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Direct-Drive Fans are 

Awesome…



Direct-Drive Fans are 

Awesome…

Except When They’re Not!



Direct-Drive Revolution



Direct-Drive Revolution
15 years ago, the vast majority of 

fans & blowers were belt-drive – even 

tiny roof fans doing 100 CFM.



Direct-Drive Revolution
Now, the vast majority of fans & 

blowers are direct-drive – even 

models with 50+ HP motors.



Direct-Drive Revolution

Why the change?
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Direct-Drive Revolution

Why the change?

Because Airflow is 

directly related to 

fan Impeller speed
When most motors were constant 

speed, it was difficult to balance airflow 



Direct-Drive Revolution
One option: volume dampers, which add 

static pressure and reduce airflow







Direct-Drive Revolution

But…. Volume Dampers 

do 2 things:

1.Use more energy

2.Generate more noise
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For decades, belt-drive 

fans were King.
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Direct-Drive Revolution

For decades, belt-drive 

fans were King.   WHY?

Because you could adjust 

the fan speed, even 

though the motor was 

constant speed.



Direct-Drive Revolution

HOW?



Direct-Drive Revolution

HOW?

By adjusting the 

diameters of the pulleys.



Direct-Drive Revolution

Think 10-speed bicycles…



Direct-Drive Revolution
Same thing with Belt-Drive fans.



Direct-Drive Revolution

So, what caused this revolution?



Direct-Drive Revolution

First, Variable Frequency Drives 

(VFDs)



Direct-Drive Revolution

First, Variable Frequency Drives 

(VFDs)

VFDs vary the speed of the motor by varying the input 

frequency supplied to the motor. They convert AC input 

power to DC, then convert it back to AC using IGBT power 

transistors and Pulse Width Modulation (PWM).



Direct-Drive Revolution

Second, Electronically Commutated 

Motors (ECM)



Direct-Drive Revolution

We can now control the speed 

of the fan motors…

Easily. Economically. Reliably.



Advantages of Direct Drive fans
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Advantages of Direct Drive fans

• Less maintenance

• Lower cost *

• Easy to balance

• More efficient – no drive losses



Routine Maintenance

Belt-Drive fans

1. Tighten all sheave & bearing set screws



Routine Maintenance

Belt-Drive fans

2. Check sheave alignment



Routine Maintenance

Belt-Drive fans

3. Check belt tension 



Routine Maintenance

Belt-Drive fans

4. Grease bearings



Hide ‘N Seek 

Where is the fan? 

How to service it?



Routine Maintenance

Direct-Drive fans

1. Inspect fan. Make 

sure it’s running.



Routine Maintenance

Direct-Drive fans

1. Inspect fan. Make 

sure it’s running.

2. Go get a coffee, cuz 

you’re done, son!



Direct-Drive Revolution

Bottom line: 

Direct-Drive Fans are 

Awesome!



Who loves Direct-Drive fans 

more than anybody?
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Who loves Direct-Drive fans 

more than anybody?
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Direct-Drive Revolution

Bottom line: 

Direct-Drive Fans are 

Awesome!

Except When They’re Not



Dis-advantages of 

Direct Drive fans



Dis-advantages of 

Direct Drive fans

1. More difficult to replace 

motor



Motor inside 

fan. Hard to 

reach.

When motor is 

detached from 

fan wheel, the 

wheel drops.



Good luck 

replacing 

these large 

direct-drive 

motors.



Belt drive:

Motor is outside of 

fan, easy to 

access.

Fan wheel never 

moves while motor 

is replaced.



Dis-advantages of 

Direct Drive fans

1. More difficult to replace 

motor

2. Motor often in the 

airstream



All-aluminum fan, 

often used for 

dishwasher exhaust.

But motor in airstream 

gets soaked.



Belt-drive motor out of 

airstream.

(Belt tunnel can be 

provided to protect belt.)



Dis-advantages of 

Direct Drive fans

1. More difficult to replace 

motor

2. Motor often in the 

airstream

3. Tricky making selections



Belt-Drive:



Belt-Drive:

Direct-Drive:



Dis-advantages of 

Direct Drive fans

1. More difficult to replace 

motor

2. Motor often in the 

airstream

3. Tricky making selections

4. Induction motors w/ VFDs



Induction Motors



Induction Motors



Sometimes the best selection 

operates above 60 Hz



NEMA table 30-1



NEMA MG 1 table 30-1



Conclusion:

It is perfectly OK to run an induction 

motor above 60 Hz with a VFD…

As long as you don’t exceed the 

nameplate amps.



Another issue…

Fan manufacturers must 

provide motor large 

enough to run if VFD goes 

into bypass, 

that is, at 60 Hz



Example:

Kitchen fan, 3000 cfm @ 2.0” ESP,

Best selection is at 1351 rpm, 

VFD at 47 Hz, BHP = 1.78



However, even though the BHP = 1.78, 

the fan manufacturer must provide 

5 HP motor.



Why? Because if the VFD goes into 

bypass (60 Hz), The BHP jumps to 3.71. 

The next largest motor is 5 HP.



The Fan Laws have a huge 

impact on motor HP.



A Couple More Direct-Drive 

DIS-advantages:
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• Lower RPM motors have more poles, 

which means they’re larger, heavier, 

and more expensive.



A Couple More Direct-Drive 

DIS-advantages:
• Lower RPM motors have more poles, 

which means they’re larger, heavier, 

and more expensive.

5 HP

RPM 860 1140 1725 3450

Poles 8 6 4 2

Relative Cost 4.3 2.6 1 1.3

Frame Size 254T 215T 184T 182T

Weight 180 135 80 70



A Couple More Direct-Drive 

DIS-advantages:

• Sometimes—like during a worldwide 

pandemic—microchips needed for 

EC Motors sit on a container ship in 

Long Beach Harbor for many months, 

making the lead time for direct-drive 

fans jump to 20+ weeks, while belt-

drive fans can ship in 2 days.



EC Motors are amazing, but…

Control module Motor module



Be careful of the…



‘Programmable Max RPM’



Select 1/4 HP, then…



Programmable Max RPM jumps to 1374 !



Same List Price means…



It’s the EXACT SAME motor !!



Submittal page snip:



Submittal page snip:

Which number…



Submittal page snip:

…is more noticeable? 





Direct-Drive Fans are Great!



Direct-Drive Fans are Great!

But Not Always.



With a Direct-Drive Fan….
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