
 

How iron losses influence BLDC motor selection 

 

8th November 2020   

When designing a miniature brushless DC (BLDC) motor, ensuring 

a compact footprint with sufficient thermal regulation is vital. This 

means it’s essential that the design minimises iron losses, a crucial 

factor that also limits a motor’s output. To specify a motor 

optimised for an application’s speed and torque requirements, it’s 

vital that the motor manufacturer works closely with the OEM, 

evaluating the implications of iron losses in order to create a design 

that limits their impact.  

Samuel Klein, Application Engineer at Portescap, explains the role 

of iron losses in BLDC motor design.  

A key aspect of BLDC motor performance is efficiency: the ratio of the 

mechanical power output achieved from the electrical power input. An 

efficient motor design minimises heat generation, not only as this impacts 

power consumption, but also because it determines a motor’s physical 

space requirements. A small footprint is key, but inefficient heat 

management can ultimately limit a motor’s speed and torque generation.  

Design considerations that impact motor efficiency include friction losses, 

resulting from the motor’s bearings, as well as joule losses caused by 

resistance of the coil. In addition to these factors, iron losses relate to the 

frequency of the variation of the magnetic flux (the measurement of the 

magnetic field), as it passes into a material. The faster a motor rotates, 

the more iron losses that are generated.  

How iron losses are caused 



 

To illustrate this phenomenon, if a magnet is dropped through a 

ferromagnetic tube, the speed of fall is slower than it would be if the tube 

were made of a non-ferromagnetic material. This is a result of Lenz’s law, 

which explains that the change of magnetic field induces currents flowing 

in the opposite direction. In turn, this reduces the speed of the magnet.  

This same phenomenon applies to the magnets on the rotor of a BLDC 

motor. Iron losses are generated by eddy currents and the effect of 

hysteresis. Eddy currents are explained by Faraday’s Law, which says 

that when a magnetic field is applied to a conducting material, a current 

is generated through it. Each type of material has specific electrical 

resistivity; the higher the resistivity, the greater the losses.  

In a BLDC motor, the extent of eddy losses depends on its design and 

materials. The frequency and intensity of the magnetic field reversal has 

a substantial impact, as does the speed of the motor. The thickness of 

the material in the motor’s core also plays an important role. An effective 

way of reducing the impact of the material’s thickness is by laminating 

the core material with thin sheets. This creates a smaller path for the 

current to travel through, splitting it into several small currents, minimising 

the impacts of resistance.  

In addition to eddy currents, the other primary cause of iron losses is 

hysteresis. This means that when the magnetic flux is reversed into a 

ferromagnetic material, the magnetising and demagnetising effect 

creates an energy loss. These losses depend primarily on the magnetic 

induction in the circuit, as well as the frequency of flux variation, meaning 

that its key to select the right motor core material for the desired speed.  

BLDC design considerations 

Taking losses into account is vital because of the limitations they place 

on a motor’s power output. Failure to do so would cause excessive 

heating that would damage or ultimately burn out the motor. It’s also 



 

crucial to select the right motor for the working point, considering the 

required speed and torque of operation. Joule losses are mainly 

generated when creating torque, while iron losses are usually generated 

at high speed, so when the maximum continuous speed increases, the 

maximum continuous torque decreases, and vice versa. 

The number of poles must also be considered as part of the motor’s 

design. Adding poles increases torque, but will also increase iron losses, 

as a result of the higher frequency of magnetic flux variation. This 

reduces the maximum continuous speed, meaning that when comparing 

motors running at constant speeds, a four-pole motor loses torque 

capabilities more quickly than a two-pole equivalent.  

Selecting a motor manufacturer 

As a result of a motor’s thermal limitations, it’s essential to consider the 

impact of losses. Minimising iron losses is crucial to efficiency, especially 

for high, continuous speed operations, and they must be balanced in an 

optimised ratio with joule losses.  

Each application has its own specific requirements, so it’s crucial that the 

selected motor engineering team understands the impact of the different 

types of losses. In addition to designing motors with high performance 

and efficiency, Portescap’s engineers work across a variety of 

applications to design motors that achieve the required working point, 

with a compact and reliable package. 
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Image 1: Portescap Ultra EC Motor family 

Image 2: BLDC Motor example 

Image 3: Eddy Currents and Laminated Core 

Image 4: Effect of Iron Losses on Portescap 16ECS36 Power Curve 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 
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About Portescap 

 

Portescap offers the broadest miniature and specialty motor products in 

the industry, encompassing coreless brush DC, brushless DC, stepper 

can stack, gearheads, digital linear actuators, and disc magnet 

technologies. Portescap products have been serving diverse motion 

control needs in wide spectrum of medical and industrial applications, 

lifescience, instrumentation, automation, aerospace and commercial 

applications, for more than 70 years. 

 

For more information, visit www.portescap.com 
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