
Energy Control Equipment, Inc.   Watsonville, CA.   831-768-8818   www.frigitek.com 

Heat and power reduction in small shaded-pole fan motors  

when operated at reduced voltage 
 

A study by Energy Control Equipment, Inc. 
 

In order to verify the theory that small shaded-pole fan motors would demonstrate a reduction in both power 

usage and heat production when operated at lowered voltage, a series of tests were conducted at Energy 

Control Equipment's motor laboratory in Watsonville, CA. 
 

Measuring the electrical use by the motor is a comparatively trivial matter, using modern instrumentation.  

Measuring the heat produced, however, is a much more complicated process.  The heat must be retained in 

an insulated chamber, which will cause the chamber's temperature to rise.  This rise in temperature can then 

be used to calculate the amount of heat produced. 
 

To this end, a special insulated chamber was constructed, using thick styrofoam panels.  The chamber had a 

small hole for the motor shaft, so that the fan blades were outside the chamber.  Power wiring was run into 

the chamber in a manner to minimize heat transfer, and accurate thermocouple temperature sensors were 

installed. 
 

Various test motors were installed in the chamber, and measurements taken to determine the heat output 

under full-speed conditions and under reduced-voltage conditions. 
 

For each test, the starting temperature of the chamber was taken, the motor was operated for 15 minutes 

(there were some exceptions - see the individual reports), the power was turned off and the temperature in 

the chamber allowed to stabilize, and the final temperature measurement was taken. 
 

Heat production is normally calculated by multiplying the weight of the motor times the specific heat of the 

motor times the temperature rise in the chamber.  However, the calculation as it appears in the test sheets 

needs a little more explanation. 
 

The specific heat of the motors is stated as ".115".  This is our calculation of the combined specific heat of 

the copper and steel which is used in the motor. 
 

The "1.15" factor is used to account for absorption and transmission of heat by the walls of the test chamber. 
 

The factor of "4" is used because the motors were operated for 15 minutes (1/4 of an hour).  Again, there 

were some exceptions - see the individual reports. 
 

The low speed operating voltage for the tests was chosen to be 40 volts - the same low-voltage setting used 

in the Single-Phase Frigitek.  This normally results in a low speed of approximately 20% of the full-voltage 

speed.  But, for the GE 1/20Hp motor, the low speed was lower than expected.  This was probably due to the 

fact that it was a used motor, and had bad bearings.  This is a common condition, often seen in older motors 

which have been in operation for some time. 
 

The result of the tests bore out the theory - under reduced-voltage operation, small shaded-pole fan motors 

demonstrate dramatic reduction in both electrical usage and heat production.  These reductions are the 

sources of the savings provided by the Frigitek, with the electrical power reduction directly affecting the cost 

of operation, and the heat reduction indirectly affecting the cost of operation, through reduced refrigeration 

compressor operation. 
 

One final observation - note that the GE 16 watts motor uses 81 watts at normal voltage.  So what is the "16 

Watt" rating?  This is the power actually applied to the fan.  Thus, for 81 watts of input power, only 16 watts 

actually does any useful work - the rest converts directly to heat.  This 20% efficiency is typical of small 

shaded-pole motors.   
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GE 1/20 Hp Fan Motor Test

Normally we would run a 
motor for 15 minutes.  But
this motor heated up so
quickly at full speed that 
we had to run it for 10 
minutes to prevent its 
overheating. 

The Specific Heat calculation
factors include .115 as the 
combined specific heat of
the copper and steel in the
motor, and 1.15 as a factor 
to account for absorption and
transmission losses in the
test chamber.

Because we could only run 
the motor for 10 minutes, the 
"4" factor which we use for 
15 minute runs (1/4 of an 
hour) had to be changed to 
"6".

For this motor, the heat was reduced by 80.1% at the low speed, 
and the electricity use was reduced by 79.5%.
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GE 16 Watt Fan Motor Test

For this motor, the heat was reduced by 79% at the low speed, 
and the electricity use was reduced by 78%.

The Specific Heat calculation
factors include .115 as the 
combined specific heat of
the copper and steel in the
motor, and 1.15 as a factor 
to account for absorption and
transmission losses in the
test chamber.

Because we only run the 
motor for 15 minutes, the 
"4" factor is used to convert
the measurement to hourly
for the BTU/Hr number.


