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TESTING RESULTS AND DISCUSSION
4.0  Introduction
This chapter presents and analyzes the results obtained from the construction and testing of the designed mobile power bank. The performance of the power bank is assessed in terms of output voltage stability, load capacity, charging time, safety mechanisms, and energy efficiency. These outcomes are then compared with the design expectations and findings from existing literature to validate the effectiveness of the constructed system.
4.1 Testing 
Various tests were conducted to evaluate its functionality. Each test was designed to verify a specific performance parameter based on the original design specifications . The tools used included a digital multimeter, USB power monitor, stopwatch, and mobile phone as a load device.
The main performance parameters tested are:
· Output voltage under load and no-load conditions
· Maximum supported current 
· Time taken to fully charge the battery
· Number of full charges delivered to a smartphone
· Activation of protection features
· Boost converter efficiency and heat generation




Table:  4.1 Testing
	Test Parameter
	Expected Result
	Measured Result
	Remarks

	Output Voltage (No Load)
	5.0V
	5.01V
	Within acceptable range

	Output Voltage (Under Load)
	≥ 4.8V @ 2A
	4.97V
	Stable performance

	Charging Time (2A input)
	5–6 hours
	~5.5 hours
	Aligned with calculations

	No. of Smartphone Charges
	2–3 full charges
	~2.75 times (3000mAh phone)
	Matches theoretical estimate 




4.2: Results 
	Test parameter
	Expected Result
	Measured Result
	Remarks

	Short Circuit Protection
	Immediate shutdown
	Activated in <1 second
	Protection system functional

	Temperature Under Load
	< 50°C
	Peaked at ~46.8°C
	Safe thermal range

	Efficiency (Boost)
	≥ 80%
	~85%
	Good power conversion 






4.1.1  Output Voltage and Current Analysis
The mobile power bank consistently delivered an output voltage close to 5V in both no-load and full-load conditions. Under a 2A load, the output voltage dropped slightly to 4.97V, which falls within USB standard tolerances. This demonstrates that the boost converter maintained voltage regulation effectively even under high current demands, a performance level that aligns with research findings on MT3608 converter applications.
4.1.2  Charging Time and Efficiency Evaluation
The power bank was charged using a 5V/2A-rated USB wall adapter. The observed charging duration was approximately 5.5 hours, which closely aligns with the theoretical value calculated as follows:
Charging Time (t) = Battery Capacity / Charging Current = 10000 mAh / 2000 mA = 5 hours
Considering system inefficiencies and energy loss due to internal resistance and heat dissipation, the measured 5.5 hours is within a reasonable range.
Furthermore, the energy efficiency of the boost converter was evaluated. Assuming an output of 10W (5V × 2A) and an input from the battery rated at 3.7V with an estimated input current of 3.18A, the input power is approximately 11.76W. Efficiency is calculated as:
η = (P_out / P_in) × 100 = (10 / 11.76) × 100 ≈ 85%
This efficiency value is consistent with the expected performance of DC-DC converters used in lithium-ion-based energy systems, as reported in prior literature.




4.1.3  Load Capacity and Runtime Assessment
To determine runtime and load capacity, a 3000mAh smartphone battery was used as the test load. The following calculations were made to estimate the number of full charges the power bank could provide:
Battery Energy = 3.7V × 10Ah = 37Wh
Usable Energy (85% efficiency) = 0.85 × 37Wh = 31.45Wh
Energy required for one phone charge = 3.7V × 3Ah = 11.4Wh
Number of full charges = 31.45Wh / 11.4Wh ≈ 2.75
Experimental testing confirmed this estimate, as the power bank successfully provided approximately 2.75 full charges to the smartphone. These findings validate the design's practicality and align with expectations based on energy conservation and component efficiency calculations presented in previous studies.
4.1.4 Protection Circuit Verification
The TP4056 module integrated within the system features automatic protection against overcharging, over-discharging, and short-circuiting. These features were verified through testing:
· Short-circuit test: Output terminals were momentarily bridged, and the system responded by immediately cutting off power to prevent damage.
· Overcharge test: When battery voltage approached 4.2V, the charging process automatically stopped, confirmed by the change in LED indicator from red to blue.
These protective mechanisms align with the recommended safety protocols for lithium-ion powered devices and ensure the device remains safe during prolonged usage or fault conditions

4.3 Discussion 
The results from testing the constructed mobile power bank confirm that the project objectives were successfully achieved. The device demonstrated stable output voltage, maintaining an average of 5.01 V under no-load and 4.97 V under a 2A load, which falls within the USB standard tolerance (±0.25 V). This performance shows that the MT3608 boost converter effectively regulates voltage, ensuring compatibility with modern devices that require consistent power supply.
The charging time was measured at 5.5 hours using a 5V/2A adapter, aligning closely with the theoretical estimate of 5 hours. This minor deviation can be attributed to internal resistive losses, conversion inefficiencies, and minor heat dissipation during operation. Nonetheless, the result indicates that the TP4056 charging module delivers reliable charging performance with built-in safety regulation.
Regarding energy capacity, the power bank provided approximately 2.75 full charges to a 3000mAh smartphone, validating the design calculation of 31.45 Wh usable energy after accounting for 85% efficiency. The efficiency of the boost converter, measured at ~85%, meets industry expectations for DC-DC step-up conversion in portable power systems K. Li & M. Wang, (2019).
Safety features were also confirmed to function as intended. The TP4056 module successfully prevented overcharging, over-discharging, and short-circuit damage, with immediate power cut-off during fault simulations. Thermal performance was stable, with a peak temperature of 46.8°C, remaining within safe operational limits.
The constructed of mobile power bank delivers reliable performance, safe operation, and high conversion efficiency. 
The results also align with previous research findings on lithium-ion-based mobile power solutions. However, the absence of fast-charging protocols, wireless charging, and digital battery monitoring highlights potential areas for future enhancement.
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