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Case Study: Minco SmartHeat™ SLT for Reliable
UAV Operations in Extreme Environments

Customer Profile

A Minco UAV customer designs and manufactures tactical unmanned aircraft systems
(UAS) and loitering munitions. Its UAV platforms are deployed globally for defense,
surveillance, and commercial missions, operating in some of the world’s most
demanding environmental conditions.

Challenge: Maintaining Optimal Performance in Cold and Variable Conditions
UAVs operate across a wide range of environments — from arctic cold to high-altitude
flight profiles above 20,000 ft. These conditions introduce thermal management
challenges that affect performance and reliability:

Battery degradation in low-temperature flight

Optical sensor drift caused by thermal cycling

Condensation and icing during rapid ascent and descent

High power consumption and added mass from traditional heater and control
assemblies

The customer required a lightweight, safe, and autonomous heating solution capable of
maintaining consistent temperatures without adding mass, wiring complexity, or control
electronics.

Solution: SmartHeat™ Self-Regulating Heater Technology

Integration of SmartHeat™ self-regulating heater elements into key subsystems of a
tactical UAV platform. Unlike conventional heaters that rely on external temperature
sensors and controllers, SmartHeat™ SLT automatically adjusts power output based on
its own temperature, providing real-time, self-contained thermal regulation.

Integration Points

« Battery Modules: Flexible SmartHeat™ SLT polyimide heaters bonded to
battery housings to keep Li-ion cells within the optimal range for discharge
efficiency.

« Avionics Enclosure: Thin-film SmartHeat™ SLT elements mounted to enclosure
panels to stabilize electronics and prevent moisture formation.

« Optical Payload Bay: Distributed micro-heaters that maintain focus and
eliminate fogging on EO/IR optics.



Results:

Performance Metric

Traditional System

SmartHeat™
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Improvement

Heater system mass

Integration
59

86% weight reduction

System Failure

sensors, relays)

Increased reliability -

points (connectors,

-80% fewer failure points

Failure if damaged

Entire heater fails

Portion of heater

Heater can still operate in

UL 94-VO rating.

fails many damage
configurations
Safety Relies on sensor with Self-Limiting Inherent temperature
controller for control and Technology. overshoot protection at all
potentially a fuse or Polyimide points on the heater
thermostat for safety. insulation with UL surface. Same high quality
Polyimide insulation with 94-V0 rating. outer insulation.

System footprint

Heater, sensor, control unit

Single heater + 2

~50% smaller footprint

sensor cabling susceptible
to noise.

+ multiple wires wires
Cost Heater, sensor, control unit Single heater ~55% reduction in cost
Electrical Noise Electromagnetic No on/off Reduction in electrical
interference due to switching. No noise creation and system
controller relay switching, sensor susceptibility.

susceptibility.

Integration time

~5 weeks (controller +
sensor integration)

~2 weeks

Up to 60% faster
integration

(Based on comparison of Traditional Minco HK6912 with S17624 3-wire RTD sensor and CT325 controller/relay vs.

SmartHeat™ SLT HL6500)

Key Advantages

« Reduced Weight: Eliminating controller boxes and sensor wiring trimmed up to
86% of system mass, increasing UAV endurance.

« Enhanced Safety: SmartHeat™ SLT cannot overheat — its self-limiting design
inherently regulates temperature, reducing thermal runaway risk.

« Fewer Failure Points: With no external sensors or control electronics, the heater

system is simpler, more reliable, and easier to maintain.

o Smaller Footprint: Ultra-thin SmartHeat™ films integrate directly into existing
structures without redesigning housings or brackets.

« Faster Integration: Single-component design enabled plug-and-play electrical
connection and shorter assembly cycles during prototyping and production.

« Fewer Failure Points: With no external sensors or control electronics, the heater
system is simpler, more reliable, and easier to maintain. SmartHeat™ SLT can
even maintain partial functionality if damaged.

o Overall value: Replacing multi-component heater systems with a single
SmartHeat™ SLT element reduces both material and integration costs.
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Customer Impact

By adopting SmartHeat™ SLT, the UAV platform achieved consistent thermal stability
across diverse mission profiles. The simplified design reduced wiring complexity and
improved safety margins for mission-critical payloads.

Why SmartHeat™ Was the Ideal Fit

Attribute Benefit

Self-Regulating Automatically adjusts power draw based on local surface

Technology temperature — no sensors or controllers.

Power Efficient Uses only the energy needed to maintain stability.

Lightweight & Thin-film format replaces bulky heater assemblies and wiring

Compact harnesses.

Safe Operation Inherent self-limiting behavior prevents overheating or
runaway.

Fast to Integrate Flexible, plug-and-play designs fit seamlessly into irregular or

curved surfaces.

Outcome

SmartHeat™ SLT integration demonstrates measurable improvements for flight
reliability, endurance, and maintainability, confirming the heater’s suitability for high-
performance unmanned systems.

Contact Minco

To learn more about how SmartHeat™ self-regulating heater technology can improve
reliability, reduce weight, and simplify thermal management in UAV and aerospace
platforms, contact Minco at custserv@minco.com. Our engineering team works directly
with customers to design and integrate custom heating solutions for the most
demanding environments.
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