MALAYSIAN MS 2413:2022
STANDARD

Electric motorcycles - Specification
(First revision)

ICS: 43.120, 43.140

Descriptors: electric motorcycle, VIN, motor serial number, power storage unit, safety

© Copyright 2022
DEPARTMENT OF STANDARDS MALAYSIA




DEVELOPMENT OF MALAYSIAN STANDARDS

The Department of Standards Malaysia (Standards Malaysia) is the national standards and
accreditation body of Malaysia.

The main function of Standards Malaysia is to foster and promote standards, standardisation and
accreditation as a means of advancing the national economy, promoting industrial efficiency and
development, benefiting the health and safety of the public, protecting consumers, facilitating
domestic and international trade and furthering international cooperation in relation to standards and
standardisation. The use of Malaysian Standards is voluntary except in so far as they are made
mandatory by regulatory authorities by means of regulations, local by-laws or any other similar ways.

Malaysian Standards (MS) are developed through consensus by committees which comprise
balanced representation of producers, users, consumers and others with relevant interests, as may
be appropriate to the subject at hand. The development of a standard as a Malaysian Standard is
governed by the Standards of Malaysia Act 1996 [Act 549]. Section 18A of the act stipulated that, all
Malaysian Standards are owned by the Government of Malaysia and no part of a Malaysian Standard
can be reproduced in any form without the written permission of the Director General.

For further information on Malaysian Standards, please contact:

Department of Standards Malaysia
Level 4-7, Tower 2,

Menara Cyber Axis,

Jalan Impact, Cyber 6,

63000 Cyberjaya

Selangor Darul Ehsan

MALAYSIA

Tel: +60 3 8008 2900

Fax: +60 3 8008 2901
http://www.jsm.gov.my
E-mail: central@jsm.gov.my



MS 2413:2022

Contents
Page
Committee repreSENTAtION ........oc.eiii e iii
0 11170} o 1SS %
T oTe (V11 (o] o WU TSP TP PP PRSPPI Vi
1 S ToTo] o= TP UPPTOURRUPPPTOPRY 1
2 NOrMALIVE FEfEIENCES ....eveiiieie et e e e e e e e e e e ennnnes 1
3 Terms and defiNitioNS .....oooi e 1
4 GENEral FEQUITBMENS ... ittt sttt st b e s bt e bt e e sae e e sbe e e snneenas 2
5 VIN and motor serial NUMDET .........coiiiiiii it 3
6 Vehicle type iNAICAtION .......ooeiiii e 3
7 State of charge (SOC) iNAICALON .......eieiieeiie et 3
8 Safety test reqUIrEMENTS......oceii e 3
8.1 TSt CONAILIONS. ...t sr e enne e 3
8.2 LCT=T a1 | SR 4
8.3 Electrical parts reqUIr€mMeNnt ... ....ooo i 4
8.4 Mechanical safety reqUIremMeNt.........c.eeii i e 5
8.5 Label and Warning SigN.......ccooiieeie it e e 5
9 Safety 1St MENO..... ..o 8
9.1 General rEQUIrEIMENT ... ....oi it e e e e e e e e e e neeas 8
9.2 Secondary isolation of battery Charger ... 9
9.3 High potential test (Mg POL).......oeiiiiieee e 9
9.4 Overload Protective tEST.....coouii i 10
9.5 Water reSIStANCE 1St ...coei i 11
9.6 LTS 0] = (o =T SR 12
9.7 FIOOd fOrding 105t ... e 12
10 Electromagnetic interferenCe .........c.ouiiii i 12
LK T € T=T 01T - | PSRRI 12
10.2 Low voltage AC or DC supply mains port emission measurement .............ccc......... 13
10.3  Vehicle immunity teST.. ... s 13
10.4  Evaluation of teSt reSUIt .......ooiiii i 14
11 Performance test reqUIrEMENTS .........oiiiiiiiiiie e 15
12 Performance test Method ... 16

© STANDARDS MALAYSIA 2022 - All rights reserved i



MS 2413:2022

Contents (continued)

13 Mechanical test for traction battery ... 19
13.1  Battery cycle life test. ... 19
13.2  Drop test for removable traction battery ... 21
13.3  External Short CIrCUIL tEST ......eevviiieee e 22
LR A VAT o - 110 ] 1 (=T SRR 23
13.5  WIthStand VOIAQGE ...oooieiieeiee e s 25
13.6  Protection against electrolyte spills ..o, 26
13.7  Overcharge ProteCiON .........ei i e 26
13.8  Over-discharge ProteCtioN .........coceiiiiiiiiiiiee e e 27

14 Electrical test for traction battery ... 28
L T € T-T 01T - | USSR 28
14.2  Electrical parts requiremMent.........ccooiiiiiiiiiiii e 29

Annexes

Annex A (normative) Normative referenCes ... 32

Annex B (normative) Procedure for conducting a standard cycle ........cccocoeveiiieiiiiieee e, 34

Annex C (normative) Isolation resistance measurement method for component based tests of

A1raction Dattery ......ooooiiiii i 35

=] o] [TeTe [ £=T o]0 ) RN PRSPPI 39

i © STANDARDS MALAYSIA 2022 - All rights reserved



MS 2413:2022

Committee representation

The National Standards Committee on Transport (NSC L) under whose authority this Malaysian Standard was
developed, comprises representatives from the following organisations:

Agensi Pengangkutan Awam Darat

Department of Environment

Department of Standards Malaysia (Secretariat)

Jabatan Laut Malaysia

Jabatan Pengangkutan Jalan

Malaysia Automotive Component Parts Manufacturers Association
Malaysia Automotive, Robotics and loT Institute

Malaysian Automotive Association

Malaysian Institute of Road Safety Research

Malaysian Investment Development Authority

Ministry of Domestic Trade and Consumer Affairs

Ministry of International Trade and Industry

Ministry of Transport

Motorcycle and Scooter Assemblers and Distributors Association of Malaysia
Perodua Manufacturing Sdn Bhd

Perusahaan Otomobil Nasional Sdn Bhd

Polis Diraja Malaysia

Puspakom Sdn Bhd

Universiti Putra Malaysia

Universiti Teknologi Malaysia

The Technical Committee on Motorcycles (NSC L/ TC 8) which supervised the development of this Malaysian Standard
consists of representatives from the following organisations:

Armstrong Auto Parts Sdn Bhd

Department of Environment

Department of Standards Malaysia (Secretariat)

Jabatan Pengangkutan Jalan (Bahagian Kejuruteraan Automotif)
Jabatan Pengangkutan Jalan (Bahagian Keselamatan Jalan Raya)
Malaysia Automotive, Robotics and loT Institute

Malaysia Motorcycle and Scooter Dealers Association

Malaysian Green Technology and Climate Change Corporation
Malaysian Institute of Road Safety Research

Ministry of Domestic Trade and Consumer Affairs

Ministry of International Trade and Industry

Motorcycle and Scooter Assemblers and Distributors Association of Malaysia
Motosikal dan Enjin Nasional Sdn Bhd

Polis Diraja Malaysia

Puspakom Sdn Bhd

RK South Asia Sdn Bhd

SIRIM QAS International Sdn Bhd

Universiti Putra Malaysia

Co-opted members:

Applus+ IDIADA Malaysia
TUV Rheinland Malaysia

The Working Group on Electric Motorcycle (NSC L/ TC 8/ WG 4) which developed this Malaysian Standard consists of
representatives from the following organisations:

Department of Standards Malaysia (Secretariat)

Eclimo Sdn Bhd

Focus Applied Technologies Sdn Bhd

Jabatan Pengangkutan Jalan

Malaysia Automotive, Robotics and loT Institute

Malaysian Green Technology and Climate Change Corporation
Malaysian Institute of Road Safety Research

© STANDARDS MALAYSIA 2022 - All rights reserved iii



MS 2413:2022

Committee representation (continued)

Motorcycle and Scooter Assemblers and Distributors Association of Malaysia

Motosikal dan Enjin Nasional Sdn Bhd

Roda Prestasi Sdn Bhd

SIRIM Berhad (Automotive Development Centre)

SIRIM QAS International Sdn Bhd (Electrical and Electronic Section)

SIRIM QAS International Sdn Bhd (Mechanical Section)

SIRIM QAS International Sdn Bhd (Radio Frequency and Electromagnetic Compatibility Testing Section)
Voltron Battery (M) Sdn Bhd

Co-opted members:

Applus+ IDIADA Malaysia
TUV Rheinland Malaysia

iv © STANDARDS MALAYSIA 2022 - All rights reserved



MS 2413:2022

Foreword

This Malaysian Standard was developed by the Working Group on Electric Motorcycle (NSC
L/TC 8/WG 4) which reports to the Technical Committee on Motorcycles (NSC L/TC 8) under
the authority of the National Standards Committee on Transport (NSC L).

This Malaysian Standard is the first revision of MS 2413, Electric motorcycles series which
incorporates all parts (Part 1, Part 2 and Part 3) as a single standard.

Major modifications in this revision are as follows:
a) updates of list of normative references as in Clause 2;

b) introduction of the term “traction battery”, which in the context of this standard is the same
as the Rechargeable Electrical Energy Storage System (REESS);

c) updates of table on limits for radiated disturbance for broadband and narrowband (Table
5 and Table 6 respectively) in accordance with UN Regulation 10.06, Uniform provisions
concerning the approval of vehicles with regard to electromagnetic compatibility;

d) amendment of requirement for vehicle speed, depth and distance for flood fording test to
align with the ASEAN policy guideline; and

e) inclusion of new clauses i,e. Clause 13 on Mechanical test for traction battery and Clause
14 on Electrical test for traction battery.

This Malaysian Standard cancels and replaces the following standards:
MS 2413 — 1: 2015, Electric motorcycles — Part 1: General;

MS 2413 — 2: 2015, Electric motorcycles — Part 2: Safety; and

MS 2413 — 3: 2017, Electric motorcycles - Part 3: Performance test

Compliance with a Malaysian Standard does not of itself confer immunity from legal obligations.
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Introduction

This Malaysian Standard specifies the requirements, including technical specification, safety
and performance criteria of electric motorcycles. This standard complements the Government’s
initiatives and policies in order to protect the safety of users. Among the objectives of the
development of this standard are:

i. to ensure the quality and safety of electric motorcycles entering the Malaysian market,
especially to avoid accidents caused by electrical failure or other safety elements; and

i. to support the implementation of regulation on electric motorcycles by the regulator.

Vi © STANDARDS MALAYSIA 2022 - All rights reserved
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Electric motorcycles — Specification (First revision)

1 Scope

This Malaysian Standard specifies the general specification of electric motorcycles for on-the-
road use.

Mild hybrid internal combustion engine vehicles are not included in this standard as stated in
Clause 4.1 (e).

2 Normative references

See Annex A for normative references.

3 Terms and definitions
For the purpose of this standard, the following terms and definitions apply.

3.1

charger

an electrical power conversion module supplying power to recharge the vehicle traction battery
from existing electrical power mains

3.2
controller
an electrical power control module supplying power to the motor from the traction battery

3.3

electric motorcycle

for the purpose of this standard, an electric motorcycle is defined as L category vehicle except
L1, L2 and Ls as specified in MS 1822

3.4

hybrid vehicle

for the purpose of vehicle specifications, an electric hybrid vehicle is defined as a vehicle where
the primary propulsion energy can be provided by electrical traction batteries and/or an internal
combustion engine during normal vehicle operation

3.441

full parallel hybrid vehicle

a vehicle which can be operated on either electric propulsion, or internal combustion engine
propulsion, or a combination of the two simultaneously, generally the electrical power
propulsion system is capable of producing greater than 10 % of the mechanical power of the
internal combustion engine

3.4.2

mild hybrid internal combustion engine vehicle

any vehicle where the primary power source is the internal combustion engine, and the
electrical power system is only capable of short-term or low-power assist typically, the electrical

© STANDARDS MALAYSIA 2022 - All rights reserved 1
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power system is used for fast engine starting (after idle engine shutoff), and launch assist
(during initial acceleration from stop, or during overtaking manoeuvres), generally the maximum
power output of the electrical power system is less than 10 % that of the internal combustion
engine. Additionally, the vehicle generally is not able to move on electric power alone

343
motor
electrical motor(s) converting the stored electrical power to tractive effort (motion) of the vehicle

3.4.4

removable traction battery

any traction battery where the end user can remove the battery (either for storage or charging)
on a daily basis without requiring special tools in some cases, a key is required to unlock the
removable battery from the frame

3.4.5

series hybrid vehicle

a hybrid vehicle where the drive wheel is driven only by the electric traction motor, not the
internal combustion engine

3.4.6  traction battery

electrical power storage system i.e., batteries or similar device, this may include the Battery
Management System (BMS) as required by some battery chemistries (notable Li-lon batteries)
NOTE. Although Rechargeable Electrical Energy Storage System (REESS) is a common term in electric

vehicle standards, the term “traction battery” is used which in the context of this standard is the same as
the REESS.

4 General requiremens
4.1 Electric motorcycle covered by this standard is defined by the following:

a) two-, three- and four- wheeled vehicles as per Ls, L4 Ls and L7 categories of MS 1822;

b) vehicles powered solely by an electrical power storage device and electrical motor(s),
series hybrid vehicles and full parallel hybrid vehicles;

C) having a maximum speed in excess of 50 km/h as detailed in Clause 12 of this standard;

d) throughout this standard, series hybrid vehicle, full parallel, and/or series/parallel
combination hybrid vehicle will be referred to as electric motorcycle and/or vehicle; and

e) mild hybrid internal combustion engine vehicle as defined in 3.4.2 is not covered in this
standard.

4.2  The vehicle shall comply with all applicable Motor Vehicle (Construction and Use) Rules

1959, Environmental Quality Act 1974 [Act 127] and the Garis Panduan Kelulusan Jenis
Kenderaan.

2 STANDARDS MALAYSIA 2022 - All rights reserved
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5 VIN and motor serial number

5.1 Vehicle Identification Number (VIN) number shall comply with MS 1743, MS 1744 and
ISO 3779.

5.2 Each electrical traction motor shall carry a stamped unique motor serial number.

5.3  The motor serial number shall include a code indicating the motor rated power in Watts
(W).

6 Vehicle type indication

6.1 The vehicle shall have a marking clearly identifying it as an electric vehicle as specified
in Clause 8.5.5 of this standard.

7 State of charge (SOC) indicator

71 Each vehicle shall have a ‘state of charge’ (SOC) indicator giving a visual indication of
the approximate amount of energy remaining in the power storage unit.

8 Safety test requirements
8.1 Test conditions

8.11 Unless otherwise specified, all testing will be done with the following conditions as
appropriate:

8.1.1.1  Vehicle shall be tested with standard rider of 75 kg £ 5 kg weight, seated in a normal
riding position. In the event of a rider weighing less than 70 kg, ballast weights may be added
to achieve a payload weight of 75 kg + 5 kg.

8.1.1.2 Testing track shall be of asphalt or concrete with flat, dry and clean condition to avoid
tyre slip.

8.1.1.3 The testing road shall be flat with an inclination of not more than 1 % in the forward
direction, and not more than 3 % in the lateral direction. Total test track height deviation shall
not exceed 1 m.

8.1.1.4  During testing, indoor temperature shall be at 25 °C + 5 °C and outdoor temperature
shall be at 35 °C £ 5 °C and average wind speed is below 3 m/s with gusts not to exceed 5 m/s.
Outdoor testing is not permitted when raining or in heavy fog.

8.1.1.5 During the test, all equipment and specifications e.g., tyre pressure shall be
maintained at their nominal value within £5 % unless otherwise stated.

8.1.1.6 To minimise the test deviation, all tests on the road shall be run in the normal and
opposed directions.

NOTE. First run in one direction, second run in opposite direction.

© STANDARDS MALAYSIA 2022 - All rights reserved 3
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8.2 General

8.2.1 The heat generated from the electrical items shall not cause any fire, material
deformation and injury to the personnel operating or working with the vehicle.

8.2.2  Incase of wrong operation of the control unit, it shall not cause any fire, traffic accident
and electrical shock.

8.2.3 During normal operation of the traction battery, there shall not be any leakage or
spillage of electrolyte or current.

8.3 Electrical parts requirement
8.3.1 Traction battery

8.3.1.1  Traction battery shall be securely fixed to the vehicle where the place shall be well
ventilated and has good heat dissipation. During the operation, there shall be no hazardous
gases accumulated in any part of the vehicle.

8.3.1.2 Traction battery and electrical system shall have protection features. The protection
feature shall include provision for over-current, under-voltage, overcharging and short
circuiting. When the above situation happens, the system should be cut off automatically from
the battery and the charging source.

8.3.2 Electric component
8.3.2.1  Electrical shock protection

8.3.2.1.1 The electrical part insulation specification is included in this standard or protective
cover to prevent direct contact.

8.3.2.1.2 The electrical system (including the vehicle charging system) shall comply with MS
589 unless otherwise specified.

8.3.2.1.3 Insulation material such as paint, epoxy coat, glue, porcelain and similar item should
not be used as the basic (primary) insulation for any electrical system.

8.3.2.1.4 No connection to any electrical conductor should be possible without removal or
destruction of existing insulation or protective cover. Access to any electrical conductor is only
possible with the use of an appropriate tool. All electrical system protective covers shall have
warning label as shown in Figure 1.

8.3.2.1.5 Holes in the various vehicle enclosures are allowed. However, to prevent electrical
shock, holes in excess of 6 mm diameter are not allowed where this could result in exposure of
penetrating items to hazardous voltages (i.e. >60 VDC or >30 VAC rms).

8.3.2.1.6 Wires conducting electrical voltage shall be kept away from any heat source, sharp
edges and moving parts. If the wires need to go through a hole, then the hole edges should be
smooth (i.e., rounded) and with chamfered sleeve.

NOTE. All these exposed parts include wire connection, screw and metal part connection.
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8.3.3 Electric motor and charging source requirement

8.3.3.1  Whenever connections exist between charging power source and the vehicle, the
electric motor shall automatically be disabled.

8.4 Mechanical safety requirement

8.4.1 Starting

8.4.1.1 A key and/or switch system is required to start and operate the vehicle. The
key/switch system shall allow for three modes of operation as shown in Table 1. The operating

system of using other switch to change the mode from ON to RUN is also allowed.

Table 1. Modes of operation for key system

Mode Operation
OFF Vehicle is disabled, and the motors may not be actuated.
ON Vehicle has power to accessories and display, but the motors are

not active.

Motors are armed, and when the throttle is actuated, the motors will
RUN operate unless overridden by other safety features (i.e., side stand
deployment or overload condition)

8.4.1.2 To enter the RUN mode, the vehicle shall first be placed in the ON mode by means
of the key/switch. A separate action of the key/switch is required to enter the RUN mode. This
is to prevent accidental entry directly into the RUN mode from the OFF mode.

8.4.1.3 The vehicle may only be taken out of RUN mode by means of the key/switch which
can either return it to the ON mode or the OFF mode. The key/switch shall then be deliberately
actuated in order to return to the RUN.

8.4.2 Traveling and stop

8.4.2.1 Whenever in the drive mode, the vehicle should have clear signal to indicate that the
vehicle is ready to move.

8.4.3 Stand

8.4.3.1  For rear wheel drive vehicle, when the side stand is engaged, the drive mode shall
be automatically disabled as long as the side stand is deployed.

8.4.3.2 For any vehicle with front wheel drive, when either side stand or centre stand is
engaged, the drive mode shall be automatically disabled as long as either stand is deployed.

8.5 Label and warning sign

8.5.1 For system operating voltage of 60 VDC and above, all protective covers for traction
battery and electrical parts shall be clearly labelled as Figure 1.

© STANDARDS MALAYSIA 2022 - All rights reserved 5
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Figure 1. High voltage warning
NOTE. Background is yellow with black frame and signage as per ISO 3864

8.5.2  All traction batteries shall clearly and legibly indicate the type of battery, voltage and
capacity.

8.5.3 If the materials in the traction battery are classified as scheduled waste, then it shall
be labelled as such with the statement “This battery must be returned to the manufacturer or
importer for recycling or disposal” and the battery shall be clearly labelled as in Figure 2.

Figure 2. Separate collection symbol

8.5.4 If the vehicle comes with external charger, the charger shall indicate “for indoor use
only” unless it complies with the outdoor electrical appliance specification IP 45 or higher.

8.5.5 The vehicle shall have a marking clearly identifying it as an electric vehicle as
illustrated in Figure 3 and specified in Table 2.

6 STANDARDS MALAYSIA 2022 - All rights reserved
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Figure 3. Electric vehicle marking
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Table 2. Specification for electric vehicle marking

Detail Specification
Font type As in the diagram (verdana)
Stroke Width 6 mm
Font Width 22 mm
Height 30 mm
Colour Blue
Width 5 mm
Outer line Radius 40 mm
Colour Blue
Lightning bolt
Height 88 mm
Inner shape type Width 79 mm
Colour Red
Rotation 317°
Background colour White
Spacing 5 mm

8.5.6

When measured with a spectrophotometer and illuminated polychromatically with the

CIE Standard llluminant Des at an angle of 45° to the normal and viewed along the normal
(geometry 45/0), the colour of the material in new condition should be located within the area
defined by the chromaticity coordinates in Table 3 and comply with the luminance factor.

Table 3. Recommended Colour Coordinate

Colour 1 2 3 4 Luminance factor, 8
Red | Yoato | oa1s | 0341 | o0ses 2030

wnite | Y0270 | osss | oas | 0s10 025

Bue | Yooss | ost0 | 0285 | o2ns 030

9 Safety test method

9.1

9.1.1

General requirement

The general test requirement shall be as below:

a) all of the following tests are to be performed on the same unit of vehicle;

STANDARDS MALAYSIA 2022 - All rights reserved
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b)  through visual mechanical inspection (VMI), any VMI problem shall result in failure of the
test;

C) for any moving part test, the least advantage orientation is selected for component
testing;

d) the traction battery shall be fully charged; and

e) the vehicle shall be operated for at least 5 km before running the test.

9.2 Secondary isolation of battery charger

9.2.1 In the case of motor vehicles which are intended to be connected to the grounded
external electric power supply through the conductive connection, a device to enable the
galvanical connection of the electrical chassis to the earth ground shall be provided. The device
shall enable connection to the earth ground before exterior voltage is applied to the vehicle and
retain the connection until after the exterior voltage is removed from the vehicle. Compliance to
this requirement shall be demonstrated either by using the connector specified by the vehicle
manufacturer, or by analysis.

9.2.2 The requirement of paragraph above shall not apply to vehicles which satisfy a) or b)
below:

a) the vehicle’s traction battery can be charged via the external electric power supply only
by using an off-board charger with a double insulation or reinforced insulation structure
between input and output.

i) The performance requirements regarding the previously mentioned insulation
structure shall comply with the following requirements of 13.6 and 13.7 and stated
in its documentation.

b) the on-board charger has a double or reinforced insulation structure between input and
the vehicle’s exposed conductive parts/electrical chassis.

i) The performance requirements regarding the previously mentioned insulation
structure shall comply with the following requirements of 13.6 and 13.7

9.2.3 If both systems are installed, a) and b) have to be fulfilled.

9.3 High potential test (high pot)

9.3.1 The test vehicle shall stand for 8 h under the following conditions:
a) temperature shall be at 25 °C = 5 °C;

b)  humidity shall be within 85 % - 100 %; and

c) pressure shall be within 86 kPa - 106 kPa.

9.3.2 Any electrical components that are likely to be damaged due to high pot test shall be
removed before the test is carried out.

9.3.3  Traction battery shall be removed prior to testing.
© STANDARDS MALAYSIA 2022 - All rights reserved 9
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9.3.4  According to the operating voltage Vo and insulation methods, select the test voltage
from Table 4. Test the component using 50 Hz - 60 Hz AC voltage for 1 min.

9.3.5  The high pot test leakage current shall be below 100 mA based on Table 4.

9.3.6  When connect portions such as battery terminal are covered by insulator (e.g., plastic
parts), it should be considered as the additional insulator even if there is space among them.

Table 4.Test voltage against various type of insulation (Vac)

. Basic Additional Double insulation or
Traction battery (V) insulation? insulation® enhance insulation®
<60 500 - -
60 - 100 1 000 2 Vmax + 2 250 2 Vimax + 3 250
100 2 m* : ;00000 2 Vinax + 2 750 2 Vinax + 3 750

NOTE. Vmax is maximum operating voltage.

a Basic insulation for preventing an electric shock from the electrified part.

b Insulation installed independently on the outside of basic insulation for electric shock prevention when basic

insulation is invalidated. The value in Table 4 is the value which measured additional insulation independently.

¢ Insulation which combined the basic insulation and the additional insulation. The value in Table 4 is the value
which is measured by combining them.

9.4  Overload protective test

9.4.1 Position the vehicle upright against the 90° rigid wall or similar method of preventing
vehicle motion of the driven wheel(s) as illustrated in Figure 4 without use of the brakes.
Maintain the throttle/accelerator wide open for 60 s. During the stall condition, the vehicle shall
not suffer any permanent damage to the power storage system, power controller or electric
motor or wiring, or cause any danger for the rider. Upon releasing the stall condition, the system
shall return to normal operation.

NOTE. Application of the brakes in some vehicles will override traction motor power, thus obviating this
test.

Figure 4. Overload protective test
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9.5  Water resistance test
9.5.1 Requirement
9.5.1.1  Requirement for water resistance test shall be as follows:

a) place test vehicle in upright position, inside the test chamber with proper mounting on the
machine base (refer to Figure 5);

b) the water shall be sprayed uniformly at a flow rate of at least 25 cm/h as measured by
standard rainfall measurement method;

c) water temperature shall be within 20 °C to 35 °C; and

d) during and upon completion of 8 h testing.

Figure 5. Water soak test chamber

9.5.2  Test procedure

9.5.2.1  Test procedure shall be as follows:

a) before the water spray test is conducted, the vehicle shall be operated unloaded with
chassis suspended and all powered wheels in air, and free running at a wheel speed of
30 km/h £ 5 km/h continuously for 30 min;

b)  the vehicle is then powered off, and the water spray system is turned on. After 7 h of
water spray, the vehicle is again powered on and operated for 1 h, unloaded, at a wheel
speed of 30 km/h £ 5 km/h. Water spray is continued during this final hour;

C) the vehicle shall pass the insulation test as per Clause 9.6 at this point; and

d) during and upon completion of 8 h testing:

i) all electrical items should function as per normal;

© STANDARDS MALAYSIA 2022 - All rights reserved 11
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ii) all functional items i.e., meter, switches, motor, controller, lights should function as
per normal; and

i) the vehicle operator shall not receive electrical shocks from normal operation of
the vehicle.

9.6 Insulation test
9.6.1 All electrical system insulation shall be over 2 MQ based on mega ohm tester.

9.6.2 After the water resistance test in Clause 9.5, immediately carry out the insulation test
(vehicle in wet condition). The insulation shall be at least 250 Q.

9.6.3 The same vehicle is to be left standing for 24 h, then carry out another insulation test.
The insulation shall be at least 500 Q.

9.7 Flood fording test

9.71 Vehicle is to be driven by a driver of 75 kg = 5 kg weight at a speed of 10 km/h —
15 km/h speed through a minimum of 15 cm deep water for a distance of at least 50 m.

9.7.2 During and upon completion of the flood fording test:
a) all electrical items should function as per normal;

b) all functional items i.e., meter, switches, motor, controller, lights should function as per
normal;

C) the vehicle shall pass the insulation test as per Clause 9.6 at this point;

d)  the vehicle operator shall not receive electrical shocks from normal operation of the
vehicle;

e) the vehicle shall then be ridden at 40 km/h for 30 min; and

f) the vehicle is considered a fail if it cannot function normally during any of the above
testing.

10 Electromagnetic interference

10.1 General

10.1.1 Electromagnetic emission from the electric motorcycle shall comply with broadband

and narrowband limits as shown in Tables 5 and 6. In the 30 MHz - 1 GHz frequency range,

the vehicle shall comply with both i) and ii) below:

i) broadband limit when the vehicle is in “engine running” and “charging” mode; and

ii) narrowband limit when the vehicle is in “key-on, engine off” mode.

12 STANDARDS MALAYSIA 2022 - All rights reserved
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Refer to Table 7.
10.3
Refer to Table 8 and
10.3.1

10.3.2
normal operation.

Vehicle immunity test

Table 9.

MS 2413:2022

Low voltage AC or DC supply mains port emission measurement

Vehicle shall be in unladen condition except for necessary test equipment.

All equipment which can be switched on permanently by the driver should be in

Table 5. Limits for radiated disturbance for broadband

Frequency range, Measuring distance Measuring distance Test method
MHz 10.0m £0.2m 30m+0.05m
30to 75 32 42 CISPR 12
75 to 400 3210 43 42 to 53 CISPR 12
400 to 1 000 43 53 CISPR 12

NOTE. The limits increase linearly with logarithm of the frequency in the range of 75 MHz to 400 MHz.

Table 6. Limits for radiated disturbance for narrowband

Frequency Measuring distance | Measuring distance Test method
range, MHz 10.,0m £0.2m 30m+0.2m

30 to 230 28 38 CISPR 12 or CISPR 25
230 to 1 000 35 45

Table 7. Emission test - Additional specification for traction battery charging mode
coupled to the power grid

. Test .

No Environmental phenomenon specification Basic standard

1. | Emission of harmonics generated on AC power Class A IEC 61000-3-2
lines

2. | Emission of voltage changes, voltage fluctuations Class A IEC 61000-3-3
and flicker on AC power lines

3. | Emission of radio frequency conducted Class B CISPR 32
disturbances on AC or DC power lines

4. | Emission of radio frequency conducted Class B CISPR 32
disturbances on network and telecommunication
access from vehicles
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Table 8. Immunity test on “engine-running” mode

Typical test specification Basic
Environmental phenomenon (for the latest specification refer standard
to basic standard in this table)
Radiated electromagnetic immunity test 30 V/m ISO 11451-2
80 MHz to 800 MHz

Vehicle mode during test: AM 80 % 1 kHz

30 V/m ISO 11451-2
i) engine-running mode (50km/h 800 MHz to 2 000 MHz

with no load); and PM; t on 577 ps, period 4 600 us

ii) key-on, engine off with brake-on.

Table 9. Immunity test - Additional specification for traction battery charging mode
coupled to the power grid

Typical test specification Basic
Environmental phenomenon (for the latest specification, refer standard
to basic standard in this table)
Immunity of vehicles to electrical fast 2 kV IEC 61000-4-4
transient / burst disturbances along 5 kHz
AC or DC power lines 1 min duration
Immunity of vehicles to surge 1.2/50 ps (8/20 ps) IEC 61000-4-5
conducted along AC or DC power AC = 2 kV, £1 kV
lines DC = +0.5kV
Immunity of vehicles to RF 3 Vims IEC 61000-4-6
conducted immunity test along AC or 150 kHz to 80 MHz
DC power lines 1 kHz 80 % AM
Immunity of vehicles to electrostatic +4 KV contact discharge IEC 61000-4-2
discharge test 18 kV air discharge
Radiated electromagnetic immunity 30 V/im ISO 11451-2
test. Vehicle at charging mode 80 % AM 1 kHz
during test 80 MHz to 2 000 MHz
30 V/im ISO 11451-2
800 MHz to 2 000 MHz
PM; t on 577 ps, period 4 600 ps

104 Evaluation of test result
10.4.1 Basic vehicle conditions
A vehicle is deemed to fulfil the requisite immunity conditions if, during the tests carried out in

the manner required by this clause, none of the failure criteria listed in Tables 10, 11, and 12
occurs.
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Table 10. Failure criteria for 50 km/h vehicle test conditions

Test condition Failure criteria

Vehicle speed 50 km/h (respectively 25 | Speed variation greater than 10 % of the
km/h for L1, L2 vehicles) £20 % (vehicle | nominal speed. In case of automatic gearbox:
driving the rollers). If the vehicle is | change of gear ratio inducing a speed variation
equipped with a cruise control system, it | greater than £10 % of the nominal speed.

shall be operational.

Dimmed beams ON (manual mode) Lighting OFF

Direction indicator on driver's side ON Frequency change (lower than 0.75 Hz or
greater than 2.25 Hz). Duty cycle change
(lower than 25 % or greater than 75 %).

Alarm unset Unexpected activation of alarm

Horn OFF Unexpected activation of horn

Table 11. Failure criteria for key-on, engine off with brake-on vehicle test conditions

Test conditions Failure criteria

To be defined in brake cycle test plan. This shall | Stop lights inactivated during cycle. Brake
include operation of the brake pedal (unless | warning light ON with loss of function.

there are technical reasons not to do so) but not
necessarily an anti-lock brake system action. Unexpected activation

Table 12. Failure criteria for traction battery in charging mode vehicle test conditions

Test conditions Failure criteria

The traction battery shall be in charging mode. | Vehicle sets in motion

11 Performance test requirements
111 General

1111 The test vehicle shall be run-in for at least 300 km following the published
maintenance and operation procedures before testing.

11.1.2  Testing shall be performed with a traction battery which is less than one year old and
has undergone less than 50 nominal charge/discharge cycles.

11.1.3  Before testing, vehicle shall be conditioned at 25 °C £ 5 °C for 8 h.
11.1.4  During testing, setting of vehicle lighting is as per Motor Vehicle (Construction and

Use) Rules 1959 and the Garis Panduan Kelulusan Jenis Kenderaan regulated by the Road
Transport Department.
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12 Performance test method

121 In the case of a deviation between a road test and a chassis dynamometer test, the
road test results should be used.

12.2 If several tests are to be performed, they shall be conducted in the following sequence:
a) maximum road speed test; and

b) hill climbing capability test.

12.3 Battery should be fully charged before beginning each test.

12.2.1 Maximum road speed test

12.2.1.1 Test requirement

12.2.1.1.1 Test road length shall be more than 200 m. The track shall have enough space to
allow vehicle to stop and turn safely for bidirectional driving.

12.2.1.2 Test method
12.2.1.2.1 This test shall only be conducted on the road.

12.2.1.2.2 Electric motorcycle speeds are to be measured using a speed measurement
device such as GPS or similar device. This device should be verified to be accurate to within
1 km/h at 50 km/h nominal speed.

12.2.1.2.3 Before measuring the top speed, the vehicle shall be run for 6 km at a speed of
30 km/h.

12.2.1.2.4 Apply full throttle and allow the vehicle to reach full speed. Maintain the maximum
speed within the test area. Measure the time taken (record as t) for the vehicle to pass a
distance, L within the test area.

12.2.1.2.5 Carry out the same test using the same road in the opposite direction and record
the time to pass the same distance, L as k. One cycle is considered a single run in each
direction. This test shall be performed for three cycles i.e., six runs.

12.2.1.2.6 The velocity v of each cycle shall be calculated as follow:

3.6

V=
where
v is average speed (km/h);
L is length of the test area (m); and
t is average go and return time, (4 + &)/2 (seconds).

NOTE. Other methods of velocity measurement are acceptable provided they are accurate to within +1 %
of the above technique.
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12.2.1.2.7 The distance covered and the time taken to cover that distance shall be determined
with sufficient accuracy such that the error in the maximum speed does not exceed 1 % of the
measured value.

12.2.1.2.8 Maximum and minimum values for the average maximum speed cannot be more
than 3 % of the lowest measured maximum speed or else the test shall be repeated.

12.2.1.2.9 The final maximum speed is by calculating the average of the three calculated
velocities and rounded to the nearest 0.1 km/h.

12.2.1.3  All pertinent data shall be recorded in the report form.
12.2.2  Hill climbing capability test
12.2.21 Test requirement

12.2.2.1.1 Before measuring the top speed, the vehicle shall be run for 6 km at a speed of
30 km/h.

12.2.2.1.2 Test shall be performed on a well paved asphalt or concrete surface free of water
or debris. The test surface shall have a slip-proof surface with a test area of 10 m in length with
consistent 20 % gradient.
12.2.2.2 Test method

12.2.2.2.1 Use the lowest gear to conduct the test.

12.2.2.2.2 Vehicle shall be placed facing up the test slope and held at position by the
braking system at the beginning of the 10 m section.

12.2.2.2.3 The throttle should be opened as the brakes are simultaneously released.
12.2.2.2.4 Any reverse motion of the vehicle shall be recorded as the ‘roll-back’ distance.
12.2.2.2.5 The vehicle shall then accelerate forward passing the 10 m test section.
12.2.2.2.6  Time to traverse the 10 m section shall be recorded.

12.2.2.2.7 The vehicle is considered to have failed the test if any of the following conditions
occur:

a) the vehicle rolls back more than 0.15 m before accelerating forward;
b) the vehicle fails to accelerate forward;

c) the vehicle moves so slowly that the rider is required to place his feet on the ground to
stabilise the vehicle within the 10 m test section; or

d) the total time from application of throttle to passing the 10 m mark exceeds 10 s.

12.2.3 Range test procedure

© STANDARDS MALAYSIA 2022 - All rights reserved 17



MS 2413:2022

12.2.3.1 Ingeneral, the tolerances for various parameters should be maintained as per Table

13.
Table 13. Tolerance for various parameters
Measurement parameter Unit Resolution Tolerance
Time S 0.1s +0.1s
Range m im +0.1 %
Temperature °oC 1°C 1 °C
Speed km/h 0.1 km/h 1 %
Mass kg 1 kg 0.5 %
Energy Wh 0.2 Wh 0.2 Wh

12.2.3.2 Pre-test vehicle conditioning

12.2.3.2.1 The vehicle shall comply with Motor Vehicle (Construction and Use) Rules 1959
and the Garis Panduan Kelulusan Jenis Kenderaan regulated by the Road Transport
Department.

12.2.3.2.2 The vehicle shall be operated for at least 300 km prior to testing. The battery should
then be fully charged with the products battery charger on the highest current setting.

12.2.3.3 Test conditions

12.2.3.3.1 Environmental test conditions shall be maintained throughout the test duration as
follows:

a) during testing the temperature shall be at 35 °C + 5 °C;

b) humidity shall be less than 90 % (non-condensing); and

C) average wind speed shall be below 3 m/s, with maximum gust not to exceed 5 m/s.
12.2.3.3.2 Vehicle payload (rider and test equipment weight) shall be 75 kg £ 5 kg.
12.2.3.3.3 During testing the vehicle rider is to maintain normal riding posture.

12.2.3.3.4 The road surface is to be smooth asphalt or concrete free of holes, debris or water.

12.2.3.3.5 Vehicle lights shall be illuminated as per applicable Motor Vehicle (Construction
and Use) Rules 1959 and the Garis Panduan Kelulusan Jenis Kenderaan for on-road operation.

12.2.3.4 Range measurement methodology

12.2.3.4.1 During this test, the vehicle accessories shall be in the nominal operating mode:
a) Horn OFF;

b) Turn indicators OFF;

C) Headlight ON, Low mode;
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d) Sound making device (if required by law) ON;
e) Any other accessories required by law are to be ON (e.g., tail light); and
f) Any other non-essential accessories are to be OFF (e.g., radio)

12.2.3.4.2 The vehicle shall be operated at a constant speed 80 % of the vehicle’s maximum
speed, or 50 km/h (whichever is greater) until one of the following occurs:

a) the vehicle instrumentation indicates that the operator should stop the vehicle;
b) the vehicle should no longer attain the designated speed within 2 km/h; and

c) the designated speed range cannot be achieved for more than 4 s continuously.
12.2.3.4.3 Upon any of the above conditions, the test is considered finished.

12.2.3.4.4 Record the total test distance travelled in kilometers (km) and total time taken in
minutes (min).

12.2.3.5 Failure criterion

12.2.3.5.1 The vehicle should achieve at least 1 h of operation at the designated speed,
therefor the vehicle is considered to have failed the minimum range specification if:

a) The vehicle range test is finished before 1 h of operation was achieved; and

b) The measured range is less than 50 km, or 80 % of the test speed times 1 h, whichever
is greater.

13 Mechanical test for traction battery

13.1 Battery cycle life test

13.1.1 The test should be performed at an ambient temperature of 30 °C £ 5 °C.

13.1.2 To test the battery cycle life, the standard discharge current is defined as the
measured battery current when operating the vehicle on the road at a constant speed 80 % of
the vehicle maximum speed, or 50 km/h (whichever is greater). During this test, the vehicle
accessories shall be in the nominal operating mode:

a) Horn OFF;

b) Turn indicators OFF;

c) Headlight ON, Low mode;

d) Sound making device (if required by law) ON;

e) Any other accessories required by law are to be ON (e.g., tail light); and

f) Any other non-essential accessories are to be OFF (e.g., radio).
© STANDARDS MALAYSIA 2022 - All rights reserved 19



MS 2413:2022

13.1.3  Charging is to be performed by the vehicle standard charger at the maximum current
setting (e.g., fast charge) if selectable. This is done to ensure that the charging voltages and
currents during testing are the same as that in actual usage.

13.1.4  For each cycle, the battery is to be charged as specified until the battery charger,
BMS or vehicle controller, declares the battery is fully charged.

13.1.5 For each discharge cycle, the battery is to be discharged at the designated test
current until any one of the following occurs:

a) the BMS or vehicle controller declares that the battery is fully discharged, and requires
charging; or

b) the battery can no longer supply at least 98 % of the designated test current.
13.1.6  The battery is to be repeatedly charged and discharged following this pattern while
measuring the actual current and duration of discharge. Each cycle’s total capacity shall be
calculated as follows:

Battery capacity = X Instantaneous current x Sample time
13.1.7  Where the sample time is 60 seconds or less, and the instantaneous current is the
average battery current measured over this time interval during the discharge test. The sample
time should be converted to hours for the above calculation, so the resulting battery capacity is
in Amp-Hours.

13.1.8  The battery capacity’s first three cycles are to be averaged together as the “Initial
battery capacity”.

13.1.9  The battery is to be repeatedly tested on the above schedule until any of the following
occurs:

a) The last measured battery capacity falls below 80 % of the original battery capacity; or

b) The number of cycles exceeds 300 and exceeds the manufacturer’s claimed battery
cycle life.

13.1.10  Failure criterion

13.1.10.1 The battery is considered to have failed the minimum life cycle specification if:

a) The system cannot achieve 300 charge/discharge cycles with at least 80 % capacity; and
b) The measured number of cycles is less than the manufacturer’s stated number of cycles.
Or alternatively if the manufacturer defines the battery life in terms of kilometers:

c) The total discharge time (summation of all test cycles) in hours, times the test speed

(80 % of the maximum speed or 50 km/h, whichever is greater) is less than the
manufacturer’s declared total battery range;

NOTE. Do not confuse this with the individual charge range.

a) electrolyte leakage;
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b) rupture (applicable to high voltage traction battery(s) only);
C) fire; and

d) explosion.

13.2 Drop test for removable traction battery

13.2.1 Purpose

13.2.1.1  Simulates a mechanical impact load which may occur during an unintended drop after
traction battery removal.

NOTE. The test only applies to user removable batteries which do not require a special tool (apart from a
key) to remove.

Warning: This test may result in a hazardous situation including fire or explosion. Take appropriate
precautions when performing the test.

13.2.2 Procedures
13.2.2.1 General test conditions

13.2.2.1.1 The following conditions shall apply to the removed traction battery at the start of the
test:

a) Adjust the SOC to at least 90 % of the rated capacity (Ah); and

b) The test shall be performed at 25 °C + 5 °C.

13.2.2.2 Test procedure

a) Free fall of the removed traction battery from a height of 1.0 m (from bottom of the traction
battery) to a smooth, horizontal concrete pad or other flooring type with equivalent

hardness;

b) The removed traction battery shall be dropped six times from different orientations. The
manufacturer may decide to use a different removed traction battery for each drop;

C) Directly after the termination of the drop test, a standard cycle as described in Annex B
shall be conducted, if not inhibited; and

d) The test shall end with an observation period of 1 h at the ambient temperature conditions
of the test environment.

13.2.3  The failure criteria are as follows:
a) electrolyte leakage;
b) rupture (applicable to high voltage traction battery/batteries only);

c) fire; or
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d) explosion.

13.2.3.1 Evidence of electrolyte leakage shall be verified by visual inspection without
disassembling any part of the tested device.

13.2.4  For a high voltage traction battery, the isolation resistance measured after the test in
accordance with Annex C shall not be less than 250 Q/V.

13.3 External short circuit test
13.3.1 Purpose

13.3.1.1  The purpose of this test is to verify the performance of the short circuit protection.
This functionality, if implemented, shall interrupt or limit the short circuit current to prevent the
traction battery from any further related severe events caused by short circuit current.

Warning: This test may result in a hazardous situation including fire or explosion. Take appropriate
precautions when performing the test.

13.3.2 Installations

13.3.2.1  This test shall be conducted either with the complete traction battery or traction
battery with related traction battery subsystem(s), including the cells and their electrical
connections. If the manufacturer chooses to test with related subsystem(s), the manufacturer
shall demonstrate that the test result can reasonably represent the performance of the complete
traction battery with respect to its safety performance under the same conditions. If the
electronic management unit for the traction battery is not integrated in the casing enclosing the
cells, then the electronic management unit may be omitted from installation on the tested device
if so requested by the manufacturer.

13.3.3 Procedures
13.3.3.1 General test conditions
13.3.3.1.1 The following conditions shall apply to the test:

a) The test shall be conducted at ambient temperature of 25 °C £ 5 °C or at higher
temperature if requested by the manufacturer;

b) At the beginning of the test, the SOC shall be adjusted to a value in the upper 50 % of
the normal operating SOC range; and

C) At the beginning of the test, all protection devices which would affect the function of the
tested device and which are relevant to the outcome of the test shall be operational.

13.3.3.2 Short circuit
a)  Atthe start of the test, all relevant main contactors for charging and discharging shall be
closed to represent the active driving possible mode as well as the mode to enable

external charging. If this cannot be completed in a single test, then two or more tests
shall be conducted.
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b) The positive and negative terminals of the tested device shall be connected to each other
to produce a short circuit. The connection used for this purpose shall have a resistance
not exceeding 5 mQ.

C) The short circuit condition shall be continued until the operation of the traction battery
protection function to interrupt or limit the short circuit current is confirmed, or for at least
1 h after the temperature measured on the casing of the tested device has stabilised,
such that the temperature gradient varies by less than 4 °C through 1 h.

13.3.3.3 Standard cycle and observation period

a) Directly after the termination of the short circuit, a standard cycle as described in b),
Annex B shall be conducted, if not inhibited by the tested device.

b) The test shall end with an observation period of 1 h at the ambient temperature conditions
of the test environment.

13.3.4.  The failure criteria are as follows:

a) electrolyte leakage;

b) rupture (applicable to high voltage traction battery/batteries only);
c) fire; or

d) explosion.

13.3.4.1 Evidence of electrolyte leakage shall be verified by visual inspection without
disassembling any part of the tested device.

13.3.5  For a high voltage traction battery, the isolation resistance measured after the test in
accordance with Annex C shall not be less than 250 Q/V.

134 Vibration test
13.4.1 Purpose

13.4.1.1 The purpose of this test is to verify the safety performance of the traction battery
under a vibration environment which the traction battery will likely experience during normal
operation of the vehicle.

Warning: This test may result in a hazardous situation including fire or explosion. Take appropriate
precautions when performing the test.

13.4.2 Installations

13.4.2.1 This test shall be conducted either with the complete traction battery or traction
battery with related traction battery subsystem(s) including the cells and their electrical
connections. If the manufacturer chooses to test with related subsystem(s), the manufacturer
shall demonstrate that the test result can reasonably represent the performance of the complete
traction battery with respect to its safety performance under the same conditions. If the
electronic management unit for the traction battery is not integrated in the casing enclosing the
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cells, then the electronic management unit may be omitted from installation on the tested device
if so requested by the manufacturer.

13.4.2.2 The tested device shall be firmly secured to the platform of the vibration machine in
such a manner as to ensure that the vibrations are directly transmitted to the tested device.

13.4.3  Procedures

13.4.3.1 General test conditions

13.4.3.1.1 The following conditions shall apply to the tested device:

a) The test shall be conducted at an ambient temperature of 25 °C £ 5 °C;

b) At the beginning of the test, the SOC shall be adjusted to a value in the upper 50 % of
the normal operating SOC range of the tested device; and

C) At the beginning of the test, all protection devices which affect the function(s) of the tested
device that are relevant to the outcome of the test shall be operational.

13.4.3.2 Test procedures

a) The tested devices shall be subjected to a vibration having a sinusoidal waveform with a
logarithmic sweep between 7 Hz and 200 Hz and back to 7 Hz traversed in 15 min;

b) This cycle shall be repeated 12 times for a total of 3 h in the vertical direction of the
mounting orientation of the traction battery as specified by the manufacturer;

C) The correlation between frequency and acceleration shall be as shown in Table 14 and
Table 15;

d) At the request of the manufacturer, a higher acceleration level as well as a higher
maximum frequency may be used;

e) After the vibration, a standard cycle as described in Annex B shall be conducted, if not
inhibited by the tested device; and

f) The test shall end with an observation period of 1 h at the ambient temperature conditions
of the test environment.

Table 10. Frequency and acceleration (gross mass of tested device less than 12 kg)

Frequency (Hz) Acceleration (m/s?)
7-18 10
18 — approximately 50 2 gradually increased from 10 to 80
50 - 200 80
@ The amplitude is then maintained at 0.8 mm (1.6 mm total excursion) and the frequency is increased until the
maximum acceleration as described in Table 14 or Table 15 occurs.
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Table 15. Frequency and acceleration (gross mass of tested device of 12 kg or more)

Frequency (Hz) Acceleration (m/s?)

7-18 10
18 — approximately 25 2 gradually increased from 10 to 20
25 -200 20

@ The amplitude is then maintained at 0.8 mm (1.6 mm total excursion) and the frequency is increased until the
maximum acceleration as described in Table 14 or Table 15 occurs.

13.4.4  The failure criteria are as follows:

a) electrolyte leakage;

b) rupture (applicable to high voltage traction battery/batteries only);
c) fire; or

d) explosion.

13.4.4.1 Evidence of electrolyte leakage shall be verified by visual inspection without
disassembling any part of the tested device.

13.4.5 For a high voltage traction battery, the isolation resistance measured after the test in
accordance with Annex C shall not be less than 250 Q/V.

135 Withstand voltage
For vehicle with on-board charger, the test procedure shall be as below.
13.5.1 General

13.5.1.1 Insulation resistance shall be measured after application of the test voltage to the
vehicle with the on-board (built-in) charger.

13.5.2 Procedure

13.5.2.1 The following testing procedure shall be applicable to vehicles with on-board (built-
in) chargers.

a) Between all the inputs of the charger (plug) and the vehicle’s exposed conductive parts
including the electrical chassis if present, apply an AC test voltage of 2 x (Un + 1 200) V
rms at a frequency of 50 Hz or 60 Hz for 1 min, where Un is the AC input voltage (rms);

b) The test shall be performed on the complete vehicle;

C) All the electrical devices shall be connected;

d) Instead of the specified AC voltage, the DC voltage whose value is equivalent to the
specified AC voltage’s peak value may be applied for 1 min; and
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e) After the test, measure the insulation resistance when applying 500 VDC. between all
the inputs and the vehicle’s exposed conductive parts including the electrical chassis if
present.

13.5.3  Acceptance criteria

13.5.3.1 The insulation resistance shall be equal to or greater than 7 MQ when applying 500

VDC between all the inputs connected together and the vehicle’s exposed conductive

parts/electrical chassis.

13.6 Protection against electrolyte spills

13.6.1 Vehicles shall foresee that no spilled electrolyte from the traction battery and its

components shall reach the driver, rider or passenger or any person around the vehicle during

normal condition of use and/or functional operation.

13.6.2  When the traction battery is in the upside-down position, no electrolyte shall spill.

13.7 Overcharge protection

13.71 Purpose

13.7.1.1  The purpose of this test is to verify the performance of the overcharge protection.

Warning: This test may result in a hazardous situation including fire or explosion. Take appropriate
precautions when performing the test.

13.7.2  Installations

13.7.2.1  This test shall be conducted, under standard operating conditions, either with the
complete traction battery (this may be a complete vehicle) or with related traction battery
subsystem(s), including the cells and their electrical connections. If the manufacturer chooses
to test with related subsystem(s), the manufacturer shall demonstrate that the test result can
reasonably represent the performance of the complete traction battery with respect to its safety
performance under the same conditions.

13.7.3  Procedures

13.7.3.1 General test conditions

13.7.3.1.1 The following requirements and conditions shall apply to the test:

a)  The test shall be conducted at an ambient temperature of 25 °C + 5 °C or at higher
temperature if requested by the manufacturer; and

b) At the beginning of the test, all protection devices which would affect the function of the
tested device and which are relevant to the outcome of the test shall be operational.

13.7.3.2 Charging
a) At the beginning, all relevant main contactors for charging shall be closed.

b) The charge control limits of the test equipment shall be disabled.
26 STANDARDS MALAYSIA 2022 - All rights reserved



MS 2413:2022

C) The tested device shall be charged with a charge current of at least 1/3 C rate but not
exceeding the maximum current within the normal operating range as specified by the
manufacturer.

d) The charging shall be continued until the tested device (automatically) interrupts or limits
the charging. Where an automatic interrupt function fails to operate, or if there is no such
function, the charging shall be continued until the tested device is charged to twice of its
rated charge capacity.

13.7.3.3 Standard cycle and observation period

13.7.3.3.1 Directly after the termination of charging a standard cycle as described, Annex B

shall be conducted, if not inhibited by the tested device. The test shall end with an observation

period of 1 h at the ambient temperature conditions of the test environment.

13.7.4  The failure criteria are as follows:

a) electrolyte leakage;

b) rupture (applicable to high voltage traction battery/batteries only);

c) fire; or

d) explosion.

13.7.4.1 Evidence of electrolyte leakage shall be verified by visual inspection without
disassembling any part of the tested device.

13.7.5  For a high voltage traction battery, the isolation resistance measured after the test in
accordance with Annex C shall not be less than 250 Q/V.

13.8 Over-discharge protection
13.8.1 Purpose

13.8.1.1  The purpose of this test is to verify the performance of the over-discharge protection.
This functionality, if implemented, shall interrupt or limit the discharge current to prevent the
traction battery from any severe events caused by too low SOC as specified by the
manufacturer.

Warning: This test may result in a hazardous situation including fire or explosion. Take appropriate
precautions when performing the test.

13.8.2 Installations

13.8.2.1 This test shall be conducted, under standard operating conditions, either with the
complete traction battery (this may be a complete vehicle) or with related traction battery
subsystem(s), including the cells and their electrical connections. If the manufacturer chooses
to test with related subsystem(s), the manufacturer shall demonstrate that the test result can
reasonably represent the performance of the complete traction battery with respect to its safety
performance under the same conditions.
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Procedures

13.8.3.1 General test conditions

13.8.3.1.1 The following requirements and condition shall apply to the test:

a)

b)

The test shall be conducted at an ambient temperature of 25 °C £ 5 °C or at higher
temperature if requested by the manufacturer; and

The beginning of the test, all protection devices which would affect the function of the
tested device and which are relevant for the outcome of the test shall be operational.

13.8.3.2 Discharging

a)

At the beginning of the test, all relevant main contactors shall be closed. A discharge
shall be performed with at least 1/3 C rate but shall not exceed the maximum current
within the normal operating range as specified by the manufacturer.

The discharging shall be continued until the tested device (automatically) interrupts or
limits the discharging. Where an automatic interrupt function fails to operate, or if there
is no such function, then the discharging shall be continued until the tested device is
discharged to 25 % of its nominal voltage level.

13.8.3.3 Standard charge and observation period

13.8.3.3.1 Directly after termination of the discharging, the tested device shall be charged with

a standard charge as specified in Annex B if not inhibited by the tested device. The test shall
end with an observation period of 1 h at the ambient temperature conditions of the test
environment.

13.8.4 The failure criteria are as follows:

a)

d)

electrolyte leakage;
rupture (applicable to high voltage traction battery/batteries only);
fire; or

explosion.

13.8.4.1 Evidence of electrolyte leakage shall be verified by visual inspection without
disassembling any part of the tested device.

13.8.5  For a high voltage traction battery, the isolation resistance measured after the test in
accordance with Annex C shall not be less than 250 Q/V.

14
14.1

14.1.1

Electrical test for traction battery
General

The heat generated from the electrical items shall not cause any fire, material

deformation or injury to the personnel operating or working with the vehicle.
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14.1.2 In case of improper operation of the control unit, it shall not cause any fire, traffic
accident and electrical shock.

14.1.3  During normal operation of the traction battery, there shall not be any leakage or
spillage of electrolyte or current.

14.2 Electrical parts requirement
14.21 Electrical shock protection

14.2.1.1 The electrical part insulation specification is included in this standard with a proper
protective cover to prevent direct contact.

14.2.1.2 The electrical system shall comply with MS 589 unless otherwise specified.

14.2.1.3 Insulation material such as paint, epoxy coat, glue, porcelain and similar item should
not be used as the basic (primary) insulation for any electrical system.

14.2.1.4 Creepage distance of voltage class B electric components and traction battery

14.2.1.4.1 This clause deals with an additional leakage current hazard along with the surface
between the connection terminals of voltage class B electrical circuit and traction battery,
including any conductive fittings attached to them and any conductive parts, due to the risk
of electrolyte or dielectric medium spillage from leakage under normal operating conditions.

14.2.4.1.2 If electrolytic leakage does not occur, the traction battery should be designed
according to IEC 60664-1. The pollution degree shall be suitable for the range of
application. If electrolyte leakage can occur, it is recommended that the creepage distance
be as follows (see Figure 6):

a) in the case of a creepage distance between two connection terminals of the electric
circuit and/or the traction battery connection terminals; and

b) in the case of a creepage distance between live parts and the electric chassis.
where

d is the creepage distance measured on the tested traction battery, in millimetres; and

U is the maximum working voltage between the two traction battery connection terminals,
in Volt.
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Figure 6. Creepage distance and clearance
14.2.1.5 Clearance of voltage class B electric components and traction battery
14.2.1.5.1 This clause deals with an additional leakage current hazard through the
minimum distance between the connection terminals of voltage class B electrical circuit and
traction battery, including any conductive fittings attached to them and any conductive parts,
due to the risk of electrolyte or dielectric medium spillage from leakage under normal
operating conditions.
14.2.1.5.2 If electrolytic leakage may not occur, the traction battery should be designed
according to IEC 60664-1. The pollution degree shall be suitable for the range of application. If
electrolyte leakage may occur, it is recommended that the clearance d be shown in Table 16.
14.2.1.5.3 No connection to any electrical conductor should be possible without removal or
destruction of existing insulation or protective cover. Access to any electrical conductor is only
possible with the use of an appropriate tool. All electrical system protective covers shall have
warning label as shown in Figure 1.
14.2.1.5.4 Wires conducting electrical voltage shall be kept away from any heat source,
sharp edges and moving parts. If the wires need to go through a hole, then the hole edges
should be smooth (i.e., rounded) and with chamfered sleeve.

NOTE. All these exposed parts include wire connection, screw and metal part connection.
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Table 16. Minimum clearance of voltage class B electric components and traction

battery

Minimum clearance, d * (in mm)
Maximum working voltage, U (in V) Current< 63 A Current> 63 A
d.c. a.c. L-L® | L-A° | L-L® L-A°

60 < U=<125 30<U=<125 3 5 5 6

125 < U< 250 3 5 5 6

250 < U< 380 4 6 6 8

380 < U< 500 6 8 8 10

500 < U<660 6 8 8 10

660 < U< 800 660 < U< 750 10 14 10 14

800 < U< 1500 750 < U< 1000 14 20 14 20

® See Figure 1.
b Distance between two electric circuit and/or traction battery connection terminals.

¢ Distance between the live part and the electric chassis.
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Annex A
(normative)

Normative references

The following normative references are indispensable for the application of this standard. For
dated references, only the edition cited applies. For undated references, the latest edition of
the normative reference (including any amendments) applies.

MS 589 (all parts), Specification for 13 A plugs, socket-outlets, adaptors and connection units

MS 1743, Road vehicles - Guidelines for the implementation of the assignment of World
Manufacturer Identifier (WMI) codes for Vehicle Identification Number (VIN) systems and for
World Parts Manufacturer Identifier (WPMI) codes

MS 1744, Road vehicles - Vehicle Identification Number (VIN) - Location and attachment

MS 1822, Classification and definition of power-driven vehicles and trailers

ISO 3779, Road vehicles — Vehicle identification number (VIN) — Content and structure

ISO 3864 (all parts), Graphical symbols - Safety colours and safety signs

ISO 11451-2, Road vehicles - Vehicle test methods for electrical disturbances from narrowband
radiated electromagnetic energy - Part 2: Off-vehicle radiation sources

IEC 60664-1, Insulation coordination for equipment within low-voltage systems - Part 1:
Principles, requirements and tests

IEC 61000-3-2, Electromagnetic compatibility (EMC) - Part 3-2: Limits - Limits for harmonic
current emissions (equipment input current < 16 A per phase)

IEC 61000-3-3, Electromagnetic compatibility (EMC) - Part 3-3: Limits - Limitation of voltage
changes, voltage fluctuations and flicker in public low-voltage supply systems, for equipment
with rated current <16 A per phase and not subject to conditional connection

IEC 61000-4-2, Electromagnetic compatibility (EMC) Part 4-2: Testing and measurement
techniques - Electrostatic discharge immunity test

IEC 61000-4-4, Electromagnetic compatibility (EMC) - Part 4-4: Testing and measurement
techniques - Electrical fast transient/burst immunity test

IEC 61000-4-5, Electromagnetic compatibility (EMC) - Part 4-5: Testing and measurement
techniques - Surge immunity test

IEC 61000-4-6, Electromagnetic compatibility (EMC) Part 4-6: Testing and measurement
techniques - Immunity to conducted disturbances, induced by radio-frequency fields

CISPR 12, Vehicles, boats and internal combustion engines - Radio disturbance characteristics
- Limits and methods of measurement for the protection of off-board receivers
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CISPR 25, Vehicles, boats and internal combustion engines — Radio disturbance
characteristics — Limits and methods of measurement for the protection of on-board receivers

CISPR 32, Electromagnetic compatibility of multimedia equipment - Emission requirements

UN Regulation No. 40, Uniform provisions concerning the approval of motorcycles equipped
with a positive-ignition engine with regard to the emission of gaseous pollutants by the engine

Environmental Quality Act 1974 [Act 127]
Motor Vehicle (Construction and Use) Rules 1959

Garis Panduan Kelulusan Jenis Kenderaan
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Annex B
(normative)

Procedure for conducting a standard cycle

B.1 A standard cycle will start with a standard discharge followed by a standard charge.
B.2 Standard discharge:

a) Discharge rate: The discharge procedure including termination criteria shall be defined by
the manufacturer. If not specified, then it shall be a discharge with 1 C current.

b) Discharge limit (end voltage): Specified by the manufacturer.
C) Rest period after discharge: Minimum 30 min.
B.3 Standard charge

The charge procedure including termination criteria shall be defined by the manufacturer. If not
specified, then it shall be a charge with C/3 current.
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Annex C
(normative)

Isolation resistance measurement method for component
based tests of a traction battery

C.1 Measurement method

The isolation resistance measurement shall be conducted by selecting an appropriate
measurement method from among those listed in a) through b), depending on the electrical
charge of the live parts or the isolation resistance, etc.

If the operating voltage of the tested device (Vb, Figure C.1) cannot be measured (e.g., due to
disconnection of the electric circuit caused by main contactors or fuse operation), the test may
be performed with a modified test device to allow measurement of the internal voltages
(upstream the main contactors).

These modifications shall not influence the test results.

The range of the electrical circuit to be measured shall be clarified in advance, using electrical
circuit diagrams, etc. If the high voltage buses are galvanically isolated from each other,
isolation resistance shall be measured for each electrical circuit.

Moreover, modification necessary for measuring the isolation resistance may be carried out,
such as removal of the cover in order to reach the live parts, drawing of measurement lines,
change in software, etc.

In cases where the measured values are not stable due to the operation of the isolation
resistance monitoring system, etc., necessary modification for conducting the measurement
may be carried out, such as stopping the operation of the device concerned or removing it.
Furthermore, when the device is removed, it shall be proven, using drawings, etc., that it will
not change the isolation resistance between the live parts and the ground connection
designated by the manufacturer as a point to be connected to the electrical chassis when
installed on the vehicle.

Utmost care shall be exercised as to short circuit, electric shock, etc., for this confirmation might
require direct operations of the high voltage circuit.

C.1.1  Measurement method using voltage from external sources
a) Measurement instrument

An isolation resistance test instrument capable of applying a DC voltage higher than the
nominal voltage of the tested device shall be used.

b) Measurement method

An insulation resistance test instrument shall be connected between the live parts and the
ground connection. Then, the isolation resistance shall be measured.
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If the system has several voltage ranges (e.g., because of boost converter) in a galvanically
connected circuit and some of the components cannot withstand the working voltage of the entire
circuit, the isolation resistance between those components and the ground connection can be
measured separately by applying at least half of their own working voltage with those components
disconnected.

C.1.2 Measurement method using the tested device as DC voltage source
C.1.21 Test conditions

The voltage level of the tested device throughout the test shall be at least the nominal operating
voltage of the tested device.

C.1.2.2 Measurement instrument

The voltmeter used in this test shall measure DC values and shall have an internal resistance
of at least 10 MQ.

C.1.2.3 Measurement method

First step

The voltage is measured as shown in Figure C.1 and the operating voltage of the tested device
(Vb, Figure C.1) is recorded. Vb shall be equal to or greater than the nominal operating voltage
of the tested device.

Tested-
wh : device

L |
Gound L]

Figure C.1. Voltage measurement

Second step

Measure and record the voltage (V1) between the negative pole of the tested device and the
ground connection (Figure C.1).
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Third step

Measure and record the voltage (V2) between the positive pole of the tested device and the
ground connection (Figure C.1).

Fourth step

If V1 is greater than or equal to V2, insert a standard known resistance (Ro) between the
negative pole of the tested device and the ground connection. With Ro installed, measure the
voltage (V1’°) between the negative pole of the tested device and the ground connection (see

Figure C.2).

Calculate the electrical isolation (Ri) according to the following formula:

Ri=Ro*(Vb/V1’ — Vb/V1) or Ri=Ro*Vb*(1/V1’ —1/V1)

W

Ground
Connection

Figure C.2. Voltage measurement

If V2 is greater than V1, insert a standard known resistance (Ro) between the positive pole of
the tested device and the ground connection. With Ro installed, measure the voltage (V2’)
between the positive pole of the tested device and the ground connection (see Figure C.3).

Calculate the electrical isolation (Ri) according to the following formula:

Ri = Ro*(Vb/V2’ — Vb/V2) or Ri=Ro*Vb*(1/V2’—1/V2)
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I i |

Hound = .
wnnection

Figure C.3. Voltage measurement

Fifth step

The electrical isolation value Ri (in Q) divided by the nominal voltage of the tested device (in
Volt) results in the isolation resistance (in Q/V).

Note. The standard known resistance Ro (in Q) should be the value of the minimum required isolation
resistance (in Q/V) multiplied by the nominal voltage of the tested device plus/minus 20 % (in Volt). Ro is
not required to be precisely this value since the equations are valid for any Ro; however, a Ro value in
this range should provide good resolution for the voltage measurements.
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