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A Study on Joule Heating Simulation Method to Prevent Sensitivity
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Abstract This study aimed to prevent inconvenience to electric vehicle users caused by an interruption
of charging by the earth leakage breaker trip that occurs during charging. As a field case study, it was
confirmed that during the battery charger failure type, leakage current measurement experiment by
vehicle type, and leakage current breaker operation experiment, the internal temperature of the charger
rose to more than 60 T in summer, and the earth leakage circuit breaker stopped charging by tripping
at 80% of the rated sensitivity current. Through Joule heating modeling, 32A is energized at the reference
temperature of 30 C at the initial time t=0 (s). After t=3000 (s), the heat generated around the charging
part of the earth leakage breaker increased to 32.4 °C. The temperature and time factors correlated with
the amount of heat generated according to the statistical verification tool with a correlation coefficient
of 0.97. Overall, it is possible to prevent the leakage breaker sensitivity current trip due to an increase
in temperature inside the charger in summer by performing a Joule heating simulation according to the
material of the charging case, the arrangement of the internal wiring, and the dielectric medium when

developing the charger device.
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Fig. 1. Components of electric vehicle charging
infrastructure
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Table 1. Investigation of site failure
Item Jan | Feb [Mar | Apr [May| Jun | Jul [Aug| Sep

Earth leakage
circuit breaker | 14 | 14 | 15 | 16 | 15| 17 | 24 | 23 | 12

Trip

Communication
. 14
failure

12 14| 15| 15| 16| 14 | 13 | 12

Charging
interruption
phenomenon
Bad emergency
button

PCB Control 2131211 1 1 2 1 1

3123|615

Earth resistance
exceeded

Bad cable 615|211 1 1 1 1 1

Bad Connector | 1 1 2 1 1 0 11012

Etc 11413 1 1101 112

== Earth leakage circuit breaker Trip === Communication

failure Charging interruption phenomenon
— Bad emergency — button
e PCE Control e Earth resistance exceeded

—pad cable = Bad Connector

Fig. 12. Analysis result of Charger failure
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Table 2. Specifications of test preparation

Materials Specifications

7kW 2EA

Rated current: 40 A
Rated sensitivity current: 30 mA
Operating time: 0.03 s

Slow charger

Earth leakage circuit breaker
102W 50AF/40AT

Vehicle manufacturer By vehicle model: 3EA

Resistive leakage ammeter JS-0608H

Leakage ammeter Clamp Leaker 140
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Fig. 13. Leakage current measurement data by electric
vehicle manufacturer
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Table 4. Insulation performance standard of low-voltage

power line
Voltage of converter DC Insulation Resistance
Test voltage (V) M Q)
SELV and PELV 250 0.5
FELV, 500V Below 500 1.0
500V Excess 1,000 1.0

SELV(Non-grounding circuit configuration) and PELV(Ground
circuit composition)is a circuit that is electrically insulated
between primary and secondary, and FELV is a circuit that is not
electrically insulated between primary and secondary.
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Table 5. Measurement of operation test by manufacturer

Table 3. Leakage current measurement data by manufactu| Operating Rated sensitivity
. . . Remark
electric vehicle manufacture rer time [ms] current [mA]
Leaker 140 Js-0608h A 29.3 17.4
Manufacturer Use of slow
To [mA] Igr [mAl IgclmAl B 16.4 24.6 charger
Company A 8.41 15 2.1 c 15.8 154
Commercial
Company B 11.96 1.8 1.7 b 104 246 products
Company C 9.03 1.8 2.3
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Table 6. Simulation data of internal heating value of

charger

Calories

| T 1| 25 | s
20 10 20 0.3
22 600 20 19.8
24 1200 20 43.2
26 1800 20 70.2
28 2400 20 100.8
30 3000 20 135
32 3600 20 172.8
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Fig. 21. Line fit of temperature
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Table 7. Statistics and goodness-of-fit

Regression statistics X/Y Standard t p
Time [s] Coefficient error | statistic |value
Multiple v
correlation | 0.997 4904.76 | 2.026 |0.13
.. Intercept
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etermination
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