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I. INTRODUCTION

World Lightning Map: The map above shows the average yearly counts of lightning flashes per square
kilometer based on data collected by NASA's Lightning Imaging Sensor on the Tropical Rainfall Measuring
Mission satellite between 1995 and 2002.
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II. METHODOLOGY 1 - Registra�on Keywords for electrical
shock and smartphone in Google Alert.

2 - Reading, filtering, and registra�on
electrical accidents in database.

3 - Analysis of data, and discussion of
accident cases.

4 - Determining a baseline situa�on.

5 - Modeling the human body and the
electrical equipment .

6 - Accident simula�on in EMTP so�ware.

7 - Analysis of the possible damage
caused to the human body.

Fig. 1 Flowchart of the methodological steps used in the study.



IEEE IAS ELECTRICAL SAFETY WORKSHOP | TUCSON 2024

III. RESULTS AND DISCUSSIONS – A. Accident data

Thus, in this period alone, in 2022, a series of five fatal accidents were observed in Brazil, where the victims were
using smartphones plugged into sockets and being subjected to electrical currents from lightning. In addition to the fact
that the victims were often holding a smartphone plugged in at the time of the lightning strike, it was also observed that
most of the strikes occurred in rural areas. It was also observed that the lightning strike occurred near the victim, as
witnesses reported hearing the strike loudly.
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III. RESULTS AND DISCUSSIONS – B. Modeling the systems involved

Fig. 3 Human body model according to IEC TR 
60479-4.

Fig. 2 Typical representation of an accident involving 
smartphones and lightning currents.
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III. RESULTS AND DISCUSSIONS
B. Modeling the systems involved

1) Lightning;

2) Medium voltage power line
(MV);

3) Electrical transformer;

4) Low-voltage power lines;

5) Smartphone charger;

6) Coupling between the
smartphone and the vic�m's
hand;

7) The human body.

Fig. 4 Components modeled at high frequency to 
perform the simulation.
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III. RESULTS AND DISCUSSIONS – B. Modeling the systems involved

0.0E+00

2.0E+05

4.0E+05

6.0E+05

8.0E+05

1.0E+06

1.2E+06

1.4E+06

1.6E+06

1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07 1.0E+08

Im
pe

da
nc

e 
(Ω

)

Frequency (Hz)

Mod_Charger

Mod_R=1.1M+C=1n_Paral

-20

20

60

100

140

180

1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07 1.0E+08

An
gl

e 
(D

eg
re

es
)

Frequency (Hz)

Ang_Charger
Ang_R=1.1M+C=1n_Paral

Fig. 5 Frequency response measurement of the 
charger's input plug.

Fig. 7 Frequency response of the tested charger.



IEEE IAS ELECTRICAL SAFETY WORKSHOP | TUCSON 2024

III. RESULTS AND DISCUSSIONS – B. Modeling the systems involved
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Fig. 6 Measuring the frequency response of the 
coupling between the victim's hand and the smartphone. Fig. 8 Frequency response of the coupling between the 

victim's hand and the smartphone.
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III. RESULTS AND DISCUSSIONS – B. Modeling the systems involved
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Fig. 9 Equivalent circuit of the smartphone charger and the 
coupling between the victim's hand and the smartphone.
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III. RESULTS AND DISCUSSIONS – B. Modeling the systems involved
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Fig. 10 Complete circuit modeled.
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III. RESULTS AND DISCUSSIONS – C. Simulation results

Fig. 11 Lightning current injected into the MV side, 
phase C. Fig. 12 Electrical voltage to which the victim is 

subjected.
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III. RESULTS AND DISCUSSIONS – C. Simulation results

Fig. 13 Current circulating between the smartphone 
and the victim's hand.

Fig. 14 Current circulating in the victim's heart (300 Ω 
resistor).
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IV. CONCLUSIONS
The following recommendations can be made to prevent the accidents highlighted 
in this study:
• a) Avoid touching electronic devices connected to the electrical grid during 

periods of rain.
• b) Install surge protection devices in electrical networks and periodically verify 

their operational status.
• c) Immediately remove the cell phone charger from the socket when you notice 

the onset of lightning storms.
• d) Ensure that the electrical grounding system in residences is in good working 

condition.
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