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Abstract

The rapid adoption of electric two-wheelers has increased the demand for reliable charging
solutions, particularly in emergency situations where fixed infrastructure is unavailable. This
paper presents the design and development of an emergency EV bike power bank trolley, a
portable energy storage system capable of delivering on-demand charging support. The system
integrates a high-capacity lithium-ion battery pack, power electronics, and a mobile trolley
structure to function as a rapid-response mobile charging unit. The proposed system enhances
energy accessibility, reduces vehicle downtime, and supports emergency roadside assistance,
remote operations, and disaster response scenarios. Experimental design considerations,
efficiency analysis, and system scalability are also discussed.
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I.  Introduction-

Electric vehicles (EVs), especially two-wheelers, are widely adopted due to their efficiency,
low operating cost, and reduced environmental impact. However, limited charging
infrastructure and range anxiety create operational challenges. Emergency scenarios such as
battery depletion in remote areas, unexpected breakdowns, or disaster-affected zones demand
immediate energy support.

This research proposes an emergency EV bike power bank trolley, designed as a mobile
charging unit. The system eliminates dependency on stationary charging infrastructure and
enables rapid deployment. It is particularly useful for roadside assistance teams, motorsports
applications, and field-testing environments.

Il.  Problem Statement-

Conventional EV charging systems rely on fixed grid infrastructure, creating limitations in
rural areas, dense urban breakdown scenarios, emergency operations, and temporary
environments like racing tracks. The uneven distribution of charging stations further reduces
accessibility and increases vehicle downtime due to towing requirements. Therefore, a self-
contained mobile EV charging system is required to provide flexible, rapid, and location-
independent on-demand charging support.

I11.  System Overview

I11. 1 Energy Storage System

The system utilizes a lithium-ion battery pack (NMC or LiFePO4) with a capacity range of 1—
3 kWh and a nominal voltage of 60 V, providing an energy density of approximately 150-220
Wh/kg. This configuration ensures a balance between high energy storage, lightweight design,
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and operatlonal efficiency. The battery offers high cycle life, fast charging capability, and
stable discharge characteristics, making it suitable for portable EV charging applications while
maintaining safety, reliability, and long service life.

I11.11 Battery Management System (BMS)

The system incorporates over-voltage and under-voltage protection to maintain safe operating
limits, along with overcurrent protection to prevent excessive load conditions. It includes a
thermal cutoff mechanism to avoid overheating and ensures cell balancing within the battery
pack for uniform charge distribution. Additionally, it provides short-circuit protection, fault
detection with automatic shutdown, and real-time monitoring through the BMS, enhancing
operational safety, reliability, and extending overall battery life.

11111 Power Conversion Unit

The output system provides DC output for direct battery-to-battery charging, ensuring high
efficiency with minimal conversion losses. It also incorporates a pure sine wave inverter for
DC to AC conversion, delivering a stable 230 VV AC, 50 Hz output compatible with standard
EV onboard chargers. The system maintains regulated voltage and current, low harmonic
distortion, and stable frequency for reliable operation.

Additionally, it includes output filtering circuits for clean power delivery, isolation and
protection mechanisms to prevent backflow and short circuits, and load management to handle
varying charging demands. The design supports multiple output interfaces, enabling
compatibility with different EV types while ensuring safe, efficient, and continuous power
supply.

I11.1V Mechanical Structure

The mechanical structure consists of a robust mild steel frame designed for high strength,
rigidity, and durability, supporting a load capacity of 50-100 kg. It is equipped with rubber
wheels (=150 mm diameter) to ensure smooth mobility over uneven terrain, along with a stable
base and handle mechanism for easy manual handling and transportation. The system includes
a ventilated battery enclosure for effective heat dissipation, preventing thermal buildup and
ensuring safe battery operation.

The structure provides secure mounting points for all electrical and electronic components,
minimizing vibration and mechanical stress during movement. It also incorporates corrosion-
resistant coating for extended service life, proper weight distribution for stability, and a
compact, ergonomic design that enhances portability, ease of deployment, and operational
efficiency in field conditions.

I11.V Safety Components

The system incorporates safety components including a fuse and MCB for overcurrent
protection, a contactor relay for controlled power switching, an emergency cutoff switch for
immediate shutdown during faults, and a fire-resistant casing to enhance thermal safety and
protect internal components.

IV.  Working Principle-

UGC CARE Group- 1 30



Industrial Engineering Journal
ISSN: 0970-2555

Volume : 55, Issue 02 : 2026

Figurel: Conceptual/ CAD model
The system uses a 60 V, 30 Ah lithium-ion battery pack (=1.8 kWh) and charges it from grid
power. An integrated Battery Management System (BMS) continuously monitors voltage,
current, and temperature to ensure safe and reliable operation. During emergencies, the
operator transports the trolley directly to the EV and delivers controlled power as 60 V DC or
AC through an inverter, enabling on-site charging and reducing downtime.
The system supports 48—72 V hub motor-based electric two-wheelers (250 W-3 kW). It
achieves high efficiency (=85-90%) and requires low maintenance by eliminating mechanical
transmission components. The 1.8 kWh battery capacity enables partial charging or range
extension and charges a typical 60 V, 20 Ah battery up to approximately 80-90%.
The design incorporates a detachable towing mechanism, allowing the operator to tow any
bike or scooter when charging is insufficient or not feasible. This feature converts the system
into a complete emergency rescue unit.
The system also supports ICE-to-EV conversions and integrates power electronics such as DC-
DC converters, an inverter, and control units with built-in safety protections. Its compact and
durable trolley structure ensures easy portability and enables reliable operation in urban, rural,
and workshop environments, providing a flexible off-grid charging and vehicle recovery
solution independent of fixed infrastructure.

V.  Design Calculations-
V. | Energy Requirement
Example Battery: 60 V, 30 Ah
E =60 x 30 = 1800 Wh = 1.8 kWh
Were,
E=energy output

V.11 System Efficiency
Total efficiency includes:

a) Battery losses (~5-10%)

by Charger losses (~5-10%)

Ntotar = 0.85
Usable energy:
Eysapie = 1.8 X 0.85 = 1.53 kWh

V.11l Charging Time Estimation
If charger power = 500 W:

3
t = —— = 3.06 hours

0.5
V.1V Load Current Calculation
P
==
|74
I=CURRENT
P=POWER OQUTPUT
V=VOLTAGE
For 1 KW inverter at 60 V:
_ 1000 167 A
T 60

VI.  System Architecture
The complete system can be divided into three functional layers:
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V1.1 Energy Layer

The energy layer consists of a battery pack as the primary energy source, supported by a Battery
Management System (BMS) that continuously monitors State of Charge (SOC), State of Health
(SOH), temperature, and cell balancing to ensure safe and efficient operation. It also includes
voltage and current sensing circuits for accurate measurement and real-time control, enabling
protection against overcharging, deep discharge, and abnormal load conditions while
optimizing overall system performance and battery life.

V1.1l Power Delivery Layer

The power delivery layer incorporates a DC-DC converter for precise voltage matching and
efficient energy transfer, along with output regulation and protection circuits to maintain stable
voltage and current under varying load conditions. It integrates the hub motor system for
controlled power discharge during vehicle operation, while also enabling regenerative braking
to recover energy and feed it back to the battery, improving overall efficiency. The layer
includes motor controllers for speed and torque regulation, ensures smooth power delivery with
minimal losses, and provides protection against overcurrent, voltage fluctuations, and thermal
overload, enhancing reliability and performance of the system.

VIl.  Component Selection Justification

Battery Type Selection
Parameter Li-ion (NMC) LiFePO4
Energy Density | High Medium
Cycle Life ~800-1000 ~2000+
Safety Moderate High
Cost Moderate Slightly higher

Figure 3: Battery Selection

Frame Material
a) Carbon steel

VIIl.  Thermal Management Analysis
During operation, heat is generated due to:
a) Battery internal resistance
b) Inverter losses
c) High current flow
Heat generation estimation:
Poss = I?R
If:
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Pioss = (20)2 X 0.05=20W

Cooling Methods:
a) Natural air ventilation

IX.  Weight Estimation-

Component Approx Weight
Battery (2 kWh) | 12-18 kg

Frame 8-12 kg

Wiring & casing | 3-5 kg

Total 25-40 kg

Figure 4: Weight Estimation

X.  Comparison with Existing Systems-

Feature Fixed Charging Station | Power Bank Trolley
Mobility No Yes

Installation cost | High Low

Accessibility Limited High

Emergency use | No Yes

Figure 5: Comparison with Existing Systems

XI.  Environmental Impact-

The system reduces dependency on fossil fuel-based rescue vehicles, supports a clean energy
ecosystem, and enables integration of renewable sources such as solar charging for sustainable
operation. It lowers carbon emissions, improves energy efficiency, and accelerates electric
mobility adoption. The system enables decentralized and off-grid charging, reduces peak load
demand on grid infrastructure, and supports energy resilience in remote and emergency
scenarios. It also provides a scalable platform for integration with smart grids, energy storage
networks, vehicle-to-grid (V2G) systems, and future sustainable transportation ecosystems.

XIl.  Innovation Aspect -

The system delivers mobile emergency EV charging on demand, supports multiple vehicle
types through hybrid AC/DC charging capability, and operates efficiently with an integrated
power electronics unit for controlled energy transfer and protection. It ensures easy transport,
rapid deployment, and maintenance through a compact and modular design, while its scalable
battery architecture allows capacity expansion based on load requirements and usage
conditions. The system incorporates a 60 V, 30 Ah lithium-ion battery pack for high energy
density and reliability, supports fast and controlled charging using onboard converters, and
enables real-time monitoring of voltage, current, and state of charge. It also integrates safety
features such as overvoltage, overcurrent, and thermal protection, and can be adapted for two-
wheelers, three-wheelers, and small electric vehicles, making it suitable for roadside assistance,
remote areas, and service applications.

XIl.  Applications -
a) Roadside EV breakdown assistance
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b) Disaster relief operations
c) Remote charging in rural areas
d) Go-kart and motorsport backup
e) Fleet service and delivery vehicle

XIV. Advantages-
a) Rapid deployment without infrastructure
b) Portable and modular design
¢) Reduced downtime
d) Scalable energy capacity
e) Multi-vehicle compatibility

XV.  Limitations-
a) Limited energy compared to grid charging
b) Increased weight with capacity
c¢) Heat generation at high loads
d) Efficiency losses in conversion

XVI.  Future Scope-
a) Solar-integrated charging system
b) Fast DC charging (Level 2 equivalent)
c¢) loT-based monitoring (voltage, SOC, GPS)
d) Swappable modular battery packs
e) Lightweight composite chassis

XVII.  Conclusion-
The emergency EV bike power bank trolley provides a practical, portable, and scalable solution
for addressing charging challenges in critical situations. By integrating a lithium-ion energy
storage system, power electronics, and a mobile platform, the system enables rapid response,
on-demand charging, and high operational flexibility. It supports both DC and AC charging
interfaces, ensuring compatibility with a wide range of electric two-wheelers and small EVs.
The system enhances EV usability by reducing dependency on fixed charging infrastructure,
minimizing vehicle downtime, and eliminating the need for towing during breakdowns. Its 60
V architecture aligns with common EV configurations, allowing efficient energy transfer and
simplified integration. The inclusion of a Battery Management System (BMS), protection
circuits, and regulated output ensures safe, stable, and reliable operation under varying load
conditions.
Additionally, the system supports decentralized and off-grid applications, making it suitable
for rural areas, emergency rescue operations, workshops, and motorsports environments. Its
modular battery design allows capacity scaling based on demand, while the potential
integration of renewable energy sources further improves sustainability. Overall, the system
strengthens the resilience, accessibility, and efficiency of electric mobility infrastructure by
enabling flexible, location-independent charging solutions.
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