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Foreword 
 
 
This Malaysian Standard was developed by the Working Group on Electric Motorcycles under 
the authority of the Industry Standards Committee on Road Vehicles. 
 
MS 2413-2 consists of the following parts, under the general title Electric motorcycles: 
 
Part 1: General 
 
Part 2: Safety 
 
Part 3: Performance test 
 
Compliance with a Malaysian Standard does not of itself confer immunity from legal 
obligations. 
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Electric motorcycles - Part 2: Safety 
 
 

1  Scope 
 
This Malaysian Standard specifies the safety of electric motorcycles under normal operation 
as defined in Part 1 of this standard. 
 
 

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

MS 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 

 
MS IEC 61000-4-2, Electromagnetic compatibility (EMC) Part 4-2: Testing and measurement 
techniques - Electrostatic discharge immunity test 
 
MS IEC 61000-4-4, Electromagnetic compatibility (EMC) - Part 4-4: Testing and 
measurement techniques - Electrical fast transient/burst immunity test 
 
MS IEC 61000-4-5, Electromagnetic compatibility (EMC) - Part 4-5: Testing and 
measurement techniques - Surge immunity test 
 
MS IEC 61000-4-6, Electromagnetic compatibility (EMC) Part 4-6: Testing and measurement 
techniques - Immunity to conducted disturbances, induced by radio-frequency fields 
 
MS CISPR 12, Vehicles, boats and internal combustion engines - Radio disturbance 
characteristics - Limits and methods of measurement for the protection of off-board receivers 
 
MS CISPR 22, Information technology equipment - Radio disturbance characteristics - Limits 
and methods of measurement 
 
ISO 3864, 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 
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3  Test requirements 
 
3.1  General 
 
3.1.1  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. 
 
3.1.2  In case of the wrong operation of the control unit, it shall not cause any fire, traffic 
accident and electrical shock.  
 
3.1.3  During the normal operation of traction battery, there shall not be any leakage or 
spillage of electrolyte or current. 
 
3.2  Electrical parts requirement 
 
3.2.1  Traction battery 
 
3.2.1.1  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. 
 
3.2.1.2  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. 
 
3.2.2  Electric component 
 
3.2.2.1  Electrical shock protection 
 
3.2.2.1.1  The electrical part insulation specification is included in this standard with a 
proper protective cover to prevent direct contact. 
 
3.2.2.1.2  The electrical system shall comply with MS 589 unless otherwise specified.  
 
3.2.2.1.3  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.  
 
3.2.2.1.4  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. 
 
3.2.2.1.5  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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3.2.3  Electric motor and charging source requirement 
 
Whenever connections exist between charging power source and the vehicle, the electric 
motor shall automatically be disabled.  
 
3.2.4  Overload protection 
 
When the vehicle drive-wheel is unable to rotate due to overload situation, the electrical 
system shall have a protective control system to reduce the driving power and cut-off 
mechanism to avoid component failure.   
 
3.3  Mechanical safety requirement 
 
3.3.1  Starting 
 
A key system is required to start and operate the vehicle. The key 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. 

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

 
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.  
 
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.  
 
3.3.2  Traveling and stop 
 
Whenever in the drive mode, the vehicle should have clear signal to indicate that the vehicle 
is ready to move. 
 
3.3.3  Stand 
 
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.  
 
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. 
 
 



MS 2413-2:2015 

4                                                                                            © STANDARDS MALAYSIA 2015 - All rights reserved 

 
 
 
 
3.4  Label and warning sign 
 
3.4.1  For system operating voltage of 60 VDC and above, all protective covers for traction 
battery and electrical parts shall have warning label as in Figure 1. 
 

 
 

 
Figure 1.  High voltage warning 

 
 

Background is yellow with black frame and signage as per ISO 3864. 
 
3.4.2  All traction battery shall clearly and legibly indicate the type of battery, voltage and 
capacity. 
 
3.4.3  If the materials in the traction battery are classified as scheduled waste, then it shall 
be labeled 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 labeled as in Figure 2. 
 

 
 

Figure 2. Separate collection symbol 
 
 
3.4.4  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. 
 
3.4.5  The vehicle shall have a marking clearly identifying it as an electric vehicle as 
illustrated in Figure 3 and specified in Table 2. 
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Dimension in millimetres 

 
 

NOTE.  Red dimension is referred as the position 
 
 

 
 

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) 

Font 

Stroke width 6 mm 

Width 22 mm 

Height 30 mm 

Colour Blue 

Outer line 

Width 5mm 

Radius 40 mm 

Colour Blue 

Inner shape type 

Lightning bolt 

Height 88 mm 

Width 79 mm 

Colour Red 

Rotation 317° 

Background colour White 

Spacing 5 mm 

 
When measured with a spectrophotometer and illuminated polychromatically with the CIE 
Standard Illuminant D65 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 clolour coordinates in Table 3 and comply with the luminance factor. 

 
Table 3.  Recommended colour coordinate  

 

Colour 1 2 3 4 
Luminance 

factor, β 

Red 
X 0.690 
Y 0.310 

0.595 
0.315 

0.569 
0.341 

0.655 
0.345 

≥ 0.30 

White 
X 0.300 
Y 0.270 

0.385 
0.355 

0.345 
0.395 

0.260 
0.310 

≥ 0.25 

Blue 
X 0.140 
Y 0.035 

0.244 
0.210 

0.190 
0.255 

0.065 
0.216 

≥ 0.30 
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4  Test methods 
 
4.1  The general test requirements shall be as listed below: 
 
a) all of the following tests are to be performed on the same unit of vehicle; 
 
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. 
 
4.2  High potential test (high pot) 
 
4.2.1  The test vehicle shall stand for 8 h under the following conditions: 
 
a)  temperature shall be at 25 ºC ±  5 ºC;  
 
b)  humidity shall be within 85 % to 100 %; and 
 
c)  pressure shall be within 86 kPa to 106 kPa. 
 
4.2.2  Any electrical components that are likely to be damaged due to high pot test shall be 
removed before the test is carried out.  
 
4.2.3  Traction battery shall be removed prior to testing. 
 
4.2.4  According to the operating voltage Vo and insulation methods, select the test voltage 
from Table 4. Test the component using 50 Hz to 60 Hz AC voltage for 1 min. 
 
4.2.5  The high pot test leakage current shall be below 100 mA based on Table 4. 
 
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. 
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Table 4.  Test voltage against various type of insulation (Vac) 
 

Traction 
battery (V) 

Basic insulationa 
Additional 
insulationb 

Double insulation 
or enhance 
insulationc 

< 60 500 - - 

60 - 100 1 000 2 Vmax + 2 250 2 Vmax + 3 250 

> 100 
2 Vmax + 1 000 

min. 1 500 
2 Vmax + 2 750 2 Vmax + 3 750 

 

NOTE.  Vmax is a maximum operating voltage. 
 

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

b Insulation installed independently at the outside of basic insulation for electric shock prevention when 
basic insulation is invalidated. The value in this table is the value which measured additional 
insulation independently. 

 
c Insulation which combined the basic insulation and the additional insulation. The value in this is the 

value which measured by combining them. 

 
4.3  Overload protective test 
 
Position the vehicle upright against the 90º rigid wall or similar method of preventing vehicle 
forward motion as illustrated in Figure 4. Hold the throttle 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. 
 

 
 

Figure 4.  Overload protective test  
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4.4  Water resistance test 
 
4.4.1  Requirement 
 
The requirements for water resistant 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 flowrate of at least 25 cm/h as measured by 
standard rainfall measurement method; 

 
c) water temperature shall be between 20 ºC  to 35 ºC; and 
 
d) test shall be carried out for 8 h. 
 
4.4.2  Test procedure 
 
The 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 ½ h; 

 
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 4.5 at this point; and 
 
d)  during and upon completion of 8 h testing: 
 
 i) all electrical items shall function as per normal; 
 

ii) all functional items, i.e. meter, switches, motor, controller, lights shall function as per 
normal; and 

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

vehicle. 
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Figure 5. Water soak test chamber 
 
 
4.5  Insulation test 
 
4.5.1  All electrical system insulation shall be over 2 MΩ based on mega ohm tester. 
 
4.5.2  After the water resistant test in 4.4, immediately carry out the insulation test (vehicle 
in wet condition). The insulation shall be at least 250 Ω.  
 
4.5.3  The same vehicle is to be left standing for 24 h then carry out another insulation test. 
The insulation shall be at least 500 Ω. 
 
4.6  Flood fording test 
 
4.6.1  Vehicle is to be driven by a driver of 75 kg ± 5 kg weight at a speed of 15 km/h to 
20 km/h speed through a minimum of 10 cm deep water for a distance of at least 200 m. 
 
4.6.2  During and upon completion of the flood fording test: 
 
a) all electrical items shall function as per normal; 
 
b) all functional items i.e. meter, switches, motor, controller, lights shall function as per 

normal; 
 
c)  the vehicle shall pass the insulation test as per 4.5 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 fail if it cannot function normally during any of the above testing. 
 
 
 
 
 



MS 2413-2:2015 

© STANDARDS MALAYSIA 2015 - All rights reserved  11 
 

 
 
 
 

5 Electromagnetic interference 
 
5.1 Electromagnetic emission from the electric motorcycle shall comply with broadband 
and narrowband limits as shown in Tables 5 and 6. In the 30 MHz to 1 GHz frequency range, 
the vehicle shall comply with both: 
 
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. 
 
5.2   Low voltage AC or DC supply mains port emission measurement  
 
Refer to Table 7. 
 
5.3 Vehicle immunity test 
 
Refer to Tables 8 and 9. 
 
5.3.1 Vehicle shall be in unladen condition except for necessary test equipment. 
 
5.3.2 All equipment which can be switched on permanently by the driver should be in 
normal operation. 
 

Table 5. Limits for radiated disturbance at a measuring distance of 10 m ± 0.2 m 
 

Frequency range 
(MHz) 

Broadband
dB (µV) 

Narrowband
dB (µV) 

Test method 

30 to 75 32 22 MS CISPR 12 

75 to 400 32 to 43 22 to 33 MS CISPR 12 

400 to 1 000 43 33 MS 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 at a measuring distance of 3 m ± 0.05 m 

 
Frequency range 

(MHz) 
Broadband

dB (µV) 
Narrowband

dB (µV) 
Test method 

30 to 75 42 32 MS CISPR 12 

75 to 400 42 to 53 32 to 43 MS CISPR 12 

400 to 1 000 53 43 MS CISPR 12 

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

 
 
 
 
 
 
 
 
 
 
 



 

12   © STANDARDS MALAYSIA 2015 - All rights reserved 

 
 
 
 

Table 7. Emission test - Additional specification for RESS (rechargeable energy 
storage system) charging mode coupled to the power grid 

 

 
 

Table 8. Immunity test on “engine-running” mode 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

No Environmental phenomenon  
Test 

specification 
Basic standard 

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

2. Emission of voltage changes, voltage fluctuations 
and flicker on AC power lines  

Class A MS IEC 61000-3-3 

3. Emission of radiofrequency conducted disturbances 
on AC or DC power lines 

Class B MS CISPR 22 

4. Emission of radiofrequency conducted disturbances 
on network and telecommunication access from 
vehicles  

Class B MS CISPR 22 
 

Environmental phenomenon  
Typical test specification 

(for the latest specification refer to 
basic standard in this table) 

Basic standard 

Radiated  electromagnetic immunity test 
 
Vehicle mode during test: 
i) engine-running mode (50 km/h with no 

load); and 

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

 

30 V/m 
80 MHz to 800 MHz 

AM 80 % 1 kHz 

ISO 11451-2 

30 V/m 
800 MHz to 2 000 MHz 

PM; t on 577 µs, period 4 600 µs 

ISO 11451-2 
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Table 9. Immunity test - Additional specification for RESS (rechargeable energy 
storage system) charging mode coupled to the power grid 

 

 
 
5.4 Evaluation of test result 
 
5.4.1 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 failure criteria listed in Tables 10, 11 and 12 occurs. 
 

Table 10. Failure criteria for 50 km/h cycle vehicle test conditions 
 

Test condition Failure criteria 

Vehicle speed 50 km/h (respectively 25 km/h 
for L1, L2 vehicles) ± 20 % (vehicle driving 
the rollers). If the vehicle is equipped with a 
cruise control system, it shall be operational. 

Speed variation greater than ± 10 % of the 
nominal speed. In case of automatic 
gearbox: change of gear ratio inducing a 
speed variation greater than ± 10 % of the 
nominal speed. 

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 

 

Environmental phenomenon  
Typical test specification 

(for the latest specification refer to 
basic standard in this table) 

Basic standard 

Immunity of vehicles to electrical fast 
transient / burst disturbances along AC or 
DC power lines 

± 2 kV 
5 kHz 

1 min duration 

MS IEC 61000-4-4  

Immunity of vehicles to surge conducted 
along AC or DC power lines  

1.2/50 µs (8/20 µs) 
AC = ± 2 kV, ±1 kV 

DC = ± 0.5 kV 

MS IEC 61000-4-5 

Immunity of vehicles to RF conducted 
immunity test along AC or DC power lines 

3 Vrms  
150 kHz to 80 MHz  

1 kHz 80 % AM 

MS IEC 61000-4-6 

Immunity of vehicles to electrostatic 
discharge test 
 

±4 kV contact discharge 
 ±8 kV air discharge 

 

MS IEC 61000-4-2 

Radiated electromagnetic immunity test. 
Vehicle at charging mode during test 

30 V/m 
80 % AM 1 kHz 

80 MHz to 2 000 MHz 

ISO 11451-2 

30 V/m 
800 MHz to 2 000 MHz 

PM; t on 577 µs, period 4 600 µs 

ISO 11451-2 
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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 include operation of the brake pedal 
(unless there are technical reasons not to do 
so) but not necessarily an anti-lock brake 
system action. 

Stop lights inactivated during cycle brake 
warning light ON with loss of function.  
 
Unexpected activation 

 
 

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

Test conditions Failure criteria 

The RESS shall be in charging mode.  Vehicle sets in motion 
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