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INTRODUCTION

The requirement for energy conservation in the building environment comes at a
time when the restrictions on the acoustic environment are also being

tightened. In recent years, the cantrol of the H & V systems in buildings has
rapidly progressed, with one obvious area of energy conservation being the
control of fan speed to regulate duty requirements. All current methodsof
fan control are shown in Figure 1 (1) with a generalised table of each method's
range and cost effectiveness.

Woods of Colchester as a major fan manufacturer has a declared interest in all
aspects of fan control and is committed to an ongoing investigation of all
aspects of fan regulation techniques, enabling the utilisation of information,
in both product design and customer applications.

This report summarises the investigation into the effect of a 'state of the
art' PWM microcomputer controlled invertor used to control a belt-driven
forward curve centrifugal fan, and a direct drive axial flow fan.

T es of Fans Tested
a; Aerofoil fan ~ Woods 303, 4 Pole, Form B:

This unit is direct drive, with the motor held centrally in the duct by
3 tie rods. Impeller construction is of 10 cast aluminium blades held
between clamp plates. To ensure minimum air noise a bellmouth was fitted
to the inlet of the fan, to give smooth inlet flow.

b) Centrifugal fan — Keith Blackman Series 28 Forward Curve:
This fan is belt driven, the motor is-foot mounted onto the fan base
platform, no isolation exists between the motor and the fan substructure.
Impeller construction is of plate steel, welded and pop riveted. (It
should be noted that this fan is of somewhat sturdier construction than
manystandard H i V fans of the same type).

lnvertor Details
The unit is a FUJI FVR GS inverter (2) which incorporates a sinusoidal wave
Pulse WidthModulating control system (PWM). The invertor allows for, as a
standard feature, the direct digital programming of all facilities. Three
major functions of the invertor are significant to noise generation, and are
shown belowin order of importance:

a) Variable Torgue Settings; that allow programmable variations of voltage/
frequency relationships, which vary between a linear (\baHz) and an
approximated square law relationship (vkc Hz), the latter being
recommended for fan and pump applications where torque loads are
variable.
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b) Operating Sound Selection; allows the carrier Frequency pulse width to
operate over a range of frequencies between 1.5kHz and ZkHz.

c) Jump freguency Control; allows "jumping" of the output Frequency which
could be useful when resonancesoccur in the driven unit.

Figure 2 shows the output current waveforms, at a nominal )DHz supply, of the
invertor drive (on maximum starting torque setting) and the generated sinewave
supply.

Method
Each fan was, in turn, mounted onto a test duct which conformed to BSBDB:Pt 2
Code B installation (3). This involves running the fan with a free inlet and
a ducted outlet. The open inlet was situated centrally inside the anechoic
chamber, with the anechoically terminated ducted outlet discharging through
the chamber wall to an adjacent test space. Sound measurements were taken
over a 2m hemispherical surface for the inlet, and 'in-doct‘ on the outlet
(710mm diameter ductwork) using a single microphone position. A flexible
connector was included in the test arrangement immediately after the fan to
ensure no hard-coupled transmissionoccurred along the measuring ductwork.

After setting the fan to a nominal peak efficiency duty, it was controlled
using the invertor and tested at 100, EU, 60 and A0% of full speed. The
range of torque settings available from the unit (see Figure 3) are covered
from the linear volts/frequency relationship to a square law approximation
(the latter recommended by the manufacturer for fans and pumps). A narrow
band analysis was performed at various duties to identify the generated pure
tones. The aerofoil fan was also tested at the same speeds using a generated
(sine wave) frequency supply. This gave a base reference to show the
magnitude of any extraneous noise generated by the invertor.

Results of Tests
Figures 3 and 4 summarize the tests performed, and data is presented as a
calculated dB’A' sound pressure level for both inlet and outlet tests on each
fan. This method of presentation was chosen because it gave the clearest
indication of the direct subjective effect of this type of controL

figure 5 shows a narrow band and 1/3 octave spectra at one representative duty.

Comments
Results of the tests on the inlet side show consistency between the centrifugal
and the axial fan. High torque settings on the invertor results in a high
degree of noise caused by forced vibrations in the motor. The lower torque
settings result in a decrease in sound level very close to the ideal fan law
reduction. The optimum sound level for speed is successfully demonstrated by
the axial flow fan on the sinusoidal generated supply.

Levels on the discharge side illustrate that the axial flow fan with the motor
in the airstream and its directly coupled impeller, radiates considerably more
noise into the airway than the centrifugal fan with its motor out of the airway
belt driven impeller arrangement. It is likely that a belt driven aerofoil
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would also give a much reduced level of radiated noise.

A series of static excitation "Bump" tests were made on both the axial flow,
and centrifugal fan. Measurements were made at various positions all over
the units on the casing, impeller and mounting frame. The results of these
tests demonstrated that a series of minor resonances were apparent on both
fans in the range 500 Hz tokaz, this means that both units will be very
responsive to the type of vibration induced by the controller. ’

Conclusions

This design of controller with its programmable flexibility gives an
acceptable acoustic performance when used withthe low torque settings. The
idea of being able to alter the fundamental frequency is attractive, but
within the limited scope available does not really make any significant
improvements.

Caution should still be used when controlling by invertor on lightweight fans,
or where fans are mounted on flimsy structures and in any installation where
the fan is run in an open environment. In these situations the torque
characteristics suited to fans should always be utilized.

Fan type will also affect the amount of noise radiated into the system, and V
if possible indirect drive should be considered for critical applications. I

It is likely that with careful application of damping materials and the
design of fan hardware to suit the problems of general invertor drives, a
considerable reduction in the resultant noise level could be expected.
However this would result in considerable increase in initial fan cost, and
may make the option of invertor control less attractive. Some invertors
are available that have a fundamental in the ultrasonic range, however, they
are limited to very low powers. If this range can be extended with further
technology advances, then noise problems from invertors may be eliminated.
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