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Alcons Audio Micro
Line-array LR7

The new LR7 line-array from Alcons Audio is the
company‘s smallest offering to date, but still provides all
the features Alcons larger systems are known for,
including a pro-ribbon driver on Morpher waveguide.

Alcons Audio is based in the Dutch town of Zwaag. In recent years it has earned
itself an international standing in the highly competitive professional line-array
systems market. Since the formation of the company in 2002, it has focussed on
the development and use of pro-ribbon loudspeakers, for its mid- to high-frequen-
cy units. The current range includes three line-arrays: the LR16; LR14; and LR7; as
well as two special modules, the QR18 and OR36 for straight line sources.

The pro-ribbon drivers used are all made to the same specification, but differ in
length. In the smallest system - the LR7, which we are looking at here - the smal-
lest pro-ribbon driver, the RBN4o1 with a length of 4", is used. The largest model is
the mighty 18” version in the OR-series. For the lower frequencies, Alcons uses 6.5”
or 8” (LR16) neodymium cone drivers, which cover the frequency range up to 1 kHz.
Depending on the use and program material, this combination can work well even
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on its own as a full range system. If especially low or loud bass frequencies are
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required, suitable subwoofers are available
for all systems as either a flying bass sys-
tems or sub-extensions for ground positio-
ning.

For the LR7, the brand new LR7B was delive-
red to us for our test directly from the
development department of Alcons Audio -
a flying bass speaker with 1 x 12” system in
a band-pass enclosure matching the LR7 in
size.

What is the specific benefit of a small line-
array module like the LR7? The laws of
physics state that with these types of com-
pact models it is possible to build lines
that are more curved in comparison to lar-
ger modules, since the maximum angle
between the units is directly dependent
on the height of the single element. The
maximum angle can be calculated with a
simple formula from Christian Heil’s WST

paper:

with ‘h’ being the height of the unit in
metres.

For the LR7, this value is 17 degrees. Up to 15
degrees can be set and therefore the sys-
tem always stays in the safe range.

The LR7 is generally used as main left/right
array system for small to midsize applica-
tions where exact throw and an even cove-
rage are needed. The possibility of strong
curving opens some additional uses for the
small modules including, for example,
down-fills, front-fills, side-fills or even
compact stand-alone units with up to five
systems hung from a stand or as a ground-
stack standing on the bass modules.
Looking at the reasons to use a line-array -
to build an optimal line source no matter
which orientation — the pro-ribbon driver
is by nature extremely suitable. While
almost all other HF-systems, be they com-
pression drivers, dome tweeters or cone
speakers, project a spherical wavefront in
principle, which then has to be brought in
the desired form of a cylindrical wave by a
waveguide, the pro-ribbon driver has this
basic characteristic by nature.

Depending on the design, and especially
on their length, conventional waveguides
create quite relevant distortion, which
cannot happen with using a ribbon-twee-
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ter as source. Compared with the widely
spread concept of using compression dri-
vers, the lack of a compression chamber,
which can also be the source of non-linear
distortion, is a further advantage. Therefo-
re the pro-ribbon appears to be the ideal
fit for the role of the HF unit in a line-array,
which leads to the question: why isn't it
used more often?

One reason is that caused by the constru-
ction and the lack of a compression cham-
ber; normal ribbon-tweeters do not reach
the sensitivity nor the power ratings of
compression drivers and therefore deliver
less maximum SPL. Both can be influenced
by constructive measures in certain areas
though and later on we will see that the
units used here even beat most compres-
sion drivers. The power of the magnets rai-
ses the sensitivity and highly resilient
materials deliver the matching robustness.
Both are the result of a lot of development
work and higher cost, which answers the
question. A ribbon-tweeter for a line-array
that can even come close to the SPL values
of modern compression drivers is very ela-
borate and expensive to develop and
manufacture.

Alcons Audio builds on a huge treasure
trove of experience with pro-ribbon spea-
kers and has perfected the principle over
the years, which enabled the development
of a pro-ribbon that matches the high
sound pressure demands in PA systems
almost without compromise, while not
completely blowing the price limits.
Before we turn to the hard facts in the
form of our lab tests, the following section
offers a short diversion to the basic con-
cept of pro-ribbon loudspeakers.

Pro-Ribbon Tweeter

The basic concept of a pro-ribbon speaker
is both simple and effective: fine condu-
cting paths with the current flowing
through them are mounted on a extremely
thin foil membrane; within a magnetic
field, this creates the driving power to
move the membrane.

The basic principle is therefore equivalent
to a conventional electrodynamic speaker,
but there the moving coil moves in an air
duct and the power has to be transferred
from the coil to the membrane. Since the

coil of a normal speaker only grips at the
edge of the membrane, the membrane
only follows the movement of the coil wit-
hin limits and creates more or less pro-
nounced partial waves depending on the
frequency.

These problems are especially severe with
high frequency drivers, where the 3” or 4”
membranes are over-tasked with the fre-
quency range above 10 kHz.In the case of a
pro-ribbon speaker the voice coil is (so to
say) found uncoiled on the surface of the
membrane. Therefore the driving power is
evenly distributed over the whole surface
of the membrane. This way, partial waves
cannot be produced (or at least only far
outside of the audible frequency range).
However, we must not forget that even
with pro-ribbon speakers some resonan-
ces can occur on the membranes.

The membrane of a pro-ribbon speaker
moves as a long narrow strip and therefo-
re projects a cylindrical wave with a
height equivalent to the length of the
membrane. In the horizontal plane the
projection is determined by the width of
the membrane, which means that noticea-
ble bundling only occurs at higher fre-
quencies.

As aresult of the substantially smaller neo-
dymium magnets RBN4o1 and RBN601 are
substantially smaller than earlier models of
the pro-ribbon-tweeter. The small neody-
mium magnets also have the advantage
that they allow a dense construction enab-
ling improved focussing of the magnetic
field to the membrane area. Since longer
distances of air have to be bridged in com-
parison to a traditional air gap, there is a
problem regarding how to reach the neces-
sary power-coupling factor BL, which gives
an added advantage to neodym magnet in
addition to the weight savings.

The reduced mass of the magnets results
in a reduction of the capacity to take up
heat, though. Accordingly the RBN models
are amply equipped with cooling fins on
the outside to disperse the heat by conve-
ction cooling. In the enclosures of the lar-
ger LR models, we therefore find openings
in the upper and lower plates at the points
where the drivers are mounted. With this
method, a duct through the whole line is
created along the cooling planes to enable
effective dispersion of heat.
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Pict.1: Frequency response with sensitivity 1 W/ 1 m for the 90° (red)
and 120° (blue) versions of the LR7. The curve strongly rises to the
high frequencies since the crossover is limited to a high- and low-
pass function without passive attenuation.
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Pict.3: Phase response of the LR7 with 2 x 360° shift caused by the
acoustic 4th order high-pass filter at the lower end in form of the
bass-reflex enclosure and by the crossover as well as a low delay
around the crossover frequency.
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Pict.5: Impedance chart of the LR7 with 16 Ohm nominal value and a
minimum of 9.2 Ohm. The tuning frequency of the bass-reflex reso-
nator is at 62 Hz.
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Pict.2: Frequency response with sensitivity 1 W /1 m for the subwoo-
fer LR7B. The curve is typical for a band-pass system. Between 50 Hz
and 160 Hz there is an average sensitivity of 92.7 dB.
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Pict.4: Phase response of the subwoofer LR7B
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Pict.6: Impedance chart of the LR7B with 8 Ohm nominal value and a
minimum of 6.4 Ohm. The tuning frequency of the band-pass reso-
nators is at 46 Hz and 114 Hz.
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LR7

The LR7 conforms to the familiar design of

the LR-series. The compact enclosure
(359mm wide, 173mm high at the front)
weighs in at only 8 kg including grille and
flying hardware and can easily be handled
by one person, even in a three piece com-
bination. The front is packed as densely as
possible, with the 6.5” woofer and the pro-
ribbon RBNgo1 including the horn. The
term horn might be considered misleading
in this instance, wave distribution lens
could also be used- or Morpher (= trans-
former of the wavefront), the term that
Alcons uses.

The Morpher is used to slightly bend the
wavefront in the vertical plane. A comple-
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tely straight wavefront would only be
optimal for a straight speaker line. With a
curved system, a slightly curved wave-
front is better. Usually a compromise is
found here: if a system - like the LR7 - can
be curved up to 15° per unit, the optimal
curve of the wavefront is at half the maxi-
mum angle (7.5°).

There are two versions of the waveguide
available for the LR7 with horizontal proje-
ction angles of 9o° and 120°. In the vertical
plane, the LR7 is rated at a maximum cur-
ving angle of 15°. The angle is set at the
back of the enclosure with the positioning
of a bolt on a metal bracket perforated in
sensible steps. On the front, the single ele-
ments are always closely connected with
locking pins as well. The metal frames on
the front are flush mounted in the sides of
the enclosures with only the locking pins
projecting. Thanks to the low weight of
the LR7, the configuration of an LR7 line is
easily done. Up to 18 modules can be flown
with a safety factor of 10:1 and the flying
frame GRD7 is also prepared for the TEQ-
SAS-laser/inclinometer.

The electrical connection of the speakers
rated at 200 W RMS power and 8oo W
peak-power is done via NLg connectors.
The input signal is on pin 1 and pin 2 car-
ries the sens-system (SIS= Signal Integrity
Sensing) used by Alcons, with a signal
return from the speaker to the power
amplifier. Since the cable can be integra-
ted into the counter-coupling of the
power-amp in this way the loss of the
damping factor is compensated by the
load resistance and the speaker continues
to see an ideal source with a very small
interior resistance, independent of the
length of the cable.

Of course, the power loss by the resistance
of the cable cannot be compensated for by
this procedure. The LR7 works with a passi-
ve internal crossover, which only acts as a
crossover without level matching or fre-
quency response correction of the two
channels. This by now widespread concept
of a passive crossover in combination with
an active controller for system equaliza-
tion is probably the most economical solu-
tion for compact two-way systems. The
drivers can work with their full sensitivity
without the heavy loss-producing passive
damping, the passive crossover can be

designed simply without equalization net-
work and the active controller allows for
quick changes in overall functionality. Still
only one power amplifier is needed for
both channels and the cabling can be held
at a minimum. The only downside — if it is
considered relevant at all — is the absolute
need for a controller. The SIS concept offers
an additional plus for a passive crossover:
the crossover sees a very small source
resistance at the input, which leads to less
cross-influences between high and low
frequency channels.

As a protection for the HF-driver, the passi-
ve crossover is followed by a combination
of PTC and light bulb. If the current rises
too high for the HF unit, the PTC becomes
highly resistive and the current flows into
the light bulb connected in parallel, being
automatically limited to an acceptable
level. When the overload is over, the PTC
cools down and automatically turns to low
resistance again, which bridges the light
bulb, taking it out of the signal flow.
Looking at the lab tests of a single LRy
without controller, picture 1 shows the fre-
quency response and sensitivity of both
variants with go® and 120° horizontal dis-
persion angle. In the frequency range of
the 6.5” LF unit, the sensitivity rises from
86 dB at 100 Hz to almost 98 dB at 1 kHz.
The pro-ribbon tweeter continues the rise
in this form and reaches the highest point
of 108 dB sensitivity at 4 kHz. Above this,
the curve slowly sinks without sharp dips
to 100 dB at 20 kHz. Here the difference
from a classic compression driver, which
would have started with a noticeably hig-
her sensitivity at 1 kHz, falling off much
more at the higher frequencies and with
progressively more irregularity in the fre-
quency response, can be easily recognized.
The outstanding characteristic of the LR7
is the overall linear and steady flow of the
curve without resonance peaks or jumps.
The frequency response of the 120° version
is slightly less optimal than that of the 9o°
version, with the flow above 4 kHz being a
bit more nervous. The matching phase res-
ponse in pict. 3 (just for the 9o°® version)
shows the usual 360° phase shift caused
by the acoustic high-pass-filter in the form
of the bass-reflex housing at the lower end
of the frequency range and a further 360°
in the range of the crossover frequency at 1
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Pict.7: Frequency response of three LR7 with curving angles of o
(red), 3 (orange), 6 (light blue), 9 (dark blue), 12 (green) and 15 (green-
yellow) degree between units
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Pict.9: Frequency response of the controller for three LR7 flown (red),
as a ground stack (blue) and with high-pass filtering at 75 Hz (green)
and 160 Hz (pink).
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Pict.11: Total frequency response of a combination of three LR7 and
one LR7B with a crossover frequency of 75 Hz (upper line in red) and
160 Hz (lower line in blue). Both variants without additional sub
extension.
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Pict.8: Coupling filter in the controller unit for (from top) 3, 6, 9, 12,15
and 18 units LR7 in one line. Upper curves are LR7/90, lower curves
LR7/120.
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Pict.10: Filter frequency response of the controller for three LR7 with
subwoofer LR7B for a crossover frequency of 75 Hz (red and dark
blue) or 160 Hz (orange and light blue) as well as with LR7B as flown
bass with additional sub extension with the LR7B being used bet-
ween 8o Hz and 160 Hz (green). Without sub extension the LR7B is
limited at 45 Hz by a high-pass filter.
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Pict.12: Phase response of the combination of three LR7 with one
LR7B at crossover frequencies of 75 Hz (red) and 160 Hz (blue)
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kHz. The latter are partially caused by the crossover and the spea-
kers themselves, as well as through a small delay between the
two channels, which can be recognized by the slight rise in the
phase in the crossover range around 1 Khz.

A final look at the impedance chart in picture 5 shows a rather
low minimum of 9.2 Ohm just above 200 Hz for the 16 Ohm spea-
ker as well as a tuning of the bass-reflex resonator to 62 Hz. If
eight LR7 are driven in parallel from one power amp channel, the
power amp has to be completely stable in 2 Ohm use, which is the
case with the recommended models of the Alcons series.

Flying bass LR7B

The matching bass unit LR7B is roughly equivalent to two LR7
units on the front side and can be placed above the LR7 in a flown
line, or flown alone in an independent line. For a groundstack, the
LR7B can be used as ,pedestal” for the top cabinets; The LR7’s can
be standmounted with a bracket for 3 or for 5 units. The low
weight 18 kg speaker is equipped with a 12” neodymium woofer.
The driver is a long excursion model, enabling a range down to 40
Hz in combination with the rather low-tuned band-pass enclosu-
re.

Looking at the resulting frequency response in picture 2, we see
the sensitivity increasing from 88 dB at 50 Hz to 95 dB at 120 Hz.
The LR7B can therefore be used according to demand and crosso-
ver frequency either as a true sub-bass or as a mid-bass extension
in combination with the LR7. The enclosure is designed as a band-
pass with resonators tuned to 46 Hz and 114 Hz (see pict. 6). The
higher resonator works with one large centrally placed opening
on the front plate and the low resonator uses four smaller ports
placed at the corners. For the lower tuning frequency the ports
have to be rather long. Possible resonances from the ports, which
could approach the transmission range, are therefore inhibited
by small additional Helmholtz-resonators in the ports (see photo).
The concentric arrangement of the resonators in the enclosure
assures an evenly distributed strain on the driver and forestalls
wobbling of the membrane. On the outside, the enclosure is cove-
red with Durotect structured polyurea coating and fitted with
two large inset grips, a solid grille and rails, as for the tops. Hand-
ling and mounting is easy here as well. The LR7B features LR7-
compatible hardware at the front for flying them, enabling
assembly of further LR7B or LR7 units. The flying hardware on the
back is used for the connection with the flying frame upwards
and to additional LR7B downwards. If a much shorter LR7 top is
mounted below the bass, it can be mounted with its rear hardwa-
re to a further connection at the base of the LR7B. A connecting
frame for changing from bass units to tops is therefore not nee-
ded.

Controller and amplifiers

Only the ALC series with the DDP controller module are used as
power amplifiers and controllers for the LR7 system. Currently,
the line consists of the models ALC2, 4 and 6 with the model num-
ber roughly denoting the power in kW into 2 Ohm. For a group of
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Side view

frontview

Function of the Morpher (transformer) to give a slight curve to the flat
wavefront

four or five LR7, one ALC2 would be advisable. To drive eight LR7
well, even using peak power potential, an ALC4 would be quite
fitting. The power amps are built with Class-G circuits (multiple
stepped supply voltages) and conventional low-frequency trans-
former supplies.

All these amps can be fitted with the digital controller module
DDP, which is optionally fitted on the front of the amplifier. The
module offers all the filter- and protection-functions necessary
for the speakers. It can be matched to any Alcons speaker by sim-
ply choosing the right preset. The filter functions for different
line-array lengths and subwoofer-combinations are also stored as
presets.

Lab test results

In addition to the usual filters for crossover functions and system
equalization, other filters are needed for line-arrays to adjust for
array length and curving. Within an array the level rises in the
lower frequencies as an effect of acoustic coupling of the spea-
kers with each other in comparison with mid and high frequen-
cies. The latter only add up between themselves if the array is not
curved and therefore projects a very narrow beam. When the line
is curved, the high frequency energy is dispersed through the
angle covered by the curving, with intensity and reach sinking
more at higher angles.

This can be seen well in picture 7, where the frequency responses
of a small three unit cluster of LR7 is shown for curving angles of
0° to 15° between the units. At the o° angle the frequency respon-
se of the individual unit stays almost the same while the level
rises by about 9 dB. When the array is now opened to a larger



angle the curve stays almost the same for the frequency range
below 2 kHz. Above this though the level starts to fall off with lar-
ger angles since the total projected sound power is distributed to
an ever-larger area.

The throw of a line-array is controlled via the curving with the
help of this characteristic. The upper flown systems for the
audience in the far distance are almost straight and carry the
highs a long way. The further down we get in the line, the sharper
the curving used, since the audience reached by these systems is
much nearer to the source. Here, a large angle has to be covered
with less sound pressure. With the help of this so-called ‘intensity
shading’, throw and angular coverage are adjusted in the
mid/high range. The lower frequencies then need a matching fil-
ter to compensate for the bass rise caused by the length of the
array. This can either be done by attenuating the bass or by boos-
ting the highs with one or two simple shelving filters.

Picture 8 shows the corresponding filter curves for the LR7 as pro-
grammed in the DDP. Here, low-shelf filters are used, lowering the
levels below 2 kHz with increasing lengths of the array.

For the combination with subwoofers there are several variants
for the LR7, which are shown in picture 9. The red and blue lines
show the full range mode with a high-pass filter at around 60 Hz
for the LR7 in the variants for a flown line and for a groundstack.
For the groundstack the highs are slightly reduced since the
audience is usually nearer to the speakers in these cases.

The red and pink lines show the setting for subwoofer combina-
tions with 75 Hz and 160 Hz crossover frequency respectively.
Picture 10 shows the correlation with the filter curves for the
LR7B, which then takes over the frequency range below 160 Hz or
75 Hz. In both cases, the LR7B is limited by a 45 Hz high-pass filter
to the lows. As an alternative it is possible to use a subextension
below the LR7B, which could be a subwoofer from the B-series for
example, which would start below 8o Hz and support the LR7B in
this range.

Picture 11 shows how all this looks in combination with speakers
for a combination of 3 x LR7 with 1 x LR7B and crossover frequen-

cies of 75 Hz and 160 Hz. The level in the bass range below the
crossover frequency can easily be matched through the gain of
the respective channel. The matching phase responses and delay
time curves can be found in pictures 12 and 13. The 4th order cros-
sover filter and the additional high-pass-filter (also 4th order) as
well as the acoustic high-pass character of the speaker cause
strong phase shifts and a correspondingly high rise of group
delay to 40 ms at 40 Hz.

A quick reminder: the group delay is the delay that affects a
group of frequencies or the envelope of e.g. an amplitude-modu-
late signal. The group delay has to be differentiated from the pha-
se delay time, which describes the delay that happens to a single
sine signal.

A value of 40 ms has to be seen here as compromise between the
necessary protection function of the high-pass-filter and the
resulting group delay.

Maximum level

In practical use, the maximum level reachable is one of the most
important lab test results for a PA-system, since it shows what a
system can deliver without escalating distortion values. While a
problematic frequency response can still be ‘corrected’ with mat-
ching filter settings, the maximum level is a hard natural limit of
a speaker, that can not be changed. Two aspects are dominating.
First is a need for the highest possible value for the desired fre-
quency range with low distortion. And, in addition, a smooth flow
of the curve is desired, avoiding dips as far as possible, since the
weakest point is always the limit.

We measured the maximum level for a three unit set LR7 with or
without the subwoofer LR7B for up to 3% and up to 10% distortion.
The resulting charts in picture 14 show the exemplary result with
a nice smooth flow on a high level. In the working range of the
6.5” bass speaker a value of about 123 dB was reached on average
and the curve rises to 130 dB at the point of the pro-ribbon twee-
ter coming into play, which should dispel any initial concerns
regarding a potential lack of SPL. To the contrary — above 5 kHz,
where most compression drivers fall off heavily in maximum
level, the pro-ribbon-tweeter keeps up the high level to the test
limit of 10 kHz.

In combination with the subwoofer a few dB can be gained below
200 Hz, which is mainly noticeable below 70 Hz. If this is not suf-
ficient, the number of LR7B units can be increased or a sub-exten-
sion from the B-series could be used.

Directivity

To judge the directivity we first made the usual tests of a single
element in the horizontal and vertical plane and then added
array tests for several curving angles.

A single LR7 shows a continuously narrowing character in the
vertical plane (see pict. 16), which leads to an average of 15° at
high frequencies. The usual effect of opening at higher frequen-
cies, that can often be noticed even from 10 kHz upwards, does
not occur here thanks to the pro-ribbon technology, which makes
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