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Foreword

[SO (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.

SAE International is a global association of more than 128,000 engineers and related technical experts in
the aerospace, automotive and commercial-vehicle industries. Standards from SAE International are used to
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Introduction

The test procedures were derived from typical use cases. Both test procedures and use cases were
established based on the following premises:

— Comparability: the charging performance determined according to this document enables a comparison
of the performance of different electrically propelled vehicles in realistic scenarios. The application of
specific optimizing features to improve the charging performance (e.g. battery thermal preconditioning
based on navigation systems) is taken into account.

— Imitability and plausibility: the possibility to retrace the determined charging performance in principle.

— Regroducibility: the specified test conditions, test methods and test processes ensure reprodiicibility
within common measurement tolerances. It was important to leave as little space as. posgible for
inaglvertent deviations or manipulations.

The tedt results serve for information purposes, e.g. for vehicle operator interfaees) or manufacturer
specificptions.

© ISO/SAE International 2024 - All rights reserved
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International Standard ISO/SAE 12906:2024(en)

Road vehicles — Test procedures for electric vehicles to
determine charging performance

1 Scope

This dofument specifies test procedures to determine the charging performance of electric vehicles. This
document facilitates clear and consistent comparisons of realistic charging capabilities of(elegtrically
propellé¢d vehicles (EVs) via commercially available electric vehicle supply equipment. It provideq details
about test conditions, test methods and test processes derived from typical use cases(Furthermore, it
specifies requirements regarding the information for the vehicle operator.

This dofument is applicable to EVs, including plug-in hybrid EVs.
This dofument does not provide requirements for mopeds and motorcycles.
Unless gpecified otherwise, all test procedures can be applied to AC, DC orywireless charging methods.

NOTE Specifications for reverse power transfer are under consideration;

2 Normative references

There afe no normative references in this document.

3 Terms and definitions
For the purposes of this document, the followingyterms and definitions apply.
[SO and|IEC maintain terminology databases for use in standardization at the following addresses:

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

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

3.1
applicaple driving test
ADT
driving|test provision including test procedure and requirements for homologation in the intended market

EXAMPIE Wotldwide harmonized light vehicles test procedure; SAE J1634.

3.2
ADT schedule
1

i £ Aty ()
collectibrefeneormeore GV g€y €re(S)

EXAMPLE Worldwide light-duty test cycle; urban dynamometer driving schedule.

3.3
DC electric energy consumption
ECpc

Recne
energy withdrawn per unit of distance from the RESS (3.9) for operating the EV (3.5) as measured by the

combined test procedure defined in the ADT (3.1)

Note 1 to entry: Charging losses due to AC charging are excluded.

© ISO/SAE International 2024 - All rights reserved
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Note 2 to entry: The unit of the distance referred to depends on the specification in the ADT.

Note 3 to entry: In the worldwide light-duty test cycle, the consumption of the combined test procedure is called
ECpcwrrc:

3.4

discharged battery energy

DBE
Epgg

energy removed from the RESS (3.9) during the ADT schedule (3.2)

Note 1 to entry: At the end of the ADT schedule the DBE equals the usable battery energy.

3.5
electric
EV
vehicle

[SOURC
3.6

ally propelled vehicle

vith one or more electric drive(s) for vehicle propulsion

E: [SO 6469-3:2021, 3.15 — The abbreviated term “EV” has been added.]

EV supply equipment

EVSE
equipm
a fixed

charging

[SOURC

3.7
indicat
indicat
residua
vehicle

Note 1t

[SOURC
indicatg

3.8
optimis:
all vehi
vehicle

EXAMPI
selected

3.9
rechar;

ent or combination of equipment that provides dedicated functions to supply electric ener
blectrical installation or supply network to an electrically propelled vehicle (3.5) for the pu

E: [EC 61851-1:2017, 3.1.1, modified - Examples were deleted.]

pd state of charge

ed SOC

capacity of rechargeable energy storage system (3.9) available to be discharged as indicate
bperator

entry: Indicated state of charge is normally expressed as a percentage of full charge.

E: ISO/TR 11954:2024, 3.11, modified — The term was originally RESS state of charge
d to the vehicle operator” has been added.]

ring features
Cle functions that positively impact the test results when activated either automatically o
bperator

E Batterg/thermal preconditioning functions activated by navigation systems, specific chargin
by the vehicle-operator.

reable energy storage system

RESS

by from
‘pose of

d to the

and “as

" by the

g modes

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

EXAMPLE Battery, capacitor.

[SOURC
3.10

E: ISO 6469-1:2019, 3.22, modified — “Flywheel” has been deleted from the examples.]

recharged usable battery energy

rUBE
Erype

calculated share of UBE (3.13) that is recharged within a certain period

© ISO/SAE International 2024 - All rights reserved
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3.11

remaining electric range

range calculated based on the battery capacity remaining for driving and the ECj, (3.3) of the EV (3.5) as
determined in the ADT (3.1)

3.12
soaking
establishing a targeted steady state by exposing the EV (3.5) to defined environmental conditions

3.13

usable battery energy

UBE

usable RESS (3.9) energy determined according to ADT (3.1)

i

|I> 100 |I>

Note 1 t¢ entry: See Figure 1.

Key
1  enefgy entering the RESS (see MP3 in Figure 4)

2 Q4 forrecharging (e.g. loss due to cell chemistry, heatingdnRESS)
3 Qlos[ for discharging (e.g. loss due to cell chemistry, heating in RESS)
4  UBH/rUBE (see MP4 in Figure 4)

100 RESS

Figure 1 — Relationship between energies and losses at the RESS

4 Abpreviated terms

AC alternating cufrent

DC direct current

GPS global positioning system

PER pure electric range

RMS TOOUIMean square

WLTC worldwide light-duty test cycle

WLTP worldwide harmonized light vehicles test procedure
5 General

The test procedures specified in this document serve to determine the charging performance of an EV.

NOTE It is not necessary to perform all test procedures.

© ISO/SAE International 2024 - All rights reserved
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This document does not address bundling or the classification of vehicle configurations. It therefore does not
specify for which changes in vehicle configurations the test procedures shall be repeated. The manufacturer
may apply test results to other vehicle configurations than the vehicle configuration tested. In this case, the
vehicle manufacturer shall ensure that the values stated in the vehicle operator information (see Clause 7)

are also

possible with the corresponding vehicle configurations.

The vehicle manufacturer may specify values in the vehicle operator information that are worse than the
test results achieved, e.g. to add some margin.

The vehicle manufacturer may specify a range of values in the vehicle operator information for bundling or
the classification of vehicle configurations.

NOTE

6 Tes

6.1 Operview of test cases

The vehicle operator can be, e.g. the owner or driver of the vehicle or a test engineer.

it cases and general requirements

Table 1 [gives an overview of the test cases to determine the charging performaneévImplementatior details
on how [to perform the corresponding test procedures are given in 6.3.
Table 1 — Overview of test cases
Test case Charging Start condition End condition Testresult
power
Normal|Charged charging start and end conditions apply according |— charging duration
power applied |to the ADT
in ADT? — charging efficiency
— max. charging powef
start conditions 60 min — recharged electric| range
apply according to obtained within 60| min of
the ADT Normal Charge
Fast Charge charging 15 kmrto 60 km 10 min — recharged electric| range
power up remaining electric obtained within 10| min of
to the max. rangeb Fast Charge
charging 10 % indicated SOC¢ |80 % indicated SOC |— charging duration
power supf
I];%rtEd by the — charging efficiency
— max. charging powef
a2  E.g. Europe 11 kW (16,A:dat230 V 3-phase), US 9,6 kW (40 A at 240 V), China 7 kW (32 A at 220 V), Japan 6 kW (30 A 4t 200 V).

b See

¢ See

d  Typi

$.3.2.5 for specifiedtions related to the starting condition.

$.2.4 for detérmination of indicated SOC.

cally AC unless unavailable on the EV.

The Fas

t Charge test case is only applicable to EVs that support a maximum charging power > 22 kW.

Annex A specifies the test procedure to determine the charging performance at low ambient temperatures.
Annex B provides a test procedure for heavy duty vehicles.

6.2 General requirements

6.2.1

Vehicle manufacturer specifications

The vehicle manufacturer shall specify the required current and voltage ranges to be covered by the EVSE
for each test procedure.

© ISO/SAE International 2024 - All rights reserved
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For AC charging, the vehicle manufacturer shall additionally specify the number of phases and the charging
cable applied.

The vehicle manufacturer specifications should take region-specific availabilities (e.g. supply network
connections) into account.

The EVSE applied in the testing shall support the specifications of the vehicle manufacturer to allow the
maximum charging performance of the EV under test.

If applicable, the vehicle manufacturer shall explain how to activate optimizing features (e.g. specific
charging modes, GPS navigation, activation via diagnostic function).

6.2.2 |EV run-in

The EV|under test shall have been run-in according to the specifications of the ADT. If the"ADT does not
specify[run-in requirements, the EV shall have been run-in at least 300 km or one full(echarge distance,
whicheyer is longer.

NOTE The EV run-in time can differ between battery electric vehicles and externally chargeable electric hybrid
vehicles|in the ADTs.

6.2.3 |Measurement tolerances and accuracies

The vehicle manufacturer shall take measurement tolerances and. accuracies into account|in the
determination of the test result. External measuring tools and/or on-board measurement data fronj the EV
may be psed in the tests.

Table 2 [provides sample rate, accuracy and resolution for différent parameters that shall be appligd in the
measurpments described in this document.

Table 2 — Measurement sample rates, accuracies and resolutions

Measured parameter Sample rate Accuracy Resolution
Time [s] - +1s <1ls
Indicatgd SOC [%] 1 Hz as provided by the EV <1%
Energy [kWh] during dis- 20 Hz for the'voltage and |£1 % of reading, or <1Wh
charge fo measure the DBE current measurements 0,3 % of full scale of meas-
(see 6.25) urement device,

whichever is greater
Energy |[kWh] to identify the.. \ | Watt-hour meter, Class 1 in accordance with IEC 62053-21 or equivalent
charging efficiency (see 6.2:6)
Electricpl power [KW] (see 1 Hz +1 % of reading <10 W when charg|ng
6.2.7) power < 10 kW and|

<100 W when charging
power = 10 kW

The full|scale of the measurement device should not exceed the maximum measured parameter to thr extent
that it significantly impacts the test result

NOTE A wideband meter (power analyser) or wideband ampere-hour meter for pulsed power electronics can be
used for the DBE measurement.

6.2.4 Determination of indicated SOC

The indicated SOC shall be obtained from the on-board measurement data of the EV or from the on-board
indication.

NOTE The indicated SOC at any other interface available can be used for plausibility checks but can be subject to
certain latencies.

© ISO/SAE International 2024 - All rights reserved
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Determination of recharged electric range by recharged energy

, the vehicle’s ECpy is usually determined using a measurement at the RESS terminal.

During Fast Charge, a large share of energy is typically transferred to heat just inside the RESS because of
heat generated by electric resistances at high charging current (Figure 1, key 2).

Therefore, the measurement of the electric energy added to the RESS (Figure 1, key 1) is higher than the
energy stored in the RESS.

Consequently, the measurement of the electric energy added to the RESS (Figure 1, key 1) is not suitable
to determine the effectively delivered rUBE inside the RESS (Figure 1, key 4). The method specified in the

clause s
a) Det
1)

Dufy
The

Car
dis
sch
2)
Dui
The

NOT

befd

The
of t

be1
3)

Usi
to t
und

where

ptves this probienrand determmines the TUBE Tmgoodapproximmation:

ermination of rUBE
Required measurements during ADT schedule

ing the ADT schedule the DBE of all RESSs and the indicated SOC shall be syichronously re
measurements shall allow the association of the DBE to an indicated SOC interval.

harge during vehicle operation and RESS charging during regenerative braking events dur
bdule.

Required measurements during charging phase
ing the charging phase, the indicated SOC and the time shall be synchronously recorded.
time measurement shall start with the first changetofithe indicated SOC (=SOC_start).

E The first change of the indicated SOC (=SOCcstart) can be positive or negative, e.g. due to fj
re the beginning of the actual charging process.

indicated SOC (=SOC_end) shall be recordeéd after ¢, In addition, the time tgo¢ ¢qq from t

ecorded until the indicated SOC,changes to SOC_end+1.
Calculation of rUBE within the reference time t_¢

ng the data from 1) and 2),-the rUBE within ¢, shall be calculated by subtracting the DBE asj
he SOC_end (=Epgg sgcyena) from the DBE associated to the SOC_start (Epgg soc_start) taking
ompleted SOC_enddproportionally (linearly interpolated) into account as per Formula (1):

tref _tSOC_end

BE (tref ) =EDBESOC start ~ EDBE,SOC end + X(EpgE,s0c_end — EDBESOC_end+1

tsoc_end+1 ~ts0C_end

corded.

e shall be taken to calculate the net energy for the appropriate SOC interval including both, RESS

ng ADT

Linctions

he start

he time measurement until the indicated’SOC changes to SOC_end shall be recorded. Charging shall
continue until the SOC_end changes to the-next indicated SOC (=SOC_end+1) and the time t5¢ ¢y

1.1 shall

ociated
the last

)

E

Tad is the recharged usable battery energy (rUBE) within the specified time span

bf ¢

ref’

t

ref

is the reference time for recharged electric range calculation (e.g. 10 min);

EpEsoc start 1S the DBE associated with the SOC_start;

EpBESoc_ end is the DBE associated with the SOC_end;

Eppesocena+1  is the DBE associated with the SOC_end+1;

ts0C_end is the measured time until the indicated SOC changes to SOC_end;

ts0C_end+1 is the measured time until the indicated SOC changes to SOC_end+1.

© ISO/SAE International 2024 - All rights reserved
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Figure 2 and Figure 3 illustrate the determination of the rUBE with example values for the parameters of

Formula (1).

DBE

SOC
a _ d
EpgEsoc_start =72,362 SOC_end+1=27,1
b e
EpgEsoc_end =57,819 SOC_end=26,4
c f
EpgEsoc end+1 =56,138 SOC_start=6,8

Figure 2 — Determination of DBE during ADT schedule (example)

SoC rUBE

80

t
cd 2 fgh
Key
Y  renjahting electric range [km] d  beginning of time and SOC measurement
1  rUBE after 10 min e
SOC_start=6,8
2 rUBE measuring duration (10 min) f t )
SOC_end=9min48s

a g

SOC_end+1=27,1 tref =10 min
b h

SOC_end=26,4 tSOC_end+1=10 min21s

¢ beginning of charging

Figure 3 — Determination of rUBE during charging (example)

© ISO/SAE International 2024 - All rights reserved
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With the example values from Figure 2 and Figure 3, Formula (1) leads to the following result:

E,ypg (10 min)=72,362 kWh —57,819 kWh 4 —0min—9min48s o, o191wh_56,138 kWh)=15,154 kWh

10min21s—-9min48s

SOC_start, SOC_end, and SOC_end+1 shall be selected from the recorded data during the charging phase. If
any of these values do not align with the indicated SOC values recorded during the ADT schedule, a linear
interpolation using the next lowest indicated SOC and the next highest indicated SOC recorded during the
ADT schedule shall be used to identify the Epgg so¢ start EDBE,soc_end’ OF EDBE,soc_end+1 Values as necessary.

EXAMPLE 1 During discharge, the measurement indicates the DBE of 57,589 kWh when the vehicle reports an SOC
step to 26,8 %, and the DBE of 58,125 kWh when the vehicle reports an SOC step to 26,1 %. However, during charging,
the finallSOC step recorded from the vehicle before the end of test, SOC_end, is 26,4 %. This recorded SOC vhlue was
not provjided by the vehicle during discharge but was provided during charge. The Epgg goc eng between)26[1 % and
26,8 % if identified by linear interpolation: Eppg soc_eng = (58,125 kWh - 57,589 kWh) / (26,8 % - 26,1,%) % (26,4 % -
26,1 %) + 57,589 = 57,819 kWh. B

b) Detlermination of recharged electric range

The redharged electric range during a charging phase shall be calculated froy the ECy. accoyding to
Formulg (2). The result of the calculation of the recharged electric range shall.be'rounded down tq integer
numbers.

E'\uBE (tref )
1epER (Eref )= R (2)
EC,DC
where
rpir (Eref) is the recharged pure electric range withifrthe specified time span of t,..¢

E.ubg(Erer) is the recharged usable battery energy (rUBE) within the specified time span of t} ¢
Redpc is the DC electric energy consumption (ECp);

t

ref is the reference time for recharged electric range calculation (e.g. 10 min).

EXAMPLE 2  The rUBE within the time period of 10 min is 15,154 kWh. The vehicle’s ECy is 0,15 kWh/km. The
result fof the recharged electric range within’/10 min of charging is (15,154 kWh / 0,15 kWh/km) = 101 km.

6.2.6 [Determination of charging efficiency

Charging efficiency shall be(calculated as the relationship between rUBE and the energy providefl to the
EV accarding to Formula«(3). The rUBE shall be determined according to 6.2.5, where ¢, is the mpasured
charging duration frompathe Normal Charge test procedure respectively from the Fast Charge test prqcedure.

© ISO/SAE International 2024 - All rights reserved
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E\uBE
Ncharge = Er %100
MP

where

Ncharge 1S the charging efficiency of the charging phase;

E ugE is the recharged usable battery energy (rUBE) determined according to 6.2.5;

Ey

isthe provided energv atthe corresnonding measurement point
I oJ I O Ir

(3

I

The relgtionship shall be expressed in percentage, rounded to one decimal place.

NOTE 1| The chargingduration for Normal Charge is measured according to 6.3.1.2 or 6.3.1.3. Thejeharging duration

for Fast Charge is measured according to 6.3.2.5 (10 % to 80 % indicated SOC).

For AC ¢harging, the provided energy (Ey;p) shall be measured at MP1 (see Figure 4) ordat MP2 (see Eigure 4)

for the §ame period of time as the measurement of the rUBE.

For DC ¢harging, the provided energy (E);p) shall be measured at MP2 (see Figufe 4) for the same period of

time as[the measurement of the rUBE.

For wirgless charging, this subclause does not apply.

NOTE 2| Product standards for wireless charging systems (e.g. ISO 54%4:4 and SAE J2954) have a specific pfocedure

for deteymining the charging efficiency.

MP1 MP, N
‘é) MP3 MP4
/
1 2 3 4
Key
siipply network (mains)
EVSE
EV
RESS
MP1 v¢ltage and currentdbetween utility and EVSE (typ. AC; 50 Hz or 60 Hz)
MP2 v¢ltage and currentbetween EVSE and vehicle (AC or DC)
MP3 v¢ltage and.current into cells of the RESS (DC)

MP4 c3lculatienof rUBE

Figure 4 — Visual description of measurement points (MP) used in the document

6.2.7 Determination of maximum charging power

To determine the maximum charging power supported by the EV, the power provided to the EV shall be

recorded during the charging duration.

For AC charging, the provided power shall be measured at MP1 or at MP2 (see Figure 4).

For DC charging, the provided power shall be measured at MP2 (see Figure 4).

© ISO/SAE International 2024 - All rights reserved
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For wireless charging, this subclause does not apply.

NOTE Product standards for wireless charging systems (e.g. ISO 5474-4 and SAE J2954) have a specific procedure
for determining the charging power.

The maximum charging power is the highest averaged power within a 30 s interval during the charging
duration.

For AC charging, the maximum charging power shall be expressed in kW, rounded to one decimal place in
the case of maximum charging power < 10 kW, or rounded to an integer in the case of maximum charging
power = 10 kW.

F DC baovaginag o oot s ol oot o o ozarx choll b
or TIaT gTirg, CICTITaEATITTOITT CIraT gt s pO v CT—STrart O

e-expressediniWrounded-to-integernumbeys.
6.3 Test procedures
6.3.1 (Test procedure for test case Normal Charge

6.3.1.1| General

To asseps multiple vehicle properties, an EV must execute the ADT. As part-of-the ADT, any EV under test
executef a charging phase until full charge to assess the recharged electricenergy E,c. If the ADT dloes not
specify such a charging phase, the charging phase shall be executed according to WLTP.

To detefmine the performance of Normal Charge, the charging duration of this charging phase until full
charge $hall be measured during the execution of the ADT.

6.3.1.2| Normal Charge AC

The chdrging duration shall be measured from the poinitin time the charging current exceeds 1 A (RMS) at
any phalse until the end-of-charge criterion is reachedaccording to the ADT.

For AC ¢harging, the charging current shall be measured at MP1 (see Figure 4) or at MP2 (see Figurd 4).
For wirgless charging, the charging current-shall be measured at MP1 (see Figure 4).

The charging phase shall be executed’ by applying the corresponding specifications of the|vehicle
manufafturer according to 6.2.1. The.supply network (mains) voltage shall not exceed 101 % of its hominal
voltage |during the entire charging phase. Conformance is demonstrated by at least one measurement of the
voltage at MP2 (see Figure 4) unhder full load conditions.

EXAMPHE1 In case of a ndminal voltage of 240 V, the supply network voltage does not exceed 242,4 V.

The timle measured shall'be rounded up to the next 5 min interval for charging durations < 2 h and yp to the
next 15|min intervalMor charging durations > 2 h.

EXAMPIE 2  Fora measured time of 6 h 33 min, the test resultis 6 h 45 min.

In additfion;'and from the same test, the recharged electric range shall be calculated according to 6.2.5 after
at..of b0imin.

NOTE The test procedure for the North American market is defined by SAE J1634.

6.3.1.3 Normal Charge DC

If an EV does not support AC charging, the test procedure shall be executed applying a DC charging power as
applied in the corresponding ADT. When the DC charging power in the corresponding ADT is > 20 kW or not
defined, up to 20 kW at the output of the EVSE shall be applied.

The charging duration shall be measured from when the charging current exceeds 1 A until the end-of-
charge criterion is reached according to the ADT.
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For DC charging, the charging current shall be measured at MP2 (see Figure 4).

The charging phase shall be executed by applying the corresponding specifications of the vehicle
manufacturer according to 6.2.1.

The time measured shall be rounded up to the next 5 min interval for charging durations < 2 h and up to the
next 15 min interval for charging durations > 2 h.

EXAMPLE For a measured time of 6 h 33 min, the test resultis 6 h 45 min.

In addition, and from the same test, the obtained range shall be calculated according to 6.2.5 after ¢ s of 60 min.

6.3.1.4 [ Charging efficiency and charging power for Normal Charge

In additfion to charging duration, charging efficiency and maximum charging power shall be détermiined for
Normal|Charge.

During fthe determination of the charging duration according to 6.3.1.2 or 6.3.1.3, the-charging effficiency
shall be|determined according to 6.2.6 and the charging power shall be determined atcording to 6.27.

6.3.2 [Test procedure for test case Fast Charge

6.3.2.1| Overview of process phases

The test procedure for the test case Fast Charge shall be executed by, applying the following procesg phases
in the indicated sequence:

1) soaking phase;
2) preparation phase (optional);
3) chajrging phase.

Further|details on each phase are given in 6.3.2.2 t0 6.3.2.6.

6.3.2.2| Relocations
The EV may be relocated between the phases of the test procedure, e.g. to a chassis dynamometer or gn EVSE.
For relocations, the following applies:
— thejvehicle shall be passively moved and shall not be actively driven or actively charged or discharged;

— optjmizing featurestshall not be activated during relocations. If they cannot be deactivated, rel¢cations
are[not permitted;

— relqcations shall be undertaken as quickly as possible, without any unjustified delay for a maxjmum of
30 min. For-EVs with a UBE of the RESS > 25 kWh according to ADT, relocations shall be undertaken as
quigklyas possible, without any unjustified delay for a maximum of 45 min;

NOTE I RLOCC £l A 3 11 ralal Tl 3 3 . £l 4 4 1o | t th
L‘Cllscl NLOJOS dlI'T UIICT lllUuyllallllLall_y IMIIUIT StavllC. T1TT1ITI'T 15 11U 1111}Ja\—\- UIl UIIT LtCOSU TTOUILS U e 0 e

allowance for an extended relocation time.

— the ambient temperature during relocations shall be < 30 °C.

6.3.2.3 Soaking phase
The vehicle shall be soaked for a minimum of 12 h.

The soak area shall have a temperature set point of 23 °C. The tolerance of the actual value shall be within
*#3 °Con a5 min running arithmetic average and shall not show a systematic deviation from the set point.
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The temperature of the EV, especially the RESS, should be achieved in a homogeneous manner.

The indicated SOC or remaining electric range at the beginning or during the soaking phase, is up to the
discretion of the vehicle manufacturer but shall ensure that the requirements for the starting condition of
the charging phase in 6.3.2.5 can be met.

Optimizing features shall not be activated during the soaking phase.

6.3.2.4 Preparation phase (optional)

The EV shall be operated within a speed range of 25 km/h to 30 km/h for a maximum of 30 min at an
ambient temperature range of 0 °C to 30 °C.

Alternatively, the EV may be soaked for maximum 30 min at an ambient temperature range of 0°C tj) 30 °C.

Optimiging features may be activated.

6.3.2.5( Charging phase

During the charging phase, the EV shall be in the following conditions:

— parked;

— dodrs closed, unoccupied;

— keylremoved from the vehicle, but vehicle in a state that allows gharging;
— vehlicle loads (e. g. chiller, pumps, lights) controlled by vehiclg;

— any| on-board equipment that can be switched off by the vehicle operator may be switched off during
tesfing;

— power shall not be simultaneously transferred-via different interfaces (e.g. solar panels, inductive
chafrging, multiple vehicle inlets) during the test.

During the charging phase, the EV should stand"in an environment with the following attributes:
— 1o sun load;
— wirld less than 10 km/h;

— minjimum 1 m clearance around the vehicle to allow air flow for radiators and condensers, see Fjgure 5.

Figure 5 — Clearance space around vehicle

NOTE1 Notall vehicles have these components located in the front.
The charging phase shall be executed with the following start conditions:

— any value of remaining electric range = 15 km and < 60 km and an indicated SOC < 9 %, or
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— anindicated SOC < 9 % and a remaining electric range of < 15 km, in case a remaining electric range of
15 km corresponds to an indicated SOC > 9 %.

The starting condition of the remaining electric range = 15 km and < 60 km shall be set according to one of
the following options:

a) Anyremaining electric range = 15 km and < 60 km is indicated.

NOTE 2  The electric remaining range refers to the combined consumption, which is not impacted by previous
drive cycles.

b) The indicated SOC corresponds to a remaining electric range of 2 15 km and < 60 km. The remaining

l faio o oan ond o oo d CnNe o111 aleplatad ot o rbo MDD oo t o Ao+t d CNC o PRIV l
elegterte TarrgCarrt arCatC U oo T STrarT ot tartaratC U o STIiTg thC D DL ant mmorCatC oo T aS— Sy HICTT nous y

recprded during the ADT [see 6.2.5 a) 1)]. The following principles apply:

— |when the DBE of the indicated SOC point “0 %” equals more than 60 km of range, the chargirlg phase
shall start with an indicated SOC of 1 %);

— [when the DBE of one indicated SOC point other than “0 %” completely covers.the remaining|electric
range of = 15 km and < 60 km, the charging phase shall start with this indicated SOC;

EXAMPLE 1 When 2,3 % indicated SOC equals 15 km of remaining electrienange and 2,9 % indicfted SOC
equals 60 km of remaining electric range, the charging phase starts with anyndicated SOC of 2 %.

— |when the indicated SOC changes once within the remaining electric range equivalent = 15|km and
< 60 km, the charging phase shall start with the indicated.SOC point with the larger shaile of the
window. When the shares of both indicated SOC points aré-equal (rounded to one decimall place),
both may be used;

EXAMPLE 2  When 1,8 % indicated SOC equals 15 kmfofremaining electric range and 2,4 % indicpted SOC
equals 60 km of remaining electric range, the chargingphase starts with an indicated SOC of 2 %.

— [when the indicated SOC changes two or more-times within the remaining electric range eqpivalent
> 15 km and < 60 km, the charging phase;shall start with any of the indicated SOC points that falls
completely inside the remaining electric range equivalent = 15 km and < 60 km.

EXAMPLE3  When 1,7 % indicated SO€ equals 15 km of remaining electric range and 6,3 % indicpted SOC
equals 60 km of remaining electric rahge; the charging phase starts with an indicated SOC of 2 %, 3 %, 4 % or 5 %.

The chalrging phase shall be executed by applying the specifications of the manufacturer according fo 6.2.1.

The chprging phase shall not'‘be executed at ambient temperatures that significantly impact the
measurpment. During the charging phase, the ambient temperature shall be within 0 °C to 30 °C. An gmbient
tempergture of 23 °C £ 3 °Cisrecommended.

The recharged electricgange shall be calculated according to 6.2.5 after ¢, of 10 min. At the discretion of
the vehicle manufacturer, additional durations may be reported with the following guidance:

— t...pof 5 minaand 20 min are recommended,;

ref

— t..shall be =5 min;

ref

— allrecharged electric ranges, including that for the required 10 min duration, shall be measured from the
same test.

EXAMPLE4  Arecharged electric range for 5 min is desired. A charging test is run for a minimum of 10 min and the
calculation according from Formula (1) is performed twice, once for a £, = 5 min and again for ¢.,;= 10 min.

In addition, and from the same test, the charging duration shall be measured from when the indicated SOC
changes to 10 % until the indicated SOC changes to 80 %. The resulting value shall only be valid when the
DBE for this indicated SOC interval (see 6.2.5) corresponds to at least 69 % of the UBE of the RESS according
to the ADT.
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The time measured shall be rounded up to the next 1 min interval.

EXAMPLE 5

For a measured time of 20 min 16 s, the test result is 21 min.

6.3.2.6 Charging efficiency and charging power for Fast Charge

In addition to the charging duration and the recharged electric range(s), the charging efficiency and the

maximum charging power shall be determined for Fast Charge.

During the determination of the charging duration according to 6.3.2.5, the charging efficiency shall be
determined according to 6.2.6 and charging power shall be determined according to 6.2.7.

7 Vehicle operator information

The test procedures have been developed to enable the comparison of the charging performanee of different

EVs and to reproduce the achieved results. Table 3 gives an overview for illustration purposes.

Table 3 — Overview of results of test procedures given in this document

. . . - . Recharged
Test procedure Charging duration Charging efficiency | Max. charging power electric range
Norma{Charge xx h xx min XX, X % xX, X KW, xxx km after 6 min
(full chgrge)
Fast Chqrge xx h xx min XX, X % xx kW xxx km after 1) min
(10 % tq 80 %) '
NOTE 1| Charging efficiency and maximum charging power are determined during the charging duration.

NOTE 2

Losses of the EVSE are not included for DC charging:

The terms for the test cases, including the additionalinformation in brackets, should be given in thq vehicle
operatofr information as expressed in Table 3. If optimizing features that are directly or indirectly agtivated

by the viehicle operator are applied, the vehicle manufacturer shall indicate this for each test result.

EXAMPIE

Battery thermal preconditioningfunctions, or specific charging modes directly activated infthe user
interfacg¢. Battery thermal preconditioning fusnctions indirectly activated by navigation systems.
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Annex A
(informative)

Fast Charge at low ambient temperature

eneral

Low an{
several
lower a

At the ]
on the
describ

A.2 Options for low ambient temperature test procedure

The ove
one atn|
duratio

bient temperatures can have a significant impact on the charging performance of an EV
physical and procedural effects, the test procedures given in Clause 6 cannot simply be\exe
mnbient temperatures without further adaptations.

ime of publication of this document, little experience with the effects of low afmbient temp
harging behaviour was available. For this reason, the low ambient temperature test proc
bd in this annex and is not part of the main body of the document.

rall test consists of two separate test procedures: one at low ambient temperature (-7 °C £ 3
prmal ambient temperature (23 °C £ 3 °C). The result of the tést is the calculated ratio of the ¢
hs of the charging phases in the two test procedures.

There

Both opftions have in common the initial adjustment of the indicated SOC, the soaking phase and the @

phase

shall bg executed the same way in the test procedure at low ambient temperature and at normal
tempergture, by either:

— CO
— exe

Details

1
OPTION 1 |

e two equivalent options to execute the test. An overview of these options is given in Fig

Due to
cuted at

erature
bdure is

°C) and
harging

ure A.1.
harging

t differ in the phase before the charging phase(As indicated in Figure A.1, that preparation phase

inuing the soaking phase and applying©ptimizing features, or

cuting a drive cycle.

______________________ Tm——————————————
low ambient So¢- Soaking phase Continued soaking (-7°C) Charging phase
temperature | adjustment (-7°C) (with activated optimizing features) (-7°C)
normalanibiént SOC- Soaking phase Continued soaking (23°C)
témperature | adjustment (23°C) (with activated optimizing features)

bn the dedicated phases of the test procedure and for relocations in between are given in A.9§.

hmbient

OPTION 2

f 1
; R i Drive cycle (-7°C) i
low ambient soc > Soaking phase > elmlGH st activated Charging phase

temperature | adjustment (-7°Q) optimizing features) (-7°Q)

normal ambient SOC- Soaking phase ']t)hrive Qi’ﬁlet(zif’c)t ; Charging phase
temperature | adjustment (23°C) it (0-30°0)

Figure A.1 — Options for low ambient temperature test procedure
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A.3 Process phases of low ambient test procedure

A3.1

A3.1.1

Relocations

General

The EV may be relocated between the phases of the test procedure, e.g. to a chassis dynamometer or a soaking
area. For a relocation between SOC-adjustment and the soaking phase, no specific requirements apply.

For relocations between the other phases of the procedure, the following applies:

— thep

— opt
are

— relgcations shall be undertaken as quickly as possible, without any unjustified delay:

As relog

may be

EXAMPIUE The vehicle is relocated after the drive cycle at =7 °C, but is not relogated after the drive cycle

A.3.1.2

Relocat

of 30 mfin. For EVs with a UBE of the RESS > 25 kWh according\to ADT, relocations shall be undert

quickly

not stayg

The am

A3.1.3

If the vehicle is exposed to an ambient temperature higher than -4 °C during the transfer from the s¢
to the test cell:

— the
— the
— the

tim

A.3.2

The goal of this phase is to set the same DBE at the beginning of the soaking phase in both test pro
(low ambient temperature and normal ambient temperature). Therefore, the following phases
executel:

ahicla chall ba ooy IFTRZCWCTP dand cha Hr\ ivzalay da chargnd o

an Pt = oy dic
Vetere-Starue yuuulvuj] oveaahReSta e-actHvery-ervenoF u\,uvpt] CHaFgeaoOraS€r

not permitted;

different from relocations at low ambient temperatures during the test procédure.

Relocations in normal ambient temperature test proceduré

ons during the normal ambient temperature test procedure'shall be limited in time to a m

as possible, without any unjustified delay for a maxjmum of 45 min. Thus, the following phg

bient temperature during relocations shall be'between 0 °C and 30 °C.

Relocations in low ambient temperature test procedure

transfer shall be undertakenas quickly as possible, without any unjustified delay;
transfer shall be no lenger than 20 min;

vehicle shall be restabilised by holding it at an ambient temperature of -7 °C * 3 °C for at
s as long as theywehicle was exposed to the ambient temperature higher than -4 °C.

Adjustment of indicated SOC

arged;

mizing features shall not be activated during relocations. If they cannot be deactivated, rel¢cations

ations are specified to not impact the result of the test, relocations at normal ambient tempgratures

ht 23 °C.

hXimum
aken as
se shall

t later than 30 min for RESS < 25 kWh, or 45 min for RESS > 25 kWh, after the end of the phase
before the relocation.

ak area

east six

cedures
thall be

1) The indicated SOC shall be set to 10 % * 5 %. How this indicated SOC is reached is up to the discretion
of the manufacturer and may vary between the low ambient temperature and the normal ambient
temperature test procedure.

2) The vehicle shall be soaked for a minimum of 12 h. The soak area shall have a temperature set point
between 10 °C and 30 °C. The tolerance of the actual value shall be within #3 °C on a 5 min running
arithmetic average and shall not show a systematic deviation from the set point. The temperature
set point shall be the same for the test procedure at low ambient temperature and at normal ambient
temperature.
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EXAMPLE When the temperature set point in the test procedure at low ambient temperature is 2

temper

ature set point in the test procedure at normal ambient temperature is also 25 °C.

The temperature of the EV, especially the RESS, should be achieved in a homogeneous manner.

5 °C the

3) The RESS shall be charged until the indicated SOC changes to 25 %, with a maximum charge rate of
0,5 C. The charging power applied shall be constant and shall deviate by a maximum of 1 kW between
the test procedure at low ambient temperature and at normal ambient temperature. This charging phase
shall be executed at a temperature set point between 10 °C and 30 °C. The tolerance of the actual value
shall be within +3 °C on a 5 min running arithmetic average and shall not show a systematic deviation
from the set point. The temperature set point shall be the same for the test procedure at low ambient
temperature and at normal ambient temperature.

A.3.3
The ve
The so

Soaking phase
]:(cle shall be soaked for a minimum of 12 h.

value shall be within +3 °C on a 5 min running arithmetic average and shall not show asystematic d
from thg set point.

The tenjperature of the EV, especially the RESS, should be achieved in a homegeneous manner.

NOTE

The soaking phase can take significantly longer at -7 °C than at 23 2C:

Optimiging features shall not be activated during the soaking phase

A.3.4

Preparation phase (optional)

A.3.4.1| Option 1: Continued soaking phase

In this

of the eXtension shall be the same in both test procedures (at low ambient temperature and normal
temperature) with a tolerance of +1 min.

Optimiging features may be activated for the'duration of this continued soaking phase. Optimizing
shall either:

— be

activated during both, thelhormal ambient temperature test procedure and the low

tenjperature test procedure, Qr

— be

deactivated during both, the normal ambient temperature test procedure and the low

tenjperature test procedure.

The tim|

e.g. becquse the target conditions are already reached.

A.3.4.2| Option 2: Drive cycle

The EV

area shall have a temperature set point of 23 °C or -7 °C respectively. The tolerance of the actual

bviation

dption, the soaking phase according to A.3.3 may be extended for a maximum of 30 min. The dquration

hmbient

eatures

hmbient

hmbient

e the optimizing/features are activated may include a time these optimizing features are not funning,

shall be operated within a speed range of 25 km/h to 30 km/h run for a maximum of 30 min. The

drive cycle and the duration of the drive cycle shall be the same in both test procedures (at low ambient
temperature and normal ambient temperature).

The ambient temperature during the drive cycle shall be 23 °C or -7 °C respectively. The tolerance of the
actual value shall be within 3 °C on a 5 min running arithmetic average and shall not show a systematic
deviation from the set point.

Optimizing features may be activated during this drive cycle. Optimizing features shall either:

— be activated during both, the normal ambient temperature test procedure and the low ambient
temperature test procedure, or
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— be deactivated during both, the normal ambient temperature test procedure and the low ambient
temperature test procedure.

A.3.5 Charging phase
The charging phase shall be executed by applying the specifications of the manufacturer according to 6.2.1.

During the normal ambient temperature test procedure, the charging phase shall not be executed at
ambient temperatures that significantly impact the measurement. During the charging phase, an ambient
temperature of 23 °C £+ 3 °C is recommended, and the ambient temperature shall be within 0 °C to 30 °C.

During the low ambient temperature test procedure, the ambient temperature shall be < -4 °C.

In both [test procedures, the charging duration shall be measured from when the charging current gxceeds
1 A untfl the indicated SOC changes to 80 %. The time measured shall be rounded up to the)next 1 min
interval.

For AC ¢harging, the charging current shall be measured at MP1 (see Figure 4) or at MP2 (see Figurd 4).
For DC ¢harging, the charging current shall be measured at MP2 (see Figure 4).
For wirgless charging, the charging current shall be measured at MP1 (see Figute 4).

If the vehicle has different settings for the charging power, the setting-that is optimized for the g$hortest
charging duration to achieve an indicated SOC of 80 % at 23 °C shall beapplied in both test procedufes.

NOTE The conditions of this test make it impossible to reuse the restlts for charge duration determined i 6.3.2.5.
Also, thd optimized setting can be different.

A.3.6 Determination of ratio

The tes§resultis calculated as the ratio between the charging durations of the two test procedures adcording

to Formula (A.1).

t
cold
Reoly = 41
thormal
where
R.old is the low ambient temperature charging duration ratio;
teoldi is the charging duration at low ambient temperature, expressed in minutes;

t

normal

The ratfo calculatedaccording to Formula (A.1) shall be rounded to 1 decimal place.

is the charging duration at normal ambient temperature, expressed in minutes.
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