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Executive Summary

Electronic components used in aerospace, automotive, defense, and industrial applications are often
exposed to extreme environmental conditions. To ensure long-term reliability, manufacturers must
validate their components under a wide range of temperatures and stresses. This whitepaper outlines
best practices in thermal validation and environmental testing protocols.

Critical Environmental Test Parameters

Temperature is one of the most critical stress factors for electronic components. Variations can impact
solder joints, thermal expansion, insulation resistance, and overall performance.

Key test conditions include:
e Operational temperature range: -55°C to +125°C
e Thermal shock cycles: +10°C/min (from hot to cold extremes)
o Steady-state exposure: 1000h+ at constant high/low temps
e Humidity resistance: up to 95% RH combined with heat
¢ Vibration integration: during thermal stress (optional for advanced validation)

FDM chambers ensure uniform thermal profiles and stability, which are essential for meaningful test
results.

Standard Procedures and Compliance

Component validation typically follows international testing standards such as:
¢ |EC 60068-2 - Environmental testing of electronics
e MIL-STD-883 - Microelectronics qualification
e JEDEC JESD22-A104 - Temperature cycling

e [IPC-TM-650 - PCB reliability under thermal load
These standards specify the duration, ramp rate, dwell time, and performance criteria required
for a successful qualification process.

Case Study: Automotive Sensor Reliability Testing

An automotive supplier needed to validate a temperature sensor for engine control systems. Using
FDM’s chambers, they ran thermal cycling between -40°C and +125°C with 20 cycles and dwell times
of 2 hours. The test revealed degradation in solder joints, prompting a redesign. Post-retest, the sensor
passed IEC and JEDEC protocols, ensuring reliability under hood conditions.
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Conclusion

Environmental validation of electronic components under extreme temperatures is fundamental to
quality assurance and compliance. FDM provides advanced, customizable testing solutions to
simulate even the harshest thermal profiles. With expert support and precision equipment, we help
electronics teams reduce failure rates, accelerate development, and meet global standards.
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