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ABSTRACT

This article presents a new input multiple output (SIMO) DC-DC converter topology adapted for
electric vehicle (EV) auxiliary power modules. The unique design increases performance, reduces size and
improves thermal management compared to traditional devices. Analysis of conversion efficiency and testing

proved that it is suitable for various power applications in electric vehicles.
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1. INTRODUCTION

The increasing popularity of electric vehicles (EVS) requires good energy management and
commitment to power sources. Conventional DC-DC converters designed for these applications often lack the
required efficiency and flexibility. This article describes the SIMO DC-DC converter topology that solves
these problems and provides better performance.
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Figure 1: Auxiliary Power Module

2. SIMO DC-DC CONVERTER TOPOLOGY

The proposed SIMO converter topology consists of an input connected to various outputs through a
special configuration of switches, inductors and capacitors. This topology allows simultaneous conversion of

an input voltage to various output voltages, meeting various power requirements in electric vehicles.
2.1 Installation and operation

Core converter topology of SIMO DC-DC in its special configuration of switches, inductors and
capacitors. This topology features an input voltage source, multiple switches, and an inductor-capacitor (LC)
circuit for each output. During operation, the switches are controlled to transfer energy from the input to the
connected LC circuit, helping to produce multiple output voltages simultaneously. This control strategy
optimizes the performance of the converter by ensuring that energy is efficiently distributed according to

energy requirements.
2.2 Switching Mechanism

The switching mechanism topology in SIMO converters plays an important role in controlling the
power flow and generating various output voltages. These switches work in a coordinated manner and are
controlled by control algorithms. Depending on load conditions and output voltage requirements, the switch
opens and closes at specific times to control the current flowing through the inductor-capacitor circuit. This

change causes a voltage change across the inductor and creates a difference in input to output voltage. The
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optimized switching mechanism minimizes switching losses and ensures high conversion efficiency at various

loads.
2.3 Selection and Optimization

Selection and optimization of components, including inductors and capacitors, are important to the
performance and performance of SIMO DC-DC converter topologies. Proper selection of useful components
such as inductors and capacitors is essential to achieve the required switching and maintain stable operation
under different conditions. Use advanced design techniques and simulation tools to optimize product values
and ensure compliance with control strategies. Additionally, using high-quality, low-voltage materials helps

reduce power loss, increase efficiency, and extend the life of the converter.

3. CONSIDERATIONS IN DESIGN
3.1 Increasing Efficiency:

The design goal of the topology is to minimize changes and maximize efficiency. Advanced control

algorithms and optimized component selection contribute to improving overall efficiency.

Control algorithm optimization: SIMO converters adopt an advanced control algorithm that can adjust the
frequency converter and duty cycle according to the load and power supply. This dynamic control mechanism

allows power to be varied, minimizing variation, making it more efficient over a wide range of operations.

Component Efficiency: Selecting good, rare components such as switches, inductors and capacitors plays an
important role in increasing the overall efficiency of the converter. Optimization of parameters such as the
resistance of the switch and the core loss of the inductor makes the power consumption low and the power

conversion efficient.
3.2 Size Reduction:

The compact design of the SIMO converter reduces the overall size, making it suitable for integration
into the limited space available in EVs.

Integrated Design Approach: The topology's design adopts an integrated approach, combining multiple
functionalities into a single compact unit. This integration eliminates the need for separate converters for each
auxiliary power module, thereby reducing the overall footprint and facilitating easier integration into the

vehicle's electrical system.

High-Density Component Packaging: Advanced packaging techniques and miniaturized component designs
are employed to further reduce the converter's size without compromising its performance and reliability. This
high-density packaging approach optimizes the use of available space and enhances the converter's

compatibility with the space-constrained environments typical of EV auxiliary power systems.
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3.3 THERMAL MANAGEMENT:

A good thermal management system, including heat sinks and cooling systems, ensures that the switch
operates within a good temperature range, increasing its reliability and service life.

SIM heat sink design: SIMO converters feature a highly efficient heat sink design that directs generated heat
away from important components such as switches and inductors. The heat sink is designed to maximize heat
and keep operating temperatures within limits, preventing thermal degradation and ensuring consistent

performance.

Cooling Mechanisms: Additional cooling mechanisms such as fans or liquid cooling systems can be
integrated into the convertible structure to improve thermal management. These air conditioners actively
control the temperature of the converter, especially during high load or high ambient temperature, to ensure

stable operation and extend the life of the converter.

Thermal Modeling and Simulation: Advanced thermal modeling and simulation tools are used in the
process. The power dissipation and thermal performance of the converter are analyzed during design. This

prediction can optimize the thermal management strategy and realize energy transfer in different operations.

4. PERFORMANCE ANALYSIS
4.1 Simulation Results:

The simulation study using MATLAB/Simulink validates the performance of the converter concept,

demonstrating its efficiency, transient responses and stability under different load conditions.

Performance Evaluation: Simulation studies aimed at evaluating the efficiency of the converter under
various operating conditions and load levels. The efficiency is calculated based on the relationship between
input-output power and compared with theoretical predictions to evaluate the effectiveness of the design in

reducing power loss and making energy transfer efficient.

At the same time: SIMO's response now defines the converter under conversion, the start/stop system and
the influence of the power supply. Simulation results show that the converter can quickly and accurately

control the output voltage, maintain stability and reduce the voltage difference during operation.

Stability Analysis: Stability analysis is performed to analyze the dynamic behavior of the converter and
ensure good performance under transient conditions. different load and input voltage conditions. Simulation
studies include frequency response analysis, Bode plots, and small-scale analysis to characterize the

converter's stability margins and identify instability problems.

TIJER2403132 | TIJER - INTERNATIONAL RESEARCH JOURNAL www.tijer.org | a984



TIJER || ISSN 2349-9249 || © March 2024, Volume 11, Issue 3 || www.tijer.org

4.2 Evaluation:

SIMO DC prototype-DC converter has been built and tested in real conditions. The experimental

results confirm the simulation results and verify the efficiency and reliability of the converter.

Prototype Development: The prototype consists of designing and assembling the SIMO converter according
to the specific design. Quality materials and equipment have been selected to ensure suitability for vehicle use

and facilitate performance evaluation.

Performance testing: The model has completed performance testing at various operating conditions, load
level and temperature to check its results, transient and permanent response. The test setup includes the right
measuring equipment and data obtained by capturing and analyzing electronic variables such as input and

output voltages, test, work, and temperature.

Comparative Analysis: Comparison of simulations and simulations is done by testing the results to evaluate
the consistency and accuracy of the design. The relationship between the two sets of data verifies the

performance and reliability of the converter and proves its suitability for electrical energy use.
4.3 Reliability and durability tests:

Reliability and durability tests are designed to test the durability and robustness of SIMO DC-DC
converters. The model has been tested for accelerated life, thermal cycling and continuous duty tests to
simulate real operation and evaluate the reliability of the converter in long-term use.

Accelerated Life Testing: Transformers have been subjected to accelerated life tests to evaluate their
expected and longer service life. Testing involves continuous operation under temperature and load conditions

to identify potential failures and measure the long-term reliability of the converter.

Temperature Test: Thermal cycling is done to measure the thermal management ability of the converter and
measure its performance at different temperatures. Testing involves switching between high and low

temperatures to simulate thermal stress and measure the stability of thermal management.
4.4 Electromagnetic Compatibility (EMC) Assessment:

Perform an EMC assessment to evaluate the compatibility of the SIMO converter with other electronic
devices and ensure compliance with electromagnetic interference (EMI) and electromagnetic susceptibility
(EMS) standards. The transducer has undergone full EMC testing, including electrical tests, emission tests

and resistance tests to verify its electromagnetic compatibility and reduce interference with other vehicles.

Radiant Emission Test: Radiant Emission Test is performed to measure the radiation emitted by the converter
and evaluate its compliance with emission control regulations. The test will be placed in a transducer in an

anechoic chamber and measure electromagnetic field emissions at various frequencies.

Emission Test: Emission test is performed to measure the electromagnetic interference of the converter and
ensure compliance with emission regulations. The testing consists of measuring the change in emissions using

special equipment and comparing the results to emission limits.
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Susceptibility Test: Susceptibility testing is performed to evaluate the transducer's resistance to

electromagnetic interference from other sources and to evaluate its resistance to possible electromagnetic
interference. Testing involves exposing the transducer to electromagnetic fields created by other sources and

monitoring its performance to identify associated problems.
4.5 Scalability and adaptability analysis:

Perform scalability and adaptability analysis to evaluate the flexibility and suitability of the SIMO converter
for integration into various electric vehicle platforms and group power type. The analysis includes assessing
the converter's compatibility with different vehicle models, power requirements and configurations, as well as

assessing its adaptability to technological changes and business model.

Platform Compatibility: The converter's compatibility with various vehicle power platforms and
architectures is evaluated to evaluate its scalability and adaptability across different vehicle models and

applications.

System Integration Analysis: Perform an integration analysis to evaluate the converter's ease of integration
with existing appliances and power supplies and evaluate its compatibility with various communication and

management interfaces.

Technology Development Assessment: To ensure converter longevity and relevance in the evolving electric
vehicle industry, evaluate the converter's ability to adapt to evolving technological advances, such as advances
in semiconductor technology, energy storage systems, and electronics.

5. ELECTRIC POWER SYSTEMS APPLICATIONS FOR ELECTRIC VEHICLES

The versatility of the SIMO DC-DC converter topology makes it the best choice for many utility

companies. components in electric vehicles include:
Battery Management System (BMS):

The SIMO DC-DC converter topology is suitable for battery management in electric vehicle power. It
facilitates efficient power conversion and power management, allowing the BMS to effectively monitor and
manage the battery. The converter can produce multiple output voltages to control and optimize the battery

charging and discharging process, thereby improving battery performance, lifespan and safety.
Onboard Chargers:

SIMO DC-DC converters are capable of producing multiple output voltages simultaneously, making
them a suitable choice for onboard chargers for electric vehicles. It supports the efficient transfer of electricity
from the electric vehicle to the battery during charging, ensuring that the charging time is fast, highly charged
and compatible with various models and devices. The compact design and high energy density of the converter
further facilitate integration into the frontiers of electric vehicles.
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HVAC Systems:

The versatility and efficiency of the SIMO DC-DC converter topology make it an ideal candidate for
electric vehicle heating, ventilation and air conditioning (HVAC). Temperature control supports the
conversion and distribution of energy for various HVAC components such as compressors, fans, and pumps
for energy efficiency and performance. The converter's efficient thermal management also helps maintain

HVAC reliability and durability under different operating conditions.
Lighting and Infotainment Systems:

The high output capacity and high performance of SIMO DC-DC converters make them ideal for
lighting applications, quality and infotainment systems in electric cars. It ensures light shine, color rendering
and energy efficiency by helping to make a difference in the output power required for various lighting such
as headlights, taillights and interior lighting. Additionally, the converter supports efficient power conversion
and distribution for infotainment systems, including the manual, audio system, and connectivity model,

improving performance, performance quality, and user experience.

6. CONCLUSION

The design and implementation of the Single-Input-Multi-Output DC-DC converter topology
presented in this paper offer a promising solution for the auxiliary power modules of electric vehicles. Its
enhanced efficiency, reduced size, and improved thermal management make it a viable choice for integration

into modern EVs, contributing to their overall performance and reliability.
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