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regulation is required for complimentary six independent 
IGBTs, through changing duty cycle of switches, it is possible 
to obtain changes in frequency of the output current and 
voltage and, as a result, in the rotational speed of the motor.  

Generation control of induction motor is also based on the 
frequency regulation of the AC power on the motor side of the 
inverter. Induction motor is operating as a generator, when 
shaft speed is higher than the synchronous speed of the 
machine, calculated with (7). The higher the difference 
between the frequencies is, the higher braking torque can be 
achieved and more energy can be recovered during the process 
and stored in the ESS.  

IV. LOW VOLTAGE BUS SUPPLYING CONVERTERS 

In comparison with supplying power to the powertrain, low 
voltage buses have pure electrical nature of powerflow. The 
main challenge of this bus is low predictability of the energy 
usage from the systems, which are operating within this bus, as 
their usage is dependent on the driver’s behavior in terms of 
using of features and external conditions, such as weather or 
time of the day [13].  

Changing of the energy consumption of this bus have 
influences on the voltage level similar to the power grid 
operations. As this bus is operating within certain voltage 
range, converter should supply exact level of voltage and 
provide possibility to regulate power flow to compensate 
voltage drop when voltage of the bus level decreases due to the 
high energy demand.  

In conventional design, converters connecting ESS 
consisting of low voltage battery, follow the logic of 
supporting the programmed SoC of the low voltage power 
source and all features are interacting directly with it. An 
approach, which is proposed in this article, will allow 
controlling the power consumption through the voltage 
monitoring and supplying required amount of energy through 
converter without charging the additional battery. This 
approach provides opportunity of the fast response within the 
required range of the loads and also increases efficiency of the 
overall systems. 

Low voltage battery is required in this construction to add 
electrical inertia in the system for providing faster response and 
supplying important safety components, as most of the passive 
safety components, such as airbags and strain sensors, operate 
within low voltage to decrease cost of transition from the 
conventional vehicles. Another additional proposed system is a 
second converter to supply 12V DC energy. This converter can 
operate as a single buck converter and supply energy from the 
motor, when it is operating as a generator for recuperative to 
the braking process. This converter covers two functions at the 
same time. First function is to supply energy during the braking 
process to backup battery, supply load without discharging the 
battery and increasing the energy outcome from the generator, 
as not all of the energy generated is able to be stored in the ESS 
system or dissipate through the power consumed, like in the 
HVAC system. 

The proposed system requires two separate converters with 
difference logic of control for each of them. The first controller 

has the same output voltage and is working as a charger for low 
voltage battery and transferring energy from the main ESS. 
Construction can be applied as a simple one directional DC 
buck chopper with relatively low power rating, as shown in 
Fig. 8. In Fig. 8, the controlling signal is coming from the SoC 
of the battery and when the signal is dropping below the 
several preset levels and the main ESS has enough energy, this 
first converter is pumping energy from the high voltage bus 
into the battery. Another working mode for this converter is 
network charging of the EV. During night charging, when 
energy is stored into the main battery, this converter is supplied 
with energy from the battery. As a low battery can be 
discharged through the leakage of the energy into the main 
high voltage bus, this converter will have single direction of 
energy flow.  

 

Q1

High Voltage Side Low Voltage Side

 

Fig. 8 Low Voltage Battery Charging Converter 
 
Second converter proposed in this design scheme is 

operating in between drive motor and low voltage appliances, 
such as lights, safety systems, and media system of the vehicle. 
In comparison with battery charging buck converter, which is 
operating based on the SoC of the battery and ESS, this 
converter has more variables, as it is providing all required 
power for the appliances and it should react to the changing of 
the amount of loads it is supplying. In addition, it should react 
on the SoC of the main ESS and mode of the drivetrain. 

In order to increase efficiency of the recuperative braking, 
the converter acts as a load for the generator and through 
energy consumption, it has influence on the braking torque. As 
a result of this influence, this converter should get controlling 
signal from not only appliances control unit, but also from the 
ABS control system, as ABS system is operating with the 
braking torque of the drivetrain.  

Power fluctuations are the normal working conditions for 
this converter. To prevent shocking modes, in the bus line 
design, this converter is following the bidirectional converter 
for the drivetrain, as shown in Fig. 9.  

As all appliances are working with low voltage DC, an 
additional converter is supplying DC energy and due to the 
proposed position of this converter, input voltage is also DC, as 
it is coming from the high voltage DC bus.  

Peak power requirements are not as high, as main 
bidirectional converter is providing the required power, but this 
requirement is higher than for the charging buck chopper 
battery. All appliances in the low voltage bus have total power 
consumption of approximate 8 kW when all of them are in use. 
As not all of them are being used continuously, for example 
seats heaters or windows lifting systems, the converter adjusts 
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