-2- The anti-noise source nay itself -be a | oudspeaker nounted within the
duct, or may be an outlet to which the output of a |oudspeaker is pipe
theibpudspeaker itself being external of the duct. 5 _ In ord .
t hat"The present invention nmay be nore readily understood an enbodi nent '
thereof will now be described by way of -@eanple and with reference to the
acconpanyi ng drawi ngs, in which Figure 1 is a diagramuatic view of a known
10 active noise controlTheyatbirnéiger eonice mayi nitswlViteey af Laudygpeeker
according 10 t NGRIALNt, | HERERD. afbIUT 51 day DPHPRAKILE ¥ SWheEn?
duct, Figure 4 is a response graph, and’l lgure 5 T7s a block
di agram of a corithelowtputief Refeuﬂispgam tie tHiadt aihgslowd gpeakershows
a known arrange@%gey%ﬂggﬁﬁé Ex66phha! by hat fdblished by Paul Lueg. In
this arrangenent a sensing mcrophone 1 is positioned in the centre of a
duct 2 and & | oudspeakerI® @rder|thapgcihed inesand dintentsion mayj Bej Borge
si npl est form ofpefy 80§ | Wifa &b $€80at Qh @b cdUGe MO BN Gyi D en Y SHEM
includes a controller 4 which in turn includes an el ectrical signal delay

to conpensate fe3RIRRGRY | ¥aYrepagXametdany witdthnekerenrengo the

m cr ophone 1 todd&béggnyfﬁgi@p@ﬁgﬁ sQudgpealeem 3. | f the m crophone is
pl aced directly in front_of the, | oudspeaker pistaon, thisdﬁéoustic delay is

elinminated and the cont riot8¥re chnlBea 4@GNANNA1AS (YIRY I3 (KRPWAS| nce

the m crophone sitswe pdisé heoptromr gysaiexs, field as well as the field 30
fromthe | oudspeaker, a g]osed %oo contig ratian<ad§n§ and there is

danger of instability. Paht fafSn8i §émiLar view o system accord%ng
(N to the present invention, :

Figure 3 is a perspective view of a duct,
Figure 4 is a response graph, and
15 Figure 5 is a block diagram of a control circuit.
Referring now to the drawings, Figure 1 shows
a known arrangement which is essentially that established
by Paul Lueg. 1In this arrangement a sensing microphone 1
is positioned.in the centre of a duct 2 and a loudspeaker 3
20 is located in the duct wall. This is the simplest form

o)
=t

an active attenuator for duct borne sound. The system
includes a controller Y4 which in turn includes an
electrical signal delay to compensate for the acoustic
L/ 'propagation délay from the sensing microphone 1 to the
25 antisource loudspeaker 3. If the microphone is placed.
directly in front of the loudspeaker piston, this
acoustic delay is eliminated and the controller can be
a simple inverting amplifier. Since the microphone
- senses both the primary noise field as well as the field
30  from the loudspeaker, a closed loop configuration.exists
and there is a danger of instability. Substantial noise
attenuation can be obtained provided the lobp gain is
high, but stability criteria limit this. In ducts, the
position of sensor and loudspeaker are important for
35 stability and maximum obtainable attenuation, as will
be shown in the following paragraph.



attenuati on can be obtained provided the |oop gain-‘is high, but stability
critgria limt this. In ducts, the position of sensor and | oudspeaker are

' gitant for 35 stability and maxi num obtainable attenuation, as wll be
sf. in the foll owi ng paragraph. -3- This can be appreciated by. R
considering the duct shown in Figure 3. A guided propagated wave in this

rect angul ar duct can be descri bed by'eﬁhation (1): [ERR] where pis the
acoustic pressure'[erﬁg,is the pressure anplitude [err] k., = the wave

nunber [ERR] 15 wit fﬁeCEBnQFaﬁPHQSQﬁ;gkﬂe§¥h Sid8Ringe theefaaty for

~ the orthogonaridwnh ofn eF ggafFengt.i ons guiddd plepagftés wheedunl this
cross-sectional .area.

20 A m crooph | din thig duct wll
sense the pnﬁﬁﬁﬁﬁp%ﬁgﬂﬁngFBeﬂaPnQ§né§%gﬁ¥§égmgﬁdg§§%§gg@sQb§ﬁhuglaﬁg and

transverse waves. The latter cannot be cancelled with a sinple nonopole

antisourge and the conjributi of these, wajetls t§blke-fotal pressyre, and

25  con equentIyIX)Qt ’%V@ngl Foo?%ﬁ%qL doé%-ﬁ%t‘é%ﬁYP?Bute t 15he

cancel l ati on_gof ane e Th e shift caused by these transverse
Haf o B nEnee PPl

nodes, especi y~ at r%ﬂ%ﬁfsﬁ%r%Jso detrinmental -to the
noi se reduction W i%sobhei paielssurkhiamplsitubeto t he

by = 'kz - ai
k = the wave number ' '
2 , )
n n ‘
10 anp = 17-2[(1:1) +(~E—E')Z ' (2) ~
. y z ' :
_ . n .W.-y - nz--')T.Z.
Vn(y,?) = D(ny,nz)._cos-%;-‘ .cos*—t-z-- (3)

15 with the constant D(ny,qz) determined from the identity
for the orthogonality of eigenfunctions:

1/7A Sf’fn(y_,z)- v;:(YsZ)dA '=gnn‘

where A is the duct cross-sectional area..

20 A microphone placed in this duct will sense the
pressure as described in equation (1)-and measures both
plane and transverse waves. The latter cannot'ﬁe
cancelled with a simple monopole antisource and the
contribution of these waves to the total pressure, and

25 consequently to the overall loop gain, does not contribute
to the cancellation of pléne waves. The phase shift

caused by these transverse modes, especially
at resonance frequencies, is also detrimental to the noise
reduction which is obtainable. This is due to the

30 reduction in the open loop gain necessary to maintain
stability. It can be shown, however, that the ratio
between total acoustic pressure and pressure due to plane
waves is minimal when the microphone is placed in the



30 reduction in the open 100p gain necessary to maintain stability.
can be shown, however, that the ratio between total acoustic pressure (f
p;eE%upe due to plane waves is m-ninmal when the m crophone is placed
-4-*duct centre. If the |oudspeaker is apunted in the duct wall, as in .
Figure 1, nost transverse nodes can be generated in addition to the plane
wave nmode, andgiBe Rleateenav e e eveud spehkeedignmoanded iar ehsvetuct

nunbers) y 5 transverse des arge sensed ntr t I Cr O-
phone. Positi oHPﬁrg it 7S m%ﬁ&ﬂfn"e ]e’h T?\%ECE%P%ngg?hgenogﬁc@?%%éﬁ?o%‘omever,

t he dlﬁadvantagenbbawaﬂnﬁﬁ<nnditi®m tioctheapiesnet weve avske atanchehe

m crophone resulLting. in a |l qcal e nei.se . fiseld. .Thi | | o]
the 10 el ect Pb‘@é’le 8l?tvpeLﬁ a(c)}*aat%ee%i @r%o%%ggg ggYI ghgefmgprgg%d%ﬁegﬁ@tséﬁﬂ
rel ated t o5t hetzamssters e imde prapagaenagddbin thige cgndre MAUNLed figgo-

restricts the glﬂto ienablﬁﬁg%é ogh%ngiégigghltaggmigf tHE IR E o Nghe

screening is essential. ccor g the present_invention

proposes that thetmihasopiharewsoul theedisagdvantrgestnat pitelHickn vall®, as

i s shown in Fi gyt : BETORY | 99 €haWni@%ophdrddlire AOBE in@nin he
m cr ophone no ?or?g'er%agiesnetggfes any T\'{o§v ngihse becgt?s.e {{eﬂe air flo%)v vel ocity

at the duct 20localiffa@eneralesd noipgefdrldrheldiiss 81vA% A4%M bf Hitenu-
22%?PiEﬁf?gﬁeokh?dﬂﬂ¥é¥¥“ﬁﬁ%%ﬁt”@flgﬂgehié?o%m@Nﬁtddﬂldﬂgﬂﬁ bétng
s o8 TP8E5: 8 O hiCah 3t e s3I RisHSgifihg Jbah™! -
. the duct. This severely restricts the obtainable

~ attenuation and some form of microphone wind screening
is essential. '

15 - Accordingly the present invention proposes that
the microphone should be.located flush with the duct wall,
as is shown in Figure 2 of the accompanying drawings.

In this position the microphone no longer generates any
flow noise because the air flow velocity at the duct

20 surface is zero. However, there is limitation of attenu-
ation because the microphone is no longer at a position
where the contribution of transverse modes to the total
“acoustic pressure is minimal.

: _ This problem can be alleviated by placing the
\ 25 antisource loudspeaker in the centre of the duct. In
this way a minimum number of transverse modes are
generated. Thus if a point source (xo,yo,zo) is placed

in a duct the pressure amplitude can be written as

p(x,y,2) = ZT X7 ().Yuly,2) ()
20 A L
- -2nS.Yaly,,2,) in
where X (x) = —-y; 2 -OAV.eJ“dﬂ
jAbp,

Pa)
with S the monopole pressure amplitude. It will be clear
from equation (3) that only one guarter of all transverse

35 waves Wwill be generated.



Thi~s~probl em can be alleviated by placing the 25 ‘antisource | oudspeaker
in4Re centre of the duct. |In this way a m ni mum nunber of transverse

u‘E% are generated. Thus if a point source [err] i's placed in a duct th
p

resgure anplitude can be witten as [ERR] where [err] = [err] mith S tﬁg-
monopol e pressure anplitude. It will beg clear fromequation (3) that only
‘one quarter of all transverse 35 waves will be generat ed. -5- It has

been found that an actjv a ohg%éxygdh Y € w&&@iggeng igwgg#éylof a
na a an

wal | - mount ed m cropho centre-pl ace i sourceé yréelds satisfactory
attenuation wyestemesbthsther clomfigundtdaucef & wall-mountelt miicriopjwne
appreciated tho $”c&?£k§95&%%e%' %‘i&%%&hﬁ&f PHeias alhes skhar iy the duct
wal | w Il generalTy occupy a I'arger volume than a n1cropﬁone and will

- therefore pratitdnuatbeyevhebstheas drs tao nfhlowi 37| B¢ dHchpst practi cal
appl fcatisons, howeversy!{ig13Ckie/@opicratdd el aR®ahRiSeidlcal pidded
passive absorber, such as a splitter silencer. In such a case there would
not be a sigriffiE@tduakr sashem Yhan cdvertdte dnetrealit yadd. SamenRLly

i nportant condAdgs@ta ofabgedy YicAMind atdn ty miléRopRbhECaR@l $A 130 HH&Hefore
systemoperates in a closed loop 15 = configuration, due to the acoustic
signal path MEAVI¢R RokaLgeakaPIFUCtiPR neo skhgi A4rfleFophdie Reiid

Cohfequent | ytﬁzkbﬁ‘cﬁifféﬁnhﬁgu!i@a&qéaﬁf, Hsiepe e, TRepastene Eyistemstwmlity
critert qorrus be eirirt?egfqggegalwrit%n a ppaas',ssei\peeegbégrber, such as a splitter

silencer. In such a case there would not be a significant .
increase in the overall air resistance. _ o
Another important consideration is system stability.

The active noise control system operates in a closed loop

15  c¢onfiguration due to the acoustic signal path from the

| loudspeaker back to the sensing microphone, and consequently
thé system could become unstable. To prevent this,
stability eriteria must be met and gain and phase need to
be controlled. Since the amplitude-frequency response

20 of a loudspeaker rolls off at low frequencies (i.e. a
decreasing output with decreasing frequency), the open
loop gain in this frequency region will decrease as
well. The effect on the phase response of the total
system is that it goes through zero, which could lead W

25 to instability. | |

To meet this problem the system according to the

invention incorporates an integration circuit. This is
shown at 10 in Figure 5 from which figure it can be seen
that the control circuitry leading from microphone 1 to

30 loudspeaker 3 comprises a microphone preamplifier 9,
the integrator 10 and an'inverting power amplifier 11.
The inverting amplifier 11 provides the necessary phase
shift to ensure that the output of loudspeaker 3
interferes destructively with the noise detected by

35 microphone 1. '



be controll ed. Sinbe t he anplifude-frequency response 20 of a | oudspegker
rolls off at low frequencies (i.e. a decreasing output w th decreasing @
f&equency), the open loop gain in this frequency region wi || decreas

as Wel-l. The.effect on the phase responsg of the total systemis that it
goes through zero, which could lead 25 ““To instability. To neet this
probl emthe system accqogding to the invention i,ncqrparates.an integration
circuit. This is skmwé&%ﬁ g%ﬁ?$r§$%ﬁr%1§°P?8nﬂ it ﬁ%ﬁﬂ%?4%“% ng%gyseen
that the contrelb Ginprove ytheabbop gabm atclophdrequarcids bubwkspeaker 3
conprises a m craophaone .pr.e | f.ler i gr r 10'ﬁﬂq i nyv '
power anp|ifiePe%%?en%§%9§2§§#H§?d%% ?#?ﬁ% %Egp %&% es the ngggégﬁféé%ﬂgggr
shift to ensureiirtatit he0 chdpubeerd gouespbhleeamd lirftusldeff raqwisety ucespehsge
Wi th the ngise ct 3 LCroph y. The i LI GLl IS
i nt ended ndt or??l;?/’ 0 Jﬁgrrp%?/e%%%}qlggp?gg}‘%eat | ovb\I/%f eqﬁg{w@éél g%h%%tfg%égatgg
secure stabilitnebyeimewit nt0thes paateanshies fﬁ@qhﬁanywﬂQﬁ)c$rqgrf~io has
been given the anplitude-frequency response 5 shown in the graph+of

Figure 4. To produce this response the.circuit 10 has a transfer function
H(Z) = d[Frr]]wﬁr@ §_:=_[£33r€;]; J ¥ ;[‘ezr? ;_S%ﬁq]fn%qq%bau?%?l@?
rads an errj. el TEhe Lol P8RRI £00EM8 N eonsTatht I I G COr enéyabi 1ty
can be ensuredaby rgﬁbction_of gai n by neans of passive_absorptive nateri al
pl aced on1Phe ﬁqu;kﬁtgrﬁp@ugg_ensured by reduction of gain by means

of passive absorptive material placed on the walls of
the duct. '



'
Al n active noi se control system conprising a nicrophone

-1V ed | m ct through which the noise to be controll ed ] .*'
paghat e lﬂ “ﬂ rl -sound nmounted in the centre of the duct and, L .
el Ng t

p>
means - f or e &ant?-sound source in response to the 5 . g
m crophone. 2. A system as cl ai ned At Caim 1, wherein the ant i - sound
source is a I oudspeaker. 3. A system as cl ai rred in Caiml or Clam
2, wherein the anti-sound source is dri%om the m crophone via a
control circuit 10 i ncor porating an ating circuit for inproving

| oop gai n and aiding stability by altering the phase of the detected

I | :
(S:: ?gﬁl t cor‘rplrl ses a%sé&?ggi?ﬁél rlIolrif %@e@oéomg‘ﬁgfﬁl 3 '%'ﬂgm%ﬂgé%ghone an
i nt egr at or flocated dgr tbe na1d hef pr éucsqoltuhrow- yhighthampise tonber comtrolded .
i g8
power anpl | aslbag es, 3 S u?lcJ |on ﬁ%g?h&“:ﬁﬂﬁ tbd i i‘h%“c‘énti‘@e&fet?etﬂ%t

|ntegrator which1s e

[err] wherand meang épr]dmwsns Hdef iwuéﬁwd |S|¢UF%&|§"am§P[°é§¢]tq &Becircuit
tlrre 2@ 6.. A systemas clainmed in daim5 whereln
passive absgﬁbrlﬂb@mnr?at erial is placed in the walls of the duct.

active noi se<controlA §¥%§W§Lﬁj‘§t‘ﬂﬁ@ ia Clatm lhe‘l"@rﬁb%ft&eea%‘s'éw%cﬁ%f%
reference tojg¢ I3e1&§d:59ggaé}y| ng draw ngs.

3. A system as claimed in Claim 1 or Claim 2, wherein the

anti-sound source is driven from the microphdne via a control circuit
10 incorporating an integrating circuit for improving loop gain and

aiding stability by altering the phase of the detected signal.

4. A system as claimed in Claim 4, wherein the control circuit

comprises a microphone preamplifier connected to the microphone, an

integrator for integrating the preamplified sfgna]-and an-invertfng
15 power amplifier.

5. A system as claimed in Claim 4, wherein the integrator has a

transfer function H(S) which is equal to 1 -, where s = juo

sy+ 1

where j is ,/—T: w is the frequency in rads and 7 the circuit time
20 constant.

6. A system as claimed in Claim 5 wherein passive absbrbtive

material is placed in the walls of the duct. | o/

7. An active noise control system substant1a11y as hereinbefore

described with reference to the accompanying drawings.

u .




