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1. Abstract
This lab report details the comprehensive testing and analysis of electronic prototypes designed for deployment in tropical climates. The primary objective was to evaluate the performance, stability, and longevity of printed circuit boards (PCBs) under the specific environmental conditions found in Brazil, Brasília. As an Electronics Engineer specializing in harsh environment electronics, this study highlights critical challenges such as high humidity, temperature fluctuations between day and night, and electromagnetic interference typical of urban infrastructure in Brazilian capitals. The findings suggest that standard commercial-grade components are insufficient for long-term reliability in this region without enhanced conformal coating and thermal dissipation strategies.
2. Introduction
Brazil Brasília serves as a unique testing ground for electronics engineering due to its distinct geographical and climatic characteristics. Located in the Planalto Central region, Brasília experiences a tropical savanna climate characterized by two well-defined seasons: a rainy season with high humidity and temperatures averaging 24°C (75°F), and a dry season with significant temperature drops at night. For an Electronics Engineer, these fluctuations pose severe risks to electronic components, including condensation-induced short circuits, oxidation of contacts, and thermal stress on solder joints.
The purpose of this laboratory report is to document the experimental procedures undertaken to validate the robustness of a new microcontroller-based sensor network intended for agricultural monitoring in the Federal District. The study focuses on three key areas: humidity resistance, thermal cycling endurance, and power efficiency. By simulating the environmental conditions of Brazil Brasília within controlled laboratory settings, we aim to derive best practices for electronics engineering projects in similar tropical latitudes.
3. Methodology
3.1 Equipment Setup
The testing environment was configured to mimic the climatic data recorded in Brazil Brasília over the past decade. The following equipment was utilized:
A programmable environmental chamber capable of maintaining temperatures between 5°C and 45°C and humidity levels up to 98%.
High-precision multimeters and oscilloscopes to monitor voltage regulation and signal integrity.
Infrared thermal cameras to detect hotspots on PCBs during operation.
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3.2 Sample Preparation
The prototype devices consisted of a custom-designed PCB featuring an ARM Cortex-M4 microcontroller, wireless communication modules (Wi-Fi and LoRa), and various analog sensors. Two groups of samples were prepared: Group A served as the control group using standard lead-free soldering and no additional protective coating. Group B was treated with a polyurethane conformal coating applied via spray deposition, a common practice recommended by Electronics Engineers for tropical deployments.
3.3 Test Procedures
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The thermal cycling test involved subjecting both groups to 50 cycles, ranging from 5°C overnight temperatures typical of Brasília's dry season to 40°C daytime highs common in the rainy season. Each cycle lasted four hours. Simultaneously, humidity exposure was increased gradually to simulate the rainy season conditions.
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Additionally, a long-term reliability test was conducted where devices were left operating continuously in a chamber set to 80% relative humidity at 35°C for 720 hours. This mimics the persistent dampness found during Brasília's peak rainfall months. Power consumption was recorded at regular intervals to ensure that environmental factors did not negatively impact battery life, a critical metric for remote field devices.
4. Results
The data collected revealed significant disparities between Group A and Group B. In Group A, where no conformal coating was applied, three out of ten units failed within the first 100 hours of high-humidity exposure due to corrosion on the silver-plated pins. Furthermore, thermal imaging showed that without proper airflow optimization, certain voltage regulators overheated during peak daytime temperatures simulated in the lab.


In contrast, Group B demonstrated exceptional resilience. The polyurethane coating effectively prevented moisture ingress, and all units continued to operate within specified parameters throughout the 720-hour test. However, a minor issue was observed regarding heat dissipation; the coating acted as a slight insulator, requiring a 15% increase in surface area for heat sinks to maintain optimal operating temperatures. This finding is crucial for any Electronics Engineer designing enclosures for deployment in Brazil Brasília.
5. Discussion
The results underscore the importance of adapting electronic designs to local environmental conditions. For projects targeting Brazil Brasília, standard off-the-shelf components are often inadequate due to the specific combination of humidity and thermal stress. The use of conformal coating is not merely a recommendation but a necessity for long-term reliability.


Furthermore, the thermal management strategies must be refined. While Group B performed well, the slight insulation effect of the coating suggests that Engineers must balance protection with cooling efficiency. This might involve using thermally conductive gap fillers or designing enclosures with passive cooling vents that are filtered to prevent dust ingress, a common issue in urban areas.


Electromagnetic interference (EMI) was also noted during testing. Brasília's dense infrastructure of communication towers and power lines creates a noisy electromagnetic environment. The prototypes in Group B showed better noise immunity, likely due to the shielding properties of the coating combined with improved grounding techniques tested in parallel.
6. Conclusion
This lab report confirms that electronics designed for use in Brazil Brasília must undergo rigorous environmental testing to ensure reliability. The key takeaways for Electronics Engineers are: first, always apply protective coatings suitable for high-humidity environments; second, optimize thermal management to account for both high ambient temperatures and the insulating effects of protective layers; and third, design with EMI resilience in mind given the urban infrastructure of the capital.


Future work should focus on testing biodegradable conformal coatings to reduce environmental impact, aligning with growing sustainability goals in Brazil. Additionally, expanding this study to include vibration testing would provide a more holistic view of field conditions in Brasília, considering the city's layout and potential for seismic activity.
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