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Background 

PMAC motors are widely used in all types of applications – from robotics and automation to 

electric and hybrid vehicles.  They serve the primary purpose of taking electrical energy and 

transforming it into mechanical energy, typically rotary.   

When selecting PMAC motors, three major areas are considered:  

 Peak Torque 

 Continuous Torque 

 Speed 

The combination of these three also impact peak and continuous power output of the electric 

motor. 

In many circumstances, the standard motor catalog gives the adequate information to select 

and size.  But what happens when more is needed, but space is limited. 

This requires the electric motor to exhibit much higher performance than what might be shown 

in typical catalogs.  And a potential solution to this challenge is cooling. 

 

Cooling 

First and foremost, cooling does add some cost.  But, that cost can be offset by higher output 

performance.  This cost offset is especially true for high output requirements.   

Before fully understanding potential costs tradeoffs, one must evaluate the performance 

variances by implementing cooling.   



The following aspects are important factors in how much additional performance can be 

extracted from an electric motor: 

 Type of coolant 

 Temperature of coolant 

 Flow rate 

 Coolant viscosity 

 Thermal resistance from winding to case 

In this article, the only factor discussed is the “type of coolant”.   

 

Impact of Cooling 

Before evaluating the impact of cooling, a baseline for the motor size must be established. 

The following image details the active magnetics that contribute to performance.   

 

 

 

It is this portion of the electric motor that is impacted by cooling.  The inactive components, 

such as housing, front and rear endcaps, shaft, etc only complete the motor.  And as physical 

size of the active components change, so would the size of the inactive parts. 

It will be shown that as cooling is increased, performance changes and these dimensions can be 

adjusted, enabling users to select smaller motor. 

 
Air Cooling 
 
The simplest form of cooling is by using air.  In this example, there is no movement of air.  The 
heat generated by the motor is primarily conducted from the hot parts to the cooler housing 
and heat sink (mounting surface).  This results in a baseline cooling performance. 
 

D = Lamination Diameter 

L = Motor Stack Length 



 

The peak torque is at ~3x Nm while the continuous torque at x Nm.  As the motor increases in 
speed, the temperature builds up in the stator due to additional moving/spinning losses.  The 
current must be decreased from the motor controller to keep the temperature of the windings 
below a safe point.  Therefore, you can see a steep decline in continuous torque to keep the 
windings at rated temperature.  If the stall current to output x Nm was pumped into the motor 
at higher speeds, the motor would overheat and eventually fail. 

 

 
 

 

 

Oil Cooling 

Now, superimposing oil cooling onto the same graph, one can see just how much oil cooling 

impacts performance.  Notice that cooling the motor did not impact peak torque, but the oil 

had dramatic impact on the continuous stall torque.  It rose to 1.75x Nm – roughly 75% 

improvement over the air cooled version.  And, as the motor increases in RPM, the spinning 

losses continue to build heat in the windings; however, the oil can extract that heat from the 

motor.  The graph shows a 113% improvement in operating torque at higher speeds.  And, in 

fact, the oil cooled motor has a much larger continuous operating region.  
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Water-glycol cooling 

The next coolant type is a water-glycol based fluid.  The peak torque, once again, does not 

change.  The water cooling does improve continuous torque performance over the oil by a 

modest amount.  Roughly 10%.  The water can absorb more heat, which is why this can be 

seen.  This could be larger if the thermal resistance from the winding to the coolant is reduced 

– but that is something that is fixed by the manufacture of the electric motor and is nothing the 

machine’s design engineer can impact when choosing an off the shelf motor. 
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Power – All three coolant types 

 

 

 

From the graph above, one can see that continuous power is also impacted significantly, while 

peak power is not impacted (except for a small increase which is beyond the scope of this 

article). 

Torque vs Speed (Water-Glycol Cooled) 
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Cooling not only give an increase in power at the same point, it also allows the motor to spin 

faster allowing an extended operating range.  With the right gearing, this can also make a much 

more significant impact in torque output. 

 

Summary 

By selecting a motor that can effectively utilize liquid cooling can add significant continuous 

torque and power performance to the motor – both at stall and at rated speeds – and can lead 

to much smaller motors.  There is an additional cost to the cooling system, but in the case of 

larger motors, this cost is typically smaller than the cost of an air cooled motor that can match 

the performance of the liquid cooled motor.  The following tables summarizes just how cooling 

can impact performance:    

 

 

Parker Hannifin has developed and released proven liquid cooled motors that are used in many 

types of industries and application.  Email Parker Hannifin at emn_support@parker.com for 

more information about how liquid cooling might improve performance and reduce costs. 
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