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20 Fan applicat ion guide

the impact that they have on the power requirement of the
system overall.

In  essence, if the load/speed of a fan never alters and is
perfectly matched to its required output once installed,
then the addition of a control can only reduce the system
efficiency. H owever, these conditions are rarely, if ever,
encountered.

T he methods of duty control commonly employed are
considered in the following sections.

5.2.1 Alteration of the fan rotational speed

See F igure 5.1. For a fan installed in  a typical building
ventilation system, the power absorbed is approximately
proportional to the cube of fan speed. Note that other
(typically process) load types may have different charac-
teristics.

In  practice, the varying efficiency of motor and drive
systems with  speed may modify th is ‘perfect’ control
characteristic. 

Although larger fans may be driven by a wide variety of
prime movers, the majority of fans are driven by electric
motors. 

In outputs above 200 W, these are typically AC induction
motors where the rotational speed is dependant on supply
frequency and internal construction and having efficien-
cies that vary from 60 to 90%+ , over the range to 75 kW.
In smaller sizes, where AC motor efficiency may be as low
as 20%, recent developments in DC motor technology have
seen these used with the benefits of lower losses and more
stable speed controllability.

Where infrequent duty changes are needed, the use of belt
driven fans, with  high efficiency drive systems is often
used for decreasing fan speed and operating at speeds
other than those provide by standard motors (note that
any increase in speed generally requires reference to the
fan manufacturer).

Belt/pulley changing requires a degree of skill, and some
considerable downtime, these factors being the principal
disadvantages together with the power loss inherent in the
drive.

More frequent speed changes with fixed ratios (usually of
1:2 or 1:1.5) may be achieved at relatively low cost with
multi-speed AC motors and basic electrical switchgear
under automatic (e.g. time based) or manual control.

For smaller induction motors (up to around 2.2 kW
output) the possibility exists for variable speed operation
using a fixed frequency, variable voltage speed controller,
of either a transformer or solid state (triac) based type.
The latter tend to be smaller and lower cost but may cause
motor noise due to their non-sinusoidal output waveform.

A degree of two-speed operation can be achieved in this
output range by using a star/delta wiring changeover,
which produces an effective voltage control.

The reason for the stated limitation in motor output is the
temperature increase in the motor due both to increased
losses and the reduced ability to reject heat as speed
decreases. 

The motor and/or control may fail if they are not correctly
matched. Typically a peak in  motor current occurs at
around 65% of maximum speed and must be allowed for.
Specifiers are strongly advised to seek the approval of the
fan manufacturer for any speed control device used, and to
ensure that all products comply with the latest legislative
requirements.

Undoubtedly, one of the most significant technological
advances in the past 30 years has been the availability of
cost effective variable frequency speed control drives
(often known as ‘inverters’), in output ratings from 150 W
to several thousand kilowatts.

By varying the effective supply frequency to the motor,
speed reductions down to 20% may be achieved without
significant de-rating. T his technique is applicable to a
widely available range of suitable motors. 

T hese products have made practical a wide range of
sophisticated control possibilities and the ability to
interface easily with building management systems.

The power conversion efficiency of such drives is typically
above 96%, although the imperfect output waveform may
reduce peak motor efficiency by 1 or 2 %. Motor efficiency
may itself reduce significantly at speeds below 75%.

There are many manufacturers of these devices, offering
many advanced features. A limitation on their use has
been the lack of experience of H VAC installers with  the
technology, particularly with  regard to electromagnetic
emissions and immunity.Figure 5.1 Flow control by speed regulation
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