SmartHeat SLT™ Heaters Using PTC Heating

Technoloqgy — Aerospace Application Q&A

In aerospace systems, thermal management is a critical challenge—balancing precise temperature control with
the need for simplicity, reliability, and efficiency in unforgiving environments. Minco’s SmartHeat™ SLT Heaters,
based on Positive Temperature Coefficient (PTC) technology, are designed to address these demands by
providing self-regulating heat without the complexity of external sensors or control circuits.

This document captures common questions from aerospace engineers and program managers about
SmartHeat™ technology and its advantages in space applications. The Minco Engineering Team provides insights
into how SmartHeat™ performs in vacuum conditions, its benefits over traditional PID-controlled heaters, and
why it is an ideal solution for spacecraft components where reliability, fault tolerance, and design simplicity are
paramount.

Whether you're developing satellite systems, deep space probes, or orbital platforms, this Q&A will help you
understand how SmartHeat™ can improve your thermal design and reduce risk for mission-critical applications.

What is SmartHeat™ and how does it work?

SmartHeat™ is Minco’s line of self-regulating heaters based on Positive Temperature Coefficient (PTC) technology.
These heaters automatically adjust their power output based on temperature. As the temperature increases, the
resistance of the heater increases, which reduces the current and, in turn, the heat output. This creates a closed-
loop thermal response without needing external sensors or controls.

Why is SmartHeat™ ideal for use in space?

Space systems often require simple, reliable, and low-power solutions with high fault tolerance. SmartHeat™
naturally limits its temperature, which makes it ideal for thermally sensitive components in spacecraft. It reduces
risk of overheating, simplifies system architecture, and operates reliably in vacuum, extreme cold, and radiation-
prone environments. Plus, it requires less cabling and fewer control elements—important considerations for
spacecraft design.

How does SmartHeat™ perform in a vacuum environment?

SmartHeat™ heaters can be designed for operation in vacuum by considering thermal conduction and
radiation paths. Since convection isn't available in space, we optimize the heater’s design and bonding
techniques to ensure efficient heat transfer. Our materials and construction methods have been tested in
space-like environments and we work with customers to validate performance at the system level.

Can SmartHeat™ be customized for specific spacecraft components?

Absolutely. We tailor heater size, power density, mounting methods, and electrical termination to match the
specific requirements of each application. Whether you're protecting batteries, valves, optics, or instruments, we
can engineer a SmartHeat™ solution to fit the thermal and mechanical constraints of your design.
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What's the advantage of SmartHeat™ over traditional flexible heaters with Proportional-
Integral-Derivative (PID) controllers?

With PID-controlled heaters, you need external sensors, feedback loops, and controller hardware. That adds
weight, complexity, and potential points of failure. SmartHeat™ eliminates all that by self-regulating inherently.
You don't need to monitor or manage it—it adapts instantly to its environment, reducing design effort and
improving reliability. It's particularly useful in unmanned missions or remote systems where access or
intervention isn't possible.

How does SmartHeat™ respond to cold starts in deep space?

One of the benefits of SmartHeat™ is that it delivers maximum power output at low temperatures. That's exactly
what's needed during cold start-up conditions—fast, safe heating. As the temperature rises, the heater naturally
reduces its output, preventing overheating or thermal overshoot. This makes it ideal for systems where thermal
ramp-up needs to be both efficient and safe.

What kind of testing does Minco perform on SmartHeat™ for space applications?

We offer environmental testing tailored to aerospace specs, including vacuum bake-out, thermal cycling,
vibration, and electrical characterization across a wide temperature range. We can support qualification and lot
acceptance testing (LAT) to meet program requirements.

Can SmartHeat™ be integrated into multilayer assemblies or bonded to irregular surfaces?

Yes. Our engineers frequently design SmartHeat™ elements for curved, contoured, or layered components. We
can laminate them onto metal or composite surfaces, encapsulate them, or embed them within custom
assemblies depending on the application. Integration support is part of our value-add.

What's the power range and temperature control range of SmartHeat™ heaters?

Output power depends on the ambient conditions and heater geometry, but typically ranges from 0.1 to 5 W/in’.

Temperature regulation is passive and can be designed to maintain a safe steady-state operating temperature
within the range of 10°C and 70°C.

How does SmartHeat™ contribute to overall system reliability?

By reducing the number of control components, wiring, and failure points, SmartHeat™ simplifies the thermal
subsystem. Fewer moving parts and less software mean fewer potential failure modes. That's a huge plus in
space, where repairs are impossible and reliability is everything.

Have More Questions?

Our team of engineers and application specialists is here to support your mission. Whether you're in early
concept development or nearing flight qualification, we'll help you find the optimal thermal solution.
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