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Abstract—The growing adoption of electric vehicles has 

recently attracted increasing attention of scientists and brought 

about pioneering research studies from various fields. Safety 

concerns particularly those regarding ground faults detection 

and protection, have extensively been addressed. Ground faults 

occur quite frequently in electric vehicles and they may be due to 

severe operation conditions, such as vibrations, twists or even 

crashes. Generally, the first ground fault is not dangerous, since 

the powertrain systems, namely, the DC bus where the batteries 

are connected, the power inverter and one or more AC machines, 

are generally ungrounded. The second ground fault, however, 

can produce malfunction in some systems, power loss or even 

serious damages. Locating the fault has often proved hard and 

time-consuming. For this reason, the present study focuses on 

developing a ground-fault detection method for electric vehicles 

capable of determining on which side, the DC or the AC, the 

ground fault is located. The method is based on the analysis of 

the voltage in a grounding resistor connected between the 

midpoint of the battery pack and ground. Based on the polarity 

and harmonics, it is possible to locate the ground fault. This 

method has been verified excellent results have been achieved 

using computer simulations and experimental tests in a 140-kW 

electronic power inverter fed by a 480 Vdc battery. 

 
Index Terms—Electric vehicles, Electrical fault detection, 

Fault location, Fault diagnosis, Power system protection. 

I. INTRODUCTION 

INCE last century, development in technology has 

brought major changes to our world. Two of the most 

discernible impacts are the increasing level of pollution 

and global warming. 

Conventional vehicles depend on fossil fuels producing 

greenhouse gasses causing negative effects in our planet. 

Nowadays, there is an increasing interest in replacing these 

ones by electric vehicles (EVs), as they induce an efficient 

decarbonization process. The EU and USA have made several 
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legislative tests procedures to define the fuel economy with 

effective vehicle range classifications of alternatively powered 

transport methods. 

To develop a competent EV, the control system 

characteristics and the battery capacity are problems that both 

must be addressed. 

However, these improvements for the EVs have some 

obstacles due to their high price, which mainly depends on the 

battery’s life cycle and capacity and which cause the lack of 

investments. For example, electrical faults in the DC or AC 

circuits might reduce the life of the equipment, decreasing the 

life expectancy of the EV. Therefore, numerous protection 

methods and devices have been developed. One of these 

methods was previously presented in [1]. 

It is normal practice in EV to use ungrounded DC and AC 

systems, which means that it is not connected to the chassis. 

Thus, the positive and negative poles are insulated from the 

ground as well as the AC circuit. When a ground fault takes 

place (for example because of isolation degradation, vibrations 

occasioned by poor conditions of the road, sharp turns or a 

crash [2]), and only one pole is grounded, there is no large 

fault currents. However, long-term operation with one ground 

fault is not recommended. The voltage stress in the healthy 

pole will increase and the possibility of having a second 

ground fault will increase as well. If the other pole is also 

grounded, a short circuit happens. It could cause the incorrect 

operation of the vehicle, the early death of the affected 

components or even fire [3]. 

The traction motors of EVs are normally an AC type. 

Therefore, there are some inverters to feed the motors. It is 

also possible to have ground faults in the AC side of the 

circuit because of the same factors expressed before, and also 

because of the deterioration of the traction motors, which are 

the components most exposed to adverse conditions [4]. 

The ground fault detection and location are highly active 

research fields. A great number of research studies have 

recently been carried out, for instance, in microgrids [5]-[6], in 

HVDC [7], in railways [8], in shipboard [9], or in photovoltaic 

power plants [10], among others. Also, other studies on EVs 

have focused on faults in power electronics components [11], 

or traction motors [12]-[13]. 

In the case of the electric powertrain system of an EV or 

other systems with this electrical topology, one of the 

challenges to detecting ground faults resides in knowing if the 

fault is in the DC side or in the AC side of powertrain, which 
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is the main problem for the majority of protection relays 

currently in force for the protection against ground faults [14]. 

This paper presents a new method for ground fault detection 

in the powertrains of electrical vehicles. This work was 

presented previously in [1], and now is proved with additional 

experimental results. This method is based on the installation 

of a grounding resistor between the midpoint of the battery 

and the ground. In case of a ground fault, the method is able to 

detect faults by measuring the voltage in the grounding 

resistor. Also, the method distinguishes where the fault is, 

according to the polarity of this voltage in case of a DC fault, 

or harmonics of the wave in case of an AC fault.  

The paper is structured as follow: Section II presents a 

brief overview of the ground fault location methods in DC and 

AC systems. Then, Section III details the principles of the 

proposed ground fault location technique. Section IV 

describes the simulation model and analyzes the computer 

simulations results of the operation of the proposed approach 

and Section V shows the experimental results achieved in an 

electronic power inverter. Finally, Section VI concludes with 

the main contributions of the paper. 

II. STATE OF THE ART 

There are numerous techniques for the detection of ground 

faults in DC systems. These detection techniques generally 

require a ground connection and the use of an external AC or 

DC voltage source or a low-frequency signal-injector [15]. 

These methods are based on the supervision of the current 

supplied by the external source and can be used in EVs. 

As the electrical system is ungrounded, it is difficult to 

detect the first ground fault because of the low fault current 

values, especially in case of high resistance ground faults [16]. 

Moreover, most of the conventional diagnosis devices cannot 

locate the ground fault if it is in the DC side or AC side of the 

powertrain. An example of it can be a zero current injector in 

the DC side of the system [17]. 

An alternative way for current measurement is the 

differential monitoring in battery terminals and the detection 

of a potential leakage current [18]. 

Nowadays, some location and diagnosis systems designed 

for electric vehicles consist of two independent systems which 

measure and contrast the leakage current or the voltage 

waveform. Then, they determine if the fault is in the DC side 

or the AC side [19]-[20]. 

On the one hand, the diagnosis devices used to locate faults 

in DC systems are scarce. In this field, some prototype of 

Battery Management System, BMS, software functions have 

started using this type of systems, but they can only be used in 

DC circuits with batteries [21]. 

On the other hand, there are several techniques to detect 

ground faults in the AC systems. In case of AC insulated 

three-phase systems, one of the most employed method is 

based on the measurement of the residual voltage or the 

monitoring of the leakage current through the capacities to 

ground [22]. Under-impedance relays can be used as well to 

locate the problem in the AC side [23]. 

As previously explained, there are two different circuits in 

an EV, DC and AC connected by one or more frequency 

inverters. In case of a ground fault in any side of the electric 

powertrain, the fault current will be supplied by the battery. 

The excitation systems of synchronous machines are similar 

to the EVs powertrains, where DC and AC circuits are mixed 

through inverters. In excitation systems, there are some 

research lines to distinguish faults in the DC or AC side of the 

excitation [24]. Moreover, there is also a technique to locate 

the fault in the field winding of the synchronous machine [25]. 

III. OPERATION PRINCIPLES OF THE NOVEL GROUND FAULT 

LOCATION METHOD 

The proposed method is based on the connection of the 

midpoint of the battery pack to ground through a high value 

resistance (Grounding resistor, Rgnd). In case of a ground fault, 

the fault current will flow through the grounding resistor, and 

the high value of the grounding resistor limits the fault current, 

so the electrical operational conditions are not affected. The 

value of the grounding resistor should be chosen to satisfy the 

different electrical vehicles safety standards and regulations. 

Then, the voltage on the grounding resistor will be 

measured. If the voltage is higher than a certain threshold a 

ground fault would be determined. Next, an analysis of the 

signal is done which allows to distinguish if the fault has taken 

place in the DC or AC side of the system.  

Fig. 1 shows the layout of the ground fault location method. 

In this figure, a battery with a DC midpoint accessible and two 

AC traction motors fed by two inverters are shown. 

In this system, during normal operation there is no current 

flowing through the grounding resistor, then, the voltage in 

Rgnd is null. However, in case of ground fault, a current 

through the grounding resistor appears and the voltage of the 

grounding resistor is measured and analyzed. 
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- DC Ground Fault

AC Ground Fault

FFT

DC
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Fig. 1.  Ground fault location lay out with a ground fault in the AC side with a 

ground fault resistance. 

A. Ground fault in the DC side 

Firstly, in the event of a ground fault on the DC side, the 

fault current will flow through the grounding resistor. In this 

case, the fault current is DC current. The value of the current 

is inversely proportional to the ground fault resistance, Rf. 
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The polarity of the grounding resistor voltage depends on 

the location of the ground fault. In case of a fault in the 

positive pole, the voltage polarity will be negative and in case 

of a fault in the negative pole the polarity will be positive. 

B. Ground fault in the AC side  

Secondly, in case of ground fault in the AC side, the fault 

current is alternating current. 

Thanks to the FFT calculation of the grounding resistor 

voltage, the main frequency of the signal, which corresponds 

to the fundamental inverter frequency (f1), can be determined. 

If it is a system with multiple inverters, knowing the operation 

frequencies of each inverter, one can determine which inverter 

is responsible for feeding the ground fault.  

This method allows to identify DC or AC ground faults. 

The sensibility of the protection could be adjusted according 

to different fault resistances by setting the thresholds. 

The peak value of the grounding resistor voltage (Ugnd) 

depends on the grounding resistor (Rgnd) , the ground fault 

resistance (Rf) and the batterie voltage (U). It can be expressed 

according to (1). 

𝑈𝑔𝑛𝑑 =
𝑅𝑔𝑛𝑑

𝑅𝑓+𝑅𝑔𝑛𝑑
·
𝑈

2
               (1) 

IV. COMPUTER SIMULATIONS 

In order to validate the proposed method, numerous 

simulations have been performed for two different cases. The 

first case is a simulation using a squirrel cage motor fed by a 

inverter and in the second a passive RL is used as load. 

A. Simulation model with a squirrel cage motor. 

Fig. 2 shows the computer simulation model built in 

MATLAB Simulink ®. In this model, the grounding resistor, 

Rgnd, which is connected in the middle point of a 480 V battery 

can be observed. 

 
Fig. 2.  Computer simulation model for a squirrel cage induction machine. 

The battery pack is represented by two 240 V batteries 

connected in series and in parallel with them there is a 

capacitor of 1.638 mF. In the midpoint of the battery, a 4.7 kΩ 

grounding resistor is connected and its voltage waveform is 

displayed in an oscilloscope. Therefore, the maximum ground 

fault current is limited to 51 mA, although the system can 

operate with other grounding resistance values. 

An inverter is connected to the DC bus bar to feed the 

induction machine. In case of having multiple batteries 

configuration, the midpoint of any parallel branch can be used 

for the grounding resistor connection, with identical results. 

This means that only a grounding resistor is needed and it does 

not matter where it is connected as long as it is in the midpoint 

of a branch. 

As the ground fault current should be limited, the grounding 

resistor is set to 4.7 kΩ. In this case, the fault current is limited 

to 102 mA. For this configuration, the phase to ground voltage 

waveform in the AC side is shown in Fig. 3 as well as the 

current in Fig. 4. 

Due to the similarity in the voltage and current waveforms 

with a passive RL dipole when the motor operates in nominal 

conditions, the simulations are done with an inductive charge. 

 
Fig. 3.  Voltage phase to neutral in phase A measured from a simulation of the 

squirrel cage induction machine in healthy conditions. 

 
Fig. 4.  Current of the induction machine in phase A measured from a 

simulation in healthy conditions. 

B. Simulation model with RL load 

The ground faults’ simulations have been done with 

inductive loads connected in star with the neutral connection 

accessible as can be seen in Fig. 5. 

In this circuit, the impedances taken into consideration have 

been 50 + jω0.0002 Ω per phase. The inductive part of the 

impedance represents the parasitic inductance. Also, mutual 

and phase to ground capacitive parasitic effects have been 

considered assuming values of 0.1 and 0.25 pF respectively as 

well as 0.3 mH inductive filters in series. 
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Fig. 5.  Computer simulation model for RL load in the AC side of the inverter. 

For this model, several simulations have been performed for 

ground fault resistance’s (Rf) values of 0 Ω, 2.3 kΩ, 4.7 kΩ 

and 10 kΩ to verify the proper operation of the ground fault 

location system. 

Furthermore, under healthy conditions, i.e., without any 

ground faults, the operation has been simulated, achieving AC 

waves similar to the squirrel cage simulations. These 

simulation results for RL load are shown in Fig. 6 and Fig. 7 

where phase voltage and current are displayed respectively. 

 
Fig. 6.  Voltage phase to neutral in phase A measured from a simulation of the 

RL loads in healthy conditions. 

 
Fig. 7.  Current in phase A measured from a simulation of the RL load in 

healthy conditions. 

The results of the voltage measurement in the grounding 

resistor under healthy conditions are presented in Fig 8. It can 

be observed that the current through the grounding resistor is 

zero and consequently, so is the measured voltage. The high 

frequency disturbances in the grounding resistor measurement 

are provoked by the parasitic capacitances. 

C. DC Side positive pole ground faults simulations 

Next, the simulations with a ground fault in the positive 

terminal of the DC side were performed for the RL load 

scenery. In these simulations, the grounding resistor value 

remains at 4.7 kΩ. The fault resistances used are 0 Ω, 2.3 kΩ, 

4.7 kΩ and 10 kΩ, respectively.  

The results are shown in Fig. 8. It can be noticed that the 

voltage measurements for the simulation with the higher value 

of the ground resistance is the nearest value to the non-fault 

case. However, if the ground fault resistance is small or zero 

(Case 0 Ω), the voltage in the grounding resistor is close to 

half voltage of the battery. Also, the voltage measured could 

be affected by the ground fault location as can be seen in (1), 

where U/2 is the voltage between the ground fault location and 

the grounding resistor energized terminal. In this paper, only 

simulations at the location of 100% of the DC positive pole 

have been carried out, varying the ground fault arc resistances. 

 
Fig. 8.  Voltage waveform on the grounding resistor. Healthy state and ground 

faults in positive pole of the DC side. [Fault resistances 0 Ω, 2.3 kΩ, 4.7 kΩ 

and 10 kΩ]. 

D. DC side negative pole ground faults simulations 

The next simulations set corresponds to ground faults in the 

negative pole of the DC side. The values of the grounding 

resistor and fault resistors are the same as in the previous 

simulations. 

The results are presented in Fig. 9. These results are 

analogous to the previous cases, but the polarity of the voltage 

in the grounding resistor is positive. 

 
Fig. 9.  Voltage waveform on the grounding resistor. Healthy state and ground 

faults in negative pole of the DC side. [Fault resistances 0.02Ω, 2.3kΩ, 4.7kΩ 

and 10 kΩ]. 

E. DC Side simultaneous positive and negative ground faults 

simulations. 

Finally, the particular case of a double simultaneous ground 

fault in the positive and the negative terminals is studied in 

this subsection. In this case, three different sceneries are 

contemplated attending to the fault resistances values, Rf+ and 

Rf- for the positive and the negative terminals, respectively.  

The first one is a simultaneous symmetrical fault, where 

both fault resistances are identical. The proposed method 

cannot detect it, because the circuit is symmetrical, and no 

leakage current circulates through Rgnd. This fault should be 

detected by other device as an overcurrent relay. In Fig. 10, a 

simulation corresponding to this fault is carried out with 2.3 

kΩ fault resistances in both terminals. 

Another possibility is the asymmetrical double ground 

faults. In Fig. 10, two additional double fault simulations have 

been displayed. In both cases the fault resistances are 4.7 kΩ 

and 2.3 kΩ. The first one considers an imbalance with a higher 

fault resistance in the positive terminal (Rf+ = 4.7 kΩ and Rf- = 

2.3 kΩ). This means a higher leakage current becoming from 
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the negative pole due to its lower fault resistance, and 

consequently, the voltage measured in the grounding resistor 

will be positive. In the analogous case (Rf+ = 2.3 kΩ and       

Rf- = 4.7 kΩ) the voltage will be negative due to the further 

weakening in the positive terminal. 

 
Fig. 10.  Voltage waveform on the grounding resistor. A symmetrical ground 

fault in positive and negative pole and two asymmetrical faults [Rf+ and Rf-   

2.3 kΩ and 2.3 kΩ, 4.7 kΩ and 2.3 kΩ, and 2.3 kΩ and 4.7 kΩ respectively]. 

F. AC Side ground faults simulations 

Furthermore, simulations with a ground fault in the AC side 

have been performed. When a ground fault takes place in the 

AC side, an alternating current flows through the grounding 

resistor. The amplitude of the voltage wave in the grounding 

resistor is inversely proportional to the fault resistance.  

The results are shown in Fig. 11, Fig. 12 Fig. 13 and Fig. 14 

for fault resistances of 0 Ω, 2.3 kΩ, 4.7 kΩ and 10 kΩ, 

respectively. 

In these cases, instead of a direct voltage (as it appears in 

case of a DC faults), an alternating pulsed voltage wave is 

measured in the grounding resistance.  

The sinusoidal oscillations are given by the parasitic 

inductances and capacitances and inductive filters. 

 
Fig. 11.  Voltage waveform on the grounding resistor. Ground fault in the AC 

side. [Fault resistance 0 Ω]. 

 
Fig. 12.  Voltage waveform on the grounding resistor. Ground fault in the AC 

side. [Fault resistance 2.3 kΩ]. 

 
Fig. 13.  Voltage waveform on the grounding resistor. Ground fault in the AC 

side. [Fault resistance 4.7 kΩ]. 

 
Fig. 14.  Voltage waveform on the grounding resistor. Ground fault in the AC 

side. [Fault resistance 10 kΩ]. 

From Fig. 11, Fig. 12, Fig. 13 and Fig. 14 it can be clearly 

observed that the higher the value of fault resistance is, the 

smaller the AC voltage appears in the grounding resistor. It is 

because most of the difference of potential is assumed in the 

fault resistance, keeping few volts in the ground resistor, as 

has been expressed in (1). 

In Table I the FFT analysis is presented corresponding to 

the fundamental inverter frequency (f1=50Hz), the inverter 

commutation frequency (5 kHz) and the DC component. 

As exposed before the DC faults have DC component, 

while the rest of harmonics are negligible. Analogously, in AC 

ground faults, the higher harmonics correspond to the 

fundamental frequency, f1, and the commutation frequency. 

TABLE I 

GROUNDING RESISTOR VOLTAGE FFT SIMULATION RESULTS FOR DIFFERENT 

GROUND FAULTS 

Type of fault and 

fault resistance, Rf 

|UDC| 

[V] 

|Uf1 | 

[V] 

|U5kHz| 

[V] 

DC Pole + ground fault 

Rf = 0 239.94 0.31 8.24×10-3 

Rf = 2.3 kΩ 161.11 0.23 2.98×10-4 

Rf = 4.7 kΩ 119.98 0.15 4.14×10-3 

Rf = 10  kΩ 76.72 0.11 2.64×10-3 

DC pole – ground fault 

Rf = 0 239.99 0.01 1.22×10-4 

Rf = 2.3 kΩ 164.49 0.01 6.86×10-5 

Rf = 4.7 kΩ 122.50 0.01 4.37×10-5 

Rf = 10  kΩ 78.33 0.00 2.22×10-5 

AC phase ground fault 

Rf = 0 2.48 242.66 145.65 

Rf = 2.3 kΩ 1.66 162.86 97.81 

Rf = 4.7 kΩ 1.24 121.28 72.84 
Rf = 10  kΩ 0.79 77.55 46.58 
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V. EXPERIMENTAL RESULTS 

To bear out the method, numerous experiments have been 

carried out in a 140 kW power inverter. In this section, the 

experimental setup and experimental results are presented. 

A. Experimental setup 

The system consists of a 140 kW three-phase inverter fed 

with a 480 V battery composed from 40 modules in series. 

The inverter provides AC current to a 50 Ω three-phase 

resistor, composed by four 12.5 Ω resistors connected in 

series, which allows the connections between them to provoke 

ground faults.  

Table II shows the ratings for each component of the 

experimental setup. Also, in Fig 15 the battery set is presented. 

The power electronic inverter is shown in Fig. 16 and its 

control hardware can be observed in Fig. 17. The control of 

the power inverter was done as a voltage source inverter 

(VSI), adjusting the duty to achieve 205 VRMS phase to 

ground. 

Finally, in Fig. 18 and Fig. 19 the resistive load, the 

grounding resistor and the measurement devices are 

illustrated. The fault was performed by commutating a 

switcher connected between the circuit and a fault resistance 

of 0 Ω, 2.3 kΩ, 4.7 kΩ and 10 kΩ to do the tests (Fig.20). 

 

 
Fig. 15.  Battery set for the experiments. 480 V in a string of 40 modules of 12 

V per module. 

 

Fig. 16.  Power inverter. 

 

Fig. 17.  Power inverter control unit, DSP, and protection systems. 

 

Fig. 18.  Three-phase resistive load in terminals of the power inverter. 

TABLE II 

EXPERIMENTAL SETUP RATINGS 

Component Characteristic Magnitude 

Battery UDC 480 V 
 UDC per cell 12 V/cell 

 Modules per String 40 

 IN 3.6 A 

 Q 12 Ah 

 Internal R 12 mΩ 

Inverter Power 140 kW 

 UDC max. 900 V 

 Iout max. 200 A 

 f max. 25 kHz 

 C 1.638 mF 

Resistor R 12.5 Ω 

 P 392 W 

 Total Three-phase Power 4704 W 
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Fig. 19.  Measurement devices (1), fault position changer (2), and the 

grounding resistor (3). 

As in the simulations, a grounding resistor of 4.7 kΩ was 

connected to the midpoint of the battery to ground and some 

ground fault resistors were connected to the ground as well.  

In Fig. 20, the electrical scheme of the installation is 

displayed. First, the batteries and the grounding resistor are 

connected to the power inverter, then the passive load is added 

to the inverter, and finally, a switching system is implanted to 

create different type of faults. 

Rf

Rgnd

4.7 kΩ

Ugnd

Fig. 20.  Simplified electrical scheme of the experimental setup. 

With the equipment installed, some tests were done. First, a 

healthy state was captured to ensure that the experiment runs 

correctly. After this, DC faults in the positive and negative 

poles of the batteries were done as well as AC faults. Now, 

some experimental results will be displayed. 

B. Healthy Condition tests 

Firstly, healthy condition tests were performed to ensure 

that the phase to neutral voltage waveforms in the AC side 

corresponds with the simulations. The results are displayed in 

Fig. 21. 

The parasitic inductances and capacities induce sinusoidal 

filter effects in the voltage waveform, but the similarity with 

the simulations remains representative. 

 
Fig. 21.  Phase to neutral voltage for healthy operation conditions. (A Phase) 

Then, the grounding resistor voltage measurement is 

performed. Fig. 22 shows how in the absence of a ground 

fault, the value obtained is zero. As in simulations, a high 

frequency fluctuation appears, but the average value remains 

null. 

 
Fig. 22.  Grounding resistor measurement for a healthy operation conditions. 

C. DC Side Positive pole ground fault tests 

Once the correct operation during the healthy state is 

corroborated, a huge number of ground faults have been 

carried out. First of all, some ground faults were done in the 

positive pole of the DC side obtaining the results shown in 

Fig. 23. 

 
Fig. 23.  Grounding Resistor Measurement for ground faults in positive pole 

of the DC side. [Fault resistances 0 Ω, 2.3 kΩ, 4.7 kΩ and 10 kΩ. Rgnd = 4.7 

kΩ]. 

In the Fig. 23, the fault resistance was changed between the 

values of 0 Ω, 2.3 kΩ, 4.7 kΩ and 10 kΩ, obtaining constant 

voltage values where again the higher the resistance is, the 

lowest voltage is measured in the grounding resistor. 

D. DC Side Negative pole ground fault tests 

Then, faults in the negative pole with different ground fault 

resistances were made. The results are similar to those of the 

positive pole but with contrary sign, as can be seen in Fig. 24. 

2 

3 

1 
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Fig. 24.  Grounding Resistor Measurement for ground faults in negative pole 
of the DC side. [Fault resistances 0 Ω, 2.3 kΩ, 4.7 kΩ and 10 kΩ. Rgnd = 4.7 

kΩ]. 

The sign of the voltage measurement is opposite to the pole 

where the fault occurs, i.e., a positive voltage measure implies 

a fault in the negative pole and a negative voltage measure 

implies a fault in the positive pole.  

E. AC Side ground fault tests 

Finally, AC faults were provoked in the power inverter 

terminals. The aim of these faults were to register an AC 

voltage waveform in terminals of the grounding resistor. The 

peak value of the wave would change with the ground fault 

resistance as in the cases before in a similar proportion, as 

expressed in (1). Furthermore, the AC phases from AC 

inverter terminals to neutral during a 2.3 kΩ ground fault in 

the phase A are plotted in Fig. 25. In this figure, no apparent 

difference can be appreciated among voltage waves with fault 

and healthy conditions (See Fig. 21).  

 

Fig. 25.  Inverter AC voltages to neutral for 2.3 kΩ fault in phase A. 

The grounding resistor voltage wave measurements are 

displayed in Fig. 26, Fig. 27, Fig. 28 and Fig. 29, for ground 

fault resistances of 0 Ω, 2.3 kΩ, 4.7 kΩ and 10 kΩ, 

respectively. 

Also, the voltage wave in the grounding resistor is more 

sinusoidal when the inductance effects are higher. This is due 

to the direct relationship between voltage and leakage current 

circulating through ground by having only resistive part in the 

grounding device.  

It can be observed some asymmetries in the voltage 

waveforms presented in this section, due to asymmetries in the 

manufacturing of the inverter, different parasitic capacitance 

to ground or difference reactance in phases. But they are not 

due to the use of grounding resistor. 

 
Fig. 26.  Grounding resistor voltage waveform for a ground fault in the AC 

side. [Fault resistance 0 Ω. Rgnd = 4.7 kΩ]. 

 
Fig. 27.  Grounding resistor voltage waveform for a ground fault in the AC 

side. [Fault resistance 2.3 kΩ. Rgnd = 4.7 kΩ]. 

 
Fig. 28.  Grounding resistor voltage waveform for a ground fault in the AC 

side. [Fault resistance 4.7 kΩ. Rgnd = 4.7 kΩ]. 

 
Fig. 29.  Grounding resistor voltage waveform for a ground fault in the AC 

side. [Fault resistance 10 kΩ. Rgnd = 4.7 kΩ]. 

The grounding resistor voltage waves registered in the 

presented experimental tests have been analyzed by FFT. The 

results are collected in Table III. The fundamental inverter 

frequency (f1 = 50Hz), the inverter commutation frequency   

(5 kHz) and the DC component are displayed. 

As expected, it can be seen that for AC ground faults the 

fundamental inverter frequency component has remarkable 
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values in comparison with DC ground faults, where the DC 

components acquires higher importance. 

TABLE III 

GROUNDING RESISTOR VOLTAGE FFT EXPERIMENTAL RESULTS FOR 

DIFFERENT GROUND FAULTS 

Type of fault and 

fault resistance, Rf 

|UDC| 

[V] 

|Uf1| 

[V] 

|U5kHz| 

[V] 

DC Pole + ground fault 

Rf = 0 219.77 3.90×10-3 0.01 

Rf = 2.3 kΩ 150.69 5.22×10-3 0.64 

Rf = 4.7 kΩ 111.15 3.28×10-3 1.62 

Rf = 10  kΩ 70.25 9.53×10-3 1.45 
DC pole – ground fault 

Rf = 0 224.80 4.83×10-3 7.09×10-3 

Rf = 2.3 kΩ 155.51 3.41×10-3 0.67 

Rf = 4.7 kΩ 113.89 7.39×10-3 1.62 

Rf = 10  kΩ 71.87 1.11×10-3 1.44 
AC phase ground fault 

Rf = 0 11.79 90.60 150.51 

Rf = 2.3 kΩ 1.86 57.11 100.89 

Rf = 4.7 kΩ 1.81 41.30 74.54 

Rf = 10  kΩ 3.67 29.19 47.84 

These satisfactory experimental results prove that it is 

possible to connect a grounding resistor between the midpoint 

of the batteries and the chassis, or ground, to ensure the 

detection and identification of ground faults in AC/DC 

systems. 

To corroborate the theoretical principles, the experimental 

and simulation results are evaluated. The values of the 

grounding resistor voltage Ugnd are analyzed for different fault 

resistances Rf .  

In order to compare the different ground faults, normalized 

values are employed. The voltage used to normalize Ugnd is 

UDC/2, in case of DC ground fault, and Uan(f1), in case of AC 

fault. While the ground fault resistances are normalized 

dividing by Rgnd for any fault. Moreover, the theoretical 

grounding resistor voltage values, according to (1), are also 

plotted. The results are displayed in the Fig. 30. 

 
Fig. 30.  Normalized grounding resistor voltage, Ugnd/U, versus normalized 

fault resistance, Rf/Rgnd, for different ground faults. 

The obtained results verify the operation principle of this 

detection method.  

VI. CONCLUSIONS 

A new method for detection of ground faults in AC and DC 

sides of electric vehicles powertrain is presented in this paper.  

It consists in measuring the voltage in terminals of a 

grounding resistor connected between the midpoint of the 

batteries and ground or chassis of the vehicle.  

The detection is based on the analysis of the waveform of 

the grounding resistor voltage:  

- If the waveform is zero, it implies a non-fault state. 

- If the waveform is constant, the fault is in the DC bus, 

and depending on the polarity, it will be identified on the 

positive pole if the voltage is negative, and on the 

negative pole if the voltage is positive. 

- If the waveform has an AC spectrum, a ground fault 

occurs in the AC side of the powertrain. 

In order to prove these statements, numerous simulations 

and experimental tests have been carried out achieving good 

results. 

The simulations results show that faults in the DC side are 

easily detected. The voltage amplitude measured depends on 

the fault resistance. Also, faults in the AC side can be 

perceived, measuring pulsed AC waves proportional to the 

leakage current. As in the DC case, the fault resistance affects 

the amplitude of the wave. 

Moreover, the same phenomenon occurs in numerous 

experimental tests performed in a 140 kW power inverter. If a 

DC ground fault happens the voltage seen in the grounding 

resistor is constant. However, if the fault is in the AC side, the 

wave measured has a alternating profile. 

The correspondence between simulations and experimental 

results corroborates this method and allows, with a ground 

resistor placed in the midpoint of the battery, to identify where 

the ground fault has occurred, hence saving maintenance and 

repair time. 
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