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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Fireworks — Category 4 —

Part 3:
Test methods

Thi

Thd
con
und

ISO
Call

ISO
ISO
IEC

For

ISO

4

4.1
Thd

Scope

5 document specifies test methods for fireworks of Category 4.

Normative references

following documents are referred to in the text in such a way that‘some or all of th
Ktitutes requirements of this document. For dated references, only_the edition cited 3
ated references, the latest edition of the referenced document (ineluding any amendmen

13385-1, Geometrical product specifications (GPS) — Dimeunsional measuring equipment
ipers; Design and metrological characteristics

26261-1, Fireworks — Category 4 — Part 1: Terminology.
26261-2:2017, Fireworks — Category 4 — Part 2: Requirements

61672-1, Electroacoustics — Sound level meters*— Part 1: Specifications

Terms and definitions
the purposes of this document, the'terms and definitions given in ISO 26261-1 apply.
and IEC maintain terminologicdl databases for use in standardization at the following ad

[EC Electropedia: available at http://www.electropedia.org/

ISO Online browsingplatform: available at http://www.iso.org/obp

Test environiment for functioning test

Gerneral

test environment shall be a large unobstructed area, which shall be wide open. The

bir content
pplies. For
[s) applies.

— Part 1:

dresses:

measuring

poi

TS shall be positioned appropriately for the type of measurement being carried out.

For aquatic fireworks, a water test area shall be available for testing the resistance to moisture and
functioning in the expected manner.

4.2

Wind measurement

The wind speed at a height of 1,50 m above the ground shall be measured and recorded using a wind
speed meter (see 5.5). No performance testing shall be carried out if the wind speed exceeds 5,0 m/s.

5

Apparatus

Any equivalent apparatus with the same accuracy or better may be used.

© IS0 2017 - All rights reserved
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ng device, capable of being read to the nearest 0,1 s.

Calliper, flat faced vernier calliper reading to 0,1 mm, conforming to ISO 13385-1.
Ruler, with a scale resolution of 1,0 mm or better.
Measuring tape, with a scale resolution of 10 mm or better.

Wind speed meter, accurate to at least 0,5 m/s.

5.1 Timi
5.2
5.3
5.4
5.5
5.6 Bala
5.7 Tem
571 Up
572 Up
5.8 Sourn

5.9 Shodk apparatus, providing a deceleration of 490 m/s2 (-50/%100) m/s2 (when measured at

centre of a
machine’s
first shock

An exampl

5.10 Devifes for measuring heights.

Heights sh
spirit level

Examples (

5.11 Goniometer, reading to-1%or better.

5.12 Mort

The rising
maximum
also desigr
lifting char

nce, with an accuracy of £0,01 g or better.
perature chamber.

to (50 = 2,5) °C.

to (75 = 2,5) °C.

d level meter of class 1 conforming to IEC 61672-1 with a free-field microphone.

h unloaded platform) and the shock impulse duratien {time elapsed from the starting of]
deceleration to the time in which the deceleratiomsréaches its maximum value during ¢
pulse) shall be 2 ms + 1 ms working at a frequency of 1 Hz + 0,1 Hz.

b of an apparatus is shown in Annex A.

h1] be measured using universal@Surveying instruments (USI) such as theodolites, electr
5 or video (visible and/or infrared) systems.

f measuring methods and the calculation of the height are given in Annex B.

ar.

height of shells depends particularly on the clearance of the shell in the mortar [ratio of]
cross section area of the shell (Ashen) to the inner cross section area of the mortar (Amord
ated ds “Q”. Q is the ratio of the outer diameter of the shell (do shen, including the fuse to

the
the
ach

hnic

the

ar)],
the

r of

ge)squared over the inner diameter of the mortar (dj mortar) squared. The outer diametsg

the shell sh

all be measured horizontally at the place oI Iargest diameter 1mncluding the ruse to the Iir

charge. The conditions given in Formula (1) and Formula (2) shall be achieved:

<

0,9

Q:

2
_ d o,shell

d2

Ashell

<0,98

mortar i,mortar

ting

M
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2 2
\/1’02' d o,shell < di,mortar < \/1’ 1-d o,shell (2)

For calibre <100 mm, a wider tolerance can be accepted. The conditions given in Formula (3) and
Formula (4) shall be achieved:

0,83 Q.0 <098 (3)

\'117 02 ) dzn shell = d*i mortar < \‘ 1’ 2 . dzn shell (4)

For| calibre >400 mm, the clearances shall be determined according to the saféty  sfandard of
manufacturer.

Anqther determining factor influencing the rising height is the length of the mortar (Imort4r) - length
from the mortar muzzle to the mortar ground.

Thg dimensions of the mortar may also be determined from Figure 1, Figur€ 2 and Figure 3.

Dimensions in millimetres

400 —
2T 77
P
P
350 e
77
P
Rt
300 S
T
L
250 e
Y ~
Z ——0Q-=0l9
200 ¢
— (=098
L
150 —
P

100

50

0
100 150 200 250 300 350 400

Key
X |calibréof'the shell
Y |internal diameter of the mortar

Figure 1 — Dimensions of the mortars for spherical shells — Calibre above 100 mm
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Dimensions in millimetres
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Key
X calibre pf the shell
Y interna] diameter of the mortar

Fighre 2 — Dimensions of the mortars for'spherical shells — Calibre up to 100 mm
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Dimensions in millimetres
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X |calibre of the shell

Y |inside length of the mortar
— |Imortar =6 x dyn + 70
===|Imortar = 4 x dn + 120

d, |nominal calibre

NOTE 4 xdy+ 120 < Inortar (mm) < 6 x dy, + 70.

Figure.3'— Range of the mortar length for spherical shells

6 |Test methods

NOTE Anyrequivalent method with the same sensitivity and the same accuracy or better might e used.

6.1| Construction and stability

6.1.1 Outer dimension of item
6.1.1.1 Apparatus
6.1.1.1.1 Ruler (see 5.3).

6.1.1.2 Procedure

Use the ruler to measure the outer dimensions of the tested article to the nearest of 1,0 mm and record
the results.

© IS0 2017 - All rights reserved 5
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6.1.2 Determination of calibre

6.1.2.1 Apparatus

6.1.2.1.1

Calliper (see 5.2).

6.1.2.2 Procedure

Use the calliper (5.2) to measure the calibre of the tested article at least three times at different
positions on the article and to the nearest 0,1 mm and record the results.

6.1.3 De
Use the bal

6.2 Desi
Compare t

Observe arj

6.3 Dete

termination of gross mass

gn - Verification
e actual article with the detailed manufacturer’s drawing.

d record any nonconformity.

rmination of tube angle

6.3.1 Apparatus

6.3.1.1 G

6.3.2 Pr

For the def

oniometer (see 5.11).

bcedure

ance (5.6) to measure the gross mass of the tested article and record the results.

ermination of the tube angle, dismantle the functioned article (if necessary) in such a vay

that the anfgle of the tube against the vertical\can be measured with the goniometer (see Figure 4) pand

record the

results.

Key
1 baseof
2 tube of

|
|
|
|
|
|
|
|
-

firework
mine, Roman candle or shot tube

Figure 4 — Determination of tube angle
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6.4 Angle of ascent and burst height

6.4.1 General
The fireworks shall be fired vertically (firing device at 90° + 2°).

The measurement of heights may be made according to one of the methods described in Annex B.

6.4.2 Dimensions of mortar

andardized

insi de length are given in

A2.

U-li:

When the height of a shell casing (excluding the lifting charge) is more than twice the calrirre (for all
shells with a calibre greater than 400 mm and for shells that are designed to be fired from a specific
morttar), the mortar recommended by the manufacturer shall be used.

6.4)13 Support of mortar
Theg mortar shall be supported in such a way that it is not displaced bythe firing of the testedl article.

No fleformable material shall be placed under the mortar.
6.5 Measurement of sound pressure level

6.5{1 Apparatus

6.5]1.1 Sound level meter (see 5.8).

6.5]1.2 Measuring tape (see 5.4).

6.5{2 Procedure

Set [up the microphone of the sound level meter in the test area (see Clause 4) at a height of{ 1,0 m. The
soupd level meter shall be oriertated to the firing point.

The distance between-the measuring and firing point may be the same as for the measufring of the
risipg height accordingto 6.4.

Plage and ignite/the test sample in accordance with the labelled instructions and instructigns for use,
and record thémaximum A-weighted impulse sound pressure levels as measured by the gound level
metfler (5.8)and the distance from the firing point (5.4).

NOTE An example of the calculation method for safety/protection distance is given in Annex C. The
megsufement set-up for sound pressure level is illustrated in Figure C.1.

6.6 Extinguishing of flames
6.6.1 Apparatus
6.6.1.1 Timing device (see 5.1).

6.6.2 Procedure

At the moment the tested article ceases to function (see 6.10.2), immediately start the timing device
(5.1) and record the time until all flames caused by the functioning of the fireworks have extinguished.

© IS0 2017 - All rights reserved 7
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6.7 Visual and audible inspections

The visual

inspection shall be done by naked eye.

The audible inspection shall be done by suitably protected ears at the relevant distance.

Record any anomalies.

6.8 Mechanical conditioning

6.8.1.1 §
6.8.1.2 B
6.8.1.3 T

6.8.2 Pr

Place a she
the top of t
number of
platform a

At the end
primary p:
remove the
compositig

Where the
there was

6.9 The

hock apparatus (see 5.9).
alance (see 5.6).
iming device (see 5.1).

bcedure

et of paper on the platform of the mechanical shock apparatus and place the test sample
he sheet of paper. For articles that are supplied in primarypacks, condition the appropr
complete, unopened packs. Cover the test samples or.packs and secure the covering to
found its edges. Run the shock apparatus (5.9) for 1 hs

of the conditioning period, stop the shock appatatus (5.9) and remove the test sample
icks. For samples which have been conditioned in primary packs, carefully open the pa

n from the loose material and weigh this pyrotechnic composition with the balance.

tested article contains sealing papep'ignition head(s) and/or friction head(s), record whet
iny of these damaged or loose aftex'the mechanical conditioning.

'mal conditioning

6.9.1 Apparatus

6.9.1.1 T

6.9.2 Pr

Store the f]
(50+2,5)9

emperature chamber (5.7).

bcedure

rewdpks for two days at a temperature of (75 £ 2,5) °C or four weeks at a temperatur
Cin the temperature chamber (see 5.7) and then for at least two days at ambient temperat

5 on
jate
the

5 Or
cks,

e samples and empty any loose material on/to the sheet of paper. Separate any pyrotechnic

her

e of
ure

(20 + 5,0)

the

TTeor—T1T TTTITorT O COTTeTtToTT

fireworks by storing the appropriate number of complete unopened packs.

Record if any article presents sign of ignition or chemical reaction. If any signs are visible, the test is
failed and no re-test is possible.

Record whether any articles are damaged to an extent that might affect their functioning.

6.10 Function test

6.10.1 Apparatus

6.10.1.1 Test area (see Clause 4).

8
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6.10.1.2 Water test area, where applicable (see 4.1).
6.10.1.3 Mortar (see 5.12).

6.10.2 Procedure

Articles shall be fired vertically upwards, unless specified otherwise by the manufacturer. For waterfalls,
the article shall be fired vertically downwards, unless specified otherwise by the manufacturer.

Place the test sample onto the testmg site as specified in 4.1 and ignite test sample in accordance with
ccordance
with the instructions for use; the test may be performed on the ground (see 4.1). For_cHecking the
resistance to moisture and functioning under wet conditions, aquatic fireworks shall.be ignited in the
water test area. Aquatic fireworks shall be wetted and ignited in a way which replieates its njormal use.
Thg measurement, visible and audible inspection (see 6.7) while functioning (if this is applicable for the
testled article) shall observe and record the conformity:

— |to the related principle effect (see ISO 26261-2:2017, 7.2.1);

— |to check that no explosion or rupture occurs during function (exeept when explosion is intended or
is the principal effect, ISO 26261-2:2017, 7.2.2);

— |to check that the article remains in its initial positien,'while functioning (if applicable, see
I1SO 26261-2:2017, 7.2.3);

— |to the angle of ascent and burst or effect height (seedSO 26261-2:2017, 7.2.4);
— |to the sound pressure level (see ISO 26261-2:2017, 7.2.5);

— |to the extinguishing of flames (see ISO 26261-2:2017, 7.2.6);

— |to the projected debris (see ISO 26261+2:2017, 7.2.7);

— |to check that all pyrotechnic units:function completely;

— |to check that the elements of the tested article are securely attached;

— |to the burning or incandeséent matter (I1SO 26261-2:2017, 7.2.8);

and| possible nonconformities as listed in [SO 26261-2:2017, Annex B.

6.190.3 Monitoring)of effect, rising/bursting and drop height

Tw¢ positions, for monitoring the height of ascent and angle of flight shall be provided, at ah adequate
megsured.distance and at preferably 90° to each other or at a sufficient angle to ensure a godd accuracy
of the méasuring (depending on the method of measurement and calculation of the heights).|In order to
achjeve a reasonable accuracy, the distance between firing point and measurement location, referred to

Mosalangth” bara bhaoc o bao oA crnd o tbha oo oot docsi o
aS daov 1\4116\—11 IICIC, 110 tU ' UC MMJMJL\'\A LU LIIC lll\'uoul CITICITIU UCVIUC,.

The vertical angle should not exceed 60°; optimal would be having angles between 30° and 50°. If the
monitoring positions are not in the same horizontal plane, appropriate corrections should be made
in the calculation of heights. Generally, the measuring distance should be adapted to the fireworks
(anticipated rising/bursting height).

6.10.4 Monitoring of effect range and effect dimensions of aquatic fireworks

One position for monitoring the effect range and dimensions shall be provided at an adequate measuring
distance.

In order to achieve reasonable accuracy, the distance between the firing point and the measurement
location shall be adjusted to the measurement device.

© IS0 2017 - All rights reserved 9
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The effect dimensions can also be measured during the ignition on the water test area.

10 © IS0 2017 - All rights reserved
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Annex A
(informative)

Mechanical conditioning (shock apparatus)

The mechanical shock apparatus is illustrated in Figure A.1, Figure A.2 and Figure A.3 and is comprised

of t
a)

f)

g)

h)

j)

k)
D)

p)
q)

ho followring alamantc:

TCTOTTO VvV IS CTCTITeTTesT

a flat horizontal platform made of steel, 800 mm x 600 mm, 2 mm to 3 mm thiek,»wjth a 3 mm
thick rim having a height of 15 mm; the platform is reinforced with eight steel ribs)5 mn] thick with
a height of 30 mm, which are welded to the underside and run from the centreto each|of the four
corners and to the middle of each edge;

a 20 mm thick plate of fibreboard, firmly attached to the platform by,Screws;

a cylindrical steel boss, diameter 125 mm and height 35 mm,]oeated under the ceptre of the
platform;

a 284 mm long shaft, with diameter of 20 mm, fixed to the‘eentre of the boss;

a restraining peg, to prevent the platform from roetating; the mass of the platfornp assembly
[items a) to e)] is 23 kg + 1 kg;

an annular, elastomeric pressure spring, with a Shore A hardness, when detgrmined in
accordance with ISO 868, of 68, outside diameter’125 mm, inside diameter 27 mm and height 32 mm,
on which the cylindrical boss will rest;

a shallow steel cylinder, inside diaméter 126 mm, wall thickness 5 mm, outside height 30 mm,
with a base 8 mm thick which has a:25 mm diameter hole drilled through the centre, to ontain the
elastomeric spring;

asupporting steel cylinder, outside diameter 80 mm, inside diameter 60,1 mm and height 92,4 mm,
to which the shallow cylinder is screwed;

a PVC liner, outside diameter 60 mm, inside diameter 20,2 mm and height 92,4 mm, locpted inside
the supporting cylinder and attached by a screw;

a steel mounting plate, thickness 12 mm with a 25 mm hole drilled through the centrf, to which
the supporting’steel cylinder is screwed;

a steel'base plate, thickness 12 mm;

four supporting pillars, height 260 mm and diameter 32 mm, screwed to the mounting plate and

to'the base plate;

a framework to support the based plate so that the complete assembly is at a convenient height;

an attachment to the shaft, allowing adjustment to the overall length, fitted with a cam wheel,
outside diameter 30,0 mm, with a contact surface 8,0 mm wide;

a cylindrical cam, outside diameter 120 mm, inside diameter 100 mm, wall thickness 10 mm, with
a “vertical drop” of 50,0 mm between the high point and the low point;

a collar, outside diameter 50 mm, height 4,0 mm;

an electric motor and suitable gearing, to rotate the cam at a rotational frequency of 1 Hz;

© IS0 2017 - All rights reserved 11


https://standardsiso.com/api/?name=66688c83d9301fbf4f4c064137d744e9

IS0 26261-3:2017(E)

r)

Key

O 0 N O U1 B W N -

10

12

cellular rubber sheet, 100 mm thick. The material used should have an apparent density when
determined in accordance with ISO 845, of 35 kg/m3 and an indention hardness check, when
determined in accordance with ISO 2439 of 215 N.

2

restrailing peg

platfor
boss
pressut
cup
suppor
PVC lin
mounti
shaft

suppor

| 3
1 |
[
. N 7
: = 8
9 | —+—10

e spring
Hing cylinder
b

hg plate

fing pillar

Figure A.1 — Detail of the top section of the mechanical shock apparatus
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+— 1
2
3
(1l
[ ]
Key
mounting plate
supporting pillar
base plate
Figure A.2 — General assembly of the mechanical shock apparatus
11
Key
cam
aolar

3 cam wheel

Figure A.3 — Detail of the shaft attachment and cam assembly of the mechanical shock
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Annex B
(informative)

Procedures for calculation of heights

B.1 Gengeral
The follow|ng methods may be used for the calculation of heights.
B.2 Method 1
This proceflure allows performing measurements with equipment that is not located at the same hefght
as the firing point and at 90° to each other.
Firing takdgs place only in vertical direction (90° from the horizontal plane‘at'the place of firing) pnd
measurements shall only take place with a wind velocity of less than 5 m/s:
Measurement requires two locations (T1 and T2) which should be preferably, but not necessarily,
located at 90° to each other with respect to the firing point (see Eiglire B.1).
Suitable equipment for height measurement is any kind of regular device for measuring two anglds at
the same time, specifically the elevation angles a1 and a; (0¢to 90°, 1° steps) and the azimuth angles 51
and 2 (0°to 180°, 1° steps) of the bursting point B (or maximum point of effect) of the firework deen
from T1 anld T2.
Difference$ in height of the measurement locations T1 and T2 have to be taken into accopjnt,
correspondling to h1 and hy in Figure B.1.
The effect height (or rising height, or drop.height) H is determined from the angles a1 and a3, 1 and
f2, and the horizontal distance D1, between T1 and T2 through Formula (B.1), Formula (B.2) pnd
Formula (B.3):
D. ,sinf3
H =422 tanagah, (B.1)
din ( B, + ,32)
D. ,sinf3
H, =12 lodana, +h (B.2)
oqn(gBy) ¢ ?
b 1 2
and
H+H
H=-"1 - 2 (B.3)

With these formulae, it is not necessary to know the distances of the two measurement locations T1
and T2 from the firing point O, or their angle to each other from this point.
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Hy

hy

Hy

Key]

Py horizontal plane passing through the firing point O

P1 horizontal plane passing through thé measurement location T1
Py horizontal plane passing through the measurement location T2

h1, B2 heights of the measurement tocations T1 and T2 from plane Py, respectively, measured and recprded by the
suitable equipment locatedat points T1 and T2

0’ vertical projection of the bursting point B (or maximum point of effect) of the firework on plang Py
D1| horizontal distange between T1 and T2

a1, &2 elevation angles.of the bursting point B (or maximum point of effect) of the firework measured and recorded
by the suitable)équipment located at T1 and T2

B1, f2 azimuthangles of the bursting point B (or maximum point of effect) of the firework measured and recorded
by the(suitable equipment located at T1 and T2

H effectheight to be calculated from D1, h1 and hp, @1 and ag, 1 and S2
Dicurao P21 Meoacuramantcot-n forchallec (Maotbhaod 1)
LS .6“. A\"3p * e 9 IVAILCAOUI CIIIVIIL OLV U up 1IUL O1ICIIO ll'l\'l-lluu .L}

Measurement of the horizontal distance D1 7 should take place with an accuracy of at least +1 % of the
distance.

B.3 Method 2

Suitable equipment for height measurement is any kind of regular device for measuring two angles at the
same time, specifically the vertical angle (0° to 90°, 1° steps) and the horizontal angle (0° to 360°, 1° steps).

Measurement requires two locations which should be preferably located at 90° to each other with
respect to the firing point (see Figure B.2).

© IS0 2017 - All rights reserved 15


https://standardsiso.com/api/?name=66688c83d9301fbf4f4c064137d744e9

	Foreword
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Test environment for functioning test
	4.1 General
	4.2 Wind measurement
	5 Apparatus
	6 Test methods
	6.1 Construction and stability
	6.1.1 Outer dimension of item
	6.1.2 Determination of calibre
	6.1.3 Determination of gross mass
	6.2 Design – Verification
	6.3 Determination of tube angle
	6.3.1 Apparatus
	6.3.2 Procedure
	6.4 Angle of ascent and burst height
	6.4.1 General
	6.4.2 Dimensions of mortar
	6.4.3 Support of mortar
	6.5 Measurement of sound pressure level
	6.5.1 Apparatus
	6.5.2 Procedure
	6.6 Extinguishing of flames
	6.6.1 Apparatus
	6.6.2 Procedure
	6.7 Visual and audible inspections
	6.8 Mechanical conditioning
	6.8.1 Apparatus
	6.8.2 Procedure
	6.9 Thermal conditioning
	6.9.1 Apparatus
	6.9.2 Procedure
	6.10 Function test
	6.10.1 Apparatus
	6.10.2 Procedure
	6.10.3 Monitoring of effect, rising/bursting and drop height
	6.10.4 Monitoring of effect range and effect dimensions of aquatic fireworks
	Annex A (informative)  Mechanical conditioning (shock apparatus)
	Annex B (informative)  Procedures for calculation of heights
	Annex C (informative)  Calculation method for safety/protection distance
	Bibliography

