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An EMC Verification Framework for Components and Vehicles for Electric
Mobility and an Analysis of Battery Systems
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Abstract

In this study, a multi-level electromagnetic compatibility verification framework is established for electric mobility systems that covers
electric golf carts, low-speed vehicles, and autonomous electric golf carts. The framework applies to a wide range of systems from
individual components to the level of entire vehicles. A total of seventeen verification cases conducted at four accredited laboratories
and an in-house facility were integrated into a platform-by-stage matrix. Functional degradation occurred in different frequency bands
at the component and vehicle levels. For example, specimens showing no degradation at 100 V/m in component-level testing did degrade
at 30 V/m, about 10.5 dB lower, at the vehicle level. When a given battery pack was replaced under identical vehicle and wiring
conditions, the occurrence of a critical failure differed between two packs with identical cell chemistry but different casing materials.
This issue was mitigated at the system level through redesigned protection logic for the battery management system.
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Table 1. International standards and test conditions applied per test item.

(signal lines)

Test item Applied standard Frequency band Test level Modulation Dwell
Conducted immunity CW, AM
(BCI) ISO 114524 0.1~400 MHz 200 mA (envelope) (1 kilz, 80 %) 2s

Radiated immunity, 1SO 114522 20 MHz~6 GHz 100 V/m CW, AM, PM 2
ALSE (component)
Radiated immunity, .

ALSE (vehicle) ISO 114512 20 MHz~2 GHz | 30 V/m (distance 2 m) AM, PM 2
Transient immunity 1SO 76372 Pulse 1, 24, 2b, 3a, 3b, Sb|  —150 to +100V | Time-domain pulse | -

(supply lines)
Transient. imunity 1SO 7637-3 Pulse a, b2a ~110 to +75 V/6 V | Time-domain pulse | -

Electrostatic discharge IEC 61000-4-2,
(ESD) ISO 10605

Contact: +4 kV

Air: 42, 4, 8 kV 150 pF/330 Q _

Radiated emission

CISPR 25, ECE R10
(RE)

30 MHz~1 GHz

Peak, quasi-peak RBW 120 kHz -

Regulation No. 10819] 242k A8 27 S A% F27}9] 3
3L &of shaof gitete] gl & F Aol 4f
Asle 50 kmh F8) BES ZFZ7] HI £%291 20
kmh F8) REZ tiAstgich 5 2% 34

# 200 gelsti

>

(=
A FYAF 5] GBS F4 93 =F FE4 T

E2 94 A95a 24 % 29 93 1F
Table 2. Vehicle-level operating conditions and failure
criteria.

Operating condition Failure criterion

Driving speed Deviation exceeding +10 % of the set
20 km/h speed

Dipped beam on Headlamp or tail lamp extinguished

Instrument cluster in
normal mode

Unexpected warning indication;
discontinuity in odometer display

Flashing frequency<0.75 Hz or >2.25 Hz;

Tum signal lamp on duty rate<25 % or >75 %

Front wiper at

manual high speed Complete stop

Brake pedal not Unintended braking or brake lamp
operated illumination
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Table 3. Vehicle-level ALSE behavior by battery pack.

Pack A Pack B
Frequency |(NCM/Casing: PC-based (NCM/Casing: aluminum)
polymer)
Power shutdown Normal
100 MHz . .
00 (region III) (region I)
620 MHz Speed reduction Speed reduction
Speed reduction - Speed reduction -
01~1 GHz LED flicker LED flicker
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Table 4. Integrated platform-by-stage verification matrix.

C level Vehicle-level I ¢ and

Platform | ComPonent-level |y o s mproveimen' an

weakness re-verification
(MHz)

Standard ESD Surge 300400 ' Pass after
GC improvement
LSV ESD damage 270~300 Pass on retest

Component and
Autonomo | Load dump 100/620 BMS
us GC damage .
improvement
GC: golf cart.
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Standard GC : IP panel ESD - surge (IEC 61000-4-2)

LSV : component ESD damage - design change
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C -level
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Fig. 1. Dlsmbutlon of degradation frequencies at compo-
nent and vehicle levels.
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