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Introduction

The European Noise Directive EN-71-1 “Safety of $oy
Part 1: Mechanical and Physical Properties- Amendrde
Acoustics” [1], which has been prepared by CEN/TZ 5
“Safety of Toys” follows two approaches to limitthisk for
the hearing losses of children playing with toysigeed to
make noise. The first approach is to limit the guesdaily
noise dose, the second is to limit the short tenmeaict.

The first approach tries to avoid the metabolicamdtion of
the ear. The A-weighted dosed: is defined by

Lysg =10 -1og(1/T - [ p(©)3 /p5 - dt

wherep,(t) is the A-weighted sound pressupg,= 20uPa

and T the expected daily time of exposure. The reg:@p-
proach limits the peak level of the C-weighted sbypnes-
sure to avoid direct hearing damages. This limg baen
derived from the European Directive 2003/10/EU [R].
cannot be excluded that toys, for instance thosegyser-
cussion caps, might be fired close to the ear]ithi¢ is set
in EN 71-1 [1] for the C-weighted peak value t@pdak =

125 dB at a distance of 0,5 m, which translates4to dB for
a close to the ear usage at 0,05 m, whereas atdhelace
[2] the lower limit is at 135 dB at the positionthbe ear! The
question is whether or not this limit can be coesid to be
safe for impulse sounds in particular for thosemfrtoys
using percussion caps.

Impulse noise
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Figure 1: Time history of the Z-weighted sound pres-
sure of a pistol firing a percussion cap measuted a
0,5m distance by deBAKOM 2012 using EN71-1 [1],
LCPeak: 119 dB
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Figure 1 depicts a typical impulse of a toy pistising a

percussion cap. The measurement has been perfaimad
distance of 0.5 m. The duration of the impulse socan be

characterized by the timeggtin which the sound level re-
mains 10 dB below the peak value. Typically forqussion

caps, see Figure 1, thgtime is shorter than 0,3 ms.

In principle, the sound pressure alone does notigeothe
information about the mechanical momentum or impact
applied to the outer ear by the impulse sound evEme
mechanical momentum M is obtained via the timedrdke

M@ = Ffy p(t) - dt’ ]
where F is the area of the earlobe and p(t) thadspuessure
over time t. To estimate the maximum momentum tite-i
gration should be performed fortty, This means that the
impact on the auditory system is governed by time tinte-
gral of the sound and not just the maximum valAesimple
estimate for M is to multiply the maximum value titng time
duration {o. As a consequence, the effect on the auditory
system is governed by the product of the peak pressnd
impulse duration. However for blasts from percussiaps,
these two parameters are correlated. Accordingaed/eber
model [3] which reliably describes muzzle blastsrirfire-
arms, the duration increases if the charge loddcieased.
And there is no significant difference between sheicture

of sounds from percussion caps and muzzle blasts.

The AHAAH-model

The mechanical momentum provides an estimate of the
overall effect but cannot account for the transiérsuch
impulsive sounds to the inner ear. After passimgdhter ear
the sound reaches the eardrum and moves it. Thiemment
is transferred via then middle ear to the stapémschwmove
the oval window, the entrance of the inner earstaythe
liquid movement in the cochlea, The movement letds
displacements of the hair cells in the cochleaatritie basi-
lar membrane depending from the distance to thé wira
dow. It is obvious, if these displacements exceesltain
values the inner ear may suffer harm at just thosations.
As a consequence, the displacement at the ovalowirat
the stapes and the resulting movements of thedbasim-
brane respectively is the basic indicator for tegeasment of
auditory hazard risks. The so-called AHHAH modeleale
oped by Price and others 1990 [5] is just doing.tfihe
model is depicted in in Figure 2:



CONFORMAL WITH EAR'S
STRUCTRURE

Inner Ear

Figure 2: Sketch of the ear model by Price, [5]

Today, this model is widely used be the USA miiitand is
proposed as an ANSI standard [ANSI WG S3.62] fa- pr
dicting auditory risks. Detailed information inciad a
sketch of the model is given at www.arl.army.milesd also
links can be found to papers that discusses vaapptica-
tions of the model and reports on the validatiomant this
web site, there is also a program available thebpas the
AHAAH model for user specified pressure time higsr
The following results presented in Figure 3 anduFegd are
taken from the in-built examples processed byphigyram.
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Figure 3: Time histories of the stapes displacement

(upper part) and of the related outer ear sound-pre
sure (lower part)

Figure 3 shows the time history of an impulse vatipeak
level 94 dB at the outer ear and the related stape&ment
that is not exceeding 0,12 um. Obviously, the tstracture
of the stapes response follows closely the calesatiner ear
pressure signal. This indicates as expected arlitnaasfer
even for such pressures above 90 dB.

Figure 4 shows the findings for the same pressigeak
numerically amplified to a peak level of 190 dB.eTimodel
yields an entire different behavior of the stapdsere is no
linear transfer anymore. If the stapes react ligedne dis-
placement would peak at 7500 pm. The maximum vahse
can be seen from Figure 4 - is only 19 um or 52edB.

Peak displacement 19 pm
52 dB “compression”
(7600 pm if linear)
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Figure 4: As Figure 3 but with a peak pressure of
90 dB

In addition, parts of the incoming waveform — iratied by
an ellipse in Figure 4 - are enhanced and becowmipent
in the stapes displacement and will therefore dater the
movement of the basilar membrane and could causagla
es to the hair cells. The non-linear behavior &srésult of a
protection mechanism in the stapes decoupling tgaular
movement between the stapes if a certain angleciseeled:
The annular ligament limits the peak stapes digptent to
about 10-20 um.

This process has been experimentally studied wsmyals

by Price et al. [5] and later on with volunteersisBd on the
calculated movements of the stapes the AHAAH model
provides so-called auditory risk units (ARU'’s) te bsed to
estimate the combined hearing threshold shift G&&oral

or permanent) 30 minutes after exposure:

CTS = 26,6 In(ARU) — 140,1 dB

For ARU = 200, CTS becomes zero, which means that n
threshold shift will be observed with a probabild§ more
than 0,95. For ARU = 500 a 25 dB threshold shifll e
observed, which may be partly temporary or permanen
Since the late 1990ties the model is used by theniigary

to evaluate and assess the effect of shooting ramisthe
human hearing system.

One important and published application, see lirdts
www.arl.army.mil — outside the military use - were com-
plains about hearing damages after air bag expiesin
passenger cars in the US. The AHAAH-model was aefdpli
to modify the air bags (in particular the way thelesives
are fired) in such a way that hearing damages amamized.

Application

In the mean time, the AHAAH-model has been improved
and modified (the latest version is from 2009) éndvaila-
ble at the Web site given above. This version irtgporeas-
ured sound pressures as function of time if givea well-
defined text file format. Therefore, the AHAAH mddmn
directly be used to predict the auditory hazardsnfrblast
from percussion caps.



Figure 5: Typical toy pistol using percussion caps

Figure 5 shows a toy gun using percussion capsnRhe
construction of such a toy it is clear that therebuadiated
will have a high directionality. Hence, the redet test plan
in EN-71-1 [1] for such toys prescribes measuremént 6
directions, at 0°, 90°, 180° and 270° in the plahthe barrel
pointing at 0° and to measuring position above bedeath
the toy. All positions are located at a distanc&@tm. The
highest lgpeavalue has to be less or equal 125 dB.

As an example, Figure 1 shows the pressure timergisut
of the measurements at the 6 directions which presl®,22
ARU and a lgpeac0f 119 dB.

By linearly amplifying the amplitude of the pressisignal
the increase in the ARU’s can be studied using\tHAAH-
model. The results are depicted in Figure 6.
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Figure 6: Auditory hazard risk factor as a function of
amplification
In order to obtain a risk factor CTS of zero or mor
(200 ARU) an amplification of 45 is needed or aelein-
crease of 33,1 dB.

Due to the non-linear acoustic regime very closthéblast
sources, the level decrease close to the sourfersdffom

the geometric law given by 1/r2, where r is thetatise.

Thus, for a close to the ear positions at 0,05 masure-
ments show on the average an increase of the (hteeig
peak level of 18 dB instead of 20 dB.

Nevertheless, assuming a factor ten (20 dB incjefasehe
shot with the highest risk will translate in approately
20 ARU at 0,05 m according to Figure 6. There s#ithains
an additional increase by a factor of 4 before 2BU are
exceeded and the risk factor CTS becomes nonzero.

It is a well-known effect as described in ISO 17:20{7]
that an increase in the amplitude can only be aedidy
increasing the explosive mass. This will lower ffeguency

content of the time history of the sound presstieincor-
porate this effect, the sample frequency was asgumeary
between 50.000 Hz down to 50000 Hz, which meanara v
ance of the frequency amplification factor betw@®h and
1. The results are depicted in Figure 7.

For the lowest dark blue line 7 in Figure 7, no &muge
increase is assumed and one can see that witheasing
the amplitude of the signal the ARU value increasem
about 12 to 50 by lowering the frequency and driogiew
10 at a frequency of 0,47 times 50.000 = 23.500 Hz.

The diagrams show that an increase of the amplihyda
factor of 4 (green line 5) +12 dB will increase itk rela-
tive from 12 to 150 ARU’s. By lowering the frequenc
which will necessarily occur with increasing thadig7], the
risk becomes non zero for 200 ARU’s and drops irelatio
100 ARU'’s if the frequency reduction factor 0,4ésched.
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Figure 7: Relationship between frequency reduction
factor (due to an increased explosion mass) and ARU
risk factor

Figure 7 shows that such a shift of the frequeneyetident
auditory curve is comparable to a shift to lowegftencies
of the impulse sound, which means according to rieiguan
overall shift to smaller risk factors. Thereforég tresults
depicted in Figure 7 can be generalized in the eseéhat
shifts in the auditory threshold for children taghér fre-
guencies do not increase the risk. The auditorgstiold
curve of smaller children is more sensitive to leiglire-
guencies compared to a 18 years old adult, duetthege of
the geometry produced by a shorter ear channdieothil-
dren, which shifts the optimal impedance to highegquen-
cies.

Evaluation of reported PTS due to a
toy pistol in literature

There is a publication by Fleischer et al. [6titl*Strategies
of the Hearing System against Noise — an Auditogymb
age“. It shows on page 95 the sound pressure tisterj of
impulse produced by a toy pistol for a distanc® @25 m
together with sound pressure time history of a tgunk fired
at 25 m distance. Fleischer states for the toyapeak level
of 179 dB at 0,025 m distance, a position whictabeumed
has been used by a boy who showed a considerabtepe
nent threshold shift (PTS).



The given 179 dB peak value translates to a level oConclusion

Lcpea= 153 dB at least at a distance of 0,5 m. In 1999
deBAKOM has measured levels that were about 6 dB, le

which means that the above given value for 0,5 neddis-
tic.

The measurements in 1999 showed an impulse durafion

less than 0,2 ms or a relationship between thga.kvalue

and its sound exposure level ks of about 40 dB. If this is
taken this into account one obtains for the emigednd

energy level £

Le=153dB-6dB +11dB—-40dB =118 dB

decibels relative to I8 J, The -6 dB stand for the increase

in distance from 0,5 mto 1 m. The 11 dB repredéni(4r)
the surface of a sphere with a radius of 1 m ard-40 dB
consider the average duration of the impulse iati@h to
the peak level of 0,1 ms. This means that the echighergy
for this shot was in the order of

E=0.65J
The sound emission energy of measured product3lg &

Le=125-6+11-40=90dB
or

E =0.001J,
which is about a factor of 650 less, indicating ittgact of
the revision of the EN71-1 introduced in 2003 oa thanu-
factured toy pistols and guns using percussion.caps
The risk factor received by a shot as measuredi&igdher
is in the order of = 50.000 ARU. That is 250 tinégher as
the proposed safety limit of 200 ARU accordinghie CTS-
formula. 50.000 ARU lead to threshold shifts aft&®d
minutes of 148 dB, which will result with a veryghi proba-
bility in permanent TS.

Other applications

The length of the impulse of a toy gun using a psson
cap is now in the order of 0,3 ms whereas the Egifaone
producing toys last up to 1 s.

The limit of 200 ARU for a tone emitting instrumeate
reached (Table 1):

Frequency| Peak L cpeak L cpeak
Pressure| at0,05m | at0,5m
kHz Pa dB dB
2 160 138 118
4 60 130 110
8 18 119 99

Table 1: Sound pressure and peak levels of a one sec-

ond tonal impulse producing 200 ARU at 0,05 m dis-
tance and the resulting peak level at a distandgof
m.

This application and its evaluation using OAE-meament
will be published by Pazen and Walger at the DAGA 2
conference.

The limiting value for toy guns using percussiopsaet at
Lcpeak= 125 dB at 0,5 m distance is scientifically wedised
as can be seen from the AHAAH-hearing model, et¢mei

distance is 0,05 m to the ear . The very shorttéuran the
order of 0,3 ms ensures that no temporary threshibifis

will be observed, which are to be expected if thpulse last
much longer with the same peak level. The latter @ecur
for typical impulsive noises in work places. Thewshort
duration of the percussion cap impulses allows ratrob of

the auditory risk by solely looking at the peakdewf the
impulse, preferably not the C-weighted but the Zghted

evel.

The situation may be completely different for otheys
producing more stationary sounds of short duratioth
tonal components in the higher frequency region.
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