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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 proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
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 2:
Externally chargeable vehicles

1 (Scope

This document specifies a chassis dynamometer test procedure to determine the énd of t

depleting state (CD) and consumed electric energy during CD state.

he charge-

The identification of the end of the CD state is an important step for procédures to determine exhaust
emissions and fuel consumption. Final determination of exhaust emissions and fuel consum
included in this document.

Thi

2

5 document applies to vehicles with the following characteristics.

The vehicles are hybrid-electric road vehicles (HEV) with an internal combustion engin
an on-board rechargeable energy storage system (RESS) for vehicle propulsion which
with electric energy from an external electric power source.

A CD state, in which the electric energy in the RESS from an external electric powe
consumed, is followed by a charge-sustainifig (CS) state in which the fuel energy is
sustaining the electric energy of the RESS.

Only batteries are assumed as the RESS0f a vehicle.

The RESSis notcharged while driving unless by regenerative brakingand/or by generativ
driven via the ICE.

External charge for the purpose of conditioning of the RESS is not included.
NOTE1 Trolleybuses\and solar powered vehicles are not included in the scope.

The vehicle is classified as a passenger car or light duty truck, as defined in the releva
applicable driving test (ADT) standard.

For the I€E;only liquid fuels (for example, gasoline and diesel fuel) are used.

NOTE2> In the case of vehicles with ICE using other fuel [for example, compressed natura

btion is not

b (ICE) and
is supplied

I source is
consumed

b operation

ht regional

gas (CNG),

hydrogen (H,)], this document can apply except the measurement of consumed fuel; otllnerwise the

measurement method for those using the corresponding fuel can apply.

The nominal energy of the RESS is at least 2 % of the total energy of consumed fuel over

Normative references

an ADT

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO/TR 8713, Electrically propelled road vehicles — Vocabulary

ISO 23274-1, Hybrid-electric road vehicles — Exhaust emissions and fuel consumption measurements —
Part 1: Non-externally chargeable vehicles

© IS0 2021 - All rights reserved
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3 Term

s 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:

3.1

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

IEC Electropedia: available at https://www.electropedia.org/

ADT
applicable
single driv

Note 1 to en

(WLTC) or the Urban Dynamometer Driving Schedule (UDDS), for example.

3.2

CD state
charge-def
operating
stored eled
power sou
(3.3)

3.3

CS state
charge-susg
operating
sustaining

34
energy ba
AERgss
change of §

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

Note 2 to e
balance of t

3.5

HEV
hybrid-ele
vehicle wit

driving test
ng test schedule which is specified for a relevant region

try: Chassis dynamometer test schedule for a relevant region is the Worldwide Light<duty Test (

leting state

mode of a hybrid-electric vehicle (3.5) with ICE in which the,véhicle runs by consuming
tric energy in the rechargeable energy storage system (RESS)N3.7) from an external eleg
‘ce or along with the fuel energy simultaneously or sequéntially until charge-sustaining s

taining state
mode where the hybrid-electric vehicle (3:5) runs by consuming the fuel energy wi
the electric energy of the rechargeable egnergy storage system (RESS) (3.7)

lance of RESS

PESS (3.7) energy state during an applicable driving test (ADT) (3.1)

htry: For practical.uSe; the energy balance of the RESS is approximated by multiplying the ch
he RESS in amperehours (Ah) with the nominal voltage of the RESS in volts (V).

tric véhicle
h both a rechargeable energy storage system (RESS) (3.7) and a fuelled power source

ycle

the
tric
fate

hile

hirge

for

propulsion

EXAMPLE
3.6

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

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

© ISO 2021 - All rights reserved
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3.7

RESS

rechargeable energy storage system

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

EXAMPLE Batteries or capacitors.

3.8

regenerative braking

braking with conversion of kinetic energy into electric energy for charging the rechargeable energy
storage system (RESS) (3.7)

3.9
SO(
stafle of charge
avajlable capacity of a rechargeable energy storage system (RESS) (3.7) or RESS subsystem expressed as
a pgrcentage of rated capacity (3.6)

4 (Symbols and abbreviated terms

CD charge-depleting

CNG compressed natural gas

CS charge-sustaining

E energy

Ecp energy of consumed fuel

H, hydrogen

ICE internal combustion engine

uDDS Urban Dynamometex Driving Schedule

WL[C Worldwide Light-duty Test Cycle

5 |Test conditions-and instrumentation

5.1 Test conditions

The test cenditions in ISO 23274-1 shall apply.

5.2| “Test instrumentation

The test instrumentation shall have the accuracy levels given in Table 1, unless otherwise specified by
the relevant regional ADT standard.

Table 1 — Accuracy of measured values

Item Unit Accuracy
Time S +0,1s
Distance m +0,1%
Temperature °C £1°C
a  Accuracy for measured value: + 0,3 % full scale deflection or + 1 % of reading,
whichever is greater.

© IS0 2021 - All rights reserved 3
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5.3 Chal

Table 1 (continued)

Item Unit Accuracy
Speed km/h +1%
Mass kg +0,5%
Current A +0,3%?2
Electric energy Wh £0,5%
a  Accuracy for measured value: = 0,3 % full scale deflection or + 1 % of reading,
whichever is greater.

rging of the RESS

5.3.1 Application of a normal charge

5.3.1.1 N

The charg
charging
operation.

For the noj
service chg

5.3.1.2 K

The end-off
to the drivj
maximum
the vehiclg
specified b

5.3.1.3 R

ARESSisf
end-of-cha

5.3.2 Ch

The vehicl
completion]

The RESS §

The electr

[ormal charging procedure

ng of the RESS shall be carried out at an ambient temperature of (25 ¥ 5) °C. The nor
rocedure shall be in accordance with the vehicle manufacturer’sspecification for nor

mal charging procedure all types of special charging shall-bé excluded, for example, a R
rging.
nd-of-charge criteria

charge criteria shall correspond to a charging time of 12 h exceptifa clear indicationis g
er by the standard instrumentation that thesRESS is not yet fully charged. In this case,
charging time shall be in accordance with\the manufacturer’s specification. After charg
shall not be conductively connected to@n external electric power source unless othery
y the manufacturer.

ully charged RESS

hlly charged when chargeddccording to the normal charging procedure (see 5.3.1.1) and
Fge criteria (see 5.3.1.2).

prging the RESS-and measuring energy

 shall be physieally reconnected to an external electric power source within 2 h follow
of the appropriate test sequence unless otherwise specified for the relevant region.

hall then'be fully charged in accordance with the normal charging procedure (see 5.3.1.1

clenergy, E, in Wh, delivered from an external power source, as well as the charging t

mal
mal

ESS

ven
the
ing,
vise

the

ring

).

ime

duration, shall be measured. The energy-measuring equipment shall be placed between the exte
electric power source and the vehicle power inlet.

6 Test procedure

6.1 General

rnal

This clause specifies how to determine the end of the CD state and the consumed electric energy during
CD state. In this document, ADTs during the CS state are only used to determine the end of the CD state.

In general, the results for the CS state in this document are not consistent with ISO 23274-1 and should
not be used for that purpose. See ISO 23274-1 to determine the exhaust emissions and fuel consumption

© ISO 2021 - All rights reserved
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for the CS state. If only the CS state applies, then only testing in accordance with ISO 23274-1 is
necessary.

There can be regional procedures to measure exhaust emission and fuel consumption. The test sequence
and the single test steps of the test procedure to determine the end of the CD state are described below.

6.2 Testsequence

6.2.1 General

Thigtestprocedure comsists of tire fottowing Steps:

a) |Perform vehicle preconditioning (see 6.2.2).

b) |Perform vehicle soak (see 6.2.3).

c) [Perform initial charge of RESS to be fully charged (see 5.3.1.1).
d) [Move the vehicle to the test room (see 6.2.4).

e) |Runan ADT and measure the energy balance of RESS, exhaust emissions and fuel consummption (see
6.2.5).

f) |Determine if the end of the CD state is reached (see 6.3.2 6r)6.3.3).
If the end of the CD state is identified, then go to g). If‘hot, the procedure from e) shall bg repeated.

g) |Fully charge the RESS and measure AC electric energy (see 5.3.2).

6.2)2 Vehicle preconditioning

There can be regional ADT standards that.state the procedure for vehicle preconditioning. If necessary,
the|SOC may be pre-adjusted by charging or discharging, to obtain suitable energy balance of RESS
between the beginning and the end of.test.

6.2{3 Vehicle soak

Rel¢vant regional ADT staridards can contain information regarding the vehicle soak.

6.2/4 Vehicle moyvement to the test room

When the vehicl@isbrought into the test room, and moved during the test if necessary, it shal| be pushed
or owed (neither driven nor regeneratively recharged.). The test vehicle shall be set on the chassis
dynamometer/after the chassis dynamometer has warmed up just before the test. The vehidle shall not
be dctivated during soak until right before starting the test.

6 2 | DA - lo A DT
Y “rre) IVITASUITCIIITIIL IIT CTalll AT

The energy balance of RESS, consumed fuel and exhaust emissions shall be measured in each ADT.
Regional standards can contain the test procedure regarding the conditions of the vehicle during the
ADT.

6.2.6 Electric energy measurement
The RESS shall be fully charged in accordance with the procedure described in 5.3.1.

After completing the ADTs (see 6.3), the RESS shall be fully charged as specified by vehicle
manufacturers. The charging shall be started within 2 h after completion of the test in accordance with
5.3.

© IS0 2021 - All rights reserved 5
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For the determination of the end of the CD state (case 2) according to 6.3.3, the electric energy of the
RESS before charging may be adjusted to the mean value of the electric energy during the CS state.

6.3 Determination of the end of the CD state and the beginning of the CS state

6.3.1 General

The energy balance of the RESS during the CS state varies depending on the design of an HEV system
and its operation. Therefore, this document specifies two cases for the determination of the transition
point between CD and CS state. Case 1 and case 2 depend on the characteristics in the CS state as

described
arelevant
applicable,

6.3.2 Determination of the end of the CD state (case 1)

Case 1 app
a specified
in CS state

The ADT where the CD state ends shall be determined by performing ADTs)as follows.

— The en

— ADTsh
in Wh.

of fuel).

— One oy
— The Al

NOTE N

regional ADT contains a specific direction. Case 1 is applicable to most HEVs. If case(1 is
case 2 shall apply.

lies when the energy balance of the RESS during each ADT in the CS state is varying wi
small range (see Figure 1). For case 1, one or more ADTs shall be carxied out. The vehic
when the energy balance of the RESS during each ADT is varying within the specified ra

all continuouslybe carried outuntil each AEg ;s is detéermined to be stable within + (0,01 x |
E¢r is the energy of consumed fuel at the ADT (converted to Wh using the lower heating v

more consecutive ADT(s) are necessary totknow whether the vehicle is in CS state.
T where the CD state ends is the onelbefore the first ADT at CS state starts.

ee Annex A for information on the procedure to determine the beginning of the CS state.

n Figure 1 and Figure 2 and defined in 6.3.2 and 6.3.3. One of these cases shall apply unjess

not

hin
eis
hge.

ergy balance of the RESS (AERpss, Wh) between the startand the end of each ADT shalll be
calculgted.

Ecr)
hlue
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Key)
X [time sequence +0,01 x Ecp of (N+1) th ADT

Y1 [electric energy -0,01 x Ep of Nt ADT

= © © 9 O

Y2 |AEggss (Wh) first ADT

1 [fully charged RESS second ADT
2 |CD state ADT number
3 |CS state

4 |AEggss

5 |AEgpss Of Nt ADT

Figure 1 — Determination of transition point from CD to CS state (case 1)

6.3.3 Determination of the end of the CD state (case 2)

Case 2 applies when the energy balance of the RESS during a set of ADTs in CS state is varying within a
specified small range (see Figure 2).

The ADT where the CD state ends is given by specifying the first set of ADTs in CS state as follows.

A series of ADTs supposed to be in CS state shall be divided into sets. A set consists of consecutive ADTs.
The number of ADTs in a set should be a minimum. When the energy balance of RESS at the start of the
first ADT and the end of the last ADT in the set is determined to be stable within +1 % of the consumed

© IS0 2021 - All rights reserved 7


https://standardsiso.com/api/?name=a274f81c658ea667534e460dc517f997

IS0 23274-2:2021(E)

fuel of one or more consecutive set(s), the vehicle shall be determined as being in CS state. The ADT
where the CD state ends is the one before the first ADT at CS state starts.

NOTE1 The customer can set the number of times to pass the CS condition in succession. Annex A describes
an example of how to set the number of times to pass the condition once (P = 1) and more (P> 1).

NOTE 2  See Annex A for information on the procedure to determine the minimum number of ADTs in a set.

Y1) 2 : 3
s l
O<+—1 ;10 11 12 13
A A A A
o v \ i \/ \
I U o
o -1 1 A O L o4
' | N T __A\__ ! |
S : @ “@"(D @ | CD Q ©
— 55—
i ! i . | | | i ' |
14} 15 | A VSRS SN S A S S B
1 ! Y | Y | \r : V |
N | | ! |
l l ! l
I I ! I
| | | |
Y2A ! | L4 :
6 | | | d |
S RAR  B :
7 | | | |
e ons AR S |
‘ A ARER A
0 . - . : : ;
N @ : ! } l
I RN} | A P | |_____|
71 ! ' ! . 15 !
| l——— ————d ) === |
| | | | ! ! |
SRR IR A O
B
Key
X  time sefjuence 7 +0,01 x Ecp of asingle ADT
Y1 electrigenergy.ofthe RESS (Wh) 8 -0,01 x E.p of a single ADT
Y2 AERgss [Wh) 9 -0,01 x E¢ of second set of ADTs
1  fully chprged RESS 10 firstset of ADTs
2 CD state 11 second set of ADTs
3  CSstate 12 third set of ADTs
4 AERgpgs of a single ADT 13 fourth set of ADTs
5  AERggs of aset of ADTs 14 first ADT
6  +0,01 x E.p of first set of ADTs 15 second ADT

Figure 2 — Determination of transition point from CD to CS state (case 2)

8 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=a274f81c658ea667534e460dc517f997

1SO 23274-2:2021(E)

7 Additional data evaluation of results

Determination of the CD state shall be documented. By determining the CD state in accordance with
Clause 6, the following results can be obtained:

— the number of ADT(s) until the CD state ends;
— electric energy consumed in the CD state as measured in accordance with 5.3.2;

— exhaust emissions and fuel consumption in the CD state as measured based on information on the
regional requirements.

© IS0 2021 - All rights reserved 9
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Annex A
(informative)

Procedure for determining the beginning of the CS state

A.1 Gen,

ral

This proce
the beginn

The custoy
under an o

The procedlure starts with the first ADT cycle. This corresponds with the proeedires cycle count

=1, set as

Formula (4

counterjb
One or mof

The procec
defines the
the value f
CS mode.

NOTE
(A.2)].

P=2;t

I

P=3;t
CC=0;

definit
is deter

CC=1; ¢

(operatles according to the conditions given in 6.3.2).

CC=2; ¢
consec

CC=3; ¢

dure systematically determines the minimum number of ADTs in a set, in order to~iden
ng of the CS state according to 6.3.

ben case condition, where case 1 or case 2 is unknown prior to the operatiof)of the proced

the start condition for the procedure. The first results for A [see Eormula (A.1)] and B
.2)] shall be calculated for this j = 1-st ADT cycle. Every subsequent ADT cycle increme
yone (j=j+1).

e consecutive ADT cycles are necessary to determine if thewehicle is in CS state.

lure also contains the indicators P and CC for the output of the result quality. The custo
value for P and thus sets the number for consecutive ADT cycles or sets of ADT cycles
br CC and thus sets the number of consecutive ART cycles in a set, in order to determine

= 1; the procedure ends if the first cycle or set of ADT cycles confirms A < B [see Formulae (A.1

e procedure ends if the first two conseeutive ADT cycles or sets confirm A < B.

he procedure ends if the first three.consecutive ADT cycles or sets confirm A < B.

pen case condition. Theprocedure checks the available cycles and sets of cycles accordin
ons given for P. Result could be case 1 (P, k=1) or case 2 (P, k=2 or P, k=3, etc.), wherever the CS §
mined first.

ase 1, k=1 condition. The procedure checks cycle by cycle and depending on P consecutive cy
hse 2, k =2 condition. The procedure checks set by set of two consecutive cycles and depending

Itive setsof two consecutive cycles (operates according to the conditions given in 6.3.3).

ase 2y k=3 condition. The procedure checks set by set of three consecutive cycles and depending

consec

her defines, if the procedure shall operate under case 1 (see 6.3.2) or case 2¢(see 6.3.3)

tify

or
Lire.

erj
[see
bnts

mer
and
the

and

b to
tate

cles

bn P

bn P

itivde sets of three consecutive cucles (onerates accordinatothe coanditions givenin 6.3 3)
J o o o -J

A.2 Procedure

A.2.1 Ba

sic procedure

The basic procedure to determine the beginning of the CS state is described below and also shown as a

flowchart i

Start:

n Figure A.1 and Tables A.1, A.2, A.3 and A .4.

Step1) Setj=1,F E;=0,P CC;

where

10
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P
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is the index number of evaluated ADTs in the procedure. Starts with 1, indicates the first
ADT cycle;

is 0 until the first ADT cycle where E¢f > 0;
is the number for consecutive ADT or sets of ADT cycles (set by the customer);

is depending on consecutive ADT cycles in a set (set by the customer).

Step 2) Setk=1and m=1 and go to step 3);

wh{

pIre

k  is the number of performed ADTs in a set;

m  isthe number of ADTs (when case 1, k = 1) or of sets of ADTs (when casel2;k > 1) consecutively

satisfying A < B.

Ste
Ste
Ste
Ste
Ste
Ste
Ste
Ste

Ste

3) Evaluate one ADT and go to step 4).

4) Calculate AERggs and Eqp and go to step 5).

5) If Eq;> 0 then go to step 7), otherwise go to step 6).

6) IfF_E.r=1then go to step 8), otherwise go to step 48):
7) SetF_Eqr=1,and go to step 8).

8) If CC =0 then go to step 11), otherwise go te step 9).

9) Set k= CC and go to step 10).

10)
11)

A=

If j= k x P then go to step 11), etherwise go to step 18).

y
Y AErgss(i)
i=x

Calculate A and B according’to Formulae (A.1), (A.2), (A.3) and (A.4) and go to step 12).

(A1)

Y

I=X

x=1+j- kxm (A.3)

y = j Sk (m-1) (A4)

where

A isthe sum of the consumed RESS energy in the relevant ADT cycle(s);

B is 1 % of the sum of the consumed fuel energy in the relevant ADT cycle(s);

x  isthelower ADT cycle index number for calculation of A and B;

y  isthe upper ADT cycle index number for calculation of A and B;
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j is the total number of ADTs;

k  isthe number of ADTs in a set;

m  isthe number of ADTs (wWhen case 1, k=1) or of sets (When case 2, k > 1) consecutively satisfying

A<B.
Step 12) If A < B then go to step 15), otherwise go to step 13).
Step 13) If CC = 0 then go to step 14), otherwise go to step 18).
Step 14) Tficrease k by one and set m = 1, and go to step 17J.
Step 15) If m = P then go to step 19), otherwise go to step 16).
Step 16) Increase m by one and go to step 17).
Step 17) If j < k x Pthen go to step 18), otherwise go to step 11).
Step18) | j=j+1
Step 19) Document j, k, m, P, CC, CD mode ends at (j - k x m) and CS mode-starts at (1 +j - k xjm) .
Stop the tept.
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