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The final measured efficiency of a motor is calculated based only on the elements of the particular application 

they’re used in. For the motors themselves, without a load, manufacturers provide ratings based on standard 

formulas. To understand high efficiency motors you only need to know what makes them different. 

 

But first, let’s look at the basic concept used for explaining motor efficiency, which says that efficiency is the ratio 

between the shaft output power and the electrical input power. Shaft output can be measured in horsepower or 

watts. We’ll use watts for the purposes of this article. The formula most often used is the simple one mentioned 

above:  

 

ηm = Pout / Pin 

where 

ηm = motor efficiency  

Pout = shaft power out (Watts) 

Pin = electric power to the motor (Watts) 

 

Once you’ve used this formula and found your efficiency – and it’s not 100 percent – it’s time to consider the 

losses that occurred inside the motor. Motor efficiency drops based on a number of known factors where power is 

lost as current through the motor is met with a variety of resistances. These losses can include the wiring and its 

resistance, iron losses due to magnetic events, and thermal losses.  

 

The electrical power that is lost in the primary rotor and in the secondary stator windings are called resistance 

losses (or copper losses, because they are based on the characteristics of the wire used including its diameter 

and length). Both primary and secondary resistance losses vary with the load in proportion to the current squared. 

For example:  

 

Pcl = R I2 

where 

Pcl = stator winding, copper loss (W) 

R = resistance (Ω) 

I = current (Amp) 

 

Other losses include, iron losses, as mentioned above. These losses are the result of the amount of magnetic 

energy dissipated when the motor’s magnetic field is applied to the stator core. Other factors involved include 

mechanical losses, which involve the friction in the motor bearings and stray losses, which are basically any 

remaining losses that are left after the resistance, iron, and mechanical losses are calculated.  

 

The largest culprit for stray losses are the result of harmonic energies that are generated when the motor 

operates under load. The load affects the shaft power output, which is why it’s impossible to discuss in a general 
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article such as this. But basically, these losses are dissipated as currents in the windings, harmonic flux 

components in the iron parts, and leakage in the laminate core.  

 

High Efficiency Motors 

 

The maxon high efficiency motors get their name because they provide efficiencies in the 90 percentiles as 

opposed to the 50 to 60 percent range for most motors in their class.  

 

The key to high-efficiency for maxon lies in the 

fact that they have no iron losses. maxon 

manufactures ironless core or coreless motors 

designed to the needs of their customers. This 

means that the losses associated with the iron 

components have been eliminated. By designing 

coreless and ironless core motors, maxon also 

eliminated the largest concentration of stray 

losses associated with motors, which are losses 

associated with leakage in the laminate core.  

 

maxon incorporates the use of permanent 

magnets in their motors. The ironless core brush 

motors have a permanent magnet, then a 

rotating winding, and then the housing, which closes 

the magnetic path. With this configuration, there is 

no electricity going through the core of the motor 

(through the iron parts) to create a magnetic resonance.  

 

The benefits of the ironless winding provides very specific advantages, which include: there is no magnetic detent 

and there are minimal electromagnetic interferences. Part of the efficiency, though, is dictated by the type of 

magnet used in the design. For example, the stronger magnets, such as NdFe will offer higher efficiencies. Add to 

this, the fact that maxon includes graphite brushes and ball bearings in their brushed motors, customers gain long 

service life as well as high efficiency.  
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Shown is maxon’s DC brushed motor. © maxon 

 


