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Abstract—Increased power electronics converters on micro-
grid supplies result in large inrush currents which are not
appropriately limited by present-day standards, especially devices
commonly switched in large clusters. The currents drawn by
switching large clusters, such as LED lights, or systems domi-
nated by power electronics converters are shown by measurement
as well as simulations to have worrying trends for electromagnetic
compatibility. Superposition of currents from many low power
devices, especially in low inertia micro-grids, can significantly
impact the stability of the supply and may cause interference or
high probability of complete grid failure.

Index Terms—Electromagnetic interference, Micro-grids,
Inrush-current, Power electronic devices

I. INTRODUCTION

Currently the world is moving towards an increase in
switching power electronics converter (SPEC) devices. The
last two decades have seen accelerating adoption from con-
sumers due to the low cost, high-efficiency and smaller size
footprint. With the accumulation of many SPEC, notably light
emitting diode (LED) lighting products and power supplies [1],
[2], electromagnetic compatibility (EMC) problems are often
encountered. Although some of these devices may have a small
power rating, inrush currents can be significant during initial
activation or switching conditions which may become more
prominent in case of isolated/islanded, emergency backup sys-
tems or weak micro-grids [3]. Reported cases of 20 hospitals
in the Netherlands had problems with emergency generators in
a period of twenty seven months due to SPEC overloading the
generators during energizing the equipment, resulting in failure
to start [4]. Electronic equipment had to be manually switched
off before generator activation, which would prove problematic
in a real emergency backup power situation. Inrush currents
may reach such a degree that protection systems are activated,
the power supply components are damaged [5] as well as caus-
ing severe voltage sags, swells or flicker effects compromising
EMC [6]. In [7] it is shown that connecting a small SPEC load
component, which is a fraction of the nominal capacity of an
inverter, has the ability to disable the system, requiring restart
and severely impacting the reliability of the system.
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Electromagnetic interference (EMI) caused by the superpo-
sition of many small inrush currents, create large net peak
currents with high crest factor (CF) which can be equal to or
exceed the effect of single higher power devices. This effect is
not sufficiently limited by standards. For example [8] limits the
maximum peak inrush to 10 times the maximum rated current
of a device, but devices rated under 1 kW are exempt. [9] states
the maximum inrush current over a 10 ms half-cycle between
zero crossings may not exceed 20 A root mean square (RMS).
However, inrush currents are generally a short time period
high intensity pulse, therefore the RMS current value of an
inrush event may appear low. Especially for a single low power
device. Simply put, it is possible to adhere to all standards
while connecting a certain profile of loads to a micro-grid
installation, which would render the system unusable. Low
power devices may not seem likely to cause interference in
isolation, but a large number of low power devices switched
on the same instant cause severe currents.

The present strategies to combat the effects of transient
switching events include adding Negative Temperature Coef-
ficient (NTC) devices [10], pre-charge capacitors or resistors
[11] as well as low pass filters or control strategies for elec-
trical drives [12]. Also, common practice would be switching
portions of large inrush loads in stages after initial activation
of the supply source, which is possible only if it is expected or
known [4]. The most common approach for micro-grid design,
as a general rule, is to calculate the rated load and multiply a
certain safety factor to overstate the supply, plus an additional
buffer to account for the estimated power factor. This can lead
to a significant oversizing of the supply source [13] in relation
to the power rating requirements and often this will not be
enough to maintain reliability.

This paper includes measurements as well as Matlab
Simulink models investigating the relationship between in-
creasing number of SPEC devices switched in clusters and
intensity of transient currents as a result. A common low
power LED device is used in the analysis in this paper,
described in Section III. A Cinergia Grid Emulator (GE) is
used which represents an isolated or weak micro-grid 230 V,
50 Hz, 5 kVA supply source with an output impedance of less
than 0, 4 + j0, 25Ω at 50 Hz according to the manufacturer.
Which is in line with the reference impedance stated in [9].
Measurements of current conditions under switching is per-
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formed with the devices discussed in Section II. The developed
simulation models are compared to measured values and used
to extrapolate the effect of a high number of devices in Section
III and results discussed in Section V.

II. ANALYSIS OF INRUSH CURRENT ACCUMULATION

2 W LED lights are connected in a bank, which is switched
by a software-controlled relay. The relay switches the LED
light bank in specified intervals from cold start (off) to
activated for 2 s. This initiates an inrush current event which
is measured with the system developed in [13], which logs the
data to a personal computer, using differential voltage probes
and current clamps. The power supply is a Cinergia GE with
5 kVA capacity, which is run in single-phase independent mode
as shown in Fig. 1. Once the LED light bank is activate the
relay deactivates the light bank for 2 s to allow discharge of the
filter components of the devices plus a 1 ms offset to enable
the inrush event to trigger at different phase firing angles on
the voltage waveform. This is repeated for 10 cycles. This test
procedure is repeated with different number of LED devices
connected in the sequence 1, 2, 4, 8, 16 and 32 as a maximum.

Fig. 1: Cinergia grid emulator and LED light bank of 32 x
2W LEDs

The data is analysed and the inrush current waveforms are
extracted for each test suite. Since the LED device under
test’s architecture is that of a half-wave flyback [14], only
the inrush current which fall in the operational half-cycle
are utilised (true inrush). The inrush events triggered on the
non-operational half-cycle have no current draw on firing but
does draw a low-intensity current waveform on the consequent
voltage half-cycle when the LED device input components are
forward-biased. The inrush data events are plotted in Fig. 2
with each inrush event plotted in a single opaque line. To
make the data clearer, the average waveform for each test suite
number of LEDs is plotted. The firing angle of the voltage
has a large impact on the current peak and waveform shape
[7]. The average per cluster waveform plot in Fig. 2 shows the
regions with the opaque plots the variance in current waveform

peak and shape region around the solid line average plots. The
LED inrush currents range from 4.5 A peak current for the
single LED to over 110 A for the full 32 LED switched bank
shown in Tab. I. Also in Tab. I, the RMS current calculated
over a 10 ms period as well as the CF is shown of the rated
RMS current vs peak inrush current.

Fig. 2: LED inrush current plots. Opaque plot for all data and
solid line for average values per cluster

TABLE I: Number of LED vs inrush current characteristics

LEDs Power Irated Current Measured (Max)
Units (W) (mA) IInrushPeak (A) RMS (t=10 ms) CF

1 2 9 4.5 0.47 500
2 4 17 7.3 0.95 429
4 8 35 20 2.1 571
8 16 70 33 4.1 471
16 32 140 65 8.2 464
32 64 280 110 14.7 393

III. MODEL OF PEC CLUSTER AND SYSTEM IMPEDANCE

Using reference to [14] as well as physical inspection of
the LED devices used during testing. A Simulink model was
created to simulate the effect of a common SPEC device (in
this case an LED light) as well as a multitude of devices
simulated into a model block. The model block can be
specified to contain any number of computationally possible
LED devices. The effect of stacking a variable number of
devices can therefore be simulated to gain insight into factors
such as the change in waveform characteristic of switching
large clusters of very low power non-linear devices. A model
schematic of a single LED unit is shown in Fig. 3 with
component values (R1 = 10 Ω, L1 = 470µH with Rinternal

= 65 Ω, C1 = 4.7µF , C2 = 330µF ). The model of the LED
unit is incorporated into a larger simulation of an inverter
which has similar characteristics compared to the Cinergia
inverter used to supply the devices under test. An example of
the high level system simulation is shown in Fig. 4. A switch
is added to the simulation to operate as a mode to control the
timing of the LED cluster activation. Since phase firing angle



has a large influence on the inrush current waveform, this can
be used to control the switching and produce results similar
to real switching conditions.

Fig. 3: Simulink model of LED device

Fig. 4: Simulink model of complete system

IV. SIMULATION RESULTS

The simulation of the complete system behaviour correlates
well with the measurement data. The currents for different
LED number combinations are shown in Fig. 5. The solid lines
represent the measurement data (maximum peak measured in-
rush) and the dashed line represent the simulation data with the
colours corresponding to the same number of activated LEDs.
The results comparison between the measured and simulated
current characteristics are shown in Tab. II. The maximum
peak current difference between measured and simulated falls
within 20 %.

Fig. 5: Simulation vs measured data of LED devices. Measured
data with solid lines, simulation data with dashed lines.

The rising edge of the inrush event is shown for both
measured and simulated with a maximum difference of 22 %
in this sample case. The rising edge current slope between
10 % and 90 % increases from a value of 1.01A/µS for the
4 LED simulation case with increasing intensity with larger
number of devices to 4.15A/µS for 128 devices.

TABLE II: Current deviation and time derivatives

LEDs IPkSim IPkMeas ISim ( dI
dt

) IMeas ( dI
dt

) Diff.
Units (A) (A) (A/µS) (A/µS) (%)

4 17 20 1.01 0.888 14
8 33 33 1.35 1.49 10

16 60 65 2.04 1.67 22
32 105 110 2.85 2.37 20
64 165 - 3.44 - -
128 236 - 4.15 - -

The strength of the power supply, as well as the system
impedance all influence the current waveform characteristics.
A system with lower impedance or higher inertia may cause
even more intense current waveforms during switching events.
Increasing the number of devices in the simulation increases
the trend of more intense current waveforms. A point is
reached where the stored energy in the output filter of the
supply, as well as energy supplied is no longer able to sustain
the voltage levels. During the inrush current draw, the voltage
will sag to such an extent that the devices do no charge in a
single cycle. As the voltage is not sufficient to charge the input
filters of the LED devices. The current convergence trend is
shown in Fig. 6 and the effect of the inrush currents of the
voltage supply is shown in Fig. 7.

Fig. 6: Simulation of inrush current trend with increased
number of LED devices

V. RESULTS ANALYSIS

The accumulation of a large number of low power SPEC
devices may act as one large source of disturbance when
switched in unison. This can easily be underestimated for
EMC standards in small, low-power devices. But some consid-
eration should made regarding the use of the devices in their



Fig. 7: Voltage deviations caused by switching currents for
different amount of LED lights (Simulated)

intended environment. Often many SPEC devices are used and
switched in clusters. This may especially be prominent after a
power failure or testing/use of a backup power systems. In [9]
the standard states ”For voltage changes caused by manual
switching, equipment is deemed to comply without further
testing if the maximum RMS input current (including inrush
current) evaluated over each 10 ms half-period between zero-
crossings does not exceed 20 A”. This is easily adhered to
with a single low power device. But as the apparent trend is
striving towards higher number of lower power SPEC devices,
the accumulation or stacking of these devices should be taken
into consideration. In Fig. 8, the simulations predict RMS
levels of 20A over 10 ms with only 64 devices switched, for
a total power of 128 W. The deviation between measured and
simulated results can be attributed to many variables.

Fig. 8: Measured and simulated inrush current RMS value over
a 10 ms period

The most significant factor likely the effect of the control
system response of the GE. Other factors would include
differences of output filter characteristic in the simulation
compared to practice, lack of parasitic components in the
simulation and deviation in voltage firing angle on the trigger
of the inrush current.

This level of SPEC power accumulation of loads is easily
achieved in public, commercial or industrial grids zones.
Including high power low pass filters to sensitive power zones
may improve the situation somewhat although this may be
expensive or perhaps impractical. Other than the mitigating
factors mentioned in Section I, a possible solution which
would increase awareness of the inrush current draw would
be a rating on the devices which indicate the peak or form of
the maximum inrush current. System designers would in this
case have the ability to judge or compensate for very high
transient prone loads.

CONCLUSION

Low-power SPEC devices such as LED lights seemingly do
not appear harmful, and inrush criteria are exempt from many
of the current standards. Usually, the devices are intended to be
used in large clusters and are commonly switched in a single
event. This coupled with other SPEC devices may contribute to
a large EMC problem, especially in weak micro-grids or low
inertia power supplies. Measurements of current waveforms
during switching events as well as simulations to extrapolate
the trend are , confirming the cluster switching of large
aggregation of SPEC, even if very low power, can create large
interfering currents and exceed the thresholds for standards
when compared with single unit devices with similar nominal
power. Standards are lacking in this regards and should be
more inclusive to the intended use of low power SPEC devices,
especially in situations where activation of a large number of
devices may result in voltage sag, flicker events, or activation
of protections systems resulting in complete power failure.
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