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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
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Electric road vehicles — Reference energy consumption
and range — Test procedures for passenger cars and light
commercial vehicles
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This |[document specifies test procedures for measuring the reference energy consumption and
referg¢nce range of purely electrically propelled passenger cars and commercial vehicles.o
authgrized total mass (in accordance with ISO 1176) of 3 500 kg and a maximum speed o

ormative references

bllowing documents are referred to in the text in such a way‘that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced documenty(including any amendmg

R 8713, Electrically propelled road vehicles — Vocabulaxy.
V15, Electric road vehicles — Road operating characteristics

521 (all parts), Road vehicles — Road load

erms and definitions

For the purposes of this document, the\terms and definitions given in ISO/TR 8713 and {

apply|
ISO ai
— 1Y
— 1

3.1
comp
mass
occup
tools

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

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

lete electricvehicle kerb mass
of the“electric vehicle including the rechargeable energy storage system (RE
ants ‘orload, but with combustion heater fuel, cooling liquid, window-washer fluid, Iu

hnd spare wheel, and on-board charger and portable charger or part of it, if provided

['a maximum
f 70 km/h or

their content
applies. For
ents) applies.

he following

1d IEC maintain terminolegy~databases for use in standardization at the following addresses:

SS), without
bricating oil,
as standard

equiprnnnf hy the vehicle manufacturer

Note 1 to entry: Adapted from ISO 8715.

3.2

reference energy consumption
quantity of electrical energy from the external AC electric power source needed to recharge the
rechargeable energy storage system (RESS), divided by the distance covered or calculated, after the
vehicle has been driven through a specified test sequence

Note 1 to entry: The reference energy consumption is usually expressed in watt-hours per kilometre (Wh/km).
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3.3

reference range

distance covered by or calculated for an electric vehicle over a designated test sequence on a fully
charged rechargeable energy storage system (RESS), to the end of the test sequence as defined by the
end-of-test criteria

Note 1 to entry: The reference range is usually expressed in kilometres (km).

3.4

test mass

sum of the complete electric vehicle kerb mass (3.1) plus the maximum authorized pay mass (including
driver) if it is equal or less than 180 kg; 180 kg, if the maximum authorized pay mass exceeds 180 kg

but is less than or equal to 360 kg; half of the maximum authorized pay mass if this pay massrexceeds
360 kg

4 Abbreviated terms

ADT  appliicable driving test
CCT congdecutive cycle test
CSS condtant speed segment

RESS  rechargeable energy storage system

5 Testsequence

5.1 Genenal

There are two test methods for measuring the reference energy consumption and reference frange
of purely eldctrically propelled vehicles on @ chassis dynamometer, the consecutive cycle test (CCT)
(see 8.4.3.2) [and the shortened test (see 8.4.3:3). The CCT repeats the selected applicable drivinfg test
(ADT) cycle (see 5.2) as a test sequence uantil the end-of-test criterion is reached (see Clause 7). THe test
sequence of the shortened test consists/of a selected number of ADT cycles (see 5.2 and 5.4) followed
by a constanf speed segment (CSS).(See 5.5). The CSS is performed for discharging the RESS by a higher
electrical load than the average APT cycle load in order to shorten the overall test duration.

The RESS discharging in th€é-shortened test shall be performed by running the vehicle in a (SS or
optionally wjth a constanf)power discharge via the DC fast charging port (see 5.5).

5.2 Selection of ADT cycle

cycle

Select a releyant regional ADT cycle for the definition of the test sequence. The selected ADT
applies to ei i i

The same test sequence shall be used to define energy consumption and range. Every effort shall be
made to conduct the tests by following the reference curve within the tolerances given in Clause 6, see

Figure 1.

5.3 Deviations in speed trace for vehicles with less maximum speed than the maximum
speed of the selected ADT cycle

Vehicles with a maximum speed capability that is less than the maximum speed of the selected ADT
cycle shall be operated at fully activated accelerator control when the speed trace cannot be followed.

2 © IS0 2023 - All rights reserved
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Speed trace violations according to Clause 6 under this circumstances shall not void a test, if the vehicle
speed is higher than 70 km/h. Deviations from the driving cycle shall be recorded.

NOTE

5.4

If the relevant regional ADT standard, where the selected regional ADT cycle belongs to, includes
requirements for a reduced test procedure for vehicles which cannot follow the target speed curve, these
requirements for a reduced speed curve are taken into account.

Selection of the number of ADT cycles for the shortened test

In the shortened test, the selected ADT cycle shall be continued consecutively until an additional cycle
after the total range at the cycle end exceeds 40 km to warm- up the relevant drive train components In

condi
of AD

5.5

As th
cycles
befor

A rele
the ty
for th
canb

Optio

charging port. The determination of the value for pewer for the RESS discharging and soms
necesiary for the test are described in Annex B, see Clause B.4.

A CSSJshall be run targeting the CSS speed asfollows:

The

60 s. If the CSS speed cannot be reached within 60 s, the accelerator control shall be fully aq
the C$S speed is reached. When the'vehicle reached the CSS speed, the speed shall be mai

the end-of-test criteria according/to Clause 7 are satisfied.
6 Tolerances
Tolerances on speedand time in the test sequence shall be as shown in Figure 1.

©ISO

ions ofa fully warmed up drlve train. The total number ofthese ADTs, N is deflned a
T's for the shortened test prior to the CSS.

Speed determination and procedure for running a CSS

e second part of the shortened test, a CSS is performed following the required nu
as described in 5.4. A CSS is also performed in order to discharge-the RESS for pre
b the normal charging, see 8.4.2.

vant CSS running speed value for the selected ADT cycle shall be determined by ch
vo methods described in Annex B, see Clauses B.2 and BZ3.\If a shortened test methd
e selected ADT cycle is available in the relevant regional ADT standard, then this CS§
e used.

ally, the RESS discharging can be performed Wwith a constant power discharge vi

hicle on the chassis dynamometet shall be accelerated steadily to the specified CSS

the assumed
5 the number

mber of ADT
conditioning

bosing one of
d with a CSS
speed value

h the DC fast
information

speed within
tivated until
htained until
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time [s]
speed [km/h]

reference|speed curve
tolerance|of speed, in km/h
tolerance|of time, in seconds [s]

Figure 1 — Reference:curve and tolerances

Atolerance on speed of within + 2,0 km/h and @tolerance on time of within + 1,0 s shall be geometiyically
combined at|each point as in Figure 1. One deviation of up to 4 s beyond these tolerances is permitted
in any drive tycle. This exception shallnet be allowed to delay the determination of the end of the test

sequence. THe total time-out of tolerances shall be mentioned in the test report.

7

The end-of-t¢st criteria ate-defined as follows.

a)

b)

End-of}test criteria

For vehifles capable of following the speed trace of the selected ADT cycle, the test termination
criterion] is defined as when the vehicle-due to power limitations-is incapable of maintaining the
speed torerances as defined in Clause 6.

For vehicles with a maximum speed capability that is less than the maximum speed of the selected
ADT cycle, it shall be operated at fully activated accelerator control when the speed trace cannot be
followed.

If the speed trace is equal or lower than 70 km/h, the test termination criterion is defined as when
the vehicle is incapable of maintaining the speed tolerances as defined in Clause 6. If the speed
trace is higher than 70 km/h, the test termination criterion is defined as when the vehicle, while
operated at fully activated accelerator control is unable to reproduce the best-effort speed versus
time relationship established by the vehicle in the first selected ADT cycle. The applicable drive
tolerances for the best-effort trace are as defined in Clause 6.

For all vehicles the test termination criterion is defined as when the vehicle is given an indication
from the on-board instrumentation to the driver to stop the vehicle, e.g. for safety reasons.

© IS0 2023 - All rights reserved
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When one of the test termination criteria has occurred, the driver shall immediately apply the brake and
the vehicle shall stop within 60 s. At the stop of the vehicle, the test is completed and all measurement
activities shall be terminated.

At the shortened test, the DC measurement device additionally shall count the energy values at the test
termination point.

NOTE DC measurement is necessary for E, correction.

8 Measurement of range and energy consumption

8.1 |General

The fpllowing test method specifies the measurement of the AC electric energy, DC électric energy and
the distance, and then the calculation of reference range and reference energy consumptiqn.

8.2 |Parameters, units and accuracy of measurements

Table|1 specifies parameters and their units and accuracy of measurements.

Table 1 — Parameters, units and accuracy of measurements

Item Unit Accuracy
Time S +0,1s
Distance m +0,1 %
Temperature °C x1°C
Speed km/h 1%
Mass kg +0,5 %
AC electric energy Wh +0,5 %
DC electric energy Wh +0,3%?2
DC current A +0,3%2
DC voltage \% +0,3%?
a2 Any errors jnthe DC electric energy measurement system shall be less than 1 % of the|
reading or 0,3-%.of the full scale. (Pulsed power electronics measurement needs a wide
dynamic range-even if it has a small power.)

For the DC energy measurement, wideband meter (power analyser) or wideband amperg¢-hour meter
for pylsed powefrelectronics is required.

The Wideband" meter (power analyser) is an instrument for processing power and enerfgy in pulsed
powef eléctronics by current and voltage inputs. Its bandwidth shall be at least 10 times gs high as the
switching frequency of the pulsed power electronics, and update period of its outputs shall be 0,05 s or
less to get enough time resolution.

Voltage probes and current sensors shall be installed in such a way as to measure voltage at RESS and
all current leaving and entering the RESS.

The data of the RESS control unit shall be alternatively applied if the accuracy of the data certifies
corresponding accuracy in Table 1.

NOTE If the test vehicle's RESS controller data are not sufficiently accurate, the accuracy of the controller's

data are displayed on the data sheet. The accuracy of the resulting specific energy consumption and range can be
estimated and are also on the data sheet.

© IS0 2023 - All rights reserved 5
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8.3 Test conditions

8.3.1 Vehicle conditions

The test mass shall follow the requirements given in ISO 8715. If the requirement for the test mass is
given in the relevant regional ADT standard, then it can be used.

The determination of vehicle road load and the reproduction on the chassis dynamometer shall be in
accordance with the ISO 10521 series. The same setting on the chassis dynamometer shall be used
throughout the test regardless of CCT or shortened test.

The relevant,

acifioc hauw ta datermine tho uvohicla raqd
ecHHeSHoWwW—o-aetel e teYeiee+oda

1
Tr-rotorrrerorr o oo o e

oad.

The vehicle t
the specifica

The viscosit
specification

The lighting
usual day-tin

All energy-st
etc.) shall be

For the RES
manufacture

The vehicle {
vehicle.

8.3.2 Amb

Test steps sh

8.4 Test procedure

raglnnal ADT ctandard can bn 1

yres shall be inflated to the pressure specified by the vehicle manufacturer agcord
Fions of the chassis dynamometer when the tyres are at ambient temperature!

y of oils used for the lubrication of mechanical moving parts shall\ conform f
s of the vehicle manufacturer.

hnd light signalling and auxiliary devices shall be off, except those réquired for testin
he operation of the vehicle.

orage systems available for other than traction purposes (electric, hydraulic, pneu
in the operating range specified by the vehicle manufacturer.

b conditioning, the test driver shall follow the procedure recommended by the v
r for keeping the temperature of the RESS in the nérmal operating range.

hall be driven at least 300 km before the testwith the RESS that is installed in th

ient temperature conditions

all be carried out at room tempeérature between (25 + 5) °C.

eral
edure consists-ef-the following steps:

of the RESS/{discharging or charging, preconditioning and normal charging) in accor
2. For shortened test, the energy from the external AC electric power source for chg
(Epcimes_pre-test) €an be measured (see 8.4.2.3);

ing to

o the

g and

matic,

chicle

e test

dance
rging

thie appropriate test sequence (see 5.2), and measuring the range and the DC e

hergy

consumption from the RESS, if applicable, and the AC energy from the external AC electric power
source for charging the RESS (see 8.4.3);

for CCT, measuring travelled range, the AC energy from the external AC electric power source for

charging the RESS after the test and calculation of the reference energy consumption (see 8.4.3.3);

for the shortened test, measuring travelled range, AC energy from the external AC electric power

source for charging the RESS after the test, DC energy from the RESS, and calculation of the
reference energy consumption and reference range (see 8.4.3.3.2.3).

8.4.1 Geng

The test proc

a) charging
with 8.4
the RESY

b) applying

c)

d)

6
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8.4.2 Charging of the RESS

8.4.2.1 General

Unless otherwise prescribed by the vehicle manufacturer or the RESS manufacturer, the initial charge
of the RESS shall be performed as follows.

8.4.2.2 Discharging the RESS

8.4.2.2.1 Setting the remaining RESS level for discharge driving (preconditioning) before full
charge

Prior|to discharge driving (preconditioning), the remaining state of charge (SOC) of the|RESS should
be adjusted so that the vehicle can run a distance of up to 50 km at CSS speed. After|adjusfting the SOC,
soak for 9 h or more at the test temperature condition. The soak time can be,reduced hy agreement
betwgen the test institute and customer.

For dIEcharging, a constant power discharge of the RESS via the DC fast)charging port can replace
running a CSS on a chassis dynamometer (see Annex B, B.4).

If the|[SOC level is lower than the requested minimum level, the RESS shall first be charged at least to the
requgsted minimum SOC level before discharging in 8.4.2.2.3.

8.4.2J2.2 Vehicle movement

If it isinecessary to move the vehicle, push or tow the véhicle so that it does not regenerate pr discharge.
Expogure to temperatures other than the test envirenment temperature shall be limited t¢p 30 min.

8.4.2{2.3 Preconditioning (discharge running) for full charge of RESS

Dischprging the RESS shall be carried out by driving the vehicle at a constant speed definled by CSS on
the chassis dynamometer.

Stop the discharge, if the end-of-test criteria according to Clause 7 are satisfied.

8.4.2]2.4 Application ofa normal charge

Soak fand charge the yéhicle at ambient temperature for 11 h according to 8.4.2.3 (norinal charging
procedure), then start-the test within a 1 h period. If charging takes less than 11 h, soaking shall be
continued for 11 KAfcharging takes more than 11 h, start the test within a 1 h period aftgr charging is
completed.

Wher] charging and soaking are completed, push or tow the vehicle onto the chassis dynamometer.

8.4.2.3—Normal-charging procedure
8.4.2.3.1 General

The AC energy measurement equipment shall be placed between the external AC electric power source
and the vehicle inlet.

The charging of the RESS shall be carried out at an ambient temperature of (25 + 5) °C. The normal
charging procedure shall be in accordance with the vehicle manufacturer’s specification for normal
operation.

For the normal charging procedure all types of special charging shall be excluded, for example, RESS
service charging.

The AC energy shall be measured after the test termination.

©1S0 2023 - All rights reserved 7
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For the shortened test, the AC energy can be measured optionally after preconditioning if the discharge
conditions at the test and for the preconditioning are the same. The measured AC energy values can be

used instead

of the post-test measurements, see 8.4.3.3.1.

8.4.2.3.2 End-of-charge criteria

The end-of-charge criteria shall correspond to a charging time of 11 h except if a clear indication is
given to the driver by the standard instrumentation that the RESS is not yet fully charged. In this case,
the maximum charging time shall be in accordance with the manufacturer’s specification.

8.4.2.3.3 Fully charged RESS

A RESS is fu
the end-of-ch

8.4.3 App

8.4.3.1 Ge

If the test se
energy sourd

If the vehicle
to 8.4.3.3 ca

If the test se
and travelled

NOTE nr
prior to the C§

The total DC
vehicle stops
charging the

Unless othen
three interry

|

ly charged when charged according to the normal charging procedure (see 8.4.2)3/]
arge criteria (see 8.4.2.3.2).

ication of the designated test sequence and calculation for results

neral

uence is performed by CCT only, the total range and the AC efiergy from the extert
e for charging the RESS shall be measured after the test.

can run more than N times of the selected ADT cycle (see 5.4), the shortened test acca
be the alternative test procedure instead of the CCT:

uence is performed by the shortened test, meastired DC energy (Epc cycle ) from the
range (dcycle_5) in each nth ADT cycle and in the CSS shall be measured.

epresents the ADT cycle counter, starting withinumber 1 up to number N, where the last AD’]
S is performed.

energy from the end of initial chatge to the end of test (Ep) and to the point whe
after end of test (Epc ) and._fhe AC energy from the external AC energy sour
RESS shall be measured.

wise requested by the APT standard to which the selected ADT cycle belongs to,
ptions of no longer than“15 min in total are permitted between the test sequences,

respect for human needs. In theZGSS of the shortened test, interruptions of up to 10 min per 1 h d

are permittg
position, the

In the case d
warm-up an
during CCS o

d. During all optienal interruption periods, the key or power switch shall be in thg
hood shall be €losed, the test cell fan shall be off, and the brake pedal not depressed.

f the shortened test, interruption during the ADT cycle delays the completion of v|
may eause errors in each calculation result. Therefore, interruptions should be mad
, if inferrupted during an ADT cycle, the interruption time should be minimized.

) and

1al AC

rding

RESS

" cycle

e the
re for

up to
put of
Fiving

llof 4

chicle
e only

8.4.3.2 Co

nsecutive cycle test

8.4.3.2.1 Test procedure

The specified test sequence shall start within 1 h after soak and end-of-charge (8.4.2.3.2).

The test sequence shall continue until the end-of-test criterion is reached (see Clause 7).

In any case, the total range, d,p 1, travelled up to the end of test and to the final stop of the vehicle shall
be measured.

The RESS charging according to 8.4.2.3 shall start within 1 h after end of test and the AC energy from
the external AC energy source for charging the RESS, Ex¢ o5 post-test Shall be measured.

The driving time (in hours and minutes) and the total travelled range (in km) shall be reported.

8
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The vehicle ADT reference energy consumption, E¢ 5¢, shall be calculated according to Formula (1):

EC,AC = EAC_mes_post—test / dADT

where

Ec ac is the reference AC energy consumption in Wh/km;

Epc mes_posttest 1S the total AC energy measured after the test sequence in Wh;

EC,AC

8.4.3

8.4.3

The s

M)

dhpr is the total performed ADT range in km.

s rounded to the nearest whole number.
3 Shortened test

3.1 Test procedure

pbecified test sequence shall start within 1 h after soak and end-of-charge (8.4.2.3.2).

Run the number of ADT cycles selected in 5.4 followed by a CSS defined according to 5.5 U
of-tesft criteria according to Clause 7.

Consymed DC energy (Epc_cycle o) from the RESS and distance travelled (d

shall
The t

cycle_n) in each g

be measured.

btal DC energy from the end of initial chargeto the end of the test sequence without

energly for final braking (Epc) and the total PC energy from the end of initial charge unt

stops

at the end of the test (Epc ) shall be measured.

Charge according to 8.4.2.3 and measure'the energy from the external AC electric power sg

hour

Optio
disch
same

Optio
CSSa

8.4.3

8.4.3

(Wh).

hally, the AC energy can'be measured after preconditioning (before the shortene

hally, a constant power discharge of the RESS via the DC fast charging port can replg
'ter the ADTyeles (see Annex B, B.4).

3.2 Caleulation of test results

intil the end-

th ADT cycle

regenerative
il the vehicle

urce in watt-

d test) if the

hrging conditions for the RESS after preconditioning and at the CSS of the shortened test are the

ce running a

3.2;1 Calculation of specific DC energy consumption of the test

Due to higher mechanical losses of drive train components at low operating temperature (including
tyre losses) and low acceptability of regenerative braking, the test starts at higher energy consumption
condition at the first ADT cycle. In the next following ADT cycles, the energy consumption decreases
toward steady-state condition (completely warmed up condition) in the Nth ADT cycle. Measured data
can lead to specific DC energy consumption at each ADT cycle.

It will be assumed, that the specific DC energy consumption of the CSS is equal to the specific DC energy
consumption of the Nt ADT cycle, therefore the total range (dypr (410, expressed in kilometres, shall be
determined according to Formula (2).
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The total range (dpr (410 is the sum of each ADT cycle range up to the Nt cycle plus the CSS range
calculated by dividing the DC energy of the CSS by the specific energy consumption of the Nth ADT cycle:

N Epc_css
dADT_calc :anl dcycle_n + E ><dcycle_N (2)
DC_cycle_N

where

dapT calc 18 the calculated total range of the shortened test in km;

n is the ADT cycle counter;
N is the number for the last ADT cycle prior to the CSS;
deycle n is the range of the nth ADT cycle in km;

Epc_css is the DC energy of the CSS in Wh;
Epc cycle|v  is the DC energy of the N*" ADT cycle in Wh;

d is the range of the Nt" ADT cycle in km.

cycle_N

8.4.3.3.2.2 |Total AC energy (E,) correction

The correctipn is done to eliminate from the Ej¢ .5 the effect of\the regeneration energy that gccurs
during braking before the vehicle stops after the test sequence’is terminated under the conditipns of
Clause 7.

EAC = EAC_mes_post-test ><(EDC / EDC_mes) (3)
where
Exc is the corrected total AC'energy in Wh after the test sequence;

EAC mes_post-test 1S the AC energy it Wh at end of charging after the test sequence (see 8.4.2.3);

Ep¢_mes_post-test ¢a8N be replaced by the value Ey¢ e pre-test if the AC energy is meas-
ured before the test.

Epc is the total DC energy in Wh from the RESS after the test sequence without fjegen-
erativeenergy for final braking of the vehicle;

EDc mes 1sthe total DC energy in Wh from the RESS, when the vehicle stops after end of the test.

8.4.3.3.2.3 |Reference energy consumption and reference range

E¢ ac is the AC reference energy consumption of the shortened test according to Formula (4). dppr ¢4 iS
the calculated total range of the shortened test according to Formula (2):

Ec ac = Enc/ dapr cale (4)
where

Ec ac is the reference AC energy consumption in Wh/km;

Exc is the corrected total AC energy in Wh (see 8.4.3.3.2.2);

dapT calc is the calculated total range for the shortened test in km.
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E¢ ac is rounded to the nearest whole number.

8.4.4 Testprocedure overviews

ISO 8714:2023(E)

Table 2 gives an overview on when AC and/or DC energy shall be measured.

Table 2 — AC/DC energy measurement

test

Test method | Consecutive cycle test Shortened test
Measurement
DC energy measurement of each not applicable applicable
ADT gycle
DC erfergy measurement from start |[not applicable applicable
of tesft to test termination point and
to stdp of the vehicle
AC erfergy measurement after the  |applicable applicable @

test afe the same.

a  QOptionally AC energy can be measured after preconditioning if the RESS conditieftsafter preconditionir

g and after the

9 Presentation of results

Test rlesults obtained from the measurement of CCT or shortened test shall be reported, se

example.

b Annex A for

© IS0 2023 - All rights reserved
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Annex A
(informative)

Test results of reference energy consumption and range of test

vehicle

A.1 Examiple of listing test results

Test results ¢

Date
Test vehicle:
Namn

Chas

Vehi
Vehi
Equ
Trar

If the vehicle
cation should

Tyrd
RESS:

Test results:

ire reported as follows:

Test site Person responisible

is modified to adjust to the dynamometer in accordance with 8.4, detail about the m
| be reported.

ADT:

odifi-

Start-up time: ..o R min

Test temperature in teSt ro0m: ......ccccveeerererierersereeenns °C

Relative humidity in test roOM:....cccovverececrrirerescennnn, %

Atmospheric pressure in test roOM:......ccovvererernrnnnnas hPa

Driven diStancCe:.....eeenenereerereseseseseseseseseseseseees km
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CCT EAC mmegieseesmesssmssssssssssssssnssssssssssssssssssssssssssssssssssssssssssssssens Wh
R T km
EC ACi s Wh/km
Shortened test O Wh
E i Wh
EDC st s Wh
B i Wh
B AC e s Wh/km
AADT calcivesesmesmmessmesmmesssssssssssssssssssssssssssssss st sssses (ag s km
Remarks:
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Annex B
(normative)

Determination of CSS speed

B.1 General

The target speed value for the CSS shall be determined alternatively according to Clause B:2"dr B.3.
If the RESS dlischarge is performed optionally via the DC fast charging port, the power for\the|RESS
discharge shpll be determined according to Clause B.4.

B.2 ADT ¢ycle power method

Using the road load specification value of the test vehicle and the vehicle speed profile data obtained
from the AD[T cycle data, calculate the profile of traction power generated@t the dynamometer [roller
surface, by the following steps.

Step 1:

With the detprmined road load coefficients as a result of the roadload test, determine the total dfiving
resistance (Hg; (v)) at a given vehicle speed (v) according to Eermula (B.1):

Fru, (V)3 fo + f1xv; + fo xVE (B.1)
where

Frp(v;) |is the total driving resistance atthe relevant vehicle speed v;, in N;

v; is the vehicle speed at therelevant ADT cycle sequence in km/h;

i is the number of order.of subsequent speed data of the ADT cycle, starting with 0 pt the
time at which the ABT cycle starts up to the maximum ADT cycle data sequence at th¢ time
at which the ADT-¢cycle ends;

fo is the constatit term road load coefficient of the test vehicle, in N;

fi is thefirst-order road load coefficient of the test vehicle, in N/(km/h) ;

f isthe second-order road load coefficient of the test vehicle, in N/(km/h)Z2.

Step 2:

Calculate the acceleration / deceleration profile of the ADT cycle. The acceleration / deceleration value
a at time i, shall be determined according to Formula (B.2):

a;= Vi1 -v) /(3,6 %ty - 1) (B.2)
where

a is the acceleration / deceleration of the vehicle at the relevant number of order of the ADT

cycle speed sequence, in m/s?;
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is the number of order of subsequent speed data of the ADT cycle, starting with 0 at the time
at which the ADT cycle starts up to the penultimate ADT cycle data sequence at the time at
which the ADT cycle ends;

is the relevant vehicle speed of the ADT cycle sequence in km/h;

is the relevant time duration within the ADT cycle data sequence in s, starting at 0 s up to
the penultimate cycle duration, typically within a time step of 1 s.

The acceleration value at ¢, 4 shall be set to 0 in order to avoid empty cells.

Step

The tfaction power P, at the relevant ADT cycle data shall be determined according to For;lnula (B.3):

Pl= ((Fruv) + K, x a;x m) x v)) / 3,6 (B.3)
where
A is the power of the roller surface at the relevant ADT cycle sequence, il W;

ol

RL(V)

m
Vv

Step 4:

is the number of order of subsequent speed data of the ADT cycle, starting with 0 at
the time at which the ADT cycle starts up to'the maximum ADT cycle dpta sequence
at the time at which the ADT cycle ends;

is the total driving resistance at the £élevant vehicle speed v;, in N;

is a factor for the inertial resistances of the drive train during acceleration. As a de-
fault value, 1,03 can be applied:

is the acceleration / deceleration of the vehicle at the relevant number of order of the
ADT cycle speed sequénce, in m/s?;

is the test mass of the vehicle in kg;

is the vehicle speed at the relevant ADT cycle sequence in km/h.

Calcujate the ADT cyclepower (P,pr) as the root mean square (RMS) value of all powers (P;) of each 1's

sequgnce as obtainéd,in Step 3, according to Formula (B.4):

Phpr =

zimax P-Z
i=0 1/ (B.4)
Imax

max

Step 5:

is the RMS power for the ADT cycle expressed in W;
is the square value of P; in W2 according to Formula (B.3);

is the number of order of subsequent speed data of the ADT cycle, starting with 0 at the time
at which the ADT cycle starts up to the maximum ADT cycle data sequence at the time at
which the ADT cycle ends;

is the maximum number of order of subsequent speed data of the ADT cycle.
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