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partlcular to compound Ioudspeaker drive units in which separate diaphragns
are provited for reproduction of'the low and 5 high audio frequencies. In
sonme kno | oudspeaker systens, separate | Qudspeaker drive units are
provi ded for reproduction of bands of audio frequencies, for exanple a
woofer@f’unrt - for 10 reproduction of sounds in a |low frequency band and a
‘tweetéer unit ngggg@ggggpuction of sounds in a high frequency band
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is a functt8n wWhigche ensures that only electrical signals representing

sounds in the approprxate bands are applied to the

individual loudspeaker voice coils. The characteristic

of the cross-over filter is arranged so that in a mid

frequency cross-over band intermediate the low and high

20 frequency bands the outputs of the two loudspeaker drive

units tail off; the output of the low frequency

loudspeaker drive unit reduces with increase of frequency

while the output of the high frequency loudspeaker drive

unit reduces with decrease in frequency. At a so-called

crossover frequency the low and high frequency loudspeaker

drive - units have outputs which are equal but reduced in

comparison with their outputs within their respective.

frequency bands. The electrical energisations of the

_ respective voice coils are adjusted so that the sound

30 outputs of the loudspeaker drive units are relatively

matched and together provide a substantially uniform

output over the total frequency range of the combination

of the two loudspeaker drive units. The sound radiated

from each of the drive units may be said to emanate from

35 the apparent sound source or acoustic centre of that unit;

the position of the acdustic centre is a function of the

design of the particular unit and may be determined Dby



design of the particular unit and nmay be determned by . WD-89/11201
PCT/GBSQ/O% é ﬁH@COUStIC measur enent. \When separate | oudspeaker drive

units areW the apparent sound sources are. physic @5 pa426
from one 5 another. The |oudspeaker drive unlts are usual 'y nounted on a
comon baffle such that they liein a co pl-ane and are offset in_a
vertical direction in the plane of the baff e. For a |istener positiqgphed
approximately in line with. the axes of the-.|oudspeaker drive - Fits
and 10 appr oxiy Vs (*%H ﬁ§g fromthe acoustic centres of both
drive units, SREF%EJ: ance of output fromthe two drive units can be
obt ai ned. Fbmever If the position of the Ilistener is noved fronlthe
equi di stant PoSidiPN segditnch St AEEBe IRELCRR1VRE Wb s Rele A0 JNRAFOUS
rive units wil hence
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to the distances between the llstener and the acoustxc centres of
15 the two loudspeaker drive units will be different and
hence sounds in the mid freqﬁency band p:cdueed by both
loudspeakers will be received by the listener from the two
drive units with a difference 'in time. This time
difference between sounds received from the two drive
20 units results  in a’change in phaSe'relationship of the
sounds received at the listening position from the two
drive units. The sounds from the two drive units no
longer add together as intended in the cross-over band. _
Consequently the resultant received sound levels will vary \J
25 with frequency and the overall ‘sound output of the
loudspeaker combination will appear to the listener to be
non-uniform. The 'resulting'raggedness in. sound output
colours the sound and, with stereo sound systems, there is
" a loss of clarity in the apparent location of instruments
30 in the sound stage. This is particularly appareht in
respect of sound frequencies in the hpper mid-range. for
'example in the regionJof 3kHz, at which the offset of the
drive units reietive to one another is comparable to the
wavelength of the sound. At a frequency of 3kHz the
35 wavelength is approxzmetely 4 inches or 100 cm.

In an attempt to overcome the undesitable effects on

4 .



Vavelength .of v the sound. At a frequency of 3kHz the 35 wavelength is
approximately 4 inches or 100 cm In an. attenpt to overcone the
Zundesirable effects, on 3 sounds received at positions which are not
eqU|d|stant fromthe two | oudspeaker drive_units, it is known to conbine

t he I ow and high frequency ‘| oudspeaker drive units-in a si ngl e conpound

co- ax;gé construction. The conpound 5 co-axial |oudspeaker drive unit

consi s of a generally conical |l'ow frequency di aphragmdriven by a voice
coi | interacti sgundsh aecejved c adt postitiensawhigha azent nait pelgmidissaditng
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sounds are dlrecte in a generally forward direction from
the compound loudspeaker drive unlt. In this co-axial
form of loudspeaker construction there is no vertical or
horizontal offset of the apparent sound sources for 1low
and high frequencies. However the low frequency diaphragm

20 is positioned at the front of the loudspeaker unit whereas
the high frequency diaphragm is positioned at the rear of
the _loudspeakér unit and this results in relative
displacement of the apparent sound sources in the
direction of the axis of the drive unit and an undesirable

25 time difference in. the arrival, at the listgner, of sounds
from the high and low frequency diaphragms.

According to one aspect of the invention a compound
loudspeaker drive unit comprising a first transducer
30 operable to generate sounds in a relatively low frequency
range and a second transducer operable to generate sounds
in a reiatively high frequency range, said relatively low
and relatively high frequency ranges overlapping in a
cross-over region; said first transducer having a conical
35 diaphragm flaring outwardly and forwardly from a neck is
characterised in that said second transducer is located in
or adjacent to the neck of the conical diaphragm of the
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and rel atively high frequency ranges overlapping in a cross-over region;
said first transducer having a conical 35 diaphragm filaring outwardly and
forwardly froma neck is characterised in that said second transducer is
| ocated in or adjacent to the neck of the conical di aphragm of the 4
first transducer in such a. position hat effective acoustic  _.
centres of the first and second transducers are coincident and that in.:
said cross-over region theflaring of the conical dlaphragn1|nposes§2>
directivity ubnnstthErSnsdndeatlnn osuchund fposithensetbal traffdutéve
whereby  the diegeliyb!i Eantphs ?etﬁérfirgﬂdanﬁeSQBGndtEQQEQHB@E?S ahge
mat ched over frequencies In Cross-over reglion where transducers
make S|gn|f|caﬂ@le@héemﬁuenénghatolntﬁéléoaﬁassupﬁar segipe ghevefdardngnd
in that the segpndigé cbﬁﬁasﬂuaeapnaaga ﬂﬁEBQEbCaSHiBSEHEQ1tXﬁ|Hgbﬂg fhe
per manent magnet forped o ron borqn, co cording,.to a
whegppy ~the
conprising a ditestivithesducer the ﬁbegabhﬁdtOSQCBﬁdatErSﬁHdd&erB aare
relatively | ow secong, transducer operable
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and reIatlvelyothlghranQQuech rmakessigniéfiapptngontnibutiornss- bver the
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outwardly and orward roma neck 1s characterised_in that said second
transducerl®s tbeeﬁéuceﬁ bas @ meenetis sheurbukeoinFhudingi aal PEFRARLAEM
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centres of the first and second transducers are 25 coincident - and that MQJ
the cross-over region the flaring of the conical dlaphragn1|nposes a
directivity upbmcahdnmgdlhblanse&osduadpécbnbfhbheemnndntnansducebmnhendby
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frequenC|es In F0SS-over i on where transducers :
si gni fi cant5 correrableohe geperahe sounds in a relat1vely low frequency’

range and a second transducer operable to generate sbunds
in a relatively high freqhency range, said relatively low
and relatively high frequency rénges overlapping in a
cross-over region; said first transducer having a conical
20 diaphragm: tlafing outwardly and forwardly from a neck is
characterised in that said second transducer is located in
or adjacent to the neck of the conicil diaphragm of the
first transducer in such .a position that effective
~ acoustic centres of the first and second transducers are ;‘)
25 coincident and that in the cross-over region the flaring-
of the conical diaphragm imposes a directivity upon the
radiation of sound from the second transducer whereby the';'
directivities of the first and second transducers are
matched over frequencies in the cross-over region where
30 both transducers make significant contributions to ‘the
sound output of the drive unit and in that the second
transducer has a magnetic structure including a permanent
magnet producing a magnetic flux in an air gap, the
permanent magnet 'being formed of a material having
35 magnetic properties similar or superlor to those of a
neodymium iron boron compound.



*sound. output .af the drive unit and in that the second transducer has a
magneti c structure including a permanent magnet producing a magnetic fl ux
2in an air gap, the pernanent ~magnet being fornmed of a material
havi ng 35 magnetic’ properties simlar or superior to those of a neodym um
I ron boron conpound. 5 According to as8hird aspect of the invention a
conpound | oudspeaker drive unit conprising a |ow frequency noving coil
driveswhit for generating sound in a relatively | owfrequency range and a
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per manent magnet producing a magnetic flux jn an air ap, the permanent
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superior typ t wed. a neodym umiron boron conpound. 25 According to a
fifth aspect of the invention a conpound | oudspeaker drive unit conprising

a first transducer operable to generate sounds in a |ow frequency range ‘and
a'‘sécond transhiceerdiper abd ef dur genespe et sofintlse | invernghon r equerenpounde,
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: coil drive unit for generating sound in a relatively low
15 frequency range and a high frequency moving coil drive
unit for generating sound in a relatively high frequency
range; said high frequency drive unit including magnetic
means interacting with a high frequency voice coil thereof

is characterised in that the magnétic means includes a

20 permanent magnet producing a magnetic-flux in an air gap,
the permanent magnet being formed of a material having

- magnetic properties similar or superior to those of a

" neodymium iron boron compound.

25 According to a fifth aspect of the invention a compound
loudspeaker drive .unit comprising a first transducer

* operable to generate sounds in a low frequency'range and a
second transducer operable to generate'sounds in a high
frequency range, said 1low and high frequency ranges

30 overlapping in a cross-over region; said first transducer
having a conical diaphragm flaring outwardly and forwardly
from a neck is characterised _in ‘that said second
transducer is located in or adjécent to the neck of ' the
conical diaphragm of thé first transducer in such a

35 position that effective acoustic centres of the first and
second transducers are coincident and that in the cross-
over region the flaring of the conical diaphragm imposes a



having a coni cal diaphragmflaring outwardly and forwardl,Ly from a neck
Is characterised in that said second transducer: is located in or

adj acent to the neck of the conical diaphragmof the.first transducer in
such a 35 position that effective acoustic centres of the first' -and second
transducers are coincident and that in the &ross- over region the flaring
of the conical diaphragminposes a 6 directivity wupon the radiatign,of
“sound from the second transducer mhereby the directivities of ‘the f iRt

and second r s cd he, oS
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“hi gh frequencyomrcewlt stimepsioned to thankerated withacds @learance
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magnet nenber qﬁq&} nt t he i nventi mAII described b
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frequency and ency ransd co-axi a
f requency vo|@demqnj45;n that a dlsc shaped pole plece is mounted on a

15 face of the permanent magnet member and an annular pole
piece is mounted on the first eleﬁent_to_define,jwith fhe
- disc shaped éole piece, an air gap; and in that a high
frequency voice coil of the second transducer interacts
with magnetlc flux produced 1n the air gap by -said dise

20 shaped permanent magnet member.

An 'embodiment_of'the invention will now be described By
way of example with reference to the drawing which shows a
cross section'through the axis of a moving coil -compbund.y\)
25 loudspeaker drive unit.

Referring "to the drawing, a compound loudspeaker drive -

unit with low frequency and high frequency transducers

having co-axial low and high frequency voice coils
30

35



“30 35 WD 89/ 11201, o

PCT/ GBSQI‘QBA&? rlses a chassis 10 in the formof a corpecpig

Zhaving a fron annular rim1l connected to a rear annular nmenber 12 by
means of a number of ribs 13. The rear nul ar nmenber 12 has an annul ar
flange 14 and an annular 5 seat 15. Sedured to the flange 14 is a
first - magnetic structure 16 for the low frequency |oudspeaker drive unit.
The nahetic structure 16 conprises a magnet ring 17, which may for exanple
be fornmed of baximprisesita, qhéssns hﬂnuhathglﬁoemlefmhlcbohacaﬂ abaskietr

| d h |
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therebetmee% an annul quenc transducer or

| oudspeaker H%??Eﬁgg tﬁlﬁbﬁrﬁgﬂ?ﬁi f 38ndrafiyst magnetic
~ frusto- conlcm §trunﬁum@otseﬂonlamg 16w fre@ﬁeauyeIo@dﬂpeihéfeafxbé dnit.
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former such .t hat thedfOII ext.en ihrou the air %ﬁgn&Q e coil 1s o :
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coil fornmer, v0|ce coil carried ere are mal ntal ned concentric
15 gqap. he low frequency transducer or loudspeaker drive

unit comprises a diaphragm 21 of generally frusto-conical
form supported along the front outer edgé thereof by a
flexible surround 22 secured to the front rim 11 of the
chassis 10. A tubular coil former 23 is secured to the

20 rear edge of the diaphragm 21 and is arranged to extend
co-axially of the air gap in the magnetic structure 16.
‘The coil former carries a voice coil 24 positioned on the
former such that the cdil_extends through the air gap.

: " The coil is of sufficient axial length as to ensure that
\\-/ 25 for normal éxcursi_on's of the voice coil, the poles always
lie within the length of the veoice coil. A suspension
member 25, in the form of a spider consisting of inner and
outer rings interconnected by flexible legs or consisting

of a corrugated sheet having annular corrugations, is

30 secured between the coil former 23 and the annular seat 15
6f the chassis 10 in order to ensure that the coil former,

and voice coil carried thereby, are maintained concentric
with the poles of the magnetic structure and out of
physical contact with the poles during sound producing

35 excursions of the diaphragm 21. The backplate and inner
pole member 19 has a bore 26 extending co-axially thereof

for the purpose of ﬁounting a high frequency drive unit



wi-th the poles of the magnetic structure and out of physical contact with
the pol esyg'gesagaground producing 35 excursions of the di aphpeypsige/eodse

backpl at e an I nner pole nmenber 19 has a bore 26 extending co-axially
t hereof for; the purpose of nounting a hi ghérequency drivé unit WO
89/ 11201 - # : o ~PCT/ GB89/ 00476 8 27. The

hi gh frequency transducer Qr drive unit 27 conprises a second nagnetig;ﬁ

structure consisting of a pot 28, a disc 5 shaped nmagnet 29 and a di St§ R

shaped inner pd% 30. The pot 28 has a cylindrical -outer surface so

di rensioned as to fit wthin. the interior of the coil fornmer 23

W t hout naking§@n¥sipa% Eontact'theremﬁth. The pot is formed with a .
circular rece N1GR FERGRCRCYnErARFANCEILOT Axdveunit 2hmorprises 2
to forman out Wegond. mayretiecstractpekeconedseiing bF WPt 2, is helse
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However T g | e PekePlRse ' 5616"3b 10868808k i3017 162 and within the

lip 32 forming the outer pole. A non-magnetic air gap -

extends between the inner and outer poles. A spacer ring
33 is secured to the front face of the pot 28. Preferably
the magnet 29 is formed of neodymium iron boron which
20 allows a very substantially enhanced magnetic . field
strength as .comparéd with other available magnetic
materials to be attained in the air gap between the poles.
As a - result, the overall size of the high frequency
magnetic structure, for a required flux in the air gap,

25 can be smaller than hitherto thereby allowing the high v/

frequency drive unit to be positioned within the coil
former of the 1low frequency drive unit ~immediately
adjacent to the apex of the low frequency diaphragm 21.
However it will be appreciated that the magnet 29 may be

30 formed of other materiais having magnetic properties
substantially similar or superior to that of neodymihm
~iron boron. A high frequency domed diaphragm 34 has an
annular support 35 of annular corrugated form and this

_ suppott is secured at its outer periphery to the spacer

35 ring 33. Secured to the domed diaphragm 34 is  a
cylindrical coil former carrying a high frequency voice
coil 36 such that the voice coil extends through the air

-,
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{di aphragm 34 has an annul ar support 35 of annular corrugated formand this
support is secured at its outer periphery_to the spacer 35 ring 33.
Secured to the doned diaphragm 34 i a cylindrical coil forner
carrying a high frequency voice coil 36 such that the voice coil extends
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with and does Aot ordesr tor centinalige hethighe firequengyarit voetativel te
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“extend. 15 ‘at the rear of the backplate 19 and a nut 40 threaded onto
' the end portion 38.

"Connections to the low frequency voice coil 24 are
provided by means of flexible 1leadout conductors 41

20 extending from the voice coil 24 to external connectors
42. Connections to the high frequency voice coil 36 are
‘provided by flexible conductors 43 which extend along a
recess in the outer wall of the pot 130, between the pot 30

and the inner poie 20 and thence through the bore 26 ¢to

25 external connectors (not shown). In order to’ allow the
conductors to extend through the bore 26, the rod 37 has a
"diameter smaller than that of the bore 26 so as to leave

an annular space through which the conductors 43 extend.
Means, not shown, are provided between the pole piece 20

" 30 and the pot 28 to ensure that the rod lies co-axially with
the bore 26. This means may be a disc secured to the pole
.piece 20 and having a central aperture of a diameter to
receive the rod 37 in a sliding fit. The disc may be
grooved to provide a passageway for the conductors 43

35 between the polé piece 20 and the pot 28. The rod 37 may
"be of circular, hexagonal or other section and the disc
‘would be provided with a central aperture of matching
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its final gest ﬁ osition t he % pi ec i As a result th g

er . components suc as the electronxc component of -

cross-over filter and terminals for electrical drive

signals for the compound loudspeaker drive unit. As an

alternative to the end 38 of the rod 37 being externally

threaded, tne_'end of the rod may be bored and ghreaded

20 internally to receive a screw.

The construction descrzbed hereznbefore ~is particularly
convenxent in manufacture of the compound loudspeaker
drive unit in that the high frequency drive unit is .
25 centralised relative to the low frequency drive unit prior o/
to the high frequency drive unit reaching its final rest
position on the pole piece 20. As a result the high
frequency unit is prevented' from engaging the low
frequency voice coil during assembly of the compound
30 Ioudspeaker_'drive unit. PFurthermore this const:uc;ion
facilitates dis-assembly of the high frequency drive unit
from the 1low frequency drive unit if and when any
servicing of the units is necessitatediﬁithont any need to
demagnetise either of the magnetic assemblies.
3s B
If desired, an annular baffle 44 having a  frusto-conical
front  surface is secured to the front of the high



“frequency  unit. is, prevented from engaging the | ow frequency voice
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cFurthernore this construction facilitates, dis-assenbly of the high
frequency drive unit from the |ow frequ&tllcy -drive unit if and when
any servicing of the units is necessitated wi thout any need to demagnet-i se
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havi n@% frusto-conical frgnt surface is secured to, the fron of
the high gayengy drive unit to provide a continuation o the
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drive unit positioned at or adjacent to the neck of the diaphragm of the
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frequency drivee§Rribed gonstiuction,od, comgoynd, lq Fﬁ?rylﬁﬁ"'ofdrt%‘ée Rt
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result the rel GEFFELIYITY OontPPo P FESFUFRCH 1IF 1B Wik e Suni %t%g}{me
perceived by ainkesteagdia aby thestfarn alfl thendfidwectfreduendie |didpineagm.
bei ng p_o_s'igonﬁgtﬁ‘r’th%t h(l]:;fh ?@eﬁu@?ﬁ%’yt 'd¥1ve unit positioned adjacent to

the neck of the low frequency diaphragm, the form of the
low frequency diaphragm imposes its directivity upon the
radiation pattern or directivity of the high frequency
. unit. Consequently at frequencies at which both drive
20 units c_ontribute significant sound output, both drive
units have substantially similar patterns of radiation or
directivity. As a result the relative sound contributions
from  the two drive units as perceived by a listener are
substantially imaffected by the listener being positioned

N 25 at off axis positions.

The 1low frequency conical diaphragm is shown in the
drawing as being of conical form having an angle of flare
which increases from the neck of the diaphragm toward the
30 outer periphery of the diaphragm. However it will be
appreciated that the diaphragm may be of conical form
having a uniform angle of flare. Also, the low frequency
conical diaphragm may be of circular, elliptical or other
section as desired.
35
The high frequenéy diaphragm is shown in the drawing as
being of domed form. Such a diaphragm is suitable because
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"5 generate .sounds in,a relatively high frequency range, sgj L Vv
low and relatively high frequency ranges overl appi “ ,@mﬂ@ cymm
Sregion; said first transducer having a conical diaphragm c Tl s
outwardly and forwardly froma neck; characterised in that said second 10
transdtcer (27) is located in or adjacentizo the neck of the conical

di aphr.agm (21) of the first transducer in such a position that effective
acousPV% centres of the first and second transducers are coinci dent and

that in said Qg?E@E?ver region the flaring of the conical diaphragm 15 (21)
| nposes a diréctrvity upon the radiation of sound fromthe second
transducer (27 wiercampaund dioudspeakeresirdive maitti comprigingcomd first

transducers argaiduted Qpirab1I4Y Gederatid) sodnds it %ssrél\é‘i:rlvelrye@&n
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f orwar dl y 10r otransdeleerchdqragt dsi 1odated Hat oxdiad jaeeard tr aheduedy (2F) isS
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15 (21) imposes a directivity upon the radiation of sound
from the second transducer (27) whereby the directivities
of the first and second transducers are matched over
frequencies in  the cross-over region where both
transducers make significant contributions to the sound

20 output of the drive unit and in that the second transducer

C(27) has a magnetic structure including a permanent magnet
(29) formed of a neodymium iron boron compound.

W, 2. A compound loudspeaker drive unit comprising a first

25 transducer operable to generate sounds in a relatively low

frequency range and a second transducer (27) operable to
generate sounds in a relatively high frequency range, said -

relatively low and relatively high frequency ranges

overlapping in a cross-over region; said first transducer

30 having a conical diaphragm (21) flaring outwardly and

' forwardly from a neck; characterised in that said second

transducer (27) is located in or adjacent to the neck of

the conical diaphragm (21) of the first transducer in such

a position that effective acoustic céntres of the first

35 and second transducers are coincident and that in the

cross-over region the flaring of the conical diaphragm

(21) imposes a directivity upon the radiation of sound

¥R



permanent negnet (29) being formed of a nmerial having magnetic -

frequenci es Im _the cross-over regi on where  both.transducers nake

Sj 'n' jjbutions to the sound ‘5 output of .the drive unit and in
t”ml mﬂmﬂHmHﬂIqansducer (27) has a magnetic structure i.ncluding a _

pet mehertt magmet*(29) producing a magnetic flux in an’ air gap, the

properties simlar or superior to those of a 10 neodyn1un1|ron bor on f*ff=
conpound. 3. A conpound | oudspeaker drive unit as claimed in clai'm 1%

furth h t hat, th dt d 27 d
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substantial |l y non- Frectronal f or requencies in the crossover region
4. A conpoundtrengducsisr makee sigini tisantaiqand nibutdionsntd the t haound

characterisgd ouapuﬁ;h%tf thia® driv@ unift! QREENGY tHaAP 0 Belcdhd Itﬁ:ﬁs&i&@d
form 25 5. conmpound | oudspeaker drive ynit, conprisin a lo
frequency rmv.(aa> bas| agmagpetdic strpctyre ingludin arcnergv@m Mg SFund
in a Eel ;att :c vel Y2loQW pirodueity rangaua@mitiadﬂ gih.lu‘xr ectuen]gm mading gayi,| ditieve
unit (27) for generating sound a,relatiyve engy, ra e;
anid high 30 DRPBADEREy TRUARS (2" BETRY AR, o SHKEE AL, g

29, 30, 32) i nnagaetieg \mrmea'thuegh fsieduenc o rvsiupe rdeiy - t(t86)t!tdsar eo:rﬁ a
characteri ggd h@°?§§§“ 8 ggg@ I B 29, 30, 32) ineludes a

per manent nagnet orned a neodymumiron boron conpound. 35 6. A
conmpound | oudspeaker  drive un|t conprising a |ow frequency moving 00|k_)

drive unit (163,213 c%ﬁepou%@ 1 fudspeakly @IVAUniG H¥N difnell i atd Malny
low frequency range a?ur%her characterlsed in that the second transducer
(27) includes a high frequency diaphragm (34) operable to -
15 generate sounds in the_relati?ely.high'fteQuendy range and
which has a fo:m such that sound radiated thereby without
the acoustic loading of the low'frequéncy diaphragm (21)
would be substantially non-directional for frequencies in
the crossover :egion.
20 '
4. A compound loudspeaker drive unit as claimed in claim
3 further characterised in that the high frequency
diaphragm (34) is of domed form.

25 5. A compound loudspeaker drive unit comprising a low
frequehcy moving coil drive unit (16, 21, 23, 24) for
generating sound in a relatively low freguency range and a
high fregquency moving coil drive unit (27) for generating
sound in a relatively high fréquency range; said high

30 frequency drive unit (27) including magnetic means (28,
29, 30, 32) interacting with a high frequency voice coil
(36) thereof, characterised in thaf the magnetic means
(28, 29, 30, 32) includes a permanent magnet (29) formed
of a neodymium iron boron compound.

35 ' _

6. A compound loudspeaker drive unit comprising a low
frequency moving coil drive unit (16, 21, 23, 24) for



“high frequency. noving coil drive unit (27) for generating soun

relatively high frequency range;  said high:frequency drivﬁ'
¢including magnetic nmeans (28, 5 29, 30, 32) interacting wt m m ”,UI”"I
frequency voice coil (36) thereof, characterised in that the ¢ nagn .

means (28, 29, 30, 32) includes a pd&nmanent nmagnet (29) producing
a nmagnetic flux in an air gap, the permanent magnet (29) being forned
of a ﬁﬂferial having magnetic 10 properties simlar or superior to

those of a rmdwa‘umg‘ regurldrio)  aglaibidre 1 1o frififdinakafands fl@idred

inclaim 5 further characterised,in that, frequency drive
it (27) 15 HASTS §9diSHdy SEEA Kol antve g ($27 ) R - ERIARAE A Ve
unit has a secsmdadappar erd mimt:szelandmgh tﬁm:mdrrmmmjnger;equesrnﬁ dEhl\grhz
unit (27) is ’ﬁ*@ﬁ% I t i rjiv ' - 21,
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frequency di i unid0 st timfteragting ity hicdo fir egyenanhtveioe cawidr e
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inclaim5 or furt her char terise that the |ow_ frequency 2
drive unit co(rﬁjer'l s i ﬁﬂ)’st al I‘;Pd]f o-oRgEaneng,, ﬂa&i\ﬁé’nc%”)
di aphragm (21)prfddud:ng; ol Waafnetiic o v viat chrflidiactgay, f ridie a peasdanent

thereof; a’lo ue v0| & G onn ted 1,0 sai.d neck _of, .the
di aphr agm (21\){¥| eﬁ‘d 1§52 r?gtéor(“?efraeé’ntg ("f% J]oarovil}ﬁvﬂd‘g a MAERETAS ¢ -
flux 30 % emnerg:ma h amlla::w fore@umeni anitoe tduide (1) awhgvesdymium
eI ectrical enghgmsatdddbPicdntpfodddy frequency voice coil (24) is effective
npart novenent to the diaphragm (21) to produce sounds in a relatively
gﬁfrequency range; and in that the high frequency |oudspeaker drive unit

(_27) is 35 pasitipnabudsfieniat ad Q:raaimémaek dXailrhe 5 | @¥ fg eigther
;:Ilhgpﬂirgﬁmf rg(qu and godrr%rl :als. n?%a%h q’ﬁu%nc%qdl a hraagtrgl‘;e34l)nﬁar r(y2|ﬂg
15 has a first apparent sound source and the low frequency
drive unit has a second apparent source; and in that the
high frequency drive unit (27) is disposed co-axially with
the low frequency drive unit (16, 21, 23, 24) and is
disposed in an axial direction relative to said 1low
20 frequency drive unit such that said first and second

apparent sources are substantially coincident.

8. A compound loudspeakef drive unit as claimed in claim

5 or 6 further characterised in that the 1low frequency

25 drive unit comprises a substantially frusto-conical 1low

frequency diaphraém (21) flaring outwardly in a forward
direction from a néck thereof; a low frequency voice coil -

(24) connected to said neck of the diaphragm (21); and

first magnetic means (16)‘ providing a magnetic flux

30 intefacting with the low frequency voice coil (24) whereby

. electrical energisation of the low frequency voice coil

(24) is effective to impart movement to the diaphragm (21)

to produce sounds in a relatively low frequency range;'and

in that the high frequency loudspeaker drive unit (27) is

35 positioned adjacent to said neck of the low frequency

diaphragm (21) and compriseg a high frequency diaphragm

(34) carrying the high frequency voice coil (36); and in



ent magnet (29) provides a magnetic flux interacting
h| frequency voice coil (36) whereby electrical
’Bm ’" high frequency voice coil (36) is effective to
the 5 high frequency dlaphragn1 (34) to produce

sounds in a relatlvely hi gh frequenc} range .overlapping .said.
rel atively low frequency range in a cross-over band. 9. A conpound . < ™
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fgequency dri verenati¢a¥y lshﬂanufacfuéﬁdenbyh ﬁgﬁgd (3$&er1aﬁpeﬁ§ragrald
0 non- magnet i 0 and_projectin ar war y
Cherefrom and TR ERAT=LE; hov  EECRaSH-Y CFafiod, 6 rNPEb85 4V 85 BapEE)
assenbly 25 of the high frequency drive unit onto the pole piece (20) and
engages W thing sajde é&GioﬁaspL kekearibe amehaéregu%@sa iflri g Fm't_
(27) relative to the reguenc r|ve unit durin ter asse '
of the unitk0 39 &qrthen ebﬁﬁsaharmaésbzéaﬂraawlxeruh#fag PeRbREd i(ﬁ4

?ny one 01(‘]I C|%ﬁe%ti@e9t¢f:~Uﬁi‘h@i?eC?aéagtﬂﬁhﬁeﬂ?hlnoft 8ae shb;gblbgbf the .
requency rrve, uni IS nmapu ur e afat el y om_ sSa ow _
(1 equency drivel @i (Erashendy et apEERGRo(IER LB rd bhpuunigha poFaupRsr.
(20) of magnet idiaplarsge1634 35 of the low frequency drive unit and in

that a pole piece (20) - of the |ow frequency drive unit has a  central

bore (26) extendlng therethrough, in that the high frequenc 17 :
15 . A compoun loudspeaker drive unit as claimed in any

preceding claim further characterised in that the high
frequehcy drive unit (27) is manufactured separatély froﬁ
said low freéuencj drive unit (10, 16, 21, 23, 24); in
that a pole piece (20) of the low frequehcy drive-unit:has

20 a central bore (26) extending therethrough; in that the
high frequency drive unit (27) is manufactured with a rod
(37), preferably of nbn-magnetic material, secu:ed'
thereto and projecting rearwardly therefrom; and in that
said rod (37) is entered into séidnbore (26) in assembly \;}

25 of the high frequency drive unit onto the pole piece (20)
and engages within said bore (26) to 1locate the. high
frequency d:iVe unit (27) relative to the 1low £frequency -
drive unit during and after assembly of the units.

30 11. A compound loudspeaker drive unit as claimed in any
one of claims 1 to 9 further characterised in that the
high frequenéy drive unit (27) is manufactured: Separafely
from said low frequency drive unit (10, 16, 21, 23, 24)
and is secured to a pole piece (20) of magnetic means (16)

35 of the low frequency drive unit and in that a pole piece
(20) of the low frequency drive unit has a central bore

- (26) extending therethrough, in that the high frequency



“driver unit (27) js manufactured with a rod (37), preferabty—of——

.. hon-magnetic material, secured thereto and extending ther
*in arearward direction and in'that the rod is entered mﬂ"’"ﬂ#&@“#&@ﬁﬁ"’
in mourting 5 the high frequency drive unit on the pole piete €2 ands  «
engages within said bore to locate the hi gif frequency drive unit (27) _
reIatJZp to the low frequency drive unit during and after assenbly of the
units™>10 12. A conpound l-oudspeaker drive unit as clained in claim11

further characueinviesed und tneg(e? X 39s 4Mardufactited t ha tH e encdf twy )y,od
(37) to the | f y ive unit. 13. A _conpqund | ouds ker drive unit
as cl ai med ir#ﬁ%%géﬁgﬁyyiué¥fQﬁﬁ gnﬁﬁhﬁaﬂﬁﬁﬁﬁﬁﬁijiﬁ?QHﬁﬂéﬁﬁh?ﬁﬁﬁﬂu;ﬁﬁéi
40) to secur @exteading: tdretefitarheenddaldd) icorpriesarsvax dralilréictd onor med t 0
act as a nountji f: Jehe dqu a . A
conpound | ouds:gli;glgea%r ﬁ%goﬁlﬁ{g)gs?ﬂg%% I'n t(h a?’%q‘—% 3?62) %8‘” hi'“‘e}"runtlng

c

char act eri Sed Sigicigeguensy grdvediung tc omdde @ed e pieceoi(@®)coiand( 36)
of the high fregaeey ®itlannisaidPoredtd iTdodatal el HAYIIClEPeduehdy
extend from sa d .voice.coil 7(3?) lt r.oug\% a"?’%ﬁé’ﬁf? In a pole 257 piecCe
(20) of magnef r&vﬁeaﬁ?lgtlé)z Por &lativiey ko cF rGUeRayndrives unit
conpound | oudsyedingr ad \adf texi assemblly mefd tihe andit®.11 further

characteri sed by conductors (43) providing 30 connections to a voice

coil (36) of the high frequency drive unit (27), and in that said :

conduct or $0( 432 ~extﬂe|¢d’"'ﬂ°@#%s diondspieakeroidrives unityr asgiclaimedoia ©2@)in n

the Iow frequaency fiirith@rURihiaria@tar3Rde By eas: t(b@,r%t)( 36 sdthrd Qe Of
co a

t.he bore (26) .. .35 16. npound | qQudspéaker drive uni npr.i sing ,
f st tragsdtgéFeoﬁgpaﬁéeggﬁ §8§e4§33 soukte i1ova frsguensyudrdye unig .range

and a second transducer (27) operable to generate
13. A compound loudspeaker drive unit as claimed in claim
15 12 further characterised in that the means (39, 40) to
secure the free end of the rod (37) comprises a moulding
formed to act as a mounting for other components of the
loudspeaker. |

20 14. A compound loudspeaker drive unit as claimed in claim
1 or 2 further characterised by conductors (43) providing
connections to a voice coil (36) of the high fredﬁency
drive unit_(27), and in that said cbnductors (43) extend
from said voice coil (36) through'a bore (26) in a -pole

25 piece (20) of magnetic means (16) for the low frequency

drive unit.

15. A compéund-loudspeaker drive unit as claimed in claim
11 further characterised by conductors (43) providing
30 connections to a voice coil (36) of the high £frequency
drive wunit (27), and in that said conductors (43) extend
from said voice coil (36) through the bore (26) in the low
frequency drive unit in a space between the rod {(37) and a
‘wall of the bore (26).
35
16. _A compound loudspeaker drive unit comprising a first
transducer operable to generate spunds in a low frequency



HB

s—ifA—a —hirgh freqUency range, said low and high frequency ranges

fa¥ral A
' ross-over region; said first transducer having a coni cal
g[ﬂﬂmaﬂgm “T“[;ari ng 5 outwardly and forwardly from a.neck;
si e that said. second transducer (27) is located in or
adj acent to the neck of the conical diafgragn1r(21) of the first,
transducer in such a position that effective acoustic centres of the. -
first and second transducers are coincident 10 and that in the -2 -
cross-over region the flaring. of the conical diaphragm (21) inposes a
‘directivity up®nge hanhd feeendftransducenn{2ht ceevabler ahedugenerals

whereby the dirggfdddtifng of tREgH | £54qReKlcs CFaRGe | F ABSHECE] Suar gndBL AHGH

over frequencies in the cross-over {e i on “where 15 both trapsducers;
make significarkfSHHRNSHUAINIRS F¢er AN JUEHRPS-BYer t Regiem i eSahdt ;-
in that the fHKiatnd Eraisdneer having | & cSomi FaYN@iaphraghu(2lyonflating

f fi I 1 ed - | I ' 0).of ,th '
O b A SR fedPafy PR ROLE, PhREaFERtideg 15, hie
| ocated with a sAishr sseeondi tianmsdweens(223)isplecated aihoor f adjaecenty vboce

coil (24) to thydegled tde oyefs Pydfugm-eﬂm(ﬁt); oF ttRt asfise
shaped permanent magnet nepber. (29) forned; of a neodym um iron boron,
conpound is | odgtanpdyrer cyin ngiieh | a reeektiom ) thaty sgffegtive; racousthgnt

(28); intthat aciaiﬁeeéfwm%?otﬁ%@im ia&:l)ndi&mmﬁl '_edrgnzgefasﬂneidéﬂed
er nanen net ., menber ) .,and_ _an annul ar_ppl e piece S upt e
o The t1 (Y dnhoriat, Gt) KBS \sr s raver cteBfos fheo st afinge of ) ‘Ehe|
gap; and in thatorsdalgh diaphmagy vO2LE impéseg 38) @lrectivhtyseupon the
 Cransducer (27)c g4 41A6] St d M ORELACe L WoBEREUCEULBULDE 27) CaRe DY
. said disc shaped pernmanent magnet nenber (2 i. L7 conpound’ l'oldspeake
~drive unit consthediaeehividbiesrofinkhe first apdepecendstpanaducersy ares

‘hereinbefore degrdies édy B E§eEeidd 1RCLRECOPDIHYLPOr I P¥EYON where
15 both transducers make significant contributions to ‘the
sound output of the drive unit; in that the second
transducer comprisés a magnet structure consisting of a
first element (28) mounted on a central pole piede (20)_bf
the first transducer and having a cylindrical outer wall
20 dimensioned to be located with a clearance within means
(23) mounting'é low frequency voice coil (24) to the neck
"of the low fréquency diaphragm (21); in that a disc shaped
permanent maénet mémbér (29) formed of a neodymium iron
~ boron compoun§ is located in a djlindrical recess (31)' in \/
25 said first element (28); in that a disc shaped pole piece
(30) is mounted on a'faée of the permanent magnet member
(29) and an annular pole piece (32) is mounted on the'“
first element to define, with the disc'shaped_pole piece,
‘an  air gap; and in that a high frequency voice coil (36)
30 of the second transducer (27) interacts'with magnetic flux
produced in the air gap by said disc' shaped permanent
magnet member (29).

17. A compound loudspeaker drive unit constructed and
35 arranged to - operate substantially ~as hereinbefore

described with reference to the accompanying drawing.




