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Foreword
IS0 (the International Organization for Standardization) is a worldwide federation of national standards bodies IS0 member bodies). The work of
preparing International Standards is normally carried out through IS0
technical committees.
Each membe
body interested
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. IS0
collaborates closely with the International Electrotechnical
Commission
(IEC) on all matters of electrotechnical standardization.
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.
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International Standard IS0 3538 was prepared by Technical Committee
ISO/lC 22, Road vehicles, Subcommittee SC 11, Safety glazing materials.

This second edition cancels and replaces the first edition
(IS0 3538:1978),
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Test methods

1 Scope
This International
Standard specifies
optical test
methods relating to the safety requirements
for all
safety glazing materials in a road vehicle, whatever
the type of glass or other material of which they are
composed.

2 Definitions
For the purposes of this
following definitions apply.
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directions of the incident ray and the emergent
ray re-

fracted by the safety glazing material.
2.2 optical distortion
(in a given direction):
Algebraic difference Aa in angular deviations CC~and Q
measured between two points M and M’ on the surface of the safety glazing material, the distance between them being such that their projections on a
plane at right angles to the direction of vision are
separated by a given distance AX (see figure 1).
[ IS0 3536: 1992, 2.91
NOTES
1 In figure 1, Aa= a, - a2 is the optical distortion in the
direction MM’ considering the sign of the angles;
AX = MC is the distance between two straight lines parallel
to the direction of vision, and passing through the points M
and M’.
2 Anti-clockwise
deviation should be regarded as positive,
and clockwise deviation as negative.

2.3

optical distortion
(at a point M): Maximum
optical distortion for all directions MM’ from the point
M (see figure 1).

1) International

Commission

on Illumination.

Figure 1 -

Diagrammatic
representation
distortion

of optical

2.4 CIEI) standard
illuminant
A: Radiant source
whose relative spectral radiant power distribution
&$) in the visible spectrum (wavelength range from
380 nm to 780 nm) corresponds to a black body radiator at 2 856 K.
2.5 CIE 1931 standard
observer:
Ideal observer
with colour matching function V(h) corresponding to a
field of view subtending a 2’ angle on the retina.
NOTE 3 This
server”.

is commonly

called

the

“2’ standard

ob-

2.6

Luminous
reflectance:
Ratio of the reflected
luminous flux to the incident luminous flux.

NOTE 4 Luminous reflectance depends
tral power distribution of the light source.

[ IS0 3536: 1992, 2. IO]

on relative

spec-

2 856 K + 50 K. This voltage shall be stabilized within
+ 0,l %. The instrument used to check the voltage
shall be of appropriate accuracy.

3 Tests conditions
Unless ot herwise sp ecif ied the tes ts shall be carried
out under the followi ng con d itions:
a)

temperature:

b)

pressure: 96 kPa + IO kPa 2);

c)

relative humidity: (60 rt 20) %.

5.1.2.2 Optical system (see figure 2) consisting of
two colourless lenses, Ll and L2, each with a focal
length, fi of at least 500 mm and corrected for chromatic aberrations. The clear aperture of the lenses
shall not exceedf/20. The distance between the lens
Ll and the light source shall be adjusted in order to
obtain a light beam which is substantially parallel. A
diaphragm, Al, shall be inserted to limit the diameter
of the light beam to 7 mm + 1 mm. This diaphragm
shall be situated at a distance of 100 mm * 50 mm
from the lens Ll on the side remote from the light
source. A second diaphragm, A2, shall be placed in
front of lens L2 which shall have the same characteristics as’ Ll . The detector of the measuring equipment (5.1.2.3) shall be placed in the focal plane of
lens L2. The image of the light source shall be centered on the detector. A diaphragm, A3, with a diameter slightly larger than the cross-section of the
largest dimension of the image of the light source is
placed in front of the detector in order to prevent
scattered light created by the sample from reaching
the detector. The point of measurement
shall be
taken at the centre of the light beam.

20 OC + 5 OC;

4 Application

of tests

For certain types of safety glazing materials, it is not
necessary to carry out all the tests specified in this
International Standard, when the results, according to
the purpose of testing, can be predicted with certainty from a knowledge of the properties of the
safety glazing material concerned.

5 Requirements
5.1

Regular luminous

5.1.1

Purpose of test

transmission

test

iTeh STANDARD PREVIEW
5.1.2.3 Measuring equipment,
(standards.iteh.ai)
is to determine whether
the
tor shall have a relative spectral

of which the detecThe purpose of this test
responsivity in subsafety glazing material has a certain regular luminous
stantial agreement with the CIE spectral luminous
transmittance.
efficiency function for photopic vision (see annex A).
ISO 3538:1997
The sensitive surface of the detector shall be covered
https://standards.iteh.ai/catalog/standards/sist/58d43388-ad35-40b8-bdc4with a diffusing medium and shall have at least twice
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5.1.2 Apparatus
the cross-section of the largest dimension of the image of the light source. If an integrating sphere is
5.1.2.1 Light source realizing CIE standard illumiused as the detector, the image of the light source
nant A, consisting of an incandescent lamp, the filashall be in the entrance port of the integrating sphere
ment of which is contained within a parallelepiped
and the aperture of the sphere shall be at least twice
I,5 mm x 1,5 mm x 3 mm. The voltage at the lamp
the cross-section of the measuring beam at that apterminals shall be such that the colour temperature is
erture.

Sample

Light source
Al

Figure 2, -

2)

2

1 kPa=l

OOON/m2=lOmbar

Detec tor
A2

Measurement

of regular transmittance
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The linearity of the detector and the associated indicating instrument shall be less than or equal to & 2 %
of full scale, or + 10 % of the magnitude of the reading, whichever is the smaller.

5.2.3

Target test

5.2.3.1

Principle

This method involves viewing an illuminated
through the safety glazing material.
5.1.3

target

Procedure
5.2.3.2

Adjust the instrument indicating the response
detector to indicate 100 divisions when the
glazing material is not inserted in the light path
no light is falling on the detector, the instrume
read zero.

of the
safety
When
It shall

Place the safety glazing material between t le diaphragms Al and A2 and adjust its orientation in such a
way that the angle of incidence of the light beam is
equal to 0” + 5”. Measure the regular transmittance of
the safety glazing material: for every point measured,
read the number of divisions, YI, shown on the indicating instrument.
The regular transmittance z, is equal to n/l00 and is
determined for any point on the safety glazing ma\
terial.

Apparatus

300 mm x
5.2.3.2.1 Light
box,
approximately
300 mm x 150 mm, the front of which supports the
target (5.2.3.2.2) and is most conveniently constructed
from glass masked with opaque black paper or coated
with matt black paint. The box shall be illuminated by
a suitable light source. The inside of the box shall be
coated with matt white paint.
5.2.3.2.2 Target, conforming
erably in the form of either
a)

to figure 3, and pref-

an illuminated

“ring” target, the outer diameter,
an angle of q at a distance x
[see figure 3 a)], or

D, of which subtends

b)

an illuminated “ring and spot” target, the dimensions of which are such that the distance, D, from
a point on the edge of the spot to the nearest
point on the inside diameter of the ring, subtends
an angle of 7;7at a distance x [see figure 3 b)].

Expression

of results

Alternative

ondary image separation;
ISO 3538:1997
x is the distance, greater than or equal to
https://standards.iteh.ai/catalog/standards/sist/58d43388-ad35-40b8-bdc4methods
35b5b8ed5a69/iso-3538-1997 the safety glazing material to the target,
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NOTE 5
point on the safety glazing material in accordance with

5.1.4

IJ is the angular limit value, in minutes of arc, of sec-

5.1.3.

5.1.5

7 m, from
as shown

in figure 4;

Other methods giving equivalent luminous transmittance results are acceptable provided the accuracy
specified in 5.1.2.3 is achieved.

5.2
5.2.1

Secondary

image separation

test

Purpose of test

The purpose of this test is to determine the angular
separation between the primary and secondary images.
5.2.2

Types of test

Two types of test are recognized:
a)

target test;

b)

collimation telescope test.

These tests may be used for approval purposes, quality con trol or prod uct evaluation as appropriate.

D =xtan 77
The target may be designed in such a way that the
test can be carried out on a simple “Go-No
Go”
basis.
It may be convenient to use other forms of target,
such as shown in figure 6. It is also acceptable to replace the target system with a projection system and
to view the resulting images on a screen.
5.2.3.3

Procedure

Mount the safety glazing material at the designed rake
angle on a suitable stand in such a way that the observation is carried out in the horizontal plane passing
through the centre of the target.
The light box shall be viewed in a dark or semi-dark
room, through each part of the area being examined,
in order to detect the presence of any secondary
image associated with the illuminated target. Rotate
the safety glazing material as necessary to ensure that
the correct direction of view is maintained. A monocular may be used for viewing.

3
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Dimensions
Ring

in millimetres

Ring
Centre spot

\

Figure 3 -

Dimensions

of targets

iTeh STANDARD PREVIEW
(standards.iteh.ai)
Target

Safety glazing material

Observation
location

Suitable light
source
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Observation distance Ix = ? m)

Figure 4 -

5.2.3.4

Expression

Arrangement

of results

of apparatus

5.2.4

for target

Collimation

test

telescope

test

Record whether

5.2.4.1

Apparatus

-

using the “ring” target [5.2.3.2.2 a)], the primary
and secondary images of the circle separate, i.e.
whether the limit value of q is exceeded, or,

The apparatus consists of a collimator and telescope
conforming to figure 5. Any equivalent optical system
may, however, be used.

-

using the “ring and spot” target [5.2.3.2.2 b)], the
secondary image of the spot shifts beyond the
point of tangency with the inside edge of the ring,
i.e. whether the limit value of q is exceeded.

123

Observation telescope

w

Optical axis

45

8

?

-

9

- Focal plane

Safety glazing material
Rake angle

1)

Bulb

2)

Condenser, aperture > 8,6 mm

3)

Ground-glass

4)

Colour filter, diameter

5)

Polar co-ordinate

6)

Achromatic

lens, fa

8)

86 mm, aperture of 10 mm
iTeh
STANDARD PREVIEW
Achromatic lens, fa 86 mm, aperture of IO mm
(standards.iteh.ai)
Dark spot, diameter = 0,3 mm

9)

Achromatic

lens, f=

7)

5.2.4.2

screen, aperture greater than condenser aperture
> 8,6 mm, with central hole = 0,3 mm diameter

plate, diameter

> 8,6 mm

20 mm, aperture G 10 mm

ISO 3538:1997
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telescope test
Figure 5 - Apparatus
35b5b8ed5a69/iso-3538-1997

Principle

The collimation telescope forms, at infinity, the image
of a polar co-ordinate system with a bright point at its
centre (see figure 6).

severe secondary image. Then examine the worst
area using the optical system prescribed in 5.2.4.1 and
measure the maximum secondary image separation at
the appropriate angle of incidence.
5.2.4.4

In the focal plane of the observation telescope, a small
dark spot with a diameter slightly larger than that of
the projected bright point is placed on the optical axis,
thus obscuring the bright point.
When a sample which exhibits a secondary image is
placed between the telescope and the collimator, a
second, less bright point appears at a certain distance
from the centre of the polar co-ordinate system. The
secondary image separation can be read out as the
distance between the points seen through the observation telescope (see figure 61, i.e. the distance between the dark spot and the bright point at the centre
of the polar co-ordinate system represents the deviation of the optical axis.
5.2.4.3

Procedure

Firstly, examine using a simple scanning technique
the area of the safety glazing material giving the most

Expression

of results

Record the maximum

5.3
5.3.1

Optical

secondary image separation.

distortion

test

Purpose of test

The purpose of this test is to determine
distortion of the safety glazing material.
5.3.2

the optical

Principle

The optical distortion of the safety glazing material is
evaluated by projecting an appropriate slide (raster)
through the safety glazing material being tested onto a
display screen. The change in shape of the projected
image caused by the glazing material provides a
measure of the distortion.

5

@ IS0

\

Secondary image

Primary image

30’
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L-

Figure 6 -

5.3.3

Example

of observation

by the collimation
.

-

Apparatus

The apparatus shall consist of the following
ranged as shown in figure 7.

items, ar-

of good quality, with a highProjector,
intensity, point light source, having for example, the
following characteristics:
5.3.3.1

-

focal length, at least 90 mm;

-

aperture, approximately

l/2,5;

Dark spot (centre of field of vision)

telescope

test

150 W quartz halogen lamp (if used without
ter);

a fil-

250 W quartz halogen lamp (if a green filter is
used).
The projector is shown schematically in figure 8. An
8 mm diameter diaphragm is positioned approximately
10 mm from the front lens of the projector.

IS0 3538:1997(E)
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Safety glazing material

een

RI =4m
R2 = 2 m to 4 m (4 m preferred)

Figure 7 -

Arrangement

of the apparatus

for the optical

distortion

Dimensions
Light source

test

in millimetres

Slide (raster)

Diaphragm
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Figure 8 -

Lens

Optical arrangement

5.3.3.2 Slides (rasters), consisting for example, of
an array of bright circular shapes on a dark background
as shown in figure 9. The slide shall be of sufficiently
high quality and contrast to enable measurement to
be carried out with an error of less than 5 %.
In the absence of the safety glazing material to be examined, the diameter of the circular shapes shall be
such that when projected on the screen these form an
array of circles of diameter, d, equal zto,, ‘.

of the projector
RI-+-R2
-xfh
RI

where
RI

is the distance between the diaphragm of the
projector and the safety glazing material (see
figure 7);

R2

is the distance between the safety glazing
material and the display screen (see figure 7);

IS0 3538:1997(E)

LLX is the distance between
two points of
measurement
(see note 1 in 2.2 and
figure 1).
NOTES
6 Because of the possibility of distortion in the optical distortion system, it is recommended
that only the centre
zone of the projected image be used for measurement
purposes.
7 The arrangement of the apparatus should be such that
the ratio RlIR2 is equal to one, in order to preserve the accuracy of measurement.

Other arrangements
racies may be used.

which

enable

equivalent

accu-

5.3.4

Procedure

5.3.4.1

General

procedure

Mount the safety glazing material
stand (5.3.3.3) at the designed rake
test image through the area being
the safety glazing material or move
tally or vertically in order to examine
specified area.

on the support
angle. Project the
examined. Rotate
it either horizonthe whole of the

Evaluate the optical distortion of the safety glazing
material by measuring the maximum diameter of the
projected image (Ad) in all directions at any point of
the surface to be examined, in order to find the maximum value.

5.3.4.2

Assessment

using checking

template

Where a rapid assessment is sufficient, to a precision
of not better than 20 %, calculate the value of A (see
figure lo), in millimetres, from:

A= 0,145Aq

R,

iTeh STANDARD
PREVIEW
where
(standards.iteh.ai)
Ac~~is the limit value for the change
l-4
Figure 9 -

Enlarged

deviation;

ISO 3538:1997
R2 is the distance, in m etres, from the safety
sectionhttps://standards.iteh.ai/catalog/standards/sist/58d43388-ad35-40b8-bdc4of an example slide
display screen.
glazing material to t
35b5b8ed5a69/iso-3538-1997

5.3.3.3 Support stand, preferably of a type which
permits vertical and horizontal scanning, as well as rotation of the safety glazing material.

The relationship between tt e change in diameter of
and the
the projected
image, Ad, in millimetres,
change in angular deviation, Aa, in minutes of arc, is
given by

5.3.3.4 Checking
template,
for measuring
the
change in dimensions, where a rapid assessment is
required. A suitable design is shown in figure IO.

Figure 10 -

8

Design for a suitable

Ad= 0,29AaQ

checking

template

IS0 3538:1997(E)
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5.3.4.3

Measurement

using photoelectric

device

Where a precise measurement is required, i.e. a precision of better than 10 % of the limit value, measure
Ad on the projection axis and the value of the spot
width at the point where the luminance is equal to
one-half of the maximum luminance value.
5.3.5

Expression

of results

Record the change in the maximum
projected image (Ad).
5.3.6

Alternative

diameter

of the

photographic paper no later than 10 s after the impact
and terminate exposure not more than 3 min after the
impact. Only the deepest lines, representing the initial
fracture, shall be taken into consideration.
The points of impact shall be situated as follows
figure 1 I):

Point 1: 30 mm from the edge, in one corner, or
in the part of the safety glazing material where
the radius of curvature of the perimeter is of
minimum value.
Point 2: 30 mm from the edge, on one of the
medians.

method

Point 3: at the centre of the primary vision area.

In addition, a strioscopic technique is permitted as an
alternative to the projection techniques, provided that
the precision of the measurements given in 5.3.4.2
and 5.3.4.3 is maintained.

5.4
5.4.1

Visibility

after fracture

Purpose of test

Apparatus

Point 4: for curved glazing materials, on the longest median at the point of maximum curvature.
For curved glazing materials, the impacts shall be
made from the convex side, or, if necessary, from
the concave side.

test
5.4.4

The purpose of this test is to determine whether the
safety glazing material allows a certain visibility after
fracture on the outside face of the safety glazing material.
5.4.2

(see

Expression

of results

Evaluate the visibility after fracture by inspection of
the photographic record in relation to the number of
particles and their sizes within the primary vision area.

iTeh STANDARD PREVIEW
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test

5.5.1 Purpose of test
ISO 3538:1997
5.4.2.1 Instrument
capable of causing the glazing
material to break from https://standards.iteh.ai/catalog/standards/sist/58d43388-ad35-40b8-bdc4the impacted surface; for
The purpose of this test is to provide a simple, practiexample a hammer with a pointed head 35b5b8ed5a69/iso-3538-1997
or an autocal and broadly applicable test method for appraising
matic punch.
luminous (standard illuminant A) reflectance of enhanced
reflecting safety glazing materials for road
5.4.3 Procedure
vehicles.
Fix the test piece tightly on a second test piece of the
This test applies to conditions where feasibility, rather
same shape and dimensions by means of transparent
than accuracy of measurement,
is of prime imadhesive tape on the periphery, placing photographic
portance, for example where measurements
are
paper between the test pieces. Start exposure of the
Dimensions in millimetres

Figure 11 -

Points of impact

