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Foreword

committee has been established has the right to be represented on that committee. International 

The main task of technical committees is to prepare International Standards. Draft International 

casting a vote.

Pyrotechnic articles, Road vehicles
Passive safety crash protection systems

technical cooperation between ISO and CEN (Vienna Agreement).

Pyrotechnic articles — Pyrotechnic 
articles for vehicles:

— Part 1: Terminology

— Part 2: Test methods

— Part 3: Labelling

— Part 4: Requirements and categorization for micro gas generators

— Part 5: Requirements and categorization for airbag gas generators

— Part 6: Requirements and categorization for airbag modules

— Part 7: Requirements and categorization for seatbelt pretensioners

— Part 8: Requirements and categorization for igniters

— Part 9: Requirements and categorization for actuators

—
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INTERNATIONAL STANDARD ISO 14451-2:2013(E)

Pyrotechnic articles — Pyrotechnic articles for vehicles —

Part 2:
Test methods

1 Scope

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated 

Pyrotechnic articles — Pyrotechnic articles for vehicles — Part 1: Terminology

Pyrotechnic articles — Pyrotechnic articles for vehicles — Part 3: Labelling

Pyrotechnic articles — Pyrotechnic articles for vehicles — Part 5: Requirements and 
categorization for airbag gas generators

Pyrotechnic articles — Pyrotechnic articles for vehicles — Part 6: Requirements and 
categorization for airbag modules

Pyrotechnic articles — Pyrotechnic articles for vehicles — Part 7: Requirements and 
categorization for seatbelt pretensioners

Pyrotechnic articles — Pyrotechnic articles for vehicles — Part 9: Requirements and 
categorization for actuators

NOTE Wherever reference is made to pyrotechnic article(s) pyrotechnic articles for vehicles are meant.

4 Test methods

of the document shall include the following information:
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4.2 Drop test

4.2.3 Test conditions

The drop height shall be 1 0
0 2+ , m.

oriented such that it will fall in one of the six directions indicated in Figure 1

Figure 1.

2 © ISO 2013 – All rights reservedCopyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 11/30/2013 22:31:31 MSTNo reproduction or networking permitted without license from IHS

-
-
`
`
,
`
,
,
,
,
,
,
`
,
,
,
`
,
`
`
,
,
`
,
,
`
`
`
,
`
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



ISO 14451-2:2013(E)

in Figure 2 and a climatic chamber capable of controlling the temperature during the test in accordance 
with Figure 3
within the climatic chamber.

4.3.3 Test conditions

Table 1 and Figure 2 along each of the 
three main axes (see Figure 1

with Figure 3
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Power spectral density
g2

8

50

80

200

Key
X

Y g2

g
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Key
X

Y

a

and temperature variations.

A climatic chamber with recirculating air shall be used.

4.4.3 Test condition

accordance with Figure 4.

NOTE 1 The temperature reference point is within the propelling media.
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X a Lead time

Y1 -
age

b te.

Y2 c te.

te te

shall be determined prior to the test according to the procedure in Annex A.

4.5 Electrostatic discharge (ESD) test

discharges without unintended ignition.

4.5.3
used consisting in its main parts of the following and meeting the respective requirements:

Rch

Cs Cs + Cd

Cd
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Ch

Rd

— output voltage (see Note 1 of Figure 5

The discharge return cable of the test generator shall be constructed to allow the generator to meet the 

discharge current to personnel or conducting surfaces other than via its termination.

Figure 5

Key
1 5 discharge contact

2 charging resistor (Rch) 6 Cs)

3 discharge resistor (Rd) 7 hand capacitor (Ch)

4 discharge switch 8 discharge return connection

NOTE 1 Cd Figure 5
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4.5.3 Test conditions

4.5.3.1 General

Figure 6 and given in Table 2 is 

in Figure 7.

measuring instrumentation.

current peak.

Electrostatic discharge shall be applied in accordance with Figure 6.

The bench ESD simulator and power source shall be grounded to earth.

other areas of the casing accessible to personnel in normal use.

point to a minimum of three positive and three negative discharges at the voltage level as shown in 
Figure 6. The time duration between discharges shall be at least 5 s.
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Key
X

Y

a tr

Indicated voltage
discharge ± 10 %

tr with 
discharge switch

±30 %) 
at 30 ns

±30 %) 
at 60 ns

8 kV 30 A 16 A 8 A
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Key
1 4 purpose input

2 5 coaxial target

3 6

4.6 Fire test

— support made of mild steel according to Figure 8

Figure 9 that shall cover the entire 

— stop watch.

The vertical distance between mouth of the burner(s) and top of the grid shall be 400 ±10 mm.
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Dimensions in millimetres

Key
1

Key
Ll

Lc

l
e

4.6.3 Test conditions

4.6.3.1 General
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test shall be recorded.

Calibration as described below shall be ensured for each individual burner while all burners being used 
for the test are ignited.

side length made of mild steel and with a mass of 975 g ± 10 g. The cube shall be placed on the grid (as 

maximum 3 mm and 25 mm depth to accommodate the thermocouple shall be machined in the centre 

good heat contact.

during calibration.

This calibration shall be repeated prior to each test series in order to guarantee constant heating rate 
and the calibration shall be documented.

has been observed.

4.7 Igniter test

statistical tests.

)[1] Annex C)[1]

shall be used.

4.8 Tank test

volume container at a given temperature level.
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4.8.3 Test conditions

4.8.4.1 General

4.8.4.2 Electrical connection

into an open air volume.

4.9.2 Test conditions

5 Recording

All measured parameters in tests under Clause 4 shall be recorded.

© ISO 2013 – All rights reserved 13Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 11/30/2013 22:31:31 MSTNo reproduction or networking permitted without license from IHS

-
-
`
`
,
`
,
,
,
,
,
,
`
,
,
,
`
,
`
`
,
,
`
,
,
`
`
`
,
`
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



ISO 14451-2:2013(E)

Annex A
(normative)

te

The temperature build-up time te

from T1 to T2 T2

T2 T1

T2 T1 T2 T1

The temperature build-up time begins at the point where the desired target value curve reaches 
the surrounding temperature T2 (see Figure A.1and A.2). The temperature build-up times shall be 
determined in the apparatus for the relevant test. The test sample temperature shall be measured at the 
prescribed reference point.

Key
X

Y

a Ttarg

b Tact

te T2 T1
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Key
X

Y

a Ttarg

b Tact

te T2 T1
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Annex B
(normative)

B.1 General

F–1 inverse F-distribution function

ik yk

K number of test levels

k index of test levels

N number of tests per test level

pk k

y

yk k

y NF

y AF

yAF y

yNF y

 is equal to 

AF AF

NF NF

inverse standard normal distribution function

k values of the inverse standard normal distribution pk

AF AF ( AF

NF NF ( NF

16 © ISO 2013 – All rights reservedCopyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 11/30/2013 22:31:31 MSTNo reproduction or networking permitted without license from IHS

--``,`,,,,,,`,,,`,``,,`,,```,`,`-`-`,,`,,`,`,,`---



ISO 14451-2:2013(E)

pk

p
i
Nk
k=

level yk is equal to 0 or N k
k

yk y1 y2 yK

Let u be the smallest index such that iu > 0 and o be the largest index such that all io N. Calculate the 
pk in the interval u k o

p
N

ik k= ×1  if ik N

p
Nk =

+
1
2

 if ik = 0

p N
Nk = +

+
1
2

 if ik = N

When u pu-1

p
N p

N p
u

u
N

u
N−

+

+
= −

+( ) − −( )⎡
⎣⎢

⎤
⎦⎥

+( ) − −( )⎡
⎣⎢

⎤
⎦⎥

1

2

1
1

1 1 1

2 1 1

When o K po+1

p
N p

N p
o

o
N

o
N+

+

+
=

+( ) −( )
+( ) −( )1

2

1

1 1

2 1

If u o K

p
N p

N p
u

u
N

u
N−

−
+

−
+

= −
+( ) − −( )⎡

⎣⎢
⎤
⎦⎥

+( ) − −( )⎡
⎣⎢

⎤
⎦⎥

2
1

2

1
1

1
1 1 1

2 1 1

or

p
N p

N p
o

o
N

o
N+

+
+

+
+

=
+( ) −( )
+( ) −( )2

1
2

1
1

1 1

2 1

and so forth.

ϕ
ϕ

= =∑k
K

k

K
1
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y
y

K
k
K

k
= =∑ 1

S
y y

Kyy
k
K

k
=

−

−
=∑ 1

2

1

( )

S
K

k
K

k
ϕϕ

ϕ ϕ
=

−

−
=∑ 1

2

1

( )

S
y y

Ky
k
K

k k
ϕ

ϕ ϕ
=

− × −

−
=∑ 1

1

( ) ( )

D K S
S
S
y

yy
= −( ) × −1

2
( )ϕϕ

ϕ

h y
K

y y
K S yy

( ) = +
−( )

−( )×
1

1

2

δ α=
−

× − −−2
2

1 2 21. ( , , )D
K

F K

A
S

S K S
y

yy yy
= −

−( ) ×
ϕ δ2

2 1

B
S
S
y

yy
AF AF= × −ϕ ϕ ϕ( )

B
S
S
y

yy
NF NF= × −ϕ ϕ ϕ( )

C
KAF AF= − −( )ϕ ϕ δ2

C
KNF NF= − −( )ϕ ϕ δ2

ϕ = ( ) = +−Φ 1 p ay b

where the parameters a and b

a
S
S
y

yy
= ϕ
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b ay= −ϕ

be calculated:

m b
a

y
S
S
yy

y
=− = − ×

ϕ
ϕ

s
S
S
yy

y
=

ϕ

ay b h y+ ± ( ) ×⎡⎣ ⎤⎦δ
1
2

a y y h y−( ) + ± ( ) ×⎡⎣ ⎤⎦ϕ δ
1
2

a y y h y−( ) + ± ( ) ×⎡⎣ ⎤⎦ = = −ϕ δ ϕ
1
2 3 719 1NF ,

a y y h y−( ) + ± ( ) ×⎡⎣ ⎤⎦ = = −ϕ δ ϕ
1
2 3 719 1AF ,

y  and y

y
b

a0 000 1, =
−ϕNF

y
b

a0 999 9, =
−ϕAF

y y
B
A

B C A
A

AF
AF AF AF= − +

−
( )

2

2

1
2

y y
B
A

B C A
A

NF
NF NF NF= − +

−
( )

2

2

1
2

y
ik at a given level yk (current level in milliamperes) is given in . The yk values are ordered 
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N = 20 K = 7

K 1 2 3 4 5 6 7

ik 0 0 10 14 16 19 29

yk 540 560 580 600 620 640 660

From u = 3 and o = 6.

k

p3 p4 p5 p6

p2 p1 p7

. The number 
of tests is equal to 20 for each level (N = 20). The relative frequencies are calculated according to the 

k value is calculated using the 
.

The result of the calculation of the statistical parameters is collected in .

k

(level)

yk

(current level)

mA

lk
(number of occurrences)

pk k

1 230 0

2 = u 235 3

3 240 5

4 245 6

5 250 11

6 = o 255 16

7 260 20

ϕ

y 245

S yy

Sϕϕ

S yϕ

a
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b
D

F K− − −( )1 1 2 2α, ,

Inverse of F-distribution function with:

Degree of freedom 1: 2

Degree of freedom 2: K − =2 5

δ

A

BAF ϕAF = 3 719 1,

BNF ϕNF = 3 719 1,

CAF

CNF

y0 000 1 2118, ,=  mA

and

y0 999 9 2817, ,=  mA

y INF NF mA= = 197 4,

y IAF AF mA= = 297 5,

(continued)
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Annex C
(normative)

C.1 General

obtaining a positive result.

The method involves the application of different levels of stimulus and determining whether or not a 
positive reaction occurs. The performance of the trials is concentrated around the critical region. It 

performed to provide the data for the calculations.

H50

Table C.1) and 
Table C.2. Column 1 of Table C.2

i’ is a number corresponding 

results [n i n’ and 
i n’. A mean is calculated from 

Formula (C.1):

H c d A
NS

50 0 5= + × ±
⎛

⎝
⎜

⎞

⎠
⎟, (C.1)

where

N nS i=∑

A i ni= ×∑( )

c

d
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s

s d
N B A

N
S

S
= × ×

× −
+162 0 029

2

2, , (C.2)

where

B i ni= ×∑( )2

EXAMPLE Using the following data from Tables C.1 and C.2
i·n i2·n(-)12:

The mean height from Formula (C.1) is given as:

H 50 10 5
16
12

0 5

19 2

= + +

=

⎛
⎝⎜

⎞
⎠⎟

,

, cm

The standard deviation from Formula (C.2) is given as:

s =
× −

+

=

12 30 16

12
0 029

6 1

2

2
,

,

Height
cm

i(-)
n(-)

i(-)·n(-) i2(-)·n(-)

25 3 1 3 9

20 2 4 8 16

15 1 5 5 5

10 0 2 0 0

Totals NS = 12 A = 16 B = 30
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