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ABSTRACT

This report is an investigative study of the feasi-
bility and limitations of active noise control in a 4"
I.D. ducts The study yeilded results comparable to those
which were predicted theoretically. The limitations of
the active noise control were defined by the dimensions
of our duct. The frequencies that were discovered to be
useful with our system ranged from a lower frequency of
90 Hertz to an upper frequency of 1800 Hertz. The final
system which used a microphone as the signal transducer,
was capable of attenuations between 10 and 29 decibels

within our frequency range.
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INTRODUCTION

Noise is a form of pollution which can cause not only
physical damage but also does psychological harm. The
control of noise is essential 1f the quality of 1life is
to be preserved in an industrialized society. To combat
this noise pollution, a method must be devised to system-
atically and significantly reduce the sound level on a
wide range of freqguencies, Ixisting methods of atten-
vating sound in ducts include absorptive silencers and
lined ducts, but these are good for medium to high fre-
guencies, Low frequency noise reduction is accomplished
by sound cancellation using reactive technicgues. Such
a silencer, referred to as a resonator, is effective only
over a narrow range of frequencies; and once tuned, oper-
ates only at one center frequency, One method believed
to be useful in reducing sound levels on a wide range
of freguencies in ducts or tubes is active noise control,
Previous work by students at Texas A&M University[é,jvand
others elswhere[ﬁ,é}indicate that the concept of active
noise control is valide. Active noise control uses sound
cancellation in which the noise signal is electronically
enhanced and fed back through the side branche. Such a
feedback system can, thus, adapt to variation in the main
duct noise signal. Development of suitable electronics

The "Journal of Sound and Vibration' was used for
its style and format,



can expand the range of freguencies over which the noise
cancellation occurs. Our research starts with a very

~
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basic system and progresses to an active, adaptive system,
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A methodé commonly employved to control noise in cducts
is destructive interference between the incident sound

wave nropagating dovm the duct and the sound wave emitted
from a side branch resonator, called a Helmholtz resonator;
2 method first introduced forty years ago. The resonator,
as shovn in TFigure 1, consists of a volume chamber con-
nected to the main duct by a necke The air trapped in

the chamber acts as a spring and the slug of air in the
neck acts as a mass. The pressure fluctuations due to

AL

the sound wave travelling down the duct cause the maess

of eir in the neck to vibrate, procducing a pressure vave

o

which is fed back into the duct. T/hen the frequency of

the sound wave in the duct is the same as the resonant
frequency of the resonator, the pressure wave from the
mess of air in the neck is a maximum and out of phase
vwith the pressure wave in the duct. At this frecuency,
the two pressure waves add destructively and the sound
pressurc transmitted dovm the duct is a minimum. This
form of noise control is considered passive because the
frecuency at which destructive interference occurs is
fized by the volume of the chamber and the dimensions of

the neck., For low frequencies, the size of the resonating



chamber can be prohibitively large. For this reason, the
resonating chamber is replaced by 2 duct with a sound
source as shovm in Figure 2, This is the distinguishing
characteristic between passive and active noise control.
Twvo waves, a '"moise" wave in the main duct, and a "de=
structive" wave 1n the side branch arc generated and com=-
bine at the intersection. The pvhase of the destructive
wave 1s adjusted so that the waves are 150 degrees out

of phase when they combine. As shown by the mathematical
proof in Appendix A, the transmitted wave should be a
minimum when the noise and destructive waves are 180 de-
grees out of phase Likewise, the transmitted wave should
be a maximum when the phase shift is O degrees. Also,
from the proof, it is evident that both the noise wave

and the destructive wave must have the same mag-itude,

n

Previous recent work by M.A. Swinbanks [L] suggests that
not only does this theory work, but is a practical method
of reducing sound levels in ducts. In Swinbanks! work,
sound sources (speakers) were placed directly on the duct
wall to produce the destructive wave, Other works [?,3,6{ﬂ
have also suggested that active noise control is possible

and can be made into a practical sound reduction system,

RECORD OF PROCLEDURLS
The first task was to investigate the feasibility
of the active noise control concept and the frequency

limitations of active noise control in our particular
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systems Theoretically, there should be a lower frequency
below which, our system would not be useful, and an upper
freguency above vhich, our system would not be useful.
These cut-off frequencies exist because all mathematical
nroverties derived for our system have been based on
planar wave theory; i.e. planar sound waves are the basic
assumption of the mathematical model. Intuitively, a
plane wave may be described as a wave such that it is far
enough away from its point zource that the wave front

may be considered planar. The reflection of sound from
the side walls of the duct tend to channel the sound into
a plane wave configuration at a distance down the duct
from the source. A plane wave can exist in a duct pro-
vided that the wavelength of the sound is: 1) short in
comparison to the duct length (lower cut-off frequency)
and 2) long in comparison to the duct diamcter (upper
cut-off freguency). The lower cut-off frequency exists
when the 7 wavelength of the sound wave equals ti

h
lengthe. This lower cut-off frequency is calculated to be

90 Iertz. ‘/hen the % wavelength is less than the duct
diameter, the wave in the tube becomes non-planar. This

upver cut-off freguency is calculated to be 1800 Hertz.

N

A graph of expected results is shown in ¥igure 3,

THEORY TiST
To test our theory, we used the Vavetek 180 and the

Javetek 186 with it as shown in Tdigure L, The wavetek 180



was used to drive the main speaker and also as a phase

reference for the Javetek 186, ‘I'he Vavetek 186 has

W]

built=-in variable phase shift capability and was used to
drive the side branch speaker. Thus, essentially the
same signal was used to diive both loudspezkers. Such

a system has no practical application, anc is uscd only
to test the feasibility of noise cancellation in a duct
and the frecuency limitations imposed by the duct dim-
ensionse To record the sound level output, a B&K sound
level meter was used with the microphone set just outside
the end of the tube. Due to this exterior position of
the microphone, noise emission radiated outside the duct
work through the backside of the speaker cones greatly
affected the sound level measurcmentse. To alleviate this
problem, the speakers were encased in insulated boxes.
Continuing with the investigation, freguencies outside
our designated useful range (90-1800 Hz) were explored
for their noise control characteristics. Irecuencies
below the lower cut-off limit at 50 Hz and 80 Hz were
explored. By exploring the frequency we mean that both
function generators were turned on and the phase of the
side branch pressure wave was changed at 15 degree incre-
ments. DPlots of the sound level output versus the phase
shift (as read iff the function generator) are shown in
Appendix B, Jrequencies above the upper cut-off freguency

at 2000, 2500, 3500, and LOOO Hz were also explored for

their characteristics. The plots of these are also in



Appendix B, Along with these are plots of frequencies
within the useful range. Three frequencies within the
useful range at 100, 500, and 1000 Hz were explored to

use for comparison.

RESULTS OF FIRST TEST

From the plots generated from the data, it can be
seen that for all freguencies, regardless of whether it
is in the useful range or not, the minimum and maximum
sound level outputs occur 180 degrees apart. These max-
imum reductions (maximum S.lL.-minimum S.L.) were tabulated
and a plot of the maximum reduction versus frequency is
shown in Figure 5. While sound attenuation is measured
both inside and outside the useful range, the sound re-
duction is greater within the range. These two facts
do not prove the theory, but strongly suggest its validity.
The data in Figure 5 show some scatter which was not
expected. As can be seen, the graph looks somewhat like
a damped sinusoide. In Swinbanks' works L4 he produces
a downstream response as shown in Figure 6., While the
two curves are not the same, they show enough resemblance
to lend credibility to our results. The damping effect
evident in the graph is difficult to explain, but it may
be attributed to unequal magnitudes of the two signals

or some inherent non-linearities in our system.

THE FINAL BEXPERIMBNTAL SYSTEM

After establishing the feasibility of active noise

6



control, we modified the system to meke it adaptive.

An adaptive noise control system must be able to pick up
an unknown sound, process it, and send that processed
signal down the side branch to destructively combine with
the main branch wave., An ideal adaptive system is shown
in Figure 7. To accomplish this, we used a microphone

in the duct, as shown in Figure 7, as our transducing
device.s The microphone signal was passed through a sound

level meter (/1) for preamplification and to filter out

extraneous noise. The signal from the sound level meter

—t

vas phase shifted, amplified, and sent to the side branch
loudspeaker. Our system is shown in Figure 8. lie used

the Vlavetek 180 function generator to drive the main speak-
er. A seperate B&K sound level meter was used to monitor
the sound level output. For this system we still expect-
ed a useful frequency range of 90-1800 Hz and a similar
graph to that in Iigure 3%, Vhen we began the experimental
procedure, the system seemed to have an inherent insta-
bility in it. VWith all components turned on, and the
microphone #1 inserted into the tube, the system resonated.
Wle felt, at first, that it was due to a standing wave
caused by the finite length of the duct. At the end of

the tube where the measurements are taken, an impedance
mismatch occurs, therefore sending a reflected wave back
down the tube producing the resonance, To alleviate what
we felt was the problem, we structured a cone out of sound

absorbant material. The purpose of this cone was to pro=-



duce an anechoic ending to the tube. This did not help

the situation anye. One other possibility was that the
Teedback signal was unstable. In the original system
configuration, little attention was paid to the sound level
meter /1 except for its filtering mechanism. Thus, no
consideration was given to the decibel setting on the meter,
The microphone signal was assumed to go straight through
the sound level meter without regard for the decibel set-
tinge It was discovered that by a low enough ¢B setting
on the meter, we could generate tones of all frequencies
available on the filter system, simply by changing the
filter freguency. Conversely, there was a minimum decibel
setting for each filter frequency which would eliminate
resonance, Thus, it was found that when the sound level
meter was set to read too low a value, the microphone
actually measured the ambient sound level. This extra-
neous noise signal was then amplified and scent back into
the side branch loudspeaker, Thus, the system was overly
sensitive and became unstable. Adjusting the sound level
meter attenuator to a value on the order of the main duct
noise signal, and well abovec the ambilent sound level
climinated this instability. The purpose of the experi-
ments which followed was to establish the possibility

of sound attenuation in our system, determine its boun-
daries, and, hopefully, lay the groundwork for future
study. Using the same procedures as before, we were able

to generate & graph of the maximum attenuation versus



frequency for our system (tigure 9)e The maximum attcn-

yation for this system is the sound level with just the

v

main speaker on, minuc the sound level when the two waves

are 18C degrees out of phase.

will give a true re-
The recults show trends uo at, or around 30 Hz anc a
dovm trend at 1800 liz. This, as was discussed earlier,

vas exactly what we expected. "o get an idea of how it

ve generated another curve for the "Z-TJavetek!

system from before. The results are shown in ligure 10,

DISCUSSICH OF

The fact that there was an upward trend vhere we

zpected, and a dovwnwve

we expected, tells
us that the system will work for planar waves only, anda
the frecuency range is determined by the dimensions of
the duct., From Figure 10 of the "Z2-%Yavetek" system, one
vonders why there is a negative attenuation around 500 iz
''his can be explained by the fact that one tone, either
the main branch or side branch, was louder than the other
and therefore, even though they are destructively com-

bining, one was masking the other. As was shown in the
proof, the magnitudes of both signal must be the same in
order for positive attenuation to occur, Both the adap-
tive system and the "2-lavetek" system show the definite
cut-off frequencies, This is furthur evidence that our

theory is valide The graph of the adaptive system shows



hills and valleys between our cut-off points. A simple
explanation woulc be resonating frequencies at 200, 400,
800, and 1600 liz, but there is no apparent resonance at
LOO Hiz., VWe can only attribute these irregularities to
stancing wave phenomena and possibly some non-linearity
in the speaker response, The system may have better
response 1f more volume control was allowed. As it was,

TT
ol

our Heathkit amplifier afforded very little volume control.

CONCLUSIONS
Through these exreriments, the validity of an -active
noise control system was established., OCur adaptive system
provided attenuations of from 10 dB to 29 dB. Ve feel,
however, that if a better amplifier, with better volume
control, is used, our attenuation levels would be much

higher, or the variance would not be so great.

10



6.)

7e)

REFIRENCES

Lawrence k. Kinsler and Austin R. Frey; 1950;
"Fundamentals of Acoustics"; pp. 196-207

Robert Achgil
Active Hoise

1l; "Findings for an wmxperiment on
Control"
Kevin Irank; 1980; '"lNoise Reduction Project"

J.H.B. Poole and H.G. Leventhall; 1976; Journal
of Sound and Vibration; Vol. 49; PD. ,7—b65 1

wxperimental study of oWlnbdn b Method of ACtiVG
Attenuation of Sound in Ducts

J.5. Anderson; 1977; Jdournal of Sound and Vibration;
Vol. 52; pp. 423-431; "The Lffect of an air Ilow on
a Single S5ide Branch Helmholtz Resonator in a Cir-
cular Duct"

&l

J.C. Burgess; 1981; Journal of the Acoustical Society
of America; Vol. 70(3); pp.?l5=726; "Active adaptive
sound control in a duct: A computer Simulation"

il

S.li. Keith and H.S.B. Scholaert; 1980; UTIAS Tech=-
nical iliote No. 228; na Study of an Clson-Type Active
Noise Controller and the possibility of the recduction
of cabin HNoise"

11



d38WvHD  FWOI0N

pBE\

zrem
prijussiesy

sy

2Nen? “Q\Nv“ \\Q\QQQWN\

7rem
A2/

<}

tor

esone

.
CZ

9.
L

nho

Heln

s



F

a1 %

V4

%

Ve

Ve CEZ T P
yrresg P

D e
ey el

Yar et ~ ¥
LysTtenm

nitial

=

ure -

—



2|

(ZH1) O34

Ol 80
T T

1

NOLLVOINGLLV

uation



YL )PTT % NG / 7\
/ &

A Hyy gy )
\ 78r VH7N X

E "

W/ 00~ >
2200 ,

/ G VAP o

a 4]
0 k)

A
(4
¢
oobOQ

__ V




0¢Z

(¢H*) 0344
91 Hl 21 0l 80

90

M

\ -0l

]
O
N

|
)
m

(NIW = XVW)

arv

]
o
3



(r2ie) (2 ©344
Oz 81 91 w2l 0l 80

90

palll)

0

L]

(A7) (9p)  3ANLIdWY

Ltuce



_1o6c0i

Jerbrs

,/Ie




- ————

LS ) JAPT
s b F

ST ol <315
LR 75 )

S

\W\V\v\ \%&W\

-

- -

_

s w§0%m®\w&
ml
il

T

\Q




g

(¢H?) O3d3
91 Wl 2 01 8D 90 HO 20

I | ! | 1 !

\@/ _—° \e\

@\

1
O
NJ

1
o
m

L
-
=

grv

(NIW = TYNIOIHO)



(21 U354

g 9w 2 0o 80 90 K0 20 O
) - \\‘, i T T
/ .
- g o
> |
10285
(&)
0
D)
10e=
=
I
= *
Z 3
IO*I_/\ |




APPENDIX A



Lz

@

q A A
7

=

L,

Naciime
ASSUmMe

=]

1) Both tubes of

®
@)
o
O
R
O
9]
¢

i
3
pa
&
¢
I
W

u

2) Plane waves exist in pipe A sp ,ﬂJ:é)

1 v ~l- -+ o~ I xr Ay e = s B
Oudspeaker at @ 1s oriven to procduce innut mnre

ressure:
e w= Freg (Tsg)

k= wavenvmber

—

and volume velocity:
J.(‘V{ -'kx)
&<

Zo

I
i, = & -

7]

e e . A e A - \
where: A 1s complex = A, e
_" — "
J i
Zo = Characteristic impedance
Po= air density
c = speed of sound in air
S = Tube area

Secause of impedance mismatch at pipe
1 lected back down the tube:
Pro = ,\5’ eJ(tdf-/-kx)

j&a(f—kk)

Junction, a wave

Ur,

W

- pPr, _.’/:?, e
Z. Zo
Similarly, for the waves in tube
o4 gjfbf-kx) i (wt kx)
., = z _ p) KX
Fea= 2 Proz B e

il ~kx)
U(.z = _4:,5_,/——’ - éj(a.'é-f kk)
Zo U"L’- o=

N



l/"' ~ \

rm Tt I P e ) e P R
(R A wmA wavecs combhine at the unction = pere e C ol
'he two waves combine at the Junciion (X=0) wnerec Tn 01l

hol

(PL.:"F"I f/F"sz"?-):'P{

(a;‘ +Ur, )1 (&, e thy)= Ut

2 &
C
17 prs
VS Ll
30Tt 01 prnase
N
A

s '
NMow: 'z wsoe s jswzeo

%0 ! A+ A, (cos (& —kol_) £y 5/q{¢—kbl,)): /4£ /105 /)*J.SI”/))

17

Aem [ vy os (B-00))™ 4 py s1n (potni)?]

T A A e zany w3 (ks

So 1

Now Ao sz gammmn?l wlérn

,) B-kol = v = /80° For  our systerm  pl=o
50 B must be fBo°
—

Z) Ther +F F- kol = - /4{ :4,'41

A ]
L %’F ,4,5/42 Y /d{ =)



APPENDIX B



(930) L4IHS 3SVHJ

08l onq._ om__ o_o o_o o_m @ o_mn o.on o_o1 Ocl— 05— 08—
T T
=t ,
N~ “\
- -7 T =~ —h9
@ //
- / © = =
i L ~__ 489
- 2 s e
= — — o (e} T — - T
\\\ // © ©
é o o © \@\ g . ° e
e — — — — - ~~_° © o © o o °® 5 © 8
- 9L
u 408
- ZH €9 = 431113 8
ZH 05 = D343

LNdlnO gP



(93d) LJIKHS 3SVHJ

0ogl 04l <l 06 09 Ot 0 0= 09— 06— 02— 0S1- 08—
T T T T T T T T T T T

N 7
- sull
) e o
B \\nm - © © © .O/ N Jw\l

\\\o\\\.‘lliil///m/v/ )
n O\Q ~ //®/
- \O\ O/@/ lmm
| _© ®——o0—0—60—0—0—0—9
B 1@@
= lmm
| ZH €9 = ¥3UIA |
/H 08 = 0344

1NalnNO &F



(939) L4IHS 3SVHJ

08l 0Gl  02l 06 09 0Ot 0 0t—= 09— 06— 0Ocl—= 0SI- 08I-

1 1 T T T
T =
- -8
OO~
: e N ,
o) o)
5 o o 498
o~ o
- o o §
—~ /O
AM\ O\ © /O/O \M&OO
L T Oe—p—0—0—0—2" 4
N 1h6
o 186
- 24 S2 = d3Od -
ZH 00l = 0345

1NdLnO &P



(°39)  L4IHS 3SVHJ

08l Om__ Dw_ O_o O.@ 0¢ 0 0= 09— 06— 02— 04— 08—
1 I | | 1 | I

= _
= 16
| O\O\O\OIIO/O/ |
w.\ © J/@/ \O\IC@O
- O/@/ e (o} =
L S TeTe—o—o—o—0—0"" Jool
- hOl
| 74 0002 = 43014 i

ZH 0062 = O34

1NdLnO 4P



(©30)  LJIHS 3JSVHd

08 0sl  Odl 06 09 0t 0 0t— 09— 06— ow_l Om___l 08l-
1 | T "

1 | 1 1 l I

S L
- =

E -1h8
- __o—0—0—0—o0— —88
Am ®/o/®Iolol.o.lolollo‘@llo.le\n@\.o\o\\e /O.I.M.

g 126
- 96
S ~00I
L ZH 0002 = 431014 i

ZH 0052 = 344

1NaLlNO gpP



(930) L4IHS 3SVHC

080Gl 0Ocd 06 09 0Ot 9 0&- Q_O| Q_OI ow_i Om_,_l 081
| |

[ | I I I
= ““
& -1H8
£ . -88
& e\a\o\o\o\o\o\ol I S
[Tt {26
- 196
e ~00I
| ZH oooh = 43014 l

ZH 000¢ = L3

1NdLNO &P



(O30) L4IHS 3SVHd

08l 0SSl 0Ocl 06 09 0€ 0 0t— 09— 06— 02— 0&- 08I-
| | l | I l

| | l A I

T 1
£ 198
| e T T T e 1%
B O\O © /@ |

__o— —~0_ 0o —
@—© —@—e0—0—0—0—0 Jh4
o -

- 186
& NI 000h = d3114 i

24 00%¢ = D344

LNdLNO &P



(930) LdIHS 3SVHd

08l om_u_ ow_ 06 09 ]S 0 0t— 09— 06— 02I- 0<l— 08—
_ T _ T

| i | I |

//
/!
T\
\\

- - ° the
= O\ ®© —~
—0

$—0—0—0—0

= 40l

- -~

ZH 000h = Y3171
ZH 000h = D33

1NdLNO 4p



(930) L4IHS 3SVHJ

08l ow_ ow_ 06 09 O¢ 0 0t— 09— 06— 0cl- 0&I—= 08I-
I I I I

1 1 T T |

//
s

R\
\\

B 0] lag
i o 1oy )
] \ 126
o
] ; !
% \,
I o ° 96
.N/Q/ \e\ N
T Toel 0—° 100l
‘ °®~0—0—0—0—0—C°"  ZH 00S = Y34 )
ZH 00S = D3y4

LNdLNO &P



(930) LJIHS 3SVHA

08l om_ 02l 06 09 0¢ 0 0t— 09- 06- 02I- 0sl- 08I-
{ l | |

{ | | I | |

//
\\
\\

i 406
- ° 1h6
- P / 166
m e\ ] HNQ
| y \ -

©
L y SE/O
N
o ZH 0001 = ¥3[M4 oo

90|

1

O]
/" ZH 000

1

1NalnO 4dp



