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Abstract

Electric vehicles (EVs) have garnered significant attention in recent years due to their distinctive zero carbon emission
capability. While their environmental advantages are widely acknowledged, concerns about the reliability of key
components, particularly the drive motors and associated controllers, continue to linger. Previous studies have made
strides in evaluating the reliability of individual drive motors in EVs. However, given the integrated nature of drive
motors and motor controllers in EVs, a comprehensive assessment that considers both components as a unified
system is imperative for more precise reliability forecasting. Furthermore, the multifaceted nature of drive motors and
motor controllers, encompassing various components with diverse structures, types, and characteristics, can
significantly influence the overall reliability of the motor system. Unfortunately, these nuances have often been
overlooked in prior research, creating a knowledge gap that needs to be addressed. To address this gap, our study
offers a holistic investigation into the reliability of the entire motor system in pure electric vans, which includes both the
drive motors and motor controllers. We initiate our research by employing theoretical models to predict the failure rates
of individual subassemblies and components within the drive motor and motor controller. Building upon these
predictions, we conduct an in-depth assessment of the overall motor system reliability. Our findings reveal the
vulnerabilities associated with specific subassemblies and components within the motor system, offering critical
insights that challenge some of the prevailing assumptions in existing reliability research. These insights are
instrumental in guiding future advancements in reliability design and maintenance practices tailored for pure electric
vans. The adoption of EVs continues to grow, driven by their environmental benefits and expanding market share, it
becomes increasingly crucial to address concerns related to the reliability of essential components like drive motors
and control systems. While previous research has largely focused on component-level reliability, our study adopts a
more comprehensive approach, evaluating the entire motor system. Through a combination of theoretical modeling and
empirical analysis, we aim to provide a robust framework for predicting failure rates and enhancing the overall reliability
of EV motor systems. By uncovering vulnerabilities and potential areas for improvement, this research offers valuable

insights to advance the design, development, and maintenance of reliable electric vehicles.
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1. Introduction

Driven by financial incentives and policy support, the global electric vehicle (EV) market is experiencing rapid growth.
Notably, China, the UK, the United States, and Germany lead in the sales of pure electric vehicles, with China alone
selling 984,000 units in 2018, marking a 50.8% increase from the previous year ['2], With the anticipation that pure
electric vehicles will eventually replace traditional diesel and petrol vehicles, there is heightened focus on their reliability.
While passenger cars dominate the market, commercial vehicles, particularly pure electric vans, face unique reliability
challenges, yet have received limited attention in literature [°!. Consequently, this paper aims to investigate the reliability of
pure electric vans, given their significant presence in the commercial vehicle sector. The motor system plays a pivotal role
in pure electric vans, converting electric energy into mechanical energy for propulsion [“I5]. Reliability issues within this
system pose serious safety risks, necessitating thorough investigation and improvement. While prior research primarily
focuses on enhancing control and fault tolerance, overlooking the integrated nature of the drive motor and motor controller
may yield incomplete conclusions 6], Thus, this study aims to address this gap by comprehensively examining the
reliability of all subassemblies and components within both the drive motor and motor controller. By utilizing fault tree
analysis, a proven methodology for reliability assessment, this research endeavors to provide valuable insights to

enhance the reliability of electric vehicle motor systems [7].

The reliability of the motor system in electric vehicles is extensive and encompasses various facets of research and
development [8l. Numerous studies have explored different aspects of the motor system's reliability, recognizing its pivotal
role in the performance and safety of EVs. One notable area of focus has been on assessing the reliability of individual
components within the motor system, such as the drive motor and motor controller [°. Researchers have employed
various methodologies, including fault tree analysis and Monte Carlo simulations, to identify potential failure modes and
improve the fault tolerance of these components. Furthermore, there is a growing body of literature that emphasizes the
importance of considering the integrated nature of the drive motor and motor controller as a single system in reliability
assessments. Unlike traditional vehicles, where these components may operate independently, in EVs, they are tightly
coupled and must function seamlessly together ['%11] Consequently, studies have increasingly adopted a holistic
approach to reliability analysis, recognizing that the reliability of the entire motor system is contingent on the performance

of both the drive motor and motor controller [12].

Moreover, researchers have delved into the reliability challenges specific to different types of electric vehicles, including
passenger cars and commercial vehicles. While passenger cars dominate the EV market, commercial vehicles, such as
vans, present distinct reliability concerns due to their unique operating conditions and higher usage demands ['%]. As
such, literature has emerged focusing specifically on addressing reliability issues in commercial EVs, particularly in the
context of pure electric vans where the motor system's reliability is of utmost importance for operational efficiency and
safety ['%]. The reliability of the motor system in electric vehicles reflects a multidisciplinary approach, drawing from fields
such as engineering, automotive technology, and reliability analysis ['°!. Through comprehensive research and analysis,
scholars aim to advance our understanding of the reliability challenges inherent in EV motor systems and develop

strategies to enhance their performance, safety, and longevity in real-world applications.
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2. Reliability of Energy Storage system

The Battery Energy Storage station is characterized by time-varying parameters such as stored energy, desired charging
power, and available discharging power. Therefore, to evaluate system reliability accurately with such dynamic
components, time-dependent algorithms are imperative ['é!. This paper employs the Time Sequential Monte Carlo
Simulation (TMCS) algorithm, acknowledged for its efficacy in analyzing time-dependent reliability issues ['7]. The TMCS
algorithm operates by sequentially generating varying system statuses over time. It produces a series of up or down
times, termed state residence time series, for each component in the system ['é]. Subsequently, these component-
specific series are amalgamated to form the system status series. The Expected Energy Not Served (EENS) index stands
as the predominant reliability measure ['°!. Calculation of load shedding is indispensable at each time sequence to derive
this index. Notably, this study concentrates on the reliability of generation systems, wherein the extent of load shedding is

solely contingent on available generation capacity and electric load requirements.

3. Evaluation of Reliability in a storage system

This section introduces the proposed reliability assessment algorithm tailored for Battery Energy (BE) stations, which
share similarities with Energy Storage Systems (ESSs) due to the presence of numerous batteries. In this algorithm,
energy storage stations are assumed to exhibit behaviors akin to ESSs, facilitating their integration into the power system
for enhanced reliability. The algorithm delineates two primary operational states for energy storage stations: "Charging
States" and "Discharging States." During periods without load curtailments, energy storage stations continue to charge
batteries at a predetermined rate, contributing to system stability [20], Conversely, when load shedding becomes inevitable,
energy storage stations transition to emergency generators, temporarily halting charging activities and utilizing stored
energy to mitigate load curtailments. From a power system perspective, the integration of energy storage stations reduces
the Expected Energy Not Served (EENS) index by supplementing emergency dispatching capabilities [*']. However, from
the viewpoint of Electric Vehicle (EV) users, the charging demand may not energy storage fully met during emergency

dispatching, leading to dissatisfaction represented by the Unmet Demand for Nominal Service (UDNS) index.

The proposed algorithm involves a series of sequential steps, including generating hourly state residence series,
determining the operational states of generations and transmission lines, and calculating parameters such as desired
charging power and emergency supporting power for energy storage stations. These parameters guide storage station
actions during load shedding events, ensuring optimal utilization of stored energy while minimizing user dissatisfaction.
Additionally, the algorithm incorporates battery exchange events based on user behaviors and state of charge patterns,
further refining reliability assessments [??]. By iteratively evaluating indices such as EENS and UDNS, the algorithm
provides insights into the reliability implications of EVs operating under energy storage mode, facilitating informed

decision-making for power system management and EV integration strategies.

4. EV and BE on Reliability
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This section explores the impact of integrating Electric Vehicles (EVs) under Battery Energy (BE) mode on power system
reliability. By virtue of their sizable battery storage, BE stations possess the capability to interface with power systems 23,
Results obtained from this analysis shed light on the alterations in power system reliability attributable to the incorporation
of EVs operating in BE mode. These findings underscore the importance for policy and market decision-makers to glean
insights pertinent to both planning and operational phases of BE stations. During the planning phase, one of the primary
considerations revolves around storage sizing for BE stations. This aspect assumes significance as the reliability
performance of power systems exhibits a notable dependence on the storage capacities of BE stations, as evidenced in

this section's demonstration.

In the operational phase, the focus shifts towards issues concerning discharging strategy. These strategies are intricately
linked to the emergency dispatching of power systems, with their formulation dictating the coordination between Expected
Energy Not Served (EENS) and Unmet Demand for Nominal Service (UDNS) indices, as well as the overarching
optimization of reliability performance (24], Similarly, charging strategies also come under scrutiny during the operational
phase. This section delves into discussions surrounding the various charging strategies and their implications. The study
highlights that disparities in charging strategies can precipitate significant variations in reliability metrics, impacting both
EENS and UDNS indices. Such insights underscore the necessity for informed decision-making in devising charging

strategies to optimize power system reliability.

5. Impacts of reliability in charging and discharging

The reliability of charging and discharging processes plays a critical role in the overall performance and usability of battery
energy storage systems (BESS) and electric vehicles (EVs). Firstly, reliability in charging ensures that EVs can be
effectively powered up when needed, providing assurance to users that their vehicles will be ready for use as expected.
Unreliable charging systems can lead to delays, inconvenience, and uncertainty for EV owners, impacting their overall
satisfaction with the vehicle. Similarly, reliability in discharging is essential for ensuring that BESS can deliver stored
energy when required, particularly during emergency situations or periods of high demand. A dependable discharging
process enables BESS to support the power grid effectively, providing stability and resilience to the electrical
infrastructure. Conversely, unreliable discharging systems may result in insufficient energy being delivered when needed,

leading to potential disruptions or failures in power supply.

Moreover, the impact of reliability in charging and discharging extends beyond individual EVs and BESS to the broader
energy ecosystem. Reliable charging and discharging processes contribute to the overall stability and efficiency of the
electrical grid, facilitating the integration of renewable energy sources and enabling smoother operation of demand-
response programs. In contrast, unreliable charging and discharging systems can introduce uncertainty and variability into
the grid, potentially compromising its reliability and resilience. Therefore, ensuring reliability in charging and discharging
processes is essential for optimizing the performance, usability, and sustainability of EVs and BESS, as well as for

enhancing the overall stability and efficiency of the electrical grid. Investment in robust and dependable charging and
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discharging infrastructure is critical to realizing the full potential of electric transportation and grid modernization efforts.

6. Conclusion

The exhaustive examination of the motor system's reliability in electric vehicles underscores the critical importance of
robust and dependable components within these vehicles. Through comprehensive research and analysis, this study has
shed light on the complex interplay of factors influencing the reliability of EV motor systems, including the integration of
drive motors and motor controllers, the impact of individual component reliability, and the significance of holistic system-
level assessments. By identifying vulnerabilities and areas for improvement, this research paves the way for enhanced
design, development, and maintenance practices that are essential for advancing the adoption and proliferation of EVs in
the automotive landscape. Moving forward, it is imperative for researchers, engineers, and industry stakeholders to
continue collaborating and innovating to address the reliability challenges inherent in EV motor systems. This includes
further exploration of advanced methodologies and technologies for reliability assessment, as well as ongoing refinement
of design and manufacturing processes to ensure the durability and longevity of EV components. By prioritizing reliability
in the development of EV motor systems, we can accelerate the transition towards sustainable transportation and pave

the way for a cleaner, greener future.
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