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Micro short circuits (MSCs) in lithium-ion battery cells are a critical safety
concern, potentially leading to thermal runaway, internal short circuits,
overheating, and battery degradation. Compared to normal cells, MSC fault
cells exhibit reduced capacity with each charge-discharge cycle and an
increasing state of charge (SOC) deviation over time. To differentiate
normal cells from MSC fault cells, a fault diagnosis method based on
remaining charge capacity (RCC) estimation is proposed. After each charge-
discharge cycle, the cell’s RCC is compared to a safe threshold value. The
method uses the charge cell voltage curve (CCVC) of a fully charged
reference cell to estimate RCC via standard CCVC hypothetical conversion.
This approach’s accuracy is validated in constant power and constant current
charging scenarios. MSC leakage current is calculated by incrementing RCC
after each charge, and then converted to MSC resistance. A
MATLAB/Simulink model of a battery pack with an MSC fault was
developed to test the method across various charge cut-off voltages. The
diagnostic procedure’s applicability to ageing cells, constant power, and
multi-step charging is further confirmed through experiments with external
resistance, enhancing MSC detection before thermal runaway becomes
unmanageable.
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1. INTRODUCTION

High energy density, high power density, and extended lifespan, Li-lon batteries have established
themselves as the industry standard for electric vehicles (EVs). Since the late 1990s, demands from mobile
devices, laptops, computers, mobile phones, and power tools have driven developments in lithium-ion
rechargeable batteries. The battery electric vehicle (BEV) and hybrid electric vehicle (HEV) markets have
benefited from these improvements in efficiency and energy density.

Battery energy storage efficiently balances supply and demand in real-time to facilitate the integration
of renewable energy sources and stabilize the electric grid. In densely populated urban areas, where traditional
storage techniques like compressed-air energy storage and pumped hydroelectric energy storage are typically
impracticable, the value of such storage is particularly significant [1]-[5]. A battery pack's several defects must
be diagnosed carefully because they often share the same traits [6]-[12]. It describes a hybrid approach for
diagnosing sensor, relay, and cell parametric problems in a Li ion battery pack. By incorporating an equivalent
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circuit model (ECM) into hybrid automata, multi-fault detection and isolation are made possible. Utility-scale
battery energy storage systems (BESS) are being used in many different projects all over the world [13], [14].
Finding defective battery cells is crucial for ensuring dependable and secure operation. This research suggests
an understandable technique for Utility-Scale BESS faulty cell identification. There are many projects all
around the world using Utility-scale battery energy storage systems (BESS) [15]-[18]. Finding faulty battery
cells is of utmost importance for ensuring dependable and secure operation. In this study, a clear approach to
faulty cell identification for Utility-Scale BESS is proposed.

In lithium-ion batteries, the capacity and resistance of the entire cell will decrease due to an ageing
mechanism [19]. The detection of the voltage sensor and status of charge faults in an electric vehicle is
proposed using an adaptive observer. A Li ion cell has been used in certain simulations to show how well the
suggested approach works. The performance and safety of the battery are in danger due to several defects in
the lithium-ion battery system [20]. Early defects are challenging to identify, and false alarms can happen
because of the faults' shared characteristics. The merging of model-based and entropy approaches forms the
basis of a suggested online multi-fault diagnosis strategy. Numerous Li-ion battery-related mishaps are
frequently attributed to internal short circuits [21]. It is suggested to use a revolutionary technique based on an
advanced machine learning methodology to detect internal short circuits in real time. The testing dataset's fault
detection accuracy is shown to be greater than 97%. In power batteries, micro-short circuit (MSC) is a hidden
risk that could result in thermal runaway and possibly catastrophic safety risks. MSC can initially be
quantitatively examined, especially for lithium-ion batteries. The suggested technique has a minimal
computational load for the state of charge (SOC) difference and short circuit resistance diagnosis. The safety
of battery packs depends on the quick detection of micro-short circuit cells [15]-[17]. We discovered that
terminal voltage differences can be roughly translated into open-circuit voltage differences by passing terminal
voltage differences through low-pass filters. We use simulation data to confirm and evaluate the viability of
the diagnosis approach. Battery packs may be at risk of micro short circuit (MSC) in lithium-ion battery cells.

A challenging issue is how to locate the cell with MSC in the latent phase before a thermal runaway
occurs. We provide a method for diagnosing the MSC based on differences in the remaining charging
capacities of the cells. The primary barrier to the widespread use of lithium-ion batteries in electric cars is
thermal runaway [18]. The disintegration of the battery's component materials takes place during the chain
reactions that make up the thermal runaway mechanism. In thermal runaway, requires thorough understanding.
To know how to use an internal short-circuiting device to start a thermal runaway under control and on
demand [19]. The talk was about ways to make 18650 batteries and cells safer. If it occurs in a battery pack or
battery cell, it could have negative effects for electric car applications. [30]-[32]. Internal short circuits
frequently cause thermal runaways (ISC). At the early latent phase, when a significant temperature rise on the
battery surface of the cell is not yet detectable, 1ISCs are found in this study. Here, incremental capacity
analysis (ICA) and differential voltage analysis are used to evaluate onboard battery SOC and capacity (DVA)
[20], [21]. Traditional ICA/DVA systems that rely on cell terminal voltage are vulnerable to changes in battery
resistance and polarization that occur during battery ageing processes. Results are promising, with a relative
error of 2.0% and a maximum absolute error of 1.0%. Experimental research is done on the lithium-ion
battery's external short circuit (ESC) failure characteristics [22]-[25]. It demonstrates that the issue may be
identified in less than 5 seconds, with a model-measured data error of less than 0.36 V. Even with a 10%
inaccuracy in SOC estimation, the suggested algorithm can still diagnose the problem correctly.

Lithium-ion batteries, in contrast to earlier battery chemistries like nickel-cadmium, can be
discharged and recharged frequently and at any charge level. Most electric vehicles, including plug-in hybrids,
use these lithium-ion batteries. The quick detection and diagnosis of issues is essential for the safe operation of
battery packs in electric cars. To avoid major failures and enhance Li-ion battery maintenance schedules,
innovations in prognostics and monitoring systems of Li-ion packs are needed, with a focus on problem
diagnosis, rectification, and remaining-useful-life- life prediction. In this study, the remaining charge capacity
(RCCQ) is used to diagnose a battery pack micro-short circuit issue. Micro short circuits are the root cause of all
other problems, such as battery degeneration, thermal runaway, overheating, and internal short circuits.

Lithium-ion batteries are a dominant power source in the electric vehicle (EV) and energy storage
fields. However, recent battery thermal runaway accidents seriously threaten people's lives and property
safety. Extreme operating conditions and harsh environments can change the internal structure of a battery,
generating excessive heat and leading to thermal runaway. Figure 1 shows the types of faults in a battery.
Internal faults consist of overcharging, over-discharging, internal short circuit, external short circuit, thermal
runaway, and overheating. External faults consist of sensor fault, cooling system fault, and cell connection
fault. Lithium-ion batteries are susceptible to both internal and external short circuits. An internal short
circuit occurs when the insulating barrier between electrodes fails. High-capacity cells are at a insulating
barrier between internal electrodes fails greater threat of thermal runaway than normal-capacity cells. The
heat produced by a short circuit is what largely causes thermal runaway.
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Figure 1. Types of battery faults

2. PROPOSED WORK

To verify the accuracy of the RCC estimation method, the Li-ion was tested by charging cells with
varying initial states of charge (SOCs) sequentially. This approach minimizes the impact of internal
resistance and capacitance differences among cells, ensuring a more precise RCC evaluation. By isolating
these variables, the method enhances the reliability of detecting micro short circuits in battery packs.

2.1. MSC fault

Figure 2 shows the different capacities of the 8-cell battery pack. The green dashed line and red
squares represent the capacitance mismatch and the initial electrical size mismatch. BMS stops charging to
prevent overcharging even if other cells are not fully charged. This is because the presence of MSCs
continuously depletes the energy stored in the cell. When the battery pack is discharged, cell X# is the first to
fully discharge. This is because the MSC continuously depletes the electrical energy stored in the cell. When
the cells are discharged again, cell X# becomes empty first, as shown in the state (4), and the remaining
electric charge Y# further increases.

2.2. RCC estimation

A cell has its capacity to store charge, but in the case of a battery pack, where capacity and internal
resistance of a cell may vary due to manufacturing errors. When a pack is charging, the rate of charging of an
individual cell varies. In the end, all cells will have remaining charge capacity (RCC) to reach their total
capacity. And RCC varies for each cell, considering internal resistance and capacity. In this proposed work,
when MSC occurs either due to a manufacturing defect or faults, the RCC increases over and over for each
charging cycle. RCC can be calculated as the remaining capacity left to full charge.

2.3. Simulation

In a simulation, charging and discharging cycles of the battery are carried out. While doing its regular
cycles, there is a possibility of an MSC fault. If it does, the cell might not fully charge to its capacity in the
given time. Say cell A fully charges in t sec, and cell B with an MSC fault in t sec, it reaches only 89% of
SOC. This is the first charging cycle, and when it's discharged, cell B discharges at a faster rate than cell A.

After each cycle, cell B's SOC drops with respect to its severity of the MSC fault. Hence, RCC
increases due to the fault. Lithium-ion battery of 3.7 V 4.4 Ah is used in the proposed method. Internal
resistance is the resistance of the cell material used inside it to separate, and the electrode's resistance also
comes in account. A micro short circuit inside the cell starts when there is contact and charges between the
positive and negative electrode or if internal resistance is nullified. Due to this, there is a depletion of charge
stored in the cell even while charging the cell. In MATLAB, the battery model is simulated in different
conditions as shown in Figure 3. To determine MSC resistance, added in parallel to the battery. An MSC fault
cannot be created inside the battery cell, as that could be dangerous, so an external resistance is connected in
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parallel. The MSC resistance is determined by how it behaves to different conditions (temperature, SOC,
load). Cell parameters such as SOC, temperature, and cell voltage are observed for different SOC levels while
discharging. For the mentioned table SOC of 50 and 100 are set to determine the change in cell parameters.
The temperature is set to 40 °C and a load of 1 Ohm. Due to discharging with 1 Ohm, the cell characteristics
change slightly from normal. The conclusion is that a 1 Ohm load doesn’t affect the cell characteristics. The
graph of cell temperature, SOC, voltage with 1 Ohm load, and temperature of 40 °C. Starting at 50% while
discharging, the cell voltage has a slight drop. At 50% SOC, this is clear that there is no difference. The same
cell parameters at 100% SOC, and even at that SOC, there is a similar change. The cell parameters for a 0.1
Ohm load. For this load, the cell parameters have changed from before. The conclusion is according to the
load cell characteristics, changes that decrease in load resistance increase the change in cell characteristics.
Figures 4(a)-4(d) (see Appendix) depict the cell parameters with SOC of 50% and 100%. Discharging and
charging time depends on charge current, internal resistance, cell temperature, and cell age. There is another
case for the capacity of the battery. Consider cell A capacity is x, and cell B with 2x connected with the same
load. Now the charging and discharging time of cell B will be longer compared to cell A.
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Figure 2. RCC variance in a battery pack Figure 3. Simulate a battery short circuit fault

3. HARDWARE IMPLEMENTATION

The process of locating a fault in a Li-ion cell is initially determined by the cell's voltage level. This
voltage value will be predetermined depending on the different types of cell parameters. And the voltage
value is converted into a percentage of remaining charge capacity (RCC). The RCC method of estimation
will be used to determine the state of charge (SOC) at different voltage levels, and cell specifications were
considered as shown in Table 1. The value of the RCC was compared with a predetermined value. If the
value exceeds the predetermined value, the condition will be treated as a fault, and it will display the fault in
the cell. Otherwise, it will remain within the predetermined range as normal charging or discharging cycles
occur. After that, the cell will be monitored with a voltage value that was previously fixed and checked for
overcharge, over discharge, and thermal runaway as shown in Table 2. If any of the faults occur, the cell will
be disconnected from the load, and the fault will be checked and displayed again. If not, disturbing the
charging or discharging cycle will occur. Figure 5 depicts the workflow of the proposed work. Figure 6 shows
the hardware implementation of a micro short circuit fault of a lithium-ion battery.

Table 1. Cell specifications Table 2. Result
Specification Value Specification Value Conditions Voltage (V) SOC (%) RCC (%)
Average output voltage 3.7 V Operation temperature -10-45C Charging 39 84 10
Operationvoltagerange 3-4.3V Farm factor 18650 Over charging 42 >100 -
Discharge voltage 28V Weight, height, 359,65 mm, Discharging 238 10 90
diameter 18 mm Over discharging 25 <10 >90
Capacity 1200 mAh  Lifecycle 200 cycles MSC fault 3.3 50 50
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Figure 5. Workflow of the proposed work

Figure 6. Hardware setup

MSC is a potential safety concern in lithium-ion battery packs. The RCC of the MSC cell increases
each time the battery pack is fully charged, as the additional charge is depleted. This method can not only
identify cells with MSC errors but also quantitatively estimate short-circuit severity. RCC can be obtained by
translating the first fully charged cell into the first partially charged cell. The estimation results of RCC validate
the effectiveness of the quantitative MSC diagnostic method. Continuing estimation results show that the
method fits well even in the situation of not fully loaded cells. In the case of aging cells, multi-stage charging,
and constant power, the accuracy of the estimation results is slightly degraded, but within a controllable range.
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