Theo B.J. Campmans, M.Sc.

Directing annoying tonal alarm sounds
1/8

Directing annoying tonal alarm sounds

Theo B.J. Campmans M.Sc.
Lichtveld Buis & Partners BV
campmans@lbp.nl

www.lbp.nl

Postbox 1475
3430 BL Nieuwegein

Netherlands

Abstract

Tonal sound signals are used on many places im todkearn people for possible dangers.
The use of these sounds is in many cases a nuisaotiger people. The alarm noise can also
be a risk for hearing loss or severe nuisanceerators of these vehicles. In order to reduce
this nuisance, directivity can be used effectivélye purpose will then be to produce the
sound sufficiently loud in the hazard area, antbasas possible on other places. In order to
realise this, a very simple but effective methoohiented. The method is patented.

This pure acoustic solution can be realised wiingle add-on duct piece on the source. The
sound directivity can be made stronger, by usiegsdime principle subsequently, creating a
greater amount of sound outlet openings. Therenargy applications in which this method
can be used.

An industrial nuisance case

The cause for the development of the SWD was teggpice of noise nuisance in the living
areas close to a large plant. The alarm soundsudamts that large conveyor belts are started.
Before starting, people close to these belts wenmed for the danger of these starting belts,
since these belts were not within eyesight of {herators. It concerns a tonal and intermitting
sound, highly recognisable on the plants terraim atso at houses in the environment. The
use of a directional sound source can in suchtgnggive a significant decrease of
annoyance. The method of directing the noise wiehSWD will be explained hereafter.

The Sound Wave Director

The idea of the SWD came up by a simplificationhef well-known systems of array
loudspeakers. In the case with only one frequemegemnt, this becomes very simple. The
speaker array consists in it's simplest form of speakers placed at a half wavelength of
each other, giving a maximum decrease in souncepédipular to the main axis. It is stated
that the use of 1%, 2%, etc. wavelengths etc. waold also perpendicularly, but then the
behaviour in front will show a whimsical behaviokor only one frequency this can also be
achieved with a single sound source connecteditaasplitting the sound flow into two
equal outlet openings. The resulting outlet opesimgw become two coherent sources at a
half wavelength distance.
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Right in front, at the main axis, the two soundd ad. Perpendicular to the openings, at
larger distances, the sound is cancelled exachigofietically this cancellation is infinite. At
angles, a partial cancellation occurs: at 30° #meellation compared to the front is 3 dB, at
45°itis 7 dB and at 60° it becomes 13 dB. Thisinsethat there is a region between + and —
30° where the desired sound level differs less dB from the front level, whilst at angles
of 60° and higher the level is decreased at I€asiBL This can be used very well to reduce
nuisance while maintaining a desired alarm are& iBlshown in figure 3 in a polar plot.

p; = P(ry).sin(w.t-k.r;)

p2 = P(rp).sin(w.t-k.rp)

D=1/2
v
Figure 1. Duct splitting a Figure 2. Two coherent sources spaced at Figure 3. Directivity of
source into two coherent distance D two sources with DH /2
sources at ' (scale 30 dB)

The former example showed the directivity in thang@ of the openings. Of course these

situations are cylinder-symmetrical around the liheough the two openings. It has to be

taken into account that the individual directivity the openings themselves should be added,
together with the shielding of the embodiment & 8WD with the sound source.

Fields of applications

The application of directivity with tonal (alarmyw@nd can be useful for:

- back alarms on vehicles,

- alarm sirens for emergency vehicles (police, amimdaand fire engines),

- industrial alarms,

- the use as a sound weapon, less violent than & eaaten, tear gas or truncheon,
- the use as a directed arbitrator whistle or

- the use on train whistles.

Probably there will be more fields of application

The use of several openings

The basic concept of splitting the sound can beatga, as long as the distances and numbers
of bends from the source to each opening are ellosk openings will result in a stronger
directivity. The situation of 4 openings is illustied in figure 4.
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In front of the openings, the sound will
arrive in phase, so it will add completely,

p1 = P(ry).sin(w.t-k.ry)
resulting in the highest sound level.
_ Perpendicular the sound from openings 1
p2 = P(rp).sin(w.t-k.r5) . .
and 2 will cancel completely, just as the
= Pl Sk sound from openings 3 and 4. At 30° with
the front axis, due to the spatial triangle,
st the sound from 1 and 3 will cancel each
Pa = P(rg).sin(w.t-k.r,,

: other, just as the sound from openings 2
. a and 4. Between 30° and 90° the sound will
become stronger, but even at the highest

A
a=90°
D
D

D >
- point in between (at 49,7 °) the sound will
still be 11.3 dB below the frontal sound
Figure 4. Situation of 4 coherent tonal sources in level.

line

The increasing directivity with the use of more emnt sound sources spaced at a half
wavelength for 2, 4, 8, 16 and 32 openings is shiowilgure 5. These characteristics can be
calculated with:

N _ With:
Pt = o xgl i po the sound pressure level at 1 m
izt T from 1 opening,
r, the distance towards opening i,
N the total number of openings and
k the wave numbem{c).
2 openings 4 openings 8 openings 16 openings 32 openings

Figure 5. Directivity with 2 till 32 coherent tonal sources spaced at a half wavelength (scale 30 dB)

Frequency dependence

Calculations were made to investigate what hapgehe half wavelength of the tonal sound
does not exactly fit with the distance of the $iolg system. This can give an estimate in case
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the design is not perfect or when small deviatifigots occur, for example due to
temperature changes.

The half wavelength of the design frequengy.dnfits exactly with the opening distance.
Figure 6 shows what happens when the sound fregudfiers up to 10% from the design
frequency.

N=2; f/fdesiqn = 0,90 N=2; f/fdesiqn = 0,95 N=2; f/fdesiqn =1 N=2; f/fdesiqn = 1,05 N=2; f/fdesiqn = 1,10

—

N=8; f/fdesiqn =0,90 N=8; f/fdesiqn =0,95 N=8; f/fdesiqn =1 N=8; f/fdesiqn =1,05 N=8; f/fdesiqn =1,10

Figure 6. Directivity sensitivity for N= 2 and 8 oherent sources, for —10%, -5% +5% and +10% deviatin
of the frequency compared with the design frequencgf the SWD (full scale: 30 dB)

Although the directivity diagrams with §;ign differing form 1 for two sources show some
clear differences, the sound level within the aagthnge of+ 30° shows only minor
variation (at 30° +0,7 dB / -0,6 dB). The soundelem the range from 60° onwards will be at
least 10 dB lower than the frontal sound leveis ioted that a 5% frequency shift can be
caused by a temperature change of approximately;30% frequency shift equals a
temperature change of approximately 55°C.

Also for the case of 8 coherent sources, the frecyehift causes changes of the diagrams.
Due to changing frequencies, the exact angles wdmmplete cancellation occurs will shift.
But overall, the maximum levels of the differenvdés stay within a certain “envelope”.

It is noted that it is possible to compensate friation due to temperature effects, by
changing the sound frequency, depending on theumadsemperature. This can be useful if
there are strict requirements to the accuracyefdldiation pattern. The relatively small
frequency shift, which is necessary to do so, moll effect the alarm quality of the resulting
sound.
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Some remarkable phenomena occur when increasirspthre frequency to the double of the
design frequency of a SWD, and above, as is shoigure 7. The situation for the case of
two times the design frequency is obvious, sineedistance between the openings then
equals the wavelength of the sound. Perpendicuflaglysound of each opening will add with
the sound from all other openings. This resulta gtrong side lobe at 90°. With further
increasing frequency, several side strong lobearaaicdifferent angles.

N=16; ffjesign = 1 N=16; f/fjesign = 1,5 N=16; ffsesign = 2 N=16; f/fdesign =3 N=16; ffsesign = 4

Figure 7. Directivity sensitivity for 16 coherentsources, at increasing frequencies to more than es de
design frequency of the SWD (full scale: 30 dB)

With further increase of the frequency, these ktdes will shift towards the main axis. The
exact angles of these side lobes can be calcujgiaaietrically from the intermediate
distances of the openings and half wavelengthestund.

More openings on a plane

There are also possibilities to concentrate thedmot only with a line of openings, but also
with a plane of openings. This can be either agdllabe or a curved plane, as shown in figure
6 and 7 for 16 x 16 openings.

Figure 8. Geometry of SWD with 6 ' Figure 9. Sound directing system Figure 10. A curved plane
openings on a circle with 16 x 16 openings on a flat plane with 16 x 16 openings

Such systems will give directivity in two planesitiVa flat plane a very strong directivity can
be created. Applications of such systems can teeasis tool for crowd control, for example
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integrated in a shield for riot police. The advaetaf such a pointed sound shield is that the
rioters or hooligans can be held at a distanceowitthe use of other more violent weapons
such as the water canon, tear gas or at closandisthe truncheon. It is expected that the use
of such a police tool may lead to less physicatacirand injuries. Of course, for such
systems it should be taken into account that theddevel of this sound shield will not cause
hearing loss within a relative short exposure time.

In case the total desired sound power can not beedsd by a single sound source, the
invention can also be used in a hybrid way, witoaple of sources, each source having
multiple outlets. The principle is shown in theldaVing figures, where the SWD’s of figures
11 and 12 have the same directionality, but thength of the latter is of course higher.

D=112 p=l72

J
|
T

10

F

v

Figure 11. Principle of one | Figure 12. Principle of 2 or Figure 13. Prototype of SWD with 4x4
source and 4 or 4x4 outlets| 2x2 sources and 4 or 4x4 openings
outlets

It can be noted that the distance between de phopenings in figure 13 is not exactly ¥2
This gives a smaller side lobe, and a somewhatlerdeontal lobe.

Behaviour with curved outlet plane

With a curved plane of sound outlets, the T \\
sound will be spread in a well-defined \
angle, with a strong decrease in sound level
at the boundary of the range. The latter is
shown for a curved SWD for two different (E(

curvatures. Within a certain angular range,
the sound level is approximately flat;

outside the range the level drops very fast. // /
oﬁﬁe?ing angle 30° oaé:i‘ng angle 60°

Figure 14. Directivity of a curved SWD with 64
openings spaced on Iz with two different
opening angles (scale 30 dB).
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The use of the SWD as back-alarm

One of the possibilities for the SWD is the usébank-alarms on vehicles. There are several
design choices to be made. It has to be takeragtount that in practical situations there will
be always a reflecting bottom. With the possil@itof directing sound in a simple manner, it
has to be questioned how strong the directivityukhbe? The answer of course depends on
the size of the hazard area where it is necessamatn people for the danger. With that in
mind, it will in practice suffice to use only twa at most 4 openings. This leads to a rather
small design, which is a cost advantage.

A possible useful location to place a SWD-backralarould be at the most upward position
at the back of a truck, and then to direct it dowrdyv Then the sound towards the
environment can be reduced strongly. This locagads to extra length of electric wiring.

For a lower location on the truck, a fair designgists of 2 x 2 openings, at an angle of
approximately 45° downward. This results in an drelaind the truck where a sufficient
alarm sound can be heard that covers the danger wdnist the sound is strongly reduced at
locations where it is not needed. This is illugdain figure 15. In this figure the interference
patterns caused by the reflecting bottom are nomvalThis calculated by adding the bottom
reflection with the direct sound without phase imfation).

Figure 15. Sound area of alarm signal (above certain strengthgt normal back-alarm (left) and with
directed back-alarm with 2x2 director at 45° down (ight).

Side turning alarm for blind spot risk prevention
An alarm similar to a back-alarm can be designeslam people for the risk in the blind spot
of a truck, when turning right, or turning left wiedraffic drives at the left side of the road.



Theo B.J. Campmans, M.Sc.
Directing annoying tonal alarm sounds

bladzijde
8/8

The Dutch company Lisa2Alert BV is supplier of suchystem. A major disadvantage of
present systems is the noise nuisance it can c@hiseis a reason for which it is not yet
allowed on vehicles in the Netherlands. A speatsigh of the SWD is developed for this
side alarm, which causes the sound to “stick” adohgthe truck, very well covering the
danger area for people standing beside the truelproaching the truck’s danger area. For
this special design a new patent is applied for.

In the design of side turning alarm the

sound reflection against the side of the
truck is used constructively. This reflection
makes it possible to use a design with only
one sound outlet, although present designs
consist of two outlets. Then the radiation
pattern will be defined by the interference
pattern of the source with the mirror

Figure 16 Design of directed side alarm source.
with direct and reflected sound path

In such alarm systems, it is not desired that aa axists where no alarm sound is heard. To
prevent this, the distance between the outlet laadnirrored outlet should be somewhat
smaller than the half wavelength. The exact dedigiance between outlet and mirror outlet
is to be optimised yet, but is likely to be betw@&? and 0,4 times the wavelength.

Figure 17 Example of directed | Figure 18 Sound area of non- Figure 19 Possible sound area of
alarm sounder on a truck directional sound at side alarm directed side alarm
Final remark

The SWD is a simple way to give directionality étm&al warning sounds. This can be used in
many applications to restrict warning sounds toditea where the are really needed. This can
reduce the nuisance for bystanders.



