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ABSTRACT 
 

 

In this paper, we propose assessment methodology of 
Electrical Stability for HFCV and EV (Electronic 
Vehicle) through a Simulation Model Development.                                                   
The purpose of the simulation is to simulate the 
situations where insulation failure leads to leakage 
current and voltage rise.   
The allowance of the symptoms in the view of 
human safety also can be assessed through the 
simulation. Through the simulation, high voltage 
system of the HFCV and EV can assessed 
considering electrical accidents. 
The assessment of the high voltage system of HFCV 
and EV is achieved through the simulation. And also 
we can  supplement high voltage system design by 
the results of the simulation. 

INTRODUTION 

 
The safety regulation is intended for protection of 
passengers and environment from the automobile 
industry. 
The objective of this paper is to establish a technique 
for safety assessment and amend safety standards for 
HFCV and consequently reflect research results to 
vehicle management policy.  
Development of techniques for safety assessment of 
Hydrogen Fuel Cell Vehicle(HFCV) includes four 
tasks, research for regulation system and policy, 
hydrogen safety, vehicle operation safety and 
protection  against high-voltage. 
In this paper, modeling the phenomenon of accidents 
that can occur with hydrogen fuel cells and electric 
vehicles is performed for electrical accident 
simulation. 
To establish the electrical accident simulation, 
mathematical models that can represent the electrical 
system are invented and the models are composed of 
parameters of equivalent circuit. 
For the measurement of the parameters, probe is also 
developed. 
From the results of the simulation, Analysis of the 
risk that may occur when a high voltage accident 

presents is performed and proper methods for 
reducing the risks are proposed. 
 
Modeling & Simulation  

In this paper, the mathematic models of electrical 
system for HFCV and EV are established through a 
theoretical analysis of parameters and the real load 
measurement through a reference based R, L, C 
circuit for the modeling 

Theoretical analysis & Charge and repair 
Simulation The Figure 1 describes simplified circuit 
of power converter and AC power supply for HFCV 
on the left side. On the left side, automobile isolation 
and ground model prepared for charging and repair 
situation.

 

Figure1. Power converter and simplified of AC model 

If switches turn on, DC power connected circuit is 
changed to AC circuit, switch is modeled to pulse 
generator and 3 phase load is changed to two load 
equivalents to connect neutral point. And Completely 
separated DC circuit is equivalent to DC circuit.   
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Figure 2.  AC equivalent circuit model 

AC circuit model was simplified through an 
equivalent circuit re-analysis about AC circuit. AC 
circuit and DC circuit was division according to 
simplify modeling. 
So, we can simulation about the isolation standard 
suitability and danger situations through ELSA 
regulation analysis of each isolation standard. 
DC circuit case is applied to the 100Ω/V =10mA, 
500 Ω/V=2mA isolation standard. 

 

Figure 3. Isolation and ground model for automobile 

The equation was derived from the about isolation 
and ground model for automobile. 
Between high voltage (+) / (-) socket instead of the 
chassis/ exposed conductive isolation resistance, the 
between chassis and exposed conductor instead of 
the ground resister was modeling 
The current equation is derive to using a mesh 
current analysis. 

 

Figure 4. Circuit Analysis model vehicles isolation and 
grounding 

We can know that, if the proposal model for the 
automobile isolation and ground equation is 
equipotential, it is like a proposal isolation model of 
ELSA regulation. 

 

Figure 5.Analyze the human contact between the 
exposed conductor 

We do analysis of Human contact about the between 
exposed conductor. Like a figure 5 derive about the 
Parallel equivalent resistance between the human and 
ground, and it is like a below equation. 

Ground risk according to the change in resistance 
equivalent expression as analyzed below. 
 the Equivalent resistance of the parallel between 
human is satisfied because of the parallel resistance 
is 500 Ω and 0.1 Ω in the case of equation (1). 
But equation (2) of case, low 500Ω and 0.2Ω   
But equation (2) of case, we can get the conclusion 
should be less than 500Ω and 0.2Ω. 
Computational analysis for crash simulation 

model for the isolation and grounding  
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Figure 6. Body simulation model diagram 

Simulation using Simulink simulation model is 
shown in Figure6. Human body models using the 
Simulink model 
Was observed using the human body as the input 
voltage, the voltage and the corresponding current 

 

Figure 7. Human simulation results 

Figure 7 is show the result about a time-domain and 
frequency domain on the voltage and current test.  
Pulse signal is used to input.  Measurement during 
from 0.17 time[s] to 0.19 time[s] 
Current measurement result human is among the RC 
filter, so voltage base frequency is have a high effect 
to human. 
We can know that pulse wave have a current respond 
RMS is bigger than same amplitude sine wave. 
Simulation situation setting for compare importance 
from automobile isolation resistance value and 
balance, measurement to isolation resistance effect to 
human current 
Case 1 is show the human current sensitivity analyser 
result according to different of isolation resistor 
when the isolation resister change value 

Case 2 is show the human current sensitivity analyser 
result according to when the isolation resister change 
value. 
Simulation setting is input voltage 500V, minimum 
isolation ((0.05Ω/V)*(500V)=25Ω), ground (0.1Ω )is 
parallel connect to human, max human current is 
2mA. 

 

Figure 8.Isolated ground circuit simulation settings 

 

Figure 9. Isolated ground circuit simulation results 
(case1) 

Case 1 is show the simulation result of maximum 
human current is decrease when increase the 
minimum isolation resister value. Maximum human 
current is 2mA. 
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Figure 10.Isolated ground circuit simulation results 
(case2) 

May change, the minimum isolation resistance size 
fixed during the isolation resistance of different 
simulation results of Case 2 was negligible change, 
the maximum human current was 2mA . 
Simulation error is appear to less than 0.5mA from 
base 2mA current, and equipotential grounding is not 
0.1Ω. 
There is a circuit analysis by equipotential 
compensation correction. 

EV Charger system simulation Provides an 
environment that makes it possible to simulate the 
physical environment of the charging system using 
the configuration of the equivalent circuit through 
modeling and evaluated to topics on electrical 
stability. 

 

 

Figure 11. Cable model diagram 

Modeling was carried out as shown in the figure on 
the charging cable. 

Modeling was composition to the cable parasitic 
resistance and parasitic impedance of the charge 
cable. To the definition of the relation between the 
model specification and parameter charge cable 

 
We calculated the inductance of the wire to wall 
model using the above equation. 

 
The above equation is the equation of parasitic 
capacitance and parasitic resistance component that 
occurs between the wire to ground and the wire to 
wire. 
Parameter of Wire is extracted through a comparison 
of the measured value and the theoretical value. 

Table 1. Charger cable parameter 

 
 
Battery modeling component is modeled as follows. 

 

Figure 12. Cable model diagram 

VoC, Rint, C1 is changed in accordance with the 
(State of Charge) SOC. 
Internal Capacitance to extract the value for which to 
extract the value Internal resistance during charging, 
to represent the state Transient. 
Derivation of the battery modeling parameter, the 
measurement results were used to the internal 
resistance and the internal capacitor. 
Method for measuring the internal resistance, we 
have to calculate the internal resistance to measure 
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the difference between Vb and Voc in Switch on / off.

 

Figure 13. Internal resistance measurement 

 

 

 

Figure 14.Internal capacitor measurement 

 

Table 2.The following table is a result of the internal 
resistance and the internal capacitor measured by the 

state of SOC. 

 
 

 
 
In the end, L,C,R was represented by an equivalent 
circuit the output impedance (Z0) of the charger. 
Z0 is determined by the Output Filter circuit and the 
output stage of the DC / DC converter. 

 

 

Figure 15. Charger model diagram 

The above-mentioned equivalent circuit model was 
modeled charger. 
The charger's output parameter was measured by 
production output impedance measuring device as 
shown in the figure below. 

 

Figure 16. Zo measurement probe circuit 

Consists of a function generator Vdc (voltage dc), the 
components, Input Source provides a source required 
to generate a signal of Z0 Measurement circuit. 
Z0 Measurement Circuit to generate Output signal to 
be applied to the measurement object. 
After the Output Signal is applied to the object to be 
measured, Input Signal to measure the current (Io) 
and the voltage comes back (Vtest). 
Using modeling as described above, I have 
implemented a simulation as follows. 

 

Figure 17.EV charger system model diagram 

Computational analysis for Fault DC EV 
Charger system simulation simulated DC 
charger system according to the state of SOC 
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charging.

 
Figure 18. Is + line ground fault simulation results of 
SOC90% 

 

Figure 19. As a result of the applied voltage human 
body 

Simulation results I it is possible to see the results of 
the voltage applied to the human body, ensure 
completion point on how to deal with the accident 
during charging through the results. 
 
CONCLUSION 
 
A quantitative analysis of the risk of electric shock 
element and associated parameters that can occur is 
the same as the results of analysis at the time of 
collision are separated and analyzed ground during 
the charging and maintenance. 
Conditions and maintenance charging status and the 
collision energy range of delivery and current range 
gives the injury to the human body, and consider the 
constant regardless of external factors, the other, this 
is the analysis derived that can be easily . 
 action is required the necessary electronic box is 
deleted or the mechanic, high voltage unit is removed 
the car enters the repair station or charger station to 
make a repair, the possible exposure of the 
conductive parts high voltage by this or the charger 
was confirmed in a situation where an increase, the 
need for this safety. 
If you want to remove the power supply of the 
vehicle at the time of development, and to comply 
with the safety maintenance is to wear isolation 
device, in most cases, the risk of electric shock by 

maintaining the charge and has not increased 
significantly   
Charging and maintenance facilities for vehicles and 
earth (ground) to facilities, equipment, and 
maintenance of the electric shock caused by contact 
with high-voltage part can be prevented. 
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