge balance per distance, in Ah/km, obtained using the linear regression method.
The linear regression line shows the relationship between fuel consumption and charge balance per
distance directly, that is, the effect of the thermal/electric system efficiency and the energy conversion
ratio are already taken into account. Thus, it is possible to define the allowable error in the charge
balance per distance for achieving a fuel consumption rate error of less than k %. It should be noted
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