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Designing stepper motors for temperature

resistance in HVAC applications

17 September 2025

Stepper motors are dependable by design and are relied on by HVAC
manufacturers to control dampers and valves. However, as HVAC systems are
commonly installed to operate under high temperatures, stepper motors
require adequate protection to ensure reliable, long-term operation. This

demands appropriate motor design, validated by thorough testing.

Portescap engineer Rahul Bhor discusses the approach to enhance the thermal

regulation of stepper motors in HVAC systems.

Across much of the world, modern buildings rely on HVAC, and to control the
dampers and valve mechanisms within these systems, stepper motors are
commonly integrated. Moving in distinct, uniform steps that correspond to known
incremental angles, stepper motors provide the precision required for repeatable
control. As stepper motors also provide holding torque when the current is removed,
this means they can maintain the position of the valve or damper without the need

for power, saving energy as a result.

Given that HVAC systems must ensure comfortable conditions around the clock,
another advantage of stepper motors is their reliability and durability. Unlike other
motor designs, steppers don’t require feedback mechanisms like encoders or
sensors to maintain positioning, which enhances design simplicity. Free of brushes,
unlike brush DC motors, and only needing straightforward control electronics, like

simple driver circuits, steppers ensure low maintenance and high reliability.

However, facing demanding conditions across the world’s hottest locations, HVAC
units are installed outside, often in direct sunlight. This can generate high
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temperatures that place extra demands on stepper motor design. In these
environmental conditions, the temperature of an HVAC system under operation
could reach above 212°F (100°C), so the stepper motors on which these

applications rely must be sufficiently rated.
Calculating temperature loading

The threat of excess heat on an unprotected stepper motor includes wire insulation
degradation. Insulation materials used over magnet wires and lead wires can easily
degrade when exposed to temperatures higher than their rating, which can cause
breakdowns, short circuits, and ultimately, motor failure. Materials such as
adhesives, plastics, metals, and magnets can also degrade at a faster rate or lose
their strength when exposed to high temperatures, affecting the motor’s

performance and reliability.

As temperature increases, the resistance of the motor’s coil also increases, leading
to a decrease in current. Additionally, higher temperatures can reduce magnet
strength. Combining these effects also results in decreased motor performance.

Moreover, as heat is generated in the motor due to copper losses, this will further
increase the motor's temperature. As a result, the ambient temperature alone
cannot be used to determine the required rating for each component. Instead,
thermal calculations are required to estimate the motor temperature for the motor’s

duty cycle in the given ambient temperature.
Overcoming high-temperature challenges

The right selection of materials is crucial in overcoming the challenges of high
temperatures. Magnet wire insulation, such as Class 155 or Class 180, can be used,
along with high-temperature magnets. Designs with a high Curie temperature signify
that magnetic properties are retained against high heat, so materials like samarium
cobalt (SmCo) or neodymium iron boron (NdFeB) are commonly used.

Selecting the right lubricant for motors operating at high temperatures is also
essential to ensure performance and reliability. The lubricants should be rated for
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high temperatures, including matching the appropriate viscosity grade. This also
applies to adhesives used inside the motor, which should be reviewed to ensure

they withstand the maximum operating temperature.

Following design, testing at high temperatures can confirm expected performance
and reliability. A motion design specialist like Portescap can assist with a range of
tests to validate the design. Ideally, this stage should include rotor assembly testing
at increased temperatures, and thermal shock conditions in environmental
chambers and ovens. Axial and torsion force tests at specific temperature
requirements can determine rotor mechanical strength, while accelerated life testing
with higher temperatures can predict a motor’s service life.

Real world development

Putting these stages into practice, an HVAC system manufacturer partnered with
Portescap to identify the ideal miniature motion solution for their new electronic
expansion valve. The design needed to provide the required precision, but it would
also operate in high-temperature environments up to 266°F (130°C). Portescap’s
engineers recommended a can stack stepper motor with an upgrade of the motor’s
magnet, bearings, and lubrication to deal with the heat. Following design
considerations, comprehensive in-house testing validated the expected

performance.

While stepper motor designs are inherently precise and reliable, a thorough review
of the HVAC’s operational requirements showed that customization was necessary
to ensure long-term reliability. For this OEM, considering the importance of its HVAC
systems to achieve comfortable and safe building environments around the world,
comprehensive design and testing of the motors in partnership with a motion

specialist was essential from the outset.
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Image 1: HVAC systems are commonly installed to operate under high
temperatures and therefore stepper motors require adequate protection.

Image 2: Portescap’s 35L048B Can Stack Stepper Mini Motor provides up to 4.0
0z-in (28 mNm) of holding torque in a 35 mm frame size, making it perfect for higher
torque applications.

The image(s) distributed with this press release are for Editorial use only and are
subject to copyright. The image(s) may only be used to accompany the press

release mentioned here, no other use is permitted.
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About Portescap

Portescap, a proud member of Regal Rexnord, excels in addressing critical motion
challenges with premium miniature electronic motors and components. For over 70
years, our extensive product range — including coreless brush DC, brushless DC,
stepper, gearhead, encoder, and controller technologies — has powered applications
across the aerospace and defense, automation, industrial power tools, medical,
robotics, and surgical hand tool industries. Expert engineers collaborate with you
from prototype to production, ensuring exceptional performance tailored to your
specific needs.

As part of Regal Rexnord, customers benefit from seamless access to a vast brand
portfolio and a robust global manufacturing and sourcing network. Dedication to
innovation and sustainability drives us to design products that significantly impact
daily life. Leveraging Regal Rexnord’s broader expertise and resources, we aim to
deliver sustainable solutions that power, transmit, and control motion, helping to
create a better tomorrow.

For more information, visit www.portescap.com
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