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INTRODUCTION

_ The p of this study was to reduce the total acoustic of a
norse source y active naise control and thus to reduce the norse evel in the
entire area around the noise source: The authors first considered the optimum
error miprophone location forlnunmtizing the total power of a nurse source
located in a free fieldhand noise reduction was realizedfl'lhis'technology was
then applied to the noise radiated from the end of a ventilation duct into an
elevator car. Tlus noise source was not located in a free field. 'I'h the new
optimum error microphone location was investigated by Simulation. is paper
describes the power attenuation effects lnSl e an elevator ear exammed
expenmentelly using a random acoustic srgnalnther than fan noise.

ADAPTIVE NOISE CONTROL SYSTEM

' As'shown in Figure l, the
active norse control system consists
of one loudspeaker used as a- noise
source. two active 5 rs, one
error microphone, an a controller.
The power attenuation effects of Acme
noise radiated from the duct end span“,
into the car were examined using -
this adaptive- control systemrln
practical use. the active speakers
and error microphone should be
outside the car. Thus. the active
speakers are located on both sides
of the duct. end and the error
microphone IS located inSide the
ceiling (Figure 2).
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Fig.1 ANC system of elevator noise
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OPTIMUM ERROR MICROPHONE LOCATION FOR MlNlMlZlNG
TOTAL POWER

Because the duct end is located oplposite a side anel in a comer of the car
the acoustic nuise wavedpropagates Wit reflection. n addition, the locations of
the active speakers an the error microphone are restricted. Therefore, the
suitable arrangement of the error micro hone for minimizing total wer inside
a car differs from that in a free fiel . Thus, a new optimum ocation was
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Fig.2 Arrangement of speakers and error mic.

In this stud . the primary source and the secondary sources were modeled
as monopoles. I the two secondary sources are operated under the conditions
that the absolute value of the ratio of the secondary to primary source strengths
is 1/2 and the hase of the secondary source is anti—phase, which minimizes the
total power, e acoustic nodal points are set up around the sources. Thus, the
error microphone should be posmoned at one of these acoustic nodal paints in
order to achievemmimum power, 1) _ _ i _

The acoustic nodal points around the duct end. were investigated using tins
method. High-level standing waves were not excned inSide the car. but first
reflection waves from the wall were excited: Therefore, the acoustic nodal
points around the duct end “nth the first reflection waves was investigated. The
sound pressure level _was estimated from the reflection waves from theltwo
walls but notthe ceiling because there were sound absorbing materials Within
the space between the aide panel (wall) and the duct wall.

igure 3 shows a contour map of
sound pressure-level in a plane 4 cm
away from the side panel calculated With
the image sound source. Low-frequency
waves can be re ded as monopoles at
the duct end. T e prim source was
located at the top of the uct end, and
the secondary sources were located at
the active speakers. _The error
microphone location range indicates the
area on the ceiling where the
microphone can be posnioned. As
shown in Figure 4, the minimum point of
sound pressure level, that is, acoustic
nodal point A, was eircned inside the ear.
However, this location was unsuitable. d=0.2m, ¢=sadag

Therefore, a suitable location within the
error microphone location range was Fig.3 can,“ ofsounfl pram". Mel

determined for reducing the sound
pressure level. Two points (B,C) were
excited,
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in order to investigate the power attenuation effecLs in this case, the
relationship belween the error microphone location and the total acoustic
power attenuation was calculated. Figure 5 shows the contour of power
attenuation results with reflection waves. The power attenuation effects at the
two points (B,C) were similar to the effect at nodal point A inside the cart in
addition, the power attenuation effects at the above optimum location were
similar to the effect without reflection waves. Thus, in the error microphone
location, the optimum range for the error micro hone is ter at the whole
range. However, in the low-frequency range on er 100 ‘the effects at the
two ints (B,C) become Similar to that at other locations. The authors
there ore dectded that point B was the optimum location.
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Fig.4 Acoustic nodal line 0 m .

Fig.5 Relation between the error mlnloeadon
and acoustic power attenuatiou

EXPERIMENTS ON THE NOISE RADIATED FROM THE DUCT END
INT0 THE CAR

The powerlattenuation effects of noise radiated from the duct end into the
car were examtned experimentally using the Filtered-X LMS algorithm. In
principle, the optimum error microphone location for. minimizing total
acoustic wer was investigated by a Simulation, assummg thatvthe sound
pressure evel at the error microphone tends to zero. Therefore, first of all, it Is
necessary to reduce the error sr sufl'iciently. Because the reduction in error
Signal depends on the sound co ererioe in space, With respect to noise radiated
from the elevator ventilation duct, it is important to consrder the relationshlps
bgdtween flow velocity, sound coherence in space, and the effect of notse
r uction.

However, our first objective was-to investigate the optimum location of
the error microphone with the reflection waves. By using a random acoustic
Signal instead 0 fan notse, i? coherence in the car was achieved. The sound
pressure level measured at e error microphone was sufficrently decreased
with control, The wer attenuation effects are
shown in Figure and Figure 8(a) [—4
to (c) for various _lanes Within the m,
car, as shown in igure 6.

Strictly sgeéaking, the wer
output should examin- by mea-
sunng the power level With a sound
intensity analyzer, but the authors
measured the sound pressure levels
at certain suitable points. A 5-10 dB
reduction was obtained in the frequ-
ency ran e of 100-500_Hz in the entire
area irisr e the car. This experimental
result was confirmed by comparison ‘ . .

with the simulation result. Fig.6 Measurement points inside our
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Fig.8 Contour of sound attenuation inside our

CONCLUSlON

The p se of this study was to _reduce the total acoustic power of a
noise source y active noiseporltrol, This technology was applied to the noise
radiated from the end a ventllatlon duet end into an elevator car. The optimum
error micro hone location for mlnimlzin total power of the norse source In
the car wit reflectionwss_oonsidered. e power onenumlon effects were
examined expenmenrally using a random acoustic slylal. The expenmentnl
result was confirmed by comparison with the simulation result The optimum
desi of an ANC system was confirmed by experiment. Afler this, thelaulhors
co lnned the power attenuation effects for fan nulse from the ventrlatron duct
by the optlmum deSIgl-l.
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