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Abstract

The demand for Sustainable Drive Vehicles (SDVs) in the automotive industry has become
significantly critical due to growing concerns over climate degradation, environmental pollution,
and the depletion of fossil fuels. The transition towards cleaner energy sources, reduced emissions,
and improved fuel efficiency is necessary in shaping the future of the automotive industry. SDVs
are playing a key role in this pathbreaking transformation. The 48-volt electric system balances
energy efficiency and high-power requirements in modern electric vehicles (EV) and hybrid
electric vehicles (HEV). These 48-volt systems help enhance energy efficiency, power, and better
performance across various vehicle components that depend on 48-volt electric systems. Brushless
DC(BLDC) motors have gained widespread use in SDVs due to their precise speed control, high
efficiency, durability, and reliability. Implementing the 48-volt electric system into a Brushless
DC(BLDC) motor provides high power density, high torque to weight ratio, low maintenance and
reduced energy consumption, making them suitable for automotive applications. This paper
explores the significant role of 48-volt BLDC motors in SDVs, focusing on their contribution to
improving energy efficiency, current optimization and overall vehicle performance. In addition,
the paper examines future innovations that could further enhance the capability of 48-volt BLDC
motors in SDVs, and challenges related to their integration into current powertrain designs.

Keywords: Sustainable Drive Vehicles,48-volt electric systems, Brushless DC motor, Electric
vehicles, energy efficiency, Field oriented control (FOC), direct torque control(DTC), Internet of
Things(IoT), vehicle-to-grid(V2G)

I. INTRODUCTION

The demand for the growth of SDVs has become a crucial factor in addressing ongoing environmental
concerns, alongside the increasing demand for energy-efficient transportation. The fast-paced climate
change and air pollution play a key role in the rapid shift towards SDVs from Internal combustion engine
vehicles. The 48-volt electric system in SDVs is a key enabler for higher power and efficiency. Unlike
conventional 12-volt systems, 48-volt systems provide high power output while maintaining smaller size
and lighter weight. Automotive manufacturers are increasingly using 48-volt systems to power electric
steering, regenerative braking and HVAC systems in HEVs and MHEVs. This increased power capacity
helps in energy recovery and extended battery lifespan. BLDC motors are widely regarded as the
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preferred motor choice for the automotive industry due to their high power, efficiency, reliability and low
maintenance. In contrast to DC motors, BLDC motors operate without brushes, reducing wear and tear
and providing smooth motor operation. The efficient performance of BLDC motors highly contributes to
the overall energy efficiency of SDVs by reducing power losses and enhancing torque output. BLDC
motors are especially beneficial in 48V systems, where their ability to efficiently operate at higher
voltages translates into better overall vehicle performance and reliability.

II. TECHNOLOGICAL OVERVIEW OF 48V BLDC MOTORS

Controller

Fig. 1. BLDC motor circuit diagram

A. Design and Structure

A typical 48-volt BLDC motor consists of three main components: the stator, rotor and electronic
controller. The stator is a three phase windings responsible for generating the magnetic field, these
windings are typically arranged in star or delta connections, while the rotor contains permanent magnets
that interact with the magnetic field, generating torque. The electronic controller controls the current
supplied to the stator windings, controlling the motor's speed and torque by adjusting the phase of the
current. The 48-volt design allows for efficient energy conversion and greater torque density, which is
crucial for automotive applications requiring both high power and compact size.

B. Advantages of BLDC Motors
The primary advantages of BLDC motors include:

o High Efficiency: BLDC motors exhibit minimal power loss due to their lack of brushes,
translating into higher efficiency and reduced energy consumption.

o Low Maintenance: The absence of brushes leads to lower wear and tear, extending the motor's
lifespan and reducing maintenance costs.

e Long Lifespan: With fewer moving parts and reduced friction, BLDC motors last longer
compared to traditional brushed DC motors.

e Smooth Operation: BLDC motors provide a smoother operation, which enhances the driving
experience by reducing noise and vibration.

C. Comparision of 48V BLDC motor with Other Motors

When compared to DC brushed motors, induction motors, and other types of electric motors:
o Efficiency: BLDC motors are more efficient than DC brushed motors due to the absence of
brushes and the associated frictional losses.
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Cost: While BLDC motors may have higher initial costs due to the electronic control systems,
their lower maintenance and higher efficiency provide long-term cost savings.

e Longevity: BLDC motors have a longer operational lifespan compared to DC brushed motors
due to reduced wear and tear, while being more compact and lighter than induction motors.

III. INTEGRATION OF 48V BLDC MOTORS IN SDV

In SDVs, both main propulsion and auxiliary systems use 48-volt BLDC motors. For instance, in
MHEVs, the 48V BLDC motor helps the internal combustion engine during acceleration, reducing fuel
consumption and emissions. In addition, the motor can power regenerative braking and drive other
auxiliary functions, such as electric steering, power lift gates, and other electrically controlled systems.
Adopting 48V systems in SDVs allows for more efficient energy recovery through regenerative braking
systems, which act as an inverter in the vehicle's battery. By managing the power supply to auxiliary
components, 48-volt systems help balance energy consumption, optimizing the vehicle's overall
efficiency. This can eliminate the dependency of a 12-volt battery in SDVs. One key challenge in
integrating 48-volt BLDC motors into SDVs is thermal management. The higher voltage and current
requirements may result in increased heat dissipation. Additionally, noise reduction techniques, such as
active noise cancellation and vibration isolation, are employed to minimize operational noise and
enhance the driving experience. Battery life is also a concern, which can be addressed by implementing
smart battery management systems (BMS) to ensure optimal charging and discharging cycles.

IV. OPTIMIZING BLDC MOTOR EFFICIENCY AND POWER LOSSES

In a 48-volt BLDC motor, optimizing the efficiency and minimizing power losses requires multifaceted
approach that targets both the motor design and the controller used to drive it. By focusing on high-
quality materials, efficient winding designs, advanced motor control techniques, and intelligent system
management, you can achieve the high performance and efficiency of a 48V BLDC motor in a wide
range of applications.
Definition of parameters involved:

e Vmotor = Voltage applied to the motor (48V for BLDC)

e Imotor = Current flowing through the motor

e R =Resistance of the motor windings

e T =Torque produced by the motor

e o = Angular velocity of the motor

e P.. = Output mechanical power (motor output)

e F, = Input electrical power (motor input)

e P... = Power losses due to copper losses, iron losses, and mechanical losses
*  Tmeor = Motor efficiency

*  Mmwerser — INverter efficiency

*  Thartery — Battery efficiency
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*  Megen = Regenerative braking efficiency

A. Motor Efficiency Calculation

The motor efficiency nmotor is the ratio of mechanical output power to electrical input power:

Pout

Pin

nmotor=

The mechanical output power of the BLDC motor is related to the torque T and angular velocity :

Poue =T+ w

Where:

with n being the rotational speed in RPM.
The electrical input to the motor is:
Fin = Vioror © Jmoror * c0s(8)

Where cos(0) is the power factor of the motor.

B. Power losses in the Motor

The total power loss Ploss in the motor can be written as:

Pu'ns.s = Prng:l;:l?r + P;'rnr! + Prn?r?:u:m'rni

Copper loss (due to resistance in the windings):
Prn_ﬂ;:l?r = Ir:;'.ner

Iron loss (core loss due to eddy currents and hysteresis):
P;'rnr! = kl‘i’l}i’! Bp:mkf

Where ki, is a constant depending on the motor material, B,,; is the peak magnetic flux density, and f
is the motor frequency.

Mechanical losses (due to bearing friction, air resistance, etc.):

Prechanicar = BV

Where p is the friction coefficient and N is the normal load on the bearings.
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C. Inverter and Battery Efficiency Optimization

The inverter is responsible for converting DC power from the battery to AC power for the BLDC
motor. The efficiency of the inverter ni....r and the battery nygeer, play an important role in overall
efficiency of the system.

The inverter typically has losses due to switching and conduction. The overall power delivered to the
motor is given by:

Pﬂ'.li'fl}?’

Ninverter — P
battery

The battery efficiency depends on the state of charge, load current and temperature. The power output of
the battery is:

Pr:lr.' ttery

Nbattery = T . I,
battery battery

To minimize energy consumption, we need to ensure that the power consumption from the battery is
minimized. This requires controlling the motor to draw the minimum necessary current, based on the
required torque and speed.

V. APPLICATION OF 48V BLDC MOTORS IN SDV

48-volt BLDC motors are gaining significant traction in the automotive industry, particularly in
SDVs. These vehicles which incorporate advanced automation, electric powertrains, connectivity
features benefit immensely from the efficiency, reliability and compact nature of 48-volt BLDC motors.
In EVs, these motors are used in auxiliary power systems such as power steering systems, where they
help assist the driver in steering the vehicle with minimal effort, electric brake boosters provide efficient
braking assistance by boosting the braking force, HVAC systems benefit by controlling fans and
compressors with minimum power draw on the main battery, power doors and liftgates where 48-volt
BLDC motors ensure smooth, reliable and quiet operation. Integrating 48-volt BLDC motors in SDV
offers numerous advantages, including higher efficiency, safety and improved performance across a
wide range of subsystems.

Fig. 2. Vehicle subsystems that uses 48-volt BLDC motor
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VI. FUTURE INNOVATIONS IN 48V BLDC MOTOR TECHNOLOGY FOR SDV

Significant developments in advanced motor controllers, such as FOC and DTC, have enabled more
precise regulation of motor speed and torque. FOC is a technique that decouples the motor's torque and
flux control. It essentially transforms the stator current into a rotating reference frame aligned with the
magnetic field of the rotor, allowing for independent control of torque and flux. DTC is a high-
performance motor control technique that directly controls the motor’s torque and flux. DTC aims to
achieve fast dynamic response by controlling the motor’s torque and flux without relying on a reference
frame transformation like FOC. These control methods optimize the efficiency and responsiveness of
48V BLDC motors, ensuring smooth power delivery and reduced energy consumption. The increasing
use of V2G and 1OT technologies will allow SDVs to communicate with the grid for optimized energy
management. This integration of smart systems into 48-volt BLDC motors is the future.

A. Optimizing Efficiency Using FOC:
For optimal efficiency, if the motor current and voltage is adjusted, the torque is maximized while
minimizing the losses. FOC helps decouple the torque and flux control. The torque T produced by the

motor is related to the current components along the d-axis (direct axis) and g-axis (quadrature axis) in
the rotating reference frame.

3
T=5p Ug-da—1Iq-g)
Where:

e I, and I, are the components of the stator current in the quadrature and direct axes.
e 1;and 1, are the flux components.

e p is the number of poles in the motor.

By controlling the current components Iand I, the torque can be adjusted, and motor efficiency can be
maximized. For BLDC motors, we typically aim for 7, = 0 to avoid reducing the torque.

B. Optimizing Efficiency Using DTC:
DTC directly controls the motor’s torque and flux by adjusting the voltage applied to the motor, which
results in high dynamic performance and efficiency. In Direct Torque Control, the torque T is controlled
directly by adjusting the stator flux and the torque-producing current. The formula for torque is:
r=2- 2 (nl- 11,0 sm@))
2 s
Where:
e p is the number of poles in the motor.
e ws= Synchronous angular speed of the motor (rad/s)
* |v,| = Magnitude of the stator voltage vector
e |i,] = Magnitude of the stator flux linkage vector
e & = Angle between stator flux and stator vectors
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The torque is directly proportional to the sine of the angle 6 between the stator flux and the stator voltage
vectors. This is one of the key differences between DTC and other methods like FOC, where the flux
and torque are decoupled.

VII. CONCLUSION

This paper highlights the pivotal role of 48-volt BLDC motors in the development of SDVs. By offering
higher efficiency, lower maintenance, and enhanced performance, 48-volt BLDC motors are considered
to be a critical component of future automotive powertrains and subsystems. As the market for SDVs is
rapidly shifting, ongoing advancements in motor control, integration with smart systems, and battery
management technologies will further drive the adoption of 48-volt systems in the automotive sector.
More automotive subsystems with auxiliary motors will adapt to the 48-volt BLDC motor system and
replace the 12-volt battery. Future research into the optimization of 48-volt motor systems will continue
to address challenges such as thermal management, energy recovery, and noise reduction, ensuring that
these vehicles meet both environmental and consumer demands.
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