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Current harmonic emission of on-board electric vehicle chargers

Abstract. The case of study were 7 on-board EV chargers. The majority of current harmonics emission measurements during light-duty EVs
charging took place in private garages of single-family houses in the Lublin Voivodeship between February and May 2022 and the remaining tests
were carried out in Lublin University of Technology building and at the PGE Dystrybucja S.A. building in Lublin. The results show that 5 of the 7 EVs

tested met the requirements of PN-EN 61000-3-2 and PN-EN 61000-3-12.

Streszczenie. Obiektem badar byto 7 poktadowych tadowarek pojazdéw elektrycznych. Wigekszo$¢ pomiaréw emisji harmonicznych pradu podczas
tadowania samochodéw elektrycznych przeprowadzono w prywatnych garazach doméw jednorodzinnych w wojewddztwie lubelskim w okresie od
lutego do maja 2022 r., a pozostate testy przeprowadzono w budynku Politechniki Lubelskiej oraz przy budynku PGE Dystrybucja S.A. w Lublinie.
Wyniki pokazujg, ze 5 z 7 badanych egzemplarzy pojazdéw elektrycznych spetnito wymagania norm PN-EN 61000-3-2 i PN-EN 61000-3-12.
(Emisja harmonicznych pradu fadowarek pokfadowych pojazdéw elektrycznych)
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Introduction

On-board electric vehicle (EV) chargers play a crucial
role in providing EV owners with the ability to recharge their
vehicles conveniently at home or in other locations.
However, as the number of EVs on the road continues to
rise, concerns regarding the impact of these chargers on
the electrical grid have emerged. Electric vehicle integration
into the power grid can have a significant impact on the
power quality (PQ) parameters. According to many
modelling and simulation research the increasing share of
EVs in the road transport sector will result in increased peak
demand, the presence of higher levels of voltage and
current harmonics and other problems related to PQ
parameters, which need to be identified and then eliminated
or mitigated.

One of the most important aspects of on-board EV
chargers that has drawn attention is their aforementioned
current harmonic emission as these devices are non-linear
loads. When an EV charger is connected to the power grid,
it draws electric current to charge the vehicle's battery.
However, the interaction between the charger and the grid
can result in the generation of harmonics, which are
undesirable deviations from the standard sinusoidal
waveform of the grid's voltage and current.

To address these issues, PN-EN 61000-3-2 and
PN-EN 61000-3-12 standards have been established to
limit the current harmonic emissions of electrical and
electronic equipment having a rated input current < 16 A per
phase and equipment connected to public low-voltage
systems with input current > 16 A and < 75 A per phase
respectively. These regulations aim to assure charger-grid
compatibility, decrease the detrimental impact of harmonics,
and maintain the appropriate level of PQ parameters.
Compliance with these criteria is critical for manufacturers
to guarantee the safe and efficient operation of on-board EV
chargers while reducing their effect on the electrical grid.

The aim of the research was to measure current
harmonics emission of 7 on-board EV chargers and check
their  compatibility  with PN-EN  61000-3-2 and
PN-EN 61000-3-12 standards.

The and methodology

The case of study were 7 on-board EV chargers. The
majority of current harmonics emission measurements
during light-duty EVs charging took place in private garages
of single-family houses in the Lublin Voivodeship between
February and May 2022 and the remaining tests were

carried out in Lublin University of Technology building and
at the PGE Dystrybucja S.A. building in Lublin (Fig 1).
Depending on the availability of a given PQ analyser and
the possibility of measuring with given current clamps, 2 PQ
analysers were used for the tests: Sonel PQM-711 (IEC
61000-4-30 Class A; Sonel C-5A or Sonel F-2 current
clamps) and Chauvin Arnoux 8336 (IEC 61000-4-30
Class B; Chauvin Arnoux MA193 or PAC93 current
clamps). Due to the nature of the load, which are the EV
chargers, the averaging time has been configured as short
as possible to identify the start, momentary interruption or
end of EV charging (10 cycles — 200 ms; nominal frequency
of 50 Hz for Sonel PQM-711 and 1 s for Chauvin Arnoux
8336).

The average harmonic current for each EV was
assessed against the PN EN 61000-3-2 and
PN-EN 61000-3-12 limits even though EVs charged at
11 kW were not required to comply with the
PN-EN 61000-3-2 standard. In the analysis the charging
process was divided into two stages: constant current (CC)
mode and constant voltage (CV) mode.

Table 1 presents technical specifications: EV model,
charging mode, active energy consumed, Electric Vehicle
Supply Equipment, PQ analysers and measuring clamps
used.

Fig. 1. Setup during measurements of power quality parameters
during Nissan Leaf charging at PGE Dystrybucja building in Lublin
(Sonel PQM-711 PQ analyser and Sonel F-2 current clamps)
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Table 1. Technical specifications: EV model, charging mode, active energy consumed, Electric Vehicle Supply Equipment, PQ analysers

and measuring clamps used

EV model (battery Charging mode | Active energy, kWh Electric Ve_hlcle Power quality analyser and
capacity) Supply Equipment current clams model
Ay | wode

Mercedes e-Vito Sonel PQM-711,
(41.4 KWh) Mode 2 32.32 Akyga AK-EC-11 3 x Sonel C-5A
Nissan Leaf ABL eMH1 Wallbox Sonel PQM-711,

(24 kWh) Mode 3 15.75 7.2kW Sonel F-2
Vo'izvgagﬁcvﬁieo” Mode 2 16.60 Akyga AK-EC-07 | Chauvin Amoux 8336, PAC93
Hy””d?‘:r;ﬁ\';\‘;"h')zlec”'c Mode 2 24.37 Zencar 22 kW Cha“‘gi%g‘;‘gg%%'
Kia e-Niro Kia Charge Home Chauvin Arnoux 8336,
(67.5 KWh) Mode 3 55.03 (EVB Wallbox 1M) 3 x MA193
Tesla Model 3 Chauvin Arnoux 8336,
(75 KWh) Mode 3 56.46 Tesla Wall Connector 3 x MA193

Results and discussion

The owners of the four EVs refused to carry out a full
charge, arguing with the advice given by the vehicle dealers
that full charging in CV mode should take place
occasionally, for example once a month, or when a long
journey is planned. When the EVs were connected, the
charging current values increased very quickly to the

expected value (within 1-2 seconds). In the analysis of the
current harmonic  content, the values recorded
approximately 10 seconds after the start of charging were
taken into account. Table 2 presents the assessment of the
compliance of the permissible harmonic current levels of
on-board EV chargers with the PN-EN 61000-3-2 and
PN-EN 61000-3-12 standards.

Table 2. Assessment of current harmonics emission of individual vehicles against PN-EN 61000-3-2 and PN-EN 61000-3-12

CC mode CV mode
Vehicle Charging power PN-EN 61000-3-2 PN-EN 61000-3-12 PN-EN 61000-3-2 PN-EN 61000-3-12
1 2.6 KW PASS
2 3.5 kW PASS
3 4 kW -
- PASS
4 6.6 kW FAIL (Fig. 2)
5 6.6 KW PASS
PASS
6 11 kW -
7 11 kW FAIL
1 - BMW i3, 2 - VW e-Golf, 3 Hyundai Kona Electric, 4 — Mercedes e-Vito, 5 - Nissan Leaf,
6 — Kia e-Niro, 7 — Tesla Model 3
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Fig. 2. Current harmonics emission during Mercedes e-Vito charging (CC mode)
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Mercedes e-Vito on-board charger (6.6 kW; < 16 A per
phase) did not meet the requirements of PN EN 61000 3-
2:2014 due to excessive values of the 15th (0.19 A) and
21st (0.14 A) harmonics of the L1 phase voltage

. The requirements of PN-EN 61000-3-2:2014 and
PN-EN 61000-3-12:2012 were also not met for the Tesla
Model 3 in both charging modes. In CC mode (Fig. 3.), the
11th (4.53% — L1, 3.74% — L2, 3.94% — L3) and 13th
(2.21% - L1, 2.49% — L2, 2.46% — L3) harmonics were
exceeded, while in the case of CV mode (Fig. 4.), the
exceedances were for the 7th (10.75% — L1, 10.96% — L2,
9.67% — L3), 9th (4.35% — L1), 11th (9.12% — L1, 8.02% —
L2, 8.69% — L3) and 13th (4.10% - L1, 4.45% - L2, 3.95% -
L3) harmonics.

The THD, and PWHD values in each case analysed
were in accordance with PN-EN 61000-3-12:2012 and
ranged from 3.37 % (Kia e Niro, CC mode) to 17.71 %
(Tesla Model 3, CV mode) and from 2.63 % (Nissan Leaf,
CC mode) to 22.26 % (Tesla Model 3, CV mode),

22,51
20,01
17,5
15,0

°\Z 12,51

:_:; 10,0

7,5

5,01

respectively. The values of these coefficients were
significantly lower in CC mode, indicating a higher
percentage of current harmonics in CV mode, for example,
for the Tesla Model 3 the THD, value in CC mode was
8.20% and the PWHD value was 12.77 %.

At each location, during EVs charging, the 95th
percentile values of the voltage harmonics were well below
the values allowed by PN-EN 50160:2010, however it
should be noted that the rms values of the phase voltages
and the values of the odd voltage harmonics (mostly up to
the nineteenth order) measured before, during and after
charging at the destinations did not comply with the
requirements of PN-EN 61000-3-2:2014 and
PN-EN 61000-3-12:2012 in each case analysed. The 95th
percentile values of the dominant voltage harmonics were
the highest at locations where Mercedes e Vito, Tesla
Model 3 and Hyundai Kona Electric were being charged.
Figure 5 presents the 95th percentile values of voltage
harmonics averaged from all test locations.

B L 00 L2 B L3 —— PN-EN 61000-3-12:2012

|...—. -

2,5 | . l
0’0 __h_h -
4

Harmonic order

Fig. 3. Current harmonics emission during Tesla Model 3 charging (CC mode)
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Fig. 4. Current harmonics emission during Tesla Model 3 charging (CV mode)
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Fig. 5. Averaged voltage harmonic spectrum (95th percentile) from all charging locations

Conclusions

An analysis of the harmonic content of current during
the charging processes of light-duty EVs in CC mode
showed that this stage lasts longer and occurs more
frequently than charging in CV mode, so that multiple EVs
are more likely to be charged simultaneously in this mode.
The results of the measurements of the current harmonic
from the charging systems of the seven EVs show that the
tested Mercedes e-Vito does not meet the requirements of
the PN-EN 61000-3-2:2014 standard in CC mode, while the
Tesla Model 3 does not comply with the requirements of
PN-EN 61000-3-2:2014 and PN-EN 61000-3-12:2012
standards in CC and CV modes. Charging in CV mode is
characterised by a higher percentage of harmonic current,
but the rms values of the harmonics are lower than when
charging in CC mode.

The exceedances of voltage harmonics are interesting
and raise two questions:

e Would non-compliance be observed if the rms
values of the supply voltages and voltage harmonics
were within the relevant limits?

e Could this mean that the requirements for the rms
value of supply voltages and voltage harmonics are
inadequate or the current harmonic limits need to be
increased to reflect the increased emissions under
higher background voltage harmonics present in real
networks?

Based on the obtained results possible directions for
further research are long-term studies of power quality
parameters at a frequently used charging point to assess
the content of current harmonics from different EVs and
assessment of the impact of charging light-duty EVs on
power quality parameters at the connection points of
several charging stations operating simultaneously.
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