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Introduction 

The aerospace industry demands highly reliable technology capable of functioning in 

extreme conditions, especially when temperature control is critical. In environments that 

range from the frigid vacuum of space to the rapidly shifting thermal conditions 

encountered in flight, effective thermal management is essential. Minco’s SmartHeat™ 

SLT Flexible Heaters offer an advanced solution, designed specifically to handle these 

challenges. The Self-Limiting Technology (SLT), allow the heater to self-regulate a a 

designes set-point temperature without the need for sensors or controllers. Rated to 

operate between -40°C and 100°C, with set-point options ranging from 10°C to 70°C, 

SmartHeat™ SLT Flexible Heaters provide precise, energy-efficient heating tailored to 

the specific needs of aerospace applications.  

This white paper explores the unique benefits of SmartHeat™ SLT Flexible Heaters in 

aerospace applications, detailing how they enhance operational efficiency, minimize 

risk, and contribute to the reliability and safety of aerospace components. 

 

The Challenges of Aerospace Heating 

Aerospace applications present unique challenges, such as: 

• Temperature Extremes: From the cold of outer space to high-heat environments 

such as propulsion systems. 

• Weight Constraints: Every gram counts, making lightweight solutions critical. 

• Vibration and Mechanical Stress: Components must withstand intense 

vibration and mechanical stress during launch and operation. 

• Energy Efficiency: Heating systems must be energy-efficient, given limited 

power availability in space missions or aircraft. 

•  

What is SmartHeat  SLT Technology? 

Minco’s SmartHeat™ SLT Flexible Heaters are based on Positive Temperature 

Coefficient (PTC) technology, allowing the heater to self-regulate its temperature without 

the need for external controllers. The PTC material adjusts its resistance with 

temperature: as the heater reaches the set point, resistance increases, limiting further 

heating. This feature ensures self-limiting control, preventing overheating and reducing 

energy consumption. 
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Key Features of SmartHeat  SLT Flexible Heaters: 

• Self-Regulating: No additional sensors or controllers are required to maintain 

temperature. 
• Flexible Design: These heaters can be customized to fit various shapes and 

sizes, making them ideal for complex aerospace components. 

• Lightweight: The thin, lightweight construction minimizes the impact on the 

overall weight of the system. 

• Durability: Resistant to vibration, shock, and mechanical stress, ensuring long-

term performance in harsh aerospace environments.  These heaters are also 

able to continue to operate even if punctured. 

 

Applications in Aerospace 

SmartHeat™ SLT Flexible Heaters have broad applications across the aerospace 

industry. They are used in various mission-critical components, enhancing both the 

reliability and efficiency of space and aviation systems. 

1. Satellite Systems 

Satellites operate in the cold vacuum of space, where thermal management is essential 

for both electronic components and structural integrity. SmartHeat™ SLT heaters are 

applied to: 

• Thermal Control of Batteries: Maintaining optimal battery temperature in 

varying thermal conditions. 

• Sensor Protection: Ensuring temperature-sensitive sensors remain within 

operational ranges. 

• Camera and Optical Systems: Preventing condensation and ensuring clear 

imaging. 

2. Spacecraft Systems 

Spacecraft, particularly those on long-duration missions such as Mars rovers or deep 

space probes, require efficient thermal regulation. SmartHeat™ SLT heaters provide: 

• Temperature Maintenance of Electronics: Ensuring stable performance of critical 

systems. 

• Fuel Line Heating: Preventing fuel from freezing or clogging in cryogenic 

environments. 

 



 
4 

 

3. Aviation 

In commercial and defense aviation, SmartHeat™ SLT Flexible Heaters contribute to 

enhanced operational safety and performance by: 

• De-Icing and Anti-Icing Systems: Preventing the buildup of ice on aircraft 

surfaces and sensors, which can compromise safety. 

• Cabin Comfort and Electronics: Maintaining optimal temperatures for both 

crew and electronic systems during long flights at high altitudes. 

4. Space Exploration 

Missions to planets, such as NASA’s Dragonfly mission to Titan, require systems that 

can survive extreme environments. SmartHeat™ SLT Flexible Heaters are ideal for 

such missions, ensuring: 

• Thermal Protection for Instruments: Protecting scientific instruments and 

sensors from freezing in frigid extraterrestrial environments. 

• Precision in Harsh Conditions: Maintaining consistent operational 

temperatures even in rapidly changing thermal environments. 

 

Benefits of SmartHeat  SLT Flexible Heaters in 

Aerospace Applications 

1. Energy Efficiency 

SmartHeat™ SLT heaters consume energy only when and where needed, offering 

significant energy savings. The PTC technology ensures that the heater does not 

exceed its setpoint temperature, avoiding unnecessary power consumption. 

2. Reduced System Complexity 

Because SmartHeat™ SLT heaters are self-regulating, they eliminate the need for 

complex control systems. This reduces the overall system weight and complexity, which 

is crucial in aerospace designs. 

3. Enhanced Reliability 

Reliability is non-negotiable in aerospace applications. SmartHeat™ SLT heaters have a 

proven track record of withstanding extreme conditions, from deep space to high-

altitude aviation. Their ability to operate without risk of overheating or burnout enhances 

the reliability of critical aerospace components. 
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4. Customization and Flexibility 

The flexible nature of SmartHeat™ SLT heaters allows for easy integration into the 

irregular shapes and confined spaces often found in aerospace designs. This 

customization ensures the heater fits the exact needs of the application, improving 

thermal management across systems. 

5. Long Lifespan 

With no moving parts and the inherent durability of their design, SmartHeat™ SLT 

Flexible Heaters offer an extended operational lifespan, reducing the need for 

replacements or repairs, which is particularly valuable for space missions or long-

duration flights. 

 

Conclusion 

Minco’s SmartHeat™ SLT Flexible Heaters represent a significant advancement in 

aerospace thermal management. Their lightweight, flexible, and self-regulating design 

addresses the critical challenges posed by extreme temperatures, mechanical stresses, 

and energy constraints in aerospace applications. By reducing complexity and 

enhancing energy efficiency, SmartHeat™ SLT technology supports the safety, 

reliability, and performance of aerospace systems. 

From satellites and spacecraft to aviation and space exploration, SmartHeat™ SLT 

Flexible Heaters are a critical component in the next generation of aerospace 

technology, enabling safe and efficient operations in the most demanding environments. 

For more information on how Minco’s SmartHeat™ SLT Flexible Heaters can be tailored 

to your aerospace needs, contact our team today. 

 


