TECHNICAL ISO/TS
SPECIFICATION 19466

First edition
2017-07

Electrically propelled mopeds
and motorcycles — Test method
for evaluating performance of
regenerative braking systems

A propulsion électrique cyelginoteurs et des motocycles — Méthode
d’essai pour évaluer l'efficacité du systeme de freinage régémératif

Reference number
ISO/TS 19466:2017(E)

©1S0 2017


https://standardsiso.com/api/?name=0891f01f637353a806e985c8a564dfe5

ISO/TS 19466:2017(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2017, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=0891f01f637353a806e985c8a564dfe5

ISO/TS 19466:2017(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
1 S0P ... 1
2 NOIIMALIVE FEERIEIICES ...........oooe e 1
3 Terms and AeFIMITIOIIS ... 1
4 PIAIICIPIES ..o e85 2
5 Test procedure for reference range gain and reference energy consumption gain |...... 3
51 (155 4 ) ) OSSOSO S 3
5.2 Reference range gain w3
5.3 Reference energy conSUMPLiON AN ... iy e e 3
6 Test procedure for regenerative braking efficiency of traction motorsystem
6.1 TOSE SEEUP ..o g s
6.1.1  General.......
6.1.2  Load motor system
6.1.3  Torque and speed sensors
6.1.4  DC power SUpPly ...
6.1.5 Power analySer ...
6.1.6  Voltage and current MeasuremMent.......me oo
6.1.7  Temperature MeasuremMent. ... Wi
6.2 TESE PIOCEAUIE....cccoese s g
6.2.1  GENETAL ..o s
6.2.2  Steady-state regenerative braking efficiency ...
6.2.3  Transient regenerative braking efficiency measurement test
Arlnex A (informative) TeSt Te@POTT..........ccovieet it 11
BIDIIOZGTaPRY . ....ooooirg Lo | 13
© 1S0 2017 - All rights reserved iii


https://standardsiso.com/api/?name=0891f01f637353a806e985c8a564dfe5

ISO/TS 1

9466:2017(E)

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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TECHNICAL SPECIFICATION ISO/TS 19466:2017(E)

Electrically propelled mopeds and motorcycles — Test
method for evaluating performance of regenerative
braking systems

1 _Scope

Thiis document specifies test procedures for measuring performance of regenerative brakinlg systems
us¢d for electric motorcycles and mopeds that are propelled by traction motors with éleetricbatteries.
Performance of regenerative braking systems is dealt with two perspectives;. first, hoyv much a
regenerative braking system can extend range of a motorcycle or moped or reducé.energy consumption,
anfl second, the efficiency of the driving motor system when working as generator in regenerative
braking mode.

2 | Normative references

Thf following documents are referred to in the text in such a way that some or all of thejir content
conpstitutes requirements of this document. For dated referenees, only the edition cited applies. For
unfated references, the latest edition of the referenced document (including any amendmentf) applies.

ISQ 13064-1:2012, Battery-electric mopeds and motorcycles — Performance — Part 1: Referehce energy
compsumption and range

IS) 13064-2:2012, Battery-electric mopeds and-motorcycles — Performance — Part 2: Road|operating
characteristics

IEC 60034-1, Rotating electrical machines*= Part 1: Rating and performance

IEC 60034-2-1, Rotating electrical machines — Part 2-1: Standard methods for determining Josses and
efffciency from test (excluding machines for traction vehicles)

3 | Terms and definitions

Fol the purposes of ¢his document, the terms and definitions given in ISO 13064-2, IEQ 60034-1,
IEC 60034-2-1 and the following apply.

IS and [EC maifitain terminological databases for use in standardization at the following addlresses:

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

— | 150.0nline browsing platform: available at http://www.iso.org/obp

31

load motor

electric motor that can simulate road load, as well as braking torque, when testing a test motor system
(3.11) of electric mopeds and motorcycles

Note 1 to entry: During test, both rotational speed and torque of load motor shall be controllable within a
specified range.

3.2
load motor system
combination of a load motor (3.1) and its inverter

© IS0 2017 - All rights reserved 1
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3.3

reference energy consumption

quantity of electric energy from the mains needed to charge the traction battery, divided by the distance
covered after an electric motorcycle or moped has been driven through the specified test sequence

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

[SOURCE: ISO/TR 8713:2012, 2.62, modified — “the vehicle” has been replaced by “an electric
motorcycle or moped”.]

3.4

reference energy consumption gain
ratio of feference energy consumption (3.3) to change in reference energy consumption-due|to
regeneratjve braking system

Note 1 to eptry: Gain is positive when reference energy consumption is decreased by regenerativebraking syst¢m.

3.5
referencg range
distance dqovered by an electrically propelled motorcycle or moped over a designated test sequence(on
a fully charged traction battery to the end of the test sequence as defined liy-the end of test sequeince
criteria

Note 1 to eptry: The reference range is usually expressed in kilometeres (kn);
[SOURCE:|ISO/TR 8713:2012, 2.63, modified — “vehicle” has been replaced by “motorcycle or moped”.]

3.6
referencq range gain
ratio of reference range (3.5) to change in reference range due to regenerative braking system (3.7)

Note 1 to eptry: Gain is positive when reference range isincreased by regenerative braking system.

3.7
regenerative braking system
brake system which, during deceleration, provides for the conversion of kinetic energy ipto
electricallenergy

3.8
regenerative braking efficieney.of traction motor system
efficiency|of a traction motorsystem when working as a generator in regenerative braking mode, whijch
is the ratip of mechanical pewer input to electrical power output

3.9
state of charge
SocC
actual caplacity\of a battery pack or system, indicated as percentage of the rated capacity

3.10
test motor

motor under test that is used as a main traction motor for electric mopeds and motorcycles, which
generates traction torque as well as regenerative electric energy during braking

3.11
test motor system
combination of test motor (3.10) and its inverter

4 Principles

Performance of a regenerative system is affected by various elements, i.e. motor and inverter, battery
SOC, temperature, brake control strategy, road load, traffic situation, driving behaviour of drivers, etc.

2 © IS0 2017 - All rights reserved
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In order to measure performance of regenerative braking system accounting for these wide range of
factors, performance is defined for both vehicle and traction motor system perspectives. Performance
of regenerative braking system in view of vehicle is defined in reference range gain (see 5.2) or reference
energy consumption gain (see 5.3), while performance in view of traction motor system is defined in
terms of efficiency of traction motor system when used as a generator (see Clause 6).

NOTE Reference energy consumption gain or reference range gain represents measure of performance
improvement of the vehicle system by regenerative braking in terms of reference energy consumption and

reference range, respectively.

5 [ Test procedure for reference range gain and reference energy consumption gain

5.1 General

Mdasurements of reference range gain and reference energy consumption gain are based on the

reference range and reference energy consumption specified in ISO 13064-1/'where test sequence for

mdapeds is defined in ISO 13064-1:2012, Annex A and the test sequence férmotorcycles is flefined in

ISQ 13064-1:2012, Annex B.

5.2 Reference range gain

To|measure reference range gain, reference range of a motét cycle or moped shall be d¢termined

acgording to ISO 13064-1 with regenerative braking syStem ON and OFF. The test procedure to

determine reference range gain consists of the followingsteps:

a) | initial charging of the traction battery (see ISO 13064-1:2012, 7.4.2);

b) | application of the appropriate test sequence with regenerative braking system ON|until the
tolerance on velocity defined in ISO 13064-1:2012, Clause 5 is met and measurem¢nt of the
reference range dop, (see 1ISO 13064-1:2012, 7.4.3);

c) | application of the appropriate test-sequence with regenerative braking system OFF| until the
tolerance on velocity defined~in*1SO 13064-1:2012, Clause 5 is met and measurem¢nt of the
reference range dofr (see 1SO 13064-1:2012, 7.4.3);

d)| calculation of reference fange gain, Grange, according to Formula (1):

d,,—d
Grange =—2=—2-%300 (1)
dOl’l

5.3 Reference energy consumption gain

To|measure‘reference energy consumption gain, reference energy consumption of a motprcycle or

mqped shall be determined according to ISO 13064-1 with regenerative braking system ON and OFF.

ThF test procedure to determine reference energy consumption gain consists of the following steps:

a)
b)

initial charging of the traction battery (ISO 13064-1:2012, 7.4.2);

application of appropriate test sequences with regenerative braking system OFF until the tolerance
on velocity defined in ISO 13064-1:2012, Clause 5 is met and recording of the number of completed

test sequences for step d);

NOTE
N+1, then the completed number of test sequences is N.

If the tolerance on velocity defined in ISO 13064-1:2012, Clause 5 is not met at sequence number

charging of the traction battery and measurement of the energy consumption, Eyff, at the mains

(see ISO 13064-1:2012, 7.4.4);

© IS0 2017 - All rights reserved
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d)

f)

6

6.1 Test setup

6.1.1 General

application of the N appropriate test sequences recorded in step b) with regenerative braking
system ON;

charging of the traction battery and measurement of the energy consumption, Eyp, at the mains
(see ISO 13064-1:2012, 7.4.4);

calculation of the reference energy consumption gain, Genergy, according to Formula (2):

E, —E
”E—"ffxwo (2)

on

G

energy —

Test|procedure for regenerative braking efficiency of traction motor system

Figure 1 ghows a typical test setup consisting of a load motor system and a teStymotor system that fre
mechanicglly connected through coaxial coupling, power supply, torque and-speed measuring sensqrs,

power analyser and data processing equipment.

When the| test motor is operating as traction motor in driving mode,\the load motor shall be able to
simulate gdny predefined road load in terms of angular velocity and’torque. When the traction motor is
operating|as a generator in regenerative braking mode, the load motor shall be able to generate braking

torque at y specified speed defined in test procedure.

A temperdture chamber shall be used to control the température of the test motor.

Main
controller *|

~

L ) Temperature chamber
Coupling Coupling|
l.oad Load Torque :"I: Test
inyerter motor transducer| motor
¥ ml ni
DC power
i~ Power analyser: supply

Figure 1 — Schematic diagram of the test system

6.1.2 Load motor system

Both rotating speed and torque of the load motor system shall be controllable. The maximum speed

and torque shall be at least 1,2 times greater than those of the test motor whose speeds and torques are
given in Table 1 and Table 2.

6.1.3 Torque and speed sensors

The torque and speed sensors are installed between the test motor system under test and the load
motor system. The measurement range of the motor torque and speed sensors shall be atleast 1,2 times
greater than the speed and torque of the test motor system given in Table 1 and Table 2.

4
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The accuracy of the torque and speed sensors shall be within 0,2 % and +0,1 % of the maximum value,
respectively, as defined in IEC 60034-2-1.

6.1.4 DC power supply

In order to simulate charging and discharging of the vehicle traction battery, the power supply shall
allow bidirectional flow of electric energy, power application for driving and power absorption for
regenerative braking.

The measurement accuracy shall be within #5 % of the maximum voltage and current at the time of
poverappticatiomrand absorption:

D{ power supply shall have the minimum capacity of 1,5 times the input power to the test'mptor given
in lable 1 and Table 2.

When using vehicle traction battery, the SOC should be in the range of 75 % ~ 90 %-of the ful| capacity.

6.1.5 Power analyser

A power analyser calculates the efficiency of a test motor system under test using mechanical input to
th¢ motor under test and electrical output of a test motor system.

Thee power analyser shall have an accuracy within £0,2 % of thé maximum value.

6.1.6 Voltage and current measurement

When measuring input voltage and current to the inverter from battery or DC power supply, vpltage and
cufrent sensor shall have the minimum bandwidth:6f 3 kHz and the accuracy of +0,3 % (see IEC 60034-
2-1) of the maximum value.

6.1.7 Temperature measurement

The measuring equipment for a test motor winding temperature shall have accuracy within #1 °C.
6.2 Test procedure

6.2.1 General

Repenerative brakingZefficiency of a test motor system is measured at steady state (see $.2.2) and
trgnsient state (see622.3). For steady state, efficiency is measured at a given constant speed apd torque,
anfl for transient state, efficiency is measured at varying speed and torque as function of timg.

6.2.2 Steady-state regenerative braking efficiency

Th regenerative braking efficiency of a test motor system is measured at the predeterming¢d steady-
stdte<speeds and torques that caver the range of design specifications of the test motar

The load motor system provides mechanical input to test motor system at a specified test points based
on the rated torque (see Table 1 and Figure 2) or the rated power(see Table 2 and Figure 3).

The specified speed and torque values of test motor system, shown in Table 1 and Figure 2, are based
on the percentage of rated torque, while in Table 2 and Figure 3, speed and torque values are defined
based on the percentage of rated power.

The steady-state regenerative braking efficiency of a test motor system, s, at each speed and torque
point is calculated by Formula (3):

© IS0 2017 - All rights reserved 5
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_ 60P

775—2

where

P isthe electrical regenerative output, W;

n isthe test motor rotating speed, rpm;

nnT

(3)

T iS
See Table

the test motor torque, N — m.

A.1 for reporting steady-state regenerative braking efficiency.

Table 1 — Measurement points based on rated torque

Point no. Sp(;)ed Tm(;/(olue Po;//:)rerA <&C.
1 100 100 100
2 75 100 75
3 50 100 50
4 25 100 25
5 100 75 75
6 75 75 56
7 50 75 38
8 25 75 19
9 100 50 50
10 75 50 38
11 50 50 25
12 25 50 13
13 100 25 25
14 75 25 19
15 50 25 13
16 C 25 25 6

© ISO 2017 - All rights reserved
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Constant torque (%)

Y125
100 © T ° ©
75 © T © )
50 ° 3 ° ©
25- 2 4 l ® * A S
0 0 2;5 50 75 100 125

Key
X | % rated speed
Y | % rated torque

Figure 2 — Measurement points based on rated torque

Table 2 — Measurement points based on rated power

'~

: . eed Rotating Power
Point no. C)\\ % tor;zue %
1 100 100 100
20" 200 50 100
oY 300 33 100
O~ 4 400 25 100
R 100 75 75
6 200 38 75
7 300 25 75
8 400 19 75
9 100 50 50
16 260 25 50
11 300 17 50
12 400 13 50
13 100 25 25
14 200 13 25
15 300 8 25
16 400 6 25

© IS0 2017 - All rights reserved 7
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Constant output load (%)

Y125
100 - *
75 4 ®
50 . Py Py !
¢}
@]
25 - Q o &)
. . § :
0 + 4 + 4 + Nt
0 100 200 300 400 500

Key
X % ratdd speed
Y % ratdd torque

Figure 3 — Measurement points based on rated power

6.2.3 Transient regenerative braking efficiency miéasurement test

In transi¢nt regenerative braking efficiency, measurement, efficiency is measured with linearly
decreasing speed and constant torque to simulate typical situation of braking as shown in Figure 4{nq
and ny, regpectively, represents speed of mator at the starting time, t1, and at the ending time, ¢, gnd
T12 is conptant regenerative braking torque.

Since the|relative magnitude of mechanical fiction braking torque and regenerative braking torque
differs forjeach regenerative braking system, the rotation speed at the start time, t1, and end time, t|as
well as the torque, T12, during‘the regenerative braking of motor should be determined in consultatjon
with the parties involved. InFable 3, two scenarios that specify speed, torque and duration time are
given for feferences for braking in low speed and high speed.

8 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=0891f01f637353a806e985c8a564dfe5

ISO/TS 19466:2017(E)

12

DE====

Key
n | speed
t | time
T | torque
Figure 4 — Rotating speed and braking torque during regenerative braking
Table 3 —Examples of speed and torque for transient test
\J . Percentage of
P&Qentage of Percentage of Duration: maximum motor
Scenario n@i’mum rpm: ng maximum rpm: n; ta - t1 |7
% % s torque:|T12
X %
Braking at loys 40 10 8 10
speed driving
praking athigh- 60 40 10 10
speeddriving

Thelspeed of the load motor and torque of the test motor shall be varied dynamically foy this test.
Firﬁhrrﬁ_ﬁh_l_d_ﬁ‘rrﬁﬁrrhﬁ_ls . Set the rotating speed of the toad motor to 71 and the torque of the test motor under test to T12
and wait until equilibrium is reached. Then reduce the speed of the load motor linearly to the n; while

maintaining torque T12 constant, as shown in Figure 4, and measure regenerative power generated
from the test motor system under test.

© IS0 2017 - All rights reserved 9
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The transient regenerative braking efficiency of the motor system, ny, is calculated by Formula (4):

ty
j P, (t)dt
ty

ne=
2

where

t
nT/soL 2 n(t)dt
1

P; is the electrical regenerative output, W;

(4)

n i
T i

See Table

the teStIMotoT Totating SPeed; TP,

the test motor torque, N - m.

A.2 for reporting transient regenerative braking efficiency.

10
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