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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 17201-2 was prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 1, Noise.

ISO 17201 consists of the following parts, under the general title Acoustics — Noise from shooting ranges:

— Part 1: Determination of muzzle blast by measurement

— Part 2: Estimation of muzzle blast and projectile sound by calculation

— Part 4: Prediction of projectile sound

The following parts are under preparation:

— Part 3: Guidelines for sound propagation calculations

— Part 5: Noise management

The initiative to prepare a standard on impulse noise from shooting ranges was taken by AFEMS, the
Association of European Manufacturers of Sporting Ammunition, in April 1996, by the submission of a formal

proposal to CEN. After consultation in CEN in 1998, CEN/TC 211, Acoustics, asked ISO/TC 43/SC 1, Noise,
to prepare the ISO 17201 series.
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| Introduction

Two basic sources dominate the shooting sound from firearms: the muzzle blast and the projectile sound.
These two sources are basically different. The explosion blast from devices can be treated as muzzle blast.

The muzzle blast is caused by the expanding gases of the propellant at the muzzle. The muzzle blast can be
modelled based on essentially less spherical volume of these gases at that moment when the expansion
speed becomes subsonic.

The projectile sound is caused by the supersonic flight of the projectile along the trajectory from the muzzle to
the target or to a point on the trajectory where the projectile speed becomes subsonic. The projectile sound
stems from a section of the trajectory that coherently radiates a shock wave into a certain direction.

In general, the procedures for estimating the source energy depends on the estimation of energies that are
involved in related processes. The procedures give estimates for the fraction of these energies that transforms
into acoustic energy. The result of the estimation is a set of acoustical source data with respect to energy,
direction and frequency content.
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Acoustics — Noise from shooting ranges —

Part 2:
Estimation of muzzle blast and projectile sound by calculation

1 Scope

This part of ISO 17201 specifies methods for estimating the acoustic source data of muzzle blast and
explosions and the source data of projectile sound on the basis of non-acoustic data for firearms with calibres
less than 20 mm and explosions less than 50 g TNT equivalent.

This part of ISO 17201 addresses those cases where no source measurements exist or where the data
necessary to calculate projectile sound according to ISO 17201-4 are unknown. An example of this situation
would be measuring projectile sound from shot guns pellets. This part of ISO 17201 can also be used as an
interpolation method between measurements of muzzle blast.

Source data are given in terms of spectral angular source energy covering the frequency range from 12,5 Hz
to 10 kHz and can be used as data input for sound propagation calculation.

This part of 1ISO 17201 is not applicable to the prediction of sound levels for the assessment of hearing

damage and cannot be used to predict sound pressure levels or sound exposure levels below a specific
distance where linear acoustics does not apply.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 17201-1:2005, Acoustics — Noise from shooting ranges — Part 1: Determination of muzzle blast by
measurement

ISO 17201-4, Acoustics — Noise from shooting ranges — Part 4: Prediction of projectile sound

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 17201-1 and the following apply.

3.1 General

3.1.1
air density

yol
density of air for the estimation conditions

NOTE The air density is expressed in kilograms per cubic metre (kg/m?3).

A 1A~ AR~ AT
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31.2

angular frequency

[

frequency multiplied by 2n

NOTE The angular frequency is expressed in radians per second (rad/s) in all formulae.

313

coordinate system (x, y)

plane coordinate system describing geometry, where the x-axis denotes the line of fire with x = 0 at the muzzle,
and the y-axis measures the perpendicular distance from the line of fire in any plane around the line of fire

NOTE 1 The sound field of projectile sound is rotational symmetric around the line of fire.
NOTE 2  The coordinates are given in metres (m).

3.14
cosine-coefficients

€1,2..N
coefficients of the cosine-transform used to describe the directivity of the angular source energy

315

deceleration angle

&

difference between the radiation angle at the beginning and end of a part of the trajectory

NOTE The deceleration angle is expressed in radians (rad) in all formulae.
3.1.6

specific chemical energy

u

specific chemical energy content of the propellant
NOTE The specific chemical energy is usually expressed in joules per kilogram (J/kg)

3.1.7
line of fire
continuation of the axis of the barrel

See Figure 1.

NOTE Ballistic trajectories can be described as a sequence of straight lines. Then the methods apply to each
segment. Corrections of the aiming device are ignored.

n .
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a) Side or elevation view

b) Top or plan view

Key

muzzle

barrel

sight

line of fire

line of sight
target
trajectory
height of sight

0 NOoO O WN -

Figure 1 — Line of fire and line of sight

: 3.1.8
. projectile sound source energy

9

p . .
acoustic energy from a trajectory length of one metre
NOTE 1 The projectile sound source energy is expressed in joules (J).
NOTE2  See also 3.3.6.

3.1.9

propellant mass

mg

mass of the propellant

NOTE The propellant mass is expressed in kilograms (kg).
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3.1.10
radiation angle

angle between the line of fire and the wave number vector describing the local direction of the propagation of
the projectile sound

NOTE 1 The radiation angle is expressed in radians (rad) in all formulae.

NOTE 2  ¢&is the 90° complement of the Mach angle.

3.1.11
angle alpha
o

angle between the line of fire and a line from the muzzle to the receiver
NOTE 1 See ISO 17201-1:2005, Figure 3.
NOTE 2  The angle alpha is expressed in radians (rad) in all formulae.

3.1.12

sound exposure

E

time integral of frequency-weighted squared instantaneous sound pressure over the event duration time

E= J p2(1) dr
T
NOTE The sound exposure is expressed in pascal-squared seconds (PaZ-s).
3.1.13
sound exposure level

ten times the logarithm to the base 10 of the ratio of the sound exposure to a reference value

NOTE 1 The sound exposure level is expressed in decibels.
NOTE 2  See also ISO 1996-1.

NOTE 3  The sound exposure level of a single burst of sound or transient sound with duration time is given by the

formula
2
t
Ly —10|g[jp2( ) o ]dB
T PoTo
where

p(¢) is the instantaneous sound pressure as a function of time;

02Ty is the reference value [(20 pyPa)? x 1 s].
3.1.14
speed of sound in air

C
speed of sound for the estimation condition

NOTE The speed of sound in air is expressed in metres per second (m/s).

A .
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3.1.15

divergent area

Ss

size of the area at a certain distance from the trajectory through which the sound radiated from the respective
path of the trajectory is propagating

NOTE The divergent area is expressed in square metres (m2).
3.1.16
propagation distance
p
S

distance between the source point of projectile sound, Pg, and the receiver point, Pg,

NOTE The propagation distance is expressed in metres (m).
3.1.17

Weber radius

Rw

radius of an equivalent radiating sphere of the “simple model of explosion”

NOTE The Weber radius is expressed in metres (m).
3.1.18

Weber pressure

Pw

sound pressure at the surface of the Weber sphere

NOTE The Weber pressure is expressed in pascals (Pa).

3.2 Directivity

3.21

correction factor due to source directivity

s

correction taking into account that different orders of Fourier functions contribute differently to the energy

3.2.2

directivity factor

Y(a)

directivity function in the direction of «

3.3 Energy

3.31

effective angular source energy distribution

Oy @)

effective energy radiated into the direction ¢, weighted by directivity

NOTE The effective angular source energy distribution is expressed in joules per steradian (J/sr).
3.3.2

total acoustic source energy

Qe

total acoustic energy after integration of O,(«) over the whole sphere

NOTE The total acoustic energy is expressed in joules (J).

A 1A~ AR~ AT
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3.33
energy in the propellant gas

0

g
energy in the gaseous efflux of the propellant at the muzzle

NOTE The energy in the propellant gas is expressed in joules (J).

3.34

kinetic energy loss

9

difference in projectile energy of the translatory motion on a part of the trajectory of 1 m length due to air drag
NOTE The kinetic energy loss is expressed in joules (J).
3.35

muzzle source energy

Om

total acoustic energy of the muzzle blast

NOTE The muzzle source energy is expressed in joules (J).
3.3.6

projectile sound source energy

P _— . -
product of the kinetic energy loss, Q,, and the acoustical efficiency, o,
NOTE 1 The projectile sound source energy is expressed in joules (J).

NOTE 2 See also 3.1.8.

3.3.7

projectile muzzle kinetic energy

Opo -

kinetic energy of the projectile at the muzzle

NOTE The projectile muzzle kinetic energy is expressed in joules (J).
3.3.8

propellant energy

Oc

total chemical energy of the propellant

NOTE The propellant energy is expressed in joules (J).

3.3.9

Weber energy density

Ow

energy density of a Weber source with a Weber radius of 1 m

NOTE The Weber energy is expressed in joules per cubic metre (J/m3).
3.3.10

reference Weber energy

Ow 1

Weber energy for a mass of propellant having a Weber radius of 1 m

NOTE The reference Weber energy is expressed in joules (J).

M3 .
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3.3.11
angular source energy distribution

S (a)
q
acoustic energy radiated from the source into the far field per unit solid angle

NOTE 1 The acoustic energy radiated by the source within a narrow cone centred around the direction o is

do
Sq(a)=E

where Qis the solid angle in steradian (sr).

NOTE 2  The angular source energy distribution is expressed in joules per steradian (J/sr).

3.4 Fraction

3.41
kinetic fraction

9
rat?o of the projectile kinetic energy, Op, to propellant energy, O,
NOTE The efficiency is the kinetic fraction, expressed as percentage.

3.4.2

gas fraction

Oc

rat?o of the energy in the exhausted gases, Qg, of the propellant after the shot to the propellant energy, O,

343
acoustical efficiency

Oac
ratio of an energy that converts into acoustic energy

3.5 Projectile

3.51
projectile diameter
dP
diameter at the maximum cross section of the projectile
NOTE The projectile diameter is expressed in metres (m).
3.5.2
projectile launch speed
Vpo
speed of the projectile at the muzzle
NOTE The projectile launch speed is expressed in metres per second (m/s).
3.5.3
projectile length
lp
total length of the projectile
NOTE The projectile length is expressed in metres (m).
Copyright International Org:\ni;;t‘ign\ f;g[’;l%ardiz’\a;ilor?:ghts reserved 7
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3.54
projectile mass
m
p
mass of the projectile, for shotguns the total mass of the pellets

NOTE The projectile mass is expressed in kilograms (kg).

3.5.5

projectile speed

\4
p

speed of the projectile along the trajectory

NOTE The projectile speed is expressed in metres per second (m/s).
3.5.6

projectile speed change

K

local change of projectile speed along the trajectory per length unit of trajectory

NOTE The projectile speed change is expressed in reciprocal seconds [(m/s)/m = 1/s].
3.5.7

Mach number

M

ratio of projectile speed to local sound speed

4 Estimation model for source data of the muzzle blast

41 General
If possible, the muzzle blast source data should be determined according to ISO 17201-1.

This clause specifies methods for the estimation of acoustic source data of muzzle blast and explosions.
Firearm muzzle blast is highly directive. Both angular source energy distribution and spectrum vary with angle
from the line of fire.

For the propagation calculations, frequency and angle-dependent source data are required as input data.
Such detailed emission data, measured according to ISO 17201-1, are not readily available for a large variety
of weapons and ammunition and there is a need to estimate the data from other technical information. This
method may also be applied for explosives. For muzzle blasts, linear acoustics applies if the peak pressure is
below 1 kPa.

NOTE This method might not be suitable for firearms fitted with muzzle devices that influence the blast field, for
example, a muzzle brake that reduces recoil by deflecting propellant gas flow as it exists from muzzle.

The method is separated in two parts: firstly, the acoustic energy of the shot shall be estimated; secondly, the
directional pattern of the source is to be applied and the spectrum calculated. The procedure allows the use of
very general data or, if available, specific data to provide a more accurate result. Therefore, the procedure
allows the use of alternatives such as default values or specific values for certain parameters.

Due to this flexibility a flow chart is used to describe the steps of the procedure, including equations. In
Figure 2 the left part of the flow chart shows how to estimate the muzzle source energy that is to be used in
the right part of the flow chart to determine the acoustical source data. Branches in the flow chart that are
alternatives are depicted by a logical sign “or’, ®. The logical sign for “and”, ®, means that both sets of
information are needed to continue. The symbol x denotes an default input value for the parameter x. If the
parameter x is not known the default value may be used. Numbers at the top of boxes are the equation
reference numbers.

[o] .
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The standard-estimation is to be obtained by following the scheme (see Figure 2) along the given default
parameters for all coefficients. This estimation is mandatory for the report. If a different value for any
coefficient is used the reason for this shall be stated.

4.2 Estimation of chemical energy

The key quantity for estimating the acoustic energy is the total chemical energy involved, Q.. If O, is not
known, two alternatives exist for determining Q.. The left-hand branch uses the kinetic energy of the projectile,
Opo. either known directly or alternatively calculated from the mass and projectile launch speed of the
prOJect|Ie [see Equation (1), in Figure 2]. The projectile energy is a fraction of the total energy. If the fraction
Oy, i Not known, 35 % should be used as default. Equation (2) in Figure 2 then determines Q.. The right hand
branch uses the mass of propellant or explosives. The impetus (conversion factor), u, depends on the type of
propellant (e.g. 4 310 J/kg for TNT, or 5 860 J/kg for PETN). If the specific chemical energy, u, is not known a
value of u = 4 500 J/kg should be used.

4.3 Estimation of acoustic energy

The energy O, is partially converted into heat and into the kinetic energy of the remalmng gas (Q ), heat and
friction between the barrel and projectile, and the kinetic energy of the projectile (Q,q) or accelerated material,
respectively. The inner ballistics, in case of guns, will determine this balance [11P A fraction of 45 % in Q,
should be used as the default value for Oy the only source of energy in the muzzle blast. Equation (5)
accounts for the efficiency of the conversion of energy in the propellant gas, (O into the total acoustic energy
of the muzzle blast, Q.

4.4 Estimation of the Weber energy

The part on the right of Figure 2 shows the flow chart used to determine the Weber energy, Oy, which is the
energy density of a Weber source with the Weber radius of 1 m.

4.5 Estimation of directivity

For rotational symmetric radiation around the line of fire, the directional pattern of the source is described by a
Fourier-series with respect to the angle « relative to the line of fire. If the directivity pattern, c,, is not known,
the matrix shown as Equation (6) in Figure 2 gives a list of default values for some weapons. Applying the
directivity, ¥, to O, in Equation (10) in Figure 2 yields the energy that flows through the slice, including the
directional pattern of the source.

4.6 Estimation of the spectrum

The next two steps in Equations (11) and (12) in Figure 2 use an acoustical model of explosions in air which
allows an estimation of the Fourier-spectrum of the angular source energy distribution, where « is the direction
as described in the Annex A, see also Reference [8]. The default values are validated model parameters and
should only be changed if relevant information is available. The integral in Equation (12) should be integrated
numerically; there is no known analytical solution. This estimation method should not be used for the
prediction of peak pressure values or similar quantities.
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NOTE Numbers at above right of the boxes are the numbers of the equations, as referenced in the text. For

additional information with regard to Equations (11) and (12), see Annex A.

Figure 2 — Flow chart of estimation procedure for muzzle blast source data

5 Estimation model for projectile sound

5.1 General
If possible, the projectile sound source data should be determined according to ISO 17201-4.

The free field sound exposure level of projectile sound should be calculated using ISO 17201-4. However,
ISO 17201-4 is applicable only if the parameters of the shot are known. If this is not the case the following
procedure may be used.

1N :
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This estimation procedure assumes that a certain portion of the kinetic energy of the projectile moving with
supersonic speed is transferred into a shock wave. The method predicts acoustic energy from the shock wave.
From this energy the sound exposure is calculated assuming linear acoustics. For N-waves linear behaviour is
assumed if the peak pressure is below 100 Pa.

The trajectories are assumed to be a straight line, however, this method also applies to ballistic trajectories
which can be approximated by a set of straight lines.

The so-called standard-estimation is obtained by following scheme (see Figure 3) along the given default
parameters for all coefficients. This estimation is mandatory for the report. If a different value for any
coefficient is used, the reason shall be stated.

5.2 Estimation of projectile sound source energy

Figure 3 shows how to estimate the projectile sound source energy for a shot. The projectile sound source
energy, Q,, is the product of the kinetic energy loss, Q,, and the acoustical efficiency, o,.. If o, is known for
the prOJecEIe under consideration this value should be used, or o, = 0,25 should be used as default.

If x, v,g and the position of the muzzle are known, the speed and the trajectory of the projectile are known
from nguatlon (13) in Figure 3. Equation (14) gives the loss of kinetic energy per metre. Equation (15) gives
the source energy of projectile sound.

NOTE There may be different ways to estimate some of the parameters shown in the flow chart of Figure 3. For
example, if the speed of the projectile, v, is known at different distances, x can be estimated using a linear regression.

K VpO X
(13)
v(x) = Voo T KX v(x)
K
(14)
QUX) = -myk 1o (V.o + KTof2) Q(x)
— Dt
0,25 G

X
1

L e

vy (15

= GacQ|

Q

p

NOTE 1 Numbers at above right of the boxes are the equation numbers, as referenced in the text.

NOTE2 rgis1m.

Figure 3 — Flow chart for estimating projectile sound source energy
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6 Sound exposure

The sound exposure depends on the path length from the source position to the reception point
(see Figure 4):

Es(rs) = | p®(rs.t)dt (16)

where subscript S denotes all parameters which relate the source position on the trajectory to the reception

position.
N\
YA
———————— T Y=Y
|
\ |
|
| z
PM Pfl
—e oﬁ»
X
y
z S'lx.r.')
¥ F -
=0 I X = Xy
V= vy V= vy
Key

x  line of fire

y  perpendicular direction to the line of fire in any direction around the line of fire

F  trajectory length

Py position of the muzzle

P, position of target or point on trajectory of fire where projectile becomes subsonic
PR reception point

Figure 4 — Shock front geometry for two time periods, | and Il
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A
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90°

2
———

'DM 'DS Pf
—_ L
X9 X
Ax
x = xg - Ax X = X
F
[ =1
x=0 X = Xpt
V= Vg V=V
Key
line of fire

v perpendicular direction to the line of fire in any direction around the line of fire

F trajectory length

Py position of muzzle

Py position of target or point on trajectory of fire where projectile becomes subsonic
Pr reception point

NOTE For more information, see Figure 4.
Figure 5 — Shock front geometry at period Il

The distance, rg, shall be sufficiently large to ensure that the peak pressure levels is less than 100 Pa so that
linear acoustics apply. Therefore, the estimation of the projectile sound at the source, Pg, at xg determines the
exposure level observed at the reception point, Pg. The sound source energy is proportional to the energy
loss at source point, Pg, over a certain length of trajectory. The sound exposure at Py is inverse proportional
to the divergent area, Sg, see Figures 4 and 5 [Sg corresponds to S(xg, rg)].

For a given reception point Pg, xg is calculated. In Figure 4 and Figure 5, angle ¢ denotes the radiation angle
at x = xg —Ax. The energy is radiated from the element Ax of the trajectory through the divergent area S(xg, r)
which represents the situation at Pg. Ax is assumed to be 1 m (see Figures 4 and 5).

(xo—xs)z(vpo +KXg +c)(vp0 +sz—c):c2y§ 17)
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with

C—Vpo
K

(18)

x<xg<xy and xg<

NOTE 1 No analytical solution for xg is known.

NOTE 2  « is negative if the projectile is not self-propelled.

From Figure 5, Equation (19) is obtained:
2, 2
rs =4(x0 —xs)” + g (19)

The area of divergence Sg is dependent on &g, g5 and rg. This area is given by Equation (20):

2
Ss(rs) = 2nAx? !sinz &s [% +%] +%sin[§s —878) sin SS] (20)

where

&g :arccos[ ¢ ] (21)
Vp‘sr

where VoS is the speed of the projectile at point xg — Ax.

C C
&g = arccos —arccos (22)
Vp‘Sr Vp7s

where

V.S’ is the speed of the projectile at point xg — Ax;
Vp,S is the speed of the projectile at point xg.

Then, the sound exposure is given by Equation (23):

Op(Ax)

23
Ss(rs) (23)

Eg(rs) = pc

This estimation is valid as long as the projectile speed is greater than the speed of sound.

As the change of projectile speed is assumed to be linear, Eq(rg) can be estimated using Equation (24):

3
mpk(Vpo +KXg
Es(rs):pc = ( ) = (24)

. 2 rgCk
27rg sin&g (VpO +sz) + S

1. ¢
Vpo T KXg

1A .
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NOTE 3 Equation (24) can be applied for Mach numbers greater than 1,01.
NOTE 4  Equation (24) does not depend on the choice of Ax.

The third octave band (nominal mid-band frequency f;) sound exposure level of the source is given by
Equation (25):

Eq(r
Li(r)= 1019{%} dB +C; — Cg (25)

0

where

Ci=2,5dB+28Ig[%]dB if f; <0,65f,

C

C,~=—5,0dB—12Ig[;—"de if f,>0,65f,

[}
40
Ciot =101g > 10710 dB
i=11
and where

fi =10"1% Hz, is the nominal mid-band frequency of the one-third-octave band (12,5 Hz to 10 kHz,
i =11 represents a mid-band frequency of 12,5 Hz, and i = 40 represents a mid-band frequency of
10 kHz);

fo is the critical frequency estimated from Equation (26)

fe= (26)

(27)

where M is the Mach number.

NOTE 5  The estimation of the spectrum does not yield the dips in the spectra that necessarily occur according to the
N-wave one-third octave spectrum. For comparison to experimental data, in particular if the test data include ground
reflection, this approach should be considered too simplistic.

NOTE 6  1/f; describes the N-wave duration.

7 Uncertainty of estimation

The uncertainties of the resulting source data estimations depend on the uncertainties of the values of the
acoustic input data. Because of the complexity of the estimation procedures, the uncertainties of the acoustic
source data should be estimated by variation of the data to the procedures and observation of the change in
the results. In principle, the methods relies on energy concepts. Therefore, the estimation of energy-equivalent
acoustic parameters in decibels is less uncertain than the estimation on non-energy-equivalent features. The
latter features include the estimation of the directivity of the muzzle blast.

NOTE For each shot of a series, the directivity pattern can vary more significantly than the variation of the acoustical
energy of the shots. The procedure result give an average of the pattern.
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Annex A
(informative)

Simple blast model for estimation of sound energy and its spectrum

The so-called Weber model, published in 1939 [13], has been validated in the acoustic far field for a variety of
explosions in air for charge weights, starting at 0,5 g to 20 kg [8l: [9],

The model is based on the idea that the source is a spherical volume of compressed gas expanding with high
speed. As long as the explosion continues the sphere cannot radiate any sound because the expanding
sphere will overtake any sound wave. In this state the volume of the sphere will grow, while the expansion
speed will decrease. When the expansion speed equals the speed of sound, the sphere will radiate sound.
This radiation depends on the particle-velocity on the surface of the sphere. The particle velocity equals speed
of sound, therefore the radiation per unit area is a constant. The surface of the sphere determines the total
radiated acoustic energy.

The differential Equation (A.1) describes the model:

Lo~ (A1)
p

where wis the angular frequency.

The function a(w) in Equation (A.1) is given by Equation (A.2):

3 2|2
a(a)):R—c 1+[ < J (A.2)

W @Ry

where
¢ is the speed of sound;
Ry is the radius of the sphere, the Weber radius of the source.

The time history of the pressure is expressed by Equation (A.3):

p(t) = (PW jacos(m)msin(wz)dw (A.3)
n 0

a2+a)2)

Equation (A.1) defines the Fourier spectrum of a blast. In order to archive a one-third octave spectrum the
Fourier spectrum must be integrated over the range from o, to @, for each one-third octave band defined.
Figure A.1 shows an example of a Weber spectrum. Equation (A.1) is a spectrum that is symmetric relative to
a centre frequency. However, due to the logarithmic scale of a one-third octave spectrum, the one-third octave
spectrum is no longer symmetric. The spectrum follows a 30 dB per frequency decade increase of levels at
lower frequencies and a 10 dB per frequency decade decrease for higher frequencies in this one-third octave
presentation.
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Figure A.1 — One-third octave spectrum of a Weber blast
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Annex B
(informative)

Quality of input data

B.1 Mass of explosives — Weber radius — Source energy level

Figure B.1 shows an overview of the relationship between the mass of explosives, Weber radius and
measured source energy level. It includes firearms and small explosions covered by the scope of this part of
ISO 17201. In addition, it gives examples of blasts from devices that are outside the scope of this part of
ISO 17201, in order to show the general uncertainty of this dependency. The central straight line is the
regression line. The additional lines at both side of the regression line indicate the +3 dB and —3 dB limits of
the average.

The three axes at the right of the graph are scales corresponding to the respective source energy level,
unweighted, C-weighted and A-weighted.

The abscissa of the graph in Figure B.1 indicates the mass of explosives. For firearms, the effective mass
accounts for the directivity of the blast.

The examples in Figure B.1 are results of measurements performed at different distances and heights of the
sources. The small arms were fired at a height of approximately 1,5 m at a distance between 7,5 m and 10 m.
For the larger weapons, the distance was typically 250 m. As a conclusion, the uncertainty in Figure B.1 is
about + 3 dB.
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Figure B.1 — Weber radius versus effective mass of explosives
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B.2 Lateral kinetic energy — Mass of propellant

Figure B.2 shows the correlation between the lateral kinetic energy of the projectile at the muzzle and the
mass of propellant for various firearm ammunition. The data were collected from ammunition catalogues [14].
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Figure B.2 — Mass of propellant versus lateral kinetic energy of the projectile [14]

B.3 Specific chemical energy — Temperature

The efficiency increases approximately 10 % (0,5 dB) for a temperature rise of 50 K.

B.4 Weber radius — Sound exposure measurements

The uncertainty of a description of a measured muzzle blast by the Weber model cannot be expressed by one
number for two reasons: Firstly, the Weber radius predicts the complete spectrum but the model is more
reliable in some frequency ranges. Secondly, the often present ground reflection and/or projectile sound
signature can add uncertainties that are not directly attributable to the uncertainty of the Weber model. For this
reason, Annex C focuses on the presentation of these various influences and uncertainties on the
determination of a Weber spectrum from a single event measurement. A muzzle blast from a .300 Winchester

serves as example (see Annex C).
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Annex C
(informative)

Examples for estimation of muzzle blast

C.1 Estimation procedure for muzzle blast source data, according to Figure 2 flowchart

C.1.1 Test plan

In accordance with ISO 17201-1, the measurement is as follows.

a)
b)
c)

d)

)]

h)

Location: small arms range, two walls on each side, safety baffles across the range.
Time of measurement: late September, at noon.

Terrain: flat (in the range of 0,1 m), grassy, no rain for at least one day.

Weather: sunny, no distinct wind (0 m/s to 2 m/s), low humidity.

Position of weapon: centre of measuring half-circle, 1,5 m above local ground, trajectory parallel to the
ground, at least 12 m distance to any reflecting obstacle (magnitude of position error vector 0,15 m).

Measuring positions: seven quarter-inch microphones on a half-circle at a radius 7,8 m, and at angles of
0°, 30°, 60°, 90°, 120°, 150°, 180° re. trajectory, 1.5 m above local ground, mounted with horizontal
membrane (at grazing incidence for direct sound from the muzzle) fixed on the top of wooden poles of
0,04 m diameter (magnitude of position error vector 0,10 m).

Measuring chain

Meets requirements of class 1 of IEC 60651 and IEC 61672-2, respectively. Calibration was performed
before and after the tests (duration of about 2 h).

Conduction of measurement

Shooter fired the rifle aiming at a far distance target at 1,5 m height above ground. The desired position of
the muzzle was marked with a pole. The pressure signals of all microphones were simultaneously
recorded to a digital tape for later analysis.

Weapon: hunting rifle, one barrel, no muzzle brake, brand name is known but omitted here.

Calibre: .300 Winchester 1).

Ammunition: propellant mass known but omitted here, projectile (full metal jacket), brand name known
but omitted here. .

Reported data
Time histories of unweighted sound pressure in pascal over a time period of 20 ms:

1) one-third octave spectra of unweighted sound exposure level, region of sonic boom at 0° and 30°
was padded to zero for the respective spectra,

1)

.300 Winchester is an example of a suitable product available commercially. This information is given for the

convenience of users of this part of ISO 17201 and does not constitute an endorsement by ISO of this product.
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2) propagation corrections for each measuring angle and each third octave,
The propagation correction considers influences from
— ground reflection,

— geometric errors (errors in the relative position between muzzle and ground and receiving microphone
and muzzle and receiving microphone),

— timing errors (additional time delays between direct and reflected sound due to local wind and
temperature profile), and

— air absorption (calculated for each one-third octave according to ISO 9613-1 or ANSI $1.26-1978, with
respect to temperature, ambient pressure and humidity).

C12 Description of procedure to calculate the free field data (see Table C.1)

The procedure for evaluating the propagation correction assumes that the measured pressure at the receiver
is the result of the superimposed pressure signals from a direct and reflected blast. The source pressure
signals for both components are assumed to be identical Weber radii. In the given range of uncertainties for
each geometric parameter, ground impedance and weather condition, the procedure finds the propagation
correction by minimising the deviation between the theoretically predicted one-third octave spectra and the
measured spectra. These uncertainties are different for each measuring position and single shot. Figure C.1
shows the one-third octave spectra for all seven measuring directions.

C.1.3 Description of procedure for calculating source energy level evaluated on basis of
angular source energy

Because of the symmetry of the muzzle blast around the line of fire, the documented results of the seven
measuring points on a half circle represent a complete parameter set to evaluate the directivity pattern
according to ISO 17201-1. The general cosine transform for this number of points is

M(a)=ag +aqcos(a)+ ay COS(2a) + az cos(3a) + ay cos(4a) + ag cos(5a ) + ag cos(6a) (C.1)
M(e) denotes the source energy or source energy level for an arbitrary direction. In Equation (C.2), M; with
i=1 to 7 describes the set of results at the measuring angles, while a; denotes the respective cosine

coefficients.

The matrix represented by Equation (C.2) gives the relationship between the cosine coefficients, 4;, and the M;
(see also Table C.2).

g 1 2 2 2 2 2 1 || My
aq 2 23 2 0 2 2y3 -2 ||My
a| 4| 2 2 2 4 2 2 2 || M3
a3 |=25] 2 0 -4 0 4 0 2 || My (C.2)
ay 2 2 -2 4 2 -2 2 || Mg
as 2 23 2 0 -2 V3 2 || Mg
L6 ] 1 2 2 2 2 2 1 ||[M7]
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Table C.1 — Event levels for single shot from .300 Winchester in seven directions relative to line of fire

_ My M, M; My Ms Mg M
Weighting M@fj::tri't';g 0° 30° 60° 90° 120° 150° 180°
dB dB dB dB dB dB dB
L, 137,6 135,6 133,7 130,5 128,6 126,1 126,7
A Lg 119,5 117,8 115,9 112,7 110,8 108,3 108,9
Ly 121,2 119,7 117,1 114,7 112,0 109,9 109,9
Lim 121,4 120,1 118,3 115,5 112,0 110,1 109,9
L, 144,6 143,3 141,9 139,2 137,8 135,8 136,2
c Lg 115,8 114,5 113,1 110,4 109,0 107,0 107,4
L 118,1 116,9 114,7 113,0 110,5 108,6 108,5
Lgm 118,8 117,7 116,0 114,0 110,3 108,9 107.,8
L, 148,1 146,4 144,5 141,3 139,4 136,9 137,6
Unweighted Lg 119,3 117,6 115,7 112,5 110,6 108,1 108,8
Lgp 121,0 119,9 116,9 114,5 11,8 109,6 109,8
Lim 121,3 120,0 118,2 115,3 11,8 109,9 109,8
o 7244 J 457,1J 2951J 141,3J 91,2J 51,3J 58,9 J
L, angular source energy distribution level
Lg free field sound exposure level at the receiver
Lpp predicted sound exposure level if the ground is present
Lpym measured sound exposure level
M; set of results at the measuring angles (with i = 1to 7)
Qg4 energy of an energy-equivalent point source (J)

Table C.2 — Cosine coefficients for .300 Winchester

Order 0 1 2 3 4 5 6

a', dB 131,11 5,41 0,45 0,12 0,22 —0,08 0,38

a",J 18,9 20,8 8,2 3.4 23 2,2 1,7
c 1,0 1.1 0,434 0,18 0,122 0,116 0,09

a' angular source energy level
a" angular source energy

¢ directivity pattern of angular source energy (c; = a"i/ag)

The source energy evaluated on the basis of the angular source energy is 200,45 J. The source energy level
evaluated on the basis of the angular source energy level is 143,020 dB.

The source energy evaluated on the basis of the angular source energy is 200,53 J. The source energy level
evaluated on the basis of the angular source energy is 143,022 dB.

The difference between both numbers is 0,002 dB. The source energy level is therefore 143 dB
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C.2 Estimation of source energy, according to Figure 2 flowchart, based on mass of
propellant

The shot firearm .300 Winchester is used as an example. The estimation will only be based on the mass of
propellant 4,5 g which might be typical. The range of used propellant falls between 4 g to 5 g. This measure
could have an uncertainty of 10 % if measured. All other data used for this estimation are the default values
according to the flow chart.
a) First step: estimation of acoustic energy

ms=45¢g

0,=4,5MJ/kg x 4,59 =20300J

0g=045x0,=9135J

Om=0,04 x Q=365

O,, is the total acoustic energy that compares to the measured energy of 200,5 J
b) Second step: preparation of directivity correction

The .300 Winchester is a rifle, therefore the default Fourier coefficients for rifles apply.

cg=1+1/2(-2/3 x 0,45)= 0,85

0,=0,85x365J=310,25J
c) Third step: application of directivity pattern

¥(30°) =1+ 1,2 cos (30°) + 0,45 cos (60°) + 0,1 cos (90°) = 2,264

0y(30°) = 2,264 x 310,25 J=702,4 J

Ry(30°) = (702 J/2 250 J/m3)13= 0,678 m
d) Fourth step: integration of Weber spectrum
6918

4r

1Hz 1010 kHz: S () :2; 5,(30°) = =~ 55,05 J-sr1and

47

Sy(@)

_ . 55,05 J-sr"
Lq(a)=1OIg[S )]dB,Lq(30):1OIg[—

10712 J.gr1

dB =137,4 dB, respectively.
q0\&

NOTE1  The calculation uses an air density of 1,29 kg/m?® and a speed of sound of 344 m/s. Be aware that given
numbers can change by several millibel if other values are used for these parameters.

NOTE2  For Lq(a), see ISO 17201-1.

Table C.3 gives examples for two other angles.
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Table C.3 — Estimation of source energy level of .300 Winchester ammunition
with propellant mass 4,5 g

Figure C.1 — One-third octave spectra of muzzle blast from Winchester .300 shot, measured at

A 16N Annn
Copyright International Organization fi
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS

Quantity Unit 30° 120° 180°
Y — 2,264 0,275 0,15
Oy J 702,4 85,3 46,5
Rw m 0,678 0,336 0,275
0 J 691,8 83,2 44,7
L, dB 137,4 128,2 125,5
A dB 1,8 0,4 -1,2
A gives the difference between estimated and measured value.
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Table C.4 — Measured and predicted sound exposure levels from Winchester .300 shot, measured at
distance of 7,8 m on half circle around muzzle (see Figure C.1)

Angle Ry Leg s ® Leg s ® Leg,1s ©
Unweighted A C Unweighted A C Unweighted A (o3
° m dB dB dB dB dB dB dB dB dB
0 0,67 121,4 118,8 | 121,3 121,2 118,1 121,0 119,5 115,8 | 119,3
30 0,59 120,1 117,7 | 120,0 119,7 116,9 | 119,9 117,8 114,5 | 1176
60 0,51 118,3 116,0 | 118,2 117,1 114,7 | 116,9 115,9 113,1 115,7
90 0,40 115,56 114,0 [ 1153 114,7 113,0 | 114,5 112,7 1104 | 112,5
120 0,35 112,0 110,3 | 111,8 112,0 110,5 | 111,8 110,8 109,0 | 109,6
150 0,29 110,1 108,9 | 109,9 109,9 108,6 | 109,6 108,3 107,0 | 1081
180 0,32 109,9 107,8 | 109,8 109,9 108,5 | 109,8 108,9 107,4 | 108,8
NOTE The height of the source and the measurement position are 1,5 m.
@8  Measured sound exposure level; the one third-octave-band level are marked in Figure C.1 by circles.
b Fitted sound exposure level (p*p); the one third-octave-band level are marked in Figure C.1 by bars.
¢ Free field sound exposure level (p*v); the one third-octave levels are marked in Figure C.1 by solid lines.

The measured one-third-octave spectra show that the Weber model can generally describe spectra of the
muzzle blast from firearm shots. At measurement angles close to the line of fire the approximation is less
reliable than for angle to the rear of the weapon. Uncertainties will increase to the front of the weapon. The
maximum centre frequency (peak frequency) increases from the front of the weapon (250 Hz) to the rear of
the weapon (500 Hz); simultaneously the level decrease from the front to the rear of the weapon.

The method used to analyse the acoustical data in the documentation of the measurement takes into account
most of the influences on the measured sound exposure level. The curves include errors of positioning of the
weapon and microphones with respect to distances and heights and all influences of weather conditions and
the flatness of the test site.

Comparing the curves with each other gives an overview of uncertainties of such a measurement especially in
the region of the ground dip (see here at 315 Hz). The difference between the curves get smaller for lower
frequencies. Weather conditions and air absorption are not relevant. In all directions, Figure C.2 indicates
pressure doubling (-6 dB).

Up to 2 kHz the interference effect dominates the attenuation. For higher frequencies there is only a weak
tendency: on the average the measured levels are slightly higher (0 dB to 3 dB) compared to the free field
levels.

A 1A~ AR~ AT
Copyright International Organization for Standardization ghtS reserved 27
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 17201-2:2006(E)

YA

—— (0° —¢90° —— 180°
- 30° — 120°
—A— 60° —e— 150°

1 3,15 10 31,5 100 315 1000 3 150 10 000

>V

Key
X frequency f(Hz)
Y spectral correction (dB)

Figure C.2 — Spectral correction produced for ground effects for each measured direction
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(informative)
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Estimation of sound exposure of projectile according to
Figure 3 flowchart — Example

- A .300 projectile is used as an example. The receiver point for predicting the projectile sound is assumed to
. be 400 m in front of the muzzle and 400 m aside the line of fire. The estimation will be based on data available
* from an ammunition catalogue, with the mass of the projectile 11,7 g, its length 31 mm and its speed versus

- distance according to Table D.1.

Table D.1 — Projectile speed versus distance (taken from an ammunition catalogue)

Distance, m 0 50 | 100 | 150 | 200 | 300
Speed, m/s 780 | 740 | 700 | 660 | 625 | 555
The projectile speed change follows from Table D.1:
x=— (780 m/s — 555 m/s)/300 m = 0,75 s~
The launch speed Vo0 according to Table D.1 is 780 m/s.
Equation (18) yields a solution for the source point at x = 160 m.
NOTE Kappa results from a linear approach along the entire range given in Table D.1. Therefore, the estimations

with Equation (18) do not exactly reproduce the data in the table. For the example given here, Equation (18) yields
660 m/s at 160 m distance instead of 150 m, which indicates the typical uncertainty of the estimation using a linear

approach.

The projectile speed at the source point is estimated using Equation (13):

(160 m) =780 m/s — 0,75 s~ 1160 m

v(160 m) = 660 m/s

Equation (14) yields O, = 6,84 J.

Equation (15), using the default value for o, = 0,25, yields O, = 1,45 J.

For this example, the assumptions given in Table D.2 apply.

Table D.2 — Assumptions

Quantity Value
P 1,21 kg/m3
c 340 m/s
Xs 160 m
Ax 10m

(160 m — 10 m) = 667,5 m/s
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The results are presented in Table D.3.

Table D.3 — Reference to equations and results

Equation Quantity Result
19 rs 466,5m
21 & 59,34°
22 & 0,34°
20 Ss 28 700 m?
23 Eg 0,02 N2s > 77 dB

Assuming dy = 7,8 mm and lp= 31 mm, the duration of the N-wave is
27 telin 0,66 ms
26 e 1500 Hz
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