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Delta PAG Brushless Cooling Systems For Electric Vehicles 
 
Increasing range per charge has been a major challenge for electric vehicles.  Significant focus has been spent on improving 
battery technology and energy storage.  Another less discussed way of increasing range is by improving the efficiency of 
power consuming ancillary components.  The less energy those components consume, the more energy will be available to 
travel.  One such component is the electric fan.  
 
Compared to a fan in a conventional vehicle, the electric fan in an EV plays an even more important role.  It’s not only 
responsible for cooling, but also heating.  One example of this is climate control. In an internal combustion engine vehicle, 
the engine generates heat regardless of whether it’s moving or not. Therefore, engine coolant is used to heat the cabin. This 
will not work for an EV.  Therefore, another source of heat is required to maintain the desired temperatures.  Resistive 
heating methods are very inefficient, so the AC system is used for both cooling and heating as a heat pump.  In addition to 
maintaining cabin temperatures, maintaining battery temperatures (both hot and cold) is also very important. The fan now 
does double duty. It runs when the EV is hot and when the EV is cold.  So, efficiency and reliability of the electric fan 
becomes of paramount importance. 
 
Delta PAG manufactures efficient and reliable cooling systems using patented (8251674) 12v to 48v Brushless DC (BLDC) 
technologies. Delta PAG has been manufacturing brushless fans and pumps for over a decade and has refined their 
technology within the automotive high performance and racing industry.  Those sectors demand high efficiency, maximum 
airflow and survivability in the harshest environments. BLDC motors are finding their way into more vehicle applications 
because they are more efficient than conventional brushed motors. Reducing energy consumption is particularly important for 
EVs because it improves range. All BLDC motors require electronics to commutate and that adds complexity.  Most 
conventional BLDC fan manufacturers house their electronics within the motor, which creates vulnerabilities.  Delta PAG’s 
unique technology separates the electronics from the BLDC motor and places them in a single waterproof, compact 
Electronic Control Module (ECM) (Figure 1). The ECM is mounted on the circumference of the fan, away from the motor 
and does not interfere with the airflow’s path (Figure 2).  This increases efficiency, improves reliability, reduces material 
waste and EV manufacturer’s costs.  

  
Figure 1      Figure 2 

 
Efficiency: Eliminating electronics from the motor allows for reduced motor size and better cooling capabilities. A smaller 
motor with the same power output, i.e. improved power density, increases efficiency of the BLDC fan assembly.  With a 
smaller center section, the fan’s “size” effectively is increased.  Since the outer diameter is usually limited due to space 
constraints, a fan motor with a smaller diameter increases fan blade area. The larger area requires less pressure and energy to 
move the same amount of air.  Similar benefits were found with aircraft, where a larger diameter jet engine with high bypass 
ratio and same thrust, burns less fuel.  In other words, a 12 inch fan with a 3 inch motor will be more efficient than a 12 inch 
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fan with a 5 inch motor. To take advantage of this, Delta PAG uses CFD designed fan blades (Figure 3&4), proprietary 
BLDC motor construction and innovative software to increase the BLDC motor’s power density and maximize fan blade 
area. Efficiency is improved by over 20% and greatly reduces noise compared to conventional BLDC fan systems. In 
addition to power efficiency, package size and weight efficiency is also important.  Delta PAG’s power dense motor also 
makes the entire fan assembly 50% lighter and thinner, allowing vehicle manufactures more design freedom. 
 

 
Figure 3      Figure 4 

 
Reliability: Heat significantly reduces operating life of the electronics and the motor.  Incorporating electronics in the motor 
as one package increases temperature for both the stator and electronics. Separating the electronics from the motor eliminates 
heat migration and allows for more adequate cooling. This will allow both the motor and electronics to operate cooler and 
increase operating life.  Better cooling capabilities will allow for continuous and reliable operation, even at higher power 
levels. This is accomplished with specially designed ducts in the hub that forces air through the motor, thus allowing for more 
effective cooling (Figure 5). While the motor spins, air will flow between the stator and magnets, effectively cooling both. 
The faster the motor spins, more cooling air will be available. All of the internal motor components are sealed, coated and 
waterproofed so moisture has no affect.  Separately, air ducts in the shroud force air over a heatsink cooling the electronic 
components (Figure 6). Air is forced through these passages while the fan operates and generates negative pressure. The 
harder the fan works, the more cooling will be applied. The ECM is filled with thermally conductive resin that not only 
waterproofs, but also helps with dissipating heat. Delta PAG’s self-cooling technology provides precise delivery of air to all 
critical components expanding the overall cooling capacity and operating life. 
 

 
Figure 5      Figure 6 

 
Environmental Benefits: Plastic waste is a significant environmental threat.  Modern electric fan assemblies use a 
considerable amount of plastic in their construction. When the electronics fail in a conventional BLDC fan the entire 
assembly is usually discarded since repairing the electronics is either impossible or time-consuming. Delta PAG’s technology 
reduces plastic waste by eliminating the need to replace the entire fan assembly.  The operating life of a BLDC motor is 
usually 5x the life of power electronics. When the electronics fail, simply replace the ECM. Therefore, forcing the 
replacement of both electronics and motor is wasteful. In addition, eliminating the need to replace the motor reduces the loss 
of valuable materials, which include copper and magnets, such as rare earths. 
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Lower Costs:  Delta PAG’s unique cooling systems reduce vehicle manufacturer’s costs and end-user operating costs.  
Manufacturing costs are reduced by needing fewer parts and assembly complexities for different applications and product 
lines. For example, a manufacturer may produce vehicles that require 12 volts and 48 volts. Normally, this will require two 
different conventional fans that will increase assembly line complexity. With Delta PAG, the fan assembly will remain the 
same across all product lines and only use different ECMs.  A BLDC motor’s operation is significantly dependent on the 
electronic components and software. Delta PAG ECMs are interchangeable with any of its fans and can be replaced based on 
the manufacturer’s requirements and application. ECMs can perform different tasks, such as different operating voltage, 
variable air flow requirements, PWM signals and CAN communication. The same motor and fan assembly can be used across 
multiple product lines, but can have different characteristics simply by installing the ECM designed for that specific 
application. The end-user also benefits from reducing operating and maintenance costs because of higher reliability and lower 
repair costs associated with part replacement and repair times. The fan assembly does not need to be removed from the 
vehicle and no special tools or skills are required to replace the ECM.    
 
 
 
 
 
 
 


