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3. uuunia (Bandpass Enclosure)
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3'Uﬁ 2.11 lalauda
(#1984l https://goo.gl/tUc3hY)

2.2 23AUs2nausIM (lumped element)

(2.1)

wad g w b=

L] at -9 4 =Y
paaulRnddyAfanslassiuramniimeimunienn Aflnsudanismevauss
9NIEALAL aUA UMY A DY
at 1 q ‘J 1 L2 s
198 19BUTeY 83AUTENaUTIN Al AnuA Ul TunnasAulunsssulni (B)

2/ ot 2/ -=‘ $ ot u') ulj o v
pselNiuaIRUsEnauANNAUUTzasnszualnin () Faduwileusuviiasduniu
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a resistor
of value R

U 213 Awdnuvulain
e I=(E,-E))/R (2.2)

222 aaﬁ'll‘iznimi'ma::gﬂﬁn (Acoustic lumped element)

o ) ) = o
asiUsznouTmezgainlufunuedlasainlneniviedssinamisnan it

i
e

= b 9 o Y ¢
YUIAAIUST Ladid (x&/gmn'muﬂ A qgﬁuiw%
asAUsznauvasieu LuUNUT: %ﬁ@*ﬁﬂﬁu‘}z il

FIEEURTI X

MednvetsAlsznauTwesgainiuvailavusduduiugudnarsuuinyy

o w =
AA19 vusAINEN L way Al a 1< 0.1 A

1 length/

|

-

W
* > 8
p,® X

= ] -1 )
U 2.15 viennaudu Al a
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Y & o < ar
meldaaunsalil synirruga V uasaududes P ifianuduiusiag

@ _(B-r) >
dt 0! '

NnAuNT 23 Wunsszyezgafnauyaresaunts 2.1 Fa9zanunTnesuEuTd
o 1w v v & d ow oo 1 2
nghrefeulrsnIguALiwhsRuimidavenie (za)
= v = a = v
USnmeninds wasanudumiuesgainlunseiuneiietasdusznauiousse-

USuraeusasaudslug deife

aggnAmualagn1saI

(2.4)

through
variable
O—— Element —O

+  across variable -
< a o o o o
Ui 2.16 MudsieunazduUmtivuesRlsznay

=<p.

power(t) = through(t)cross(t) (2.5)
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Mechanical V vs F

Electrical [ vs E

Acoustical U vs P

Spring Capacitor

Compliance

Spring

V(©) = joCyF(o)

Capacitor

I(®) =joCgE(®)

Compliance

U(@) =joC4P(0)

Damper Resistor

Resistor

Damper

V(e)= R—l F(o)
M

Resistor

1
I(®)= R_E E(w)

Resistor

Uo) = RL P(»)
A

Mass Inductor

Inertance

Mass

Vo) =

3 F(a)
JOLg

Inductor

I®)=

B
jC!JL E ((o )

Inertance

Ulo) =

P()

A

2.2.5 (AU ssnavasadantasiang
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LA=

Pnl _ pyVolume

S 52

1 o §
Lo = ATTURUILUULN awﬂuﬁ!aﬂaﬁﬂﬂ

pt) = p1(t) - p2(t) Tag p(t) srfiednduusadeoswiniy

(2.6)
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Wihaurden

§ﬂﬁ 2.20 2wslvihewrdenvewiensinantanelanena La <014 war S = za
1)1 ""Pz = EﬁwL_4 (2.?)

13 ol 4 ¥ 1 1 19
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= =)

sAdsn AR Al = 0.8a
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e a Aesaiivausiy
v = 0.3 Ain 8ns1druvasthees (Poisson’s ratio)
E fle AAsiimnuBameurasian (Young’s modulus)
t Aa AU (Roark and Young, 1975, p. 362-3, Case 10a)

= o v 19 = a
2.2 U31aie MANaaNTauALYUIALTNLEY < 0.11

P(je)

_Eucim)

(2.9)

(2.10)

3.1 vieway w38 SAll << 0.001 2

2nau ($mil = 3) viouds -

l I3 o
winlusedenantenafin
u(t) —§ ) :

n p2(t)

Uil 2.24 vieumudnil << 0.001 4
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()= p(O)— p, ()= Ru(r)
R, =3 PO~ Ps(0)
el u(r)

(2.11)
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( Remmenibifugnasaefiusylndnm
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2mat 2ma
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5. (eI Zgnalinguiisasedaefin

AT ey dSinalaui I aen ety FexgaRndndy” uazds
AT Rl AaLAg La e UinaY lumped 191 WnteiTissasaeiiTtutiuue
@nilafetfuriueneadn awas 1% 0.1

o - [ - J -,
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AJugor Helmholtz Resonator
S =Mean Neck Area

gﬂ?’rz 2.31 wmBanvad Helmholtz Resonator
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padn inertance LA waz muiumuesqadn RA uazainiulumsimiungezaain CA

U

989%89Un
4 Pol
7 L, ==% (2.17)
ama
. Volume (2.18)
74
J v o = =1 Yo L 1
Yamnil dnTesiieneasBdulasu ez E dadisiuiuuinnda
Uz =44
- Vi 3 ~
o, s : { — 1 .
radius =a ' Volume = V
qU2.32 ARz ieulaiy L uas E kausabiiiainndn U2 =1
Tleiffanaiend -

Pil@) =U(o)jaly+ R + ) (2.19)

A

ot

o/ 1 o L4 o L 74 J
BRT1IAILYEY P1/P2 MuuaA AU UBsAaRnui1vaIn uarlunsdalifuayi

AYINAUNAUINBYNTUYBIAUAUTNUYBIDIAUSERBUALIBYNTY

1

. 1

A

(2.20)

Ziy(w)=joL, +R, +
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1A NAAVBY Ly = Ly
Ry = Ra
Cu=0Ca

Fatiu Vi=U;=U,

waz F =P,

Flay £=',i.cgj:ﬁ,f + Ry +— (2.21)
" JO

=n

5 o Lo 3 A o ! a
LL?Q'VNV]!JWﬂ'iB“VI"I‘Uuﬂ\ﬂﬁﬂiﬁa’ﬂaUWi’lﬂUNaiﬁuﬂﬁﬂu§Qﬂﬂ3¥W7Uutma&'ﬁﬂu

E=Vi(joly, +Ry,+

) (2.22)
M

2.3 WINTFIUVATIUULALS
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DOLBY
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JU# 2.35 Dolby Lab
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2.6 szuulaiuanasa (P Address)

1P 'Address gasnannaaliiiin Intemet Protodal-Address Roviine gty sdnados
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usnflfndaust 192 - 223 (110000002 110111112) fdeeniiveglinmisefifedas 0, 127
wlglunrimnefivay aglaildidu address wa1 Network fatiu Network T class A asiian
FLavsiausn lutae 1 - 126

dmdusnaviaud 224 Tl 921y class My ey Class D %ﬂgﬂiﬁt’fﬁm%’u
midm’iay’awu Multicast 984U Application wag Class E %1 Class 'ﬁr‘ﬂu Address ﬁg}ﬂ
avlireu dilignldeuaten Tow Class O was Class E il Class fuaw dalaildgn
duldaulunzund

#7987 IP Address

Class A ﬁgql,wf 1050000 XXX

Class B fausl 172465066500 B0 172.31.500000¢

Class C faud 192.168.0.50< 8. 192/ 168,255 500¢

910 IP Address \5n@nanviazuan lfasin 37 computer 2 \eidavaglu Network
FpgiunIsiyalasnridSouiiou Network 1D 984 1P Address-613 Network ID asefiuf
uamsiragliy Network! 206l T computer AR3 vl IP \Address| 1.2.3.4 azaglu
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2.7 ARNRIMEIRD (Raspberry Pi 3)

Raspberry P aeafiynasunvatasiasia kaglis1argn 193xaas Broadcom
eanuuuidaldTumsAne Tufizvoul HURmalaund (Cinux) 491 Ragpbian (Debian),
Pidora (Fedora), kazanan. Windows 10

2.7.1 dayadwiaz (Specifications)
- Soc: Broadeeon) BEM2837
- CPU: 4x ARM Cortex-A53, 1.2 GHz
- GPU: Broadcom VideoCore IV
- RAM: 1GB LPDDRZ (900 MHz)
- Networking: 10/100 Ethernet, 2.4 GHz 802.11n wireless
- Bluetooth: Bluetooth 4.1 Classic, Bluetooth Low Energy
- Storage: microSD

- GPIO: 40-pin header, populated

Ports: HDMI, 35 mm analogue audio-video jack, 4x USB 2.0,
Ethernet, Camera Serial Interface (CSI), Display Serial Interface (DSI)
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2.7.2 daudsznau Raspberry Pi 3

Micro USB Power In)
Upgraded od et

Bandte up 10 2.8 Amps

Ui 2.51_aiiiUsenourarRaspbermy.Pi 3 Model B
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: a}m%amia DSI (Display Serial Interface) lddmiusiovauaniua 1oy
Yalanaluy TFT Touch Screen Wudu

- Meudgu SD Card aguiliasinuaweuasn

- On Board Bluetooth 4.1 Wi-Fi

- whegUssInana Broadcom BCM2837 64bit Quad Core CPU at 1.2GHz,
1GB RAM

2.8 arelwnau (Python Programming Language)
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1
MULTIPLE PORTING LOUDSPEAKER SYSTEMS

The present invention relates in general to improving
the performance of a loudspeaker system at lower fre-
quencies, and more particularly concerns an improved
loudspeaker system characterized by improved perfor-
mance 2t the low range of frequencies with structure
that is relatively easy and inexpensive to fabricate.

A major problem in making a loudspeaker system for
low frequency reproduction is to obtain a high output at
the low frequencies while limiting loudspeaker cone
excursion to reasonable limits within a displacement
region relatively free from audible distortion suffi-
ciently fimited so that the cost of mzking this region s
not excessive.

Many prior art low frequency speaker systems com-
prise a simple woofer with no enclosure, as in television
and radio sets and some public address systems. A diffi-
culty with these systems is that there is o means for
preventing the radiation from the back of the speaker
from canceling the radiation from the front. Such a
systern has very large cone excursions at-low frequen-
cies.

One prior art approach for reducing back radiation is
to place the loudspeaker driver in a closed box to form
what is often called an acoustic suspension systeni. An
acoustic suspension system provides a reactance against
which the loudspeaker driver works, imiting the excur-
sion and also preventing the radiation from the back of
the loudspeaker from canceling that from the frant.

A ported system is one prior art approach to improv-
ing upon the acoustic suspension system. A ported sys-
tem typically includes a woofer in the enclosure and a
port tube serving as a passive radiating means. The air in
the port tube provides an acouslic mass that allows
system design with an extra reactance which can be
used to tailor the frequency response at the low end. A
poried system is characterized by a resonance {port
resonance) at which the mass of air in the port reacts
with the volume ofair in the cabinet to create & reso-
nance at which the cone excursion of the loudspeaker is
minimized. A ported system exhibits improved sensitiv-
ity at port resonance and decreased cone excursion,
thereby minimizing distortion. The result of the im-
proved sensitivity at port resonance is frequently an
extension of the lower cutolf frequency of the loud-
speaker to a lower value.

It is an important object ofthis invention to provide
an improved ported loudspeaker.

According to the invention, there is enclosure means
for supporting at least one loudspeaker driver means for
converting electrical energy into acoustical energy.
There is dividing means for dividing the enclosure
means into ac least first and second subchambers. There
are at least first and second port means in said first and
second subchambers respectively for providing first and
second acoustical masses respectively. The dividing
means preferably comprises means for supporting the
loudspeaker driving means and coacting therewith to
separate the first and second subchambers.

Numerous other features, objects and advantages of
the invention will become apparent from the following
specification when read in connection with the accom-
panying drawing in which:

FIG. 1 is 2 diagrammatic representation of an em-
bodiment of the invention;
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FIGS. 2, 3 and 4 are equivalent electronic circuit
models of loudspeaker systems corresponding to a prior
art acoustic suspension system, a prior art ported system
and a system according to the invention, respectively;

FIGS. 5 and 6 are graphical representarions of power
output and cone deflection, respectively, of the systems
of FIGS. 2-4; and

FIG. 7 is a diagrarmatic representation of an alter-
nate embodiment of the invention with drone cones.

With reference now to the drawing and more particus
larly FIG. 1 thereof, there is shown a diagrammatic
representation of an embodiment of the invention com-
prising an enclosure 16 of conventional rectangular
cross section divided into two subchambers 162 and 165
by a dividing member 17 formed with an opening 17z to
expase chamber 16z to the top surface of the cone of
loudspeaker driver 18. The bottom surface of driver 18
is exposed to lower subchamber 165, Port tubes 19 and
20 couple the interiors of enclosures 16a and 165, re-
spectively, to the outside. The resolt of this arrange-
ment having two subchambers and two port tubes is to
lower the cone excursion in the low frequency region
from that which could be obtained with a standard
potted systen: and also ta provide an additional parame-
ter value that may be adjusted for maximizing response
in the loew frequency region.

The principles and advantages of the invention can
better be appreciated by reviewing equivalent elec-
trenic circuit models of the prior art loudspeaker sys-
tems in comparison with that of a loudspeaker system
according to the invention. Where appropriate the same
reference symbols identify ‘corresponding elements
throughont the deawing. Referring to FIG. 2, there is
shown_the eguivalent electronic circuit medel of an
acoustic suspension loudspeaker system. This schematic
includes a resistor 21 represencing the resistance of the
voice coil. A transformer 22 represents the transforma-
tion between voice coil current-and force on the mov-
ing parts of tie loudspeaker system, Thus, the varable
across the secondary of transformer 22 represents cone
velacity and the variable through it represents force.
Shunt resistor 23 represents the losses in the speaker
suspension. The compliance of the suspensicn is repre-
sented by inductor 24. The mass of the speaker cone is
represented. as capacitor 25. The motion of the cone
eacites the air through its cone arca modeled as trans-
former 26. Since the loudspeaker has front and rear
surfaces, the air volume velocily moved by each is
represented by two separate secondary windings 27 and
28, respectively. The front surface of the cone repre-
sented by secondary 27 excites the air and produces
acoustic’ power represented as dissipated i radiation
impedance 30. Meanwhile, the back surface of the cone
simply excites the air inside the enclosure represented as
compliance 29.

Referring to FIG. 3, there is shown the equivalent
electronic circuit model of a ported prior art loud-
speaker. The air enclosed in the hox is represented as
inductor 29 in series with the parallel combination of
the mass of the air in the port tube represented as capac-
itor 31, the lossiness of the port tube causad by air fric-
tion of air motion in the port tube represented as cesistor
32, and the radiation impedance seen at the ourput of the
port tube represented by radiation impedance 33.

Referring to FIG. 4, there is shown an equivalent
electronic circuit model of 2 loudspeaker system ac-
cording 1o the invention, In this case the front or top
surface of the cone no Jonger drives a radiation impe-
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3
dance directly, but i now coupled to an air volume in
upper chamber 16a represented by inductor 42. The
mass of air in port tube 19 is represented by capacitor 43
with the lossiness therein represented by resistor 44.
The radiation impedance presented at the exposed end
of port tube 19 is represented as radiation impedance 45.

The back or bottom side coupling is represented by
secondary winding 41 driving inductor 46 representing
the air volume in lower chamber 164, The acoustic mass
of port tube 20 is represented by capacitor 48 and the
lossiness therein caused by air motion represented by
resistor 47. Finally impedance 49 represents the acous-
tic impedance at the exposed opening of port tube 20.
Elements 34-3% in FIG. 4 correspond to elements
21-26, respectively, in FIGS. 2 and 3.

A preferred embodiment of the invention emmploys
the parameter values Iisted below for the different ele-
ments:

34=3.2 ohms

35=20 N/A

36=0.4 m/N-sec

7=3x10-Im/N

38=0.087 kg

39=0.1 m*-sec/m-sec
. 42=614X 10" m¥/N

43=13.1 Kg/M*

44=3.92% 103 m%/N-sec

45=327%10-5 —j 1/W-2.89

46=2.05x 10-"m%/N

48=7.1 Kg/M*

47=2.83% 10— m3/N-sec

49=327X10—% —j 1/W-2.89

It has been discovered that best results are ghiained
when the ratio of volumes of the two subchambers 16a
and 165 is within the range 2:1 and 4:1, with the ratio of
the corresponding port resonances in 2 ratio within the
range between 1.5:1 and 3.0:1.

Referring to-FIG. 5, there is shown the acoustic
power radiated by an acoustic suspension system as a
function of frequency by curve A; a prior art ported
system, by curve B; and the invention, by curve C with
each system having the same total enclosure volume
and minimum realizable moving mass with the loud-
speaker and port parametess having been appropriately
optimized for each system by adjusting elements 35, 37,
39, 42, 43, 46 and 48 for maximum output abaove cutoff,
typically 60 Hz. The invention provides improved out-
put in the bass region, and 'a sharper cutoff 'at higher
frequencies.

Referring to FIG. 6, there isshown a graphical repre-
sentation of cone deflection as 2 function of frequency
for a prior art acoustic suspension system, in curve A: a
prior art ported system, in eurve B; and according to
the invention, in curve C. Curve A shows thal the cone
excursion of the acoustic suspension speaker riscs with
decreasing frequency. Curve B shows that the prior art
ported system has a port resonance where the cone
excursion is minimized. Curve C shaws that the two-
port system according to the invention has two such
resonances where the cone excursion can be minimized.
Thus the overall cene excursion on complex signals is
lower than with comparable prior art systems. An ac-
tual working model of the invention with the parame-
ters set forth above has been built and tested and found
lo provide the improved performance described above.

A number of variations may be practiced within the
principles of the invention. For example, the driver
could be coupled to more than one port tube on each
side through additional subchambers. The passive radia-
tors may be embodied by port tubes as shown, by
“drone cones” 1%, 20° as shown in FIG. 7, or other
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4
passive radiating means. The single woofer may be
replaced by multiple transducers to achieve the desired
total area, motor force and power handling capability.

There has been described apparatus and techniques
for providing increased sensitivity in the bass region,
and/or a lower cutoff frequency and/or an acoustic
high frequency cutoff which will limit the response of
the speaker at the high ead. This acoustic high fre-
quency cutoff is advantageous in employing a woofer in
combination with a midfrequency or high frequency
driver to function as an acoustic part of the crossover
network employed to couple the low frequency system
to the remainder of a broadband speaker system.

It is evident that those skilled in the art may now
make numerous other modifications of and departures
from the specific apparatus and techniques herein dis-
closed without ing from the inventive concepts.
Consequently, the invention is to be construed as em-
bracing each and every novel feature and novel combi-
nation of features present in or possessed by the appara-
tus and techniques herein disclosed and limited soley by
the spirit and scope of the appended claims.

What is claimed is:

1. An improved ported loudspeaker system compris-
mg,

electroacoustical transducing means having a vibrati-

ble cone,

enclosure means for supporting said electroacoustical

transducing means.for converting an input electri-
cal signal dnto a corresponding acoustic output
signal, dividing means coacting with said electro-
acoustical transducing means for dividing the inte-
rior of said enclosure means into first and second
subchambers' with a first surface of said electro-
acoustical transducing means contacting said first
subchamber and a second surface of said electro-
acoustical transducing means contacting said sec-
and subchamber,

first and second passive radiating means each charac-

terized by acoustic mass for coupling said first and
second subchambers respectively to the region
outside said enclosure means,

said first subchamber and said first passive radiating

means configured for establishing 2 first resonance
at a first bass fréquency.for minimizing excursion of
said cone at said first bass frequency,

and said second subchamber and said second passive

radiating means configured for establishing a sec-
ond resonance ata secend bass frequency for mini-
mizing excursion of said cone at said second bass
frequency.

2. A loudspeaker system in accordance with claim 1
wherzin the ratio of said suhchamber resonant frequen-
ciesis'within the range of L.5:1 to 3:1.

3. A loudspeaker system in accordance with claim 1
wherein the ratio of the volume of said first subchamber
to that of said second subchamber is within the range of
2:1 to &:1.

4. A loudspeaker system in accordance with claim 1
wherein at least one of said passive radiating means
comprises a port tube.

5. A loudspeaker system in accordance with claim 1
wherein at least one of said passive radiating mieans
comprises 2 drone cone.

6. A loudspeaker system in accordance with claim 2
wherein said ratio is of the order of 2:1.

7. A loudspeaker system in accordance with claim 3

wherein said ratio is of the order of 3:1.
* ® * - *





