
CHAPTER THREE
METHODOLOGY
3.0 Introduction
This chapter presents the methods and procedures adopted in the construction of a mobile power bank. It outlines the system architecture, component selection, construction process, design calculations. The methodology is guided by engineering best practices and draws upon current research in lithium-ion battery applications and mobile energy storage systems.
BATTERY MANAGEMENT SYSTEM
(BMS)

Charging Port     
(USB-C/Micro-USB)
BATTERY 





OUTPUT PORT(USB-A/USB-C)


BOOST CONVERTER  
(3.7V TO 5V)
CHARGING IC      PROTECTION    (BATTERY CHARGER)




Figure 3.1: Block Diagram of Mobile Power Bank





3.1 System Design Overview
The mobile power bank was designed as a modular system consisting of the following 	sub-units:
· Charging Port (USB-C/Micro-USB)
The charging port serves as the input interface of the power bank, allowing electrical energy to enter the device from an external power source such as a wall socket, computer USB port, or solar panel. The power bank is equipped with a USB Type-C port, providing fast charging and a reversible connection for greater convenience. This port connects directly to the charging control circuit, which manages the safe transfer of energy to the internal battery. The input port is essential as it initiates the energy storage process in the power bank.
· [bookmark: _GoBack]Battery 
At the heart of every mobile power bank is the rechargeable lithium-ion battery, which functions as the energy storage unit. This battery operates at a nominal voltage of 3.7V, which is standard for lithium-ion chemistry. The battery stores energy during the charging phase and later discharges it to supply power to external devices. 
Its capacity, is measured in 10000 mAh. The power bank utilizes a rechargeable lithium-ion battery with a nominal voltage of 3.7V. The constructed model is designed with a capacity of 10,000 mAh, which equates to approximately 37 Wh of stored energy . This capacity ensures sufficient power to charge multiple devices efficiently while maintaining a compact and portable design. Determines how much energy the power bank can deliver. The lithium-ion battery is favored for its high energy density, low self-discharge rate, and long lifecycle.
·  Battery Management System (BMS)
The charging control circuit is a crucial component that manages the charging and discharging processes of the battery. Often referred to as a Battery Management System (BMS), it performs multiple safety functions such as overcharge protection, over-discharge protection, short-circuit protection, and thermal regulation. This circuit ensures that the lithium-ion battery is charged efficiently and safely, extending its operational life while preventing hazardous conditions like overheating or explosion. It also controls the charging current and monitors voltage levels to maintain optimal battery performance
· Boost Conversion Unit
Since the lithium-ion battery operates at 3.7V, but most USB-powered devices require 	     5V 	for charging, the power bank incorporates a boost converter circuit. This unit is 		    responsible for stepping up the 3.7V from the battery to a stable 5V output. It uses DC-	       	   DC conversion technology, typically based on switching regulators, to efficiently 	         	  convert and regulate the voltage without significant energy loss. This ensures that the 	   	 output provided to the connected device is consistent and safe, regardless of the battery’s 	charge level.
· Output Interface
The output interface of the power bank is the USB port, which provides the regulated 5V power output to external devices such as smartphones, tablets, cameras, and bluetooth accessories. The ports used for power-bank output are USB-A and USB-C. Advanced power banks features multiple output ports with smart charging protocols like Quick Charge (QC) or Power Delivery (PD) that can adjust the output voltage and current based on the device’s requirements. This output unit is the final stage in the energy transfer process, where stored power is made available to user devices.
· Casing and Wiring
The casing of a power bank provides the physical protection and structural integrity to the internal components. It is made from durable materials such as ABS plastic, offering both safety and portability. Inside the casing, there are circuit boards, wiring paths, and connectors that link all the units together. These internal wirings ensure proper electrical flow between the input port, battery, control circuits, boost converter, and output interface. The layout and shielding are designed to minimize electrical noise and enhance heat dissipation during operation.
3.2 Design Specifications
	Parameter
	Specification

	Battery Voltage
	3.7V DC (Li-ion)

	Output Voltage
	5V DC (regulated via boost)

	Output Current
	1A to 2A

	Charging Voltage Input
	5V DC (via Micro-USB)

	Battery Capacity
	10000mAh

	Boost Converter Efficiency
	≥ 80%

	Enclosure Material
	Project Box

	Safety Features
	Overcharge, Over-discharge, Short-circuit protection



These specifications align with typical values adopted in commercial and research-based mobile power banks.
3.3 Component Selection
The selection of components was based on cost, availability, efficiency, compatibility, and safety. Key components used include:
· Lithium-Ion Battery (3.7V, 10000mAh): Chosen for its high energy density and rechargeability.
· TP4056 Charging Module: Manages battery charging using constant current/constant voltage (CC/CV) methods, they provides steady electrical current and maintains stable electrical voltage to the load. respectively  and includes in-built protection features 
· MT3608 Boost Converter: Provides a regulated 5V output from 3.7V input using pulse-width modulation (PWM) switching 
· USB-A Port: Standard 5V output interface for mobile devices.
· LED Indicator: Shows charging and battery status.
· Enclosure (ABS plastic): Protects components and ensures portability.
· AWG22 Copper Wires: Ensures low resistance and adequate current handling.
3.4 Circuit Description
3.4.1 TP4056 Charging Circuit
· Charging cut-off at 4.2V
· Overcharge and over-discharge protection
· Short-circuit protection
· Charging status indicators via LED
Its internal MOSFET switches and thermal regulation system make it safe for long-term battery usage [4].
3.4.2 Boost Converter (MT3608)
The MT3608 DC-DC boost converter steps up the battery’s 3.7V to a USB-compatible 5V. It uses:
· High-frequency PWM switching
· Inductor-based voltage boosting
· Output filtering capacitors to stabilize voltage
· Adjustable trimpot for fine-tuning output voltage
3.5 Construction Procedure
1. Design Planning and Simulation: Circuit design was drafted using Proteus simulation to verify functionality.
2. Module Testing: Each component (battery, charger, boost converter) was tested independently on a breadboard.
3. Soldering: Modules were soldered onto a perforated board using AWG22 insulated copper wires.
4. Enclosure Mounting: Components were securely fixed inside an ABS plastic case, with openings for the USB port and indicator LEDs.
5. Final Integration: Wires were double-checked for polarity. The full unit was assembled and tested under load.



3.6 Design Calculations
· Battery Energy Calculation
Energy (Wh) = Voltage (V) × Capacity (Ah)
E = 3.7V × 10Ah = 37Wh
· Usable Energy with Efficiency Consideration
Assuming an efficiency of 85%:
E_usable = 0.85 × 37Wh = 31.45Wh
· Phone Charging Capacity
Assume a smartphone has a battery rated at 3000mAh and 3.8V:
Smart phone = 3.8V × 3Ah = 11.4Wh
Number of full charges = 31.45Wh / 11.4Wh ≈ 2.75 times
· Charging Time for the Power Bank
Assuming the power bank is charged with a 5V/2A adapter:
Charging time = Capacity / Charging current
t = 10000mAh / 2000mA = 5 hours
· Boost Converter Output Power
Given: Vin = 3.7V, Vout = 5V, Iout = 2A
Pout = Vout × Iout = 5V × 2A = 10W
· Input Power and Efficiency
Assuming current drawn from battery is 2.7A:
Pin = 3.7V × 2.7A = 9.99W
Efficiency (η) =      ×    =    10w     × 100 ≈ 100% (Ideal case; real-world < 90%)
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Figure:3.2   CIRCULT DIAGRAM OF MOBILE POWER BANK



Figure 3.2: CIRCUIT DIAGRAM OF MOBILE POWER BANK
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